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或許一般民眾對腹腔鏡手術還很陌生，其實腹腔鏡手術也是內視鏡手術的一種，就如同胃鏡或大腸鏡一樣，利用長鏡頭深入腹腔及各個需探查及處理的器官後，即可清楚看到病源所在，再經由外科醫師熟稔的技術進行病灶切除、縫補極重建…，幾乎皆可使用腹腔鏡手術施行。

去年一整年我有機會到美國紐約市位於曼哈頓上城之Mount Sinai 醫院進修學習，該院為紐約市1000床以上之大型醫院，Dr. Ganger是國際知名腹腔鏡手術專家，其所收治極開刀病患幾乎100%皆由腹腔鏡手術完成，而該院一般外科手術也有高達80%病患是接受腹腔鏡手術治療。在美國發展超過20年且如此普及的手術在台灣亦是目前手術選擇的趨勢，但在健保局保守的給付、醫院設備及醫師訓訓練背景的條件下，提醒您在手術前仍需找有經驗的醫師討論。

其實大部分病人在初次接觸腹腔鏡手術時都相當好奇，為何腹腔鏡手術有此迷人之處，在執行經驗上無論美國或國內病人再接受手術時，直需由外科醫師於肚子上開4個小於1公分的小洞，利用此入口可容許各種器械及數位化儀器執行手術，所以術後病人恢復相當快，和傳統手術病人腹部留下長長一條『蜈蚣疤痕』，相較有天壤之別。特別是可減少病患因手術後傷口疼痛引發之心肺合併症及術後傷口感染之危險性，且經由數位影像高倍高畫質的手術影像呈現，更讓病灶無所遁形，讓外科醫師的手術更加精細順暢。

但腹腔鏡手術也並非如神話般無所不能，其中最重要的因素和限制是外科醫師技術的熟練度和周邊設備及人員的配合，腹腔鏡手術因其手術過程精細費時，所以外科醫師需耗費較一般傳統手術更長的時間，但健保給付上並未比傳統手術高，甚至有所限制。成大醫院為南部最優秀之醫學中心，在歷任院長，尤其是前外科系楊院長及現在陳志鴻院長的支持下，外科腹腔鏡已嘉惠眾多南部病患，正如我在成大及美國的手術經驗，每每看到病患和家屬術後既驚奇又感激的表情，讓我們手術工作群的同仁感到莫大的鼓舞，早已將手術過程中需耗費加倍精神和體力的疲憊一掃而空。

身為外科醫師，我總深深期待能藉由我的手和將至美國所學先進精準的最新手術方式將患者身上的病痛減至最低，讓每位能符合腹腔鏡手術的病患，都能接受此一輕鬆的先進手術。
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ABSTRACT
BACKGROUND

The development of port site metastases following laparoscopic resection of various malignancies continues to be a disturbing issue for laparoscopic surgeons. Previous studies revealed promising results with Oxaliplatin, a third-generation platinum compound, as a first-line treatment in advanced colorectal cancer. This study evaluates the effect of topical application of oxaliplatin on the development of port-site metastases in an experimental murine model.

METHODS

Nineteen female BDIX rats (immunocompetent, 6 weeks old) were subjected to a sham laparoscopic operation after 1X107 viable rat colon carcinoma viable cells (LMCR) had been injected into their peritoneal cavities. Three trocars (one central camera port and 2 additional lateral ports) were introduced into the abdomen and a pneumoperitoneum was created with carbon dioxide. Ten minutes after LMCR cells were injected into the peritoneal cavity, the two lateral trocars were removed and carbon dioxide insufflation was maintained for an additional 5 minutes to allow for tumor cells seeding. Oxaliplatin (0.198 mg/kg) was then topically applied to one trocar site intramuscularly, while the other site was left untreated. One week later, the animals were euthanized and the port sites were histologically examined for evidence of metastases.

RESULTS

The rate of tumor implantation at the muscle layer in control sites was 68% (13/19) compared to 37% (7/19) at oxaliplatin-treated sites (P =0.1). No significant differences were detected in port site metastasis rate in other non-treated layers of the abdominal wall. 

CONCLUSIONS

Intramuscular topical application of Oxaliplatin may decrease the incidence of port-site metastasis in a syngeneic animal model of colon cancer. Further studies are needed to better determine its possible therapeutic role in high-risk humans undergoing laparoscopic resection of colorectal malignancies.

Laparoscopic surgery for malignancy continues to be a matter of contention. While in the beginning of the laparoscopic era the major concern was focused on technical feasibility, it wasn’t until several reports describing port site recurrences appeared (1-4), that the applicability of laparoscopy in these cases was questioned. Multiple publications have demonstrated the advantage of laparoscopy over open surgery regarding postoperative recovery and better cosmetics (5-7), however, questions as to adequacy of resection, long term oncological outcome and port site recurrences, limited it’s application in cancer surgery. Recently, several studies showed that the oncological results are, at least, the same as in open surgery and surprisingly, the rates of port site meatstasis were comparable (7-10). The real incidence of this particular way of tumor spreading is not known, neither is its prognostic implication. It seems that in experienced hands the incidence does not significantly differ from that in open surgery (7, 9, 10). However, since the greater bulk of procedures is not performed by highly skilled laparoscopic surgeons, this continues to pose a problem that should be addressed during surgery. Nonetheless, even though its occurrence is considered low (1.1%-3.9%) (11, 12), overall it’s still higher than what is expected for open surgery (0.6-0.8%) (11).

The mechanisms proposed for this unwarranted phenomenon include excessive manipulation of the tumor, CO2 insufflation, air leakage through port sites (desufflation), direct implantation with contaminated instruments and contamination while extracting the specimen (13)  However, the precise mechanism is not known yet. Nonetheless, while most of these causes can, theoretically, be prevented through better surgical technique and experience, it has been noted that tumor cells are being spilled in almost half of the patients undergoing open cancer surgery (14). This fact has drawn the attention of several investigators, who published a number of articles addressing this issue (11, 13, 15-18). Some therapeutic agents have been tested including Povodine Iodine and 5-FU, which showed significant potency in preventing tumor growth at port sites (11, 16, 17, 19),  but none displayed a total protection. In those studies, intraperitoneal irrigation or systemic administration of cytotoxic agent might prevent tumor implantation after laparoscopic surgery and port-site metastases. The use of intraperitoneal heparin also can prevent tumor implantation by reducing the presence of intraperitoneal blood (18)
On August 2002, the F.D.A. approved Oxaliplatin for the treatment of colorectal cancer in those patients refractory to 5-FU and Irinotecan. This new drug has been demonstrated to be effective in the treatment of patients with colorectal cancer (20).

The aim of our study was to evaluate the efficacy of this new cytotoxic drug as a topical treatment to prevent port sites metastasis following laparoscopic surgery for colorectal cancer.

METHODS

Cell cultures and animals 

A metastatic rat colon carcinoma cell line (LMCR) with Sialyl-Tn (STn) negative clones was used in this study. The cell line was originally derived in the Gastrointestinal Research Laboratory, Department of Medicine, Mount Sinai School of Medicine (21). The cell line was grown in DMEM supplemented with 10% fetal calf serum, 50 units/ml penicillin, and 50 microg/ml streptomycin and incubated at 37 °C in 7.5% CO2. Nineteen female BDIX rats (4-6 weeks old) obtained from Charles River Laboratories through the National Cancer Institute were used. This number of animals will allow detection of a difference of 50% in port-site metastasis incidence (80% for control group and 30% for each group) (11) with power 0.80 for a two-sided test at the 0.05 level of significance. Our Institutional Animal Care and Use Committee approved the study. 

Cytotoxicity assays

In order to determine the optimal concentration of Oxaliplatin for use in the animal experiment, the oxaliplatin concentration that inhibits 50% of cell growth (IC50) was determined using an MTT (3, 4, 5-dimethylthiazool-2, 5-diphenyltetrazolium bromide; Sigma) assay. 4x10E3, 8x10E3 and 1.2x10E4 cells/well were seeded into a 96-well plate which was incubated for 24 hours. The cells were then treated with various concentrations of oxaliplatin, and incubated for an additional hour at 37 ºC. Subsequently, 10 µl of MTT at a concentration of 5 mg/ml was added to each well and cells were incubated for an additional 4-6 hours. The supernatant was aspirated and 100 µl of dimethylsufoxide was added to the wells to dissolve any precipitate present. The optical density was then measured at a wavelength of 570 nm using an ELX800 plate reader (Bio-Tek Instruments, Inc.; Winooski, Vermont). 

Surgical protocol

The rats were anesthetized throughout the procedures using 1.5% isoflurane (Abbott Laboratories, North Chicago, IL) and oxygen and surgery was performed under sterile conditions. One 5-mm trocar (camera port) was introduced in the middle lower abdomen using an open technique and pneumoperitoneum was created with carbon dioxide insufflation up to a pressure of 4mm Hg.  Two additional “port” (2-mm trocars) were inserted in the left and right upper abdominal quadrant under direct vision (Fig.1). Following gas insufflation and trocar placement, 1X107 LMCR cells in 5ml PBS were injected in the peritoneal cavity under laparoscopic vision through the 16-gauge needle attached to a 10ml syringe.  After 10 minutes, the two 2-mm trocars were removed and carbon dioxide insufflation was continued at a rate of 0.4 liters/minute and a pressure of 4 mmHg for an additional 5 minutes to allow the tumor cells to implant at the port sites. Oxaliplatin (0.198 mg/kg), 200-µl at a 500 µM concentration, was then applied topically via an intramuscular injection to one 2-mm trocar site (right side) using a 27 gauge insulin syringe. The other port site was left untreated as the control. The ports were then closed with sutures. After 1 week, the rats were euthanized, and the abdomen was examined for the presence of tumor. The port sites were histologically examined for evidence of metastases.

Statistical Analysis 

The frequency of port site tumor development was compared between groups using the Fisher’s exact probability test. Probabilities less than 0.05 were considered significant. 

RESULTS

Cytotoxicity following 1 hour exposure to oxalipalatin

The cytotoxic effect of different concentrations of oxalipatin is illustrated in Fig. 2. All three cell numbers gave us the similar IC50 (one hour exposure) values at 100 micromole oxaliplatin.

To determine the concentration of oxaliplatin with a 100% cytotoxic effect on LMCL (-) cells, we performed another in-vitro study using oxaliplatin at 50 µm, 100 µm and 500 µm concentrations. In the wells exposed to 500 µm, about 95% of the cells died. We therefore chose the 500 µM concentration of oxaliplatin (0.198 mg/kg) as our treatment dose.

Necropsy and microscopic findings

All rats survived for the duration of the study. During the autopsy, tumor was visible or palpable at the control port sites. All rats developed severe carcinomatosis in the abdominal cavity, including ascites in some cases. Macroscopically, the treated port site appeared to have a lower incidence of tumor nodule (Fig.3). Microscopically, neoplastic cells were present individually or arranged in small aggregates or short cords. Neoplastic cells showed moderate to marked pleomorphism and had eosinophilic cytoplasm and normal to slightly hyperchromatic nuclei. Inflammation associated with tumor cells was generally mononuclear (plasma cells, lymphocytes and few macrophages). In some areas, chronic active inflammation or granulomatous inflammation was seen. This was most likely due to the introduction of hairs into the tissue during the surgical procedure (Fig. 4).

Frequency of port-site tumor implantation

We observed that the number of animals with port-wound tumors was significantly lower at the oxaliplatin treated port sites compared with those untreated port the untreated (P=0.1) (Fig 5). In the subcutaneous tissue, cancer cells were seen in 6 of 19 (32%) treated sites compared with 7 of 19 (37%) in the untreated ports (p=1).  In the deep border skeletal muscle, cancer cells were seen in 13 of 19 (68%) treated ports and 14 of 19 (74%) untreated ports (p=1). Tumor growth was not significantly reduced in the subcutaneous tissue or the deep border skeletal muscle as a result of oxaliplatin treatment.

DISCUSSON

The cause and real incidence of port-site tumor recurrences remain unknown, and therefore, efficient ways of prevention are still evolving. On anatomical grounds it is unlikely that port tumors are the result of hematogenenous or lymphatic spread. Direct implantation of tumor cells in the port-site or wound is the most likely mechanism (16). Even though many surgeons still question the clinical significance of metastases arising in trocar wounds following laparoscopic intervention for malignancies, there is increasing evidence, both clinical and experimental, to suggest a need for greater caution regarding its application to malignant growth (13). It has been postulated that wound metastasis occur as a result of contamination following laparoscopic manipulation of malignant tumors, with resultant spread to abdominal wall wounds by direct transfer when trocars and instruments are withdrawn from the peritoneal cavity (22). In this instance, the development of barrier strategies to protect the wounds during laparoscopic surgery is supposed to be sufficient to overcome the problem. However, it is also possible that the insufflation gas used during laparoscopy mobilizes free cancer cells inside the abdominal cavity and thereby, transfer them to the wounds without any direct physical contact with contaminated instruments. In our animal model, we were able to observe how it is possible for cancer cells to become implanted while the pneumoperitoneum is maintained after trocar removal. A variety of methods have been proposed to minimize the likelihood of port site tumor implantation; i.e. wound protectors, impermeable specimen retrieval bags, and cytotoxic or cytolytic irrigations (11, 17, 23) but only one study has been performed to test the efficacy of direct injection of a cytotoxic agent. This study used intraperitoneal povidone-iodine and an appropriate dose of intraperitoneal or intramuscular methotrexate to demonstrate that a reduction in the incidence of port-site metastases might be achieved by the injection of appropriate tumorocidal agents (15). In this study, IM methotrexate injection over the port-site can reduce the number of port sites with tumor presentation from 74% to 39%, comparable with our result from 68% to 37%.
Oxalipatin is a third-generation platinum derivative whose mechanism of action is similar to cisplatin. Oxaliplatin (l-OHP) differs from cisplatin by the presence of a diaminocyclohexane ligand in its chemical structure.  This important difference in the molecule, and hence in the DNA adducts formed, confers a different spectrum of activity when compared with cisplatin (24). Oxaliplatin is an active drug in the treatment of advanced colorectal carcinoma that is either chemotherapy naïve or refractory to 5-FU. In advanced colorectal cancer, two randomized studies from Europe reported promising results with a combination of oxaliplatin, fluorouracil (FU), and leucovorin (LV) as first-line treatment compared with 5-FU and LV alone (25, 26). Oxaliplatin has been licensed in Europe since 1999, but it only gained FDA approval in the United States in August of 2002. Accordingly, we chose to study oxaliplatin as a possible cytotoxic agent to prevent port-site metastases. It is critical to determine the correct dose of oxaliplatin to be used to enable the success of this modality of treatment. Therefore, we performed an in-vitro study to test the cytotoxicity effect of this drug on the cancer cell line we used in our animal model and determine the concentration to be used in-vivo. No necrosis was observed at the injection site based on the necropsy and our pathology findings. This proved that the dose of oxalipaltin chosen was not toxic to the tissues. The results of the current study demonstrate a significant reduction in the incidence of tumor metastases in the treated muscle layer. There was a borderline statistical significance between the treatment and control port-sites (P=0.1). This suggests that an effective dose of oxaliplatin applied via an intra-muscular injection may reduce the number of viable tumor cells in the muscle layer and prevent metastasis to develop from implanted viable cells into port-site wounds. Nevertheless, the results suggest that it is difficult to control cancer cell growth in all layers of the abdominal wall using a port site injection of an anticancer drug. To solve this problem of drug delivery to other layers, the use of a biodegradable polymer (27) may be a more suitable alternative to injection. We concluded that topical Oxaliplatin may be useful in reducing the incidence of port site metastasis in our small animal model. Nonetheless, further studies are needed to improve its method of application and verify whether this cytotoxic agent can be successfully applied to clinical practice.
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FIGURE LEGENDS
Figure 1.
 Pictures of the position of the trocars placement.

Figure 2.     Inhibition of LMCR-(dimethylhydrazine induced BD IX rat colonic   adenocarcinoma on different oxaliplatin level.

Figure 3.         Gross findings during Autopsy. Arrow indicated the ort-site metastases.

Figure 4.       Upper panel (arrow) revealed the tumor cells in the peritoneum (100x H&E staining), lower panel (arrow) showed the tumor growth within the muscle (50x H&E staining).

Figure 5.         Port-site tumor incidence. *P=0.1.
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