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Preface 

Two meetings took place simultaneously in Nagoya in March 2005. Both the 6th Inter- 
national Congress of Minimally Invasive Neurosurgery (MIN) and the 3rd World Con- 
gress of the Academy for Multidisciplinary Neurotraumatology (AMN) were held at 
the same venue and successfully brought together experts in different areas of clini- 
cal neuroscience and neurosurgical subspecialties. With apparently quite different 
problems to deal with, both congresses had a lot in common. They brought special- 
ists working in different areas closer together with the goals of applying the latest 
front-line instrumentation to the improvement of neurosurgical operative technique 
through less invasiveness and finding the optimal multidisciplinary approach for 
patients with neurotrauma, for whom neurosurgery alone is insufficient to ensure full 
recovery. 

The ultimate goal of neurosurgeons is to minimize injury to the nervous system 
through their interventions and to create the best conditions for recovery. The concept 
of minimal invasiveness has evolved throughout the history of neurosurgery, blos- 
soming in the last two decades as a result of technological improvements in neuro- 
surgical instrumentation. These advances have been applied across all neurosurgical 
subspecialties and are not specific to any type of pathology or anatomical area. This 
has produced a revolutionary shift in neurosurgical practice in the operating room. 
However, minimal invasiveness does not directly translate as "neurosurgery of 
minimal surgical trauma" The design of minimally invasive instrumentation has 
rapidly produced many new types of tools, requiring new basic and clinical knowl- 
edge combined at times with totally different surgical skills. Only after achieving these 
skills can neurosurgeons embark on the application of these new surgical procedures. 
This combination of scientific information and know-how, as in the whole science and 
art of neurosurgery, has to be obtained with the guidance of a mentor. Only in the 
hands of the knowledgeable, skilled, and experienced can the goal of minimal trauma 
through minimal invasiveness be achieved. 

The trend toward minimal invasiveness will continue to progress and result in the 
ongoing refinement of neurosurgery. Minimally invasive techniques have already 
become part of the basic training of neurosurgical specialists. The spread of this idea 
and its realization out of a few specialized centers, convincing disbelieving tradition- 
alists and realistically instructing the willing to improve their neurosurgical tech- 
nique, have been the objectives of this meeting. 



VI Preface 

Neurotraumatology patients present an enormous challenge to society. Neurosur- 
gical management of brain and spinal cord injury has been a frustrating area, as sur- 
gical methods, especially in moderate and severe injuries, have been limited to control 
of brain and spinal compression, control of intracranial pressure with its expected 
effect on cerebral blood flow, and structural repair of the supporting structures (skull, 
spine, brain and spinal cord coverings). Achieving the best outcome for the neuro- 
traumatology patient, however, requires much more than that. This important issue 
has thus far been approached through the broadest spectrum of scientific knowledge, 
from the most fundamental biological sciences to the social sciences. Such a variety 
of approaches has for a long time been in need of a "center of gravity;' a balancing 
point where facts and opinions can meet and be integrated. The management of neural 
injury is awaiting a breakthrough, and we should do our best to facilitate. As the 
majority of the new discoveries tend to appear at the integrating borderlines of two 
separate scientific areas, our duty is to bring together all scientists involved with 
neural injury. We all hope that the meeting has fulfilled this goal and is a step forward 
in bringing together previously distant areas of knowledge in neurotraumatology. 

These proceedings contain the full text of the submitted reports, with the intention 
of providing the information and personal opinions of the participating speakers to 
those who were unable to attend.Although the discussions (sometimes containing the 
great wisdom of common sense and impressions from practice) are not included, we 
believe that readers will be able to obtain an accurate picture of events and their 
content. We hope that this book will attract them to these fascinating areas of inno- 
vation in clinical neuroscience. 

Tetsuo Kanno 
President of the 6th MIN and the 3rd AMN 

Aichi, Japan 
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The NASA Smart Probe for Real-time 
Tissue Identification: Potential 
Applications in Neurosurgery 
RUSSELL ANDREWS 1, ROBERT MAH 1, RICHARD PAPASIN 1, 
MICHAEL GUERRERO 1, and LUIS DASILVA 2 

Summary. Minimally-invasive neurosurgery depends on accurate identification of 
tissues, frequently under conditions of impaired visualization (e.g. endoscopic 
images). The NASA Smart Probe employs neural networks to integrate data from mul- 
tiple microsensors in real-time to create a unique tissue "signature" for each tissue. 
The Smart Probe concept is reviewed and clinical data from women with suspected 
breast cancer (by the NASA licensee, BioLuminate Inc.) are summarized. The breast 
cancer Smart Probe utilizes electrical impedance and optical spectroscopy (both 
broadband or white light, and laser light (infrared and blue/fluorescence)) microsen- 
sors in a 1 mm diameter probe. Data are acquired 100 times per second, with a typical 
15 s a breast "biopsy" typically generating several hundred megabytes (MB) of data. 
The multiparameter "Smart Probe" can readily differentiate both normal tissues and 
carcinoma. 

Key words, microsensors, neural networks, optical biopsy, robotics, spectroscopy 

1 Introduct ion 

It has been well-documented over the last 10 years that optical spectroscopy can iden- 
tify tissue in real time, e.g. normal versus cancerous tissue in the breast, and white 
versus gray matter in the brain [1-3]. A light scattering spectroscopy probe has been 
shown to be at least as accurate asmif  not more accurate thanma  well-trained pathol- 
ogist's review of tissue specimens [4]. However, both the operating room and outer 
space represent "hostile" environments where the redundancy of multiple sensors is 
essential for reliable tissue identification. The NASA Smart Probe Project utilizes 
neural network and fuzzy logic algorithms to integrate data from multiple microsen- 
sors in real time for tissue identification (Fig 1). We here review the Smart Probe 
concept developed at NASA Ames Research Center as well as data from 23 women 
undergoing biopsy for suspected breast cancer using the multiparameter probe devel- 

1NASA Ames Smart Systems, Moffett Field, 244 Mistletoe Road, Los Gatos, CA 95032, and 
2 BioLuminate, Dublin, CA, USA 
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FIG. 2. BioLuminate Breast Biopsy Probe. Left: Standard Breast Biopsy Needle. Right: Beveled 
Tip of Probe (<1 mm Diameter) 

BioLuminate Sensors (4) Area 
Probed 

200 lan 

FIG. 3. BioLuminate Probe Sensors. Left to right: infrared laser spectroscopy sensor, white light 
(broadband) and blue laser spectroscopy sensors, and electrical impedance sensor. Typical cell 
size 10-40 gm, therefore; OCDR- 1,200-80,000 cells; OSAS & fluor & Z - 500-45,000 cells 

University or California, San Francisco, Medical Centers. In every patient, the data 
acquired by the BP were diagnostic (i.e. concurred with histopathological diagnosis). 
Consistent with previous findings in the literature [2,3], the white (broadband) spec- 
troscopy data contrasting the tumor oxyhemoglobin at the edge versus at the center 
found the oxyhemoglobin fraction at the center typically to be less than 50% that at 
the edge. Also consistent with the literature on electrical impedance in breast tissues 
[2], the electrical impedance progressively decreased from normal breast to edge of 
carcinoma to center of carcinoma over the frequency range 2-2,000 kHz, the greatest 
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FIG. 4. Patient with infiltrating ductal breast carcinoma, grade III. Top: blue laser (fluorescence). 
Bottom: white/broadband (oxy Hb fraction) 

difference being at the lowest frequency (2kHz). At 2kHz the impedance approxi- 
mately doubled from the center of the breast carcinoma (-20kOhm) to the edge of 
the breast carcinoma (-38 kOhm) and doubled again from the edge of the breast car- 
cinoma to the normal breast tissue (-75kOhm). As an illustration, Fig. 4 presents 
probe track data for both blue laser (fluorescence) and white (broadband, oxyhemo- 
globin fraction) spectroscopy contrasting the edge and the center of the carcinoma: 
the amplitude increased in the center in the fluorescence spectroscopy, and decreased 
in the broadband (white light) spectroscopy, versus the edge of the carcinoma. 

4 Conclusions 

The NASA Smart Probe not only incorporates data from multiple microsensors, 
but also incorporates many varieties of patient data (imaging, laboratory, demo- 
graphic)musing fuzzy logic and neural networks to create a unique "signature" for 
each tissue type (e.g. benign versus malignant breast tumor versus normal breast). 
The BioLuminate Probe shows that a clinically-efficient device, using these techniques, 
can gather large amounts of data and distinguish in virtually real-time breast tissue 
versus benign breast masses versus breast carcinoma in the real-world setting of 
breast biopsy in humans. Potential applications of the Smart Probe include: (1) dis- 
tinguishing tissue types (disk versus nerve root during endoscopic spine surgery), (2) 
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monitoring tissue in ischemia (stroke, head injury), (3) locating and/or monitoring 
specific regions of the brain for deep brain stimulation (movement disorders, 
epilepsy) and (4) the sensor for a self-contained surgical robot that may accompany 
future Space missions [6]. 
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Clinically Non-functional 
Pituitary Tumors: The Surgical and 
Biological Challenge 
CHHENG-ORN EVANS 1, RAGUVEER K. HALKAR 2, 
and NELSON M. OYESIKU 1 

Summary. Non-functioning (NF) pituitary adenomas account for approximately 30% 
of pituitary tumors [1], reflecting the fact that these tumors do not cause clinical 
hormone hypersecretion [2]. They typically are quite large, and cause hypopituitarism 
or visual loss from regional compression. There is no available effective medical 
therapy for the NF tumors. We have identified new molecular targets and have 
developed a novel molecular-targeted imaging agent to non-functional pituitary 
adenomas [3]. 

Tumor specimens from surgery were used in these studies. Microarray analyses, 
RT-qPCR, Western blotting, immunochemistry and folate-binding studies were per- 
formed to determine folate receptor (FR) expression. Primary cell culture, folate-PEG- 
Liposome uptake, folate-PEG-Liposome-DOX uptake and cytotoxicity studies were 
performed. In vivo imaging was performed by injection of Folatescan and planarm 
SPECT/CT imaging. The FR was significantly and uniquely upregulated in non- 
functional pituitary adenomas [4]. Folate-PEG-liposomes with doxorubicin induced 
cell-death in FRcz expressing pituitary tumors in vitro. Folatescan (FR targeted 
technetium-99) imaged FR expressing tumors. Non-FR expressing tumors were not 
imaged. Imaging was validated by Westerns blotting analysis. 

Key words, pituitary adenoma, molecular targeting, molecular imaging, folate 
receptor, Folatescan 

Departments of 1Neurosurgery and 2 Radiology, Emory University School of Medicine, 1365-B 
Clifton Rd, NE, Ste. 6400, Atlanta, GA 30322, U.S.A. 
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1 Introduction 

Clinically non-functional (NF) tumors cause hypopituitarism or blindness and there 
is no available medical treatment or specific imaging technique for these tumors. 
The term non-functioning reflects the fact that these tumors do not cause clinical 
hormone hypersecretion [2]. We discovered that FRa mRNA is uniquely overex- 
pressed in NF tumors, and the FRa holds significant promise for medical treatment 
for NF tumors by enabling molecular imaging and targeting of NF tumors to identify 
and select tumors that may respond to folate targeted therapy. We demonstrate 
that FRo~ receptor targeting with folate coupled cytotoxic agents can inhibit tumor 
proliferation and that an FRa targeted imaging agent can identify FR~mexpressing 
pituitary tumors by radionuclide imaging in vivo[3,4]. 

1.1 Diagnosis 
MRI defines the exact anatomical configuration of the adenoma [5,6] and is essential 
for surgical planning. Visual examinations are necessary preoperatively and postop- 
eratively to document visual deficit and monitor changes. Endocrine function testing 
is needed to determine loss of hormonal function-basal levels by themselves may not 
reveal hypofunction. 

1.2 Treatment 
The usual treatment of a non-functioning pituitary adenoma in a medically stable 
patient is transsphenoidal removal of the tumor [2,7,8]. If vision loss is rapid or 
the adenoma is associated with hemorrhage or infraction, a more urgent surgical 
approach is needed [9]. 

Radiation therapy can be used in patients with non-functioning pituitary adeno- 
mas in patients who have a significant amount of residual tumor or recurrence [10]. 
If the patient is elderly or medically unstable, radiation therapy may be the only viable 
treatment. Stereotactic radiosurgery is preferable to conventional external when the 
tumor configuration relative to the chiasm and optic nerves is favorable. 

Radiation therapy controls tumor growth in 80-98% of patients with non- 
functioning tumors [10]. Hypopituitarism is the most common side effect of pituitary 
irradiation with an incidence of 13-56%. Long-term overall risk for brain necrosis is 
estimated at 0.2%. Other side effects are rare, they include optic neuropathy in 1.7%, 
vascular changes in 6.3%, neuropsychological problems in 0.7% and secondary malig- 
nancies in 0.8% [11]. Despite the frequent dural invasion of these tumors, many 
patients do well for long periods of time without radiation therapy. 

1.3 Surgical Outcome 
Following operative decompression of non-functioning adenomas, vision improves in 
approximately 80% of patients. Generally, endocrine function is the same pre- and 
postoperatively, although transsphenoidal surgery usually stops progressive loss of 
hormonal function. Unfortunately, approximately one third of patients with non- 
functioning adenomas have some hypopituitaryism before their surgical treatment 
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[12]. Postoperative evaluation with MRI and CT is best delayed for two to three 
months post-surgery because of postoperative changes. 

1.4 Follow Up 
Most patients with non-functioning pituitary adenomas should have annual MRI or 
CT, visual and endocrine evaluations whether or not they have had surgical or radia- 
tion treatment. If these tumors are not treated, they grow slowly over months or years. 
There is a significant recurrence rate following transsphenoidal surgery (approxi- 
mately 10-20%). A significant number of patients who undergo postoperative radia- 
tion therapy develop hypopituitaryism and should be monitored. 

2 Molecular Targeting 

2.1 Folate-PEG-Liposomes Uptake in Primary Culture of Human 
Pituitary Adenoma Cells 
Briefly, human pituitary tumor cells, NF and PRL, (50,000 cells) were plated in folate 
free RPMI and 10% fetal bovine serum (v/v) for 3 days at 37°C, 5% CO2. Folate-PEG- 
liposomes encapsulating calcein (10mM internal concentration) were diluted in 1 ml 
of folate free RPMI, added to the cells and incubated at 37°C for 2 h. To demonstrate 
competitive uptake and specificity for folate, 10~tl of folic acid (100mM) was added 
to another 1 ml of folate free culture for 15 min prior to adding the liposomes. The 
culture was incubated at 37°C for 2 h. Cells were washed twice with PBS, cytospun into 
the Superfrost/Plus microscope slides (Fisherbrand, Fisher Scientific, Pittsburgh, PA). 
After washing with PBS, the nuclei were stained by DAPI for 10min. Cover slips were 
mounted on Prolong Anti-Fade mounting medium (Biomeda corp. Foster City, CA), 
imaged with a BX40 or a BX60 microscope (Nikon ECLIPSE TE300, Nikon Instruments 
Inc., Melville, NY), and photographed (Fig. 1 a-c). 

2.2 Western Blotting Analysis 
Total protein (10~tg or 20~tg) of each sample was separated by a 15% SDS-PAGE. 
Immunodetection was carried out using a polyclonal antibody, rabbit anti-human FR 
IgG (Figs 2c and 3). 

2.3 Folate-PEG-Liposome-DOX Uptake by Primary Culture of 
Human NF Pituitary Adenomas 
Human NF pituitary adenoma cells were plated (5 × 10 4 cells per well) in 1 ml folate 
free RPMI and 10% fetal bovine serum for 72h at 37°C, 5% CO2. Targeted Folate-PEG- 
liposome DOX (Doxorubicin) or non-targeted liposomes (PEG-Liposomes-DOX) 
(50 ug/ml) was added to each well. Cells were incubated for 2 h with the DOX mixture 
at 37°C in a 5% CO2. After washing 3 times with 1 ml of ice cold PBS with Ca and Mg 
to remove extracellular DOX, cells were lysed with 500 ~1 of 5% Triton X-100. The flu- 
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FIG. 1. a Folate-PEG-Liposome Uptake in Primary culture of Human NF Pituitary Adenoma 
Cells (magnification x600): fluorescence micrograph demonstrates uptake of calcein-loaded 
folate-PEG liposomes into FRo~- expressing human pituitary adenoma cells. Note that calcein 
fulorescence is seen in the small round adenoma cells double-labeled with DAPI. b Competi- 
tion of Folate-PEG-Liposomes with Folic acid in Human NF Pituitary Adenoma Cells (magni- 
fication x60): fluorescence micrograph demonstrates inhibition of uptake of calcein-loaded 
folate-PEG liposomes into FRtx- receptor positive human pituitary adenoma cells in the pres- 
ence of free folate. Cell nuclei are labeled with DAPI. c Folate-PEG-Liposome Uptake in Primary 
culture of Human PRL Pituitary Adenoma Cells (magnification x400): fluorescence micrograph 
demonstrates no uptake of calcein-loaded folate-PEG liposomes into FRtx- receptor negative 
human pituitary PRL adenoma cells. Cell nuclei are loaded with DAPI 

orescence intensity of the lysed cell solution was measured on a fluorescence 
Spectrometer (Perkin-Elmer, Shelton, CT) at 475/580nm. A standard curve of DOX 
uptake was performed (Fig. 2a). 

2.4 MTT Cytotoxicity Assay of DO)( in Primary Culture of 
Human NF Pituitary Adenomas 
Human NF pituitary adenoma cells were transferred to a 96-well plate at a density 
of 5 × 103 cells per well 24h prior to the assay. The culture medium (folate free RPMI) 
was replaced with 100~tl of medium with serial dilutions of Folate-PEG-liposome- 
DOX and folate free (RPMI) as control (Fig. 2b). TO confirm specificity for folate- 
mediated uptake of liposome, a free ligand competition experiment using excess folic 
acid was performed by adding 1 mM folic acid to the medium prior to adding the 
folate-PEG-liposome-DOX. After 2 h incubation at 37°C, the cells were washed 4 times 
with PBS and incubated in fresh culture medium for a further 48 h. Next, the media 
was removed and 100~tl of fresh media was added. Then 25 ~tl of 5 mg/ml MTT dis- 
solved in PBS was added to each well and cells were incubated for 2h at 37°C. The 
medium was removed and the cells were solubilized in 100~tl of DMSO. The abor- 
bances at 570nm and 630nm were read. Absorbance 630nm was used as reference 
(Fig. 2b). 
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FIG. 2. a DOX uptake into primary human FRo~ expressing from targeted and non-targeted 
liposomes in culture. DOX targeted liposomes are significantly taken up compared with non- 
targeted liposomes into the FRo~ human adenoma cells (n = 3). (t-test shows a significant dif- 
ference between control and DOX uptake at P < 0.01). b Dose-response chart of Doxorubicin 
cytoxicity in FRo~ expressing human pituitary NF adenoma cells in cell culture. Y-axis: The 
number of viable cells in each well was determined by absorbance at 570 nm-630 nm measured 
on an automated plate reader. The lower the absorbance, the greater the cytotoxic effect. X-axis: 
DOX concentration. Control medium = No DOX, medium only. There was a statistically signif- 
icant change in absorbance (>50%, ANOVA, P < 0.05) at 10 ~m (*) compared with control. Data 
represent mean of triplicate sets. c Western analysis of FR(z expression of human NF pituitary 
adenoma cells used in DOX uptake experiments Fig. 2a and cytotoxicity experiments in Fig. 2b. 
Lanes 1 and 2 represented positive control (10 and 20 ~g of protein from tumor sample known 
to express FRo(#65). Lanes 3 and 4 represented 10 and 20~tg of protein from tumor sample used 
in targeted (folate-PEG-liposome-DOX) uptake experiment Fig. 2a and cytotoxicity experiments 
in Fig. 2a 
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FIG. 3. FR~ expression by Western analysis of human pituitary tumor samples used in Folate 
Scan (Figs 4 and 5). Lane 1: pituitary cell line transfected with FRo~ cDNA (positive control). 
Lane 2: human clinically NF pituitary tumor known to be FR~ receptor positive (positive 
control) derived from PIs tumor bank (ID #65). Lanes 3 (10 gg) and 4 (20 gg) of protein from 
pituitary tumor sample (NF 17) from patient imaged by SPECT in Fig. 5. Tumor is FRc~ recep- 
tor negative. Lanes 5 (10 gg) and 6 (20 gg) of protein from pituitary tumor sample (NF18) form 
patient imaged by SPECT in Fig. 4. Tumor is FR~ receptor positive 

3 Molecular Imaging 

3.1 FolateScan (Technetium Tc-99m EC20)--Single Photon 
Emission Computed Tomography (SPECT)/CT Imaging of 
Pituitary Adenomas 
Each patient had a medical examination, baseline vital signs, blood and urine samples 
2h before injection. Patients received two IV injections 1-3 min apart: 1 mg of folic 
acid and 1-2 ml injection of 0.1 mg/666 MBq of Folatescan. The patients had mid-thigh 
to head planar images at 1-2h post-injection followed by imaging using a SPECT 
scanner with integrated CT (GE VG/Hawkeye). SPECT images were obtained after the 
planar imaging. Following surgery, Western analysis was performed to detect FR 
expression in tumor samples [3]. 

4 Results and Discussion 

We demonstrate that the liposomes targeted to the FRo~ are selective and specific for 
human pituitary tumor cells in vitro. The liposomes are endocytosed by the FRo~ into 
cultured human pituitary tumor cells that express the FRo~ (Fig. la) and are not taken 
up by human pituitary tumor cells (PRL tumor) that do not express the folate recep- 
tor tx (Fig. lc). The folate-targeted liposomes are competitively blocked by folic acid 
(Fig. lb). 

We demonstrate cytotoxicity of adenoma cells after uptake of folate-PEG-liposome- 
DOX using an MTT cytotoxicity assay. The number of viable cells in each well was 
determined by absorbance at 570nm measured on an automated plate reader. The 
lower the absorbance, the greater the cytotoxic effect. Fig. 2a,b demonstrate uptake 
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FIG. 4. MRI Images of Clinically Non-functional Pituitary Adenoma. Images are contrast- 
enhanced images with Gadolinium (tumor appears white against grey back ground of brain), a 
Sagittal image, b Coronal image. The same tumor is demonstrated in Figs 4c,d using folate recep- 
tor targeted Technetium 99 (FolateScan). c SPECT images with CT scan confirm the uptake 
within the tumor in the pituitary fossa, d Anterior and posterior whole body planar images 
showing focal intense radiotracer concentration in the folate-receptor positive pituitary tumor. 
Tracer distribution was found in the major routes of elimination: kidney, liver, gall bladder and 
urinary bladder 

and cytotoxic effect of these DOX loaded liposomes. In contrast, non-targeted 
liposomes were not taken up by the human NF pituitary adenoma cells. Futher- 
more, the effect folate PEG-liposome-DOX on cytotoxicity was blocked by excess free 
folate competition of FRo~ demonstrating selectivity of the liposomes for the FRo~ 
receptor. 

Student t-test shows a significant difference between control and DOX uptake at 
P < 0.001. There was a statistical difference (P < 0.05, *) in absorbance between folate 
PEG-lipoposme-DOX (10~m) and controls (No DOX). 

We also show that Folatescan SPECT/CT can detect FR+ pituitary tumors. We 
demonstrate the safety and efficacy of a folate-targeted imaging agent Folatescan 
(Technetium Tc-99m EC20; Endocyte, Inc.) consisting of technetium-99m conjugated 
to a folate receptor (FR) ligand (EC20) in clinically non-functional pituitary tumors. 
Since the FR is overexpressed in clinically non-functional tumors, uptake of Folates- 
can in the tumor should serve as a marker for selection of folate receptor-positive 
(FR+) tumors for folate-targeted therapy [3]. 
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FIG. 5. MRI Images of Pituitary Adenoma. Images are contrast-enhanced images with Gadolin- 
ium (tumor appears white against grey back ground of brain), a is coronal images, b is sagittal 
image. The same tumor is not visualized in Fig. 5c,d using folate receptor targeted Technetium 
99 (FolateScan). c (below, right panel): SPECT with CT images showed no significant uptake in 
the FR receptor-negative pituitary tumor, d (bottom, left panel): Whole body images of Tc-99m 
Folate showing hepatic and renal elimination, with no uptake in the folate-receptor negative 
pituitary tumor 

Two patients were imaged prior to transsphenoidal surgery, and their planar and 
SPECT images were compared to Western blotting analysis. Both patients had 
presented with visual deficit and a hormonal profile consistent with clinically non- 
functioning pituitary tumor. In one patient, Folatescan successfully targeted the FR+ 
pituitary tumor (Fig. 4c,d). The Western blotting analysis validated that this tumor 
was FR+ positive (Fig. 3, lanes 5 and 6). In the second patient, the tumor was folate 
receptor negative (FR-) by Folatescan scintigraphy (Fig 5c,d) and was validated by lack 
of FR expression by Western analysis (Fig. 3, lanes 3 and 4). CT images produced by 
the integrated scanner were valuable in verifying the location of uptake (or the lack 
of uptake) in the pituitary area. 

5 Conclusion 

These preliminary data demonstrate that we can successfully target an imaging agent 
to the FR in pituitary tumors. It provides support for experiments to develop this as 
a novel diagnostic imaging tool for clinically non-functional tumors, which currently 
does not exist. Secondly, it provides preliminary evidence that a folate-tagged ligand 
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can potentially be used for tumor-targeted therapy by binding to the FR in tumors 
that express the receptor. 
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Tips for Correct Use of Navigation 
EIJI KOHMURA 

Summary. Development of neuronavigation systems has made great contribution in 
the field of minimally invasive neurosurgery. Neuronavigation can help surgeons 
enormously so far as the information is correct. Brain shift always takes place during 
surgery and is a main reason of inaccuracy. We developed a gluing technique to min- 
imize brain shift during surgery. We can glue the brain surface to the dura at the initial 
stage so that we create similar situation as recurrent cases where brain shift is usually 
minimum. Apart from trying to reduce brain shift, it is important that virtual infor- 
mation from navigation system should be evaluated and adjusted to the real field by 
the surgeon by himself. 

Key words, neuronavigation, brain shift, computer guided surgery 

1 Introduction 

Development of neuronavigation systems has contributed greatly in the field of min- 
imally invasive neurosurgery. Nowadays, not only the anatomical information but also 
functional information can be applied into the surgical field by means of neuronavi- 
gation. Neuronavigation can help surgeons enormously so far as the information is 
correct. Indeed, incorrect usage would destroy both patients and surgeons. In this 
paper, some tips for correct use of navigation are presented. 

2 Institutional Experiences 

Since late 1990s neuronal navigation systems have introduced in our institution. Our 
concept using navigation system is always to combine surgical microscope and navi- 
gation system in order not to interfere surgical procedure. Focus point of the micro- 
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scope is used as a pointer of the navigation system so that surgical field is continu- 
ously corresponded to MRI or CT pictures. Important anatomical structures such as 
tumor boundary or major arteries are traced on the MRI images and superimposed 
into the microscope field. In this way, surgeons can concentrate on the surgical field 
without turning their eyes from the microscope to the computer monitor. Firstly a 
robotic microscope (Zeis-MKM microscope, Carl Zeiss, Oberkochen, Germany)was 
installed and now we use an optical (infra-red) navigation system (StealthStation 
TREON plus, Medtronic Navigation Inc., Louisville, CO, U.S.A.) combining with a sur- 
gical microscope (OPMI Neuro/NC4, Carl Zeiss, Oberkochen, Germany). Till now, over 
200 patients were operated using navigational microscopes. 

3 Indication of Navigation 

We are now using the navigational microscope especially in cases of pituitary tumors, 
gliomas, and deep-seated tumors. We have found also usefulness in education and 
interdisciplinary surgery. One can realize where surgeon is and discuss how he should 

FIG. 1. Screen-shot image of intraoperative navigation in a case of left frontal glioma.After dural 
opening, cerebral surface was glued to the dural edge with a small amount of fibrin glue in order 
to minimize brain shift. Tumor boundary is correctly displayed (right lower picture). Focus 
point of the microscope is displayed three-dimensionally in MRI pictures 
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further go. Surgery for recurrence is another good indication of neuronavigation. 
Anatomical landmark is usually difficult to find and further more there is less brain 
shift owing to adhesion. 

Navigational information should be correct. Required accuracy is different in 
various types of surgery and at various points during surgery. Recent systems can 
provide easy and accurate registration. Calculated registration error is about 1 or 
2 mm. Navigation is very useful at incision. Required accuracy is not so high and 
there is no brain shift. Tumor margin can be displayed over the skin and one can 
design accurate and minimum skin incision and craniotomy without experiences. 

4 Brain Shift 

Once dura is opened, brain shift can take place. Significant shift will happen at the 
surface area when large cyst is collapsed or much CSF is aspirated. Navigational infor- 
mation should be carefully evaluated at the end of surgery as there is usually great 
degree of brain shift. 

Main problem during surgery is how to cope with this brain shift. One should be 
aware of and correct the error with his experience and or other information. Anatom- 

FIG. 2. Continuing to Fig. 1, tumor border was followed by opening the sulcus and further into 
the white matter from the bottom of the sulcus 
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ical landmark is useful, once it is identified. One can check the accuracy of the navi- 
gation and realize the error by calibrating the anatomical landmarks of computer 
images to those in the real field. Virtual information from navigation system should 
be adjusted to the real field by the surgeon. Displayed tumor margin by navigational 
system should be corrected by surgeon using difference of color and consistency 
under the microscope. Recently 5-ALA fluorescence can be adjunctively used for 
malignant tumors to define tumor margin. 

5 Gluing Technique 

We have found that there is least brain shift in cases with recurrent tumors. Adhesion 
of brain surface to the dura prevents possible shift during surgery. This taught us an 
idea to glue the brain surface to the dura at the initial stage. Figures show the effec- 
tiveness of this method. A left frontal low-grade glioma was operated using neuron- 
avigation system. Immediately after opening of dura, cerebral surface was glued to the 
dural edge with a small amount of fibrin glue in order to minimize brain shift. Tumor 
boundary is correctly displayed and sulcus was opened at the boundary (Fig. 1). 

FIG. 3. After removal of the tumor mass, tumor boundary displayed by the navigation (right 
lower picture) was well matched to the real surgical field. Focus point of the microscope is placed 
at the middle depth of tumor location. Brain shift was prevented by the gluing technique 
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Tumor border was followed from the bottom of the sulcus into the white matter (Fig. 
2). Tumor was removed with en-bloc manner. After removal of the tumor mass, tumor 
border displayed by the navigation was well matched to the real surgical field (Fig. 3). 

6 Conclusions 

We should remember that navigation is not always correct. Apart from mechanical 
error, brain shift takes place to some extent even if we take care of. Virtual informa- 
tion from navigation system should be adjusted to the real field by the surgeon. Nav- 
igation is a tool and surgeon should use it correctly. 



Image-Guided Surgery for Gliomas 
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Summary. Standard therapy for gliomas consists of maximum tumor resection and 
conventional external radiotherapy with/without nitrosourea-based chemotherapy. 
Recent advances in neuroimaging and intra-operative monitoring techniques enable 
us to maximize tumor resection with minimum post-operative morbidity even when 
the tumors locate near the eloquent brain regions. In our institutions, fusion images 
of MRI and methionine uptake determined by positron emission tomography are pre- 
pared pre-operatively. Functional brain regions are mapped using functional MRI, 
tractography, and occasionally, subdural grid electrode placement. Then, the area of 
methionine uptake is removed as much as possible using a neuronavigation system 
and intra-operative functional monitoring with cortical and subcortical stimulations. 
Awake craniotomy is sometimes used. Intra-operative correction for brain shift 
during surgery due to brain retraction and cerebrospinal fluid leakage is an impor- 
tant issue. Intra-operative CT and MRI are useful to update informations for neuron- 
avigation but they cost a lot. We have been testing the possibility of more precise and 
less expensive brain shift correction by combining optical imaging of brain surfaces 
and ultrasound information of deep structures during surgery. 

Key words, glioma, image-guided surgery, intra-operative monitoring, neuronaviga- 
tion, positron emission tomography 
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1 Introduction 

The significance of the extent of surgical resection on the prognosis of glioma still 
remains controversial even at the present time with modern computerized surgical 
facilities. Low-grade tumors are in general relatively slow-growing and most tumors 
remain stable for a quite long period even after partial resection with/without radio- 
therapy. Glioblastoma multiforme, the most malignant histological type of gliomas, 
on the other hand, is highly invasive and virtually incurable even after removal of the 
whole tumor mass with contrast-enhancement on MRI. The median survival of the 
patients with glioblastoma is generally less than one year from the time of diagnosis 
and this has not significantly improved for more than three decades despite continu- 
ous refinement of treatment strategies. Since the tumor recurrence usually occurs 
from the resection border where some residual tumor cells have been left behind and 
distant metastasis is seldom observed in gliomas, local tumor control would prolong 
the survival of those patients. Continuous efforts have been paid to develop novel 
strategies and some promising experimental data have been demonstrated. Therefore, 
when the effective adjuvant therapies after surgical removal become available, the 
extent of surgical removal would become one of the most important prognostic 
factors, which is already the case in medulloblastoma. In the present paper, current 
standard therapies for gliomas are reviewed and newly developed methods to improve 
extent of tumor removal are introduced. 

2 Standard Therapy for Gliomas 

The recommended therapy for high-grade gliomas is maximum tumor resection fol- 
lowed by conventional external radiotherapy of 54-60 Gy to 2 cm margin of the tumor 
with/without nitrosourea-based chemotherapy. Chemotherapy with a combination of 
procarbazine, vincristin, and nitrosoureas is strongly recommended for tumors 
having oligodendroglial components. For low grade gliomas, no additional therapies 
have been proven to be beneficial after maximum tumor resection. 

2.1 Surgical Resection 
The purposes of tumor resection are to make a histological diagnosis and to improve 
symptoms caused by tumor compression, but the significance of the extent of surgi- 
cal resection on the prognosis of glioma patients still remains controversial. A recent 
retrospective analysis of 416 consecutive patients with histologically proven glioblas- 
toma multiforme has shown that extent of tumor resection (<98%), as well as patient 
age (_>65 years), preoperative performance status (<80%), and tumor location (in the 
eloquent brain), is a predictor of the shorter survival duration [1 ]. A significant sur- 
vival advantage was associated with resection of 98% or more of the tumor volume 
(median survival 13 months) compared with resection less than 98% (8.8 months). 

The influence of extent of tumor resection on survival of patients with low-grade 
glioma has been also studied [2-4]. Significant unfavorable prognostic factors for sur- 
vival were age (>_40 years), astrocytoma histology subtype, largest diameter of the 
tumor (_>6 cm), tumor crossing the midline, and presence of neurological deficit before 
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surgery. Extensive tumor excision (90% to 100% tumor excised) had a positive effect 
on survival (P = 0.046) [3]. The report of brain tumor registry of Japan also showed 
that 5-year survivals of low-grade glioma patients with total tumor removal, _>95%, 
_>75%, _>50% removal, and biopsy were 88.5, 75.4, 64.7, 60.7, and 54.9%, respectively 
[51. 

2.2 Radiation Therapy 
It has been proven that radiotherapy significantly improves the survival of patients 
with malignant gliomas [6]. The median survivals of patients who received no radia- 
tion, ___45, ___50, ___55, and _<60Gy were 18.0, 13.5, 28.0, 36.0, and 42.0 weeks, respectively. 
Therefore, post-operative radiotherapy should be delivered for patients with malig- 
nant glioma. 

Radiation induced toxicities, including dementia and radiation necrosis, are of par- 
ticular concern in patients with low-grade gliomas because they survive long [7]. A 
recent randomized trial revealed that irradiation (54Gy in 6 weeks) significantly 
improved time to progression but not overall survival in adults with cerebral low- 
grade glioma [8]. Another recent study showed that low-dose radiation therapy 
(50.4Gy in 28 fractions) had somewhat better 2- and 5-year survival (94% and 72%) 
than high-dose one (64.8 Gy in 36 fractions, 85% and 64%) in adults with supratento- 
rial low-grade glioma [9]. Therefore, a recommended radiation dose for low-grade 
glioma is 50.4 Gy. 

2.3 Chemotherapy 
Recent advances in chemotherapy, especially in combination with radiotherapy, have 
improved the prognosis of many malignant brain tumors including medulloblastoma, 
malignant lymphoma, and germ cell tumors. However, no breakthrough has come in 
chemotherapy for malignant gliomas except those with oligodendroglial differentia- 
tion. For oligodendroglial tumors, a combination chemotherapy with procarbazine, 
vincristin, and nitrosoureas (CCNU, ACNU, MCNU) is strongly recommended 
[10]. For astrocytic tumors without oligodendroglial components, no chemothera- 
peutic regimens have been proven to be beneficial with strong evidences. Since an 
increase in 1-year survival of 6% (from 40% to 46%) has been reported in a meta- 
analysis of nitrosourea-based chemotherapies, nitrosoureas have been usually used 
[11]. A recent randomized trial in glioblastoma showed an increase in median sur- 
vival from 12.1 months with radiation alone to 14.6 months with radiation plus temo- 
zolomide [12]. Since this new alkylating agent can be orally administered without 
serious side effects, temozolomide may become the first-line agent for glioblastoma 
in the near future. 

3 Image-guided Resection of Gliomas 

When effective post-operative local therapies such as gene therapy become available 
in the near future, extent of tumor resection may become one of the most important 
prognostic factors. Therefore, every effort should be made to remove as much tumor 
as possible without causing neurological deficits. 
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FIG. 1. Positron emission tomography (PET) with L-[methyl-llC]methionine and MR tracto- 
graphy of a patient with right parietal low-grade glioma. Methionine-PET images, correspon- 
ding MRIs, and the fusion images of MET-PET and MRI are shown in the top three rows and 
MR tractography, in the bottom row 

3. I Pre-operative Neuroimaging 
Recent advances in pre-operative neuroimaging and intra-operative monitoring tech- 
niques enable us to maximize tumor resection with minimum post-operative mor- 
bidity. As a pre-operative "tumor imaging", we use positron emission tomography 
with L-[methyl-11C]methionine as well as conventional MRI (Fig. 1) [13]. Functional 
MRI and tractography are used for "Functional brain imaging" (Fig. 1). By using these 
informations and an intra-operative neuronavigation system, maximum resection of 
regions with methionine uptake without serious neurological deficits becomes possi- 
ble. Recently, we also use a trans-cranial magnetic stimulation linked with a neuron- 
avigation system for pre-operative evaluation of eloquent brain regions. Motor 
responses such as finger twitch and speech arrest-like response can be brought about 
by stimulating certain areas of the cortex. 

3.2 Intra-operative Functional Monitoring and Tumor 
Using intra-operative functional monitoring with cortical and subcortical st imula- 
tions, tumors are removed as much as possible using a neuronavigation system until 
motor responses to the stimulations are observed. Awake craniotomy is sometimes 
used especially when removing tumors near the speech function-related brain areas. 
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FIG. 2. Real-time brain shift correction by using optical imaging of brain surfaces. A 3- 
dimentional scanner image (a) and a CCD image (b) are obtained using a microscope equipped 
with a laser scanner (c). Then we perform real-time remodeling of the pre-operative MRI during 
surgery by using the informations from shift of brain surfaces (surface scanner) and shift of 
deep structures (ultrasound data) (d) 

Intra-operative tumor imaging is also possible using photosensitizers such as 
5-aminolevulinic acid (5-ALA). This technique is known as intra-operative chemical 
navigation. Recently, we are investigating a new photosensitizer, ATX-S10.Na (II), in 
photodynamic diagnosis as well as photodynamic therapy for glioma [14]. 

3.3 Correction for Brain Shift during Tumor Removal 
Intra-operative correction for brain shift during surgery due to brain retraction and 
cerebrospinal fluid leakage is an important issue. Intra-operative CT and MRI are used 
to update informations of the neuronavigation system in some institutions. Intra- 
operative MRI is obviously the best way for real-time brain shift correction, but the 
cost is enormous [15]. Intra-operative real-time correction of brain shift using an 
ultrasound devise is another less-expensive method [16]. 

Recently we have been testing the possibility of real-time brain shift correction by 
combining optical imaging of brain surfaces and ultrasound information of deep 
structures during surgery. Based on these data, we are developing an algorithm 
for remodeling the preoperative MRI to show brain structures for real-time 
neuronavigation (Fig. 2). 
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4 Conclusions 

Since most gliomas locally recur, maximum tumor resection using modern imaging 
facilities at the initial treatment will improve the prognosis of glioma. A considerable 
number of low-grade gliomas recur, even after long-time tumor dormancy, close 
observation with MRI is necessary. At the time of recurrence, a second resection with 
image-guidance should be considered because prolonged survival by repeated resec- 
tion has been expected. 
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Recent Advances in Radiosurgery for 
Cerebral Arteriovenous Malformations: 
The U niversity of Tokyo Experience 
KEISUKE MARUYAMA, MASAHIRO SHIN, and  TAKAAKI KIRINO 

Summary. Stereotactic radiosurgery has been widely applied to treat cerebral arteri- 
ovenous malformations (AVMs), and various relevant studies have been reported to 
date. Recently, however, a lot of new facts were clarified by our up-to-date long-term 
follow-up study after stereotactic radiosurgery using a gamma knife. The risk of hem- 
orrhage from AVMs was reduced by 54% even during the latency period after radio- 
surgery and further 78% after obliteration. However, a small risk of hemorrhage still 
remained after obliteration. Therefore, angiographic obliteration, which was one the 
treatment goals, does not necessarily mean an ultimate cure of AVMs. Such a risk was 
significantly related to the continuous enhancement on computerized tomographic or 
magnetic resonance imaging. Advancement in imaging technique provided by these 
three-dimensional imaging realized significantly less frequent complication. Integra- 
tion of diffusion-tensor tractography into treatment planning of radiosurgery enabled 
clear visualization of the corticospinal tract during the treatment planning, and the 
tolerable dose of the corticospinal tract was clarified to be 25 Gy. Thus, safer and more 
effective treatment can be achieved with recent advances in stereotactic radiosurgery 
to treat cerebral AVMs. 

Key words, arteriovenous malformation, hemorrhage, gamma knife, obliteration, 
stereotactic radiosurgery 

1 Introduction 

Cerebral arteriovenous malformations (AVMs) frequently arise in the younger popu- 
lation and can cause severe disabilities or death [ 1-3]. Intracranial hemorrhage is the 
most common clinical presentation, and annual hemorrhage rate is reported to be 2 
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to 4% during the natural course of the disease [3-9]. Various treatments have been 
developed in an attempt to reduce the risk of hemorrhage. Stereotactic radiosurgery, 
in particular, has been widely used as one of the minimally invasive therapies during 
the past two decades [ 1-3,10-13]. It provides an angiographic cure in 80 to 95 percent 
of patients with a latency period of 3 to 5 years [1,14-17]. A lot of relevant studies 
have been reported to date all over the world. Recently, however, a lot of new facts 
were clarified by our up-to-date long-term follow-up study after stereotactic radio- 
surgery using a gamma knife (Elekta instruments, Norcross, GA, U.S.A.) during the 
past 15 years. Hereby we introduce several recent advances in both knowledge and 
technique. 

2 Diagnosis of Obliteration 

2.1 Factors Affecting Obliteration 
Several factors affecting successful obliteration were previously reported from multi- 
ple centers. We also found that prior hemorrhage, smaller AVM diameter, and higher 
margin dose were significantly associated with successful obliteration of AVMs by 
using multivariate logistic regression analysis [18]. In addition, we recently found 
several factors that significantly associated with earlier obliteration of AVMs; these 
were male sex, prior hemorrhage, smaller AVM diameter, and treatment planning 
using biplane angiography alone [18]. This finding indicates that current application 
of computerized tomography (CT) or magnetic resonance (MR) images into treat- 
ment planning is making the process of obliteration slower. In the two-dimensional 
treatment planning method by using angiography alone, the whole AVM nidus had to 
be covered extensively within the prescribed isodose line by estimating hidden parts 
of the lesion behind the projected images of biplanar angiograms. Therefore, in such 
cases, some parts of the AVM margin may have received a higher dose of radiation 
than that applied to the margin and this could have led to shorter latency intervals 
[ 18]. Based on this result, we have to wait for a longer period than ever until complete 
obliteration of an AVM. 

2.2 Diagnostic Value of Angiography 
When compared with the result of angiography, diagnosis of obliteration on CT had 
13% of false-negative result, and 20% by means of MR imaging [18]. On the other 
hand, all of the CT and MR imaging that showed the residual AVM nidus agreed with 
the result of angiography. Hence, a residual AVM nidus can be diagnosed by means 
of CT or MR imaging, and angiography to confirm obliteration can be delayed until 
obliteration is suggested by these less invasive imaging studies. At the same time, 
however, angiography still remains to be the gold standard to diagnose obliteration 
of AVMs after radiosurgery. 
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3 The Risk of Hemorrhage after Radiosurgery 

3.1 The Risk of Hemorrhage until Obliteration 
Previous studies have reported that the risk of hemorrhage during the latency period 
(the interval between radiosurgery and obliteration) either decreases [19,20], remains 
unchanged [21,22], or even increases [ 10,23] compared to the natural course of the 
disease. Such comparisons tend to contain selection biases because the patients who 
underwent radiosurgery were highly selected. Because even the smallest remnant of 
an AVM constitutes a risk of further hemorrhage [24], it has commonly been assumed 
that radiosurgery does not protect against hemorrhage unless obliteration is verified 
(Fig. 1, a gray line) [2]. However, previous studies have not statistically compared the 
risk of hemorrhage before and after radiosurgery. 

Based on our analyses of 500 patients who underwent radiosurgery at our institute, 
the risk of hemorrhage from AVMs was reduced by 54% even during the latency 
period after radiosurgery (Fig. 1, a bold line) [25]. Two factors could have potentially 
caused an underestimation of the risk of hemorrhage during this period. The first was 
natural decline in the repeated hemorrhage rate from ruptured AVMs [4,5,26,27]. 
However, no such natural decline was detected in our series [25]. Furthermore, the 
observed protective effect persisted even in an analysis that excluded data obtained 
during the first year after diagnosis. Therefore, natural regression of the risk of hem- 
orrhage did not seem to affect our result. The second potential problem was false 
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FIG. 1. Schematic changes in the relative risk of hemorrhage after radiosurgery for cerebral arte- 
riovenous malformations. A gray line shows past knowledge on the risk of hemorrhage after 
radiosurgery that was thought as "all or none". A bold line indicates the result of our recent 
study. A dotted line demonstrates a probable change in the risk of hemorrhage based on our 
recent study 
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extension of the latency period because of a delay in confirming obliteration using 
cerebral angiography [21,22]. This might have been as long as 6 months, because 
angiography was only performed after obliteration was suggested using less-invasive 
imaging carried out at 6-month intervals. However, similar results were obtained when 
we repeated our analysis adjusting for the delay, which suggested that delayed confir- 
mation of obliteration did not have a significant effect on the results. Thus, even after 
adjustment for these two potential confounding factors, the protective effect against 
hemorrhage persisted during the latency period. 

Histopathological examinations of AVMs after radiosurgery suggest potential 
mechanisms by which the risk of hemorrhage may be reduced even before angio- 
graphic obliteration. After radiosurgery, the proliferation of smooth-muscle cells 
forming an extracellular matrix causes progressive thickening of the intimal layer, 
leading to stenosis and the eventual occlusion of the vessels [28]. This thickening of 
the intimal layer begins as early as 3 months after irradiation of the vessels [29]. When 
the thickness of a vessel wall increases twofold, the tangential stress decreases by half 
according to Karlsson et al [19]. Therefore, thickening of the irradiated vessel walls 
would decrease the stress after radiosurgery [19]. Second, partial or complete throm- 
bosis of the irradiated vessels, which is one of the pathological changes that occurs 
after radiosurgery, might decrease the number of patent vessels in AVMs [30]. Third, 
and finally, in vessels with a smaller diameter, thickening of the endothelium might 
cause occlusion at a relatively earlier stage, which would decrease the blood flow 
through AVMs. All three factors might contribute to the protective effect observed. 

3.2 The Risk of Hemorrhage after Obliteration 
Most previous studies assumed that angiographic obliteration was the ultimate goal 
of radiosurgery [2,11,12,31], but we recently encountered several cases who suffered 
from hemorrhage even after angiographic obliteration [32].Although the risk of hem- 
orrhage from AVMs was reduced by further 78% after obliteration as compared with 
the latency period [25], a small risk of hemorrhage still remained after obliteration. 
This means that angiographic obliteration does not necessarily mean an ultimate cure 
of AVMs. 

According to the histological examination of the resected AVMs after post- 
obliteration hemorrhage, we observed small endothelial cell-lined channels contain- 
ing erythrocytes within the hyalinization, and some of the AVM vessels were still 
patent partially, while the majority of the vessels were obliterated as a result of thick- 
ening of the intimal layer with dense hyalinization. Hemorrhage might be caused by 
these microscopically patent vessels, whose diameter was under the threshold of 
detection using angiography. In other words, if the blood flow through AVMs declines 
below the threshold of detection using angiography, AVMs will in effect become invis- 
ible, although they are still evident histologically [32,33 ]. In a clinical situation, mean- 
while, confirming obliteration by means of angiography is the only way to identify a 
substantial reduction of the blood flow. It is important to note that an angiogram 
might only reveal a specific process at a certain time point in the sequence of patho- 
logical changes that occur after radiosurgery for AVMs (Fig. 1, a dotted line). 

Such a risk of hemorrhage from obliterated AVMs after radiosurgery was signifi- 
cantly related to the continuous enhancement on CT or MR imaging [32]. So, the risk 
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of hemorrhage after obliteration should be evaluated based on the results of angiog- 
raphy, CT or MR images, and their combination. 

We could not detect significant reduction in the risk of hemorrhage from unrup- 
tured AVMs, even after obliteration. One possible explanation for this result is that the 
number of patients without hemorrhage at presentation might not have been suffi- 
cient to confirm a subtle decrease in the risk of hemorrhage after radiosurgery and 
obliteration, because the result would be significant if a patient population was four 
times larger. Further studies involving larger populations and longer observation 
periods will be necessary to clarify the protective effect in unruptured AVMs. 

4 The Risk of Complication 

4.1 Factors Affecting Complication 
Several factors affecting the risk of complication were previously reported from mul- 
tiple centers; the largest factors included treatment volume and margin dose. We 
recently found that treatment planning using biplane angiography alone was signifi- 
cantly related to neurological deterioration after radiosurgery in multivariate logistic 
regression analysis as well as AVMs fed by the medial striate artery or the artery of 
Heubner and sensory disturbance at radiosurgery [18]. This means advancement in 
imaging technique provided by the three-dimensional CT or MR imaging realized sig- 
nificantly less frequent complication with similar obliteration rates [18]. 

4.2 Integration of Corticospinal Tractography 
We recently integrated three-dimensional corticospinal tractography obtained from 
diffusion-tensor MR imaging into treatment planning of gamma knife radiosurgery 
[34]. It realized clear visualization of the corticospinal tract during the treatment plan- 
ning, and the tolerable dose of the corticospinal tract was calculated to be 25 Gy [34]. 

FIG. 2. Radiosurgical dosimetry obtained in a 53-year-old man with an arteriovenous malfor- 
mation adjacent to the corticospinal tract. The dose to the corticospinal tract was clearly demon- 
strated after the integration of diffusion-tensor-based tractography 
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By using this technique and knowledge, we can deliver a sufficiently effective dose to 
targeted lesions while minimizing the risk of complications even in the treatment of 
critically located AVMs. This novel technique is highly useful and holds a wide variety 
of future application in the field of radiosurgery (Fig. 2). 

5 Conclusions 

By recent advances in both knowledge and technique, safer and more effective treat- 
ment can be realized in stereotactic radiosurgery to treat cerebral AVMs. On the other 
hand, it is important to note that angiographic obliteration, which was one the treat- 
ment goals, does not necessarily mean an ultimate cure of AVMs. An angiogram might 
only reveal a specific process at a certain time point in the sequence of pathological 
changes that occur after radiosurgery for AVMs. 
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Summary. A retrospective analysis of 88 consecutive cases of intramedullary glial 
tumours, which constituted 58% of 149 cases of intramedullary lesions surgically 
managed over a 22-year period, is presented. Fifty-six astrocytomas and 32 ependy- 
momas formed the group, which comprised 55 males and 33 females. While majority 
of the astrocytomas were in the cervical or cervicodorsal location (70%), it was almost 
equally distributed between the cervical and conus regions in 23 cases of ependymo- 
mas. The management philosophy has changed over the years from biopsy to total 
removal for ependymomas and a generous inside out decompression in case of astro- 
cytomas. While only a biopsy or decompression was done in 35 of the earlier patients 
of astrocytomas a radical removal (subtotal in 18 and total in 3) could be achieved in 
21 of our recent patients. We could achieve total resection in all the last 17 patients of 
ependymomas. Low grade astrocytomas radically removed and all ependymomas 
were not given radiotherapy. Out of the 39 patients of astrocytomas who are in follow 
up, 13 have improved, 19 remaining static and 7 have deteriorated. While only three 
of the 25 patients of ependymomas on long term follow up have deteriorated 18 have 
improved and 6 are remaining static. Conclusion: Although total resection of ependy- 
momas have become a procedure with good functional results in most hands, a radical 
resection can be achieved with long term stabilisation of neurological deficits in 
majority of astrocytomas. 

Key words, intramedullary, spinal cord, astrocytoma, ependymoma 

1 Introduct ion 

Intramedullary tumours of the spinal cord account for 2-4% of CNS neoplasms and 
about 20-25% of all intraspinal tumours [1]. Intramedullary tumours compromise 
about one third of spinal neoplasms in adults [2]. Astrocytomas and ependymomas 
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account for more than 80% of intramedullary tumours in most series [3]. Until 
recently their management remained unclear mainly because of the debate regarding 
the nature and extent of surgery and the relative risks of surgery and radiotherapy in 
the treatment of these lesions. In many series patients were treated before the advent 
of modern diagnostic tools and surgical adjuncts and the approach used to be biopsy, 
dural decompression and radiation therapy based on the assumption that carrying 
extensive removal of tumours from within the cord was not feasible without inflict- 
ing additional neurological insult. As a result the optimal management of this entity 
remained unclear. With the advent of magnetic resonance imaging and a number of 
surgical tools such as the operating microscope, ultrasound, ultrasonic tissue aspira- 
tor and the laser the diagnosis and management of these lesions have become more 
easier and safer. Despite these modern advances intramedullary surgery remains a 
formidable undertaking. However the earlier pessimistic outlook has paved way to 
optimism over the years ever since the first successful removal of an intramedullary 
tumour by Von Eiselberg [4]. Greenwood [5,6], Rand [7],¥asergill [8], Stein [9] all were 
strong proponents in favour of surgery. The most vocal proponent for aggressive 
surgery in recent years has been Epstein [ 10-13]. 

1. I Materials and Methods 

Our experience [14] has ranged from a child of two years of age to a seventy year old 
male (Tables 1, 2 and 3). But the peak incidence was noted in the third and fourth 
decade. Astrocytomas and ependymomas were the most common lesions in our study 
also. Majority of the astrocytomas were located in the cervical region where as 
the predominant site for ependymomas was in the conus region (Table 4). Almost 
all patients presented with characteristics features of an intramedullary tumour 
(Table 5). 

The principles of surgical techniques [15] used can be summarised as follows: 

TABLE 1. Intamedullary tumours 
Type n 

Astrocytoma 56 
Ependymoma 32 
Cavernoma 14 
Hemangioblastoma 08 
Lipoma 11 
Others 28 

Total 149 

TABLE 2. Intramedullay tumours: Sex distribution 
Sex Astrocytoma Ependymoma Others 

(56) (32) (61) 
Total 
(149) 

Male 33 22 36 91 
Female 23 10 25 58 
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TABLE 3. Intramedullary tumours: Age distribution 
Age Astrocytoma Ependymoma Others 

(56) (32) (61) 
Total 
(149) 

1-10 05 03 03 11 
11-20 12 06 06 24 
21-30 11 09 15 35 
31-40 16 08 17 41 
41-50 08 06 12 26 
51-60 03 05 08 
61-70 O1 03 04 

TABLE 4. Intramedullary tumours: Location 
Location Astrocytoma Ependymoma Others 

(56) (32) (61) 

Cervical 27 09 20 
Cervico dorsal 12 04 12 
Dorsal 11 01 24 
Dorsolumbar 06 04 03 
Conus 10 02 
Filum 04 - 

Total 
(149) 

56 
28 
36 
13 
12 
04 

TABLE 5. Intramedullary tumours: 
Clinical presentation 
Presentation n % 

Motor weakness 132 88 
Pain 56 39 
Sensory 104 70 
Sphincter 83 59 

(1) Full extent of t umour  to be exposed with lamninotomy one level above and 
below the level of the lesion; 

(2) Dural opening sparing the arachnoid; 
(3) Cord opened through a midline myleotomy or through the most  widened avas- 

cular part  of the cord. 
(4) Initially 1 -2cm myelotomy done over the greatest enlargement  and to be 

extended over the entire rostrocaudal limit of the tumour.  
(5) Myeleotomy deepened gently by spreading microforceps in longitudinal axis and 

tumour  surface identified. 
(6) Both tumour  poles identified and polar cysts entered. 
(7) Apply pial t raction sutures for better visualisation and to provide counter trac- 

tion for development  of dorsal and dorsolateral tumour  plane. 
(8) Retraction of the tumour  done rather than the cord. 
(9) Biopsy obtained for histological confirmation. 

(10) Dissection done from one end. Internal decompression if tumour  is bulky and 
hinders dissection plane. 
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TABLE 6. Intramedullary tumours: Type of surgery 
Type of surgery Astrocytoma 

(56) 
Ependymoma Others Total 

(32) (61) (149) 

Biopsy 19 05 12 36 
Decompression 16 09 21 46 
Subtotal 18 01 - 19 

Total 03 17 28 48 

TABLE 7. Outcome at discharge 
Outcome Astrocytoma Ependymoma Others  Total 

(56) (32) (61) (149) 

Improved 07 13 22 42 
Static 28 11 25 64 
Deteriorated 15 08 12 35 
Dead 06 - 02 08 

(11) Dissection of the ventral plane done last and supply from anterior spinal vessels 
are cauterises and divided. 

(12) Dura closed primarily or using a dural patch graft. 
(13) Useful intraoperative adjuncts include SSEP, intraoperative ultrasonography, 

CUSA, LASER. 

1.2 Surgical Outcome 
The early and long term outcome in patients following removal of intramedullary 
tumour is related to multiple factors including patient age and neurological status, 
location and histology of the tumour. Young age and a good preoperative neurologi- 
cal grade facilitate good outcome.A trend towards more aggressive surgical removal 
is evident in our series especially for benign lesions and ependymomas. We had an 
overall mortality rate of 5.37% (Table 6). 

At discharge 20 of our 88 patients (glial tumours) improved in neurological func- 
tion 39 removed static and 23 deteriorated. The long term outcome following removal 
of an intramedullary tumours seems to depend on the tumour histology with benign 
and encapsulated tumours doing well. Of the 64 operated patients with glial neo- 
plasms available for long term follow up, 21 showed improvement, 8 remained static 
and 25 had deteriorated (Tables 6 and 7). 

1.3 Complications 
In the immediate post operative period, most patients demonstrate some degree of 
neurological deficit especially of motor symptoms and posterior column function. 
These deficits are usually transitory and recover within a few months particularly the 
motor deficits. Posterior column dysfunction also tends to improve but not to the pre 
operative level. Sometimes, this dysesthetic syndrome may remain persistive and 
distressing often causing causalgia like complaints. Other immediate post operative 
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complications include CSF leak, infection and wound dehiscence especially with 
dorsal wounds. Late complications include hydrocephalus, post operative spine defor- 
mity and anterior subarachnoid CSF loculations. 

2 Discussion 

2.1 Surgical Anatomy 
The spinal cord averages 47 cm in length and 32 g in weight accounting for about 3% 
of central nervous system. Spinal cord generally occupies less than one-half of the 
cross sectional area of the spinal canal. It is divided almost into two halves by the ante- 
rior median fissure and the posterior median septum. This fissure contains the ante- 
rior spinal artery and vein and their penetrating branches and is rarely encountered 
during surgery. The posterior median septum is composed of fused pia matter from 
the medial surface of each posterior column. It is the route of entry for removal of 
most intramedullary pathology and can be identified by a longitudinal array of pen- 
etrating vessels. The blood supply to the spinal cord is by way of a single anterior and 
paired posterior spinal arteries. These vessels are supplemented throughout their 
course by a variable number of medullary vessels which are well protected on the 
ventral surface of their respective nerve roots. The intra dural spinal vascular system 
is well protected and not threatened during intradural surgery. The spinal dura 
extends as an oval tube from the foramen magnum to the $2 level. It is a tough fibrous 
membrane composed of longitudinal bundles of collagen and lined one either side by 
a single layer of flattened fibroblasts. It demonstrates negligible resistance to com- 
pression, but has considerable tensile strength. It is under resting tension and pos- 
sesses elastic properties that allow for folding and unfolding in response to changes 
in canal length. Spinal dura is an effective barrier and is rarely transgressed by inflam- 
matory or neoplastic pathology. The pia and arachnoid (leptomeninges) are probably 
neural crest and mesodermal in origin. Arachnoid is a thin transparent membrane 
which is closely applied to the dura allowing only a potential subdural space. Fenes- 
trated reflections of arachnoid occur through out the subarachnoid space to become 
continuous with the outer pia. The spinal vasculature is loosely held to the surface of 
the spinal cord within this layer. The arachnoid reflections also sheath the individual 
nerve roots. Spinal pia is a well defined collagenous membrane and is thicker than the 
intracranial pia and it accounts for the white colour and firm consistency of the spinal 
cord. Lateral reflections of the pia form the dentate ligaments. The pia matter is tightly 
applied to the outer glial limiting membrane of the spinal cord and completely encir- 
cles the cord except at the root entry zones where it is briefly reflected over the exiting 
nerve roots. It is here that the pia may be transgressed by benign pathology. Benign 
intramedullary tumours such as ependymoma or astrocytoma may rarely present 
with an exophytic tumour component which exits the spinal cord through the root 
entry zone. Centripetal growth of a benign nerve sheath tumour may elevate the pia 
to become partially subpial in location. In these cases, excision of a segment of pia 
will be required to affect complete removal. Intramedullary lesions may be catego- 
rized according to their relationship with the cord. 
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These lesions may be purely intramedullary, subpial or pial based or exophytic. 
Intramedullary tumours comprise about one-third of spinal neoplasms in adults. 
Astrocytomas and ependymomas represent more than 80% of intramedullary tumour 
lesions in most series. A variety of other lesions account for the rest twenty percent. 

2.1.1 Ependymomas 

They originate from rests of ependymal cells in the centre of the spinal cord and 
appear as a soft red or greyish purple mass with a variable number of vessels cross- 
ing the tumour surface. As they grow from their point of origin, they push the adja- 
cent spinal cord aside and therefore are distinct from the surrounding spinal cord and 
can be dissected from it. If the frozen section report is an ependymoma every attempt 
is made to remove the tumour in toto. The myelotomy is lengthened and deepened to 
fully expose the entire rostrocaudal extent of the tumour and should actually con- 
tinue a few millimetres above and below the tumour margins, allowing greater lateral 
retraction and visibility while minimizing tension on the spinal cord. Although these 
tumours are somewhat friable, they are sharply circumscribed and gentle blunt 
manipulation will not violate the tumour surface. The rostral tumour is frequently 
rounded and often projects into a cyst which aids in dissection. The caudal pole is 
usually more tapered since inferior cysts are less common, but there is often a tough 
fibrous connection between the caudal tumour pole and the central canal. In the 
absence of a rostral or caudal cyst, the tumour resection is initiated in the middle of 
the neoplasm which is the most voluminous area. In the presence of a polar cyst, the 
resection is initiated at the cyst-tumour junction where the interface between the 
tumour and the normal tissue is easily obtained. The dorsal and lateral margins are 
established by gentle traction on the tumour against the counter traction provided by 
the pial sutures. Spreading the microforceps parallel to the long axis of the tumour 
easily develops the dissection plane, owing to the differences in texture and consis- 
tency between the tumour surface and the surrounding gliotic margin of the spinal 
cord. Feeding vessels and more fibrous attachments are cauterised and divided close 
to the tumour. The decision to debulk the tumour internally is made once the dorsal 
half of the tumour is exposed. Although smaller lesions may be removed in one piece, 
generally the bulk of the tumour should be reduced first. The most important tech- 
nical point is that there is no effort to carry an en bloc resection. The bulk of the 
tumour will hinder exact visualisation of the dissection plane requiring prohibitive 
amounts of spinal cord retraction if one attempts en bloc resection. The dorsal tumour 
surface is incised and internal decompression is performed with an ultrasonic aspi- 
rator. Too much internal tumour removal may cause fragmentation of the tumour 
surface and obscuration of the correct dissection plane resulting in an undesirable 
piecemeal removal. As the centrum of the tumour is decored the lateral margins grad- 
ually fold in establishing the tumour-cord interface. This cleavage may be accom- 
plished by retraction of the remaining tumour tissue into the residual cavity and not 
by retraction of spinal cord from the tumour. Dissection of the ventral plane is the 
most difficult aspect of tumour removal. This is because pial traction sutures do not 
transmit effective counter traction to the ventral interface between cord and tumour. 
Also tumour margins appear less distinct and requires sharp dissection techniques. 
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TABLE 8. Outcome at last follow up 
Outcome Astrocytoma Ependymoma Others  Total 

(56) (32) (61) (149) 

Improved 13 18 25 56 
Static 07 01 03 11 
Deteriorated 19 06 15 40 

The anterior median fissure extends almost to the central canal and the tumour is in 
close approximation to the anterior spinal artery and branches. With superior trac- 
tion on the tumour directed perpendicular to the long axis of the spinal cord, the 
tumour can be separated from anterior spinal vessels, which are identified, cauterised 
and divided. Dissecting the poles of the tumour is more difficult. If a cyst is present, 
the end of the tumour is obvious. If there is no cyst, the tumour tapers into a root that 
blends into the central canal of the cord. Following tumour removal, the resection bed 
is inspected and any bleeding is controlled with warm saline irrigation and applica- 
tion of surgicel. The pial traction sutures are removed and the cord assumes its normal 
position. No attempt is made to reapproximate the dorsal hemi cords with pial sutures. 
A watertight dural closure is generally possible in primary operations. In secondary 
procedures or if closure of dura would in any way narrow the subarachnoid space a 
dural graft using fascia lata or lumbodorsal fascia or lyophilised cadaver dura is fre- 
quently neseesary. Permanent coloured sutures are used because it will provide a 
midline orientation in case reoperation is required for recurrent tumours. Special 
attention is paid to the fascial layer as this is usually the watertight layer. Fascia and 
muscles should be released from the superficial subcutaneous tissues and deep bony 
elements to achieve closure with no tension. Finally the skin is closed after putting 
deep and superficial subcutaneous sutures. We could achieve a total excision in 
seventeen of our total thirty two patients (Table 8) and nearly three fourths of our 
patients had shown improvement at the time of last follow up (Tables 6 and 7). 

2.1.2 Astrocytomas 

The surgical treatment of intramedullary astrocytomas remains a much more formi- 
dable problem than ependymomas. Adult spinal cord astrocytomas are infiltrating 
tumours that are histologically similar to intracranial astrocytomas. Usually they are 
located several millimetres beneath the dorsal surface of the cord and although they 
may be distinguished by their yellowish grey glossy appearance from the surrounding 
spinal cord, they blend imperceptibly with the spinal cord at the margins. Many have 
reported that a radical resection of these infiltrative lesion will result in a higher mor- 
bidity and advice only a generous, but limited internal decompression. More radical 
tumour removal until the establishment of the tumour-cord interface will not alter the 
clinical course in adults with malignant astrocytoma. However there have been reports 
of radically resected astrocytomas without increased morbidity. In our experience the 
surgery on this subgroup of patients has not been always associated with higher post- 
operative morbidity, but the rate of radical resections has been definitely lower than 
that for other tumours. Because these malignant astrocytomas recur with in a year 
independent of amount of resection, we agree that a less radical intervention with 
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minimal surgical morbidity is the ideal treatment. The lower grade lesions are avascu- 
lar and lend themselves to radical resection. In children these tumours behave simi- 
larly to low grade posterior fossa astrocytomas which are amenable for total resection. 
After biopsy confirmation of histology an internal decompression is carried out using 
cavitron. These well circumscribed astrocytomas will often have a well defined dorsal 
surface plane with white matter but often fade imperceptibly into the gray matter. An 
"inside-out" removal is recommended and is dictated by surgeon's ability to differen- 
tiate clearly, on the basis of colour and consistency, tumour from the surrounding 
spinal cord. While many low grade astrocytomas have discrete cleavage planes and 
adjacent cystic components and a fibrillary character on histological examination 
some have extensive areas with poorly defined interface. In these areas the only guid- 
ance to tumour removal is progressive change of colour and tissue consistency. When- 
ever the tumour comes close or reaches the subpial surface, especially the ventral one, 
no attempt is made to pursue a radical resection. Although approximately two thirds 
of all spinal cord astrocytomas in adults are not histologically malignant lesions, they 
behave in a less-than benign fashion. By virtue of their location and tendency to infil- 
trate, even small tumours can produce severe neurological deficits. Recurrence after 
incomplete resection and malignant transformation can occur like their cranial coun- 
terparts. The surgical techniques for astrocytomas are similar to ependymomas. Under 
magnification, the tumour which presents subpially, may be distinguished from the 
normal spinal cord by colour and texture. By first opening the cyst, the dissection plane 
can be more readily identified than by trying to attack the tumour-cord interface 
directly. Pial traction microsutures are as useful in this tumour as with ependymomas. 
In the presence of a cystic holocord astrocytoma, tumour removal is initiated either at 
the rostral or caudal pole in the region of tumour-cyst junction. Excision of the solid 
noncystic astrocytoma is initiated in the mid portion rather than at the rostral or 
caudal pole of the neoplasm because there is no clear rostral or caudal demarcation of 
the tumour as occurs in caudal and rostral cysts. The last fragments of the rostral and 
caudal segments of the tumour are removed by working within the myel0tomy and dis- 
tracting the residual neoplasm into the surgical cavity without extending the myelo- 
tomy. Intraoperative ultrasound helps to monitor the progress and clearly identify the 
rostral and caudal extent of the tumour. Ultrasound also gives a very precise image of 
the cross sectional image of the tumour cavity and its relationship to the anterior sub- 
arachnoid space. Because residual tumour is always present dura is closed with a dural 
patch to avoid constricting the spinal cord. We could achieve total excision in only three 
of our patients and in nineteen of them only biopsy was done. Thirty four patients 
underwent partial to subtotal decompression (Table 8) and nearly thirty patients were 
send for adjuvant therapy. Outcome was not as favourable as in ependymomas with 
only one third patients showing some improvement at the time of last follow up (Tables 
6 and 7). 

3 Management Philosophy of Intramedullary Tumours 

It has now been established that long term tumour control or cure can be achieved 
with acceptable morbidity by microsurgical removal alone for nearly all ependymo- 
mas, hemangioblastomas and other well circumscribed lesions which include many 
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astrocytomas as well. It is the surgeon's intraoperative identification of a tumour/cord 
interface that is the most important determinant of resectability. Aggressive surgery 
is of no value for malignant intramedullary tumours and frozen section identification 
of malignancy signals an end to operation. Conversely if histological identification 
reveals a benign ependymoma, gross total resection should be the goal even if the 
margins of the tumour are not immediately evident. So as observed by MCCormick 
[2,3 ] it seems reasonable to assume that all patients harbour a benign lesion for which 
definitive surgical removal is the treatment of choice. If the surgeon intraoperatively 
after adequate myletomy identifies a clear demarcation from the surrounding 
spinal cord he should attempt total removal. The effect of radiation therapy on 
intramedullary spinal cord tumours has not been proven and is obscured by the lack 
of knowledge of the natural course of these tumours and by the lack of follow up find- 
ings confirming the reduction of tumour size after radiation therapy. 

The goal of surgery is to remove the tumour totally with preservation or improve- 
ment of neurological function. These objectives cannot be always achieved because 
some tumours infiltrate adjacent neural tissue and make total removal impossible 
without incurring an unacceptable loss of function. Even when a tumour is well delin- 
eated from the normal spinal cord, removal may result in a permanent increase in 
neurological deficit. The diagnosis of an intramedullary tumour does not necessarily 
mandate operative removal. The decision to operate on patients with far advanced 
neurological deficits must be made with realistic expectations. Recovery from a sig- 
nificant long-standing deficit rarely occurs. Neurological outcome is directly related 
to patients preoperative status. Neurological improvement from a preoperative major 
deficit can be modest and seen only in a minority of patients. Usually it is the minor 
deficits which are likely to improve. Thus the major benefits of intramedullary tumour 
removal is prophylactic. Most patients experience some degree of neurological mor- 
bidity in the immediate postoperative period. This brings the issue of managing a 
patient who presents with neck or back pain with very little objective deficits. Many 
such patients with minor symptoms and no significant functional impairment are 
unwilling to risk neurological deterioration as a result of operation. In this situation, 
the patient should be followed closely for the appearance of additional symptoms or 
an objective deficit. Once the symptoms progress, patients frequently are more pre- 
pared psychologically to face the risks of surgery. There is no therapeutic role for 
operation in patients harbouring malignant intramedullary tumours because surgery 
usually results in significant neurological morbidity and also there is the theoretical 
risk of secondary cerebrospinal fluid dissemination. But preoperative prediction of 
histology based on MRI scan characteristics alone should be avoided as they are often 
incorrect and may unfairly influence the surgical objective. So the surgeon should 
assume that the majority of intramedullary tumours are benign and are potentially 
resectable. Because ependymomas cannot be distinguished reliably from astrocy- 
tomas by their clinical presentation or currently available imaging techniques, all 
intramedullary spinal cord tumours must be explored aggressively so that curable 
lesions are not overlooked. An attempt at radical removal should be made according 
to the gross rather than histologic tumour characteristics because some low grade 
astrocytomas are also well circumscribed and amenable to radical resection. Histo- 
logic interpretation of tiny biopsy fragments obtained through a limited myelotomy 
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is frequently inaccurate. An inadequate myelotomy may fail to reveal a clear resection 
plane and histologic interpretation of tumour specimens can result in erroneous 
tissue diagnosis. It is of paramount importance that surgeon gets a correct tissue diag- 
nosis because under certain circumstances biopsy results define the surgical objec- 
tive. Frozen section identification of a malignancy signals an end to the operation and 
no aggressive tumour removal is undertaken. If histological examination clearly 
demonstrates a benign pathology every attempt should be made for a gross total 
removal even if the margins of the tumour are not immediately evident to the surgeon. 

4 Recurrence and Role of Radiotherapy 

Although ependymomas are considered benign by some their glial derivations, lack 
of capsulation and friable nature pose a risk of recurrence. These lesions are best 
managed by total removal. We do not recommend radiotherapy after total removal of 
ependymomas. No efficacy of radiation therapy following grossly complete removal 
of a spinal ependymomas has been demonstrated and adjuvant radiotherapy is best 
reserved for patients with malignant ependymomas or a tumour that cannot be 
resected totally. In an young patients with obvious tumour recurrence who is in good 
neurological condition, reoperation is the recommended strategy. 

Contrary to the finding in children, astrocytomas in adults pursue a progressive 
course. It seems unlikely that radical tumour removal significantly effects survival. 
Risk of recurrence is high almost all our patients who came for follow up showing 
progressive neurological deterioration. Reoperation is best deferred until the patent 
becomes symptomatic because the interval between MRI and clinical evidence of 
recurrence may extend several years. Well encapsulated benign lesions who were oper- 
ated in good neurological state fared better. There is no place for radiotherapy without 
histological diagnosis or any indications for its use in treating intramedullary 
tumours except in high grade gliomas which are very rare. 

5 Conclusions 

Surgical resection of intramedullary tumours should be performed before patient 
develops substantial deficits. Recovery from significant and long standing deficits 
rarely occurs. Vast majority of ependymomas as well as a substantial number of low 
grade gliomas can be radically resected with acceptable morbidity. Partial removal is 
confined only to cases, which have a clear tendency for infiltration. The gentleness of 
tissue dissection, the ability of the surgeon to differentiate clearly tumour from the 
surrounding spinal cord and the ease with which the tumour spinal cord interface is 
developed obviously influence morbidity. 

There is no place for radiotherapy without histological diagnosis or any indications 
for its use in treating intramedullary tumours except in high grade gliomas which are 
very rare. In case of recurrence we would recommend operating again. Although the 
benefits of this philosophy has been well established for ependymomas and other well 
circumscribed neoplasms, more experience will be required to define long term 
benefits of radical resection of benign spinal cord astrocytomas. 
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Surgical Tactics for Subaxial Spinal 
Cord Injury 
JUNICHI MIZUNO a n d  HIROSHI NAKAGAWA 

Summary. 
Objectives: Surgical tactics for patients with spinal cord injury (SCI) vary in each 
hospital, because of lack of guidelines for management of SCI. We report our experi- 
ence of treatment of subaxial SCI. 
Patients and methods: Sixty-nine patients who underwent surgical treatments were 
included from the last 12 years. There were 53 men and 16 women, with age ranging 
from 16 to 84 years. Nineteen patients developed Frankel A or B quadriparesis. 
Twenty-five patients with fractures and dislocations had an emergency operation, 
while 44 patients without bone insults had a delayed operation. 
Results: Eight patients of Frankel A or B (38%) showed grade 1 or 2 recovery after 
an operation, while 4 died of respiratory disturbance within 6 months. Cervical radi- 
ographs in flexion-extension studies as well as CT and MRI were useful to evaluate 
SCI. Myelography was performed in none of cases. No major complications such as 
vascular or neural damage occurred during an operation. Patients who underwent 
spinal instrumention started rehabilitation at the early recovery stage. 
Conclusions: Dynamic radiological studies are diagnostic for instability. Myelogra- 
phy is considered unnecessary as an examination for evaluating SCI. Spinal instru- 
mentation facilitates early rehabilitation because it avoids a halo brace. 

Key words, spinal cord injury, surgery, spinal instrumentation, interfacetal locking, 
burst fracture 
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I Introduction 

Subaxial cervical spine injury is essentially classified by mechanism of injury and 
degree of stability [ 1 ]. In addition to elucidating the mechanism of injury, it is equally 
important to be aware of the degree of stability of the lesion. Understanding of sta- 
bility is a key factor for both the initial and the surgical treatment of patients to avoid 
worsening their neurological deterioration. Spinal cord injury (SCI) should be treated 
while considering these points. However, there has been a debate over the treatment 
of patients with SCI because of a lack of guidelines. In fact, various treatments from 
conservative management to radical operation are recommended for each pattern of 
injury. 

With the advent of spinal instrumentation, patients with SCI can obtain a strong 
internal fixation without necessity of a halo brace, and start rehabilitation sooner and 
more smoothly. In contrast, conservative management with prolonged bed resting or 
with a halo brace may cause delay of rehabilitation as well as secondary cardiopul- 
monary deterioration. Thus, the authors recommend surgical intervention using 
spinal instrumentation in cases of instability or severe cord compression due to trau- 
matic intervertebral disc extrusion or bone fragments. 

In this paper, we describe our experience regarding surgical treatment for subaxial 
SCI, with special emphasis on surgical tactics using spinal instrumentation. 

2 Patients and Methods 

Between 1994 and 2005, 69 patients with SCI were surgically treated. They consisted 
of 53 males and 16 females, with age ranging from 16 to 84 years. There were 25 frac- 
tures or dislocations, while 44 cases were SCI without radiological abnormalities. 
Diagnosis was made with plain radiographs and CT. MRI was used for evaluation of 
the spinal cord as well as injury of the spinal column and paravertebral soft tissues. 
Myelography was not performed in any of the cases. The neurological status on admis- 
sion was Frankel A or B in 19 cases and Frankel C or D in 50 cases. Preoperative skull 
traction was performed in cases with instability. Twenty-five patients with bony 
damage causing instability underwent emergency operations essentially within 48 h. 
Anterior arthoridesis was performed in 18 cases, while posterior arthrodesis was per- 
formed in 5 cases. Combined arthrodesis was performed in 2 cases with severe bony 
damage. Forty-four patients without radiological abnormalities underwent delayed 
operation. Mean follow-up period was 14.1 months. 

3 Results 

Plain radiography in flexion-extension study was most useful to understand instabil- 
ity. CT clearly delineated fractures or dislocations, while MRI well demonstrated cord 
compression, cord displacement or soft tissue injury. Eight patients in Frankel A or B 
(38%) showed grade 1 or 2 neurological recovery after an operation, although 4 died 
of respiratory disturbance within 6 months. There was no surgery-related neurologi- 
cal deterioration in Frankel C or D. No serious intraoperative complications occurred. 
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FIG. 1. a Plain lateral radiography revealing C6 and C7 burst fracture with anterior angulation. 
b CT confirming burst fracture of C6 and C7. c MRI demonstrating cord compression without 
intramedullary high signal intensity from C6-7 due to fractured vertebral body of C6 and C7. 
d Postoperative cervical radiography revealing correction of cervical alignment after arthrode- 
sis using titanium mesh cage and a plate between C5 and T1 

There were 2 hardware failures including dislodgement of a lateral mass plate and 
loosening of a screw of an anterior plate postoperatively. 

4 Illustrative Cases 

4.1 Case 1 

This 22-year-old female met with a traffic accident, and arrived at our hospital by 
ambulance. Neurologically she was intact, although she complained severe neck pain. 
Radiological examination revealed burst fracture at C6 and C7 causing mild anterior 
angulation. The patient underwent anterior arthrodesis with interbody cage packed 
with bone chips and anterior plate between C5 and T1. The patient wore a SOMI brace 
for 1 month postoperatively (Fig. 1). 

4.2 Case 2 

This 55-year-old male became quadriplegic immediately after a motor vehicle acci- 
dent. The patient's status was Frankel A. Radiological examination revealed bilateral 
interfacetal locking at C5-6. Skull traction nearly normalized cervical alignment, and 
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FIC. 2. a Plain lateral radiography revealing malalignment of the cervical spine at C5-6. b CT 
confirming bilateral interfacetal locking at C5-6. c MRI disclosing severe cord compression with 
swelling of the cord as well as intramedullary high signal intensity, d Postoperative cervical 
radiography disclosing restoration of the normal alignment of the cervical spine with iliac 
graft and a plate after reduction 

then anterior arthrodesis using iliac graft and anterior plate was performed. Post- 
operatively the patient's neurological condition did not improve. The patient died of 
respiratory insufficiency 1 month after the accident (Fig. 2). 

4.3 Case 3 

This 47-year-old female was treated with a cervical collar for 3 months after she met 
with a traffic accident. The initial cervical plain radiograph revealed mild anterior 
angulation. The patient started to have neck pain 2 months after she stopped wearing 
a cervical collar. Repeated cervical radiography revealed aggravation of cervical 
alignment, and CT demonstrated unilateral interfacetal locking at C5-6. The patient 
underwent combined arthrodesis, because manual reduction failed. The patient's 
postoperative course was uneventful (Fig. 3). 

5 Discussion 

Management of cervical spinal cord injury is still controversial. Non-operative treat- 
ments have been supported by some experts [2-4], while operative treatments have 
been recommended by others [5-7]. Non-operative treatment essentially consists of 
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FIG. 3. a Plain cervical lateral radiography after conservative treatment with a cervical collar 
for 6 months revealing progression of anterior angulation, b CT confirming unilateral interfac- 
etal locking at C5-6. c MRI revealing cord compression due to dislocated vertebral body. d Post- 
operative cervical radiography demonstrating restoration of the original cervical alignment 
after combined arthrodesis 

mediation, bed resting, skull traction and an external orthosis. These conservative 
methods frequently force the patients to immobilize, and as a result, delay rehabilita- 
tion or procedure secondary cardiovascular or respiratory distress. Moreover, pro- 
longed instability due to incomplete healing of the injured ligaments may occur. The 
failure rate of immobilization with skull traction and subsequent halo brace varies 
from 6 to 40% [2,6,8]. There was a case of delayed symptomatic kyphotic deformity 
after a cervical collar in our series. Furthermore, displacement of the intervertebral 
disc into the spinal column can occur during closed reduction and may increase the 
degree of neurological deficits derived from spinal instability. Thus, the authors con- 
sider operative treatment to be superior to non-operative treatment. 

The types of operative approach that should be used remain controversial. The 
anterior and posterior cervical fusion procedures are successful for achieving spinal 
stability for patients with SCI. The anterior procedure may be recommended because 
of the advantages of removing a traumatic intervertebral herniated disc that com- 
presses the spinal cord. To avoid delayed anterior angulation, anterior fixation using 
a bone graft and plate provides satisfactory results without dislodgement of the graft 
[9]. Posterior cervical fusion with wiring only shows a fairly high rate of postopera- 
tive kyphosis in SCI associated with facet dislocations [10,11]. On the other hand, 
stable fusion by the posterior procedure either with wiring and a plate or screws can 
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be achieved. [10]. Short segment and strong internal fixation using spinal instru- 
mentation should be selected as a less invasive procedure in SCI with instability. 

Fractures and dislocations, degree of instability and pathology of the spinal cord 
were diagnosed by cervical radiographs, CT and MRI. Although myelography and sub- 
sequent CTM are an established diagnostic technique, information obtained by this 
technique is not considered appreciable. 

There were 4 Frankel A or B patients who died of respiratory disturbance. Postop- 
erative MRI of these patients revealed progression of the intramedullary high signal 
intensity associated with spinal cord swelling after decompression and correction of 
cervical alignment. Initial impact on the spinal cord was considered fatal with no rela- 
tion to the operative procedures in these cases. 
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Efficacy of Lateral Position on 
Minimally Invasive Cervical Expansive 
Open-Door Laminoplasty 
MASAAKI NAKAJIMA, MASANORI CHIKAMA, and MASAHIRO TSUBOI 

Summary. Spinal surgery for obese and elderly patients are dramatically increasing 
associated with the age of plenty and aging population. Minimally invasive surgery 
for those patients should be started with anesthesia and positioning. We report the 
efficacy of lateral position on cervical laminoplasty in minimally invasive fashion. We 
treated 15 patients with cervical myelopathy. The upper side of lateral position cor- 
responds with the open-door side. If the patients have lung disease, good lung is kept 
down due to improved oxygen uptake. Patient neck is fixed in neutral alignment with 
straight axis of head-cervical-thoracic spine. Skin incision was 2 to 3 fingers breadth 
of 30 to 40 mm. Open-door laminoplasty was basically performed from C3 to G6 using 
hydroxyapatite spacer, and the lamina of C2 and C7 was undermined by drilling. 
Average Japanese Orthopedic Association (JOA) score improved from 8.3 pre-op to 
14.7 post-op with improvement rate of 73.1%. No procedure-related complication was 
observed. Sputum of patients with chronic obstructive lung disease was safely aspi- 
rated by fiberscope on lateral position. The procedure was safely performed especially 
for the obese patients without increase of intraabdominal pressure, leading to less car- 
diopulmonary complication and less bleeding during surgery. Lateral position for cer- 
vical laminoplasty has the advantage of minimally invasive not only for the patients 
but also for anesthesiologist and neurosurgeon. 

Key words, minimally invasive, cervical spine, expansive open-door, laminoplasty, 
lateral position 

1 Introduction 

Minimally invasive spinal surgery should be started with anesthesia and positioning. 
Surgeon must consider the positioning of a patient according to the varying degree 
between adequate accessibility to the surgical lesion and tolerance of the patient in 
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the presence of the physiologic impairments produced by disease, age, obesity and the 
effects of anesthesia. Preoperative complications in respiratory system and cardio- 
vascular system are increasing especially for aged patients. So proper positioning of 
a patient on an operating table should offer minimal interference with ventilation and 
circulation. Lateral position could be an alternative to prone position in posterior cer- 
vical spine surgery. 

Expansive open-door laminoplasty, originally developed by Hirabayashi [1], has 
been widely used to treat ossification of the posterior longitudinal ligament (OPLL) 
and cervical spondylotic myelopathy. This procedure is efficacious for multi- 
level disease without the need for intersegmental fusion and provide no risk of 
pseudarthrodesis and less risk of adjacent segment degeneration compared with 
anterior surgery. 

However, disadvantages of laminoplasty are postoperative axial neck and shoulder 
pain [2] and kyphosis. These factors still offer the hesitation for surgeon to adopt the 
posterior surgery. So technical improvement to reduce these problems is mandatory. 
We have performed Kihara's method (K-method) of minimally invasive cervical 
expansive open-door laminoplasty [3]. This procedure offers just 3 to 4cm skin inci- 
sion with minimal dissection of muscle and ligaments attached to the spine, and the 
exposure can be widely obtained from C2 to G7. 

In this study, we report the efficacy of lateral position on minimally invasive cer- 
vical expansive open-door laminoplasty in terms of the combination of less invasive 
positioning and surgical technique. 

2 Materials and Methods 

Fifteen patients treated by K-method of expansive open-door laminoplasty [3] at the 
Department of Neurosurgery, Okayama Saiseikai General Hospital were retrospec- 
tively reviewed. There were 8 men and 7 women, whose mean age at the time of 
surgery was 65.6 years (range 50-78 years). The mean follow-up period was 12 months 
(range 2-34 months). All patients presented with symptoms and imaging studies of 
X ray, CT and MRI showed consistency with myelopathy. Diagnosis was multi-level 
cervical spondylosis in 12 patients, OPLL in 2 patients and soft disc hernia in one 
patient. High risk past history for general anesthesia and prone positioning were 
chronic obstructive pulmonary disease in one patient classified as Hugh-Johnes grade 
3 and huge obesity in one patient, respectively. 

Indications for surgery were patients with myelopathy refractory to conservative 
medical treatment. Patients with traumatic spinal cord injury, kyphosis and instabil- 
ity were excluded. 

Patient with 3-pin skull fixation frame was fixed in the lateral decubitus position 
with head-up at 20 to 30 degrees and maintained straight axis of head-cervical- 
thoracic spine (Fig. 1). The neck was kept at neutral alignment to avoid spinal cord 
and muscle injury during the operation. Up-side of the body was the same side of 
open-door lamina. So the side of hydroxyapatite (HA) implants (Pentax Corp., Tokyo, 
Japan) originally designed by Kihara [3] always positions in the up-side of the neck 
in the lateral position. This makes the epidural bleeding drops downward and less 
blood pooling on the field of procedure. In case of the patient with chronic obstruc- 
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FIc. 1. Lateral position of a 65-year-old man. The neck is kept in neutral alignment with straight 
axis of head-cervical-thoracic spine 
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FIG. 2. Representative postopera- 
tive computer tomography (CT) 
scans obtained 3 months after 
surgery in a 65-year-old man. 
a,b Three dimensional bone CT 
showing fine fixation of hydro- 
xyapatite (HA) implants from 
C3 to C6. c,d CT scan at C5 and 
C6, respectively, demonstrating 
fusion of HA spacers with the 
lamina and lateral mass 

tive lung disease, good lung is kept down-side for improved oxygen uptake. Surgeon 
was able to sit and operate in a relaxed manner. 

Procedure for K-method starts from the midline skin incision of 3 to 4 cm from the 
supposed C3 to C6 on the surface. The dissection is made along the nuchal ligament 
down to the lateral port ion of the spinous process (SP) of C3 to C6. Following sub- 
periosteal dissection of ipsilateral SP, lamina and medial facet, the base of SP from C3 
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to C6 was cut by oscillating-saw and contralateral lamina was exposed to medial facet. 
Then bilateral exposure from C3 to C6 was obtained with preservation of the inter- 
spinous and supraspinous ligaments. Lateral gutter at the lamina-facet junction was 
drilled from C3 to C6 on the hinge side on which corresponded with the down-side 
of the positioning, and then laminar door was made by drilling for open-door from 
C3 to C6. The lamina of C2 and C7 was undermined by drilling for canal decompres- 
sion with preservation of ligamentous attachment to the SP to avoid postoperative 
axial pain and kyphotic deformity. After completion of C2-7 canal decompression, HA 
spacers were inserted from C3 to C6 to support the open-door construct and sutured 
tightly. No foraminotomies were performed. Patients began to walk in a soft collar on 
the next day postoperatively. The soft collar was maintained for a week and the 
patients discharged the hospital in 7 to 10 days after surgery. 

The severity of myelopathy was evaluated by the Japanese Orthopaedic Association 
(]OA) scoring system for cervical myelopathy [3,4]. To assess the symptomatic recov- 
ery after surgery, the recovery rate proposed by Hirabayashi was used: recovery rate 
(%) - (postoperative ]OA score--preoperative ]OA score)/(17mpreoperative ]OA 
score) x 100. The incidence of axial neck pain and C5 palsy after surgery was assessed. 

3 Results 

Mean blood loss was 56.6cc (range 0-200cc). The mean preoperative JOA score was 
8.3. The mean postoperative JOA score at discharge was increased to 14.7. 
The average recovery rate was 73.1%. No recurrences and progression of kyphosis 
were observed during follow-up period. C5 palsy occurred in one patient (6.6%) 
but was recovered in a few weeks. Axial neck pain occurred in one patient (6.6%) but 
was recovered in a few months. We had stopped the dissection of ligaments and 
muscles attached to C7 spinous processes, thereafter axial pain has not occurred. No 
procedure-related and perioperative complications were observed. Sputum of patients 
with chronic obstructive lung disease was safely aspirated by fiberscope on lateral 
position. HA implants were firmly fixed between lamina and lateral mass with fusion 
on CT scan (Fig. 2). 

4 Discussion 

Minimally invasive spinal surgery should include not only the operative technique but 
also anesthesia and proper patient positioning. Proper patient positioning for poste- 
rior cervical spine surgery should be designed to relieve the pressure to cervical par- 
avertebral venous plexus, leading to the decrease of venous blood into the spinal canal. 
So neutral cervical alignment and lateral position during surgery contribute to less 
pressure on internal jugular vein and inferior vena cava, respectively. 

Prone position offers several threats to circulation [5]. Especially for obese patient, 
intra-abdominal pressure could rise in the prone position in which might cause the 
decrease of venous return from the lower extremities unless the abdomen is relatively 
free from the surface of the operating table, leading to the inadequate cardiac output 
and hypotension. Lateral position for cervical laminoplasty could be an alternative to 
conventional prone position. 
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K-method of expansive open-door laminoplasty was considered as quite minimally 
invasive technique among many laminoplasty procedures in two reasons in this study. 
First, the recovery rate was 73.1% in this study compared with 20 to 81% reported in 
the literature [6]. Kihara have reported maximal recovery rate of 80.4% by K-method 
[3]. Second, axial neck pain after surgery was 6.6% in this study compared with 60 to 
80% reported in the literature [2]. Kihara have reported incidence of neck pain and/or 
stiffness after surgery was 10%, and that no patients had disturbed activities of daily 
living 1 year after surgery [3]. Low incidence of axial pain might be attributable to the 
small skin incision and minimal dissection of posterior cervical supporting elements 
with complete preservation of ligaments and muscles especially attached to G2 and 
C7 spinous process. 

5 Conclusion 

This study demonstrated the combination of lateral positioning and K-method of 
laminoplasty would lead to minimally invasive surgery in total. 
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MR Tractography for Minimally 
Invasive Neurosurgery 
KEI YAMADA, OSAMU KIzu, and TSUNEHIKO NISHIMURA 

Summary. Diffusion tensor imaging (DTI) based tractography to elucidate the course 
of pyramidal and sensory tracts have recently become feasible for routine clinical 
practice. A typical imaging time for DTI in our institute is usually within ten minutes 
and postprocessing of the acquired data to generate preliminary results necessary for 
presurgical planning takes only 15 to 20 min. This brief review will describe the DTI 
methodology, optimization of the image quality and data post-processing, and 
utilization of the data for patient care. 

Key words. MRI, diffusion-tensor imaging, diffusion-weighted image, tractography, 
brain tumor 

1 Introduction 

Surgical resection of brain tumors involving the so-called eloquent areas remains 
challenging, and various adjunct strategies have been employed to improve patient 
outcomes, including awake surgery, intraoperative navigation systems, and intraop- 
erative electrical and chronic intracranial electrical stimulation. It has been also sug- 
gested that preservation of cortical as well as subcortical function is critical for 
improved outcomes. With the advent of magnetic resonance (MR) imaging, it is now 
possible to visualize the white matter fibers of the brain with diffusion tensor images 
(DTI), a technique also known as fiber-tracking or tractography [1-5]. 

Water-diffusion anisotropy (directionality) in the white matter of brain is defined 
on the basis of axonal alignment [6]. Water diffusion preferentially diffuses in a direc- 
tion parallel to the axon's longitudinal axis but is relatively restricted in the perpen- 
dicular axis. This phenomenon can be represented mathematically by the so called 
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FIG. 1. Diffusion ellipsoids (tensors). 
When there is no directionality, the 
fractional anisotropy (FA) is zero 
(spherical). A typical tensor of a white 
matter bundle will have a cigar shape. 
When there are crossing fibers, the 
ellipsoid becomes flattened, resulting 
in "pancake" tensors (lower left) 
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diffusion ellipsoid, or tensor (Fig. 1). These tensors can be reconstructed to track 
three-dimensional macroscopic fiber orientation in the brain, and this technique is 
the only currently available method of characterizing the neuronal pathways in the 
living human brain. The present review will describe the basic technique as well as its 
application to presurgical planning for neurosurgical procedures. 

2 Diffusion Tensor Imaging 

2.1 Obtaining Images 
DTI requires an MR unit with echo-planar imaging (EPI) capabilities, which is already 
available for most of the modern clinical MR scanners. Further, use of a parallel 
imaging technique is helpful to reduce image distortion [7]. A magnet with higher 
field strength (e.g. 3 Tesla magnets) would result in higher quality images within a 
shorter scan time. All the images in our institute are obtained using a whole body 
1.5-T MR system (Gyroscan Intera; Philips Medical Systems, Best, The Netherlands) 
with parallel imaging capability. 

2.2 Imaging Time 
When the DTI-based tractography technique was first introduced, the major draw- 
back was the duration of the examination (typically more than 30min) [2] that was 
required to optimize the signal to noise ratio (SNR). In most cases, this long scan time 
is not clinically practical, as multiple series of studies may be required (e.g. multiple 
directions, MR angiography and venography), and patients with brain tumors may 
not be able to tolerate such lengthy examinations. 

However, studies have demonstrated that fair tractographic results can be achieved 
with a DTI scanning of less than 5 min, particularly when sensorimotor tracts are the 
target [5]. While the resulting images may be relatively crude, they still provide valu- 
able clinical information. In fact, DTI in our institute is typically performed at the end 
of the routine preoperative MR evaluation for brain tumors, rather than as a separate 
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FIG. 2. DTI is calculated from at least six different source images with motion probing gradi- 
ents (MPG) in different directions. Green arrows at the lower left corner indicate the MPG used 
in our imaging sequence when six directional scans are applied. Vector elements (lower right) 
are assigned to red (x element, left to right), green (y element, anteroposterior), and blue (z 
element, superoinferior) [Makris, Pajevic]. The intensities of the color map are scaled in pro- 
portion to the fractional anisotropy (FA) 

test. To further optimize the SNR, our group is recently combining the results from 
several separate DTI examinations, each approximately 4 min in length, to gain final 
DTI images with a high SNR. 

2.3 Imaging Sequence 
DTI requires a minimum of six non-collinear motion-probing gradients (MPG) (Fig. 
2). Our group, like most investigators, uses a single-shot EPI with a spin-echo Stejskal- 
Tanner sequence (repetition time ms/echo time ms; 6,000/88, and flip angle of 90 °) 
with fifteen (or 32) motion-probing gradient orientations. A higher b-value is 
ideal but must be balanced against the SNR. Most investigators use a b-value of 
800-1,200 s/mm 2. 

A parallel imaging technique can reduce image distortion [8-10]. Our group uses 
a reduction factor of 2 or 3 for parallel imaging, thereby allowing image reconstruc- 
tion with half or one-third of the encoding steps, respectively. 

2.4 Image Quality 
Several variables should be optimized to assure that images are of sufficient quality 
to perform reliable and reproducible fiber-tracking. First, the signal to noise ratio 
(SNR) of the images should be sufficiently high. Second, the image distortion should 
be minimized via use of parallel imaging techniques. Third, the images should be of 
relatively high resolution, especially in the z-axis, to promote a more isotropic 
form of the pixel shape. Fourth, the MPG angle should be as high as possible [ 11 ]. Our 
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FIG. 3. The average fiber direc- 
tions in the voxel are displayed by 
an ellipsoid. A three-dimensional 
axonal projection can be tracked 
by placing a seed point. Further 
detail of the technique can be 
found elsewhere [ 1 ] 
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group uses 15 directions for routine scanning and 32 directions for some presurgical 
cases. 

Reduction of image distortion is a great challenge. Image distortion in diffusion- 
tensor MR images arises from magnetic field heterogeneity and large motion-probing 
gradients. Image distortion at the skull base and posterior fossa can be especially 
problematic in a conventional echo-planar MR imaging sequence. These artifacts may 
affect images of the brainstem, a critical location for placement of the seed points. 
Multishot echo-planar MR imaging can be used to reduce image distortion but this 
must be performed with cardiac gating to avoid echo artifacts on images obtained 
during the systolic phase. Unfortunately, cardiac gating limits the number of echoes 
acquired and prolongs the imaging time. Therefore, our group uses the parallel 
imaging technique to avoid geometric distortion. However, some groups argue that 
cardiac gating is still necessary, as brain pulsation may introduce significant error at 
certain anatomical points [12]. 

2.5 Post-processing 
Since there is currently no commercially available software for image post-process- 
ing that runs on operating console of MR unit, the process is usually performed on a 
separate computer. A few relatively well-designed systems can be found and these will 
allow fiber-tracking method to become part of routine clinical practice. At out insti- 
tution, DTI data are transferred to an off-line workstation (Precision 530; Dell, Round 
Rock, Texas) for analysis using PRIDE software (PRIDE; Philips Research Integrated 
Development Environment). Images are realigned with an automated image registra- 
tion program to correct for any motion artifacts or image distortion. Diffusion-tensor 
elements and anisotropy at each voxel are then calculated using multivariate least 
squares fitting weighted by signal-to-noise ratio [13-15]. Anisotropy maps are 
obtained by means of orientation-independent fractional anisotropy (FA) [16]. The 
so-called diffusion ellipsoid is characterized by diffusion constants (X1, X2, and X3) 
along the three orthogonal directions and the direction (vector) of the longest axis 
(vl) (Fig. 3). Color maps based on diffusion-tensor MR images are generated from vl 
(Fig. 2). 

2.6 How Does It Work? 
Translation of vl into neural trajectories is achieved by the FACT (Fiber Assignment 
by Continuous Tracking) post-processing algorithm [1,17] (Fig. 4). Neural connec- 
tions are mapped by designating two arbitrary regions of interest (ROI) in three- 
dimensional space. Tracking is terminated (stop criteria) when a pixel with low 
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FIG. 4. The FACT program tracks the ellipsoids as long as the 
adjacent vectors are strongly aligned. When vector orientation 
becomes random, as judged quantitatively by the inner prod- 
ucts of these vectors, the tracking is terminated. The program 
also terminates when the diffusion ellipsoids approach a spher- 
ical shape 
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fractional anisotropy or a predetermined trajectory curvature between two contigu- 
ous vectors is reached (Fig. 4). For presurgical depiction of sensorimotor tracts, at 
least two ROI are used. Fiber tracts that pass through both ROIs are used as the final 
tract of interest. 

3 Clinical Application 

3.1 Depicting Fiber Tracts 
Various fiber tracts have been visualized using this technique. Most common target 
thus far is the pyramidal  tract and this is probably due to the relative importance of 
this fiber bundle for activity in daily life. As discussed earlier, depiction of pyramidal 
tracts have been shown to be rather straightforward even with DTI data taken within 
5 min. Depicting the sensory tracts, visual pathway, and other association fibers are 
somewhat more challenging. 

Different tracts are depicted by placing ROI at various locations, which will base 
upon one's anatomical knowledge. Since there is no true "gold-standard" for tracto- 
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Glioblastoma 

FIG. 5. A 67-year-old female patient underwent a presurgical evaluation for a brain tumor that 
was later diagnosed as glioblastoma multiforme. The pyramidal tract is indicated in purple, and 
the sensory tract is shown in green. There is posterior deviation in the pyramidal and sensory 
tracts due to mass effect from the lesion in the right frontal lobe. Note that the tracts running 
to or from the face/tongue areas are not well depicted; this is due to the "crossing-fiber" problem, 
which is addressed in Section 4 

graphic results, the verification is done again by one's anatomical knowledge. This self- 
limiting nature of tractographic technique must be always kept in mind. 

3.2 Pyramidal Tracts 
Leaving the pyramidal tract intact during surgical procedure will be of primary inter- 
est to the neurosurgeon, and therefore, whether this tool is valid for pyramidal tract 
may be of vast importance. Fortunately, the tractography technique has been shown 
to be robust in this field and has been applied for neurosurgical planning [18-20]. 
Centrum semiovale would be one of the most difficult areas to obtain reliable land- 
mark to identify the pyramidal tract and therefore this technique will be of remark- 
able help. There are some limitations for the technique and this will be discussed later 
in the final chapter. A typical case that may benefit from having tractography of 
pyramidal tract is illustrated in Fig. 5. 

3.3 Sensory Tract 
The sensory tract can be depicted by placing an ROI onto the primary sensory cortex 
and the dorsal part of brainstem. Aside from the differences in locations of the ROIs, 
the method is similar to that used for the pyramidal tract. However, the depicted 
sensory fibers tract are often less conspicuous than the pyramidal tract, possibly due 
to lower anisotropy in the sensory fibers than in the pyramidal tract. 
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3.4 Optic Radiation 
When performing tractography of optic radiation tracts, our group utilizes ROIs 
placed in coronal planes at the occipital lobe and on the lateral geniculate body. 
However, ROI can be also placed in sagittal planes by identifying the optic radiation 
on color maps. One caveat is that the anterior parts of the Myer's loop tend to be 
underestimated, probably secondary to the presence of a crossing fiber from the 
medial geniculate body to the superior temporal gyrus (i.e. primary auditory cortex) 
[21 ]. Imaging results of the optic radiation also tend to be less robust than those of 
the pyramidal tract, probably because the typical shape of pixels of DTI are longer in 
the z-axis, since slice thickness are usually larger than the in-plane resolution. 
Whether a completely isotropic data set (e.g. 2 x 2 x 2mm) can improve the image 
quality should be addressed by future studies. 

3.5 Clinical Applications other than Tumor Imaging 
DTI can be applied to fields other than neuro-oncology. For examples, DTI has 
been used to characterize neuroanatomical changes due to stroke [22,23] and may 
be used to predict patient outcomes after stroke [24]. Further, DTI has been used 
to characterize arteriovenous malformation [25,26], amyotrophic lateral sclerosis 
(ALS) [27,28], pediatric ischemic brain insult [29,30], developmental CNS disease 
[31], multiple sclerosis [32], diffuse axonal injury (DAI) [33], and spinal cord lesions 
[34]. 

4 Limitation 

4. I Vasogenic Edema 
A previous study reported that vasogenic edema is one of the most prominent factors 
that limits adequate imaging of brain tumors [5]. While it is conceivable that the pres- 
ence of vasogenic edema can be to some extent compensated by using DTI scanning 
with higher SNR and higher b-values, this approach has not been fully successful in 
our experience. By contrast, use of different stop criteria (e.g. reduction of FA from 
0.3 to 0.1-0.2) may be of benefit in improving image quality in the presence of vaso- 
genic edema. 

4.2 Spatial Resolution and SNR 
Technical factors such as limited spatial resolution and low SNR of the acquired image 
will lead to poor quality of DTI and possibly to failure in tracking of fibers. Lin et al., 
who validated the accuracy of the principal eigenvector by comparing MnZ+-enhanced 
optic tracts and DTI, reported that its accuracy depends on the SNR [35]. When con- 
sidering the spatial resolution, one must bear in mind that it is not the in-plane res- 
olution that is lacking. Slice thickness tends to be larger than the in-plane resolution 
for most of the MR imaging techniques. By reducing the slice thickness, one would 
gain spatial resolution in z-axis. 
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Our group uses a slice thickness of 3 mm without intersection gaps for routine 
presurgical evaluation. The field of view is 230 x 230 mm, and the image matrix is 128 
x 128; thus, the size of a voxel is 1.8 x 1.8 x 3.0 mm. However, for some of the cases, 
we use a slice thickness of 2 mm, which results in near isotropic resolution (1.8 x 1.8 
x 2.0 mm). 

While achieving higher SNR results in improvement of image quality, it also 
requires a longer imaging time. However, patient considerations limit the imaging 
time, as discussed above, and, thus, also limit optimization of the SNR. Ultra-high field 
MR units may be of benefit in optimizing SNR without large increases in imaging time 
[36] but the penalty may be the higher degree of susceptibility artifact and resultant 
image distortion. 

4.3 ROI Placement 
Fiber-tracking is a user-defined process, and the results are dependent on the size and 
location of the seed ROIs [37]. In most cases, including ours, the selection of seed ROIs 
is based on anatomical landmarks. When tracking the fibers of patients harboring 
space-occupying brain lesions, it is desirable to choose ROI based on both anatomi- 
cal and functional information. Therefore, an automated method or standard proto- 
col for fiber-tracking is required to avoid bias. Furthermore, information obtained 
from functional evaluations such as fMRI and MEG may be able to facilitate a more 
objective post-processing protocol. 

4.4 Crossing Fibers 
Motor tracts of the brain should have a fan-shaped configuration at the level of the 
centrum semiovale. However, the fiber-tracking technique can only depict the fibers 
traveling to the vertex of the brain (Fig. 5). This is attributable to the existence of mul- 
tiple crossing fibers at the level of the centrum semiovale which leads to inaccuracy 
in the estimation of the direction of anisotropy in these areas. The development of 
new models and methods seeks to provide solutions for these problems. Recent 
studies haveshown successful reconstruction of multi-tensors and resolved multiple 
intravoxel fibers [38,39]. These new techniques may improve the reproducibility of 
fiber-tracking and solve the crossing fiber problem. 

4.5 Validation 

Perhaps most important limitation of the fiber-tracking technique is that it has not 
yet been fully validated and its true clinical efficacy remains to be confirmed, although 
attempts at validation using different strategies have been made [35,40,41]. Most of 
these efforts are based on comparisons of fiber-tracking images and known neu- 
roanatomy. We evaluated tractography from a more functional perspective through a 
couple of cases who underwent intraoperative electrophysiological tests, which we 
believe will be another step toward the true validation of fiber-tracking technique 
[42]. We must keep in mind that this technique is still not complete in terms of fiber 
depiction and there is tend towards underestimation of the fiber tracts [42]. The tool 
has to be utilized with caution, knowing that we are only observing part of reality. By 
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fully accounting on the depict fiber tracts, one may damage eloquent fibers of the 
brain. 
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I ntraoperative MRI 
MASAYUKI MATSUDA 1, AKIHIKO SHIINO 1, and SHIGEHIRO MORIKAWA 2 

Summary. We use a vertically-oriented open MRI system, 0.5T SIGNA SP/i, during 
operation as one of the means of neuronavigation. The patient's head is placed 
between the two doughnut-shaped magnets, 58 cm apart from each other. The patient 
is brought in either through the gap between the two magnets or through the hole of 
the doughnut depending on the location of the lesion. Because of this limited working 
space only one or two neurosurgeons are allowed as the operator(s) depending on the 
direction the patient is brought in. During operation we monitor real time MR images 
on any planes directed by an optical tracking system as well as usual multi-slice MR 
images updated for brain shift. Real-time images on two perpendicular planes which 
show the needle path, and re-formatted images from reference volume data on the 
corresponding planes, are immediately shown on the monitor. The updated reference 
images with either T1- or T2-weighted sequence are much better in quality than the 
real time images. The combination of the real-time and re-formatted images on two 
perpendicular planes is quite helpful for intraoperative navigation. Sampling points 
can be marked and recorded on the 3-dimensional images for intraoperative as well 
as postoperative histological confirmation. 

Key words, intraoperative MRI, neuronavigation, open MR 

Various kinds of neuronavigation are now used to carry out precise, safe and less inva- 
sive neurosurgical procedures. We use a vertically-oriented open MRI system, 0.ST 
SIGNA SP/i (General Electric, Milwaukee, WI, U.S.A.) during operation as one of the 
means of neuronavigation. It looks like two doughnut rings are standing side by side, 
nicknamed "Double Doughnuts" (Fig. 1). The patient's head is placed between the two 
doughnut-shaped magnets, 58cm apart from each other. Because of this limited 
working space only one or two neurosurgeons are allowed as the operator(s) depend- 
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FIG. 1. Our intraoperative 
open MR system, 0.5T SIGNA 
SP/i. The vertical gap be- 
tween the two magnet is 
58 cm 

FIG. 2. Operation with 
side dock 

ing on the direction the patient is brought in. This direction is decided by the loca- 
tion of the target lesion. For general surgery and spinal surgery the patient is placed 
through the magnet bore, what we call "front dock", and two surgeons can stand facing 
each other like in the usual operating theater. For neurosurgical procedure the patient 
is usually introduced from the side of the magnet, an open space between the two 
magnets, what we call "side dock". Only one neurosurgeon can work on the patient. 
As working space is very limited, the MR-compatible operating microscope (Studer 
Medical Engineering AG, Rheinfall, Switzerland) can be tilted about only 10 degrees 
to one side, 20 degrees at most from side to side (Fig. 2). 

The real-time images are available on any planes and at any angles we need using 
an interactively operating optical tracking system (Fig. 3). The positions of three LEDs 
in the pointer, FlashPoint 5,000 (Image Guided Technologies, Boulder, CO, U.S.A.), are 
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FIG. 3. Optical tracking system. FlashPoint has an LED at the end of the three arms (left upper, 
black arrows). A biopsy needle is introduced through the center hole (left upper, white arrow). 
Sensors which receive signal from the LEDs are installed in the ceiling of the magnet housing 
(left lower, arrows). MR images are obtainable on three planes; axial, coronal and sagittal, or on 
any three planes perpendicular each other (right) 

FIG. 4. Intraoperative MR image monitor. Real-time image with a biopsy needle is shown every 
two seconds alternately switching between the two planes perpendicular each other (upper left 
and center). Higher quality image reconstructed from the updated 3D volume data on the same 
plane as the real-time one is shown at the same time (lower left and center). Biopsy sites are 
marked on the 3D image (upper right). Monitor of operative field (lower right) 
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detected by the sensors placed in the ceiling of the magnet housing. A biopsy needle 
is introduced through the hole in the center of the FlashPoint. We can get the real- 
time images right on the plane of the needle perpendicular each other and the image 
perpendicular to the needle. 

The real-time images usually taken every 2 s, however, are not always good in res- 
olution and quality because of limited acquisition time. We have developed our own 
navigation software that enables us to monitor the higher quality MR images recon- 
structed from the reference 3-D volume data on the same planes as the real-time 
images. This software also has a capability to control the MR scanner. The images can 
be alternately switched between the two planes perpendicular each other. The refer- 
ence 3-D volume data for reconstruction can be updated for brain shift at any time 
during operation with the acquisition time of 5 to 6 min. Combination of the updated 
reconstructed images with T1- or T2-weighted sequence and the real-time images are 
very helpful to decide where to biopsy or resect or to know where we are and the 
extent of tumor resection (Fig. 4). 

Sampling sites on the wall of the cavity for intraoperative frozen section to confirm 
removal of the tumor or for postoperative histological examination are marked one 
by one and recorded on the 3-D images. 

There are some drawbacks in this MR navigation system. In addition to require- 
ment of expensive MR-compatible surgical instruments, the patient's position is 
subject to restriction due to the table which slides only in the horizontal direction, 
and the inclination of the lighting axis of the microscope is limited due to narrow 
working space. Therefore, the craniotomy sites are restricted. However, in spite of 
those drawbacks the intraoperative MR imaging is useful for precise, safe and less 
invasive procedures when patients are appropriately selected. 



Clinical Significance of Positron 
Emission Tomography in Brain 
Tumor Surgery 
KATSUYOSHI MINEURA 

Summary. The author has clinically employed positron emission tomography (PET) 
in the choice of therapeutic modality including surgical indication and approach in 
the treatment of brain tumor. The uptake and distribution of 18F-fluorodeoxyglucose 
(FDG) is important landmark for malignancy and tumor extent. The tumor portion 
including a peak FDG uptake portion is a target for accurate diagnosis of malignancy. 
High-grade gliomas show heterogeneous uptake patterns, reflecting a topographic 
variation of cellular composition consisting of aggregated tumor cells, necrosis, and 
peritumoral edema. Distortion of FDG uptake pattern in brain structure implies dif- 
fusely infiltrating growth of tumor into the surrounding tissue, thus limiting surgical 
resection. Among mostly benign tumors such as meningioma and central neurocy- 
toma, atypical subsets have a relatively high uptake of FDG. The maximum reduction 
of tumor mass using pertinent approach, when atypical, may result in prolonging high 
levels of performance status and enhancing treatment efficacy of adjuvant therapy. 
Clinical use of PET provides more appropriate and less invasive treatment strategy 
based on the biologic characteristics of brain tumors and the function of surround- 
ing brain structures. 

Key words, positron emission tomography (PET), 18F-fluorodeoxyglucose (FDG), 
surgical indication, surgical approach 

1 Introduction 

Surgical indication in the management of brain tumors is based on many clinical 
factors including clinical history, neurologic findings, neuroradiologic findings, and an 
evaluation of the benefits and risks throughout surgical management. The goal of brain 
tumor surgery is the removal of as much tumor as possible without causing new 
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FIG. 1. Strategy for minimum invasive neurosurgery in brain tumors. PET provides functional 
data on the blood flow and metabolism of brain tumor as well as brain in i n  v i v o  manner. PET 
together with other biologic characterizations offers pertinent modes of treatments and 
increases quality of life in brain tumor patients 

neurological deficit through appropriate approaches. Innovation of microsurgical 
technique and tools such as neuroendoscopy and neuronavigation system can over- 
come some difficulty in neurosurgical procedures and extend surgical application in 
brain tumor therapy. Further, common use of a variety of neuroimaging, functional 
mapping, and cranial nerve monitoring leads to more favorable surgical results (Fig. 1). 

Current development in functional neuroimaging characterizes in vivo physiolog- 
ical and biochemical process of brain tumors as well as the surrounding brain. The 
unique property of positron emission tomography (PET) is the quantitative determi- 
nation of blood flow and metabolism of brain tumors. Glucose metabolism as meas- 
ured by 18F-fluorodeoxyglucose (FDG)-PET is an accepted indicator of the malignancy 
of brain tumors. The author has clinically applied PET including FDG on the diag- 
nosis and therapy monitoring in brain tumors. More than 600 of PET examinations 
have been done since 1983. Accumulated knowledge of relationship between PET find- 
ings and clinical factors has been introduced in the decision to surgical indication and 
the choice of surgical approach. 

The present paper describes clinical significance of FDG-PET in brain tumor 
surgery of cerebral gliomas, central neurocytoma, and meningioma. 

2 Cerebral Gliomas 

Histologic analysis remains the most important factor in the prognosis of cerebral 
gliomas. Histologic confirmation is, however, a prerequisite for extirpation of a tumor 
at various degrees, ranging from biopsy to extensive resection. Diagnoses based on 
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the often limited sample of tumor tissue accessible to surgical techniques, are not 
always representative of the full malignancy of a tumor. Surgery, and especially a 
biopsy, can easily underestimate the degree of malignancy. Since PET can image the 
entire tumor, it overcomes such problems with histologic evaluation alone. 

More than 60% of gliomas have a regional cerebral metabolic rate of glucose 
(rCMRG1 calculated by FDG-PET) higher than that of the contralateral white matter, 
and approximately 40% have a higher rCMRG1 value than that of the gray matter. 
Among high-grade gliomas, the histologic grade is less predictive, because the speci- 
mens do not always contain the most aggressive part of tumor [1 ]. 

High-grade gliomas show a heterogeneous pattern, whereas low-grade gliomas 
show a relatively homogeneous pattern of FDG uptake within each tumor. A peak 
activity is detected mostly at the periphery of the tumor. The pattern of tumor 
rCMRG1 in high-grade reflects topographic variation of cellular composition consist- 
ing of aggregated tumor cells, necrosis, and perifocal edema (Fig 2) [2]. Areas with 
high rCMRG1 represent metabolically active portions or tumor cell aggregations 
within tumors determined, in many cases, on the basis of both computed tomo- 
graphy (CT)/magnetic resonance (MR) imaging and autopsy findings. Preoperative 
recognition of active zones can determine the route for the adequate tumor tissues 
that will allow accurate prognosis and maximize therapeutic effectiveness. 

11C-methionine (Met) images clearly show the existence and localization of gliomas. 
Met images are more informative in mainly infiltrative glioma such as gliomatosis 
cerebri, where the anatomic methods of CT/MR imaging often fail to show significant 
abnormalities [3]. Thus, PET together with a variety of tracers can provide crucial 
qualitative and quantitative data on biologic and morphologic characteristics of 
gliomas [4]. 

3 Central Neurocytoma 

Central neurocytoma occurs in young adults, is usually located in the lateral ventri- 
cle, and can proliferate within the ventricle. Better prognosis after more extensive 
resection is noted in most reports. However, some tumors contain histologically 
malignant features, and occasionally recur shortly after resection or they are dissem- 
inated and require further surgeries or adjuvant radiotherapy. 

rCMRG1 values of most central neurocytomas range between 30 and 70% of the 
rCMRG1 values for the gray matter. These tumors show no recurrence or regrowth in 
the postoperative follow-up periods indicating that these tumors have a consistently 
low activity of proliferation. By contrast, tumors exhibit a relatively high rCMRG1 
value, which is almost equal to the value found in the gray matter (Fig. 3) [5]. 
This patient had been free of symptoms transiently after partial removal but had 
later presented with headaches; tumor progression was soon found on follow-up 
neuroimaging [6]. 

Transcortical and transcallosal approaches are commonly used for the surgery of 
central neurocytoma. Choice of approach depends on site, size, and extension of 
tumor. Maximum utilization of various direction of operative route within the limited 
operative site well identifies tumor as distinct from surrounding brain structures. To 
better visualize the interface between tumor and the surrounding tissue, the direction 
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FIG. 2. Topographic pattern of cellular composition consisting of aggregated tumor cells (Active 
portion: solid area), necrosis (sparse dot area), and perifocal edema (dense dot area) in high- 
grade gliomas. Regional cerebral blood flow (rCBF), oxygen extraction fraction (rOEF), and the 
metabolic rate of oxygen (rCMRO2) are obtained using C1502 and 1502 according to the 150 
steady-state model. Regional cerebral blood volume (rCBV) is determined after inhalation of 
C150. rCMRG1 images are scanned following an intravenous injection of FDG. The uptake of llC- 
methionine (Met) is analyzed after an intravenous injection of Met. (Modified from reference 
2). ~', increase; =,, unchanged; $ and $$, decrease as compared with parameters of the gray 
matter; *, dependent on invasiveness of tumor cells 

of surgical approach is basically parallel to its long axis. Further, accurate estimation 
of tumor  proliferating activity is an important  consideration in determining the 
appropriate approach and the mode of tumor resection, and surgeons' attitudes for 
the surgical strategy of central neurocytomas.  

The clinical benefits of adjuvant radiotherapy in the treatment of central neurocy- 
toma remain unclear. Radiotherapy may play a beneficial role in improving the quality 
of life for patients who have persistent symptoms due to residual tumors. During post- 



FIG. 3. Central neurocytoma. The tumor 
showing low uptake of FDG have no recur- 
rence (Upper MR and PET), whereas the 
tumors exhibiting a relatively high rCMRG1 
value, almost equal to the value of gray 
matter have tumor progression shortly after 
partial removal (Lower MR and PET). (Cited 
from reference 5) 
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treatment follow-up periods, FDG-PET can assist in assessing residual tumors and the 
early detection of tumor recurrence. 

4 Meningioma 

Intracranial meningiomas are generally considered as benign tumors and are curable 
after surgical removal. However, there are subsets of atypical type meningiomas 
showing aggressive behavior and tumor recurrence. 

Fig. 4 shows temporal base meningioma with FDG accumulation, indicating high 
proliferation rate of tumor. Therefore, the author aimed at eradiating the tumor as 
extensively as possible including the attached and adjacent dura matter. Knowledge 
of altered blood flow and metabolism in the surrounding brain suggests us gentle 
manipulation of both tumor and brain during surgical procedures. Ultrasonic surgi- 
cal aspirator and laser are useful to vaporize tumor tissue with minimal mechanical 
and thermal damage to normal tissue. The transzygomatic approach was selected 
for this radical resection. PET findings to evaluate proliferation rate may also apply 
meningiomas at the other sites. 

rCMRG1 in meningiomas is correlated with tumor recurrence and tumor growth. 
Most PET studies concerning FDG have used the specified rate constants of normal 
brain tissue for calculating autoradiographic rCMRG1. The rate constants in tumor 
tissue varied widely dependently on tumor tissue components including tumor vessels 
and stroma. Interpretation of PET images is cautious in hypervascular meningiomas. 
Tumor images seem hot because of abundant tumor vessels. The determination of 
rCMRG1 in hypervascular meningiomas necessitates kinetic rate constants and kinetic 
rCMRG1 using dynamic PET [7,8]. 
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A 

FIG. 4. Temporal base meningioma. A 
MR images a homogenously enhancing 
tumor at the temporal base. B FDG 
accumulates intensely in the lesion and 
less in the surrounding brain. C Dumb- 
bell-shaped meningioma is extensively 
eradicated trough transzygomatic 
approach (left: preoperative, right: post- 
operative). Direction of surgical axis par- 
allel to the long axis of tumor maximizes 
resection of tumor and minimizes 
mechanical pressure to the surrounding 
brain during surgery 

5 Discussion 

Among PET parameters, FDG has been most widely accepted as an informative 
positron tracer. Nowadays, anatomic images such as MR imaging may mostly diag- 
nose type of brain tumors by its anatomic location and morphologic findings. A single 
FDG-PET study is not always sufficient for the differential diagnosis of brain tumors; 
however, PET adds importantly functional information to anatomic images. FDG 
tracers sometimes accumulate in the non-tumor lesions of brain abscesses and cere- 
bral sarcoidosis. For differentiating these diseases, sequential FDG-PET studies as well 
as combined PET studies with blood flow and oxygen metabolism may provide a reli- 
able alternative [9]. 

The rCMRG1 value measured by PET represents the sum of rCMRG1 per cell in brain 
tumors. The value strongly correlates with cellularity of tumors without necrosis, 



PET in Brain Tumor Surgery 79 

microcysts, and hematoma. This correlation between rCMRG1 and cellularity has also 
been noted in meningioma, as a representative, benign brain tumor usually having no 
necroses. In a lineage of astrocytoma and glioblastoma, even with necrosis, a peak 
activity within a tumor and a higher value reflects more proliferative areas and indi- 
cates a worse prognosis. 

Central neurocytomas have a propensity towards low activities of glucose metab- 
olism. Approximately 20% of central neurocytomas are subject to atypical subset, and 
maximum resection and close follow-ups are needed. FDG-PET has been powerful to 
differentiate atypical subset among central neurocytomas, and may indicate radio- 
therapy as an adjuvant treatment. 

The increasing use of CT/MR imaging has led to an increased detection of asymp- 
tomatic brain tumors such as meningioma, but it is not clear how these lesions should 
be managed surgically. Therefore, FDG-PET as a proliferative index may become more 
important to evaluate the viability and aggressiveness of these asymptomatic brain 
tumors prior to surgery. Thus, PET studies together with a variety of tracers and mul- 
tidisciplinary PET study can lead to high quality of brain tumor surgery and result in 
better prognosis in the treatment of brain tumors. 
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The Biology of Glioma--A Discussion 
from the Standpoint of Photodynamic 
Diagnosis and Photodynamic Therapy 
TOSHIHIKO KUROIWA, YOSHINAGA KA]IMOTO, SHIN-iCHI MIYATAKE, 
and MINORU MIYASHITA 

Summary. Because it is difficult to prolong the survival of patients with malignant 
glioma, minimally invasive treatment is desirable when dealing with patients with 
this type of malignancy. This paper discusses the recently introduced technique of 
photodynamic diagnosis (PDD) and photodynamic therapy (PDT) using 5- 
aminolevulinic acid (5-ALA) for these patients. Oral administration with 5-ALA prior 
to surgery and application of 405 nm light to the tumor during surgery resulted in 
tumor-specific emission of red fluorescence (peak wavelength: 635 nm) reflecting pro- 
toporphyrin IX (a metabolite of 5-ALA). This technique of PDD was found to be very 
useful in achieving maximal tumor resection without hazardous sequel. PDT com- 
bined with prior PDD is thus promising as a means of treating malignant glioma. 

Key words, biology, glioma, photodynamic diagnosis, photodynamic therapy, surgery 

1 Introduction 

Various treatment modalities for malignant glioma have not markedly prolonged the 
survival of patients. However, maximal surgical resection of the tumor has been 
shown to be an effective means of dealing with this malignancy. Surgery is therefore 
an important first step of treatment which determines the prognosis of patients with 
malignant glioma. Various methods have been developed for preoperative and intra- 
operative evaluation of the function of surrounding areas of the brain and intra- 
operative identification of the tumor. Fluorescent dyes are sometimes used for 
intraoperative identification of tumors which are depicted as contrast-enhanced 
lesions by computed tomography (CT) or magnetic resonance images (MRI). Methods 
using fluorescent dyes for intraoperative tumor identification include: (1)observation 
of dyes (e.g. fluorescein sodium) which have passed through the damaged blood brain 
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FIG. 1. Schematic diagram of the histology of glioblastoma multiforme 

barrier (BBB) [ 1 ], and (2) observation of porphyrin derivatives (e.g. porfimer sodium) 
incorporated into tumor cells. For example, in cases of glioblastoma multiforme, both 
dyes emit fluorescence in the so-called "active edge" region (Fig. 1), and if surgical 
resection is confined to this region and to the necrotic area, the patient is unlikely to 
show postoperative deterioration of neurological symptoms. Thus, fluorescence- 
guided surgery is very useful in surgical treatment of malignant glioma. Recently, new 
photosensitizers such as 5-aminolevulinic acid (5-ALA) [2-4], 5-aminofluorescein- 
albumin [5] and mono-L-aspartyl chlorine [6] have been developed. This paper will 
focus on 5-ALA which has been increasingly used clinically. 

2 Photodynamic Diagnosis (PDD) and Photodynamic 
Therapy (PDT) 

The PDT technique has been recently used in some other specialties to provide min- 
imally invasive therapy, and involves the excitation of porphyrin derivatives (specifi- 
cally accumulated in tumor tissue) by light to allow selective destruction of tumor 
cells by free radicals (singlet oxygen, etc.) formed as a result of excitation. Porphyrin 
forms the basic framework of hemoglobin and plays an important physiological role. 
It has been reported that PDT destroys cells by means of apoptosis induced by the 
release of cytochrome C [6]. It has also been found that porphyrin accumulates in 
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tumor vessels. The anti-tumor effect of PDT therefore seems to involve injury and 
resultant obstruction of vessels which nourish the tumor. Studies of PDT for brain 
tumors began in the 1960s [7]. Reports on the clinical application of PDT to cases of 
glioma began to be published around 1980 [8]. In those days, porfimer sodium was 
primarily used in combination with 630nm laser (excimer dye laser or YAG-OPO 
laser). 

5-ALA has attracted interest recently. 5-ALA was first used clinically for PDT in the 
1990s. In early clinical cases, 5-ALA was primarily administered topically for the diag- 
nosis and treatment of tumors. Attempts to treat lung cancer by inhalation of 5-ALA, 
skin cancer by topical application of 5-ALA, and bladder cancer by intravesical infu- 
sion of 5-ALA have been reported, primarily from Europe. To date, few reports have 
been published concerning the clinical use of PDT with 5-ALA for the treatment of 
brain tumors, and more studies are needed to establish this therapy. However, intra- 
operative PDD using 5-ALA has been increasingly applied clinically [2-4]. 5-ALA is 
a heme precursor which is normally present in the human body. Two molecules of 5- 
ALA follow several steps of metabolism within the mitochondria to yield protopor- 
phyrin IX (PpIX) (Fig. 2). PpIX then assumes the heine form in the presence of 
ferrochelatase and iron. If this process is disturbed, accumulation of PpIX occurs. In 
response to excitation (peak wavelength: 405nm), PpIX emits fluorescence (peak 
wavelength: 635 nm). Therefore, if a filter allowing the passage of light at this excita- 
tion wavelength is used or if a laser is applied to the tumor, PpIX within the tumor is 
visible as red light (Fig. 3). The exact mechanism for specific accumulation of 5-ALA 
by tumor cells remains unknown, although several hypotheses have been proposed. 
One hypothesis is that 5-ALA is also taken up by normal cells (e.g. astrocyte), but it 
can be metabolize easily in these normal cells. At present, 5-ALA is available only as 
a reagent for research. However, since 5-ALA is normally present in the human body 
and because it can be administered orally, it can be used with relative safely. It has 
been reported that 5-ALA is likely to be degraded in the presence of alkalis. It is there- 
fore advisable to avoid the use of antacids when 5-ALA is administered orally. Fol- 
lowing an oral dose, the level of 5-ALA in tumor tissue reaches a peak at 2-6h and 
decreases to zero in 12h [9]. The molecular weight of 5-ALA is 167.6, slightly smaller 
than that of fluorescein sodium. 5-ALA can easily pass through the damaged BBB to 
reach a brain tumor. It is advisable to avoid preoperative use of steroids because 
steroids can disturb the transfer of 5-ALA to tumor tissue. Like other porphyrin deriv- 
atives, 5-ALA is contraindicated in cases of porphyria (a hereditary disease). 5-ALA 
is less likely to induce skin photosensitivity than the other porphyrin derivatives. 

5-ALA is theoretically a very attractive substance because it is selectively accumu- 
late by tumor cells. However, there are several problems associated with the use of 
5-ALA. It usually cannot pass through the BBB (although some investigators have 
reported the passage of 5-ALA through an intact BBB [ 10]), and so it can only reach 
tumors when the BBB has been damaged. This means that 5-ALA is unlikely to reach 
tumor areas which are not depicted as contrast-enhanced areas by CT or MRI. Uptake 
of 5-ALA by brain tumor cells occurs only after successful passage of 5-ALA through 
the damaged BBB. In our experience, the intensity of fluorescence emitted from PpIX 
is not uniform even within the same tumor tissue, and in some cases of malignant 
brain tumors such as glioblastoma multiforme and metastatic brain tumor, no fluo- 
rescence is emitted. To overcome this phenomenon and to achieve reliable uptake of 
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5-ALA by tumor cells, it is important to clarify the mechanism for tumor uptake of 5- 
ALA. The sensitivity of 5-ALA in cases of malignant glioma is reported to be 60-85% 
[2,9], but the specificity of 5-ALA for tumor tissue is reported to be very high. 
However, we have found that fluorescence was also emitted by edematous or inflamed 
areas of the brain. The condition of the BBB seems to be a key factor determining the 
fate of 5-ALA in the brain. 

3 Conclusion 

PDD and PDT are promising techniques from the standpoint of minimally invasive 
neurosurgery. It is desirable to develop new photosensitizer which can easily pass 
through the BBB, are incorporated more selectively by tumor cells than existing pho- 
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tosensitizer, and can be excited by long wavelength light which is better transmitted 
by tissues. 
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MCA Embolism Local Fibrinolytic 
Intervention Trial (MELT) Japan 
MASAYUKI EZURA 1, AKIRA TAKAHASHI 1, YASUSHI MATSUMOTO 2, 
and AKIRA OGAWA 3 

Summary. MCA Embolism Local fibrinolytic intervention Trial (MELT) Japan started 
from January 2002. This study is a randomized controlled open trial for acute MCA 
embolism. Neurological criteria are NIHSS of 5 to 22 with the age ranging from 20 to 
75. Those patients in whom LIF would not be started, if allocated, within 6 h after onset 
are excluded. Those who show no responsible findings or slight early ischemic change 
alone on CT scan are included. Allocation, LIF group or control group, is done via 
internet without time lag. LIF should be done using urokinase with a maximum 
dosage of 600,000 units in the LIF group. LIF should be finished within 1 h regardless 
the recanalization rate. Study size is 100 cases each and the primary endpoint is 0 to 
2 in mRS at 3 month. Tentative analysis was done in those who completed 3 month 
follow-up, which was 45 cases in each group at March 2005. Primary endpoint of mRS 
0 to 2 was 21/45 in control group while 18/45 in LIF group. Because of small number, 
it is not statistically significant, but they both are within estimated range. Further reg- 
istration is strongly required. 

Key words, cerebral embolism, fibrinolysis, MCA, MELT Japan, urokinase 

Cerebral embolism is most difficult disease to treat among several types of stroke, 
because of sudden onset of disease and poor collateral flow with high mortality and 
morbidity rate. Although the National Institute of Neurological Disorders and Stroke 
rt-PA Stroke study [ 1 ] showed that iv-tPA within 3 h is better than conservative treat- 
ment, the efficacy and/or risk of local intraarterial fibrinolysis (LIF) is still unclear. 
To compare LIF to conservative treatment in the patient with middle cerebral artery 
(MCA) embolism, MCA embolism local fibrinolytic intervention trial (MELT) Japan 
has been conducted. 

1Department of Neuroendovascular Therapy, Tohoku University, 2-1, Seiryo-cho, Aoba-ku, 
Sendai 980-8575, 2Kohnan Hospital, Sendai, Japan and 3Department of Neurosurgery, Iwate 
Medical University, Morioka, Japan 
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1 Materials and Methods 

MELT Japan is a Japanese multi-center randomized controlled trial for MCA 
embolism, with a study size of 100 cases each in a control group and a LIF group [2,3]. 
The primary end point is modified Rankin scale 0 to 2 at 3 month after the onset. If 
the percentage of the patients fulfilling the primary end point is 20% better or more 
in the LIF group comparing to the control group, LIF is judged to be beneficial. 

Inclusion criteria for this study are as follows: The patient should have MCA 
embolism including artery to artery embolism. Neurological state should be in 
between 5 and 22 of NIH stroke scale (NIHSS), and the age is in between 20 and 75 
years. The diagnostic tool for ischemia is CT scan. MRI is prohibited. No or minimal 
early ischemic change, which is only in lenticular nucleus and/or Sylvian fissure, is 
acceptable. Those in whom LIF could be started within 6 h after onset and 2 h after 
CT scan are candidate for enrolling. The final decision should be made by cerebral 
angiography. If the angiography shows MCA embolic occlusion, allocation is done 
though the internet website, which is available for 24 h a day. Registry began in January 
2002. 

If the patient was allocated to the LIF group, LIF must follow diagnostic angiogra- 
phy. 6F introducing catheter is advanced to ipsi-lateral ICA under systemic 
heparinization. A microcatheter is introduced into or beyond the emboli though the 
introducing catheter using a micro guide wire. Urokinase is injected through the mic- 
ocatether using infusion machine with a velocity of 120,000 IU/5 min. Every 120,000 
IU, angiography should be done to confirm the degree of recanalization. Mechanical 
disruption by a microcatheter and/or a micro guide wire is accepted. Those proce- 
dures are repeated up to 600,000 IU or one hour. LIF must be finished in the follow- 
ing situation: (1) complete recanalization is achieved, (2) 600,000 IU of urokinase is 
given, (3) LIF procedure takes one hour long and (4) patients neurological condition 
significantly improves (NIHSS reduces 4 ranks and becomes under 4: e.g. (3 NIHSS 
10 --+ 3, x NIHSS 7 ---> 4, x NIHSS 18 ---> 10). 

2 Midterm Results 

As of early March in 2005, 97 cases were registered from 40 sites. At that time, 90 cases 
were finished 3M follow-up. Table 1 demonstrates radiological findings between the 
LIF group and the control group. There is no significant difference in both groups. 
Onset to admission is 64 min in average, onset to CT scan is 107 min, and onset to allo- 
cation is 197 min. Table 2 demonstrates additional date of the LIF group. Onset to 
urokinase administration is 227 min and procedure time is 54 min. Two-thirds of the 
patients were given full dosage of urokinase. About a half patient showed more than 
50% recanalization. Results regarding safety are shown in Table 3. Mortality was 3 in 
the LIF group, and 2 in the control group. Intracerebral hemorrhage was 5 in the LIF 
group, and 1 in the control group, brain edema was 2 in the LIF group and 1 in the 
control group, though they are not statistically significant difference. Results regard- 
ing efficacy are shown in Table 4. Primary end point was achieved in 21 patients in 
the LIF group, and 18 in the control group, this is also not stastically significant dif- 
ference. Noticing mRS 0 or 1, which is one of the secondary end point, 17 patients are 
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TABLE 1. Radiological findings of both groups 

LIF group Control group P value 

Occlusion point 
M 1 proximal 14 11 
M 1 distal 19 21 
M2 12 13 

Collateral 
Poor 9 16 
Moderate 24 18 
Rich 12 9 

Early ischemic sign in CT scan 18 21 

D.S. 

n.s. 
n.s. 

TABLE 2. Results of LIF procedure 

Onset to UK 227 _+ 61 min 

Procedure time 
UK administered 

Mechanical disruption 
Recanalization 

54 _+ 21 min 
0IU 1 

<600,000 IU 14 
600,000 IU 30 

30 (67%) 
None 12 
<50% 10 

<100% 21 
100% 2 

UK, urokinase. 

TABLE 3. Safety of the study 

LIF group Control group 

Mortality 
Intracerebral hemorrhage 
Brain edema 
Re-attack 

TABLE 4. Efficacy of the study 

Primary end point (mRS ___ 2) 

LIF group 
Control group 

21/45 (46.7%) 
18/45 (40.0%) 

Secondary end point (mRS-  0,1) 

LIF group 
Control group 

17/45 (37.8%) 
9/45 (20.0%) 

n . s .  

D.S. 
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FIG.2. Estimated line and 
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Number  of patients entered the control group 

in the LIF group and 9 in the control group which is almost statistically significant. 
Modified Rankin scale at 3 months seems slightly better in the LIF group (Fig. 1). 
Figure 2 shows estimated line and the state at last year and present point. Both groups 
are within the estimated zone, though the difference is not so great. 

3 Discussion 

Comparing with Prolyse in Acute Cerebral Thromboembolism (PROACT) II [4], there 
are several differences (Table 5). PROACT II used Prourokinase and MELT Japan uses 
urokinase. MELT Japan was initially planned to use tPA, but Japanese Welfare Min- 
istry did not permit to use tPA, because tPA was not approved to use cerebrovascular 
disease even now. Urokinase is approved only for intravenous 60,000 units a day. 
Indeed, 60,000 units a day is equal to nothing, but based on this fact, Japanese 
Welfare Ministry permit urokinase but tPA. Another difference is that mechanical dis- 
ruption is accepted in MELT Japan, because there is no sponsorship from any drug 
companies. 



TABLE 5. Comparison with PROACT II 

MELT Japan 89 

n End point Blinded Baseline Drug Mechanical 
follow-up image disruption 

PROACT II 180 mRS _<2 Yes CT pro UK Prohibitted 
MELT Japan 200 mRS ___2 Yes CT UK (<_600,000 IU) Acceptable 

mRS, modified Rankinscale; pro UK, prourokinase. 

MELT Japan is still on-going study, so we cannot say anything from the mid- term 
result. However, if the registration cases increase in the similar manner,  positive results 
will follow. 
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Direct Cerebral Bypass Supplements 
Indirect Bypass Procedures in 
Moyamoya Disease 
YOSHIO SUZUKI, NORIKAZU HATANO, SYUNTARO TAKASU, 
NORIAKI MATSUBARA, YUGO KISHIDA, and NOBUHIKO MIZUTANI 

Summary. Moyamoya disease is a cerebrovascular disease characterized by cerebral 
hypoperfusion due to gradual stenosis/occlusion of major cerebral arteries at the base 
of brain with development of abnormal collateral circulation. The surgical treatment 
include direct and indirect bypass surgeries that are generally effective in improving 
cerebral hemodynamics and ischemic symptoms related to the disease. However, 
spontaneous vascularization after indirect surgery like simple encephaloduro- 
arterio-synangiosis (EDAS) may not support cerebral circulation adequately and, 
ischemic symptoms may persist even after surgery. In this prospective study, in 12 
patients with moyamoya disease, in whom a sole indirect revascularization procedure 
failed to provide symptomatic relief, we performed direct and indirect bypass surgery 
simultaneously to increase cerebral blood flow (CBF). The combination of surgery 
consisting of both direct and indirect procedures covered the ischemic zone 
widely and postoperatively, the patients showed significant improvement in their 
symptoms. 

Key words, moyamoya disease, indirect bypass surgery, ischemia, additional surgery 

1 Introduction 

Moyamoya disease is a unique disease of unknown etiology characterized by pro- 
gressive occlusion of the supraclinoid portion of bilateral internal carotid arteries 
(IC), and the proximal portions of anterior (ACA) and middle cerebral arteries 
(MCA). Occlusion of the posterior circulation is also involved in 30-40% of patients. 
In most of the recommended procedures till date, either direct and/or indirect bypass 
surgery has been advocated to improve cerebral perfusion. In the present study, we 
performed combined surgery that included both the direct bypass procedures as well 
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as the indirect ones [1,2]. The combination of procedures ensured perfusion of a 
wider ischemic zone and salvaging of the penumbric area. Indirect procedures 
like encephalo-duro-arterio-synangiosis (EDAS), encephalo-myo-synangiosis (EMS) 
or galeal flaps are safe and easy. Direct bypass surgery, however, is more reliable 
in providing adequate cerebral blood flow but is technically difficult as the recipient 
artery running on the cortical surface is usually fine and fragile in moyamoya 
disease. 

In 12 cases of moyamoya disease, an additional surgery after an indirect bypass 
procedure on one or both sides was required as the ischemic symptoms did not 
disappear after solely the indirect bypass surgery. 

2 Clinical Material and Methods 

2.1 Patient Spectrum 
Over the past 20 years, more than 200 patients with moyamoya disease have under- 
gone surgical management at our centre. In patients older than 5 years, combined sur- 
geries including direct bypass surgery of superficial temporal (STA)-middle cerebral 
(MCA) or/and STAmanterior cerebral artery (ACA) anastomosis as well as indirect 
bypass procedures including EMS and galeal flap are being performed. In children 
less that 5 years, indirect bypass surgeries including EDAS, EMS and galeal flap are 
being performed since a direct bypass surgery is not feasible due to the small caliber 
of the anastomosing vessels. 

The 12 patients included in this study had been referred to our hospital after under- 
going an indirect bypass surgery elsewhere. An EDAS procedure using the parietal 
branch of STA had been performed in these cases. However, spontaneous revascular- 
ization between the placed STA and the brain vessels did not develop well and the 
ischaemic symptoms persisted. 

2.2 Investigations 
The existing cerebral blood flow (CBF), the territories of the infarction and the sal- 
vageable penumbric zones and the effectiveness of the indirect bypass surgery were 
evaluated using digital subtraction angiography (DSA), single photon emission com- 
puted tomography (SPECT), magnetic resonance imaging (MRI) with magnetic res- 
onance angiography (MRA). In all these patients, following the EDAS procedure, CBF 
was only preserved around the STA and other areas showed hypoperfusion. In addi- 
tion to bilateral internal carotid arteries, the ACA as well as the posterior cerebral 
(PCA) arteries were often occluded. Thus, the frontal and occipital regions supplied 
by these vessels remained grossly deficient in CBF despite the indirect bypass proce- 
dure. The entire posterior circulation was also not adequately covered through col- 
lateral circulation in these patients. 

2.3 Surgical Procedure 
In eight of these patients, the CBF was supplemented by adding both a direct bypass 
procedure using the frontal branch of STA and an indirect one using EMS with the 
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ipsilateral temporalis muscle. An occipital artery (OA)mPCA anastomosis was also 
done in two adult cases. Frontal and occipital galeal flap were also added in two pedi- 
atric cases (Table 1). 

2.4 Surgical Nuances 
The three main arteries in the scalp, the frontal and parietal branches of STA and the 
OA are available as donor arteries for the direct bypass surgery. As the parietal branch 
of STA had often been used for EDAS in these cases, the frontal branch of STA had to 
be utilized as a donor artery. The temporalis muscle, galeal tissue and reversed dural 
tissue were used as indirect donor material. The surgical planning involved selection 
of the best combination of these direct and indirect bypass procedures to optimize 
the ischaemic zone coverage. For example, we performed a direct anastomosis using 
the frontal branch of STA with placement of temporal muscle as EMS in the frontal 
area, and also placed a wide galeal flap on the occipital cortex concurrently to patients 
who had previously only received EDAS using the parietal branch of STA. 

3 Results 

All the 12 patients showed gradual improvement in their ischemic symptoms like 
recurrent attacks of headache or transient ischemic attacks (TIA) after the additional 
direct and indirect bypass surgeries. Clinical signs such as intelligence, daily activity 
and personal character improved in most of the cases. Their preoperative aggressive 
and hyperactive behavior transformed into a placid one and their concentration sig- 
nificantly improved following adequate revascularization. 

The direct bypass surgery using the frontal branch of STA was effective in increas- 
ing CBF in the frontal area. EMS using the temporalis muscle was also effective in 
establishing a spontaneous anastomosis with the cerebral vasculature. Bifrontal and 
occipital galeal flaps in pediatric patients and in adults aged 40 years or less were effec- 
tive in covering the frontal and occipital areas. TIAs of the visual field and weakness 
of bilateral lower limbs gradually decreased and finally completely resolved. The 
improvement in clinical symptoms was much faster and sustained after the direct 
bypass surgery. 

The two adult patients in whom bilateral OA-PCA anastomosis was performed 
showed a slight improvement in clinical symptoms. Their follow-up MRA demon- 
strated a good patency through the newly established bypass routes. However, fol- 
lowing the OA-PCA bypass procedure in one patient, CBF in the ACA area through 
PCA did not increase significantly at a follow up of one year. Perhaps the luminal 
diameter of the recipient blood vessel and connection between PCA and ACA also 
played an important role in the establishment of CBF of the revascularized ischemic 
zones. 

Long-term follow-up of patients with MRI, MRA and SPECT demonstrated a 
gradual improvement of cerebral circulation at the sites of revascularization with dis- 
appearance of moyamoya vessels. However the disease itself was slowly progressive. 
Disappearance of moyamoya vessels also reduced the possibility of future occurrence 
of subarachnoid and intracerebral haemorrahge. In the cases where direct bypass 
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surgery was done successfully, the caliber of STA gradually expanded and the branches 
of MCA started filling and became clearly visible on DSA and MRA. Cerebral blood 
flow measurements with SPECT usually normalized in those areas of the brain where 
established infarction had not occurred and reactivity to acetazolamide steadily 
improved. 

4 Discussion 

Indirect bypass surgery like EDAS, EMS, galeal flap, reversed position of dural artery 
and multiple burr holes are more commonly used for surgical treatment of moyamoya 
disease than the direct bypass surgery. The former procedures facilitate the gradual 
development of spontaneous vascularization to the brain with improvement of CBE 
Indirect bypass surgery is easy and safe, but less reliable when compared to the direct 
bypass surgery. 

It is generally accepted that patients with moyamoya disease aged 40 years or more 
show less improvement with the indirect bypass procedures. Their relatively atrophic 
brain seems to poorly respond to the indirect bypass. Indirect surgery, therefore, is 
usually applied to the pediatric and young adult patients. 

The preoperative investigative procedures are, however, not reliable indicators in 
identifying the subset of young patients who may be less sensitive to the indirect 
bypass. It is also difficult to predict the amount of deficiency in the CBF in the ischemic 
areas that will compensate through the indirect bypass routes. 

When an indirect bypass surgery like EDAS does not provide sufficient increase in 
CBF, it is a serious problem for the patients. As the disease itself is progressive, 
ischemic symptoms like TIA persist and newer areas of infarction develop so that 
patients progressively deteriorate. These poor outcome patients have often received 
the surgical option of EDAS using only the parietal branch of STA that has only suc- 
ceeded in perfusing a small area of the brain. In this study, we found that supple- 
menting the bypass routes by additional surgical procedures is a very effective 
measure in combating progressive ischemia in these patients. The supplementing of 
EDAS using the parietal branch of STA with additional procedures like the frontal 
branch of STA for direct anastomosis, the temporal muscle for EMS, and occipital 
galeal flap or OA-PCA to cover the occipital area resulted in a significant increase in 
CBF over a wide area of the brain. 

5 Conclusion 

Bypass surgery can improve the hemodynamics in moyamoya disease, although the 
disease itself is progressive. Direct bypass surgery is more reliable in increasing CBF 
than the indirect bypass surgery. Combined direct and indirect surgical procedures 
should be applied to provide a comprehensive coverage to the ischemic area in 
patients with moyamoya disease. 
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Treatment of Cerebral Vasospasm 
Following Subarachnoid Hemorrhage 
TADAYOSHI NAKAGOMI, TERUYUKI ISHII, HIROSHI NAGASHIMA, 
TOSHIHIRO MOCHIZUKI, MASAHUMI HIRATA, MAKIKO SHIROUZU, 
and AYA KOBAYASHI 

Summary. In this paper, we analyzed the effect of cisternal washing therapy using 
urokinase combined with head shaking, which we introduced in 1994 for the preven- 
tion of vasospasm in patients with subarachnoid hemorrhage (SAH). A total of 280 
consecutive cases with Fisher group 3 SAH since 1988 were retrospectively analyzed. 
Of these patients, 105 cases (56 cases (group A) before 1994 and 50 cases after 1994 
(group B)) had not cisternal washing therapy, 174 cases after 1994 (group C), however, 
had this therapy. All of these patients had clipping surgery within 3 days following 
SAH, and had postoperative management both with normovolemia and with normo 
to mild hypertension. In these three groups, the incidences of symptomatic 
vasospasm, cerebral infarction on CT, and mortality and morbidity (M&M) due to 
vasospasm were analyzed. In the group A, the incidences of symptomatic vasospasm, 
cerebral infarction on CT, and M&M due to vasospasm were 7.1%, 33.9%, and 25%, 
respectively. In the group B, they were 2%, 20%, and 12%, respectively. On the other 
hand, in the group C, they were 4.6%, 5.2%, and 2.3%, respectively. This study demon- 
strated that cisternal washing therapy was effective to prevent cerebral infarction on 
CT and reduced M&M due to vasospasm. 

Key words, subarachnoid hemorrhage, cerebral vasospasm, cisternal washing therapy, 
urokinase, head shaking 

1 Introduction 

Cerebral vasospasm is still one of the major causes of mortality and morbidity in 
patients with subarachnoid hemorrhage (SAH) [ 1 ]. In spite of extensive investigation 
to delineate the pathogenesis of vasospasm, the optimal treatment for vasospasm has 
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not yet been established. Clinical studies have demonstrated the relationship between 
the location and volume of the subarachnoid clots and the incidence, distribution, and 
the severity of vasospasm [2,3]. In 1994, we started cisternal washing therapy using 
urokinase, combined with head-shaking in order to prevent cerebral vasospasm in 
patients with SAH [4]. In this paper, we retrospectively analyzed the effect of this 
method in preventing vasospasm in Fisher group 3 patients with SAH. 

2 Materials and Methods 

A total of 280 consecutive cases in Fisher group 3 on the preoperative CT, who had 
been admitted to Teikyo University Hospital since January 1988 to September 2004 
were retrospectively analyzed. The patients were divided into 3 groups. Patients in 
group A were treated before 1994. Group B patients were treated after 1994, but had 
not cisternal washing therapy due to medical or surgical complication, problem in 
placement of the catheter, obstruction of the catheter with subarachnoid clots, and so 
on. Group C patient had cisternal washing therapy after 1994. Group A consists of 56 
cases and group B 50 cases. Group C, which had cisternal washing therapy, consists of 
174 cases. 

All patients underwent clipping surgery within 3 days from the onset of SAH, and 
had postoperative management with normo-volemia and normo to mild hyperten- 
sion. Soon after the craniotomy, a ventricular catheter was placed in the lateral ven- 
tricle. A draining catheter was placed in the carotid cistern or in the chiasmatic cistern. 
After the patients returned to the recovery room, cisternal washing therapy began by 
irrigating the subarachnoid space through these two catheters. Lactated Ringer solu- 
tion which contains urokinase (60,000 IU/500ml), was infused from the ventricular 
catheter at a rate of 60-180 ml/h. The pressure for cisternal irrigation was not set over 
a height of 25 cm H20 from the external auditory meatus. The intracranial pressure 
control system was usually set at a height of 5-10cm H20. Then, the head of the 
patient was rested on the head-shaking device (head-shaker), and was shaken peri- 
odically at the rate of 1 to 1.5 c/s. Almost all patients could tolerate head shaking up 
to 48 h. Cisternal washing therapy was terminated when the total amounts of uroki- 
nase reached 420,000 IU, or the high-density area in the Sylvian fissure disappeared 
on the CT. In recent protocol, this procedure is completed within 2-3 days. 

In these three groups, the incidence of symptomatic vasospasm (transiently symp- 
tomatic vasospasm without infarction), cerebral infarction on CT. The outcome of the 
patients at 6 months following SAH, were assessed according to the Glasgow Outcome 
Scale. Overall mortality & morbidity (M&M) (below moderately disabled) due to 
vasospasm at 6 months following SAH were analyzed. Statistical analysis was done 
using Student's t-test or Chi-square test. The value were considered to be significant 
when P < 0.05. 

3 Results 

The age, gender distribution, preoperative WFNS grade, timing of surgery, and the site 
of aneurysm are shown in Table 1. The incidence of symptomatic vasospasm in groups 
A and B were 7.1 and 2.0%, respectively. In the patients who had not cisternal washing 
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TABLE 1. Summary of the cases 
Without CWT With CWT 

Group A Group B Group C 

Age 

Sex 

WFNS grade 

Timing of surgery 

Location 

Range 35 - 69 16- 87 Range 33 - 83 
Mean 52.3 57.3 Mean 58.9 

M 21 37.5% 16 32% M 67 38.5% 
F 35 62.5% 34 68% F 107 61.5% 
Total 56 50 Total 174 

I 27 37.5% 19 38% I 62 35.6% 
II 20 35.7% 14 28% II 51 29.3% 
III 7 12.5% 2 4% III 11 6.3% 
IV 5 8.9% 7 14% IV 31 17.8% 
V 3 5.3% 8 16% V 19 10.9% 

0 7 12.5% 18 36% 0 10 33.3% 
1 35 62.5% 20 40% 1 16 53.3% 
2 9 16.1% 7 14% 2 4 13.3% 
3 5 8.9% 5 10% 3 0 0.0% 

AC 31 55.3% 11 22% AC 67 38.5% 
IC 13 23.2% 20 40% IC 51 29.3% 
MC 12 21.4% 15 30% MC 42 24.1% 
V-B 0 0.0% 4 8% V-B 14 8.0% 

CWT, cisternal washing therapy; AC, anterior cerebral artery; IC, internal cerebral artery; MC, middle 
cerebral artery; V-B, vertebrobasilar artery. 

therapy, the incidence was 4.7% altogether (group A+B). In the group C, the incidence 

of symptomat ic  vasospasm was 4.6%. There was no significant difference in sympto-  

matic vasospasm among the groups. Incidence of cerebral infarction on CT in groups 

A and group B were 33.9 and 28.0%, respectively. There was no significant difference 

in the incidence of cerebral infarction on CT between group A and B. In the patients 

who had not  cisternal washing therapy, the incidence was 31.1% altogether (group 

A+B). On the other  hand,  in the group C, incidence of cerebral infarction on CT was 

5.2%, which was significantly (P < 0.05) decreased. 
Glasgow Outcome Scale at 6 months  following SAH was shown in Table 2. Improve- 

ment  in outcome in the group C is clearly noted. 
In group A and B, incidence of M&M due to vasospasm were 25 and 12% respec- 

tively. It was 18.9% in the group without  cisternal washing therapy (group A+B). On 

the other hand,  in the group C, incidence of M&M due to vasospasm was 2.3%, which 

was significantly (P < 0.05) decreased. 

4 Discussion 

This study showed that after induct ion of cisternal washing therapy, incidence of cere- 

bral infarction on CT, and M&M due to vasospasm were significantly decreased in the 

patients with SAH. According to the l i terature of more than 30,000 cases reviewed by 
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TABLE 2. Incidence of symptomatic vasospasm and clinical outcome 
Without CWT With CWT 

Group A Group B Group C 

Case 

Vasospasm 

GOS 

M&M 

56 50 174 

Symp only 4 7.1% 1 2% Symp only 8 4.6% 
Infarction 19 33.9% 14 28% Infarction 9 5.2% 
Total 23 41.0% 15 30% Total 17 9.8% 

GR 30 53.6% 25 50% GR 132 75.9% 
MD 10 17.8% 9 18% MD 15 8.6% 
SD 4 7.1% 4 8% SD 9 5.2% 
V 4 7.1% 4 8% V 8 4.6% 
D 8 14.3% 9 18% D 10 5.7% 

PBS 6 10.7% 11 22% PBS 13 7.5% 
Med C 2 3.6% 3 6% Med C 18 10.3% 
Surg C 4 7.1% 6 12% Surg C 7 4.0% 
Vasospasm 14 25.0% 6 12% Vasospasm 4 2.3% 
Total 26 46.4% 26 52% Total 42 24.1% 

CWT, cisternal washing therapy; GOS, Glasgow outcome scale; M&M, mortality and morbidity; GR, 
good recovery; MD, moderately disabled; SD, severely disabled; V, vegetative; D, death; PBD, primary 
brain damage; Med C, medical complication; Surg C, surgical complication. 

Dolsch and King [1], symptomatic vasospasm or delayed ischemic neurological 
deficits (DINDs) occurred in 32.5% of the cases. Thirty percent of the patients with 
DIND died, and permanent  neurological deficits occurred in 34% of the patients. In 
the present study, the incidence of symptomatic vasospasm and cerebral infarction 
on CT due to vasospasm in the group without cisternal washing therapy (group A+B) 
was 4.7% and 31.1%, respectively. The incidence of total symptomatic vasospasm 
(transiently symptomatic vasospasm without infarction and cerebral infarction) in 
the patients without cisternal washing therapy was almost the same as the incidence 
of symptomatic vasospasm reported by Dorsch and King. On the other hand, in the 
group with cisternal washing therapy, the incidence of symptomatic vasospasm and 
cerebral infarction on CT due to vasospasm was 4.6% and 5.2%, respectively. Although 
there was no significant difference in symptomatic vasospasm between the group 
without cisternal washing therapy (group A+B) and the group with cisternal washing 
therapy (group C), the incidence of cerebral infarction on CT due to vasospasm in 
group C decreased significantly (P < 0.05). There was no significant difference in the 
incidence of cerebral infarction on CT between group A and B. Decrease in cerebral 
infarction on CT, therefore, should be attributed to the cisternal washing therapy, not 
to the year when the patient has a treatment against cerebral vasospasm. 

The present study also demonstrated that M&M due to vasospasm at 6 months fol- 
lowing SAH, was 18.9% in the group without cisternal washing therapy (group A+B) 
and 2.3% in the group with cisternal washing therapy. Mortality and morbidity due 
to vasospasm decreased significantly (P < 0.05) in the group with cisternal washing 
therapy. 
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In conclusion, since the introduction of cisternal washing therapy, the incidence of 
cerebral infarction on CT, and M&M due to vasospasm was significantly (P < 0.05) 
decreased in Fisher group 3 patients with SAH. This method was effective to prevent 
cerebral infarction due to vasospasm. Therefore, cisternal washing therapy is recom- 
mended as a potent fibrinolytic therapy for the prevention of symptomatic vasospasm 
in thick SAH patients. 
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Retrocarotid Infracommunicating 
Approach for Parasellar and 
Interpedunclar Tumors 
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5ummary. We report a retrocaroted infracomminicating approach to parasellar and 
indepeduncular tumors. In a surgery for skull base legions, the most important points 
to prevent major complications are to preserve not only perforating arterial injuries 
but also venous injuries. In order to do the operation smoothly, the retrocarotid infra- 
communicating approach (tailored skull base approach) is quite useful. 

Key words, retrocarotid infracommunicating space, parasellar tumors, surgical 
approach, microsurgery 

I Introduction 

What is minimally invasive? There are many answers: for example less operation time, 
less blood loss, less damage to the brain, nerves and blood vessels and safety. I think 
the concept of minimally invasive neurosurgery is less complications and maximum 
efforts. Surgeons should evaluate the grade of complications preoperatively. High 
grade complications are death, consciousness disturbance, dementia, aphasia and 
hemiparesis. Medium grade complications are cranial nerve palsies. Low grade com- 
plications are cosmetic problems. In order to minimize major complications, we must 
avoid vascular injury first [ 1 ]. 

2 Operative Technique 

The patient is placed supine on the operating table. The head is elevated about 15-20 
degrees to horizontal plane. After a routine frontotemporal cranitomy is done, the 
orbitozygomatic osteotomy is followed. The medial sphenoid wing is removed 
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i r e t r o c a r o t i d  I 

) 

Fie. 1. The concept of retrocarotid infracommunicating space on carotid angiogram, lateral 
view 

extradurally and superior orbital fissure is opened. The meningo-orbital band is cut 
and the temporal dura is peeled off from the inner cavernous membrane. The tem- 
poral lobe, the sylvian vein and the sphenoparietal sinus are mobilized together 
without disturbance of venous circulation. If the lesion is too large, optionally the 
anterior clinoid process is removed and the optic canal is unroofed. Sometimes the 
dural ring is opened in order to mobilize the internal carotid artery. When the lesion 
is extending down to the prepontine cistern, the anterior petroclinoidal fold is incised 
and separated from inner cavernous membrane. The third and fourth cranial nerves 
are mobilized. 

There are many surgical approaches to the parasellar and interpeduncular lesions. 
Naming of these approaches is mainly based on the craniotomy. We emphasize the 
intracranial surgical corridor and how to develop the operative field. The concept of 
retocarotid infracommunicating approach is use the space which is consist of the 
internal carotid artery, the posterior communicating artery, the posterior cerebral 
artery and the anterior petroclinoidal fold (Figs 1 and 2). This space is widened by 
cutting the meningo-orbital band and peeling off the outer membrane of the 
cavernous sinus and mobilizing the temporal lobe and the internal carotid artery. 

3 Representative Case 

A 61 year-old male was admitted to our hospital complaining of headache and visual 
disturbances. A MRI showed the parasellar mass extending into the deep sylvian 
cistern, the interpedunclar cistern and the tentorial incisula regions (Fig. 3). The right 
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FIG. 2. A retrocarotid infracommunicating approach on operative view (Right pterional 
approach). This space consists of the internal carotid artery, the posterior communicating 
artery, the posterior cerebral artery and anterior petroclinoidal fold. This space is widened by 
cutting the meningo-orbital band and peeling off the outer membrane of the cavernous sinus, 
if necessary 

FIG. 3. Preoperative MRI of representative case 
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FIG. 4. Operative view. The right frontotemporal orbitozygomatic retrocarotid infracommuni- 
cating approach. The parasellar cisterns were filled with cystic part of the tumor (a). Perforat- 
ing arteries were adhered to the tumor capsule (b). Arteries of the basal cisterns were dissected 
free. The solid part of the tumor was seen through the optico-carotid triangle (c). The tumor 
was totally removed. The ependyme of the third ventricle could be seen (d) 
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FIG. 4. Continued 
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FIc. 5. Postoperative MRI showing no residual tumor 

cerebral peduncle was compressed backward. The solid mass was extending into the 
sella turcica. The internal carotid artery, the posterior communicating artery, the ante- 
rior choroidal artery and perforating branches from these arteries were involved by 
the tumor. 

Under the general anesthesia, the patient was placed supine and the head was 
rotated about 30 degrees and elevated about 20 degrees and extended to the axial 
plane become horizontal. The frontotemporal craniotomy and the orbitozygomatic 
osteotomy were done. The lateral surface of the cavernous sinus and the temporal lobe 
were mobilized posteriorlly together (Fig. 4a). The key point of this operation is to 
preserve all perforating arteries (Fig. 4b). These arteries dissected free and the tumor 
was totally removed (Fig. 4c,d). The patient discharged without complication except 
for diabetes insipidus which was controlled by intranasal desmopressin instillation. 
Postoperative MRI showed total removal of the tumor (Fig. 5). 

4 Discussion 

There are many surgical approaches to the parasellar and interpeduncular regions. 
When the lesion mainly located in midline structures, bifrontal basal interhemisphelic 
approach or interhemispheric approach may be selected. But in these approaches, 
lateral extending lesion could not be dissected and furthermore perforating arterial 
complication may easily be occurred. There are reports on the frontal pole veins injury 
in connecting with an anterior interhemispheric approach [2,3]. Tsutumi et al [2] 
reported that the venous infarction in the frontal lobe occurred in 11 (47.8%) of the 
23 patients who underwent surgery in the acute stage of ruptured aneurysms. 
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Kageyama et al [4] used a pterional approach in 100 patients with aneurysm, and 
reported that postoperative cerebral injuries in the base of the frontal lobe were 
observed in 15% of the patients. They further reported that in many cases, such 
injuries to the brain occurred in patients in whom venous perfusion at the base of the 
frontal lobe flowed into the superficial sylvian vein, thus calling attention to the danger 
of venous perfusion trouble during the operation. 

In the past, the superficial sylvian vein was usually cut in the approach for basilar 
artery aneurysms [5,6]. In this approach, however, we approached skull base lesions 
while preserving the superficial sylvian vein [1]. Day et al [7] reported on the 
extradural temporopolar approach for preservation of the temporal tip veins. Using 
their technique, preservation of the vein is possible but postoperative oculomotor and 
trochlear nerve palsies might easily occur. Since in our technique, these cranial nerves 
are not exposed, postoperative cranial nerve palsies did not occur. The lesions were 
sufficiently accessible without necessitating division of the SSV and temporal tip 
bridging veins, and we had no particular problems in using this technique. 

References 
1. Ohnishi H, Monobe T, Kamada Y, et al (1996) Preservation retrocarotid infracommuni- 

cating approach for parasellar and interpedunclar tumors. In: Hakuba A (ed) Surgery 
of the intracranial Venous System. Springer-Verlag, Tokyo, pp 380-385 

2. Tsutumi K, Shiokawa Y, Sakai T, et al (1991) Venous infarction following the interhemi- 
spheric approach in patients with acute subarachnoid hemorrhage. ] Neurosurg 
74:715-719 

3. Oka K, Hashiomoto T, Tomonaga M, et al (1991) A significance of the frontopolar vein 
for anterior interhemispheric approach. Surg Cereb Stroke 19:51-54 

4. Kageyama Y, Fukuda K, Kobayashi S, et al (1992) Cerebral vein disorder and postoper- 
ative brain damage associated with the pterional approach in aneurysm surgery. Neurol 
Med Chir (Tokyo) 32:733-738 

5. Heros RC, Lee SH (1993) The combined pterional/anterior temporal approach for 
aneurysms of the upper basilar complex: Technical report. Neurosurgery 33:244-251 

6. Sano K (1980) Temporo-polar approach to aneurysms of the basilar artery at and 
around the distal bifurcation: Technical note. Neurol Res 2:361-367 

7. Day JD, Giannotta SL, Fukushima T (1994) Extradural temporopolar approach to lesions 
of the upper basilar artery and infrachiasmatic region. ] Neurosurg 81:230-235 



Genetically Modified Cell Line 
Grafting for the Treatment of 
Parkinson's Disease 
ISAO DATE, TETSURO SHINGO, and TAKAO YASUHARA 

Summary. Neural transplantation is one of the newest therapeutic approaches for the 
treatment of Parkinson's disease. Many types of donor cells have been investigated in 
order to deliver neurotransmitter and neurotrophic factors into the brain. Merits of 
using cell line as donor cells are that they are unlimited theoretically and genetic 
manipulation is easy to be performed. When cell line is encapsulated into the hollow 
fiber consisted of semipermeable membrane, immunological rejection and tumor for- 
mation can be avoided. PC12 cells have been commonly used as dopamine secreting 
cell line and many types of neurotrophic factor secreting cell lines have been estab- 
lished using molecular biology techniques and grafting these cell lines demonstrated 
neuroprotective effect on host dopaminergic neurons. New approaches using cell line 
grafting are simultaneous delivery of dopamine and neurotrophic factor, usage of 
human-derived cell line for grafting and control of dopamine secreting after grafting 
into the brain. These new methods are important to consider future clinical applica- 
tion of cell line grafting for the treatment of Parkinson's disease. 

Key words. Parkinson's disease, neural transplantation, cell line, neurotransmitter, 
neurotrophic factor 

1 Introduct ion 

Parkinson's disease is a neurological disorder characterized by chronic progressive 
degeneration of nigrostriatal dopaminergic system. Although stereotactic surgery 
such as deep brain stimulation has been performed as surgical therapy, intracerebral 
cell grafting attracts increasing attention as new surgical therapy. In this review, 
genetically modified cell line grafting for the treatment of Parkinson's disease will be 
summarized. 
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FIG. 1. Encapsulated cell line grafting. Cells are encapsulated into the hollow fiber consisted of 
semipermeable membrane. Oxygen and nutrients can enter the capsule and neurotransmitters 
and neurotrophic factors secreted from the cells can be delivered from the cells freely, but anti- 
bodies and immunocytes cannot enter the capsule, thus, the cells inside are immunologically 
isolated (left). By attaching silicone tether, these capsules can be retrieved at any time after graft- 
ing, showing the safety of this procedure (middle). Histology of the retrieved capsule 12 months 
after grafting shows very good survival of encapsulated cells (right) 

2 Encapsulated Cell Line Grafting 

The merits of using cell line as donor cells for intracerebral grafting are that they are 
unlimited theoretically and genetic manipulation is easy to be performed. At the 
present time, because most of the cell lines as stable source of neurotransmitters and 
neurotrophic factors are derived from species other than humans, immunological 
rejection and tumor formation are the main issues to be solved. In order to overcome 
these issues, cell lines have been encapsulated into the hollow fiber consisted with 
semipermeable polymer membrane and grafted into the host brain; basic studies as 
well as clinical application have been published [1,2]. Because the capsule is semi- 
permeable, oxygen and nutrients can be provided into the capsule and neurotrans- 
mitters and neurotrophic factors can be secreted from the capsule, but antibodies or 
immunocytes cannot get into the capsule, thus, the inside of the capsule is immuno- 
logically isolated. In addition, rigid nature of the capsule can prevent tumor forma- 
tion of the cells. By attaching silicone tether, the capsule can be retrieved from the 
brain whenever necessary showing the safety of this procedure (Fig. 1). 

3 Neurotransmitter Secreting Cell Line Grafting 

As dopamine secreting cell line, PC12 cells, which are derived from rat pheochromo- 
cytoma, have been most commonly used as donor cell line. It has been confirmed that 
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when PC12 cells are grafted into the striatum of parkinsonian model rats the host 
animals demonstrated histological, neurochemical and behavioral recovery. When 
PC12 cells were grafted into the xenogeneic monkey brain without encapsulation, 
these cells were completely rejected by 8 weeks after grafting which were confirmed 
by MRI and histological analysis [3]. We have performed long-term primate study 
using encapsulated PC12 cells for the treatment of Parkinson's disease [4]. Left intrac- 
arotid injection of MPTP, which is a neurotoxin for dopaminergic neurons, was per- 
formed to make hemiparkinsonian model monkey. Encapsulated PC12 cells were 
grafted into the left striatum. Neurochemical analysis revealed that dopamine secre- 
tion from the grafted capsules was maintained for 12 months and histological analy- 
sis demonstrated very good survival of grafted PC12 cells at 12 months after grafting. 
Although immunosuppressant was not administered, there were no signs of immu- 
nological rejection in the host brain and reactive gliosis surrounding the capsule was 
minimal. Hematological analysis did not show abnormality in the white blood cell 
count and CD4/CD8 value. The monkeys receiving encapsulated PC12 cells showed 
behavioral improvement for 12 months. Similar experiment was published from other 
laboratory and positron emission tomography (PET) showed dopamine secretion 
from the grafted PC12 capsule [5]. 

4 Neurotrophic Factor Secreting Cell Line Grafting 

It has been reported that protection and repair of neurons can be expected by intrac- 
erebral administration of neurotrophic factors for various neurological disorders. 
Meanwhile, it is now possible to establish cell lines secreting various types of neu- 
rotrohpic factors due to the development of molecular biology techniques. When these 
cell lines are encapsulated and grafted into the brain, stable delivery of neurotrophic 
factors can be achieved. 

Intracerebral grafting of cell lines secreting neurotrophic factors such as nerve 
growth factor (NGF), ciliary neurotrophic factor (CNTF), glial cell line-derived neu- 
rotrophic factor (GDNF), basic fibroblast growth factor (bFGF), vascular endothelial 
growth factor (VEGF) has been reported so far [1,6-9]. 

GDNF is a potent neurotrophic factor for dopaminergic neurons. We established a 
cell line secreting GDNF by using genetic manipulation, encapsulated this cell line and 
grafted in the right striatum of host rats. The host rats received 6-hydroxydopamine 
(6-OHDA), which is a neurotoxin for dopaminertic neurons, in the right striatum 
either before or after transplantation of GDNF secreting cell line and long-term eval- 
uation was peformed. GDNF was secreted continuously from the grafted capsule for 
the period of 6 months and good survival of GDNF secreting cells has been obtained 
in the capsule. Good survival and regeneration of host dopaminergic fibers in the 
striatum and dopaminergic cell bodies in the substantia nigra were observed and host 
animals showed behavioral recovery [7,10]. 

5 Simultaneous Delivery of Neurotransmitter and 
Neurotrophic Factor by Cell Line Grafting 

Regarding cell grafting for Parkinson's disease, activation of host intrinsic dopamin- 
ergic system by delivering neurotrophic factors from the grafted cells has been inves- 
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tigated in addition to dopamine replacement from the grafted cells. Although these 
approaches have been performed separately thus far, we are trying to deliver both 
dopamine and GDNF simultaneously by using encapsulated cell line grafting 
technique. 

We have established a cell line named PC12-GDNF by inserting GDNF gene into the 
PC12 cells with cationic liposome method. Although conventional PC12 cells secrete 
dopamine in a stable fashion but do not secrete GDNF, newly established PC12-GDNF 
cell line secrete both dopamine and GDNF. When PC12-GDNF cell line was grafted 
into the parkinsonian model rats, the animals demonstrated histological, neuro- 
chemical and behavioral recovery. 

As shown above, more effective therapy can be provided if simultaneous delivery 
of neurotransmitters and neurotrophic factors into the host brain is achieved. 

6 Intracerebral Grafting of Human-derived Cell Line 

When we consider clinical application of intracerebral grafting of cell lines secreting 
neurotransmitters and neurotrophic factors, it is essential to investigate using human- 
derived cell lines. Human amniotic epithelial cells are one group of cells which have 
been studied for the purpose of cell grafting and regenerative medicine [11]. These 
cells are known to secrete neurotrophic factors such as dopamine and acetylcholine 
and various types of neurotrophic factors. 

The human amniotic epithelial cell line was immortalized, encapsulated and grafted 
into the striatum of unilateral parkinsonian model rats. Dopamine was continuously 
secreted from the grafted capsule and bFGF and transforming growth factor-beta 
(TGF-beta), which are neurotrophic factors for dopaminergic neurons, were also 
secreted from the capsule. The regenerative effect of the graft on the host dopamin- 
ergic system and functional recovery of the host were observed. 

These studies demonstrate that human-derived cell line can be grafted into the 
brain by using encapsulation technique without immunological rejection and tumor 
formation. 

7 Control of Neurotransmitter and Neurotrophic Factor 
Secretion after Grafting into the Brain 

When we perform intracerebral grafting of cell lines, it would be ideal if the amount 
of neurotransmitters and neurotrophic factors can be controlled after grafting. The 
authors established a new cell line named PC12th Tet-Off cells; the amount of 
dopamine secreted from PC12th Tet-Off cells can be controlled by stimulation from 
outside. By inserting genes of tyrosine hydroxylase which is a limiting enzyme for 
dopamine production under Tet-Off regulatory system, the amount of dopamine pro- 
duction can be controlled when tetracycline or its analog doxycycline is added from 
outside. In vitro study showed that dopamine secretion from PC12th Tet-Off cells 
could be reduced by adding doxycycline into the culture media in a doze dependent 
fashion. Moreover, when encapsulated PC12th Tet-Off cells were grafted into the stria- 
tum of parkinsonian model rats, the apomorphine-induced rotational behavior could 
be controlled by administration of doxycycline to the hosts. 
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Because control of neurotransmitter and neurotrophic factor secretion from the cell 
line after grafting can be achieved, the issues related to the clinical application of cell 
line grafting have been gradually overcome. 

8 Conclusion 

The idea of using cell line as donors has been popular among researchers in the field 
of neural transplantation, but how to control immunological rejection and tumor for- 
mation has been important issue to be solved. Because encapsulated cell line grafting 
has been available and various types of cell lines secreting neurotransmitters and neu- 
rotrophic factors can be created using genetic manipulation, the research using this 
technique is expected to develop as one of the potential therapy for many neurolog- 
ical disorders including Parkinson's disease. 

The encapsulated cell grafting technique has safety because the grafts can be 
retrieved very easily from the host brain after grafting when necessary. When 
clinical application of cell transplantation using embryonic stem (ES) cells or other 
types of stem cells will be performed, encapsulated cell grafting technique can be 
used as a first step in order to show the safety of using those cells for grafting 
purposes. 
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Controlled Secretion of 13-endorphin 
from Human Embryonic Kidney Cells 
Carrying a Tet-on-NLl- 3-endorphin 
Fusion Gene: Gene Therapy of Pain 
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Summary. Cell therapy with polymer capsules has been developed for CNS diseases, 
and has great potential advantages, including constant delivery of the products and 
avoidance of rejection by the host immune system. To control gene expression of 
transfected cells in the capsule exogenously, Tet-on system was applied. Under this 
system, addition of Dox to cells increases the expression of genes. And to obtain the 
cell line secreting human ~-endorphin, we designed a new gene construction. We 
fused the sequences of human ~-endorphin to the N-terminal 63 amino acid residues 
of NL1. NL1 is a type II membrane protein as a member of the neprilysin family. The 
stable transfectant (HEK[pTet-NLl-endo] cells) secreted appreciable amounts of ~- 
endorphin. Since gene expression in the cells can be regulated by the Tet-on system, 
HEK[pTet-NLl-endo] cells (1.0 x 106 cells) which were seeded in 35-mm-diameter 
dishes, and treated for 24h with Dox at concentrations of 1,000, 100, 50, 20, 10, 1.0 or 
0ng/ml. HEK[pTet-NLl-endo] secreted ~-endorphin in a dose-dependent manner 
upon Dox addition. In our previous study, we showed a dose-dependent secretion of 
ACTH from encapsulated Neuro2A-POMC cells implanted in viva in the CSF of rats, 
upon administration of Dox to host peritoneum space. Thus it can be envisaged that 
HEK[pTet-NLl-endo] cells, encapsulated and transplanted in the CSF of host animals, 
would secrete ~-endorphin according to the various amounts of administered Dox. 

Key words, tetracycline, Tet-on system, [3-endorphin, pain, NL 1 

Cell therapy with polymer capsules has been developed for central nervous system 
diseases [1], such as Parkinson's disease [2], amyotrophic lateral sclerosis [3] and 
cancer pain [4,5]. The use of encapsulated cells has great potential advantages, includ- 
ing constant delivery of the products and avoidance of rejection by the host immune 
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system. An ability to control the expression levels of products in cell transplantation 
therapy would provide further significant advantages. Ideally, transfected genes in the 
implanted grafts should be regulated intrinsically, leading to delivery of neuropep- 
tides or transmitters on demand. A practical alternative might be to control gene 
expression of transfected cells exogenously. Several attempts to control gene expres- 
sion in such cells have been reported, i.e., regulation by steroid hormones [6], iso- 
propyl [3-D-thiogalactoside [7], and heavy metals [8], but most of these substances 
may induce serious side effects in vivo. 

More recently, a transcriptional trans-activator, rtTA, was developed by fusing the 
VPl6 activation domain with a mutant tetracycline (Tet) repressor from Escherichia 
coli [9]. This trans-activator requires Tet derivatives such as doxycycline (Dox) to bind 
a specific target sequence, tet operator. Thus, addition of Dox to cells that constitu- 
tively synthesize rtTA was reported to increase the expression of genes under the 
control of rtTA by more than 1,000-fold. This system is called the "Tet-on system". A 
"Tet-off system" is also available, in which the addition of Dox decreases gene expres- 
sion. The Tet-on system appears to be better suited for mammalian cells for regulated 
production of the interested peptides: (1) gene expression is easily regulated by 
administration of Dox, (2) Dox is minimally toxic and (3) Dox does not activate other 
cellular genes. Since pain treatment by cell transplantation, for example, would require 
appropriate control of opioid delivery, the Tet-on system is suitable. 

Proopiomelanocortin (POMC) gene is the structural gene for [~-endorphin, a potent 
endogenous opioid peptide. The POMC gene produces a precursor protein, POMC, 
that is processed by prohormone convertases located in the secretory pathway into 
several bioactive peptides including ACTH, [3-1ipotropin, ~-MSH, and [3-endorphin. 
The mouse neuroblastoma cell line (Neuro2A) possesses these converting enzymes, 
so that cells transfected with swine POMC cDNA secreted ACTH and [3-endorphin 
[10]. When these transfected cells were encapsulated in polymer capsules and trans- 
planted into rat CSF space, the animals demonstrated analgesia to the analgesimetric 
test [5]. However, it is important that regulated amounts of opioids are transfused into 
the CSF space. 

In a previous study we showed that induced secretion of [3-endorphin can be 
obtained upon administration of Dox when the POMC cDNA was expressed in 
Neuro2A cells under the regulation of Tet-on system [11,12]. Peptide secretion was 
quickly increased by Dox administration, and maximum amount of the secreted 
peptide was obtained after 36-h incubation. The continuous and intermittent admin- 
istration of Dox was valid for a month, when encapsulated Neuro2A-POMC cells were 
used [ 11 ]. After withdrawal of Dox, 4 days were enough to return to the pre-treated 
level [ 12]. Thus, Tet-on system seems to be suitable to regulate the secretion of opioid 
peptide from cells. However, these Neuro2A-POMC cells secreted not only [3- 
endorphin but also ACTH, and the amounts of secreted [3-endorphin were relatively 
low because of unknown reasons. To overcome these problems, we designed a new 
gene that fulfilled the following criteria: (1) the fusion gene product should be tar- 
geted to the ER to enter the secretory pathway, (2) the fusion protein should be 
processed in most cells and (3) only [3-endorphin should be secreted without any other 
peptides. 

To achieve these goals, we constructed a new fusion gene system. Because ]3- 
endorphin itself has no signal sequence required for its secretion, we fused the 
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sequences of human [5-endorphin to the N-terminal 63 amino acid residues of NL1. 
NL1 is a type II membrane protein cloned from mouse testis as a member of the 
neprilysin family of cell surface zinc metallopeptidases [13]. Although other family 
members are cell surface enzymes, NL1 has a putative convertase cleavage site in its 
ectodomain (Arg-Thr-Val-Val-Lys-Arg63), and the protease domain downstream of the 
convertase cleavage site was secreted efficiently as a soluble enzyme in the culture 
medium when overexpressed in HEK293 cells [13]. Furin or other subtilisin-like con- 
vertases seem to be responsible for processing of NL1 in HEK293 cells [13]. There- 
fore, any peptide sequences that are joined to just downstream of the convertase 
cleavage site would be cut off and released in cells expressing the convertase. In addi- 
tion, the NL1 N-terminal fragment also contains the short N-terminal cytoplasmic tail 
and the transmembrane anchor region that also acts as an ER targeting signal. This 
NL1 fragment would remain associated with the plasma membrane upon cleavage of 
the [5-endorphin sequence, thus resulting in secretion of the opioid peptide only. The 
detailed gene constructions were already reported [14]. 

HEK293 cells were co-transfected with pTet-NLl-endo and Tet-on system. The 
obtained stable transfectant (HEK[pTet-NLl-endo] cells) secreted appreciable 
amounts of [5-endorphin. Since gene expression in the cells can be regulated by the 
Tet-on system, we next examined the ability of Dox to induce [5-endorphin expression 
in cultured HEK[pTet-NLl-endo] cells. HEK[pTet-NLl-endo] cells (1.0 x 10 6 cells) 
maintained in Dulbecco's modified eagle's medium containing 5% fetal bovine serum 
and geneticin (1.0mg/ml; GIBCO-BRL, Grand Island, NY) were seeded in 35-mm- 
diameter dishes, and treated for 24 h with Dox at concentrations of 1,000, 100, 50, 20, 
10, 1.0 or 0 ng/ml. The amounts of [5-endorphin secreted in the medium were meas- 
ured with a specific radioimmunoassay using an anti-[5-endorphin immunoglobulin 
G originally raised in rabbits that received several subcutaneous injections of syn- 
thetic human [5-endorphin [5,12]. [5-endorphin was not detectable in medium after 
culture of HEK293 cells that were not transfected. Similar to results obtained previ- 
ously with Neuro2A-POMC cells [12], HEK[pTet-NLl-endo] secreted [5-endorphin in 
a dose-dependent manner upon Dox addition (Fig. 1). The variations due to linear 
contrast was significant (P < 0.0001) and positive linear trend of the concentration of 
[5-endorphin with respect to Dox was suggested. The cells secreted only 53.8pg of 
[5-endorphin per milliliter without Dox treatment, but the amount of secreted [5- 
endorphin reached 342.8 pg/ml in the presence of 1,000ng/ml Dox and 303 pg/ml in 
the presence of 10,000 ng/ml. The plateau level of [5-endorphin secretion was observed 
over 1,000ng/ml Dox, which was almost same phenomenon as previous reports 
[ 12,15]. We observed a 5.8-fold induction over the range of Dox concentrations used. 
These results indicate that the level of [5-endorphin secretion can be controlled by the 
administration of Dox at various concentrations. 

In the present study, we have shown that [5-endorphin can be secreted from cells 
transfected with the fusion gene containing [3-endorphin coding sequence joined to 
just downstream of the convertase cleavage site of N-terminal portion of NL1 gene. 
This system should be great help to construct cells that secrete the peptide of inter- 
est. We also have shown that the concentration of secreted [5-endorphin from 
HEK[pTet-NLl-endo] cells can be regulated in a dose-dependent manner by Dox 
administration in vitro. In our previous study, we showed a dose-dependent secretion 
of ACTH from encapsulated Neuro2A-POMC cells implanted in vivo in the CSF of rats, 
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FIG. 1. Induction of [3-endorphin secretion from HEK[pTet-NLl-endo] cells by administration 
of Dox. HEK[pTet-NLl-endo] cells (1.0 x 10  6 cells) were incubated in the presence of Dox at the 
indicated concentrations for 24 h, and the amounts of [3-endorphin secreted from the cells into 
the medium were measured. Mean and standard deviation (SD) were calculated for each group 
(n = 4). The significance of differences in the concentration of [3-endorphin among Dox dose 
groups was assessed using an analysis of variance (ANOVA) model that included Dox dose as 
independent variable (P < 0.0001). Further, variations due to linear contrast was significant 
(P < 0.0001) and positive linear trend of the concentration of [3-endorphin with respect to 
Dox dose was suggested 

upon administration of Dox to host peritoneum space [12]. Thus it can be envisaged 
that HEK[pTet-NLl-endo] cells, encapsulated and transplanted in the CSF of host 
animals, would secrete [3-endorphin according to the various amounts of adminis- 
tered Dox. We are planning the test of this system in capsulated transplant in CSF 
space of monkey. This system can be adapted to many cell types by transfecting a 
plasmid expressing rtTA gene together with pTet-NLl-endo or its derivatives. As long 
as furin is active in the targeted cells, mammalian cell lines secreting any selected 
peptide could be established. 
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Summary. Clinical trial of gene therapy for malignant brain tumors has started on 
retroviral or adenoviral vectors to deliver suicide genes such as herpes simplex virus- 
thymidine kinase (HSV-tk) gene, which renders them sensitive to ganciclovir. 
However, there still remain numerous problems to overcome, such as the high 
immunogenicity and toxicity of viral vectors. To improve these problems, we investi- 
gated the transfer efficiency of interferon-beta gene via cationic liposomes, and has 
been found the remarkable antitumor effectiveness to induce regression of experi- 
mental glioma through the reasonable gene expression. Based upon these fundamen- 
tal data, we performed a pilot clinical trial of safety and effectiveness of this 
interferon-beta gene therapy in five patients with malignant glioma. Transgene 
expression and antitumor activity were detected in four patients. Two patients showed 
a partial response (>50% tumor reduction) and two others had stable disease 10 weeks 
after beginning therapy. This study suggests the feasibility and safety of interferon- 
beta gene therapy, which may become an important minimal invasive treatment 
option for patients with malignant glioma. 

Key word. gene therapy, glioma, interferon, liposome, clinical trial 

1 Introduction 

In the recent years, the prognosis of brain tumor patients has dramatically improved 
due to recent advances in neurosurgical operative procedures, which are included 
microneurosurgical techniques, development of intraoperative computer-assisted 
neuronavigation system (like as Neuronavigator), functional mapping, and neuro- 
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monitoring system during operative procedure. Furthermore, development of neuro- 
endoscopic surgery, intravascular surgery and radiosurgery are also assisted the 
improvement of survival and/or functional prognostic rate of brain tumor patients. 
According to a report by the Committee of Brain Tumor Registry of Japan, the ten 
year survival rate of patients with benign brain tumors (meningioma, neurinoma and 
pituitary adenoma) is more than 95%. In contrast, patients with glioma (which con- 
stitute 33% of primary brain tumor cases) still have a poor prognosis, especially in 
the case of malignant, which is included anaplastic astrocytoma and glioblastoma. 
This poor prognosis is related to the fact that malignant glioma cells aggressively infil- 
trate into normal brain tissues, making total removal of the tumor impossible. The 
median survival time of glioblastoma patients is less than two years, despite multi- 
modality treatment with extensive surgical resection and adjuvant therapies using 
radiotherapy, chemotherapy, immunotherapy, hyperthermia and so on. In order to 
overcome this formidable neoplasm, the effectiveness of molecular biology using gene 
therapy has been investigated since 1992 in U.S.A. and 2000 in Japan. In this paper, 
molecular genetic studies and current state of gene therapy for brain tumors is 
described. 

2 Clinical Trial of Gene Therapy 

The clinical trial of human gene therapy was started in the United States in 1990 for 
immunodeficiency disease with a defective adenosine deaminase (ADA) gene using 
with patient's own gene-corrected T lymphocytes. Since this successful treatment, a 
variety of human gene therapy protocols have occurred worldwide. According to the 
worldwide gene therapy, more than 4,500 patients are enrolled in more than 250 dif- 
ferent kinds of gene therapy protocols until now. Target diseases for this therapy has 
been expanding from congenital metabolic disorders to encompass acquired life- 
threatening diseases such as cancer, and at present, cancer is by far the most popular 
protocol. Nowadays, even chronic benign diseases are also expected to be a focus of 
this therapy. 

As for the techniques for this therapy, until now, three different approaches are pro- 
posed. (1) Genes of disease interest are delivered into patients cells in order to produce 
a therapeutic protein; (2) Amplified tumor suppressor gene by insertion of modified 
plasmid or suppressed abnormal genes by antisense RNA or ribozyme and (3) Abnor- 
mal gene is replaced to normal genes by homologous recombination and repaired 
genomic DNA. 

The vectors for gene transfer are classified into viral and non-viral. In the former, 
retrovirus vectors have been studied most extensively and hence are most commonly 
used for clinical application. However, the retrovirus vector has a limitation because 
it requires that target cells be dividing to achieve gene delivery and is rapidly inacti' 
vated in the blood. Thus most clinical applications of the retrovirus vector involve a 
complex ex vivo procedure whereby patients cells are removed and the gene is deliv- 
ered in vitro. Another type of viral vector is derived from the adenovirus and adeno- 
associated virus (AAV). The adenovirus vector is capable of efficiently delivering a 
gene to several dividing and non-dividing cells. However, adenovirus genes express 
proteins that trigger an immune response. This immune response is believed to limit 
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the length of time that gene expression can be maintained in the target cell. 
AAV vectors are derived from AAV, a common non pathogenic human parvovirus. 
They may offer several potential advantages including efficient delivery of genes to 
both dividing and non-dividing target cells, potential site-specific integration of chro- 
mosome 19 and the absence of viral genes that may be responsible for causing an 
undesirable immune response. On the contrary, a limitation in the development of 
clinical application for AAV vectors has been the lack of an efficient production 
method. 

On the other hand, non-viral vectors, especially DNA/liposomes are known to be 
much safer because they are non-infectious and non-immunogenic. Liposomes, arti- 
ficially generated lipid vesicles that can entrap genes within their aqueous compart- 
ment or in the lipid bilayer, have been regarded as a useful gene delivery system. 
Nowadays, cationic liposomes-mediated gene transfer has been widely used in the 
field of gene therapy studies. By now, so many experimental groups have explored 
more efficient and less toxic cationic liposome compositions using different cationic 
lipids. And we have also developed novel cationic liposome with high transfection effi- 
ciency and low cytotoxicity which permit their use for in vivo gene transfer. Our lipo- 
somes are multilamellar vesicles (MLV) prepared by a simple procedure with 
N-(a-trimethyl ammonioacetyl)-didodecyl-O-glutamate chloride (TMAG), dilauroyl 
phosphatidylcholine (DLPC) and dioleoyl phophatidylethanolamine (DOPE) in a 
molar ratio of 1:2:2. In our experiments, the proportion of glioma cells that expressed 
the transfered DNA sequences and the absolute levels of expression obtained were 
markedly higher when the DNA/liposomes were used, compared to the levels, 
achieved with the other kind of DNA/liposomes. 

3 Malignant Brain Tumor as A Target for Gene Therapy 

Astrocytic gliomas are the most frequent human brain tumors. They are classified 
into four grades (astrocytoma as a agrade I-II, anaplastic astrocytoma as a grade III, 
and glioblastoma multiforme as a grade IV) on the basis of histopathological 
parameters. Malignant gliomas, which is included anaplastic astrocytoma and 
glioblastoma, in general, infiltrates aggressively into the surrounding normal brain 
tissue. That is the main reason why total resection of malignant gliomas by surgery 
is impossible, although recent advances in microsurgical technique are remarkable. 
Postoperative adjuvant therapy such as radiation, chemotherapy, immunotherapy, is 
applied to all patients with malignant gliomas. These adjuvant therapies sometime 
will help to prolong survival. However, none of these methods are curative, and the 
median survival time for malignant glioma patients which is less than 2 years at 
present. 

Nevertheless, this malignant glioma has important features make it an excellent 
candidate for gene therapy. The brain is a closed cavity separated from the general 
circulation system by the blood-brain barrier, and it has been noted to be an immuno- 
logically privileged site with no lymphatic system. Furthermore, the glioma arising 
from a glia is a localized tumor in the central nervous system (CNS) with no extra- 
CNS metastasis. 
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4 Fundamental Study of Gene Therapy for 
Malignant Brain Tumors 

Until now, several kinds of gene therapy has been applied for malignant brain tumors. 
Mainly, (a) suicide gene therapy using the herpes simplex thymidine kinase (HSV-tk) 
gene and ganciclovir (GCV) and (b) immune gene therapy using cytokine genes, has 
been performed for malignant brain tumors. 

In the case of suicide gene therapy, a team of the National Institute of health in the 
US (NIH) developed this remarkable new form of treatment. 

With respect to immune gene therapy, we transfected human glioma cells with a 
plasmid vector containing the HuIFN-[3 gene (pSV2IFN-~) by means of our novel 
TMAG cationic liposome, and found that HuIFN-~ produced in the cells had a much 
stronger inhibitory effect on the growth of the tumor cells than exogenously added 
HuIFN-[~. Our results suggest that the mechanism causing the growth-inhibitory effect 
of transfection-induced HulFN-[~ is different from the exogenous one. The former 
process is thought to be cytocidal to the transfected glioma cells, which can be 
ascribed to HuIFN-[3 production in the cells transfected with its gene by the process 
of apoptosis [3]. It has also been demonstrated that the transfected cells have the 
potential to inhibit growth or express cytotoxicity toward adjacent nontransfected 
glioma cells by means of local immune effect. In vivo experiments using transplanted 
human glioma growing in the brain of nude mice clearly showed that HuIFN-[~ was 
expressed in the solid tumor and that growth of the brain tumor was inhibited by 
intratumoral injection of cationic liposomes with entrapped pSV2IFN-~ [2]. 

5 Clinical Application of Gene Therapy with Human 
Interferon 13 Gene Using Cationic Liposome 

After confirmation of the suitability of the candidate of gene therapy by human gene 
therapy advisory board, the patient was operated to remove the recurrent tumor as 
much as possible, and after confirmation of pathological diagnosis of tumor recur- 
rence, followed by stereotactic injection of the gene drug (Fig. 1). Gene therapy was 
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FIc. 2. Illustrative case. 64 y/o female, recurrent anaplastic astrocytoma at right temporal lobe. 
After gene therapy, remarkbale decrease in enhanced lesion was observed 

performed at least four times during 1-2 week interval for one patient. After treat- 
ment, the patient was followed up by MRI almost every month and evaluated the 
effcicacy of the treatment during the careful observation for the safety of this 
therapy. 

So far five patients was treated by this method. After gene therapy, at least two 
patients were shown the reduction of the tumor enhanced size on MRI and evaluated 
as a partial response (Fig. 2). Another two cases also were shown stable on MRI for a 
while and evaluated as a stable disease. All five patients didn't show any trouble more 
than third grade on NCI-CTC induced by gene therapy. [1] 

These results suggest that the feasibility and safety of interferon-~ gene therapy, 
which may become an important treatment option for patients with malignant brain 
tumors. 
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Neuronal Restoration of Memory 
Disturbances and Neuroprotection for 
Fall in Vegetation after Cardiac Arrest 
NARIYUKI HAYASHI 

Summary. There was no answer about how to prevent the fall in vegetation and 
memory disturbances following severe brain damage. Our recent clinical studies 
demonstrated that selective radical damage of dopamine A10 central nervous system 
are major causes of these memory and emotional dysfunction. The failure for control 
of excess release of cerebral dopamine and glutamate, non adequate initial manage- 
ment for the hemoglobin dysfunction by hypothalamus pituitary adrenal axis stress 
reaction, insulin resisted hyperglycemia, brain thermo-pooling phenomenon, and sys- 
temic circulatory-metabolic changes are considered as mechanism of fall in persist- 
ent vegetation. The early control of brain tissue temperature about 32-34°C, control 
of hemoglobin functions, adequate administration of oxygen and glucose in injured 
neurons, control of hypo-albuminemia are very useful for prevent of memory and 
emotional disturbances in brain resuscitation. As an indicator for diagnosis of 
reversibility from persistent vegetative state, response of oral muscle by facial touch- 
ing, elevation of CSF dopamine/prolactin ratio by emotional stimulation, and increas- 
ing CSF neurotransmitters was very useful. In this paper, the evaluation scoring of 
persistent vegetative state is opened. The new concept of brain hypothermia treatment 
was considered to be effective for prevention of memory disturbances, recovery of 
vegetation and CPR non-response cardiac arrested patients. 

Key words, brain hypothermia, dopamine, free radicals, scoring of vegetative state, 
cardiac arrest 

I Introduction 

The understanding of mechanism of memory and emotional disturbances is one of 
the big issues in human life science. In our recent clinical studies, the mechanism of 
fall in vegetation, memory disturbances, and emotional retardation, have been 
demonstrated and much developed in clinical results for cardiac arrested patients 
[1-4]. We need more multiple viewpoint researches. In this paper, the mechanism of 
decline in vegetative state and memory disturbances, diagnosis of the reversibility of 
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the vegetative state, the scoring of persistent vegetation, management of neuronal dys- 
function regarding emotion, memory, cognition, and behavior, and the clinical results 
of cardiac arrested patients are in focused. 

2 The Mechanism of Decline in Vegetative State and 
Memory Disturbances 

In all of previous clinical reports on effectiveness of pharmacological treatment for 
the vegetate state, memory and aphasia were associated with the replacement of 
dopamine [5-7]. All of these report suggested a close inter-relationships between the 
dopamine A10 central nervous system (hippocampus, hypothalamus, frontal cortex, 
accumbency nucleus, caudate nucleus, and amygdale nucleus) and the vegetative state 
[1-4,8]. The mechanism of the dopamine A10 nervous system comprises delicate 
motor and emotional memory function such as emotion, feeling of love, memory, 
thought, understanding, expression of anger, and volition (Fig. 1) [4]. Therefore, 
damage of dopamine A10 system could disturbs the memory and emotion, subse- 
quently lead to a vegetative state or mental retardation [1-4] since the A10 central 
nervous system plays an important role these functions. The mechanism of selective 
damage of dopamine A10 nervous system could be explained as follow. Baker AJ et al 
[9] demonstrated that dopamine release occurs with deduction of DOPAC in ischemic 
brain of the rabbit. The extracellularly released dopamine from the injured dopamine 
nervous system, react with oxygen to produce hydrogen peroxide and quinine [10]. 
The hydrogen peroxide then changes to neurotoxic OH- radicals [10]. The release 
dopamine from injured neurons causes selective radical damage to the dopamine 
nervous system in the brain (Fig. 1) [3,4]. The high incidence of simultaneous local- 
ized low density of the amygdale nucleus (77%) and hippocampus (88%) in persist- 
ent vegetation indirectly supports this mechanism of decline in the vegetative state 
(Fig. 2) [4]. 

3 Diagnosis of the Reversibility of the Vegetative State 

The emotional stimulation by live music therapy could release the dopamine from 
hypothalamus and also suppress the pituitary function. This physiological reaction 
could be monitored by increasing of CSF dopamine and reducing CSF [4]. No obser- 
vation of an increase in the CSF dopamine/prolactin ratio suggests poor functioning 
of the hypothalamus dopamine A10 nervous system. We monitored the changes of 
CSF dopamine/prolactin ratio for one month after live music therapy in 6 cases of 
persistent vegetative state patients. Increasing of CSF dopamine/prolactin ratio >1.0 
was very useful in diagnosing the responsiveness of dopamine A10 nervous system 
[3,4]. The reversibility of vegetate state was diagnosed by simultaneous increasing 
of CSF dopamine/prolactin ratio and the cortical neuronal responsive marker, CSF 
norepinephrin and dopamine, by music stimulation [4]. This clinical evidence suggest 
that the dopamine A10 nervous system is a major part of the no need outer stimula- 
tion consciousness and is a very important management target for prevention of veg- 
etative state in severe brain-injured patients [2-4]. 
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FIG. 1. The selective radical damage of dopamine AIO nervous system and immune suppres- 
sion after severe brain damage. The responsiveness of cerebral dopamine A IO nerve system is 
evaluated with increasing of CSF dopamine/prolactin ratio 

4 The Scoring of Persistent Vegetation 

Persistent vegetation means the damage to self-consciousness that mainly consists of 
three major brain function, the dopamine A10 nervous system that integrated with 
limbic system and brain cortex functions. Our clinical studies suggested that response 
of emotional muscle around mouth and eyes by touching, increasing of CSF 
dopamine/prolactin ratio by treatment, and localized low density of hippocampus and 
amygdale nucleus on computed tomography (CT) (Fig. 2) are good indicators for eval- 
uating the functioning of dopamine A10 nervous system [4]. However, brain cortex 
function is also necessary for maintaining of self-consciousness. I have contrived a 
0-10 grading persistent vegetation evaluation score (PVES) card as shown on Table 
1. Patients who have less than 1-2 points will find it very difficult to make a recovery 
from persistent vegetation; however, those scoring more than 8 points can progress 
much easily to recovery from a vegetate state. The prognosis of those who score 3-7 
points patients is variable, depending on the original disease, extend of brain damage, 
complications of shock, age, gender, with or without brain hypothermia treatment, 
acuteness of brain damage, and starting time of treatment. This PVES-card is new idea 
for evaluating the grading of vegetative state, which hopefully can be used as a suc- 
cessful aid to clinical treatment in the future. 
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FIG. 2. The selective damage of hippocampus and amygdale nucleus in persistent vegetative 
state 

TABLE 1. Persistent vegetative state evaluation score (PVES) 

Point Score 

0 1 2 

Face muscle response O & ] mouth Around mouth Around eyes F 
by touch stimulation 0-2 

CT-picture Hippocampus & Hippocampus or Hippocampus & C 
amygdale both amygdale low amygdale both 0-2 
low no low 

SEP N20 No response Unilateral brain Bilateral brain S 
response responses 0-2 

CSF dopamine/ <0.5 0.5-1.5 >1.5 D 
prolactin ratio 0-2 

CSF epinephrine <5 ng/ml 5-10 ng/ml > 10 ng/ml E 
0-2 

Example recording: F2, C1, S1, D1, E2. 
Total score: 7. 
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5 Management of Neuronal Dysfunction Regarding 
Emotion, Memory and Behavior 

5.1 Early Stage 
The simple management for selective radical attack to the dopamine nervous system 
is prevention of dopamine release and control of NO radicals in acute stage. The early 
induction of brain hypothermia at 32-34°C is useful for prevent of dopamine release 
[2,3]. Pharmacological treatment, with metoclopramide also prevent the dopamine 
release from hypothalamus. Administration of radical scavengers such as serum 
albumin is another approach for prevent of selective damage of dopamine A10 
nervous system at the acute stage [2-4]. As an additional phenomenon, release of 
brain tissue dopamine suppresses the release of prolactin and thyroid hormones [ 11 ]. 
To prevent of secondary immune dysfunction and sick euthroid syndrome as an addi- 
tional complication of dopamine release, replacement of prolactin and thyroid 
hormone is important at acute stage [2-4]. 

5.2 Late Stage 
At the post hypothermia late stage, the severe cases can't make a recovery of con- 
sciousness at all. The replacement of cerebral dopamine, the combination of phar- 
macological treatment such as Leodopa (300-400mg/day), Amantadine (100-200mg 
x 3/day) or Parodel (2.5-20mg/day), and administration of estrogen (Estraderm TTS 
1 seat/day) is effective. The median nerve intermittent electrical stimulation (20 s-on, 
50s-off, 10-20mA, 30 pulses/s, duration time 300mm/s) are also effective [2-4]. 

5.3 Chronic Stage 
Emotion, memory, cognition, and behavior is consisted by many part of brain func- 
tion. Therefore, the management of these complicated neuronal dysfunction is differs 
from the management of focal neuronal signs such as hemiparesis, visual disturbances 
and hearing disturbances. 

(1) Mechanism of memory, cognition, and behavior disturbances: The memory, cog- 
nition, and behavior are highly associated with the Papez circle [12], which con- 
sists of the circuit of the hippocampus, cingulate gyrus, fornix, anterior thalamus, 
and mamillary nucleus. This circuit is also connected to the dopamine A10 
nervous. Much information throughout the visual system, auditory system and 
sensory system is initially brought into the hippocampus [11,13,14]. This infor- 
mation is kept as a short memory and is check against the past memory in the 
cortex, and then the integrated information is translated into the Papez circuit 
and dopamine A10 nervous system [12]. The human memory, cognition, and 
behavior are decided and established throughout this information mechanism. 
Damage to memory, cognition, and behavior is produced by diffuse brain injury, 
severe brain hypoxia, and severe brain ischemia, including the Papez circuit [ 12]. 

(2) Management of emotion, memory, cognition, and behavior: The management of 
complicated neuronal dysfunction, which includes emotion, memory, cognition, 
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and behavior, are summarized as follows [4]. Neuronal environment care man- 
agement: Maintaining the cerebral perfusion pressure, CBF, microcirculation and 
normal ICP are important with control of systemic circulation. Maintain of neu- 
ronal homeostasis: Enough oxygen delivery, prevent of anemia, maintained of 
hemoglobin function and oxygen delivery, prevent of hyperglycemia, and normal 
control of serum phosphate, magnesium and serum glucose [2-4]. Activation 
of injured neuronal function: Combination of dopamine replacement therapy 
and thyroid hormone replacement therapy. This neuron-hormonal replacement 
therapy is very effective in increasing nervous tension for rehabilitation and 
human communications. The combination of dopamine replacement therapy is 
described at before [2-4]. 

6 Clinical Results of Cardiac-arrested Patients 

The clinical results of cardiac arrested patients in our medical center without brain 
hypothermia treatment show good recovery in only 6 of 187 (3.2%), and mortality in 
166 of 187 (88.8%). The remaining 8% comprised 2.7% mild disability, 1.1% severe 
disability, and 4.3% vegetate state. These clinical results were unsuccessful in that they 
had poor outcome. Neuronal restoration therapy using percutaneous cardiopul- 
monary support system (PCPS) under the brain hypothermia treatment opened excel- 
lent clinical results [4]. Figure 3 shows the care plan for cerebral resuscitation after 
cardiac arrest [4]. Little difference in our clinical result was observed between the two 
groups. Group B had a slightly lower incidence of decline in vegetative state [4]. In- 
group A, normal or minimal disability outcomes were recorded in 13 of 29 (44.8%). 

Standard advanced cardiac life support 
I 

Return of spontaneous circulation No return of spontaneous circulation 
(Systolic blood pressure >90mmHg) 

,Emergency cardiopulmonary bypass 
• Intra-abdominal balloon pumping 

............ ~ die 

corona~::syndrome: 

t ~ ~ ER I ~ii ffli~ bli0i W~ii:,e ~ : ; i i ; i  iiOi/Fi~i ~i i0' ani !:i:rdiil !i iiiavi in A i 

(group A) (group B) 
34°C brain hypothermia 34°C brain hypothermia with direct blood cooling 
with blanket technique hemo-diafiltration technique 

Fro. 3. The care plan for cerebral resuscitation after cardiac arrest. ABER' auditory brain stem 
evoked potential 



130 N. Hayashi 

The incidence of severe disability, vegetate state, and death were recorded in 1 of 29 
(3.4%), 9 of 29 (31.1%), and 6 of 29 (20.7%), respectively. In-group B, good recovery 
or minimal disability was recorded in 12 of 23 (52.2%), slightly better than group A. 
Moderate disability, vegetate state, and death were recorded in 1 of 23 (4.3%), 2 of 23 
(8.7%), and 8 of 23 (34.8%), respectively. The total clinical result of brain hypother- 
mia for cardiac arrest with entry criteria was 48.1% good recovery, 1.9% moderate 
disability, 1.9 % severe disability, 21.2% of vegetate state, and 26.9% of death. Brain 
hypothermia treatment for post resuscitation of cardiac arrest was considered to be 
effective [4,14]. 
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Neuroprotection and Repair by Using 
Adult-derived Neural Stem Cell 
Grafting for Neurological Disorders 
ISAO DATE, TETSURO SHINGO, TAKAO YASUHARA, KAZUYA TAKAHASHI, 
and KENICHIRO MURAOKA 

Summary. It has long been held that central nervous system is not able to regenerate 
after injury, but this concept has recently been changing due to the emergence of new 
findings from neuroscience research. Cell grafting, gene transfer and neurotrophic 
factor administration into the brain and spinal cord are examples of methods 
employed to investigate mechanisms of protection and repair. In the development of 
stem cell biology, neural stem cells existing in the adult brain have been shown to have 
the capacity to give rise to the three cell lineages in the central nervous system and 
can be a good donor source for neuronal protection and repair. Adult-derived neural 
stem cells have three merits as donor cells; (1) autologous transplantation can be 
applied, (2) no or less risk of tumor formation and (3) can avoid ethical issues related 
to fetus derived neural stem cells. This review will summarize the history and per- 
spectives of neural transplantation for neurological disorders from the viewpoint of 
adult-derived neural stem cells with particular attention to Parkinson's disease and 
cerebral ischemia. 

Key words, neuroprotection, neural stem cell, adult-derived, neural transplantation, 
autologous grafting 

I Introduction 

At present, restorative medicine and gene therapy are considered central to the prac- 
tice of medicine in the 21st century, and neurological disorders such as Parkinson's 
disease are important therapeutic targets. Actual clinical application of cell trans- 
plantation has been performed in Parkinson's disease, Huntington's disease, amy- 
otrophic lateral sclerosis, intractable cancer pain and cerebral ischemia. In the case of 
Parkinson's disease, the first cell transplant clinical trial was performed to treat this 
disease, the highest number of basic research findings have been published, and 
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numerous new approaches to regenerative therapy have been applied. In cerebral 
ischemia, intracerebral grafting of hNT cells has already been applied in the clinical 
setting. Because the grafting of stem cells from various sources had already been 
clinically applied to myocardial infarction or arteriosclerosis obliterans of the lower 
limbs, many studies aimed at clinical applications to cerebral ischemia using stem cells 
are underway. In this review, the current status and future perspectives of neural 
transplantation with a focus on adult derived neural stem cell grafting will be 
summarized. 

2 Transplantation of Dopaminergic Neurons Derived 
from Adult Neural Stem Cells in Parkinson's Disease 

Neural stem cells have certain established features of self-renewal, proliferation and 
multipotency, and these features have come to be well-known in fetal and neonatal 
brains. It has been possible to culture neural stem cells selectively by the "neurosphere 
method" developed by Reynolds and Weiss [1] using growth factors such as EGF and 
FGF-2; several studies using this methodology have shown the presence of neural stem 
cells not only in the fetal brain but also in the adult brain. It has also been demon- 
strated that neural stem cells can develop into neurons, astrocytes and oligodendro- 
cytes by the simple removal of these trophic factors from the culture media. Because 
it has been become possible to increase the number of neural stem cells in an almost 
unlimited fashion by this culture method, these cells have drawn attention as a new 
source of donor cells for neural transplantation. 

Neural stem cells in the adult brain have been discovered in the subventricular zone 
(SVZ) of the lateral, third and fourth ventricles and in the subgranular cell layer in 
the dentate gyrus of the hippocampus [2,3]. Neural stem cells in the SVZ of the lateral 
ventricle migrate into the olfactory bulb via a rostral migratory stream (RMS) and 
give rise to new neurons in the granular cell and periglomerular cell layers. Although 
most of the new neurons develop into GABA neurons, some develop into dopamin- 
ergic neurons. This suggests that the neural stem cells derived from the SVZ can be 
used as transplant donor cells for Parkinson's disease. 

When dopaminergic neurons derived from neural stem cells are to be used as the 
cell therapy donor cells for Parkinson's disease instead of fetal nigral dopaminergic 
neurons, the following conditions below must be met: (1) stable production of 
dopamine, (2) parkisonian symptoms of the animal models have been documented 
as alleviated when transplanted into the animal brain, (3) at least 100,000 grafted 
dopaminergic neurons in the human striatum survive in the long-term and (4) neural 
circuit reconstruction is induced by the grafted neurons and the grafted neurons inte- 
grate into the host striatum [4]. Studies are underway to ascertain whether neural 
stem cells meet these criteria. It has been reported that functional recovery and 
differentiation into dopaminergic neurons have been confirmed when human fetus 
derived neural stem cells were grafted into parkinsonian model animals [5]. However, 
the number of surviving dopaminergic neurons in the host striatum to date has been 
insufficient. One of the problems is that midbrain derived neural stem cells in primary 
culture can differentiate into dopaminergic neurons, but when cell passage is per- 
formed, very few cells differentiate into dopaminergic neurons but rather most dif- 
ferentiate into GABA neurons. It may be excessively difficult to maintain the character 
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of neural stem cells with the potential to differentiate into dopaminergic neurons 
under the culture conditions reported thus far. Hence, several methods have been 
investigated for obtaining a greater number of dopaminergic neurons from the fetal 
midbrain-derived neural stem cells and neural progenitor cells: (1) differentiation 
inducing factors such as lowered oxygen [6], ascorbic acid and cAMP [7], IL-lb, 
IL-11, LIF, and GDNF [8], (2) clonal neural progenitor cells with the capacity to 
differentiate into dopaminergic neurons [9] and (3) the overexpression of Nurr 1, a 
gene which induces differentiation into dopaminergic neurons [10,11]. A method of 
forming a cluster of graft cells by means of a three dimentional culture procedure has 
been reported to enhance the survival of transplanted cells [12]. 

The authors have paid attention to the fact that neural stem cells in the SVZ migrate 
into the olfactory bulb, and a portion of these cells differentiate into dopaminergic 
neurons in adult mice. Neural stem cells removed from the SVZ were passaged several 
times with EGF, and these cells were differentiated with a TH inducing cocktail under 
EGF and serum free conditions. Approximately 40% of the cells differentiated into 
dopaminergic neurons [13]. When these dopaminergic neurons derived from adult 
SVZ were grafted into the striatum of parkinsonian model animals, the grafted 
dopaminergic neurons survived in the host brain and functional recovery of the host 
animal was observed. Using similar methods, differentitation into dopaminergic 
neurons from neural stem cells in the SVZ of adult monkeys has also proved to be 
successful. These results suggest the possibility of autologous transplantation of 
neural stem cell derived dopaminergic neurons in parkinsonian patients. 

3 Application of Adult-derived Neural Stem Cells for the 
Treatment of Cerebral Ischemia 

Adult-derived neural stem cells secrete many types of neurotrophic factors and 
cytokines (Table 1). The authors have paid special attention to erythropoietin (EPO), 
which is an important factor for differentiation from blood stem cells to red blood 
cells. When the brain receives certain stimulation, astrocytes and radial glia initiated 

TABLE 1. Neurotrophic factors and cytokines 
secreted from neural stem cells 
BDNF Galectin Sonic hedgehog 

BMPs GDNF 
CNTF IGFs 
EGF NT-3,4/5 
EPO NGF 
FGFs PDGF 

TGFs 
VEGF 
WNTs 

BDNF, brain-derived neurotrophic factor; BMPs, 
bone morphogenetic proteins; CNTF, ciliary neu- 
rotrophic factor; EGF, epidermal growth factor; 
EPO, erythropoietin; FGFs, fibroblast growth 
factors; IGFs, insulin-like growth factors; NT, neu- 
rotrophin; NGF, nerve growth factor; PDGF, platelet- 
derived growth factor; TGFs, transforming growth 
factors; VEGF, vascular endothelial growth factor. 
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FIG. 1. Adult-derived neural stem cell grafting for cerebral ischemia. Neural stem cells obtained 
from the SVZ of adult rat were cultured and transplanted into the cerebral cortex of the host 
rat whose ipsilateral middle cerebral artery was transiently occluded 

to secreted EPO and recently neuroprotective effect of EPO for cerebral ischemia has 
been reported [14]. The authors also have shown that EPO plays an important role 
when neural stem cells differentiate into neurons [ 15]. EPO production from the adult- 
derived neural stem cells is similar to that from embryo-derived neural stem cells after 
first passage. 

The authors transplanted adult-derived neural stem cells into the transient cerebral 
ischemia model of rat and evaluated whether adult-derived neural stem cells have 
effect of neural protection (Fig. 1). Neural stem cells obtained from the SVZ of adult 
rat were cultured with EGF for one month with passages and transplanted into the rat 
cerebral cortex. Ipsilateral middle cerebral artery was transiently occluded and the 
size of infarction was measured for one months using MRI. The animals receiving 
adult-derived neural stem cells showed significant reduction of infarction size com- 
pared with the one receiving vehicle (Fig. 2). Although most of the grafted cells dif- 
ferentiated into glia, some of the cells differentiated into neurons. Some of the cells 
migrated through corpus callosum and moved to ventral cerebrum. These data indi- 
cate the neuroprotective effect of adult-derived neural stem cells for cerebral ischemia 
and suggest a new therapeutic approach for cerebral ischemia. 

4 Autotransplantation of Neural Stem Cells 
into the Brain 

Techniques have been established to culture neural stem cells from adult rodents such 
that it is now possible to induce them to proliferate in an almost unlimited manner if 
at least one neural stem cell can be dissociated as the starting cell. This suggests that 
autotransplantation of neural stem cell might be viable if the tissue in the subven- 
tricular zone could be removed stereotactically. The authors successfully extracted 
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Fro.2. T2 weighted image of the ischemic rat receiving cell grafting (day 28). The host rat receiv- 
ing adult-derived neural stem cells (left) had smaller volume of infarction (high intensity area) 
than control rat (right) 

neural stem cells from the subventricular zone of adult rats in a stereotactic fashion, 
and cultured them while also preserving the surrounding tissue. Although approxi- 
mately 10,000 ceils could be obtained by this method, only about 50 neurospheres were 
formed among these. However, it proved possible to expand the number to 1,000,000 
by passaging the cells three times under proliferative conditions. Also, it was impor- 
tant that the ratio of differentiation into neurons from neural stem cells of adult origin 
was not statistically different from those of fetal origin. This suggests that the neces- 
sary number of cells for neural transplantation could be obtained from extracted 
autologous neural stem cells for a period of one month, and the same result can be 
expected as that obtained with donor cells from fetus derived neural stem cells. 

Using the above mentioned TH-inducing cocktail, the authors investigated whether 
stereotactically removed autologous neural stem cells could be differentiated into 
dopaminergic neurons. We confirmed that proliferated neural stem cells could be 
differentiated into neurons in the presence of EGF, and approximately 40% of these 
neurons were TH positive. HPLC analyses confirmed dopamine secretion from these 
neurons. This result suggest that autologous neural stem cells are candidate donor 
cells for cell therapy in Parkinson's disease. 

We then investigated whether adult derived autologous neural stem cells are able 
to survive in the host brain when transplanted, and whether these stem cells differ- 
entiate into neurons. We transplanted adult derived autologous neural stem cells into 
the dentate gyrus of adult rat hippocampus, where active neurogenesis has been 
observed. The number of surviving cells in the area of the hippocampal granular or 
subgranular cell layer was significantly higher when autologous neural stem cells were 
used as donors as compared with allogeneic or fetus derived neural stem cells. 
Histological analyses revealed a lesser degree of observable reactive astrocytes and 
proliferatine microglia around the grafted area when autologous neural stem cells 
were used as the donors. The number of neurons differentiated from the grafted 
neural stem cells detected in the area of transplantation was significantly higher when 
autologous neural stem cells were used, although most of the surviving cells were 
undifferentiated cells. These preliminary data suggest the potential usefulness of 
autologous neural stem cells as donor cells. Studies are ongoing regarding the admin- 
istration of neurotrophic factors and cytokines as well as the induction of certain 
genes in order to enhance the diffentiation of grafted neural stem cells into neurons. 
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We also intend to perform transplantation of dopaminergic neurons derived from 
autologous neural stem cells using the TH cocktail into animal models of Parkinson's 
disease. 

Regarding the future clinical application of autologous neural stem cell transplan- 
tation, a system of stable dissociation and the culturing of adult derived neural stem 
cells will need to be established. Since Palmer et al reported the cell culture of pro- 
genitor cells from the human brain after death [16], several methods have been inves- 
tigated to enable culture of neural stem cells of adult origin, but a stable methodology 
has not yet been fully established. A number of issues need to be resolved, for example, 
(1) less invasive removal of neural stem cells from adult brain, (2) sufficient expan- 
sion of neural stem cells as to allow effective neural transplantation and (3) analysis 
of the characteristics of the adult derived neural stem cells, etc. Although these issues 
remain important and will have to be resolved, it nonetheless appears certain that 
autologous neural stem cell grafting will continue to be a useful method of cell 
therapy, not least because it allows the avoidance of certain immumological and 
ethical problems which are the bane of other approaches. 
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Diaphragm Pacing with 
a Spinal Cord Stimulator 
TAKAOMI TAIRA and  TOMOKATSU HORI 

Summary 
Background: Diaphragm pacing with electrical stimulation of the phrenic nerve is 
an established treatment for central hypoventilation syndrome. The device, however, 
is not readily available. We used the spinal cord stimulator for pain control for phrenic 
nerve stimulation. 
Methods: We implanted a stimulator for spinal cord stimulation (Itrel 3 or X-trel, 
Medtronic, MN) in 6 patients with chronic hypoventilation because of brainstem or 
high cervical cord dysfunction of various origins. The stimulation electrode was 
placed along the right phrenic nerve in the neck, and the device was implanted in the 
anterior chest. We used the cyclic mode, and set the parameters at 1 s ramp up, 2 s on, 
3 s off. The pulse width and the frequency were set at 150Fts and 21 Hz, respectively. 
The amplitude of the output was adjusted to obtain sufficient tidal volume and to 
maintain PaCO2 at around 40mmHg. 
Results: During the follow-up period up to three years, stable and sufficient ventila- 
tion were observed in all patients without complications. One patient with sleep apnea 
syndrome used the device only at night and became free from a respirator. Three 
patients who had been completely respirator-dependent became ambulatory during 
the daytime. 
Conclusion: Though longer follow-up is necessary, diaphragm pacing with the spinal 
cord stimulator is feasible for a treatment of central hypoventilation syndrome. 

Key words, central hypoventilation, diaphragm pacing, spinal cord stimulator 

Chronic hypoventilation because of dysfunction of the brainstem or the high cervi- 
cal spinal cord poses a serious medicosocial problem. Patients with such hypoventi- 
lation are usually managed with the use of artificial ventilators. However, chronic use 
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TABLE 1. List of the patients 
Patient Age Cause of hypoventilation Condition Hypoventilation 
no. (year) duration (month) 

1 58 SAH due to vertebral artery Sleep apnea, respirator 6 
aneurysm, intraoperative only at night 
rupture 

2 58 Operative complication of Totally dependent on 4 
jugular foramen neurinoma respirator 

3 63 Spontaneous brainstem Totally dependent on 8 
hemorrhage, no operation respirator 

4 55 Spontaneous brainstem Totally dependent on 3 
hemorrhage, no operation respirator 

5 34 AAD surgery complication Totally dependent 9 
bil implant 

6 42 Gun shot/C1-2 cord injury Totally dependent 14 

of positive pressure ventilation is not physiological, easily causes infections, and 
restricts the patient's activities. It has been known for a long time that diaphragm 
pacing with an implanted electric device to stimulate the phrenic nerve is a reason- 
able solution for such patients [1-5]. Almost all the patients with diaphragm pacing 
so far have been using a device specifically made for this purpose by Avery Labora- 
tories Inc. (Commack, NY). Because this device is not readily available in our country, 
we applied a stimulator for spinal cord stimulation or deep brain stimulation for pain 
control to electrical stimulation of the phrenic nerves to pace the diaphragm. The aim 
of this study is to prove the feasibility of diaphragm pacing with electrical stimula- 
tors originally made for pain relief. Patients and Methods From March 2000 to Sep- 
tember 2004, we performed diaphragm pacing using a stimulator for spinal cord 
stimulation in 6 patients with chronic hypoventilation because of brainstem dys- 
function who were on a ventilator. After detailed discussion with the patient's family 
and the patient, if possible, we obtained written informed consent. There were one 
man and three women ranging in age from 34 to 63 years (mean age, 51.6 years). These 
patients were reviewed, retrospectively. Table 1 summarizes the profile of these 
patients with regard to age, gender, and the cause, and duration of hypoventilation. 

I Determination of Stimulation Parameters 

Before applying the stimulator in the clinical setting, the waveform of the output from 
the stimulation device was checked. According to the reports on optimal stimulation 
parameters for diaphragm pacing [4,5], we tested the various types of stimulators for 
spinal cord stimulation or deep brain stimulation. We tried the Itrel 2 (Medtronic, 
model 7426), originally manufactured for deep brain stimulation for movement dis- 
orders, the Itrel 3 (Medtronic, model 7425) for pain control, the radiofrequency-driven 
X-trel system (Medtronic, model 3470) for pain control, and the Matrix dual output 
system (Medtronic, model 3272). Among them, the Itrel 3 and the X-trel system 
had a function of cyclic output suitable for artificial respiration. A dummy resistor of 
1,000ohm was connected to the output and the waveforms were checked with an 
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FIG. 1. Output of spinal cord stimulator adjusted for phrenic pacing 

FIG. 2. Skin incision 

oscilloscope (Fig. 1). In this study, we decided to set the parameters at the cyclic mode, 
2 s on with 1 s ramp up, and 3 s off, resulting in the respiratory rate being 12 per minute. 
According to the stimulation parameters of the device specifically manufactured for 
phrenic pacing (Avery Laboratories Inc.) [4,5], we set the pulse width and the fre- 
quency at 150 ILts and 21 Hz, respectively. 

2 Operative Technique 

All patients were operated on under general anesthesia in the supine position with the 
head rotated to the left side. Muscle relaxant was not used to monitor intraoperative 
contraction of the diaphragm. We implanted the stimulation electrode to the right 
phrenic nerve, because the right lung has larger volume. A linear horizontal skin inci- 
sion 4 cm in length was made at 4 cm rostral to the right clavicle, crossing the posterior 
border of the sternocleidomastoid muscle (Fig. 2). The subcutaneous tissue was dis- 
sected and the sternocleidomastoid muscle was retracted medially. After exposure of 
the anterior scalene muscle, the phrenic nerve was identified over the scalene muscle 
with monopolar electrical stimulation (5 or 50 Hz, 1 ms pulse width, 0.5-2 volts). Under 
an operative microscope, the nerve sheath was carefully exposed for about 1 cm in 
length, but we did not dissect between the nerve and the scalene muscle. A quadripo- 
lar lead-type electrode for deep brain stimulation (Medtronic, model 3387-28) was 
placed along the nerve and fixed with two sutures to the surrounding connective 
tissues (Fig. 3). With another skin incision in the anterior upper chest, the stimulation 
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FIG. 3. Stimulation electrode placed adjacent 
to the phrenic nerve 

device was placed subcutaneously, and the lead was tunneled and connected to the lead 
electrode. At first, we set the output of the stimulator as in the studies in vitro. The 
amplitude of the output was adjusted so that the tidal volume was approximately 
500 ml. The most proximal contact of the quadripolar electrode to the stimulator was 
used as negative and the most distal contact as positive. Two contacts between them 
were set as "off" After the operation, the carbon dioxide pressure of the exhalation and 
the arterial oxygen saturation in the fingertip were monitored until the values became 
stable. The carbon dioxide pressure in the end tidal air was adjusted to about 40 mmHg 
by changing the output voltage of the stimulator. We did not change the respiratory rate 
except in Case 1. To avoid fatigue of the phrenic nerve and diaphragm [ 1,4,5], we used 
the stimulator only in the daytime in patients who required artificial ventilation for 
24h. For a patient with sleep apnea but sufficient ventilation in the awake state, we 
trained her to switch on the device before going to bed. 

3 Discussion 

Artificial ventilation with phrenic nerve stimulation has a long history [2,4,5]. Because 
the device became commercially available (Avery Laboratories Inc.), it has been 
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implanted in many patients [1-3]. The efficacy and problems of this treatment with 
the device system have been documented in detail [1-5]. The reason we started using 
the spinal cord stimulator for diaphragm pacing is that the device specifically made 
for phrenic nerve stimulation is not readily available in our country. The Ministry of 
Health and Welfare in Japan has not approved the device by Avery Laboratories as a 
medical device. If we were to import the device personally, the cost would be high and 
most patients could not afford it. Of course, the cost of the device is not reimbursed 
by medical insurance in Japan. We think this situation is true in many other coun- 
tries. We have to solve such domestic problems, but in the meantime our patients 
cannot wait for approval. In contrast to the lack of availability of the device for 
diaphragm pacing, the spinal cord stimulator is commonly used and covered by insur- 
ance in Japan, when it is used for pain control. Thus the hurdles are not high in the 
use of spinal cord stimulators. The longevity of the battery in the Itrel 3 stimulator is 
about 5 years when used for pain control with continuous output. Compared with the 
ordinary stimulation parameters for pain control (e.g., 50 Hz, 200~tsec pulse width, 3 
volts, and 8 h continuous use per day), the output parameters for diaphragm pacing 
in the present cases resulted in only about 12.5% in terms of consumption of elec- 
tricity. Simple calculation with such information indicates that the battery longevity 
of the Itrel 3 when used for phrenic nerve stimulation is theoretically 8 times longer 
than in spinal cord stimulation for pain control. We used an electrode for deep brain 
stimulation and placed it along the phrenic nerve. Ideally, the stimulation electrode 
should be atraumatic to the nerve and securely fixed, like the spiral shaped electrode 
for vagal nerve stimulation for intractable epilepsy. Because the electrical current may 
spread to the surrounding tissues with such an electrode, we had worried that local 
muscle contraction or electrical evoked sensation might cause a problem for the 
patients. However, we did not experience such a problem. The use of a spinal stimu- 
lator for diaphragm pacing has no warranty from the manufacturer. An emergency 
backup system is not established. Therefore, we performed the procedure solely on 
our own responsibility. Although long-term follow-up is necessary, we conclude that 
the spinal cord stimulator system can be used for phrenic nerve stimulation for 
diaphragm pacing as a compromise. 
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I ntraoperative Monitoring of the 
Corticospinal MEP (D-wave)in Brain 
Tumor Surgery 
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Summary. We employed the corticospinal motor evoked potential (D-wave) as a mon- 
itoring index of motor function to perform maximal resection of brain tumors located 
around the motor cortex. Thirty-seven patients were included in the present study. 
For monitoring of the D-wave, operations were performed under general anesthesia 
with muscle relaxant and completely controlled ventilation. No special arrangements 
for anesthesia were required. Monitoring of the D-wave enabled the function of the 
corticospinal tract to be evaluated selectively. Postoperative persistent motor distur- 
bance remained in 6 patients who exhibited an over 30% decrease in amplitude of the 
D-wave during tumor resection. A less than 30% decrease could guarantee a post- 
operatively preserved motor function which included a period of transient motor 
disturbance with subsequent complete recovery. Intraoperative monitoring of the D- 
wave is suitable for open cranial surgery with general anesthesia. It is useful for detec- 
tion of the primary motor cortex and for achieving maximal resection of brain tumors 
located around the motor cortex. 

Key words, motor cortex, motor evoked potential, corticospinal tract 

The recently reported procedure of awake surgery [1,2], which employs local anes- 
thesia and intravenous injection of propofol and lenitive drugs, can guarantee a pre- 
served motor function in cases of tumor resection around the motor cortex and 
subcortical motor tract. It is well known that the disturbed motor function which is 
caused by injury of the supplementary motor cortex [3] or premotor cortex [4] can 
undergo complete recovery within several weeks. Awake surgery is a very useful 
method and can secure a preserved motor function if the motor function is intact 
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during the operation; however, it is unable to achieve maximal tumor resection which 
involves transient motor disturbance and subsequent functional recovery. 

We have reported in humans that the corticospinal motor evoked potential (corti- 
cospinal MEP) in response to direct stimulation of the motor cortex can be recorded 
from the epidural space of the spinal cord [5-7].The corticospinal MEP response con- 
sists of an initial D-wave and a later sequence of volleys termed I-waves [8,9]. The D- 
wave reflects impulses arising from direct activation of the axons of corticospinal tract 
(CTS) neurons, whereas the I-waves reflect impulses arising from indirect activation 
of the CTS neurons via synaptic activity, and the corticospinal MEP is recorded only 
when the primary motor cortex is stimulated [8,9]. 

Monitoring of muscle responses to direct motor cortex stimulation is also a useful 
procedure. However, care needs to be exercised concerning the anesthesia, use of 
muscle relaxant, ~z-motoneurons, and intraoperative convulsions. Unlike muscle 
responses to motor cortex stimulation [10,11], the D-wave of the corticospinal MEP 
is resistant to surgical doses of anesthetics and is unaffected by muscle relaxants [5], 
apart from changes to the excitability of spinal motoneurons [12]. It is easily recorded 
in every case of preserved motor function, and is activated by low frequency single 
stimulation with no fear of causing general convulsions or after-discharges during the 
monitoring of motor function [5-7]. 

We employed the corticospinal MEP for detection of the primary motor cortex and 
for securing maximal resection of brain tumors located around the motor cortex, and 
compared the changes in corticospinal MEP (D-wave) with the postoperative motor 
disturbance including the subsequent functional recovery. 

1 Methods 

For the present study, we enlisted 37 consecutive patients who had brain tumors 
around the motor cortex and showed no obvious motor disturbance before the oper- 
ation. Patients exhibiting motGr weakness before surgery were not included in this 
study. The subjects comprised patients with glioma located at the premotor cortex (15 
cases), supplementary motor cortex (4 cases), primary motor cortex (12 cases), and 
primary sensory cortex (6 cases). In the present study, reference to the premotor 
cortex means that the tumor was located in the frontal lobe and anterior to the pre- 
central sulcus except the most medial aspect, and also that the precental sulcus 
was found to be intact on magnetic resonance imaging (MRI). The supplementary 
motor cortex means the same as the premotor cortex except that the tumor was 
located at the most medial aspect of the frontal lobe anterior to the leg region of the 
primary motor cortex. The primary motor cortex means that the tumor invaded even 
partly into the precentral gyrus of the hand, trunk, thigh, or foot area from the ante- 
rior or posterior direction. The primary sensory cortex means that the tumor was 
located in the parietal lobe invading into the postcentral gyrus, and that the central 
sulcus was intact on MRI. All patients gave informed consent for intraoperative mon- 
itoring of the corticospinal MEP to be performed. The present study was approved by 
the Committee for Clinical Trials and Research in Humans of our university and by 
the Japanese Ministry of Health and Welfare as part of an advanced medical care 
program. 
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A flexible 4-channel, platinum wire electrode (Quad, Medtronic Co. 3487A) was 
inserted into the epidural space of the cervical vertebrae, usually at the C3-C4 level, 
on the day before surgery. Each subject was placed in the abdominal prone position, 
and an 18-gauge Touhy needle included in the electrode package was inserted into the 
midline epidural space at the cervical and thoracic junction under X-ray control. The 
spinal epidural space was confirmed from the change of resistance observed in prac- 
tice with saline injection through the Touhy needle. The electrode was inserted into 
the epidural space with a stylet through the Touhy needle and advanced to the appro- 
priate position under X-ray control. The stylet and Touhy needle were then removed, 
and the electrode was fixed with adhesive tape and a drape on the skin. The inserted 
wire electrode with four contact points, numbered 1 to 4 sequentially from the most 
rostral contact 1 to the most caudal contact 4, was used for bipolar recording between 
contacts 1 and 2, and between contacts 3 and 4 simultaneously, in response to stimu- 
lation of the motor cortex exposed during the surgery. Each contact of the recording 
electrode was 3 mm long, and the contacts were 6 mm apart from each other. The dif- 
ference in peak latency of the D-wave, recorded between contacts 1 and 2 and between 
contacts 3 and 4, was employed constantly to calculate the conduction velocity of the 
D-wave. The scalp of the forehead was grounded. 

During brain tumor resection, the motor cortex and other cortical areas were 
directly stimulated with a multicontact plate electrode (Unique-Medical Co., Japan). 
This device has four contact points and each plate electrode is 5 mm in diameter and 
spaced 5 mm apart. Each of the plate electrodes was embedded in thin and soft sili- 
cone material aiming to maintain good contact with the cerebral cortex. The response 
was evoked by bipolar stimulation with various pairs of electrodes. The interpolar dis- 
tance for bipolar stimulation thus varied from 10 to 30 mm. The stimuli were applied 
as monophasic square wave pulses of 0.2-0.5 ms duration delivered at 2 Hz. Signals 
from the electrodes were fed into an amplifier with a bandpass range of 5 Hz to 5 kHz 
and averaged for 16-32 sweeps using SYNAX 2100 (NEC, Japan) or 7S12 (San-ei Inc., 
Japan). For the monitoring of the corticospinal MEP, all operations were carried out 
under general anesthesia with muscle relaxant and completely controlled ventilation. 
No special arrangements for anesthesia were required (Fig. 1). 

2 Results 

2.1 Identification of Primary Motor Cortex 
Cranial openings were cut that were sufficient to expose the motor cortex and sur- 
rounding cortices from bone landmarks by means of a method usually employed for 
intracranial surgery. After opening the dura, the multicontact plate electrode was first 
placed on the cortical surface in a direction so that the longitudinal axis was parallel 
to the sagittal sinus and at 60 mm lateral from the midline. The four electrodes were 
numbered 1, 2, 3 and 4, respectively, beginning arbitrarily from one end to the other. 
In a typical case, the brain tumor was present in the frontal lobe with an intact pre- 
central sulcus and precentral gyrus. The posterior border of the tumor was identified 
by intraoperative ultrasonography, and one pole of stimulation electrode No. 4 was 
placed on the middle frontal gyrus, just posterior to the tumor border. Electrode No. 



146 T. Yamamoto et al. 

5 0  mA c h l  - - - -  4 . ~  
oh 1 40  mA 
ch 1 30  m A  

,, . + ,. - 2 0 m A 
ch 1 

10 mA 
ch I 

msec 

FIG. 1. Upper left: Radiograph showing a 4-channel wire electrode placed within the epidural 
space of the C3-C4 cervical spinal cord. Upper right: Multicontact plate electrode for direct cor- 
tical stimulation. The device has four contact points, and each plate electrode is 5 mm in diam- 
eter and spaced 5 mm apart. Lower: Cortico-spinal MEP recordings. The stimulation intensity 
was increased from 10mA to 50mA. (Time scale, 2ms; amplitude, 5~V) 

3 was located on the anterior half of the precentral gyrus, electrode No. 2 on the pos- 
terior half of the precentral gyrus, and electrode No. 1 on the postcentral gyrus close 
to the central sulcus. The extents of cerebral cortex which could evoke the D-wave 
were examined by bipolar stimulation with various pairs of electrodes comparing the 
threshold of the D-wave. In this case, comparison of the threshold with various pairs 
of electrodes located side by side (10 mm distance) revealed that the threshold of the 
D-wave was lowest with bipolar stimulation between electrodes No. 1 and 2, and 
between electrodes No. 2 and 3, and when electrode No. 2 was used as the anode. In 
a similar manner, the threshold increased when electrode No. 3 or No. 1 was stimu- 
lated with the anode and electrode No. 2 with the cathode. The D-wave was not 
recorded with bipolar stimulation between electrodes No. 3 and 4 when electrode No. 
4 was stimulated with the anode [7]. The cortical area which could evoke the D-wave 
was clearly separated from the surrounding cortices. If one electrode was placed on 
the posterior half of the precentral gyrus, the D-wave could be recorded even with 
10mm-distant bipolar cortical stimulation. In addition, when only one pole of the 
stimulation electrode was placed on the posterior half of the precentral gyrus, the 
amplitude was larger with anode rather than cathode stimulation [7]. 
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2.2 D-wave Monitoring and Postoperative Motor Function 

During intraoperative monitoring of the corticospinal MEP (D-wave) for tumor resec- 
tion around the motor cortex, the longitudinal direction of the multicontact plate elec- 
trode was positioned parallel to the motor strip and just on the primary motor cortex. 
The location of the multicontact plate electrode was not altered once monitoring had 
been initiated. Since the multicontact plate electrode maintained good contact with 
the cortical surface, and was covered with a damp cotton sheet, no trouble was caused 
by movement of the stimulating electrode even during the tumor resection. The selec- 
tion of an interpolar distance of 30mm (between electrodes No. 1 and 4) was made 
because an interpolar distance of more than 10 mm clearly produced a D-wave with 
a high amplitude. During the operation, the D-wave was recorded constantly with 
good reproducibility. The average and standard deviation of the conduction velocity 
in the 37 cases, as calculated from the difference in peak latency of the D-wave over 
two recording sites (18 mm), was 62.1 + 3.5 m/s. Neither convulsive seizures nor epilep- 
tic discharges on the patients' electroencephalograms were induced during the mon- 
itoring of the corticospinal MEP. 

The pre- and postoperative motor function was evaluated by the muscle maneuver 
test (MMT), and the results of fine movements were excluded. In the 15 cases of glioma 
located at the premotor cortex, the amplitude of the D-wave decreased between 0 to 
23% during the tumor resection. Eight of the 15 cases (53%) displayed transient motor 
disturbance, which underwent complete recovery within 2 weeks, while the other 7 
cases showed no motor disturbance during the postoperative period. In the 4 cases of 
glioma located at the supplementary motor cortex, the amplitude of the D-wave 
decreased 5, 12, and 20% in 3 cases and exhibited no decrease in the other 1 case. All 
4 cases demonstrated transient hemiparesis and aphasia, which also underwent com- 
plete recovery within 2 weeks. In the 12 cases of glioma invading into the precentral 
gyrus, the amplitude of the D-wave decreased 10 to 73%, and all 12 cases displayed 
hemiparesis or hemiplegia immediately after the operation. In 6 cases, which showed 
10,13,17, 20, 25, and 38% decreases in amplitude of the D-wave, motor function recov- 
ered completely within 2 weeks. However, the other 6 cases with 31, 45, 55, 60, 65, 
and 73% decreases in amplitude of the D-wave demonstrated long-lasting motor 
disturbance without subsequent recovery. Despite the fact that all these 6 cases 
retained motor disturbance, they were able to walk by themselves because the retained 
motor disturbance was more apparent in the upper extremities as compared to the 
lower extremities: the MMT was 3 in the upper extremity and 4 in the lower extrem- 
ity even in the case which showed the maximal reduction (73%) in amplitude of 
the D-wave. All 6 cases without permanent motor disturbance were ones where the 
tumor was invading into the primary motor cortex from the anterior border and not 
from the posterior border. In the 6 cases of glioma located at the primary sensory 
cortex, the D-wave did not change in 4 cases, while 2 cases showed decrease of 8 and 
12%. None of these 6 cases revealed motor disturbance during the postoperative 
period. 

Postoperative persistent motor disturbance appeared in 6 cases which exhibited an 
over 30% decrease in amplitude of the D-wave. Thirty other cases with a less than 30% 
decrease in amplitude of the D-wave and 1 case with a 38% decrease revealed no motor 
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FIG. 2. Comparison between changes of D-wave amplitude and postoperative motor function. 
The amplitude of the D-wave recorded after tumor resection was divided by the amplitude 
recorded before tumor resection. 100% means no change in amplitude of the D-wave. Motor 
function was estimated by the MMT, and fine movements of the hand were excluded. O: No 
motor disturbance appearing after tumor resection. A: Transient motor disturbance with com- 
plete recovery within 2 weeks. O: Permanent motor disturbance without recovery 

disturbance or transient motor disturbance followed by complete recovery. These 
findings suggest that from a 30 to 40% decrease in the D-wave amplitude is critical 
for causing persistent motor  disturbance, and that a less than 30% decrease can 
guarantee a postoperatively preserved motor  function including transient motor  
disturbance with subsequent complete recovery except for fine movement  disorders 

(Fig. 2). 

3 D i s c u s s i o n  

In order to prevent or reduce postoperative motor  deficits in cases of brain tumors 
located around the motor  cortex, several methods for the intraoperative monitoring 
of motor  function have been introduced into routine practice [ 1,5,6,10,11 ]. The motor 
cortex can be stimulated directly during tumor  resection in open cranial surgery 
[5-7]. In addition to awake surgery, the corticospinal MEPand muscle response to 
direct motor  cortex stimulationcan be used for the monitor ing of motor  function. 
Each technique has certain advantages and disadvantages, and it is clear that no one 
technique in particular is superior for all cases of intraoperative monitoring. Moni- 
toring of the muscle response to direct motor  cortex stimulation is a clinically useful 
procedure, and Kombos et al [10] reported that a reduction in amplitude larger than 
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80% and a prolongation of latency more than 15% can be interpreted as intraopera- 
tive warning signs of risk of mechanical damage to the motor system. In comparison 
with the muscle response to direct motor cortex stimulation, the D-wave of the cor- 
ticospinal MEP has advantages in the following respects [5-7]: (1) the D-wave is resist- 
ant to surgical doses of anesthetics and is unaffected by muscle relaxants, (2) the 
D-wave is not affected by changes in the excitability of spinal motoneurons, (3) the 
D-wave which can be recorded in this way is stable and accurate in all cases requir- 
ing intraoperative monitoring, and is suitable for deciding the critical level for func- 
tional recovery and (4) low frequency single stimulation is sufficient to evoke the 
D-wave, with no fear of causing general convulsions or after-discharges during the 
monitoring. Although intraoperative awake surgery can provide a guarantee of post- 
operative intact motor function, special efforts to cooperate with the anesthesiologists 
are required, and we sometimes experience severe brain edema (especially in cases of 
large brain tumors) and feel difficulty in operating through inter-hemispheric 
approaches without hyperventilation. Further, we usually find that apparently dis- 
turbed motor function during the period of the postoperative state undergoes com- 
plete recovery within several weeks after the tumor resection. Awake surgery is the 
best method for monitoring the function of fine movements, however, it is difficult 
with awake surgery to complete maximum tumor resections which lead to transient 
motor disturbance and subsequent complete recovery. 

Corticospinal MEP monitoringhas disadvantages in that the recording electrode 
must be inserted into the cervical epidural space prior to the operation. Concerning 
this point, if the subjects are placed in the abdominal prone position, and the Touhy 
needle is inserted into the middle point under X-ray control, it is easy and safe to place 
the recording electrode in the cervical epidural space. Since 1986, we have already 
experienced over 200 cases without complications arising from the electrode inser- 
tion [5-7]. 

The calculated conduction velocity of the D-wave was within the range 56.3 to 
64.3 m/s in the present study, which is similar to values obtained previously for the D- 
wave of corticospinal neurons of the cat and monkey reported previously [8,9]. This 
range of conduction velocity is consistent with the conduction velocity of fast corti- 
cospinal neurons. The D-wave follows double pulse stimulation with interstimulus 
intervals of more than 500 Hz, and the features of the D-wave suggest that this wave 
is a volley mediated by a simple fiber tract without intervening synapses [5]. Amass- 
ian et al [8] reported that the corticospinal D-wave has been inferred to result from 
activation of the cell bodies and/or axons of corticospinal neurons rather than apical 
dendrites arborizing in the superficial layer. Numerous experimental studies 
[5,7-9,13] have indicated that an anodal current, rather than a cathodal current, is 
suitable for activating deeply located initial segments or axons of corticospinal 
neurons from which the D-wave originates. Our results also demonstrated that the 
lowest threshold to evoke the D-wave was anodal stimulation of the posterior half of 
the precentral gyrus, and if one pole of the bipolar stimulating electrode was located 
on the posterior half of the precentral gyrus or anterior half of the precentral gyrus 
and stimulation was with the anode and not the cathode, a D-wave could be recorded 
even with an interpolar distance of 10 mm for cortical stimulation. A D-wave was not 
recorded with anodal stimulation of the premotor or supplementary motor cortex 
with an interpolar distance of 10 mm. Thus, an interpolar distance of 10 mm for cor- 
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tical stimulation provides practically useful information concerning the location of 
the primary motor cortex and its differentiation from the supplementary motor and 
premotor cortices. 

Various reviews, clinical observations, and experimental studies on animals have 
indicated that the disturbed motor function caused by injury of the supplementary 
motor cortex [3,4,13] and premotor cortex [4] can undergo spontaneous recovery 
within several weeks. Zentner et al [3] reported that surgically induced supplemen- 
tary motor cortex injury induced transient motor and speech disturbance with com- 
plete recovery, and the muscle response to direct motor cortex stimulation revealed 
no significant changes in potentials. The electromagnetically elicited MEP, examined 
postoperatively, was initially absent but recovered with improvement of motor func- 
tion. We employed the corticospinal MEP for intraoperative monitoring of the motor 
function in brain tumor cases involving the supplementary motor cortex, premotor 
cortex, primary motor cortex, and primary sensory cortex, and concluded that if the 
decrease in amplitude of the D-wave was under 30%, postoperative motor disturbance 
was absent or transient with complete recovery except for fine movements. In our 37 
cases, the critical point for eliciting persistent motor disturbance was a 30 to 40% 
decrease in amplitude of the D-wave. The reason why a persistent motor deficit does 
not appear with less than a 30% decrease in amplitude of the D-wave still remains 
uncertain. Further studies are needed to clarify the detailed mechanisms operating 
between the CTS neurons and motor function. 

We also found that cases without permanent motor disturbance after resection of 
a tumor invading to the precentral gyrus were always from the anterior direction and 
not from the posterior direction, and the results of effective stimulation sites for D- 
wave activation also indicated the importance of the posterior half of the precentral 
gyrus for motor function. The corticospinal MEP is useful not only for cortical 
mapping but also for monitoring of the motor function which includes the subcorti- 
cal motor tract. At first, when we began monitoring the corticospinal MEP for corti- 
cal tumor resection, the D-wave decreased over 30% in some cases. However, we then 
decided to stop tumor resection before the decrease in amplitude of the D-wave 
reached 30%, and have recently encountered no permanent motor deficit following 
tumor resection. The D-wave is resistant to anesthetics and muscle relaxants, and is 
suitable for cranial open surgery under usual general anesthesia. In our experience, 
the monitoring of the corticospinal MEP (D-wave) during tumor resection around the 
motor cortex represents a most reliable and useful tool for achieving maximal tumor 
resection, which gives rise to transient motor disturbance with subsequent functional 
recovery. 
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Functional Neurosurgical Rehabilitation 
in Craniovertebral Junction 
Abnormality. An Exemplary 
Case Report 
KLAUS R. H. VON WILD 

Summary. Today, thanks to the tremendous progress in modern neurosurgery, inten- 
sive care treatment, CT, MRI, and PET diagnostic imaging techniques and multi- 
disciplinary management of complications ever more patients survive from severe 
brain and spinal cord lesions, mainly secondary to trauma, tumours, vascular patholo- 
gies, and congenital malformations. Functional impairments after difficult and risky 
operative procedures or concomitant complications may also cause disturbances of 
sensory motor and mental-cognitive behavioural functioning that are assessed today 
according to the WHO-ICF criteria. Early postoperative Neurorehabilitation aims at 
functional recovery. It starts with the assessment of the impairments and the under- 
lying pathophysiology by using all modern diagnostic tools. Its efficiency can be 
exemplary demonstrated in one patient who developed an acute Locked-in Syndrome 
after ventral decompression and dorsal fixation of a C0-C1 congenital malformation 
secondary to instability with local compression of the lower brain stem. Rehabilita- 
tion is a team approach for personal interaction and has to respect the patient's and 
the relative's needs and social-cultural background. The second look operation fol- 
lowed our algorithm for treatment of craniovertebral abnormalities. The postopera- 
tive course was uneventful and the patient regained consciousness. Being still on the 
ventilator the severe tetraparesis improved over time with aid of active nursing, neu- 
ropsychological, physical-, physio-, occupational- and speech/language therapies at 
the ICU. After four months (FIM better 30 points, ERBI above 50 points) he was trans- 
ferred for long term rehabilitation.After two years he was fully reintegrated into social 
life and his job as an active soldier. This case report demonstrates the importance of 
individually tailored functional rehabilitation in neurosurgery that became a chal- 
lenge for young neurosurgeons. 

Professor of Neurosurgery, Medical Faculty, Westf. Wilhelms-University, Mfinster, NRW; Profes- 
sor of Neurorehabilitation and Re-engineering of brain and spinal cord lesions, International 
neuroscience Institute, Hannover; Director kvw-neuroscience consulting GmbH, 32 Frauen- 
burgstrasse, D-48155 Mfinster, Germany 
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Key words, functional rehabilitation in neurosurgery, algorithm for management of 
craniovertebral malformation, cervicomedullary compression, assessment of locked- 
in syndrome, WHO--ICF classification of functioning, spectrum of neurosurgical 
neurorehabilitation, holistic neurorehabilitation, outcome and quality of life 

I Objectives 
Developmental and acquired craniovertebral junction abnormalities may become 
symptomatic secondary to chronic medullar and upper cervical cord compression or 
ischemia of neural tissue of the brain stem, medulla oblongata and pons. This can be 
secondary to an acute indirect impact in craniocerebral trauma and/or cervical spine 
injury [1 ]. Patients suffering from Locked in syndrome typically demonstrate symp- 
toms and signs of alert wakefulness with paralysis of the body and inability to speak 
but are relatively cognitively intact [ 1,2] mainly due to vascular rather than traumatic 
consequences [3]. Altered level of consciousness, syncope, vertigo, and episodic hemi 
or tetraparesis present as neurological symptoms can be the consequence of vascular 
compromise after repetitive trauma to the vessels, for example, resulting from patho- 
logical hypermobility of an unstable atlantoaxial joint and permanent angulation or 
stretching of the feeding arteries [1-5]. Perilous is an unexpected sudden respiratory 
arrest secondary to local anterior and/or posterior compression of the cervi- 
comedullary junction. This happened in a patient with typical craniocervical mal- 
formation C0-C1 after surgical decompression and fixation. Prognosis of impaired 
functioning depends on the underlying pathology and the time window for medical 
intervention. Clinical symptoms and signs due to ischemia, secondary to local 
compression of the arterial and venous blood supply, can be resolved either by a con- 
servative treatment with immobilization or following surgical decompression by ante- 
rior and posterior approach, with stabilisation when necessary. The operative 
procedures have to be tailored for each patient according to the complete assessment 
of functional anatomy, pathophysiology, and radiological abnormalities. Functional 
rehabilitation, following operative procedures with fusion, however, is not specially 
mentioned in this context [1,6-9]. There are insufficient data in the literature 
regarding neurosurgical rehabilitation in the postoperative Locked-in-syndrome 
therefore it must be emphasised that in this rare and challenging clinical situation 
only attendant holistic rehabilitation can lead to the final and successful functional 
outcome. 

1.1 Patient and Methods 
K.O. 38 years old man, an active soldier in the army of Saudi Arabia for many years, 
sustained a blunt head injury when accidentally hit by a tank in November 2001. Fol- 
lowing the injury there was increasing and finally a severe tetraparesis with a sensory 
impairment under C2. Plain roentgenograms, tomographic studies, and the compu- 
terized tomography of the craniovertebral junction revealed a complex abnormality 
with compression of the displaced cervicomedullary junction. The odontoid process 
extended more than one half of its length a the Chamberlain's line while the disc C1/C2 
persisted. Subluxation of C0-C1 and narrowing of the foramen magnum increased 
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during flexion and extension X-ray investigation; there was a vertebral body bloc 
C2/C3 (Fig. 1). 

The patients was seen by an orthopaedic surgeon, who is also a neurosurgeon and 
expert in craniovertebral procedures in Germany. After careful completion of the 
diagnosis the patient underwent surgery on December 28, 2001. Obvious congenital 
compression of the brain stem and instability C0-C1 required both the ventral and 
posterior approach. Therefore, as a first step, the upper part of the odontoid was 
removed by transoral approach which aimed at the decompression of the nervous 
structures for restoring the vascular supply and functions of the motor and sensory 
pathways. Subsequently, in the second step, dorsal stabilisation was performed with 
plates and rods using the Cervifix®-system and bone grafts which were attached to 
the occiput and facets. The operative procedures were uneventful. However, there was 
postoperative arrest of spontaneous breathing combined with an increasing tetra- 
paresis. The patient was in the subsequent postoperative period left intubated and 
connected to the ventilator at the intensive care unit (ICU). CT and MRI control 
studies did not show blood clot or mass lesion in the operative field with instrumen- 
tation and bone graft in place. The neurological and cognitive signs and symptoms 
of an incomplete Locked-in syndrome fluctuated so that recurrent intubations and 
artificial ventilation were necessary to maintain oxygen saturation until the patient 
finally deteriorated again and became comatose and tetraplegic at the end of the 
second postoperative week. Following the consultation, the patient was referred for 
functional early neurorehabilitation to our department of Neurosurgery nearby the 
hospital of his primary surgery on January 18, 2002. 

As usual neurosurgical rehabilitation started already in the intensive care unit 
(ICU) with careful assessment of the underlying pathophysiology of the impaired 
functioning. Following the immediate stabilization of the craniovertebral junction by 
extension with the aid of the Gardner Wells tongs and tracheotomy all electrophysio- 
logical, X-rays, CCT and MRI imaging diagnostic investigations were performed. The 
interdisciplinary team approach was carefully planned, including all the medical spe- 
cialists and the rehabilitation personnel, taking into consideration the family and his 
Saudi Arabian background when defining the ultimate goal of holistic neurorehabili- 
tation, the patient's reintegration into family, society and his reemployment. The 
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FIG. 2. Sagittal MRI, TSE T2, TR 3500, TE 120 preoperative (14. 11.01) (left). Complex congen- 
ital abnormality of the craniovertebral junction (white arrow) with displacement and local (vas- 
cular?) compression of the lower brain stem and upper cervical cord due to bony narrowing of 
the surrounding space as cause of acute posttraumatic tetraparesis. Sagittal spiral CCT control 
postoperatively (right) shows the resection of the bone after ventral approach and the dorsal 
cranio-cervical fixation 

clinical diagnose was Locked-in syndrome obviously due to vascular compression of 
the upper and lower brain stem because of postoperative, once more, instability at 
C0-C1, as it was demonstrated with CT and MRI studies (Fig. 2). We waited until 
partial neurological and cognitive recovery occurred, so that the patient could under- 
stand his situation. He was assisted by his wife and our rehabilitation team and espe- 
cially by the neuropsychologist. However, there was no improvement of the ongoing 
complete arrest of spontaneous breathing and also very little change regarding 
his severe tetraparesis. Second craniovertebral operation was carried out on January 
29, 2002. A dorsal approach was performed again; the bone grafts and the fixateur 
interne were removed because of loosening of the screws. A decompression by sub- 
occipital craniectomy combined with an enlargement of the foramen magnum was 
completed with decompression by laminectomy C1; re-stabilization with the aid of 
plates and rods of the Vertex titanium system® from the occiput down to C2-C4 at the 
right and C2-C3 at the left side, combined with wire loops to secure the bone fusion 
was finally performed (Fig. 3a,b). During a subsequent functional neurorehabilitation 
the patient remained in halo- immobilization from February 11 until May 8. Then we 
had to take the halo away because of the patient's psychotic and claustrophobic 
reaction and an urgent wish of his family. With a cervical collar bracing for another 
4 months X-ray investigation of the fusion segments demonstrated postoperatively 
stable conditions. 

Continuous ventilation was necessary until January 30, thereafter intermittent ven- 
tilation and CPAP was needed for one month. He remained in the ICU until he was 
weaned off from the home ventilator which was achieved at the beginning of March. 
The postoperative course during intensive care treatment and early rehabilitation 
were uneventful, as it was thereafter during the following months of a functional 
neurorehabilitation in our specially designed department [4,8,10,11,13,18]. Here the 
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FIG. 3. Sagittal spiral CT three weeks after the first operation (21.01.02) demonstrates loosen- 
ing of the implanted occipital screws and displacement of fixateur interne (Cervifix R) implants 
(black arrow) while the patient is under Crutchfield's tongue extension because of recurrent 
instability C0/C1). White arrow: Bone defect following transoropharyngeal decompression and 
resection of apex dens axis. 30.04.02, three months after second look operation the plain X-ray 
ap view and sagittal tomogram show the correct positioning of the hooks and plates of the 
Vertex system for craniocervial fusion from the occipital bone to C2-C4 right, and C2-3 left side 
while the patient is still immobilized by in Halo Fixateur 

same interdisciplinary team took care of him until he was able to wash himself, to eat, 
to walk with help, until he was fully mobilised in his wheel chair, and had no cogni- 
tive or behavioural deficits and so fulfilled the cut off criteria of Phase B (early reha- 
bilitation) regarding his functional assessment with the aid of the Early Rehabilitation 
Barthel Index (ERBI) >+40 points [11] and Functional independent Measure (FIM) 
>30 points [10]. After five months of early rehabilitation he was referred for further 
postacute and long term neurorehabilitation to another institute. The distally pro- 
nounced tetraparesis and marked muscle atrophy of the four limbs combined with a 
spinal ataxia improved over time, but the breathing was stable and completely normal 
again. After two years the patient was seen again and at that time he was completely 
reintegrated into social life and back to the military service in his country. 

2 Discussion 

Craniovertebral junction abnormalities can be developmental, genetic, or acquired in 
origin. They can cause a number of different symptoms and signs, including myelo- 
pathy, brain stem, cranial nerve, and cervical nerve root dysfunction; vascular insuf- 
ficiency or any combination of these [ 1 ]. Locked-in syndrome is a rare postoperative 
complication when it can be due to compression of vascular system of the upper and 
lower brain stem [2-4]. The primary cause for this may be a congenital malformation 
of the craniovertebral junction which, after trauma, leads to a functional neurological 
impairment and severe instability. Functional neurorehabilitation is usually not 
mentioned in the orthopaedic and neurosurgical literature to overcome and to 
improve disturbed central nervous functioning (see the Algorithm for treatment of 
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craniovertebral abnormalities published byVan Gilder et al fig. 141-4 and table 147-2, 
pp 38-39 [1] despite the author's remark" The patient must remain in halo immo- 
bilization for 6-12 months after the procedure". 

Rehabilitation [6,9,10,12,13] can reduce secondary complications while furthering 
spontaneous functional recovery and restoration of impaired sensory motor and 
mental-cognitive functioning that seems to be mainly based on brain plasticity [14]. 
Culyer et al [7], in 1971, have suggested three steps for gauging outcome from any 
kind of illness: ( 1 ) specific indicators, (2) devise measures and (3) agree values. Overall 
outcome has been demonstrated to be more dependent on mental-cognitive disabil- 
ities than on physical handicaps. There are four main indicators of final outcome: (1) 
removal of threat to life (immediate and future), (2) relief of symptoms (mental- 
cognitive and/or physical), (3) reduction of dependence (institution/home) and (4) 
social reintegration (work, leisure, mobility, joy) [7]. 

New developments in neurorehabilitation, for example a special neurosurgical unit 
for early rehabilitation as part of the general neurosurgical service as it has been intro- 
duced by the author for the first time ever in 1994 [8,10,13], can significantly improve 
the patients final outcome and further quality of life [7,12,15,16]. In the seventies the 
neurosurgeons became responsible for intensive care treatment of patients after 
craniocerebral trauma and difficult surgical procedures. The became aware about 
risks, complications and pathophysiology and achieved a much better early outcome. 
The same is true when they become responsible for functional rehabilitation of their 
patients during the acute and subacute stage of recovery and for neurosurgical re- 
engineering of brain and spinal cord lesions [14,17]. Neurosurgical rehabilitation is 
not a new but a widely forgotten tool. It has an old tradition in Europe and especially 
in Germany [15,18]. Our concept is based on early ideas of rehabilitation of sensory 
motor impairments, as it was formulated by Karl Otfrid Foerster (1873-1941) [15]. It 
respects therapeutic exercises of peripheral paresis and the physiotherapy of central 
motor disorders, differentiating between spastic and paretic components. In our 
patient the impairment was caused by post traumatic and surgical craniovertebral 
instability and vascular compression. Neuropsychological rehabilitation became an 
indispensable and major part of functional neurorehabilitation in neurosurgery to 
help improving the patient's cognitive status, emotional and motivational dis- 
turbances as well as psychosocial adjustments following the acute impact lesion of the 
brain and spinal cord [19-21] Prigatano quotes [22]: "The first principle of neuro- 
psychological rehabilitation is that the clinician must enter the patient's phenomeno- 
logical field in order to sense what he or she experiences.- Therapy aimed at the 
reducing of patient's frustration and confusion will be eagerly met by the patient (and 
the relatives), irrespective of whether such rehabilitation activities actually improve 
higher cerebral functions" (end of citation pp 28-29, 1999). Postoperative early 
rehabilitation in neurosurgery opens up a new venue for restoration of impaired 
neurological disorders as well as for neuropsychological, cognitive and behavioural 
functions [ 12,15]. 

Holistic rehabilitation, as we see it to day, covers the whole spectrum of 
neurological-neurosurgical rehabilitation (Fig. 4) [10]. Rehabilitation has to start 
straight after impact with the careful assessment of the functional impairment and 
the underlying pathophysiology by using all modern diagnostic tools. If necessary, it 
is combined with adequate operative procedure(s) and/or intensive care treatment. 
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FIG. 4. Holistic early neurosurgical neurorehabilita- 
tion to support functional recovery with daily physio- 
occupational- (ADL training) and neuroychological 
therapy at the ICU four weeks postoperatively: Two 
occupational therapists are needed for the first steps 
with the walker in at the floor of the ICU while the 
patient is still on an ambulatory battery driven respi- 
rator. Noteworthy is the spouse as part of the neu- 
rorehabilitation team (in the background). She 
guaranteed the best personal, social and cultural envi- 
ronment for her mentally and cognitive impaired, 
emotionally stressed husband during early rehabilita- 
tion, when he slowly emerged from coma and locked- 
in syndrome 

This was successfully demonstrated in our case report with complete functional rein- 
tegration into social life. The principles have been classified with aid of the WHO ICF 
and require that rehabilitative interventions start in a multidisciplinary way which is 
corresponding to our standards for quality management in early neurological- 
neurosurgical rehabilitation [13]. Functioning, as defined by the WHO-ICF serves as 
an umbrella term encompassing all body functions, activities, and participations in 
social life ( = quality of life). ICF defines components of health and some health-related 
components of well-being. These domains are described as from the perspective of 
the body, the individual, and the society in two basic lists: (1) Body functions and 
structures and (2) Activities and participation in the social life meaning to be mobile 
and to enjoy social contacts, emotions and play [11-14,21,23]. 

3 Conclusion 

From the beginning of neurological surgery the preservation and restoration of 
impaired CNS and PNS functions have been the primary task for the physicians. This 
important fact demands that neurosurgeons must get involved with the issues of func- 
tional neurorehabilitation. I close this context and trust for continuing co-operation 
with the intensive care physicians, anaesthesiologist, neuro-radiologists and the early 
neurorehabilitation team as well as with the neurosurgeons from other hospitals of 
the area as they can all guarantee an indispensable help from the very onset of medical 
treatment for the brain, spine and spinal cord injuries and thus to achieve the patient's 
best functional outcome. 
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Functional Electrical Stimulation for 
Spinal Cord Injury Rehabilitation 
at the University of Virginia and 
Du ke U n iversity 
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BRYAN COOPER 5 

5ummary. Functional electrical stimulation (FES) has applications in spinal cord 
injury to help restore function to patients with quadriplegic hands or paraplegic legs. 
Early experiences at the University of Virginia and Duke University are presented. 
Further progress has been obtained at multiple centers with computerized stimula- 
tion, miniaturization of components, and mind/machine interfacing. Knowledge 
gained from the early projects led to the concept of electrical stimulation of the 
median nerve to hasten awakening from coma. 

Key words, electrical stimulation, spinal cord injury 

FES has been used for over three decades to assist paraplegic patients in walking and 
for restoring grasp to quadriplegic persons. In 1973 Cooper, Bunch and Campa at the 
University of Virginia reported on attempts to restore paraplegic ambulation using 
radio-linked implanted electrodes on the femoral and sciatic nerves of a paraplegic 
young man. Four radio-linked electrodes were implanted sequentially on the femoral 
and sciatic nerves of a 19-year-old paraplegic male five to seven months after fx- 
dislocation of Tll-12 with complete spinal cord injury from a fall on May 19, 1972. 
Chronic electrical nerve stimulation (Neurostimulator, Avery Laboratories, Inc.) was 
performed with a radio frequency signal of 2.1MHz which was converted by 
implanted receivers into a biphasic pulse of 0.2 milliseconds duration and 2 volts 
delivered through bipolar platinum electrodes. 

Initial muscle function of the quadriceps was "trace plus?' Electromyographic 
studies at time of first implantation showed denervation potentials in all muscles with 
no voluntary or reflex-induced muscle potentials. 

1Department of Neurological Surgery, University of Virginia, Charlottesville, VA, 1001 North 
Queen Street, Kingston, NC 28501, U.S.A., 2Retired Chairman of Department of Biomedical 
Engineering, Duke University, Durham, NC, U.S.A., 3 Industrial Engineer, Raleigh, NC, U.S.A., 4 
VOQUEST Project in Biomedical Engineering, Duke University, Durham, NC, and S East 
Carolina Neurology, Brody School of Medicine, East Carolina University, Greenville, NC, U.S.A. 
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Histochemical studies of right quadriceps biopsy specimens demonstrated severe 
and uniform denervation atrophy involving all but about 20 fibers in the entire spec- 
imen. There was no selectivity of fiber type. Targetoid formations were present in 
many of the type I fibers. The left quadriceps biopsy specimen was similar. Thus, the 
electromyogram and histochemical studies demonstrated severe but incomplete lower 
motor neuron involvement. 

The quadriceps were stimulated for 10h/day. After two months the strength had 
increased from "trace plus" to "fair" Four months after implantation EMG (elec- 
tromyogram) still showed denervation in virtually all muscle sites. Other polyphasic 
high-amplitude, long-duration potentials suggesting reinnervation were also seen. 

Muscle biopsy after ten weeks of stimulation showed an increased proportion of 
muscle fibers (25%) with normal or hypertrophic size with residual denervation 
involving about one half of the fibers. There were no changes in the histochemical 
characteristics [ 1 ]. 

By means of alternating sciatic nerve stimulation (triggered either by a hand- 
controlled toggle switch or a positionally activated mercury switch), ambulation for 
about 40 feet in a modified walker with a seat was accomplished. These first few steps 
across the room over thirty years ago may have been the first recorded for a para- 
plegic individual attempting to ambulate under electrical control. It was concluded 
over 30 years ago that chronic electrical neuromuscular stimulation was beneficial for 
paraplegic persons. 

In the decades after the lower extremity electrode implantation at UVa, more 
refined techniques for paraplegic ambulation were employed at multiple centers. Espe- 
cially noteworthy were the developments by Marsolais at Case Western Reserve and 
Petrofsky at Wright State University [2,3]. 

In the late 1980s, at the Duke Department of Biomedical Engineering, individuals 
with quadriplegia used voice-activated computerized electrical stimulation to control 
paralyzed forearm and hand muscles. Pioneering upper extremity FES research has 
been done by Clippinger in the 1970's at Duke Hospital. He implanted radio-linked 
electrodes on the median nerve in the forearms of patients with traumatic hand 
amputations. This provided sensory feedback from a prosthetic hand device. 

In the 1987-88 VOQUEST pilot project (Voice Operated QUadriplegic Electrical 
STimulation) at Duke University, Department of Biomedical Engineering, high speed 
computerized discrimination of vocalized patterns provided an effective control- 
mechanism for multiple electrode sites to produce semi-voluntary hand function in 
quadriplegic users [4]. 

Four adult quadriplegic subjects ranging from six months to six years post cervi- 
cal fracture dislocation participated in the VOQUEST project. Two pairs of two inch 
square lubricated rubber electrodes were applied to the volar and dorsal surfaces of 
the right forearms of the subjects. Programmed electrical stimulation was done in 
their homes eight hours daily for three months using a Respond II Medtronic neuro- 
muscular stimulator. Serial electronic measurements of muscle contraction force were 
made above and below the level of the paralysis biweekly. Subjects were examined and 
interviewed regularly by a team of biomedical engineers, physical and occupational 
therapists and physicians. 

In the second three month phase, pairs of electrode sites were mapped on the 
conditioned forearms to produce desired hand movements. Three pairs of volar 
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electrodes triggered thumb, combined finger and wrist flexion. A dorsal pair caused 
simultaneous wrist and digital extension. Firm one inch square convex electrodes 
were built into a plastic forearm orthosis custom made for each subject. 

The voice control system consists of an IBM-PC/AT computer and Texas Instru- 
ment (TI) speech unit installed in the computer with a custom stimulator/switching 
interface circuit. The TI speech board recognized verbal commands, and a control 
program then selected the appropriate locations and levels of stimulation via the 
switching interface. 

Increases in the force of contraction in response to electrical stimulation of the 
chronically stimulated forearm and hand muscles were noted. There was no increase 
in strength of the contralateral hand. Also increases in the strength of the ipsilateral 
proximal arm muscles that were innervated above the level of the cervical spinal cord 
injury were found in two subjects. But a surprising finding was a slightly greater rise 
in the contractile force of the unstimulated contralateral arm. This increase was noted 
in the muscles under voluntary control above the neural lesion, but not in the para- 
lyzed muscles of the contralateral distal arm. The hand motions elicited by com- 
puterizing electrical stimulation under voice control were slow and awkward in the 
VOQUEST project [4]. 

Routing the pulsed electrical stimulation to electrodes (surface or implanted) in 
paralyzed arms and legs has included simple off/on switches, shoulder switches, and 
myoelectrical control [1,5,6]. The voice recognition computerized switching system 
that was developed at Duke University in 1988 was a step closer to conscious control 
of a paralyzed limb [7]. Future applications could be modeled after brain/machine 
interfaces (BMI). 

In this 21 st century at the Pratt School of Engineering at Duke, monkeys consciously 
control the movements of a robot arm using signals from their own brains picked up 
by implanted electrodes [8,9]. Groups of microwires in multiple arrays were surgically 
implanted in two adult female monkeys in several frontal and parietal cortical areas 
including the dorsal premotor cortex, the supplementary motor area, and the primary 
motor cortex in both hemispheres. With training and the plasticity of the monkey 
brains with continuous visual feedback of the gripping force, the monkeys were able 
to operate a robot arm [8]. 

The principal investigators at Duke were Nicolelis (neurobiology professor) and 
Henriquez (biomedical engineer). There is ongoing work, a project to develop human 
brain interfaces. These applications could aid quadriplegic and paraplegic subjects to 
regain control of paralyzed muscles with a combination of the brain implants and the 
implanted electrical stimulation systems [9]. 

The evolution of the electrical stimulation at UVa in the 1970's with efferent stim- 
ulation to strengthen paraplegic legs and at Duke (1980's) for efferent/afferent stim- 
ulation to strengthen and control quadriplegic hands by voice commands, led to the 
concept of afferent stimulation to "re-boot" the injured comatose brain. The observa- 
tion in the VOQUEST project about left to right hemispheric transfer via the corpus 
callosum led to the development of median nerve electrical stimulation for coma 
arousal [10]. This crossover effect discovered in the Duke BME Lab led to the concept 
of peripheral nerve stimulation to influence comatose brain reawakening. 

Over the past dozen years, beginning with pilot projects at the medical center of 
East Carolina University and the Department of Neurosurgery at the University of 
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Virginia, right median nerve stimulation has been used to hasten awakening from 
deep coma after severe closed head injury [10,11]. The concept of median nerve 
stimulation has been readily accepted in Asia. The important neurophysiological and 
clinical research in clinical work on coma arousal by spinal cord electrical stimula- 
tion has been done by Professor Kanno (Fujita Health University, Toyoake, Japan) and 
colleagues [ 12,13]. 

1 Conclusion 

For the past three decades, electrical stimulation of viable neural tissue has been used 
to bypass the damage produced by trauma in the spinal cord. Peripheral nerve stim- 
ulation also can be effective in cases of partial spinal cord injury, whether chronic or 
acute. Biomedical engineering applications of micro-electrodes in the brain will allow 
for control of peripheral nerves, regaining control of paralyzed limbs in quadriplegic 
and paraplegic persons. Recent projects have involved electrical stimulation of the 
peripheral nerves to influence the recovery of the injured central nervous system for 
coma awakening. Neural plasticity remains a viable reality in adult quadriparetic and 
comatose patients. 
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Treatment Results of Poor-grade 
(WFNS Grade V) Patients with 
Subarachnoid Hemorrhage 
TAKEHIKO SASAKI, JoJI NAKAGAWARA, TOSHIAKI OSATO, 
KAZUYUKI HAYASE, RIHEI TAKEDA, and  HIROHIKO NAKAMURA 

Summary. We reviewed our treatment results of poor-grade (WFNS grade V) patients 
with subarachnoid hemorrhage and analyzed factors related to outcome. Forty-six 
consecutive patients of WFNS grade V with subarachnoid hemorrhage from ruptured 
cerebral aneurysm are reviewed retrospectively. We applied surgical or intravascular 
intervention for patients with GCS better than 4 and pupillary reaction or with GCS 
3 on admission improved better than 4 after initial medical treatment. Three-month 
outcome was evaluated by GOS and factors affected to the outcome were analyzed. 
Only 2 of 21 patients treated conservatively were survived. Two patients treated with 
CSF drainage were died from rerupture. Direct surgical intervention for aneurysms 
were applied in 23 patients by surgical clipping in 20 and GDC coil embolization in 
3. Favorable outcome better than MD was obtained in 9 of 23 (39%) patients. Neuro- 
logical improvement during early stage of initial medical treatment, presence of 
localized intracerebral hematoma and acute hydrocephalus were predictive of better 
outcome, while association of massive intracerebral hematoma or intraventricular 
hematoma were signs of poor outcome. 

Key words, subarachnoid hemorrhage, WFNS grade, early surgery, intracerebral 
hematoma, intraventricular hematoma 

Although surgical treatment of poor-grade patients with ruptured cerebral aneurysms 
is still challenging, it is well known that some patients become independent after 
surgical intervention. Controversy is how to select patients with factors predictive of 
favorable outcome. The purpose of this paper is to extract factors predictive of favor- 
able or poor outcome from analysis of our treatment results. 
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I Clinical Material and Methods 

Consecutive 46 patients with subarachnoid hemorrhage whose Glasgow Coma Scale 
were 6 or less are the material of this study. All were transferred to Nakamura Memo- 
rial Hospital between January 2000 to September 2002 and had evidence of sub- 
arachnoid hemorrhage by CT. Patients with obvious bleeding source other than 
cerebral aneurysm were excluded. Twelve were male and 34 were female, and mean 
age was 64.8 years. 

Our indication criteria of direct surgery is GCS 4 or better or GCS 3 followed by 
clinical improvement during initial medical treatment. Initial medical treatment con- 
sists of respiratory and circulation support, blood pressure control and reduction of 
intracranial pressure by administration of mannitol or glycerol. 

We analyzed the contribution of each factor, such as change of neurological status 
during initial medical treatment, pupillary response, acute hydrocephalus, intracere- 
bral hematoma and packed intraventricular hematoma, to outcome of three month. 

2 Results 

2.1 Overall Results 

Twenty-three of 46 patients underwent conservative or tentative treatment. Reasons 
why they did not undergo direct surgical intervention are described in Table 1. 
Twenty-one patients were treated conservatively. Among them, 19 were dead and the 
others were worse than SD. Two patients underwent tentative CSF drainage and both 
were dead by rerupture after CSF drainage without any chance of direct surgery. The 
outcomes of all patients treated with conservative or tentative fashion were worse than 
severe disability (SD) and their mortality rate was 91.3% (Table 1). On the other hand, 
direct surgical intervention was attempted in 23 of 46. Twenty patients underwent 
direct surgical clipping and 3 underwent endosaccular coil embolization. Outcome of 
them was good recovery (GR) in 4, moderate disability (MD) in 5 and mortality rate 
was 17.4%. Nine of 23 (39.1%) patients who were able to be applied direct surgical 
intervention became independent (Table 2). 

TABLE 1. Outcome of patients  with conservative or tentative t rea tment  

GR MD SD V D 

Conservative 
GCS 3 without improvement 13 
Decline to GCS 3 by rerupture 5 
Over 80 years 2 
Vertebral artery dissection 1 

21 
Tentative (CSF drainage) 

GCS 3 without improvement 

Total 23 

0 0 1 1 19 

0 0 0 0 2 
0 0 1 1 21 

91.3% 
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TABLE 2. Outcome of patients with direct surgical intervention 
GR MD SD V D 

Clipping 20 
Coil embolization 3 

Total 23 4 5 8 2 4 
39.1% 17.4% 

TABLE 3. Neurological change and outcome in patients with direct surgical intervention 
GR MD SD V D 

Improved after initial treatment 7 2 1 4 0 0 
Stable 12 2 3 3 1 3 
Decline 4 0 1 1 1 1 

Total 23 4 5 8 2 4 

TABLE 4. Pupillary response, acute hydrocephalus, intracerebral hematoma (ICH) and 
intraventricular hematoma (IVH) and outcome 

GR MD SD V D 

Pupillary response: preserved 13 4 5 2 1 1 
Pupillary response: absent 10 0 0 6 1 3 
Acute hydrocephalus 5 1 2 1 0 1 
Localized ICH 6 1 3 2 0 0 
Massive ICH 5 0 1 2 1 1 
Packed IVH 3 0 0 2 0 1 

2.2 Neurological Change and Outcome 
While 3 of 7 patients with neurological  improvement  dur ing initial medical  t rea tment  
became bet ter  than MD, only one of 4 patients with neurological  decline dur ing initial 

medical  t rea tment  became bet ter  than MD. Although 2 of 4 patients who obta ined 
good recovery showed some neurological  improvement  dur ing initial medical  treat- 

ment ,  all vegetative of dead patients never exper ienced neurological  improvement  

(Table 3). 

2.3 Pupillary Response, Acute Hydrocephalus, Intracerebral and 
Intraventricular Hematoma 
In 13 patients with preserved pupil lary response,  9 were bet ter  than MD, and all 
patients with favorable outcome had preserved pupi l lary  response.  Three of 5 (60.0%) 

patients with acute hydrocephalus and 4 of 6 (66.7%) patients with localized intrac- 
erebral h e m a t o m a  became independent ,  on the other  hands,  4 of 5 (80.0%) patients  
with massive intracerebral  h e m a t o m a  and all 3 patients with packed intraventr icular  

h e m a t o m a  were worse than SD (Table 4). 
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3 Discussion 

Although benefits of early surgical intervention for subarachnoid hemorrhage from 
ruptured cerebral aneurysms are established in patients with good or moderate neu- 
rological grade [1], it is still challenging for patients with poor neurological grade. 
Some authors report favorable outcome could be obtained in some patients with poor 
neurological grade [2], but indication of direct surgical intervention in early stage is 
controversial. Our indication for WFNS grade V patients is consisted with conscious- 
ness level and pupillary response which represent global cerebral and brain stem func- 
tion. Except for 2 patients older than 80 and 1 patients with dissecting vertebral 
aneurysm, 23 of all patients were with initial WFNS grade V were treated by conser- 
vative or tentative fashion because of deep coma without any improvement during 
initial medical treatment or neurological decline by early rerupture. Their outcome 
was miserable and mortality rate was 91.3%. The other half underwent direct surgi- 
cal intervention to ruptured aneurysms because of their neurological status better 
than GCS 4 or improved during initial medical treatment from GCS 3. Favorable 
outcome obtained in 39.1% of those and mortality rate was 17.1%. 

As described in previous reports, neurological improvement during early stage 
brings possibility of direct surgery and prediction of outcome in poor grade patients 
[3,4]. From our results, favorable outcome obtained in 42.9% of patients with neuro- 
logical improvement during initial medical treatment before direct surgical interven- 
tion. Direct surgical intervention gives possibilities to become independent for 
patients with neurological improvement during initial medical treatment even when 
their primary neurological grade are poor. 

Preservation of pupillary response was proved to be essential for favorable 
outcome. Preservation of pupillary response indicates that midbrain is functioning, 
and preservation of midbrain function might be essential for recovery to be 
independent. 

Presence of acute hydrocephalus and localized intracerebral hematoma was the 
signs of favorable outcome. As the brain dysfunction from acute hydrocephalus and 
localized intracerebral hematoma might be reversible, early surgical intervention has 
possibilities to bring functional recovery. 

On the other hands, massive intracerebral hematoma and packed intraventricular 
hematoma were the signs of poor outcome. Effect of early surgical removal of intra- 
ventricular hematoma is limited, and massive clots in aqueduct and fourth ventricle 
may bring irreversible damage to surrounding brain stem. 

4 Conclusions 

Early surgical intervention is treatment of choice even for patients with poor neuro- 
logical grade. Neurological improvement during initial medical treatment is a sign to 
recommend early surgical intervention. Preservation of pupillary response is essen- 
tial for favorable outcome. While presence of acute hydrocephalus and localize intrac- 
erebral hematoma indicates better outcome, massive intracerebral hematoma and 
packed intraventricular hematoma suggest limitation of functional recovery. 
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Minimally Invasive Spinal Surgery 
Using Instrumentation 
HIROYUKI NAKASE, YUKI IDA, YOUNG-SU PARK, 
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and TOSHISUKE SAKAKI 

Summary 
Background and Purpose: With the advance of better optics and operative 
equipment, image-guided systems, new biological agents, and instrumentation 
systems, spinal surgery can now be performed in a minimally invasive way. 
We report our concept and recent cases of less invasive spinal surgery using 
instrumentation. 
Method and Results: We used spinal instrumentation in 174 cases among recent 581 
cases for cranio-cervical junction cervical, thoracic and lumbar lesions. The instru- 
ment were used for occipito-cervical and anlanto-axial fixation (21 cases), anterior 
and posterior reconstruction for cervical disorders (127 cases), and thoracic and 
lumbar fixation (26 cases). Satisfactory improvement as scored on the Neurosurgical 
Cervical Spine Scale (NCSS) and Japanese Orthopedic Association (IOA) scale, 
and complications in spinal instrumentation cases were examined compared with 
non-instrumentation cases. There are no differences in the surgical result and com- 
plication rate, but average hospitalization time is significantly shorter in cases with 
instrumentation (121 cases) than without instrumentation (115 cases) in cases of 
anterior reconstruction of the cervical spine (P < 0.01). 
Conclusions: Minimally invasive surgical procedure using spinal instrument with 
appropriate patient selection may raise the cost of the operation, but can be under- 
taken with acceptable mortality and morbidity rate and offer short hospital stay and 
quicker return to work by immediate stabilization. 

Key words, minimally invasive surgery, spinal surgery, instrumentation 
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1 Introduction 

In the past decade, there has been a substantial increase in interest in minimally inva- 
sive procedures in all areas of medicine, particularly for spinal disorders. The terms 
"minimally invasive surgery" have been used to describe surgical approaches or oper- 
ations that are performed with less trauma to anatomical structures on the way to the 
surgical target area. Minimally invasive surgery is not simply reduction in the size of 
the skin incision, but rather reducing to a minimum the physical trauma inflicted on 
the patients [1-4]. 

Thanks to the advance of better optics and operative equipment, image-guided 
systems, and new biological agents, a minimally invasive spinal surgery can now be 
performed. In particular, the modern development of spinal instruments is also useful 
for minimal invasive way. Recent minimally invasive spinal surgery include cervical 
cage, key hole approach, endoscopy, unilateral laminoplasty, and skip laminoplasty in 
cervical lesions and vertebroplasty, Micro-endoscopic-discectomy (MED), unilateral 
approach, minimally invasive anterior lumbar interbody fusion (Mini-ALIF) in 
thoracolumabr lesions, etc [5-8]. 

We report our concept and recent spinal lesions operated in less invasive way using 
instrumentation. 

2 Material and Methods 

We used spinal instrumentation in 174 cases among recent 581 cases for cranio- 
cervical junction cervical, thoracic and lumbar lesions. The instrument were used for 
occipito-cervical and anlanto-axial fixation (21 cases), anterior and posterior recon- 
struction for cervical disorders (127 cases), and thoracic and lumbar fixation (26 
cases). Satisfactory improvement as scored on the Neurosurgical Cervical Spine Scale 
(NCSS) and Japanese Orthopedic Association (JOA) scale, and complications in spinal 
instrumentation cases were examined compared with non-instrumentation cases. 

In cases of anterior reconstruction of the cervical spine, we compare between cases 
with instrumentation (group A; 121 cases, 178 discs) and cases without instrumenta- 
tion (group B; 115 cases, 163 discs). 

3 Results 

Recent minimally invasive spinal surgery in our institute include cervical cage and 
unilateral laminoplasty in cervical lesions (Fig. 1) and vertebroplasty, METREX 
(Fig. 2a,b), unilateral approach (Fig. 2c), Mini-ALIF (Fig. 3) for all patients requiring 
anterior lumbar interbody fusion in thoracolumabr lesions, etc. Also, we have per- 
formed "anterior cervical stabilization without harvesting of autologous bone grafts" 
to avoid the complication related to graft harvesting (Fig. 4) [9]. 

In cases of anterior reconstruction of the cervical spine, there are no differences in 
the surgical result (NCSS; 9.2 + 1.4 in group A and 9.3 + 1.4 in group B) (Fusion rate; 
89% in group A and 94% in group B) and complication rate, but average hospita- 
lization time is significantly shorter in cases with instrumentation than without 
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FIc. 1. a Lateral X-ray demonstrated anterior cervical fusion with threaded cages at C4-C5 and 
C5-C6. b Postoperative computed tomography (CT) shows bilateral open-door cervical expan- 
sive laminoplasty with hydroxyapatite spacers and titanium screw 
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FIG. 2. a Intraoperative view of METREX. b Lumbar disc hernia can be performed via just one 
finger skin incision and split the muscle, c Postoperative computed tomography of unilateral 
approach for lumbar canal stenosis 

instrumentation in cases of anterior reconstruction of the cervical spine (18 + 6.4 days 
in group A and 27 + 8.7 days in group B, P < 0.01) [10]. 

4 Discussion 

Minimally invasive surgical procedures are usually performed with the help of 
recent progress in optical and imaging devices and to the development of instru- 
mentations specifically designed for insertion via minimally invasive approaches 



Minimally Invasive Spinal Surgery Using Instrumentation 173 

b 

c 

FIG. 3. X-ray (a) and CT (b) show minimally invasive anterior lumbar interbody fusion. Three 
dimensional (3D)-CT (c) demonstrated successful bone fusion around two types of cages three 
months after the operation 
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Autologous bone fragment 
from the removed vertebrae 

FIG. 4. Schema of anterior cervical stabilization using instrumentations without harvesting 
of autologous bone grafts. Threaded cage was filled with hydroxyapatite and mesh cage with 
autologous bone fragment taken from the removed vertebra 
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[1,2]. Within the last 10 years, such techniques have been developed in the 
field of spinal surgery. Minimal access spinal technologies aim primarily at minimiz- 
ing the trauma associated with surgical exposure of the spine, decreasing postopera- 
tive morbidity, less blood loss, earlier rehabilitation, and acceptable complication 
rates. 

Then, the patients benefit from the decreased postoperative pain, shorter hospital 
stay, and expedited return to normal activities. However, no published scientific 
studies have fully proved that minimally invasive techniques are superior over stan- 
dard techniques. In my opinion, we should learn these minimally invasive techniques 
in a step-by-step fashion, starting with a conventional skin incision and, once the 
surgeon is familiar with the procedures and instruments, moving on to the invasive 
techniques to avoid any possible technique-related complications. 

We also have recently performed minimally invasive spinal surgery as shown in this 
manuscript. Using METREX, removal of lumbar disc hernia can be performed via just 
one finger skin incision and split the muscle [5]. Percutaneous vertebral augmenta- 
tion, including vertebroplasty and kyphoplasty, has become the treatment of choice 
for many patients with intractable back pain secondary to vertebral insufficiency frac- 
tures [6]. Spinal injections are important for evaluating and managing spinal pain and 
can be extremely useful diagnostically and therapeutically [2]. This article mainly 
describes less invasive techniques using instrumentation. We already reported the sur- 
gical results of anterior cervical stabilization using instrumentations without har- 
vesting of autologous bone grafts compared with traditional technique, and concluded 
that the technique without grafts presented good clinical results and helped to avoid 
complications from the iliac crest donor site [9,11 ]. 

In conclusion, minimally invasive spinal surgery using instrument with appropri- 
ate patient selection may raise the cost of the operation, but can be undertaken with 
acceptable mortality and morbidity rate and offer short hospital stay and quicker 
return to work by immediate stabilization. 
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Clinical Experience with Endoscope- 
controlled Removal of Intrameatal 
Vestibular Schwannomas 
TOMOKATSU HORI, TAKASHI MARUYAMA, and MIKHAIL CHERNOV 

Summary. Use of endoscopes for surgery of the cerebellopontine angle tumors 
steadily obtains a widespread acceptance. We evaluated safety of the endoscope- 
controlled microneurosurgical removal of the intrameatal vestibular schwannomas 
through retrosigmoid approach, which was performed in 33 consecutive patients. 
Bayonet-style rigid endoscope with 70 ° angle of view and 4 mm of outer diameter was 
used for observation of the internal auditory canal. Its insertion in the cerebellopon- 
tine cistern was done under control through operating microscope. Endoscope- 
controlled manipulations necessitated use of the special holder system, which pro- 
vided stable position of the device and allowed bimanual manipulations of the 
surgeon. In overall, 28 tumors underwent total removal, and anatomical preservation 
of the facial nerve was attained in 31 cases. Use of endoscope permitted removal of 
the neoplasm from the most lateral part of the internal auditory canal and precise 
identification of the nerve of tumor origin. In 8 out of 16 patients, who showed serv- 
iceable hearing before surgery, it was preserved after tumor removal. Therefore, endo- 
scope-controlled removal of the intrameatal vestibular schwannomas seems to be 
technically feasible, effective and safe procedure. However, good equipment and 
special training are essential for attainment of optimal results. 

Key words, neuroendoscopy, vestibular schwannoma, endoscope-controlled removal, 
internal acoustic meatus, outcome 

1 Introduction 

Since recently, there is growing interest in the use of neuroendoscopes during surgery 
for cerebellopontine angle (CPA) tumors [ 1-12]. Modern devices, both rigid and flex- 
ible, provide a wide angle of view, superb illumination with a cold light, and perfect 
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depth of focus in conquer with high magnification. Its use during microsurgical pro- 
cedures allow to reduce the size of the craniotomy, to improve visualization in the 
operative field, and to look around important anatomical structures eliminating the 
need for extensive retraction [2,9-11 ]. 

The advantages of the endoscopic inspection during or after microsurgical removal 
of vestibular schwannomas had been highlighted in several previous reports. These 
include early identification of the cranial nerves in the CPA, possibility of revision of 
the most lateral part of the internal auditory canal (IAC) for presence of the residual 
neoplasm, and visualization of the non-sealed petrous bone air cells for prevention of 
the postoperative cerebrospinal fluid (CSF) leak. With adjunct of endoscopy tumors 
can be removed more completely, with less morbidity, and degree of their resection 
can be assessed more precisely [1,5,8,11 ]. The length of drilling of the posterior wall 
of the IAC can be reduced, and inadvertent opening of the intraosseous endolym- 
phatic sac and posterior semicircular canal, which has a crucial importance in 
hearing-preservation vestibular schwannoma surgery, can be avoided [7-10]. 

Meanwhile, the efficacy of endoscope-controlled removal of vestibular schwanno- 
mas is not clear yet. Moreover, there is some concern about possible endoscope-related 
complications due to poor overview of the operative field, limited two-dimensional 
image, and possible local increase of temperature in the vicinity to the tip of the device 
[8,9,11]. During 2004-2005 the senior author performed endoscope-controlled 
microneurosugical removal of 33 intrameatal vestibular schwannomas. The analysis 
of this clinical experience is presented herein. 

2 Materials and Methods 

Endoscope-controlled removal o f  vestibular shwannomas was performed in 23 
women and 10 men, whose age varied from 22 to 77 years (mean: 50 + 15 years). The 
tumor was located on the left side in 16 cases, and on the right side in 17. There were 
31 initially diagnosed and 2 recurrent neoplasms. Three schwannomas were purely 
intrameatal, 8 had limited extension into the CPA, 7 filled the CPA completely, but did 
not show compression of the brain stem, and 15 caused more or less prominent brain 
stem compression. Before surgery 31 patients had either normal, or nearly normal 
facial nerve function, and 16 had serviceable hearing on the side of the tumor. 

2. I Surgical Technique 
All surgeries were planned as routine microneurosurgical operations and if necessary 
could be completed without use of endoscope. General anesthesia, lateral oblique 
position of the patient, standard retrosigmoid approach, motor and somatosensory 
evoked potentials, auditory brain response, facial nerve monitoring, and cochlear 
nerve action potentials were used routinely, in the same way as described elsewhere 
[11,12]. 

After microsurgical intracapsular debulking of the tumor in the CPA, the posterior 
wall of the IAC was removed by high-speed drill. Bayonet-style rigid endoscope with 
70 ° angle of view and 4mm of outer diameter (Karl Storz GmbH & Co., Tuttlingen, 
Germany) fixed in the specially designed endoscope holder"EndoArm" (Olympus Co., 
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Tokyo, Japan) was inserted into CPA under control through the operating microscope. 
Subsequent removal of the residual tumor from the CPA and IAC was attained utiliz- 
ing concurrently both microscope- and endoscope-controlled technique with the 
use of routine microneurosurgical instruments. Regular irrigation of the wound by 
Ringer-lactate solution was done during use of the endoscope. 

3 Results 

Total tumor removal was attained in 28 cases, subtotal in 3, and partial in 2. Use of 
endoscope permitted removal of the residual tumor from the most lateral part of the 
IAC. Anatomical preservation of the facial nerve was attained in 31 cases. In 8 out of 
16 patients, who showed serviceable hearing pre-operatively, it was preserved after 
tumor removal. 

3.1 Complications 
In one case the facial nerve was mechanically damaged by endoscope itself, which 
necessitated its direct suturing in the CPA. No one case of thermal injury to the cranial 
nerves, postoperative CSF leak, or infection was observed. 

4 Discussion 

4.1 Endoscope-controlled Removal of Vestibular 5chwannomas 
While endoscopic inspection during surgery for vestibular schwannomas obtained 
widespread acceptance, the advantages of endoscope-controlled removal of these 
tumors are less clear. Wackym et al [ 11 ] and Magnan et al [ 12] advocated use of this 
technique for dissection of the residual neoplasm from the most lateral part of the 
IAC. Goksu et al [8] reported the results of such procedures in 8 patients with serv- 
iceable hearing and small intrameatal vestibular schwannomas: total removal, func- 
tional preservation of the facial nerve, and anatomical preservation of the cochlear 
nerve was attained in all cases, whereas useful hearing was preserved in four. In the 
present series, which included a significant proportion of large tumors, total removal 
of the neoplasm was attained in 85% of cases, anatomical preservation of the facial 
nerve in 94% of cases, and preservation of the serviceable hearing in 50% of those, 
who showed its presence before surgery. 

4.2 Lessons Learned 
Several lessons had been learned from our clinical experience. First, use of rigid endo- 
scopes, which are usually recommended for endoscope-assisted skull base surgery, 
may be complicated during endoscope-controlled procedures due to nearly coaxial 
positions of the endoscopic device and microinstruments. This disadvantage can be 
overcome if bayonet-style endoscopes and microinstruments are used. Second, several 
endoscopes should be available during surgery and used according to the particular 
goals. While 0 °, 30 °, and 70 ° angle of view endoscopes were found to be useful for 
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manipulations in the CPA, only the latter device was suitable for observation of the 
IAC. Third, angled rigid endoscopes may be difficult to pass in the operative wound 
without risk of inadvertent damage to the neurovascular structures [3,4]. Mechanical 
injury of the facial nerve by endoscope was met once in the present series. Therefore, 
we strongly recommend microscopic guidance during insertion of the 70 ° angle of 
view device into the CPA. 

4.3 Risk of Thermal Injury: Is It Significant? 
There is known concern, that prolonged use of endoscope can be accompanied by 
increase of the local temperature in the vicinity to its tip followed by thermal injury 
to the critical neurovascular structures [9,11]. However, the special thermographic 
study, which we conducted in the anatomical laboratory, revealed, that the local 
temperature in the CPA during the use of endoscope connected with a working light 
source, is much lower, comparing with those during removal of the posterior wall of 
the IAC by high-speed drill (unpublished data). In no one case of our clinical series 
thermal injury to the cranial nerves was marked. Definitely, the possibility of the com- 
plication may depend on the model of the device, duration of its use, type of the light 
source, and individual sensitivity of the cranial nerves. However, in general, the risk 
of thermal injury during use of endoscope should not be considered too high, and 
regular irrigation of the wound by Ringer-lactate solution seems to serve as a suffi- 
cient preventive measure. 

4.4 Importance of the Endoscope Holder System 
Intracranial neuroendoscopic procedures are usually performed through a narrow 
corridor in the vicinity to important neurovascular structures. While endoscopic 
inspection can be done by freehand fixation of the device, endoscope-controlled 
microneurosurgical manipulations require its precise position, because monomanual 
surgical manipulations may be not only non-effective, but even dangerous if occa- 
sional shift of the endoscope occurs in the surgical wound [3,7-9,11]. This necessi- 
tates use of special holder, which can provide stable position of the device in the 
surgical wound and permits bimanual manipulations of the surgeon and assistant. 
Several such systems are currently available. One of these is "Endoarm", which is 
routinely used at our clinic for endoscopic inspection, endoscope-assisted, and 
endoscope-controlled microneurosurgery. It provides excellent maneuverability 
within 6 degrees of freedom, smooth manipulations with avoidance of strenuous 
maneuvers of the surgeon, accurate fixation in any direction, and safe release, which 
result in high level of clinical safety of the device [13]. 

5 Conclusion 

Using of endoscopes during surgery of vestibular schwannomas is technically feasi- 
ble, effective, and safe. Endoscopic inspection allows early identification of the cranial 
nerves, revision of the most lateral part of the IAC for presence of the residual 
neoplasm, delineation of the nerve of its origin, and visualization of the non-sealed 
petrous bone air cells for prevention of postoperative CSF leak. Endoscope-controlled 
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microneurosurgical removal of the intrameatal tumors permits to attain dissection of 
the neoplasm from the most lateral part of the IAC. The risk of thermal injury to the 
cranial nerves due to use of endoscopes seems to be low. Nevertheless, special train- 
ing is absolutely necessary, because endoscopic procedures are accompanied by 
definite learning curve. Availability of good equipment, including endoscope holder 
system is also very important for attainment of optimal surgical results. 
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Neuroprotective Approaches in 
Experimental Model of Cerebral 
Venous Infarct 
HIROYUKI NAKASE, RYOTA KIMURA, TOSHIKAZU NISHIOKA, 
RYO TAMAKI, HITOSHI MIYAKE, YASUHIRO TAKESHIMA, 
and  TOSHISUKE SAKAKI 

Summary 
Background and Purpose: Novel neuroprotective approaches in experimental 
models of cerebral venous infarct (CVI) are described. 
Method and Results: We used the rat two cortical veins occlusion model. 
(Experiment-l) The rats were divided into two groups: the control and the treated 
group with VEGF antagonist. They were evaluated by MRI 24h after the operation. 
VEGF expression was observed exclusively in the area of vasogenic edema. The both 
volumes of the infarction and the vasogenic edema in MRI were significantly smaller 
in the treated group than the control (P < 0.05). (Experiment-2) We examined sequen- 
tial changes of bcl-2 family proteins and TUNEL staining in the same model. The rats 
were submitted to perfusion fixation at 4, 12h and 1, 2, 4, 7 days after the vein occlu- 
sion (each n = 4). TUNEL positive cells began to appear at 1 day after the vein occlu- 
sion with the peak at 2 days and localized in the center and around infarction. Bax 
protein began to appear immunohistochemically at 4h around the ischemic lesion, 
and its peak was 1 day. On the other side, bcl-2 protein was negative from the early 
phase to 4 days. 
Conclusions: The inhibition of VEGF and apotosis might be new therapies against 
CVI. 

Key words, cerebral venous infarction, VEGF, penumbra, rat 

I Introduct ion 

To date the severity of the consequences of venous occlusion on the brain has been 
underestimated in neurosurgical practice. However, recently much attention has been 
paid to brain injury following cerebral venous circulation disturbances (CVCDs) as a 
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result of the increasing number of neurosurgical operations for aged patients and the 
development of skull base neurosurgery [1-5]. 

We have studied experimentally on CVCDs by the rat 2 veins occlusion (2-VO) 
model using the photochemical thrombotic technique. The model has been developed 
as a good approximation of the intraoperative venous injury that might be experi- 
enced in any neurosurgical setting [6,7]. We previously demonstrated that the growth 
of the thrombus coincided with decrease in regional cerebral blood flow and brain 
damage using fluorescence angiography and cortical laser Doppler scanning in the 
model [8-13]. 

Cerebral venous disorders are potentially good outcome if diagnosed and treated 
promptly [2]. Therapeutic window in time and space is much wider in cerebral venous 
infarct (CVI) than arterial stroke. In the paper, novel neuroprotective approaches in 
experimental models of CVI are described. 

2 Material and Methods 

This animal study was conducted in accordance with the guidelines approved at the 
80th general assembly of the Japan Science Council (1980). 

2. I Experiment- 1 
We used 25 male Wistar rats weighing 230-300g. Spontaneous ventilation under 
general anesthesia was maintained during the procedures. Two adjacent cortical veins 
were photochemically occluded using rose bengal dye and fiberoptic illumination as 
described previously [6-13]. The rats were divided into two groups: the control (n = 
15) and the treated group with Vascular endothelial growth factor (VEGF) antagonist 
(n = 10). They were evaluated by Magnetic resonance imaging (MRI) 24h after the 
operation. After MRI measurements, the rats were immediately sacrificed, and the 
brain were served for histological and immunohistochecal analysis for VEGF [14,15]. 

2.2 Experiment-2 
We examined sequential changes of bcl-2 family proteins and TUNEL staining in the 
same 2-VO model (n = 24) in rat brain. The rats were submitted to perfusion fixation 
at 4, 12 h and 1, 2, 4, 7 days after the vein occlusion (each n = 4). Immunohistochem- 
ical analysis of Bcl-2 family protein and TUNEL staining were performed to examine 
the relation with the process of cell death in the penumbra-like condition in venous 
circulation disorders [16]. 

3 Results 

3.1 Experiment- 1 
No significant differences were observed in physiological parameters (blood PaO2 and 
PaCO2, mean arterial blood pressure) before and after venous occlusion and between 
the groups. VEGF expression was observed exclusively in the area of vasogenic edema 
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Fie. 1. Representative MRI data for the control group. The control group had large ischemic 
lesions and brain swelling (indicated by black dotted circle). The ischemic area widely extends 
from the surface of cortex into white matter on the T2-weighted images (T2WI). The venous 
infarction is detected in the cortex on the diffusion-weighted images (DWI). The brain edema, 
particularly vasogenic edema, is detected around the infarction and widely spreads into the 
white matter on the apparent diffusion coefficient (ADC) of water map [15] 

gl l  n u l l l  a n n  

~ ~ M  

FTG. 2. Representative MRI data for the VEGF antagonist group. The antagonist group had a 
smaller region than the control group in all types of images [15] 

which was shown as a high intensity area in apparent diffusion coefficient (ADC) map. 
The both volumes of the infarction and the vasogenic edema in MRI were significantly 
larger in the control group (Fig. 1) than the VEGF antagonist group (Fig. 2) (P < 0.05) 

[151. 

3.2 Experiment-2 
TUNEL positive cells began to appear at 1 day after the vein occlusion with the peak 
at 2 days and localized in the center and around infarction. Bax protein began to 
appear immunohistochemically at 4 h around the ischemic lesion. Its peak was 1 day, 
and they were scattered around the infarction. On the other side, bcl-2 protein was 
negative from the early phase to 4 days (Table 1) [16]. 

4 Discussion 

The data in experiment-1 provide an evidence that the inhibition of VEGF attenuates 
vascular permeability (VP) and reduces CVI in the acute stage of cerebral venous 
ischemia, and the experiment-2 demonstrated that apoptosis appeared with changing 
depending on the time course and the space in the penumbra area of venous ischemia. 
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TABLE 1. Immunohistological sensitivity in penumbra area [16] 
4 h 12 h 1 day 2 days 4 days 7 days 

TUNEL - +/- + ++ ++ + 
Bax + + ++ ++ + +/- 
B c l - 2  . . . .  +/- + 

Ischemic core] 

~z 

~~~ l Penumbra [ 

FIG. 3. Pathophysiological concept of ischemic lesion and neuronal cell death by vein occlusion. 
In the 2-VO model used in the experiements, the infarct (ischemic core) is small, but there is a 
large penumbrae with critically reduced CBF [ 16] 

VEGF, which induces angiogenesis, is also known as VP factor. VEGF is an impor- 
tant angiogenesis factor, particularly in the hypoxia or ischemia induced brain 
damage such as strokes. However, the positive effect of the inhibition of VEGF was 
shown by this experiment. This is supposed to be due to the timing of the drug injec- 
tion and the feature of CVI. VEGF antagonist was injected very early after occlusion 
and when compared to arterial ischemia, infarction maturates slowly in the model. A 
balanced check Joint should exist to determine the good and/or bad effect of VEGF in 
the stroke [14,15]. 

The studies of arterial infarction using the middle cerebral artery occlusion model 
showed us that the apoptosis of ischemia occurred near around the infarction core, 
which area is becoming worth. In venous ischemia, appearance of apoptosis was 
observed around the ischemic center and at the distant area from the core too (Fig. 
3). This area around the infarction core is incomplete ischemic stage and the function 
and condition of cell may be observed specific change. If the apoptosis mainly concern 
with venous ischemia, this programmed cell death has the time between the signal of 
stimulation, transportation of stimulation and appearance of cell death, and that time 
is useful for therapy, so that the further study is more expected [16]. 

In occlusive stroke, the concept of neuroprotection involved inhibition of cascade 
of pathological molecular events occurring under ischemia and leading to calcium 
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influx, activation of free radical reactions and cell death. Many neuroprotective agents 
have proven efficacious in animal models, but clinical trials with many agents have so 
far been disappointing [ 17]. One of the possible explanations is that the effects of neu- 
roprotective agents on infarct size are time dependent and treatment has often been 
initiated much later than in successful experimental stroke model. CVI usually devel- 
ops much more slowly than arterial stroke. Also, areas with moderate reduction of 
cerebral blood flow, penumbra, surrounding a core infarct in CVI are wider than arte- 
rial stroke. Therefore, therapeutic window in time and space is much wider in CVI. 
Neuroprotective candidates with the success obtained with animal models are more 
promising in human trial in CVI. 
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Treatment of Ruptured Intracranial 
Aneurysm: Our Approach 
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Summary. The question as to whether to clip or coil a specific aneurysm has been the 
topic of many debates and symposia. Conflicting options have been discussed over 
the past few years. In view of this, we decided to review our data and formulate clear 
indications for surgical clipping and coiling. In addition to this we wanted to study 
the benefits of surgical clipping for ruptured aneurysms over endovascular coiling. 

We studied 450 cases, retrospectively, of ruptured cerebral aneurysms admitted to 
our institution from 1997 to 2003. Out of these, 324 were subjected to surgical clip- 
ping and 126 to endovascular techniques. The outcome was studied using GOS. 

Of the 324 cases of surgical clipping 222 had good recovery, 38 had moderate dis- 
ability, 15 had severe disability, 13 became vegetative and 36 patients died. In the 
endovascular group 34 had good recovery, 22 had moderate disability, 18 had severe 
disability, 15 became vegetative and 37 patients died. Grade to Outcome was compared 
in both the forms of treatment. In our series clipping for ruptured aneurysm was 
preferred to coiling in fusiform shape aneurysms, large or giant aneurysms, MCA 
aneurysms, blister aneurysms, complex configurations, partially thrombosed 
aneurysms and aneurysms associated with intracranial hemorrhage. Coiling was 
performed for basilar tip and trunk aneurysms, high anterior communicating artery 
aneurysms, patients with subacute stage of sub-arachnoid hemorrhage, and those 
with associated medical complications. 

Based on this study we were able to coin a few definite indications for clipping, even 
in the times of advanced endovascular techniques. In addition we could also prove 
benefits of surgical clipping over endovascular technique in severe sub-arachnoid 
hemorrhage. 

Key words, subarachnoid hemorrhage, aneurysms, treatment 
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I Introduction 

There have been revolutionary developments in surgical clipping and endovascular 
coiling for the treatment of ruptured aneurysms. Surgical clipping as a treatment 
modality has been developed since the past 100 years. Endovascular coiling of 
intracranial aneurysms is a technique that has been available for the past 10 years and 
widely accepted throughout the world. Guglielmi detachable coil treatment is becom- 
ing an accepted alternative to microsurgical clipping for select intracranial 
aneurysms. Since its development a number of publications have demonstrated that 
endovascular treatment may be effective in reducing rebleeding after subarachnoid 
hemorrhage due to aneurysmal rupture [ 1-3]. Although it is more comfortable for the 
patients and is often associated with lower complications rate, coiling is not thought 
to be resolve all the mass effect caused by aneurysms. Typically the only questions 
asked about aneurysm therapy are the ability to close and maintain closure of the 
aneurysm and the patients does not die or sustain a major complication of treatment. 
The question as to whether to clip or coil a specific aneurysm has been the topic of 
many debates and symposia. Conflicting reports have been presented to us over the 
past few years [2,4-6]. Many factors must be considered when determining whether 
to coil or clip. Dr. Jeffrey Stone, an interventional neuroradiologist at the MCG Neu- 
roscience Center, warns that coiling is not necessarily less risky than clippingmjust 
less invasive. MCG Neuroscience Center physicians do not view the two procedures 
as competitors [7]. Patients with aneurysms, whether ruptured or not, are assessed by 
a multidisciplinary team that recommends the procedure deemed most effective for 
each individual case. Patients of ruptured aneurysms would benefit maximally from 
this healthy competition between clipping and coiling. ISAT (International Subara- 
chonoid Aneurysm Treatment Trail) has shown that, in those patients with aneurysms 
10ram or less in size that have a favorable configuration to be coiled, coiling is 
associated with less morbidity than clipping, Dr. Britz wrote. "However, this finding 
cannot be translated into believing that coiling is safer than clipping in all cerebral 
aneurysms." He noted that under current practice most middle cerebral artery 
aneurysms are treated better with clipping than with coiling. In addition, some 
aneurysms, such as those with a small dome-to-neck ratio or those that have branches 
coming out of the aneurysm itself have a worse outcome with coiling [7]. We decided 
to review our data and formulate clear indications for surgical clipping and coiling. 
In addition to this we studied the benefits of surgical clipping for ruptured aneurysms 
over endovascular coiling. 

2 Material and Methods 

We studied 450 cases of ruptured cerebral aneurysms admitted to our institution from 
1997 to 2003. Of these patients, 324 were subjected to surgical clipping and 126 were 
treated by endovascular techniques. Treatment guidelines were selected on the basis 
of the Hunt and Kosnik grade at the time of admission, age of the patient and mor- 
phology of the aneurysm. 3D CT and MR images were obtained in each case apart 
from the routine scans and the clinico-radiological findings were discussed together 
by the senior experts in Neurosurgery and Interventional Endovascular surgery. 
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FIG. 1. Flow diagram of the management plan admitted with rupture aneurysm. ICH, 
Intracerebral heamatoma; IVH, Intraventricular haematoma; CVD, Continuous ventricular 
drainage 

Surgery was performed in patients with HK grade 0-3, grade 4 (GCS 9-12), grade 5 
(with hydrocephalous or intracerebral hematoma) and those who presented in an 
acute setting (0-3 days). Endovascular therapy was selected for those patients who 
presented in a sub-acute stage (4-14 days of vasospasm) or with HK grade 4 (GCS 
7,8) or grade 5 (without hydrocephalous or intracerebral hematoma), age more than 
70 and for those located in the posterior circulation. Surgical treatment consisted of 
clipping with or without ventricular drainage. It was performed by a standard free 
flap pterional craniotomy (Yasargil method) or subocciptal craniectomy as the case 
demanded. Endovascular therapy compromised of GDC coiling, CSF wash out with 
urokinase and or TPA (Fig. 1). The outcome was evaluated using GOS at the time of 
discharge from the hospital. 
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FIc. 2. Location of aneurysms treated by 
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FIG. 3. Location of aneurysms treated by 
coiling 
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3 Results 

Of the 324 patients treated by surgical clipping, 110 were located on ICA, 106 on ACA, 
85 on MCA and 23 in Posterior circulation, while in the endovascular group the dis- 
tribution was 40, 36, 20 and 30 respectively (Figs 2,3). 389 patients had single 
aneurysm whereas 61 belonged to the multiple constellation. 

In the surgical group 28 patients had presented in Grade I, 76 in Grade II, 118 in 
Grade III, 57 in Grade IV and 45 in Grade V (Hunt and Kosnik grade), while in the 
group treated by endovascular techniques, the distribution was 7, 27, 17, 32, and 43 in 
the respective grades. In the surgical group, 222 patients had good recovery, 38 
patients had moderate disability, 15 patients had severe disability, 13 patients became 
vegetative and 36 patients died. In the endovascular group 34 patients had a good 
recovery, 22 patients had moderate disability, 18 patients had severe disability, 15 
patients became vegetative and 37 patients died. Grade to Outcome was compared in 
both the forms of treatment (Tables 1,2). 

4 Discussion 

Optimal treatment for ruptured aneurysms must demonstrate the following features: 
first, the highest rate of complete occlusion; second, the lowest complication rate, and 
the cost effectiveness. So, what would be the best treatment option for each aneurysm 
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TABLE 1. Grade to outcome in patients with operative treatment 
Clipping Gr I Gr II Gr III Gr IV Gr V Total 

GR 24 69 92 28 9 222 
MD 3 4 11 15 5 38 
SD 0 1 5 3 6 15 
V 0 0 3 5 5 13 
D 1 2 7 6 20 36 

Total 28 76 118 57 45 324 

TABLE 2. Grade to outcome in patients with endovascular treatment 
Coiling Gr I Gr II Gr III Gr IV Gr V Total 

GR 6 16 0 6 6 34 
MD 1 7 5 7 2 22 
SD 0 2 4 9 3 18 
V 0 0 3 3 9 15 
D 0 2 5 7 23 37 

Total 7 27 17 32 43 126 

type? Since open surgery for intracranial aneurysm began to be used, aneurysms of 
the posterior circulation, particularly aneurysms of the basilar trunk, appeared more 
difficult to treat than aneurysms of the anterior circulation [7]. This lead to coil 
embolization being recommended more commonly for posterior circulation 
aneurysms. Other aspects supporting this recommendat ion included: an easier access 
to the vertebro-basilar system by the endovascular approach; better  results for basilar 
artery apex aneurysms treated by coil embolization [8,9]; and coil embolization being 
associated with low failure rates for these aneurysms [10]. Currently, in the most expe- 
rienced group performing coil embolization, posterior circulation aneurysms are 
more commonly treated by embolization than by standard open surgery [11 ]. 

In literature, surgery for ruptured aneurysms within the first 72 h, was found to be 
more difficult and associated with higher operative morbidi ty  compared with a 
delayed procedure [12] or surgical clipping of an unruptured aneurysm [10,13]. Sur- 
gical clipping, therefore, appears to be the best t reatment to recommend for anterior 
circulation aneurysms, in particular the middle cerebral ar tery aneurysms, complex 
aneurysms and Giant aneurysms [ 14-16]. 

In our series clipping for ruptured aneurysm was preffered over coiling in fusiform 
aneurysms, large or giant aneurysms, MCA aneurysms, blister aneurysms, complex 
configurations, partially thrombosed aneurysms and aneurysms associated with 
intracerebral hemorrhage.  

Coiling was preferred for basilar tip and t runk aneurysms, high anterior commu- 
nicating artery aneurysms, patients with subacute stage of sub-arachnoid hemor- 
rhage, and those with associated medical complications. 

Raftopoulos [10] considered that surgical clipping was more effective and safer than 
coil embolization for anterior circulation aneurysm, even for more complex 
aneurysms. David et al [4] in their data confirmed the long term efficacy of aneurysm 
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FIG. 4. A patient of middle cerebral artery aneurysm presented with grade-1 subareachnoid 
haemorrhage. A 3D CT scan and B DSA done revealed a giant aneurysm of the MCA bifurca- 
tion. He was subjected to microsurgery. C Intraoperatrively the aneurysm neck was found to be 
atherosclerotic with thickened walls. D,E The aneurysm was clipped with the help of 2 clips. 
F Postoperative angiogram revealed complete obliteration of the aneurysm 
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clip ligation with a 98.5% permanent obliteration rate. However other authors report 
that coil embolization gave better results than the best surgical series [2,3,17]. The 
short term results of the first randomized trail comparing interventional and surgi- 
cal treatment of aneurysms, the international subarachonoid aneurysm treatment 
trail (ISAT), has recently been published and speaks in favour of endovascular coiling, 
although controversial opinions are heard. Later, the International Subarachnoid 
Aneurysm Trial (ISAT) also showed for ruptured intracranial aneurysms a difference 
in favour of coil embolization [5]. There was a definite bias in this study, due to the 
exclusion of major vascular neurosurgical clipping centres in the United States and 

Japan. 
In a recent study by Raymond et al, long term follow up was obtained in 55% of 

501 aneurysms treated by coiling over a 10 year interval from 1992-2002. Recurrence 
was identified in 33.6% of the total number of aneurysm followed. Major recurrences 
were identified in 20.7% of the patients and appeared at a mean interval of 16.49 + 
15.93 months. In fact in their total number of 501 patients only 35.9% were treated 
with what was defined as complete occlusion. In 46.3% there were residual neck, in 
13.8% there was residual aneurysm, and in 4% there was failure to place coil. Raymond 
et al, defined a 0.8% bleeding rate in clinical follow up interval of 31.32 months. 

In our series severe grade acute sub-arachnoid hemorrhage showed a better 
outcome than coiling as against ISAT. This disparity between ISAT and our series, with 
respect to severe sub-arachnoid hemorrhage could be due to following reasons [18]. 

(1) Treatment in the clipping group of ISAT was initiated by 3.7 days, whereas, coiling 
cases, by 3.1 days. This lapse of 14h in the acute stage was an important factor 
missing out on the golden hour. 

(2) Most of the patients among the 2143 ISAT cases were in better grades (1 or 2), 
where satisfactory results are expected. 

(3) The cases which were excluded comprised of more clipping cases than coiling. 
(4) Patients with Middle cerebral and Posterior circulation aneurysms were nearly 

excluded (97.3% of cases; anterior circulation aneurysms). 
(5) In the ISAT study the rate of heaemorrhage in coiled patients from time of treat- 

ment to 1 year was reported as 3.2% and in the clipped patients 1.3%. 
(6) Lower level of sub-specialization in the neurosurgical group existed, in addition 

to the absence of long-term evaluation of coil embolization. 

In our series we found that clipping had definite advantages over coiling, such as: 

(1) 3D CT angiogram [19] was enough to plan surgery reducing the time to surgery 
and also being cost-effective. A repeat DSA was also not required postoperatively. 

(2) Site of aneurysm was seldom a limiting factor. 
(3) There were no problems of coil compaction or thromboembolic episodes. 
(4) An additional treatment incidence was less. 
(5) Hematoma reduction aided resolution of brain injury and reduced vasospasm. 
(6) Simultaneous treatment of hydrocephalous by procedures like lamina terminalis 

fenestration etc could be performed. 

Endovascular coiling has certain advantages such as minimal invasiveness, no brain 
manipulation, reduction of vasospasm, and lesser hospital stay, but it did not outweigh 
its limitations as outlined above. Several authors stress the potential advantages of coil 
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embolization in select patients over surgery in terms of cognitive outcome especially 
ruptures ACOM aneurysm. It is well known that when coiling of an aneurysm, much 
of the risk of thromboembolic complications or parent vessel occlusion. Coiling pre- 
vents the majority of acute rehaemorrhage form ruptured aneurysm, however clip- 
ping reduces rebleeding by more than 50% compared with endovascular coiling but 
incidence of seizure is more then coiling. 

Dr. Britz wrote. "Each patient and their aneurysm is different and the decision has 
to be made about what is in the best interest for each patient. None of the treatment 
options are superior, but rather each has strengths and weaknesses that can be used 
to decide what is best for each patient. Some patients should be clipped and some 
should be coiled?' [7] 

5 Conclusion 

In our series, microsurgical clipping had a more favourable outcome than endovas- 
cular coiling in acute severe sub-arachnoid hemorrhage cases as oppose to the ISAT 
studies. In spite of advances in the coiling technique and it being a less morbid 
procedure, there are certain limitations and disadvantages. Appropriate selection is 
important prior to allocating the treatment strategy in each case of severe sub- 
arachnoid hemorrhage. We recommend that, for most posterior circulation in- 
tracranial aneurysms, coil embolization appears to be the procedure of choice while 
the vascular neurosurgeon should clip anterior circulation aneurysms, large or giant 
aneurysms, complex aneurysms and aneurysms situated on the middle cerebral 
artery. Evolving endovascular technology should be integrated with the microsurgi- 
cal management of aneurysms in the event of failure of a single conventional 
modality. 
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Endoscopic Endonasal Transsphenoidal 
Surgery for Pituitary Macroadenoma 
SURESH K. SANKHLA 

I Introduction 

The endoscopic endonasal transsphenoidal approach is a minimally invasive surgical 
technique for the removal of pituitary adenomas. This technique has several well- 
known advantages over the standard microsurgical transsphenoidal operation (Table 
1). We report our experience with this technique in the surgical management of 
patients with pituitary macroadenoma and highlight few technical points that make 
this technique extremely useful and versatile. 

2 Methods & Results 

Forty-three patients with pituitary macroadenoma, including 7 with residual or recur- 
rent tumors, were operated on using this approach in last 4 years (Tables 2,3). There 
were 24 non-secreting, 10 GH-secreting, and 9 PRL-secreting adenomas. The tumor 
removal was gross-total in 29 (67%), subtotal in 11 (26%), and partial in 3 (7%) 
patients (Table 4 and Figs. 1-3). Complications including CSF leakage and transient 
diabetes insipidus were observed in 9% of patients (Table 5). There was no death or 
serious morbidity related to this procedure. 

3 Discussion 

The endoscope significantly adds to the versality of the transsphenoidal approach 
used for the lesions in and around the sella. Because the endoscope is placed closer 
to the sella, more convenient regular straight microsurgical instruments, which are 
generally unsuitable for the standard microscopic approach, can be used comfortably 
with this approach (Fig. 4). With angled 30-degree and 45-degree endoscopes, it is pos- 
sible to examine the entire sellar and suprasellar regions more closely (Fig. 5). Tumor 
remnants in the lateral recesses, often missed by the microscopic vision can be 

B. Nanavati Hospital and Medical Research Centre, A-503, Chaitanya Towers,Appasaheb Marathe 
Road, Prabhadevi, Mumbai 400 025, India 
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A D V A N T A G E S  
E n d o s c o p i c  ~ s  mic roscop ic  ~ s u r g e p j  

No, nasa, i/oral incisio, n 

No nasal speculum 

Exce.! !ent i llu~mina~tion 

No nasal packing 

No postop, e pistaxis, lip anesthesia, 
d e v i a t e d  nasa l  s e p t u m  

Shorter: o, perative time, 

Redu~ced hospita,! stay 

TABLE 1 

PITUITARY: MACROADENOMA 
12000-2004) 

Total no. of pts. 

Non-secreting 

GH-secreting 

PRL-secreting 

43 
( F = 2 5 " M  = 18) 

26 

10 

TABLE 2 
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CLINICAL F E A T U R E S  

Headache 

Visual disturbances 

CN palsy 

Acromegaly 

A/G 

Infertility 

38 

24 

10 

16 

TABLE 3 

R E S U L T S  

Tumor 

Removal 

Gross total 

Subtotal 

Partial 

No. of 

Patients 

29 

11 

% 

67% 

26% 

7% 

TABLE 4 
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PARTIAL REMOVAL 

Case  5 

J',ii!il i ii!:. 

Case  6 Case  7 

FIG. 3 

COMPLICATIONS 

Nasal bleeding 

CSF leak 

oIntraoperative 
opostop. CSF rhinorrhea 

Meningitis 
Transient DI 

Endo. disturbances 

Intracranial hematoma 

Visual complications 

TABLE 5 
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ADVANTAGES (III) 

FIG. 6 

identified and removed easily with safety. Uniform tumor decompression using endo- 
scopic technique prevents central prolapse of the suprasellar cistern and 
redundant diaphragm into the sellar cavity, and thus, minimizes obscuration of the 
residual tumor in the lateral recesses (Fig. 6). 

4 Conclusion 

Endonasal endoscopic transsphenoidal surgery is a minimally invasive technique. The 
approach is safe and more versatile, and has definite advantages over the standard 
microsurgical transsphenoidal technique. The incidence of surgical trauma and 
procedure-related complications are minimal, and the procedure is better tolerated 
by patients. 



Microsurgical Treatment of 
Posterior Cranial Fossa Tumors Via 
Keyhole Approaches 
QING LAN, ZHIGANG GONG, ZHIYUAN QIAN, JIAN CHEN, SHIHAI LIU, 
ZHAOHUI Lu, and QIANG HUANG 

Summary 
Objective: To explore the surgical outcome and skills of keyhole approaches to pos- 
terior cranial fossa tumors. 
Methods: A retrospective analysis of the clinical data of 43 consecutive patients with 
posterior cranial fossa tumors, including acoustic neurinomas, petroclival menin- 
giomas, pontine tumors, fourth ventricular tumors, etc. was conducted. The subtem- 
poral, retromastoid, or middle suboccipital keyhole approach was chosen according 
to the anatomic positions of those different tumors. The length of the incision was 
about 4 cm, and the diameter of the bone window was 2.0-2.5 cm. Normally dura was 
sutured tightly and no catheter was placed in the operative fields. 
Results: The tumors were totally removed in 37 of the 43 patients (86.0%), subtotally 
removed in 5 (11.6%) and mostly removed in 1 (2.3%). There were no complications 
obviously associated with the limited exposure resulting from keyhole approaches. 
Conclusion: Microsurgical treatment of posterior cranial fossa tumors via keyhole 
approaches, with the safe, succinct and minimally invasive property, is one of the 
promising directions in modern neurosurgery. 

Key words, neurosurgical procedure, cranial fossa, posterior, microsurgery, keyhole 

I Introduction 

The neurosurgical keyhole operation which is a new concept developed recently, espe- 
cially characterized by the supraorbital subfrontal eyebrow approach, has be widely 
applied for intracranial tumors and aneurysms [ 1-3]. However, big craniotomies with 
large incisions are still predominant in the surgical treatments of posterior cranial 

Department of Neurosurgery, Second Affiliated Hospital of Soochow University, 1055 Sanxiang 
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fossa lesions. There are few reports about modern keyhole techniques used in this 
field, although the retromastoid approach applied for decades in the treatment of 
trigeminal neuralgia, in a sense, may be considered as one minimally invasive keyhole 
approach. Based on the rationale of modern keyhole techniques, this approach has 
been developed for intracranial neoplasms. Here the therapeutic effects of various 
posterior fossa keyhole approaches tried in our preliminary study were analyzed 
retrospectively and reported in detail. 

2 Clinical Material and Methods 

2.1 Clinical Material 
Between August 2000 and June 2004, 43 consecutive patients (22 males and 21 females) 
with posterior cranial fossa tumors were admitted at our department. The patients' 
age ranged from 3 to 73 years with a mean age of 47.5 years. The distribution of tumors 
in this study is illustrated in Table 1. All these tumors were detected by the preoper- 
ative magnetic resonance images, removed via keyhole operations, and verified by 
histopathological findings. 

2.2 Methods 
2.2.1 Surgical Approaches 

According to the different anatomic features and different characteristics of the 
tumors, different surgical approaches were selected and modified individually, includ- 
ing the subtemporal keyhole approach, the retromastoid keyhole approach and the 
middle suboccipital keyhole approach (Table 1). No additional expansion of the inci- 
sions and the bone windows was needed to be performed intraoperatively. 

2.2.2 Surgical Methods 

All the skin incisions were linear, about 4 cm in length. In the subtemporal keyhole 
approach, a small bone flap was cut with a craniotome. This flap was replaced and 
secured after surgery, while in the other keyhole approaches the bones were simply 
removed with a high-speed nitrogen-driven drill to make suitable bone windows 
approximately 2.0-2.5cm in diameter. At the end of the operation the dura was 
sutured watertightly, with no epidural or subdural drainage placed. 

Subtemporal Keyhole Approach [1] 
The patient was placed supine, and his ipsilateral shoulder was elevated 10 to 15 
degrees with a cushion beneath, so that the contralateral carotid artery and the inter- 
nal jugular vein were not impacted. Furthermore, according to the lesion position, the 
head was rotated 45 to 80 degrees contralaterally to keep the zygomatic arch hori- 
zontal to the floor. Then the head was retroflexed 10 to 15 degrees, in order not to 
oppress the trachea. Subsequently, the head was bended 15 to 20 degrees laterally 
toward the contrary side, supplying surgeons a comfortable posture for operation. In 
this head position the temporal robe was automatically detached downward from the 
skull due to the gravitation, which reduced the need of intraoperative retraction. The 
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hair before the ear was shaved within a range of 1.5 cm x 5.0 cm. Inside this area, a 
vertical linear epifascial skin incision, approximately 4cm in length, was created 
upward from the superior margin of the zygomatic arch. After the skin was opened, 
the subcutaneous structure was dissected meticulously, so that usually the superficial 
temporal artery could be kept intact. Exposed by a Weitlaner retractor, the temporal 
muscle fascia was incised in a Y-shaped fashion with an electrocautery. The lower 
border of the temporal muscle was then bluntly separated and retracted upward, 
exposing the squamous bone. If the muscle was thick, a tiny vertical incision at the 
posterior portion of the temporal muscle may allow better exposure of the temporal 
bone. After the muscle was retracted bilaterally, a burr hole was placed on the bone. 
Then a bone flap (2.0-2.5 cm in diameter) was removed with a craniotome. The tem- 
poral bone was further drilled from the lower rim of the bone window to the bottom 
of the middle fossa. Normally, the diameter of this bone window was about 2.5 cm, 
and the posterior rim of this window was approximately 1 cm anterior to the exter- 
nal auditory meatus. During this procedure, care was taken not to damage the 
branches of the facial nerve running underneath the zygomatic arch. The temporal 
dura was incised in a valve shape and reflected basally. The temporal lobe was ele- 
vated gently with a spatula. And the cerebrospinal fluid (CSF) was aspirated carefully 
to reduce the intracranial pressure (ICP) gradually. Then the ambient cistern could be 
accessed and dissected carefully. 

Retromastoid Keyhole Approach 

A prone-oblique position was used. The head which faced down first was later rotated 
20 to 30 degrees toward the contrary side, in order to supply a favorable straight 
viewing angle. In this case, the cerebellar hemisphere could be retracted not too much, 
and the cerebellopontine cistern could also be opened smoothly. Furthermore, accord- 
ing to the lesion location, the head position could be adjusted freely intraoperatively 
by tilting the operation bed toward the left side or the right side. A 4 cm linear inci- 
sion was designed, which was approximately 2 cm medial to the mastoid process. The 
upper end of this incision arose from the conjunction line of the inion and the basal 
portion of the mastoid process. After the skin was opened, the subcutaneous tissue 
and the occipital muscle were dissected with an electrocautery. The musculature was 
retracted bilaterally with two Weitlaner retractors to expose the occipital bone. A burr 
hole posteromedial to the mastoid process was made with the high-speed bone drill. 
This burr hole was further expanded, with the drill, to a bone window about 2 cm in 
diameter. The upper rim of this window was near the inferior margin of the trans- 
verse sinus. After a small base portion of the mastoid process was removed, the lateral 
rim of this bone window reached the posterior margin of the sigmoid sinus. If the 
mastoid air cells were opened, bone wax was required to occlude them. If need, 
the inner layer of the bone window could also be drilled to expand the field of view. 
The dura was also incised in a valve fashion and reflected laterally toward the sigmoid 
sinus. Afterwards, the lateral portion of the cerebellar hemisphere was elevated gently 
with a retractor, and the CSF was aspirated simultaneously to reduce the ICP gradu- 
ally. Furthermore, the cerebellopontine cistern was opened to release more CSF. If the 
mass in the cerebellopontine angle (CPA) was so big that there was little CSF able to 
be removed, the inferolateral portion of the cerebellar hemisphere could be elevated 
with a retractor blade to dissect the cisterna magna for the alternative drainage of the 
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CSE When the cisterns were opened, the arachnoid membrane should be dissected 
along the surface of the cerebellar hemisphere to avoid the possible injury of vital 
structures such as the lower cranial nerves, the facial nerve, the acoustic nerve and so 
on. If preoperative images showed the tumor was giant, which implied intraoperative 
aspiration of CSF would be very difficult, a lumbar drain was suggested to be placed 
preoperatively for intraoperative CSF release before dissecting the tumor. 

Middle Suboccipital Keyhole Approach 
The patient was placed in the lateral oblique position, with the head and breast ele- 
vated 20 to 30 degrees. Moreover, the head was flexed anteriorly about 30 degrees to 
create a good viewing angle for surgery. A middle skin incision was designed, the 
lower end of which was approximately 1 cm inferior to the foramen magnum. This 
incision extended upward for about 4 cm along the midline. After the skin was incised, 
the subcutaneous tissue and the median avascular plane was then dissected with the 
aid of a electrocautery. The operative field was exposed well with two Weitlaner retrac- 
tors. Furthermore, with a drill, a bone window (about 2 cm in diameter) was created, 
superior to the foramen magnum. The dura was opened in a Y fashion, and the dura 
edges were tented superiorly and laterally. The cisterna magna was opened to release 
the CSF. After the cerebellar tonsils were retracted bilaterally, the whole fourth ven- 
tricle was exposed meticulously. 

2.2.3 Postoperative Evaluation 

On i-3 days postoperatively, the magnetic resonance imaging was performed on every 
patient to evaluate the tumor resection. 

3 Results 

In this study, tumors were totally removed in 37 out of 43 patients (86.0%), subtotally 
removed in 5 (11.6%) and mostly removed in 1 (2.3%). 

As to the diameters of the 18 acoustic neurinomas, one was smaller than 3 cm, while 
4 between 3-4 cm, 8 between 4-5 cm and 5 bigger than 5 cm. All these acoustic neuri- 
nomas were totally resected via the retromastoid keyhole approach, and the facial 
nerves were preserved in 83.3% (15/18). A typical case is presented in Fig 1. However 
one patient died 3 days postoperatively, due to subsequent brain stem edema. 

There were 8 meningiomas located in the petroclival regions, and the longest diam- 
eters of these tumors ranged form 3.0 cm to 5.0 cm. By use of the subtemporal keyhole 
approach in 6 cases and the retromastoid keyhole approach in 2 cases, 5 meningiomas 
were totally removed (62.5%), while 2 were subtotally removed (25%) and 1 was 
grossly removed (12.5%). Postoperatively 2 patient remained hemiparesis and 1 
patient had mild facial nerve paralysis. One typical case is presented in Fig. 2. 

Among the six patients with pontine neoplasms, 2 accepted the subtemporal 
approach, 2 accepted the retromastoid keyhole approach and the other 2 accepted the 
middle suboccipital keyhole approach. Three tumors were resected completely and 
the other three tumors were subtotally resected. There were no neurological deficits 
in these patients. However, in one patient with the subtemporal keyhole approach, due 
to the intraoperative removal of the petrous apex, cerebrospinal fluid otorrhea 
occurred, which was revised later via the same approach. 
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FIG. 1. The preoperative and postoperative images of one patient with right acoustic neurinoma 
resected via a retromastoid keyhole approach, a, b Preoperative MRI; c, d MRI on the fist post- 
operative day; e The skull demonstrated by the reconstructed 3D-CT obtained one week post- 
operatively 

As for the 4 tumors in the fourth ventricles, the longest diameters ranged from 
3.0 cm to 4.6 cm. All these masses were totally removed via the suboccipital keyhole 
approach. There was no apparent neurological dysfunction postoperatively. 

All the other tumors were resected totally without neurological deficits, except that 
in one patient with the cholesteatoma there was no alleviation of his preoperative 
diplopia after surgery. 

4 Discussion 

The Kawase's approach [4], also known as the subtemporal transpetrosal-transtento- 
rial approach or expanded middle fossa approach, is suitable for the basilar artery 
aneurysm located between the sellar floor and the internal auditory canal, tumors in 
the upper clival region medial to the internal auditory canal, acoustic neurinomas and 
other tumors in the CPA. The unfolding development of the surgical facilities in the 
recent 20 years supplies amazing possibilities to minimize the normal expanded 
approaches. The subtemporal keyhole has been reported to have the same exposure 
field as the Kawase's approach has [1,5]. According to the lesion positions, the ante- 
rior or posterior subtemporal keyhole approach can be selected flexibly to avoid 
unnecessary tissue exposure. 
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FI~. 2. The preoperative and postoperative images of one patient with a petroclival meningioma 
removed via a subtemporal keyhole approach, a, b, c Preoperative MRI; d, e, f MRI on the fist 
postoperative day; g, h, i CT scanning performed two weeks postoperatively, revealing the bone 
window and the removal range of the petrous apex 

Through the subtemporal keyhole approach, the petrous apex can be removed 
interdurally. The removal range should also be carefully defined according to the 
landmarks in the skull base, in order not to damage the internal carotid artery and 
surrounding cranial nerves. The defect of the petrous apex can be restored with the 
coverage of temporal fascia and fat tissue [6] which was later fixed with glue. More- 
over, we have an alternative method. When we drilled the temporal bone, we collected 
the bone powder. Later we used the mixture of the bone powder and the glue to revise 
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the bony defect. In this way, CSF leakage can be prevented effectively, without any 
additional resection of autogenous materials. 

Our experience in this series is that through this subtemporal keyhole approach, 
many regions and structures can be accessed, including the petroclival region, the free 
margin of the tentorium, the lateral wall of the cavernous sinus, the trigeminal gan- 
glion, the optical nerve-internal carotid artery window, the posterior internal carotid 
artery window, the suprasellar pituitary stalk, the dorsum sella, the supraclinoid 
portion of internal carotid artery, the posterior communicating artery, the oculomo- 
tor nerve, the trochlear nerve, the top of the basilar artery, the prepontine cistern, the 
P 1 segment and the P l-P2 junction of the posterior cerebral artery, the superior cere- 
bellar artery, the anterior and lateral aspects of the midbrain and the upper pons. 
Therefore this approach is proper for tumors located in the suprasellar region and the 
petroclival region between the internal carotid artery and the internal auditory canal. 
This approach is also suitable for most of the operations performed on the cavernous 
sinus, since it can access the lateral wall of the cavernous sinus. 

Smaller incisions and craniotomies have already been applied in the normal micro- 
surgical operations on bigger tumors in the CPA region. Furthermore, due to the 
advancement of retromastoid keyhole techniques, the diameter of the bone window 
has been reduced to approximate 2 cm, which still can meet the surgical requirements 
for giant tumors. If necessary, the posterior wall of the internal auditory canal can 
also been drilled to remove the tumor residues inside it. In this study, most of the 
acoustic neuromas were big and giant, yet all of which were removed 100%. For 
instance, the biggest one was 5.2 cm x 5.0cm x 5.1 cm, but the function of the facial 
nerve in this patient was still well preserved postoperatively. However, unfortunately, 
in this series one patient died, because the tumor was very solid, similar to a menin- 
gioma, and tightly adherent to the brain stem. There were many feeding arteries 
arising from the brain stem and extending into the mass. Two days after the tumor 
was resected totally, the patient died from tragic respiratory arrest, due to postoper- 
ative edema occurring in the brain stem. 

In the present study we find by means of the retromastoid keyhole approach some 
nerves like the trigeminal nerve, the facial nerve, the acoustic nerve and the lower 
cranial nerves, some arteries like the vertebral artery and the posterior inferior cere- 
bellar artery, and some regions like the lateral aspect of the cerebellar hemisphere, the 
lateral and anteriolateral aspects of the pons can be exposed satisfactorily. Therefore 
this approach is no doubt suitable for the resection of tumors located in the CPA 
region, the petroclival region or the lateral region of the pons, like acoustic neurino- 
mas, trigeminal neurinomas, meningiomas, etc. 

In case of operations on giant tumors, the growth direction of the tumors should 
be well concerned. If the surgical approach is designed along the long axis of the 
tumor, by removing the tumor in the piecemeal fashion, the residual cavity can easily 
supply a proximal-to-distal manipulating space under direct vision. Therefore it is 
unnecessary to worry about the field of view in the direction of the long axis through 
the small bone window. On the other hand, whether the tumor can be totally removed 
mainly depends on the conditions in the direction along the transverse axis, i.e. the 
lateral exposure of the tumor. 

As for a tumor in the fourth ventricle, thanks to the existence of the ventricle, nor- 
mally it is not difficult to dissect the tumor from the inferior portion of the ventricle. 
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Therefore the middle suboccipital keyhole approach is suitable for the lesions in the 
whole fourth ventricle. Conventionally, in order to expand the exposure of the tumors 
in the fourth ventricle, the cerebellar vermis was incised routinely. However, our expe- 
rience in this present study is that after the arachnoid membrane is opened sufficiently 
[7] and the cerebellum is relaxed well, the cerebellar tonsils can be retracted bilater- 
ally, and the inferior cerebellar vermis can be easily elevated upward. Then the whole 
fourth ventricle region, which is superior to the foramen magnum, inferior to the 
aqueduct and lateral to the lateral recesses of the fourth ventricle, can be exposed 
completely without the sacrifice of the inferior cerebellar vermis. No doubt this 
approach has less iatrogenic traumatization. 

Some surgeons have suggested that at the end of operations on the posterior fossa, 
the posterior arch of the atlas vertebra should be excised and the dura should keep 
open to alleviate the postoperative brain edema and to prevent the possible occur- 
rence of cerebellar tonsillar herniation. However, with the keyhole microsurgical tech- 
niques, the reduced brain retraction usually resulted in mild brain edema. Therefore, 
the dura can be sutured and revised watertightly against potential CSF leakage. And 
it is also unnecessary to remove the posterior arch of the atlas. Under this condition, 
the integrity of the bony structure can be preserved. 

Most of the tumors arising in the CPA region, the petroclival region, the brain stem 
or the fourth ventricle are located deeply inside the posterior fossa. There is a dis- 
tance between the mass and the keyhole bone window. Therefore these deep big or 
giant tumors can be resected skillfully by use of the so-called "keyhole" effect through 
the small bone window. On the contrary, as to tumors in the superficial cerebellar 
hemisphere, bone windows have to be designed strictly according to the tumor sizes 
or shapes, in order to excise the tumors under direct vision. 

One key step in the procedure of keyhole operations on the posterior fossa is 
dissecting the cisterns sufficiently for the drainage of CSF to decrease the ICP and 
subsequently increase the manipulating space inside the posterior fossa. But when the 
tumors are really so giant that the cisterns are severely influenced, intraoperative 
drainage of the CSF is difficult. Then a lumbar catheter preoperatively placed for intra- 
operative CSF drainage is of great help to the ICP reduction. 

Compared with the normal microsurgical operations, the manipulating space 
under direct vision is diminished through the small keyhole craniotomies. Therefore 
the normal surgical instruments are no longer suitable, while developed tools are 
helpful in keyhole surgery, including an electromagnetism-controlled microscope by 
which the visual range and angle can be adjusted freely, and fine bayonet-shaped 
instruments which occupy less space and have less influence on surgical manipula- 
tion. In addition, great skills at microsurgical operations are also the necessary 
premises [8]. 

In the present series there are no complications associated with the keyhole 
approaches, such as tumor residues, damages to the surrounding structures, postop- 
erative hemorrhage, etc. The general total removal rate of these tumors is up to 86.0%. 
These sufficiently demonstrate that microsurgical treatments of posterior cranial 
fossa tumors via keyhole approaches, with the safe, succinct and minimally invasive 
property, is one of the promising directions in modern neurosurgery. 
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The NASA Nanoelectrode Array for 
Deep Brain Stimulation: Monitoring 
Neurotransmitters and Electrical 
Activity Plus Precise Stimulation 
RUSSELL ANDREWS 1, JUN LI 1, ALAN CASSELL 1, JESSICA KOEHNE 1, 
MEYYA MEYYAPPAN 1, BARBARA NGUYEN-VU 1, NENG HUANG 2, 
and  LICHEN 2 

Summary. Deep brain stimulation (DBS), often referred to as neuromodulation, is a 
recently-established treatment for advanced Parkinson's disease. However, current 
techniques utilize large macroelectrodes (>1 mm diameter) under open-loop condi- 
tions (i.e. no internal feedback to guide the stimulation). The use of multi-walled 
carbon nanotubule nanoelectrode arrays can both improve the resolution of brain 
electrical activity monitoring, and add monitoring of neurotransmitters (e.g. 
dopamine)--in addition to precise focal electrical stimulation under closed-loop con- 
ditions. An overview of the characteristics and potential of nanoelectrode arrays for 
DBS/neuromodulation is presented. 

Key words, deep brain stimulation, carbon nanotubule, nanoelectrode, neuromodula- 
tion, Parkinson's disease 

I Introduction 

Deep brain stimulation (DBS, neuromodulation) has been developed over the last 15 
years as an effective treatment for movement disorders such as Parkinson's disease 
and essential tremor. DBS will likely prove effective for epilepsy, depression and other 
mood disorders, and eating disorders as well [1]. Current techniques for DBS utilize 
macroelectrodes (>1 mm diameter) which provide imprecise stimulation. In addition, 
the stimulation is open-loop (i.e. the stimulation is not guided by monitoring of brain 
electrical or neurochemical activity), which is not only wasteful (the stimulation is 
constant) but is also of suboptimal effectiveness. Marked improvement in DBS could 
be realized by combining continuous monitoring of neurotransmitter levels and elec- 
trical activity with precise electrical stimulation (electrochemical closed-loop neuro- 
modulation). Most importantly, reducing the scale to the nano level (1) improves 
signal-to-noise ratios, (2) permits greater precision (down to the subnuclei level) and 

1NASA Ames Nanotechnology, Moffett Field, 244 Mistletoe Road, Los Gatos, CA 95032, USA, 
2 The Parkinson's Institute, Sunnyvale, CA, USA 
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Why Nanoelectrode Arrays? 
When reducing the size (r) of electrode' 
Orders of magnitude improvements are found in: 

(1) Spatial resolution: 
defined by r 

(2) Temporal resolution: 
Cell time constant z -  RuC d = r Cd°/4K 

(3) ScnsitMty: 
signal-to-noise ratio: is/in: oc nFCoDo/r 

FIG. 1. Improved (1) spatial resolution, (2) temporal resolution, and (3) sensitivity with nano- 
electrode arrays 

(3) allows multiple recording/monitoring and stimulation sites throughout the central 
nervous system (Fig 1) [2]. 

2 Materials and Methods 

The NASA Ames Nanotechnology Center is developing microchip nanoelectrode 
arrays for neuromodulation that permit monitoring of electrical activity and neuro- 
transmitter levels plus precise electrical stimulation in a closed-loop (feedback) 
manner [3-5]. The microchip consists of two types of vertically-aligned multi-walled 
carbon nanotube (CNT) arrays on multiple individually addressed microelectrode 
pads (Fig 2). The first type, the stimulation electrode, is a forest-like carbon nanotube 
array which presents a large surface area, ideal for stimulation. The second type is 
insulated, leaving only the very end of the carbon nanotube arrays exposed at the 
surface to form an inlaid nanodisk electrode array. 

Carbon nanofibers (CNFs) can be grown vertically as prepatterned electrodes on a 
silicon wafer by a plasma enhanced chemical vapor deposition (PECVD) process [5]. 
Coating the CNFs with an electroactive polymer film (e.g. polypyrrole) not only sta- 
bilizes the CNFs but also improves biocompatibility and decreases electrical imped- 
ance (important for effective tissue stimulation). The insulation is a silicon oxide, 
followed by chemical-mechanical polishing to leave only the tips of the CNFs exposed 
(Fig 3). 

We have recently studied the growth of the PC12 cell line on the nanoelectrode 
arrays. PC12 is a neuron-like cell line derived from a transplantable rat pheochromo- 
cytoma which can produce catecholamines upon selective stimulation. For example, 
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FIG. 2. SEM image of (1) a 3 × 3 microelectrode array, (2) exposed CNT array for electrical stim- 
ulation, (3) embedded low-density CNT array for recording electrical activity and changes in 
local neurotransmitter concentrations. Scalebars are 2oo btm, 1 gm, and 2 gm respectively 

I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ] 

[ Catalyst 
I patterning 

~ i ,  i a I ,  I . _ , : _  ........... ~uL-.~._.I.____~:: . . . . . . .  I O 

I 1 

........ I ............................. I 
L 

J Plasma CVD 

i ! ......... I ! i . . . . .  

J EOS 
CVD 

 iiiiiii i i i I i 
I . . . . . . . . . . . . . . . .  I 

CN~ 
liiU I I 71 I I I 

I . } 

FIG. 3. Fabrication schematic of CNT 
electrode array. CVD, chemical vapor 
deposition; TEOS, tetraethylortho- 
silicate; CMP, chemical-mechanical 

T polishing 

z 



The NASA Nanoelectrode Array for Deep Brain Stimulation 215 

high concentration K ÷ preferentially induces the release of dopamine. The dopamine 
release in response to high concentration K ÷ averages 11 pmol min -1 x 106 cells -1 above 
control, making the PC12 an ideal in vitro model cell line for evaluating the CNF nano- 
electrode array as novel DBS electrode for use in Parkinson's disease, since dopamine 
deficiency in the basal ganglia is the principal abnormality in Parkinson's disease. 

3 Results 

The insulated nanoelectrode array has very remarkable electrochemical properties, 
with a detection limit of redox species down to a few nanomolars plus an extremely 
high temporal resolution (milliseconds). These properties are ideal for measuring 
simultaneously ( 1 ) extracellular neurotransmitters (e.g. dopamine, glutamate) and (2) 
focal electrical activity. The uninsulated array is excellent for electrical stimulation, 
for example as a focal (or regional) closed-loop stimulation system where precise 
stimulation is directed by changes in the monitored electrical activity and/or neuro- 
transmitter concentration. Future plans include implanting the array in small animal 
models for Parkinson's disease. 

4 Conclusions 

It is likely that some form of nanoelectrode array such as that presented above will 
present a major improvement in DBS/neuromodulation. Electrochemically-guided 
closed-loop multisite DBS/neuromodulation with nanoelectrode arrays will afford the 
possibility of much more precise therapy for many nervous system disorders beyond 
the current application in movement disorders such as Parkinson's disease. Examples 
of these potential applications include intractable epilepsy, as well as disorders of 
mood and eating. 
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Phenomenological Aspects of 
Consciousness: Coma Scale in 
Chronic Stage (Chronic Coma 
Scale Score; CCSs) 
TOMIO OHTA 

At the last two congresses of AMN, phenomenological aspects of consciousness dis- 
turbance in acute stage were revisited, and proposed a new coma scalehEmergency 
Coma Scale (ECS), which consisted of the combination of Glasgow Coma Scale and 
Japan Coma Scale 1. And further, conceptual differences between consciousness and 
mind were discussed from the viewpoint of the care of demented patients. 

This time, we are going to present a new coma scale in chronic stage. In this chronic 
coma scale score (CCSs), each components of contents of consciousness including 
level of arousability are included, and mental function is out of analysis because of 
the secondary subject in coma scales. Mental dysfunction should be either aggravated 
or improved parallel to the conscious disturbance. 

The most basic works in CCSs are to assess the several components of conscious 
contents, such as intelligence, emotion, volition, and arouzability either by means of 
question or observation. Also assessments of the conscious disturbance in the chronic 
stage should be considered into the 3 stages, in which the patients are institutional- 
ized, visit out-patient clinic, and are reinstated. Finally, CCSs would be applied to use 
in either ways of improvement or aggravation in the processes of aging in such a rapid 
aging society. 

Reference 
1. Ohta T (2005) Phenomenological aspects of consciousnessmits disturbance in acute 

and chronic stages. Acta Neurochir (Wien) [Suppl] 93:165-167 
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Right Median Nerve Electrical 
Stimulation for the Vegetative State 
EDWIN COOPER 1, BRYAN COOPER 2, and JEFFERSON CHEN 3 

5ummary. The right median nerve is a portal to electrically stimulate and help arouse 
the central nervous system for persons with reduced levels of consciousness. The 
mechanisms of central action include increased cerebral blood flow and raised levels 
of norepinephrine and dopamine. The experience in the United States with nerve 
stimulation for acute coma after traumatic brain injury is over ten years in duration. 
There is a longer period of experience by neurosurgeons in Japan with implanting 
electrodes on the cervical spinal cord of persons in the persistent vegetative state. The 
use of right median nerve electrical stimulation (RMNS) for patients in the chronic 
phases of unconsciousness is relatively new. A young woman in Oregon (U.S.A.) was 
in a vegetative state ten months after multiple injuries including a severe brain injury 
from which survival was not expected. A video documents her progress of walking 
and talking after one year of RMNS. Regardless of the etiology of the coma or reduced 
level of awareness, electrical stimulation may serve as a catalyst to enhance central 
nervous system functions. It remains for the standard treatments and modalities to 
retrain the injured brain emerging from reduced levels of consciousness. 

Key words, median nerve, electrical stimulation, vegetative state 

Traumatic brain injury (TBI) is caused by motor vehicle crashes, falls, violence and 
sports injuries. TBI is twice as frequent in males than in females with 52,000 annual 
deaths in the United States [ 1 ]. The highest incidence is among persons 15 to 24 years 
of age but there are peak in the very young and the elderly. TBI may result in life long 
impairment of physical cognitive psychosocial functions. Prevalence of those with the 
chronic disability is between 2.5 and 6.5 million persons. About two million persons 
each year have a TBI. Up to 90,000 incur a TBI resulting in life long impairments. 

1Department of Neurosurgery, University of Virginia Health System, Charlottesville, VA, 1001 
North Queen Street, Kinston, NC 28501, U.S.A., 2East Carolina Neurology, Brody School of 
Medicine, East Carolina University, Greenville, NC, U.S.A., and 3Director of Neurotrauma, 
Legacy Emanuel Hospital, Portland, OR, U.S.A. 
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Three decades ago, at the University of Virginia (UVa), electrical stimulation was 
used for a specific set of neuromuscular deficits. In 1972, radio-linked electrodes were 
implanted on the sciatic and femoral nerves of a paraplegic teenage boy to attempt 
ambulation [2]. In the mid and late 1980's, functional electrical stimulation was done 
on the surfaces of quadriplegic persons' forearms at East Carolina University (ECU) 
School of Medicine, North Carolina State University, Department of Industrial Engi- 
neering, and then at the Department of Biomedical Engineering at Duke University. 
The latter two projects employed a voice controlled hardware/software program for 
the quadriplegic subject to give commands to his/her paralyzed hand [3]. Next the 
same equipment was used for electrical enhancement of motor learning in per- 
sons with mental/motor developmental delays at Caswell Center in Kinston, North 
Carolina. In the early 1990's there was an electrical stimulation project for teenage 
head injury patients at the A.I. DuPont Institute in Wilmington, Delaware. In the early 
1990's through the present, there have been parallel pilot studies at the medical center 
of East Carolina University in Greenville, North Carolina and also the Department of 
Neurosurgery at the University of Virginia in Charlottesville, Virginia [4-6]. The focus 
of the coma studies at ECU and UVa has been toward young people with traumatic 
brain injury from motor vehicle crashes resulting in coma with Glasgow Coma Scales 
(GCS) less than 8. 

Transcutaneous electrical stimulation has been applied to the median nerves of the 
subjects, usually starting within the first two weeks post injury while still in coma. 
This has resulted in quicker awakening than a control group which would receive 
sham stimulation [4,6]. 

The right median nerve was selected as the portal for the application of the elec- 
trical pulses (300 microsecond duration, 40 pulses per second, 20 s and 40s off for 
8 h a day). The Focus electrical neuromuscular stimulator (EMPI, St. Paul, MN, U.S.A.) 
has been used for the median nerve stimulation for several years. The right median 
nerve was preferred because of the dominance of the left hemisphere in most sub- 
jects whether left or right handed. 

The electrical stimulation delivered over the median nerve enters as electro- 
chemical impulses into the brain through multiple peripheral pathways and accesses 
a similar multiplicity of central pathways. The cortical representation of the hand is 
proportionately the largest of all extremities. It is significantly larger than in primates 
and remarkably larger than that in other lower animals. Electrical stimulation tran- 
scutaneously entering into the median nerve passes up through both the spinothala- 
mic and the spinoreticular pathway of the anterolateral system. There are synaptic 
connections in the spinoreticular and ascending reticular activating system (ARAS) 
distributed through the mid pons and lower midbrain [7]. These spinoreticular 
synapses cause excitation of the locus coeruleus, the center producing norepineph- 
rine in the brainstem, and has direct cortical connections. There is a diffuse input of 
norepinephrine to cortical layers 1 and 2 from the ARAS. Stimulation of these path- 
ways causes a diffuse arousal process. The ARAS also has direct connections to the 
basal nucleus of Meynert. This nucleus is well known to be one of the major acetyl- 
cholinergic producers within the brain. Stimulation from the ARAS to the basal 
nucleus of Meynert causes a diffuse acetylcholinergic input to all lobes of the cortex. 
This causes some amount of arousal, but is also a mechanism for maintenance of long- 
term potentiated circuitry, most importantly the ability to speak. A separate connec- 
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tion in the anterolateral system is the spinothalamic component which has synaptic 
inputs directly to the intralaminar nuclei of the thalamus. These nuclei are well known 
to be causative in the startle response which may cause a brief hyperawareness. Sep- 
arate connections within the spinothalamic pathway go directly to the ventral pos- 
terolateral (VPL) nucleus of the thalamus. The VPL is responsible for interpreting 
sensory information from the contralateral hemi-body [7]. The stimulation to this 
nucleus is then processed on through third order neurons that terminate in the 
primary somato-sensory strip. These stimuli have been shown in blood flow sensitive 
sequences of functional MRI with concomitant median nerve electrical stimulation 
[8]. Then through multiple connections, impulses are transmitted to Broca's expres- 
sive speech center through arcuate fibers. This stimulation of surviving language path- 
ways after TBI is a mechanism of maintaining the quicker return of speech upon 
awakening of the comatose individual. This has been observed anecdotally and 
through basic research [6]. 

In recent years, the same methodology has been used for persons at the sub- 
acute coma stage and also those in the vegetative state, over three months post 
injury. 

Experience in Japan goes back to the mid 1980's. The neurosurgeons have implanted 
electrodes on the posterior column of the cervical spinal cord trying to hasten 
awakening of patients in long-term vegetative states [9,10]. The neurophysiological 
mechanisms found by testing the spinal fluid, neuroimaging studies, and electroen- 
cephalograms, have all demonstrated the central nervous system effect of dorsal 
column electrical stimulation (DCS). RMNS has been used in more recent years in 
Japan and the U.S.A. for the long-term patients. It is anticipated that the targets in the 
thalamus are the same for both methods, DCS or RMNS. 

Cerebral blood flow and dopamine are increased by electrical stimulation [9-11]. 
These neurocirculatory changes induced by stimulation accelerate awakening from 
coma or the vegetative state. 

Consistent factors affecting outcome after electrically treated traumatic brain 
injury have been noted in Japan and the U.S.A. The severity and nature of the brain 
injury are the most important factors. Those patients with severe structural damage 
of the brain fair worse. Anoxic brain injury is harder to treat electrically than trau- 
matic brain injury. The age of the patient had some influence, the best results occur- 
ring in the adolescent years. But there have been a few elderly patients who have 
responded to electrical stimulation well. A very important factor is the time between 
the injury and the onset of the electrical stimulation. Generally, the sooner the stim- 
ulation is started the better the outcome [12]. 

A series of twelve Glasgow Coma Scale of 4 coma patients treated with early right 
median nerve stimulation at East Carolina University Medical Center (teenagers and 
young adults) showed good recovery in 4 out of 12 cases (33%) and moderate dis- 
ability in 3 out of 12 cases (25%). Therefore, over half of these severely injured patients 
who survived their injury, made a satisfactory recovery when the electrical stimula- 
tion was begun in the first few weeks post injury [13]. 

Experience using electrical stimulation applied to the right wrist is much smaller 
in patients who are already months or years post brain injury. One outstanding 
example is KM, in Portland, Oregon. KM was in a motor vehicle crash in December 
1999 at age 20. 
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KM had severe diffuse brain injury with multiple cerebral contusions and sub- 
arachnoid hemorrhage, multiple fractures (neck, clavicle, pelvis), right renal lacera- 
tion, and possible hypoxic encephalopathy. A right frontal ventriculostomy was done 
but her intractranial pressures rose to 40mmHg overnight. On December 26th she 
had an emergency left frontotemproparietal decompressive craniectomy with evacu- 
ation of a subdural hematoma. Posterior cervical fusion of C1-2 was done because of 
a fracture. Later the skull bone flap was replaced in February of 2000. 

Initially in a coma, KM went into a vegetative state which persisted. She was in PVS 
when electrical stimulation was considered ten months post injury. A ventriculo- 
peritoneal shunt was done for hydrocephalus. Median nerve stimulation was started 
in October of 2000. Within a few days, KM became more interactive with her mother. 
The surface median nerve stimulation was first on the right wrist for 8 h a day, and 
later the stimulation was alternated between both median nerves. She walked with the 
help of two persons within a year.After two years of bilateral alternating median nerve 
electrical stimulation and acupuncture, neurological recovery continued. She 
mouthed words for the first time three years post injury (two years after the start of 
the electrical treatment). Now five years post injury, KM can walk with the help of one 
person. She whispers phrases out loud and is able to feed herself. Her facial expres- 
sions are more interactive and prompt when her mother talks to her in 2005 com- 
pared to previous years. 

Conclusion 
With his wealth of experience in neurotrauma, Professor John Jane, Chairman of Neu- 
rological Surgery at the University of Virginia, stated: "Very few things do work in this 
situation and if your techniques make any difference whatsoever, I think it would be 
well worth it" (J Jane, 1995, personal communication). 

Electrical stimulation may serve as a catalyst to enhance central nervous system 
recovery in awakening from coma and improvement in function, especially speech. 
The electrical stimulation serves mainly to "switch on" the central nervous system. It 
remains for standard treatments (physical therapy, occupational therapy, speech 
therapy, neurocognitive education, and medications) to retrain the injured brain 
emerging from reduced level of consciousness. The comatose brain is alive. We can 
interact with it through electrical stimulation. RMNS can shorten the time in coma 
and may improve the final functional outcome. 

References 
1. Gordner R, Tuel S (1998) Rehabilitation of persons with traumatic brain injury. NIH 

Consens Statement 16:1-29 
2. Cooper E, Bunch W, Campa J (1973) Effects of chronic human neuromuscular stimu- 

lation. Surg Forum 24:477-479 
3. Cooper E, Han D, McElhaney ], et al (1988) A voice controlled computer system for 

restoring limited hand functions in quadriplegics. Proceedings AVIOS voice 
input/output systems applications conference. San Francisco, CA 

4. Cooper ], Jane J, Alves W, et al (1999) Right median nerve electrical stimulation to 
hasten awakening from coma. Brain Inj 13:261-267 



224 E. Cooper et al. 

5. Peri C, Shaffrey M, Farace E, et al (2001) Pilot study of electrical stimulation on median 
nerve in comatose severe brain injured patients: 3-month outcome. Brain Inj 
15:903-910 

6. Cooper E, Cooper J (2003) Electrical treatment of coma via the median nerve. Acta 
Neurosurgica [Suppl] 87:7-10 

7. Parent A (1996) Carpenter's human neuroanatomy. Williams & Wilkins, Baltimore, MD, 
pp 381-383, 633-654 

8. Spiegel J, Tintera J, Gawehn J, et al (1999) Functional MRI of human. Clin Neurophys- 
iol 110:47-52 

9. Kanno T, Kamei Y, Yokoyama T (1992) Treating the vegetative state with dorsal column 
stimulation. Soc Treat Coma 1:67-75 

10. Yokoyama T, Kamei T, Kanno T (1996) Right median nerve stimulation for comatose 
patients. Soc Treat Coma 5:117-125 

11. Liu J, Wang C, Chou I, et al (2003) Regaining consciousness for prolonged comatose 
patients with right median nerve stimulation. Acta Neurosurgica [Suppl] 87:11-14 

12. Cooper E, Cooper J (2003) Electrical treatment of comatose teenagers via the median 
nerve. Acta Neurosurgica 145:1140-1141 

13. Cooper E, Kanno T (2005) Electrical treatment of coma. In: Carrion J, von Wild K, 
Zitnay G (eds) Brain injury treatment: theories and practices. Psychology Press, New 
York 



An Ecologically Valid System for 
Classifying Severity of Traumatic Brain 
Injury in Children 
GEORGE P. PRIGATANO 

Summary. The classification of severity of traumatic brain injury in children remains 
difficult, especially for those considered to have "mild" and/or "moderate" brain injury. 
In an ongoing study at the Barrow Neurological Institute, we classified 85 children 
using a method that appears to have ecological validity. Children are classified as mild 
uncomplicated, mild complicated, moderate secondary to focal brain injury, moder- 
ately severe, and severe. One to two years postinjury, groups differ on speed of infor- 
mation processing, the percent that requires special education, and independent 
parental ratings regarding their child's recovery level and return to normal social 
integration. 

Key words, traumatic brain injury, children, severity, outcome 

1 Introduction 

The Glasgow Coma Scale (GCS) has been extremely helpful in classifying severity of 
traumatic brain injury (TBI) in adults [ 1 ]. While it also has been applied to children, 
investigators have noted its limitations, particularly when classifying "mild" to "mod- 
erate" brain injuries [2-4]. Levin et al [4] also noted that the systematic assessment 
of the period of post-traumatic amnesia following pediatric TBI was more strongly 
related to postacute memory impairment than GCS scores per se. 

Fletcher et al [3 ] further noted that ( 1 ) GCS scores obtained in the emergency rooms 
(ER) may be higher than scores obtained 24h later because some children deterio- 
rate. (2) Children with GCS scores between 9 and 12 (in the so-called moderate range) 
may actually have severe brain injuries if the motor scale score on the GCS is below 
6 in 24h. (p. 10) Bruce [5] highlighted other complexities in classifying severity of TBI 
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in children and noted, among other variables, that the presence of multiple trauma 
resulted in a worse outcome for any given level of GCS scores. 

While acute neuroimaging studies of children may underestimate the degree of 
brain pathology [5], the presence of a space-occupying lesion often suggests a more 
severe injury than what the GCS score in and of itself suggests. For example, 
Brookshire et al [6] recently noted that if a child had a GCS score of 13 to 15 (typi- 
cally considered a mild TBI) but had evidence of a brain lesion on computed tomo- 
graphy (CT) or magnetic resonance imaging (MRI) within 3 months of injury, the 
child was considered to have sustained a moderate TBI. 

Since severity of TBI has been shown to relate to long-term neuropsychological 
outcome in adults [7], clinicians need a simplified method of classifying severity of 
TBI in children that has ecological validity (i.e., relates to real world performance 
within 1 to 2 years of injury). Clinically, it would appear that children who have suf- 
fered an intraparenchymal brain lesion, as evidenced by CT or MRI findings, have suf- 
fered a"worse" injury than a child who may show lesions, which are extraparenchymal 
(e.g., presence of a subdural hematoma or skull fracture). 

In the course of an ongoing study on parents' perceptions of children's recovery 
after TBI, a system for classifying severity of TBI was developed. The classification 
system reflected the "natural" distribution of findings documented in medical records. 
In this retrospective chart review, children were classified on the basis of their GCS 
scores when first admitted to the ER and on the presence of abnormal findings on 
neuroimaging. The children were classified according to the following system: 

Severe TBI: Admitting GCS between 3 to 8 (if no GCS available, unequivocal evi- 
dence of loss of consciousness (LOC) for at least 24h. 

Moderate severe TBh Admitting GCS between 9 to 12 with a clear space-occupying 
lesion or associated skull fracture. 

Moderate injury secondary to focal damage: Children may have no LOC or brief 
LOC, but clear findings of cerebral contusion on CT. Typically, these children are not 
involved in motor vehicle accidents but suffered falls or blows to the head. 

Mild complicated TBI: Admitting GCS between 13 to 15, with or without initial 
evidence of LOC. On neuroimaging all children have skull fractures, subdural 
hematomas, or epidural hematomas. There was no lesion within the brain per se. 

Mild uncomplicated TBI: Admitting GCS between 13 to 15 with positive LOC or, at 
minimum, "confusion" at time of injury. No positive findings on CT or skull x-ray. 

If this classification is helpful, one should observe two basic findings: (1) a stepwise 
increase in objective neuropsychological impairments in children who have progres- 
sively more severe TBI and (2) a stepwise increment in parental judgments concern- 
ing overall recovery of their children. 

A major issue in understanding the neuropsychological and psychosocial conse- 
quences of children with mild TBI (complicated or uncomplicated) is having an 
appropriate comparison group. The behavior of these children may put them at risk 
for such injuries. One must therefore study trauma controls in relationship to these 
five levels of severity. A trauma control is defined as a child who has suffered signifi- 
cant enough orthopedic injury to also be admitted to the ER of a hospital. 

The present investigation studied children using neuropsychological test findings 
and parents' reports as a function of severity of brain injury. The primary question 
asked was as follows: Does this system of classifying severity of TBI have ecological 
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validity? That is, does it correlate with performance on neuropsychological tests and 
parents' judgments of a child's functioning in a stepwise fashion? 

2 Methods 

2.1 Subjects 
Eighty-five children enrolled in an ongoing study on parental perspectives regarding 
recovery after TBI in childhood served as subjects. Inclusionary criteria were as 
follows: 

(1) Age at time of entry into the study between ages 7 and 14. 
(2) Parental consent to examine the child with neuropsychological tests and parental 

agreement to complete questionnaires regarding their child's history and present 
functioning. 

(3) History of unequivocal TBI as documented in the ER records, with clear docu- 
mentation as to severity of injury. For trauma controls, there needed to be clear 
documentation of orthopedic injuries with no evidence of acquired TBI. 

(4) Primary language was English or the child spoke English at a comparable level to 
Spanish. 

Exclusionary criteria were as follows: 

(1) Parents' report of preexisting psychiatric, neurological, or learning difficulties 
(i.e., history of learning disability). 

(2) NonEnglish speaking parents. 
(3) Mechanism of injury was secondary to gunshot wound, abuse, or a suicide 

attempt. 
(4) Death of family member at the time of accident or injury. 
(5) Residing outside Maricopa County and could not drive the distance to be 

examined. 

2.2 Procedures 

All subjects were enrolled in the study after ER records from St. Joseph's Hospital and 
Medical Center were retrospectively reviewed. Once potential subjects were identified, 
phone calls were made to the child's parents to explain the purpose of the study and 
to solicit parents' involvement in the study. If parents agreed to participate but failed 
to keep their appointment, a second call was made. If the patient's family did not 
return the call, no further contact was made. In the event that the patient's family 
failed to keep two appointments, no further contact was made. 

Four-hundred fifty children with identifiable history of TBI and 301 patients with 
orthopedic injuries were initially identified. Two thousand, one-hundred and eighty- 
three phone calls were made. As noted above, 85 children were eventually enrolled in 
the study. Primary reasons for failure to enroll the child in the study were as follows: 
subjects were excluded based on exclusionary criteria; the parent was unwilling or 
unable to participate in the study; inability to contact families by phone (i.e., wrong 
numbers or disconnected phone number), or failure to keep two appointments. 
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2.3 Materials and Testing Protocol 
Prior to testing the patient and to obtaining questionnaire information from the 
parents, informed consent was obtained from the parents and for children 12 years of 
age or older. 

Children were then examined by either a board-certified clinical neuropsycholo- 
gist, a resident in clinical neuropsychology, or a graduate student trained to adminis- 
ter neuropsychological tests. The children were administered the Vocabulary, Block 
Design, and Digit Symbol subtests of the Wechsler Intelligence Scale for Children- 
Third Edition [8], the BNI Screen for Higher Cerebral Functions for School-Age Chil- 
dren [9], the Halstead Finger Tapping Test [10], and a BNI Adaptation of the Fuld 
Object Memory Test [ 11 ]. 

Parents completed three questionnaires. One questionnaire was designed specifi- 
cally for this study and was entitled: "The Care of Children with Traumatic Brain 
Injury in Maricopa County?' Several questions were asked concerning their view of 
the child's recovery, social integration, and distress level that they experienced in man- 
aging the child. In addition, the parents completed the Child Behavioral Checklist [ 12] 
and the Children's Family Behavioral Information Sheet used in the Section of Clini- 
cal Neuropsychology, Barrow Neurological Institute (unpublished). This latter ques- 
tionnaire obtained demographic information concerning the child as well as the 
family. 

Time to complete the neuropsychological testing was approximately 45 to 60 min. 
Time for the parent to complete the three questionnaires was about 60 min. 

All children and family members were told that participation in the study was vol- 
untary and that they could discontinue their participation at any time. All understood 
this instruction and all agreed to continue the testing and completion of the forms 
once they began. 

For purposes of this study, only the findings obtained on the Wechsler Intelligence 
Scale for Children-Third Edition will be presented as well as three ratings obtained 
from the "Care of Children with Traumatic Brain Injury in Maricopa County" ques- 
tionnaire. On that questionnaire, parents were asked if their child was receiving special 
education services at the time of the examination. They were also asked to rate on a 
five-point scale their child's level of recovery as well as their re-integration into 
social life (0 -- no recovery, 1 - poor recovery, 2 = fair recovery, 3 = good recovery, 
4 = excellent recovery, 5 - complete recovery). 

Parents were also asked whether the child received special education services prior 
to their injury. While children were to be excluded if they had a preexisting learning 
disability, we discovered after enrollment that a few children, in fact, did have a pre- 
existing learning disability. This issue is discussed in more detail below. 

2.4 Statistical Analyses 
Descriptive statistics were obtained concerning demographic information and 
performance on various neuropsychological tests. One-way analyses of variances 
(ANOVA) were conducted to determine if a main effect was obtained on neuropsy- 
chological tests, family reports concerning the childs' recovery level, and social inte- 
gration. Percentage of children receiving special education services was calculated. If 
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TABLE 1. Summary of demographics 
Group n Mean age % M a l e  Chronicity 

when tested in years 

Trauma controls 17 9.88 58.8 1.05 
TBI mild uncomplicated 19 10.32 68.4 0.99 
TBI mild complicated 20 11.35 65.0 1.07 
Moderate secondary to focal injury 8 11.88 87.5 1.03 
Moderate severe to severe TBI combined 21 11.10 61.9 2.23 

Total 85 10.81 65.9 1.33 
F = 1.415 F = 2.127 
P = 0.236 P = 0.085 

an overall main effect was obtained, specific group comparisons were made to deter- 
mine if there were differences at the 0.01 level. 

2.5 Classification of Brain Dysfunction 
The classification system used is described in the Introduction. 

3 Results 

Table 1 summarizes the demographic information of the various children studied. 
Trauma controls were on the average 9.88 years while children with TBI tended to be 
between 10.5 and 11 years of age. The mean difference was not statistically reliable. 
However, it should be noted that t rauma controls were a year younger and this could 
affect some of the findings obtained. 

Approximately two-thirds of all TBI children were boys, which is comparable to the 
known demographics of these children [13]. Children with mild TBI were approxi- 
mately 1 year post-trauma. Children with moderate  severe to severe TBI were approxi- 
mately 2 years post-trauma. The differences, however, did not reach statistical 
significance (F = 2.27, d.f. = 4, P = 0.085). 

Tables 2 and 3 list the frequency (and percentage) of children receiving special edu- 
cational services before and after TBI. As Table 2 illustrates, there is a clear stepwise 
increment in the percentage of children receiving special education services as a func- 
tion of severity of TBI. While the initial screening of children specifically was to 
exclude children with learning disabilities, we discovered that a few children were, in 
fact, enrolled in the study. Table 3 presents the percentage figures obtained for preex- 
isting learning disabilities in each of the classification groups. As can be seen, there 
was a clear increment in the percent of children receiving special education services 
after moderate  and after moderate  severe to severe TBI. Children with moderate  
injury secondary to focal damage doubled the percentage receiving special education 
services. For children with moderate severe to severe TBI, the figure tripled. 

Neuropsychological test performance also showed a clear stepwise increase as a 
function of more severe injuries. The Coding Subtest scores clearly illustrated this 
finding (see Table 4). An average score is 10 with a s tandard deviation of 3. Trauma 
controls as well as children with mild uncomplicated TBI showed a normal  perfor- 



230 G.E Prigatano 

TABLE 2. Parental perspectives: Is your childreceiving special 
education services? 

n Yes (%) 

Trauma controls 16 0.0 
TBI mild uncomplicated 19 5.3 
TBI mild complicated 19 15.8 
Moderate secondary to focal injury 8 25.0 
Moderate severe to severe TBI combined 19 36.8 

Total 81 16.0 

TABLE 3. Parental perspectives: Did your child receive special 
education services prior to their medical problem? (i.e., TBI or 
trauma controls) 

n Yes % 

Trauma controls 16 0.0 
TBI mild uncomplicated 18 5.6 
TBI mild complicated 17 11.8 
Moderate secondary to focal injury 8 12.5 
Moderate severe to severe TBI combined 21 9.5 

Total 80 7.5 

TABLE 4. Neuropsychological test findings: WISC-III age-adjusted scaled scores (mean values) 

n Vocabulary Block Coding 
design 

Trauma controls 16 
TBI mild uncomplicated 19 
TBI mild complicated 20 
Moderate secondary to focal injury 8 
Moderate severe to severe TBI combined 21 

10.00 11.44 11.19 
11.11 11.63 11.00 

11.45 11.20 9.10 
9.88 10.13 10.50 
8.33 8.76 6.71 

F = 2.431 F = 2.047 F = 7.397 

P = 0.054 P = 0.096 P = 0.000 

mance  on this test. However,  chi ldren wi th  modera t e  severe to severe TBI showed 

clearly impa i red  per fo rmance .  It is in teres t ing to note that  chi ldren with modera te  

injuries s econda ry  to focal damage  (assume not  to have diffuse axonal  injury) per-  

fo rmed  at a level comparab le  to t r a u m a  controls  and mild  uncompl ica ted  TBIs. 

Chi ldren wi th  mode ra t e  severe to severe TBI significantly differed (at least the 0.01 

level) f rom t r a u m a  controls ,  chi ldren wi th  mild uncompl ica ted  TBI, and  those wi th  

mode ra t e  injuries s econda ry  to focal damage  (P - 0.01; see Table 4). 

Parental  rat ings of  the child's overall  recovery  were also clearly related to severi ty 

of  TBI (F -- 9.244, d.f. - 4, P - 0.001). As Table 5 illustrates, chi ldren with modera te  

severe to severe TBI were ra ted as having less recovery  than  t r a u m a  controls,  chi ldren 

with mi ld  uncompl ica ted  and  mild compl ica ted  TBI, but  they were not  different f rom 

chi ldren wi th  mode ra t e  in jury  s econda ry  to focal damage.  The same pa t te rn  was 

observed  when  asking parents  to rate their  child's level of social  re in tegra t ion  1 to 2 
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TABLE 5. Parental perspectives: Rate your child's overall level 
of recovery 

n Mean SD 

Trauma controls 16 4.63 0.50 
TBI mild uncomplicated 18 4.28 0.67 
TBI mild complicated 19 4.21 0.85 
Moderate secondary to focal injury 8 3.88 0.99 
Moderate severe to severe TBI combined 21 3.24 0.77 
Total 82 

F = 9.244 
P = 0.000 

0, no recovery; 1, poor; 2, fair; 3, good; 4, excellent; 5, complete. 

TABLE 6. Parental perspectives: Rate your child's integration 
back into social life (including school, home, with friends, etc.) 

n Mean SD 

Trauma controls 16 4.75 0.47 
TBI mild uncomplicated 19 4.32 0.92 
TBI mild complicated 19 4.37 0.97 
Moderate secondary to focal injury 8 3.75 1.55 
Moderate severe to severe TBI combined 21 3.19 0.93 
Total 83 

F = 8.284 
P = 0.000 

o, no recovery; 1, poor; 2, fair; 3, good; 4, excellent; 5, complete. 

years post - t rauma.  Again, a significant overall effect was obtained (F = 8.284, d.f. = 4, 
P -  0.001; Table 6). The same stepwise relationships were observed. 

4 Discussion 

Having an ecologically valid system for document ing  severity of TBI in children is 
impor tan t  for unders tanding  a wide variety of cognitive, behavioral,  and educat ional  
difficulties that these children present with 1 to 2 years post - t rauma.  In this prelimi- 
na ry  report,  children with modera te ly  severe to severe TBI had a higher  incidence of 
receiving special education services after injury, pe r fo rmed  more  poor ly  on neu- 
ropsychological  tests (part icularly a test of speed of informat ion processing),  and were 
judged to have less overall recovery and social integrat ion after their injury. Also, as 
the level of severity of injury increased, the percentage of children receiving special 
education also increased. As the level of injury increased, a stepwise increment  in level 
of neuropsychological  impa i rment  was noted and in parents '  judgments  of the child's 
level of recovery and social integration. 

It would require a very large sample to de te rmine  whether  significant differences 
exist between the various subgroups classified in this study. However, the initial find- 
ings are encouraging and suggest that careful del ineat ion of features that would 
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describe mild complicated versus uncomplicated injuries and injuries that are mod- 
erate secondary to focal damage may help us better understand the various outcomes 
observed in TBI children. 

5 Conclusions 

Children who suffer TBI often show varied and unpredictable outcomes when their 
initial GCS scores are considered. Combining GCS scores with neuroimaging findings 
suggests that one can establish a more "ecologically valid" system for classifying sever- 
ity of brain injury. The present findings suggest that the classification system 
employed relates to parental perceptions of the child's recovery and to the child's per- 
formance on neuropsychological tests 1 to 2 years post-trauma. 
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Some Keys to Neurorehabilitation 
Related to the Circuitry of Emotion 
in the Brain 
Jos~ LE6N-CARRI6N 

Summary. Emotional disorders are frequent after acquired brain injury and are found 
in more than 25% to 55% of patients one year after being discharged from hospital. 
There are four main principles for the rehabilitation of emotional disorders. First of 
all, the neural correlates of emotional disorders are closely associated with the expres- 
sion of the disorders. Second, the evolution of emotional disorders is narrowly asso- 
ciated with the evolution of the other deficits sustained by the patient. Third, the 
pre-morbid emotional and genetic profiles of the patient influence outcome and are 
very visible in the clinical manifestation. Fourth, use of the combined method of reha- 
bilitation is the best therapeutic option. The Combined Method of Rehabilitation 
(medication + neuropsychological rehabilitation) of emotional disorders is proposed 
and described. 

Key words, brain injury, neurorehabilitation, emotion, neuropsychological treatment 

1 Introduction 

Changes in emotional and social behaviour are relatively common following severe 
traumatic brain injury (TBI), as well as changes in different aspects of personality. In 
a study by Le6n-Carri6n et al [1], the percentage of patients showing significant 
changes in emotional expressions after sustaining a traumatic brain injury was 
approximately 60%. The areas assessed, and where changes were observed were irri- 
tability (63%), sensation seeking (63%), emotional vulnerability (84%), sociability 
(42%), and affective indifference (42%). As a group, patients with severe TBI present 
emotional changes, and when compared to their pre-morbid emotional status, sur- 
vivors of severe TBI show a significant decrease in sensation-seeking, a marked 
decrease in sociability and an increase in emotional vulnerability. The latter, emo- 
tional vulnerability, is the most frequently observed change in survivors of severe 
traumatic brain injury. 
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A study by Bowen et al [2], found that the rate of clinically significant mood dis- 
orders is about 38% and that there are associations between emotional state and cog- 
nitive and everyday functioning 6 months post-injury. The study by Le6n-Carri6n 
et al [3] shows that 48.6% of their TBI patients fulfil the criteria that classifies them 
as depressive, and of these, 65% are at clinical risk of committing suicide (33.3% of 
the total of TBI patients). Another 25.6% do not meet the criteria of depression or sui- 
cidal tendencies, and another 25.6% show very low suicidal tendency scores. Only 
15.6% of the patients presented depression alone, without risk of suicide. The neu- 
robehavioural and cognitive profile of the TBI suicide-prone patient shows an emo- 
tional person with cognitive difficulties in interpreting reality. In these cases, the 
person tries to understand what is happening around them, but is unable to cope. 
They show concrete thoughts, although they have difficulty solving problems and have 
few intellectual resources to cope with their surroundings. They do not know how to 
distance themselves from the emotional aspects of different situations. 

The consequences of emotional impairment after traumatic brain injury lead to 
psychosocial problems such as decreased social contact, depression, and loneliness, 
creating a major challenge to community re-entry efforts. Criminal behaviour and 
violence may, in some cases, be the consequence of head injuries acquired during 
childhood and youth (gang fights, domestic violence, small blows to the head while 
driving, falls and so forth) [4]. The social and personal consequences noted in the lit- 
erature are what made Morton and Wehman [5] recommend that clinicians, such as 
psychiatric social workers, psychologists or psychiatrists, may need to be called upon 
more quickly for intervention. 

The emotional reaction of patients with TBI is not a simple matter of coping with 
their new situation. It is also related to the site of the brain lesion and to the genetic 
profile related to emotions which seems to influence the emotional pre-morbid style 
of the patient, as well as affect their emotional style after TBI. The reasons that affec- 
tive disturbances occur following brain injury are complex and may be a direct result 
of damage to the cortical systems involved with regulating emotion, initiating activ- 
ities, self awareness, and impulse control. A brief review of the most relevant systems 
of the brain related to the expression of emotions will be useful in the planning of 
rehabilitation strategies for these patients. 

2 Lesion to Brain Circuitry Producing 
Emotional Impairment 

Rehabilitation strategies for the consequences of brain injury have to take into account 
the neurological sites producing or controlling emotions or feelings. In the develop- 
ing of such strategies, the so-called "trigger" of the emotional reaction also has to be 
considered. Some neuroanatomical sites are associated with the expression of emo- 
tions in humans. 

The regions of the brain involved in the early processing of affective stimuli, as well 
as the order of activation of each region, were studied by Le6n-carri6n et al using 
Magnetoencephalography [6]. They found spatiotemporal maps that consisted of two 
basic components. The first component--involving activation in the occipital and 
basal aspects of the temporal cortexmlasted 270ms. post-stimulus on average, and 
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was found in each subject and in all three conditions. The second componentminvolv- 
ing activation in the mesial aspect of the temporal lobes (MTL)mextended from 270 
to 850 ms. post-stimulus and was found in all subjects during the unpleasant stimu- 
lus condition. After (serial) activating, the mesial temporal lobe structures, or those 
simultaneous (parallel) to it activated the frontal structures. This activation was most 
prominent during the unpleasant stimulus condition, but the locus varied across 
subjects. 

These findings are suggestive of a time-locked brain activity associated with 
emotion with two clear components, one mediating visual recognition of all visual 
stimuli (both affective and neutral), and the other mediating the generation of 
emotion itself. The temporal organization of an emotion requires the serial succes- 
sive and alternating engagement of frontal and posterior cortices in the perception- 
action cycle, and consists of at least two separate and well-defined components with 
two clearly distinct and temporally successive patterns of brain activation exhibited 
by all the subjects. 

The basal ganglia facilitate the modulation and motor expression of emotions, 
moods, needs, and drives. They also facilitate motivation and cognition through cor- 
ticospinal volitional axial and distal pathways, as well as through limbic motor- 
visceromotor emotional pathways. Lesions to basal ganglia may lead to emotional 
lability, a feature of the corticobulbar syndrome, which is frequently found in basal 
ganglia and vascular dementia, even in the absence of a corticobulbar or bilateral cor- 
ticospinal syndrome. Anhedonia (loss of pleasure in life) is a frequent finding in 
Parkinsonism as well as amimia or loss of spontaneous emotional face expression. 
Lesions to this area of the brain also lead to deficits in emotional communication of 
speech (motor and sensory aprosodia, syntactic aprosodia). 

The limbic system has classically been associated with emotion, and along with the 
deep temporal lobes has also been reported to store highly charged emotional mem- 
ories, both positive and negative, which affect motivation and drive. According to 
Richardson et al [7], the severity of left hippocampal pathology predicted memory 
performance for neutral and emotional items alike, whereas the severity of amygdala 
pathology predicted memory performance for emotional items alone. Encoding- 
related hippocampal activity for successfully remembered emotional items correlated 
with the degree of left amygdala pathology. Conversely, amygdala-evoked activity with 
respect to subsequently remembered emotional items correlated with the degree of 
left hippocampal pathology. Their data indicate a reciprocal dependence between 
amygdala and hippocampus during the encoding of emotional memories. The prin- 
cipal conclusion from studies of fear conditioning is that the amygdala plays a criti- 
cal role in linking external stimuli to defense responses [8]. 

The human prefrontal cortex has been shown to be involved in the experience and 
appraisal of emotion as well in primary and secondary mood disorders. A study by 
Damasio [9] found that medial and ventral medial frontal cortex participate in the 
response to emotion-evoking stimuli. Medial frontal activity seems to be necessary to 
experience emotion, including depressed mood, anxiety or apathy [10]. No consensus 
has been achieved, however, regarding the specific location of the prefrontal dysfunc- 
tion in mood disorders [ 11 ]. The orbitofrontal cortex represents one critical structure 
in a neural system which serves decision making [ 12]. Decision making, which is influ- 
enced by emotion, is not mediated by the orbitofrontal cortex alone, but arises from 
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large-scale systems that include other cortical and subcortical components. Such 
structures include the amygdala, the somatosensory/insular cortices and the periph- 
eral nervous system. Studies and observation of emotional expression after frontal 
cortex damage have indicated a mixed picture: first, overactive emotional expression 
and emotional experience (hypomanic, aggressive, hypersexual, and uninhibited 
expression; obsessive-compulsive behavior); second, erratic and underactive emo- 
tional expression and emotional experience (lability, blunted affect, akinetic-mutism, 
apathy). 

Some authors [ 13] have suggested that the frontal lobe may be a major neural sub- 
strate influencing emotional reactivity and indicate two different temperament pat- 
terns: predominant left frontal activation and predominant right frontal activation. 
In the former, people experience more intense positive affect and less intense nega- 
tive affect to positive and negative emotional stimulus, respectively. In the latter, indi- 
viduals show the reverse pattern of emotional reactivity. Rolls et al [ 14] found that a 
group of patients with damage to the ventral part of the frontal lobe was severely 
impaired when compared to a group of patients without damage to this area (the non- 
ventral group) in the reversal and extinction of simple visual discrimination tests. In 
these tests, they continued to make responses to a previously rewarded stimulus, 
reflecting the degree of uninhibited and socially inappropriate behaviour exhibited 
by patients. Frontal patients have difficulty in modifying responses, especially when 
followed by negative consequences, what may contribute to the inappropriate behav- 
iour shown in daily life by patients with frontal lobe damage. 

Paradiso et al [11] examined mood and behaviour changes after frontal damage in 
patients with single lateral and single medial frontal lesions. They found that DSM IV 
major depressive and generalised anxiety disorders were more frequent in patients 
with lateral lesions than in those with medial lesions at 2 weeks. But at 3 months, 
patients with lateral damage showed greater severity of depressive symptoms, and 
greater impairment in both activities of daily living and social functioning. At initial 
evaluation, depressed mood and slowness were more frequent, whereas at 3 months 
slowness, lack of energy, and social unease were more frequent in the lateral than the 
medial group. Patients with lateral lesions showed greater reduction of emotion and 
motivation (apathy) during both examinations. Medial frontal injury may fail to 
produce emotional dysregulation or may inhibit experience of mood changes, anxiety, 
or apathy. They also found that lateral prefrontal damage may disrupt mood regula- 
tion and drive while leaving intact the ability to experience (negative) emotions. 

The thalamus has complicated bidirectional and sometimes unidirectional con- 
nections with cortical structures of the cerebral hemispheres, cerebellum, hypothala- 
mus, and many brainstem nuclear structures. Almost all incoming information passes 
through the thalamus before finally reaching cortical destinations. Typical patients 
show no emotional reaction and remain unconcerned about things happening around 
them, even when they are of personal importance. Sometimes this apparent apathy is 
mixed with irritability. Euphoria may also emerge after bilateral mediodorsal nuclei 
damage, often accompanied by attentional and/or cognitive impairment [15]. Some 
behavior appears similar to that of frontal disorders: uninhibited or extremely inap- 
propriate behavior, such as urinating on the floor without embarrassment; childish 
behavior and euphoria; hyperphagia or bulimia; voracious and indiscriminate drink- 
ing without becoming satiated. Studies on neocortical contributions to emotional prol 
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cessing by Borod [16] found that right cerebral hemispheric is dominant for emotion, 
regardless of valence and channel, but that this dominance is more consistent in per- 
ception than in expression. When lesion site is a factor, posterior sites are important 
for perception and anterior sites are important for expression. 

3 Strategies for the Treatment of Emotional Impairment 
after Acquired Brain Injury 

The more subcortical the source of the emotion, the more difficult it becomes to pen- 
etrate cognitively, and the more difficult it will be to treat: brainstem, diencephalic, 
limbic. The greater the cortical component of the emotion, the easier it will be to treat 
psychologically: frontal, temporal. Feelings are cortical and emotions are more sub- 
cortical, which is why feelings are easier to treat than emotions. But remember, feel- 
ings are not always true, so if you treat a false feeling as a real one, the underlying 
emotion remains. The more primary the emotion, the greater the need for adequate 
pharmacological intervention to control it. Pharmacological intervention does not 
exclude psychological intervention. It is better to make use of both strategies. Some 
authors and our experience recommend that treatment should begin as soon as the 
problem is observed. 

A treatment program for emotional disorders for people with brain injury should 
emphasize the following [17]: location of damaged areas, gradation of cognitive treat- 
ment, personalized psychotherapeutic treatment, group therapy, family counselling, 
daily life activities, and evaluation of the costs/benefits of pharmacological interven- 
tion. To accomplish this, we recommend what we call the Combined Method [18,19]. 

The Combined Method is the use of both pharmacological and neuropsychologi- 
cal strategies in the design of rehabilitation programs for acquired brain injury 
patients. The Combined Method is a methodological engineering process, combining 
knowledge of the intact and non-intact functional brain with cognition, emotion, 
behavior and neuropharmacology. The result is a new functional cerebral reorgani- 
zation which allows the patient to have psychological and social coherence. With the 
Combined Method, it is important to know both the pharmacodynamics of emotion 
as well as neuropsychological rehabilitation strategies. 

When planning rehabilitation, one has to take into account that patients with brain 
injury are more sensitive to the side effects of medications, especially psychotropics. 
Doses of psychotropics must be prudently increased, minimizing side effects: start 
slow, go slow [20]. Patients with TBI and emotional disorders taking medication must 
be reassessed frequently in order to avoid side effects, monitor the evolution of emo- 
tional expressions and check the effect of medication on cognition. In cases requir- 
ing liver function tests, these should be obtained every three months. 

The selection of appropriate medication to treat emotional disorders has to be 
guided by their side effects profile and their effects on cognition (i.e.: sedative effects, 
memory disturbances, sexual dysfunction, etc.). The possibility that an individual may 
consider or attempt suicide following a traumatic brain injury has been identified as 
a critical factor to be examined in neuropsychological rehabilitation programs. 
Several published studies suggest that changes in the serotonin (5HT) system and to 
the ventral prefrontal cortex are the neurobiological abnormalities most consistently 
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associated with suicide [21-23]. Other studies have shown that dysregulation of the 
hypotalamic-pituitaty-adrenal (HPA) axis can be found in suicide victims. The HPA 
is the neuroendocrine system that responds to stress and whose final product, corti- 
costeroids, targets components of the limbic system, particularly the hippocampus 
[24]. The use of medication that can reduce the stress response, and/or decrease HPA 
activation, will be useful in the pharmacological treatment of anxiety, depression, and 
perhaps, in suicidal behavior [25]. 

4 Concluding Remarks and Prospective 

Treatment of emotional and affective disorders should be directed, from the start, 
towards supporting the patient's basic necessities. Reality adjustment therapies should 
be favored over interpretative or figurative therapies of reality. In therapy, reality 
should be clear. Therapy should favor "awareness with hope" and not confusion. It 
should seek out the patient's strong side, those qualities and abilities which are best 
preserved, what he or she does best, and reinforce this. From this central point, the 
therapy can expand into other areas. Rehabilitators have to find points and areas to 
enhance motivation and help the patient to develop the expression of emotions that 
are socially adequate, not socially disabling. 

The future is today, when pharmacogenomics contribute to individualize drug 
choice together with psychotherapy by using genotype to predict positive clinical out- 
comes, adverse reactions, and levels of drug metabolism in patients with traumatic 
brain injury showing adverse emotional reactions and experiences. 
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Multidisciplinary Treatment for Trauma 
The AMN View 

KLAUS R. H. VON WILD 

Summary. Prospective analysis of 6,800 acute TBI confirmed the incidence of TBI is 
320/100,000 population in the rich countries. Mental-cognitive impairments are both 
more persistent and constitute more of a handicap than physical and focal neurolog- 
ical disabilities. In Europe there are about 300,000 paraplegics and in every country 
approximately 1,000 new cases of SCI every year. Figures of TBI ands SCI are increas- 
ing due to insufficient social economic situations. Multidisciplinary Neurotraumatol- 
ogy focuses at 6 main issues: In the first place the "silent epidemic" TBI. Secondly 
functional recovery patients after SCI. Re-engineering for locomotion was successful 
(1) using an implant of Neuromedics that contains the ASIC chip (Neuromedics, Mont- 
pellier, France) for locomotion during FES, and (2) by CNS-PNS connection, a recon- 
structive surgical by-pass procedure to the hip muscles (BRUNELLI paradigm). 
Thirdly: holistic functional rehabilitation targeted at victims social reintegration. 
Fourth issue: Quality management that is dependent on (1) the budget of a given 
social-healthcare system in relation to political economy, (2) respect of guidelines and 
evidence based medicine, (3) education and (4) research activities. Fifth issue: archi- 
tecture of hospitals and rehabilitation centres should provide functional value com- 
bined with an atmosphere for humane interrelation. Sixth the most sensitive issue: 
Social healthcare ethics and morals in neurotrauma including medical decision 
making of withdrawal of nutrition and hydration The purpose of the AMN is the 
advancement of Neurotraumatology in research, practical application and teaching to 
be obtained by a multidisciplinary approach and cooperation of all specialists, scien- 
tific investigators, therapists, politicians, care providers and care-givers on an aca- 
demic basis. 

Key words, interdisciplinary team approach, multiprofessional management of TBI 
and SCI, re-engineering of brain and spinal cord lesions, restoration of locomotion, 
functional rehabilitation in neurosurgery, quality of life 
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1 Introduction 

The World Academy of Multidisciplinary Neurotraumatology (AMN) was established 
in 2003 on initiative Prof Tetsuo Kanno [40]. Like others he has realized the situation 
concerning acute neurotrauma care and functional rehabilitation in the eastern and 
the western hemisphere and he wanted to open up a platform for scientific education, 
communication, scientific exchange, and research on neurotrauma around the world. 
He had experienced such a cooperation regarding neurosurgery in Asia respectively 
for Neurotraumatology in Europe working with the Euroacademia multidisciplinaria 
neurotraumatologica (EMN) The EMN academicians are using a multiprofessional 
academic approach for the advancement of neurotrauma in research, practical appli- 
cation and teaching [1,2,32,34,44]. Neurotraumatology is a major burden for the 
social-economic and health- care systems around the world, despite the fact that the 
field of neurotrauma has made remarkable strides over the past three decades [2-9]. 
Figures of CCI and SCI victims are increasing, predominantly in the poor countries, 
while in the rich countries quality management in neurotrauma and legal accident 
prevention measures have reached a remarkable high standard that is reflected by the 
improvement of early functional outcome and final social reintegration and quality 
of life [36,42]. In contrast in the poor countries this situation got even worse despite 
all efforts. 

Although much irreversible damage to the brain and spinal cord occurs immedi- 
ately during the impact, neurosurgeons who became more and more involved in acute 
neurotrauma care and surgical treatment have noticed the cascade of evolving 
destructive processes over the following hours and days and the risks and conse- 
quences of concomitant multiple organ lesions and impending secondary complica- 
tions that worsen the ultimate outcome [8,9]. They were educated and so they respect 
the pathophysiology following neurotrauma and are aware of the consequences of 
"silent secondary insults" after acute trauma as they were stressed by several groups, 
for example by the late J. Douglas Miller [8] for craniocerebral injury (CCI) and 
Charles H Tator [10] for spinal cord injury (SCI). Much progress has been made in 
understanding these secondary insults at the clinical level as well as the biochemical 
level. Efforts of neurotrauma specialists and scientific investigators have always 
resulted in a growing awareness of the need to provoide supportive care for neuro- 
trauma patients, but if the problem is to be attacked scientifically there is a need for 
more of those with experience in the brain and spinal cord to take more active inter- 
est in the process of functional recovery [11 ]. "A scientific approach does not imply 
waiting for experimentalists to take the lead: phylogenetic differences in the organi- 
zation of the higher nervous system inherently limit their contribution. The proper 
study for the mankind is the man"! quotation of a statement of Bryan Jennnett, 1975 
[12, p 4] Since that time as a result neurosurgeons and other specialists who became 
more involved in the challenging field of neurotrauma and they are more interested 
in the acute surgical and conservative intensive care treatment of patients after CCI 
and SCI. When evidence based medicine came into the focus of medical interest inter- 
national and national Guidelines have been published to standardize best medical 
practice also in neurotrauma. Prospective and controlled multiple centre studies were 
performed to proof quality management and the efficiency of acute neurosurgical 
treatment. Posttraumatic neurorehabilitation, however, has still not really come to the 
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neurosurgeons attention. For example EBIC, who published guidelines on acute TBI 
treatment,  focused its activities on brain protection after CCI analysing, by guiding 
prospective clinical studies, acute neurosurgical care and early outcome after CCI and 
the beneficial effects of drugs [9,13,14]. This was of course in close cooperation with 
researchers, the pharmaceutical  industry and clinicians. Clinicians who initially gen- 
erated interest in the areas of acute t rauma care and who are now much better edu- 
cated in the scientific process started to work together with basic scientists who would 
otherwise have hesitated to be confronted with the t rauma victims (Narayan et al 
1995) The need for a multidisciplinary approach to neurot rauma is evident [15-27]. 

2 Results 

2.1 First Issue: Quality Management in CCI 
We have analysed the data on quality management  of 6,783 patients after acute CCI 
within one year in a prospective, controlled populat ion based, multicentre study for 
tow defined regions in Germany: Hannover (industrialized) N = 5,643 and Mtinster 
(rural) N = 2,140 The social outcome of 4,307 (= 63.5%) was assessed by telephone 
interview after one year. The CCI patients were admitted to 40 hospitals as follows: 
general and t rauma surgery = 78%; paediatric surgery = 8%; maxillo-facial = 7%; 
neurosurgery and paediatrician = 3.6%; neurology = 1.4%; ENT = 6%; internal = 0.5%; 
other 2.2%; missing data 1%. Following emergency examination 5,221 CCI (77%) were 
hopsitalized (Table 1) Emergency pr imary  imaging diagnostics after acute TBI 1. Plain 
x-ray images of the skull were taken in 5,507 (= 82%) of cervical spine in 1,377 patients 
(= 20%); other imaging diagnostics were performed in 2,986 (= 43.6%), no imaging 
diagnostics being conducted in 806 patients (= 12%). 

2. Cranial computerized tomography of the head and skull (CCT) was performed 
in 1,300 patients (= 19.2%) during the emergency examination compared with 1,216 
patients (= 23.3%) CCT out of 5,220 at the beginning of medical t reatment  in the hos- 
pital. Initial body CT scans were done in only 80 patients (= 1.2%.) 

TABLE 1. Causes and severity of CCI (GCS) at emergency hospital admission 
GCS/CCI severity Mild Moderate Severe Not assessed Patients 

Traffic accident 841 47 113 772 1.773 
84% 4.7% 11.3% - 100% 

Leisure time 1.257 50 36 1.054 2.397 
93.5% 3.7% 2.6% - 100% 

At work 524 16 14 457 1.011 
94.6% 2.9% 2.5% - 100% 

At home 1.023 41 41 913 2.018 
92.6% 3.7% 3.7% - 100% 

No special cause 3 1 1 23 28 
60 20% 20% - 100% 

No data 5 1 - 54 60 
83% 17% - - 100% 

All 3.395 145 191 3.052 6.783 
90.9% 3.9% 5.2% 45% 100% 
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Cranial magnetic resonance imaging (MRI) was performed in nine patients (= 
0.1%). Emergency concomitant (multiple) organ lesions were frequently diagnosed: 
maxillo facial in 58.7%; cervical spine = 8.8% and thoracic or lumbar spinal = 2.6%; 
thorax - 7.2%; abdomen - 2.6%, pelvic = 3.4%. Others lesions were complained in 
19.6%. CCI severity, however, was only assessed in 55% of all CCI. CCI severity was 
classified as being "mild" in 91%, "moderate" in 4%, and "severe" in 5% of patients 
when examined in the emergency room (Table 1). 

Despite the intensity of traumatic brain lesion and the functional impairments only 
258 patients ( -  less than 5%) received posttraumatic neurorehabilitation on an in- 
patient basis (Table 2a). These were in mainly in the institutions for early neurosur- 
gical rehabilitation in Mfinster (the authors unit, specially designed architecture) and 
in a 70km distant common rehabilitation institute for Hannover area (Table 2b). 

TABLE 2a. Func t iona l  impa i rmen t  after CCI, long t e rm and  early pos t t r auma t i c  rehab. 

CRS at admission Patients for rehabilitation Patients for ENNR 

<10/24 25 19 

14.3% 22.1% 

9-19/24 37 19 

21.1% 22.1% 

20-23/24 24 11 

13.7% 12.8% 

24/24 89 37 

50.9% 43.0% 

Total 175 86 

% 100.0% 100.0% 

No data 83 14 

Patients 258 100 

TABLE 2b. Coma  remiss ion  scale score of  CCI at admiss ion  to the post  acute and  early rehabil-  
i ta t ion inst i tute  

CRS at admission Patients admitted for rehabilitation 

n = 258 
Patients admitted for ENNR 

n =  100 

MS H Else MS H Else 

<10/24 14 7 4 14 2 3 

21.2% 9.7% 10.8% 22.2% 12.5% 42.8% 
9-19/24 10 24 3 9 9 1 

15.2% 33.3% 8.1% 14.3% 56.3% 14.3% 
20-23/24 7 12 5 7 3 1 

10.6% 16.7% 13.5% 11.1% 18.8% 14.3% 
24/24 35 29 25 32 2 2 

53.0% 40.3% 67.6% 50.8% 12.5% 28.6% 
Total 66 72 37 63 16 7 

% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
No data 2 10 71 1 13 

Patients 68 82 108 64 16 20 
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TABLE 3. Discharge after hospital treatment and CCI severity according to initial GCS 
Discharge/CCI severity Mild Moderate Severe No data Patints 

Home with special 3.576 272 2 75 3.925 
recommendations 91.1% 6.9% 0.1% 1.9% 100.0% 

Home without 695 45 1 8 749 
recommendations 92.8% 6.0% 0.1% 1.1% 100.0% 

Early neuro-rehabilitation 14 8 2 45 69 
20.3% 11.6% 2.9% 65.2% 100.0% 

Rehabilitation 108 47 2 27 184 
58.7% 25.5% 1.1% 14.7% 100.0% 

Other hospital 59 12 1 14 86 
(no rehabilitation) 68.6% 14.0% 1.2% 16.2% 1.6% 

Nursing home 93 15 1 4 113 
82.3% 13.3% 0.9% 3.5% 100.0% 

Home care (completely 17 2 - - 19 
dependent) 89.5% 10.5% 100.0% 

Death 6 - - 38 44 
13.6% 86.4% 100.0% 

Missing data 13 4 0 15 32 
40.6% 12.5% 46.9% 100.0% 

Total number 4.581 405 9 226 5.221 
87.7% 7.8% 0.2% 4.3% 100.0% 

Referred were 115 patents with mild, 41 with modera te  and 19 with severe CCI (Table 

3) The early outcome was as anticipated. 

2.2 Second Issue: Re-Engineering in SCI 
Paraplegia means  a live long sentence of sensory loss, paralysis and dependence.  We 

were involved in two different projects to restore voluntary  locomot ion in parapelegs. 

2.2.1 SUAW [28] 

We took par t  in a still exper imental  European clinical project a imed at restoration of 

locomot ion  by implanted electrical s t imulat ion to stand up an walk again (SUAW) 
[28]. The novel implant  with an ASCI-x Chip had 16 channels to be connected with 

bipolare and monopo la r  electrodes for the FFS of the hip muscles with special dis- 

cr iminat ion of the time, the intensity and electrical power. The first implantat ion in 
a 38 years paraplegic man,  in 1999, was the result 10 years intensive research work of 

a t ransdiscipl inary/mult idiscipl inary group of t rauma,-neurological ,  orthopaedic,  

hand- and plastic reconstruct ive surgeons,  electro- technicians, physiotherapists and 

scientific investigators from six clinic centres for rehabilitation, six surgical depart-  
ments  of the medical  faculties of six countries,  and fife institutes for biotechnology 

research. After six years this pat ient  can still use his computer  for standing and 
walking but in our second patient we had to remove the implanted device because of 
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an infection following the repair of one slipped electrode after one year of function- 
ing. Our project is continued by the functional anatomist and specialist in robotics 
Pierre Rabischong, Medical Faculty Montpellier, France. 

2.2.2 CNS-PNS Connection (the BRUNELLI Paradigm) [29] 

Giorgio A. Brunelli, orthopaedic, trauma, and handsurgeon and the author met during 
the SUAW project. We have performed the two implantations of the EFS devices 
together with B. Benichou, handmand plastic surgeon, Centre Propara, Montpellier, 
France under the supervision of Kris Krishnan, Neurosurgeon and Rehabilitation 
physician European Calies Association, University of Aalford, UK. G.A.B became 
actively involved in the experimental clinical project of central nervous system (CNS) 
and peripheral nervous system (PNS) connection with aid of surgical reconstructive 
by-pass procedure in the early eighties that became known as Brunelli Paradigm. We 
applied this technique since 2000 in three paraplegic and otherwise healthy patients 
after complete traumatic thoracic cord avulsion. Re-innervations of distally connected 
hip muscle groups for functional restoration of locomotion needs more than 18 
months [29]. The first patient can walk again with sticks by herself, climbing the stairs 
and swims, as it was demonstrated in the video. The time interval in the other two 
patients is still to short for functional recovery. 

2.3 Third Issue: Holistic Functional Rehabilitation [17,30] 
It has become obvious that it is more the mental-cognitive and neurobehaviuoral 
impairment than the physical or localized neurological impairment that influence the 
patient's social re-integration and quality of life after neurotrauma [41]. Guidelines 
and recommendations for quality management of neurotrauma do not focus on the 
need for proper rehabilitative interventions to improve impaired higher cerebral cog- 
nitive functions [1,15,18,19,23]. Our concept of Neurosurgical rehabilitation follows 
the guidelines of the German Task Force that we worked out together with neurolo- 
gists, neurosurgeons, rehabilitation physicians, paediatricians and neuropsychologist 
and published in 1993 [16,27,32,34]. It became accepted by the politicians, care 
providers and care givers as well as by the doctors and the rehabilitation personnel 
and has been introduced into the German social and health care system in 1994. Our 
special unit has been realized ten years ago according our guidelines [31,32]. It is as 
a pilot project of the Government of NRW. The study results mentioned above for CCI 
confirm the efficiency and the effectiveness of quality management for functional 
recovery after CCI in every sense. Functional recovery of impaired physical and cog- 
nitive functioning over time can be reliable assessed during early neurological neu- 
rosurgical rehabilitation with aid of the 24 points Coma remission Scale score that 
was worked out and established by our Task Force (Table 2a,b) and has been trans- 
lated in English [27]. 

2.4 Fourth Issue: Education and Research [9,12,13,15,20,23,26] 
There is clear evidence that the early outcome in patients after CCI was significantly 
improved when neurosurgeons became interested in Neurotraumatology and took 
over the responsibility for intensive care treatment and emergency evacuation of 
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intracranial haematoma after introduction of CCT [33]. Clinicians who became 
interested I neurotrauma care started educational programmes and established mul- 
tidisciplinary research projects and they established for CCI and SCI data banks as 
well as international cooperative studies. To day transdisciplinary emergency teams 
take care of the victims [13,25,33,34], so that only life threatening multiple organ 
lesions, for example in polytraumat thoracic and/or vascular and abdominal lesions 
will be immediately operated, while other lesions are postponed focussing on brain 
protection with oxygen supply, stable cerebral blood perfusion and normal ICP values 
to preserve brain plasticity for recovery of higher cortical functions. It has further 
been demonstrated and was confirmed in our prospective study that a "mild" CCI 
may cause severe functional impairments [26,35]. Therefore we have published the 
EFNS guidelines for management of mild TBI for the neurological societies in Europe 
[35]. 

2.5 F/fth Issue: Humane Architecture 
When looking, for example, at the seven rehabilitation centres of Sahra Network in 
Brasilia that were built on Aloysio Campos da Paz Jr initiative, M.D., Professor of 
orthopaedics and rehabilitation, Diretoria da Rede SARAH de Hospitais Brasiali, 
Brasil, it is obvious that humane architecture can meet the special interests and needs 
of patients after brain and spinal cord lesions as long as the people who are respon- 
sible for those projects cooperate in a multidisciplinary way. This is also exemplarily 
demonstrated by Lippo Karawaci New Town, a Jakarta Edge City, Indonesia, planned 
and managed and technical audit by Gordon G. Benton, Member of the Royal 
Institute of British Architects, RIBA, reflecting an cultural based architecture of the 
hospital and respect the needs of psychologically stressed TBI and SCI patients by 
providing functional value combined with an atmosphere for humane interrelation. 
Both gentlemen are Academicians of AMN. There are many more examples including 
our special unit for neurosurgical early rehabilitation in Mfinster [32]. 

2.6 Sixth~The Most Sensitive Issue: Ethics and Morals and 
Quality of Life after Trauma [20,30,36] 
There is on ongoing discussion concerning medical decision making in regard to end 
of life and organ transplantation around the world. These topics are approached from 
different sites and working parties involved [20]. In this context I would like to refer 
without any further commend on the Declaration of Helsinki of the world medical 
association (WMA) adopted by the 18th WMA general assembly Helsinki 1964, latest 
amendment 852nd WMA assembly Edinburgh 2000. One has to agree that cultural 
based medicine (this term was introduced by Prof Dr. Tomio Ohta, Osaka, Bali Dec. 
2004) plays a major role and should to be respected more in the future because of its 
influence concerning medical decision making in any case, especially in patients 
suffering from the severest functional impairments of higher cortical functions, in a 
vegetative state (apallic syndrome) for years without symptoms and signs of recov- 
ery. But how to assess quality of life? Qolibri, a specific measure to assess health related 
quality of life in persons after CCI was worked out by a multidisciplinary European 
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working group since 1999 [36] and was presented at the 3rd AMN in Nagoya March 
10, 2005. 

3 Discussion 

Quality management in neurotrauma care requires special awareness of the problems 
and education, the willingness for cooperation, in an academic way, with scientific 
investigators to understand and to handle the medical problems to improve the 
patients final social outcome. Neurosurgeons should become involved and have to 
participate actively in the discussions that are related to the main problems within all 
fields of Neurotraumatology, for example, social health care, ethics and morals, 
cultural based medicine, robotic, functional imaging, neurointensive care, neurore- 
habilitation, research, functional recovery, biotechnology, re-engineering of brain and 
spinal cord lesions [29], accident prevention, education, gerontology, economics, and 
many others. The six issues that were addresses above are typical examples where mul- 
tidisciplinary cooperation is needed.The purpose of the AMN, therefore, is to be 
attained by, in particular the organisation of international congresses as well as par- 
ticipation in such events including regional and national workshops and educational 
meetings and commitment to excellence in education through organisations of work- 
shops and intensification of cooperation with scientific academies, societies, associa- 
tions as well as research institutions and companies who are concerned with questions 
related to neurotrauma. 

4 Conclusions 

A multidisciplinary and academic approach with close cooperation of all people 
involved in the broad field of Neurotraumatology offers a novel avenue for a still better 
outcome of patients after CCI and SCI with impaired higher cerebral functioning. The 
AMN might help understanding and solving some of the problems. The Academia 
Multidisciplinaria Neurotraumatologia (AMN) is not a society. World Academy of 
Neurotraumatology should consist of individuals that are actively collaborating on a 
multidisciplinary/interdisciplinary research and/or teaching in Neurotraumatology. 
That is, people being invited to join this academic group should be involved in doing 
these activities with a given member of the Academy and their level of performance 
would really have to meet high standards of scholarship (G. Prigatano, President, 
February 2005) For more information please visit: www.neurotraumaworldamn.org 
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Ventricular Enlargement after TBI 
Shunt or No Shunt 
HANS TRITTHART 

Summary. Ventricular enlargement is a common sequela of severe traumatic brain 
injury (TBI) in the post acute and late phase of the trauma. The incidence varies 
widely in the literature from 30% to 86% of patients examined between 1 and 12 
months after trauma. The clear distinction between hydrocephalus and cerebral 
atrophy as causes of ventricular dilatation has important implications for treatment, 
but is not always obvious. The syndrome of posttraumatic ventriculomegaly remains 
a diagnostic and therapeutic challenge. 606 patients (494 men, 112 women) with 
severe TBI (Glasgow Coma Score of 8 or less) admitted between January 1990 and 
December 2003 were analyzed. 92 of these patients died of their brain injury in our 
intensive care unit (ICU). Posttraumatic ventricular dilatation was found in 292 
patients (56.8%). Risk factors for ventricular enlargement were age (P < 0.04) dura- 
tion and severity of coma (P < 0.001). Many ancillary investigations have been 
described that can increase the probability of selecting the appropriate patients for a 
shunt. The reliability and reproduction of these tests are limited. In all our patients 
CT or MRI provided the anatomical information. The best management is still to 
adhere strict clinical and magnetic resonance imaging criteria and to rely on a posi- 
tive cerebrospinal fluid tap test. One or several lumbar punctures with removal of 
50ml cerebrospinal fluid (CSF) was followed by clinical improvement. 24 patients 
(4.6%) were selected for shunt surgery. Outcome and pitfalls are discussed. 

Key words, severe head injury, posttraumatic ventriculomegaly, spinal tap test, shunt 

A large number of brain trauma patients develop ventricular enlargement. The inci- 
dence varies from 30% to 86% of patients examined up to 12 months after trauma, 
and it has been proposed as an index of severity of brain damage [1]. The manage- 
ment of ventriculomegaly following severe traumatic brain injury (TBI) still is con- 
troversial because it is difficult to determine whether posttraumatic ventricular 
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dilatation is related to an atrophic process or to a true hydrocephalus. The incidence 
of postraumatic hydrocephalus (PTH) has been reported as low as 0.7% [2] and as 
high as 29% [3]. The diagnosis of true hydrocephalus is not always simple. Several 
variations of the syndrome are seen in the clinical and radiological settings. PTH can 
present acutely, with progressive coma, the patients can present signs of increased 
intracranial pressure with disturbance of consciousness and neurological deficits or 
subacutely, with a history of a gradual decline in daily functioning or in a failure to 
improve. PTH can present as a normal pressure hydrocephalus (NPH) syndrome with 
the so called "classical" clinical NPH triade mental deterioration, gait disorder and 
bladder dysfunction. This "classical" triade of NPH is not classical at all in TBI patients 
as these patients have so many postraumatic neurological deficits and the classical 
triade may be misinterpreted. 

PTH can present as ventriculomegaly by computerized tomography (CT) scanning 
or magnetic resonance images (MRI) in which the ventricular size is increased, with 
abnormal dilated cisterns and sulci as seen in cerebral atrophy. Marked widening of 
the sylvian fissures and cortical sulci may be due to CSF accumulation at the convex- 
ity and not to cerebral atrophy. It is very common for cerebral atrophy to occur after 
head injury, resulting in passive enlargement of the frontal horns and temporal horns 
and evidence of hippocampal atrophy. This condition has been unfortunately termed 
hydrocephalus ex vacuo. Alternatively, PTH can present radiologically as an acute 
obstructive hydrocephalus with presence of periventricular translucency, especially in 
the frontal horns and obliteration of cerebral sulci (Figs. 1,2). 

An increase in ventricular size can be measured subjectively by noting a rounded 
appearance of the frontal horns, enlargement of temporal horns and third ventricle 
and can be measured objectively by using the ventricle brain percent ratio (VBR) [4]. 
This ratio is determined by dividing the ventricle area (determined by measuring the 
distance between the ventricles at their largest extent) by the intra-cranial area (deter- 
mined by measuring the distance between the inner table of the skull at its farthest 
extent) and multiplying by 100. The frontal horn index, or Evans' ratio is the ratio 
between the widest span of the frontal horns to the maximum width of the brain in 
the same axial CT section, as a representative of the ventricular size. In this current 
study, we used the frontal horn index and the ventricular size was considered to be 
dilated if the frontal horn index equalled or exceeded 0.3. The frontal horn index was 
calculated using the admission CT and the folllow-up CT scans. In addition, follow- 
up CT scans were studied for the presence of periventricular translucency. 

MRI is the best neuroimaging technique for evaluating patients with presumed 
PTH. It contributes to the differential diagnosis by allowing the assessment of the 
mean cross-sectional volume of the hippocampal body and the degree of dilatation 
of the hippocampal fissures. Atrophy of the hippocampus is a marker of atrophy while 
in PTH the reduction of hippocampal mass is not as evident as seen in atrophy and 
due to temporal horn dilatation. 

I Patient Population 

606 patients (494 men and 112 women) with severe head injury (Glasgow Coma Scale 
(GCS) score of 8 or less on admission admitted between January 1990 and December 
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CT 05.22.2001 

MRI 07.13.2001 

FIG. 1. CT images from a patient with severe TBI with frontal lobal hematoma (05.22.2001). MRI 
(07.13.2001) with ventriculomegaly and periventricular translucency. The patient was shunted 
and improved 

2003 were eligible for this study. All patients included in this study had CT scan on 
admission. 92 of these patients died of their brain injury in our unit. This figures look 
much too good for this clinical population and can be explained by special policies 
in referring and transferring patients in our hospital. In 544 patients (442 men and 
102 women) the intracranial pressure (ICP) was monitored using parenchymal 
catheters (Codman, Raynham, MA, U.S.A.) up to the end of 1995 and ventricular 
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CT 03.01.2002 

CT 04.03.2002 

FIG. 2. CT images of a patient with severe TBI and acute hematoma on the right (03.01.2002). 
CT (04.03.2002) with ventriculomegaly and periventricular translucency. The patient was 
shunted with minor improvement 

catheters (Spiegelberg, Hamburg, Germany) up to now. The effects of prolonged ven- 
tricular drainage did not influence significantly the developement of hydrocephalus. 
We have used many different and sophisticated investigations for selecting the appro- 
priate patients for shunt. Continuous intracranial pressure monitoring commonly 
shows rises in ICP including 0.5-2/min oscillations (B waves). In normal pressure 
hydrocephalus occurrence of B waves (i.e. >50 of the ICP recording time) predicts a 
good response to a shunt [5]. In PTH this was not evident. There are doubts about the 
value of lumbar CSF infusion test, which measures the resistance to CSF outflow by 
lumbar or ventricular infusion of artificial CSF [6]. The CSF conductance test (the 
reciprocal of resistance to CSF outflow) measures CSF reabsorption by constant 
lumbo-ventricular or ventricular-ventricular CSF perfusion at different CSF pressures 
[7]. The value of this tests in predicting successful shunt surgery is very high in the 
hands of some investigators but not in those of others. In view of the controversial 
predictive value of these tests we decided to manage this problem on strict clinical 
and CT or MR imaging criteria and rely on a positive cerebrospinal fluid tap test. One 
or several lumbar punctures with removal of 50ml CSF was followed by clinical 
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improvement. This lumbar puncture is not possible in the acute PTH with compressed 
basal cisterns. 

The patients who present acutely with progressive deficits and clear signs of 
high pressure hydrocephalus benefit from an urgent shunt. The years before this study 
we started with an external ventricular drainage in these patients and monitored 
the intracranial pressure (ICP) and finally with clearly elevated ICP these patients 
were shunted. We found this external drainage was too much and there was no need 
for it. 

Patients who show gradually enlargement of the ventricles can be approached with 
close observation and CT scans to watch for progression of the ventriculomegaly. 

Marmarou et al calculated their patients using the pressure volume index and the 
resistance for CSF absorption [8]. They found that patients with enlargement of the 
ventricles and altered CSF dynamics had a poor outcome. Patients with ventricu- 
lomegaly and normal CSF dynamic studies suffer from atrophy with no benefit from 
a shunting procedure. 

The outcome following treatment of PTH is variable. 18 patients (78.2%) who 
underwent a shunting procedure improved, usually one Glascow outcome score 
(GOS). The timing of treatment has also remained controversial. We found that 
patients with clinical symptoms of hydrocephalus for less than 3 months have a better 
prognosis. 

The rate of peri- and postsurgical complications ranges between 20% and 40%, but 
serious complications (death or severe residual deficit) do not exceed 1-2% of shunt- 
ing patients, mainly patients with substantial comorbidity. Before concluding that 
poor outcome after surgery is due to the selection of a bad candidat, ineffectiveness 
of the shunt should be suspected especially in patients in whom the ventricular size 
did not decrease after a shunt and in those with transient postsurgical improvement. 
Shunt dysfunction is not uncommon and can be seen in all types of shunts. 

The study and others emphasize the importance of subarachnoid hemorrhage 
(SAH) as a warning sign for the development of PTH. In our study, almost 70% of 
those patients who developed PTH demonstrated SAH and/or IVH on their admis- 
sion CT scan. 

Alternatives to shunting remain marginal and the crucial problem is still whether 
to shunt or not to shunt. Ventriculo-peritoneal shunts have become standard treat- 
ment although ventriculo-atrial shunts are still a second line option especially in 
patients with a history of multiple laparotomies. Whatever the type of shunt, the major 
drawback of all shunting methods is the high rate of shunt related complications 
resulting in the highest morbidity in neurosurgery. Recent improvements in shunt 
technologies are aimed at reducing the incidence of technical failure. Technical refine- 
ments include antisiphon devices, flow controlled devices and valves with adjustable 
pressure. In most of the patients with PTH we used conventional hydrostatic valves. 
The cost effectiveness of such sophisticated technical refinements compared with con- 
ventional valves is still under debate and not the problem of this study. The shunt type 
is not included in the analysis because it does not play a role in the decision to place 
a shunt. Outcome was better for patients receiving a low than a medium or high pres- 
sure shunt, although the differences did not reach statistical significance. In rare cases 
of aqueductal stenosis third ventriculostomy can be recommended but was done only 
in one of the study patients. 
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Of the 24 patients selected for surgery one died of cardiac failure unrelated to the 
shunt surgery. 23 patients had a complete follow-up of 12 months (mean 11.2 + 1.9 
months). 18 patients (75 %) were shunted during the acute post-TBI period (<100 days 
post-injury) and 6 patients (25%) were transferred from a neurorehabilitation center. 

Two patients had shunt malfunction and the shunt was changed. One patient had 
a shunt infection and needed an external ventricular drainage and later on a new 
shunt. The improvement after shunt is not overwhelming, but the patients showed 
usually one grade higher GOS as seen before shunt and neurorehablitation could be 
continued. Shunting improved cognitive function in 16 patients (69.5%) within several 
days, the neurological deficits took longer to resolve. CT scan plays an important role 
in diagnosis and follow-up, but did not correlate with response to shunting in 11 
patients (47.8%). In 12 patients (52.1%) we observed in the follow-up CT scans a 
reduction in ventricular size and improvement of periventricular translucency. 

Possible benefit from ventricular shunting should be carefully weighed against 
potential complications. Rapid reduction of the ventricular pressure may result in 
postsurgical hygromas or hematomas. On the basis of our findings, the presence of 
ventriculomegaly is not an indication of poor prognosis unless it is associated with a 
negative CSF tap test. 
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Ex vivo Expansion and Neural 
Differentiation of Bone Marrow-derived 
Cells under Serum-free Condition 
TAKURO MAGAKI, KAORU KURISU, and TAKAHITO OKAZAKI 

Up to 20 years ago, it was generally believed that undifferentiated multipotent cells do 
not exist in adult mammals. But recent studies have revealed that stem cells, which are 
capable of broad differentiation and self-renewal, exist in various tissues in young and 
adult mammalian animals. Moreover, these somatic stem cells reportedly possess a 
differentiation potential to change into functional cells of other organs. Non-neural 
tissues such as dermis, adipose tissue and bone marrow are thus expected to offer 
sources of cells for regenerative treatment of severe neurological disorders, including 
spinal cord injury, traumatic brain injury, Parkinson's disease and stroke. 

Bone marrow-derived cells (BMCs) are comprised of hematopoietic stem cells 
(HSCs) and mesenchymal stem cells (MSCs; also referred as bone marrow stromal 
cells). HSCs normally differentiate into blood cells, and MSCs produce cells of 
mesodermal origin. Recent reports have described the ability of BMCs to "trans- 
differentiate" into neural cells. BMCs are advantageous in the establishment of less 
invasive harvest procedures and large cell yields. BMCs are also clinically attractive 
because autologous transplantation can be performed in humans. 

BMCs contain heterogeneous groups of cells, and it is suggested by some 
researchers that BMCs which have potency of neural differentiation may be morpho- 
logically and phenotypically different from typical marrow stromal cells. These cells 
with neural potential are small, oval or spindle-shaped with short processes and no 
fibronectin immunoreactivity, whereas stromal cells are large, flat and fibronectin- 
positive. In our experience, these small cells constitute a considerable fraction in 
primary culture, but percentages rapidly decreased with repeated passage in ordinary 
fetal bovine serum culture. 

Serum-free monolayer culture of rodent BMCs was examined for efficient ex vivo 

expansion of cells that have potential for neural differentiation. Excluding the use of 
serum prevented the growth of differentiated cells such as fibroblasts. To increase 
adhesiveness of BMCs to the culture surface under serum-free conditions, coating 
modulation using extracellular matrix (ECM) was applied. 

Bone marrow was harvested from young rats and cultured in serum-free medium 
containing basic fibroblast growth factor (bFGF) on surface coated with L-ornithine. 

Department of Neurosurgery, Graduate School of Biomedical Sciences, Hiroshima University, 
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Non-adherent cells were then removed by changing medium. Adherent cells were 
transferred to dishes coated with ornithine and fibronectin. After transfer to ECM- 
coated surface, 79.1% of cells attached to the surface. Small, round or spindle shaped 
cells adhered to the culture surface among large flat cells. Some of these small cells 
developed short processes. Under serum-free conditions, the small, round or spindle- 
shaped cells proliferated continuously on the ECM-coated surface. The small cells 
exhibited particularly robust growth when in contact with large flat cells, and formed 
clusters. In contrast, large flat cells displayed minimal proliferation under these con- 
ditions. The number of BMCs expanded 5.4-fold in 21 days. 

Neural stem cell marker nestin was positive on Day 1 and Day 21. Expression of 
nestin was more intense in small cells than in large flat cells. Processes extending from 
BMCs also expressed nestin. 

The proliferative potency of BMCs under serum-free condition was examined by 
BrdU immunohistochemistry. The cells labeled by BrdU were observed on Days 1 and 
21, and Number of labeled cells did not decrease between these days. This indicates 
the maintenance of BMC proliferative potency in serum-free culture. 

For in vitro neural differentiation studies, cells were plated onto ornithine- and 
fibronectin-coated surface in differentiation medium containing NGF and BDNF. In 
neural differentiation culture medium, some small cells developed long, thin cellular 
processes with branches. Some processes attached to the cell body or processes of 
other cells. Immunohistochemistry revealed that more than half of BMCs expressed 
neuronal marker ~-tubulin III under neural differentiation condition. While many 
small cells showed intensively positive for neuronal markers, large and flat cells 
showed weak staining. Processes extending from small cells also expressed the 
markers. Staining for glial marker GFAP was weaker than for neuronal markers. 
Expression of nestin was weaker under differentiation conditions. 

To evaluate survival and migration of BMCs in vivo, cells were transplanted into 
brain parenchyma of syngenic animals. BMCs under differentiation conditions were 
labeled prior to transplantation using PKH-26. Undifferentiated BMCs stereotactically 
inoculated to the subcortex of the hemisphere of syngenic animals. At 3 weeks after 
transplantation, PKH-26 labeled BMCs visibly survived in the site of transplantation. 
Numerous transplanted cells remained confined to the injected site, while a small 
number of cells migrated into the subcortex. 

Recent reports have described the ability of BMCs to "trans-differentiate" into 
neural cells. For neural induction of BMCs, various methods have been reported, such 
as ~-mercaptoethanol, gene transfer and co-culture with neural stem cells, but 
methods are not yet well-established. 

The present study used serum-free culture similar to culture methods for neural 
stem cells. In ordinary culture of BMCs with fetal bovine serum, large and flat cells 
proliferate intensely. These large and flat cells require serum for proliferation, and 
show minimal expansion under serum-free conditions. Serum-free culture thus allows 
preferential expansion of small cells. 

The present study examined a monolayer culture of BMCs under serum-free con- 
ditions. The bFGF used for cell expansion in the present study is used in both sus- 
pension and monolayer cultures for neural stem cells. The usefulness ofbFGF has also 
been reported for MSC expansion, and bFGF is reportedly useful for maintaining 



Ex vivo Expansion and Neural Differentiation of Bone Marrow-derived Cells 259 

immature MSCs. In the present study, cultured cells continued to display proliferative 
activity even on Day 21. 

Under serum-free conditions, adhesion activity of cells decreases markedly, and 
monolayer culture on ordinary treated dishes is difficult. For expansion and differen- 
tiation of MSCs, various reports have suggested the usefulness of surface modifica- 
tions. Ornithine is a non-protein amino acid used as a coating material for neural cell 
cultures. Coating with this substrate provides strong adhesion of cultured cells to the 
culture surface. Fibronectin is one of the major adhesive molecules for coating mate- 
rial. The molecule also increases proliferative activity in cultured cells. The combina- 
tion of ornithine and fibronectin as a coating substrate in serum-free culture of BMCs 
achieved high adhesiveness for BMCs to the surface. 

For the in vivo study, cell transplantation demonstrated survival and migration of 
transplanted BMCs. We are presently extending this investigation to trial transplan- 
tation of BMCs into a CNS disorder model. 

The present study demonstrated monolayer serum-free culturing of BMCs. The 
results indicate that BMCs proliferate under serum-free conditions and differentiate 
into neural lineages. Further investigation is underway to examine long-term cultures, 
and to elucidate characteristics of the small cells identified in this study. 



Head Trauma Related Epilepsy 
TOHRU HOSHIDA 1, KUNIHIKO KOBITSU 1, SHUNICHI TAKESHIMA 1, 
HIROYUKI HASHIMOTO 1, YEONG-JIN KIM 2, HIROYUKI NAKASE 2, 
a n d  TOSHISUKE S A K A K I  2 

Summary 
Purpose: Patients or their family sometimes complain that their seizures started after 
head trauma and believe that their seizures resulted from the head trauma. These 
epilepsies seem to be trauma associated epilepsy (TAE). Posttraumatic epilepsy (PTE) 
is recognized that cerebral contusion is clearly shown in the neuroimaging study 
and epilepsy originates around the contusion. Characteristics of TAE and PTE were 
studied. 
Materials and methods: There were four males in PTE and five males and three 
females in TAE, whose types of head trauma were cerebral concussion in seven and 
contusion in one. Ages of seizure onset and epilepsy surgery, duration from head 
trauma to initial seizure, epilepsy type, and post surgical outcome were compared 
between these groups. 
Results: Average ages of seizure onset were 28 years in PTE and 15 years in TAE. Mean 
duration from trauma to seizure onset was 12 years in PTE. Seizure started less than 
a year in six patients in TAE. TAE included left mesial temporal lobe epilepsy in six, 
and three of six cases demonstrated hippocampal sclerosis. Surgical outcome was 
excellent in all cases in TAE. 
Conclusions: TAE usually occurs within one year after mild head trauma and some- 
times shows normal MR finding or hippocampal sclerosis. It is important to deter- 
mine the exact diagnosis and type of epilepsy after head trauma and good surgical 
outcome is achieved after epilepsy surgery. 

Key words, posttraumatic epilepsy, head injury, temporal lobe epilepsy, focal cortical 
dysplasia, epilepsy surgery 
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1 Introduction 

Posttraumatic epilepsy (PTE) is well known that seizures occur from and near cere- 
bral contusion, and the incidence of seizures is correlated with the severity of head 
injury [1 ]. We know some epilepsy patients whose seizures occurred after mild head 
trauma. Patients or their family often said to us,"the cause of seizures is head trauma", 
even if head trauma is mild severity. We propose the concept termed "head trauma 
related epilepsy .... Head trauma related epilepsy" is including two categories. PTE has 
apparent contusions on MRI and seizures occur from and around the contusion. 
Trauma associated epilepsy (TAE), whose seizures occurred after head trauma, but no 
obvious contusion is revealed on MRI. This presentation is aimed to clarify the clin- 
ical features and compare the results between PTE and TAE. 

2 Subjects and Methods 

96 resective surgeries were performed for intractable epilepsy patients. Twelve 
patients (12.5%) are included in this study. PTE was in 4 males, and TAE was in 8 
patients with 5 males and 3 females. Following factors were compared between PTE 
and TAE; age at head injury, the latency from injury to seizure onset, age at surgery, 
seizure duration, type of epilepsy, and seizure outcome. 

2.1 Illustrative Cases 
2.1.1 Case1 

29-year-old man has no risk factors for seizures. Pregnancy and delivery were 
uneventful and developmental milestones were normal. When he was 4 years of age, 
he struck his head with no loss of consciousness. His seizure started in the evening 
on the same day. His seizures became intractable even though optimal three 
antiepileptic drugs were taking. His seizures consisted of gestural automatism and 
secondary generalized seizure, and occurred in everyday, maximally more than a 
hundred per day. He had emergent admissions in several times for status epilepticus. 
He had a mild head injury, and seemed to have an immediate posttraumatic seizure. 

Scalp EEG demonstrated that frequent spikes were shown in right frontal area, Fp2, 
F4, and F8. Ictal discharges were arising from same areas, Fp2, F4, and F8 (Fig. 1). MRI 
showed no abnormality. Interictal ECD-SPECT revealed right frontal hypoperfusion. 
Right frontal lobectomy was performed after subdural grid recording for two weeks, 
and seizure free for 6 years after surgery. Frontal cortex, where MRI showed no abnor- 
mality, was revealed focal cortical dysplasia with bizarre neurons (Fig. 1). 

2.1.2 Case 2 

Second case is a 42-year-old man. He had no perinatal insuks and febrile convulsions. 
He had a traffic accident at the age of 24. He was admitted for three weeks after mild 
head injury. A half year later, his first convulsion occurred, and then became 
intractable. His complex partial seizures consisted of oral and limbs automatisms, 
neck rotation, and amnesia, and occurred a couple of times in a week. His ictal speech 
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FIG. 1. Ictal scalp LEG in case 1 showed interictal and ictal epileptic discharges were arising 
from right frontal area. Resected specimen demonstrated focal cortical dysplasia with bizarre 
neurons 

was very interesting and impressive. He repeated, "Help me. Help me. Seizures 
occurred after head injury. Help me. Help me. Head injury resulted in seizures?' He 
had a mild head injury, and seemed to have a late posttraumatic seizure. 

Neuroradiological examinations revealed no abnormali ty on MRI and no asym- 
metry  in the deoxyglucose PET, interictal and ictal SPECTs, and MR spectroscopy (Fig. 
2). Interictal scalp LEG showed independent  anterior temporal spikes bilaterally 
during drowsiness (Fig. 3 left). Left anterior temporal lobe and hippocampus were 
resected after bilateral temporal subdural grid implantation, and seizure free 33 
months after surgery. Resected hippocampus demonstrated gliosis. Postoperative LEG 
noted right temporal  spikes one year after surgery, and no spikes in the temporal area 
on both sides two years after surgery (Fig. 3 right). 

2.1.3 Case 3 

Third case is a 38-year-old man. He had a bronchial asthma but no febrile convul- 
sions. A traffic accident had occurred at the age of 17, and loss of consciousness of 2 
days. He was admitted for 3 months for operations of an abdominal visceral injury 
and right elbow fracture. His first convulsion occurred in the same year. Complex 
partial seizures consisted of dreamy state, automatism and amnesia, and compatible 
with the semiology of mesial temporal lobe epilepsy (TEE). He had a severe head 
injury, and seemed to have a late posttraumatic seizure. 

Scalp LEG showed that independent  interictal spikes were recognized over tempo- 
ral areas bilaterally. Ictal discharges were clearly arising from left temporal side. 
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FI6. 2. Neuroimaging studies including MRI, interictal and ictal SPECT, and interictal PET 
detected no abnormality or asymmetry in case 2 
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FIG. 3. Preoperative interictal EEG (on the left side) demonstrated independent temporal spikes 
bilaterally in case 2. Scalp EEG taken two years after surgery (on the right side) showed no spikes 
at all 
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FIG. 4. Scalp EEG in case 3 showed bilateral temporal independent spikes and ictal epileptic 
discharges were arising from left temporal area. Coronal MRI clearly demonstrated left hip- 
pocampal atrophy (arrow) 

Coronal MRI demonstrated hippocampal atrophy on the left side (Fig. 4). After chron- 
ically implanted subdural grid recording, left anterior temporal lobectomy with 
hippocampectomy was performed, and then seizure free for 6 years. Hippocampal 
specimen showed typical hippocampal sclerosis. 

3 Results 

These illustrative three cases are classified into not PTE but TAE. There are four PTE 
patients in this study. Obvious contusions were recognized in the parietal, temporal, 
occipital and temporal areas respectively, and then PTE were diagnosed as two tem- 
poral, one parietal and one temporooccipital lobe epilepsies. Their outcomes were two 
in Engel's class 1 and one in class 2 and 4, respectively. In TAE, there were 6 left TLEs, 
one parietal and one occipital lobe epilepsies. Three of six TLEs had hippocampal 
sclerosis pathologically. TAE was achieved excellent outcome (all in class 1) after 
resective surgery. Prognosis after surgery was better in TAE than PTE, but not statis- 
tically significant (p = 0.09). 

Average ages of seizure onset and surgery were 28 years and 38 years of age, and 
duration from trauma to seizure onset was 12 years in average, ranged from five to 22 
years in PTE. On the other hand, average ages of onset and surgery were 15 years and 
35 years of age in TAE. Seizure started two years in average after head trauma, ranged 
from zero to nine years, and less than a year in six patients. Among the clinical fea- 
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tures, three factors; age at seizure onset, the latency to seizure onset, and age at surgery, 
were statistically not significant between PTE and TAE. 

Mean duration of seizure was longer, 21 years in TAE than 9 years in PTE, and sta- 
tistically significant (p = 0.05). Severity of head trauma was also statistically signifi- 
cant (p = 0.01). Seven of eight patients in TAE had antecedent not severe, but mild 
head injuries, and PTE had severe head injuries in all. 

4 Discussions 

There are some interesting papers about relationship between head injury and corti- 
cal dysplasia. Cohen-Gadol et al [2] reported 22 patients with focal cortical dysplasia 
of Taylor type. They pointed out that risk factor for epilepsy was trauma in 7 of 22 
cases. According to the result of rat experimental model, Lombroso [3] proposed clin- 
ical hypothesis. Two children sustained head trauma within six postnatal days and 
later developmental intractable epilepsy. Neuropathologic analysis revealed an unsus- 
pected microdysgenetic cortex. Early postnatal head injury may induce microdys- 
plastic change over the cortex. As a case 1 suggests us, mild head injury might induce 
seizures from silent and calm dysplastic cortex when head injury occurred in early 
immature brain. 

The increased risk of seizures after traumatic brain injury (TBI) varies greatly 
according to the severity of the injury and the time since the injury [1]. As a case 2 
shows us, posttraumatic seizure occurs after even if mild head injury is also well 
known. Jennett et al [4] studied epilepsy after non-missile head injuries. 17% of chil- 
dren younger than five years with "trivial" injuries had an early seizure but only 2% 
of all patients older than five years including adults and children. Annegers et al [5] 
reported seizures after head trauma in a population study. Injuries were classified as 
mild (loss of consciousness or amnesia lasting less than 30min), moderate (loss of 
consciousness for 30rain to 24h or a skull fracture), or severe (loss of consciousness 
or amnesia for more than 24h, subdural hematoma, or brain contusion). The fre- 
quencies of early and late seizures were 1.0% and 0.2% respectively after mild head 
injury. Same authors demonstrated later, the standardized incidence ratio was 1.5 
after mild, 2.9 after moderate, and 17.0 after severe injuries [1]. According to the 
study of Lee et al [6], relative risk of deterioration after mild closed-head injury was 
0.11%. 

These papers suggest us that posttraumatic seizure may occur after mild head 
injury, but the relationship between new-onset seizures and antecedent head trauma 
has not been unclear [7]. We propose the term of "trauma associated epilepsy", in 
which seizure occurred after head trauma, but cerebral contusion is not demon- 
strated, on the contrast of the term of "posttraumatic epilepsy", in which cerebral 
contusion is clearly shown by using the neuroimaging study, and seizures occur from 
and around the contusion. 

As case 2 and 3 demonstrate us, TLE may result in TBI, but the mechanism of TLE 
is poorly understood. McKinney et al [8] demonstrate that recurrent axon collaterals 
in rat hippocampal slice cultures are newly sprouted by pyramidal cells as a conse- 
quence of axonal injury and suggest that this underlies the development of PTE. 
Whether a single episode of concussive head trauma causes a persistent injury in 
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neural excitability in the limbic system has not been unequivocally determined. From 
the results of rodent fluid percussion model, Santhakumar et al [9] demonstrated that 
a single episode of experimental closed head trauma induces long-term alterations in 
the hippocampus. Golarai et al [10] confirmed an early and selective cell loss in the 
hilus of the dentate gyrus and area CA3 of hippocampus, ipsilateral to the impact. The 
occurrence of selective hippocampal cell death after fluid-percussion injury in rats is 
consistent with the reported reduction of hippocampal volume bilaterally in humans 
after TBI and resembling hippocampal sclerosis. 

Previous reports have suggested that mesial TLE may result from TBI only in young 
children (less than five years) [11,12]. Diaz-Arrastia et al [13] identified 23 patients 
with intractable epilepsy who had TBI after the age of 10 years, preceding the onset 
of epilepsy. Of the 23 patients, eight had mesial TLE. Two of these patients underwent 
anterior temporal lobectomies with good postoperative outcome, and hippocampal 
sclerosis was confirmed pathologically. 

5 Conclusions 

An association between new-onset seizures and previous head trauma has been 
unclear. We propose the concept named "head trauma related epilepsy .... Head trauma 
related epilepsy" is including two categories, that is PTE and TAE. Mild head injury 
partially contributes to TAE. Shorter duration from injury to seizure onset and longer 
epilepsy period were demonstrated in TAE than PTE. Occasionally focal cortical dys- 
plasia or hippocampal sclerosis was revealed in TAE. Good prognosis is achieved after 
precise preoperative examinations and resective surgery in TAE than PTE. 
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Recent Projects on Neurotrauma 
in Japan 
MINORU SHIGEMORI ix- 

Summary. There are several major projects on neurotrauma in Japan. They include 
development of Management Guidelines for Severe Traumatic Brain injury (TBI) and 
Japan Neurotraum Data Bank (JNTDB) by the Japan Society of Neurotraumatology 
and the Project to establish the Medico-Social Support System for Cognitive and 
Behavioral Dysfuntion after TBI by the Japan Ministry of Health, Labour and Welfare. 
The first management Guidelines was published in 2000 based on the result of the 
Japanes literature review and committee consensus. The revision of the Guidelines is 
now ongoing and the new version will be published in 2006. The first report on the 
result of JNTDB was published in 2002 and the second report based on the data with 
1002 patients will be released in 2006. The third project reported preliminarey pro- 
posal of diagnostic criteria, neuropsychological rehabilitation and social supporting 
system in 2004 and the final report will be published in 2005. The overview of these 
projects and the perspectives are reported. 

Key words, neurotrauma TBI, guidelines, data bank, cognitive dysfunction 

1 Introduction 

Traumatic brain injury (TBI) is one of the leading cause of disability and death in 
young peoples in all over the world. But the mortality and morbidity rates of severe 
TBI are still remained high [ 1 ] in spite of recent advancement of diagnostic and ther- 
apeutic modalities. To understand the epidemiology of TBI patients and to standard- 
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ize the evaluation and management in acute and subacute stages and to establish an 
appropriate countermeasures for severe sequelae will be essential to improve the 
outcome of TBI patients [2-4]. Since the late of 1990, several major projects on neu- 
rotrauma have been started in Japan. In this article, the overview of these ongoing 
projects and the perspectives are reported. 

2 Major Projects 

Among several neurotrauma projects in Japan, three major projects are now ongoing 
supported by the official academic societies and government. They include Mange- 
ment Guidelines in the acute stage of TBI, Japan Neurotrauma Data Bank (JNTDB) 
and Project to establish the Medico-Social Support System for Cognitive and Behav- 
ioral Dysfunction after TBI. The midterm results of all these projects already pub- 
lished until 2005. 

3 Management Guidelines 

This project started in 1998 by the Japan Society of Neurotraumatology and the guide- 
line committee has developed the Guidelines for the Management of Severe Head 
Injury in adults in 2000 [5]. The Guideline was made by the literature review of the 
Japnaese articles in the last 10 years and committee consensus, and have 8 main topics 
relating to patients' outcomes including key issues for pediatric and geriatric patients 
(Table 1). The Guideline is not evidence-based but mixed with the literature-based 
and consensus-based appropriate for actual medical practice in Japan. But the essence 
of the Guidelines is similar to other published guidelines from Brain Trauma 
Foundation (U.S.) in 1995 [6] and European Brain Injury Consortium (EBIC) in 1997 
[7]. 

After development of this Guideline, the committee also started to verify the com- 
pliance with this guideline by sending questionnaires to 49 committee members of 
the Sociey in 2003. The result showed 84% of familiar rate and 95% changed their 
practice or used for the reference although 57% of them had independent protocol 
for the managements. Based on the common consensus in the committee that the 
development of guidelines should be considered as a part of a process and the result 
of this verification, the update of the Guideline was started in 2003 [3,5]. The revised 
process is now ongoing with new evidence and new topics including mild and mod- 
erate TBI. The new version will be published in 2006. 

TABLE 1. Topics of Japanese Guidelines (2000) 
1. Neurotrauma care system and neurosurgeons 
2. Initial resuscitation for brain protection 
3. Primary care from ER to ICU 
4. ICU managements 
5. Operative indication and timing 
6. Management of craniofacial injury 
7. New treatment options 
8. Management of pediatric and elderly patients 
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4 Japan Neurotrauma Data Bank (JNTDB) 

In 1997, the Japan Society of Neurotraumatology founded ]NTDB and started to 
collect prospective data from major central hospitals managing severe TBI patients 
with the cooperation of The ]apanes Council of Traffic Science. Until then, the details 
of the epidemiological data have been limited although the Institue for Traffic Acci- 
dent Research and Data Analysis (ITARDA) under the jurisdiction of the Ministry of 
Transportation, Construction and the National Police Agency has been publishing 
annual reports on the results of analysis of roard traffic accidents [2]. During the 
period of 1998-2000, the enrolled number of patients reached 721 with age ranging 
from 6 to 94 years whose Glasgow Coma Score of 8 or less during hospitalization and 
cardiopulmonary arrest on admission (CPAOA). 392 data items relating to mecha- 
nisms, type of injury, neurological severity, systemic injury, treatment in acute and 
subacute stage, follow-up data and outcomes were carefully analyzed. The first results 
with 721 patients was published in 2002 [8]. The enrolled patients reached over 1,000 
in 2001 and the brief essence of the overall results are shown in Figs. 1-4. The char- 
acterstic features of severe TBI are two phasic age distribution with high mean age, 
high incidences of the most serious patients with GCS of 3 or 4, short admission time 
from injury and major cause of road traffic accident (61%) (Fig. 1). The lesion types 
of TBI is influenced by the age and mechanism of injury (Fig. 2 and Table 2). The 
overall mortality rate is high as 50% and this is also significantly influenced by the 
age (Fig. 3). Early hypoxia and hypotension were encounted in 12 and 21%, respec- 
tively, but no significant effects on the patients outcomes. The final result of data 
analysis will be published in 2006. 
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FIG. 1. JNTDB 1998-2001 
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FIG. 2. Type of TBI (DBI and FBI). FBI, focal brain injury; DBI, diffuse brain injury 

TABLE 2. Age-related characteristics 

5 Higher Brain Dysfunction 

The Project to Establish the Medico-social Support System for Cognitive and Behav- 
ioral Dysfunction after TBI was organized as the model project by the National Center 
of Rehabilitation under the support of the Japan Ministry of Health, Labour and 
Welfare in 2001. The background and the aim of this project are to save the patients 
suffering from severe sequelae after TBI. The local administrations in 13 prefectures 
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FIG. 3. Outcome of 1,002 patients 

TABLE 3. Diagnostic criteria of higher brain dysfunction 
• Signs and symptons 

History of organic brain damage, distubances in memory, attention, performance and social 
behaviour 

• Others 
Identification of organic brain lesions by neuroimagings, EEG or other modalities 

• Exclusions 
Severe physical handicaps 
Congenital diseases, perinatal damage, developmental disorder, progressive diseases 

• Diagnosis 
Fulfill above conditions 
Evaluation after acute phase 
Additional neuropsychological studies by experts 

with 15 medical and welfare institutions are participated and 423 patients were reg- 
istrated during the first 3 years. The result of data analysis of these patients showed 
common disturbances in memory (91%), attention (83%), performance (77%), fol- 
lowed by interpersonal (59%), dependence (55%), persistence (45%), volition (44%) 
and affection (44%). The preliminary diagnostic criteria of higher brain dysfunction 
was then developed (Table 3). The recommended evaluation tests for these higher 
brain dysfunction were also proposed. Until 2006, the recommended training and 
rehabilitation measures as well as medico-social support system will be established. 

These three major projects are expected to contribute the improvement of the out- 
comes of patients suffering from TBI in Japan. 

References 
1. Murry GD, Teasdale GM, Braakman R, et al (1999) The European Brain Injury Consor- 

tium survey of head injuries. Acta Neurochi (Wien) 141:223-236 



Recent Projects on Neurotrauma in Japan 273 

2. Nakamura N, Yamaura A, Shigemori M, et al (2002) Epidemiology, prevension and coun- 
termeasures against sever traumatic brain injury in Japan and abroad. Neurol Res 
24:45-53 

3. Shigemori M, Tokutomi T (1999) Standards and guidelines for the management of 
severe head injury. Jpn ] Neurosurg (Jpn) 8:84-91 

4. Shigemori M, Tokutomi T (2002) Result of nationwide survey of the management of 
severe head injury in Japan. Neurol Res 24:41-44 

5. The Japan Society of Neurotraumatology (2000) Guidleines for the management 
of severe head injury. Neurotrauma (Jpn) 23:1-51 

6. Bullock R, Chesnut RM, Clifton G, et al (1995) Guidelines for the management of severe 
head injury. Brain Trauma Foundation 1-163 

7. Maas AIR, Rearden M, Teasdale GM, et al (1997) EBIC guidelines for the management 
of severe head injury in adults. Acta Neurochi (Wien) 139:286-294 

8. The Japan Society of Neurotraumatology (2002) Result of Japan Neurotrauma Data 
Bank. Neurotrauma (]pn) 25:117-216 



Head Injury in Buenos Aires City: 
Main Features 
PATRICIA S. MARCHIO 1, IGNACIO J. PREVIGLIANO 2, 
CLAUDIO E. GOLDINI 3, FRANCISCO MURILLO-CABEZAS 4, 
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Summary 
Objective: The aim of the study is to present the main features of head injury (HI) 
epidemiology in a population of Buenos Aires City that represents almost all socioe- 
conomic sectors. 
Material and method: Prospective, population based study, approved by the Ethic, 
Education and Research Committees as part of a neurotrauma program. 
Results: HI incidence was 322/100,000 inhabitants, of them mild HI accounted for 
93%, moderate HI 4% and severe HI 3%. Average age was greater in women than in 
men (49 vs 38 yo, P 0.01). There were differences in the population it it is divided at 
a cut off age of 40. Relative risk (RR) for any kind of HI was 1.97 (CI 95% 1.77-2.19, 
P < 0.01), RR for motor vehicle (MV) related HI was 2.53 (CI 95% 2.03-3.17, P < 0.01) 
and male drivers had a higher RR (16.76 CI 95% 5.35-52.50, P < 0.01) regardless 
age. Assaults had also a RR 2.11 in people under 40yo (IC 95% 1.46-3.03, P < 0.01) 
increased in young males. Regarding population over 40 self altitude falls RR was 
increased (4.35 CI 95% 2.61-4.16, P < 0.01) specially in women at any age (RR 3.15 CI 
95% 2.57-3.87, P < 0.01). Pedestrian accidents were also more common in population 
over 40yo (RR 1.84 CI 95% 1.41-2.41 P < 0.01). We did not found any other differ- 
ences concerning remaining trauma mechanisms. 
Conclusions: HI incidence in Buenos Aires is similar to other printed series, but mod- 
erate and severe HI and mortality rates are below that ones. Motor vehicle accidents 
are the leading HI cause, especially in the young male population, while self altitude 
fall and pedestrian accidents are prevalent in women and people over 40yo. 

Key words,  traumatic brain injury, head injury, epidemiology, incidence, risk factors 
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1 Introduction 

Head injury (HI) the so called "silent epidemic" is the leading cause of death and 
dissability in people above 40 years old. It importance regarding soncieconomic and 
public health issues has been objet of analysis and lead to a great number of epi- 
demiological publications [1,2,3,4] mainly in the seventies and eighties. 

The aim of this study is to find out HI epidemiology in Buenos Aires City through 
data obtained in a well defined geographical area whose population characteristics 
represented the complete society picture. 

2 Material and Method 

2. I Study Design 
Observational, prospective, epidemiological population based. The study was aproved 
by the Hospital Fernandez's Education and Ethics Committees as part of the Neuro- 
trauma Working Group research program. 

2.2 Setting 
Hospital Fernandez' programatic area population. This includes 478,700 inhabitants, 
of them 31,200 live in marginal districts and 2,800 live in "squat houses". 

2.3 Data Collection 
From October l st 2000 to September 3 0  th o n e  of the authors (PM) dayly collected the 
following data: age, sex, time, hour and trauma mechanism, initial Glasgow Coma 
Scale (GSC) score, risk factors according Italian Guidelines for Mild Head Injury in 
Adults [5], direct or indirect alcoholic intoxicatin signs, computarized tomography 
scan classification according Traumatic Coma Data Bank ones [4,6], time spended in 
the emergency room (ER), destination (discharge, admission to general ward, inten- 
sive care unit, derivation to another medical facility, death or run away) 

According Italian Guidelines HI severity was divided in mild (GCS 14-15), moder- 
ate (GCS 9-13) and severe (GCS 3-8). Data was refereded to programamtic area pop- 
ulation so are expressed over 100,000 inhabitants according sex and age. Men/female 
ratio was established for the complete set and according each age group. Trauma 
mechanism and severity were analyzed according a pre-established age and sex divi- 
tion with a cut-off point of 40 years, taking in account the Brain Trauma Foundation 
Guidelines prognostic factors [7]. 

2.4 Statistical Analysis 
Data collection and analysis was performed using Excel. Chi squarred test was used 
for discret variables, Odds Ratio (OR) and Realtive Risk (RR) calculation. Two tails 
Student T Test for median differences was used too. A P < 0.05 value was considered 
significant. 
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TABLE 1. HI incidence over 100,000 inhabitants according age 

HI total Mild HI Moderate HI Severe HI 

Total 322 301 13 9 
15-19 321 283 24 14 
20-24 868 836 20 12 
25-29 630 586 26 18 
30-34 499 464 16 19 
35-39 356 331 13 13 
40-44 325 291 20 13 
45-49 301 273 14 14 
50-54 277 270 7 0 
55-59 186 169 7 10 
60-64 152 141 10 0 
65-69 179 162 12 4 
70-74 336 323 14 0 
75- 500 449 13 38 

TABLE 2. HI incidence according age, sex and severity 

HI HI Minor Minor Moderate Moderate Severe Severe 
women men HI HI men HI HI men HI HI men 

women women women 

Total 124 558 116 520 3 23 4 15 
15-19 28 619 14 555 0 49 14 14 
20-24 153 1,622 142 1,568 11 30 0 24 
25-29 212 1,065 172 1,018 6 48 11 0 
30-34 95 965 95 890 0 34 0 41 
35-39 59 707 53 658 0 28 6 21 
40-44 37 676 30 610 0 45 6 22 
45-49 104 545 104 481 0 32 0 32 
50-54 150 432 150 417 0 15 0 0 
55-59 144 240 144 203 0 15 0 23 
60-64 60 276 48 268 12 8 0 0 
65-69 133 245 133 204 0 31 0 10 
70-74  179 592 171 568 7 24 7 0 
75- 454 593 400 545 14 10 14 38 

3 Results 

In the  s t u d y  p e r i o d ,  58,104 pa t i en t s  consu l t ed  to the  ER. Of  t h e m  1,540 pac ien ts  com-  

p la in t  of  HI  (2.5%),  of  this  p o p u l a t i o n  93% were  classif ied as mi ld  HI,  4% as m o d e r -  

ate a n d  3% as severe.  

On Table 1 the inc idence  over  100,000 i n h a b i t a n t s  is shown.  Total HI  revealed  been  

of  322/100,000 inhab i t an t s ,  m i ld  HI  300/100,000, m o d e r a t e  HI 13/100,000 and  severe 

HI  9/100,000 respect ively.  In Fig. 1 are n o t e d  th ree  peaks  inc idence  at 20, 40 a n d  75 

years ,  s h o w i n g  a n o n  gauss i an  d i s t r i bu t ion .  In Table 2 age and  sex inc idence  is shown.  

In Table 3 g e n d e r  r e l a t ionsh ip  a c c o r d i g n g  age is exposed .  W o m e n  were  s ignif icat ively 

o lder  t h a n  m e n  (49 vs  37, P < 0.01 S tuden t  T Test). 
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TABLE 3. HI ratio between men 
and women for the complete 
group and at different ages 

Men/women ratio 

Total 4/51 
15-19 22/28 
20-24 10/58 
25-29 5/3 
30-34 10/17 
35-39 11/92 
40-44 18/50 
45-49 5/23 
50-54 2/87 

55-59 1/67 
60-64 4/60 
65-69 1/85 
70-74 3/31 
75- 1/31 

1 0 0 0  -+ 

9 0 0  - 

8 0 0  - 

7 0 0  - 
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_tttH' H L 
Total 15-19 20-24 25-29 30-34 35-39 40-44 45-40 50-54 35-59 60-64 65-69 70-74 75- 

Fro. 1. HI incidence over 100,000 inhabitants. Three peaks identification at 20, 40 and 75 years 
old population remarks a non gaussian distribution. This is mainly due to mild HI as moder- 
ate and severe remains relatively constant 

Only 5 HI were due to penet ra t ing  lesions and in 261 cases there were associated 

lesions. Regarding time 30% of HI occurred from 8:00 to 16:00 hours,  39% from 16:01 

to 0:00 hours and 31% from 0:01 to 7:59 hours. Risk factors were observed in 59 HI. 

In 121 patients (8%) HI was related to alcohol intoxication. 

In Table 4 absolute and relative numbers  according t rauma mechanism and sex are 

revealed. 

In Table 5, there is an evident difference in t r auma  mechanism between victims 

above and below 40 years old, so each group was analyzed. 
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TABLE 4. Trauma mechanism for the total group and sex. It is important to note the low inci- 
dence of female drivers and the incidence of self-altitude fall in women 

Mechanism Total % Men % Women % P value 

Traffic 580 37.6 419 34.4 161 50 <0.01 
Driver 114 7.4 111 10.6 3 0.6 <0.01 
Company 104 6.7 45 4.3 59 11.8 <0.01 
Motorcycle 124 8 111 10.6 13 2.6 <0.01 
Pedrestian 196 12.7 120 11.5 76 15.2 <0.01 
Bike 42 2.7 32 3.1 10 2 <0.01 
Self-altitude fall 299 19.4 119 11.4 180 36 <0.01 
Falls 113 7.4 77 13.1 36 7.2 <0.01 
Seizures 3 0.2 3 0.3 0 0 0.89 
Head wounds 86 5.6 66 6.3 20 4 0.42 
Hits 219 14.2 170 16.3 49 9.8 <0.01 
Violence 168 11 144 13.8 24 4.8 <0.01 
Unknown 74 4.8 44 4.2 30 6 <0.01 

TABLE 5. Trauma mechanism according age 

Mechanism <40 years old % >40 years old % P value 

Traffic 370 42.3 210 39.1 0.25 
Driver 79 9 25 4.6 <0.01 
Company 62 7 52 9.6 0.10 
Motorcycle 117 13.3 7 1.3 <0.01 
Pedrestian 79 9 117 21 <0.01 
Bike 33 3.7 9 1.6 <0.01 
Self-altitude fall 82 9.3 217 40.4 <0.01 
Falls 51 5.8 62 11.5 0.01 

Seizures 3 0 0 0 0.59 
Head wounds 61 6.9 25 4.6 0.09 
Hits 143 16.3 76 13.2 0.22 
Violence 119 13.6 49 8.5 <0.01 
Unknown 26 2.9 48 8.9 <0.01 

Statistical analysis  revealed that  regard ing  any k ind  of  TBI v ic t ims  less than  40 years 

old had  a RR of  1.97 ((IC 95%) 1.77-2.19, OR 1.97, P < 0.01) greater  than  the 40yo 

older  as well as a RR of  2 ((IC 95%) 1.79-2.23, OR 2.2, P < 0.01) for m i n o r  HI, a RR of  

1.84 for mi ld  HI ((IC 95%) 1.06-3.20, OR 1.87, P < 0.02) and a RR of  1.45 for severe 

HI ((IC 95%) 0.80-2.63, OR 1.45, P 0.21). 

Violence had  also a RR of 2.11 ((IC 95%) 1.46-3.03, P < 0.01) for younge r  v ic t ims  

and  this rat io augmen t s  in young  males.  

Ins tead  of that  self-al t i tude falls had  a RR of  4.35 ((IC 95%) 2.61-4.16, P < 0.01) in 

o lder  v ic t ims  and  a RR of  3.15 ((IC 95%) 2.57-3.87, P < 0.01) for w o m e n  regardless  

age. Pedes t r ian  v ic t ims  are also 40yo  older  with a RR of  1.84 (IC 95% 1.41-2.41, 

P < 0.01). 

Regarding  CT scans,  219 were p e r f o r m e d  and  their  results are shown in Tables 6 and  

7. In t rac ran ia l  h e m a t o m a s  incidence was 1.69%, 0.002 for mi ld  HI. In Table 8 dest ina-  

t ion  after ER discharge  is revealed. Only  5.6% needed  hospi ta l  admiss ion .  In Table 9 
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TABLE 6. Traumatic Coma Data Bank CT classification in absolute numbers and as a 
percentage of total for each category 

TCDB Mild HI % Moderate HI % Severe HI % 

1 (Normal) 108 81.8 17 31 4 11.4 
2 (Difusse) 20 15.1 13 24 6 17.1 
3 (Swelling bilateral) 1 0 5 9.2 5 14.2 
4 (Swelling unilateral) 0 0 0 0 0 0 
5 (Evacuable mass) 3 2.2 9 16.6 10 28.5 
6 (Non evacuable mass) 0 0 10 18.5 10 28.5 

Total 132 9.1 54 90 35 83.3 

TABLE 7. Intracranial hematoma incidence in absoulte 
numbers and in percentage of each category 

Lesion Mild Moderate Severe Total 

SDH 2 (0.001%) 7 (11.6%) 7 (14.2%) 16 (0.009%) 
EDH 1 (0.002%) 3 (5%) 1 (2.3%) 5 (0.003%) 
ICH 0 3 (5%) 0 3 (0.001%) 

Total 3 (0.002%) 13 (21.6%) 8 (19%) 

SDH, subdural hematoma; EDH, extradural hematoma; ICH, 
intracerebral hematoma. 

TABLE 8. Destination after ER 

Destino Absolute number % 

Discharge 1080 70.1 
Derivation 303 19.7 
Run away 56 3.6 
General ward 51 3.3 
ICU 36 2.3 
Death on arrival 8 0.5 

TABLE 9. Mortality 

Total Minor Moderate Severe 

Total 23 (1.56%) 0.00 8 (13.33%) 15 (35.71%) 
Males 16 (1.31%) 0.00 6 (11.76%) 10 (31.25%) 
Females 7 (2.48%) 0.00 2 (22.22%) 5 (50.00%) 
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mortality rates are established, 0.5% of patients were death on arrival, 13% of moder- 
ate and 36% of severe HI were death. 

4 Discussion 

To the best of our knowledge this is the first paper that addresses HI epidemiological 
in Argentina, with a prospective population based design, well-defined groups and a 
socioeconomic environment that represents today's most of Argentinean society. This 
is one of our paper's strong points. 

One limitation of our study could be the fact that in weekly working hours area 
study population rises to 800,000 inhabitants, but almost 70% of HI occurred beyond 
that hours. 

According Torner y Shootman [8,9] one source of error in epidemiological HI trials 
is under registration. Buenos Aires City Government health plan established that 
victims of all accidents occurring in the streets or in house are sent to the reference 
hospital by means of the Emergency Medical System (SAME), so under registration 
is lack to occur. 

We decided to classified patients according GCS because it is the most commonly 
usedscale, with less interobserver variances. Although ICH 9 or 10 are the most used 
classifications in epidemiological studies, they are retrospectives and hospital based, 
fact that could explain differences in mild, moderate and severe HI rates. 

HI incidence in our area (322/100,000 inhabitants) is in the upper range of pub- 
lished studies (90-400/100,000) [4]. In USA [2,4] as well as in Spain [24] rate is 
200/100,000. Of them 500,000 victims suffered severe HI, with 50,000 deaths on arrival. 
Studies in England, Scotland and Wales, showed rates between 270-3131100,000 [4]. 
In France, two trials showed a 2811100,000 rate [6,10] with different trauma mecha- 
nism (less traffic accidents and greater self-altitude falls). In Italy, in 1998, rate was 
314/100,000 [11], similar to Johannesburg (South Africa) 316 HI per 100,000 [12],but 
different than Samoa, in which Wallace [13], found in 1993 a less incidence 
(165/100,000). Other recent retrospective studies [ 1,8,10,11,14], also describes similar 
rates with variations on trauma mechanism. 

A particular note of our study is the age difference between male and females that 
could be attributed to women longer life expectancy. Male/female ratio is in the pub- 
lished range [2,3,6,7,10-12,14-18] with coincident age variations. 

Due to traffic related accidents our results are more coincident with papers 
published in the 70's. Violence is the third leading cause as well as in almost all the 
publications. 

Regarding mortality, Torner y Shootman highlights that most of death occurred 
previous to hospital admission. According to them [9] mild HI had a 1% mortality, 
moderate HI a 18% and severe HI a 48%. Our results showed lower values probably 
due to the fact that our study is prospective, with well-defined groups and in a dif- 
ferent chronological time (90's v s  70 and 80's). In Table 10 we compared our results 
with the classic ones. 

In summary in this Buenos Aires City population, and probably in Argentina, we 
found an important HI incidence, with severe and moderate HI incidence below the 
published in other series. Traffic accidents are the leading cause of trauma, affecting 
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TABLE 10. HI incidence, mortality and severty rates in population based studies 
Population Year M4thod  T y p e  R a t e  Mortality Minor Moderate Severe 

10 s (%) (%) (%) (%) 

Olmstead [ 19] 65-74 Retrosp. Pob. 193 11 63 29 7 
San Diego [20] 78 Retrosp. Pob. 295 7 91 91 9 
San Diego [21] 81 Retrosp. Pob. 180 14 82 9 9 
Charlottesville 78 Retrosp. Hosp. 208 7 49 26 25 

[22] 
Chicago (blacks) 79-80 Retrosp. Hosp. 403 8 86 9 5 

[23] 
Aquitaine [8] 86 Prosp. Pob. 134 8 80 11 9 
]ohanesburgo 86-87 Prosp. Hosp. 91 22 88 7 5 

[17] 
Cantabria [13] 88 Retrosp. Pob. 316 25 88 8 5 
Buenos Aires 03 Prosp. Pob. 322 1.34 93 4 3 

Modify from Torner [9]. 
Prosp., prospective; Retrosp., retrospective; Pob., population based; Hosp., hospital population based. 

mainly young males. Self-altitude falls and pedestrian accidents are the ones in 
females and older victims. Mortality rates are in the range actually admitted as 
normal. 

We think that these data could signify a value information for public health poli- 
cies as well as a starting point for further investigations. 
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Can Mild Head Injury 
Affect the Quality of Life by 
Neuropsychological Disturbances? 
ALEXANDRU VLAD CIUREA ], LIGIA TATARANU 1, 
and VIRGINIA ROTARESCU 2 

Summary. We take into account the patients with MHI admitted to the hospital 
between January 2000 and December 2003. A group of 170 cases (96 children and 74 
adults) underwent neuropsychological testing associated to the neurosurgical evalu- 
ation and was followed for a period of 12 months. The most common causes of MHI 
were traffic accidents and assaults for adults and falls for children. Admitted adults 
had CT scan alterations (25.6%) and 8.1% required neurosurgical interventions. The 
proportion of children with detectable CT scan abnormalities was smaller (19.7%) 
and surgery was necessary in only 5.2%. Post-concussion syndrome was observed in 
27% cases of children and 18.9% of adults. Neuropsychological tests were performed 
to evaluate neuropsychological, emotional, psychosocial and behavioural impair- 
ments. The study has shown that behavioural disturbances were observed after MHI 
mainly in adults, and cognitive dysfunctions mainly in children (especially deficits in 
information processing speed, memory, and attention). Disability was less severe and 
recovery was better in adults. The neurosurgeon should be aware of the possibility for 
neuropsychological deficits after mild head injury and he should refer appropriate 
patients to a neurologist or psychiatrist for further evaluation and/or therapy. 

Key words, mild head injury, post-concussion syndrome, cognitive dysfunctions, 
behavioural disturbances 

1 Clinical Material and Methods 

1.1 Research Design 
This research is a longitudinal and transversal study on admitted patients who suf- 
fered a MHI. The criteria for including the patients in the study are GCS of 14-15 and 
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no other associate conditions. The study is revealing the changes occurred in 12 
months after MHI with individual visits at 3 months. The final goal is to make com- 
parison of these changes, the outcomes and the MHI consequences in both adults and 
children in order to evaluate the quality of life. 

1.1.1 Methods 

• "armed" clinical observation--with a wide range of strategies, techniques and 
instruments in order to establish the attitudes, the behaviour and the personality, 
with all the mechanisms used by the patient; 

• the "ex post facto cause-effect experiment" cantered on establishing a functional 
relationship between MHI values (the independent variable) and the changes 
revealed in patients condition; 

• standardized and half-standardized and free talking, according to situation's pecu- 
liarities and to subject's psychological characteristics; 

• psychological inquiry based on conducted clinical interview; 
• psychometric methods based on psychological tests. 

1.1.2 Instruments 

• Wechsler complete tests battery--for adults "Wechsler Adult Intelligence Scale" 
(WAIS) and for children "Wechsler Intelligence Scale Children" (WISC)--have ten 
specifics subtests, which describe different cognitive functions. Personal scores are 
converted in standardized scores, according to age, in order to find out intelligence 
quotient (IQ)--verbal, non-verbal and total IQ--and allow comparison between the 
patients and same age healthy subjects. The mean and the standard deviation of per- 
sonal results were used for to make a personal deficits picture after MHI, like the 
pathological significant. The calculated quotient of deterioration (QD) permits the 
comparison of individual with himself before traumatism (with the previous 
patient's performances). 

• "Galveston Orientation and Amnesia Test" (GOAT) emphasizes the space-time ori- 
entation and the presence of post-traumatic amnesia. 

• "Wechsler Memory Scale" (WMS) for adults is a complete battery to explore differ- 
ent types of memory in order to identify the deficits; the age-related standardiza- 
tion allows the quotient of memory (QM) calculation. 

• The "Rey Auditory Verbal Learning Test" emphasizes the volume of attention and 
memory according to age, work speed, the fatigability curve and a wide range of 
behavioural and personality characteristics. 

• "Prague Distributive Attention Test" allows standardized interpretation of per- 
formances, work rhythm and fatigability curve according to age. 

• At the mood level assessment--"Depression inventory for children", developed by 
M.Kovacs and "Cattell Anxiety Questionnaire" for adults. 

• For personality in adultsm"The Schmiescheck Questionnaires" for accentuated ten- 
dencies and "Woodoorth Personal Data Sheet". 

• The parents completed "The Social-Affective Scale" for children. 
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1.2 Neuropsychological Perspective 
The study was conducted between January 2000 and December 2003. The patients 
were distributed in two groups according to age: the first group with 96 children, ages 
5-15 years, and the second group with 74 adults between 16-60 years. Both groups 
were selected according to EPSEM principle (Equal Probability of Selection Method), 
based on following criteria: GCS score between 14-15 and no associate conditions, in 
order to eliminate the combined effects. The mean of the age in children was 10.46 
(SD = 3.35) and in adults was 33.46 (SD = 11.14); the distribution appeared like 
normal. The distribution by sex was preponderantly for male (70.8% in children and 
64.9% in adults). 

The causes of the injury were: falls (children--60.4%; adults~13.5%), traffic acci- 
dents (children--37.5%; adults~37.8%), assaults (children--2.1%; adults~37.8%) 
and accidents at work (adults~10.8%). People living in cities were more affected than 
people from villages. Most adults (29.7%) have just a basic form of education. 

From admitted adults, 25.6% (19 cases) had CT scan alterations and 8.1% (6 cases) 
required neurosurgical interventions. The proportion of children with detectable CT 
scan abnormalities was smaller (19.7%~ 19 cases) and surgery was necessary in only 
5.2% (5 cases). Post-concussion syndrome was observed in 27% cases of children (26 
cases) and 18.9% of adults (14 cases). 

1.3 Collecting Data 
The first contact with patients was established 24 h after admission, after medical 
check-up was done by the neurosurgeon, in order to offer data for a selection base. 
Initially, the GOAT was completed with all patients over 7 years (the normal score is 
between 76 to 100), in order to emphasize the space-time orientation and amnesia. 
The mean score was for children 89, 05 (SD 19, 31) and for adults 90, 65(SD 14, 53). 
Initially the patients were assessed after the MHI in multiple sessions and they were 
following up and reassessed at 3, 6, 9 and 12 months. Structured interviews with the 
patients and their families were also completed for identifying the personal history 
and changes in the scholar, professional and familial functioning. Our attention was 
focused on detection of hypothetic dissimulations, due to desire to obtain some sec- 
ondary gains. 

1.4 Statistical Analysis 
The collected data were descriptive and inferential processed with SPSS 10.0 (Statis- 
tical Package for Social Sciences). The first step was describing the distribution, main 
tendencies, variability and correlations. The second step, using the nonparametric 
inferential, was to estimate the probability of the aleatory deviations. 

2 Results 

The neuropsychological recovery is not uniform among a group of patients, because 
each individual has his own recovery rhythm. Level of consciousness decreased imme- 
diately after the MHI, that is, a transient alteration of consciousness including partial 
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or complete loss of consciousness (LOC). Amnesia could appear, including the time 
precedent, during, and subsequent to the injury. In both samples, the subjects pre- 
sented preponderantly dizziness (41.7% in children and 35.1% in adults). LOC for 
minutes is more specific in children and the amnesia is more specific in adults. In the 
next hours after MHI, the recorded deficits are not specific, but they concern efficiency 
of information processing, execution and mental processes integration. 

2.1 Cognitive Dysfunctions 
2.1.1 Attention 

Focused attention and short-term memory were studied using the "digit span" subtest 
from WAIS/WISC (normal standard score is 10). Initially, a slight deficit (mean score 
std. = 9, 1) was identified in children (r 0.244, P < 0.01), but this deficit is recovered in 
the future. After 3 months the standard mean score is 9.2, at 6 months is 9.4 and 9.6 
at 12 months. These deficits are obvious in developing an activity, in attention involve- 
ment in simple situations and in diminished the mental activity (chi square 0.000, 
P < 0.01). In adults there are not statistically significant correlations. 

The distributive attention was studied with "digit symbol" subtest from WAIS/WISC 
(the normal standard score is 10). The initial results show the mean score less than in 
focused attention (mean std. = 8, 5). The outcome is variable with higher scores at 3 
months (mean std. = 9.3), poorer scores at 6 months (mean std. = 9.1) and upper at 
12 months (mean std. = 9.4). Usually, the divided attention is more disturbed than 
focused attention, because there are some difficulties in maintaining and switching 
attention. The consequences are difficulties in performing efficient complex tasks, 
involving multiple simultaneous decisions, although the patients are capable to 
perform each simple task apart. The bigger the age, the more disturbed is the divided 
attention, so the smaller children have better performances. There are no statistically 
significant differences for adults. 

The attention volume was estimated using the results of first trial from "Auditory 
Verbal Learning Test". The results were compared on a percentile scale, according to 
patient's age (the normal score is 100%; the slight deficit is flanked by 80-99%; the 
medium deficit is between 40-79% and sever deficit is less than 39%). Initially, chil- 
dren show a decrease of attention volume (mean score = 72%). This, increase at 79% 
after 3 months and after 6 months the score develop into stable at mean score 87%. 
There are no statistically significant differences for adults. Girls have worse perform- 
ances (61%, 74%, and 79%) than boys (77%, 81%, and 90%). 

2.1.2 Information Processing 

Information processing capacity is inferior because of deficits of adjustment and task 
integration (low attention volume) as a consequence of focusing efforts ("digit span"), 
difficulties in ocular-motor coordination ("digit symbols"), emotional distractibility 
and increased reactivity, low motivation and little interest along with increased tired- 
ness. During the first few days after MHI, increased fatigability is present in both chil- 
dren and adults and is positively associated with orientation and event remind 
capacity (GOAT) (chi square 0.000, P < 0.01). After 12 months, in children the fatiga- 
bility is absent. In adults, this parameter is increased. 
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2.1.3 Memory 

Memory in children presents deficits both for information storage and for informa- 
tion access. These deficits are present, for audible range, into medium and long-term 
memory. The memory volume was estimated with "Auditory Verbal Learning Test" 
and the results were compared on a percentile scale, according to the age (the normal 
volume score is 100%). The initial examination shows, in our study, a medium deficit 
of memory volume (mean = 79%). This, increases after 3 months to 86% and is stable 
in follow up. There is a negative correlation with age (rho -0.283, P < 0.01), with lower 
performances in older childhood (chi square 0.000, P < 0.05). As a consequence, the 
memory volume in 14-15 years is 72% at the first examination and increasing to 83% 
after 3 months, decreased to 81% at 6 months and, after 12 months, is 82%. For patients 
between 11-13 years, mean memory volume is steady (80%). There are no statistically 
significant differences for adults. 

The deficits of visual memory are influenced by GCS score in adults (rho 0.363, P 
< 0.01). The "visual retention" subtest from "Wechsler Memory Scale" was used: sub- 
jects watched 3 drawings, each for 10s, and then reproduced this drawn by the 
memory. The personal results are conversed directly in percentiles (the normal score 
is between 80% and 100%). In children, the mean standard score was 58% (GCS = 14) 
and 70% (GCS = 15). For adults, the mean standard score was 53% (GCS = 14) and 
69% (GCS = 15). The adults recover better than children after 12 months. There is no 
statistical significance in children. The age is in positive relationship with visual 
memory in children (rho 0.340, P < 0.01) and negative relationships in adults (rho 
-0.454, P < 0.01), which suggests that extreme ages have visual memory with low per- 
formance. The lowest performances were described in people between 46 and 60 years 
(mean initial score 34% increase after 12 months at 54%). 

All these results lead to the conclusion that, in children, cognitive functions are dis- 
turbed by MHI because the brain is functioning in global manner. Consecutively, the 
selection, the organization and the storage of information can be unsuccessful and 
the patient can ignore important details that affect the accuracy of memory. The 
patients have difficulties in acquiring the new information and their habits so; in con- 
sequence, they are disturbed in daily routine. 

2.1.4 Integrative and Conceptual Thinking 

Integrative and conceptual thinking was estimated with "objects assembly" subtest 
from WISC. There are some deficits in making spontaneous correlations. In our study, 
these deficits are present in 22.7% of the children, with medium disability (13.6%) and 
severe disability (9.1%). In children there are positive associations between "objects 
assembly" and orientation at the accident's moment (r = 288, P < 0.01), which suggests 
that loss of consciousness for few minutes leads to medium or severe deficits; there 
are negative associations between "objects assembly" and fatigability (rho -0.420, P < 
0.01). In other words, severe deficit is associated with low fatigability, which reinforces 
the relation between deficit and loss of consciousness (chi square 0.000, P < 0.01). 
There are no statistically significant differences for adults. 

Quality of conceptual thinking is altered. The patient becomes unable to correctly 
interpret information--generalize or concretize. The verbal expression of his 
thoughts is not concise or accurate; the ideas can be in manners spoke of imprecise 
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with difficulties to find the appropriate words and the discourse can be dominated by 
pauses. Nonverbal interpretation beside a perceptive organization with anticipations 
towards rapidly selection and a reason by decision is deficiently and cause the de- 
creased in flexibility and adaptation at unfamiliar. 

2.2 Structures and Personality Characteristics of the Samples 
The "Social-Affective Scale" was used for children's premorbid assessment and to 
emphasize their outcome and the adults were assessed with the "Woodoorth Personal 
Data Sheet" and "The Schmiescheck Questionnaires" for accentuated tendencies. At 
the admission's time, 44% of children were dependent type, 31% dominant type, 13% 
were normal and 12% rebel type. The profile of adults group is characterised by 
disharmonic structure: hyperperseverence, cyclothymic and affective lability; the vul- 
nerability interested in stress is done by emotivity, hysteroid and epileptoid tenden- 
cies accentuated at the neurotics level. 

2.3 Mood and Behaviour Changes 
"Kovacs children's depression rating scale" and the "Cattell Anxiety Questionnaire" 
for adults were used.At admission, 50% of children were without depression, 28% with 
mild depression and 22% with moderate depression. For the adults, the anxiety was 
severe in 23%, medium in 44% and normal in 29%. In children, the dominant type, 
even with a slight affection of the consciousness as a consequence of the trauma (rho 
0.353, P < 0.01) is predisposed to loss by deterioration (rho -0.388 P < 0.01) while the 
dependent type isn't affected by this kind of loss even if one suffers the loss of con- 
sciousness few minutes. A normal mood excludes loss of consciousness in MHI, as the 
orientation at the time of the accident is positively related to depression (rho 0.280, P 
< 0.01). In our study, loss of consciousness for seconds is correlated with moderate 
depression for girls (within 14-15 years old) and with mild depression for boys 
(within 11-13 years old) (rho 0.376, P < 0.01). At 12 months after MHI, medium 
depression is observed at 38% of the children within 8-10 years old and 38% at those 
within 14-15 years old. For adults, severe depression is found only in the group of age 
within 36-45 years old while patients of other age (mainly those of 26-35 years old) 
present medium depression. Medium depression at 12 months after MHI is responsi- 
ble for loss of patients' abilities, because it significantly correlates (rho 0.368, P < 0.01) 
with quotient of deterioration (QD), estimation based on standard scores at WAIS. QD 
allows comparison of patients' abilities with the ones they had before the accident and 
explains the personal deficits. 

In children, the symptoms by the time they hospitalise are correlated with WISC 
"Image completion subtest" (rho -0.450, P < 0.01) and with GOAT score (rho 0.265, P 
< 0.01) in a dependence relationship. "Image completion" is influenced by the orien- 
tation at the time of accident on which the symptoms depend. There are no statisti- 
cally significant correlations between the symptoms and premorbid structures. In 
evolution, the changes at these levels are influenced by the GCS score (rho 0.276, P < 
0.01). The brain injury caused by the traumatism is suggested through these results 
so that, at a 14 points GCS score and with amnesia, the sever deficit at this test it is 
recorded for 9% of the studied children. The normal framing of the results has been 
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obtained for 75% of the patients, 7% scored superior and 9% scored a medium deficit. 
While observing during one year after the MHI, the symptoms were expressed or not, 
depending of the endured requires. The headache was most frequent, sometimes asso- 
ciated with tiredness or/and dizziness even after 12 months after suffering the acci- 
dent. In our survey, 4 children (4.2%) described grand-mal seizures after 3 months 
and 2 children (2.1%)--after one year--were still describing them. There were no 
mixtures of stressfully events in the children' social-familial environment during this 
study. 

On adults, the symptoms correlate with the initial anxiety, that keeps them up (at 
3 months rho 0.498, P < 0.01; at 6 months rho 0.351, P < 0.01; at 12 months rho 0.340, 
P < 0.01) and the presence of the symptoms keeps up the anxiety one year after the 
traumatism (correlation at 3 months rho 0.494, P < 0.01; at 6 months rho 0.330, P < 
0.005; at 12 months rho 0.313, P < 0.05). The headaches, the dizziness, slight deficits, 
anosmia and tiredness are the persistent ones.Advancing, the symptoms are expressed 
in connection with anxiety. Most times, thesymptoms are considerated as a new state 
to which they must adapt, therefore spontaneous symptoms expression is frequently 
avoided in order not to be interpreted as wails, which could increase coping efforts. 

Psychotherapy is an effective intervention starting with the patient's hospitalisa- 
tion. The binomial comparison test of the obtained results through psychotherapy 
confirms the affirmations stated above and expresses the significant difference 
between the two groups. Trough psychotherapy ascertain deficits are being corrected 
and the personal performances improves, which leads to a better adaptation on daily 
solicitations, thus improving life quality of the MHI affected person. 74% of good 
results were obtained in children with falls (for chi square 0.044 and P < 0.05) and 
78% in adults with traffic accidents (for chi square 0.008 and P < 0.05). 

3 Discussions 

The quality of life is an evaluative concept, resulted by comparing the conditions of 
life and the human life's activities with the human necessities, values and aspirations. 
It refers to the global evaluation of life, as well as to the evaluation of the different 
conditions or spheres of life. The quality of life represents a different description to 
the concept of happiness (subjective state resulted from living one's own life) were the 
interest is focused mainly on determining the objective factors responsible for the life's 
quality variation and on the strategies of action in order to increase it. 

Postinjury behaviour problems in patients with MHI may be associated with prein- 
jury difficulties [1 ]. The following behaviours can be associated with MHI: hyperac- 
tivity, sleep disturbances, appetite problems, disturbances of motivation and social 
withdrawal [2-4]. Not all these deficits are obvious in common interactions, or in 
usual examinations. Most commonly, dysfunction is found in the patient's social inter- 
actions, particularly in relation to recreation, work, school, and home [5-7]. Adapted 
neuropsychological examinations are necessary in order to discover them. Commonly, 
the patients complain of tiredness or reduction of their efficiency. Generally, these 
symptoms do not persist for a long period. They are only present for several weeks or 
months post injury and disappear progressively after 6 to 12 months. Usually, 
individuals with minor cognitive dysfunction can easily reintegrate their social and 
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professional former condition. Nevertheless, sometimes emotional and behavioural 
problems may appear. There are some risk factors such as stress, fatigue, anxiety, or 
alcohol abuse [1,8]. Persisting problems following MHI are more common in those 
with previous head injury, pre-existing learning difficulties, or neurological, psychi- 
atric, or family problems. 

MHI continues to be a controversial matter regarding neurologic sequelae [9-11] 
or psychological sequelae [12] after minor trauma. The existent data shows patients 
with more severe traumas express less emotional symptoms than patients with MHI; 
the hypothesis is that more severe traumas disturb the ability of processing the self- 
consciousness. Memory deficits together with poor self-consciousness lead to easy for- 
getfulness of any stress agent. On the other hand, patients with MHI can have an 
increased self-consciousness of their own differences between how they were before 
and the way they are after the trauma (e.g. decreased cognitive abilities or low speed 
in information's processing), and increased difficulties in emotional control [13]. 

The clinical picture is dominated by attention and memory deficits, disfunctioning 
praxis, perceptual-motor abilities (especially processing speed) and changes in 
patient's personality and temperament that induce adaptation dificulties to daily 
chorus (social-educational-profesional) and lower the quality of life through the dis- 
agreeable emotional and affective feelings. Certain persons can perceive changes as 
repeated and unexpected failures; they will blame themselves and will probably 
develop a tendency to depression and anxiety. Their reduced capacity of problems 
solving makes them impulsive and emotionally unstable [14-16]. The increase of 
anxiety conducts to decrease of cognitive performances by augmentation of disabili- 
ties. The antero-retrograde amnesia and the synergetic interaction between cognitive 
deficits and anxiety that is installed afterwards are distinguishing MHI syndrome 
from the traditional posttraumatic stress syndrome. Panic is the symptom that can 
mediate and increase the cognitive deficits; on the other hand, it is known that patients 
with recurrent depression, without suffering MHI, experience deficits in cognitive 
processes [ 17]. 

The repeated failures, the behavioural changes keep them from readapting to their 
social and familial environment [7]. However, we should say that familial support and 
cooperation with medical personnel would facilitate the patient's reinsertion. 

Irritability is a major cause for deficits in social and proffesional reintegration and 
in daily routine in patients with MHI. This irritability is associated with cortical 
lesions, but no lateralization or localization [18]. In our study, these cortical lesions 
are identifyed in children through psychological tests ( WISC subtest "image comple- 
tion" and "object assembling") but, in adults, the hipothesis isn't sustained because the 
abilities' deficits are generated by depression. 

In children, because of the global functioning of the brain, psychical functions and 
processes are altered by the trauma even through microscopical lesions, but in adults, 
where the brain functions at a specialized level, losses aren't justified by the cerebral 
destructions. If neuropsychological assesments note residual deficits they express the 
senzitivity of the testing techniques in detecting neurobehavioural consequences of 
MHI even if there aren't detected neuroimagistic abnormalities. The absence of abnor- 
malities' images is not equivalent with the absence of abnormality because micro- 
structures can suport the damages reflected as diaskisis's effects and expressed in any 
kind of behaviour deficits. 
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Psychotherapeutical intervention is both recommended for adults and children 
(there are indicated strategies of family systems therapy) [ 19,20]. Reintegration diffi- 
culties met by the patient, child or adult, after MHI are generated by fear, affective 
lability, low stress tolerance and increased anxiety. These are the factors that predis- 
pose to temperamental and behavioural changes, which will gradually decrease the 
subject's quality of life and will have repercussions on their families. Psychotherapy 
is an effective intervention starting with the patient's hospitalisation. 

This intervention may be included in the neurosurgeon's protocol as a unique 
counselling in order to inform the patient and his family regarding his evolution 
or as a psychotherapy program adapted to each patient, based on some individual 
investigations 

In our study, the patients benefited of these services as a free offer, based on known 
post MHI evolution information and they registered in "the psychotherapy's known 
law of 33%": 33% refused the psychotherapy service, 33% had abandoned after few 
meeting and 33% took the recovery program to an end. 74% of good results were 
obtained in children with falls and 78% in adults with traffic accidents. 

4 Conclusions 

The neurosurgeon should be aware of the possibility for neuropsychological deficits 
after mild head injury and he should refer appropriate patients to a neurologist or 
psychiatrist for further evaluation and/or therapy. It is necessary to indicate a good 
direction for future in a simple counselling or psychotherapy program for training in 
stress control; this is important because MHI is considered a stressed experience and 
it may develops, if this is ignored, severe consequences for the patients. Of course, the 
severity is in terms of human efficacy and high qualitative life for him and the others 
in his environment. 
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Simple and Effective Assessment of 
Posttraumatic Higher Brain Function 
Disorders with Special Reference to the 
Prefrontal Area* 
KENICHI UEMURA 

Summary. Patients with prefrontal lesions present characteristic behavioral and per- 
sonality disorders, but have not so far been well assessed quantitatively. We developed 
Hamamatsu Higher Brain Frunction Scale (HHBFS) with 9 subtests (orientation, 
immediate recall of 5 words, 5-minute delayed recall of 5 words, animal name listing, 
serial sevens, similarities, digit span, digit learning, and kana-pick-out test) as a simple 
and effective test battery to localize lesions within the prefrontal area Since most 
traumatic lesions involve wide and multiple cortical areas, we tested the validity of 
HHBFS using cases of a small brain tumor or infarct well localized in various parts 
of the prefrontal area, using magnetic resonance (MR) imageing and functional MR 
imaging. 

Animal name listing is related to the most anterior part of the prefrontal area, 
kana-pick-out test and serial sevens are to the dorsolateral part corresponding to 
Brodmann's area 46 for working memory, digit learning with perseveration to the 
medial (cingulate and superiorly adjacent) area, 5-minute delayed recall to the basal 
prefrontal and also to the lateral temporal area. Digit learning without perseveration 
to the mesial tempotal area. Digit span is related to the parietal association area. 
HHBFS is also quite sensitive in detecting temporary minor mental disorders follow- 
ing stereotactic pallidotomy or thalamotomy. 

Key words. Prefrontal area, Kana pick-out test, Prefrontal disorder, Predementia 

Cortical localization of higher brain functions have been well studied and docu- 
mented for the motor and sensory cortices and their respective associative areas cov- 
ering the parietal, temporal, and occipital lobes and the posterior part of the frontal 
lobe. However, detailed functional localization of the prefrontal area has not yet been 
well documented. Here the author summarizes our clinical study of patients with 
localized lesions within the prefrontal area and propose our functional localization 

Hamamatsu University School of Medicine, Hamamatsu, and Kato Hospital, Miyako, Iwate, 
Japan 

This paper was presented at the 3rd World Congress of the Academy for Multidisciplinary Neu- 
rotraumatology, held at Nagoya Marriott Asocia Hotel on March 10, 2005. 

293 



294 K. Uemura 

Frontal lobe Central sulcus Parietal lobe 

l 

Sylvian 
fissure 

pital 

Temporal lobe 

FIG. 1. A schematic drawing of the 
lateral aspect of the left cerebral 
hemisphere, indicating that there 
is no clear boundaries between the 
parietal, temporal and occipital 
lobes 

lobe 

Expressive brain 

decision making 

l 
doing 

Sensory integrative brain 

/ 

ideation 

knowing 

Limbic brain ,~ emotion ~. feeling 

FIG. 2. Schematic illustration of the lateral aspect of the left cerebral hemisphere (above), and 
the medical aspect of the right cerebral hemisphere, indicating that the cerebral hemisphere can 
be functionality divided into three parts: the sensory integrative brain, the limbic brain and the 
expressive brain 

of this particular area based on our new test battery of Hamamatsu Higher Brain 
Function Scale. 

1 Three Divisions of the Cerebral Hemisphere 

The cerebral hemisphere has anatomically been divided into the frontal, temporal, 
parietal, occipital and limbic lobes. As shown in Fig. 1, the central sulcus divides the 
frontal from the parietal lobe, and the Sylvian fissure divides the frontal from the tem- 
poral lobe. However, there is no clear division between the parietal, temporal and 
occipital lobes, indicating that they function as a whole. In fact, the temporal lobe is 
not existent in lower animals, being present only in primates. 

From the standpoint of functional localization, the human cerebral hemisphere can 
well be divided into three parts, the posterior "sensory integrative brain", the medial 
"limbic brain", and the frontal"expressive brain", as shown in Fig. 2. The sensory inte- 
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supplementary motor area I T M  

premotor area --___._____~ 

frontal eye field ~ i l  

working memory 

motor cortex 

,, somatosensory cortex 

tsomatosensory associative area 

~ vestibular cortex 

J~visual associative area 

decision making f 

Broca's expressive I 
speech area 

auditory cortex" 

auditory 
associative area 

Wernicke's receptive 
speech area 

Lt: object, kanji 
Rt: face 

visual cortex 

Lt: verbal 
Rt: nonverbal 

FIG. 3. The lateral aspect of the left cerebral hemisphere indicating known cerebral functional 
localization. The upper figure shows the upper part of the medical aspect of the left cerebral 
hemisphere shown upside down to show the supplementary motor area. The numbers repre- 
sent Brodmann's areas 

grative brain integrates our perceptions through various sensory systems, including 
auditory sensations perceived in the temporal lobe, somatosensory sensations per- 
ceived in the parietal lobe and visual sensations perceived in the occipital lobe, for 
ideation and knowing. The limbic brain is related to our emotion and feeling. The 
expressive brain is related to our decision making and behavior, and our doing. Now 
you are reading this paper. If you feel interested in it, you decide to read it till the end. 
However, if you do not feel interested, you decide to stop reading right now. 

2 Summary of Known Cortical Localization 

As shown in Fig. 3, cortical localization of higher brain function has been well docu- 
mented for the sensory integrative brain and for the posterior part of the frontal lobe 
related to motor and speech functions, but not for the prefrontal area. 

Somatosensory sensations are perceived at the somatosensory cortex (postcentral 
gyrus, Brodmann's areas 3, 1, and 2) whose dysfunction can best be detected by two- 
point discrimination, and the perceived information is further processed in the adja- 
cent somatosensory associative area (Brodmann's areas 5 and 7), whose dysfunction 
results in astereognosis. Visual sensations are perceived at the visual cortex (Brod- 
mann's area 17) whose dysfunction results in homonymous visual field defects. The 
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perceived visual information is further processed in the adjacent visual associative 
area (Brodmann's area 18 and 19). Its dorsal part is responsible for cognition of visu- 
ospatial orientation, while its temporal part, particularly at Brodmann's area 37, is 
responsible for cognition and identification of objects on the dominant hemisphere 
and that of face on the nondominant hemisphere. Auditory sensations are perceived 
at the auditory cortex (Brodmann's area 41) where tunes are perceived, and the infor- 
mation is processed in the adjacent auditory associative area (Brodmann's area 42), 
where the anterior part is related to cognition of tone color and voice, and the poste- 
rior part is responsible for conginition of the meaning on the dominant hemisphere 
as will be described in more detail below. 

The major parietal associative area (Brodmann's areas 39 and 40) integrates all the 
sensory information for verbal ideation on the dominant hemisphere and for visu- 
ospatial ideation on the nondominant hemisphere. 

As for the posterior portion of the frontal lobe, the motor cortex (Brodmann's area 
4) is responsible for volitional contraction of topographically specific muscles. The 
premotor area (Brodmann's area 6) just anterior to the motor cortex on the lateral 
surface of the hemisphere is responsible for visually or externally guided movements. 
The supplementary motor area (Brodmann's area 6) just anterior to the motor cortex 
on the medial surface of the hemisphere is responsible for memory-guided automatic 
movements, where complex trained motor patterns are stored. The frontal eye field 
(Brodmann's area 8) just anterior to the premotor area is responsible for volitional 
eye movements. 

Many psychological tests for intelligence, aphasia, agnosia and apraxia are good 
only for the sensory integrative brain and the posterior frontal area. 

3 Cortical Localization for Language Function 

As shown in Fig. 4, the posterior portion of the auditory associative area on the dom- 
inant hemisphere is the Wernick's receptive speech area where the meaning of the 
heard words are understood. Brodmann's area 44 is Broca's expressive speech area 
responsible for speaking. Letters perceived in the visual cortex are sent to other higher 
centers for interpretation. Phonetic letters such as alphabets, kanas, and Hungle letters 
(Korean kanas) are interpreted at Brodmann's area 39, while ideographic letters like 
kanjis are interpreted at Brodmann's area 37. 

Ojeman stimulated Wernicke's speech area of about 14 bilingual patients and found 
that bilinguals have two separate areas for two different languages without exception. 
Figures 5 and 6 show the results of our study of one nonbilingual and one bilingual 
persons who listened to English and Japanese news during functional magnetic res- 
onance imaging. As shown in Fig. 5, in the nonbilingual, one and the same area was 
activated while listening to the two languages. However, as shown in Fig. 6, in the 
bilingual, the posterior part of Wernicke's receptive speech area was activated while 
listening to Japanese while the anterior part was activated while listening to English. 
Figure 7 shows the lateral aspect of the left hemisphere in the bilingual, showing two 
areas for respective two languages. 

Table 1 shows the degree of lateralization of speech function tested in 32 volunteers 
by electroencephalographic topography [ 1 ]. 
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Broca's Expressive Speech Area 

Phonetic Letters 
(Kanas, Alphabets) 

Wernicke's Receptive Speech Area 
(Word Image) 

Letters 

Ideographs (Kanji) 

FIG. 4. The lateral aspect of the left cerebral hemisphere showing language-related areas 

non-bilingual 

Eng ish Japanese 
FIG. 5. Functional magnetic resonance (fMR) images of a non-bilingual, while listening to 
English news on the left, and while listening to Japanese news on the right. The same area was 
activated, and the subject did not understand the English news at all 
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bilingual 

English Japanese 
FIG. 6. fMR images of a bilingual, while listening to English news on the left, and while listen- 
ing to Japanese news on the right. Note that the area activated by English is located anterior 
to that activated by Japanese, indicating that the bilingual has separate areas for respective 
languages 

FIG. 7. The lateral aspect of the left cerebral hemisphere of the bilingual shown in Fig 6, indi- 
cating the area for English is anterior to that for Japanese 
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handed 

right 

left 

total 

dominant hemis 

right 

2 
(8.7%) 

1 
(11.7%) 

3 
(9.4%) 

left 

12 
(52.2%) 

3 
(33.3%) 

15 
(46.9%) 

~here 

bilateral 

9 
(39.]%) 

5 
(55.6%) 

14 
(43.8%) 

TABLE 1. Lateralization of speech function 

total 

23 

9 

32 

4 Early Detection of Mild Prefrontal Dysfunction 

Patients with prefrontal lesions present characteristic behavioral and personality 
disorders, but their cognitive dysfunctions have not so far been well assessed 
quantitatively. 

More than 20 years ago we became interested in developing a test battery useful for 
"early detection of mild prefrontal dysfunction". A mild prefrontal dysfunction is 
characterized by inability of simultaneous conduction of multiple tasks. So Dr. 
Mitsuo Kaneko, one of our colleagues, developed a "kana pick-out test" to detect this 
inability. 

As shown in Fig. 8, Japanese letters consist of kana and kanji. The kanji consists of 
thousands of ideographic letters, while the kana consists of 46 phonetic letters, among 
which 5 represent vowels, 40 represent consonants and vowels, and 1 represents a 
consonant. 

Japanese sentences are usually written with kana and kanji, but can be written with 
kana alone. In the kana pick-out test, we ask the patient to read a story written only 
with kana, to circle all the vowel kana: a, i, u, e, o, to remember the story to report 
later, and to complete the task within one minute (Fig. 9). 

As shown in Fig. 10, ~ 2 ~  LJ (mu-ka-shi)"at one time", [ ~  ~ C_. 7~cJ (a-ru-to-ko- 
ro-ni)"at a certain place", now here you must circle [ ~ J  ( a ) , [ O k g ~ " ~ b © J  (hi-to-ri- 
gu-ra- shi-no )" a solely living", [ ~ ~" ~ ~ / v  ~b~J ( o-ba- a- sa-n-ga)" old woman was", now 
here you must circle ~ J  (o) and F~] (a). The correct response is shown in Fig. 11. 

We conducted this test to 352 normal volunteers with different ages and obtained 
the age-related score distribution as shown in Fig. 12. The average score decreases 
with aging, but with fairly constant standard deviations. 

We conducted this test and the minimental status examination to 70 elderly volun- 
teers, and found that the kana pick-out test is very sensitive to detect predementia 
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Japanese letters 

J 
kana 

46 phonetic letters 

5 vowel 

kanji 

Thousands 
ideographic 

letters 

40 consonant + vowel 

1 consonant 
FIG. 8. To be changed to Table 1: Degrees of lateralization of speech in 32 volunteers tested by 
electroencephalographic topography. Amplification of beta waves rather than suppression of 
alpha waves was used to detect the areas activated by verbal or non-verbal tasks. See reference 1 

Ask to read a story written only with kanas, and 

1 ) Circle all the vowel kanas" 

/15(a) I,x(i) ~(u)  ~.(e) ~ (o )  

2) Remember the story to report later 

3) Complete the task within 1 minute. 
FIG. 9. Kana pick-out test 

with normal MMS scores (24 or above) but with poor kana pick-out scores (10 or 
below), as shown in Fig. 13. 

Finally we developed Hamamatsu Higher Brain Frunction Scale (HHBFS) with 9 
subtests as a simple and effective test battery to localize lesions within the prefrontal 
area. As shown in Tables 2-4, the substests consist of (1) orientation, (2) immediate 
recall of 5 words of toothbrush, coin, knife, fan and fork, (3) 5-min delayed recall of 
the 5 words, (4) animal name listing, requesting listing up more than 10 animal names 
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Mu-ka-shi a- ru- to-ko-ro-  ni 

Iv. 

A t  one t ime at a certain place 

hi- to-  r i-gu-ra-shi-no o- ba- a- sa-n- ga 

a solely living 
FIG. 10. Kana pick-out test 

old woman was 

a ~ ~ , ~ , ~ , ~ ~ .  0 ~ , ~  ~, . . . . . . . .  
FIG. 11. Kana pick-out test 
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FIG. 12. Kana pick-out test. 352 normal age-related score distribution 

FIG. 13. Kana pick-out-test scores v s  MMS points (70s) 
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1 ) Orientation 

2) Immediate recall of 5 words 
toothbrush, coin, knife, fan, fork 

3) 5-minute delayed recall of the 5 words 

4) Animal name listing (~  10/minute) 

5) Serial sevens (serial substraction of 7 
from 100) 

TABLE 2. Hamamatsu Higher Brain Function Scale 

6) Similarities 

(1) dog & lion 

(3) orange & banana 

(5) poem & statue 

(7) goldfish & pine 

(2) ax & saw 

(4) north & west 
(6) house & ship 

7) Digit span 

8) Digit learning 
TABLE 3. Hamamatsu Higher Brain Function Scale 

within one minute, (5) serial sevens (serial subtraction of 7 from 100), (6) similarities 
between dog and lion, ax and saw, orange and banana, north and west, poem and 
statue, house and ship, and goldfish and pine, (7) digit span, (8) digit learning and (9) 
kana-pick-out test for nonsense phrases and for a story. When experienced, one can 
conduct HHBFS in 15 min. 

We obtained averages and standard deviations of this test from 40 normal volun- 
teers with different ages from 10 to 79, as shown in Fig. 14. Since most traumatic 
lesions involve wide and multiple cortical areas, we tested the validity of HHBFS using 
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9) kana pick-out test , ~  (1) nonsense phrases 

(Z) a stow 

1 5 minutes 

Useful for quick postoperative assessment 
TABLE 4. Hamamatsu Higher Brain Function Scale 

orientation 
imm, recall of 5 words 

5' delayed rec of 5 words 
animal name listing 

serial sevens 

similarities 
digit span 
digit learning 

kana POT (nonsense) 
kana POT (stow) 

., . 
FIG. 14. HHBFS for 40 normals, age 10-79 (44.9 4- 19.2) 

cases of a small brain tumor  or infarct well localized in various parts of the prefrontal 
area, using magnetic resonance (MR) imaging and functional MR imaging. 

For a lesion well localized in the dorsolateral prefrontal area (Fig. 15), the score was 
very low for animal name listing, and slightly low for serial sevens and similarities 
(Fig. 16). For a lesion well localized in the medial prefrontal area (Fig. 17), the score 
was zero for digit learning because of perseveration, but not because of memory  dis- 
turbance, and slightly low for serial sevens (Fig. 18). For a lesion well localized in the 
orbital prefrontal area (Fig. 19), the score was quite low for kana pick-out test and 
slightly low for animal name listing (Fig. 20). 

A functional MR imaging (Fig. 21) showed that the auditory kana pick-out test is 
related to Brodmann's area 46 for working memory  in the dorsolateral prefrontal area 
The animal name listing was also localized to the same area, as shown in Fig. 22. 
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FIG. 15. 

orientation 
imm. recall of 5 words 

5" delayed rec of 5 words 
animal name listing 

serial sevens 

similarities 

digit span 
digit learning 

kana POT (nonsense) 
kana POT (story) 

0 £ ~I 6 
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FIG. 16. Hamamatsu Higher Brain Function Scale (HHBFS), dorsolateral prefrontal lesions, 
right 3, left 3 
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5 Proposed Functional Localization of 
the Prefrontal Area 

Figure 23 shows the summary. Motor-related areas are in the motor cortex, the pre- 
motor area, and the supplementary motor area. Digit span is related to the parietal 
associative area. Digit learning with perseveration is related to the cingulated area, 
while digit learning without perseveration is related to the medial temporal area. As 
for recalling 5 words, the immediate recall is related to the lateral temporal area, while 
5-min delayed recall is related to the lateral temporal, the basal frontal and the medial 
temporal areas. Animal name listing is related to the anterolateral frontal area Serial 
sevens is related to the dorsolateral area, and kana pick-out test is also related to the 
dorsolateral area. 
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Neurobehavioral Sequelae 
in Neurotraumatology 
ANNE-LISE CHRISTENSEN 

Summary. The neurosurgical treatment in neurotraumatology has progressed dra- 
matically in later time; neurosurgeons have developed still more efficient treatment 
procedures, resulting in survival of even severely injured patients. 

However, in their late recovery many of these patients are described as experienc- 
ing severe social difficulties. They loose their social status, many get divorced or the 
families get into trouble. Stereotypes like social disadvantage, personality changes, and 
irreparable cognitive deficits have prevailed in the literature as characteristic, 
unavoidable neurobehavioral sequelae. Rehabilitation efforts have most often been 
considered expensive and ineffective. 

More lately, progress in neuroscience has given evidence of as well brain plasticity 
as brain repair, findings supportive of the possibilities of functional improvement. 
Moreover insight in neural network theories underlying brain function has lead to 
the understanding that treatment/reeducation in order to become effective has to be 
planned individually. 

In the paper, I shall advocate for the importance of a close collaboration in the mul- 
tidisciplinary team during the recovery progress, where the advancements in neuro- 
science are integrated and where neuropsychological insight is made use of in the 
understanding of the individual patients' functioning and behavioral reaction pat- 
terns. It is only through a comprehensive treatment, where medical, physical and neu- 
ropsychological factors are incorporated that the optimal goalma constructive, 
fulfilling life after brain injurymcan be achieved. 

Key words, behavioral sequelae, brain plasticity, individuality, neuropsychological 
rehabilitation 

Center for Rehabilitation of Brain Injury, University of Copenhagen, Njalsgade 88, 2300 Copen- 
hagen K, Denmark 
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1 The Present Concept of Neurobehavioral Disability 

The literature dealing with the immediate and long term cognitive and behavioral 
consequences after brain injury is extensive. Books and articles from the 1970s and 
80s [ 1-4], are repeatedly quoted and new research performed with updated methods. 
In the introduction to several of these publications it is stated that the awareness of 
numerous and varied neurobehavioral sequelae is increasing, and that they exert the 
largest influence on the injured individual's functioning and ability to reintegrate into 
community: the term "neurobehavioral disability" has grown in use to denote this, 
often permanent, complex, subtle, yet pervasive constellation of cognitive--behavior 
changes. The elements the term comprises are: executive dysfunction, deficits of atten- 
tion, diminished insight, poor social judgment, labile mood, problems of impulse 
control, as well as a range of personality changes which, when combined with specific 
cognitive problems and pre-morbid personality characteristics, lead to a serious social 
handicap, undermining the person's capacity for independent social behavior. 

Wood [4] makes an attempt to categorize the disabilities and presents three cate- 
gories that he finds "reasonably good operational distinctions for examination"; the 
three are: (1) disorders of drive, arousal, and motivation, (2) diminished inhibitory or 
regulatory control and (3) altered personality. He concludes that the categories are not 
mutually exclusive and usually combine in ways that undermine a person's capacity 
to interact reliably with the social environment. 

In a description given by Lezak [3] the term "personality change" is more elabo- 
rated. Inclusion of social perceptiveness with egocentricity and lack of empathy, social 
sensitivity and self-reflective skill is proposed; added to the list are impairments in 
control, insight and self-regulation; specific emotional changes such as apathy and 
irrftability; and an impaired capacity to profit from previous experience. Lezak also 
provides a definition of the term "altered personality": "Although vague, it indicates 
a change from some assumed pre-morbid condition, without pointing to the nature 
of the change itself?' For her, the notion of personality change includes all the cogni- 
tive and behavioral changes already described plus changes in emotional expression, 
cognitive interpretation, and behavioral disposition. 

I. 1 The Cerebral Basis of the Neurobehavioral Disabilities 
The agreement that the frontal structures and their complex connections with a range 
of cortical and sub cortical centers are important for the higher cortical functions, for 
control and planning go far back [5]. Also the fronto-temporal structures have been 
shown to be influential. 

A case story that has gained long lasting interest and has been described in several 
books and papers is the case of Phineas Gage, who suffered a bilateral lesion of the 
ventromedial prefrontal cortex, when an iron bar penetrated his brain [6]. As the 
description goes, the man did not lose his intellect, but "he was no longer Gage". 

1.2 Characteristics of Patients Showing 
Neurobehavioral Disabilities 
In the description of these patients it is characteristic that they have usually spent 
only brief periods in neuro-rehabilitation units. Their problems emerge later in recov- 
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ery, having a serious impact on social recovery, measured in terms of the individual 
resuming work, maintaining his/her role in the family and relating to others in appro- 
priate and meaningful ways. 

2 Considerations about the Concept 
"Neurobehavioral Disabilities" 

Reviewing the research about the consequences of brain injury it is evident that the 
outcome of severe injury to the central nervous system is so far from any optimism, 
that it seems reasonable to ask the questions: (1) Is it realistic that there is no or only 
very little hope for treatment and recovery from brain damage and (2) How do the 
latest neuroscientific research findings about neuroplasticity and brain repair match 
this pessimistic concept. (3) Has the existing concept obtained a status which reins 
undisputed and is it so that specific prejudices prevent physicians and scientists from 
exploring new directions in therapy or considering alternative views about how the 
brain works? A possibility could also be lack of communication between scientists and 
practitioners--lack of multidisciplinary collaboration 

3 An Attempt to Introduce A Change of Concept 

According to the neurologist Kurt Goldstein, who worked with brain injured soldiers 
during World War I [7] it is in principle faulty to try to make a distinction between 
so-called organic and functional diseases, as far as symptoms and therapy are con- 
cerned. In both conditions, one is dealing with abnormal functioning of the same psy- 
chophysical apparatus and with the attempt of the organism to come to terms with 
that. The concern should be a description of the symptoms and an interpretation of 
the behavioral changes, particularly in respect to the patient's personality. 

3.1 Goldstein's Description of the Symptoms of Brain Damage 
According to Goldstein, change of personality is only one factor in the complex effect 
of various factors: (1) Inborn patterns of behavior in special fields~such as motor 
and sensory patterns, (2) Expressions of the so-called catastrophic conditions and (3) 
expressions of protective mechanisms. 

Personality shows itself in behavior, it is the mode of behavior of a person in terms 
of its particular capacities, behavior is always an entity and concerns the whole per- 
sonality, and it can only in an abstractive way be separated into par ts~bodi ly  
processes, conscious phenomena, states of feelings, attitudes and so on. 

All phenomena of behavior become understandable only if it assumed that the 
behavior of the "Organism" is determined by one trend: the trend to actualize itself, 
its nature and its capacities. In a situation of success the behavior is ordered, in a sit- 
uation of failure it is disordered or catastrophic. For the brain injured person failure 
means the impossibility to of self-reassurance and existence, which produces anxiety, 
and when self-realization is seriously in danger, catastrophe may occur together with 
severe anxie ty~an inner state on cannot flee f r o m ~ a n d  a group of symptoms or 
behavior changes are developed, which makes it possible for the patient to get rid of 
the catastrophic condi t ion~of  the anxiety. 
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3.2 Reaction Patterns as Protection 

It is the changes of behavior that make it possible for the patient to avoid the tasks 
that cannot be coped with. Examples are to withdraw from stimuli and company, to 
keep up orderliness in every respect to stick to arrangement that can be managed. 
Lack of awareness is the most effective exclusion. 

Adopting Goldstein's theory creates a possibility to analyze the patient's reactions 
in depth, which again can provide an insight that can add to the planning of thera- 
peutic procedures in agreement with the actual state and experiences of the patient. 
Explanation and feed back to the patient about the characteristic behavior reactions 
may help the patient to understand and thereby lead to improvement. 

3.3 Evidence of Intervention 

Very late outcome study after focal wartime brain wound [8] refers remarkably good 
results both with respect to preservation of cognitive function and social adaptation. 
There was little difference in self-report on rating scales between veterans after World 
War II and controls. Cognitive data showed striking preservation, behavioral outcome 
was good and there was rarely evidence of psychiatric problems. 

The neuropsychologist Freda Newcombe, who performed the study, attributes the 
result to a number of factors: expert and systematic medical care, initiated within 
hours of wounding, the psycho-social context and intensive, close and long term 
monitoring of progress, physically, emotionally and socially. The study emphasizes 
and should reinforce the crucial importance of aftercare. 

3.4 Influences from Neuroscience 

The new trends that need to be taken into consideration are brain plasticity and brain 
repair [9] as well as the network theory [ 10] illustrating the brains functional systems 
and recognizing the individual variances in brain structure and networks. Also the 
application of advanced imaging technique has provided insight that serves rehabili- 
tative efforts. The importance of early intervention has been shown, the importance 
of adapting appropriate methods at the right times, leveling training by feed back and 
stimulating support and offer a wide scope of therapy, where ecological and environ- 
mental factors are taken into account. 

4 Rehabilitation Principles 

Advanced, comprehensive rehabilitation programs came on the scene in the US and 
in Europe in the late 1970s and 80s. In the US the first of the so-called holistic centers 
were located at the New York University School of Medicine, inspired by experiences 
in Israel of Leonard Diller and Yehuda Ben Ishay [11]. George Prigatano has started 
centers in Oklahoma and Phoenix, based on ideas later published in his "Principles of 
Rehabilitation" [ 12]. In Europe the "Center for Rehabilitation of Brain Injury" (CRBI) 
at the department of Psychology, the University of Copenhagen became the first [13]. 
The shared principles of this concept mainly deal with the planning of individualized 
programs, based on information about current and premorbid functionsmphysical, 
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cognitive, and social--adapted in accordance with the patient's insight, undergoing 
dynamic changes according to the development and improvement. The phenomeno- 
logical, interactive contact with the patient makes it possible to stress the hard work, 
regaining functional independence is, at the same time as goals and hopes for the 
future can be included [14]. The rehabilitative efforts contain early and active 
involvement, stimulation from the environment, and working together with 
others. An issue that has proven to be of special importance is the support, which can 
be gained if therapists and families believe in the potential power of training and 
relearning. 

In this respect a thought provoking quotation from the American neurologist 
Shepherd Ivory Franz working with brain injured soldiers during the World War II 
[15] seems relevant: "Relatives who only bemoan the fate of a man in need of reedu- 
cation, who pity him and regard him as a helpless burden, place a real obstacle in way 
of his recovery. The family which encourages its patient-member, which makes him 
plans for the day, when he shall be "recovered", which regards him as a potential asst 
instead of a burden, and which cooperates with the instructors in charge of the patient, 
is a potent factor in the eventual recovery (p 44). 

In [9] Donald Stein refers the quotation (p 331) supporting the attitude on the basis 
of his research in brain plasticity and continues the quotation: "The production of a 
sound, normal mental attitude in the patient must have a primary place in all reedu- 
cation work. It is an integral part of rehabilitation in all its stages. An attitude of hope 
and hopefulness must be created if it does not exist" (p 44). 

4.1 Development of Evaluation Questionnaire: QOLIBRI 
With the purpose of learning about the brain injured patient's own experiences a new 
questionnaire has been developed by an international group and is at present under 
statistical evaluation. The data of the Danish group have been convincing regarding 
the patients' experiences of regaining functional independence and also their feelings 
of satisfaction with what they express as improved general capacities. Interesting in 
this respect is their appreciation of the rehabilitation they have received. Statements 
such as "I feel that I have done great progress over the last nine years after rehabili- 
tation" or "I am happy for my rehabilitation: they took me by the hand and helped me 
reach my goals". 

5 Answers to the Initial Questions Regarding Life after 
Brain Injury 

The questions regarding a domineering pessimistic attitude and possible pre- 
judices can be answered confirmatively. The concepts of plasticity and brain repair 
cannot be overlooked any longer and the growing awareness of the importance of 
stimulation, learning and feed back provided in an interactive atmosphere must be 
emphasized. 

Over all, at the present time it should be possible to obtain agreement, that enough 
evidence exits in favor of early, individualized, stimulating treatment, supported by 
an optimistic attitude and social acceptance. 
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What is lacking is maybe belief in the power of a true and open collaboration, where 
all the professionals who are needed in the complex process of the reeducation of the 
injured brain are recognized and integrated in accordance with what they each have 
the possibility to contribute. 
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Clinical Analysis of the Patients with 
Anterior Skull Base and Craniofacial 
Injury in the Acute Head Trauma 
YOII NODE 1, TOMONORI TAMAKI 1, a n d  AKIRA TERAMOTO 2 

Summary. During past 8 years, we have encountered 204 cases of front-facial injuries. 
They were divided into three groups, that is, skull base injury (SB: 69), craniofacial 
injury (CF: 124), and skull base and craniofacial injury (SC: 11). The cause of trauma 
was traffic accident in 114 cases, fall in 63, fight in 18, and others in 9. Glasgow coma 
scale on admission was as follows: SB 8.7, CF 12.6, SC 10.6 (mean GCS: 11.1). Surgery 
was performed in each group (29 SB, 59 CF, 8 SC), respectively. Prognosis (good, poor, 
dead) of the patients was as follows: SB (30, 15, 24), CF (106, 12, 6), SC (6, 3, 2). In the 
Group SB, surgery was performed on 29 cases. Of 29 cases, 11 had external decom- 
pression and/or removal of hematoma, 4 ligation of external carotid artery (ECA), 4 
anterior skull base reconstruction (ASR), 1 embolization of ECA, and others. In 
the Group CF, open reduction and internal fixation (ORIF) was done in 58 and ASR 
in one. In the Group SF, ORIF was done in 3 cases, craniotomy in 3, ECA ligation in 
one, and ECA embolization in one. Cause of death was multiple trauma and severe 
meningitis. 

Key words, anterior skull base injury, craniofacial injury, frontobasal fracture 

1 Introduction 

Anterior skull base and craniofacial injury, combined with brain injuries and dural 
tears, constitute a frequent pattern of injury when major anterior craniofacial trauma 
occurs [1-3]. During past 8 years we experienced 204 cases with anterior skull base 
and craniofacial injury, and analyzed their way of injury, cause of trauma, prognosis, 
and treatment. 

Department of Neurosurgery, 1Nippon Medical School Tama Nagayama Hospital, 1-7-1 
Nagayama, Tama, Tokyo 206-8512, Japan, and 2 Nippon Medical School, Bunkyo-ku, Tokyo, Japan 
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TABLE 1. Cause of trauma in the patients with anterior skull 
base and craniofacial injuries 

SB CF SC Total 

Traffic accident 36 68 10 114 
Fall 30 32 1 63 
Fight 1 17 0 18 
Others 2 7 0 9 

Total 69 124 11 204 

SB, anterior skull base injury; CF, craniofacial injury; SC, anterior 
skull base and craniofacial injury. 
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TABLE 2. Prognosis of the patients with anterior skull 
base and craniofacial injuries 

SB CF SF Total 

Good 30 106 6 142 
Poor 15 12 3 30 
Dead 24 6 2 32 

Total 69 124 11 204 

SB, anterior skull base injury; CF, craniofacial injury; SC, 
anterior skull base and craniofacial injury. 

2 Materials 

Two hundreds and four cases with anterior skull base and/or craniofacial injuries were 
encountered between 1997 and 2004. These cases included 169 men and 35 women, 
with an average age of 38.9 years. The patients were divided into three groups by way 
of injury, that is, Group SB (anterior skull base injury; 69 cases), Group CF (craniofa- 
cial injury; 124 cases), and Group SC (anterior skull base and craniofacial injury; 11 
cases). 

3 Results and Discussion 

Cause of t rauma was shown in Table 1. Traffic accident was most frequent, and 
included 114 cases. And fall, fight and others included 63, 18, and 9, respectively. 

Prognosis of the patients was classified into good (good recovery or moderate dis- 
ability), poor (severe disabled or vegetative state) and dead according to Glasgow 
outcome scale at 3 month later (Table 2). In total 204 patients, about 70% (142 cases) 
included good outcome. Fifteen percent (30 cases) and 16% (32 cases) included poor 
and dead outcome, respectively. In the patients with anterior skull base injury, the 
number  of the patients with dead outcome was extremely higher (37.8%) than those 
with craniofacial (4.8%) and/or anterior skull base and craniofacial (18.2%) injury. In 
the patients with craniofacial injury, their prognosis indicated the good trend. 

Mean Glasgow coma scale [4] on admission was 8.7 in the patients with anterior 
skull base injury, 12.6 in craniofacial injury, and 10.6 in anterior skull base and cran- 
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TABLE 3. Mean Glasgow Coma Scale (GCS) on 
admission in the patients anterior skull base and 
craniofacial injuries 

SB CF SF 

Mean GCS 8.7 12.6 10.6 
Good 12.3 13.6 12.7 
Poor 7.7 7.3 8.7 
Dead 3.8 4.8 4.5 

SB, anterior skull base injury; CF, craniofacial injury; 
SC, anterior skull base and craniofacial injury. 

TABLE 4. Summary of treatment in the patients anterior skull 
base and craniofacial injuries 

SB CF SC Total 

Conservative 44 62 5 111 
Surgery 25 62 6 91 

Total 69 124 11 204 

SB, anterior skull base injury; CF, craniofacial injury; SC, anterior 
skull base and craniofacial injury. 

iofacial injury (Table 3). In each group, the patients with good outcome had a ten- 
dency to be good consciousness on admission. On the other hand, in the patients with 
bad outcome, mean GCS had low trend. Mean GCS on admission and prognosis had 

a tendency to be similar in each group. 
Summary of t reatment  was shown in Table 4. Conservative therapy was performed 

in 111 cases. Surgical t reatment  had done in 93 cases (25 on anterior skull base injury, 
62 on craniofacial injury, and 6 on anterior skull base and craniofacial injury). 

And, relationship between prognosis and treatment  was analyzed in each group. 

3.1 (1) Anterior Skull Base Injury (69 Cases, Mean GCS 8.7) 
In this group, 30 cases had good prognosis, and their mean GCS on admission was 
12.3. Conservative therapy was performed in 25 patients, and surgery was done in 5 
cases. In surgery group, 2 patients had reconstruction of the anterior skull base, one 
had embolization for traumatic carotid cavernous fistula, and 3 had intracranial pres- 

sure monitoring and/or  ventricle drainage. 
Patients with poor  outcome had 15 cases, and their mean GCS was 7.7. Conser- 

vative therapy was performed in 15 cases, and surgery was done in 7 cases. Of 7 
cases, 4 patients had external decompression, 2 had ICP monitoring,  and one had 

hypo the rmia .  
Patients with dead outcome had 24, and their mean GCS was 3.8. Of 24 cases, 11 

had conservative therapy, and 13 had surgical treatment.  In surgical treatment,  
removal of hematoma was performed in 6 cases, ligation of external carotid artery 
and intracranial pressure monitor ing were done in 4 and 3 patients, respectively. 
Ligation of external carotid ar tery was effective for massive nasal bleeding, but patient 
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could not be alive because of severe brain damage. In this group, the main cause of 
death was direct brain damage. 

3.2 (2) Craniofacial Injury (124 Cases, Mean GCS 12.6) 
Of the 124 cases, 106 cases had good outcome, and their mean GCS was 13.6. Conser- 
vative therapy was performed in 54 cases, and surgery was done in 52 cases. All of the 
patients with surgery had open reduction and internal fixation, and which was per- 
formed by plastic surgeons. 

Twelve cases had poor outcome, and their mean GCS was 7.3. Three patients had 
conservative therapy, and 9 had surgical treatment. Open reduction and internal fix- 
ation was done in 6 cases and one of them was simultaneously performed the decom- 
pression of optic canal. On the other hand, removal of hematoma and hypothermia 
were performed in 2 and one case, respectively. 

Six cases died of craniofacial injury, and their mean GCS was 4.8. Surgical treat- 
ment could not be done in five patients because of bad general condition by multiple 
injury. One patient had ligation of external carotid artery. This was successful, but he 
died of severe brain damage. The main cause of death in this group was multiple injury 
or severe brain damage. 

3.3 (3) Anterior Skull Base and Craniofacial Injury (11 Cases, 
Mean GCS 10.6) 
Six cases had good outcome, and their mean GCS was 12.7. Conservative therapy was 
done in one patient, and surgery was done in 5 cases. Of the 5 cases, 3 had open reduc- 
tion and internal fixation; one had ligation of external carotid artery and made a good 
recovery in spite of massive nasal bleeding with hemorrhagic shock. And other one 
patient had reconstruction of the anterior skull base. 

Three patients had poor outcome, and their mean GCS was 8.7. Two cases had 
no surgery, and one had embolization of the maxillary artery for massive nasal 
bleeding. 

Two patients had died of multiple multiple injury or severe meningitis. GCS on 
admission of one patient was 3, and he died of multiple injury. Other patient's GCS 
was 6. He survived for several weeks after injury but died of severe meningitis. 

4 Conclusion 

During past 8 years, we have encountered 204 cases of the anterior skull base and 
craniofacial injuries. 

In the patients with anterior skull base injury, their conscious level on admission 
was bad (mean GCS was 8.7). Poor or dead cases exceeded 50% .And one patient could 
not be alive because of severe meningitis in spite of our intensive care. 

In the patients with craniofacial injury, their conscious level on admission was good 
(mean GCS was 12.6). Over 85% of the patients had good recovery. And one patient 
with anterior skull base and craniofacial injury, who had less severe brain damage, 
died of severe meningitis with uncontrollable cerebrospinal fluid leakage. 
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As to embolization or ligation of the external carotid artery, they seemed to be effec- 
tive in the patients with good conscious level on admission, but less effective in the 
patients with bad conscious level because of severe brain damage and/or multiple 

injury. 
On the other hand, 2 patients died of severe meningitis because of uncontrollable 

cerebrospinal fluid (CSF) leakage in spite of our intensive care. So, it is suggested that 
even greater careful management should be done for CSF leakage. 
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Oxidative Injury and Antioxidant 
Therapy in Acute Brain Injury 
YUKIO IKEDA 

Summary. A large body of evidence suggests that oxidative injury is important in 
either the primary or downstream secondary pathophysiological mechanisms under- 
lying acute traumatic and ischemic brain injuries. Measurement methods of oxidative 
stress are performed by electron spin resonance (ESR) which is one of the most reli- 
able methods for detection and generation of oxygen free radicals in vitro and in vivo. 
Experimental investigations have reported that early administration of free radical 
scavengers can promote survival and neurological recovery. Edaravone, a novel free 
radical scavenger, is available clinically for cerebral infarction, which may be feasible 
to use for traumatic brain injury. 

Key words, free radicals, brain injury, electron spin resonance spectroscopy, 
Edaravone, brain protection 

Oxygen free radicals have been implicated in the genesis of acute brain injury and 
brain edema [1-3]. Oxidative stress--induced brain damage is critical for under- 
standing mechanisms of brain diseases. This paper will discuss oxidative injury and 
antioxidant therapy in acute brain injury. 

I Role of Oxygen Free Radicals 

1.1 Production of Oxygen Free Radicals in Traumatic 
Brain Injury 
Experimental traumatic brain injury (cryogenic brain injury) was produced by appli- 
cation of a metal probe cooled with dry ice to the dura of the right parietal region in 
male Wistar rats and cats. Detection of superoxide radicals was performed by nitro- 
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FIG. 1. Determination of (a) 
superoxide radical and (b) 
hydroxyl radical scavenging acti- 
vity by electron spin resonance 
spectrometry (ESR) using the 
spin trap method. Relative signal 
intensity = X/A. X, signal inten- 
sity; A, marker intensity 

blue tetrazolium (NBT) method by a cranial bone window technique [4]. Cryogenic 
brain injury demonstrated overproduction of superoxide radicals which was shown 
by the deposition of reduced NBT in the injured parietal region [5]. 

1.2 Consumption of Endogenous Free Radical 
Scavenging Activity 
Increased formation of oxygen free radicals may lead to a consumption of endogenous 
free radical scavenging activity. Determination of endogenous sueperoxide scaveng- 
ing activity in the injured brain was performed by electron spin resonance spec- 
trometry (ESR) using DMPO (5,5-dimethyl-l-pyrroline-N-oxide) as a spin trapping 
agent (Fig. 1). Superoxide scavenging activity was significantly decreased within one 
hour after the cryogenic brain injury relative to non-injured brain, persisting for at 
least 6 hours (Fig. 2) [6]. 

Endogenous free radical scavenger system may be an early target for traumatic 
brain injury. 

2 Experimental AntioxidantTherapy 

2.1 5uperoxide Dismutase (SOD) 
Free SOD did not reduce cryogenic brain edema and BBB disruption, however 
liposome--entrapped SOD dramatically reduced cryogenic brain edema and BBB 
disruption [7,8], which indicated that oxygen free radicals may be involved in the 
genesis of traumatic brain injury and brain edema and exogenous administration of 
free radical scavenger will be a therapeutic potential for acute brain injury and brain 
edema. 
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FIG. 2. Superoxide scavenging activities in cryogenic injured brain tissues (from reference [6]). 
*P < 0.05 v s  normal, **P < 0.01 v s  normal 

2.2 Deferoxamine 
Among oxygen free radicals, the hydroxyl radical is one of the most highly reactive 
species. The hydroxyl radical reacts at great speed with almost every molecule found 
in living cells, including DNA, proteins and also attacks the fatty acid chains and starts 
the process of lipid peroxidation. Hydroxyl radicals is produced from two active 
oxygen species, superoxide and hydrogen peroxide, via the iron-catalyzed Haber- 
Weiss reaction. From the therapeutic standpoint, iron chelation could inhibit the 
formation of hydroxyl radicals and potentially reduce brain injury and brain edema. 

We have demonstrated that deferoxamine, an iron chelating agent, could scavenge 
hydroxyl radical, which was determined by ESR using DMPO as a spin trapping agent 
(Fig. 1). We also have reported neuroprotective effect of deferoxamine on cryogenic 
brain injury and brain edema in cats in Journal of Neurosurgery in 1989. Brain edema 
was evaluated by specific gravity method and blood brain barrier (BBB) disruption 
was measured by Evans blue extravasation. Deferoxamine reduced cryogenic-induced 
brain edema and BBB disruption (Fig. 3) [9]. 

Exogenous administration of free radical scavenger may be considered as a effec- 
tive therapeutic approach in clinical situation. 

3 Clinical Antioxidant Therapy and Edaravone 

Most recent clinical trials on neuroprotection for traumatic brain injury and brain 
edema in United Staes of America have failed [10]. Only free radical scavenger and 
brain hypothermia seem to be promising for the treatment of acute brain injury and 
brain edema. 
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A novel free radical scavenger is coming up in Japan. Edaravone, a novel free radical 
scavnegr, demonstrates neuroprotective effects by inhibiting endothelial cellular 
injury and ameliorating neuronal damages in experimental ischemic brain models 
[ 11 ]. Recent clinical trials have demonstrated that Edaravone is effective for the treat- 
ment of acute brain infarction. Within 24h after cerebral infarction, Edaravone 
improved neurological functions and mortality [12]. Edaravone is the only available 
free radical scavenger in clinical practice for stroke in Japan. 

Edaravone may be feasible to use for the treatment of traumatic brain injury and 
brain edema. 

3.1 In vitro ESR Study of Edaravone 
ESR technique is recognized as one of the most powerful methods for the detection 
of the generation of oxygen free radicals in biological system. In vitro X-band ESR 
system is useful for direct detection of oxygen free radicals. 

Hydroxyl radical scavenging activity was measured by ESR using DMPO as a spin 
trapping agent. Edaravone can scavenge hydroxyl radicals in a dose dependent 
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manner (Fig. 4). Singlet oxygen scavenging activity of Edaravone was determined by 
ESR with spin trap method. Singlet oxygen was generated by photoexcitation of the 
light-sensitive dye rose bengal. 2,2,6,6-tetramethylpipridine (TEMP) was used as the 
spin trapping agent. Edaravone can also scavenge singlet oxygen (Fig. 5). Nitric oxide 
(NO) scavenging activity was perfomed by ESR with the spin trap method. NO was 
generated from 1--hydroxyl--2oxo--3--(Nm3--methyl--3--aminopropyl)--3--  
methylml~triazene (NOC~7), and analyzed by 2--(4~carboxy~pheny)  4,4,5,5-- 
tetramethylimidazoline--lmoxy (carboxy--PTI) produced from the reaction 
between carboxy--PTIO and NO. Satoh et al. reported in REDOX REPORT in 2002 
that Edaravone can also scavenge NO radicals [13]. 
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3.2 In vivo ESR Study of Edaravone 
In vivo L--band ESR is also useful for investigation of reaction with oxygen free rad- 
icals in living animals nonminvasively [14,15]. Nitroxyl radicals are very useful as 
exogenous spin probes for measuring free radical distribution, oxygen concentration, 
and redox metabolism by in vivo ESR biological systems. MC--PROXYL is suitable 
spin probe for the study of free radical reactions in the brain by in vivo ESR detec- 
tion. MCmPROXYL is more lipophilic with high permeability of BBB and is well dis- 
tributed in the brain [16]. The nitroxide radicals loses its paramagnetism by 
interaction with oxygen free radicals and ESR spectra will decrease. The enhanced 
signal decay is closely related to amounts of oxygen free radicals. L--band ESR signal 
decay rate of MC--PROXYL in the head region of normal, cryogenic brain injury, and 
cryogenic brain injury with Edaravone administered after intravenous injection of 
MC--PROXYL were investigated in male Wistar rats. The decay rate of MC~PROXYL 
was faster in rats with cryogenic brain injury than in normal rats. The decay rates of 
MC--PROXYL was slower in rats with Edaravone treated cryogenic brain injury than 
in rats with cryogenic brain injury (Fig. 6). Acutually Edaravone can scavenge oxygen 
free radicals in the live brain. 

Edaravone is expected to be useful in the treatment of acute brain injury and brain 
edema, demonstrated by in vitro and in vivo ESR studies. 
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The Development of Brain 
Hypothermia Treatment for Severe 
Brain Trauma: New Finding of Brain 
Injury Mechanism, ICU Management 
Technique and Pitfall 
NARIYUKI HAYASHI 

Summary. For long time, we have been misunderstanding the management target for 
brain resuscitation. Recent clinical studies in severe brain injured patient, demon- 
strated patient specific new brain injury mechanism associated with hypothalamus- 
pituitary adrenal axis activated neurons-hormonal reactions. The elevation of brain 
tissue temperature (>40°C) by brain thermo-pooling, neuronal hypoxia by hemoglo- 
bin dysfunction even with normal control of PaO2, CBF, ICP, and oxygen delivery are 
included as new finding brain injury mechanisms. The previous management method 
such as control of ICP, CBF, and brain edema is not effective for all of these new finding 
brain injury mechanisms. The selective radical damage of dopamine A 10 nervous 
system bring to persistent vegetative state is also another new topics. The new concept 
of brain hypothermia treatment has progressed with understanding of these new 
finding brain injury mechanisms. The control of brain tissue temperature, precise care 
management for oxygen and glucose metabolism in the brain tissue, and early pre- 
ventative treatment for radical attack to the dopamine nervous system is especially 
important for severe brain damage. We appreciate excellent clinical results in severe 
brain trauma patients using this brain hypothermia treatment. 

Key words, brain hypothermia, severe brain injury, complication of hypothermia, 
hemoglobin dysfunction, free radicals 

1 Introduction 

The effectiveness of neuroprotection to the ischemic brain insults by brain hypother- 
mia in animal studies is no doubt [ 1,2]. However, in clinical studies, similar effects of 
hypothermia were not obtained like animal studies in previously [3]. The reason of 
these different results is very simple "previous hypothermia management method 
has not been found human specific brain injury mechanism [4,5]. In this paper, I 
want present the new finding of patient specific brain injury mechanism [6,7] and 
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developed new brain hypothermia treatment method. The care management strategy 
for new finding brain damage, technique for control of brain tissue hypothermia, 
pitfall on the management of hypothermia, control of immune suppression and pneu- 
monia [4,5], and early treatment for prevent of memory and emotional disturbances 
[4,8] are focused on in this paper. 

2 New Finding of Brain Injury Mechanism on the 
Severely Brain Injured Patient 

Our clinical studies about severe brain injured patients, hypothalamus-pituitary 
adrenal (HPA) axis neuro-hormonal brain injury mechanism has been evaluated 
[4,7,9]. These brain injury mechanisms, only recorded in severe brain injured patients, 
and not recorded in experimental animal brain injury models. Because, in experi- 
mental animal model, HPA axis stress reaction is reduce by anesthesia. The cardio- 
pulmonary dysfunction by catecholamine surge [4], elevation of brain tissue 
temperature 40-44°C by brain thermo-pooling [4,6], increasing brain tissue lactate 
by insulin resisted hyperglycemia [4,5], masking neuronal hypoxia [5,7] and changes 
of blood brain barrier (BBB) function by vasopressin release [4] are find out on clin- 
ical studies. The masking neuronal hypoxia by difficulty release of oxygen from 
binding hemoglobin with reduction of hemoglobin 2,3 diphosphoglycerate (DPG) 
is, especially, important factor for decide the prognosis, directly. The normal control 
of PaO2, oxygen delivery, intracranial pressure (ICP) and CBF [9] is not effective for 
all of these patient specific brain injury mechanisms. The selective radical damage of 
dopamine A 10 nervous system is also another new topics as a cause of memory 
and emotional disturbances [8]. For long time, memory and emotional disturbances 
have been considered to be occurs with non-specific localized severe brain damage. 
However, our clinical studies demonstrated, simultaneous localized disturbances 
of hippocampus and amygdale nucleus in A10 central nervous system produces of 
high incidence of vegetate state conditions [8]. The OH- radicals attacks that is 
produced by reacting with released dopamine and tissue oxygen [10] has been 
considered. 

3 Management Strategy 

The stabilizing the vital signs and brain oxygenation is initial treatment. However, 
before to start the management of brain edema, ICP elevation, and CBF disturbance, 
excess reaction of HPA axis-neurohormonal reaction should be control [4,5]. Insulin 
resisted hyperglycemia, hemoglobin dysfunction, ischemic cardiac muscle contrac- 
tion, and brain thermo-pooling associated with catecholamine surge make an accel- 
eration of worsening of brain damage at within a few minutes. Avoiding of selective 
neuronal radical damage of dopamine A 10 nervous system under the control of 
32-34°C of brain tissue temperature and combined with replacement of serum 
albumin at higher than 3.0-3.Sg/dl are also effective for preventing persistent 
vegetation. As a third step ICU management, normal control of CBF, IGP, BBB, and 
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FIG. 1. Management strategy for severe brain damage. HPA, hypothalamus pituitary 
adrenal 

preventing of brain edema are followed after these care management. The outline 
of management strategy for severe brain injured patients is summarized in 
Fig 1. 

4 Management of Brain Damage by Excess Release of 
HPA-axis Neurohormones 

The neuronal damage by catecholamine surge, insulin resisting hyperglycemia, and 
difficulty release of oxygen from binding hemoglobin with reduction of hemoglobin 
2,3 DPG, unstable CBF by cardio-muscle contraction heart ischemia, higher than 40°C 
brain tissue temperature by brain thermo-pooling, and reducing thyroid hormone 
progress within at 10 min after brain injury associated with HPA-axis neurohormonal 
reaction [4,5,8]. Without early management for these brain injury mechanisms, brain 
hypothermia treatment is unsuccessful. The early induction of 34°C brain hypother- 
mia with control of systemic circulation (cardiac index >500 ml/min.), serum glucose 
120-140 mg/dl, serum albumin >3.0 g/dl, serum pH >7.2, antithrombin-III >130%, and 
replacement of magnesium and phosphate are main treatment for excess release of 
HPA axis neurohormones. Administration of steroid during stress associated hyper- 
glycemia and manitol for anti-edema dehydration therapy is contraindicate during 
presence of HPA-axis neurohormonal reaction. The early induction of-34°C brain 
hypothermia and then control the serum glucose at 120-140 mg/dl is especially impor- 
tant point for avoiding hypothermia induction pitfall. If persistent vegetation is 
expected to occur, after that, much lower 32-34°C moderate brain hypothermia is 
recommended. 
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5 Advanced Technique and Avoiding Pitfall on the ICU 
Brain Hypothermia Management 

Most difficult point for this brain hypothermia treatment is precise control of brain 
tissue temperature, control of oxygen metabolism and insulin resisting hyper- 
glycemia, management of pulmonary infections with an avoidable immune dysfunc- 
tion, preconditioning of rewarming, and management of pitfall of hypothermia. 

(1) Precise control of brain tissue temperature: The controlled brain hypothermia 
could be produce by cooling of systemic circulating blood temperature using blanket 
technique or intravascular cooling technique [4]. We prefer the combination brain 
cooling techniques with 7% iced acetic ringer solution drip and cooling suit technique 
(Fig. 2). As a strategy of brain cooling, -34°C of brain tissue hypothermia or two steps 
induction of 32-34°C brain hypothermia treatment is recommended. Without control 
of hyperglycemia at 34°C brain hypothermia, hypothermia itself produces the increas- 
ing of brain tissue glucose and lactate, and also, activation of neural hypoxia by reduc- 
ing hemoglobin DPG. This point is one of the pitfall of hypothermia management. 
Avoiding hyperglycemia higher than 180 mg/dl, cardio-pulmonary dysfunction such 
as arrhythmia and elongation of QT interval >450mm/s on ECG, and hypokalemia 
are management care points at induction stage. 

(2) Control of oxygen metabolism and insulin resisting hyperglycemia: Stabilizing 
vital signs, PaO2 >100mmHg, PaO2/FiO2 ratio >350, PaCO2; 34-38mmHg, oxygen 
delivery >700 ml/min., and oxygen extraction ratio (O2ER); 22-26%, are essential care 
management. Avoiding of serum pH <7.3, reduction of serum phosphate, magnesium, 
and vitamin A, massive blood transfusion more than 6,000ml is also necessary for 
prevent of hemoglobin DPG reduction. 
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FIG. 2. Control of brain tissue hypothermia combined with 7% cold saline (sacsinate ringer 
solution) drip and automatic brain cooling technique (www.medivance.com, Louisville, CO. 
USA) 
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TABLE 1. Check list of respiratory care management during brain hypothermia treatment 
ck points 

Contents 

Care management 

1. Ventilator 
2. Air way resistance (AWR) 
3. Respiratory insufficiency 
4. Pulmonary circulation 
5. Alveollar function 
6. Autonomic dysfunction 
7. Immune dysfunction 

8. Intestinal bacterial translocation 
9. Digestive organ function 

10. Complication of pneumonia 
11. Pulmonary venous thrombosis 
12. Hemoglobin dysfunction 

TV; 6 ml/kg, PEEP; 7 cmH20, Plateau P. > 30 cmH20 
PaCO2; 25-40 mmHg, AWR < 10cmH20/L/SEC 
Abnormal breathing sounds, neck venous dilatation 
systolic BP > 90 mmHg, ECG, edema of face and legs 
S. albumin > 2.5 g/dl, ETCO2/CO" PaCO2): 0.1-0.2 
Unstable BP, changes of pulse during breathing pattern 
Feeble skeletal muscles, lymphocytopenia, growth 

hormone $ 
Gastric juice pH < 3.5 
Abdominal P. < 10 cmH20, AT-III > 100%, S. Alb. > 2.5 g/dl 
Rales, deference of breathing sounds, sputum, fever 
Reducing and difference of breathing sounds, edema of legs 
Serum pH > 7.3, serum glucose: 120-140mg/dl 

(3) Control of serum glucose: The reducing brain metabolism is not correct mech- 
anism of brain hypothermia. Micro dialysis monitor in severe brain injured patients 
during brain hypothermia treatment suggested that precisely control of serum glucose 
are especially important for maintain the brain metabolism and avoiding BBB 
dysfunction [4,5]. 

(4) Management of pulmonary infections with an avoidable immune dysfunction: 
The immune dysfunction is an avoidable by reducing growth hormone with hypother- 
mia. Therefore, pulmonary infection occurs much easier than normothermia care 
management. Table 1 shows our checklist for respiratory organ management. Table 2 
shows the summary of ICU management for immune crisis pulmonary infections. The 
patients own enterobacteria are souses of infection; therefore, enteral management is 
one of the key points. 

(5) Preconditioning of rewarming: Avoiding hyperglycemia > 180 mg/dl, hypoalbu- 
minemia <3.0 g/dl, severe BBB dysfunction (CSF/serum albumin ratio >0.02), systemic 
infections is important. No evidence of neuronal recovery on CT, ICP, EEG, and jugular 
O2 saturation is contraindication of rewarming. 

6 Strategy for Management of Memory and 
Emotional Disturbances 

The simple management for selective radical attack to the dopamine nervous system 
is prevention of dopamine release and control of NO radicals in acute stage. The early 
induction of brain hypothermia at 33-34°C is useful for prevent of dopamine release 
[4,6]. Pharmacological treatment, with metoclopramide also prevents the dopamine 
release from hypothalamus. Administration of radical scavengers is another approach 
for prevent of selective damage of dopamine A10 nervous system at the acute stage 
[8]. In severe brain injury cases, recovery of consciousness is not always enough after 
brain hypothermia treatment. The replacement of cerebral dopamine, the combina- 
tion of pharmacological treatment such as Leodopa (300-400mg/day), Amantadine 
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TABLE 2. The prevention of pneumonia during brain hypothermia treatment 
The management target Care management method 

1. Intermittent brain tissue 
hypothermia 

2. Management for immune 
dysfunction 

3. Management of hypo-albuminemia 
BBB dysfunction and hyperglycemia 

4. Maintain of systemic circulation 

5. Good oxygenation 

6. Gastric management and 
nutritional consideration 

7. Respiratory muscle care 

• Brain temperature 
Preconditioning 

34°C ~ 
32oc 

• Prolactin, arginine, metocloparamide, 
IGF-1, and growth hormone (GH) ad. 

• Serum albumin >3.0g/dl, CSF/serum albumin < 0.01, 
serum glucose: 120-150mg/dl 

• Normovolemic fluid resuscitation and Doputamine 
(Dobutrex) iv 

• DO2 > 600ml/min, DPG: 14-15 mmol/ml, 
S. phosphate > 3 mg/dl, S. magnesium: 2-4 mEq/dl 

• Gastric lavage, gastric juice pH < 3.5, AT-III > 100%, 
Serum albumin > 3.0 g/dl, immunonutrition, digastric 
decontamination, and control of abdominal 
hypertension 

• Glutamine, solbutamol, arginine ad. + respiratory 
rehabilitation 

(100-200mg x 3/day) or Parodel (2.5-20mg/day), and administration of estrogen 
(Estraderm TTS 1 seat/day) is effective in chronic stage. The median nerve intermit- 
tent electrical stimulation (20 s-on, 50 s-off, 10-20 mA, 30 pulses/s., duration time 300 
mm/s) are also effective [4,5,8]. The detail technique for management  of memory  and 
emotional disturbances is discussed at recent published book [4,8]. 

7 Clinical Result of Brain Hypothermia Treatment of 
Severe Brain Trauma 

The brain hypothermia treatment was performed in 99 cases of severe brain injury 
GCS less than 6 and 36-37°C normothermia  treatment was accepted for 64 cases of 
GCS less than 6. The efficacy of brain hypothermia was related to the severity of brain 
injury as indicated by the Glasgow Coma Scale on admission. The patients with initial 
coma scale of 3 did not benefit from brain hypothermia treatment, except cardiac 
arrested occur during surgery by uncontrollable massive hemorrhage with basal skull 
fracture. However, in GCS 4, 5 and 6, clinical benefit. Among these patients with higher 
scores, 29% in GCS 4, 26% in GCS 5, and 34% in GCS 6 in the brain hypothermia group 
had a good outcome. The normothermia  group with previous concept treatment, 
good outcome is limited, 4% in GCS 4, 7% in GCS 5, and 6% in GCS 6, respectively. 
The effectiveness of brain hypothermia treatment for severe brain injured patients is 
impressive [4,5]. 
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Hemodynamic Efficacy of 
Neuroleptanesthesia for Therapeutic 
Hypothermia in Acute Brain Injury 
SHUNJI KASAOKA 1, YASUTAKA ODA 1, SUSUMU YAMASHITA 1, 
RYOSUKE TSURUTAI~ HIROSUKE FUJISAWA2~ KIYOSHI OKABAYASHII~ 
and TsuYosHI MAEKAWA 1 

Summary 
Purpose: Therapeutic mild hypothermia (32-34°C) may act for cerebral protection. 
We examined the effects of anesthesia on hemodynamics during therapeutic 
hypothermia in human acute brain injury. 
Methods: Eighteen patients with acute brain injury who had therapeutic hypother- 
mia were retrospectively reviewed. The patients were divided into two groups by anes- 
thesia: droperidol & fentanyl (NLA group), midazolam & butorphanol (MB group). 
Hemodynamic parameters during hypothermia were compared between the two 
groups. 
Results: During the induction phase of mild hypothermia, hemodynamic parameters 
were not significantly different between the two groups. In the maintenance phase of 
mild hypothermia, cardiac index (CI), oxygen delivery index (DO2I), and heart rate 
(HR) in NLA group were significantly higher than those in MB group. In NLA group, 
CI and DO2I significantly increased in the maintenance phase from the induction 
phase of mild hypothermia. However, CI and DO2I significantly decreased in MB 
group. HR did not significantly change in NLA group, however, it significantly 
decreased in MB group. 
Conclusions: In comparison with anesthesia of midazolam and butorphanol, NLA 
might be superior in oxygen supply to general organs including brain and tissues, so 
that have less adverse effect to circulatory system. 

Key words, therapeutic mild hypothermia, acute brain injury, neuroleptanesthesia, 
hemodynamics, cerebral protection 
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It has been reported that therapeutic mild hypothermia (32-34°C) may act for cere- 
bral protection in acute severe brain injury [ 1-3]. To maintain body functions and to 
prevent any adverse effect from hypothermia, the patient should be well sedated and 
the microcirculation of organs and skin should be maintained [4]. We examined the 
effects of anesthesia on hemodynamics during therapeutic hypothermia in acute 
brain injury. 

1 Methods 

We have performed a retrospective review of 18 patients with acute brain injury who 
had therapeutic mild hypothermia. The patients were divided into two groups by 
anesthesia: droperidol & fentanyl (NLA group), and midazolam & butorphanol (MB 
group). To induce and maintain mild hypothermia, patients were cooled by a blanket 
and a mat with circulating cool water. The target core temperature was 32 to 34°C. 
To maintain microcirculation, colloid solution and/or dobutamine were used. We 
inserted a pulmonary artery catheter in all the patients and measured the hemody- 
namic parameters (Table 1) at induction phase and maintenance phase of thera- 
peutic mild hypothermia. The doses of anesthetic agents in each group are shown in 
Table 2. 

2 Results 

In comparison of clinical characteristics of the patients, age and gender were not 
significantly different between the two groups. In the MB group, all patients had 

TABLE 1. Hemodynamic parameters 

• Mean arterial pressure (MAP) 
• Heart rate (HR) 
• Cardiac index (CI) 
• Oxygen saturation of mixed venous blood (SvO2) 
• Systemic vascular resistance index (SVRI) 
• Oxygen delivery index (DO2I) 

TABLE 2. The doses of anesthetic agents in each group 
MB group NLA group 

Droperidol 

Fentanyl 

Midazolam 0.1 mg/kg (initial dose) 
0.1-0.2 mg/kg/h 

Butorphanol 0.01 mg/kg (initial dose) 
0.01-0.02 mg/kg/h 

Vecuronium 0.1 mg/kg (initial dose) 
0.05 mg/kg/h 

0.5 mg/kg (initial dose) 
0.025 mg/kg/h 
5-10~tg/kg (initial dose) 
0.02 mg/kg/day 
If needed 

0.1 mg/kg (initial dose) 
0.05 mg/kg/h 
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TABLE 3. Comparison of hemodynamic parameters in the 
maintenance phase of therapeutic hypothermia 

MB group NLA group P value 

Hemoglobin (g/dl) 12.0 _+ 1.3 10.9 _+ 1.2 ns 
Dobutamine (Bg/kg/min) 3.9 +__ 5.1 3.5 +_ 1.9 ns 
MAP (mmHg) 100 _+ 14 101 _+ 10 ns 
HR (bpm) 60 _+ 11 79 _+ 6 <0.01 
CI (l/min/m 2) 2.5 _+ 0.5 3.7 _+ 0.4 <0.01 
SvO 2 (%) 79 + 5 82 _+ 2 ns 
SVRI (dynes. sec. cm -5. m 2) 3172 _+ 833 2116 + 239 <0.01 
DO2I (ml/min/m 2) 405 _+ 66 557 _+ 86 <0.01 

Values are presented as mean + standard deviation. 
MAP, mean arterial pressure; HR, heart rate; CI, cardiac index; SvO2, 
oxygen saturation of mixed venous blood; SVRI, systemic vascular 
resistance index; DO2I, oxygen delivery index. 

traumatic brain injury. On the other hand, in the NLA group, 6 patients had trauma 
and 2 patients had subarachnoid hemorrhage. Glasgow coma scale on admission and 
Glasgow outcome scale were not significantly different between the groups. 

During the induction phase of mild hypothermia, hemodynamic parameters were 
not significantly different between the two groups. In the maintenance phase of mild 
hypothermia (Table 3), hemoglobin, dose of dobutamine and mean arterial pressure 
were not significantly different between the two groups, however, heart rate and 
cardiac index (CI) in the NLA group were significantly higher than those in the MB 
group. Systemic vascular resistance index (SVRI) was significantly lower and oxygen 
delivery index (DO2I) was significantly higher in the NLA group. 

In NLA group, CI and DO2I significantly increased in the maintenance phase from 
the induction phase of mild hypothermia. However, CI and DO2I significantly 
decreased in MB group. Heart rate (HR) did not significantly change in NLA group, 
however, it significantly decreased in MB group. 

3 Discussion 

Therapeutic mild hypothermia (32-34°C) may act for cerebral protection in acute 
severe brain injury. Sadamitsu et al [4] reported that to maintain body functions and 
to prevent any adverse effect from hypothermia, the patient should be well sedated, 
he should be prevented from shivering and the microcirculation of organs and skin 
should be maintained. We examined the effects of anesthesia on hemodynamics 
during therapeutic hypothermia in acute brain injury. Table 4 shows the summary of 
the effects of anesthesia on hemodynamics during hypothermia. In the MB group, 
heart rate, cardiac index and DO2I decreased, and SVRI increased during hypother- 
mia. On the other hand, in the NLA group, cardiac index, SvO2 and DO2I increased 
during hypothermia. We thought that the suppression of increase of systemic vascu- 
lar resistance caused the better hemodynamic state in the NLA group. In spite of 
administration of dobutamine, heart rate and cardiac index decreased in MB group. 
We thought that dobutamine might be hard to work well during mild hypothermia by 
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TABLE 4. Effects of anesthesia on 
hemodynamics during therapeutic 
hypothermia 

MB group NLA group 

MAP ~ ---> 
HR $ ----> 
ci + 1" 
Sv02 --+ q" 
SVRI 1" --+ 
DO2I ~, 1" 

anesthesia of midazolam & butorphanol. In conclusion, compared with anesthesia of 
midazolam and butorphanol, NLA might be superior in oxygen supply to general 
organs and tissues, so that have less adverse effect to circulatory system. 
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Different Cytokine Responses 
between Induced and Accidental 
Hypothermia: An Implication for 
Controversies over Neuroeffective of 
Therapeutic Hypothermia 
MAYUKI AIBIKI 

Summary. In the clinical setting of induced hypothermia, cytokine responses or even 
neuroprotective effects remain controversial. This review shows differences in 
cytokine release between induced and accidental hypothermia, thereby trying to 
discuss potential mechanisms for controversies over the neuroprotection of induced 
hypothermia for TBI patients. 

Key words, accidental hypothermia, cytokine, therapeutic hypothermia, traumatic 
brain injury 

1 Introduction 

It is established in the animal models that cerebral cytokine overproduction is 
involved the subsequent neuronal death after traumatic brain injury (TBI) [ 1,2]. Such 
cytokine surge after TBI could be inhibited by induced hypothermia in the animal, 
leading to improvement in the neurological outcome [1,2]. However, in the clinical 
setting of induced hypothermia, cytokine responses or even neuroprotective effects 
remain controversial. On the other, we have demonstrated that in accidental hypother- 
mia even activated cytokine production occurs [3]. Objective of this review is to 
discuss potential mechanisms for controversies over the neuroprotection of induced 
hypothermia for TBI patients. 
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2 Controversies over Cytokine Changes during 
Hypothermic Therapy 

2. I Papers Showing Neuroprotective Effects and Simultaneous 
Cytokine Reduction in TBI Patients 
Dr. Marion and colleagues demonstrated clearly that cerebro-spinal fluid inter-leukin 
113 (CSF IL-I[3) in TBI patients receiving hypothermia 32°C under administration of 
narcotics and vecuronium was significantly lower than those in normothermia [4]. In 
the paper, they also reported that neurological outcome of patients with GCS 5 to 7 
on admission was superior in hypothermia than in normothermia groups. Another 
important point in the paper is that in the hypothermia group, vegetative patients 
were lesser than in normothermia group (the percentage of vegetative state: hypother- 
mia group 8% v s  normothermia 17%). They also showed that hypothermia for 24h 
did not increase the rate of pneumonia. 

We have reported that in TBI patients serum IL-6 levels increased and that such ele- 
vation was attenuated by hypothermia, suggesting anti-inflammatory effects of 
hypothermia [5]. We have also demonstrated in the paper that IL-6 levels in internal 
jugular plasma were much higher than those in systemic plasma in TBI patients, and 
internal jugular IL-6s were decreased by induced hypothermia under administration 
of midazolum, buprenorphine and vecuronium. This suggests that hypothermia might 
also attenuate cerebral cytokine production. Furthermore, we have found improve- 
ment in the neurological outcome in the hypothermia group as compared to nor- 
mothermia group. There were no significant differences in the rate of pneumonia 
between the two groups. 

2.2 Papers Demonstrating Ineffectiveness of Hypothermic 
Therapy on Outcome and Cytokine Release in TBI Patients 
Dr. Shiozaki and colleagues reported that hypothermia 34°C induced by administra- 
tion of barbiturates did not decrease CSF IL-I[3 elevation after TBI or even failed to 
find beneficial effects of the therapy on TBI patients with low intracranial pressure 
[6]. In the paper, it is also reported that CSF IL-I[3 elevated even in patients with low 
intracranial pressure. Careful reading for the paper leads us to find huge variations of 
the CSF IL-1~ data as well as the limited number of patients. 

In the series of their study, it is reported that hypothermia 34°C more than for 
48 h did not improve neurological outcome in TBI patients with low intracranial pres- 
sure, and the percentage of vegetative patients were relatively high in hypothermia 
group [7]. More importantly, the percentage of pneumonia in the hypothermia group 
was much higher than those in normothermia group (the rate of pnemonia: hypother- 
mia 49% v s  normothermia 15%). 

2.3 Hypotheses after Reviewing Controversial Issue 
After reviewing the previous papers regarding cytokine production in TBI patients 
treated with hypothermic therapy [1-6], we could raise hypotheses for different 
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cytokine responses during induced hypothermia in humans as follows: (1) there might 
be temperature dependency in cytokine production and (2) systemic infection such 
as pneumonia might affect cerebral cytokine production. 

2.4 Cytokine Changes in Accidental Hypothermia 
We have reported that in patients with accidental hypothermia, IL-6 levels were high 
already on admission and on the rewarming period, such cytokine levels increased 
remarkably [3]. Dr. McInerney and colleagues demonstrated that tumor necrotic 
factor-o~ (TNF-cz), the first runner among the cytokines, increased as the body tem- 
perature decreased [8]. Obviously, there were no anesthetics given in accidental 
hypothermia patients. Thus, it is likely that if no adequate administration of anes- 
thetics, hypothermia could be enormous physiological stresses for humans. Thus, in 
humans, hypothermia per  se might not suppress pro-inflammatory cytokine release. 
This might depend on (1) body temperature, (2) anesthetic level or (3) systemic 
responses. 

2.5 Implication of the Present Review 
Recently, systemic inflammatory responses have been shown to affect injured brain 
[9], suggesting that extra-cerebral insults might change the outcome of brain injury. 
Therefore, systemic inflammatory responses to certain physiological derangements 
during therapeutic hypothermia, such as hemodynamic depressions or systemic 
infection, might also modulate neuroprotective effects of hypothermia in TBI patients 
[ 10]. Thus, implication of this review is that during induced hypothermia in humans, 
if anesthetic level is not adequate, if systemic management including pulmonary infec- 
tion control is not well done, cytokine responses could be modulated, which may lead 
to failure in obtaining the beneficial effects of hypothermic therapy. 
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Multidisciplinary Treatment 
Including Brain Hypothermia for 
Severe Brain Injury 
YOSHIO TAKASATO and  TAKANORI HAYAKAWA 

Summary. The clinical effect of the brain hypothermia treatment was denied with 
RCT study of the severe brain injury in U.S.A. at 2001 report. It is not necessary to 
deny all of them under the lack condition of other clinically effective brain protection 
treatment. It is meaningful to examine in which part the hypothermia therapy is effec- 
tive and to re-examine the treatment indication. We have analyzed comparatively the 
brain hypothermia therapy and conventional neurotrauma treatment in our institu- 
tional data and the Japan Neurotrauma Data Bank data to inspect whether our 
institutional result which is relatively small sample analysis is universal or not. We 
obtained the almost same result in both analyses. The effect of hypothermia therapy 
was high in the severely injured group. In other words, it was suspected that the group 
predicted of bad outcome in the non-hypothermia treatment was good indication 
of the hypohtermia therapy. It was suspected that positive expansion of indication 
for the hypothermia therapy in younger age group and limit of all multidisciplinary 
treatment in severe brain injury. 

We have analyzed and have compared the brain hypothermia treatment and con- 
ventional neurotrauma treatment until now [1,2]. Secondary, we analyzed the Japan 
Neurotrauma Data Bank data to inspect whether our institutional result which is rel- 
atively small sample analysis is universal or not. 
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1 First Stage Analysis: Change of Prognostic 
Clinical Indicators of Severe Brain Injury Treated by 
Brain Hypothermia 

1.1 Introduction 

Brain hypothermia treatment has two aspects of nature of efficacy and side effects. 
Although the efficacy for the brain injury is demonstrated experimentally [3 ], the effi- 
cacy is denied for the clinical result in the present condition [4]. We examined the role 
and problem of the mild brain hypothermia in neuro-intensive care of the severe brain 
injury. Especially, factors that correlated to the poor outcome were analyzed. 

1.2 Materials 

Object were severe brain injury patients who's Glasgow Coma Scale(GCS) on admis- 
sion were 8 or less.Acute subdural hematoma(ASDH), acute brain swelling ~Traumatic 
Coma Data Bank(TCDB)--CT classification Diffuse injury III & IVan, cerebral contu- 
sion and traumatic intracerebral hematoma were included. Twenty-one early period 
patients (A group) were treated by neuro-intensive care other than the brain 
hypothermia. Forty-three later period patients (B group) were treated with additional 
brain hypothermia. 

1.3 Methods 

The cooling was carried out with The whole body water cooling by the blankets. The 
temperature was controlled with jugular bulb blood temperature. The target temper- 
ature of the cooling was made at 32-35°C. After this temperature setting for 3 days, 
the patient was rewarmed gradually to 37°C during next 4 days. The outcome was eval- 
uated by Glasgow Outcome Scale (GOS) on discharge (Table 1). 

1.4 Results 

The comparatively better outcome was obtained with the B group. The rate of good 
outcome (GR/MD) and that of death were 9%, 81% in the A group and 21%, 37% in 

TABLE 1. Characterist ics of patients 

A group: 21 B group: 43 

Mean age 50.4 + 9.3 40.3 + 7.4 
Male/Female 15/6 32/11 
Main disorder ASDH 14 ASDH 29 

Contusion 3 Contusion 8 
Swelling 4 Swelling 6 

GCS (on admission) 3.9 + 1.2 4.7 + 1.3 
Mortality (%) 81 37 
GOS (on discharge) 2.8 + 2.7 3.4 + 1.6 
GR-MD (%) 9 21 
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the B group respectively. GCS on admission, pupil size, blood pressure (shock level), 
light reflexes and effacement of the basal cistern in CT on admission showed the 
strong correlation with outcome (GOS) in the former. It was not so in the latter. 

1.5 Conclusions 

There are various many brain protection mechanisms in the brain hypothermia treat- 
ment. If we can control the side effect of the brain hypothermia while using these 
brain protection mechanisms well, the clinical effect that resembles the experimental 
result might be able to expect. In our study, the most severe brain injury patients were 
not possible to rescue in the conventional treatment without brain hypothermia. The 
recovery and neuro-protective mechanism by brain hypothermia is different from the 
conventional one. 

2 Second Stage Analysis" Analyzed Result of the Japan 
Neurotraurna Data Bank (JNTDB) Data 

Object were severe brain injury patients who's Glasgow Coma Scale (GCS) on admis- 
sion were 8 or less.Acute subdural hematoma(ASDH), acute brain swelling ~Traumatic 
Coma Data Bank (TCDB)mCT classification Diffuse injury III& IVan, cerebral contu- 
sion and traumatic intracerebral hematoma were included. Five hundreds seventy 
nine patients (Non-hypothermia group) were treated by neuro-intensive care other 
than the brain hypothermia. One hundred twenty nine patients (Hypothemia group) 
were treated with additional brain hypothermia. The outcome was evaluated by 
Glasgow Outcome Scale (GOS) on discharge and final GOS (6-12 months) (Tables 2,3 
and Fig. 1). 

2.1 Results (Table 4) 

(1) Brain hypothermia treatment (BHT) is more valuable in lower GCS group (Fig. 2, 
left). 

(2) BHT is more effective in younger age group (Fig. 2, right). 
(3) BHT is more effective in lower normal blood pressure group (Fig. 3, left). 
(4) BHT is more valuable in abnormal light reflex group (Fig. 3, right). 
(5) BHT is more valuable in higher initial ICP groups (Fig. 4, left). 
(6) BHT is more effective in higher body temperature on arrival group (Fig. 4, right). 
(7) BHT is more valuable in abnormal basal cistern on CT group (Fig. 5, left). 
(8) BHT is most effective in very high blood sugar on admission group (Fig. 5, right). 

2.2 Discussion 

The clinical effect of the brain hypothermia treatment was denied with RCT study of 
the severe brain injury in U.S.A. at 2001 report [4]. It is not necessary to deny all of 
them under the lack condition of other clinically effective brain protection treatment 
including drugs [5-7]. The study of the appropriate indication and methodology of 
the brain hypothermia like the following are necessary. 
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TABLE 2. Japan Neurotrauma Data Bank (JNTDB) 
Ten Neurotraumatic emergency center in Japan 
July 1998-June 2003 
Glasgow Coma Scale (GCS): 8 or less 
Over 6 years old patient 
Survey items: 392 
Registered total number: 1,002 cases 
Outcome: Glasgow Outcome Scale (GOS) on discharge and final GOS (6-12 months). 
Acute subdural hematoma, acute brain swelling (TCDB-CT classification III& IV), cerebral 

contusion and traumatic ICH (except acute epidural hematoma, DAI, CPA): 708 cases 

TABLE 3. Characteristics of patients (708 cases) 
Non-hypothermia G Hypothermia G 

Case no. 579 129 
Mean age 52.2 (6-98) 36.7 (6-76) 
GCS on admission 4.74 5.14 

Body temperature (lowest) 34.1 (30.8-37) 
Brain temperature (lowest) 33.9 (29.3-37) 
Hypothermic duration 1 day: 11 

3-5 days: 70 
Over 6 days: 45 

TABLE 4. Results of each group (case number and percent) 
Non-hypothermia G Hypothermia G 

(1) (2) (1) (2) 

GR 32 (5.5) 51 (8.8) 10 (7.8) 22 (17.1) 
MD 31 (5.4) 40 (6.9) 18 (14.0) 15 (11.6) 
SD 82 (14.2) 49 (8.5) 34 (26.4) 25 (19.4) 
VS 40 (6.9) 36 (6.2) 12 (9.3) 9 (7.0) 
D 394 (68) 403 (69) 55 (42.6) 58 (45.0) 

(1) GOS (on discharge); (2) GOS (final). 
GOS, Glasgow Outcome Scale; GR, good recovery; MD, moderately 
disabled; SD, severely disabled; VS, vegetative survival; D, dead. 

(1) How to decide the appropriate  therapeutic  window. 
(~) age as the object (upper and lower limit of the aged and the infant 

respectively) 
(~) pathophysiology as the good indication 
@ severity of the brain injury 

(2) appropriate  target temperature? 
(3) appropriate  durat ion of the hypothermia? 
(4) appropriate  rewarming method? (duration,  speed, linear or stepwise fashion) 
(5) improvement  of the general management  ( intra-vascular  cooling can reduce the 

complication?) 
(6) surface cooling or intravascular cooling? 
(7) ICP or iented cooling is appropriate? 



Multidisciplinary Treatment Including Brain Hypothermia for Severe Brain Injury 347 

~-~ Non-hypo (on discharge) [ ]  Hypo (on discharge) 
Non-hypo (final) l Hypo (final) 

18.0~ 
16,0% 

14.0~ 
12.0% 

10,0~ 

8.0~ 

4,0~ 

2,0~ 

0,0~ 

FIG. 1. Ratio of GR, MD (left) and GR + MD (right) 

GR+MD 

D Non-hypo (on discharge) 
[ ~  Non-hypo (final) 

"/¢ G C S  and  o u t c o m e  

60~ .......................................................................................................................................................................... i 

50~! I 

o~ 3(241) 4(144) 5('/2) 6(80) 7(1t)2) 8(69) 

Hypo (on discharge) 

1 Hypo (final) 

7°°~i~i I 
"J~ age and  o u t c o m e  

60.0~ 
m 

50.0~ 

40.0~ 

30.0~i ii 

20.0~ 

10.0~ 

0,0~ 6-15 16-20 21-30 31-40 41-50 51-70 over70 
(27) (84) ( ]H )  (40) (65) (221) 0.60) 

G C S  on admiss ion  Age 

'.o) 

Total(708) 

FI6. 2. Correlation between GCS on admission (left), age (right) and good outcome 

2.3 Conclusions 
(1) The most severe brain injury patients were difficult to rescue in the conventional 

t reatment without brain hypothermia.  
(2) The recovery and neuro-protective mechanism by brain hypothermia is different 

from the conventional one. 
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Therapeutic Moderate Hypothermia for 
Severe Traumatic Brain Injury: A Review 
DONALD W. MARION 

Summary. Patients with severe TBI have been treated with hypothermia for more 
than 50 years, though it was not until the last 15 years that the efficacy of the treat- 
ment was systematically tested. This renewed interest in therapeutic hypothermia is 
attributed to the discovery that moderate levels of cooling (32-33°C) could be effec- 
tive and were not associated with clinically significant adverse cardiac or coagulation 
effects observed with lower temperatures. During this time there have been at least 
14 prospective randomized clinical trials (PRCT) of the use of hypothermia to 
improve outcomes following severe TBI. Combined, these trials enrolled more than 
1,200 patients and found that the likelihood of a good outcome was 15% higher in 
those who were treated with hypothermia. At least 12 studies also have evaluated the 
effect of hypothermia on elevated intracranial pressure (ICP) and, with a single excep- 
tion, have all found a significant reduction in ICP during the period of cooling. 
Concomitant laboratory investigations have defined several mechanisms whereby 
hypothermia may reduce secondary brain injury. 

Key words, hypothermia, traumatic brain injury, intracranial pressure, secondary 
brain injury, clinical trials 

1 Background 

The use of hypothermia to treat patients with severe TBI was first reported by Fay in 
1943, and Sedzimir in the 1950's [1,2]. These clinicians thought that cooling patients 
to as low as 27°C for 1-5 days after injury led to better than expected outcomes in 
some patients. Lundberg reported that hypothermia was as effective as osmotic 
diuretics for reducing elevated ICP, and had a more prolonged effect than hyperven- 
tilation [3]. James et al found that hypothermia caused a reduction of ICP in at least 
half of 40 patients with severe TBI they studied, and that the average decrease 
associated with hypothermia treatment was 41% [4]. However, concerns about 
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complications of hypothermia treatment, such as pneumonia, coagulopathy, and 
cardiac arrythmias, dampened enthusiasm for its use until approximately 15 years 
ago. In 1991 Clifton reported that cooling to only 32°C for as little as 4h after injury 
was sufficient to significantly improve outcomes in a rodent model of TBI [5]. This 
was a critical finding since most of the complications of therapeutic hypothermia were 
attributed to cooling below 30°C and treatment for more than 48 h. Indeed, 3 inde- 
pendent Phase I clinical trials reported in 1993 found that there were no clinically sig- 
nificant complications attributable to therapeutic moderate hypothermia (32-34°C) 
when use for up to 48 h [6-8]. 

2 Mechanisms of Hypothermic Effect 

The use of therapeutic hypothermia for severe TBI was initially based on the pre- 
sumption that TBI caused a hypermetabolic state that was at least partially responsi- 
ble for post traumatic brain swelling. Canine experiments conducted during the 1950's 
showed that, in the uninjured brain, both the cerebral metabolic rate of oxygen and 
the cerebral blood flow decreased by 6.7% for every degree C reduction in tempera- 
ture from 35-25°C [9,10]. Others found that hypothermia led to significant preserva- 
tion of high energy phosphate compounds in the injured brain [11]. More recent 
experimental studies of TBI and ischemia have shown hypothermia to be very effec- 
tive in reducing elevated brain tissue or CSF levels of excitatory amino acids [12,13], 
lactate [14], and cytokines [15], diminishing the cellular inflammatory response 
[16,17], preserving the integrity of the blood-brain barrier [18,19], and decreasing 
cerebral edema [20] in addition to reducing the volume of damaged brain tissue [21] 
and improving both cognitive and functional outcomes [5,22,23]. Clinical studies 
show that TBI patients treated with hypothermia have a decrease in post traumatic 
prostanoid production [24] and lower CSF or brain tissue levels of inflammatory 
cytokines (IL-1tg, IL-6) [25,26], glutamate [26], and nerve growth factor [15], though 
not nitric oxide [27], when compared with normothermia patients. Hypothermia 
may increase the brain tissue partial pressure of oxygen and causes a decrease in the 
CMRO2, but does not effect post traumatic glucose metabolism [8,28,29]. 

3 Medical Complications Associated with 
Therapeutic Hypothermia 

Hypothermia causes a decrease in the heart rate, cardiac index, and global cerebral 
blood flow [8,26,30]. However, with temperatures of 32°C or higher, none of these 
physiologic changes have been found to be clinically significant. Moderate hypother- 
mia has not been found to increase the risk of cardiac arrythmias (except bradycar- 
dia) in approximately 1,200 patients enrolled in 9 separate clinical trials. Hypothermia 
does typically cause hypokalemia. Whole body potassium levels remain unchanged, 
but reducing the body temperature causes an intracellular migration of serum potas- 
sium and thereby reduces the blood level of this electrolyte. One study also found a 
significant decrease in serum phosphate, magnesium and calcium levels during the 
first 6 h after cooling, and suggested that there was a hypothermia induced increase 
in excretion of these molecules in the urine [31 ]. 
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Moderate hypothermia (___32°C) was associated with significant changes in the PT, 
PTT, or the platelet count in two clinical trials [6,32], but not in two other trials includ- 
ing the large NABIS: H trial [26,33]. In addition, an increase in the incidence of delayed 
post-traumatic intracranial hemorrhage in patients randomized to hypothermia has 
not been found [34], and no study has described an increase in hemorrhagic compli- 
cations in the hypothermia group. 

Hypothermia is associated with an increased risk of infection which may be related 
to the duration of cooling. One study found an increased incidence of pneumonia with 
cooling for as little as 48h [32]. As many as 40-50% of patients cooled for longer than 
3 days may develop pneumonia [35]. In one study of 41 patients assigned to hypother- 
mia or normothermia, the patients in the hypothermia group had the same incidence 
of pneumonia and meningitis as the normothermia patients, but lymphocyte and 
neutrophil counts were significantly lower in the hypothermia patients and they had 
a significantly higher incidence of bacteremia [36]. When pneumonia occurred in the 
hypothermia patients it was much more fulminant and life-threatening. But none of 
the studies reviewed found a significant association between infection and worse out- 
comes in hypothermia patients. 

4 Clinical Studies of the Efficacy of 
Therapeutic Hypothermia 

An exhaustive search of the English language literature through February of 2005 has 
revealed 14 prospective randomized clinical trials of the use of therapeutic hypother- 
mia for treatment of severe traumatic brain injury. Because of the large number 
of trials available for review, we have excluded from further discussion studies that 
enrolled fewer than 15 patients into both the hypothermia and control arms of the 
trial [24,37-39], failed to provide information about outcomes at 3 months or more 
after injury [37,40], or were not published in peer-reviewed journals [38]. Exclusion 
of these studies is unlikely to bias the conclusions of this report since the numbers 
are small, and some of the excluded studies that provided outcome data showed a 
benefit of cooling while others did not. In the case of two of these excluded studies, 
there is also a high likelihood that patients in those reports were included as part of 
larger studies subsequently published by the same authors, and included in the studies 
reviewed below [37,39]. 

Among the 9 remaining clinical trials a total of 1,243 patients with severe TBI were 
enrolled (Table 1). All were prospective randomized clinical trials (PRCTs), but there 
was considerable variability regarding the duration of hypothermia (24h to 14 days), 
time of initiation of treatment (within 6h of injury v s  only after conventional ICP 
treatment failed), and length of follow up (3 months to 2 years). The target depth of 
cooling ranged from 32 to 35°C. Relevant medical complications, such as the incidence 
of infections, cardiac arrythmias, or coagulation abnormalities, were not always 
reported. All but two of the trials were conducted at a single hospital. The two multi- 
center trials each enrolled patients from 11 different hospitals. 

The outcomes for the individual trials are provided in Table 1. For the entire group 
of 1,218 patients available for follow up, good outcomes (GOS 4, 5) were observed in 
330/613 (54%) of patients treated with hypothermia, and 2361605 (39%) of patients 
kept normothermic. Thus, the likelihood of a good outcome was 15% higher for the 
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patients treated with hypothermia. (P < 0.01, chi sq using dichotomized GOS) Two of 
the studies each enrolled nearly 400 patients and accounted for 2/3 of the total, thereby 
having a major impact on the results. But these two large trials arrived at opposite 
conclusions. In a multicenter study that enrolled 392 patients, no benefit of hypother- 
mia treatment was found: 43% of the patients in both the hypothermia and nor- 
mothermia groups had a good outcome at 6 months. However, significant intercenter 
differences in CPP and intravascular volume management, and in the number of 
patients enrolled from each center, were identified as problems that may have con- 
founded the analysis of the outcome data [44,45]. In a single center study that enrolled 
396 patients, good outcomes were seen in 62% of the hypothermia patients but in only 
38% of the normothermia patients at 1 year follow up, and these differences were sta- 
tistically significant. 

Given the complexities of contemporary acute care of patients with severe TBI and 
the treatment biases of the multiple critical care physicians typically involved, some 
have suggested that it may not be possible to conduct a multicenter clinical trial for 
TBI that reliably evaluates the efficacy of the study treatment [46]. Among the PRCTs 
reviewed for this guideline, all but the 2 multicenter trials found at least a trend toward 
improved outcomes in the hypothermia groups. Analysis of data from just the 7 single 
center studies reveals that 222/378 (59%) of patients treated with hypothermia, and 
133/381 (35%) of the patients kept normothermic, had good outcomesma 24% dif- 
ference (P < 0.001, chi sq). 

In support of the potential benefit of therapeutic hypothermia is the observation 
that in all but one of the PRCTs where the data was available, as well as several case 
series, cooling was found to result in a significant decrease in ICP (Table 2). Elevated 
ICP is a well known independent risk factor for poor outcomes, though it has not been 
proven that reducing high ICPs results in improved outcomes. 

5 Summary 

A large number of prospective randomized clinical trials have evaluated the use of 
therapeutic hypothermia for patients with severe traumatic brain injury, and a meta- 
analysis of these studies reveals that hypothermia treatment results in a 15% greater 
likelihood of good outcomes. The two multicenter trials did not find benefit with this 
treatment, while all of the single center studies found at least a trend toward improved 
outcomes and the largest single center trial found significant benefit. Significant inter- 
center differences in critical acute care parameters have been reported for the largest 
of the multi-center trials, and raise concern about the results of that study. 

However, the use of hypothermia cannot be recommended for all trauma 
centers because the multicenter trials did not find benefit with the use of this therapy. 
Because only the single center trials in hospitals that enrolled a relatively large number 
of patients found benefit, the evidence supports limiting the use of hypothermia to 
experienced neurotrauma programs that can carefully monitor the physiologic 
changes associated with hypothermia and immediately respond to those changes. In 
addition, because of the conflicting findings of the two largest prospective random- 
ized trials [33,42], therapeutic hypothermia cannot be recommended at the level of a 
standard. 
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6 Recommendations 

Therapeutic moderate hypothermia (32-35°C) for 48 h or less may be considered for 
patients with severe TBI. However, use of this treatment is only recommended at expe- 
rienced neurotrauma programs that thoroughly understand the physiologic changes 
associated with hypothermia, and are capable of immediately responding to those 
changes. Hypotension and hypovolemia must be avoided. Moderate hypothermia for 
48 h or less may also be considered for the treatment for elevated ICP. 
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Early Decompressive Surgery for Spinal 
Cord Injury: Rationale Based on 
Experimental Study 
TETSUYA MORIMOTO, YASUSHI SHIN, RINSEI TEI, and YASUO HIROKAWA 

Summary. We have made an experimental study on secondary spinal cord ischemia 
following initial spinal cord injury. The spinal cord injury was made at Thl0 level by 
the clip compression method in rats. Spinal cord blood flow and arterial diameter were 
measured simultaneously at both rostral and caudal to the cord injury level. There is 
a significant decrease of blood flow and arterial diameter at both rostral and caudal 
to the injury site. The ischemic zone evaluated histologically tended to expand more 
diffusely in the rostal direction than in the caudal direction. In the pre-injury stage, 
both GO2 reactivity and autoregulation were present in the spinal cord. Following the 
clip injury, GO2 reactivity and autoregulation were both impaired in the areas 7 mm 
adjacent to the impact site. Correlation coefficients suggested that the rostral spinal 
cord tended to sustain more injury than the caudal spinal cord. Based on this exper- 
imental study, we have advocated an early decompression surgery for the patients with 
cervical spinal cord injury. We also made clinical study on the effectiveness of decom- 
pression surgery. There were 32 cases of surgical treatment and 27 cases of conser- 
vative treatment. A two step improvement in Frankel grading was observed in 6 cases 
in the surgically treated group while no two step improvement was observed in the 
conservative group. There is still a debate on the management of spinal cord injury 
regarding the surgical treatment such as approach, timing of the surgery, and the indi- 
cation of instrumentation. We believe that early decompression surgery is the most 
important step to obtain better clinical outcome in patients with spinal cord injury. 

Key words, spinal cord injury, decompression surgery, spinal cord blood flow 
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Acetazolamide Vasoreactivity 
Evaluated by Transcranial Ultrasonic 
Power Harmonic Imaging and 
Doppler Sonography 
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TOSHIKI MIZUNO 2, MASANORI NAKAGAWA 2, and  HIROSHI FURUHATA 3 

Summary. Transcranial ultrasonic power harmonic imaging (PHI) can more easily 
identify brain tissue perfusion than gray-scale imaging. To overcome the problems, 
particularly due to depth-dependent ultrasound attenuation, and to establish the clin- 
ical significance, we evaluated acetazolamide (ACZ) vasoreactivity tests utilizing tran- 
scranial PHI in comparison with Doppler sonography (TCD). Methods: The subjects 
were 25, predominantly stroke patients, with almost half having left side lesions. TCD- 
measured time-averaged maximum velocity (Vmax) in the middle and posterior cere- 
bral arteries, and PHI maximum size, peak intensity (PI), and time-to-peak intensity 
(TPI) of the contrast area based on a time-intensity bolus curve from the axial dien- 
cephalic image, were evaluated bilaterally. Vasoreactivity was assessed by comparisons 
before and after ACZ administration, in terms of." (a) TCD Vmax, (b) PHI contrast area 
size, PI, and TPI, and (c) the relationship of vasoreactivity (%A) between PHI and 
TCD. Results: Increases in all compared factors, except for TPI, were more significant, 
and correlations between PHI and TCD vasoreactivity were more significant and sen- 
sitive, in the right side than in the left. Conclusions: Transcranial PHI allows quicker 
and easier evaluation of vasoreactivity in the brain tissue, and will have clinical value 
in pathophysiological follow-up and therapeutic effectiveness determination in 
neurointensive care settings. 

Key words, transcranial power harmonic imaging, brain tissue perfusion, echo- 
contrast agents, transcranial Doppler sonography, acetazolamide vasoreactivity 
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I Introduction 

Transcranial ultrasonic harmonic imaging utilizing echo-contrast agents (ECA) has 
been introduced for repeatable non-invasive bedside measurements of brain tissue 
perfusion. Quantitative parameters from time-intensity curve analysis after a bolus 
ECA injection have been evaluated [1-4] and correlated with dynamic CT [3,5] and 
perfusion magnetic resonance imaging (MRI) [6]. However, quantitative reliability 
has not yet been established, mainly due to skull- and depth-dependent attenuation 
of the ultrasound signals [ 1-3]. Furthermore, the dye-dilution principle [7] commonly 
utilized in neuroradiological perfusion imaging would not be applicable to bolus 
ultrasonic kinetics due to the additional problems of ECA bubble saturation [8] and 
shadowing effects [9]. 

To overcome problems of intravenous bolus kinetics, refill kinetics [10], diminu- 
tion kinetics [11] utilizing constant ECA intravenous infusion, and depletion kinetics 
after bolus ECA injection [12] have been tried. However, an optimal method has yet 
to be established. 

In a different approach to overcome the problems, we have introduced acetazo- 
lamide (ACZ) vasoreactivity tests for quantitative evaluation at the same depth on 
gray-scale harmonic images, and correlated these with transcranial Doppler sono- 
graphy (TCD) and dynamic CT [5]. In comparison with gray-scale harmonic imaging 
and power harmonic imaging (PHI), harmonic power Doppler imaging on harmonic 
B-mode images, exhibit the welcome and distinct feature of well-defined and easily 
identified contrast areas [13]. 

The objective of this study is to evaluate the reliability of ACZ vasoreactivity tests 
utilizing transcranial PHI in comparison with TCD and to consider the clinical sig- 
nificance for neurointensive care settings. 

2 Methods 

The subjects were 25 neurological patients (ages 35-90, mean 65; 21 male and 4 
female). Primary diagnoses were 19 stroke (12 ischemic, 7 hemorrhagic), 2 degener- 
ative diseases, 2 head injuries, and 2 others. Site of brain parenchymal lesions on the 
basis of CT and/or MRI were left hemisphere in 12 (48%), right hemisphere in 6 (24%), 
both hemispheres in 4 (16%), and diffuse in 3 (12%). 

Utilizing a SONOS 5500 $4 transducer (Philips Medical Systems), open temporal 
acoustic windows had been previously confirmed. Transient response PH images 
taken every 2 seconds after a 7ml-bolus Levovist injection (300mg/ml) via antecu- 
bital vein were evaluated bilaterally. The investigation depth was 12cm with a focus 
on 6 cm. The PHI settings were mechanical index 1.6, system gain 75, compression 70, 
color gain 40%, threshold 10, pulse repetition frequency 3.9 KHz, and filter 4. PH 
images were evaluated in an axial diencephalic plane via bilateral temporal windows. 
Data was stored on an MO disk for the following analyses. PHI contrast area size was 
measured by Scion Image (Beta 4.02 for Windows 95 to XP, Scion Corporation). Peak 
intensity (PI) and time-to-peak intensity (TPI) based on time-intensity curve analy- 
sis were measured by QLAB (Philips Medical Systems). 
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FIG. 1. Acetazolamide (ACZ) vasoreactivity tests by transcranial power harmonic imaging 
(PHI) in a 55-year-old subject were performed 5 months after atherothrombotic infarction 
caused by the left internal carotid artery occlusion. Bilateral images (R, right; L, left) are repre- 
sented before (a) and after (b) 500mg ACZ bolus intravenous injection. Despite increased con- 
trast area size after ACZ (b) in the right side (R), decreased size in the left side (L) is probably 
due to a steal phenomenon 

At rest, time-averaged maximum velocity (Vmax) in the middle and posterior cere- 
bral arteries (MCA and PCA) was measured by TCD on both sides. The PHI was eval- 
uated at rest on both sides, 15 and 30 min after a 500 mg Diamox intravenous injection 
via right and left temporal windows, respectively (Fig. 1). TCD Vmax in the ipsilateral 
MCA and PCA was measured just before PHI. The relative changes (%A) ofTCD Vmax 
and PHI parameters were calculated at rest and after ACZ administration (parame- 
ters after ACZ--parameters at rest/parameters at rest ×100). 

Assessments were based on comparisons conducted before and after ACZ in terms 
off (a) TCD Vmax in the MCA and PCA, (b) PHI parameters; contrast area size, PI, 
and TPI, (c) Pearson's correlation coefficients (r) between Vmax (%A) and the 
PHI parameters (%A) and (d) Sensitivity, specificity, positive predictive value (PPV), 
negative predictive value (NPV), and index of validity (true positives plus true nega- 
tives divided by the total number of cases) [14] for diagnostic accuracy ofTCD Vmax 
(%A) in predicting HPI contrast area size (%A).Utilizing a paired-test and one-way 
analysis of variance, statistical significance was set at P > 0.05. Informed consent was 
obtained from patients and/or patients' family members before the study commenced. 
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TABLE 1. Values at rest and after acetazolamide (ACZ) 
administraion of transcranial Doppler sonography (TCD) and 
power harmonic imaging (PHI) 

At rest ACZ 

TCD Vmax (cm/s) 
MCA 

R 55.3 + 20.7 75.5 + 36.0*** 
L 54.1 + 22.8 70.6 + 37.7** 

PCA 
R 34.4 + 11.4 44.9 + 13.7"** 
L 38.6 + 16.7 47.2 + 23.0* 

PHI 
Contrast area size (cm 2) 

R 13.2 + 11.4 17.7 + 10.2"** 
L 13.2 + 8.93 13.6 + 8.30 

Peak intensity (Aid 2) 
R 17.1 + 9.80 20.6 + 11.6"* 
L 17.4 + 11.8 16.6 + 9.84 

Time to peak intensity(s) 
R 24.4 + 9.13 22.2 + 9.31 
L 23.0 + 8.09 24.4 + 7.26 

All data given as mean values + SD. 
Vmax, time-averaged maximum velocity; MCA, middle cerebral 
artery; PCA, posterior cerebral artery; R, right; L, left. 
*P < 0.05; **P < 0.01; ***P < 0.001 vs values at rest. 

3 Results 

3.1 Values at Rest and after ACZ Administration (Table 1) 

There  were no significant lateral  differences in TCD and PHI values at res t .Af ter  ACZ, 

significant increases  in TCD V m a x  were m o r e  obvious  in the r ight  MCA and PCA 

(P < 0.001) than  in the left MCA (P < 0.01) and  PCA (P < 0.05). Cont ras t  area size and 

PI increased  significantly only in the r ight  side (P < 0.001, P < 0.01, respectively).  

Despite  the fact that  a t endency  of decreased  TPI after ACZ was obse rved  only  in the 

r ight  side, however ,  there  were  no significant TPI changes  on e i ther  side. 

3.2 Correlation between PHI and TCD Vasoreactivity 
(°~A) (Table 2) 

Close corre la t ions  of  V m a x  in the r ight  MCA with  contras t  area size (r = 0.79, P < 

0.0001) and wi th  PI ( r -  0.75, P < 0.0001) were  m o r e  obvious  than  that  of  V m a x  in the 

r ight  PCA wi th  cont ras t  area size (r = 0.51, P < 0.01) and  wi th  PI (r = 0.4, P < 0.05). 

Regarding cor re la t ion  wi th  V m a x  in the left MCA and  PCA, the cont ras t  area size and  

PI were not  significant. In t e rms  of TPI, there  were  no significant corre la t ions  wi th  

V m a x  in the r ight  MCA or bilateral  PCA. A significant negative cor re la t ion  be tween  
TPI and V m a x  in the left MCA was observed.  
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TABLE 2. Correlation coefficient (r) of vasoreactivity (%A) between TCD and PHI parameters 
TCD 

%A Vmax (R) %A Vmax (L) 

MCA PCA MCA PCA 

PHI 
Contrast area size (%A) 0.79*** 0.51"* -0.23 0.18 
Peak intensity (%A) 0.75*** 0.4* -0.28 0.21 
Time-to-peak intensity (%A) 0.01 -0.37 -0.55* 0.13 

*P < 0.05; **P < 0.01; ***P < 0.0001. 

TABLE 3. Sensitivity, specificity, positive predictive value 
(PPV), negative predictive value (NPV), and index of validity 
for diagnostic accuracy of TCD Vmax (%A) in predicting PHI 
contrast area size (%k) 

TCD 

%A Vmax (R) %A Vmax (L) 

MCA PCA MCA PCA 

HPI contrast area size (%A) 
Sensitivity 71 56 13 28 
Specificity 70 53 60 71 
PPV 77 42 25 20 
NPV 64 67 46 77 
Index of validity 78 79 56 61 

Threshold at %A = 30. 

3.3 Diagnostic Accuracy of TCD Vmax (%A) in Predicting PHI 
Contrast Area Size (%A) (Table 3) 

When setting the threshold at %k  = 30, sensitivity and PPV for diagnostic accuracy 
of TCD Vmax in predict ing PHI contrast  area size (%k) were higher in the right MCA 

than in the left MCA or bilateral PCA. Specificity was almost  the same in both sides. 

However, the highest  NPV was observed in the left PCA. 

4 Discussion 

Despite there being no lateral differences in TCD and PHI values at rest, significant 
increases of Vmax in the MCA and PCA after ACZ adminis t ra t ion  were more appar- 

ent in the right side than in the left side. Increases of PHI contrast  area size and PI 
after ACZ were significant only in the right. Fur thermore ,  correlations of TCD Vmax 

with PHI contrast  area size and PI increases were closer and significant only in the 

right, rather than in the left. Additionally, in terms of diagnostic accuracy of TCD 
Vmax increase in predict ing PHI contrast  area size increases, sensitivity and PPV were 

both higher  in the right than in the left. 
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We should take into account at least two related factors, which can cause these 
lateral differences of PHI contrast area size and PI increases after ACZ. Firstly, the 
presence of parenchymal pathological lesions in the side of PHI ACZ testing is likely 
to influence the results. In this study, almost half of all subject patients had left side 
lesions. PHI contrast area visualization is necessary to transmit acoustic power 
high enough for ECA bubble destruction in preserved capillaries in the viable brain 
tissue. For transcranial insonation, the contrast area size of PHI tends to be smaller 
than that of gray-scale harmonic imaging [13]. This is because PHI contrast effects 
necessitate a higher PI increase than in gray scale imaging. After ACZ, parenchymal 
blood flow increase in association with Vmax increases resulted in contrast area and 
PI increases in the non-lesion right side. In the lesion left side after ACZ, even ifVmax 
increases to some degree for preserved viable brain in the MCA and PCA territory, 
parenchymal blood flow does not always increase enough to increase contrast area 
size and PI. Furthermore, different ACZ effects on TCD Vmax, PHI contrast area, and 
PI resulted in the poor correlation of vasoreactivity between TCD and PHI and 
lower diagnostic accuracy of vasoreactivity, as evaluated by TCD for predicting PHI 
vasoreactivity. 

Secondary, the time course of ACZ effects might result in lateral differences 
of vasoreactivity. Due to technical problems, PHI evaluation is limited mainly to a 
unilateral hemisphere via an ipsilateral temporal window. Therefore, in this study's 
protocol, from ACZ administration, PHI was evaluated after 15 min in the right hemi- 
sphere and 30 min in the left hemisphere. In a study of healthy normal subjects, ACZ 
effects for Vmax increase were stable during 10 to 30min [15]. However, maximum 
peak of Vmax increase was obtained 15 min after ACZ and was followed by a slight 
decrease of ACZ effects [16]. In our neurological (mainly stroke) patients, ACZ effects 
for TCD Vmax and PHI parameters may differ, particularly 30min after ACZ in the 
lesion left side. Further studies utilizing a bilateral approach [4] will hopefully resolve 
this problem. 

In terms of PHI TPI of this study, there were no significant changes on both sides. 
Furthermore, no significant positive correlations between PHI TPI and TCD Vmax 
were identified. In ultrasonic quantification of brain tissue perfusion, depth- and 
skull- dependent attenuation of the ultrasound signals is the most important problem. 
A recent study utilizing gray-scale harmonic imaging suggested that TPI and positive 
gradient (PI divided by TPI) are the most robust and reliable parameters in-vitro 
bolus kinetics of SonoVue [17]. A comparative study utilizing agent-specific imaging 
with perfusion MRI in patients without cerebro- or cardio-vascular diseases suggested 
that TPI is also reliable in bolus kinetics of Levovist because it is not as depth depend- 
ent as other parameters, such as PI [6]. However, in in-vitro bolus kinetics using 
Optison, harmonic power Doppler imaging demonstrated no correlation of flow rate 
with TPI despite a close correlation with time to maximal enhancement [18]. TPI is 
influenced by various systemic and extracranial vascular factors such as heart rate, 
arrhythmia, heart ejection fraction, site of venous injection, and so on. Our TPI results 
showing no significant ACZ effects and positive correlations with TCD Vmax, are 
probably related to both factors. In order to avoid these factors, time to maximal 
enhancement [17,18] may be more suitable than TPI for quantification of brain tissue 
perfusion [4,6]. 
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In conclusion, transcranial PHI allows quicker and easier evaluation of the increase 
contrast area size after ACZ that indicates vasoreactivity in the brain tissue. Combined 
use of transcranial PHI and TCD will be more useful for detailed analysis in vasore- 
activity evaluation, utilizing ACZ, CO2, and blood pressure, in both brain tissue and 
major cerebral arteries. The PHI vasoreactivity test will have clinical value in patho- 
physiological follow-up and therapeutic effectiveness determination in neurointen- 
sive care settings. 
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Neurointesive Care with 
Multimodal Monitoring 
MITSURU HONDA 1 and  YOSHIKATSU SEIKI 2 

Summary. Severe traumatic brain injury (TBI) is widely known to cause a dynamic 
change in cerebral blood flow (CBF). Especially, a decrease in CBF due to secondary 
brain insult has been reported. Currently it has widely been accepted that neuroin- 
tensive care had a therapeutic benefit for severe brain TBI. Patients with severe TBI 
require a multidisciplinary approach to their management if a good outcome is to 
occur. For the safety of neurointensive care including mild hypothermia therapy, the 
control of many parameters from multimodal monitoring devices has a crucial impor- 
tance. In patients with severe traumatic brain damage, we measured systemic arterial 
pressure (BP), intracranial pressure (ICP), jugular bulb oxygen saturation (SjO2), 
cardiac output (CO), systemic vessel resistance (SVR) and temperature of jugular 
vein (Temp. J). In addition, we periodically performed Xe-CT and perfusion CT, and 
created maps for CBF, mean transient time (MTT) and cerebral blood volume (CBV). 
These maps were utilized for evaluating cerebral circulation morphologically. 
Our university hospital's neurointensive care consists of evaluation of parameters 
from multimodal monitoring devices and normalization of ICP, cerebral circulation, 
SjO2 and systemic circulation with intubation, hyperventilation, control of body 
temperature, sedative agent and osmotic agent. Multimodal monitoring can be helpful 
for the optimal management and outcome improvement for the patients with severe 
TBI. 

Key words, head injury, neurointensive care, computer monitoring system, multi- 
modal monitoring, CBF 

Head injury is a major cause of disability and death among young people. Neuro- 
intensive care has reduced the mortality and improved the outcome after severe 
traumatic brain over recent decades. The development of neuromonitoring in 

1 Critical Care Center, 2Neurosurgery, Toho University Omori Medical Center, 6-11-1, Omori- 
nishi, Oota-ku, Tokyo 143-8541, Japan 
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neurointensive care units has enabled early detection of secondary complications and, 
thereby reduce secondary brain damage. Neurointensive care units have made 
advances with continuous neuromonitoring during the past decade. Improvements in 
neurointensive care have been predominantly in intensification and optimization of 
already established ways to monitor and treat patients. Primary brain damage is 
damage sustained immediately on direct impact. Secondary brain damage often 
results several days after from a secondary brain insult. Modern neurointensive care 
focus has been on prevention of secondary brain damage. Intracranially, as second- 
ary brain damage advances, we see a rise in intracranial pressure, increased edema, 
vasospasm and seizure activity. Systemic manifestations of secondary brain damage 
are anoxia, hypercapnia, hypocapnia, hypotension, hyperthermia and hyperglycemia. 
In our study we collected the intracranial and systemic clinical effects of brain damage 
by using our NICU's advanced monitoring systems. By using this continuous neu- 
rointensive monitoring our institution's goal is to ultimately prevent and to establish 
effective treatment strategies for secondary brain insult. 

Herein we introduce the monitoring systems of the neurointensive care unit in Toho 
University Hospital. 

1 Bed Side Monitoring System 

The multimodality monitoring we use continuously measures heart rate (HR), sys- 
temic arterial pressure (AP), central venous pressure (CVP), pulmonary artery pres- 
sure (PAP), end tidal CO2 (ETCO2), percutaneous artery blood oxygen saturation 
(SpO2), bladder temperature (Temp B), continuous cardiac output (CCO), continuous 
cardiac index (CCI) and mixed venous oxygen saturation (SvO2). In addition, we 
measure the intracranial pressure (ICP), jugular vein oxygen saturation (SjO2), jugular 
vein temperature (Temp J). We then input this data into a bedside personal computer 
with a digital signal and collect calculation parameters such as cerebral perfusion 
pressure (CPP), systemic vascular resistance index (SVRI), oxygen delivery index 
(DO2), oxygen consumption (VO2) and the oxygen extraction rate (O2ER). Both of 
these devices are separate and independent making simultaneous evaluation of blood 
flow and metabolic changes in both cerebral and systemic circulation not promblem- 
atic. To solve this practical problem, we have produced a new monitoring system using 
a personal computer system. In real time with system we can manage intaracranial 
and systemic changes immediately by a way of dual monitoring of brain damage and 
be able to set certain parameters (Fig. 1). There are many parameters provided by 
using these multimodality monitoring devices. It is important clinically to observe a 
trend change of parameters with time. Our monitoring system allows us by way of a 
trend graph to display trend changes on the same graph at the same time. A particu- 
lar case where such monitoring is critical is in the case of hypothermia where the 
patient has constant fluctuations in parameters. 

The beneficial effect of hypothermia treatment for the severe TBI patient has not 
been scientifically proven in humans, but in animal experimentation, a protective 
effect has been seen. Mild hypothermia induction to 34°C has been applied to patients 
with TBI and there are several case reports which show improvement in the outcome 
of severe TBI patients [1-3]. 
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FIG. 1. Arrangement of our monitoring system for severe brain damage patients 

While mild hypothermia protects the brain, this therapy has side effects, for 
example, infection, disturbance systemic circulation and hypokalemia. We illustrate a 
clinical cases using the Toho monitoring systems. 

I. 1 Case 1" 38 Year Old Male TBI 
He sustained traumatic brain injury in severe traffic accident. On admission he 
was GCS4 (El, V1, M2). Emergency CT demonstrated a right acute subdural 
hematoma and brain contusion. Emergency craniectomy was performed to remove 
the hematoma. After surgery, we initiated hypothermia therapy. As temperature 
of the jugular venous blood and mixed venous blood was lowered, a decrease in 
intracranial pressure was observed in the trend graph which correlated with the ini- 
tiation of hypothermia therapy (Fig. 2). Blood pressure was kept constant during ini- 
tiation, but, with decreasing temperature, SVRI rose and cardiac output deteriorated 
(Fig. 3). This case illustrates the disturbance in systemic circulation that takes place 
as shown by a decrease in CI which coincides with the initiation of hypothermia 
therapy. This disturbance of systemic circulation may contribute to secondary brain 
damage. 

2 Image Monitoring 

At present the CT is the standard imaging study to examine the traumatic brain. We 
performed this examination in order to evaluate intaracranial environment and 
repeated it as necessary during therapy. Severe TBI is widely known to cause a global 
decrease in cerebral blood flow (GBF) [4,5]. This decrease in cerebral blood flow can 
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FIG. 2. Trend graph of parameters (SVRI, CCI, Temp V and ICP) upon initiation of hypother- 
mia therapy. As temperature of mixed venous blood (Temp V) was lowered, a decrease in 
intracranial pressure (ICP) was observed in the trend graph 
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FIG. 3. Trend graph of parameters (SVRI, CCI, Temp V and AP) upon initiation of hypothermia 
therapy. Blood pressure (AP) was kept constant during initiation of hypothermia therapy, but, 
with decreasing temperatures (Temp V), systemic vascular resistance index (SVRI) roses, and 
cardiac output (CCI) deteriorated 
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TABLE 1. Relationship between grading on admission and 
parameters(CBF, MTT, CBV) (analysis of variance) 
Outcome CBF MTT CBV 

(ml/1 O0 g/min) (s) (ml/1 O0 g) 

GR 32.2 _+ 10.0 6.5 _+ 0.9 3.4 +_ 0.9 
MD 28.7 _+ 10.2 6.4 _+ 0.9 2.9 _+ 0.8 
SD + VS 20.6 _+ 9.5 7.6 +_ 1.0 2.4 _+ 0.9 
D 19.3 _+ 4.6 9.0 _+ 1.4 2.6 +_ 0.6 

(p = 0.065) (p < 0.01) (p = 0.181) 

cause ischemia and secondary brain damage. After a standard CT study, we performed 
perfusion CT study and Xe-CT study at the same time. It took only 30 rain to evalu- 
ate the intra cranial circulation. We measured CBF by using Xe-CT and MTT by per- 
fusion CT and calculated CBV by using AZ-7000W98 computer system. With these 
studies we created cerebral blood flow (CBF), mean transit time (MTT) and cerebral 
blood volume (CBV) maps. We were thus able to evaluate not only cerebral imaging 
but also CBF, MTT and CBV. In 24 patients with TBI, Xe-CT and perfusion CT 
were performed at the same time on either Day 1, 2, or 3. We measured CBF, MTT and 
CBV with this method. We evaluated the relationship between these findings and 
patient outcome. In addition, we were able to evaluate the effectiveness of various 
treatments. 

Mean CBF values for normal  subjects was 37.0 + 4.2 ml/100 g/min. Mean MTT values 
for normal  subjects was 5.7 + 1.5 s. Mean CBV values for normal  subjects was 7.6 + 
1.gml/100 g. 

Summary of patients in this study: There were 2 females and 22 males, with a 
median age of 50.3 years (range 21-83). Median Glasgow Coma Scale before intuba- 
tion and sedation was 6.3 points. Initial CT, performed within 1 h of the accident 
demonstrated brain contusions in 9 cases, diffuse axonal injury in 3 cases, subdural 
hematoma in 9 cases, and epidural hematoma in 3 cases. Of the 24 patients, 15 sur- 
vived with good recovery or moderate disability, 2 survived with severe disability, 3 
remained in a vegetative state and 4 died. We evaluated the relationship between 
CBF, MTT and CBV parameters and patient outcome. The values of CBF, MTT and CBV 
were 30.1 + 9.9 ml/100 g/min, 6.5 + 0.9 ml/100 g and 3.2 + 0.9 s. in the favorable outcome 
group (GR + MD). The values of CBF, MTT and CBV were 20.1 _+ 7.6 ml/100g/min, 8.1 
+ 1.3 ml/100g and 2.4 + 0.8s in the unfavorable outcome group (SD + VS + D). There 
were significant differences between the parameters in the favorable group and unfa- 
vorable group (CBF p < 0.01, MTT p < 0.01, CBV p < 0.05). Analysis of variance and 
multiplex comparison in these groups was done. Analysis of variance showed signif- 
icant differences in the parameter  of MTT, and significant tendency in parameter of 
CBF with no significant differences noted in parameter  of CBV (Table 1). We recog- 
nized significant differences in each group in multiplex comparison of MTT. We tried 
to predict the outcome by discriminant analysis using MTT and CBF. The probability 
was 78% (Fig. 4). The possibility that circulatory disturbance was the cause of sec- 
ondary brain damage was suggested when we evaluated these parameters. Next, we 
illustrate a clinical example using CBF, MTT and CBV parameters. 
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FIG. 4. Distribution map of CBF and MTT with traumatic brain injury. Discriminant analysis. 
Y = -0.0035CBF + 0.73MTT - 4.322 

2.1 Case 2:32 Year Old Male TBI 

He sustained traumatic brain injury in a traffic accident while driving a motor cycle. 
On admission, he was GCS9 points (E2, V2, MS). Emergency CT demonstrated diffuse 
injury type II in Marshall's CT classification. He was intubated and hyperventilated 
(PaCO2, 35-40 mmHg). He recieved propofol infusion as sedation. An intraparenchy- 
mal probe for the ICP sensor was inserted because of compressed ventricles, and SjO2 
catheter was inserted in juglar vein. ICP, cerebral perfusion pressure (CPP), intraar- 
terial blood pressure, central venous pressure, oxygen saturation, and temperature 
were continuously monitored. The temperature of the jugular vein was kept between 
35.5 and 36.5°C. Initial data of ICP and SjO2 were 20mmHg and 54%, respectively. 
Xe-CT and perfusion CT were performed on Day 0. Values of CBF and MTT were each 
33.9ml/100g/min and 6.6s. On Day 1, CT demonstrated no remarkable change, 
but CBF values decreased on Day 1 compared to Day 0. On Day 1, SjO2 decreased to 
46% and ICP was over 40mmHg. A large right side craniectomy was performed for 
decompression. After surgery, CBF increased on Day 2 compared to Day 1. SjO2 
increased and ICP decreased on Day 2. SjO2 increased from 46 to 63%, and ICP 
decreased from 40 to 20 mmHg. On Day 6 the patient's clinical data was good. On Day 
7 sedation was discontinued and the patient was weaned from the ventilator. He had 
progressive recovery of consciousness and was classified in good recovery on dis- 
charge (Fig. 5). 

In conclusion, these maps were utilized for evaluating cerebral circulation mor- 
phologically. Decision to perform surgery was not only taking into consideration ICP 
and SjO2 but also the trend changes on these maps. The neurointesive care consists 
of the following: constant evaluation of clonocal parameters from multimodal mon- 
itoring devices and the goal is to normalize ICP, cerebral circulation, SjO2 and 
systemic circulation. With intubation, hyperventilation, control of body temperature, 
and use of sedative and osmotic agents we are able to control body systems. 
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FIG. 5. CT (a),CBF map (b) and MTT map (c) on Day 0; CT (d),CBF map (e) and MTT map (f) 
on Day 1; CT (g),CBF map (h) and MTT map (i) on Day 2; CT (j),CBF map (k) and MTT map 
(1) on Day 6. CBF values decreased on Day 1 compared to Day 0. SjO2 decreased and ICP 
increased on Day 1 (SjO2 was 46%, ICP was over 40 mmHg) compared to Day 0 (SjO2 was 54%, 
ICP was under 20mmHg). CBF values increased on Day 2 compared to Day 1. SjO2 increased 
and ICP decreased on Day 2 (SjO2 was 63%, ICP was under 20mmHg) compared to on Day 1 
(SjO2 was 46%, ICP was under 40 mmHg). CBF and MTT values were good on Day 6 

Mult imodal  neurointensive care moni tor ing  can be helpful for the optimal manage-  
ment  of TBI and may improve outcome for patients with severe t raumat ic  brain injury. 
Further  study is needed to fur ther  define the clinical utility of neurointensive multi- 

modal  moni tor ing.  
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Right Median Nerve Electrical 
Stimulation for ComaTreatment 
Recent Experience in Lithuania 
and the U.S.A. 
SAULIUS ROCKA 1, EGIDIJUS JARZEMSKAS 1, EDWIN COOPER 2'3, 
and BRYAN COOPER 2 

Summary .  Right median nerve electrical stimulation is known to be beneficial in 
management of patients with severe traumatic brain injury. Twelve comatose trau- 
matic brain injured patients, admitted to Vilnius University Emergency Hospital, were 
enrolled in the "Vilnius Electrical Coma Treatment/Observation Research 
(VECTOR)" study. According to the consent of the relatives the patients were classi- 
fied into the treatment group (7 patients, 2F, 5M) or control group (5 patients, 1F, 4M). 
In addition to the routine neurosurgical management, those in the treatment group 
received right median nerve stimulation daily. Results of the VECTOR study revealed 
significant increases in GCS (5.3 _+ 1.4 vs 10.7 + 3.5, P = 0.005) in treatment group, 
while control group results were lower (4.8 + 0.4 vs 7.6 +_ 3.8, P = 0.18). Analysis of 
brain CT scans showed that the patients without multiple contusions in the treatment 
group had a significantly better final GCS score (13.7 _+ 1.5 vs 8.5 _+ 2.9,P = 0.03). These 
data led to the conclusion that right median nerve electrical stimulation (RMNS) is 
effective in treating severe TBI patients without brainstem lesions. 

Key words, traumatic brain injury, coma, median nerve, electrical stimulation 

Everyone knows what consciousness is until he attempts of define it [1]. From the 
point of view of a psychologist, consciousness, from our natal day, is a teeming mul- 
tiplicity of objects and relations. What we call simple sensations are results of dis- 
criminative attention, often pushed to a very high degree [1 ]. It is usually associated 
with the higher mental functions, such as feelings, attitudes and emotions, based on 
past memories and experience. From the viewpoint of physician, consciousness is the 
state of the patient's momentary awareness of self and environment and his respon- 
siveness to external stimulation and inner need [2]. This is the more simple defini- 
tion, what accents the voluntary response to the environment. The opposite of 
consciousness is unconsciousness: the state of unawareness of self and environment. 
Between these two extremes lie various conditions, which have indistinct limits. From 

~Department of Neurosurgery, Vilnius University Emergency Hospital, Vilnius, Lithuania; 
2Department of Neurology, Virginia Commonwealth University, Richmond, VA, and 3 Depart- 
ment of Neurological Surgery, University of Virginia Health System, Charlottesville, VA, U.S.A. 

376 



Right Median Nerve Electrical Stimulation for Coma Treatment 377 

the practical point of view of a physician, it is common to speak about the level 
of consciousness. The level of consciousness (LOS) is described in various scales, 
with the Glasgow Coma Scale (GCS) used most widely among the neurologists and 
neurosurgeons [3]. 

LOS can be affected by various conditions, which can be systemic (e.g. drug intox- 
ication, severe metabolic disorders or infections) and focal (vascular disorders, 
tumors, abscess or traumatic brain injury). Taking into account the focal lesions, the 
core of the consciousness is located in the reticular formation of the upper brainstem, 
the ascending reticular activating system (ARAS) [4]. Primary brainstem damage is 
often associated with the patients who are in coma from the moment of injury and 
who do not have an intracranial expanding lesion [5]. But many patients stay in pro- 
longed coma with no radiological evidence of changes in this site. There can be diffuse 
axonal injury or secondary insults after traumatic brain injury (TBI) [5]. The pro- 
longed coma can be explained by the functional disorder of the upper brainstem 
reticular system. Can certain stimuli help the neural functions to recover? 

Right median nerve electrical stimulation (RMNS) is known to be beneficial on 
various aspects of memory in patients with probable Alzheimer's disease [6,7]. RMNS 
shortens the time of awakening from deep coma in patients with TBI [8-10]. The 
median nerve serves as a peripheral gateway to the central nervous system (CNS). The 
concept of electrical stimulation in severe TBI is based on the hypothesis that elec- 
trical currents applied through peripheral routes, inducing electro-chemical propa- 
gated pulses, may reach central areas activating the neuroendocrine system to 
improve functioning after traumatic cerebral damage. It is proposed that the periph- 
eral stimuli go to the ARAS in the brainstem connects with intralaminar nuclei of 
thalamus and then stimulates the cerebral cortex. The locus coeruleus (releasing nor- 
epinephrine), and the forebrain basal nucleus of Meynert (releasing acetylcholine), 
are also involved and stimulate the cortex, enhancing arousal. However, some other 
mechanisms may also be possible [8,11 ]. Neurosurgical researchers in Japan have doc- 
umented increases in dopamine with right median nerve stimulation. In the acute 
phase after brain injury, comatose patients exhibit in the range of 20% increase in 
brain dopamine [12]. Increases in cerebral blood flow secondary to median nerve 
stimulation have been documented by Japanese researchers in acute and chronic cases 
of unconsciousness [ 11,13]. 

I Experience with RMNS in the U.S.A. 

Over the past dozen years there have been two small pilot studies comparing RMNS 
to sham stimulation for acute post traumatic coma patients in the Department of 
Neurosurgery at the University of Virginia, plus RMNS coma patients (without con- 
trols) at East Carolina University. 

The time of coma was shorter in the treated groups at UVa than the controlled 
groups in the UVa Coma Stimulation Projects [8,9]. The neurophysiological effects of 
RMNS have been documented well at several centers in Asia using neuro-imaging, 
EEG, and spinal fluid assays [10-13]. 

Professor John Jane, the Chairman of Neurosurgery at the University of Virginia, 
with a long time wealth of neurotrauma research, summarized the challenge of explor- 
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ing median nerve stimulation. Dr. Jane wrote: "Very few things do work in this situa- 
tion and if your techniques make any difference whatsoever, I think it should be well 
worth it" (J Jane, 1995, personal communication). 

2 American Coma Cases 

Two specific examples of teenagers in deep coma after closed head injury from a 
motor vehicle crashes (MVC) are demonstrated by videotape. One was treated on the 
East Coast (CI) and the other on the West Coast (]P) of the U.S.A. [14,15]. 

Both of these patients demonstrate the efficacy of starting the RMNS within the 
first few weeks following severe neurotrauma. Stimulation should not begin in the first 
couple of days however due to dopamine increases post injury [12]. 

CI, a 16 year old female, was involved in an MVC (1994) and sustained severe closed 
head injury. She suffered a basilar skull fracture, cerebrospinal fluid otorrhea, left 
facial fracture, and left pelvic fracture. CT scan revealed left internal capsule contu- 
sion, right cerebellar subarachnoid hemorrhage, and blood in the fourth ventricle. 
Decerebrate posturing was observed and she received a GCS of 4. She was briefly given 
electrical stimulation but intracranial pressures continued to rise. With her extremely 
poor prognosis, she was expected to die and was extubated. She breathed sponta- 
neously and electrical stimulation was resumed to the right median nerve. Within 1 
week of stimulation, she exhibited semi-purposeful movement of her right arm and 
leg and scored 7 on the GCS. After a total of 2 weeks of stimulation, she scored 10 on 
the GCS. This increase of 6 was consistent with the findings in the first UVa pilot 
project [8]. 

One month after the injury, CI followed simple commands. At 2 months post- 
injury CI could walk with assistance and read aloud. Two years later CI talked 
and walked well. She resumed dancing and driving. She completed high school and 
college with a "B" average. Now she is a recreation activity therapist at a large rest 
home [ 15]. 

]P was a 16-year-old girl in Southern California whose car was T-boned by a truck 
on the 24th of June of 2002. At the scene she had agonal respiration and was unre- 
sponsive (GCS 3). In the emergency room at a large community hospital her post- 
intubation coma score was GCS 4 on the day of the injury. The CT (computerized 
tomography) scan showed a large right putamen hemorrhage and small bleed in the 
mesencephalon. There was extensive shear injury in left fronto-temporal lobe and 
corpus callosum. Elevated intracranial pressure (ICP) was treated with Mannitol and 
hyperventilation. 

Operations on the day of injury included exploratory laparotomy and splenectomy 
and ventriculostomy (tube in the left lateral ventricle with ICP monitoring). Later a 
tracheostomy and feeding tube were inserted. Follow-up brain CT scans on a daily 
basis at first showed progressive cerebral edema and increasing hemorrhage. Two days 
after the injury there was also a 7-millimeter midline shift. The small hemorrhage in 
the central mesencephalon was still present. By a week and a half post injury the 
swelling and hemorrhage stabilized on scans and then gradually decreased. By 
the 18th of ]uly the ventricular system was slightly prominent. A week later there was 
cortical atrophy. 
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She remained in coma and was decerebrate/decorticate at four weeks post injury. 
Alternating bilateral median nerve electrical stimulation (six hours per day for each 
wrist median nerve stimulation site) was started at five weeks post injury. She 
remained in the intensive care unit for her entire hospitalization for two months after 
the injury. Two weeks after the start of the electrical stimulation she remained left 
hemiplegic, but could follow commands. After three weeks of electrical stimulation 
treatment Jp could write, but could not speak. She was transferred to a rehabilitation 
unit eight weeks post injury. 

At the unit she was able to speak in short sentences and also communicate by 
writing. Six weeks post injury she was able to walk with maximum support but 
remained left hemiplegic. Two months post injury she walked 250 feet with support. 
Three months post injury she had voluntary control of her left leg when walking. After 
three months of rehabilitation, she was transferred to a residential rehabilitation facil- 
ity for an additional three months. She was discharged to home to the care of her 
family in early March of 2003, eight and a half months post injury brain injury. She 
continued to receive outpatient therapies [ 14]. 

Later in the spring of 2003 she graduated from high school on schedule with her 
class, less than one year post injury. The electrical stimulation program alternating 
between the two wrists for a total of twelve hours a day was done in the second month 
in the ICU and then on a less regular basis in the acute rehabilitation unit. She speaks 
in normal sentences with good conversation. Her voice tone is somewhat flat and there 
is mild dysarthria. She continues to do well in college, making B's. But the dense left 
hemiparesis remains. In a recent e-mail (2005) to the author, Jp stated that she con- 
tinues to do both land and pool therapies and was doing well. She walked approxi- 
mately 25 min independently using parallel bars, but for longer distances she uses a 
power wheelchair. 

3 Discussion 

In previous studies it was noted that the slope of the timeline of partial neurological 
recovery is inversely related to the interval of time from the injury to the startup of 
RMNS [8,9]. The quality of the functional outcome is influenced by the severity of the 
neurotrauma as diagnosed on early CT scans [16]. 

The objectives of the VECTOR study were to confirm the effectiveness of afferent 
brain stimulation in the treatment of coma patients and to correlate the outcome with 
the clinical and radiological data. 

4 Material and Methods of the Lithuanian Vector 
Coma Project 

Twelve comatose TBI patients, admitted to the Neurosurgery Service of the Vilnius 
University Emergency Hospital, were enrolled in the VECTOR study (Table 1). Inclu- 
sion criteria required post resuscitation GCS score from 4 to 8, age 16 years or more 
and written consent of the relatives. All patients with implanted pacemakers or defib- 
rillators, spinal cord injury or pregnancy were excluded. 
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TABLE 1. Description of the patients 
No Age Gender Type of trauma GCS on admission Group 

1 41 Male Fall 6 Control 
2 23 Male Motor vehicle accident 5 Treatment 
3 34 Male Assault 4 Control 
4 28 Male Motor vehicle accident 5 Treatment 
5 20 Male Not known 4 Treatment 
6 44 Female Motor vehicle accident 4 Treatment 
7 52 Male Assault 4 Treatment 
8 25 Male Not known 3 Control 
9 54 Male Not known 5 Control 

10 24 Female Motor vehicle accident 4 Treatment 
11 22 Male Assault 5 Treatment 
12 40 Female Not known 5 Control 

According to the consent of the relatives (whether consent for t reatment or control) 
the patients were enrolled in the t reatment  group or the control group. RMNS was 
started in the t reatment  group. No difference in routine management  of head injury 
was allowed in both groups. The same criteria were used to collect data in both the 
electrically treated and control (no electrical stimulation) groups. These data included 
demographics,  time and type of trauma, initial CT scan evaluation, best GCS score 
daily, maximal ICP daily, management  (surgery, osmotics, ventilation, adrenergics), 
daily pupil size and response. The outcome, based on Glasgow Outcome Scale (GOS) 
was evaluated on day 21 and after 1 year. 

The t reatment  group consisted of 7 patients: 2 female (F) (28.6%), 5 male (M) 
(71.4%), average age 30.43 + 12.5 years (range 20-52 years). The average inclusion time 
in the study was 167.3 hours (range 30 h -  16 days). Most of them had survived a motor  
vehicle crash (MVC) (4 persons, 57.1%), others sustained TBI during assault (2 
persons, 28.6%). For one patient, the cause of TBI remained unknown (14.3%). The 
average GCS score on admission was 4.4 + 0.5 (range 4-5), and 5.3 + 1.4 (range 4-7) 
on the first day of treatment.  Initial CT scan revealed 3 patients (42.9%) with subdural 
hematoma, one with epidural, and one with traumatic intracerebral hematoma (14.3% 
respectively). More than half of the patients (4 persons, 57.1%) had multiple contu- 
sions diagnosed. One patient (14.3%) was in coma without any changes in the initial 
CT scan. Most of the patients had midline shift up to 0.Scm (4, 57.1%), two- -up  to 
1.Scm (18.6%), and one more than 1.5cm (14.3%). Basal cisterns were opened in 2 
patients (28.6%), semi-opened in 3 (42.9%) and closed in 2 CT scans (28.6%). All of 
the patients in this group given standard neurosurgical t reatment plus received 
RMNS. 

The control group contained 5 patients: 1 F (20%), 4 M (80%), average age 38.8 + 
10.6 years (range 25-54 years). The average inclusion time in the study was 22.0h 
(range 18-24h). The cause of TBI in most  of the patients in this group was unknown 
(3 patients, 60.0%), one patient sustained traumatic brain injury during the assault 
(20.0%), and one patient was comatose after a fall (20.0%). The average GCS score on 
admission was 4.6 + 1.1 (range 3-6), and 4.8 + 0.4 (range 4-5) post-resuscitation. 
Initial CT scan revealed 4 patients (80.0%) with subdural hematoma, 2 (40.0%) with 
epidural, and one with traumatic intracerebral hematoma (20.0%). Only one of these 
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patients (20.0%) had multiple contusions diagnosed. One patient (20.0%) was in coma 
without any changes in the initial CT scan. Most of the patients had midline shift 
0.5-1.5 cm (3, 60.0%), o n e m n o  shift (20.0%), and one more than 1.5cm (20.0%). Basal 
cisterns were opened in 1 patient (20.0%), semi-opened in 2 (40.0%) and closed in 2 
CT scans (40.0%). All of the control group patients received routine neurosurgical 
treatment without RMNS. 

The device that was used to provide electrical impulses was the FDA approved 
Focus Plus 300 PV neuromuscular  stimulator (manufactured by the Empi Corpora- 
tion, distributed by the ORMED Company, Freiburg, Germany). This device has mul- 
tiple settings that allow various parameters for trains of electrical pulses. The 
electrical stimulation is delivered by two lubricated rubber  electrodes contained 
inside a plastic cuff. This is applied to the volar surface of the right wrist to stimulate 
the right median nerve. Stimulation was delivered by trains of 300 microsecond pulses 
35/second at 15-20 milliamps (as tolerated). The stimulation was given intermittently, 
20 s on, and 50 s off. This regimen was found effective in previous studies [8-10]. The 
treatment was done for 8 h daily for 3 weeks if the patient remained in coma. RMNS 
was discontinued when the patient regained consciousness (GCS more than 8). 

Data was analyzed using a standard Microsoft Excel worksheet and Statistica for 
Windows (Ver. 5.0, StatSoft Inc., U.S.A.) statistical package. Descriptive data are 
reported as mean (+ standard deviation). The two-tailed unpaired t test was used to 
define the difference in means. A difference was considered significant if a P value 0.05 
or less was calculated. 

5 Results 

Comparison of the treatment and control groups showed no significant differences 
between the groups in age and gender. Although the GCS score on admission was 
higher in control group (4.4 + 0.5 vs  4.6 + 1.1, P = 0.77), it become lower after the 
resuscitation (5.3 + 1.4 vs  4.8 + 0.4, P = 0.4). Initial CT scan analysis revealed the main 
intracranial lesion in both groups as subdural hematomas (42.9 + 16.0% in treatment  
group vs  80.0 + 35.6% in controls, P = 0.34), but the treatment group had more persons 
with multiple contusions (57.1 + 21.4% vs  20.0 + 8.7%, P = 0.1). However more persons 
in the treatment group had no or minimal (0-0.5 cm) midline shift (57.1 + 21.4% vs  

20.0 + 8.7%, P = 0.1). Persons in the control group had midline shifts between 0.5 and 
1.5cm (28.6 + 10.6% vs  60.0 + 26.6%, P = 0.3). No marked differences were observed 
in the basal cisterns. 

As was mentioned,  the GCS score in the start of the study was higher in the treat- 
ment group (5.3 + 1.4 vs  4.8 + 0.4, P = 0.4) and stayed higher in the end of the study 
(10.7 + 3.5 vs  7 .6  + 3.8, P = 0.2). These differences were not statistically significant. 
However, the treatment group inside it demonstrated significantly better GCS score 
in the end of the study (5.3 + 1.4 vs  10.7 + 3.5, P = 0.005) than the control group does 
(4.8 + 0.4 vs  7 .6  + 3.8, P = 0.18). Inside the treatment  group, 5 patients (71.4%) regained 
consciousness, while only 2 patients (40.0%) did well in the control group. This dif- 
ference is not statistically significant (P = 0.3). But the small number  of patients might 
influence the proport ions and statistics. Surprisingly, it took a longer time for the 
electrically stimulated patients to regain consciousness than the control patients 
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(7.4 + 5.6 days v s  5.5 + 3.5 days, P = 0.6). But most of the controls does not regain 
the consciousness at all. 

The total difference in the GCS was not significantly higher in the treatment group 
(5.0 + 3.3 v s  2.8 + 3.7, P = 0.3). But looking at the distribution in time, a better trend 
was always demonstrated in electrically stimulated persons (Fig. 1). Moreover, the 
positive correlation of the differences between the control and treatment groups was 
also significant (r = 0.9, P = 0.003, Fig. 2). 

When looking at the CT scans, major attention was drawn to the multiple contu- 
sions (primary brainstem lesion was not separated from the hemisphere lesions). All 
the patients (stimulated and un- stimulated) were pooled and distributed into groups 
without contusions (1st group, 7 patients, 4 from the control group and 3 form the 
treatment group) and with diagnosed contusions (2nd group, 5 patients, 1 person 
from control group and 4 from the treatment group). Initial GCS scores in both groups 
were similar (5.3 _+ 0.8 in the 1st group v s  5.0 + 1.4 in the 2nd, P = 0.7). Five patients 
(71.4%) in the 1st group (no contusions) regained consciousness. Only two (40.0%) 
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did well in the second group with contusions ( P -  0.3). The final GCS score was better 
in the "no contusions" group (10.4 + 4.4 vs  8.0 ___ 2.7, P -- 0.3). The patients without 
diagnosed multiple contusions had a better outcome also (2.9 + 0 .7  vs  2.4 + 0.5, P = 
0.2). Despite the better trends, these differences were not significant statistically. 
However, looking to the multiple contusions inside the treatment group (4 patients 
without contusions and 3 patients with contusions), the significantly better final GCS 
(13.7p - + 1.5 vs  8.5 + 2.9, P = 0.03) score was observed between those who had no 
contusions and were electrically stimulated. All the patients in this group regained 
consciousness (100% vs  50%, P - 0.4). They had better outcomes also (3.3 + 0.6 vs  

2.5 + 0.6, P = 0.1), but these differences were found not to be significant statistically. 
The day 21 outcome was better in the treatment group (2.9 + 0.7 vs  2.4 + 0.5, 

P = 0.2). The favorable outcome is defined as Glasgow Outcome Scale 4 = moderate  
disability or 5 = good outcome. On day 21 a favorable was obtained in one person in 
the treatment group (14.3%, P = 0.006 vs  controls). 

The late (1 year outcome) emphasized the better outcome. There were 2 patients 
(28.6%) in a good/moderate  group, while no one of the patients in the control group 
reached this good result. As it was expected, the was an increase in the death ra te- -3  
patients (42.9%) were dead after one year in the treatment group and 3 patients (75%) 
between the controls. One patient (20%) from the control group was lost in the eval- 
uation of late outcomes. 

6 Discussion 

The patients in the electrical treatment group in this study had a significantly better 
final score of the GCS and better GOS. One treated coma patient achieved a favorable 
outcome at three weeks and there were two patients with the favorable outcome after 
one year. Usually, positive trends in the right median nerve stimulated group were 
observed. But this was not commonly proved by statistical significance, possibly under  
the influence of small number  of patients. The previous studies demonstrated better 
GCS score and GOS outcome [8,9,15]. The observations made in American studies 
correspond to the results in this Lithuanian study. 

The correlation of the post-resuscitation GCS score and outcome is well established 
in the  literature [ 17-19 ]. The average initial GCS in this study was 5.3 + 1.4 in the treat- 
ment group and 4.8 + 0.4 between the controls. Good or moderate discharge outcome 
on initial GCS 4-5 varies from 14.4% to 29.3% [17]. This VECTOR study produced 
14.3% favorable outcome in the control group and 0% in controls. As noted, this may 
the consequence of the small number  of tested coma patients. Surprisingly, no deaths 
were observed in both groups when evaluating early outcome. Death rate in the initial 
GCS 4-5 group in the literature amounts to 40.2-55.9% [17]. However late outcomes 
restored equilibrium, but the death rate was again lower in the treatment group (42.9% 
treatment group and 7 5 . 0 %  controls). Such difference between early and late outcomes 
can be explained by patient selection: a post-resuscitation score of GCS 3 (no move- 
ment to noxious stimulation) did not satisfy inclusion criteria and those patients were 
excluded. 

A normal  CT scan at the time of admission after severe head injury is associated 
with a lower mortal i ty and better functional recovery than for patients whose scans 
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are abnormal, even among patients with an initial GCS score of 3 or 4 [20]. In this 
study only 2 patients (one in each group) had no changes in the initial CT scan. On 
the other hand, the presence of a surgically significant intracranial hematoma is asso- 
ciated with a worsened prognosis [21,22]. The majority of the patients in this study 
had intracranial hemorrhage. Intracerebral contusions, especially involving brain- 
stem, are often associated with a poor outcome [23]. 

Those right median nerve electrically stimulated patients in the study, who had no 
contusions on the CT scan, had a significantly better final GCS score than those who 
had contusions. This leads to the assumption that lower outcome scores in this study 
might be associated with the initial traumatic brain tissue changes. The final GCS 
score in the control group was not significantly higher in patients with or without 
contusions. 

Therefore electrical stimulation might be the stimulus which helps to activate the 
brainstem reticular formation. This underline mechanism leads to arousal of the 
brain, and a quicker and better awakening from coma. Early awakening, like early 
mobilization after any type of surgery, yields better objective scores. The final result 
can be a better functional neurological outcome for electrically treated coma patients. 

7 Conclusions 

Right median nerve stimulation is effective in treating severe TBI patients without 
brainstem lesions. More patients are needed to increase the statistical and scientific 
power of the study. 
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Management of Patients with 
Traumatic Brain Injury: Our Strategy 
HIROSUKE FUJISAWA, EIICHI SUEHIRO, HIROSHI YONEDA, 
and MICHIYASU SUZUKI 

Summary. Over the past 10 years, we have been managing patients with severe head 
injury on the basis of guidelines published in the U.S.A., Europe and Japan. Here we 
report our strategy for managing patients with severe head injury, including 
hypothermia therapy. Intracranial hematomas are evacuated, and external decom- 
pression is performed. Cerebrospinal fluid (CSF) drainage and/or implantation of an 
intracranial pressure (ICP) sensor is also performed. For patients with diffuse axonal 
injury (DAI), a CSF drainage catheter andlor ICP sensor is inserted. In patients for 
whom hypothermia therapy is appropriate, brain and body temperatures are main- 
tained at 32-33OC for 3-8 days. Intracranial pressure, temperatures of the brain, 
jugular vein, bladder and pulmonary artery, and 0, saturation in the jugular vein are 
measured continuously. Intensive care using various monitoring tools is necessary for 
patient management. Systemic circulation is monitored using a Swan-Ganz catheter. 
Blood gas, blood cells, and chemical data are frequently checked and abnormal values 
are corrected without delay. The purpose of this management approach is to control 
ICP and to inhibit secondary damage that can spread from the primary site of injury. 
In DAI, so-called secondary axotomy should be prevented. 

Key words. traumatic brain injury, secondary injury, management, intensive care, 
hypothermia 

1 Introduction 

Over the past 10 years, we have been managing patients with severe head injury 
on the basis of guidelines published in the U.S.A., Europe and Japan. Immediate 
treatment of shock and hypoxia and early correction of abnormal values of blood 

Department of Neurosurgery, Clinical Neuroscience,Yamaguchi University School of Medicine, 
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parameters are necessary, and for this purpose, completion of a system for emergency 
medicine is essential. We began to use brain hypothermia therapy in 1994, and at the 
same time, we also began a policy of managing the body temperature of patients. On 
the basis of our experience, we report our recent strategy for managing patients 
with severe head injury. 

2 Clinical Materials and Methods 

Our standard management involves evacuation of intracerebral hematoma, cerebral 
contusion, acute subdural hematoma, and decompressive craniectomy. In patients 
with diffuse axonal injury (DAI), cerebrospinal fluid (CSF) drainage is performed. If 
this is impossible, an intracranial pressure (ICP) sensor (Camino ICP sensor, U.S.A.) 
is implanted. Figure 1 shows an example of the management. This is 61-year-old 
female with a Glasgow Coma Scale (GCS) score of 7. She showed bilateral mydriasis 
on admissi0n.A subdural hematoma on the left side was removed through a burr hole, 
and then contusional hematoma was evacuated. Decompressive craniectomy was per- 
formed. Then a catheter for CSF drainage and ICP measurement was inserted. As such 
a drain often becomes occluded, an ICP sensor was also inserted. 

Many parameters are monitored sequentially. Intracranial pressure (ICP), cerebral 
perfusion pressure (CPP), temperatures of the brain, jugular vein, bladder and 
pulmonary artery, and O2 saturation in the artery (SaOJ and jugular vein (Sjv02) 
are measured continuously. Systemic circulation is monitored using a Swan-Ganz 

FIG. 1. a Preoperative CT scan. White arrow: acute subdural hematoma. Black arrow: contu- 
sional hematoma. b Postoperative CT scan. White arrow: catheter for CSF drainage. Black arrow: 
ICP sensor 
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n = 40 
GCS 5.4 

n =  18 
GCS 5.3 

n = 22 
GCS 5.5 

FIG. 2. Outcomes for patients in the recent five years. In all cases, the proportion of favorable 
outcomes, that is good recovery and moderate disability on the Glasgow Outcome Scale, was 
50%. Among patients below 50 years of age, favorable outcomes were seen in 78%. Among 
patients aged 50 years and over, favorable outcomes were seen in 27% 

catheter. Blood gas, blood cells and chemical data are checked frequently. Physiolog- 
ical and chemical parameters each have target values (i.e. systolic blood pressure > 
120mmHg, mean arterial blood pressure > BOmmHg, PaO, > 100mmHg, PaCO, = 
30-35mmHg, SaO, > 95%, intracranial pressure < 20mmHg, cerebral perfusion pres- 
sure > 70mmHg, temperature 37"C, hematocrit > 30-35%, hemoglobin > 10gId1, 
platelets > 100,00011, albumin 2 3 gldl, osmotic pressure = 280-320 mOsll, blood sugar 
= 100-150mgld1, arterial pH = 7.40 + 0.05). Most patients are kept in a normo- or 
hypervolemic state, as monitored using the Swan-Ganz catheter. These treatments are 
based on the Japan Society of Neurotraumatology guidelines for treatment and man- 
agement of patients with severe head injury edited [I] .  

Basically, we induce moderate hypothermia in patients with a Glasgow Coma Scale 
score of 8 and below. In patients for whom hypothermia therapy is appropriate, brain 
and body temperatures are maintained at 32-33°C for 3-8 days. Mild hypothermia 
(34°C-35°C) is induced according to the patient's condition. Even if hypothermia is 
not induced, the brain temperature is kept below 37°C. Hypothermia is induced as 
soon as possible using a cooling blanket. To prevent bacterial infections, antibiotics 
are used. More importantly, brushing and washing of the mouth and nose using 
diluted povidone-iodine is performed at least four times a day. 

We focused on the recent five years, and analyzed the outcomes in this period. Forty 
patients with a GCS score of 8 and below were studied. 

3 Results 

In all cases, the proportion of favorable outcomes, that is good recovery (GR) and 
moderate disability (MD) on the Glasgow Outcome Scale, was 50% (Fig. 2). Among 
patients below 50 years of age, favorable outcomes were seen in 78%, which seems sat- 
isfactory. However, among patients aged 50 years and over, favorable outcomes were 
seen in 27%. The outcomes for patients with abnormal pupil reactions are shown in 
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TABLE 1. Ratio of favorable outcomes for patients with 
abnormal pupils 
Abnormal pupils <50 years 250 years 

Unilateral (n = 16) 517 (71.4%) (GR 4) 219 (22.2%) (GR 1) 
Bilateral (n = 11) 214 (50.0%) (GR 1) 217 (28.6%) (GR 1) 

Favorable outcomes: good recovery (GR) and moderate disability 
(MD) on Glasgow Outcome Scale. 

TABLE 2. Outcomes for patients with diffuse axonal injury 
Case Age Gender Cause of injury GCS Abnormal pupil Hypothermia GOS 

1 42 Male Traffic accident 5 - - MD 
2 22 Male Traffic accident 6 Bilateral + GR 
3 18 Male Traffic accident 7 Unilateral + GR 
4 49 Male Traffic accident 3 Bilateral + MD 
5 17 Male Traffic accident 6 Unilateral + GR 

GCS, Glasgow Coma Scale score; GOS, Glasgow Outcome Scale; MD, moderately disabled; GR, good 
recovery. 

Table 1. The ratio of favorable outcomes was considerable for patients younger than 
50 years. The outcomes for patients with DAI are shown in Table 2. Three cases were 
GR, and 2 were MD. However, all five patients were younger than 50 years. 

4 Discussion 

The aim of treatment of patients with traumatic brain injury should be to reduce such 
secondary injuries, which occur not only around the site of primary injury, but also 
in remote areas. One of the most advantageous effects of hypothermia is to inhibit 
brain edema and reduce ICP. However, the final goal of the treatment, and therefore 
the aim of hypothermia and temperature management, is to reduce such secondary 
injuries. Hypothermia protects the brain by inhibiting brain edema and the diffusion 
of neurotoxic substances from the site of primary injury. Previously, using a rat con- 
tusion model, we have shown that the concentrations of glutamate increased signifi- 
cantly after production of the contusion [2]. Furthermore, autoradiography after 
intravenous 14C-glutamate injection demonstrated diffusion of the 14C-glutamate from 
the vascular compartment to the contused area of the brain. This suggests that neu- 
rotoxic substances, including glutamate of vascular origin, enter the brain as a result 
of mechanical stress. In other studies using a rat model of intracerebral glutamate 
infusion via a microdialysis probe, we demonstrated that glutamate-induced brain 
damage was reduced by mild hypothermia (32°C) and was increased by hyperther- 
mia (40°C), proving that brain temperature has an important role in excitotoxic 
processes [3]. Furthermore, when glutamate solution containing 14C-sucrose, used as 
a marker of the extracellular space, was infused into the brain, the volume of 14C- 
sucrose diffusion increased as the brain temperature increased. These findings suggest 
that hypothermia inhibits the diffusion of neurotoxic substances from the site of 
primary injury. 
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In DAI, primary axotomy occurs one hour after injury [4]. Axonal swelling and loss 
of axonal transport occurs 2 to 6 h  after injury, leading to secondary axotomy. 
Hypothermia may affect the processes leading to secondary axotomy. 

The present study showed that the prognosis for older patients was much worse 
than that for younger patients. Although some problems with hypothermia therapy 
have been pointed out, there is currently n o  practical and better alternative to this 
therapy. Some type of breakthrough is needed. 

In conclusion, the aim of management for patients with traumatic brain injury 
should be to reduce the extent of secondary injuries that occur not only around the 
site of primary injury, but also in remote areas. The aim of management for patients 
with DAI should be to inhibit secondary axotomy. Since severe traumatic brain injury 
is a systemic disease that includes abnormalities of the circulatory, respiratory and 
digestive systems, full equipment for intensive care and considerable manpower are 
necessary. 
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Clinical Features in the Patients with 
"Platform Accident" in Tokyo 
YOJI NODE', TOMONORI TAMAKI', and AKIRA TERAMOTO* 

Summary. There are many railways and underground like a net of meshes in Tokyo. 
This accident may be considered to be very unique to big cities. We defined the injury 
at platform in the station as "platform accident". The number of the patients was 96 
(mean age: 44 years). Pattern of injury was classified into three groups: contact injury 
with train at platform (A), injury by falling from the platform without train injury 
(B), and with train injury (C). Carelessness was the main cause of injury in the Group 
A, drinking in the Group B, and suicide in the Group C. The highest incidence of the 
injury was head and neck in the Group A and B, and limbs and pelvis in the Group 
C. Mean Glasgow coma scale in each group was 9.1, 11.7, and 6.9, respectively. The 
mortality rate was 50%, 4%, and 61%, respectively. Although the patients in the Group 
C seemed to be severely injured compared to those in the Group A and B, it was indi- 
cated that, in the patients excluding suicide, the extent of injury had a tendency to be 
rather mild and their mortality was relatively low. 

Key words. platform, station, head injury, multiple injury 

1 Introduction 

Tokyo is one of big cities in the world, and there is many railways and underground 
like a net of meshes. So, we have occasionally experience the injured patients at plat- 
form in the station. This accident may be considered very unique to big cities, and we 
defined the injury at platform as "platform accident". The purpose of this study is to 
describe the clinical features of the patients with platform accident. 
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2 Materials and Methods 

Platform accident in the station was classified into three different groups by 
pattern of injury as follows. Group A had a contact injury with train at the platform. 
Group B had an injury by falling from the platform, but patients had no injury by 
train. And Group C had an injury by falling from the platform, and train injured 
patients. 

We had experienced 96 patients with platform accident for 11 years. Seventy-one 
were male and 25 were female, and the mean age of them was 44 years with a range 
of 2 months to 85 years. A two months old baby was a victim who fell from the plat- 
form and injured by train with his mother, because his mother tried suicide with him. 
His mother died, but this baby could fortunately survive in spite of multiple damage 
of extremities. 

3 Results 

Table 1 demonstrated the summary of the patients with platform accident.About 60% 
of the patients were in the Group C, that is, these patients fell down from the platform 
and were injured by train. The malelfemale ratio was 4 to 1 in the Group A, 5 to 1 in 
the Group B. But in the Group C, this ratio is about 2 to 1. The reason for increase the 
number of female in the Group C is due to the increase of the number of female with 
suicide or attempted suicide. 

Cause of injury was summarized in Table 2. Suicide or attempted suicide occupied 
as much as 40% of cause of injury. Drinking and carelessness occupied 25%, respec- 
tively. The main cause of injury was very different in each group. Carelessness was the 

TABLE 1. Type of injury of the platform accident in the station 

Type of injury Group No. of cases (male: female) 

Injury at platform A 16 (13:3) 
Falling from the platform 

Without injury by train B 23 (19:4) 
With injury by train C 57 (39: 18) 

Total 96 (71:25) 

TABLE 2. Cause of injury of the patients with platform accident 

Cause of injury Group Total 

A B C 

Suicide 0 0 28 28 
Attempted suicide 1 3 8 12 
Drinking 2 14 9 25 
Carelessness 10 3 11 24 
Fight 2 2 0 4 
Illness 1 1 1 3 

Total 16 23 57 96 
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TABLE 3. Incidence of injury (%) at the parts of the body in the 
oatients with vlatform accident 
Region Group Total 

A B C 

Head and neck 69 6 1 58 63 
Chest 31 17 54 42 
Abdomen 0 0 9 5 
Limbs and pelvis 25 35 88 67 

TABLE 4. Number of the patients withlwithout head injury in 
platform accident 
Region of injury Group Total 

A B C 

Head alone 8 9 0 17 
Except for head 5 9 27 4 1 
Both head and others 3 5 30 38 

Total 16 23 57 96 

TABLE 5. Prognosis, mortality rate, and main cause of death in 
the patients with platform accident 

A B C Total 
- -  

Survivors 8 22 22 52 
Non-survivors 8 1 35 44 
Mortality rate (%) 50 4 6 1 46 
Main Cause of death 

Direct brain damage 5 1 2 8 
Multiple injury 3 0 33 36 

main cause of injury in the Group A, drinking was frequent in the Group B, and suicide 
or attempted suicide was main cause of injury in the Group C. 

The incidence of injury at the parts of body was indicated in Table 3. In the Group 
A and B, the main region of injury was head and neck. Meanwhile, in the Group C, 
the incidence of injury of limbs and pelvis was very high (88%), but in head and neck 
or chest, that exceeded only 50%, respectively. On the other hand, with respect to the 
abdominal injury, the proportion of them was extremely low in each group. 

Table 4 demonstrated the number of the patients withlwithout head injury in the 
platform accident. Concerning the head injury, the incidence of head injury alone was 
50% in the Group A and 40% in the Group B. But, in the Group C, we didn't experi- 
ence the patients with head injury alone. 

Prognosis, mortality rate, and main cause of death were shown in Table 5. In our 
series, overall mortality rate was 46%. The mortality rare was 50% in the Group A, 
61% in the Group C. On the other hand, in the Group B, that was only 4%, and which 
was extremely low compared to that in Group A and B. Meanwhile, in the Group A, 
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TABLE 6. Mean GCS and ISS on  admission in the patients with 
platform accident 

Group Total 

Mean GCS 
Survivors 13.6 12.0 12.4 12.5 
Non-survivors 4.9 5 3.1 3.6 
Total 9.1 11.7 6.9 8.4 

Mean ISS 
Survivors 7.6 12.5 11.2 11.3 
Non-survivors 26.8 16 36.5 34.2 

Total 17.7 12.6 26.5 21.7 

GSS, Glasgow Coma Scale; ISS, injury severity score. 

TABLE 7. Cause of injury and mortality rate in the 
Grouu C" 

Suicide Others 

No. of patients 28 29 
Mortality rate (%) 100 24.1 

Talling from the platform with injury by train. 

over 60% of the patients died of direct brain damage. In the Group B, only one patient 
died of traumatic intracerebral hemorrhage. This patient had a history of thrombo- 
cytopenia, and which was considered to take part in the cause of death. In the Group 
C, direct brain damage did not play an important part in the main cause of death, and 
almost all patients died of multiple injuries. 

Mean Glasgow coma scale (GCS) [ I ]  and mean injury severity score (GCS) [2] on 
admission were demonstrated in Table 6. The mean GCS was 9.1 in the Group A, 11.7 
in the Group B, 6.9 in the Group C, respectively. In survivors, mean GCS was similar 
in each group. On the other hand, in non-survivors, mean GCS on admission was 4.9 
in the Group A, 5 in the Group B, and 3.1 in the Group C. Non-survivors in the Group 
C exhibited extremely severe state on admission. On the other hand, the mean ISS was 
high In the Group C (26.5 in total) compared with that of Group A and B. In the Group 
C, mean ISS of non-survivors was very high (36.5) compared with that in the Group 
A and B, 26.8 and 16, respectively. But, in the survival group, mean ISS was not so dif- 
ferent in each group. These results were suggested that the extent of injury was very 
different between survivors and non-survivors in the Group C. 

As to the Group C, high mortality rate had revealed, that was over 60%. In these 57 
patients, the number of the patients with suicide was 28, and that without suicide was 
29. In 29 non-suicide cases, only 7 cases died. This mortality rate was very low, that 
was 24% (Table 7). This result suggested that the extent of injury in the survived 
patients who fell from platform with injury by train be considered to be relatively 
mild. 
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4 Discussion 

As mentioned above, we defined the injury at platform in the station as "platform acci- 
dent". This paper might be considered to be the first report as to this kind of injury. 

In the platform accident in the station, type of injury was classified into 3 groups, 
which were Group A, B and C. The main cause of injury was different in each group. 
Carelessness was most frequent in the Group A, and drinking in the Group B, and 
suicide in the Group C, respectively. The highest incidence of injury was also differ- 
ent in each group. That was head and neck in the Group A and B, and limbs and pelvis 
in the Group C. 

The mortality rate was over 50% in the Group A and C, however, in the Group B, 
that is falling down from the platform without injury by train, the mortality rate of 
this group was only 4%. So, in this group, extent of injury had a tendency to be mild, 
and the prognosis was very excellent. The main cause of death was direct brain 
damage in the Group A, and multiple injury in the Group C. 

Finally, although the patients in the Group C seemed to be severely injured com- 
pared to those in the Group A and B, it is indicated that the patients excluding suicide, 
the extent of injury had a tendency to be rather mild and their mortality rate was 
relatively low. 

References 
1. Teasdale G, Jannett B (1974) Assessment of coma and impaired consciousness: A prac- 

tical scale. Lanset 113-84 
2. Baker SP, O'Neill B, Haddon W, et a1 (1974) The injury severity score: A method for 

describing patients with multiple injuries and evaluating emergency care. J Trauma 
14:197-196 



Screening for Hypopituitarism 
Following Traumatic Brain Injury (TBI) 
GIANLUCA AIMARETTI', CLAUDIO PERINO~,  SILVIA ROVERE', 
GIULIA CHIARA CROCE', KRISTIAN PERRONE~,  ROBERTO RAGO', 
and EZIO GHIGO' 

Summary. Results of recent and ongoing studies have made it clear that traumatic 
brain injury (TBI) poses substantial risks to pituitary function, perhaps even greater 
than previously believed. Patients with sequelae of TBI should be screened, both 
prospectively and retrospectively, for isolated and multiple pituitary deficits. It is well 
known that patients with "classical" hypopituitarisrn do benefit from hormonal 
replacement therapy. It has been suggested that patients with hypopituitarisrn fol- 
lowing TBI may benefit as well with appropriate hormonal supplements if necessary. 
Patients with TBI-induced hypopituitarisrn might initially receive critical replacement 
therapy, such as anti-diuretic hormone (ADH), glucocorticoid and thyroid hormones. 
Gonadal and rhGH replacement therapy should also be introduced at a later stage, if 
these deficiencies are demonstrated and subsequently reconfirmed. The signs and 
symptoms of post-traumatic hypopituitarisrn may be masked by what has been 
assumed are merely the cognitive and behavioural sequelae of TBI. By increasing 
awareness among all physicians about the risks of TBI-induced endocrinopathy and 
about the need for appropriate endocrinological testing, it may be possible to improve 
quality of life and enhance the rehabilitation outcome for these patients. In most 
instances, these patients are first seen and treated by neurointensivists, trauma sur- 
geons and neurosurgeons, and subsequently by rehabilitation physicians. All these 
specialists must be aware about the risks of hypopituitarisrn, so that they may deter- 
mine which patients are appropriate candidates for hypopituitary screening. Addi- 
tionally, endocrinologists and internists must be educated about TBI-induced 
endocrinopathies, and encouraged to actively share their expertise with other physi- 
cians. Prospects for rehabilitation of patients with TBI-induced hypopituitarisrn may 
be enhanced by appropriate neuroendocrine diagnostic approach, leading to correct 
hormonal therapies. Further exploration of this possibility requires active collabora- 
tion between divisions of endocrinology and rehabilitation medicine, at the local level, 
to perform a screening of pituitary function in patients following TBI. 

Key words. hypopituitarisrn, traumatic brain injury, hormonal replacement therapy 
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1 Introduction 

The first report of anterior pituitary dysfunction as a result of traumatic brain injury 
was published in 1918 [I]. Subsequent reviews and case reports identified additional 
instances of hypopituitarism following head injury [2-41. In particular, the special 
article by Benvenga and coworkers [5] included 367 historical patients with TBI- 
induced hypopituitarism, together with new data of 15 patients from their own centre, 
and alerted many endocrinologists on the problem. The Authors found that in most 
cases (71%) hypopituitarisrn was diagnosed within one year of injury, although occa- 
sionally the diagnosis was not made for more than 20 years after the injury. Indeed, 
there are reports of patients with total, multiple, or isolated hypopituitarism whose 
clinical data revealed a history of previous TBI, many years before the endocrinolog- 
ical diagnosis, but the patients themselves did not recall their brain injury without 
prompting, or the assistance of a friend or family member [5]. 

2 Post TBI Hypopituitarism: Review of 
Recent Scientific Literature 

Already in 1986, Edwards and Clark reviewed the topic of post-traumatic hypopitu- 
itarism, finding that the typical patient was a young adult male with a severe case of 
previous head trauma, presenting endocrinological symptoms, months to years after 
an accident. These patients would often have reported temporary or permanent dia- 
betes insipidus, as well as weight loss, fatigue, vertigo, loss of libido, and impotence. 
Cases of hypopituitarism had been ascribed to depression, or the "post-concussion 
syndrome", and often inappropriate treatment and rehabilitation had been advised. 
Following these observations, it was recommended that patients with major head 
injury (defined by post-traumatic amnesia greater than 24h), and in particular those 
with fractures of the base of the skull or diabetes insipidus, should be closely moni- 
tored for symptoms and signs of endocrine dysfunction, and appropriate dynamic 
pituitary-function tests should be performed [4]. 

In 2000 and 2001 Kelly and Lieberman first found high prevalence of anterior pitu- 
itary dysfunction, in patients who had had a history of previous moderate and severe 
TBI [6,7]. The incidence of growth hormone (GH) deficiency (15%) and low cortisol 
levels (46%) are striking, and may have important implication for patients' health, 
sense of well-being, and rehabilitation potential [6,7] In his paper Kelly emphasized 
how also the occurrence of subarachnoid haemorrhage (SAH) poses a high risk for 
hypopituitarism [6]. This picture was more recently confirmed by other studies in 
both TBI and SAH [8-151. The percentage of hypopituitaric patients after TBI or SAH 
generally varied between 20 and 80 %. These studies were generally retrospective, 
some testing patients who had had brain injury more than one year before, others 
testing patients early after TBI or SAH [6,7,9-13,151. All Authors emphasized the clin- 
ical relevance of brain injury-induced anterior pituitary dysfunction, and hypothe- 
sized that appropriate hormonal replacement would provide peculiar improvement 
also to the post-traumatic syndrome and benefit to the recovery of patients [8]. 

The high risk for brain-induced hypopituitarisrn, and particularly for anterior pitu- 
itary dysfunction, was clear also in our studies (performed under the auspices of the 
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Italian Society of Endocrinology), where we tested the pituitary function 3 and 12 
months after the pathological event, in 2 groups of patients (one after TBI, the other 
after SAH) [14]. It has to be emphasized that this study was planned as a prospective 
one, aiming to define pituitary function at least one year after the brain injuries. In 
other words, we wished to clarify whether pituitary deficiencies or normal pituitary 
function, recorded at 3 months, would improve or worsen, respectively, at 12 months 
post-onset. To this goal, in a multicenter study and in a considerable number of 
patients who suffered TBI ( n  = 100) or SAH ( n  = 40), we evaluated the pituitary func- 
tion at 3 and 12 months after the pathological events. The results of these prospective 
studies confirm the high and similar risk for anterior pituitary dysfunction in both 
TBI and SAH patients, demonstrating that an early diagnosis of severe total hypopi- 
tuitarism is always confirmed at long term after the brain injury. Moreover, these data 
indicate that pituitary function in brain injured patients may sometimes improve over 
time, in case of isolated deficits. On the other hand, normal pituitary function at 3 
months may, although rarely, become impaired 12 months after the injury. Thus, these 
studies definitely provide the clinical evidence that brain injured patients must 
undergo neuro-endocrine evaluations and follow-up over time, in order to monitor 
pituitary function and eventually provide appropriate hormonal replacement therapy. 

3 Possible Pathogenesis of Post TBI Hypopituitarism 

The pathogenesis of brain injury-induced anterior pituitary dysfunction is still far to 
be elucidated. However, it has to be considered that very old studies in patients who 
had had fatal traumatic brain injury demonstrated that various degree of pituitary 
haemorrhagic infarction was present in more than 70% of patients [16,17] while hypo- 
thalamic microhaemorrages were present in at least 40% of cases [18]. Pituitary stalk 
lesion has been demonstrated unlikely to be a major cause of brain injury-induced 
hypopituitarism [17]. It is noteworthy that hypopituitarism is not associated to the 
severity of the neurological status after the brain injury [6,13,14]. In other words, the 
initial Glasgow Coma Scale (GCS) does not, in our study and other studies, correlate 
with the occurrence and/or severity of hypopituitarism. In authopsy studies, the exis- 
tence of a clear post-traumatic hypothalamus-pituitary lesions well explains the high 
incidence of hypopituitarism. On the other hand, in clinical trials these types of 
lesions may leave open the possibility that anterior pituitary dysfunction, recorded 
early after brain injury, would further progress or, alternatively, that would be tran- 
sient, so that a recovery of pituitary function is allowed over time. Overall, our best 
estimate at present is that a combination of necrotic, hypoxic, ischaemic and shear- 
ingltearing lesions at the hypothalamus andlor the pituitary, may be the phys- 
iopathological basis of post-TBI endocrinopaties, and that this may leave open some 
possibility of clinical improvement. 
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Development of the New Coma Scale: 
Emergency Coma Scale (ECS) 
MASAHIRO WAKASUGI', HIROSHI OKUDERA', TOMIO OHTA~,  
TAKESHI ASAHI', AKIHIKO IGAWA', and DAISUKE TANGE' 

Summary. Development of the new coma scale, Emergency Coma Scale, is presented. 
The task force for development of Emergency Coma Scale (ECS) originated from an 
ad-hoc committee meeting held in cooperation with the Japanese Congress on Neu- 
rosurgical Emergencies and the Japan Neurosurgical Emergency Society. ECS is the 
combination of advantages of Glasgow Coma Scale (GCS) and Japan Coma Scale 
(JCS). Design of an open trial comparing ECS with GCS and original JCS to prove 
accuracy of ECS in the emergency room will be presented. 

Key words. coma scale, emergency, ECS 

1 Introduction 

Coma scale is fundamental to assess the patients of disturbed consciousness. Without 
using coma scales, it is hard to evaluate and discuss about not faced patients. Objec- 
tive indicator of impaired consciousness is vital to compare treatment results of coma 
patients with other institution. 

In 1974, famous Glasgow Coma Scale (GCS) was proposed by Teasdale and Jennett 
[I],  and since then it prevailed all over the world. Curiously enough, In the same year, 
Japan Coma Scale (JCS) was proposed by Ohta, and now JCS is very popular and widely 
used in Japan [2]. By using those coma scales,we are able to assess altered mental status 
patients adequately, and it remains a component of many algorithms used for field 
triage decision. Though GCS and JCS are extensively used in emergency department 
settings, they have their own advantages and disadvantages for acute phase of dis- 
turbed consciousness [3]. Thus we are developing the new coma scale "Emergency 
Coma Scale (ECS)", which is the combination of advantages of GCS and JCS. 

In this report, we introduce Emergency Coma Scale; ECS, and present the design of 
an open trial to prove accuracy of ECS in the emergency department. 
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TABLE 1. Japan Coma Scale 
One-digit code: The patient is awake and 

JCS-1: almost fully conscious 
JCS-2: disoriented 
JCS-3: unable to recall name and date of birth 

Two-digit code: The patient is able to be aroused by 
JCS-10: speech 
JCS-20: painful stimuli 
JCS-30: only repeated painful stimuli 

Three-digit code: The patient is not aroused by painful stimuli, but responds with 
JCS-100: localizing 
JCS-200: slight movement 
JCS-300: none 

TABLE 2. Glasgow Coma Scale 

Eye opening 
Spontaneous 4 
To speech 3 
To pain 2 
None 1 

Verbal response 
Oriented 
Confused conversation 4 
Inappropriate words 3 
Incomprehensible sound 2 
None 1 

Motor response 
Obey commands 6 
Localizes pain 5 
Normal flexion (withdrawal) 4 
Abnormal flexion (decorticate) 3 
Extension (decerebrate) 2 
None 1 

2 Japan Coma Scale; JCS (Table 1) 

JCS is divided into three major levels, according to the grade of One-digit code: the 
patients is arousal, Two-digit code: the patients can be aroused, and Three-digit code: 
the patients is not arousable. Each level is further divided into three levels, then ten 
grades as a total, including 0 in clear consciousnessIn. JCS has advantages as below, 
that JCS consists of one axis scale, eye opening with a blink is used as a substitute of 
arousal. That means that we can select one score at one level and we can judge whether 
the patients condition deteriorate or not. Furthermore, JCS is so simple and easy to 
memorize, that it can be assessed easily by co-medical staffs. In Japan, it is widely 
used, especially by pre-hospital emergency life guard [4]. 

Meanwhile, JCS has some drawbacks. The term "arousal" is occasionally difficult to 
understand its meaning correctly. As compared with GCS, JCS might be insufficient 
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TABLE 3. Emergency Coma Scale 

One-digit code: The patients open their eyes, speak, andlor behave spontaneously (awake), and 
ECS-1: oriented 
ECS-2: disoriented 

Two-digit code: The patients can open their eyes, speak, andlor behave (aroused) by 
ECS-10: speech 
ECS-20: painful stimuli 

Three-digit code: The patients can neither open their eyes, nor speak by painful stimuli (not 
aroused), but respond with 

ECS-100L: localizing 
ECS-100W: withdrawal movement 
ECS-2OOF: decorticated posture 
ECS-200E: decerebrated posture 
ECS-300: none 

to evaluate severe grades, in GCS the motor level is divided into six grades, but in JCS 
the level of severe grades is divided only into three grades. 

3 Glasgow Coma Scale; GCS (Table 2) 

GCS is a 3-component clinical scoring system. The components as follows, Eye 
opening, Verbal response and Motor response, are scored independently, and now, 
differ from original scoring, usually expressed as total score of three components from 
three to fifteen in thirteen grades. 

The GCS has prevailed all over the world as a ubiquitous neurologic tool. On the 
other hand, GCS is not simple enough to quickly learn and recall. It has multiple axis 
and so multiple score in one level, there are 120 combinations at 13 levels, and three 
components can not rarely be summed up [5]. Further more, GCS can not to be used 
in cases, such as in patients who are intubated or tracheostomy because verbal 
response is hardly to take. For the layman, it is difficult to determine the difference 
between normal flexion and abnormal flexion. 

4 Emergency Coma Scale; ECS (Table 3) 

We thought that coma scale in the acute stage should be simple and straightforward 
on one axis [ 6 ] .  Then, the task force for ECS, originated from an ad-hoc committee 
meeting held in cooperation with the Japanese Congress on Neurosurgical Emergen- 
cies and the Japan Neurosurgical Emergency Society, proposed ECS as the new coma 
scale in an acute stage of disturbed consciousness. 

The ECS has some features as below, that ECS represents the best mix of the advan- 
tages of GCS and JCS, suggests the intracranial situation on one axis in 3 stages like 
a traffic signal and that is simple and easy to memorize. Thus ECS can be used in any 
situation, by anyone. 

Three stages are expressed as follows; 
One-digit code: The patients open their eyes, speak, andlor behave spontaneously 

(awake), Two-digit code: The patients can open their eyes, speak, and/or behave 
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(aroused) by, and Three-digit code: The patients can neither open their eyes, nor speak 
by painful stimuli (not aroused). 

Three-digit code is divided to five grades like motor components of GCS, so ECS 
could estimate depth of impaired consciousness more particularly than JCS. The 
application of ECS is simple and easy to memorize without employing difficult terms 
like "arousal", and always can be assessed by the same score among the medical stuff 
or layman. 

Further more it can be used in any situations, such as in patients who are intubated, 
tracheostomy, or in aphasics because ECS is not respond to verbal response. 

5 Mult icenter Trial 

To evaluate accuracy of ECS, we designed an open trial that comparing ECS with GCS 
and JCS in the emergency department. The purpose of this study is to reveal the con- 
formity and validity of ECS. 

The first study is designed to evaluate the conformity of ECS by different estima- 
tors. We prepared some case studies of clinical situations, by visual material and 
writing scenario, that patients of disturbed consciousness such as neurotrauma, stroke 
and so on. Then varied job category estimators, such as paramedics, nurses and 
doctors, concurrently assessed the same case and corrected scores of 3-form coma 
scales (ECS, GCS, JCS). We will evaluate the dispersion of corrected scores by differ- 
ent estimators. 

Next study is designed to evaluate the validity of the ECS as a predictive tool of 
patients prognosis. 

We will assess patients coma scales with diachronic and check outcomes that we 
thought to be clinically relevant to clinicians caring for patients in the acute phase of 
disturbed consciousness. Outcome measures, that we selected, are as following, intu- 
bations in emergency departments, neurosurgical interventions and patients mortal- 
ity. Correlation between ECS and those outcomes will be analyzed. 

We presented the new coma scale, used in an acute stage, Emergency Coma Scale 
and projet of a multicenter clinical trial of ECS.We will notify the results of this study 
in no distant future and we hope ECS would be widely used in evaluation of acute 
phase disturbed consciousness. 
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Summary. The purpose of this report is to clarify the present situation of pre- 
tertiary hospital (PTHp) medical care for those with severe TBI by investigating 
retrospectively the data provided from the Japan Neurotrauma Data Bank (JNTDB). 

One thousand and two cases registered in JNTDB were used for the study. In cases 
receiving PTHp medical care at first-aid or secondary hospital, 5.1% were in shock 
state with blood pressure below 60 mmHg on admission. Incidence of shock was 3.5% 
in those admitted directly from accident scene. Regarding respiratory care, only 21.9% 
of cases in coma with PTHp medical care were intubated, although physiological data 
and outcome at discharge are not different in groups with or without endotracheal 
intubation. As a conclusion, further improvement of PTHp medical care at primary 
or secondary hospitals is required at least regarding circulatory-respiratory manage- 
ments. 

Key words. traumatic brain injury, prehospital care, emergency medicine, neuro- 
trauma databank, physiological parameters 

1 Introduction 

The basis of emergency medical system in Japan consists of a cooperation of medical 
institutions, which are categorised as the first-aid or primary, the secondary and the 
tertiary emergency hospitals, with public emergency rescue bureaus. Patients with 
traumatic brain injury (TBI) are usually treated at the first-aid or the secondary insti- 
tutions and then transferred to the tertiary ones in case that further specific treat- 
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ment is required. Some are directly brought into the tertiary ones, if emergency rescue 
personnel judge that an advanced neurosurgical care is required immediately. 

Pertinent pre-hospital medical care for severely ill patients has become one of the 
most important problems to be dealt with by physicians working in the field of emer- 
gency medicine in Japan [1,2], especially in the last decade, as well as being so in most 
of other countries [3,4]. During this period of time, the system of pre-hospital care 
provided by ambulance rescue staffs in Japan has been changed in many ways, and at 
the same time, emergency physicians' participation in this field has been by far the 
much increased [1,2]. In consequence, pre-hospital care for those with TBI has also 
been changing in many ways [I-101. In order to constitute the most effective system, 
precise evaluation of the present status by analyzing data obtained from multiple 
trauma centers being involved in treatment for patients with severely ill TBI must be 
necessary. The major purpose of this report is to clarify the present situation of 
pre-tertiary hospital (PTHp) medical care for those with severe TBI, mainly from the 
viewpoint of physiological data on admission to the tertiary trauma centers. 

2 Materials and Methods 

The data base used in this study was provided from Japan Neurotrauma Data Bank 
(JNTDB) by courtesy of the concerning committee of the Japan Society of Neuro- 
traumatology and the Japanese Council of Traffic Science. 

One thousand and two cases that showed consciousness impairment with GCS 8 or 
less at least once at acute stage of JNTDB were studied. Because there were numbers 
of data defect, cases without data entry in each studied item were omitted from analy- 
sis. Studied group is 48.2 f 23.5 years old in average and contains 754 male and 248 
female. As physiological parameters on admission, arterial blood pressure (BP), pulse 
rate (PR), arterial carbon dioxide tension (PCO,) and arterial oxygen tension (POz) 
were used. Data obtained from patients who were directly brought into tertiary emer- 
gency institutions form accident scene (DIR) were compared with those obtained 
from patients transferred from first-aid or secondary emergency ones after primary 
medical care for trauma (MED). Statistical analysis was made by Student t-test, 
Chi-square test and Mann-Whitney test. 

3 Results 

Mean BP was 139.4 + 40.7 and 139.5 k 41.7 in DIR and MED groups respectively. PR 
was 94.2 f 27.4 beats per minutes (blmin) and 91.7 f 22.6, PCO, was 41.6 f 16.0 and 
39.4 f 11.4 and PO, was 161.2 f 131.7 and 204.6 + 163.3 in DIR or MED group respec- 
tively. Statistically significant difference is present as to PCO, and PO, level between 
these two groups (Table 1). 

Distribution of BP on admission in DIR or MED group reveals that 77.5% of the 
former and 73.8% of the latter are with BP within the range of 80 to 180 mmHg, which 
can be regarded as physiological and relatively safe range, although some are actually 
in shock or extremely hypertensive state in both groups (Fig. 1, top). As to PR on 
admission in both groups, 74.6% of DIR and 71.9% of MED are in a physiological 
range from 60 to 120blmin. Cases with extreme tachycardia over 140blmin are 



406 A. Satoh et al. 

TABLE 1. Physiological data on  admission (see text for abbre- 
viations) 

DIR MED P 

BP (mmHg) 139.4 k 40.7 139.5 k 41.7 ns 
PR (beastslmin) 94.2 i 27.4 91.7 k 26.6 ns 
PCO, (mmHg) 41.6 f 16.0 39.4 f 11.0 <0.05 

PO, (mmHg) 161.2 f 131.7 204.6 f 153.3 <0.01 

: DIR (600) - - : MED (294) 
8 

: MED (299) --- 

8140 -120 -100 - 8 0  - 6 0  - 4 0  < 4 0  
Pulse Rate (beatslmin.) 

FIG. 1. Distribution of BP and PR on  admission in DIR and MED group. Distribution pattern 
is almost same in both groups, while some subtle differences are present. Details are described 
in the text 

observed in 7.0% of DIR and in 5.4% of MED, of which difference is not significant. 
Conversely, cases with extreme bradycardia less than 40bImin are present in 5.1% of 
DIR, while only in 0.7% (two cases) of MED goroup (Fig. 1, bottom). 

A distribution of PCO, on admission shows that only 43.1% of DIR and 48.3% of 
MED are in physiological range of 35 to 45mmHg. Detrimental hypercapnia with 
PCOz above 55mmHg is observed in 10.4% of DIR and in 6.9% of MED, while excess 
hypocapnia with PCO, below 25 mmHg is present in 5.3% of DIR and 3.0% of MED. 
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FIG. 2. Distribution of PCOz and PO, level on admission in DIR and MED group. Some 
significant difference in extraordinary ranges are noticeable, though distribution pattern is 
essentially similar in both groups. See the text for details 

Approximately 80% of patients are existing in permissible range with some in detri- 
mental hypercapnic levels (Fig. 2, top). Hypercapnia with PCO, level above 55 mmHg 
is seen in 10.4% of DIR and 6.9% of MED, which is significantly different. However, 
restricting PCO, level within from 55 to 60mmHg, significantly more cases are present 
in MED than in DIR (4.2% vs 1.9%) (Fig. 3, top). 

PO, distribution in both groups shows that 53.6% of DIR and 62.0% of MED are 
with PO, above 100 mmHg, and 15.3% of the former and 6.0% of the latter are severely 
hypoxic with PO, below 60mmHg (Fig. 2, bottom). Incidence of cases showing hypoxia 
with PO, level 60 mmHg or less is 15.3% in DIR and 6.0% in MED, that is significantly 
different (Fig. 3, bottom). 

Among 151 cases depicted as coma on admission in MED group, only 33 cases 
(21.9%) underwent endotracheal intubation (ETI) at previous hospitals. However, 
physiological data of those with and without ETI at previous hospitals are not differ- 
ent, except as to oxygenation, which is significantly better in the former group (Table 
2). Glasgow Outcome Scale scores at discharge in these two groups are not different. 
Mortality is almost 60% in both groups (Fig. 4). 
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FIG. 3. Differences of blood gas data of DIR and MED group. Top: incidence of hypercapnic case 
is higher in DIR than in MED except for those with PCO, level between 5 5  to 60mmHg. Bottom: 
incidence of hypoxic case is definitely higher in DIR than in MED, while extremely hypoxic cases 
are present even in MED group. See the text for further details 

TABLE 2. Physiological data of MED group on admission 
Intubated Non-intubated P 

4 Discussion 

Importance of early medical intervention and resuscitation to prevent hypotension 
and/or hypoxia for severely injured traumatic patients is well recognized by medical 
care providers working at every field of emergency medicine [I-41. As cited in the 
guidelines for TBI of the U.S.A. [5,6] and of Japan [ I ] ,  these procedures are particu- 
larly important in treatment for patients with severe TBI. Despite of recommenda- 
tions of these guidelines, numbers of reports revealed that prehospital medical care 
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intubated 

non-intub. 

FIG. 4. Glasgow Outcome Scale score at discharge of cases with of without ETI. Outcome at 
discharge is quite the same in cases with or without ETI 

especially as to maintaining blood pressure and/or oxygenation for patients with TBI 
is not always satisfactorily performed [8-101. In Japan, PTHp medical care is given 
essentially by physicians of primary or secondary emergency hospitals or by an ambu- 
lance rescue team comprising paramedics and assistant rescue crews, who can provide 
medical practices which are strictly limited by laws to a patient at accident scenes. In 
consequence, there must be a distinct difference between physiological data obtained 
immediately after admission to tertiary emergency institutions from patients of DIR 
group and from those of MED one. 

Nevertheless, there was no difference as to an average admission BP in DIR and 
MED groups, and BP was kept in acceptable range (80-180mmHg) in approximately 
75% of cases in both groups. However, 8.0% of DIR and 10.9% of MED showed 
hypotension lower than 80mmHg, and 3.5% and 5.1% of respective group were in 
dangerous shock state below 60mmHg. Besides, 8 percent and 7.5% of those groups 
were at dangerously hyperternsive state above 220mmHg (Fig. 1, top). Concerning to 
an average PR, there was no difference between the two groups, of which 74.6% in 
DIR and 71.9% in MED were at acceptable level from 60 to 120blmin (Fig. 1, bottom). 
Distribution pattern of BP and PR are quite the same in the two groups, and incidence 
of cases exhibiting these two indicators (BP or PR) at abnormal level is not different 
between these two groups (Fig. 1, top and bottom). These findings suggest that PTHp 
medical care might have been insufficient or inappropriate especially in cases with 
poorer vital signs. An extreme hypoxia or tachy- or bradycardia must be corrected by 
physicians at praimary or sencondary institutues to make incidence of these abnor- 
mality be significantly lower in MED group than in DIR one. 

As to data relating to respiratory conditions during transportation or on admission 
to tertiary institutions, numbers of differences were observed between DIR and MED 
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groups. Regarding PCO, level, only 43.1% of DIR and 48.3% of MED group show nor- 
mocapnia from 35 to 45mmHg [9]. Undesirable hypercapnia with PCO, above 55 
mmHg was observed in 10.4% of the former and 6.9% of the latter, while excess 
hypocapnia with PCO, lower than 25 mmHg, which might cause cerebral ischemia, 
was identified in 5.3% of DIR and 3.0% of MED [9] (Fig. 2, top). Despite of recom- 
mendations by the guidelines for TBI [1,5,6], recent reports disclosed considerable 
portion of cases with TBI shows hypocapia [9,10]. Excess hypocapnia of limited time 
could be acceptable confining to PTHp medical care [lo], but hypercapnia, which 
potentially causes intracranial hypertension, should be avoided by applying pertinent 
assisted ventilation with or without ETI. In this regard, the present data shows that 
MED group was treated better comparing to DIR one, because incidence of hyper- 
capnic case is significantly lower in MED than in DIR group (Fig. 3, top). However, 
restricting the cases with PCO, level within from 55 to 60mmHg, significantly more 
cases were in MED than in DIR, of which incidence was 4.2% and 1.9% respectively 
(Fig. 3, top-right column). This inverse figure strongly suggests that medical care at 
PTHp institutions was insufficient at least concerning ventilatory support for cases 
with hypercapnia at this level. 

An average PO2 level on admission was significantly higher in MED group than in 
DIR one. This relationship is unchanged at any level of hypoxic state (Fig. 3, bottom). 
Because arterial PO2 level is stable for much longer period of time than PCO, level, 
this result obtained from the data on admission definitely reveals that physicians in 
PTHp institutions paid sufficient attention to provide oxygen supply to a patient with 
TBI. Yet, the fact that 6.0% of MED group show PO, level below 60mmHg, which is 
definitely hazardous level at acute phase of trauma care, must be considered as a 
serious problem. 

As paramedics are not allowed to provide ETI to a trauma patient unless he shows 
cardio-pulmonary arrest in Japan, data concerning ETI can be studied only in cases 
of MED group. Only 21.9% of definitely comatose patients underwent ETI at PTHp 
institution. This might be able to partly explain why considerable numbers of cases 
in MED exhibited hypercapnic state on admission. It is regretful that there are physi- 
cians in primary or secondary emergency hospitals who are unwilling or not experi- 
enced well to practice ETI at emergency situation. Efficacy of ETI for severely injured 
patient at accident scene is still on controversy [2,7-101, but it must be true that, in 
case of a patient being in a emergency medical institution, physicians should not 
hesitate to give ETI to him if he is in coma. This is discouraging data, and we should 
institute more active, effective and nation-wide extensive pre-hospital medical care 
education program for medical staff in order to improve emergency medical care for 
acute traumatic case at primary or secondary institutions. Fortunately, physiological 
data on admission are not different in cases with or without ETI, except for that better 
oxygenation is maintained in the former group (Table 2). Outcome of these two groups 
is also not different so far as judging from Glasgow Outcome Scale score at discharge 
from tertiary emergency institution (Fig. 4). However, further follow-up for longer 
period of time including tests for higher brain functions must be necessary to know 
precisely if there are some subtle differences between these two groups or not. In 
Japan, now we are advancing the system of on-site intubation by specially trained 
rescue paramedics, and these data might ask reconsideration for the efficacy of rapid 
introduction of such medical techni4e in emergency situation. 
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5 Conclusion 

Physiological data of 1002 cases of JNTDB were analyzed to compare differences 
between DIR and MED group. BP and PR are essentially same in both groups although 
there are considerable numbers of cases who show detrimental abnormality as to 
these parameters. On the other hand, regarding parameters representing respiratory 
condition, significantly more hypercapnic or hypoxic cases are present in DIR group, 
while some seriously hypercapnic or hypoxic ones d o  exist in MED group. Another 
serious problem is that only one fifth of comatose cases in MED received ETI at PTHp 
institutions, although physiological data and outcome at discharge are not different 
in groups with or without ETI. 

References 
1. Tokutomi T (2003) Traumatic brain injury. Emerg Medicine (Tokyo) 27:1741-1746 
2. Yanagawa Y, Takasu A, Saitou T, et a1 (2004) Analysis of prehospital care provided by 

doctor car in our institute for patients with head trauma. J Japan Association for Acute 
Medicine 15:175-179 

3. Cooper DJ, Myles PS, McDermott FT, et a1 (2004) Prehospital hypertonic saline resus- 
citation of patients with hypotension and severe traumatic brain injury. JAMA 
291:1350-1357 

4. Rudehill A, Bellander B, Weitzberg E, et a1 (2002) Outcome of traumatic brain injuries 
in 1508 patients: Impact of prehospital care. J Neurotrauma 192355-868 

5. Adelson PD, Bratton SL, Carney NA, et a1 (2003) Resuscitation of blood pressure and 
oxygenation and prehospital brain-specific therapies for the severe pediatric traumatic 
brain injury patient. Pediatr Crit Care Med 4 (Suppl.):S12-S18 

6. Gabriel EJ, Ghajar J, Jagoda A, et a1 (2002) Guidelines for prehospital management of 
traumatic brain injury. J Neurotruama 19:lll-174 

7. Bulger EM, Copass MK, Sabath DR, et a1 (2005) The use of neuromuscular blocking 
agents to facilitate prehospital intubation does not impair outcome after traumatic 
brain injury. J Trauma 58:71-724 

8. Davis DP, Peay J, Sise J, et a1 (2005) The impact of prehospital endotracheal intubation 
on outcome in moderate to severe traumatic brain injury. J Trauma 58:933-939 

9. di Bartolomeo S, Sanson G, Nardi G, et a1 (2003) Inadequate ventilation of patients with 
severe brain injury: A possible drawback to prehospital advanced trauma care? Eur J 
Emerg Med 10:268-271 

10. Thomas SH, Orf J, Wedel SK, et al (2002) Hyperventilation in traumatic brain injury 
patients: Inconsistency between consensus guidelines and clinical practice. J Trauma 
52:47-53 



Key Word Index 

a 
accidental hypothermia 339 
acetazolamide vasoreactivity 360 
acute brain injury 335 
additional surgery 90 
adult-derived 131 
algorithm for management of 

craniovertebral malformation 153 
aneurysms 187 
anterior skull base injury 316 
arteriovenous malformation 29 
assessment of "locked-in" 

syndrome 153 
astrocytoma 36 
autologous grafting 131 

b 
0-endorphin 114 
behavioral sequelae 3 10 
behavioral disturbances 283 
biology 80 
brain hypothermia 124,328 
brain injury 233,321 
brain plasticity 310 
brain protection 321 
brain shift 17 
brain tissue perfusion 360 
brain tumor 58 
burst fracture 47 

C 

carbon nanotubule 212 
cardiac arrest 124 

CBF 368 
cell line 108 
central hypoventilation 138 
cerebral embolism 85 
cerebral protection 335 
cerebral vasospasm 96 
cerebral venous infarction 181 
cervical spine 53 
cervicomedullary compression 153 
children 225 
cisternal washing therapy 96 
clinical trial 119, 350 
cognitive dysfunction 268,283 
coma scale 400 
coma 376 
complication of hypothermia 328 
computer guided surgery 17 
computer monitoring system 368 
corticospinal tract 143 
cranial fossa 202 
craniofacial injury 3 16 
cytokine 339 

d 
data bank 268 
decompression surgery 359 
deep brain stimulation 212 
diaphragm pacing 138 
diffusion-tensor imaging 58 
diffusion-weighted image 58 
dopamine 124 



41 4 Key Word Index 

e 
early surgery 165 
echo-contrast agents 360 
ECS 400 
Edaravone 321 
electrical stimulation 161, 220, 376 
electron spin resonance 

spectroscopy 321 
emergency 400 
emergency medicine 404 
emotion 233 
endoscope-controlled removal 176 
ependymoma 36 
epidemiology 274 
epilepsy surgery 260 
expansive open-door 53 

f 
F-fluorodeoxyglucose 

(FDG) 73 
fibrinolysis 85 
focal cortical dysplasia 260 
folate receptor 8 
Folatescan 8 
free radicals 124,321,328 
frontobasal fracture 3 16 
functional rehabilitation in 

neurosurgery 153 

g 
gamma knife 29 
gene therapy 119 
glioma 22,80, 119 
guidelines 268 

h 
head injury 260,274,368,391 
head shaking 96 
hemodynamics 335 
hemoglobin dysfunction 328 
hemorrhage 29 
holistic neurorehabilitation 153 
hormonal replacement therapy 396 
hypopituitarism 396 
hypothermia 350,386 

i 
image-guided surgery 22 
incidence 274 
indirect bypass surgery 90 
individuality 3 10 
instrumentation 170 
intensive care 386 
interdisciplinary team approach 240 
interfacetal locking 47 
interferon 119 
internal acoustic meatus 176 
intracerebral hematoma 165 
intracranial pressure 350 
intramedullary 36 
intra-operative monitoring 22 
intraoperative MRI 69 
intraventricular hematoma 165 
ischemia 90 

k 
Kana pick-out test 293 
keyhole 202 

1 
laminoplasty 53 
lateral position 53 
liposome 119 

m 
management 386 
MCA 85 
median nerve 220,376 
MELT Japan 85 
microsensors 3 
microsurgery 101,202 
mild head injury 283 
minimally invasive surgery 170 
minimally invasive 53 
molecular imaging 8 
molecular targeting 8 
motor cortex 143 
motor evoked potential 143 
moyamoya disease 90 
MRI 58 
multimodal monitoring 368 



Key Word Index 41 5 

multiple injury 391 
multiprofessional management of TBI 

and SCI 240 

n 
nanoelectrode 212 
neural networks 3 
neural stem cell 131 
neural transplantation 108, 131 
neuroendoscopy 176 
neurointensive care 368 
neuroleptanesthesia 335 
neuromodulation 212 
neuronavigation 17,22,69, 131 
neuropsychological 

rehabilitation 3 10 
neuropsychological treatment 233 
neurorehabilitation 233 
neurosurgical procedure 202 
neurotransmitter 108 
neurotrauma databank 404 
neurotrauma TBI 268 
neurotrophic factor 108 
NL1 114 

0 

obliteration 29 
open MR 69 
optical biopsy 3 
outcome and quality of life 153 
outcome 176,225 

P 
pain 114 
parasellar tumors 101 
Parkinson's disease 108,212 
penumbra 181 
photodynamic diagnosis 80 
photodynamic therapy 80 
physiological parameters 404 
pituitary adenoma 8 
platform 391 
positron emission tomography 

(PET) 22,73 
post-concussion syndrome 283 

posterior 202 
posttraumatic epilepsy 260 
posttraumatic ventriculomegaly 251 
Predementia 293 
prefrontal area 293 
prefrontal disorder 293 
pre-hospital care 404 

4 
quality of life 240 

r 
rat 181 
re-engineering of brain and spinal cord 

lesions 240 
restoration of locomotion functional 

rehabilitation in neurosurgery 240 
retrocarotid infracommunicating 

space 101 
risk factors 274 
robotics 3 

S 

scoring of vegetative state 124 
secondary brain injury 350 
secondary injury 386 
severe brain injury 251, *328 
severity 225 
shunt 251 
spectroscopy 3 
spectrum of neurosurgical 

neurorehabilitation 153 
spinal cord 36 
spinal cord blood flow 359 
spinal cord injury 47, 161,359 
spinal cord stimulator 138 
spinal instrumentation 47 
spinal surgery 170 
spinal tap test 251 
station 391 
stereotactic radiosurgery 29 
subarachnoid hemorrhage 96,165, 

187 
surgery 47,80 



41 6 Key Word Index 

surgical approach 73,101 
surgical indication 73 

u 
urokinase 85,96 

vegetative state 220 
VEGF 181 
vestibular schwannoma 176 

t 
temporal lobe epilepsy 260 
Tet-on system 114 
tetracycline 114 
therapeutic hypothermia 339 
therapeutic mild hypothermia 335 
tractography 58 
transcranial Doppler sonography 360 
transcranial power harmonic w 

imaging 360 WFNS grade 165 
traumatic brain injury 225,274,339, WHO-ICF classification of 

350,376,386,396,404 functioning 153 




