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摘要

本人於民國88年6月接受教育部之補助，前往加拿大東部歷史最優久及最負盛名之麥吉爾大學(McGill University)心胸外科進修一年，進修之題目為心臟及心肺移植基礎與臨床之研究，指導教授為麥吉爾大學心胸外科主任邱智仁教授(Ray C-J Chiu)。並且經邱教授之推薦後註冊他們實驗外科碩士課程。Dr. Chiu是心胸外科界國際知名的研究學者及教育家，他不僅在利用心肌型成術(dynamic cardiomyoplasty)治療心衰竭的領域上享譽國際，他所領導的研究小組更是連續二年獲得北美最佳研究首獎。在進修一年當中，除了修讀醫學碩士課程包括外科研究討論會(Seminars in Surgery Research)，外科研究統計學(Statistics for Surgical Research)，生物醫學研究之探討(Issues in Biomedical Research)，並發表包括在加拿大心血管協會之論文。最重要的是除了學習到所謂心臟移植及血管型成術(Angiogenesis)基本理論與概念外，並對於所謂外科研究領域有較深入之了解。
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封底 

目的

1. 研究經心臟及心肺移植基礎與臨床之研究
2. 修讀外科研究碩士(Surgical Research M.Sc.)課程

過程

本人於88年7月1日到達加拿大蒙特婁綜合醫院並向Dr. Chiu報到。經過他熱心的介紹下與實驗室各個成員認識，包括動物實驗室二位技術員，Dianne，Marine生物細胞室操作員Minh以及心胸外科實驗室二位工作伙伴，一位來自Montreal Children Hospital的Dr. Shun-Tim及心胸外科第三位住院醫師Dr. Chedraway 。Dr. Chiu隨即指派Royal Victoria Hospital另一位Dr. Lachapelle為我另一位Supervisor一起指導我作臨床心臟移植及經心肌血管型成術的研究工作。然因McGill大學心肺移植小組成員大都被紐約大學挖角，因此移植數目並不多，大部分的時間都是從事缺血性心臟病末期心衰竭病人之研究上。所使用的動物模式為利用鼠及豬引導成心肌缺血後再實行機械性刺激(needle)以誘導出新生血管進而改善心肌缺血及心室功能。

初期的實驗以豬為模式建立慢性缺血性心臟病，經機械性刺激後的確可以增加血管內皮細胞氧化氮合成酶(eNOS)之生成，此份結果並發表在第四屆Terrence Donnelly Cardiac Residents Research(如附件一)及第五十三屆加拿大心血管年度大會上(如附件二)。隨後感覺血管之新生可能不僅是一氧化氮之生成刺激血管擴張而已，因此下一步驟是希望藉由其他的血管刺激因子(Angiogenic factor)以刺激產生新生微血管及其他有功能性之血管。

進入九月份後，在邱教授的引薦下得以註冊成為McGill University外科研究學(Surgical Research)碩士班學生，所修讀之課程包括：外科研究討論會(Seminars in Surgical Research)，外科實驗統計學(Statistics for Surgical Research)，生物醫學研究之課題(Issues in Biomedical Research)(如附件三)，修讀時間為二學期，剩下的論文學分在回到成大後仍在進行中。

在修讀學位的過程中，整個實驗仍是繼續進行的。然而因為血管刺激因子來源的確造成很大的困擾(無法從其他實驗室中獲得)，因此我們修改研究的方向為經心肌機械性血管型成術之病理生理機轉。我們利用包括老鼠及豬之模式引發心臟缺血後，再經機械性刺激後，視心臟功能是否改善，心臟血流是否增加，帶有平滑肌細胞之小動脈是否有增加等。然因整個過程繁雜，而進修時間又極其有限，因此，所有的資料還在整理中。
 在主要實驗進行的同時，另外一個有關Brain protection during cardiopulmonary bypass也在我們實驗室進行中。此大型實驗是由Dr. Shum-Tim主導，最主要是探討Steroid在cardiopulmonary bypass中對brain protection所扮演的角色，此次研究之成果也發表在37屆美國心胸外科大會上(附件四)及美國外科學院Surgical Forum上(附件五)。在離開McGill大學以前也在Dr. Chiu的指導下完成Optimal Vascular Delay in Cardiomyoplasty Following Latissimus Dorsi Muscle Isolation: A Canine Study並發表在台灣醫學會雜誌上(附件六)。
因時間上的因素，雖然有很多應做的工作，仍於89年8月回至成大醫院繼續臨床及研究工作。

心得

首先感謝邱教授能給我這個機會進入所謂真正外科實驗的領域。身為一位繁忙的心血管外科醫師，如何在有限的時間及体力從事所謂的外科研究實際上是一大難題。麥吉爾大學心胸外科從創立至今，這個問題的確是存在的，他們所有的心胸外科醫師都非常忙碌，其情況超乎我們想像之外，而且研究的財力及資源較之美國差距是非常大的，然而他們對研究的精神及其效率都比美國有名的學府有過之而無不及。為什麼在如此艱苦的環境下，他們還能夠有如此豐盛的成果呢？在我的觀察中，他們有著下列的特質：1. 對於學校及醫院有著強烈的使命感及企圖心，麥吉爾背負著加拿大歷史最優久以前是與Harward齊名的學校，學校的每一份子都為著McGill這個名字為榮。2. 有優良的傳統和完善的制度，比方說人員的訓練及選拔都有其辦法及標準。他們的心胸外科訓練是六年(還不包括Fellowship)，其中有一年還必須完全到實驗室不能從事任何的臨床工作。另外，每年都有固定的客作教授講座及研究競賽。因此，對於所有從McGill出來的人對所謂外科研究都有著很深的体認，而且訓練完後大都有能力擔任其他醫院或大學心胸外科主管的角色。3. 他們有著願景(vision)，對於很多的辦法及制度都不是只顧著眼前的好處及利益，而是往前看，把握未來的方向。在有好的傳統及制度之下，縱使外界環境有變化，其結果不致有很大的偏頗。現在成大醫學中心雖然無法與他們的優良傳統匹比，然而現在與他們的情況有點類似；人力不足、經濟來源也不是很充足。在如此困難的環境中如何走出真正屬於成大的路是值得大家深慮的。

在我個人的研究的感想上，我似乎選擇了太多目標，要在一年中完成，似乎是犯了很大的忌諱。如二種動物模式一起進行，再加上碩士課程。因此至今似乎是沒有很具体的成果，這在以後的研究路上，似乎是要避免的事情。

建議

1. 在外科住院醫師的訓練中加入1~2年的研究工作，當然必須暫停臨床工作。雖然有點浪費人力，然對於整個專科醫師的養成有顯著的幫忙。現存之制度常希望魚與熊掌兼得，在未完全獨立成為一位合格專科醫師前，似乎會落得兩頭空。

2. 設立客座教授講學制度，各分科似乎有必要建立自己的講座，並有住院醫師研究評比。如此，除可達到相互交流之目的，並可以提升科內及住院醫師研究水準。

3. 有現在有臨床醫學研究所中，搭配碩士班課程配合住院醫師的需求而選修各種課程，當然如我在第一點所建議，在研讀過程中要暫停臨床工作一年。

4. 建議籌設第二動物中心，現有的動物中心都是以小型動物為中心，大型動物實驗手術室設備是不足的。然在進入人体實驗的過程中，以大型動物為介的實驗是必須的，因此，選擇適當的地點，建立以大型動物為主的第二動物中心是無可避免的趨勢。
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Abstract

Background and Purpose: Distal ischemia of the latissimus dorsi muscle (LDM) during cardiomyoplasty is a recognized complication that can reduce the muscle's function and mechanical effects. A 2-week vascular recovery period is recommended to allow revascularization and adhesion to the heart. It is not clear, however, that a 2-week vascular delay is optimal after LDM isolation. This study was designed to evaluate (i) the regional blood flow (RBF) of canine LDM flaps immediately after perforators were ligated, and (ii) the effect of 1-, 2-, and 3-week vascular delays on regional perfusion of LDM flaps without electrical stimulation.

Materials and methods: A catheter-access device connected to the left atrium was implanted in the left back subcutaneous layer in each of six adult mongrel dogs when the LDM was dissected. Five different colored microspheres were injected at five different time points, viz., pre- and post-dissection, and after 1-, 2-, and 3-week vascular delays. At each time point, reference blood was withdrawn from the femoral artery at a fixed speed. The LDMs were removed post mortem for regional blood flow (RBF) determination. Both tissue and reference-blood samples were spectrophotometrically processed to quantify the amount of dye.

Results: Proximal RBF did not decrease immediately after dissection when compared to the control (0.28 ( 0.10 vs. 0.26 ( 0.05 mL/g/min, p > 0.05), but it decreased after a 1-week vascular delay (0.11 ( 0.02 vs. 0.26 ( 0.05 mL/g/min, p < 0.01), and then returned to normal after a 3-week vascular delay (0.21 ( 0.06 vs. 0.26 ( 0.05 mL/g/min, p > 0.05). RBF decreased immediately after dissection in the middle and distal segments, and did not return to the control value even after a 3-week vascular delay.
Conclusion: The LDM's regional blood flow was depressed by surgical dissection in this canine model. Without electrical stimulation, the middle and distal portions of the LDM remained compromised even after a 3-week vascular delay. The clinical effects of progressive programmed electrical stimulation of the LDM at different periods of vascular delay remain to be studied.

Key words: cardiomyoplasty, vascular delay, regional blood flow, colored microsphere

Introduction

Dynamic cardiomyoplasty, in which a skeletal muscle is used to assist a failing ventricle, is a recently devised treatment option for end-stage heart failure [1-3]. The advantages of the treatment are that all patients have their own "power source", rejection is not a problem, and immunosuppression is not necessary. The latissimus dorsi muscle (LDM) is commonly used for this purpose because of its large mass and mobility [4].

Distal ischemia and necrosis of the LDM flap, however, are recognized complications of cardiomyoplasty [5]. The LDM is perfused principally by the thoracodorsal artery and perforators from the intercostal and lumbar arteries [6]. To mobilize the LDM flap for use in this cardiac-assist procedure, the perforators must be ligated. Because the ligations reduce the blood supply in the middle and distal regions of the muscle, distal ischemia and fibrosis will certainly influence muscle contractile function. Kratz et al [5] demonstrated that a 50% reduction in peak tension development was associated with muscle atrophy and fibrosis in the distal segment of swine LDMs 6 weeks after cardiomyoplasty. They therefore proposed a "vascular delay" period before stimulation to allow revascularization and adhesion to the heart, and to reduce the risk of muscle degeneration caused by ischemia. Two weeks---based on the "classic delay" period suggested by plastic surgeons---has been generally recommended. It is not clear, however, that a 2-week vascular delay is optimal in dynamic cardiomyoplasty after LDM isolation.

This study was designed to evaluate (i) the regional blood flow (RBF) of canine LDM flaps immediately after perforators were ligated, and (ii) the effect of 1-, 2-, and 3-week vascular delays on regional perfusion of LDM flaps without electrical stimulation. We developed a procedure that allowed us to measure the segmental RBF of LDMs. These measurements were obtained at different time points before and after mobilization, vascular isolation, and reattachment of the LDMs.

Materials and Methods

All animals were cared for in a humane fashion and in accordance with guidelines published by the National Institutes of Health [7]. The Animal Care and Use Committee at the National Cheng Kung University Hospital and College of Medicine approved the protocol for the use of dogs in this study. Sterile techniques were used for all survival surgery.

Animal Preparation
Six adult mongrel dogs obtained from the county animal control authority were used in this study. The animals weighed between 15 and 20 kg. They were not fed on the night before the surgery, and they were all anesthetized in a similar fashion for all procedures, including the RBF measurements after the 1-, 2-, and 3-week vascular delays. The animals were premedicated with ketamine (12 mg/kg, intramuscular), atropine (0.02 mg/kg, intramuscular), and propionylpromazine (0.5 mg/kg, intramuscular) prior to anesthesia, then intubated and anesthetized with sodium pentobarbital (15 mg/kg, intravenous). Supportive fluids and anesthesia (sodium pentobarbital, 100 mg/hr) were administered intravenously. During surgery, the animals were ventilated at 300 ml tidal volume and at a rate of 18 cycles per minute. Each dog received one dose of intravenous antibiotics (cefazolin sodium, 500 mg) at the induction of anesthesia. For 3 days, oral antibiotics (cephalexin, 30 mg/kg, every 12 hours) were given as a prophylaxis against post-surgery infection. Intramuscular analgesia (buprenorphine hydrochloride, 0.3 mg every 8 hours) was given as needed for one day postoperatively.

Operative Procedures
The operative field was prepared with an alcohol-iodine scrub. A transverse left axillary skin incision along the anterior border of the LDM was made and a skin flap was developed. After identifying the LDM border, a left thoracotomy was carefully performed through the 4th intercostal space without injuring the muscle. The pericardium was incised to expose the left atrium, and the tube of an implantable vascular device (Catheter Access, CAS-205P; Nissho Corporation, Osaka, Japan) was implanted into the left atrium with a purse-string suture. The body of the device was then embedded in the left back subcutaneous layer after the LDM was dissected. An 18-gauge intravenous catheter was inserted into the left or right femoral artery to measure the blood pressure and withdraw the reference blood simultaneously at a fixed speed, while concurrently injecting colored microspheres (CM) into the left atrium through the catheter-access device. Yellow CMs were injected into the LDM before the dissection. The anterior LDM muscle border was then identified and dissection was extended into the submuscular plane. The vascular-delay operative procedure was accomplished by dividing all the perforating branches entering the costal surface from the underlying intercostal vessels, and the distal LDM was detached from its origin at the thoracolumbar fascia and the 10th rib. The thoracodorsal neurovascular pedicle, however, was left intact after dividing its insertion to the humerus. Immediately following vascular isolation, blue CMs were injected to measure regional RBF. After this mobilization procedure, the muscle was reestablished with sutures to restore the original anatomy and resting tension of the muscle. This procedure simulated cardiomyoplasty surgery in human patients, in which the LDM is mobilized and attached to the heart while maintaining the pedicle. Upon recovery, the animals were placed in a postoperative recovery room for overnight observation. The following day, all animals were examined by the team member and returned to the animal holding room, and then examined daily for the duration of the delay period.

RBF Measurement
RBF to the LDM was measured by the colored microsphere technique [8-10]. Five different CMs (0.2 ml/kg; yellow, blue, red, white, and purple, sequentially) (3 × 106/mL; 15 μm diameter; Triton Technology, Inc., San Diego, CA, USA) were injected through the vascular access device at 5 different time points: pre- and post-dissection, and after 1-, 2-, and 3-week vascular delays (Fig. 1). Each time, reference blood was withdrawn from the femoral artery at a fixed speed (7.64 mL/min, 90 seconds total). After each CM injection, the device was flushed with heparin (1000 units) to maintain the patency.

All dogs were anesthetized after 3 weeks with 20 ml of a saturated potassium chloride solution and a high dose of intravenous pentobarbital. Bilateral LDMs were removed for morphology analysis, but only left LDMs were taken for blood flow determination. The LDMs were equally divided into proximal, middle, and distal portions (Fig. 2). Five 2-g tissue samples were randomly collected from these three different regions of each LDM. Kidney samples were also taken to verify microsphere mixing.

For blood flow determination, each tissue sample and reference-blood sample was processed to spectrophotometrically quantify the amount of dye in it [7-9]. First, a 4-molar potassium hydroxide solution ([KOH] beads; Fisher Scientific, Springfield, NJ, USA) was added for digestion overnight. Then the samples were rinsed and filtered (nonelectrostatic vacuum filtration and polyester filter, pore size 8 μm), and the CMs were suspended in 2% polysorbate 80 solution (Tween 80; Fisher Scientific). The CMs were then washed in 70% ethanol to reduce the amount of lipids and membranes attached to them. Dye was recovered from the CMs by adding dimethyl-foramide ([DMF]; Sigma Co, St. Louis, MO, USA) as a solvent. The photometric absorption of each dye was determined with a spectrophotometer (DU 600; Beckman Coulter, CA, USA). The absorption spectrum of each dye was measured separately and served as a reference for matrix inversion, and was used to determine the absorption contribution of each color. The composite spectra measured in each color were as follows: 440 nm for yellow, 670 nm for blue, 525 nm for red, 360 nm for white, and 540 nm for purple. Finally, the RBF in each portion was calculated for each injection and then corrected for sample weight by the following equation:

[(Calculated regional blood flow) tissue] = [(Measured blood flow) reference] × 


[(Absorption) tissue / (Absorption) reference]

Data Analysis

The mean RBF and standard error were calculated for each LDM proximal, middle, and distal portion at five different time points. Statistical significance for regional blood flow in proximal, middle, and distal portions for each time point was determined by a one-way ANOVA. When significant F ratios were obtained, statistical differences between different time points were determined by a Student's t-test, with a Bonferroni correction for multiple comparisons. Statistical significance was set at p < 0.05. All data are presented as mean ( SE.

Results
One dog did not survive after LDM isolation; it died of respiratory failure the day after surgery. The remaining five dogs underwent RBF measurement. Grossly, the studied muscles were atrophic and fibrotic compared to contralateral normal LDMs (Fig. 3). The length of the LDMs in this study were apparently shorter than normal; this may have been caused by edge fibrosis and shrinkage in the middle and distal portions.

Figure 4 shows the RBF responses in the proximal, middle, and distal portions at different time points. Apparently, the proximal RBF did not decrease immediately after vascular isolation when compared to the control (0.28 ( 0.10 vs. 0.26 ( 0.05 mL/g/min, p > 0.05); it decreased after one week (0.11 ( 0.02 vs. 0.26 ( 0.05 mL/g/min, p < 0.01), and then did not return to the baseline value until three weeks post-surgery (0.21 ( 0.06 vs. 0.26 ( 0.05 mL/g/min, p > 0.05). RBF in the middle and distal portions decreased promptly after surgical dissection (0.12 ( 0.02 vs. 0.19 ( 0.03 mL/g/min, p < 0.01; 0.10 ( 0.02 vs. 0.19 ( 0.04 mL/g/min, p < 0.01; respectively). More important, neither middle nor distal RBF returned to the baseline value even after a 3-week vascular delay (0.08 ( 0.01 vs. 0.19 ( 0.03 mL/g/min, p < 0.01; 0.07 ( 0.01 vs. 0.19 ( 0.04 mL/g/min, p < 0.01; respectively).

Discussion
Although dynamic cardiomyoplasty using the LDM is currently a treatment option for congestive heart failure, the objective hemodynamic results are inconsistent and correlate poorly with clinical improvement [11, 12]. Acker [12] summarized the results of dynamic cardiomyoplasty in more than 300 patients randomized for three different phases of a clinical study sponsored by Medtronic, Inc. (Minneapolis, MN, USA). Starting in 1994, a phase III, prospective, randomized clinical trial with an expected sample size of 400 cases comparing dynamic cardiomyoplasty with medical therapy was launched under FDA approval. Although it showed that operative mortality had decreased from over 20% in phase I to only 3% of 51 patients in phase III, it was a time- and money-consuming trial; it was also difficult in a short period of time to recruit nearly 400 cases to meet FDA requirements. In 1999, Medtronic announced the cessation of this clinical trial. In 2000, however, CCC del Uruguay, manufacturer of a new cardiomyostimulator, the LD-PACE II, initiated a clinical trial [13]. The LD-PACE II was designed for use in cardiomyoplasty, aortoplasty, skeletal muscle ventricles, and even as a pacemaker with a basic rate between 36 and 120 BPM. Because of this new piece of technology, we believe clinically oriented studies will resume in the future, and that it is important to continue and to publish the results of our ongoing cardiomyoplasty studies.

One established principle in dynamic cardiomyoplasty is based on evidence that electrical stimulation applied to a newly isolated LDM invariably causes muscle necrosis and fibrosis, presumably a result of the ischemic state of the LDM. Therefore, electrical stimulation training is not started until the LDM has completed a 2-week recovery period. The training begins with single impulses (bursts) of electricity and continues with progressively more complex electrical stimulation for 8 weeks before the LDM can contract strongly enough to assist the failing heart. This "classical" vascular delay was originally proposed by plastic surgeons to describe a procedure in which a pedicled flap is elevated in two stages separated by a delay of one to three weeks [14, 15]. It is now clear that in the first stage the tissue is made sub-lethally ischemic and that this ischemia stimulates a reorientation and revascularization of the tissue vasculature. The reorientation and revascularization play a major role in protecting the tissue when it is exposed to the second severe ischemic insult at the definite flap transfer. However, this is not the case in dynamic cardiomyoplasty. Instead of a second surgical procedure, the LDM must be electrically stimulated to transform it into a fatigue-resistant type-I muscle. It is recognized that chronic electrical stimulation improves vascularity in skeletal muscle, as evidenced by increases in capillary density, capillary-to-fiber ratio, and latissimus-derived collateral blood flow to the ischemic myocardium [16-18]. Nevertheless, Anderson et al [16] demonstrated that muscle degeneration and fibrosis are exacerbated when surgical dissection is combined with chronic electrical stimulation, even after a 2-week vascular-delay recovery period. They concluded that the ischemia caused by the surgical dissection is the major factor contributing to muscle degeneration.

The optimal vascular delay period before chronic electrical stimulation remains undetermined. If starting stimulation from two weeks post-dissection or earlier, the chronic electrical stimulation may increase vascularity, but it may also exacerbate necrosis and fibrosis in the ischemic muscle. This study of a canine model found that the RBF of the proximal portion resumed its perfusion 3 weeks after mobilization, and that the RBF of the middle and distal portions did not return to normal values even after a 3-week vascular delay. These data suggest that a vascular delay of longer than 2 weeks may be necessary before starting electrical stimulation in humans. Determination of the optimal delay will require experimental studies of programmed progressive electrical stimulation of the LDM with different periods of vascular delay.

There are also several options to provide cardiac assistance earlier after LDM isolation for patients with severe heart failure. The recent development of chronic electrical stimulation before grafting is one option for improving distal LDM blood flow. In their canine studies, Tang et al [19, 20] proposed prestimulation of the LDM in situ before isolation. They demonstrated that electrical prestimulation could reduce the acute distal ischemia caused by surgical dissection and promote subsequent recovery of blood flow to base level within 5 days. This may not be feasible when applied to humans, who may need an extra operation before cardiomyoplasty to implant a generator in the back. These generators, however, produce a strong and uncomfortable "twitching" sensation, and it will undoubtedly require a few years to develop one that does not. A second approach is a cautious and variable electrical stimulation protocol that can prepare the LDM for cardiac assist; for example, a work-rest regimen at 15 contractions per minute [21]. A third possibility is that recently developed methods of therapeutic angiogenesis may also apply in such a case, involving either direct angiogenic factor injection or a gene transfer technique to restore blood perfusion in the ischemic portion after LDM mobilization. Each possibility---and therapeutic angiogenesis in particular---deserves further investigation.

Conclusion

Our data using a canine model show that dissection depresses the RBF of the LDM, and only after three weeks did RBF resume, and even then, only in the proximal portion but not in the middle or distal portions. Of course, the findings of our canine study cannot be applied directly to humans. They do, however, raise the possibility that the resumption of blood flow in the LDM in humans may not occur as quickly as currently believed. Without electrical stimulation, the middle and distal portions of the LDM in our canine model remained compromised even after a 3-week vascular delay. Determination of the effects of programmed progressive electrical stimulation of the LDM with different periods of vascular delay is needed. The effects of combining vascular delay with therapeutic angiogenesis also deserves further investigation.
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Legends for Figures
Figure 1. Schematic colored microsphere injection schedule at different time points. Figure 2. Studied LDMs were divided equally into proximal, middle, and distal portions.

Figure 3. Representative left studied latissimus dorsi muscle (LDM) compared to right contralateral normal LDM. (A): LDM after 3-week vascular delay; (B): contralateral normal LDM

Figure 4. Regional blood flow in the proximal, middle, and distal portions of the latissimus dorsi muscle at different time stages. All compared to control group: *p > 0.05, **p < 0.01.
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