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1. 參加會議經過
台灣-義大利雙邊生醫影像研討會的舉辦背景是2007年十月國科會與義大利國家研討委員會(CNR)簽訂合作協議書，今後雙方每年將舉辦二次雙邊研討會(台灣、義大利各一次)，執行5件合作研究計畫(joint project)，10次人員互訪台義各5次。2008年研討會採top down方式決定2項主題-即生醫影像及奈米電子，至於為何採生醫影像為主題，原因是CNR的Nuclear Medicine Center就設在拿坡里大學醫學院，醫學院的生醫影像實驗室與CNR的Nuclear Medicine Center是合而為一，接受CNR的經費補助，該實驗室中心的主持人Prof. Marco Salvatore很希望跟亞洲國家合作，因此透過CNR提出與國科會合辦研討會的建議。國科會鑒於該中心設備新穎研究水準甚高，故同意列為首先考慮之合作對象，希望藉由此次台灣-義大利雙邊生醫影像研討會的交流，雙方能產生一些具有互補性的合作研究計畫。
在與Prof. Marco Salvatore及Prof. Arturo Brunetti的多次聯絡後，決定此次台灣-義大利雙邊生醫影像研討會由義方安排行程，並在義大利University Federico II of Naples (University Degli Studi di Napoli Federico II)舉辦。由於此會議之目的在促成未來可能之醫學影像技術與應用合作，義方將會議行程分成兩部分，一部分是雙方之presentation，一部分是討論與參觀行程。Presentation部分在Naples灣外之Capri島上位於Anacapri之Villa Orlandi舉行。Villa Orlandi是University Federico II of Naples所擁有之會議設施。討論與參觀行程則必須回到位於Naples的校區進行。雙方代表在本次會議之主題Diagnostic Imaging的框架下針對生醫影像、分子探針設計、影像顯示與處理等內容展開交流，並以未來能形成共同研究團隊為目的。
此次參加之台方與義方人員如下:

台方

陳志宏 Jyh-Horng Chen (國立台灣大學電機學系)、
薛晴彥Chyng-Yann Shiue (國防醫學院核醫部)、
曾凱元 Kai-Yuan Tzen(國立台灣大學醫學院附設醫院核子醫學部)、
李百祺 Pai-Chi Li (國立台灣大學電機學系、
張富雄 Fu-Hsiung Chan(國立台灣大學生物化學暨分子生物學研究所)、
陳中明Chung-Ming Chen (國立台灣大學醫工所)、
孫啟光 Chi-Kuang Sun (國立台灣大學光電工程研究所)、
林慶波Ching-Po Lin (國立陽明大學神經科學研究所)、
彭清次組長(駐法科技組)，

傅顯達Shen-Da Fuh (國科會國合處)、
李青青(駐法科技組)。
義方
Marco SALVATORE (University of Naples Federico II)

Arturo BRUNETTI (University of Naples Federico II - IBB CNR), 
Wanda ACAMPA (CNR Institute of Biostructure and Bioimages), 
Bruno ALFANO (CNR Institute of Biostructure and Bioimages), 
Alberto CUOCOLO (University of Naples Federico II – EANM),
Giuseppe DE PIETRO (CNR Institute of High Performance Computing and Networking)
Silvana DEL VECCHIO (University of Naples Federico II - IBB CNR)
Giovanni LUCIGNANI (University of Milano)
Giuseppe MARTINI (CNR Department of Life Sciences)
Giancarlo MORELLI (University of Naples Federico II - IBB CNR)
Carlo PEDONE (CRdCFM and Biotechnology Univ. Naples)
Michele SAVIANO (CNR Institute of Biostructure and Bioimages)
Andrea SORICELLI (IRCCS - SDN Foundation Naples)
其中MARTINI是CNR生物處處長，CUOCOLO是歐洲核醫協會會長，SORICELLI是SDN基金會之Scientific director，PEDONE是CRdCFM之director，LUCIGNANI是歐洲核醫期刊之主編，ALFANO是CNR Institute of Biostructure and Bioimages之director。能請到這些重量級人物，顯示Marco SALVATORE無與倫比之影響力。
此次台方在technical presentation方面貢獻了八個演講，其論文題目、作者序、與abstract檢附在此報告之後。除technical presentation外，陳志宏與曾凱元則另外提供專題演講介紹台大之分子生醫影像核心實驗室與台大醫院正子中心。
根據Napoli東方大學教授Patrizia Carioti表示，本次編研討會深受當地重視，在9月16日當地的晚間電視新聞中有相關報導。
參觀行程方面，則參觀了IRCCS Fondazione SDN (Diagnostic Imaging and Laboratory Research Institute)、Department of Diagnostic Imaging - University Hospital Federico II、和 Imaging Laboratory, CEINGE (Biotechnology Research Inst)。在PET方面，SDN設置3部正子掃描儀，兩部是固定在中心的，一部是可移動式的(mobile)，3天在中心4天到各處進行正子掃描。每天早上5:30迴旋加速器(cyclotron)開始作業，7:30開始第一位病患注射放射藥劑18F-FDG。最後一個病患注射是下午8:00，最晚在晚上10:00作業結束。每天作業量為60位病患。至於在大學醫院的核醫部門則在兩部儀器作業下只進行10-12名病患的檢查。在MRI方面，SDN研究機構共有六部MRI設備，位於核醫部上層，對影像整合有相當不錯的助益，其中包含一部3T高場MRI設備及2部1.5T 設備，最令人驚奇的是共有三部開刀用的開放式系統，包含Siemens的0.3T設備，其影像品質，竟然不比1.5T MRI的影像品質遜色，另二部為義大利當地的ESAOTE公司所創造的0.25T 系統，這部系統擁有非常罕見的直立式掃瞄設備，可以變換病人的姿勢、方向，使病人可以站立掃瞄，這在MRI 設備中是相當少見的，對於一般站立的脊椎與關節或動態移動研究皆是相當重要的設施。這種醫院、醫學中心與產業合作發展的模式，可以產出相當不錯的成果，也是相當值得台灣借鏡的部分。
部分成員亦參訪了拿波里大學電機系。
另外孫啟光也受邀在Stazione Zoologica Anton Dohrn發表一小時的演講，講題為”In vivo long term continuous observation of gene expression in zebrafish embryos by using harmonic generation microscopy”，其後並參觀海洋工作站之實驗設施。此Stazione Zoologica Anton Dohrn其實應該稱做Anton Dohrn海洋生物研究中心，是義大利教育與科學部下之一級研究單位。此海洋生物研究中心由Anton Dohrn於1870年創立，是全世界最早之海洋生物研究中心之一，有極其悠久之歷史。其中心之President與多位科學家均對與台合作深感興趣，包含孫啟光之光學技術，蔡懷禎教授之new nebrafish lines，與黃將修教授之浮游生物研究。孫啟光也有幸參予了國科會與SZN之簽約儀式。其中多位科學家均建議延長互訪之時間，並增加碩博士生之長期互訪與訓練。並期待能與台灣舉行雙邊研討會。
由於適逢颱風侵台，孫啟光與傅顯達預計搭乘9/13之CI63班機延後24小時才起飛，因此9/15才趕達會場，錯過2小時會議，其餘成員均於9/14到達Anacapri。除李百祺與林慶波分別於9/18及9/19因公提早離開外，其餘成員均全程參與會議直到9/20離開拿坡里返台。
2. 與會心得與建議
以下是部分成員所提供之與會心得與建議
曾凱元

在出席此次台灣-義大利生醫影像(Medical Imaging)雙邊研討會之前參加了在法國尼斯舉行之WMIC(World Molecular Imaging Congress)時一位義大利學者Professor Stefano Fanti在介紹歐洲區正子掃描(PET Scan)現況時指出，義大利是歐盟各國當中臨床應用做得最多的國家。這次參訪的Professor Marco Salvatore成立的基金會Fondazione-IRCCS SDN設置了一個獨立的影像診斷中心，設置3部正子掃描儀，兩部是固定在中心的，一部是可移動式的(mobile)，3天在中心4天到各處進行正子掃描。每天早上5:30迴旋加速器(cyclotron)開始作業，7:30開始第一位病患注射放射藥劑18F-FDG。最後一個病患注射是下午8:00，最晚在晚上10:00作業結束。每天作業量為60位病患。至於在大學醫院的核醫部門則在兩部儀器作業下只進行10-12名病患的檢查。這個部份與目前台大的狀況相似。其間最大的關鍵出在制度上。他們的獨立影像診斷中心較有彈性，不受公務機構的限制可以實施非正常班的工作時間也可給予合理的加班費，而且可以分兩批輪班。因此，可以每天每部儀器作10個病患的掃描。此外，醫學院醫院的儀器較老舊也影響效率。此外，雖然兩邊皆各有一個小型迴旋加速器，在病患的作業量這麼大時每天要進行兩次到三次的運轉製藥，相對的便不夠用。雖然彼此可以互相支援，不過一旦工作量增加時，整個的需求仍相對的不足。未來我們的癌症醫院也應走同樣的方式與總院的迴旋加速器互補以達最大效應。
我們可以派醫師前往學習這種重力訓練（約六個月）。
此外，獨立的影像診斷中心有4位碩士級的放射化學師，大學醫院則有一位，另加兩位放射藥師。我們則只有一位放射藥師加上兩位放射化學師，在未來成立癌症醫院時應一併列入考慮與參考。
他們目前研發的較新的放射藥劑是用於血管增生(angiogenesis)造影的18F-v3-RGD(arginine-glycine-aspartic acid)這是由Professor Carlo Pedone帶領的小組研發出來的。目前已進入動物實驗階段，這是目前正子掃描試劑中十分熱門的一種。我們希望能派放射化學師到義方進行三個月的學習以便在台大的核醫部也能擁有這種最新的腫瘤掃描試劑。由於雙方大部分儀器相同，技術移轉之困難度應該不大。
至於小型動物正子掃描部份，雖然他們比我們早一年購置同樣的儀器，不過，在廠商不斷的改進與升級之後，我們的解析度已可到達1 mm。不過，他們的儀器似乎尚未達到。不過，他們在定量分析，尤其是腫瘤研究的定量分析上是我們過去做得比較少的（我們偏重腦與神經學方面的研究），這點值得我們派研究助理前往學習他們的經驗（約三個月）。
另外，他們的影像診斷中心使用程式OsiriX作影像融合、展示、管理。可以擺脫目前各影像儀器廠商的控制。這個程式最近也開始在我們的動物影像實驗室試用，當然經驗還嫌不足，如能由醫師或助理前往學習之時順便了解他們實際大規模使用所遭遇到的困難，如何解決等，作為我們未來全面採行的參考。
這是第一次義我兩方的接觸，就核子醫學正子掃描方面而言，從基礎研究、臨床應用，甚至影像管理義方比起我們都要有經驗的多。確實有多方面值得學習，過去五年來台大核醫，尤其是正子掃描上確實有長足的進步，然而，不可諱言，在速度上還有許多可以改善的空間。所謂他山之石可以攻錯，希望儘快能透過國科會派員至義方直接學習、取經引進不同的思惟與做法，如果可能的話，在明年四月義方代表來台出席第二次台灣-義大利生醫影像雙邊研討會之時就會有初步可見到的效果。
李百祺:
1. 臨床前研究為雙方共同研究之重點，但對於小動物影像系統而言，義大利之團隊基本上乃以使用現有設備之方式進行研究，台灣的團隊則以新影像技術開發作為研究重點。因此，雙方之合作可在此基礎上展開。換言之，由台灣團隊開發之新影像技術，針對雙方皆有興趣的生醫問題，進行合作研究。研究細節可以在後續討論及下階段訪問交流中獲得進一步之確認。舉例來說，義大利團隊已使用超音波小動物影像進行研究，台灣團隊所開發之分子影像技術（如以血管新生或血栓標定做影像）便可輔助義方現有之研究。
2. 義大利團隊對於光聲影像有高度的興趣，同時對於奈米粒子之安全性亦認為有研究之必要。光聲影像可與超音波顯微影像結合，作為多模式影像之平台。奈米粒子生物相容性則需要廣泛之生物實驗才能有所推論。因此，此二課題皆可以做為後續共同研究之主題。
3. 本次參訪台方代表以台灣大學分子核心影像實驗室之成員為主，其中亦有數位為台大生醫電資所之成員，而義大利之團隊亦有多位University of Napoli的成員。因此，後續交流除上述之學術研究合作之外，建議亦可以進行單位間之交流（如校際交流或是系所層級之交流）。如此，便可堆廣至更多教授與學生之互訪，可以擴大本次交流之成效。
張富雄:
Savordore創立CEINGE主要的目的是溝通產業和學術橋樑，以科學研究中心的規模，主要是政府出資，並向民間募款，且以此健全的營運模式，逐年向歐盟申請經費補助，促進產學交流，讓學術創新和公司標的(company mission)相互結合，這樣的模式有些類似incubator的體系，所不同的是，整個CEINGE機構的研究核心平台，和技術人員的訓練非常完整，能及時提供學術或企業所需，並定期舉辦相關研討會。其核心平台，計有幹細胞完整的分析能力，高階的儀器計有BD牌的FACS scan和FACS sorter各兩部，儀器相當的精良。動物Imaging的實力完整，有PET、螢光、冷光、超音波、Zeiss活細胞影像等，分子影像的研究工具一應據全。正執行的研究有例如有關蛋白體和基因體的機型和平台都已建立，正執行的研究為細菌（利用甲烷為能量的初始細菌）的基因序列分析，希望能運用在清除石油污染；也正執行腦疾病的蛋白體研究，如Alzheimer相關蛋白質的修飾分析。
本研討會後交流，已和Pedone、Morelli教授談妥合作模式、雙方合寫計畫、互相交寄所需材料、並密切互訪合作。Pedone教授主掌IBB多年，化學合成的平台實力雄厚，直得合作學習之處頗多。而Morelli教授為IBB藥物遞送計畫的負責人和本實驗室的背景相似，能截長補短相互交流，促進雙方的藥物計畫發展。他將提供材料，計有CCK peptide-lipid、DOTA-lipid，它們可以及時結合到我們實驗室發展中的奈米藥物(Taxol或Doxorubicin)，作腫瘤targeting治療，並同步由PET影像分析，了解藥物分布和療效的相關性，如此之相互合作，有效的縮短研究時程。
陳中明:
在分子影像的範疇中，從probe的設計到影像分析，本次的台義雙邊生醫影像研討會中，皆有所涵蓋。而義大利的學界在probe的設計、核子醫學與MRI等相關的研究上，所呈現的研究成果與能量，確實讓人印象深刻。美中不足的是在光學影像、超音波影像與(近)紅外線影像上沒有義方的學者參與，使得分子影像之研究領域未能充分的討論。建議在第二屆會議中能有此三領域的雙方學者參加，以激盪出該領域的合作火花。
此外，影像分析原本應在分子影像的定量與定性分析上扮演重要的角色，但在本次會議上並未獲得與會人士的重視，有點可惜。義方雖有相關研究結果報告，但深度不足。建議下次會議中，雙方能有專長為生醫影像分析的學者參與，才有可能在此一課題中交換心得，共同為分子影像的分析技術開展新的合作計畫。
最後，個人覺得在研討會presentation後的參訪，不僅讓我更感受到義方的誠意與熱情，義方的產學間的密切合作與大力投資新型設備的努力，是個人覺得國內產、官、學界應該好好借鏡之處。而拿波里大學電機系的參訪，也讓我覺得義大利學界中仍有許多值得進一步了解，甚而合作的對象。或許下次的會議中，應該在電機資訊領域中尋找更多的潛在合作團隊。

林慶波:
很榮幸有機會與拿波里大學、醫院及米蘭大學教授一同討論醫學影像相關知識與應用，學習了很多核醫、影像處理及藥物的研究，這裡的學校與醫院有個共同的特色，就是與業界的結合，並且有一基金會作為後援，藉此，可以作緊密的結合，把技術發展、臨床應用與產業作相當緊密的分工合作，這是台灣相當值得借鏡的部分。
在台灣的研究工作，大都很分散，相同領域或為一大主題整合的專家、設備、資源等相當難得聚集於同一機構及位置，然而，這裡看到的是分生、核醫、藥物、影像及各項設備甚至業界的整合，這可以使分子影像領域快速成長，並很快能在國際學術佔一席之地，是相當不容易，也是相當值得學習的部分。
這次訪問中，也瞭解SDN基金會對老年癡呆、阿滋海默及巴金森氏症相當有興趣，且正有研究計畫進行中，運用我們專長的擴散磁振造影，雙方已經談了些可能進行的研究主題，這對促進未來的研究合作有實質的助益。
孫啟光:
1. 非常感激駐法科技組彭清次組長、李青青秘書、及國科會傅顯達研究員之全力協助。沒有他們親身參與，負責全程之安全維護與交通照顧，此行不會如此順利。對於全體人員犧牲中秋假期參與此次研討會，亦致上十萬分之謝意。
2. 非常感激Marco Salvatore及Arturo Brunetti之全力協助。此行可感受到Marco Salvatore在義大利核子醫學界之教父級影響力。未來之會議與交流應盡力徵詢Marco Salvatore之意見與參與，以藉其影響力擴大雙方之合作。
3. 非常感激陳志宏教授在我個人因颱風延後行程的情況下，協助製作opening talk，並於opening talk中介紹本團團員。
4. 未來之雙邊研討會應主動提出我方希望義大利參與科學家之專長背景等，以擴大合作之主題與基礎。
5. 義大利之強項在臨床核子醫學。建議直接強化雙方之核子醫學交流，並派遣我方具臨床背景之核子醫學年輕研究人員長期前往(至少三個月以上) Marco Salvatore之實驗室交流學習以強化藉由此次會議所建立之基礎，並藉此強化我方之研究實力。
6. 下次雙邊會議建議集中於PET及molecular design，並輔以MRI及其他影像處理議題。我方參予人員不必拘泥於此次人員。若在台主辦，我方之參予人員可遠高於八名，並應告知對方多從事technical方面之說明，以增進實質了解。
7. 義方非常關注研討會之成員均應全程參與。若在台主辦，建議主辦人應慎選舉辦場地與我方之參予人員，以要求我方人員全程參與。
8. 若有不妥，建議國科會應在coordinate時即告知主辦人通知所有團員不得攜眷前往，並告知團員應全程參與，並不得有脫隊行為。
9. Napoli並不如想像中危險，但仍建議未來應團體行動，以減少潛在可能危險。

10. 若未來義方仍在Capri舉辦研討會，由於住宿太貴，建議在旅遊淡季(10月以後5月以前)舉行。

11. 在與SZN合作方面，建議蔡懷禎教授(曾任台大漁科所所長)為第一屆雙邊會議台方之主辦人。此行可感受到義方對蔡教授研究成果之敬意與希望與其合作之要求。
3. 會議決議與綜合建議
此次會議達成下列協議，需要國科會之協助
1. 第二屆台灣-義大利雙邊生醫影像研討會將於明年四月底於台大主辦，台方之coordinator為陳志宏與曾凱元，義方之coordinator為Marco Salvatore及Arturo Brunetti。尚須國合處鼎力支持。
2. 對於部分人員互訪時間應予以適度加長。在NSC-CNR合作方面，義方希望台灣之訪問人員應停留在義方實驗室至少超過3個月以上。SZN亦有同樣之要求。義方之人員訪台時間亦是希望如此。義方也希望能增加博士生與博士後交流，停留時間也是希望能超過一年以上，以兩年最為恰當。此兩項建議均與現行規定不符。尚須國科會協助解決。
3. 義方亦希望台大核醫能在明年暑假前至少派兩位年輕之學者前往義方之實驗室從事合作研究至少3個月以上。台大核醫願意派員前往從事6個月的訓練，希望國科會能儘力支持。

4. 由於國科會之日支生活費明顯與現實歐洲住宿費脫節。建議未來雙邊會議之機票與住宿全團均由國科會直接委託旅行社統一直接辦理，不但可一致行程，更可避免參與國內學者之抱怨。國科會只需核給學者與會期間40%之其他生活費用及簽證保險相關費用即可。

4. 攜回資料名稱及內容
共攜回下列資料
1. Activity Highlight of Molecular Design Department of National Research Council of Italy.

2. Centro Regionale di Competenza Diagnostica e Farmaceutica Molecolari

3. European Science Foundation EMRC White Paper on Present Status and Future Strategy for Medical Research in Europe

4. European Science Foundation Science Policy Briefing on Medical Imging for Improved Patient Care

5. The History of the Stazione Zoologica Anton Dohrn
6. Stazione Zoologica Anton Dohrn Activity Report 2004-2005

7. La Stazione Zoologica Anton Dohrn Fra Storia Scienza e Mare
Neural Architecture Revealed by High Temperature Superconducting MR Imaging
Jyh-Horng Chen
Interdisciplinary MRI/MRS Lab, Department of Electrical Engineering,
National Taiwan University, Taipei, Taiwan
jhchen@cc.ee.ntu.edu.tw
Diffusion tensor imaging (DTI) is a non-invasive neuroimaging technique to map the neural fiber architecture and provide useful diffusion quantities to depict mean diffusivity and anisotropy within each imaging voxel, which has been considered a potential clinical tool to study abnormal connectivity in patients with neurological or psychiatric disease [1-2]. However, signal-to-noise ratio (SNR) is a critical factor to influence the angular accuracy of the fiber orientations, especially within the regions of the homogeneous orientation [3-4]. To enhance SNR, using high-temperature superconducting (HTS) materials as RF coils has been proposed an efficient way, which has been demonstrated in various phantom or anatomical studies [5-6]. In this study, we aim to improve the angular accuracy of DTI to resolve fiber orientations in rat brain by using HTS RF coil system, compared to the conventional copper RF coil system. The comparison of the SNR of diffusion-weighted images (DWI) and angular accuracy quantified as deviation angles were discussed. Finally, the fiber tracking of rat corpus callosum was used for comparison visually and the capability of using HTS RF coil system to resolve neural architecture was demonstrated. 
A HTS RF surface coil with diameter of 5 cm was fabricated by using Bi-2223 HTS tapes (InnoST, China), placing in a glass-fabricated cryostat with feeding system of liquid nitrogen (LN2). A pick-up coil with diameter of 3 cm was designed and RF signal transmission and reception were achieved by using inductive coupling approach. Fairly, compared with HTS coil, a copper coil with the same diameter was designed and placed in the same cryostat. MR experiments were performed on Bruker Biospec 3T MRI system (Bruker, Germany) in an inserted gradient with strength of 200 mT/m and inner diameter of 12 cm. The following six vectors, {(0, 1, 1); (0, -1, 1); (-1, 0, 1); (1, 0, 1); (-1, -1, 0); (1, -1, 0)}, were used to encode the diffusion gradient directions with a maximum b-value of 1000 s/mm2. With an image without diffusion weighting, DTI dataset can be acquired with the following parameters, TR/TE = 1000/47.4 ms, (/( = 30/10 ms, matrix size = 128 ( 80, field-of-view = 35 ( 22 mm2, slice thickness = 2 mm and NEX = 8. DTI was reconstructed by solving the eigensystem of the diffusion tensor within each voxel, and then the first eigenvector was treated as the main orientation [7]. To compare HTS and copper RF coils, reproducibility test was performed for each coil and the deviation angles were quantified as the average angle difference obtained twice from the same coil. For neural fiber tracking, a streamline-based algorithm was used for tract reconstruction. The seed region-of-interest (ROI) was located at the mid-sagittal plane of rat brain, which can further generate the white matter tract of corpus callosum.  
Compared with copper coil, higher SNR to 3.5 folds was obtained in the diffusion-weighted images acquired by HTS coil. The fiber orientations reconstructed from the data acquired from HTS coil were visually well organized, especially in the corpus callosum. The radial structures in the cortex can be clearly revealed from the data from HTS coil. Contrarily, owing to the raised noise, the fibers reconstructed from the data acquired from copper coil were obviously less organized. The deviation angle derived from the data acquired from HTS coil was approximately 18(, significantly lower than that from the copper coil, approximately 42(. As for neural fiber tracking, the discontinuity of corpus callosum reconstructed from the data acquired by copper coil raised significantly due to the noise variation. In contrast, the corpus callosum of using HTS coil was well interconnected between the collateral cerebrum. 
Fiber orientations reconstructed from DTI has been known to be sensitive to SNR of the diffusion-weighted images. To overcome this problem, it was demonstrated that using HTS coil to acquire diffusion data can reduce the noise level, which can help increase the accuracy of resolving the fiber orientations as well as fiber tracking. The reproducibility of mapping fiber orientations can be highly improved, implying that using HTS coil can achieve higher accuracy than using comparable copper coil within the same scan time. In future, this high-quality HTS coil system can further be implemented to acquire whole brain tractography of the rat brain within acceptable acquisition time or increase the spatial resolution of DTI mapping with remarkable SNR.
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Diffusion MRI : Concept and its Clinical Applications

Ching-Po Lin
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Diffusion Magnetic Resonance Image (MRI) is a technique that probes direction-dependent diffusivity of water molecules in microstructure to reflect the tissue status. By detecting intrinsic water molecular Brownian motion non-invasively, this technique provides the only technique to identify neural pathways and conditions. Direction-dependent diffusivity of water molecules in brain can be deemed as the orientation of neural pathways (Fig. 1). Using 3D tracking algorithm, neural network within human brain can be identified by routing use MRI system. Functional dynamics as well as the underlying anatomical connections of neural systems have been actively studied using functional MRI and this novel technique in either patient or brain science study.

Our lab dedicates in the diffusion MRI technique development, neuroscience study, and clinical applications during the past ten years. In technique prospect, we made effort in technique validation, optimization, quantitative analysis, and histological verification [1-6]. In neuroscience study, we use this technique to reveal tissue structure such as cerebral neuronal tracts, and some deep nucleus and to reveal their functions by integrating it with functional MRI, Electroencephalography (EEG), and Magnetoencephalography (MEG) [7]. In clinical applications, the non-invasive technique was applied to study brain tumor and psychiatric disorders. A 3D visualization platform was developed to highlight brain tumor mass, peritumoral edema, tissues and neural tracts [8] to optimize the neurosurgery trajectory before tumor operation. It also provided invaluable information to predict the recovery before and after operation of brain tumor [9]. In psychiatric disorder studies, neural deficiencies were identified using inter-group comparison between normal subjects and psychiatric disorder patient [10]. Relation between neural abnormalities and clinical symptoms were also revealed. Up to date, more than 400 healthy and patient subjects have been recruited including schizophrenia, Attention Deficit Hyperactivity Disorder (ADHD), bipolar disorder, and autism patients. 

[image: image1.wmf] 
Figure 1. Non-invasive DTI mapping of normal human brain in sagittal view. 3D anatomical connections were reconstructed using our new developed tractography algorithm in-house. The color coding is according to its directions.
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Photoacoustic Functional and Molecular Imaging
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Photoacoustic imaging combines advantages of high optical contrast and low acoustic scattering in biological tissues. Unlike conventional ultrasound that uses an external source to send out acoustic waves, photoacoustic imaging uses transient acoustic waves generated as a result of thermal expansion of tissue heated with short laser pulses. The ultrasonic waves are then detected by an ultrasonic transducer and such signals can be used to reconstruct optical absorption distribution inside the image object. Tissues with different optical properties have different photoacoustic profiles and this enables reconstruction of an acoustic image based on distribution of optical absorption. Currently, this new imaging technology has been explored for breast cancer and prostate cancer. It has also become a promising tool for microcirculation detection, epidermal melanin measurements, and oxygenation monitoring of blood vessel. Despite the widespread interest, photoacoustic imaging has been limited mostly to morphological imaging at the tissue level. In this talk, we will describe the use of gold nanoparticles in developing photoacousitc functional and molecular imaging methods. Specifically, the efficient light absorption of gold nanoparticles and abilities to tune their optical properties will be introduced. Development of advanced photoacoustic imaging technologies for quantitative analysis, measurements of hemodynamic functions, and simultaneous detection of multiple selective targeting will also be presented. New development in combined diagnosis with therapy will also be discussed.
 An animal model of imaging central auditory pathway in the rat brain by high resolution small animal positron emission tomography
1Kai-Yuen Tzen, 2Wei-Chung Hsu, 3Patrice Tran Ba Huy, 2Te-Huei Yeh
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In assessing chronological changes or topographic arrangement of central auditory pathway, the traditional method using autoradiography needs to sacrifice animals. The aim of this study is to establish an animal model to localize in vivo the main central auditory structures using high resolution small animal PET scanning.

Study Design: Adult Sprague-Dawley rats (200-300 gm) were used for animal PET scans (eXplore Vista DR, GE Healthcare) with 18F-FDG. The rats were serially scanned before and after unilateral cochlear ablation by labyrinthectomy, with and without acoustic stimulation. The acoustic white noise stimulation of around 93 dB (background noise plus 50 to 60 dB sound pressure level), was started immediately after tail vein i.v. injection of 2.8+0.3 mCi of FDG and lasted for 50 min. in awake status. Image acquisition was for 1 hour after that under isoflurane anesthesia. Image processing was achieved by 3D OSEM reconstruction with four iterations and 25 subsets. The regions of interest (ROIs) around inferior colliculus and various cerebral cortices were drawn and the ratios of radioactivity between surgical treated and untreated hemisphere were calculated.

Results: These scans demonstrated clear resolution (1mm) of several brain structures, including cortex, thalamus, striatum and inferior colliculus. The ratios of radioactivity in the inferior colliculus of surgical treated (ipsilateral) to untreated side (contralateral) were 1.24+0.12. Those in the auditory cortical areas were ranging from 1.17+0.15 to 1.20+0.23. 

Conclusions: Our study successfully demonstrated that high resolution animal PET can be used for serial assessment of metabolic functional changes of the central auditory pathway in the same rat non-invasively. Therefore, by use of this in vivo animal model, further studies on topographical arrangement, plasticity after cochlear implantation and repair mechanism on central auditory pathway may be feasible.
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Figure: Small animal-PET of rat brain, inferior colliculus (yellow arrow) and auditory cortex (blue arrow versus circle; circles represent contralateral side without hearing response while blue arrows represent ipsilateral side with hearing response) of left side deafened rat after acoustic stimulation. From left to right, axial views, rostral to caudal.
PET Radiopharmaceuticals for Biomedical Applications

Chyng-Yann Shiue
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PET technology is a multi-discipline science. It involves chemistry, physics, biology and medicine. However, it has been advances in radiotracer chemistry that have played the pivotal role in driving the field in the new direction in studies of human physiology. Since its synthesis in 1976, 2-[18F]FDG has been the most widely used radiopharmaceutical for PET studies in neuroscience, cardiology, and oncology. Since then, various C-11 and F-18-labeled radiotracers have been developed for studying neurodegenerative diseases, psychiatric disorders, tumor, and gene therapy [1]. This presentation will discuss the synthesis and applications of 4-[18F]-ADAM, [18F]FLT and [18F]choline in our PET Centers.


The 4-[18F]-ADAM has been synthesized by an automated synthesis module [2] and is a potent serotonin transporter imaging agent for human studies. [18F]FLT is a cell proliferation imaging agent and [18F]choline is a cell membrane phospholipid synthesis imaging agent. Both of them have been synthesized in our PET Center using a commercial synthesizer and used for oncologic applications.
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Level Set Method with Cell Structure and Graph Partition Prior for Boundary Delineation of Biomedical and Molecular Images
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Boundary delineation is a fundamental process for biomedical image analysis. Typical examples are lesion boundary detection [1], dynamic tracking [2], and so on.  Because of the low signal-to-noise ratio, boundary delineation remains a hard problem for biomedical and molecular images, in particular, with ill-defined boundaries. To capture irregular boundaries with weak edges in biomedical and molecular images, a new segmentation algorithm combining the level set method with the cell structure information and graph partition prior is proposed in this paper.

The basic idea of the proposed algorithm is to govern the evolution of the level set by a set of weighted visually perceivable boundaries. To guide the level set toward the irregular boundaries, the visually perceivable boundaries are derived by decomposing the region-of-interest (ROI) into prominent components. The prominent components are identified by the cell competition algorithm [3], the boundaries of which are all visually perceivable edges and form a superset of the desired object boundary.  Each prominent component is regarded as a cell in the ROI. The cell boundaries serve as the shape prior for the level set function. To adjust the important of different cell boundaries and to capture the weak edges, a spatially variant band is constructed from the second smallest eigenvector via the constrained normalized-Cut [4]. The proposed method unifies the region-based, and boundary-based information as well as the shape prior in the level set energy function. The algorithm not only can derive a boundary closely following the visually-perceivable edges, but also can reasonably capture the weak edges and the missing edges. 

The proposed algorithm has been validated on 472 breast sonograms which comprise 221 malignant and 251 benign cases. The result shows the proposed method can detect weak edges successfully in ultrasound images. Moreover, the boundaries derived by the proposed method are comparable to the manually delineated boundaries and robust in reproducibility.
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Development of Multifunctional Nanoparticles for Molecular Imaging

Chao-Yu Chen, Huey-Chung Huang, and Fu-Hsiung Chang
Institute of Biochemistry and Molecular Biology, College of Medicine, National Taiwan University, Taipei, Taiwan

Molecular imaging and cell tracking are big topics for the research of developmental biology, tumor metastasis and cancer therapy.  In this decade, several kinds of imaging techniques and nanoparticles have been developed to achieve this purpose.  However, how to apply new materials and the new techniques to study or confirm the important biological phenomenon is still an important issue.  In the classical nanotechnology, lipid-based drug delivery systems have been studied extensively to increase therapeutic index of chemotherapy.  In our laboratory, we have developed several lipid nanocapsules with sizes less than 100 nm for anticancer drug delivery and therapy.  Other than developing water-soluble drugs in liposomes, loading hydrophobic drugs, e.g. paclitaxel and topotecan, into lipid micelles has also established in the lab.  To facilitate receptor targeting and improve intracellular transport of hybrid nanoparticles, Tat peptide, organelle-specific ligands and adaptor proteins were conjugated first for layer-by-layer assembly of targeted nanoparticles.  Recently, these targeted nanocapsules were further enclosed monocrystalline iron oxide nanoparticles or quantum dots in the core for molecular imaging simultaneously.  The lipid-coating iron oxide nanoparticles or quantum dots not only preserved their optical and MRI properties, but also displayed a strong third harmonic generation (THG) signals.  By using biocompatible lipids as the outer shell, cells can be labeled by the hybrid nanoparticles efficiently without significant cytotoxicity.  The labeled cells were detectable both by two noninvasive imaging system, MRI and THG.  Thus, these multifunctional nanoparticles may have the potential for future tracking effectiveness of drug delivery and cell therapy in vivo.
In Vivo Optical Biopsy Based On Least-Invasive Harmonic Generation Microscopy
Chi-Kuang Sun
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Higher harmonic generations, including second-harmonic-generation (SHG) and third-harmonic-generation (THG) processes, are known to leave no energy deposition to the interacted matters due to the virtual-transition characteristic [1]. In contrast to the absorption-induced-fluorescence processes that require energy deposition and electron transitions, the higher harmonic generation processes provide the optical noninvasive nature desired for microscopy applications, especially for long-term observing the dynamic changes of live samples [2]. Different from single-photon and multi-photon fluorescence, no energy release is required during the harmonic-generation process, thus no cell damages and no photobleaching are expected. With a nonlinear nature similar to the multi-photon excited fluorescence, the generated SHG intensity depends on the square of the incident light intensity, while the generated THG intensity depends on the third power of the incident light intensity [1]. These dependencies allow localized excitations to enable intrinsic optical sectioning and a sub-micron three-dimensional resolution similar or better than the two-photon fluorescence microscopy can be achieved. With a coherent nature during the generation processes, THG can be utilized as a general-purpose microscopic technique for morphological studies [2] while its spectroscopic characteristic also allows for molecular imaging capability. SHG is sensitive to the local molecule arrangement and is particular useful for structural biomolecule studies [3]. By choosing the lasers working in the high penetration window, we have recently developed a least-invasive in vivo light microscopy with a submicron 3D resolution and high penetration capability, utilizing endogenous and resonantly-enhanced multi harmonic generation signals in live specimens, with focused applications on the developmental biology study and clinical virtual biopsy. In this manuscript, we review the physics and recent developments of the least invasive optical higher harmonic generation microscopy, with an emphasis on the in vivo virtual biopsy applications. We will also discuss new advancements in harmonic generation microscopy, including contrast agent developments and MEMS based endoscopy. 
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