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严重开放性肢体创伤常见于高能量损伤,累及多

种组织结构,损伤程度重，可能影响肢体成活甚至危及

生命，对肢体功能有严重影响。对于此类创伤,无论是伤

情评估、治疗决策，还是救治的实施，都面临巨大挑战，

对急救的时限要求高,对救治团队技术水平和医疗机

构综合救治能力的要求也比较高，需具备较强的伤情

判断与监测、损伤控制、生命支持、组织修复重建以及

并发症防治的能力。此类患者受伤后通常被送往就

近的基层医院进行急救，有不少患者经多次转诊才到

达具备救治能力的医院进一步处理，往往错过最佳救

治时机；而有的患者因种种原因未能及时接受规范治

疗,丧失了保肢机会或后遗严重的肢体残疾[2]
本共识围绕严重开放性肢体创伤早期救治的需

求,对伤情评估与急救、治疗决策、肢体血液循环重建、

骨关节固定、创面处理等提出基本原则和建议,供临床

医生在实际诊疗过程中参考使用,为分级、分类及时

规范救治提供专业意见。

本共识聚焦于严重开放性肢体创伤早期救治，闭

合性损伤、多发伤伴肢体创伤、肢体完全离断的救治，

以及肢体Ⅱ期修复与功能重建等内容不在本共识

范畴。

一、严重开放性肢体创伤的定义

严重开放性肢体创伤是指高能量暴力所致的上肢

或下肢损伤，有开放伤口，累及多种组织，伤情严重，可能

危及生命或影响患肢成活。诊断为严重开放性肢体
创伤有3个必要条件：①属于高能量损伤；②有开放伤

口且累及多种组织；③有即时生命危险或危及肢体成

活,对肢体功能有严重影响,需要紧急规范救治。高能量

暴力导致的大面积皮肤脱套、软组织缺损、四肢主干血

管损伤、GustiloIIB/IIC型骨折等，都属于严重开放性

肢体创伤。

二、严重开放性肢体创伤的评估

（一）现场评估与院前急救

1.全身评估：在受伤现场，需迅速排查是否存在危

及生命的伤情，首先检查生命体征、神志、瞳孔,然后按

CRASHPLAN字母顺序检查，其分别为以下名词首字

母：Cardiac（心脏）Respiratory(呼吸）Abdomen(腹部）、
Spine（脊柱）Head（头颅）Pelvis（骨盆）、Limbs（四
肢）、Arteries（动脉）和Nerves（神经）,给予基础生命支

持(Basic life support,BLS)[3]。
2.伤肢评估：现场还要排查是否存在危及肢体成活

的伤情,重点检查肢端血液循环（皮肤颜色和温度、动

脉搏动、毛细血管回充盈反应）、神经功能（运动、感觉）、

伤口（出血、污染、组织缺损等）、骨关节稳定性[4]
3.现场急救：如果有活动性出血,应该进行创面加

压包扎止血,对于难以控制的大血管损伤出血,必要时

可以使用止血带,但需严格控制压力和止血带时间,单
次使用时间不超过2 h[5-6]。对于有关节脱位的肢体,应
该第一时间尝试复位,但污染严重的开放性骨折不主

张在急救现场进行复位。有条件的情况下可以在急救

现场对污染创面进行简单清洗，无菌敷料覆盖创面，简

易夹板固定伤肢，固定时应该超过骨折的邻近上、下关

节,同时注意避免血管、神经受到压迫[7]。没有条件时,
可以就地取材，做好包扎、止血与固定。

(二)院内评估

1.全身和局部评估：严重开放性肢体创伤患者经过

现场急救处理，到达医院后应该再次评估全身和局部

情况，遵照高级创伤生命支持（Advancedtrauma life
support, ATLS)8)和损伤控制骨科(Damage control or-
thopedics,DCO)的原则与方法实施评估与急救(9-1]。

2.影像学评估：主要包括血管影像学检查和骨关节

影像学检查。对于怀疑有肢体动脉损伤者,在生命体征
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平稳情况下应该立即进行血管超声或CT血管造影

(Computed tomographic angiography,CTA),必要时可行
血管造影数字减影成像(Digital subtraction angiography,
DSA)检查[12-13]。肢体骨关节影像学检查包括骨折部位
以及上、下邻近关节X线片,关节内及关节周围骨折应

该行CT三维重建检查。但需注意，不能因为影像学检

查而延误抢救生命或肢体缺血的处理[14]。
3.肢体损伤严重程度评估：可以采用肢体损伤严

重程度性评分系统(MangledExtremitySeveritiyScore，
MESS)[15 (表 1)。

表1MESS评分量表

分级项目 得分
骨骼软组织损伤程度 低能量 1

中能量 2
高能量 3
广泛挤压伤 4

休克程度 血压正常 1

暂时低血压 2
长时间低血压 3

局部缺血程度 无（脉搏和灌注正常） 0
（缺血时间>6h,分值加倍）轻（脉搏减弱但灌注正常） 1

中（无脉搏） 2
重（无脉搏且皮温冷，麻痹） 3

年龄（岁） <30 0
30~50 1
>50 2

4.心理社会因素评估：严重开放性肢体创伤由于伤

情严重,医疗费用和预后都难以估计,患者及家属往往

都会存在心理应激障碍。应该对患者及家属进行心理

因素评估和疏导,评估考虑患方能获取社会支持、积极

进行医疗救治的能力，同时考虑患者的民族、宗教信仰

等因素。

(三)术中评估

严重开放性肢体创伤患者在完成高级生命支持和

初期肢体严重度评估后，需要进入手术室进一步清创

处理,清创的过程中应该再次对受伤肢体进行评估[16]
①创面与皮肤：注意检查创口范围、深度、污染情况，皮
肤活力，特别注意是否有皮肤脱套或潜行剥脱,皮肤缺

损情况。②肌肉与肌腱：根据“4C"指标判断肌肉活力，
即颜色（Colour）、收缩性（Contractibility）、肌肉连续性

（Consistency）、供血状况（CapacityofBlood)。检查肌腱

是否完整,特别注意是否有肌腱-肌腹交界处撕脱,或肌

腱近断端回缩至肌腹内。③血管与神经：检查血管、神

经的连续性,是否有血管挫伤、血栓形成或血管破裂、

断裂；神经是否有挫伤、断裂。④骨与关节：检查骨、关节

稳定性,是否有骨折和(或)关节脱位,骨折粉碎程度、骨

折块大小、游离及污染程度。对于开放性骨折者,应在

清创术后根据Gustilo-Anderson分型[17]或改良Gustilo-
Anderson分型标准【18]进行评估。

三、严重开放性肢体创伤的治疗决策

严重开放性肢体创伤可能危及肢体成活，早期救

治需首先作出是否保肢的决策[19-20]。对于MESS≤7分
者,应尽可能保肢；对于MESS>7分者，需综合分析伤

情、救治条件、患者意愿等,决定是否保肢[2.21-2]。O

严重开放性肢体创伤行截肢治疗的指征应严格掌

握,原则上需要经骨显微外科专科医生会诊[23-24],确认
不宜或无法保肢再行截肢手术[25]；如接诊医院不具备

实施保肢治疗的条件，应及时将患者转运至有保肢能

力的医院,除非因患者原因不适合转运[26]
对于严重开放性肢体创伤选择保肢治疗[27],需具

备以下条件：①生命体征稳定，重要脏器功能无明显障

碍,患者能耐受保肢治疗；②重建血液循环后,损伤的肢

体能成活；③预期经修复重建手术后，肢体可恢复一定

功能；④患者、家属有强烈的保肢意愿，有充分的支撑

保障条件，依从性好，能全程配合治疗。

对于具体的患者,是否保肢,需综合考虑医、患双方

的情况作出个性化选择[28]

四、严重开放性肢体创伤早期救治原则

1.生命第一：严重开放性肢体创伤早期救治最重要

的任务是保命，可按照ATLS和DCO的原则与方法实

施评估与急救

2.预防“缺血-坏死-感染”恶性循环:严重开放性肢

体创伤面临组织缺血、坏死、感染的风险非常高,且三

者互相影响,形成恶性循环。肢体遭受严重创伤后,无论

是全身循环血量重新分布，还是局部血管损伤，或发生

骨筋膜室综合征,都会导致组织灌注不足,缺血、缺氧而

发生坏死；暴力直接作用也会造成组织坏死，引起局部

甚至全身炎症反应,加重组织缺血、缺氧；开放性损伤

时皮肤屏障被破坏,病原微生物侵人,容易造成感染,组

织缺血削弱了机体对微生物的清除能力,且坏死组织

成为滋养微生物的温床,加速感染的发生发展。因此,严
重开放性肢体创伤早期救治必须及时恢复或改善组织

灌注,及时、彻底清除坏死组织,及时关闭伤口

3.肢体血液循环优先：在保命的前提下尝试保肢，
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其核心是维持肢体血液循环。对于影响肢体血供的主

干动脉损伤，必须优先修复[29],其伴行静脉也要修复；

发生骨筋膜室综合征者，必须及时行筋膜切开,充分减

压[30-31],争取将缺血时间控制在6~8 h[32-3]
4.稳定骨和关节结构：对于骨折及关节脱位患者，

尽可能恢复肢体长度和力线后给予稳定的固定；对

于GustiloIII C型骨折且有大面积软组织缺损者,通常

首选外固定支架，软组织条件许可时可谨慎实施有限

内固定。对于关节内骨折,要争取达到良好的复位和固

定。对于行血管修复或大面积软组织缺损患者，建议使

用外固定支架维持肢体稳定性,稳定的骨、关节结构有

利于保护血管和后期创面修复。

5.神经、肌肉、肌腱修复：严重肢体创伤彻底清创

后,应尽可能一期修复神经、肌肉与肌腱；对于污染严
重难以一次彻底清创者,往往也难以实现I期修复,建

议Ⅱ期亚急诊再次彻底清创后修复,并实现创面的有

效覆盖。
6.及时覆盖创面：及时覆盖创面是预防感染、减少

并发症的重要手段。可根据患者全身和局部情况选择

临时性覆盖还是确定性修复

五、清创

1.清创的总体原则：清创是处理严重开放性肢体创

伤的重要措施[16.34],是肢体功能重建与恢复的基础,再
怎么强调都不为过。具体实施时,宜遵循以下原则：①

只要患者全身情况允许，对创口的清创就必须及时进

行,尤其在出现创口严重污染(水产、农业、污水等）、筋

膜间室综合征早期症状或合并血管损伤等情况时[35-36],
更需要争分夺秒尽早实施；②让经验丰富的医生清创，

有助于更仔细彻底的清创,可改善患者的预后[2.37];③遵

循无菌和微创的原则；④彻底清除创口异物、切除失活

组织、彻底止血，使之尽可能变成清洁伤口；③在彻底

清创的基础上,尽可能实现创面的早期闭合，但对在海

水、农田或下水道等特殊环境中受伤，或人畜咬伤、热
压伤等特殊类型的损伤，一期只做清创术,24~48h内

对软组织和骨组织实施再次探查，以清除继发坏死和

(或）感染组织,有时甚至需进行反复多次的清创。

2.清创的术前必要准备：①器械准备：无菌手术

包、生理盐水、肥皂水、络合碘和止血带等；②预防性应

用抗生素[38-39],在围术期用足量有效抗生素;③注射破
伤风抗毒素[37],轻者用1500U,重者用3000U;④良

好的麻醉；③建议使用止血带,在无血的视野下进行。
3.清创的方法与步骤：(1)无菌敷料覆盖创面后肥皂

水清洗患肢,常规消毒。(2)清除异物、污染的软组织,尤

其是失活组织。(3)必要时需延长切口,直至显露出比较

清洁和血运良好的组织。(4)清创的时候应该“地毯式”

地由浅人深、由外及里、循序进行，需彻底清除异物、污

染物以及失活的皮肤、脂肪、肌肉和骨骼,避免创面的

交叉污染。①皮肤：根据皮缘出血情况判断皮肤活力。
首先对创缘做必要的修整；对于有明显挤压、碾挫痕迹

的撕脱皮肤,为避免后患,态度积极的去除；撕脱皮肤挫

伤轻，深面肌肉组织和骨膜血运良好，可将撕脱皮肤反

取皮回植,并在回植皮肤上采用与肢体关节运动轴相

平行的多个小切口引流。②肌肉：通过“4C原则”判断

肌肉活力。③血管：对明显损伤的动脉,应作彻底切除，

甚至疑有损伤的部分也应切除，以免后期形成血栓和

吻合口裂开等危险。不可为了方便仅行血管单纯修复

术,或顾虑切除太多端端吻合困难而留下已有损伤的

管壁组织,从而导致血管修复术的失败。④神经：切除污

染的神经外膜，修剪整齐神经断端,尽可能I期无张力

缝合修复，如果无法I期修复，可先标记断端，留待Ⅱ期

修复。③肌腱：切除污染的肌腱表层组织和长短不一的

肌腱纤维，原则上肌腱应尽可能I期修复，但如果没有

I期修复的条件，可先标记断端，留待Ⅱ期修复。③骨与

关节：根据骨面渗血情况判断骨块的活力，对于粉碎骨

块的处理仍有争议,有良好软组织相连、骨折块有血

运的可予以保留；若完全游离，必须在彻底清创且有

良好软组织覆盖的前提下,才可以保留[40-41];Masquelet
技术[42]、肢体I期短缩Ⅱ期延长技术[(43]、骨搬移技术[4]
和皮肤牵张技术[45-46]的治疗周期漫长,可以在与患者及
家属充分沟通的基础上酌情选择。(5)冲洗伤口：严重开
放性肢体创伤经彻底清创后应常规进行冲洗，目的是

清除污染物、组织碎屑、血肿,减少创面的细菌载荷,从

而降低感染风险。伤口冲洗推荐使用生理盐水，用量必

须充分。对于GustiloI型、II型、III型开放性骨折,冲洗

量需分别达到3升、6升和9升[47]。新鲜伤口可考虑采
用脉冲式冲洗[48],陈旧性或慢性感染伤口不推荐枪式

脉冲方式冲洗。

六、血液循环重建

1.血管损伤的分型与修复方法：严重开放性肢体创

伤中的血管损伤，常伴有严重的软组织损伤。损伤血管

周围软组织的情况对修复方法选择及结局影响大，

需根据损伤血管的软组织覆盖情况选择不同的修复

策略[49]。
I型：损伤血管有健康的软组织覆盖，可根据其病

理类型的不同,选择切开取栓、损伤段血管切除吻合或

血管移植、腔内治疗等[50-51]。对于肢体动脉缺损应首选
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自体静脉移植，人工血管应慎用。

II型：损伤血管无软组织覆盖，需行Flow-through
皮瓣移植修复或静脉移植的同时予肌（皮）瓣覆盖。

II型：血管损伤区广泛,边界不清，或继发严重坏

死、感染。可行健侧肢体血管转位患肢原位寄养，Ⅱ期

重建血管；或将带主干动、静脉的轴型皮瓣制成皮管，

跨血管损伤区进行移植桥接[52]
2.重建血液循环的特殊方法：对于预期缺血时间超

过6h者,可采用临时性血管转流技术[53-561,恢复肢体
远端血供，再行清创、探查、骨折固定等操作。

3.骨筋膜室综合征的处理：严重开放性肢体创伤也

可能发生急性骨筋膜室综合征。一旦发现患者有骨筋

膜室综合征,应及时、充分行筋膜切开减压[57-59]。对于热
缺血时间超过8h者,需常规行预防性筋膜切开术(60]。

七、骨及关节损伤的处理

1.骨及关节复位固定原则：骨及关节复位固定的主

要目的是提供足够的机械稳定性、减少并发症发生,具

体方案取决于患者的全身情况、骨折类型及软组织条

件等。经过彻底清创和软组织覆盖良好的患者，可考虑

行I期内固定治疗[61-62];但严重开放性肢体创伤常伴

有严重的软组织损伤，骨折部位软组织覆盖条件差，甚

至全身情况不稳定，推荐I期行临时外固定治疗，注意

恢复骨折肢体力线和维持关节面完整[63]
2.骨折固定时机和方法：在全身情况稳定、骨折部

位彻底清创后软组织覆盖良好的条件下，可以在伤后

6~8 h内进行I期内固定治疗[64]。如能在伤后48~72 h
内完成对创面良好的软组织覆盖,也可考虑I期内固定。

根据损伤部位选择钢板、螺钉或髓内钉[6-67]。①钢
板、螺钉固定：适合关节内和干骺端骨折，需要维持关

节面的完整和骨折对位、对线的复位。可以使用多个钢

板或空心螺钉辅助,提高骨折固定的稳定性。可吸收材

料或记忆合金也适用于骨折的固定。手术中注意保护

骨折端和大骨块的血供,完全没有血运的骨块不建议

直接丢弃，在彻底清创、没有污染的情况下可以予以复

位固定，利用血供良好的软组织覆盖，可以获得良好的

支撑和愈合[40]。②髓内钉固定：对于下肢骨干骨折,髓
内钉应慎用[68],不建议扩髓[69],髓内钉植入过程要特别

谨慎，切口经感染部位或者有污染，有可能引起严重的

髓内感染,导致截肢的严重后果[70]
对于不宜I期内固定治疗者,予以临时外固定,Ⅱ

期转为确定性固定。对于情况稳定、无全身炎症反应、

钉道无感染、软组织条件良好的患者，建议术后14d内

尽早转为确定性内固定[71-72];对于伤口污染严重、有潜

在感染风险、超过14d仍不满足以上条件者，可考虑更

换为终末外固定架保持到骨折愈合。或者再次清创，等

待软组织条件改善后再行确定性内固定

3.骨缺损的处理：骨缺损的修复包括游离骨移植、

骨搬运以及带血管蒂的骨移植等技术[73-76]。游离骨移
植一般适用于小于2cm的骨缺损；利用显微外科技

术移植带血运的骨瓣或与组织瓣联合移植，可以有效

的解决大段骨缺损和软组织覆盖问题。大块的骨质缺

损可以用抗生素骨水泥填充，或者根据软组织情况将

骨质短缩固定，Ⅱ期行确定性修复[45]

八、创面覆盖

1.创面覆盖的原则：对于严重开放性肢体创伤早期

创面覆盖，建议送到既能处理骨折又能修复软组织缺

损的医疗单位或专科救治中心，譬如骨显微中心进行

处理[77-7] 
2.创面覆盖的时机：①尽可能I期覆盖创面。必须

在患者血流动力学稳定、清创彻底、无可预见的骨及

软组织感染的前提下进行。②必要时延迟闭合创面。

对于合并其他重要脏器损伤以及患者血流动力学不稳

定等情况下，出于损伤控制等目的，创面可以采用负

压封闭引流敷料临时覆盖[79],具体以患者的实际情
况酌情选择，但需要在3~7d内实现创面的确定性覆

盖[80-83];如存在怀疑气性坏疽或创面止血不彻底,应杜
绝使用负压封闭引流。此外,不提倡反复多次使用负压

封闭引流[84-87] 
3.创面覆盖的方法：对于严重开放性肢体创伤，早期

闭合创面能有效降低感染率和促进骨折的愈合[16.8-1]。
具体软组织修复重建建议如下：①若清创后没有明显

软组织缺损的情况，可直接缝合或减张缝合；如皮肤缺

损但没有深部组织裸露，可采用游离皮片移植修复；

有小面积骨或肌腱外露的创面，如无需Ⅱ期进行深部

组织修复重建，可采用局部皮瓣或筋膜瓣修复,或采用

人工真皮覆盖创面。②对于肢体血运有保障的严重开

放性肢体创伤，如撕脱皮肤挫伤轻，深面肌肉组织和

骨膜血运良好，可将撕脱皮肤反取皮回植；撕脱皮肤

挫伤严重，估计撕脱皮肤会出现坏死,应态度积极地去

除直至皮肤血运可靠，可急诊或亚急诊选择游离皮瓣

覆盖骨外露创面[92-93]；伴有大面积软组织缺损时，单个
皮瓣难以直接覆盖肌腱或骨外露创面，可以选择肌
(皮)瓣修复骨外露和肌腱外露创面，残余肌肉创面给

予敷料临时性覆盖或植皮[94]；对于伴有多种组织缺损
的复杂创面，可选择带多种组织的嵌合皮瓣予以修复。

③对于软组织损伤严重者，尽量避免选择局部带血管蒂
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皮瓣覆盖创面。④对于GustiloIII C型的肢体创伤I期
血管移植重建肢体血运,如血管外露于创面,可I期行游

离皮瓣、带血管蒂肌瓣或 Flow-through皮瓣覆盖[5295]。
在皮瓣选择方面,应充分利用股前外侧皮瓣和背阔肌

皮瓣[93,%-97]以及传统的小腿内侧皮瓣[9-9] 
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Severe open limb injury is commonly seen in high-
energy injuries, featuring variety of damages to tissues
and structures. With a severe injury, it may affect a sur-
vival of the limb or even be a threat to life and pose a
severe impact on limb function. Great challenges are
faced in this kind of injury, whether in the injury as-
sessment, treatment decision-making or implementation
of treatment. There are high requirements on the time
limit for first-aid treatment, in skill of medical team and
comprehensive treatment ability of a hospital. It is nec-
essary for a hospital to have strong abilities in injury
judgment and monitoring, injury control, life support,
tissue repair and reconstruction, and complication pre-
vention'l. Patients with severe open limb injury are usually
sent to the closest hospital for acident and emergency
(A&E) treatment. However, many patients may often have
missed out the best time for treatment as they could be
referred to number of hospitals before arrival of the hos-
pital that has the required medical expertise to handle
the injury. More seriously, due to various reasons, some
patients have failed to receive proper treatment hence
missed out the opportunity of limb salvage or left with
serious limb disability[2].

To address the requirement for early treatment of
severe open limb injury, this consensus puts forward ba-
sic principles and suggestions in injury assessment for
first aid, decision-making for treatment, reconstruction of
limb blood circulation, bone and joint fixation, wound
surface treatment, etc. in order to enable the medical
practitioners to handle with actual diagnosis and treatment
process, and to provide professional advices in grading,
classification and timely standardised treatment.

This consensus focuses on early treatment of severe
open limb injury. It does not cover the closed injuries,

multiple injuries with limb trauma, complete severed
limb and secondary repair and functional reconstruction
of a limb.

I Definition of severe open limb injury
A severe open limb injury refers to the injuries in

an upper or lower limb caused by high-energy impacts.
It features open wounds, damage of multiple tissues, and
the severe injuries that may endanger to life or affect the
survival of the affected limb'. To diagnose a severe open
limb injury, three conditions listed next must be all met:
(1)Caused by high energy impact; (2)Open wound with multi-
ple tissue damages; (3)Immediate threat of life or survival of
limb. For example, following are the severe open limb
injuries caused by high-energy impacts: a large area of
skin degloving, skin and soft tissue defects, main vessel
injury of extremity, Gustilo IIIB/IIC fractures, etc.

II Evaluation of severe open limb injury
1.On-site assessment and pre-hospital first-aid mea-

sures

(1)Systemic assessment. On the injury site, it must
quickly check whether there exists a life-threatening in-
jury. First, check the vital signs, consciousness and
pupils. Then check the patient following the alphabetical
order of CRASHPLAN: Cardiac, Respiratory, Abdomen,
Spine, Head, Pelvis, Limb, Artery and Nerve, and pro-
vide the patient with basic life support (BLS)[3).

(2)Assessment of injured limbs. Whether there ex-
ist injuries that endanger a survival of the limbs should
be assessed on the site. Following aspects should be fo-
cused on: blood circulation of the injured extremities (skin
colour and temperature, arterial pulsation, capillary back-
filling reaction), nerve function(motion and sensation),
wound(bleeding, contamination, tissue defect, etc.), and
stability of bone and joint[4].
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(3)First-aid on site. for an active bleeding, the wound
should be pressurised and banded to stop bleeding. For a
large blood vessel injury with a bleeding that is difficult
to control, a tourniquet can be used whenever it is nec-
essary. The pressure and time of applying the tourniquet
should be strictly controlled, and the time of per tourni-
quet should not exceed 2 hours 5-6]. For limbs with joint
dislocation, a reduction should be attempted in the very
first place, except for the heavily contaminated open
fractures on the accident site. If it allows, a contaminat-
ed wound should be briefly cleaned on the accident site,
have it covered with sterilised dressing and fix the in-
jured limb with simple splints. The fixation of a fracture
should exceed the proximal and distal joints to the frac-
ture site, while attentions should be paid to avoid com-
pression of blood vessels and nerves[7]. Otherwise, if above
measures are not allowed on site, take any available ma-
terials and measures to stop bleeding, cover the wound
and fix the fracture.

2.In-hospitalIassessment

(1)Systemic and local assessment. After on-site emer-
gency treatment, patients with severe open limb injury
should be reassessed for systemic and wound conditions
after arrival at a hospital. The in-hospital assessment and
first-aid should be carried out according to the princi-
ples and methods of Advanced Trauma Life Support
(ATLS)[81 and Damage Control Orthopaedics(DCO)19-1.

vascular imaging and bone and joint imaging. For a sus-
pected arterial injury of extremity, vascular ultrasound or
computed tomography angiography(CTA) scans should be
taken immediately while the vital signs are stable. A
digital subtraction angiography(DSA) can be taken if nec-
essary l2-3], Imaging examination of bone and joint of the
extremity also includes X-rays of the fracture site and
the proximal and distal joints to it. For the intra-articular
and periarticular fractures, a CT scan with three-dimen-
sional reconstruction should be performed. However, it
must be pointed out that the treatment for life-saving or
limb ischemia must not be delayed for taking an imaging
examination[14],

(3)Severity assessment The mangled extremity sever-
ity score(MESS)15(Table 1) can be used to assess the sever-
ity of injured extremity.

(4)Psychosocial assessment Patients with severe open
limb injury together with their families often have psy-

chological stress disorder due to a severity of the injury
and the difficulties in estimation of the costs for medical
treatment and expectation of the prognosis. Assessment
of psychological factors to and medical counselling with
the patient and family should be conducted. The ability
of patient to access resources from social supports to fi-
nance an active treatment should be taken into an esti-
mation and consideration, together with the ethnic, reli-
gious and other factors, hence to put forward a plan for
an appropriate medical treatment.

Tab.1 Mangled Extremity Severity Score
GradingVariables Score(Point)

Skeletal/soft-tissue injury Low energy 1
Medium energy 2
High energy 3
Very high energy 4

Shock Normal blood pressure 1
Transient hypotension 2
Persistent hypotension 3

Normal(Pulse and perfusionLimb ischemia 0
(Double the scores for normal)
ischemia over 6 hours) Mild(Pulse reduced but 1

perfusion normal)
Moderate(Pulseless) 2
Severe(Cool, paralysed) 3

<30Age (Years) 0
30-50 1
>50 2

3.Intra-operation assessment
After the completion of advanced life support and

initial assessment of severity of limb injury, patient with
severe open limb injury shall be sent to the operating
room for further debridement. Injured limbs should be
re-assessed during debridement[16]. For wound and skin:
Pay attention to the extent, depth, contamination and
skin vitality of the wound, special attention must be paid
to find out if there is a skin degloving or sneaking peel-
ing, and skin defects. ②For muscles and tendons: Judge
the muscle vitality according to the 4C indicators, name-
ly Colour, Contractibility, Consistency and Capacity of
blood. Check the integrity of tendons, especially an
avulsion at the junction of tendon and muscle belly or at
the proximal end of a tendon that retracts into the mus-
cle belly. For vessels and nerves: Check the continuity
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of blood vessels and nerves, whether there exists a vas-
cular contusion, thrombosis, or vascular break or rupture;
Whether there exists contused or ruptured nerves. For
bone and joint: Check the stability of bone and joint,
whether there exists a fracture and(or) joint dislocation,
the extents of fracture comminution, size of fractured
blocks and degree of dissociation and contamination. For
a patient with open fracture, the assessment should be
conducted according to Gustilo-Anderson Classification[17]
or Modified Gustilo -Anderson Classification [18lafter de-
bridement.

IlI Decision-making for treatment of severe open
limb injury

A severe open limb injury endangers the survival of
a limb, therefore whether the limb could be salvaged
must be firstly determined at the primary treatment 19-20.
For those with MESS ≤7 points, limb salvage should be
performed as far as possible; For those with MESS >7
points, whether a limb could be salvaged, or not, depends
on a comprehensive assessment of the injury, treatment
conditions, patient's willingness, etc.[2-2]

The indications for limb amputation in severe open
limb injury must be strictly controlled. In principle, it
requires consultations with specialists in orthopaedic mi-
crosurgery 23-24 to confirm that a limb salvage is not appro-
priate or impossible, before a limb amputation surgery 25];,
If the receiving hospital is not able to facilitate the limb
salvage, the patient should be transferred in time, to a
hospital that is able to facilitate the limb salvage, unless
a transfer can not be made due to the patient's own rea-
sons[26]. In the selection of limb salvage treatment for severe
open limb injury[27], following conditions must be met: 
The vital signs are stable, functions of major organs are
not significantly impaired, and the patient is able to tol-
erate the limb salvage treatment; ②The injured limb is
able to survive after the reconstruction of blood circula-
tion; ③After a repair and reconstruction surgery, some
recoveries of limb function are expected; The patient
and his or her family have a strong desire to save the limb,
with guaranteed sufficient financial and other required
supports, be full compliance and cooperative with all the
procedures in treatment.

Whether the limb should be salvaged for an indi-
vidual patient, it is necessary to consider the situations of
both doctors and patient to make an individualised de-
termination[28].

IV Principles of early treatment for severe open
limb injury

1. Life is the first. To save the life is the most im-
portant task in early treatment of severe open limb in-
jury. Assessment and emergency treatment can be car-
ried out according to the principles and methods speci-
fied in the ATLS and DCO.

2. Prevent a vicious circle of "ischemia-necrosis -
infection". A severe open limb injury faces very high risks
of tissue ischemia, necrosis and infection. The 3 said risks
may influence upon each other and enter with a vicious
circle. With a severe injury of a limb, either with a redis-
tribution of the volume of systemic circulating blood, or
a local vascular damage, or an occurrence of compart-
ment syndrome, they all lead to an insufficient tissue
perfusion, hence ischemia, hypoxia and necrosis; The di-
rect effect of a high energy impact may cause a tissue
necrosis, trigger a local or even systemic inflammatory
reaction, and consequently aggravate tissue ischemia and
hypoxia; When an open injury occurs, skin barrier is de-
stroyed and opens to invasion by pathogenic microorgan-
isms, which easily causes an infection. Tissue ischemia
weakens the body ability to remove microorganisms and
it makes the necrotic tissue become a hotbed for growth
of microorganisms, so that both factors together acceler-
ate the occurrence and development of infection. There-
fore, timely measures must be taken to restore/improve
tissue blood perfusion, thoroughly remove necrotic tissues
and close the wound in the early treatment of severe
open limb injury.

3. Establish blood circulation first. A limb salvage is
under the premise of save-life. The key for a limb salvage
is to gain a blood circulation. A main artery injury that
affects blood supply to the limbs must be repaired first,
and the accompanying veins must also be repaired 29]; In
case of a compartment syndrome, a fasciotomy must be
performed in time for fully decompression 3031 An ischemic
time must be controlled within 6-8 hours[32-33].

4.Stabilise bone and joint. For a patient with frac-
ture and joint dislocation, stable fixation should be ap-
plied after the best possible restoration of the length and
weight transmission line of the affected limb; For Gustilo
III C type fractures with large soft tissue defects, exter-
nal fixator is usually the first choice. Limited internal
fixation can be carefully implemented when soft tissue
conditions allow to do so. A best possible reduction and
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fixation should performed for intra-articular fractures. For
those with vascular repair or large skin and soft tissue
defects, it is recommended to apply external fixators in
order to keep a limb stability. Stable bone and joint struc-
tures protect blood vessels and allow further wound re-
pair in a later stage.

5. Repair of nerves, muscles and tendons. Nerves,
muscles and tendons should be repaired as soon as pos-
sible in stage I surgery, after a throughout debridement
in a severe limb injury. It may be difficult to carry out
an one-off complete debridement for a badly contami-
nated trauma so as it is often difficult to achieve an stage
I repair. Therefore, under such circumstance, it is sug-
gested that the wound should be repaired in the stage II
surgery, after a thorough debridement, to achieve an ef-
fective coverage of the wound.

6. Timely cover the wound. Timely wound coverage
is an important measure to prevent infection and to min-
imise complications. A temporary wound coverage or a
definitive repair surgery would be accordingly determined,
depending on the general and wound conditions of a pa
tient.

V Debridement

1. General principles. It cannot be overemphasised
that a debridement is an important measure in the man-
agement of severe open limb injury and is the basis for
reconstruction and in recovery of limb functions [16.34].
Following principles are recommended for implementa-
tion in debridement: ①As far as the general condition of
a patient allows, wound must be debrided in a timely
manner. In particular, a debridement should be carried
out as soon as possible when encounters a serious wound
contamination(i.e. marine and freshwater products, agri-
culture, sewage, etc.,[35-361, an early symptoms of compart-
ment syndrome and with a vascular injury. ②Arrange an
experienced surgeon to carry out a debridement will
safeguard to a more careful and thorough debridement
hence to improve the outcome of a patient 237]. ③Follow
aseptic and minimally invasive principles. @Remove all
foreign bodies and inactivated tissues thoroughly from a
wound, stop bleeding completely and clean the wound as
best as possible. Close a wound as early as possible
based on a thorough debridement. For injuries in special
environments such as seawater, agricultural fields or
sewages, and for special types of injuries such as human
and animal bite and thermal pressure, it is recommended

that only stage I debridement should be performed, then
re-exploration of soft tissues and bones should be car-
ried out within 24-48 hours to remove all secondary
necrotic and (or) infected tissues. Sometimes repeated and
multiple debridement are required.

2. Debridement: necessary preoperative preparations.
They include: ①Preparation of instruments, such as ster-

ile surgical kit, saline, soapy water, complex iodine solu-
tion and tourniquet, etc.; ②Administration of antibiotics
prophylactically 38-9, and sufficient dosage ofeffective
antibiotics should be administered according to the
Guidelines for the Prophylactic Administration of Antibi-
otics; ③Injection of tetanus antitoxin, give 1 500 U for a
mild injury and 3 000 U for a severe injury; ①Maintain
a good anaesthesia; A tourniquet is recommended for a
bloodless surgical field in debridement.

3. Debridement: steps and methods. (1)After a wound
has been covered with sterile dressing, the affected limb
shall be cleaned with soapy water and routine disinfec-
tion procedures. (2)Remove all foreign bodies, contami-
nated soft tissue, especially the inactivated tissues. (3)If
necessary, incision should be extended until a clean and
well-bleeding tissues is seen. (4)Debridement should be
carried out thoroughly, in the manner of "carpet de-
bridement", from surface to depth and from outside to
inside. Remove all foreign bodies, contaminants and in-
activated skin, fat, muscle and bone to avoid cross-con-
tamination of wounds. ①For skin: the skin vitality can
be judged according to bleeding at edges of skin. First,
trim the edge of wound if necessary. Remove the avulsed
skin with obvious extrusion and crushing without hesita-
tion, in order to avoid further issues. For the avulsed
skin with mild contusion and good blood supply to deep
muscle tissue and periosteum, skin replantation can be
performed by making multiple small incisions on the re-
planted skin for drainage and the incisions should be
made parallel to the motion axis of a joint. ②For mus-
cles. Use the "4C principle" to determine the vitality of
a muscle. Remove all inactivated muscles. For blood
vessels. An obvious injured artery should be completely
excised together with any arterial segment with a sus-
pected injury, in order to avoid the risk of thrombosis
and dehiscence of anastomosis at later stage. Never keep
a damaged wall of blood vessel in an attempt to make do
with either a simple task of vascular repair or to worry
about difficulties in end-to-end vessel anastomosis since
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too much tissues have been removed, and as a conse-
quence, to do so will lead to a failure in vascular repair.
@For nerves. Remove contaminated epineurium and trim
the severed ends of a nerve. Try the best to perform a
tension-free suture in repair of a nerve at the primary
stage. If a primary stage nerve repair is impossible, the
broken end of a nerve should be marked and leave it for
the stage II surgery. For tendons. Remove contaminat-
ed surface tissue of a tendon and trim the tendon fibres
to same length. In principle, a tendon should be repaired
at the primary surgery if it is possible. However, if the
primary stage repair is impossible, the broken end of a
tendon should be marked and have it repaired at stage
II. @For bone and joint. The vitality of bone mass is
judged according to the bleeding on bone surface. It is still
controversial in how to handle the crushed bone masses.
For a piece of bone mass with good soft tissue attach-
ment and a blood supply to the fractured mass, it could
be kept. However, if a piece of bone mass is absolutely
freed, it can only be retained after thorough debridement
together with a good soft tissue coverage[40-41. Therapeu-
tic techniques of Masquelet[42, limb shortening(43], bone
transport[45] and skin stretching145-41] require a long peri-
od of treatment cycles therefore it can only be applied
after adequate discussions with the patient and his or her
family. (5)For wound cleaning. Severe open limb wounds
should be routinely cleaned after thorough debridement,
in order to remove contaminants, tissue debris and
haematoma, reduce bacterial load on the wound, thus re-
duce the risk of infection. Saline is recommended for
wound irrigation and it must be used in sufficient quan-
tities. For Gustilo type I, type II and type III open frac-
tures, the amount of wound irrigation should be at 3 L, 6 L
and 9 L[47, respectively. Pulsed flush could be consid-
ered for cleaning of fresh wounds[48], but it is not recom-
mended for an old or a chronically infected wounds.

VI Reconstitution of blood circulation
1. Classification and methods for repair of vascular

injury. Vascular injury often coexists with severe soft
tissue injury in a severe open limb injury. The conditions
of the soft tissue surrounding a damaged blood vessel
greatly affect the choice of repair methods and conse-
quently the outcomes. Different repair options should be
considered according to the soft tissue coverage over an
injured blood vessel[49]

Type I: There is healthy soft tissue coverage over an

injured vessel. According to various pathological types,
thrombectomy, resection and anastomosis of the damaged
vessels or vascular grafting, and endovascular treatment
can be selected [50-1. Autogenous vein graft is the first
choice for a limb arterial defect. An artificial blood ves-
sel should be used with great cautions.

Type II: There is no soft tissue coverage over an in-
jured vessel. A surgery of Flow-through flap transfer or
vein transfer together with a muscle(skin) flap coverage
should be performed.

Type III: There is an extensive damages in the area
of vascular injury with unclear boundary or secondary se-
vere necrosis and infection. Following vascular recon-
struction techniques can be considered: transposition of
blood vessels from the healthy side of uninjured limb by
fostering the affected limb in situ and to reconstruct the
blood vessels in the stage I surgery. Alternatively, axial
flaps with main arteries and veins are made into skin tubes
for grafting and bridging across the areas of vascular in-
jury[2],.

2. Special techniques for establishing blood circula-
tion. For patients with an expected ischemic time over 6
hours, a temporary vascular diversion technique should
be employed to re-establish a blood supply to the distal
limb [53-56]. Thereafter, debridement, exploration, fracture
fixation and other surgical procedures can be safely car-
ried out.

3. Management of compartment syndrome. Acute com-
partment syndrome may occur in a severe open limb in-
jury. Once a patient is found with a compartment syn-
drome, a prompt and adequate fascia incision for decom-
pression should be carried out[57-59. Prophylactic fascioto-
my should be performed as a routine measure in patients
with warm ischemia exceeded 8 hours(0.

Vll Management of bone and joint injuries
1.Principles of bone and joint reduction and fixa-

tion. The main goal of bone and joint reduction and fixa-
tion is to provide adequate mechanical stability and min-
imise complications. A specific treatment plan is depend-
dent on the general condition of a patient, type of frac-
tures and soft tissue conditions. A primary internal fixa-
tion should be considered for an injury after thorough
debridement and with good soft tissue coveragel(61-2. How-
ever, severe open limb injury is often accompanied with
severe soft tissue damages, poor soft tissue coverage at
the fracture site and even with an unstable general con-
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dition. In such a case, a temporary external fixation is
recommended for primary treatment, and attentions should
be paid in restoring the weight transmission line of the
affected limb and maintaining the integrity of articular
surface[63].

2. Timing and methods of fracture fixation. Based
on a stable general condition and a good soft tissue cov-
erage at the fracture site after thorough debridement, a
primary internal fixation can be performed within 6 to 8
hours after injury [64]. If a good soft tissue coverage of the
wound can be achieved within 48 to 72 hours after in-
jury, a primary internal fixation could be considered.

Selection of plates and screws or intramedullary
nails according to the injury site[65-67]. ①Plate and screw
fixation. It is suitable for an intra-articular and metaph-
ysis fracture where the articular surface integrity and
fracture alignment reduction are required. Multiple plates
or cannulated screws are used to improve the stability of
fracture fixation. Absorbable materials or memory alloys
are also suitable for fracture fixation. During the surgery,
attention should be paid to protect the blood supply to
the ends of a fracture and large bone fragments. It is not
recommended to directly discard the bone fragments with
no blood supply. Reduction and fixation should only be
carried out based on a thorough debridement and without
contamination. Soft tissue coverage with good blood sup-
ply provides good supports and bone healing [401. ②In-
tramedullary nail fixation. For a shaft fracture in lower
extremity, intramedullary nail fixation should be cautiously
applied 68]. Expansion of medullary cavity is not recom-
mended [69]. The implantation process of intramedullary
nailing must be performed with a great caution, as an
incision through a site of infection or contamination may
cause severe intramedullary infection, leading to serious
consequences of limb amputation [70].

For those who are not suitable for primary fixation,
a temporary external fixation should be given, and have
it turned to an absolute fixation at the stage II surgery.
For patients with a stable general condition, such as
there are neither systemic inflammation nor infection in
the nail track, and with good soft tissue conditions, it is
recommended to switch to an absolute internal fixation
as soon as possible within 14 days after the initial
surgery 71-721.For patients with severe wound contamina-
tion, potential risk of infection, and failure to meet above
requirements after 14 days, a terminal external fixator

can be employed until the fracture is healed. Otherwise,
re-debridement and vacuum drainage shall be taken and
wait, until the conditions of soft tissues allow an absolute
internal fixation.

3. Management of bone defects. Repair of bone de-
fects includes free bone grafting, bone transport and
transfer of bone flap with blood vessel [73-76]. A free bone
graft is generally suitable for a bone defect less than 2 cm;
microsurgical transfer of a bone flap with pedicled blood-
vessel or with a combined tissue flap transfer can effec-
tively solve the problems in both of massive bone defect
and soft tissue coverage. A large bone defect can be
filled with antibiotic bone cement, or the defected bone
can be shortened and fixed according to the conditions of
surrounding soft tissues. A definite reconstruction can be
performed at the stage II [45]

Vill Wound coverage

1.Principles of wound coverage. In order to achieve
an early wound coverage for severe open limb injury, it
is recommended to have the patient referred to a medical
establishment, such as an orthopaedic and microsurgical
centre, where the specially qualified staff can not only
deal with fractures but also repair or reconstruct defects
of soft tissue [7-78].

2. Timing of wound coverage. A wound should be
covered as early as possible in the primary surgery.
Wound coverage can only be performed under following
conditions: a stable blood circulation, thorough debride-
ment and without a foreseen bone and soft tissue infec-
tion. ②Delay a wound closure if necessary. Under the
circumstance of an injury involving other important or-
gans and/or with haemodynamic instability, for the pur-
pose of damage control, VSD can be applied for tem-
porarily coverage of the wound 79]. Other wound coverage
methods are applicable depending on the actual situation
of a patient, however a definite wound coverage shall be
achieved within 3 to 7 days [80-83. Should a gas gangrene
or an uncomplete haemostasis of wound be suspected, it
must avoid the use of a VSD. In addition, repeated use
of VSD is not recommended[84-87].

3. Methods of wound covering. For a severe open
limb injury, an early wound closure can effectively reduce
the infection rate and promote fracture healin l1s-91.
Specific recommendations for soft tissue repair and re-
construction are as follow: if there is no obvious defect
of soft tissue after debridement, a direct suture or tension
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reduction suture can be performed. ② For severe open
limb injury with definite blood supply, such as an
avulsed skin with mild contusion and a good blood sup-
ply in deep muscle tissue and periosteum, the avulsed
skin can be used for replantation. If there is a severe
contusion in the avulsed skin and a necrosis of the
avulsed skin is expected, such as an avulsed skin must
be removed without hesitation until a reliable blood sup-
ply to the skin is seen. Free flap(s) can be employed to
cover a wound with exposure of bone in an emergency or
sub-emergency surger [2-93], With a large area defect of
soft tissues, it is difficult to directly cover a wound with
exposure of tendons or bones by a single flap. A muscu-
lar (cutaneous) flap can be used to repair a wound with
exposure of tendons and bones, and the rest of muscular
wound surfaces can be temporarily covered by dressing
or by a skin graft (94]. ③Local flap pedicled with blood
vessels for wound coverage is not recommended for a
wound with severe soft tissue defects. @For Gustilo III C
type limb injury, a stage I vascular transfer should be
performed to re-establish a blood supply to the affected
limb. If a blood vessel a exposed in the wound, flap cov-
erages by a free flap, a vascularised muscle flap or a
Flow-through flap[529] should be performed in the stage I
surgery. In terms of flap selection, anterolateral thigh
flap, latissimus dorsif lap:9%-7 and traditional medial calf
flapo-9 should be fllyutilied.
Disclaimer This consensus is a technical reference and only for
the peers and specialists in microsurgery, trauma and orthopaedics,
reconstructive and reconstructive surgery and other specialties. It
should neither be taken as an absolute standard nor serve as a le-
gal basis or a legal effect. It can not be referred as a legal or regu-
latory basis in any medical dispute. The listed principles are flexi-
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emerged in the future
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