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摘要 器官与功能保护是现代消化外科的核心目标, 旨在减少传统根治性手术对器官结构的牺牲, 避免术后功能 

障碍(如胃切除后的营养不良和直肠癌术后的排便失禁), 从而提高患者的生活质量. 通过微创精准手术、术前影像 

组学评估和手术理念的革新, 功能保留术式有效减少了组织损伤并促进了功能恢复. 然而, 技术的复杂性、基层推 

广困难、缺乏长期追踪数据及肿瘤异质性等问题仍然制约临床实践. 未来的研究应重点聚焦三个方向: 通过多中 

心随机对照试验评估新术式的长期疗效; 通过基础研究探索器官功能保留的创新机制; 对无法保留器官功能的患 

者进行有效干预, 从而推动“病灶切除”向“功能重建”的转变. 
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现代医学在过去几十年取得了显著发展, 不仅在 

疾病诊断和治疗技术上取得了巨大突破, 而且在提升 

患者生活质量方面也做出了许多努力. 这一进步体现 

在多个方面, 包括技术革新、个性化医疗、综合治疗 

以及对患者心理和社会需求的关注. 与此同时, 外科医 

生理念与技术的进步使许多既往手术难题被逐一攻克 

或简化, 如腹腔镜微创手术、机器人手术、同种异体 

或自体移植手术, 以及基于基因编辑技术的异种移植 

技术等. 这些技术在追求用手术治疗疾病的同时, 进一 

步关注到了患者的生活质量. 外科医生为保留肛门功 

能, 需耗费数小时精细游离和解剖相关结构, 为的就是 

在保证生存获益的同时, 尽可能使患者获得更好的生 

活质量. 
随着肿瘤向慢病管理发展, 保护器官功能显得愈 

加重要. 器官功能保护不仅需保留解剖结构完整性, 更 

需最大限度减少功能损伤. 例如, 保留胃功能的胃癌手 

术使得患者营养吸收和生活质量得以改善 [1]; 低位直肠 

癌保肛手术使得患者的排便功能得以保留 [2]. 此外, 器 

官功能保护不仅是生理结构上的保留, 更是对患者心 

理上的支持. 器官功能保护的需求推动了微创手术技 

术和精细外科理念的发展和革新, 使手术更加精准和 

安全. 尽管器官功能保护性手术技术复杂且成本较高, 
但其通过降低远期并发症发生率、减少后续治疗需求, 
显著提升了整体治疗成本效益. 

1 消化外科手术器官保护理念的提出与早期 
发展历程 

19世纪末至20世纪初, 消化外科主要通过切除病 

变组织来治愈疾病. 无论是胃癌、结直肠癌还是其他 

消化系统疾病, 外科手术主要关注的是彻底切除病灶 

而对器官功能保留关注不足. 这一时期的手术创伤大, 
术后并发症多, 患者生活质量较差. 以治疗直肠癌的腹 

会阴联合切除术(肛门丧失) [3]、治疗胃癌的Billroth I手 

术(幽门丧失) [4]为例, 此类手术不仅直接导致器官结构 
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缺失, 更造成消化、排泄等生理功能的永久性丧失, 严 

重影响患者术后生存质量. 当器官功能完整性遭到破 

坏时, 临床上不得不采用结肠永久造口、空肠代胃等 

替代性手术方案, 通过替代器官实现部分功能代偿. 随 

着麻醉技术、无菌术与抗生素和输血技术的发展, 到 

了20世纪中叶, 外科医生开始关注手术技术的改进, 以 

减少手术带来的创伤和并发症. 然而, 尽管技术有所进 

步, 器官功能的保留仍然不是手术设计中的主要考虑 

因素. 
20世纪初, 腹腔镜技术在临床的首次应用标志着 

消化外科进入微创时代 [5]. 腹腔镜手术与传统开放手 

术相比, 创伤小、恢复快、住院时间短, 患者术后生活 

质量显著改善. 例如, 自20世纪末在Mühe医生和Phi
lippe Mouret医生对腹腔镜胆囊切除术首次实施和推广 

下, 腹腔镜胆囊切除术得到了全球范围的快速普及, 在 

我国已成为日间病房常规术式, 患者术后4 h下地, 24 h 
内出院 [6]. 然而, 当时微创手术的理念在于减少手术对 

正常组织的损伤、加速患者康复, 并未直接将概念延 

伸至器官功能保护. 直到21世纪初, 随着诊治技术和仪 

器设备的进步, 患者在追求疾病根治的基础上, 对生活 

质量提出了更高的需求. 此时, 器官功能保护理念逐渐 

形成并广泛应用于消化外科. 
随着患者对生活质量要求的提升, 器官功能保护 

的理念逐渐得到重视, 并广泛应用于消化外科. 该理念 

的核心是, 在疾病根治的基础上, 尽量保留器官功能, 
减少对正常组织的损伤, 并加速患者术后康复. 这一理 

念在现代消化外科中, 通过技术进步与创新(如微创手 

术、精准评估等)得到了有效实践, 并促进了消化外科 

手术的持续进步.  

2 器官功能保护在消化外科的积极探索应用 

2.1 胃部手术 

传统胃癌根治术需要开腹大范围切除胃组织, 导 

致术后营养吸收不良等问题. 随着内镜技术的发展和 

早期胃癌(early gastric cancer, EGC)检出率的提高, 
EGC治疗逐渐转向内镜、腹腔镜和机器人手术等微创 

方式, 手术切除范围从全胃或大部分胃缩小为近端胃 

切除、保留幽门的胃切除等. 这种在确保根治性和系 

统淋巴结清扫的前提下, 最大限度保留胃正常解剖和 

生理功能的手术方式, 被称为功能保留性胃切除术 

(function-preserving gastrectomy, FPG), 极好体现了器 

官保护功能的理念 [7~9]. 保留幽门的胃切除术(pylorus- 
preserving gastrectomy, PPG)由日本医生Maki在20世纪 

60年代开创, 而在2001~2010年PPG才逐步走向成熟, 
被列为治疗EGC可选手术之一, 主要适用于病灶位于 

胃中部的临床EGC(CT 1N 0M 0)的患者 [10,11]. 这种手术在 

有效切除肿瘤的同时, 保留了幽门和(或)贲门的血供和 

神经, 可较好地维持残胃功能, 还能显著改善患者术后 

的胃排空功能和营养状态, 使胃肠激素分泌更稳定, 术 

后早饱、倾倒综合征等并发症显著减少 [1,9,12,13]. 此外, 
得益于先进的内镜技术, 针对早期非浸润性且直径 

≤2 cm的肿瘤, 内镜黏膜下剥离术(endoscopic submuco
sal dissection, ESD)(图1)可以在保证同等治疗效果下降 

低了手术创伤和并发症, 很好保留了胃部的正常功能, 
加快了患者的术后康复 [14~16]. 

2.2 肝胆胰手术 

肝胆手术往往涉及复杂的血管和胆道结构, 传统 

的手术方式对肝脏功能损害较大. 随着解剖性肝切除 

术和肝段切除术的应用, 外科医生能够更精确地切除 

病变组织, 同时最大限度地保留健康的肝脏组织. 世界 

上首例离体肝切除术联合自体肝移植术(ex-vivo liver 
resection and autotransplantation, ELRA)由Pichlmayr等 

人在1988年实施并报道. 手术示意见(图2) [18]. 1991年, 
Hannoun等人 [19]在ELRA基础上创新了半离体肝切除 

和自体肝移植术, 相较于ELRA, 该术式保留了第一肝 

门, 减少了术后并发症. 1996年, 董家鸿团队 [20]完成了 

我国首例半离体肝切除和自体肝移植术, 治疗了一例 

中央型巨大肝癌患者. 2005年, 温浩团队 [21]在一例肝内 

胆管细胞癌患者上成功实施了我国首例ELRA手术, 标 

志着我国肝脏移植技术进入新阶段. 此类技术的突破 

显著提升了健康肝组织的保留率, 推动了肝胆外科的 

精细化发展. 

2.3 肠道手术 

直肠癌的外科治疗中, 在保证肿瘤根治的前提上 

保留肛门功能从而改善患者的术后生活质量, 一直是 

该领域的重难点. 在早期, 低位直肠癌采用的是腹会阴 

联合切除术(abdomenperineal resection, APR), 即Miles 
术(图3(a)), 通过腹部和会阴部联合切口, 切除直肠、肛 

门和周围组织, 并进行永久性的结肠造口, 严重影响患 

者的生活质量 [3]. 随着外科技术的不断进步, 低位直肠 

的保肛手术诞生并得到大范围推广——通过低位或超 
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低位吻合保留肛门功能, 大幅改善了一部分直肠癌患 

者的生活质量. 其中最经典、使用最多的术式是低位 

前切除术(low anterior resection, LAR), 即Dixon术 

(图3(b)), 保留了肛门括约肌及肛管的完整结构和排便 

功能 [23,24]. 此外, 还有经肛门结肠肛管吻合术(Parks 
术) [25]和改良肛管结肠拖出切除术(Bacon术) [26], 应用 

于直肠残端过短而难以完成低位或超低位吻合的病例. 
但是, 上述手术的缺陷也显而易见: 改良Bacon术需要 

待结肠与肛管完全愈合牢固后再二期切除肛门外多余 

结肠, 术后肛门括约肌功能不甚满意, 控便功能差, 也 

有部分病人会出现肠管回缩、吻合口狭窄的现象 [27,28]; 
Parks术后容易导致粪便存储功能锐减, 造成早期排便 

功能控制欠佳, 并且由于术后吻合口漏发生率较高, 通 

常需行预防性回肠造口术 [29,30]. 括约肌间切除术(inter
sphincteric resection, ISR)是一种在括约肌间进行切除 

的手术方式, 适用于更低位的直肠癌. 在保留肛门括约 

图 1 (网络版彩色)内镜黏膜下剥离术示意图. (a) 标记; (b) 预切开; (c) 注射; (d) 黏膜切开; (e) 追加注射; (f) 黏膜下剥离. 改自文献[17] 
Figure 1 (Color online) Schematic illustration of endoscopic submucosal dissection (ESD). (a) Marking; (b) pre-cut; (c) injection; (d) mucosal 
incision; (e) additional injection; (f) submucosal dissection. Reproduced from Ref. [17]  

图 2 (网络版彩色)离体肝切除术加自体肝移植术示意图. 改自文献[22] 
Figure 2 (Color online) Schematic illustration of ex-vivo liver resection and autotransplantation (ELAR). Reproduced from Ref. [22]  
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肌的前提下, 通过肛门和腹部联合入路, 切除直肠及其 

系膜, 并进行结肠-肛门吻合 [31]. 据Chen等人 [32]的一项 

Meta分析显示, 与传统开腹ISR相比, 腹腔镜ISR术后术 

中出血量更少、住院时间更短、术后复发率更低. 然 

而, ISR术后复发率增加 [33]、严重肠道功能障碍及尿失 

禁亦有报道 [34]. 
值得注意的是, 直肠癌手术的功能保护不仅涉及 

肛门括约肌系统, 术中精细化的神经解剖技术对于保 

护盆腔自主神经(pelvic autonomic nerves, PANs)也至 

关重要, 可显著降低术后泌尿功能障碍(如尿潴留)和性 

功能障碍的发生率 [35~37]. 
保肛手术尚未找到最优解, 各种手术仍有较大改 

进空间, 相关的临床验证也有待完善. 

3 革新与突破: 器官功能保护在消化外科的 
创新实践与升华 

传统消化外科手术并未重视器官功能保护, 常采 

用“一刀切”的治疗理念, 虽然可以达到完全切除病灶 

的目的, 但对病人长期的生存质量造成了显著影响. 随 

着精准治疗理念的推广和重视, 业界对外科手术的治 

疗效果从单纯的“切干净”逐步过渡到了既要“切干净” 
又要“保功能”. 这种新的要求也促进基于器官功能保 

护理念的消化外科术式革新. 

3.1 胃相关手术革新 

对于胃中部1/3早期胃癌(earlygastriccancer, EGC), 
功能保留手术的革新体现在两个方面: 胃解剖结构保 

留和抗反流技术改进. 在结构保留方面, 保留幽门胃切 

除术(pylorus-preserving gastrectomy, PPG)通过保留部 

分胃部结构和迷走神经分支, 显著改善术后生活质 

量 [11,14,38]. Kim等人 [39]的随机对照研究显示, PPG组通 

过保留幽门, 在术后12个月的腹泻症状发生率(2.30% 
vs. 9.60%, P<0.05)和食欲减退患者增长比例(–6.2% vs 
4.5%, P<0.05)均显著低于传统手术, 证实其改善消化道 

功能的长期获益. 多项研究发现, 通过保留迷走腹腔支 

可显著降低术后倾倒综合征、胆汁反流、胆结石的发 

生率, 并可减少胰岛素分泌障碍, 与饥饿激素的调控产 

生协同作用, 共同控制血糖的平衡 [40~44]. 目前, PPG在 

国内作为一种尚未普遍开展的手术方式, 仍需要初学 

的手术医师克服学习曲线, 持续开展并达到熟练应用. 
在抗反流技术方面, 针对近端胃切除术后的反流症状, 
双通道吻合(double tract reconstruction, DTR)(图4)技术 

通过构建Roux-en-Y空肠旁路, 可使反流性食管炎发生 

率从传统吻合的60%降至4.6% [45,46], 同时相较于全胃 

切除, DTR可显著提高患者术后对维生素B12和铁等微 

量元素的吸收 [47]. 
在微创技术方面, 近年来减孔和单孔腹腔镜手术 

逐渐应用于胃部肿瘤治疗. Kunisaki等人 [48,49]报道减孔 

腹腔镜胃癌根治术的安全性及疗效与传统腹腔镜手术 

相当. 此外, 我国的研究也指出, 单孔腹腔镜手术具有 

术后恢复更快、切口更小、并发症发生率更低、术后 

疼痛更轻、住院时间更短、美观性更好的优势 [50~52]. 
然而, 与传统手术相比, 单孔腹腔镜手术的操作难度更 

大, 目前的适应证主要集中在早期胃癌, 对于进展期胃 

癌的应用尚在探索阶段. 机器人手术则凭借三维视野 

和高自由度器械提高了外科医生操作的精细度, 降低 

图 3 (网络版彩色)两种结肠切除术示意图. (a) 腹会阴联合切除术示意图; (b) 低位前切除术示意图. 图片使用Biorender制作 
Figure 3 (Color online) Schematic illustration of two types of colectomy. (a) APR; (b) LAR. Created by BioRender  
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了操作难度, 从而减少邻近器官的损伤和术后并发 

症 [53], 例如使用机器人进行Kamikawa吻合, 降低操作 

难度的同时可降低近端胃切除术后反流性食管炎、吻 

合口狭窄等并发症的发生率 [54]. 在近期疗效方面, 国内 

首个机器人胃癌手术的多中心回顾性队列研究 [55]结果 

显示, 机器人手术具有术中出血量少、淋巴结清扫数 

目多、手术总体并发症发生率低的优势; 在远期疗效 

方面, 机器人手术与腹腔镜手术相比, 5年总体生存率 

的差异无统计学意义. 总而言之, 机器人手术精细的操 

作有助于胃的器官保护和术后恢复, 应用前景光明, 目 

前普及的主要难点在于高昂的购置成本和较长的培训 

周期. 
综上所述, 从传统手术到减孔、单孔腹腔镜技术, 

再到机器人辅助手术, 胃癌的手术方式正在朝着更加 

微创、精准和安全的方向发展. 这些技术的不断进步 

不仅拓展了手术的适应证, 还显著改善了患者的术后 

生活质量. 随着技术的进一步成熟和外科医师操作经 

验的积累, 未来这些创新技术有望为更多的胃癌患者 

带来更优质的治疗选择. 

3.2 肝胆胰相关手术革新 

3.2.1 肝胆手术 

由于肝脏结构十分复杂, 传统的肝切除术已经不 

能满足精准外科理念的需求. 而利用计算机辅助对肝 

切除术患者进行术前的三维可视化重建可以清晰地展 

现肝脏组织的各个结构, 有助于准确识别病变位置并 

估计肝脏体积, 为精准的肝脏切除策略提供指导 [56]. 
Lamadé等人 [57]研究发现, 与二维计算机断层扫描相比, 
三维重建可将肿瘤定位精度提高了37%, 切除区域的准 

确性提高了31%, 进一步说明了三维重建在术前评估中 

的价值. 在肝细胞癌(hepatocellular carcinoma, HCC)的 

手术治疗中, 三维图像相较于二维图像表现出显著优 

势. 方驰华团队的研究指出, 通过三维可视化图像可以 

显著降低中央型HCC的手术时间, 并降低肝脏流入阻 

塞率, 同时减少了术后并发症和腹水的发生率 [58]. 不仅 

如此, 三维重建技术在肝内胆管癌手术中同样表现优 

异, 有效提高了术中切缘的阴性率 [59]. 这些研究充分表 

明, 三维重建技术在原发性肝癌外科手术中起到了关 

键作用, 能够最大限度地保留健康肝脏组织, 提升患者 

的术后生活质量. 
除了肝癌的精准切除, 三维重建技术在活体肝移 

植术中也展现出重要作用. 活体肝移植术要求供、受 

者肝脏的大小和结构相匹配, 以保证手术成功并确保 

供者的安全. 三维重建联合3D打印技术可辅助医生在 

术前对供者和移植者肝脏的解剖结构进行精准模拟, 
掌握移植物的大小、厚度以及血管分布, 从而缩短手 

术时间, 进一步提高手术的成功率 [60,61]. 该技术的应 

用, 不仅加速了手术进程, 也提高了移植成功率, 为临 

床手术提供了新的手段.  
在复杂肝癌的治疗中, 特别是对于肿瘤侵犯范围 

较大且未来残余肝体积(future liver remnant, FLR)不足 

的患者, 联合肝脏离断及门脉结扎的分次肝切除术(as
sociating liver partition and portal vein ligation for staged 
hepatectomy, ALPPS)(图5)提供了新的根治选择 [62]. 
ALPPS手术分为两期: 一期通过肝脏离断和患侧门静 

脉结扎来促进健侧肝脏的代偿性增生; 待健侧达到足 

够体积后, 再行二期手术彻底切除患侧肝脏. 这一创新 

性手术为难以治愈的肝占位患者提供了新的生存机会. 
然而, ALPPS的围手术期并发症和病死率较高, 尽管其 

3年生存率优于经导管动脉栓塞化疗(transcatheter ar
terial chemoembolization, TACE), 但5年生存率与门静 

脉栓塞(portal vein embolization, PVE)后的二步肝切除 

术相当 [63]. 
目前, 针对中晚期的HCC患者, 临床逐步推崇“双 

转化”治疗策略, 即以肿瘤降期或生物学转化为先, 后 

进行FLR转化. 在FLR转化上, PVE或其改进技术末梢 

门静脉栓塞术(terminal branches portal vein emboliza
tion, TBPVE)仍为首选, 而ALPPS和肝移植则作为最后 

图 4 (网络版彩色)双通道吻合示意图 
Figure 4 (Color online) Schematic illustration of DTR  
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的治疗选择 [63]. 这一策略不仅优化了肝脏功能恢复和 

手术安全性, 也为患者的生存带来了希望和可能. 
3.2.2 胰腺手术 

保留幽门的胰十二指肠切除术(pylorus-preserving 
pancreatoduodenectomy, PPPD)(图6(a))是传统Whipple 
手术的重要改良术式, 其核心在于保留幽门及近端 

2~3 cm十二指肠段, 从而最大限度维持了胃-十二指肠 

连续性的解剖结构及胃排空功能 [64]. 该手术主要用于 

治疗胰腺头部和十二指肠的良性或恶性肿瘤. 相较于 

传统的胰十二指肠切除术对幽门及十二指肠的完全切 

除, PPPD保留了幽门括约肌和部分十二指肠, 从而减 

少了胃排空障碍和倾倒综合征的发生率, 显著改善了 

患者术后的营养吸收和生活质量 [65]. PPPD的应用体现 

了外科医生在肿瘤根治与功能保留间的精准权衡. 在 

处理胰腺体部和尾部病变时, 胰体尾切除术是首选. 在 

传统手术中, 脾脏通常也被切除, 但近年来, 为减少免 

疫和代谢影响, 保留脾脏的手术技术得到了发展. 通过 

保留脾动脉和脾静脉(Warshaw技术)或保留脾门血管, 
外科医生可以在清除病变的同时降低术后并发症风 

险 [66]. 对于胰腺中央部的良性或低度恶性肿瘤, 中央胰 

腺切除术(central pancreatectomy, CP)(图6(b))提供了一 

种胰腺功能保留的选择. 手术仅切除胰腺中央部分, 保 

留胰腺头部和尾部, 并对胰腺残端进行吻合 [67]. 与全胰 

尾切除术相比, CP术保留了更多胰腺组织, 从而减少了 

内、外分泌功能的丧失风险, 患者术后糖尿病和消化 

不良的发生率较低, 生活质量显著提高 [39,40]. 

随着技术的发展, 针对胰腺远端的恶性肿瘤, Ap
pleby术式(即联合腹腔干切除的胰体尾癌根治术)成为 

一种新的选择. 该术式最早在1953年由加拿大外科医 

师Appleby [68]应用于局部进展期胃癌, 手术切除范围包 

括全胃、胰体尾、脾脏和腹腔干. 1976年Nimura等 

人 [69]将Appleby手术首先用于胰体尾癌的扩大根治术, 
进行了彻底的后腹膜区域清扫. 为了进一步改善患者 

的生活质量和术后营养状态, Appleby手术进一步发展 

为联合腹腔干切除的胰体尾癌根治术(distal pancrea
tectomy with en bloc celiac axis resection, DP-CAR) 
(图6(c))[70]. 这种改良术式在切除病灶的同时保留了全 

胃, 保持消化道的完整性, 提供了较高的R0可切除率, 
改善了患者的术后生活质量 [71,72]. 然而, 由于该术式操 

作复杂, 尤其是血管操作的高难度, 使得其适应证严格, 
目前尚未在临床上广泛应用. 

此外, 胰腺全切除术联合自体胰岛移植(total pan
createctomy and islet autotransplantation, TPIAT)(图6(d)) 
自David Sutherland首次报道以来 [73], 经过技术的不断 

发展, 相较于传统的胰腺全切除术, 让胰腺功能得以保 

留, 不仅能够有效治疗胰腺疾病, 还能显著减少术后内 

分泌和外分泌功能的缺失 [74~76]. 值得关注的是, 近年来 

中国科研团队在胰岛移植领域取得突破性进展, 上海 

长征医院殷浩团队和中国科学院程新团队利用患者血 

液外周血单个核细胞(peripheral blood mononuclear 
cells, PBMCs)将其重新编程为自体诱导多能干细胞(in
duced pluripotent stem cells, iPSCs), 然后将其转化为 

图 5 (网络版彩色)联合肝脏离断及门脉结扎的分次肝切除术示意图. 图片使用BioRender制作 
Figure 5 (Color online) Schematic illustration of associating liver partition and portal vein ligation for staged hepatectomy (ALPPS). Created by 
BioRender  
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“种子细胞”, 即内胚层干细胞(endodermal stem cells, 
EnSCs), 成功实现了胰岛组织的体外重建, 该技术成功 

实现了终末期糖尿病肾病患者的胰岛功能重建, 成为 

全球首例胰腺全切后功能性治愈案例, 为未来的胰岛 

移植治疗提供了新希望 [77]. 

3.3 小肠相关手术革新 

小肠移植自1967年由Lillehei等人 [80]首次在临床报 

道以来, 因缺乏强效的免疫抑制剂和较大的手术难度 

一直未能得到良好的治疗效果. 20世纪70年代以后, 随 

着免疫抑制剂的发展和外科技术的成熟, 小肠移植技 

术不断发展, 移植肠存活时间不断延长, 小肠移植的应 

用范畴也不断拓宽. 浙江大学医学院附属第一医院梁 

廷波、吴国生团队近期报道, 采用自体小肠移植技术 

(autointestinal transplantation)成功治疗了10例累及肠 

系膜上动脉(superior mesenteric artery, SMA)的局部晚 

期或复发性结肠癌患者. 该团队通过扩展切除联合小 

肠自体移植手术, 3年无复发生存率达68%, 总体生存 

率达80%. 这一技术不仅提高了肿瘤切除的彻底性, 还 

显著延长了患者的生存期, 展示了在复杂肿瘤手术中 

的巨大潜力 [81]. 此外, 他们利用该技术联合新辅助治疗 

完成了36例局部晚期胰腺导管腺癌(advanced pancrea
tic ductal adenocarcinoma, PDAC)的根治性切除, 突破 

性解决了以往PDAC累及SMA而不可切除的难题, 手术 

图 6 (网络版彩色)胰腺手术示意图. (a) 保留幽门的胰十二指肠切除术(PPPD), 转载自文献[78]; (b) 中央胰腺切除术(CP), 图片使用BioRender 
制作; (c) 联合腹腔干切除的胰体尾癌根治术(DP-CAR), 转载自文献[79]; (d) 胰腺全切除术联合自体胰岛移植(TPIAT), 图片使用BioRender制作 
Figure 6 (Color online) Schematic illustration of pancreatic surgery. (a) Schematic illustration of pylorus-preserving pancreatoduodenectomy (PPPD), 
Reproduced from Ref. [78]. (b) Schematic illustration of central pancreatectomy (CP), created by BioRender. (c) Schematic illustration of distal 
pancreatectomy with en bloc celiac axis resection (DP-CAR), Reproduced from Ref. [79]. (d) Schematic diagram of total pancreatectomy and islet 
autotransplantation (TPIAT), created by BioRender  
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成功率达94.4%, 术后无复发生存期中位数为13.6个月, 
总体生存期中位数为21.4个月. 小肠自体移植显著提高 

了PDAC切除的彻底性, 展示了在特定高选择性患者中 

的安全性和临床益处 [82]. 

3.4 结直肠相关手术革新 

随着结直肠癌发病率的增加和年轻化趋势, 患者 

的保肛需求也越加普遍和迫切. 由此近几十年来低位 

直肠的保肛手术得到了创新性发展. 2008年Williams等 

人 [83]提出的经前会阴超低位直肠切除术(anterior peri
neal planE for ultra-low anterior resection, APPEAR)通 

过会阴途径实现超低位直肠癌切除, 其核心价值在于 

通过保留肛提肌复合体显著改善肛门功能. 14名患者 

中, 均保证了良好的肛门功能, 术后Wexner失禁评分肿 

瘤/外伤患者中位5分(范围0~8, n=6), 溃疡性结肠炎患 

者中位数2分(范围0~6, n=3), 术后SF-36生活质量评分 

维持基线水平, 性功能障碍发生率21.4%(3/14); 值得注 

意的是, 会阴伤口感染和瘘的发生率高达50% [84]. 后续 

的研究也证实了APPEAR术结合腹腔镜TME手术在治 

疗低位直肠癌方面的有效性和可行性, 但是由于手术 

的复杂性和后续发现的15.4%~60%的会阴伤口并发 

症 [85], 并未在我国广泛开展. 
在APPEAR术式的基础上, 2010年Atallah等人 [86] 

提出经肛门微创手术(transanal minimally invasive sur
gery, TAMIS), 通过单孔通道实现肿瘤精准切除. 随后 

McLemore等人 [87]利用经肛门内镜显微外科手术(trans
anal endoscopic microsurgery, TEM)平台进行了”自下而 

上”的独特解剖视角的经肛门全直肠系膜切除术(trans
anal total mesorectal excision, taTME). 值得注意的是, 
中山六院康亮教授主导的多中心随机对照试验(rando
mized controlled trial, RCT)的初期结果显示, taTME相 

较于腹腔镜全直肠系膜切除术(laparoscopic-assisted to
tal mesorectal excision, laTME)可以减少手术切口要求, 
提供更早的术后恢复, 缩短术后首次排气、首次进食 

和行走的时间 [88]. 该团队进一步通过TaLaR-01多中 

心Ⅲ期RCT提供了远期肿瘤学证据, 3年随访数据显示 

taTME与laTME的3年无病生存率(82.1% vs 79.4%; 
HR=0.86, 97.5%CI 0.63~1.18)及总生存率(89.3% vs 
87.6%; HR=0.91, 95%CI 0.72~1.15)均达到非劣效性终 

点(P<0.001 for non-inferiority) [89]. 在排粪功能方面, 
Bjoern等人 [ 9 0 ]研究发现 ,  taTME患者在控粪能力 

(P=0.017)及排粪急迫感(P=0.032)方面较laTME患者有 

所劣势, 但是两组在低位前切除综合征(low anterior re
section syndrome, LARS)评分上差异无统计学意义 

(26.18 vs 20.61, P=0.054). 一项2019年Meta分析综合 

14项研究证实, 两组在严重LARS评分方面无显著差 

异 [91]. 在排尿功能、性功能及生活质量方面, Bjoern等 

人 [90]研究表明, taTME与laTME患者术后性功能相当, 
但taTME患者在排尿功能及生活质量方面满意度更高. 
Pontallier等人 [92]的研究认为, taTME在性功能保护方 

面可能具备潜在优势, 而在排粪功能上与laTME差异 

无显著性. Keller等人 [93]的随访研究显示, taTME患者 

术后排尿功能及生活质量优于laTME组. 法国GREC
CAR2 III期研究 [94]显示, 新辅助治疗后局部切除术 

(LE)与taTME的5年生存率差异无统计学意义(OS 84% 
vs 82%, P=0.85; DFS 70% vs 72%, P=0.68), 5年局部复 

发率无统计学差异(7% vs 7%, P=0.60), 为功能保留提 

供了高级别循证证据, 为那些希望保留直肠功能的患 

者提供了新的治疗选择. 总体而言, taTME能更好地保 

护神经, 它在排尿功能及性功能保护上可能具有潜在 

优势, 且患者的术后生活质量较高; 相较于传统的术式 

在治疗困难的低位直肠癌病例中更具优势, 可显著缩 

短手术时间、减少手术创伤、加速术后康复 [95]. 目前, 
taTME仍处于发展阶段, 在开展过程中会出现尿道损 

伤和二氧化碳栓塞等并发症, 而这些问题与该术式学 

习周期长密切相关, 外科医生需要较多病例数(≥50例 

次)度过学习曲线 [95]. 未来, 随着单孔机器人技术的普 

及, taTME的学习难度有望降低, 使其优势能惠及更多 

患者. 
近年来, 直肠癌的治疗不仅在手术技术上不断革 

新, 还在综合治疗策略上取得了显著进展, 特别是在针 

对dMMR(微卫星不稳定)肠癌的免疫治疗领域 [96,97]. 直 

肠癌豁免手术(watch-and-wait策略)作为一种创新性治 

疗方案, 逐渐在临床实践中受到关注. 对于那些对新辅 

助治疗反应良好的患者, 尤其是dMMR肠癌患者, 豁免 

手术为许多患者提供了避免切除术的机会 [98].  
与此同时, 对于右半结肠癌的手术方法也在不断 

革新. 传统的右半结肠癌根治术(traditional right hemi
colectomy, TRH)(图7)切除了末端回肠、回盲部、升结 

肠及部分横结肠, 并进行回肠-结肠吻合. 术后可能出现 

反复腹痛、腹泻及营养吸收不良等肠道恢复功能受损 

的问题 [99]. 笔者团队针对这个问题, 提出并开展了腹腔 

镜下保留回盲部的右半结肠癌切除术(laparoscopic 
ileocecal-sparing right hemicolectomy, LISH)(图7) [100], 
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主要适用于位于结肠肝曲或近端横结肠的肠道肿瘤, 
骨骼化分离回结肠动脉(ileocolic Artery, ICA)并选择性 

结扎结肠支从而保留了回盲部这个重要的生理结构, 
在保留手术安全性和肿瘤学安全性的前提下加快了患 

者术后的恢复时间、缩短了患者的住院时间, 显著降 

低了患者术后腹泻发生率 [101]. 目前, LISH的III期全国 

多中心临床研究(NCT05923255)由笔者所在团队牵头, 
正在全国30家多分中心广泛开展中. 通过这一研究, 将 

有望进一步规范论证LISH术式的外科学与肿瘤学安全 

性, 同时对其促进右半结肠癌患者术后康复的效果进 

行探究. 
此外, 达·芬奇机器人系统在结直肠手术中的应用 

也日渐广泛. 自2001年Weber等人 [102]首次成功应用机 

器人进行乙状结肠和右半结肠的手术以来, 越来越多 

的研究显示, 与传统腹腔镜手术相比, 机器人手术在降 

低中转开腹率、提升肿瘤切除质量等方面具有优 

势 [102~104]. 例如, 复旦大学许剑民团队的多中心、随机、 

对照、优越性试验比较了机器人和传统腹腔镜手术在 

中低位直肠癌患者中的手术质量和长期肿瘤学结果, 
结果表明机器人手术具有更好的肿瘤切除质量, 手术 

创伤更小, 术后恢复更好 [105]. 
器官功能保护理念不仅体现在手术技术的改进上, 

还包括综合治疗策略的应用. 例如, 术前新辅助治疗(如 

放疗、化疗)的应用可以缩小肿瘤体积, 从而使得手术 

切除范围减少, 保留更多正常组织. 与此同时, 多学 

科团队(multidisciplinary team, MDT)的协作在治疗策 

略的制定中也起到了重要作用, 使得手术与治疗方案 

能够更加个性化, 从而更好地保护患者的器官功能. 这 

图 7 (网络版彩色)回盲部的右半结肠癌切除术(LISH)及传统右半结肠癌切除术(TRH)示意图, 改自文献[100]. (a, b) LISH手术示意图, 标记了 

201p、201d、202、203淋巴结; (c, d) LISH 术中吻合口与离断血管图像; (e, f) LISH切除标本; (g, h) TRH手术示意图; (i, j) TRH术中吻合口与离 

断血管图像; (k, l) TRH切除标本. SMV, 肠系膜上静脉; ICA, 回结肠动脉; ICV, 回结肠静脉; MCA, 结肠中动脉; MCV, 结肠中静脉; RCA, 右结肠 

动脉; SRCV, 右结肠上静脉 
Figure 7 (Color online) Schematic illustration of laparoscopic ileocecal-sparing right hemicolectomy (LISH) and traditional right hemicolectomy 
(TRH), Reproduced from Ref. [100]. (a, b) Schematics of the LISH procedure. The 201p, 201d, 202, and 203 lymph nodes were marked; 
(c, d) intraoperative images of anastomosis and disconnected vessels during the LISH procedure; (e, f) specimens removed during LISH; 
(g, h) schematic of the TRH procedure; (i, j) intraoperative images of anastomosis and disconnected vessels during the TRH procedure; (k, l) specimens 
removed during the TRH procedure. SMV, superior mesenteric vein; ICA, ileocolic artery; ICV, ileocolic vein; MCA, middle colic artery; MCV, middle 
colic vein; RCA, right colic artery; SRCV, superior right colic vein  
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些多层次的努力共同推动了结直肠癌治疗的进展, 使 

患者在得到有效治疗的同时, 能够保有更高的生活 

质量.  

4 总结和未来发展方向及展望 

器官功能保护的实现得益于手术技术的成熟、手 

术设备的进步和手术理念的革新. 手术技术的成熟为 

器官功能保护提供了坚实的基础. 随着微创手术技术 

的发展, 医生能够通过更小的切口和更少的创伤下完 

成复杂的手术操作. 这不仅减少了术后的恢复时间, 还 

显著减少了手术对器官的损伤 [106]. 手术设备的进步是 

实现器官功能保护的关键因素之一, 如手术机器人和 

高分辨率成像系统, 使得手术过程更加精确和可控. 最 

后, 手术理念的革新也在推动器官功能保护的发展. 从 

过去注重病变组织的彻底切除, 到现在更加注重如何 

在切除病变的同时保护器官的功能, 这种理念的转变 

使得外科医生在制定手术计划时更加关注对器官功能 

的保留. 
消化外科领域的器官功能保护不仅是无数患者的 

迫切需求, 也是当前时代的发展趋势. 消化外科今后需 

要进一步采用规范的RCT研究论证新术式的安全性与 

可推广性, 采用高水平的基础研究探明器官功能保留 

的机制, 从而对无法保留器官功能的患者提前进行干 

预. 同时, 我们需要继续整合人工智能(artificial intelli
gence, AI)等先进技术, 以增强术前规划、术中导航和 

术后护理. 此外, 对消化疾病分子和遗传基础的持续研 

究有望带来靶向治疗, 与手术治疗结合, 提高患者治 

愈率. 
消化外科的器官功能保护领域正经历重大转变, 

主要由技术创新和对疾病生物学的深入理解推动. 这 

些进步不仅提高了手术的精确性和安全性, 也改善了 

接受消化外科手术患者的整体生活质量. 随着研究和 

技术的不断发展, 我们可以期待在消化外科领域的进 

一步突破.   

参考文献   

1  Oh S Y, Lee H J, Yang H K. Pylorus-preserving gastrectomy for gastric cancer. J Gastric Cancer, 2016, 16: 63–71   
2  Trépanier J S, Lacy F B, Lacy A M. Transanal total mesorectal excision: description of the technique. Clin Colon Rectal Surg, 2020, 33: 144–149   
3  Ernest Miles W. A method of performing abdomino-perineal excision for carcinoma of the rectum and of the terminal portion of the pelvic colon. 

Lancet, 1908, 172: 1812–1813   
4  Hickinbotham P. The billroth I gastrectomy. J Br Surg, 1956, 44: 206–208   
5  Hatzinger M, Kwon S T, Langbein S, et al. Hans christian jacobaeus: inventor of human laparoscopy and thoracoscopy. J Endourol, 2006, 20: 

848–850   
6  Macintyre I M, Wilson R G. Laparoscopic cholecystectomy. Br J Surgery, 1993, 80: 552‒559    
7  Nomura E, Okajima K. Function-preserving gastrectomy for gastric cancer in Japan. World J Gastroenterol, 2016, 22: 5888–5895   
8  Hiki N, Nunobe S, Kubota T, et al. Function-preserving gastrectomy for early gastric cancer. Ann Surg Oncol, 2013, 20: 2683–2692   
9  Brenkman H J, Haverkamp L, Ruurda J P, et al. Worldwide practice in gastric cancer surgery. World J Gastroenterol, 2016, 22: 4041–4048  

10  Maki T, Shiratori T, Hatafuku T, et al. Pylorus-preserving gastrectomy as an improved operation for gastric ulcer. Surgery, 1967, 61: 838‒845   
11  Japanese Gastric Cancer Association. Japanese gastric cancer treatment guidelines 2010(ver. 3). Gastric Cancer, 2011, 14: 113‒123   
12  Nunobe S, Hiki N. Function-preserving surgery for gastric cancer: current status and future perspectives. Transl Gastroenterol Hepatol, 2017, 2: 

77  
13  Aizawa M, Honda M, Hiki N, et al. Oncological outcomes of function-preserving gastrectomy for early gastric cancer: a multicenter propensity 

score matched cohort analysis comparing pylorus-preserving gastrectomy versus conventional distal gastrectomy. Gastric Cancer, 2017, 20: 709– 
717  

14  Japanese Gastric Cancer Association. Japanese gastric cancer treatment guidelines 2014(ver. 4). Gastric Cancer, 2017, 20: 1‒19   
15  O′Donnell M R, Tallman M S, Abboud C N, et al. Acute myeloid leukemia, version 3.2017, NCCN clinical practice guidelines in oncology. J Natl 

Compr Canc Netw, 2017, 15: 926–957  
16  Ono H, Yao K, Fujishiro M, et al. Guidelines for endoscopic submucosal dissection and endoscopic mucosal resection for early gastric cancer 

(second edition). Digestive Endoscopy, 2021, 33: 4–20  
17  Esaki M, Suzuki S, Ikehara H. One-person operated endoscopic submucosal dissection for early esophageal neoplasm using endosaber. Digest 

Endosc, 2020, 32: e89–e90  
18  Pichlmayr R, Bretschneider H J, Kirchner E, et al. Ex situ operation on the liver. A new possibility in liver surgery. Langenbecks Arch Chiv, 1988, 

10  

https://doi.org/10.5230/jgc.2016.16.2.63
https://doi.org/10.1055/s-0039-3402777
https://doi.org/10.1016/S0140-6736(00)99076-7
https://doi.org/10.1002/bjs.18004418421
https://doi.org/10.1089/end.2006.20.848
https://doi.org/10.3748/wjg.v22.i26.5888
https://doi.org/10.1245/s10434-013-2931-8
https://doi.org/10.3748/wjg.v22.i15.4041
https://doi.org/10.21037/tgh.2017.09.07
https://doi.org/10.1007/s10120-016-0644-y
https://doi.org/10.6004/jnccn.2017.0116
https://doi.org/10.6004/jnccn.2017.0116
https://doi.org/10.1111/den.13883
https://doi.org/10.1111/den.13672
https://doi.org/10.1111/den.13672
https://doi.org/10.1007/BF01262775


373: 122–126  
19  Hannoun L, Balladur P, Delva E, et al. “Ex situ-in vivo” surgery of the liver: a new technique in liver surgery. Principles and preliminary results. 

Gastroenterol Clin Biol, 1991, 15: 758‒761   
20  Dong J H, Cai J X, Wang S G, et al. Ex-situ in-vivo hepatic resection under extracorporeal venovenous bypass and hypothermic perfusion for 

neoplasms adjacent to major vasculature (in Chinese). Chin J Pract Surgery, 1996, 16: 469‒471 [董家鸿, 蔡景修, 王曙光, 等. 全肝血液转流及冷 

灌注下半离体肝脏切除术治疗肝门区肿瘤(附1例报告). 中国实用外科杂志, 1996, 16: 469‒471]   
21  Wen H, Huang J F, Zhang J H, et al. Ex vivo liver tumor resection plus autologous liver transplantation for intrahepatic cholangiocarcinoma: a case 

report (in Chinese). Chin J Surgery, 2006, 44: 642‒644 [温浩, 黄洁夫, 张金辉, 等. 体外肝肿瘤切除加自体肝移植术治疗肝内胆管细胞癌一 

例. 中华外科杂志, 2006, 44: 642‒644]   
22  Xu S, Hu C, Jiang Z, et al. In vivo total or partial hepatectomy followed by ex vivo liver resection and autotransplantation for malignant tumors: a 

single center experience. Front Oncol, 2023, 13: 1214451  
23  Lange M M, Rutten H J, van de Velde C J H. One hundred years of curative surgery for rectal cancer: 1908–2008. Eur J Surg Oncol, 2009, 35: 

456–463  
24  Dixon C F. Anterior resection for malignant lesions of the upper part of the rectum and lower part of the sigmoid. Ann Surg, 1948, 128: 425–442  
25  Bacon H E. Present status of the pull-through sphincter-preserving procedure. Cancer, 1971, 28: 196–203  
26  Lyttle J A, Parks A G. Intersphincteric excision of the rectum. J Br Surg, 1977, 64: 413–416  
27  Liu L, Yang L, Yang L, et al. Long-term outcome and postoperative anal function after laparoscopic modified Bacon’s radical resection of rectal 

cancer (in Chinese). Chin J Gen Surgery (Electr Ed), 2020, 14: 46‒49 [刘李, 杨烈, 杨柳, 等. 腹腔镜下改良Bacon’s直肠癌根治术对患者术后肛 

门功能与远期疗效观察. 中华普外科手术学杂志(电子版), 2020, 14: 46‒49]   
28  Jiang B, Li Y J, Liu H Y, et al. Improved Bacon’s procedure combined with natural orifice specimen extraction surgery (NOSES) for low rectal 

cancer: a case series analysis (in Chinese). Chin J Gastrointestinal Surgery, 2023, 26: 123‒128 [江波, 卢艳军, 刘海义, 等. 经自然腔道取标本改 

良Bacon术在低位直肠癌中的应用. 腹腔镜外科杂志, 2018, 23: 827‒830]   
29  Ding H, Li J, Yang Z, et al. Clinical efficacy of laparoscopic modified Parks’ operation for ultra-low rectal cancer (in Chinese). J Centr South 

Univ Med Sci, 2021, 46: 121‒126 [腹腔镜下改良Parks术治疗超低位直肠癌的临床疗效. 中南大学学报(医学版), 2021, 46: 121‒126]   
30  Gastinger I, Marusch F, Steinert R, et al. Protective defunctioning stoma in low anterior resection for rectal carcinoma. Br J Surg, 2005, 92: 1137– 

1142  
31  Schiessel R, Karner-Hanusch J, Herbst F, et al. Intersphincteric resection for low rectal tumours. J Br Surg, 1994, 81: 1376–1378  
32  Chen H, Ma B, Gao P, et al. Laparoscopic intersphincteric resection versus an open approach for low rectal cancer: a meta-analysis. World J Surg 

Onc, 2017, 15: 229  
33  Yamada K, Saiki Y, Takano S, et al. Long-term results of intersphincteric resection for low rectal cancer in Japan. Surg Today, 2019, 49: 275–285  
34  Sakr A, Yang S Y, Kang J H, et al. Oncologic safety and bowel function after ultralow anterior resection with or without intersphincteric resection 

for low lying rectal cancer: comparative cross sectional study. J Surg Oncol, 2020, 121: 365–374  
35  Celentano V, Cohen R, Warusavitarne J, et al. Sexual dysfunction following rectal cancer surgery. Int J Colorectal Dis, 2017, 32: 1523–1530  
36  Perry W R G, Abd El Aziz M A, Duchalais E, et al. Sexual dysfunction following surgery for rectal cancer: a single-institution experience. Updat 

Surg, 2021, 73: 2155–2159  
37  Havenga K, Enker W E. Autonomic nerve preserving total mesorectal excision. Surg Clin N Am, 2002, 82: 1009–1018  
38  Maki T, Shiratori T, Hatafuku T, et al. Pylorus-preserving gastrectomy as an improved operation for gastric ulcer. Surgery, 1967, 61: 838‒845   
39  Kim S M, Cho J, Kang D, et al. A randomized controlled trial of vagus nerve-preserving distal gastrectomy versus conventional distal gastrectomy 

for postoperative quality of life in early stage gastric cancer patients. Ann Surg, 2016, 263: 1079–1084  
40  Suh Y S, Han D S, Kong S H, et al. Laparoscopy-assisted pylorus-preserving gastrectomy is better than laparoscopy-assisted distal gastrectomy 

for middle-third early gastric cancer. Ann Surg, 2014, 259: 485–493  
41  Du Y, Li W P, Xiong H, et al. Efficacy and safety of pylorus-preserving gastrectomy for early gastric cancer in the middle third of the stomach: a 

systematic review and meta-analysis (in Chinese). Chin J Gastrointest Surgery, 2020, 23: 1088‒1096 [杜耀, 李卫平, 熊辉, 等. 保留幽门胃切除 

术治疗早期胃中部癌有效性和安全性的Meta分析. 中华胃肠外科杂志, 2020, 23: 1088‒1096]   
42  Yamada H, Kojima K, Inokuchi M, et al. Efficacy of celiac branch preservation in Roux-en-y reconstruction after laparoscopy-assisted distal 

gastrectomy. Surgery, 2011, 149: 22–28  
43  Inokuchi M, Sugita H, Otsuki S, et al. Long-term effectiveness of preserved celiac branch of vagal nerve after Roux-en-Y reconstruction in 

laparoscopy-assisted distal gastrectomy. Dig Surg, 2014, 31: 341–346  
44  Kinami S, Miwa K, Sato T, et al. Section of the vagal celiac branch in man reduces glucagon-stimulated insulin release. J Auton Nervous Syst, 

1997, 64: 44–48  
45  Jung D H, Ahn S H, Park D J, et al. Proximal gastrectomy for gastric cancer. J Gastric Cancer, 2015, 15: 77–86 

评 述  

11  

https://doi.org/10.3389/fonc.2023.1214451
https://doi.org/10.1016/j.ejso.2008.09.012
https://doi.org/10.1097/00000658-194809000-00009
https://doi.org/10.1002/1097-0142(197107)28: 1%3c196::AID-CNCR2820280139%3e3.0.CO;2-L
https://doi.org/10.1002/bjs.1800640611
https://doi.org/10.1002/bjs.5045
https://doi.org/10.1002/bjs.1800810944
https://doi.org/10.1186/s12957-017-1304-3
https://doi.org/10.1186/s12957-017-1304-3
https://doi.org/10.1007/s00595-018-1754-4
https://doi.org/10.1002/jso.25791
https://doi.org/10.1007/s00384-017-2826-4
https://doi.org/10.1007/s13304-021-01124-1
https://doi.org/10.1007/s13304-021-01124-1
https://doi.org/10.1016/s0039-6109(02)00044-0
https://doi.org/10.1097/SLA.0000000000001565
https://doi.org/10.1097/SLA.0b013e318294d142
https://doi.org/10.1016/j.surg.2010.03.002
https://doi.org/10.1159/000368703
https://doi.org/10.1016/S0165-1838(97)00013-1
https://doi.org/10.5230/jgc.2015.15.2.77


46  Nakamura M, Nakamori M, Ojima T, et al. Reconstruction after proximal gastrectomy for early gastric cancer in the upper third of the stomach: 
an analysis of our 13-year experience. Surgery, 2014, 156: 57–63  

47  Kim D J, Kim W. Laparoscopy-assisted proximal gastrectomy with double tract anastomosis is beneficial for vitamin b12 and iron absorption. 
Anticancer Res, 2016, 36: 4753–4758  

48  Kunisaki C, Makino H, Yamaguchi N, et al. Surgical advantages of reduced-port laparoscopic gastrectomy in gastric cancer. Surg Endosc, 2016, 
30: 5520–5528  

49  Kunisaki C, Miyamoto H, Sato S, et al. Surgical outcomes of reduced-port laparoscopic gastrectomy versus conventional laparoscopic 
gastrectomy for gastric cancer: a propensity-matched retrospective cohort study. Ann Surg Oncol, 2018, 25: 3604–3612  

50  Yang B. Radical gastrectomy and traditional five-port laparoscopic D2 radical gastrectomy for patients with early gastric cancer (in Chinese). Med 
J Chin People’s Health, 2020, 32: 115‒117 [杨波. 经脐单孔腹腔镜与传统五孔腹腔镜胃癌D2根治术治疗早期胃癌患者的效果比较. 中国民 

康医学, 2020, 32: 115‒117]   
51  Li Y, Wang Q, Ye YJ, et al. Research progress of single-incision laparoscopic radical gastrectomy (in Chinese). Chin J Gastrointest Surgery, 2021, 

24: 667‒671 [李杨, 王权, 叶颖江, 等. 单孔腹腔镜胃癌根治术的研究进展. 中华胃肠外科杂志, 2021, 24: 667‒671]   
52  Lin T, Mou T, Hu Y, et al. Reduced port laparoscopic distal gastrectomy with D2 lymphadenectomy. Ann Surg Oncol, 2018, 25: 246  
53  Choi S, Song J H, Lee S, et al. Trends in clinical outcomes and long-term survival after robotic gastrectomy for gastric cancer: a single high- 

volume center experience of consecutive 2000 patients. Gastric Cancer, 2022, 25: 275–286  
54  Kuroda S, Nishizaki M, Kikuchi S, et al. Double-flap technique as an antireflux procedure in esophagogastrostomy after proximal gastrectomy. J 

Am Coll Surgeons, 2016, 223: e7–e13  
55  Li Z, Zhao Y, Qian F, et al. Incidence and risk factors of postoperative complications after robotic gastrectomy for gastric cancer: an analysis of 

817 cases based on 10-year experience in a large-scale center. Surg Endosc, 2021, 35: 7034–7041  
56  Qin J P. Contrast enhanced computed tomography and reconstruction of hepatic vascular system for transjugular intrahepatic portal systemic 

shunt puncture path planning. World J Gastroenterol, 2015, 21: 9623–9629  
57  Lamade W. The impact of 3-Dimensional reconstructions on operation planning in liver surgery. Arch Surg, 2000, 135: 1256–1261  
58  Fang C, Tao H, Yang J, et al. Impact of three-dimensional reconstruction technique in the operation planning of centrally located hepatocellular 

carcinoma. J Am Coll Surgeons, 2015, 220: 28–37  
59  Okuda Y, Taura K, Seo S, et al. Usefulness of operative planning based on 3-dimensional CT cholangiography for biliary malignancies. Surgery, 

2015, 158: 1261–1271  
60  Luo Y, Zhang M, Zhou T, et al. Application of three-dimensional visualization technique in pediatric living donor liver transplantation (in 

Chinese). Chin J Surgery, 2016, 54: 700‒703 [罗毅, 张明, 周韬, 等. 三维可视化技术在儿童活体肝移植中的应用. 中华外科杂志, 2016, 54: 
700‒703]   

61  Wang P, Que W, Zhang M, et al. Application of 3-dimensional printing in pediatric living donor liver transplantation: a single-center experience. 
Liver Transpl, 2019, 25: 831–840  

62  Schnitzbauer A A, Lang S A, Goessmann H, et al. Right portal vein ligation combined with in situ splitting induces rapid left lateral liver lobe 
hypertrophy enabling 2-staged extended right hepatic resection in small-for-size settings. Ann Surg, 2012, 255: 405–414  

63  Hong D F, Peng S Y, Wanyee Y Y. Ten-year retrospect of ALPPS in the treatment of hepatocellular carcinoma:an eternal concept with cautious 
technologic choice. Chin J Surgery, 2022, 60: 113‒116   

64  Garonzik-Wang J M, Majella Doyle M B. Pylorus preserving pancreaticoduodenectomy. Clin Liver Dis, 2015, 5: 54–58  
65  Izbicki J R, Bloechle C, Broering D C, et al. Extended drainage versus resection in surgery for chronic pancreatitis. Ann Surg, 1998, 228: 771–779  
66  Warshaw A L. Distal pancreatectomy with preservation of the spleen. J Hepato Biliary Pancreat, 2010, 17: 808–812  
67  Iacono C. Central pancreatectomy: the Dagradi Serio Iacono operation. Evolution of a surgical technique from the pioneers to the robotic 

approach. World J Gastroenterol, 2014, 20: 15674–15681  
68  Appleby L H. The coeliac axis in the expansion of the operation for gastric carcinoma. Cancer, 1953, 6: 704–707  
69  Nimura Y. Resection of advanced pancreatic body-tail carcinoma by Appleby’s operation. Shujutu, 1976, 30: 885-889   
70  Yoshitomi H, Sakai N, Kagawa S, et al. Feasibility and safety of distal pancreatectomy with en bloc celiac axis resection (DP-CAR) combined 

with neoadjuvant therapy for borderline resectable and unresectable pancreatic body/tail cancer. Langenbecks Arch Surg, 2019, 404: 451–458  
71  Liu L, Liu T X, Huang W X, et al. Distal pancreatectomy with En bloc celiac axis resection for locally advanced pancreatic body/tail cancer: a 

systematic review and meta-analysis. Asian J Surg, 2022, 45: 51–61  
72  Okushiba S, Morikawa T, Kondo S, et al. Results of radical distal pancreatectomy with en bloc resection of the celiac artery for locally advanced 

cancer of the pancreatic body. Langenbecks Arch Surg, 2003, 388: 101–106  
73  Baldwin X L, Williams B M, Schrope B, et al. What is new with total pancreatectomy and autologous islet cell transplantation? review of current 

progress in the field. J Clin Med, 2021, 10: 2123 

12  

https://doi.org/10.1016/j.surg.2014.02.015
https://doi.org/10.21873/anticanres.11031
https://doi.org/10.1007/s00464-016-4916-8
https://doi.org/10.1245/s10434-018-6733-x
https://doi.org/10.1245/s10434-017-6066-1
https://doi.org/10.1007/s10120-021-01231-3
https://doi.org/10.1016/j.jamcollsurg.2016.04.041
https://doi.org/10.1016/j.jamcollsurg.2016.04.041
https://doi.org/10.1007/s00464-020-08218-8
https://doi.org/10.3748/wjg.v21.i32.9623
https://doi.org/10.1001/archsurg.135.11.1256
https://doi.org/10.1016/j.jamcollsurg.2014.09.023
https://doi.org/10.1016/j.surg.2015.04.021
https://doi.org/10.1002/lt.25435
https://doi.org/10.1097/SLA.0b013e31824856f5
https://doi.org/10.1002/cld.463
https://doi.org/10.1097/00000658-199812000-00008
https://doi.org/10.1007/s00534-009-0226-z
https://doi.org/10.3748/wjg.v20.i42.15674
https://doi.org/10.1002/1097-0142(195307)6: 4%3c704::AID-CNCR2820060410%3e3.0.CO;2-P
https://doi.org/10.1007/s00423-019-01775-0
https://doi.org/10.1016/j.asjsur.2021.06.002
https://doi.org/10.1007/s00423-003-0375-5
https://doi.org/10.3390/jcm10102123


74  Bellin M D, Freeman M L, Gelrud A, et al. Total pancreatectomy and islet autotransplantation in chronic pancreatitis: recommendations from 
PancreasFest. Pancreatology, 2014, 14: 27–35  

75  McEachron K R, Yang Y, Hodges J S, et al. Alterations in enteroendocrine hormones after total pancreatectomy with islet autotransplantation. 
Pancreas, 2020, 49: 806–811  

76  Nanno Y, Wastvedt S, Freeman M L, et al. Metabolic measures before surgery and long-term diabetes outcomes in recipients of total 
pancreatectomy and islet autotransplantation. Am J Transpl, 2021, 21: 3411–3420  

77  Wu J, Li T, Guo M, et al. Treating a type 2 diabetic patient with impaired pancreatic islet function by personalized endoderm stem cell-derived 
islet tissue. Cell Discov, 2024, 10: 45  

78  Hackert T, Büchler M W, Werner J. Current state of surgical management of pancreatic cancer. Cancers, 2011, 3: 1253–1273  
79  Klompmaker S, Boggi U, Hackert T, et al. Distal pancreatectomy with celiac axis resection (DP-CAR) for pancreatic cancer. how I do it. J 

Gastrointest Surg, 2018, 22: 1804–1810  
80  Lillehei R C, Idezuki Y, Feemster J A, et al. Transplantation of stomach, intestine, and pancreas: experimental and clinical observations. Surgery, 

1967, 62: 721‒741   
81  Wu G, Zhao L, Jiang W, et al. Intestinal autotransplantation for locally advanced or locally recurrent colon cancer invading superior mesenteric 

artery. Ann Surg, 2025, 281: 462–468  
82  Liang T, Zhang Q, Wu G, et al. Radical resection combined with intestinal autotransplantation for locally advanced pancreatic cancer after 

neoadjuvant therapy. Ann Surg, 2023, 278: e1055–e1062  
83  Williams N S, Murphy J, Knowles C H. Anterior perineal plane for ultra-low anterior resection of the rectum (The APPEAR technique). Ann 

Surg, 2008, 247: 750–758  
84  Di Palo S, De Nardi P, Chiari D, et al. Laparoscopic TME with APPEAR (anterior and perineal planE for ultra-low anterior resection of the 

rectum) technique for distal rectal cancer. Surg Endosc, 2013, 27: 3430  
85  Lynes K, Williams N S, Chan C L, et al. Anterior perineal planE for ultra-low anterior resection of the rectum (APPEAR) technique: a systematic 

review. Int J Surg, 2016, 33: 117–123  
86  Atallah S, Albert M, Larach S. Transanal minimally invasive surgery: a giant leap forward. Surg Endosc, 2010, 24: 2200–2205  
87  McLemore E C, Harnsberger C R, Broderick R C, et al. Transanal total mesorectal excision (taTME) for rectal cancer: a training pathway. Surg 

Endosc, 2016, 30: 4130–4135  
88  Liu H, Zeng Z, Zhang H, et al. Morbidity, mortality, and pathologic outcomes of transanal versus laparoscopic total mesorectal excision for rectal 

cancer short-term outcomes from a multicenter randomized controlled trial. Ann Surg, 2023, 277: 1–6  
89  Zeng Z, Luo S, Zhang H, et al. Transanal vs laparoscopic total mesorectal excision and 3-Year disease-Free survival in rectal cancer. JAMA, 2025, 

333: 774–783  
90  Bjoern M X, Nielsen S, Perdawood S K. Quality of life after surgery for rectal cancer: a comparison of functional outcomes after transanal and 

laparoscopic approaches. J Gastrointestinal Surg, 2019, 23: 1623–1630  
91  Heijden J A G, Koëter T, Smits L J H, et al. Functional complaints and quality of life after transanal total mesorectal excision: a meta-analysis. Br 

J Surg, 2020, 107: 489–498  
92  Pontallier A, Denost Q, Van Geluwe B, et al. Potential sexual function improvement by using transanal mesorectal approach for laparoscopic low 

rectal cancer excision. Surg Endosc, 2016, 30: 4924–4933  
93  Keller D S, Reali C, Spinelli A, et al. Patient-reported functional and quality-of-life outcomes after transanal total mesorectal excision. Br J Surg, 

2019, 106: 364–366  
94  Rullier E, Vendrely V, Asselineau J, et al. Organ preservation with chemoradiotherapy plus local excision for rectal cancer: 5-year results of the 

GRECCAR 2 randomised trial. Lancet Gastroenterol Hepatol, 2020, 5: 465–474  
95  Zeng Z, Liu Z, Huang L, et al. Transanal total mesorectal excision in mid-low rectal cancer: evaluation of the learning curve and comparison of 

short-term results with standard laparoscopic total mesorectal excision. Dis Colon Rectum, 2021, 64: : 380–388  
96  Chalabi M, Verschoor Y L, Tan P B, et al. Neoadjuvant immunotherapy in locally advanced mismatch repair–deficient colon cancer. N Engl J 

Med, 2024, 390: 1949–1958  
97  Yu J H, Xiao B Y, Li D D, et al. Neoadjuvant camrelizumab plus apatinib for locally advanced microsatellite instability-high or mismatch repair- 

deficient colorectal cancer (NEOCAP): a single-arm, open-label, phase 2 study. Lancet Oncol, 2024, 25: 843–852  
98  Benson A B, Venook A P, Adam M, et al. NCCN guidelines® insights: rectal cancer, version 3.2024. J Natl Compr Cancer Netw, 2024, 22: 366– 

375  
99  Garfinkle R, Al-Rashid F, Morin N, et al. Are right-sided colectomies for neoplastic disease at increased risk of primary postoperative ileus 

compared to left-sided colectomies? A coarsened exact matched analysis. Surg Endosc, 2020, 34: 5304–5311 
100  He J J, Sun F F, Xiao Q, et al. Laparoscopic ileocecal-sparing right hemicolectomy (LISH) for cancers of the hepatic flexure or proximal 

评 述  

13  

https://doi.org/10.1016/j.pan.2013.10.009
https://doi.org/10.1097/MPA.0000000000001582
https://doi.org/10.1111/ajt.16573
https://doi.org/10.1038/s41421-024-00662-3
https://doi.org/10.3390/cancers3011253
https://doi.org/10.1007/s11605-018-3894-7
https://doi.org/10.1007/s11605-018-3894-7
https://doi.org/10.1097/SLA.0000000000006178
https://doi.org/10.1097/SLA.0000000000005797
https://doi.org/10.1097/SLA.0b013e31816b2ee3
https://doi.org/10.1097/SLA.0b013e31816b2ee3
https://doi.org/10.1007/s00464-013-2886-7
https://doi.org/10.1016/j.ijsu.2016.07.075
https://doi.org/10.1007/s00464-010-0927-z
https://doi.org/10.1007/s00464-015-4680-1
https://doi.org/10.1007/s00464-015-4680-1
https://doi.org/10.1097/SLA.0000000000005523
https://doi.org/10.1001/jama.2024.24276
https://doi.org/10.1007/s11605-018-4057-6
https://doi.org/10.1002/bjs.11566
https://doi.org/10.1002/bjs.11566
https://doi.org/10.1007/s00464-016-4833-x
https://doi.org/10.1002/bjs.11069
https://doi.org/10.1016/S2468-1253(19)30410-8
https://doi.org/10.1097/DCR.0000000000001816.&nbsp;
https://doi.org/10.1056/NEJMoa2400634
https://doi.org/10.1056/NEJMoa2400634
https://doi.org/10.1016/S1470-2045(24)00203-1
https://doi.org/10.6004/jnccn.2024.0041
https://doi.org/10.1007/s00464-019-07318-4


transverse colon: a video vignette. Tech Coloproctol, 2021, 25: 891–892 
101  He J, Cao Y, Kong X, et al. Laparoscopic ileocecal-sparing vs traditional right hemicolectomy for cancer of the hepatic flexure or proximal 

transverse colon: a dual-center propensity score-matched study. Gastroenterol Report, 2024, 12: goae047 
102  Weber P A, Merola S, Wasielewski A, et al. Telerobotic-assisted laparoscopic right and sigmoid colectomies for benign disease. Dis Colon 

Rectum, 2002, 45: 1689–1696 
discussion 1695-1696  

103  Trastulli S, Farinella E, Cirocchi R, et al. Robotic resection compared with laparoscopic rectal resection for cancer: systematic review and meta- 
analysis of short-term outcome. Colorectal Dis, 2012, 14 

104  Yang Y, Wang F, Zhang P, et al. Robot-assisted versus conventional laparoscopic surgery for colorectal disease, focusing on rectal cancer: a meta- 
analysis. Ann Surg Oncol, 2012, 19: 3727–3736 

105  Feng Q, Yuan W, Li T, et al. Robotic versus laparoscopic surgery for middle and low rectal cancer (REAL): short-term outcomes of a multicentre 
randomised controlled trial. Lancet Gastroenterol Hepatol, 2022, 7: 991–1004 

106  Liu C, Pan L K. Advances in minimally invasive surgery and clinical measurement. Comput Assisted Surg, 2019, 24: 1–4 

14  

https://doi.org/10.1007/s10151-021-02425-8
https://doi.org/10.1093/gastro/goae047
https://doi.org/10.1007/s10350-004-7261-2
https://doi.org/10.1007/s10350-004-7261-2
https://doi.org/10.1111/j.1463-1318.2011.02907.x
https://doi.org/10.1245/s10434-012-2429-9
https://doi.org/10.1016/S2468-1253(22)00248-5
https://doi.org/10.1080/24699322.2018.1560103


Summary for “基于器官功能保护理念的消化外科术式创新” 

Innovation in digestive surgery techniques based on the concept 
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This review focuses on the field of digestive surgery and systematically explores surgical innovations driven by the concept 
of organ function preservation and their clinical practice, aiming to improve patients’ postoperative quality of life by 
preserving organ structure and function. 

Through a comprehensive review of literature and clinical cases, the study traces the conceptual evolution of digestive 
surgery from “lesion excision” to “functional reconstruction”: early surgical approaches prioritized radical tumor removal, 
often resulting in irreversible organ dysfunction (e.g., pylorus loss in Billroth I gastrectomy for gastric cancer, anal 
sphincter loss in the Miles procedure for rectal cancer); by the early 2000s, advancements in minimally invasive 
technologies (such as laparoscopy and robotic surgery) and precise diagnostic tools (including radiomics and three- 
dimensional reconstruction) facilitated the formation of the organ function preservation concept, spurring the development 
of innovative surgical methodologies. 

In gastric surgery, pylorus-preserving gastrectomy (PPG) improves postoperative gastric motility and nutrient 
assimilation while decreasing the prevalence of dumping syndrome via the preservation of the pyloric sphincter and vagal 
nerve branches. Similarly, endoscopic submucosal dissection (ESD) enables minimally invasive functional preservation in 
early-stage gastric cancer by selectively removing lesions while maintaining gastric integrity. For hepatobiliary-pancreatic 
surgeries, ex-vivo liver resection and autotransplantation (ELRA) and ALPPS (associating liver partition and portal vein 
ligation for staged hepatectomy) enhance treatment efficacy in complex hepatocellular carcinoma by enabling precise 
hepatic segmentectomy and functional reconstruction. Additionally, pylorus-preserving pancreatoduodenectomy (PPPD) 
and central pancreatectomy (CP) balance oncological radicality with the preservation of gastrointestinal continuity and 
pancreatic endocrine/exocrine functions. In colorectal surgery, transanal total mesorectal excision (taTME) enhances anal 
sphincter preservation in low rectal cancer via a “bottom-up” approach, safeguarding pelvic autonomic nerves to minimize 
urogenital and sexual function impairments. Laparoscopic ileocecal-sparing right hemicolectomy (LISH) decreases 
postoperative diarrhea and promotes faster convalescence by preserving the ileocecal valve, a critical anatomical structure 
for intestinal transit.  

While these innovations demonstrate efficacy in minimizing tissue trauma and optimizing functional retention, 
significant challenges persist, including procedural complexity, limited adoption in primary care settings, and insufficient 
long-term outcome data. Technical advancements such as single-incision laparoscopy and robot-assisted platforms 
partially address these barriers but require further validation. 

Theoretically, the review reinforces the centrality of organ function preservation in contemporary digestive surgery, 
expanding the theoretical paradigm to integrate “radical resection” and “functional preservation” as dual treatment 
objectives; clinically, multicenter RCTs (e.g., the TaLaR-01 trial) have provided robust evidence for the safety and long- 
term outcomes of novel procedures, enabling clinicians to tailor surgical choices to individual patient needs. 

Future research must prioritize three areas: assessing the long-term outcomes of innovative procedures through 
standardized randomized controlled trials, investigating the biological mechanisms underlying organ function preservation 
via basic science research, and designing interventions for irreversible organ dysfunction, with the aim of driving digestive 
surgery toward a paradigm shift from “tumor removal” to “functional reconstruction” and achieving synergistic 
improvements in oncological control and patient quality of life. 

organ function preservation, minimally invasive surgery, quality of life, surgical innovation, robot-assisted surgery 
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