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前言和心房心肌病的定义

心房对心脏功能具有重要作用[1,2]。除了对心室充盈的影响外，心房还作为容量储备、自主起搏细胞和

心脏传导系统的重要部分（例如窦房结、房室结），并分泌调节液体稳态的钠尿肽如心房利钠肽（ANP）和

脑钠肽（BNP）。心房肌受到许多心脏和非心脏因素影响[3]，并且，在某些方面比心室肌更敏感[4]。除了三

条特殊传导束[5,6]，心房还可通过工作心肌细胞激活，因此心房肌任何结构和构型上的变化均可能导致明显

的电生理紊乱。此外，心房细胞（心肌细胞和非心肌细胞成分，如成纤维细胞样细胞，内皮细胞和神经元）

对病理刺激的反应敏感而广泛，并易受到一系列遗传因素的影响[7]。其反应包括心房肥厚和收缩功能减退、

致心律失常的心肌细胞离子通道和转运功能改变，心房纤维母细胞增生，神经过度再生和血栓形成的变化[2]。

因此，心房病变对心脏功能、心律失常发生和卒中风险均有重要影响[1,8]。

已经对心室心肌病进行了很好的分类；然而，文献中缺少对心房心肌病的定义和详细分析。这一专家

共识报告由代表欧洲心律协会（EHRA）、心律学会（HRS）、亚太心律学会（APHRS）以及拉丁美洲心脏起

搏和电生理学会（SOLAECE）的工作组制定，其目的是定义心房心肌病，并回顾相关文献，研究心房心肌

病对心律失常管理和中风的影响。

心房心肌病的定义

工作组提出了以下心房心肌病的工作定义：“任何影响到心房的构型、结构、收缩或电生理的复杂病变，

并可能产生相关临床症状”（表 1）。

已知许多疾病（如高血压、心力衰竭、糖尿病和心肌炎）或情形（如衰老和内分泌紊乱）引起或导致

心房心肌病的发生。然而，产生的变化并不一定属于疾病特异性，对于病理变化通常有许多相似性[9,10]。病

理变化的程度可能随时间和心房中的位置不同而不同，导致许多个体内和个体间的差异。此外，一些病理

过程对心房的影响可能具有高度选择性（如，心房颤动诱发的重构），大部分影响心房的心肌病也会或多或

少地对心室产生影响。目前没有被接受的心房病理学的组织学分类。因此，这里我们提出的是工作中应用

的心房心肌病的组织学/病理学分类方案（表 1，图 1）。我们使用 EHRAS（EHRA/HRS/APHRS/SOLAECE）
的缩写定义四个分类：（Ⅰ）以心肌细胞病变为主[11-15]；（Ⅱ）以纤维化病变为主[10,14,15]；（Ⅲ）同时存在心

肌细胞病变/纤维化病变[9,11,12]；（Ⅳ）以非胶原浸润病变为主（伴或不伴有心肌细胞变化）17-19。这一简单

分类可能有助于表述在不同临床状况下的主要的潜在病理学变化。在某一患者中，EHRAS分类可随时间变

化，并且在不同的心房部位可能不同。因此，这一分类仅仅是描述性的，并不与其他分类方法相矛盾（NYHA
分类，CCS分类等），从 EHRAS 分类Ⅰ类到 EHRAS分类Ⅳ类并不表示严重程度的进展（表 2）。这一分类

可能有助于描述活检中的病理学改变，以及由影像技术等得到的与病理学变化相关的结果。在将来，这有

助于确定心房颤动（AF）的个体化治疗目标（图 1-3）。

表 1 心房心肌病的定义

任何影响到心房的构型、结构、收缩或电生理的复杂变化，并可能产生相关临床症状。
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解剖学特征和心房肌结构

正常心房结构

大体形态学

心房均包括心房体部和心房耳部（图 4）。在体部，有包括体循环或肺静脉（PVs）口的静脉成分，以

及围绕心房流出道的前庭部分[20]。房间隔（IAS）分隔心房体部。左心房（LA）的静脉结构定位于后上方，

接受四个角的肺静脉，形成突出的心房顶部。与被倾斜的 IAS分隔的右心房相比，LA定位更靠后上方[21]。

LA耳部（LAA）比右房耳部（RAA）小。LAA较狭窄且形状不同，开口于心房体部，并覆盖于左冠

状动脉回旋支上。其内膜上存在复杂的肌嵴和膜网络[22,23]。LAA的形态学差异已有描述，并表明 LAA形态

学与血栓形成的风险相关[24]。

Bachmann束是沿着两侧心房前壁走行的宽肌束（图 4）。右侧支向上延伸至窦房结，向下至右侧房室沟，

而左侧支混入较深的肌纤维，穿过 LAA颈部，向后再进入 LA前庭周围。LA壁厚度不一致（1-15mm），比

右心房厚[25]。
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正常心房肌

心房肌细胞

心房肌细胞是几何结构复杂的圆柱体，有时其末端有分叉，在此处通过带状的闰盘与相邻的纤维连接。

这种具有收缩性的合胞体，呈带状结构，导致心房冲动非均一性的各向异性传导[9,11,26]。在光镜下仅能明确

心房和心室肌细胞在大小上的形态学差异[27]。在石蜡包埋的人体标本中，LA心肌细胞横径大约为 12mm，

而心室肌细胞为 20-22mm[11,28]。心房肌细胞主要为单核细胞；小部分具有两个或两个以上的核。细胞核通

常位于中央，具有颗粒和（或）凝聚染色质。核的形状受纤维收缩的影响，纵向拉伸形成梭形[29]。生物化

学方面，与心室肌细胞相比，心房肌细胞含有更多脂质[30]。

在细胞核、收缩装置、细胞骨架以及细胞器方面，心房肌细胞和心室肌细胞有很多共同点[27,29,31,32]。不

同于心室肌细胞，心房肌细胞没有广泛的 T管网络，但是有突出的肌浆网结构，被称为 Z管[33]。因此，心

房肌纤维膜不突出于细胞，电压依赖性 Ca2+通道功能主要在细胞外周[34]。心房肌细胞的特殊颗粒（100–400
nm）主要位于毗邻高尔基体的核周区，其中含有 ANP、BNP及相关肽[23,24]。

表 2 心房心肌病的 EHRAS分类

EHRAS分类 组织学特征

Ⅰ[11-15,503] 主要影响心肌细胞的形态学和分子病变，有细胞肥大和肌细胞溶解；没有明显

的病理上的组织纤维化或其他间质病变

Ⅱ[8,12,14,504-505] 以纤维化病变为主；心肌细胞外观正常

Ⅲ[9,11,12,217,266] 心肌细胞病变（如细胞肥大，肌细胞溶解）和纤维化病变共存

Ⅳ[17-19] 间质基质的改变而没有显著的胶原纤维累积

Ⅳa 淀粉样物质沉积

Ⅳf 脂肪浸润

Ⅳi 炎症细胞

Ⅳo 其他间质病变

心房间质

心房间质包括细胞内和细胞外成分（见图 2-5）。细胞内成分包括成纤维细胞/肌纤维母细胞、脂肪细胞、

未分化间充质细胞和孤立的炎性细胞。心房壁上有许多中等大小的血管，尤其是在心外膜下。在心房肌中，

常可发现成熟的脂肪细胞组织，尤其是在心外膜，并且常常渗透到冠状动脉分支壁内。脂肪细胞的数量十

分不同，且随年龄增长而增加[27]。细胞外成分由形成心肌骨架主体的胶原纤维、粘蛋白颗粒、脂类碎片、

球形微粒和基质囊泡构成[27]。

胶原纤维，主要是Ⅰ型，是正常且必需的组分（图 1-5）。心房纤维组织可被细分为纯间质性的和血管

周围的（或动脉外膜的）。间质胶原纤维大约占心房壁体积的 5%。稀疏的节后神经末梢也位于心房肌（心

脏自主神经系统），主要分散在脂肪垫内，但在心肌细胞中也存在[35]。
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心房特异生理学和功能学

心房选择性电生理特征

心房有许多不同于心室的电生理特征，这决定了其心律失常易感性。

动作电位/离子通道特征

心房肌细胞有着不同于心室肌细胞的独特动作电位（AP）特征，这其中很大一部分来自于独特的离子

通道特征和分布（图 6A）[36,37]。心房背景内向整流 K+电流（IK1）比心室 K+电流小，导致静息电位负值较

小，且复极 3期斜率更为平缓。心房细胞有两种在心室细胞中不存在的 K+电流：超速延迟整流电流（IKur）
和乙酰胆碱敏感 K+电流（IKAch）。此外，有证据表明心房 Na+电流具有与心室电流不同的特性[38]。正如心房

和心室 AP不同，心房不同部位也存在不同的 AP和离子通道特征[37,39]。这些细胞电生理学特征影响抗心律

失常药物的作用和设计，也可能影响对房性心律失常和疾病的反应[36,37]。
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细胞间偶联特征

心房细胞间偶联蛋白（连接蛋白）的模式与心室肌中分布不同[36]。工作心室肌细胞仅表达连接蛋白-43，
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心房肌细胞主要表达连接蛋白-40（图 6B）[36]。连接蛋白-40 分布的异质性常见于阵发性 AF，并可能在其

中起到病理生理作用[40]，遗传变异影响连接蛋白-40序列和（或）转录并使其对 AF发生易感[41]。

心房结构特征

心房有十分复杂的 3D结构（图 6C），这在心室中并无发现。包括心房间连接仅局限于 Bachmann束、

间隔和 CS；在右心房内，梳状肌、终末嵴和纤维围绕冠状窦；在 LA内，起源复杂的纤维围绕着 PVs。这

些结构上的复杂性对心房病理生理学和房性心律失常治疗有着重要的潜在影响[42]。近年来在对如此复杂的

几何结构的现实数学重建上做了大量工作[43]，这些已被纳入旨在实现特定患者的心律失常治疗的分析方法

中[44]。诸如梳状肌和终末嵴等心房组织的条带样排列，使得其传导主要为纵向传导，其“各向异性比值”（纵

向/横向传导速率）高达 10，而工作心室肌的典型比率在 2-4之间[45]。

自主神经节

心脏表面有自主神经节，是心脏自主神经控制的重要节点[46]。此外，心脏局部神经支配和心内自主反

射的变化在生理学和心律失常控制中起着重要作用。大多数心脏自主神经节位于心房，尤其是在 PVs口区

域。因此，它们对这一区域的心房活动产生重要影响，尤其是对 AF，并且如 PVs消融等治疗手段可能通过

改变自主神经节而影响抗心律失常治疗的效果[42,46,47]。
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左心房结构

左心房对心血管系统整体性能的贡献是由独特因素决定的。首先，左心房功能是左心室（LV）充盈的

重要决定因素。其次，心腔的特异结构、电和离子重构改变左心房功能和心律失常易感性。第三，心房功

能与 AF的治疗反应高度相关。第四，LA容积是反映 LV舒张功能减退的程度和持续时间的重要生物学标

记。发展测定 LA大小和功能的先进非侵入性指标可能有助于临床上利用 LA功能在预后和危险分层中的重

要性[1,48]。

两个薄肌层的纤维方向（其肌束起源和终止均在房室环）对功能分析来说是一种复杂的挑战。超微结

构上，与心室相比，心房肌细胞直径更小，T管更少，高尔基体更为丰富。此外，收缩和松弛，传导速度和

各向异性差异，以及肌球蛋白亚型复合体、离子转运通道的表达和缝隙连接蛋白均存在不同（见相关章节）。

左心房功能

LA的主要作用是调节心室充盈以及心血管性能，这些功能是通过作为 LV收缩期间 PV回流的储存容

器、LV舒张早期 PV回流的通道以及 LV舒张期间作为增压泵增加 LV充盈实现的。在这些心房功能和心室

收缩舒张性能之间存在着重要的相互作用。因此，LA顺应性（或是僵硬度）影响程度较小，在 LV收缩期

间 LA收缩性和舒张性是储备功能的决定因素，收缩期中 LV收缩末期容积和 LV基底的下降是主要的影响

因素。传导功能也受到 LA顺应性和与储备功能的相互关系的影响，但是因为二尖瓣在舒张期开放，传导功

能也与 LV顺应性（主要由松弛度决定）密切相关。心房增压泵功能反映了心房收缩的强度和时间，但是也

取决于静脉回流（心房前负荷）、LV舒张末期压力（心房后负荷）和 LV收缩期储备。

左心房增压泵功能

左心房增压泵功能是由心房收缩所增加的 LV充盈（到 PVs的最小逆向射血），可由以下指标估测（1）
有或无有效心房收缩时的心输出量；（2）使用频谱多普勒测定的经二尖瓣、PV和 LA耳血流反映的相对 LV
充盈；（3）LA缩短率和容积分析；（4）左心房体部的组织多普勒和形变分析（应变和应变率成像）[1]。增

压泵功能也可由超声通过估测 LA收缩产生的动能和收缩力来评价。LA收缩对 LV充盈和心输出量的重要

性仍存在争议。基于 LA的压力和体积之间的瞬时关系分析 LA收缩负荷的独立指数，类似于 LV收缩末期

弹性模量的测量，已被用来作为独立测量 LA泵功能的指标，并在体外和活体犬中进行了验证（图 7）[49]。

然而，在人体中，可通过侵入性或半侵入性方法得出 LA压力-容积环[50]，这些方法繁琐、耗时且难以实施。

心肌应变和应变率的测定反映了心肌变形的强度和程度，组织多普勒速率（组织多普勒成像，TDI）或 2D
超声心动图（2D斑点追踪或 STE）技术（图 8）提供对 LA心肌性能和收缩性的客观、无创的测量指标，

且克服了上述限制[1,51]。

左心房储备功能

在 LV收缩时，几乎一半的 LV每搏输出量和其相关的能量是储备在 LA中的。这些能量随后在 LV舒

张期消耗。储备功能很大程度上受到心室收缩期间左心房顺应性的影响，这通过严格的拟合一定心房压力

和容积范围内的二尖瓣开放/关闭以及心室舒张期时的心房压力和内径，形成指数方程来计算[52]。尽管这一

方法需要心房内径和压力，但也可通过简单的 PV多普勒估测心房储备功能：在心室收缩期 LA血流流入的

比例提供了心房储备功能指标。正如最大射血分数或扩张性分数，储备功能也可由 LA时间-容积关系来估

算，先由最大 LA容积减去最小 LA容积来计算，再分别用最大或最小 LA容积进行校正。

尽管在很大程度上被忽略，但是 LA耳部比 LA体部顺应性更好[52]，因此 LA耳部对 LA整体顺应性影

响很大，在二尖瓣手术中行常规心房耳部切除/结扎具有潜在的负面影响。
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在 LV收缩期左心房应变和应变率能够预测 DC复律或 AF消融后转复为窦性心律成功性，作为心房纤

维化和结构重构的替代指标，同时也可估测心房压力（例如跨二尖瓣 E/E’），应变性具有非侵入性估测心房

扩张性的潜能[1,53]。

左心房的通道功能

左心房的通道功能主要发生在心室舒张期，代表不能归因于储备功能或增压泵功能的血容量的输送，

大约占心房血流量的 1/3[54]。在 LA通道功能和储备功能间存在相互关系；这些功能的再分配是重要的代偿

机制，有利于心肌缺血、高血压性心脏病以及二尖瓣狭窄（MS）时的 LV充盈。通道功能可通过舒张早期

跨二尖瓣血流、舒张期 PV血流和舒张早期的 LA应变和应变率评估。

心房特异性 Ca2+调控

在心房和心室 Ca2+调控蛋白的表达和功能上存在明显不同（图 9）[55]。心房心肌细胞收缩和舒张时间缩

短，且 Ca2+瞬变持续时间较短[56-58]。心房中，与心室相比，SR Ca2+-ATP 酶 2a（SERCA2a）蛋白水平和活

性增高两倍，但 SERCA2a抑制剂受磷蛋白（PLB）较少[57,59]。心房，而不是心室，SERCA2a也受肌脂蛋白

（SLN）调节，去除 SLN 增加心房 SRCa2+摄取和收缩性[60]。L型 Ca2+流[61]在心房和心室中相似，而 2型兰

尼碱受体蛋白、隐钙素、三联蛋白、连接蛋白和 Na+-Ca2+交换蛋白水平在心房中比心室中低[59,62,63]。与心室

肌相反，心房肌中 T管较少[64]。此外，与心室肌细胞相比，心房肌细胞拥有更多的钙缓冲线粒体[56]。因此，
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心房 Ca2+波开始于细胞外周部分，并向细胞中心扩布，激活 SR中其他的 Ca2+位点[55]。
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心房心肌病的病理学

孤立性心房纤维化（不伴有 AF）

当没有明显可解释的或潜在合并疾病能够识别时，诊断为“孤立性”心房颤动（LAF）[65,66]。在过去一

些年里，出现了 AF 相关的新的流行病学资料，真正的 LAF 病例数量正在逐渐减少[67]。正如 AF伴随的疾

病一样，LAF 在男性中比女性中更为多见，其比例为 3-4:1[68]。近期的研究显示真正被诊断为 LAF 的病例

甚至可超过 60岁，因此这一年龄限制似乎过于保守[69]。同时，尚不清楚是否左心房扩大的病例应当从 LAF
中排除。实际上，LA扩大可能正是心律失常的结果[70]。

“孤立性”心房颤动血栓栓塞的风险较低，大约 15 年的累计中风风险仅为 1-2%[66]。然而，随着年龄

和（或）心血管合并疾病的增加，AF相关并发症的风险（包括血栓栓塞事件）增加[71]。最初被诊断为 LAF
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的患者，在其不同左心房容积的基础上可能发生不同的临床过程：长期随访中 LA大小均保持正常的个体显

示有相对良性的临床过程，而 LA扩大的个体经历了诸如卒中、心肌梗死和心力衰竭等负性事件[72]。LAF
患者中的大多数首先表现为阵发性发作，较少发展为永久性 AF[71,73]。

心房颤动有明确的遗传因素[7]。包括预测强度较低的常见的基因变异和具有更强外显性的罕见基因突变
[7]。

Frustaci等[14]研究了 孤立性阵发性 AF患者右房间隔活检标本的组织形态学，发现了慢性炎症浸润、心

肌局灶坏死、局部纤维替代和与肌溶解一致的细胞胞浆空泡。在 12名患者中，有 10名具有 EHRASⅢ类病

变，2名具有 EHRASⅡ类病变。Stiles等[74]在阵发性 LAF 患者中发现了双心房结构变化、传导异常和窦房

结功能障碍。Skalidis等[75]证实了心房灌注异常和冠状动脉血流储备受损。最近，对持续或长期持续性 LAF
患者的 LA后壁的活检标本的形态测定评估证实，与对照组相比其心肌细胞肥大、心肌溶解、间质纤维化和

连接蛋白-43表达下降[76]。

孤立性心房淀粉样变性

不溶性错误折叠蛋白的积累与年龄相关的退行性疾病数量增加相关[77]。淀粉样变性是不溶性纤维蛋白

在β折叠结构中的沉积，特点为与刚果红等染料结合。最常见的形式是局限于心房的年龄相关或老年淀粉样

变性，是已知孤立性心房淀粉样变性的一种情况（IAA）[17,78]。心房淀粉样变性的发生率随年龄增加，在

90岁年龄段超过 90%[79]。孤立性心房淀粉样变性也与结构性心脏病相关。在接受心脏外科手术的 167名患

者的心房活检标本中，26个淀粉样蛋白阳性的样本中有 23个来自于风湿性心脏病（RHD）患者，而其余 3
个为房间隔缺损[80]。总体发生率为 16%，远高于来自于外伤受害者的心房尸检标本的对照组（3%）。组织

学上，IAA为 EHRASⅣa类（图 3，表 2）。

心房钠尿肽是形成 IAA的纤维源性蛋白[81]。在大多数患者中，淀粉样蛋白沉积是对 ANP的免疫反应[17]，

而甲状腺素运载蛋白，一种与全身性老年淀粉样变性相关的转运蛋白占 10%[4]（在其他研究中发现为

NT-pro-ANP[82]）。随着纤维化进展，淀粉样变性可引起局部传导阻滞，IAA中 P波时限增加。与窦性心律相

比，心房淀粉样变性在 AF患者中更为常见（图 3）。AF和 IAA均随年龄增加而增加，且在女性中多见，但

是这两种疾病之间的关系与年龄和性别无关[83,84]。孤立性心房淀粉样变性在 80%的老年患者的 PV肌袖中可

检测到[84]。

组织特异性淀粉样变性，如阿尔茨海默病中，没有检测到纤维沉积的量与疾病进展之间的关系[85]。相

反，疾病表型与可溶性纤维蛋白前体聚合物的积累关联最为密切[86]。淀粉样蛋白前体寡聚物（PAOs）对心

肌细胞具有细胞毒性[87]。它们不能与刚果红结合，因此不能通过标准的淀粉样物质染色方法显示。使用构

象特异性抗体，在 92名接受心脏外科手术的无房颤的患者中，74例心房标本中检出 PAOs，常与 ANP相伴

在同一部位出现[88]。淀粉样蛋白前体寡聚物含量与高血压无关。需要更多研究进一步证实这种关联，以及

PAOs是否在 AF中增高。
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NPPA突变

心房钠尿肽由心房释放，是心房对心房牵张和容积扩张的反应，产生利钠、利尿和血管扩张作用[89]。

它还与其他内源性系统相互作用，抑制肾素-血管紧张素Ⅱ-醛固酮和交感神经系统，并调节离子流[90,91]。心

房钠尿肽敲除小鼠会出现心肌肥厚和对压力应激反应过强的情况[92]。编码 ANP前体蛋白的基因 NPPA，其

编码的 ANP前体（prepro-ANP）为含有 151个氨基酸的蛋白质，信号肽切除后形成 pro-ANP[93]，储存在心
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房致密颗粒中。释放的 pro-ANP经水解蛋白处理生成 N末端-pro-ANP和 ANP，长度分别为 98和 28个氨基

酸。N-末端-pro-ANP 剪切为三种激素，其生物学活性与 ANP 相似，分别为：长效钠尿肽激素（LANH），
血管扩张肽和利钾尿激素。

遗传研究表明 ANP异常导致家族性房性心动过速和心房心肌病。在一个 Holt-Oram 综合征的大家系中，

T盒转录因子 5（TBx5）的错义突变导致伴有早发 AF的不典型表型和包括 NPPA在内的多个基因的过表达
[94]。在一个多位成员有早发 LAF 的大家系中，确定了 2个碱基缺失，导致 ANP 终止密码被废除，产生含

有通常的 28个氨基酸再加上 12个氨基酸残基的异常 C-末端的成熟蛋白质[95]。在受突变型影响的家族成员

中，ANP血浆浓度比野生型 ANP浓度高 5-10倍。对 ANP的电生理效应的研究不一致[96]。

其他 NPPA变异（S64R 和 A117V）也与 AF 相关[97,98]。S64R 变异发生于血管扩张肽而不是 ANP。含

有这种突变的截断肽使 IKs增加几倍，预测其效应为缩短动作电位时程（APD）[97]，但是在不受影响没有

AF的老年人中也发现了这种变异[96]，其功能病理学意义仍然未知。

晚近，在存在预计会损伤蛋白质结构的 NPPA突变（Arg150Gln）的患者中描述了一种常染色体隐性遗

传性心房心肌病[99]。其表型特征为双心房扩大，早期伴有 AF和心房扑动等房性心律失常[100]。双心房扩大

逐渐进展，最终导致严重心房静止，伴有进展性心房电压降低和心房瘢痕扩大。心房结构改变是原发性，

或是继发于心房扩大仍属未知。在这些患者中 ANP抗肥厚效应的丧失可能引起明显的心房扩大。

遗传性肌营养不良

常见遗传性肌营养不良累及心脏，与伴有脂肪或纤维替代的心肌细胞变形有关（表 3）[101-103]。在一些

病例中，这可以是首先出现或主要的临床表现。多个复合体和途径参与维持肌细胞的完整性，蛋白组分的

缺陷或缺失可导致进展性细胞死亡。大量的抗肌萎缩蛋白–糖蛋白的复合体在细胞外基底膜与心肌细胞的

细胞骨架形成连接。由于抗肌萎缩蛋白、肌聚糖和其他复合体相关蛋白质的病变，最突出的表现是由于弥

漫性心肌受累以及继发于 LV功能障碍的心律失常和传导异常的扩张型心肌病[101-105]。特别是当累及心房时

可导致窦房结病变和/或伴有血栓栓塞事件的房性心律失常[106,107]。Ⅰ型营养不良性肌强直是成人肌营养不良

的最常见类型[108]。在 10年随访中高达 15%出现房性心律失常[109]。传导异常和房性心律失常存在是猝死的

独立危险因素[103,110]。在 Emery-Dreifuss肌营养不良和肢带型肌营养不良ⅠB型中，广泛的心房纤维化可导

致心房静止[101]。在 Emery-Dreifuss肌营养不良中，可观察到伴有缓慢心室反应的 AF 和心房扑动以及心搏

停止，并且伴有血栓栓塞和卒中[111]。在面肩肱型肌营养不良中，心律失常罕见，多是室上性心动过速[112]。

组织学上，其组织成分可能不同，包括了所有的 EHRAS类别（见表 2）。

由于充血性心力衰竭所致心房心肌病

充血性心力衰竭（CHF）是 AF的常见原因（促发条件）[3]。CHF诱发的心房表型是复杂的。其中特别

重要的因素是心房纤维化，在试验模型中，CHF 的早期即可发生，这在很大程度上，至少部分是由于心房

心室成纤维细胞表型差异造成的[4]。充血性心力衰竭相关纤维化进展缓慢，至少，促进 AF的基质主要是纤

维化进程而不是诸如离子流或连接蛋白改变等其他心房组分的重构。不同于 AF 诱发重构的病例，CHF 中

的心房离子流改变不缩短 APD或是引起整体传导减慢[113,114]，因此对心律失常发生没有直接贡献。另一方

面，CHF 心房由于 Ca2+调控异常易于产生触发活动[115]。主要的潜在异常是细胞内 Ca2+超载增加。然而其根

本机制仍不完全清楚，这似乎涉及到受磷蛋白超磷酸化（增加 SR Ca2+摄取）和 AP延长（通过增加 L型 Ca2+

通道开放时间而增加此期间的 Ca2+负荷）。CHF 诱发的 Ca2+调控异常最终的表型产物是由于舒张时 Ca2+从
SR释放异常引起的局部异位激动，与阵发性和长程持续性 AF中所见异常相似[116]。

尽管细胞质内钙瞬变增加，但充血性心力衰竭时心房收缩功能下降，这表明对细胞内钙的收缩敏感性

降低，这可能是因为总的和磷酸化的肌球蛋白结合蛋白 C表达减少[115]。在有 CHF的 AF患者中，低收缩力
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可能对血栓栓塞事件可能性增高是重要的。CHF 中的心房改变，许多在心室也能看到。然而，高度选择性

的心房纤维化可导致心房心肌病，但对心室功能无明显影响，尤其是在之前有 CHF，而经治疗缓解基础病

因之后代偿良好的患者中。CHF 中胶原沉积明显，大多是引起 EHRAS 分类中Ⅱ类和Ⅲ类的特征。然而，

EHRASⅣi类和Ⅳf类在心房的某些部位也可发现（见表 2）。

表 3 累及心脏的遗传性肌营养不良

肌营养不良 蛋白/基因 原发心脏病

Duchenne肌营养不良 抗肌萎缩蛋白 DCM

Becker肌营养不良 抗肌萎缩蛋白 DCM

Ⅰ型营养不良性肌强直 DMPK CSD

Emery-Dreifuss肌营养不良 Emerin
核纤层蛋白 A/C

CSD
（DCM）

肢带型肌营养不良 核纤层蛋白 A/C
肌聚糖

其他

CSD
CM

面肩肱型肌营养不良 Dux4 CSD（罕见）

阻塞性睡眠呼吸暂停

已知阻塞性睡眠呼吸暂停（OSA）损害心脏功能并促发 AF[117-119]。阻塞性睡眠呼吸暂停延长心房传导

时间，减慢心房传导，降低心房电图电压，增加心房电图复杂性[117,118]。OSA增加信号平均 P波时间，这在

持续正压通气治疗后明显减少[120]。在大鼠模型中，重复阻塞型呼吸暂停超过 4周，增加 AF 易感性，并通

过改变连接蛋白-43和诱发心房纤维化减慢心房传导[121]。

心房颤动诱发心房重构

心房颤动本身诱发心房重构，这有利于 AF 的维持、发展和稳定化[41,116]。快速心房率引起细胞内 Ca2+

负荷增加。这通过潜在的 Cav1.2亚单位下调和 IKAch组分激活增加诱发 ICa-L降低[41,116,122,123]。随着 Cav1.2翻
译的抑制和 Ca2+依赖性蛋白酶的激活，MiR-328上调，引起 L型 Ca2+通道蛋白分解故障[41,116]。Ca2+/钙神经

素/NFAT介导的 miR-26抑制物下调导致 IK1频率依赖性上调，去除了对 Kir2.1的翻译抑制作用[41,116]。IK1增
加通过缩短心房肌细胞 AP以及使其超极化从而使 AF稳定化[41]。小电导钙激活 K+（SK）电流（ISK）在 AF
中也有作用[41,116]。计算模型显示慢性心房颤动（cAF）中总的内向整流 K+电流增加是缩短 APD并使静息膜

电位超极化从而使折返环稳定化的主要因素[41,116]。

房性心动过速重构通过不同机制减少钙瞬变波幅，从而促进心房收缩功能受损[41,116,124]。心房收缩性降

低引起心房“顿抑”，这可能与血栓栓塞并发症相关。

在几个动物模型中，长期房性心动过速重构引起传导减慢，至少部分是因为 INa下调[122]。由于连接蛋白

重构导致的缝隙连接解偶联的不均一分布可能有助于心房传导减慢[41,116]。连接蛋白-40分布不均一与反复猝

发起搏诱发 AF的山羊中 AF的稳定性相关[125]。在 AF相关重构的犬 PVs中连接蛋白-40表达降低，可能是
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由于与心动过速诱发的钙激酶引起的连接蛋白降解[41,116]。

长期房性心动过速/AF 本身可能引起心房纤维化，这又促进其长期持续[126]。快速心房电活动促进成纤

维细胞通过自分泌和旁分泌途径分化为胶原分泌的肌纤维母细胞[32]。房性心动过速诱发的 NFAT介导的成

纤维细胞 miR-26降低可能也有助于结构重构。心房成纤维细胞具有瞬时受体电位（TRP）家族的非选择性

阳离子通道，携带 Ca2+进入细胞；细胞内 Ca2+增加触发胶原生成增加。由于 miR-26抑制 TRPC3基因表达，

miR-26 降低增加 TRPC3 表达，促进成纤维细胞 Ca2+进入，引起增殖/肌纤维母细胞分化[127]。TRPM7可能

与其相似，有助于 AF中的纤维化改变[128]。

cAF中 APD缩短也是由于内向整流 K+电流增加[129]，包括 IK1和 IKAch的一种构成形式[41,116]。在 AF患者

右心房中，由于潜在Kir3.1和Kir3.4亚单位降低，激动剂激活的 IKAch减少[129]，但非激动剂依赖电流增加[41,116]。

长程持续性 AF的心房心肌病患者表现为自发舒张性 SR Ca2+释放事件（SCaEs）以及延迟后除极（DADs）
[130]。CaMKII依赖 RyR2超磷酸化是 SR Ca2+渗漏和 SCaEs的基础[32,106,130]。蛋白激酶 A依赖的 RyR2超磷酸

化也有发生[130]，似乎促进 EKBP12.6亚单位从 RyR2通道的解离。较大的内向 NCX电流可能也有增强 DADs
的倾向[130]。

尽管早期工作指出 AF患者中 INa或 Nav1.5α亚单位的 mRNA表达没有变化，但近期研究报告 INa峰值降

低[41,116]。也有晚钠电流增加的证据，尽管其功能上的后果不太清楚。连接蛋白-40/43的 mRNA和蛋白水平

变化可能也有助于 cAF患者中折返促进的传导异常。连接蛋白-40表达降低伴有细胞膜横向的偏侧化可能引

起不均一传导[41,116]。

总之，离子通道改变有利于 AF的稳定化和复律后的早期复发。Ca2+调控异常与心房异位活动有关，在

长期持续性 AF 到顽固性 AF的进展中，心房纤维化是重要的。心房纤维化诱导的心房肌病存在依赖于 AF
持续时间的改变。持续很短的 AF 不产生超声上的改变，而 AF持续几周即可引起 EHRAS Ⅰ类变化[13]。长

期持续性 AF产生 EHRAⅢ类变化[126]。

药物相关的心房颤动

很多种类药物均可诱发 AF，无论是在没有心脏病的患者还是之前有心脏病的患者（表 4）中[131]，但是

药物诱发 AF（DIAF）未得到足够重视。DIAF总体发生率仍然未知有以下几个原因：（a）与房颤相关的特

异性药物的证据在很大程度上是基于无对照的报告，很少有对照的前瞻性临床试验；（b）DIAF通常是阵发

性的，难以记录到或记录很少；（c）如果在 i.v.药物后很快发生，DIAF 则容易被识别（如腺苷或多巴酚丁

胺），如果在暴露于多重药物后出现 AF发作，则记录有可能被错过；（d）患者通常接受多重药物治疗，很

难确定特异性的“罪犯”药物；（e）使用非心血管药物，DIAF通常由非心脏病学家作出诊断，常常对心律

失常事件和临床病史描述不清[132]。有多重机制解释 DIAF的发病机制：（a）直接的心房电生理效应，如缩

短不应期，减慢传导，或由于 Ca2+负荷引起的触发活动；（b）自主神经张力变化；（c）心肌缺血；（d）直

接的心肌损伤和其他机制，如促炎症细胞因子释放，氧化应激，低血压和电解质紊乱[131,132]。

在大多数病例中，DIAF是一种良性自限性疾病。然而，在临床上，DIAF在有潜在合并疾病应用多种

治疗的患者中可能是严重的[132]。停止使用相关药物通常在几分钟或几小时内复律。当 AF持续时，其治疗

与非 DIAF 患者相似[133,134]。因为药物引起 AF 的机制广泛，DIAF 伴有的组织学变化可能从 EHRAS Ⅰ类-
Ⅳ类，差别很大（参照表 2）。未来的研究需要评价不同药物对心房组织的特异性效果。

心肌炎

心肌炎是指心脏的炎症性疾病，是暴露于外界（如感染性因素、毒素或药物）或者如自身免疫性疾病

等内部触发因素的结果[135,136]。
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由于取决于诊断标准，心肌炎发生率很难确定。估测的发病率为 8-10例/100000人，是继肥厚型心肌病

和冠状动脉性疾病之后导致猝死的的第三大原因[137]。在尸检系列中，心肌炎在猝死年轻人的患病率占

2-42%[138，139]。活检证实在不能解释的非缺血性扩张型心肌病中，9-16%的患者有炎症浸润[140,141]。

根据“达拉斯标准”，心肌炎定义为存在伴有坏死的心肌炎症浸润和（或）相邻的非缺血心肌细胞变性
[142]。根据炎症细胞类型，心肌炎可以被细分为淋巴细胞性、嗜酸性细胞性、多细胞性、巨细胞性心肌炎和

心脏结节病[136]。

心房颤动是心肌炎常见的临床表现。在 245名临床疑似心肌炎的患者中，AF发生率大约是 30%[143]。

仅累及心房的心肌炎罕有诊断[144-146]。这可能反映了心房肌不是尸检或常规心内膜活检样本的现实。在大部

分这类病例中，AF是临床上的主要表现，这表明干扰到心房传导的结构重构的作用[9,147]。巨细胞性心肌炎

是一种独特的心肌炎------可能与自身免疫有关------以弥漫性淋巴细胞、大量多核巨细胞、嗜酸性粒细胞浸

润，心肌细胞坏死并最终纤维化为特征。自然过程通常是爆发性的，如不治疗死亡率高。关于巨细胞性心

肌炎的孤立心房改变于 1964年首次报道[148]。此后，英文文献中仅描述了少数病例。与典型形式相比，心房

病变的病程似乎更为有利[149]。心房巨细胞性心肌炎可能是一种独特的类型，可能与心房特异性自身抗原有

关[150]。在心房心肌炎的患者中可观察到 EHRAS Ⅳi类改变。当心肌炎持续存在并进入慢性期，其特征可

能变为 EHRASⅢ类（见表 2）。

伴有遗传性复极化紊乱的心房心肌病

心房静止，是心房心肌病的一种严重形式，伴有 SCN5A和连接蛋白-40基因杂合子联合突变[151]。已在

AF患者中发现了钾通道亚单位（如 KCNQ1、KCNH2、KCND3和 KCNE5）的功能获得性突变或者 KCN5A
的功能缺失性突变[152]。因此，无论是钾通道功能获得或缺失均能引起 AF，这表明复极需要优化调整，任

何一个方面的缺陷均可导致心律失常。最近，尽管发现早期复极或 J波综合征与 AF相关，但在中年研究对

象中，下壁导联上的早复极不能预测 AF[153]。编码心脏 Kir6.1（KATP）通道的 KCNJ8基因的功能获得性突

变，这与 AF易感性增加和早复极均相关[154]。在房性心律失常和原发性室性心律失常综合征之间无明确关

联，其首次报道是在有明显结构异常的情况中发生的[155]。心房颤动在肥厚型心肌病中相对常见（发生率大

约 20%）[156]。在致心律失常性右室心肌病中，相当多的患者（高达 40%）可以表现为 AF[157]。没有明显结

构性心脏病的原发性心律失常综合征也与 AF相关。在 Brugada 综合征中，室上性心动过速和原发性 AF/AFL
均有报道[158,159]。在长 QT综合征（LQTS）患者中，动作电位延长导致心房颤动，这表明存在“尖端扭转”

的心房形式[152]。包括左心房容积增加等的“心肌病”的细微形式发生于大约 12%的 LQTS患者中[160]。现有

的报告大部分与 Na+通道基因的遗传变异有关[161]。早发孤立性 AF患者中 LQTS相关 SCN5A变异发生率也

高[162]。LQT3小鼠模型由于 EADs易于发生房性心律失常[163]。也存在一些 CPVT患者中发生房性心律失常

的散在报告[164]。综合以上，AF和猝死综合征之间的关联似乎反映了心房和心室致心律失常的共同机制。
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表 4 报道的诱发心房颤动的药物

药物种类 药物 机制

双磷酸盐类 阿仑膦酸钠，唑来膦酸

心血管

正性肌力药物 多巴胺、多巴酚丁胺、多培沙明，阿布他明，

依诺昔酮，米力农，左西孟旦

肾上腺素能刺激

血管扩张药物 硝酸异山梨酯，氯沙坦，氟司喹南 低血压可能伴有肾上腺素能反射

胆碱能药物 乙酰胆碱 迷走刺激

利尿剂 噻嗪类 低钾血症

呼吸系统

拟交感神经药 伪麻黄碱，沙丁胺醇，奥西那林，沙丁胺醇，

沙美特罗

肾上腺素能刺激

黄嘌呤类 氨茶碱、茶碱 肾上腺素能刺激

中枢神经系统 肾上腺素能刺激

抗胆碱药物 阿托品 肾上腺素能刺激

抗惊厥药 拉科胺，帕潘立酮

抗抑郁药 氟西汀，反苯环丙胺、曲唑酮 直接心脏抑制效应，交感刺激

抗偏头痛药 恩丹西酮，舒马曲坦 冠状动脉痉挛

抗精神病药 丁二酸洛沙平，氯氮平，奥氮平 直接心脏抑制效应，交感刺激

胆碱能药物 毒扁豆碱，盐酸多奈哌齐 迷走刺激

多巴胺激动剂 阿扑吗啡 迷走刺激

化疗药物 心脏损伤，冠状动脉痉挛，高血压，氧自由基，线粒

体钙转运变化，电解质紊乱，炎症

烷化剂 顺铂，环磷酰胺，异环磷酰胺，马法兰

蒽环类 多柔比星，米托蒽醌

抗代谢药 卡培他滨，5-氟尿嘧啶，吉西他滨

抗微管药 多西他赛，紫杉醇

酪氨酸激酶抑

制剂

西妥昔单抗，索拉菲尼，舒尼替尼

拓扑异构酶抑

制剂

安吖啶，依托泊苷

单克隆抗体类 阿仑单抗，贝伐单抗，利妥昔单抗、曲妥珠单

抗

细胞因子和免

疫调节剂

硫唑嘌呤，γ-干扰素，白细胞介素-2，

来那度胺

生殖泌尿系统

治疗勃起功能

障碍的药物

西地那非，他达拉非，伐地那非 低血压伴有肾上腺素能反射

宫缩抑制剂 β2受体激动剂（己烷双异丙肾上腺素、特布他

林），硫酸镁

激素

蛋白同化雄性

类固醇

结构改变，自主神经活性变化
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衰老

在老年犬中，过早搏动明显减慢传导，这与APD延长和复极的空间异质性纤维组织含量加倍有关[165,166]。

临床标测研究也证实了相似发现，包括传导异常、不应期延长、心肌电压降低和大量的双电位以及碎裂电

图[167,168]。已有描述波阵面传导速度的变化与年龄呈负相关，这或许是这些心房改变的结果[169]。组织学上，

纤维化病变是最明显的变化（EHRASⅡ类，见表 2）。

高血压

高血压至少占AF病例的 1/5。[170]。在高血压患者中，左心房扩大和P波改变是AF发生的预测因素[171,172]。

在小动物模型中，通过夹闭部分主动脉模拟高血压引起 LA 肥大、纤维化，连接蛋白-43 下调和缓慢/
非均一性传导[173]。绵羊出生前暴露于皮质醇引起高血压，导致心房传导异常，波长缩短和 AF增加[174]。Lau
等利用一肾一夹模型调查短期和长期高血压对心房心肌病发展的影响[175,176]。这一模型更多地从本质上反映

了肾素-血管紧张素轴的紊乱。短期高血压逐渐使 LA扩大，降低 LA排空分数，延长心房不应期，减慢传

导并引起 LA间质纤维化和炎症细胞浸润[175,176]。在明确高血压和 LV肥厚的患者，存在整体和区域性传导

减慢，伴有沿终末嵴的碎裂电图和双电位，以及低电压区域增加[177]。

重要的是，人群研究显示，即使在高血压前期（收缩压 130-139mmHg）患者中，AF风险也增加[178]。

不正常的心房基质是可逆的，研究证实肾素-血管紧张素-醛固酮系统阻滞剂治疗可改善电和结构参数，减少

AF负荷[179-181]。在顽固性高血压经肾交感神经消融治疗后血压改善的患者，心房传导整体改善，复杂碎裂

电活动减少。组织学上，压力负荷引起心房肌细胞肥厚（EHRAS Ⅰ类）。在引起 LV肥厚和舒张功能减退

的更严重的高血压中，也可发生胶原沉积（EHRAS Ⅱ-Ⅲ类）（见表 2）。

肥胖

几项以人群为基础的研究证实了在肥胖和 AF之间的强关联[182-184]。最近的 meta分析估测，体重指数每

增加一个单位，即增加 3.5-5.3%的 AF额外风险[185]。

已知左房扩张和功能下降是由于肥胖导致心肌病的结果[186]。在肥胖的绵羊模型中，超过 8个月的进展

性的体重增加伴有心房容积、压力和心包脂肪增加，并有心房基质纤维化、炎症和心肌细胞脂质沉积[187]。

并伴随有传导速度降低，传导不均一性增加以及心房颤动的可诱发性增加。随着肥胖持续时间延长，在动

物中不仅证实有进展性心房病变而且在与心包脂肪交界区的心房肌细胞中有脂肪细胞浸润[188]。

肥胖患者左心房容积和压力高而应变力低，并且 LA和 PVs内不应期短[189]。肥胖者心房病变的详细评

估显示，左心房外膜脂肪增加，心房传导速度整体降低，碎裂电位增加，整体电压不变，但低电压区域扩

大[190]。在与心外膜脂肪层交界区域观察到低电压区。

心包脂肪容积与 AF 发生率、严重程度以及消融的副作用有关[191,192]。心外膜脂肪过多与心房 3D结构

变化相关，心肌细胞中脂肪细胞浸润，心房纤维化可能有利于不均一传导，促进 AF发生[193-195]。

在长期肥胖的绵羊模型中，体重下降与全身脂肪、心房扩张及间质纤维化减少有关，并伴有血流动力

学、心房连接蛋白-43表达和传导特性改善，使 AF易感性降低[196]。在人类，对体重和伴随的危险因子积极

治疗有利于心包脂肪容积、心房大小、心肌质量的改善，也有利于电生理和电解剖变化，从而降低 AF可诱

发性和 AF负荷[197]。此外，病态肥胖个体的体重下降与心外膜脂肪减少有关[198]。肥胖个体的体重降低可使

LV肥厚复原，左房大小减少以及 AF负荷/严重性降低[199-201]。组织学上，脂肪浸润（EHRAS Ⅳ类），胶原

沉积（EHRAS Ⅲ类）均有发生（见表 2）。
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糖尿病

糖尿病是 AF发生和发展的独立危险因素[202]。在大鼠糖尿病模型中，心房组织纤维沉积伴有传导速度

下降，且 AF可诱发性增加[203]。与对照组相比，糖代谢异常患者左心房更大，左心房电压更低，激动时间

更长[204]。胰岛素抵抗伴有左心房增大和结构异质性增加[205,206]。

在糖尿病患者的心房中，线粒体功能受损，这导致氧化应激[207]。氧化应激和晚期糖基终末化产物（AGE）
-AGE-受体（RAGE）系统激活介导循环组织生长因子以及促炎症反应引起心房间质纤维化上调[207,208]。此

外，长期高血糖应激可导致 AGE-RAGE积累、一氧化氮失活以及内皮功能障碍和心肌炎症[209]。

高血糖和 AGE-RAGE配体交互作用导致连接蛋白-43磷酸化减少，可能损伤细胞间偶联[210]。晚期糖基

化也与心肌钙调控相关，并因此与收缩性有关[211]。这些发现能解释电生理变化，并且是糖尿病中 AF易损

性的核心机制[212]。

积极治疗糖尿病，充分控制血糖可能预防或延缓 AF发生，尽管没有治疗糖尿病药物对 AF作用的直接

证据。过氧化物酶体增殖物激活受体γ激动剂具有抗炎、抗氧化和抗纤维化作用，因此在控制血糖之外可以

提供额外保护，防止 AF[213]。然而，在将这些试验发现外推到糖尿病心肌病患者时应当谨慎。组织学上，

心房肌细胞改变是最初的发现，不伴有明显纤维化（EHRAS Ⅰ类）。疾病晚期表现为纤维化，可能转变为

EHRAS Ⅲ类和 EHRAS Ⅳ类（见表 2）。

由于瓣膜病所致的心房心肌病

二尖瓣疾病（MVD）和主动脉瓣狭窄（AS）伴有心房结构重构和 AF 倾向。尽管在发达国家，随年龄

增加、高血压和心力衰竭发生，常伴随有继发性心房心肌病，在发展中国家，RHD占 AF发生比例的 40%
以上[214]。

二尖瓣狭窄

John等报道[215]，在孤立性MS、存在正常窦性心律并接受二尖瓣成形术的 24名患者心房中，有效不应

期（ERP）无变化或增加、广泛分布或部位特异性的传导延迟以及心肌细胞丢失和片状电瘢痕表明在 AF发

生前即存在结构改变和相应的电生理结局。这些结构变化的相关因素包括直接的心肌效应（Ashoff小体的

特异性炎症），超微结构变化，心房纤维化，免疫反应细胞因子和基质金属蛋白酶重构（MMP-1和MMP减

少）[215-217]。在 21名孤立性MS患者中证实，在接受二尖瓣扩张术后，发生了心房逆重构（LA压力和容积

减少，双心房电压改善；以及 6个月后 RA电压进一步增加）[218]。相反，在接受成功 AF消融的孤立性 AF
患者中，心房重构没有逆转；实际上，基质异常在之后的 6-14 个月仍在进展（电压降低和局部不应期增加）
[219]。

心房扩大和纤维化是 AF的发生和维持的重要决定因素。在 AF和MVD患者中可见Ⅰ型胶原和Ⅲ型胶

原增加（后者在培养的暴露于机械张力的成纤维细胞中增加）[220]，但是在孤立性 AF患者中仅能见到Ⅰ型

胶原[221]。细胞偶联和肌细胞分离，组织的各向异性以及不均一性传导被认为是局部折返和心律失常的基质。

二尖瓣返流

Verheule等[222]发现通过二尖瓣部分撕脱伤制造严重二尖瓣返流（MR）1个月后，心房组织结构和超微

结构发生变化。在 19条MR 犬的 10条中均出现有效不应期均匀增加，且诱发持续性 AF（＞1h）；在这一

模型中，心房传导形式或速度并无差异。在扩张的左心房中，注意到存在间质纤维化、慢性炎症和细胞糖

蛋白累积，但是没有心肌细胞肥厚、肌溶解和坏死。相反，在外科手术造成慢性MR的猪中，以及MR[223]
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患者中却描述了心肌细胞肥厚、去分化和变性以及纤维化[12,224]。

高密度寡核苷酸微阵列，富集分析和差异蛋白质组学的方法被用来确定在严重慢性MR猪中见到的心

房肌病相关的分子调控机制和生物过程的特征[225]。肾素-血管紧张素系统和过氧化物酶体增殖物激活受体信

号途径和基因与凋亡、自噬、氧化应激、细胞生长调节以及碳水化合物代谢差异性调节相关[225]。在MR猪

中，MLC2V（心肌肥厚标记物和心肌细胞收缩性调节的重要因子）变化最为明显。在孤立性严重MR的患

者中，已证实在心房肌细胞中膜结合 NADPH 氧化酶活性增加，这与细胞肥厚程度和肌溶解相关。作者认

为心房张力诱发的 NADPH氧化酶活性和细胞内氧化应激有助于凋亡、心房收缩障碍和心房扩张的发生[226]。

MR的矫治使许多心房重构特征得以逆转，功能异常得到矫正。在术后 43名接受二尖瓣外科手术（成

功修复或置换）的慢性器质性MR 患者手术后早期（30天）发现早期 LA 逆重构（LA 平均最大容积减少

45%）以及心房有效排空增加[227]，Dardas等报道了 6个月时相似的改善[228]。组织学上，MVD中 EHRAS Ⅲ

类是最主要的发现，组织的组织学表现可以在不同时间和不同个体之间有变化，因此所有的 EHRAS类别在

组织中均可发现（见图 1，表 2）。

主动脉瓣狭窄

尽管 AS 伴有慢性 AF[229]，但缺少 AS 和心房重构的动物模型。Kim 等[173]研究制作了后负荷增加导致

AS（升主动脉绑扎）的大鼠模型，这样会产生 LVH但没有系统性高血压、心力衰竭或神经内分泌激活，在

其离体灌注心脏中研究了心房电重构。在术后 14-20 周在结扎的心脏中出现明显的 LA 肥厚和纤维化。在

20周时，起搏诱发 AF的发生率和持续时间增加，伴有平均矢量传导速度降低以及非均一性传导，连接蛋

白-43表达降低，但没有 ERP 改变。重要的是，在 8周 LVH程度最大时并没有出现心房重构[173]。

与对照组相比，AS患者左心房容积较高，并且在瓣膜成形术后明显降低[230]。在有症状的 AS患者血浆

钠尿肽（ANP）水平高于无症状的 AS 患者[231]，N-ANP 水平能够预测心房重构和 AS 外科手术后晚期（2
个月）AF[232]。

综合以上，这些数据支持以基质为基础的 AF是瓣膜性心脏病伴有的血流动力学异常和心房重构的结果

这一概念。在这一例子中，心房重构是引起结构和超微结构异常以及传导改变（与不应期相对应）的多种

生物学进程的结果，这有利于 AF 的发生和维持。组织学上 EHRASⅢ类是最主要的发现，但组织的组织学

表现在不同时间和不同个体之间存在变化（见图 1-3，表 2）。心房病理通常也影响特殊传导系统的组织，如

窦房结和 AV结。然而，这些改变已超出了本专家共识报告的范围，本报告主要集中于心房肌细胞和组织。

心房心肌病对心房颤动和房性心律失常发生的影响

关于 AF机制的争论已经超过 100年，但是由于全球范围内 AF 负荷的持续增加[233]，对此的持续研究

将促进其治疗和预防的改善。当前，关于AF中折返机制的辩论有两个相对的方面。其中之一是对Gordon Moe
原有观点的推动，即颤动，无论是心房还是心室，是由于多个在整个心房中独立移动的独立电波持续随机

化的传播[234,235]。另一个是对以下理论的坚持，即颤动是一些高速旋转的旋涡（转子）持续激动，产生“颤

动样传导”的结果[236,237]。在两种机制中，APD/不应期缩短均有利于心律失常维持[13,238,239]。另一个多子波

假说的先决条件是应当存在缓慢传导，而不是在有转子的条件下。根据转子理论，通过旋转波阵面的曲率

动态地形成缓慢传导，这在旋转的中心最为明显，这里不应期最短，传导速度最慢[240]。人类 AF中，上述

两种机制均仍未能充分确立[241]。

无论 AF的维持机制如何，AF导致高频心房激动，并且如果其持续，会导致离子通道重构，进一步缩

短 APD和不应期，提高其稳定性。这种 AF诱发的心房重构在短期内是可逆的（数分钟，数小时或数天），

但是当持续数月或数年时几乎不能逆转。对 AF诱发重构的详细讨论见第三章。关于这些长期变化是如何利
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于 AF的延续尚未得到充分确定。

最近的研究使用了间歇心房快速起搏诱发持续性 AF的绵羊模型，在第一次检测到 AF发作后，AF 激

动的主导频率（DF）渐进性自发性增高[240,242]。这些结果表明，不同于心动过速诱发的在数分钟或数小时发

生的电重构，在 AF持续数天或数周后，存在继发于 AF 的持续的、进展性的电和结构重构[240,242]。此外，

在离体灌流绵羊心脏中，左右心房间 DF 差异与持续性 AF 期间转子的存在、DF 梯度和 LA 后壁激动的向

外传播有关[242]，在人类也可见到这一潜在基础[243]。非持续性 AF的 DF以一个比率（dDF/dt）逐渐增加，

这可以准确预测间断性，非持续性 AF向持续性、长期持续性 AF的转变[126]。尽管纤维化逐渐进展[126]，但

任何纤维化在转子加速或持续中所起的作用仍然未知。使用不同动物模型的其他研究也证实长期心房快速

起搏导致心房纤维化[244]，同时发生的细胞因子释放改变心房电功能[245]。在绵羊模型中，心房结构改变导致

PLA扩大，可能是转子不太可能与解剖边界碰撞，从而有助于其稳定性和 AF的持久性[242,246]。

心房心肌细胞显著的张力可能有助于心房心肌病的形成，成为 AF的致心律失常基质。例如，机械张力

是心脏电特性的主要调节因素。由于其“储存容器”的地位和“压力感受器”具有特殊内分泌作用，如分

泌钠尿肽的功能，两个心房对机械偶联的变化尤其敏感。许多机械传感器在心房中表达，并有助于膜电特

性、机械张力和肌细胞壁变形之间的相互作用[247]。最近，报道了心房肌细胞剪切应力通过刺激连接肌细胞

与细胞外基质的整合素调整电压门控钾通道的表面表达[248,249]。在心房血流动力学超负荷时，机械传感器信

号途径被激活，这样肌细胞不再能够对剪切应力做出反应。这一过程导致心房复极化加速，增加 AF易损性
[249]。

氧化应激也被认为对AF诱发心房重构导致的心肌病以及AF延续起重要作用[250]。然而，其活性氧（ROS）
介导心房离子重构的方式尚未充分理解。在颤动的心房中，NOX2/4活性增加，是 AF中 ROS的可能来源。

线粒体 ROS 可能是另一个重要的氧化应激来源。氧化应激是否直接影响心房 APD 和不应期，从而有利于

转子加速和 AF的稳定性仍有待确定。几个肌浆离子流直接或间接受到 ROS 调节[251]，但是这些机制与人类

AF的关联仍未被证实。

持续性 AF激活促炎症细胞因子和心血管疾病及组织损伤相关激素释放，其中包括血管紧张素Ⅱ（Ang-
Ⅱ）、肿瘤坏死因子（TNF）-α、白介素（IL）-6和 IL-8[252]。已证实促炎症因子刺激诸如 NOX衍生的活性

氧、生长因子以及其他激素在 Ang-Ⅱ功能中的作用[253]。然而，推定的在 Ang-Ⅱ刺激后，活性氧信号靶点

的精确分子修饰还未被确定。了解在正常心房 Ang-Ⅱ激活 NOXs可能有助于产生旨在预防与 Ang-Ⅱ激活相

关 AF的更好的措施。Ang-Ⅱ是众所周知的成纤维细胞激活并分化为肌纤维母细胞的触发因子。促炎症细胞

因子也促进离子通道功能障碍，这些与细胞凋亡和细胞外基质重构均使患者易于发生 AF。

最近，心房脂肪组织已成为 AF病理生理中的潜在参与因素[3,254]。除了旁分泌作用[192]，脂肪组织可以

浸润至心房肌细胞心外膜下，并发生纤维化[255]，从而有助于在心外膜层和心内膜束支网络之间电活动的功

能分离、传导波中断以及转子形成。孤立性 AF或快速心房起搏通过对代谢适应性的基因特异性调节促进脂

肪生成。因此，可能脂肪组织的浸润和积累反映了继发于心房肌过度工作的代谢应激 191。此外，脂肪组织

能诱发纤维化和改变基因表达形式[195,256]。

心房心肌病、系统性生物标记物和心房内血栓形成

心房心肌病和系统生物标记物

心房炎症和炎症的生物标记物

外科损伤或心包炎伴随的中性粒细胞、巨噬细胞和淋巴细胞浸润，促进心房纤维化发生，导致不均一
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性和缓慢传导，是折返性心律失常的危险因素[257-261]。这在炎症激活和房性心律失常发生之间提供了机制上

的关联。抗炎症干预措施，如强的松对预防无菌性心包炎的中性粒细胞浸润有效，可抑制起搏诱发的心房

扑动[262]，在一项具有一定效力，随机化分组的临床试验中发现，类固醇预治疗可减少术后 AF的发生率[263]。

一项关于秋水仙碱效果的研究（NCT001128427）正在进行中。

在持续性高血压的小鼠模型中，Ang-Ⅱ灌注促进心房髓过氧化物酶（MPO，一种中性粒细胞和巨噬细

胞氧化生成酶）增加，并促进心房纤维化[261]。在MPO敲除小鼠中，对 A-Ⅱ的促纤维化反应被消除。血管

紧张素Ⅱ和内皮素-Ⅰ与炎症和促心律失常心房重构相关[2,264-266]。这一证据表明无论在心脏外科手术以及上

述情况中，炎症细胞浸润在促进 AF基质形成中均有重要作用，这是传导不均一性和缓慢传导的结果。

心房颤动中的全身炎症激活

除了血流动力学应激诱发的心房细胞内炎症外，横断面研究证实 AF伴随有较高的 C反应蛋白（CRP）
水平，这是一种由肝脏产生的，全身炎症反应的敏感但非特异的生物标记物[267]。对心血管健康研究的参与

者随访的次级分析进一步揭示了 CRP升高预测 AF发生[268]。

随后的研究证实了几种炎症血清学标记物和 AF之间的关系，包括 IL-6[269]，TNF-α[270]，醛固酮[271]和简

单的白细胞计数[272]。在同一研究中的多种炎症标记物分析表明 IL-6 和骨保护素[273]可能尤其重要。在 IL-6
和 AF之间的关系可能由左心房扩大介导[269]。

虽然炎症标志物预测 AF 发生的证据可被复制[268,27]，但也有大量研究证实房性心律失常似乎有利于炎

症：尤其是 AF转复[275]以及 AF[276]或心房扑动[277]消融可使炎症反应降低。实际上，Marcus等证实在血液抽

出时的心脏节律（AF vs. 窦性）是检测的 CRP 或 IL-6 水平是否增高的重要决定因素[278]。综合以上考虑，

这些数据表明在炎症和 AF之间的关系可能是双向且是进展性的。

心房内采样研究

由于血流状态，尤其是左房耳部起源的血栓栓塞，促进 AF情况下卒中风险的增加，因此对外周血是否

能够充分反映心房内局部可能存在的高凝状态，人们一直保持着兴趣（见图 10）[279]。第一个心房内采样研

究未能确定在MS的持续性 AF患者中，左右心房样本中的几个高凝标记物与股静脉和动脉血样本之间具有

统计学差异[280]。值得注意的是，当与没有 AF的正常对照组相比时，同样的样本具有统计学差异[279]。相反，

随后的研究证实，在 AF时的冠状窦血液中，血小板急性激活增加，而全身血小板激活（从股静脉中获取）

没有相同变化[281]。
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为更好地理解炎症和 AF 之间关系，也应用了多部位采样的相似方法。Liuba 等发现在 8 名永久性 AF
患者中，IL-8在股静脉、右心房和冠状窦中比左、右上肺静脉高（在 10名阵发性 AF患者及 10名对照组中

没有这种差异）[280]。

实践意义和系统性生物标记物的应用

系统性生物标记物被用于预测 AF 发生和（或）其并发症（表 5）。不同的研究测试了炎症指示物、钠

尿肽、损伤标记物等在预测 AF，尤其是在外科术后状态中的作用。这些生物标记物中有许多是非特异性的，

高水平可能反映感染或脓毒症，急性期反应等[282,283,284]。

CHARGE-AF[包括来自于社区动脉粥样硬化研究（ARIC），心脏健康研究（CHS），Framingham心脏研

究，雷克雅未克年龄、基因/环境易感性研究（AGES）和鹿特丹研究的数据]利用年龄、种族、身高、体重、

收缩压和舒张压、近期吸烟、应用抗高血压药物、糖尿病、心肌梗死病史和心力衰竭病史[285]进行预测评分，

将 BNP和 CRP加入其中，改进了这一统计模型[286]。一旦再次发生，CRP的加入对模型的改进没有意义。

在另一项评估细胞外基质调节因子（基质金属蛋白酶，MMPs，及其组织抑制剂，TIMPs）和 AF风险

之间关联的研究中，仅仅MMP9水平增高与 AF风险明显相关[287]。具有整合蛋白和金属蛋白酶活性（ADAM）

的蛋白酶与心房扩张有关，继而影响心房的力学表现[288]。

除非有明确证据表明对 AF风险的预测可直接获益，否则与房颤相关的生物标记物的临床获益是值得怀

疑的，并且对其进行管理迄今尚未实现。

guide.medlive.cn/

guide.medlive.cn/


心房心肌病 27 / 56

血栓前期标记物——凝血、血小板

在 150多年前，Virchow提出了有利于血栓形成的异常三联征，即：血管壁异常、血流异常和血液成分

异常（图 10）。在 AF 时，无论是否可通过生物标记物[如 von Willebrand因子（vWF）、组织纤溶酶原激活

物，tPA]、左心房壁免疫组化研究、电子显微镜或功能研究（如血流介导的扩张）识别，血管壁异常与伴有

结构性心脏病（如二尖瓣狭窄）和复杂主动脉斑块的血栓栓塞的关联是显而易见的，同时也存在内皮损伤/
功能异常[289]。AF时血流异常在 LA中超声可见自发血流显影，也可见左心耳部多普勒血流速度减慢。AF
时血液成分异常是显而易见的，从凝血、血小板的异常，纤溶、炎症、细胞外基质的代谢等都直接或间接

地与血栓形成，或血栓形成倾向有关。AF时血小板异常通常是明显的，相对于 AF 本身，它们可能更能反

映相关的血管疾病或并发症[290,291]。实际上，与大量富含血小板（“白血栓”）的动脉血栓比较，AF时的血

栓形成主要是富含纤维蛋白（“红血栓”），这为 AF相关血栓栓塞进行抗凝而不是抗血小板治疗提供了一个

机制方面的解释[291,292]。

AF 存在促血栓形成或高凝状态的概念于 1995年首次提出[293]。无论是在非抗凝或抗凝的个体中，AF
时许多促血栓标记物与随后的卒中和血栓栓塞有关（图 10）。最初的研究显示凝血相关因子，如纤维蛋白 D
二聚体（一种纤维蛋白转化和血栓形成的标记物）与卒中风险分层相关，也与血栓栓塞的不良预后有关，

无论患者是否接受抗凝治疗[294-297]。相反，血小板标记物没有相关的预后作用[295,298,299]。

血栓形成预测

在 SPAF研究中，首次显示在非抗凝或次优化抗凝患者中，vWF 能够完善 AF的危险分层[300]。晚近发

现，vWF 既与血栓形成相关，也与 AF抗凝患者中的出血风险相关[301]。来自于大型 3期抗凝试验的补充研

究报告，D-二聚体、肌钙蛋白、钠尿肽和新型生物标记物（例如 GDF15）水平增加有预后意义[302-304]。这些

研究中许多都是在经选择的临床队列研究中进行，危险分层中的预后作用需要在未经选择的包括不同程度

卒中风险和不同肾功能的大型“真实世界”队列中进行测试。在 AF预测中，来自于大型前瞻性非抗凝“真

实世界”队列中的生物标记物对卒中危险预测的额外价值的证据是有限的[305]。在病变心房中心内膜血栓形

成与氧化应激有关，其有利于血凝块形成，尤其是在左心耳部[306-310]。因此，在 EHRAS分类的影响及其与

心内膜血栓形成病变范围之间关系将在未来的研究中进行评价。有趣的是，AF的持续时间与观察到的心内

膜病变范围无关[309]。

检测心房心肌病和心房心肌病标测和消融中的影像技术

已经确定 LA扩大伴有不良心血管结局[311-316]。在不存在MVD时，LA大小的增加通常反映了由于 LA
压力增加引起的心房壁张力增加[317-320]以及继发于心房肌病的 LA功能受损[321,322]。在 LA扩大和心房颤动以

及卒中发生率[323-332]、心肌梗死后的全因死亡率[321,322,333,334]、扩张型心肌病的死亡和住院风险[335-344]以及糖

尿病患者主要心脏事件或死亡之间存在明确关联[345]，左心房扩大是舒张功能障碍的严重性和慢性化程度以

及 LA压力增高程度的标志[317-320]。最近的关于 AF患者多模态成像的共识报告更为详细地总结了心房成像

的现状[346]。
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表 5 心房颤动中的凝血标记物

研究 AF组 对照组
AF中发现的明显异常

（凝血标记物增高）*
Gustafsson（1990）

507

20（有卒中）

20（无卒中）

40（正常无卒中）

20（有卒中）

D-二聚体，vWF无论有无卒中病史

Kumagai (1990)508 73 73 D-二聚体

Asakura (1992)509 83 正常 PF1+2，TATⅢ复合物

Sohara (1994)510 13（阵发性） 正常 TATⅢ复合物（D-二聚体没有差异）

Lip (1995)511 87 158 D-二聚体，vWF

Lip (1996)512 51 26（健康人） D-二聚体

Kahn (1997)513 50（之前无卒中）

25（之前有卒中）

31（之前无卒中）

25（之前有卒中）

无卒中的 AF 者中 vs.对照组的纤维蛋白原（在有

卒中组间无差异）

Heppell (1997)514 19例 LA内有血栓

90例 LA内无血栓

不适用 D-二聚体，vWF，如果 LA内血栓 TATⅢ复合物

Shinohara

(1998)515

45（非瓣膜性） 不适用 在低 vs.高 LAA流速患者中的 D-二聚体，TATⅢ复

合物。

Feinberg (SPAF III)

(1999)516

1531 不适用 PF1+2与血栓栓塞无关

Mondillo (2000)517 45 35（健康者） D-二聚体，vWF，s-血栓调节蛋白

Fukuchi (2001)518 16 27（无 AF 的心脏

病者）

LA组织中的 vWF

Conway (2002)296 1321 卒中高危组的 vWF

Kamath (2002)519 93 50（正常） D-二聚体

Vene (2003)520 113 有心脏事件 vs.无心脏事件者的 D-二聚体

Nakamura

(2003)521

7 个非瓣膜性患者的

LA耳部组织

4 名非心脏性死亡

者

vWF，TF

Conway (2003)297 994 不适用 vWF与卒中风险无关，vWF与血管事件独立相关

Kamath (2003)522 31（急性发作） 31（健康者） 急性 AF中红细胞压积增高

Sakurai (2004)523 28（AFL） 27 如果 LAA功能受损时的 D二聚体

Inoue (2004)524 246（非瓣膜性） 111 有危险因素患者中的 D-二聚体，PF1+2（NS）

Kumagai (2004)525 16（死后） 心房扩大患者中的 vWF和蛋白

Marin (2004)526 24（急性发作）

24（慢性）

24（窦性心律的

CAD患者）

24（健康者）

D-二聚体，vWF，s-血栓调节蛋白（心脏复律后不

再有差异）

Nozawa (2004)527 509 111（健康者） D-二聚体，PF1+2（NS）

Freestone (2005)528 59 40（健康者） vWF

Nozawa (2006)295 509（非瓣膜性） D-二聚体（但不是 PF1+2）预测血栓栓塞事件

Ohara (2007)294 591（非瓣膜性） 129 D-二聚体，PF1+2，血小板 4 因子，β血小板球蛋

白；

D-二聚体，PF1+2（与存在卒中风险因素相关）

AF：心房颤动；AFL：心房扑动；CAD：冠状动脉疾病；LA：左心房；LAA：左心耳；NS：无显著性；vWF：von Willebrand

因子；PF1+2：凝血酶原片段 1+2；TATⅢ：凝血酶-抗凝血酶Ⅲ；TF：组织因子；s-血栓调节蛋白：可溶性血栓调节蛋

白；*在 AF组有显著差异，除非另外标示。
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超声心动图

超声心动图是筛查和对患者进行系列随访的首选影像学检查方法，包括对 LA形态和功能的检查[347]。

为评价心房大小，最广泛的报告是在胸骨旁左室长轴切面采用M型或二维延迟增强（DE）测量直线长

度[324-339,345,347-349]。但是，由于复杂的心房 3D特征和心房重构的非均一性特征，这一测量方法通常不能提供

LA大小的精确数据[350-354]。因此，在评价 LA大小和重构时，在不同的心脏疾病状态下，LA容积的测量是

更为有力的预后指标[329,331,333-339,345,347-360]。二维超声心动图测定的 LA 容积通常小于计算机体层成像或心脏

磁共振成象（CMR）所报告的容积[361-365]。2D成像测定左心房容积最好的方法是盘状总和算法，因为这几

乎不涉及几何学上的假设[366,367]。3-D超声的出现改善了超声容积测定方法的精确性，且与心脏计算机体层

成像[368,369]和磁共振成像[370,371]良好相关。与 2D评价 LA容积相比，3DE也有更好的预后预测能力[372,373]。

多普勒超声心动图测定左心房功能

左心房功能可以通过脉冲波多普勒测定舒张晚期（二尖瓣 A波）充盈进行评价。大量研究使用这一参

数作为评价 LA功能的指标，但是其受到年龄和负荷状态的影响[317,374-382]。肺静脉心房反流速率也被用于测

定 LA功能[317,377,379-382]。在存在 LV顺应下降和充盈压增高时，心房收缩导致明显的血流反向流入 PVs[80,81]。
研究也证实多普勒组织成像可作为心房功能评价的精确指标[383,384]。

超声心动图的新技术

二维斑点追踪超声是已被作为一种敏感的指标来检测在解剖改变发生前的早期功能重构[385-400]。

应变（S）和应变率（SR）成像通过评估心肌运动速率中的空间梯度提供心肌形变的数据[385,388]，
[392,393,401-405]。这一指标被用于作为 LA功能重构和纤维化的替代指标[388-393]。有趣的是，在累及心脏但没有

其他超声心动图异常的淀粉样变性的患者中也可观察到伴有应变和应变率变化的 LA功能障碍[402]。可在不

同状态下观察到心房应变的异常，包括 AF、瓣膜病变、心力衰竭、高血压、糖尿病和心肌病[388，389,396-400]。

以人群为基础的研究已经证实了 LA应变分析对长期结局的预后价值[388,394]。

对于 RA大小的量化几乎没有可提供的研究和临床结局数据。与 3DE相比，2D超声心动图技术也低估

了右心房容积[343,406,407]。

心脏计算机体层成像

心脏 CT可以用于精确评价心房容积。心脏计算机体层成像（CCT）得出的容积数据与 CMR和 3D超

声心动图得出的数据具有可比性，并且优于 2D超声心动图[371]。导管消融前的 LA容积以及存在心腔几何

构型的不对称性可预测术后维持窦性心律的可能性[408]。由于 LA扩大，LA顶部形态开始变平然后成为拱形，

这一进展可能与接受 AF消融患者中非 PV基质 AF的产生相关[409]。

CCT也用于 AF消融前的血栓筛查。通过多个组别研究了 CT的诊断精确性，对 19项研究，2955名患

者的系统回顾报道的敏感性和特异性分别为 96%和 92%，阳性预测值 41%，阴性预测值 99%[410]。当进行延

迟成像时，诊断精确性增加至 99%，特异性增加至 100%。使用 CT成像排除血栓的优势是在 AF 消融前，

CCT是 AF消融操作中融合电解剖标测系统常规使用的程序。CCT也提供关于 PVs解剖和变异的精确信息，

在这方面也与 CMR良好相关[411]。
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心房磁共振成像

最近这些年，CMR已成为房室腔结构和功能评估的金标准，用于临床和科研。CMR 的缺点是昂贵，

且与超声心动图相比，应用的限制更多。最近，钆对比剂增强 CMR技术用于检测心房纤维化[412]。虽然这

些方法仍处于较早阶段，并未被广泛使用，但毋庸置疑，其识别心房结构早期改变的能力提高了我们检测

从容积或功能评价无法明确的不同程度重构的能力。除了延迟钆增强（LGE）CMR检测纤维替代外，注射

对比剂后 T1像[413,414]可用于对弥漫性间质纤维化进行定量。两种技术均与侵入性标测中测量的双极电压相

关[412]。然而，这些技术需要特殊的成像后处理程序。虽然这些技术通常用于心室成像，但并未广泛用于心

房成像，因为在薄壁的心房中实现充分的影像分辨率存在技术挑战[415]。

使用系统化评分系统评价延迟增强范围，最近推出的多中心研究显示 LGE CMR 检测的纤维化范围与

AF消融结局相关[416]。从纤维化Ⅰ期（＜10%心房壁）到纤维化Ⅳ期（≥30%心房壁），AF复发风险由 15%
增加至 69%。作者建议 CMR量化的纤维化可能在选择最有可能从 AF消融中获益的适宜患者上起到作用。

延迟钆增强 CMR也被用于预测窦房结功能障碍的发展[417]、卒中风险[418]以及从阵发性进展到持续性进程的

心房颤动[419]。然而，各种研究均着重提出，在将 LGE CMR作为临床常规工具之前，需要进一步完善准确

识别纤维化替代的方法，提高数据分析的可重复性[420,421]。

近年来，大量的研究已经使用 CMR DE 延迟钆增强（LGE）以用非侵入方式确定 AF 消融后瘢痕的范

围和分布[422-424]。一些研究观察到，3 个月时，疤痕范围更广泛的患者（或环 PV周围更大的疤痕比例）房

颤复发率更低[423,425]。另一项研究显示在消融时测量的接触力度和 CMR测定的瘢痕发生范围相关[426]。其他

研究显示 PVs 周围瘢痕与侵入性电解剖标测（EAM）的低电压之间一致[427,428]。通过引入MR 影像识别消

融缝隙可在重复程序中实现 PVs隔离[427,428]。然而，其他研究发现 CMR瘢痕间隙和标测的 PV 恢复连接部

位之间没有关联。一项在 50 例接受广泛消融或仅口部消融的阵发性房颤患者中的研究发现，CMR可以正

确识别出消融损伤分布，其比例从 28%到 54%，取决于所使用的技术[429]。这些作者认为，心房瘢痕 LGE
显像仍不能充分精确可靠地识别消融损伤或其分布范围。是否 CMR有足够的分辨率能够检测这类瘢痕所在

局灶区域仍未完全确定。值得注意的是，Harrison 等使用动物模型研究 CMR损伤大小与损伤容积在病理学

上的相关性。这一相关性关键取决于用于定义瘢痕的像素强度的定义，在这一定义中，小的病变导致在估

测的瘢痕容积上出现大的改变[415]。

电解剖影像

电解剖标测系统已经成为侵入性确定心房心肌病基质特征的标准。使用各种技术，这些系统能够快速

描述心房特征，并进行 3D图像的心房解剖再现。PV 解剖结构变异，包括共同开口或额外的肺静脉，均可

被识别。可视化软件允许精确测量心房间距[430]和总体容积，但是静脉直径的评估可能是次优的，这是由于

静脉易于失真。同时使用来自于操作前得到的心脏MRI或 CT，或是实时造影，或是心内超声的 DICOM 影

像，心房的解剖成像可获得增强。

EAM允许解剖重现心房，也能够通过单极或双极电压数据的几何显示评价心房基质，以及心房表面的

其他信号特征。低电压区域，电静止，碎裂电位或双电位明确与潜在心房纤维化、外科补片或瘢痕相关。

同样的方法，心房电活动可形成影像，用于评估局部传导速度的变化[431]，这种变化可能具有促心律失常作

用并使心房颤动持续化。EAM 在房性心律失常激动标测中的应用将在接下来的消融技术部分进行讨论。

电解剖标测已经用于与窦房结疾病[432]、风湿性MS[215]、房间隔缺损[218,431]、CHF[433]、阻塞性睡眠呼吸

暂停[117]以及衰老[167]等相关的心房心肌病的电解剖基质成像中。它是一种能够加深我们对阵发性和持续性心

房颤动患者以及[74,434]曾进行 PV前庭隔离失败的患者心房基质理解的有力研究工具[435]。

不同于心脏MR、CT或超声心动图，EAM 需要侵入性导管操作和标测。然而，尽管最近在MRI技术
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上的进展可对心房瘢痕成像，但是 EAM影像仍有很大临床可行性和卓越成像能力，能够定义导致心房颤动

的心房基质。最近的关于 AF患者多模态成像的共识报告是有用的详尽参考[346]。

房性心动过速消融

大量单中心随机化研究和大型多中心观察性注册研究证实在维持窦性心律方面 AF消融优于药物治疗。

然而，晚期复发常见，并且更常伴有伴随结构性心脏病的心房基质的进展[436-446]。

在这种情况下，考虑各种潜在的心房心肌病的类型以及它们如何影响消融结局是重要的。这很及时，

因为最近已观察到，当我们认识到诸如睡眠呼吸暂停、肥胖、运动耐力等以前不被怀疑与心房颤动具有因

果关系的情况时，孤立性 AF就不存在了[447]。此外，已有的数据表明治疗这些潜在病因可能改善消融的长

期结局[199,200,448,449]。另外 LA消融程序可能改变心房大小、结构和心房机械功能。因此，导管消融可能会影

响持续的病理改变和心房血栓形成[450,451]。

标测研究已证实一系列这类对心房产生原发性或继发性影响的病变的共同电生理终点，其中许多显示

与心房重构有关，其特征为传导减慢和提示纤维化的心肌电压降低[117,167,177,433,452,453]。磁共振成像技术试图

描述心肌纤维化范围的特征，已证实这是消融后 AF 复发的最强有力的独立预测因素[416,454]。是否 EHRAS
分类对在人类心房中导管消融的选择有价值仍有待确定。

年龄和心房颤动消融

在基础和临床研究中均显示年龄增长与心房纤维化增加有关[167,455]。有大量研究评估了老年患者（定义

不同，从＞65岁至＞80岁）的消融结局[444,445,456-462]。观察性研究一致报告了在随访至 12个月时，多个操作

在老年患者中的成功率高达 80%。但存在相互矛盾的结果，在一项比较性研究中证实，超过 65岁的老年患

者成功率降低，而另一项研究显示在超过 80岁的患者中成功率与年轻患者队列相似[461,463]。

高血压

高血压是众所周知的另一项心房颤动发生危险因素。标测研究证实与对照组相比，高血压组患者中存

在更多的心房病理基质[177,464]。很多单因素分析研究显示高血压是 AF 消融后 AF复发的危险因素，但是尚

不清楚这是否与心房大小一样是独立危险因素。最近开始的研究表明对高血压的积极治疗可改善消融后结

局[200,464,465]。

心力衰竭和心房颤动消融

在基础和临床研究中均发现，收缩功能障碍同样伴随心房重构进展以及心房颤动倾向[113,433]。大量研究

评估了存在收缩功能明显受损的阵发性和持续性心房颤动患者中导管消融的效果[437,466-473]。虽然常需要重复

消融，且随访期通常不超过 12个月，但主要的证据表明在 50-80%的患者中可成功实现窦性心律。在大多

数研究中，成功消融使射血分数明显改善，心房大小减少[470,474]。

代谢综合征和肥胖

许多研究评估了代谢综合征对心房颤动患者消融结局的影响[475-480]。尽管数据有混杂，但是主要的研究

和系统性回顾[477]却表明 AF复发风险高。在 ARRESTAF研究中，BMI超过 27以上接受 AF消融的患者，

如果体重能够减少并维持，则复发风险降低[200]。观察性研究证实与未治疗的 OSA患者相比，经治疗的患者

AF复发风险较低[481]。
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糖尿病对消融结局的影响

几项研究记录到在糖尿病患者中消融后心房颤动复发率增加[204,475,482]。不正常的心房基质和非 PV触发

灶可能是不良结局的基础。

心肌炎的作用

CRP 和 IL-6 等炎症标记物与 AF 风险相关[267,483-48]5。最近表明仅累及心房的巨细胞性心肌炎导致伴有

心房扩大的心房颤动[149]。表面上为孤立性心房颤动的患者常被证实有与心肌炎一致的组织学发现[486]；并且

那些过去有心肌炎的患者可能存在心房电活动瘢痕、传导异常或心房静止[146,487-489]。基线 CRP 水平与导管

消融后的 AF复发风险相关[278]。最近，秋水仙碱被用于预防 PV隔离后心房颤动复发[490]。这也可能是由于

AF本身可导致炎症以及“心房心肌炎”的发生[491]。

心房颤动持续时间对心房心肌病和消融结局的影响

在 AF患者中进行的纵向研究证实随着时间推移，AF临床进展在很大程度上与诸如年龄增长、结构性

心脏病和高血压等产生的风险相关[492]。一项关于慢性 AF导致结构变化的近期研究显示，随 AF负荷增加，

心房重构可在一段时间内显著进展，这段时间甚至可短至 1年。

大量研究已经证实消融后心房大小，偶尔也包括机械功能可能会获得改善[493]，但是至少一项侵入性研

究显示在成功消融后 6个月，心房电生理未获改善[219]。绝大多数评估持续性心房颤动消融后长期结局的研

究证实较低的转复为窦性心律的比例和较高的晚期复发率反映了更多的心房病理基质。

长期心房颤动对电重构和结构重构的影响

众所周知，当存在适当的不均一性 AF基质时，局灶触发能够引起持续的高频折返 AF驱动灶，即转子。

这些转子产生在空间中碎片状分布的波形，因此引起颤动样传导。当高频心房激动维持至少 24小时时，离

子通道重构改变了电生理基质，促进折返的维持，并增加触发活动，进一步有利于 AF永久化[494]。心房颤

动本身导致重构，引起电生理（电学的）、收缩性、和结构改变[495,496]。尽管 AF经常可在早期被逆转，但超

过一定时间后由于这种重构的发生而更难以消除[238,497]。主频分析指出 AF患者中机制的演变，随着 AF 持

续和重构的进展，PV起源就很少占主导地位了[498]。资料表明长程持续性 AF患者中，心房重构增加了 AF
驱动子的数量，并改变了其位置使其离开了 PV/口部区域。

导管消融对心房病理学的影响

几个研究测定了导管消融前后的 LA大小，证实在 AF导管消融后 LA内径减少 10-20%[499,500]。尽管这

一内径减少的确切机制未知，但显示这与逆重构相一致。已证实早期为维持窦性心律进行的积极干预（包

括有需要时进行 AF消融），可能有助于防止 AF的“慢性化”及改善长期结局[501]。一项大规模多中心试验

正在对这一设想进行测试[502]。

导管消融成功率对心房心肌病的实际影响仍未阐明。不管怎样，心房病理学很可能影响能量到组织的

传输，特定形式的心肌病可能对消融过程产生不同影响。然而，实际影响和不同能源与不同心房病理学之

间的相互作用仍需进行研究。
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结论

根据这一专家共识中心房心肌病的定义，其对心房功能和心律失常形成有明显影响。EHRAS 分类

（EHRAS Ⅰ-Ⅳ类）是第一次尝试将心房病理学特征分为不连续的队列。心房组织中疾病相关的组织学变

化通常特征不明确，不是特异性的，且随时间变化而改变，因此分类具有挑战性。需要进一步研究完善和

验证 EHRAS分类，并评价其指导临床对 AF理解和治疗中的价值。不管怎样，更为严谨、精确的心房病理

分类可能有助于实现 AF治疗的个体化目标，这将能够改善其治疗效果。

增补资料

增补资料由 Eruopace在线提供。

利益冲突：财务关联的详细声明作为增补资料在线提供。

参考文献

1. Hoit BD. Left atrial size and function: role in prognosis. J Am Coll Cardiol 2014;63:493– 505.

2. Schotten U, Verheule S, Kirchhof P, Goette A. Pathophysiological mechanisms of atrial fibrillation: a translational appraisal. Physiol Rev 2011;91:265–325.

3. Andrade J, Khairy P, Dobrev D, Nattel S. The clinical profile and pathophysiology of atrial fibrillation: relationships among clinical features, epidemiology,

and mechanisms. Circ Res 2014;114:1453– 68.

4. Burstein B, Libby E, Calderone A, Nattel S. Differential behaviors of atrial versus ventricular fibroblasts: a potential role for platelet-derived growth factor

in atrialventricular remodeling differences. Circulation 2008;117:1630–41.

5. Davies MJ, Pomerance A. Pathology of atrial fibrillation in man. Br Heart J 1972;34:520–5.

6. Sims BA. Pathogenesis of atrial arrhythmias. Br Heart J 1972;34:336 –40.

7. Tucker NR, Ellinor PT. Emerging directions in the genetics of atrial fibrillation. Circ Res 2014;114:1469–82.

8. Goette A, Bukowska A, Dobrev D, Pfeiffenberger J, Morawietz H, Strugala D et al. Acute atrial tachyarrhythmia induces angiotensin II type 1

receptor-mediated oxidative stress and microvascular flow abnormalities in the ventricles. Eur Heart J 2009;30:1411–20.

9. Corradi D. Atrial fibrillation from the pathologist’s perspective. Cardiovasc Pathol 2014;23:71 –84.

10. Corradi D, Callegari S, Maestri R, Benussi S, Alfieri O. Structural remodeling in atrial fibrillation. Nat Clin Pract Cardiovasc Med 2008;5:782– 96.

11. Corradi D, Callegari S, Benussi S, Maestri R, Pastori P, Nascimbene S et al. Myocyte changes and their left atrial distribution in patients with chronic atrial

fibrillation related to mitral valve disease. Hum Pathol 2005;36:1080–9.

12. Corradi D, Callegari S, Maestri R, Ferrara D, Mangieri D, Alinovi R et al. Differential structural remodeling of the left-atrial posterior wall in patients

affected by mitral regurgitation with or without persistent atrial fibrillation: a morphological and molecular study. J Cardiovasc Electrophysiol

2012;23:271–9.

13. Ausma J, Wijffels M, Thone F, Wouters L, Allessie M, Borgers M. Structural changes of atrial myocardium due to sustained atrial fibrillation in the goat.

Circulation 1997;96:3157–63.

14. Frustaci A, Chimenti C, Bellocci F, Morgante E, Russo MA, Maseri A. Histological substrate of atrial biopsies in patients with lone atrial fibrillation.

Circulation 1997;96:1180– 4.

15. Ausma J, Wijffels M, van Eys G, Koide M, Ramaekers F, Allessie M et al. Dedifferentiation of atrial cardiomyocytes as a result of chronic atrial fibrillation.

Am J Pathol 1997;151:985–97.

16. Corradi D, Callegari S, Benussi S, Nascimbene S, Pastori P, Calvi S et al. Regional left atrial interstitial remodeling in patients with chronic atrial

fibrillation undergoing mitral-valve surgery. Virchows Arch 2004;445:498–505.

17. Rocken C, Peters B, Juenemann G, Saeger W, Klein HU, Huth C et al. Atrial amyloidosis: an arrhythmogenic substrate for persistent atrial fibrillation.

Circulation 2002;106:2091–7.

guide.medlive.cn/

guide.medlive.cn/


34 / 56 A. Goette et al.

18. Kushnir A, Restaino SW, Yuzefpolskaya M. Giant cell arteritis as a cause of myocarditis and atrial fibrillation. Circ Heart Fail 2016;9:e002778.

19. Camm CF, James CA, Tichnell C, Murray B, Bhonsale A, te Riele AS et al.Prevalence of atrial arrhythmias in arrhythmogenic right ventricular

dysplasia/cardiomyopathy. Heart Rhythm 2013;10:1661–8.

20. Cabrera JA, Sanchez-Quintana D. Cardiac anatomy: what the electrophysiologist needs to know. Heart 2013;99:417 –31.

21. Ho SY, Cabrera JA, Sanchez-Quintana D. Left atrial anatomy revisited. Circ Arrhythm Electrophysiol 2012;5:220–8.

22. Sanchez-Quintana D, Anderson RH, Cabrera JA, Climent V, Martin R, Farre J et al. The terminal crest: morphological features relevant to electrophysiology.

Heart 2002;88:406– 11.

23. Cabrera JA, Ho SY, Climent V, Sanchez-Quintana D. The architecture of the left lateral atrial wall: a particular anatomic region with implications for

ablation of atrial fibrillation. Eur Heart J 2008;29:356– 62.

24. Di Biase L, Santangeli P, Anselmino M, Mohanty P, Salvetti I, Gili S et al. Does the left atrial appendage morphology correlate with the risk of stroke in

patients with atrial fibrillation? Results from a multicenter study. J Am Coll Cardiol 2012;60:531–8.

25. Ho SY,Anderson RH, Sanchez-Quintana D. Atrial structure and fibres: morphologic bases of atrial conduction. Cardiovasc Res 2002;54:325–36.

26. Spach MS, Kootsey JM. The nature of electrical propagation in cardiac muscle. Am J Physiol 1983;244:H3 –22.

27. Veinot J, Ghadially F, Walley V. Light microscopy and ultrastructure of the blood vessels and heart. In: Silver M, Gotlieb A, Schoen F, eds. Cardiovascular

Pathology. New York: Churchill Livingstone; 2001. p30–53.

28. Beltrami CA, Finato N, Rocco M, Feruglio GA, Puricelli C, Cigola E et al. Structural basis of end-stage failure in ischemic cardiomyopathy in humans.

Circulation 1994; 89:151 –63.

29. Lannigan RA, Zaki SA. Ultrastructure of the myocardium of the atrial appendage.Br Heart J 1966;28:796 –807.

30. Armiger LC, Seelye RN, Morrison MA, Holliss DG. Comparative biochemistry and fine structure of atrial and ventricular myocardium during autolysis in

vitro.Basic Res Cardiol 1984;79:218–29.

31. Corradi D, Maestri R, Macchi E, Callegari S. The atria: from morphology to function. J Cardiovasc Electrophysiol 2011;22:223–35.

32. Kitzman DW, Edwards WD. Age-related changes in the anatomy of the normal human heart. J Gerontol 1990;45:M33–9.

33. Yamasaki Y, Furuya Y, Araki K, Matsuura K, Kobayashi M, Ogata T.Ultra-high-resolution scanning electron microscopy of the sarcoplasmic reticulum of

the rat atrial myocardial cells. Anat Rec 1997;248:70 –5.

34. Mackenzie L, Roderick HL, Berridge MJ, Conway SJ, Bootman MD. The spatial pattern of atrial cardiomyocyte calcium signalling modulates contraction.

J Cell Sci 2004;117:6327–37.

35. Sanchez-Quintana D, Lopez-Minguez JR, Macias Y, Cabrera JA, Saremi F. Left atrial anatomy relevant to catheter ablation. Cardiol Res Pract

2014;2014:289720.

36. Ehrlich JR, Biliczki P, Hohnloser SH, Nattel S. Atrial-selective approaches for the treatment of atrial fibrillation. J Am Coll Cardiol 2008;51:787–92.

37. Schram G, Pourrier M, Melnyk P, Nattel S. Differential distribution of cardiac ion channel expression as a basis for regional specialization in electrical

function. Circ Res 2002;90:939–50.

38. Burashnikov A, Di Diego JM, Zygmunt AC, Belardinelli L, Antzelevitch C. Atriumselective sodium channel block as a strategy for suppression of atrial

fibrillation: differences in sodium channel inactivation between atria and ventricles and the role of ranolazine. Circulation 2007;116:1449–57.

39. Feng J, Yue L, Wang Z, Nattel S. Ionic mechanisms of regional action potential heterogeneity in the canine right atrium. Circ Res 1998;83:541–51.

40. Gemel J, Levy AE, Simon AR, Bennett KB, Ai X, Akhter S et al. Connexin40 abnormalities and atrial fibrillation in the human heart. J Mol Cell Cardiol

2014;76: 159–68.

41. Wakili R, Voigt N, Kaab S, Dobrev D, Nattel S. Recent advances in the molecular pathophysiology of atrial fibrillation. J Clin Invest 2011;121:2955–68.

42. Iwasaki YK, Nishida K, Kato T, Nattel S. Atrial fibrillation pathophysiology: implications for management. Circulation 2011;124:2264–74.

43. Butters TD, Aslanidi OV, Zhao J, Smaill B, Zhang H. A novel computational sheep atria model for the study of atrial fibrillation. Interface Focus

2013;3:20120067.

44. McDowell KS, Zahid S, Vadakkumpadan F, Blauer J, MacLeod RS, Trayanova NA.Virtual electrophysiological study of atrial fibrillation in fibrotic

remodeling. PLoS One 2015;10:e0117110.

45. Saffitz JE, Kanter HL, Green KG, Tolley TK, Beyer EC. Tissue-specific determinants of anisotropic conduction velocity in canine atrial and ventricular

myocardium. Circ Res 1994;74:1065–70.

guide.medlive.cn/

guide.medlive.cn/


心房心肌病 35 / 56

46. Chen PS, Chen LS, Fishbein MC, Lin SF, Nattel S. Role of the autonomic nervous system in atrial fibrillation: pathophysiology and therapy. Circ Res

2014;114:1500–15.

47. Lemola K, Chartier D, Yeh YH, Dubuc M, Cartier R, Armour A et al. Pulmonary vein region ablation in experimental vagal atrial fibrillation: role of

pulmonary veins versus autonomic ganglia. Circulation 2008;117:470–7.

48. Nattel S, Shiroshita-Takeshita A, Cardin S, Pelletier P. Mechanisms of atrial remodeling and clinical relevance. Curr Opin Cardiol 2005;20:21–5.

49. Hoit BD, Shao Y, Gabel M, Walsh RA. In vivo assessment of left atrial contractile performance in normal and pathological conditions using a time-varying

elastance model. Circulation 1994;89:1829–38.

50. Pagel PS, Kehl F, Gare M, Hettrick DA, Kersten JR, Warltier DC. Mechanical function of the left atrium: new insights based on analysis of

pressure-volume relations and Doppler echocardiography. Anesthesiology 2003;98:975–94.

51. Vieira MJ, Teixeira R, Goncalves L, Gersh BJ. Left atrial mechanics: echocardiographic assessment and clinical implications. J Am Soc Echocardiogr

2014;27:463–78.

52. Hoit BD, Walsh RA. Regional atrial distensibility. Am J Physiol 1992;262:H1356–60.

53. Kuppahally SS, Akoum N, Burgon NS, Badger TJ, Kholmovski EG, Vijayakumar S et al. Left atrial strain and strain rate in patients with paroxysmal and

persistentatrial fibrillation: relationship to left atrial structural remodeling detected bydelayed-enhancement MRI. Circ Cardiovasc Imaging 2010;3:231–9.

54. Hitch DC, Nolan SP. Descriptive analysis of instantaneous left atrial volume—with special reference to left atrial function. J Surg Res 1981;30:110–20.

55. Bootman MD, Higazi DR, Coombes S, Roderick HL. Calcium signalling during excitation-contraction coupling in mammalian atrial myocytes. J Cell Sci

2006;119:3915–25.

56. Tanaami T, Ishida H, Seguchi H, Hirota Y, Kadono T, Genka C et al. Difference in propagation of Ca2+ release in atrial and ventricular myocytes. Jpn J

Physiol 2005;55:81–91.

57. Boknik P, Unkel C, Kirchhefer U, Kleideiter U, Klein-Wiele O, Knapp J et al. Regional expression of phospholamban in the human heart. Cardiovasc Res

1999;43:67–76.

58. Maier LS, Barckhausen P, Weisser J, Aleksic I, Baryalei M, Pieske B. Ca(2+) handling in isolated human atrial myocardium. Am J Physiol Heart Circ

Physiol 2000;279:H952–8.

59. Luss I, Boknik P, Jones LR, Kirchhefer U, Knapp J, Linck B et al. Expression of cardiac calcium regulatory proteins in atrium v ventricle in different

species. J Mol Cell Cardiol 1999;31:1299–314.

60. Babu GJ, Bhupathy P, Timofeyev V, Petrashevskaya NN, Reiser PJ, Chiamvimonvat N et al. Ablation of sarcolipin enhances sarcoplasmic reticulum

calcium transport and atrial contractility. Proc Natl Acad Sci USA 2007;104:17867–7

61. Li GR, Nattel S. Properties of human atrial ICa at physiological temperatures andrelevance to action potential. Am J Physiol 1997;272:H227–35.

62. Cote K, Proteau S, Teijeira J, Rousseau E. Characterization of the sarcoplasmic reticulum k(+) and Ca(2+)-release channel-ryanodine receptor-in human

atrial cells. J Mol Cell Cardiol 2000;32:2051–63.

63. Wang J, Schwinger RH, Frank K, Muller-Ehmsen J, Martin-Vasallo P, Pressley TA et al. Regional expression of sodium pump subunits isoforms and

Na+-Ca++ exchanger in the human heart. J Clin Invest 1996;98:1650–8

64. Richards MA, Clarke JD, Saravanan P, Voigt N, Dobrev D, Eisner DA et al. Transverse tubules are a common feature in large mammalian atrial myocytes

including human. Am J Physiol Heart Circ Physiol 2011;301:H1996–2005.

65. Kopecky SL, Gersh BJ, McGoon MD, Whisnant JP, Holmes DR Jr, Ilstrup DM et al. The natural history of lone atrial fibrillation. A population-based study

over three decades. N Engl J Med 1987;317:669–74.

66. Fuster V, Ryden LE, Cannom DS, Crijns HJ, Curtis AB, Ellenbogen KA et al. 2011ACCF/AHA/HRS focused updates incorporated into the ACC/AHA/ESC

2006 guidelines for the management of patients with atrial fibrillation: a report of the American College of Cardiology Foundation/American Heart

Association Task Force on practice guidelines. Circulation 2011;123:e269–367.

67. Potpara TS, Lip GY. Lone atrial fibrillation: what is known and what is to come. Int J Clin Pract 2011;65:446–57.

68. Potpara TS, Lip GY. Lone atrial fibrillation—an overview. Int J Clin Pract 2014;68: 418–33.

69. Weijs B, Pisters R, Nieuwlaat R, Breithardt G, Le Heuzey JY, Vardas PE et al. Idiopathic atrial fibrillation revisited in a large longitudinal clinical cohort.

Europace 2012;14:184–90.

70. Sanfilippo AJ, Abascal VM, Sheehan M, Oertel LB, Harrigan P, Hughes RA et al. Atrial enlargement as a consequence of atrial fibrillation. A prospective

guide.medlive.cn/

guide.medlive.cn/


36 / 56 A. Goette et al.

echocardiographic study. Circulation 1990;82:792–7.

71. Potpara TS, Stankovic GR, Beleslin BD, Polovina MM, Marinkovic JM, Ostojic MC et al. A 12-year follow-up study of patients with newly diagnosed lone

atrial fibrillation: implications of arrhythmia progression on prognosis: the Belgrade Atrial Fibrillation study. Chest 2012;141:339–47.

72. Osranek M, Bursi F, Bailey KR, Grossardt BR, Brown RD Jr, Kopecky SL et al. Leftatrial volume predicts cardiovascular events in patients originally

diagnosed withlone atrial fibrillation: three-decade follow-up. Eur Heart J 2005;26:2556–61.

73. Jahangir A, Lee V, Friedman PA, Trusty JM, Hodge DO, Kopecky SL et al. Longterm progression and outcomes with aging in patients with lone atrial

fibrillation: a 30-year follow-up study. Circulation 2007;115:3050–6.

74. Stiles MK, John B, Wong CX, Kuklik P, Brooks AG, Lau DH et al. Paroxysmal loneatrial fibrillation is associated with an abnormal atrial substrate:

characterizing the “second factor”. J Am Coll Cardiol 2009;53:1182–91.

75. Skalidis EI, Hamilos MI, Karalis IK, Chlouverakis G, Kochiadakis GE, Vardas PE. Isolated atrial microvascular dysfunction in patients with lone recurrent

atrial fibrillation. J Am Coll Cardiol 2008;51:2053–7.

76. Corradi D, Callegari S, Manotti L, Ferrara D, Goldoni M, Alinovi R et al. Persistentlone atrial fibrillation: clinicopathologic study of 19 cases. Heart

Rhythm 2014;11: 1250–8.

77. Willis MS, Patterson C. Proteotoxicity and cardiac dysfunction. N Engl J Med 2013; 368:1755.

78. Steiner I, Hajkova P. Patterns of isolated atrial amyloid: a study of 100 hearts onautopsy. Cardiovasc Pathol 2006;15:287–90.

79. Steiner I. The prevalence of isolated atrial amyloid. J Pathol 1987;153:395–8.

80. Looi LM. Isolated atrial amyloidosis: a clinicopathologic study indicating increasedprevalence in chronic heart disease. Hum Pathol 1993;24:602–7.

81. Johansson B, Wernstedt C, Westermark P. Atrial natriuretic peptide deposited asatrial amyloid fibrils. Biochem Biophys Res Commun 1987;148:1087–92.

82. Louros NN, Iconomidou VA, Tsiolaki PL, Chrysina ED, Baltatzis GE, Patsouris ES et al. An N-terminal pro-atrial natriuretic peptide (NT-proANP)

‘aggregationprone’ segment involved in isolated atrial amyloidosis. FEBS Lett 2014;588:52–7.

83. Leone O, Boriani G, Chiappini B, Pacini D, Cenacchi G, Martin Suarez S et al. Amyloid deposition as a cause of atrial remodelling in persistent valvular

atrial fibrillation. Eur Heart J 2004;25:1237–41.

84. Steiner I, Hajkova P, Kvasnicka J, Kholova I. Myocardial sleeves of pulmonary veinsand atrial fibrillation: a postmortem histopathological study of 100

subjects. Virchows Arch 2006;449:88–95.

85. Knowles TP, Vendruscolo M, Dobson CM. The amyloid state and its associationwith protein misfolding diseases. Nat Rev Mol Cell Biol 2014;15:384–96.

86. Willis MS, Patterson C. Proteotoxicity and cardiac dysfunction—Alzheimer’s disease of the heart? N Engl J Med 2013;368:455–64.

87. McLendon PM, Robbins J. Desmin-related cardiomyopathy: an unfolding story. AmJ Physiol Heart Circ Physiol 2011;301:H1220–8.

88. Sidorova TN, Mace LC, Wells KS, Yermalitskaya LV, Su PF, Shyr Y et al. Hypertension is associated with preamyloid oligomers in human atrium: a

missing link in atrial pathophysiology? J Am Heart Assoc 2014;3:e001384.

89. Volpe M, Rubattu S, Burnett J Jr. Natriuretic peptides in cardiovascular diseases:current use and perspectives. Eur Heart J 2014;35:419–25.

90. Hua R, MacLeod SL, Polina I, Moghtadaei M, Jansen HJ, Bogachev O et al. Effects ofwild-type and mutant forms of atrial natriuretic peptide on atrial

electrophysiology and arrhythmogenesis. Circ Arrhythm Electrophysiol 2015;8:1240–54.

91. Moghtadaei M, Polina I, Rose RA. Electrophysiological effects of natriuretic peptides in the heart are mediated by multiple receptor subtypes. Prog

Biophys Mol Biol2016;120:37–49.

92. Gardner DG, Chen S, Glenn DJ, Grigsby CL. Molecular biology of the natriureticpeptide system: implications for physiology and hypertension.

Hypertension 2007;49:419–26.

93. Vesely DL. Atrial natriuretic peptide prohormone gene expression: hormonesand diseases that upregulate its expression. IUBMB Life 2002;53:153–9.

94. Postma AV, van de Meerakker JB, Mathijssen IB, Barnett P, Christoffels VM, Ilgun Aet al. A gain-of-function TBX5 mutation is associated with atypical

Holt-Oram syndrome and paroxysmal atrial fibrillation. Circ Res 2008;102:1433–42.

95. Hodgson-Zingman DM, Karst ML, Zingman LV, Heublein DM, Darbar D,Herron KJ et al. Atrial natriuretic peptide frameshift mutation in familial atrial

fibrillation. N Engl J Med 2008;359:158–65.

96. Perrin MJ, Gollob MH. The role of atrial natriuretic peptide in modulating cardiacelectrophysiology. Heart Rhythm 2012;9:610–5.

97. Abraham RL, Yang T, Blair M, Roden DM, Darbar D. Augmented potassium current is a shared phenotype for two genetic defects associated with familial

atrialfibrillation. J Mol Cell Cardiol 2010;48:181–190.

guide.medlive.cn/

guide.medlive.cn/


心房心肌病 37 / 56

98. Ritchie MD, Rowan S, Kucera G, Stubblefield T, Blair M, Carter S et al. Chromosome 4q25 variants are genetic modifiers of rare ion channel mutations

associatedwith familial atrial fibrillation. J Am Coll Cardiol 2012;60:1173–81.

99. Disertori M, Quintarelli S, Grasso M, Pilotto A, Narula N, Favalli V et al. Autosomal recessive atrial dilated cardiomyopathy with standstill evolution

associatedwith mutation of Natriuretic Peptide Precursor A. Circ Cardiovasc Genet 2013;6:27–36.

100. Disertori M, Mase M, Marini M, Mazzola S, Cristoforetti A, Del Greco M et al.Electroanatomic mapping and late gadolinium enhancement MRI in a

genetic model of arrhythmogenic atrial cardiomyopathy. J Cardiovasc Electrophysiol 2014;25:964–70.

101. Wallace GQ, McNally EM. Mechanisms of muscle degeneration, regeneration, andrepair in the muscular dystrophies. Annu Rev Physiol 2009;71:37–57.

102. Hermans MC, Pinto YM, Merkies IS, de Die-Smulders CE, Crijns HJ, Faber CG.Hereditary muscular dystrophies and the heart. Neuromuscul Disord

2010;20:479–92.

103. Groh WJ. Arrhythmias in the muscular dystrophies. Heart Rhythm 2012;9:1890–5.

104. Diegoli M, Grasso M, Favalli V, Serio A, Gambarin FI, Klersy C et al. Diagnosticwork-up and risk stratification in X-linked dilated cardiomyopathies

caused bydystrophin defects. J Am Coll Cardiol 2011;58:925–34.

105. Townsend D, Yasuda S, McNally E, Metzger JM. Distinct pathophysiological mechanisms of cardiomyopathy in hearts lacking dystrophin or the

sarcoglycan complex. FASEB J 2011;25:3106–14.

106. Finsterer J, Stollberger C. Stroke in myopathies. Cerebrovasc Dis 2010;29:6–13.

107. Finsterer J, Stollberger C. Atrial fibrillation/flutter in myopathies. Int J Cardiol 2008;128:304–10.

108. Petri H, Vissing J, Witting N, Bundgaard H, Kober L. Cardiac manifestations ofmyotonic dystrophy type 1. Int J Cardiol 2012;160:82–8.

109. Bhakta D, Shen C, Kron J, Epstein AE, Pascuzzi RM, Groh WJ. Pacemaker and implantable cardioverter-defibrillator use in a US myotonic dystrophy type

1 population. J Cardiovasc Electrophysiol 2011;22:1369–75.

110. Groh WJ, Groh MR, Saha C, Kincaid JC, Simmons Z, Ciafaloni E et al. Electrocardiographic abnormalities and sudden death in myotonic dystrophy type 1.

N Engl JMed 2008;358:2688–97.

111. Boriani G, Gallina M, Merlini L, Bonne G, Toniolo D, Amati S et al. Clinical relevance of atrial fibrillation/flutter, stroke, pacemaker implant, and heart

failure inEmery-Dreifuss muscular dystrophy: a long-term longitudinal study. Stroke2003;34:901–8.

112. Trevisan CP, Pastorello E, Armani M, Angelini C, Nante G, Tomelleri G et al. Facioscapulohumeral muscular dystrophy and occurrence of heart arrhythmia.

EurNeurol 2006;56:1–5.

113. Li D, Fareh S, Leung TK, Nattel S. Promotion of atrial fibrillation by heart failure indogs: atrial remodeling of a different sort. Circulation 1999;100:87–95.

114. Li D, Melnyk P, Feng J, Wang Z, Petrecca K, Shrier A et al. Effects of experimentalheart failure on atrial cellular and ionic electrophysiology. Circulation

2000;101:2631–8.

115. Yeh YH, Wakili R, Qi XY, Chartier D, Boknik P, Kaab S et al. Calcium-handlingabnormalities underlying atrial arrhythmogenesis and contractile

dysfunction indogs with congestive heart failure. Circ Arrhythm Electrophysiol 2008;1:93–102.

116. Heijman J, Voigt N, Nattel S, Dobrev D. Cellular and molecular electrophysiologyof atrial fibrillation initiation, maintenance, and progression. Circ Res

2014;114:1483–99.

117. Dimitri H, Ng M, Brooks AG, Kuklik P, Stiles MK, Lau DH et al. Atrial remodelingin obstructive sleep apnea: implications for atrial fibrillation. Heart

Rhythm 2012;9:321–7.

118. Maeno K, Kasai T, Kasagi S, Kawana F, Ishiwata S, Ohno M et al. Relationship between atrial conduction delay and obstructive sleep apnea. Heart Vessels

2013;28:639–45.

119. Chami HA, Devereux RB, Gottdiener JS, Mehra R, Roman MJ, Benjamin EJ et al.Left ventricular morphology and systolic function in sleep-disordered

breathing:the Sleep Heart Health Study. Circulation 2008;117:2599–607.

120. Maeno K, Kasagi S, Ueda A, Kawana F, Ishiwata S, Ohno M et al. Effects of obstructive sleep apnea and its treatment on signal-averaged P-wave duration

inmen. Circ Arrhythm Electrophysiol 2013;6:287–93.

121. Iwasaki YK, Kato T, Xiong F, Shi YF, Naud P, Maguy A et al. Atrial fibrillation promotion with long-term repetitive obstructive sleep apnea in a rat model.

J Am CollCardiol 2014;64:2013–23.

guide.medlive.cn/

guide.medlive.cn/


38 / 56 A. Goette et al.

122. Yue L, Feng J, Gaspo R, Li GR, Wang Z, Nattel S. Ionic remodeling underlying action potential changes in a canine model of atrial fibrillation. Circ Res

1997;81:512–25.

123. Qi XY, Yeh YH, Xiao L, Burstein B, Maguy A, Chartier D et al. Cellular signalingunderlying atrial tachycardia remodeling of L-type calcium current. Circ

Res 2008;103:845–54.

124. Lenaerts I, Bito V, Heinzel FR, Driesen RB, Holemans P, D’Hooge J et al. Ultrastructural and functional remodeling of the coupling between Ca2+ influx

andsarcoplasmic reticulum Ca2+ release in right atrial myocytes from experimentalpersistent atrial fibrillation. Circ Res 2009;105:876–85.

125. van der Velden HM, Ausma J, Rook MB, Hellemons AJ, van Veen TA, Allessie MAet al. Gap junctional remodeling in relation to stabilization of atrial

fibrillation inthe goat. Cardiovasc Res 2000;46:476–86.

126. Martins RP, Kaur K, Hwang E, Ramirez RJ, Willis BC, Filgueiras-Rama D et al.Dominant frequency increase rate predicts transition from paroxysmal to

longterm persistent atrial fibrillation. Circulation 2014;129:1472–82.

127. Harada M, Luo X, Qi XY, Tadevosyan A, Maguy A, Ordog B et al. Transient receptor potential canonical-3 channel-dependent fibroblast regulation in atrial

fibrillation. Circulation 2012;126:2051–64.

128. Du J, Xie J, Zhang Z, Tsujikawa H, Fusco D, Silverman D et al. TRPM7-mediatedCa2+ signals confer fibrogenesis in human atrial fibrillation. Circ Res

2010;106:992–1003.

129. Dobrev D, Graf E, Wettwer E, Himmel HM, Hala O, Doerfel C et al. Molecularbasis of downregulation of G-protein-coupled inward rectifying K(+)

current(I(K,ACh) in chronic human atrial fibrillation: decrease in GIRK4 mRNA correlateswith reduced I(K,ACh) and muscarinic receptor-mediated

shortening of actionpotentials. Circulation 2001;104:2551–7.

130. Voigt N, Li N, Wang Q, Wang W, Trafford AW, Abu-Taha I et al. Enhanced sarcoplasmic reticulum Ca2+ leak and increased Na+-Ca2+ exchanger function

underlie delayed afterdepolarizations in patients with chronic atrial fibrillation.Circulation 2012;125:2059–70.

131. van der Hooft CS, Heeringa J, van Herpen G, Kors JA, Kingma JH, Stricker BH.Drug-induced atrial fibrillation. J Am Coll Cardiol 2004;44:2117–24.

132. Tamargo J, Caballero R, Delpon E. Drug-induced atrial fibrillation: does it matter?Discov Med 2012;14:295–9.

133. Fuster V, Ryden LE, Cannom DS, Crijns HJ, Curtis AB, Ellenbogen KA et al. 2011ACCF/AHA/HRS focused updates incorporated into the ACC/AHA/ESC

2006Guidelines for the management of patients with atrial fibrillation: a report ofthe American College of Cardiology Foundation/American Heart

AssociationTask Force on Practice Guidelines developed in partnership with the EuropeanSociety of Cardiology and in collaboration with the European

Heart Rhythm Association and the Heart Rhythm Society. J Am Coll Cardiol 2011;57:e101–98.

134. Camm AJ, Lip GY, De Caterina R, Savelieva I, Atar D, Hohnloser SH et al. 2012focused update of the ESC Guidelines for the management of atrial

fibrillation: anupdate of the 2010 ESC Guidelines for the management of atrial fibrillation. Developed with the special contribution of the European Heart

Rhythm Association.Eur Heart J 2012;33:2719–47.

135. Cooper L, Knowlton K. Myocarditis. In: Mann D., Bonow R., Zipes D., Libby P.,Braunwald E., eds. Braunwald’s Heart Disease: a Textbook of

Cardiovascular Medicine.10th ed. Philadelphia, PA: Elsevier; 2015. p1589–602.

136. Caforio AL, Pankuweit S, Arbustini E, Basso C, Gimeno-Blanes J, Felix SB et al.Current state of knowledge on aetiology, diagnosis, management, and

therapyof myocarditis: a position statement of the European Society of Cardiology Working Group on Myocardial and Pericardial Diseases. Eur Heart J

2013;34:2636–48,2648a–2648d.

137. Chandra N, Bastiaenen R, Papadakis M, Sharma S. Sudden cardiac death in youngathletes: practical challenges and diagnostic dilemmas. J Am Coll Cardiol

2013;61:1027–40.

138. Gore I, Saphir O. Myocarditis; a classification of 1402 cases. Am Heart J 1947;34:827–30.

139. Basso C, Calabrese F, Corrado D, Thiene G. Postmortem diagnosis in sudden cardiac death victims: macroscopic, microscopic and molecular findings.

CardiovascRes 2001;50:290–300.

140. Mason JW, O’Connell JB, Herskowitz A, Rose NR, McManus BM, Billingham MEet al. A clinical trial of immunosuppressive therapy for myocarditis. The

Myocarditis Treatment Trial Investigators. N Engl J Med 1995;333:269–75.

141. Felker GM, Hu W, Hare JM, Hruban RH, Baughman KL, Kasper EK. The spectrumof dilated cardiomyopathy. The Johns Hopkins experience with 1,278

patients.Medicine 1999;78:270–83.

142. Leone O, Veinot JP, Angelini A, Baandrup UT, Basso C, Berry G et al. 2011 consensus statement on endomyocardial biopsy from the Association for

EuropeanCardiovascular Pathology and the Society for Cardiovascular Pathology. Cardiovasc Pathol 2012;21:245–74.

guide.medlive.cn/

guide.medlive.cn/


心房心肌病 39 / 56

143. Kuhl U, Pauschinger M, Noutsias M, Seeberg B, Bock T, Lassner D et al. Highprevalence of viral genomes and multiple viral infections in the myocardium

ofadults with “idiopathic” left ventricular dysfunction. Circulation 2005;111:887–93.

144. Frustaci A, Cameli S, Zeppilli P. Biopsy evidence of atrial myocarditis in an athletedeveloping transient sinoatrial disease. Chest 1995;108:1460–2.

145. Habara M, Fujieda H, Nakamura Y. Images in cardiology. Atrial myocarditis: a possible cause of idiopathic enlargement of bilateral atria. Heart

2006;92:842.

146. Fromer M, Genton C, Schlaepfer J, Goy JJ, Kappenberger L. Is there an isolatedarrhythmogenic right atrial myocarditis? Eur Heart J 1990;11:566–71.

147. Hoyano M, Ito M, Kimura S, Tanaka K, Okamura K, Komura S et al. Inducibility ofatrial fibrillation depends not on inflammation but on atrial structural

remodelingin rat experimental autoimmune myocarditis. Cardiovasc Pathol 2010;19:e149–57.

148. McCrea PC, Childers RW. Two unusual cases of giant cell myocarditis associatedwith mitral stenosis and with Wegener’s syndrome. Br Heart J

1964;26:490–8.

149. Larsen BT, Maleszewski JJ, Edwards WD, Cooper LT Jr, Sobonya RE,Thompson VE et al. Atrial giant cell myocarditis: a distinctive

clinicopathologicentity. Circulation 2013;127:39–47.

150. Basso C, Thiene G. When giant cell myocarditis affects only the atria. Circulation2013;127:8–9.

151. Groenewegen WA, Firouzi M, Bezzina CR, Vliex S, van Langen IM, Sandkuijl Let al. A cardiac sodium channel mutation cosegregates with a rare

connexin40genotype in familial atrial standstill. Circ Res 2003;92:14–22.

152. Kirchhof P, Eckardt L, Franz MR, Monnig G, Loh P, Wedekind H et al. Prolongedatrial action potential durations and polymorphic atrial tachyarrhythmias

in patients with long QT syndrome. J Cardiovasc Electrophysiol 2003;14:1027–33.

153. Junttila MJ, Tikkanen JT, Kentta T, Anttonen O, Aro AL, Porthan K et al. Early repolarization as a predictor of arrhythmic and nonarrhythmic cardiac

events inmiddle-aged subjects. Heart Rhythm 2014;11:1701–6.

154. Delaney JT, Muhammad R, Blair MA, Kor K, Fish FA, Roden DM et al. A KCNJ8mutation associated with early repolarization and atrial fibrillation.

Europace 2012;14:1428–32.

155. Glancy DL, O’Brien KP, Gold HK, Epstein SE. Atrial fibrillation in patients withidiopathic hypertrophic subaortic stenosis. Br Heart J 1970;32:652–9.

156. Olivotto I, Cecchi F, Casey SA, Dolara A, Traverse JH, Maron BJ. Impact of atrialfibrillation on the clinical course of hypertrophic cardiomyopathy.

Circulation2001;104:2517–24.

157. Chu AF, Zado E, Marchlinski FE. Atrial arrhythmias in patients with arrhythmogenic right ventricular cardiomyopathy/dysplasia and ventricular

tachycardia. AmJ Cardiol 2010;106:720–2.

158. Eckardt L, Kirchhof P, Loh P, Schulze-Bahr E, Johna R, Wichter T et al. Brugadasyndrome and supraventricular tachyarrhythmias: a novel association? J

CardiovascElectrophysiol 2001;12:680–5.

159. Giustetto C, Cerrato N, Gribaudo E, Scrocco C, Castagno D, Richiardi E et al.Atrial fibrillation in a large population with Brugada electrocardiographic

pattern:prevalence, management, and correlation with prognosis. Heart Rhythm 2014;11:259–65.

160. Haugaa KH, Johnson JN, Bos JM, Phillips BL, Eidem BW, Ackerman MJ. Subclinicalcardiomyopathy and long QT syndrome: an echocardiographic

observation. Congenit Heart Dis 2013;8:352–9.

161. Olesen MS, Holst AG, Svendsen JH, Haunso S, Tfelt-Hansen J. SCN1Bb R214Qfound in 3 patients: 1 with Brugada syndrome and 2 with lone atrial

fibrillation.Heart Rhythm 2012;9:770–3.

162. Olesen MS, Yuan L, Liang B, Holst AG, Nielsen N, Nielsen JB et al. High prevalence of long QT syndrome-associated SCN5A variants in patients

withearly-onset lone atrial fibrillation. Circ Cardiovasc Genet 2012;5:450–9.

163. Lemoine MD, Duverger JE, Naud P, Chartier D, Qi XY, Comtois P et al. Arrhythmogenic left atrial cellular electrophysiology in a murine genetic long QT

syndrome model. Cardiovasc Res 2011;92:67–74.

164. Sumitomo N, Sakurada H, Taniguchi K, Matsumura M, Abe O, Miyashita M et al.Association of atrial arrhythmia and sinus node dysfunction in patients

with catecholaminergic polymorphic ventricular tachycardia. Circ J 2007;71:1606–9.

165. Anyukhovsky EP, Sosunov EA, Chandra P, Rosen TS, Boyden PA, Danilo P Jr et al.Age-associated changes in electrophysiologic remodeling: a potential

contributorto initiation of atrial fibrillation. Cardiovasc Res 2005;66:353–63.

166. Anyukhovsky EP, Sosunov EA, Plotnikov A, Gainullin RZ, Jhang JS, Marboe CCet al. Cellular electrophysiologic properties of old canine atria provide a

substratefor arrhythmogenesis. Cardiovasc Res 2002;54:462–9.

guide.medlive.cn/

guide.medlive.cn/


40 / 56 A. Goette et al.

167. Kistler PM, Sanders P, Fynn SP, Stevenson IH, Spence SJ, Vohra JK et al. Electrophysiologic and electroanatomic changes in the human atrium associated

with age.J Am Coll Cardiol 2004;44:109–16.

168. Roberts-Thomson KC, Kistler PM, Sanders P, Morton JB, Haqqani HM,Stevenson I et al. Fractionated atrial electrograms during sinus rhythm: relationship

to age, voltage, and conduction velocity. Heart Rhythm 2009;6:587–91.

169. Kojodjojo P, Kanagaratnam P, Markides V, Davies DW, Peters N. Age-relatedchanges in human left and right atrial conduction. J Cardiovasc

Electrophysiol2006;17:120–7.

170. Huxley RR, Lopez FL, Folsom AR, Agarwal SK, Loehr LR, Soliman EZ et al. Absolute and attributable risks of atrial fibrillation in relation to optimal and

borderline risk factors: the Atherosclerosis Risk in Communities (ARIC) study. Circulation2011;123:1501–8.

171. Verdecchia P, Reboldi G, Gattobigio R, Bentivoglio M, Borgioni C, Angeli F et al.Atrial fibrillation in hypertension: predictors and outcome. Hypertension

2003;41:218–23.

172. Ciaroni S, Cuenoud L, Bloch A. Clinical study to investigate the predictive parameters for the onset of atrial fibrillation in patients with essential

hypertension.Am Heart J 2000;139:814–9.

173. Kim SJ, Choisy SC, Barman P, Zhang H, Hancox JC, Jones SA et al. Atrial remodeling and the substrate for atrial fibrillation in rat hearts with elevated

afterload.Circ Arrhythm Electrophysiol 2011;4:761–9.

174. Kistler PM, Sanders P, Dodic M, Spence SJ, Samuel CS, Zhao C et al. Atrial electrical and structural abnormalities in an ovine model of chronic blood

pressureelevation after prenatal corticosteroid exposure: implications for developmentof atrial fibrillation. Eur Heart J 2006;27:3045–56.

175. Lau DH, Mackenzie L, Kelly DJ, Psaltis PJ, Brooks AG, Worthington M et al.Hypertension and atrial fibrillation: evidence of progressive atrial

remodelingwith electrostructural correlate in a conscious chronically instrumented ovinemodel. Heart Rhythm 2010;7:1282–90.

176. Lau DH, Mackenzie L, Kelly DJ, Psaltis PJ, Worthington M, Rajendram A et al.Short-term hypertension is associated with the development of atrial

fibrillationsubstrate: a study in an ovine hypertensive model. Heart Rhythm 2010;7:396–404.

177. Medi C, Kalman JM, Spence SJ, Teh AW, Lee G, Bader I et al. Atrial electrical andstructural changes associated with longstanding hypertension in humans:

implications for the substrate for atrial fibrillation. J Cardiovasc Electrophysiol 2011;22:1317–24.

178. Conen D, Tedrow UB, Koplan BA, Glynn RJ, Buring JE, Albert CM. Influence ofsystolic and diastolic blood pressure on the risk of incident atrial

fibrillation in women. Circulation 2009;119:2146–52.

179. Kimura S, Ito M, Tomita M, Hoyano M, Obata H, Ding L et al. Role of mineralocorticoid receptor on atrial structural remodeling and inducibility of atrial

fibrillation in hypertensive rats. Hypertens Res 2011;34:584–91.

180. Matsuyama N, Tsutsumi T, Kubota N, Nakajima T, Suzuki H, Takeyama Y. Directaction of an angiotensin II receptor blocker on angiotensin II-induced left

atrialconduction delay in spontaneously hypertensive rats. Hypertens Res 2009;32:721–6.

181. Fogari R, Zoppi A, Maffioli P, Mugellini A, Preti P, Perrone T et al. Effect of telmisartan on paroxysmal atrial fibrillation recurrence in hypertensive

patients withnormal or increased left atrial size. Clin Cardiol 2012;35:359–64.

182. Tedrow UB, Conen D, Ridker PM, Cook NR, Koplan BA, Manson JE et al. Thelong- and short-term impact of elevated body mass index on the risk of new

atrialfibrillation the WHS (women’s health study). J Am Coll Cardiol 2010;55:2319–27.

183. Gami AS, Hodge DO, Herges RM, Olson EJ, Nykodym J, Kara T et al. Obstructivesleep apnea, obesity, and the risk of incident atrial fibrillation. J Am Coll

Cardiol2007;49:565–71.

184. Wang TJ, Parise H, Levy D, D’Agostino RB Sr, Wolf PA, Vasan RS et al. Obesityand the risk of new-onset atrial fibrillation. JAMA 2004;292:2471–7.

185. Wong CX, Sun M, Mahajan R, Pathak RK, Middeldorp ME, Twomey D et al. Obesity and the risk of incident, post-operative and post ablation atrial

fibrillation: ameta-analysis of 626,603 individuals in 51 studies. JACC Clin Electrophysiol 2015;1:139–52.

186. Di Salvo G, Pacileo G, Del Giudice EM, Natale F, Limongelli G, Verrengia M et al.Atrial myocardial deformation properties in obese nonhypertensive

children. J AmSoc Echocardiogr 2008;21:151–6.

187. Abed HS, Samuel CS, Lau DH, Kelly DJ, Royce SG, Alasady M et al. Obesity resultsin progressive atrial structural and electrical remodeling: implications

for atrial fibrillation. Heart Rhythm 2013;10:90–100.

188. Mahajan R, Lau DH, Brooks AG, Shipp NJ, Manavis J, Wood J et al. Electrophysiological, electroanatomical and structural remodeling of the atria as a

consequenceof sustained obesity. J Am Coll Cardiol 2015;66:1–11.

189. Munger TM, Dong YX, Masaki M, Oh JK, Mankad SV, Borlaug BA et al. Electrophysiological and hemodynamic characteristics associated with obesity in

guide.medlive.cn/

guide.medlive.cn/


心房心肌病 41 / 56

patientswith atrial fibrillation. J Am Coll Cardiol 2012;60:851–60.

190. Mahajan R, Nelson A, Wong CX, Williams K, Teo K, Twomey D et al. Epicardialfat depots and atrial remodeling in obese patients with atrial fibrillation:

evidencefor a direct pathogenic role. Heart Rhythm 2015;12:S81–2.

191. Wong CX, Abed HS, Molaee P, Nelson AJ, Brooks AG, Sharma G et al. Pericardialfat is associated with atrial fibrillation severity and ablation outcome. J

Am Coll Cardiol 2011;57:1745–51.

192. Al Chekakie MO, Welles CC, Metoyer R, Ibrahim A, Shapira AR, Cytron J et al.Pericardial fat is independently associated with human atrial fibrillation. J

Am CollCardiol 2010;56:784–8.

193. Maesen B, Zeemering S, Afonso C, Eckstein J, Burton RA, van Hunnik A et al. Rearrangement of atrial bundle architecture and consequent changes in

anisotropyof conduction constitute the 3-dimensional substrate for atrial fibrillation. Circ Arrhythm Electrophysiol 2013;6:967–75.

194. Eckstein J, Zeemering S, Linz D, Maesen B, Verheule S, van Hunnik A et al. Transmural conduction is the predominant mechanism of breakthrough during

atrialfibrillation: evidence from simultaneous endo-epicardial high-density activationmapping. Circ Arrhythm Electrophysiol 2013;6:334–41.

195. Venteclef N, Guglielmi V, Balse E, Gaborit B, Cotillard A, Atassi F et al. Humanepicardial adipose tissue induces fibrosis of the atrial myocardium through

the secretion of adipo-fibrokines. Eur Heart J 2015;36:795–805a.

196. Mahajan R, Brooks AG, Shipp NJ, Thanigaimani S, Alasady M,Roberts-Thomson KC et al. Epicardial and endocardial differences in electrophysiological

remodeling of atria due to obesity and weight reduction. HeartRhythm 2013;10:401.

197. Pathak RK, Middeldorp ME, Meredith M, Stolcman S, Willoughby SG, Mahajan Ret al. Aggressive Risk factor REduction STudy: implications for the

substrate forAtrial Fibrillation (ARREST-AF Substrate Study). Heart Rhythm 2015;12:S57–96.

198. Gaborit B, Jacquier A, Kober F, Abdesselam I, Cuisset T, Boullu-Ciocca S et al.Effects of bariatric surgery on cardiac ectopic fat: lesser decrease in

epicardialfat compared to visceral fat loss and no change in myocardial triglyceride content.J Am Coll Cardiol 2012;60:1381–9.

199. Pathak RK, Middeldorp ME, Meredith M, Mehta AB, Mahajan R, Wong CX et al.Long-term effect of goal-directed weight management in an atrial

fibrillation cohort: a long-term follow-up study (LEGACY). J Am Coll Cardiol 2015;65:2159–69.

200. Pathak RK, Middeldorp ME, Lau DH, Mehta AB, Mahajan R, Twomey D et al. Aggressive risk factor reduction study for atrial fibrillation and implications

for theoutcome of ablation: the ARREST-AF cohort study. J Am Coll Cardiol 2014;64:2222–31.

201. Abed HS, Wittert GA, Leong DP, Shirazi MG, Bahrami B, Middeldorp ME et al.Effect of weight reduction and cardiometabolic risk factor management on

symptom burden and severity in patients with atrial fibrillation: a randomized clinicaltrial. JAMA 2013;310:2050–60.

202. Huxley RR, Filion KB, Konety S, Alonso A. Meta-analysis of cohort and casecontrol studies of type 2 diabetes mellitus and risk of atrial fibrillation. Am J

Cardiol2011;108:56–62.

203. Kato T, Yamashita T, Sekiguchi A, Sagara K, Takamura M, Takata S et al. What arearrhythmogenic substrates in diabetic rat atria? J Cardiovasc

Electrophysiol 2006;17:890–4.

204. Chao TF, Suenari K, Chang SL, Lin YJ, Lo LW, Hu YF et al. Atrial substrate properties and outcome of catheter ablation in patients with paroxysmal atrial

fibrillation associated with diabetes mellitus or impaired fasting glucose. Am J Cardiol2010;106:1615–20.

205. Shigematsu Y, Norimatsu S, Ogimoto A, Ohtsuka T, Okayama H, Higaki J. The influence of insulin resistance and obesity on left atrial size in Japanese

hypertensivepatients. Hypertens Res 2009;32:500–4.206.

206. Celentano A, Vaccaro O, Tammaro P, Galderisi M, Crivaro M, Oliviero M et al.Early abnormalities of cardiac function in non-insulin-dependent diabetes

mellitusand impaired glucose tolerance. Am J Cardiol 1995;76:1173–6.

207. Anderson EJ, Kypson AP, Rodriguez E, Anderson CA, Lehr EJ, Neufer PD.Substrate-specific derangements in mitochondrial metabolism and redox

balancein the atrium of the type 2 diabetic human heart. J Am Coll Cardiol 2009;54:1891–8.

208. Kato T, Yamashita T, Sekiguchi A, Tsuneda T, Sagara K, Takamura M et al. AGEsRAGE system mediates atrial structural remodeling in the diabetic rat. J

CardiovascElectrophysiol 2008;19:415–20.

209. Soriano FG, Pacher P, Mabley J, Liaudet L, Szabo C. Rapid reversal of the diabeticendothelial dysfunction by pharmacological inhibition of

poly(ADP-ribose) polymerase. Circ Res 2001;89:684–91.

210. Mitasikova M, Lin H, Soukup T, Imanaga I, Tribulova N. Diabetes and thyroid hormones affect connexin-43 and PKC-epsilon expression in rat heart atria.

PhysiolRes 2009;58:211–7.

211. Candido R, Forbes JM, Thomas MC, Thallas V, Dean RG, Burns WC et al. A breaker of advanced glycation end products attenuates diabetes-induced

guide.medlive.cn/

guide.medlive.cn/


42 / 56 A. Goette et al.

myocardialstructural changes. Circ Res 2003;92:785–92.

212. Watanabe M, Yokoshiki H, Mitsuyama H, Mizukami K, Ono T, Tsutsui H. Conduction and refractory disorders in the diabetic atrium. Am J Physiol Heart

Circ Physiol2012;303:H86–95.

213. Shimano M, Tsuji Y, Inden Y, Kitamura K, Uchikawa T, Harata S et al. Pioglitazone,a peroxisome proliferator-activated receptor-gamma activator,

attenuates atrialfibrosis and atrial fibrillation promotion in rabbits with congestive heart failure.Heart Rhythm 2008;5:451–9.

214. Selzer A, Cohn KE. Natural history of mitral stenosis: a review. Circulation 1972;45:878–90.

215. John B, Stiles MK, Kuklik P, Chandy ST, Young GD, Mackenzie L et al. Electricalremodelling of the left and right atria due to rheumatic mitral stenosis.

Eur Heart J2008;29:2234–43.

216. Thiedemann KU, Ferrans VJ. Left atrial ultrastructure in mitral valvular disease. AmJ Pathol 1977;89:575–604.

217. Anne W, Willems R, Roskams T, Sergeant P, Herijgers P, Holemans P et al. Matrixmetalloproteinases and atrial remodeling in patients with mitral valve

disease andatrial fibrillation. Cardiovasc Res 2005;67:655–66.

218. John B, Stiles MK, Kuklik P, Brooks AG, Chandy ST, Kalman JM et al. Reverse remodeling of the atria after treatment of chronic stretch in humans:

implications forthe atrial fibrillation substrate. J Am Coll Cardiol 2010;55:1217–26.

219. Teh AW, Kistler PM, Lee G, Medi C, Heck PM, Spence SJ et al. Long-term effectsof catheter ablation for lone atrial fibrillation: progressive atrial

electroanatomicsubstrate remodeling despite successful ablation. Heart Rhythm 2012;9:473–80.

220. Carver W, Nagpal ML, Nachtigal M, Borg TK, Terracio L. Collagen expression inmechanically stimulated cardiac fibroblasts. Circ Res 1991;69:116–22.

221. Boldt A, Wetzel U, Lauschke J, Weigl J, Gummert J, Hindricks G et al. Fibrosis inleft atrial tissue of patients with atrial fibrillation with and without

underlying mitral valve disease. Heart 2004;90:400–5.

222. Verheule S, Wilson E, Everett T IV, Shanbhag S, Golden C, Olgin J. Alterations inatrial electrophysiology and tissue structure in a canine model of chronic

atrialdilatation due to mitral regurgitation. Circulation 2003;107:2615–22.

223. Chang JP, Tsai TH, Chen YL, Wang YH, Ho WC, Yu GH et al. Left atrial enlargement induced by pure mitral regurgitation: time frame in a new swine

model. EurSurg Res 2010;45:98–104.

224. Chen MC, Chang JP, Huang SC, Chang HW, Chen CJ, Yang CH et al. Dedifferentiation of atrial cardiomyocytes in cardiac valve disease: unrelated to atrial

fibrillation. Cardiovasc Pathol 2008;17:156–65.

225. Chen MC, Chang JP, Chang TH, Hsu SD, Huang HD, Ho WC et al. Unravelingregulatory mechanisms of atrial remodeling of mitral regurgitation pigs by

geneexpression profiling analysis: role of type I angiotensin II receptor antagonist.Transl Res 2015;165:599–620.

226. Chang JP, Chen MC, Liu WH, Yang CH, Chen CJ, Chen YL et al. Atrial myocardialnox2 containing NADPH oxidase activity contribution to oxidative

stress in mitralregurgitation: potential mechanism for atrial remodeling. Cardiovasc Pathol 2011;20:99–106.

227. Le Bihan DC, Della Togna DJ, Barretto RB, Assef JE, Machado LR, Ramos AI et al.Early improvement in left atrial remodeling and function after mitral

valve repairor replacement in organic symptomatic mitral regurgitation assessed by threedimensional echocardiography. Echocardiography

2015;32:1122–30.

228. Dardas PS, Pitsis AA, Tsikaderis DD, Mezilis NE, Geleris PN, Boudoulas HK. Leftatrial volumes, function and work before and after mitral valve repair in

chronicmitral regurgitation. J Heart Valve Dis 2004;13:27–32.

229. Kerr CR, Humphries KH, Talajic M, Klein GJ, Connolly SJ, Green M et al. Progression to chronic atrial fibrillation after the initial diagnosis of paroxysmal

atrial fibrillation: results from the Canadian Registry of Atrial Fibrillation. Am Heart J 2005;149:489–96.

230. Triposkiadis F, Pitsavos C, Boudoulas H, Trikas A, Kallikazaros I, Stefanadis C et al.Left atrial volume and function in valvular aortic stenosis. J Heart

Valve Dis 1993;2:104–13.

231. Gerber IL, Stewart RA, Legget ME, West TM, French RL, Sutton TM et al. Increased plasma natriuretic peptide levels reflect symptom onset in aortic

stenosis.Circulation 2003;107:1884–90.

232. Yilmaz MB, Erbay AR, Balci M, Guray Y, Cihan G, Guray U et al. Atrial natriureticpeptide predicts impaired atrial remodeling and occurrence of late

postoperativeatrial fibrillation after surgery for symptomatic aortic stenosis. Cardiology 2006;105:207–12.

233. Chugh SS, Havmoeller R, Narayanan K, Singh D, Rienstra M, Benjamin EJ et al.Worldwide epidemiology of atrial fibrillation: a Global Burden of Disease

2010Study. Circulation 2014;129:837–47.

234. Moe GK, Abildskov JA. Atrial fibrillation as a self-sustaining arrhythmia independent of focal discharge. Am Heart J 1959;58:59–70.

guide.medlive.cn/

guide.medlive.cn/


心房心肌病 43 / 56

235. Allessie MA, de Groot NM, Houben RP, Schotten U, Boersma E, Smeets JL et al.Electropathological substrate of long-standing persistent atrial fibrillation

in patients with structural heart disease: longitudinal dissociation. Circ Arrhythm Electrophysiol 2010;3:606–15.

236. Pandit SV, Jalife J. Rotors and the dynamics of cardiac fibrillation. Circ Res 2013;112:849–62.

237. Jalife J. Deja vu in the theories of atrial fibrillation dynamics. Cardiovasc Res 2011;89:766–75.

238. Wijffels MC, Kirchhof CJ, Dorland R, Allessie MA. Atrial fibrillation begets atrialfibrillation. A study in awake chronically instrumented goats. Circulation

1995;92:1954–68.

239. Workman AJ, Kane KA, Rankin AC. The contribution of ionic currents to changesin refractoriness of human atrial myocytes associated with chronic atrial

fibrillation. Cardiovasc Res 2001;52:226–35.

240. Jalife J, Berenfeld O, Skanes A, Mandapati R. Mechanisms of atrial fibrillation:mother rotors or multiple daughter wavelets, or both? J Cardiovasc

Electrophysiol1998;9:S2–12.

241. Narayan SM, Baykaner T, Clopton P, Schricker A, Lalani GG, Krummen DE et al.Ablation of rotor and focal sources reduces late recurrence of atrial

fibrillationcompared with trigger ablation alone: extended follow-up of the CONFIRM trial(Conventional Ablation for Atrial Fibrillation With or Without

Focal Impulse andRotor Modulation). J Am Coll Cardiol 2014;63:1761–8.

242. Narayan SM, Krummen DE, Donsky A, Swarup V, Miller JM. Precise rotor elimination without concomitant pulmonary vein isolation for the successful

eliminationof paroxysmal atrial fibrillation (PRECISE-PAF). Heart Rhythm 2013;10:LBCT4.

243. Voigt N, Trausch A, Knaut M, Matschke K, Varro A, Van Wagoner DR et al.Left-to-right atrial inward rectifier potassium current gradients in patients

withparoxysmal versus chronic atrial fibrillation. Circ Arrhythm Electrophysiol 2010;3:472–80.

244. He X, Gao X, Peng L, Wang S, Zhu Y, Ma H et al. Atrial fibrillation induces myocardial fibrosis through angiotensin II type 1 receptor-specific

Arkadia-mediateddownregulation of Smad7. Circ Res 2011;108:164–75.

245. Kaur K, Zarzoso M, Ponce-Balbuena D, Guerrero-Serna G, Hou L, Musa H et al.TGF-beta1, released by myofibroblasts, differentially regulates

transcription andfunction of sodium and potassium channels in adult rat ventricular myocytes.PLoS One 2013;8:e55391.

246. Filgueiras-Rama D, Price NF, Martins RP, Yamazaki M, Avula UM, Kaur K et al.Long-term frequency gradients during persistent atrial fibrillation in sheep

are associated with stable sources in the left atrium. Circ Arrhythm Electrophysiol 2012;5:1160–7.

247. Hu H, Sachs F. Stretch-activated ion channels in the heart. J Mol Cell Cardiol 1997;29:1511–23.

248. Kim D. Novel cation-selective mechanosensitive ion channel in the atrial cellmembrane. Circ Res 1993;72:225–31.

249. Rafizadeh S, Zhang Z, Woltz RL, Kim HJ, Myers RE, Lu L et al. Functional interaction with filamin A and intracellular Ca2+ enhance the surface membrane

expression of a small-conductance Ca2+-activated K+ (SK2) channel. Proc NatlAcad Sci USA 2014;111:9989–94.

250. Reilly SN, Jayaram R, Nahar K, Antoniades C, Verheule S, Channon KM et al. Atrialsources of reactive oxygen species vary with the duration and substrate

of atrialfibrillation: implications for the antiarrhythmic effect of statins. Circulation 2011;124:1107–17.

251. Shimano M, Shibata R, Inden Y, Yoshida N, Uchikawa T, Tsuji Y et al. Reactive oxidative metabolites are associated with atrial conduction disturbance in

patientswith atrial fibrillation. Heart Rhythm 2009;6:935–40.

252. Wagner S, Rokita AG, Anderson ME, Maier LS. Redox regulation of sodium andcalcium handling. Antioxid Redox Signal 2013;18:1063–77.

253. Guo Y, Lip GY, Apostolakis S. Inflammation in atrial fibrillation. J Am Coll Cardiol2012;60:2263–70.

254. Dikalov SI, Nazarewicz RR. Angiotensin II-induced production of mitochondrialreactive oxygen species: potential mechanisms and relevance for

cardiovasculardisease. Antioxid Redox Signal 2013;19:1085–94.

255. Haemers P, Hamdi H, Guedj K, Suffee N, Farahmand P, Popovic N et al. Atrialfibrillation is associated with the fibrotic remodelling of adipose tissue in the

subepicardium of human and sheep atria. Eur Heart J 2015;doi: 10.1093/eurheartj/ehv625.

256. Chilukoti RK, Giese A, Malenke W, Homuth G, Bukowska A, Goette A et al. Atrialfibrillation and rapid acute pacing regulate adipocyte/adipositas-related

gene expression in the atria. Int J Cardiol 2015;187:604–13.

257. Zymek P, Bujak M, Chatila K, Cieslak A, Thakker G, Entman ML et al. The role ofplatelet-derived growth factor signaling in healing myocardial infarcts. J

Am CollCardiol 2006;48:2315–23.

258. Page PL, Plumb VJ, Okumura K, Waldo AL. A new animal model of atrial flutter.J Am Coll Cardiol 1986;8:872–9.

259. Abdelhadi RH, Gurm HS, Van Wagoner DR, Chung MK. Relation of an exaggerated rise in white blood cells after coronary bypass or cardiac valve surgery

to development of atrial fibrillation postoperatively. Am J Cardiol 2004;93:1176–8.

guide.medlive.cn/

guide.medlive.cn/


44 / 56 A. Goette et al.

260. Ishii Y, Schuessler RB, Gaynor SL, Yamada K, Fu AS, Boineau JP et al. Inflammationof atrium after cardiac surgery is associated with inhomogeneity of

atrial conduction and atrial fibrillation. Circulation 2005;111:2881–8.

261. Rudolph V, Andrie RP, Rudolph TK, Friedrichs K, Klinke A, Hirsch-Hoffmann Bet al. Myeloperoxidase acts as a profibrotic mediator of atrial fibrillation.

NatMed 2010;16:470–4.

262. Goldstein RN, Ryu K, Khrestian C, van Wagoner DR, Waldo AL. Prednisone prevents inducible atrial flutter in the canine sterile pericarditis model. J

CardiovascElectrophysiol 2008;19:74–81.

263. Halonen J, Halonen P, Jarvinen O, Taskinen P, Auvinen T, Tarkka M et al. Corticosteroids for the prevention of atrial fibrillation after cardiac surgery: a

randomized controlled trial. JAMA 2007;297:1562–7.

264. Mayyas F, Niebauer M, Zurick A, Barnard J, Gillinov AM, Chung MK et al. Association of left atrial endothelin-1 with atrial rhythm, size, and fibrosis in

patientswith structural heart disease. Circ Arrhythm Electrophysiol 2010;3:369–79.

265. Goette A, Arndt M, Rocken C, Spiess A, Staack T, Geller JC et al. Regulation ofangiotensin II receptor subtypes during atrial fibrillation in humans.

Circulation2000;101:2678–81.

266. Goette A, Staack T, Rocken C, Arndt M, Geller JC, Huth C et al. Increased expression of extracellular signal-regulated kinase and angiotensin-converting

enzyme inhuman atria during atrial fibrillation. J Am Coll Cardiol 2000;35:1669–77.

267. Chung MK, Martin DO, Sprecher D, Wazni O, Kanderian A, Carnes CA et al.C-reactive protein elevation in patients with atrial arrhythmias: inflammatory

mechanisms and persistence of atrial fibrillation. Circulation 2001;104:2886–91.

268. Aviles RJ, Martin DO, Apperson-Hansen C, Houghtaling PL, Rautaharju P,Kronmal RA et al. Inflammation as a risk factor for atrial fibrillation.

Circulation2003;108:3006–10.

269. Marcus GM, Whooley MA, Glidden DV, Pawlikowska L, Zaroff JG, Olgin JE.Interleukin-6 and atrial fibrillation in patients with coronary artery disease:

datafrom the Heart and Soul Study. Am Heart J 2008;155:303–9.

270. Li J, Solus J, Chen Q, Rho YH, Milne G, Stein CM et al. Role of inflammation andoxidative stress in atrial fibrillation. Heart Rhythm 2010;7:438–44.

271. Goette A, Hoffmanns P, Enayati W, Meltendorf U, Geller JC, Klein HU. Effect ofsuccessful electrical cardioversion on serum aldosterone in patients with

persistent atrial fibrillation. Am J Cardiol 2001;88:906–9, A908.

272. Rienstra M, Sun JX, Magnani JW, Sinner MF, Lubitz SA, Sullivan LM et al. Whiteblood cell count and risk of incident atrial fibrillation (from the

Framingham HeartStudy). Am J Cardiol 2012;109:533–7.

273. Schnabel RB, Larson MG, Yamamoto JF, Kathiresan S, Rong J, Levy D et al. Relation of multiple inflammatory biomarkers to incident atrial fibrillation.

Am J Cardiol2009;104:92–6.

274. Schnabel RB, Sullivan LM, Levy D, Pencina MJ, Massaro JM, D’Agostino RB Sr et al.Development of a risk score for atrial fibrillation (Framingham

Heart Study): acommunity-based cohort study. Lancet 2009;373:739–45.

275. Kallergis EM, Manios EG, Kanoupakis EM, Mavrakis HE, Kolyvaki SG, Lyrarakis GMet al. The role of the post-cardioversion time course of hs-CRP

levels in clarifyingthe relationship between inflammation and persistence of atrial fibrillation. Heart2008;94:200–4.

276. Rotter M, Jais P, Vergnes MC, Nurden P, Takahashi Y, Sanders P et al. Decline inC-reactive protein after successful ablation of long-lasting persistent atrial

fibrillation. J Am Coll Cardiol 2006;47:1231–3.

277. Marcus GM, Smith LM, Glidden DV, Wilson E, McCabe JM, Whiteman D et al.Markers of inflammation before and after curative ablation of atrial flutter.

HeartRhythm 2008;5:215–21.

278. Marcus GM, Smith LM, Ordovas K, Scheinman MM, Kim AM, Badhwar N et al.Intracardiac and extracardiac markers of inflammation during atrial

fibrillation.Heart Rhythm 2010;7:149–54.

279. Li-Saw-Hee FL, Blann AD, Goldsmith I, Lip GY. Indexes of hypercoagulability measured in peripheral blood reflect levels in intracardiac blood in patients

with atrialfibrillation secondary to mitral stenosis. Am J Cardiol 1999;83:1206–9.

280. Liuba I, Ahlmroth H, Jonasson L, Englund A, Jonsson A, Safstrom K et al. Source ofinflammatory markers in patients with atrial fibrillation. Europace

2008;10:848–53.

281. Akar JG, Jeske W, Wilber DJ. Acute onset human atrial fibrillation is associated with local cardiac platelet activation and endothelial dysfunction. J Am

Coll Cardiol 2008;51:1790–3.

282. Marcus GM. Predicting incident atrial fibrillation: an important step toward primaryprevention. Arch Intern Med 2010;170:1874–5.

guide.medlive.cn/

guide.medlive.cn/


心房心肌病 45 / 56

283. Schnabel RB, Larson MG, Yamamoto JF, Sullivan LM, Pencina MJ, Meigs JB et al. Relations of biomarkers of distinct pathophysiological pathways and

atrial fibrillation incidence in the community. Circulation 2010;121:200–7.

284. Dewland TA, Vittinghoff E, Mandyam MC, Heckbert SR, Siscovick DS, Stein PK et al. Atrial ectopy as a predictor of incident atrial fibrillation: a cohort

study. Ann Intern Med 2013;159:721–8.

285. Alonso A, Krijthe BP, Aspelund T, Stepas KA, Pencina MJ, Moser CB et al. Simple risk model predicts incidence of atrial fibrillation in a racially and

geographically diverse population: the CHARGE-AF consortium. J Am Heart Assoc 2013;2: e000102.

286. Sinner MF, Stepas KA, Moser CB, Krijthe BP, Aspelund T, Sotoodehnia N et al. B-type natriuretic peptide and C-reactive protein in the prediction of atrial

fibrillation risk: the CHARGE-AF Consortium of community-based cohort studies. Europace 2014;16:1426–33.

287. Huxley RR, Lopez FL, MacLehose RF, Eckfeldt JH, Couper D, Leiendecker-Foster C et al. Novel association between plasma matrix metalloproteinase-9

and risk of incident atrial fibrillation in a case-cohort study: the Atherosclerosis Risk in Communities study. PLoS One 2013;8:e59052.

288. Arndt M, Lendeckel U, Rocken C, Nepple K, Wolke C, Spiess A et al. Altered expression of ADAMs (A Disintegrin And Metalloproteinase) in fibrillating

human atria. Circulation 2002;105:720–5.

289. Watson T, Shantsila E, Lip GY. Mechanisms of thrombogenesis in atrial fibrillation: Virchow’s triad revisited. Lancet 2009;373:155–66.

290. Choudhury A, Chung I, Blann AD, Lip GY. Elevated platelet microparticle levels in nonvalvular atrial fibrillation: relationship to p-selectin and

antithrombotic therapy. Chest 2007;131:809–15.

291. Tan KT, Lip GY.Atrial fibrillation: should we target platelets or the coagulation pathway? Card Electrophysiol Rev 2003;7:370–1.

292. Wysokinski WE, Owen WG, Fass DN, Patrzalek DD, Murphy L, McBane RD II. Atrial fibrillation and thrombosis: immunohistochemical differences

between in situ and embolized thrombi. J Thromb Haemost 2004;2:1637–44.

293. Lip GY. Does atrial fibrillation confer a hypercoagulable state? Lancet 1995;346: 1313–4.

294. Ohara K, Inoue H, Nozawa T, Hirai T, Iwasa A, Okumura K et al. Accumulation of risk factors enhances the prothrombotic state in atrial fibrillation. Int J

Cardiol 2008;126:316–21.

295. Nozawa T, Inoue H, Hirai T, Iwasa A, Okumura K, Lee JD et al. D-dimer level influences thromboembolic events in patients with atrial fibrillation. Int J

Cardiol 2006;109:59–65.

296. Conway DS, Pearce LA, Chin BS, Hart RG, Lip GY. Plasma von Willebrand factor and soluble p-selectin as indices of endothelial damage and platelet

activation in 1321 patients with nonvalvular atrial fibrillation: relationship to stroke risk factors. Circulation 2002;106:1962–7.

297. Conway DS, Pearce LA, Chin BS, Hart RG, Lip GY. Prognostic value of plasma von Willebrand factor and soluble P-selectin as indices of endothelial

damage and platelet activation in 994 patients with nonvalvular atrial fibrillation. Circulation 2003;107:3141–5.

298. Lip GY, Patel JV, Hughes E, Hart RG. High-sensitivity C-reactive protein and soluble CD40 ligand as indices of inflammation and platelet activation in 880

patients with nonvalvular atrial fibrillation: relationship to stroke risk factors, stroke risk stratification schema, and prognosis. Stroke 2007;38:1229–37.

299. Conway DS, Buggins P, Hughes E, Lip GY. Relationship of interleukin-6 and C-reactive protein to the prothrombotic state in chronic atrial fibrillation. J

Am Coll Cardiol 2004;43:2075–82.

300. Lip GY, Lane D, Van Walraven C, Hart RG. Additive role of plasma von Willebrand factor levels to clinical factors for risk stratification of patients with

atrial fibrillation. Stroke 2006;37:2294–300.

301. Roldan V, Marin F, Muina B, Torregrosa JM, Hernandez-Romero D, Valdes M et al. Plasma von Willebrand factor levels are an independent risk factor for

adverse events including mortality and major bleeding in anticoagulated atrial fibrillation patients. J Am Coll Cardiol 2011;57:2496–504.

302. Wallentin L, Hijazi Z, Andersson U, Alexander JH, De Caterina R, Hanna M et al. Growth differentiation factor 15, a marker of oxidative stress and

inflammation, for risk assessment in patients with atrial fibrillation: insights from the Apixaban for Reduction in Stroke and Other Thromboembolic Events

in Atrial Fibrillation (ARISTOTLE) trial. Circulation 2014;130:1847–58.

303. Christersson C,Wallentin L, Andersson U, Alexander JH, Ansell J, De Caterina R et al. D-dimer and risk of thromboembolic and bleeding events in patients

with atrial fibrillation—observations from the ARISTOTLE trial. J Thromb Haemost 2014;12:1401–12.

304. Hijazi Z,Wallentin L, Siegbahn A, Andersson U, Alexander JH, Atar D et al. Highsensitivity troponin T and risk stratification in patients with atrial

fibrillation during treatment with apixaban or warfarin. J Am Coll Cardiol 2014;63:52–61.

305. Lip GY. Stroke and bleeding risk assessment in atrial fibrillation: when, how, and why? Eur Heart J 2013;34:1041–9.

306. Bukowska A, Zacharias I,Weinert S, Skopp K, Hartmann C, Huth C et al. Coagulation factor Xa induces an inflammatory signalling by activation of

guide.medlive.cn/

guide.medlive.cn/


46 / 56 A. Goette et al.

protease-activated receptors in human atrial tissue. Eur J Pharmacol 2013;718: 114–23.

307. Goette A, Hammwohner M, Bukowska A, Scalera F, Martens-Lobenhoffer J, Dobrev D et al. The impact of rapid atrial pacing on ADMA and endothelial

NOS. Int J Cardiol 2012;154:141–6.

308. Bukowska A, Rocken C, Erxleben M, Rohl FW, Hammwohner M, Huth C et al. Atrial expression of endothelial nitric oxide synthase in patients with and

without atrial fibrillation. Cardiovasc Pathol 2010;19:e51–60.

309. Goette A, Bukowska A, Lendeckel U, Erxleben M, Hammwohner M, Strugala D et al. Angiotensin II receptor blockade reduces tachycardia-induced atrial

adhesion molecule expression. Circulation 2008;117:732–42.

310. Hammwohner M, Ittenson A, Dierkes J, Bukowska A, Klein HU, Lendeckel U et al. Platelet expression of CD40/CD40 ligand and its relation to

inflammatory markers and adhesion molecules in patients with atrial fibrillation. Exp Biol Med 2007;232:581–9.

311. Bouzas-Mosquera A, Broullon FJ, Alvarez-Garcia N, Mendez E, Peteiro J, Gandara-Sambade T et al. Left atrial size and risk for all-cause mortality and

ischemic stroke. CMAJ 2011;183:E657–64.

312. Kizer JR, Bella JN, Palmieri V, Liu JE, Best LG, Lee ET et al. Left atrial diameter as an independent predictor of first clinical cardiovascular events in

middle-aged and elderly adults: the Strong Heart Study (SHS). Am Heart J 2006;151:412–8.

313. Lancellotti P, Donal E, Magne J, Moonen M, O’Connor K, Daubert JC et al. Risk stratification in asymptomatic moderate to severe aortic stenosis: the

importance of the valvular, arterial and ventricular interplay. Heart 2010;96:1364–71.

314. Le Tourneau T, Messika-Zeitoun D, Russo A, Detaint D, Topilsky Y, Mahoney DW et al. Impact of left atrial volume on clinical outcome in organic mitral

regurgitation. J Am Coll Cardiol 2010;56:570–8.

315. Tsang TS, Barnes ME, Gersh BJ, Bailey KR, Seward JB. Left atrial volume as a morphophysiologic expression of left ventricular diastolic dysfunction and

relation to cardiovascular risk burden. Am J Cardiol 2002;90:1284–9.

316. Tsang TS, Barnes ME, Gersh BJ, Takemoto Y, Rosales AG, Bailey KR et al. Prediction of risk for first age-related cardiovascular events in an elderly

population: the incremental value of echocardiography. J Am Coll Cardiol 2003;42:1199–205.

317. Appleton CP, Galloway JM, Gonzalez MS, Gaballa M, Basnight MA. Estimation of left ventricular filling pressures using two-dimensional and Doppler

echocardiography in adult patients with cardiac disease. Additional value of analyzing left atrial size, left atrial ejection fraction and the difference in

duration of pulmonary venous and mitral flow velocity at atrial contraction. J Am Coll Cardiol 1993;22:1972–82.

318. Geske JB, Sorajja P, Nishimura RA, Ommen SR. The relationship of left atrial volume and left atrial pressure in patients with hypertrophic cardiomyopathy:

an echocardiographic and cardiac catheterization study. J Am Soc Echocardiogr 2009;22:961–6.

319. Guron CW, Hartford M, Rosengren A, Thelle D, Wallentin I, Caidahl K. Usefulness of atrial size inequality as an indicator of abnormal left ventricular

filling. Am J Cardiol 2005;95:1448–52.

320. Simek CL, Feldman MD, Haber HL, Wu CC, Jayaweera AR, Kaul S. Relationship between left ventricular wall thickness and left atrial size: comparison

with other measures of diastolic function. J Am Soc Echocardiogr 1995;8:37–47.

321. Ersboll M, Andersen MJ, Valeur N, Mogensen UM,Waziri H, Moller JE et al. The prognostic value of left atrial peak reservoir strain in acute myocardial

infarction is dependent on left ventricular longitudinal function and left atrial size. Circ Cardiovasc Imaging 2013;6:26–33.

322. Lonborg JT, Engstrom T, Moller JE, Ahtarovski KA, Kelbaek H, Holmvang L et al. Left atrial volume and function in patients following ST elevation

myocardial infarction and the association with clinical outcome: a cardiovascular magnetic resonance study. Eur Heart J Cardiovasc Imaging

2013;14:118–27.

323. Barnes ME, Miyasaka Y, Seward JB, Gersh BJ, Rosales AG, Bailey KR et al. Left atrial volume in the prediction of first ischemic stroke in an elderly

cohort without atrial fibrillation. Mayo Clin Proc 2004;79:1008–14.

324. Benjamin EJ, D’Agostino RB, Belanger AJ,Wolf PA, Levy D. Left atrial size and the risk of stroke and death. The Framingham Heart Study. Circulation

1995;92: 835–41.

325. Bolca O, Akdemir O, Eren M, Dagdeviren B, Yildirim A, Tezel T. Left atrial maximum volume is a recurrence predictor in lone atrial fibrillation: an

acoustic quantification study. Jpn Heart J 2002;43:241–8.

326. Di Tullio MR, Sacco RL, Sciacca RR, Homma S. Left atrial size and the risk of ischemic stroke in an ethnically mixed population. Stroke

1999;30:2019–24.

327. Flaker GC, Fletcher KA, Rothbart RM, Halperin JL, Hart RG. Clinical and echocardiographic features of intermittent atrial fibrillation that predict recurrent

guide.medlive.cn/

guide.medlive.cn/


心房心肌病 47 / 56

atrial fibrillation. Stroke Prevention in Atrial Fibrillation (SPAF) Investigators. Am J Cardiol 1995;76:355–8.

328. Kottkamp H. Fibrotic atrial cardiomyopathy: a specific disease/syndrome supplying substrates for atrial fibrillation, atrial tachycardia, sinus node disease,

AV node disease, and thromboembolic complications. J Cardiovasc Electrophysiol 2012;23: 797–9.

329. Tsang TS, Barnes ME, Bailey KR, Leibson CL, Montgomery SC, Takemoto Y et al. Left atrial volume: important risk marker of incident atrial fibrillation

in 1655 older men and women. Mayo Clin Proc 2001;76:467–75.

330. Vaziri SM, Larson MG, Benjamin EJ, Levy D. Echocardiographic predictors of nonrheumatic atrial fibrillation. The Framingham Heart Study. Circulation

1994;89: 724–30.

331. Tsang TS, Barnes ME, Gersh BJ, Bailey KR, Seward JB. Risks for atrial fibrillation and congestive heart failure in patients ./¼65 years of age with

abnormal left ventricular diastolic relaxation. Am J Cardiol 2004;93:54–8.

332. Tsang TS, Gersh BJ, Appleton CP, Tajik AJ, Barnes ME, Bailey KR et al. Left ventricular diastolic dysfunction as a predictor of the first diagnosed

nonvalvular atrial fibrillation in 840 elderly men and women. J Am Coll Cardiol 2002;40:1636–44.

333. Beinart R, Boyko V, Schwammenthal E, Kuperstein R, Sagie A, Hod H et al. Longterm prognostic significance of left atrial volume in acute myocardial

infarction. J Am Coll Cardiol 2004;44:327–34.

334. Moller JE, Hillis GS, Oh JK, Seward JB, Reeder GS, Wright RS et al. Left atrial volume: a powerful predictor of survival after acute myocardial infarction.

Circulation 2003;107:2207–12.

335. Dini FL, Cortigiani L, Baldini U, Boni A, Nuti R, Barsotti L et al. Prognostic value of left atrial enlargement in patients with idiopathic dilated

cardiomyopathy and ischemic cardiomyopathy. Am J Cardiol 2002;89:518–23.

336. Kim H, Cho YK, Jun DH, NamCW, Han SW, Hur SH et al. Prognostic implications of the NT-ProBNP level and left atrial size in non-ischemic dilated

cardiomyopathy. Circ J 2008;72:1658–65.

337. Modena MG, Muia N, Sgura FA, Molinari R, Castella A, Rossi R. Left atrial size is the major predictor of cardiac death and overall clinical outcome in

patients with dilated cardiomyopathy: a long-term follow-up study. Clin Cardiol 1997;20: 553–60.

338. Quinones MA, Greenberg BH, Kopelen HA, Koilpillai C, Limacher MC, Shindler DM et al. Echocardiographic predictors of clinical outcome in patients

with left ventricular dysfunction enrolled in the SOLVD registry and trials: significance of left ventricular hypertrophy. Studies of Left Ventricular

Dysfunction. J Am Coll Cardiol 2000;35:1237–44.

339. Sabharwal N, Cemin R, Rajan K, Hickman M, Lahiri A, Senior R. Usefulness of left atrial volume as a predictor of mortality in patients with ischemic

cardiomyopathy. Am J Cardiol 2004;94:760–3.

340. Maddukuri PV, Vieira ML, DeCastro S, Maron MS, Kuvin JT, Patel AR et al. What is the best approach for the assessment of left atrial size? Comparison of

various unidimensional and two-dimensional parameters with three-dimensional echocardiographically determined left atrial volume. J Am Soc

Echocardiogr 2006;19: 1026–32.

341. Wang Y, Gutman JM, Heilbron D,Wahr D, Schiller NB. Atrial volume in a normal adult population by two-dimensional echocardiography. Chest

1984;86:595–601.

342. Whitlock M, Garg A, Gelow J, Jacobson T, Broberg C. Comparison of left and right atrial volume by echocardiography versus cardiac magnetic resonance

imaging using the area-length method. Am J Cardiol 2010;106:1345–50.

343. Aune E, Baekkevar M, Roislien J, Rodevand O, Otterstad JE. Normal reference ranges for left and right atrial volume indexes and ejection fractions

obtained with real-time three-dimensional echocardiography. Eur J Echocardiogr 2009;10: 738–44.

344. Peluso D, Badano LP, Muraru D, Dal Bianco L, Cucchini U, Kocabay G et al. Right atrial size and function assessed with three-dimensional and

speckle-tracking echocardiography in 200 healthy volunteers. Eur Heart J Cardiovasc Imaging 2013;14:1106–14.

345. Poulsen MK, Dahl JS, Henriksen JE, Hey TM, Hoilund-Carlsen PF, Beck-Nielsen H et al. Left atrial volume index: relation to long-term clinical outcome

in type 2 diabetes. J Am Coll Cardiol 2013;62:2416–21.

346. Donal E, Lip GY, Galderisi M, Goette A, Shah D, Marwan M et al. EACVI/EHRA Expert Consensus Document on the role of multi-modality imaging for

the evaluation of patients with atrial fibrillation. Eur Heart J Cardiovasc Imaging 2016;17: 355–83.

347. Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L et al. Recommendations for cardiac chamber quantification by echocardiography in

adults: an update from the American Society of Echocardiography and the European Association of Cardiovascular Imaging. J Am Soc Echocardiogr

2015;28:1–39 e14.

guide.medlive.cn/

guide.medlive.cn/


48 / 56 A. Goette et al.

348. Olshansky B, Heller EN, Mitchell LB, Chandler M, Slater W, Green M et al. Are transthoracic echocardiographic parameters associated with atrial

fibrillation recurrence or stroke? Results from the Atrial Fibrillation Follow-Up Investigation of Rhythm Management (AFFIRM) study. J Am Coll Cardiol

2005;45:2026–33.

349. Rusinaru D, Tribouilloy C, Grigioni F, Avierinos JF, Suri RM, Barbieri A et al. Left atrial size is a potent predictor of mortality in mitral regurgitation due to

flail leaflets: results from a large international multicenter study. Circ Cardiovasc Imaging 2011;4:473–81.

350. Wade MR, Chandraratna PA, Reid CL, Lin SL, Rahimtoola SH. Accuracy of nondirected and directed M-mode echocardiography as an estimate of left

atrial size. Am J Cardiol 1987;60:1208–11.

351. Lester SJ, Ryan EW, Schiller NB, Foster E. Best method in clinical practice and in research studies to determine left atrial size. Am J Cardiol

1999;84:829–32.

352. Loperfido F, Pennestri F, Digaetano A, Scabbia E, Santarelli P, Mongiardo R et al. Assessment of left atrial dimensions by cross sectional echocardiography

in patients with mitral valve disease. Br Heart J 1983;50:570–8.

353. Vyas H, Jackson K, Chenzbraun A. Switching to volumetric left atrial measurements: impact on routine echocardiographic practice. Eur J Echocardiogr

2011; 12:107–11.

354. Gottdiener JS, Kitzman DW, Aurigemma GP, Arnold AM, Manolio TA. Left atrial volume, geometry, and function in systolic and diastolic heart failure of

persons ＞or =65 years of age (the cardiovascular health study). Am J Cardiol 2006;97:83–9.

355. Rossi A, Cicoira M, Zanolla L, Sandrini R, Golia G, Zardini P et al. Determinants and prognostic value of left atrial volume in patients with dilated

cardiomyopathy. J Am Coll Cardiol 2002;40:1425.

356. Takemoto Y, Barnes ME, Seward JB, Lester SJ, Appleton CA, Gersh BJ et al. Usefulness of left atrial volume in predicting first congestive heart failure in

patients ＞or =65 65 years of age with well-preserved left ventricular systolic function. Am J Cardiol 2005;96:832–6.

357. Tani T, Tanabe K, Ono M, Yamaguchi K, Okada M, Sumida T et al. Left atrial volume and the risk of paroxysmal atrial fibrillation in patients with

hypertrophic cardiomyopathy. J Am Soc Echocardiogr 2004;17:644–8.

358. Tsang TS, Abhayaratna WP, Barnes ME, Miyasaka Y, Gersh BJ, Bailey KR et al. Prediction of cardiovascular outcomes with left atrial size: is volume

superior to area or diameter? J Am Coll Cardiol 2006;47:1018–23.

359. Pritchett AM, Jacobsen SJ, Mahoney DW, Rodeheffer RJ, Bailey KR, Redfield MM. Left atrial volume as an index of left atrial size: a population-based

study. J Am Coll Cardiol 2003;41:1036–43.

360. Jenkins C, Bricknell K, Marwick TH. Use of real-time three-dimensional echocardiography to measure left atrial volume: comparison with other

echocardiographic techniques. J Am Soc Echocardiogr 2005;18:991–7.

361. Maceira AM, Cosin-Sales J, Roughton M, Prasad SK, Pennell DJ. Reference left atrial dimensions and volumes by steady state free precession

cardiovascular magnetic resonance. J Cardiovasc Magn Reson 2010;12:65.

362. Rodevan O, Bjornerheim R, Ljosland M, Maehle J, Smith HJ, Ihlen H. Left atrial volumes assessed by three- and two-dimensional echocardiography

compared to MRI estimates. Int J Card Imaging 1999;15:397–410.

363. Stojanovska J, Cronin P, Patel S, Gross BH, Oral H, Chughtai K et al. Reference normal absolute and indexed values from ECG-gated MDCT: left atrial

volume, function, and diameter. AJRAm J Roentgenol 2011;197:631–7.

364. Ujino K, Barnes ME, Cha SS, Langins AP, Bailey KR, Seward JB et al. Twodimensional echocardiographic methods for assessment of left atrial volume.

Am J Cardiol 2006;98:1185–8.

365. Aurigemma GP, Gottdiener JS, Arnold AM, Chinali M, Hill JC, Kitzman D. Left atrial volume and geometry in healthy aging: the Cardiovascular Health

Study. Circ Cardiovasc Imaging 2009;2:282–9.

366. Thomas L, Levett K, Boyd A, Leung DY, Schiller NB, Ross DL. Compensatory changes in atrial volumes with normal aging: is atrial enlargement

inevitable? J Am Coll Cardiol 2002;40:1630–5.

367. Yamaguchi K, Tanabe K, Tani T, Yagi T, Fujii Y, Konda T et al. Left atrial volume in normal Japanese adults. Circ J 2006;70:285–8.

368. Miyasaka Y, Tsujimoto S, Maeba H, Yuasa F, Takehana K, Dote K et al. Left atrial volume by real-time three-dimensional echocardiography: validation by

64-slice multidetector computed tomography. J Am Soc Echocardiogr 2011;24:680–6.

369. Rohner A, Brinkert M, Kawel N, Buechel RR, Leibundgut G, Grize L et al. Functional assessment of the left atrium by real-time three-dimensional

echocardiography using a novel dedicated analysis tool: initial validation studies in comparison with computed tomography. Eur J Echocardiogr

guide.medlive.cn/

guide.medlive.cn/


心房心肌病 49 / 56

2011;12:497–505.

370. Artang R, Migrino RQ, Harmann L, Bowers M, Woods TD. Left atrial volume measurement with automated border detection by 3-dimensional

echocardiography: comparison with Magnetic Resonance Imaging. Cardiovasc Ultrasound 2009;7:16.

371. Mor-Avi V, Yodwut C, Jenkins C, Kuhl H, Nesser HJ, Marwick TH et al. Real-time 3D echocardiographic quantification of left atrial volume: multicenter

study for validation with CMR. JACC Cardiovasc Imaging 2012;5:769–77.

372. Caselli S, Canali E, Foschi ML, Santini D, Di Angelantonio E, Pandian NG et al. Long-term prognostic significance of three-dimensional

echocardiographic parameters of the left ventricle and left atrium. Eur J Echocardiogr 2010;11:250–6.

373. Suh IW, Song JM, Lee EY, Kang SH, Kim MJ, Kim JJ et al. Left atrial volume measured by real-time 3-dimensional echocardiography predicts clinical

outcomes in patients with severe left ventricular dysfunction and in sinus rhythm. J Am Soc Echocardiogr 2008;21:439–45.

374. Vasan RS, Larson MG, Levy D, Galderisi M, Wolf PA, Benjamin EJ et al. Doppler transmitral flow indexes and risk of atrial fibrillation (the Framingham

Heart Study). Am J Cardiol 2003;91:1079–83.

375. Mattioli AV, Tarabini Castellani E, Vivoli D, Molinari R, Mattioli G. Restoration of atrial function after atrial fibrillation of different etiological origins.

Cardiology 1996; 87:205–11.

376. Yuda S, Nakatani S, Isobe F, Kosakai Y, Miyatake K. Comparative efficacy of the maze procedure for restoration of atrial contraction in patients with and

without giant left atrium associated with mitral valve disease. J Am Coll Cardiol 1998;31: 1097–102.

377. Shizukuda Y, Bolan CD, Tripodi DJ, Yau YY, Nguyen TT, Botello G et al. Significance of left atrial contractile function in asymptomatic subjects with

hereditary hemochromatosis. Am J Cardiol 2006;98:954–9.

378. Manning WJ, Leeman DE, Gotch PJ, Come PC. Pulsed Doppler evaluation of atrial mechanical function after electrical cardioversion of atrial fibrillation. J

Am Coll Cardiol 1989;13:617–23.

379. Oki T, Fukuda N, Iuchi A, Tabata T, Tanimoto M, Manabe K et al. Left atrial systolic performance in the presence of elevated left ventricular end-diastolic

pressure: evaluation by transesophageal pulsed Doppler echocardiography of left ventricular inflow and pulmonary venous flow velocities.

Echocardiography 1997;14: 23–32.

380. Oki T, Iuchi A, Tabata T, Yamada H, Manabe K, Kageji Y et al. Transesophageal pulsed Doppler echocardiographic evaluation of left atrial systolic

performance in hypertrophic cardiomyopathy: combined analysis of transmitral and pulmonary venous flow velocities. Clin Cardiol 1997;20:47–54.

381. Sakai H, Kunichika H, Murata K, Seki K, Katayama K, Hiro T et al. Improvement of afterload mismatch of left atrial booster pump function with positive

inotropic agent. J Am Coll Cardiol 2001;37:270–7.

382. Iuchi A, Oki T, Tabata T, Manabe K, Kageji Y, SasakiM et al. [Changes in pulmonary venous and transmitral flow velocity patterns after cardioversion of

atrial fibrillation]. J Cardiol 1995;25:317–24.

383. Thomas L, Levett K, Boyd A, Leung DY, Schiller NB, Ross DL. Changes in regional left atrial function with aging: evaluation by Doppler tissue imaging.

Eur J Echocardiogr 2003;4:92–100.

384. Hesse B, Schuele SU, Thamilasaran M, Thomas J, Rodriguez L. A rapid method to quantify left atrial contractile function: Doppler tissue imaging of the

mitral annulus during atrial systole. Eur J Echocardiogr 2004;5:86–92.

385. Inaba Y, Yuda S, Kobayashi N, Hashimoto A, Uno K, Nakata T et al. Strain rate imaging for noninvasive functional quantification of the left atrium:

comparative studies in controls and patients with atrial fibrillation. J Am Soc Echocardiogr 2005;18:729–36.

386. Vianna-Pinton R, Moreno CA, Baxter CM, Lee KS, Tsang TS, Appleton CP. Twodimensional speckle-tracking echocardiography of the left atrium:

feasibility and regional contraction and relaxation differences in normal subjects. J Am Soc Echocardiogr 2009;22:299–305.

387. Kim DG, Lee KJ, Lee S, Jeong SY, Lee YS, Choi YJ et al. Feasibility of twodimensional global longitudinal strain and strain rate imaging for the

assessment of left atrial function: a study in subjects with a low probability of cardiovascular disease and normal exercise capacity. Echocardiography

2009;26:1179–87.

388. Cameli M, Caputo M, Mondillo S, Ballo P, Palmerini E, Lisi M et al. Feasibility and reference values of left atrial longitudinal strain imaging by

two-dimensional speckle tracking. Cardiovasc Ultrasound 2009;7:6.

389. Cianciulli TF, Saccheri MC, Lax JA, Bermann AM, Ferreiro DE. Two-dimensional speckle tracking echocardiography for the assessment of atrial function.

World J Cardiol 2010;2:163–70.

390. Cameli M, Lisi M, Focardi M, Reccia R, Natali BM, Sparla S et al. Left atrial deformation analysis by speckle tracking echocardiography for prediction of

guide.medlive.cn/

guide.medlive.cn/


50 / 56 A. Goette et al.

cardiovascular outcomes. Am J Cardiol 2012;110:264–9.

391. Thomas L, McKay T, Byth K, Marwick TH. Abnormalities of left atrial function after cardioversion: an atrial strain rate study. Heart 2007;93:89–95.

392. Wang T,Wang M, Fung JW, YipGW, Zhang Y, Ho PP et al. Atrial strain rate echocardiography can predict success or failure of cardioversion for atrial

fibrillation: a combined transthoracic tissue Doppler and transoesophageal imaging study. Int J Cardiol 2007;114:202–9.

393. Schneider C, Malisius R, Krause K, Lampe F, Bahlmann E, Boczor S et al. Strain rate imaging for functional quantification of the left atrium: atrial

deformation predicts the maintenance of sinus rhythm after catheter ablation of atrial fibrillation. Eur Heart J 2008;29:1397–409.

394. Mirza M, Caracciolo G, Khan U, Mori N, Saha SK, Srivathsan K et al. Left atrial reservoir function predicts atrial fibrillation recurrence after catheter

ablation: a twodimensional speckle strain study. J Interv Card Electrophysiol 2011;31:197–206.

395. Saha SK, Anderson PL, Caracciolo G, Kiotsekoglou A, Wilansky S, Govind S et al. Global left atrial strain correlates with CHADS2 risk score in patients

with atrial fibrillation. J Am Soc Echocardiogr 2011;24:506–12.

396. O’Connor K, Magne J, Rosca M, Pierard LA, Lancellotti P. Left atrial function and remodelling in aortic stenosis. Eur J Echocardiogr 2011;12:299–305.

397. O’Connor K, Magne J, Rosca M, Pierard LA, Lancellotti P. Impact of aortic valve stenosis on left atrial phasic function. Am J Cardiol 2010;106:1157–62.

398. Todaro MC, Choudhuri I, Belohlavek M, Jahangir A, Carerj S, Oreto L et al. New echocardiographic techniques for evaluation of left atrial mechanics. Eur

Heart J Cardiovasc Imaging 2012;13:973–84.

399. Nikitin NP, Witte KK, Thackray SD, Goodge LJ, Clark AL, Cleland JG. Effect of age and sex on left atrial morphology and function. Eur J Echocardiogr

2003;4:36–42.

400. Tsai WC, Lee CH, Lin CC, Liu YW, Huang YY, Li WT et al. Association of left atrial strain and strain rate assessed by speckle tracking echocardiography

with paroxysmal atrial fibrillation. Echocardiography 2009;26:1188–94.

401. Wang Z, Tan H, Zhong M, Jiang G, Zhang Y, ZhangW. Strain rate imaging for noninvasive functional quantification of the left atrium in hypertensive

patients with paroxysmal atrial fibrillation. Cardiology 2008;109:15–24.

402. Modesto KM, Dispenzieri A, Cauduro SA, Lacy M, Khandheria BK, Pellikka PA et al. Left atrial myopathy in cardiac amyloidosis: implications of novel

echocardiographic techniques. Eur Heart J 2005;26:173–9.

403. Di Salvo G, Caso P, Lo Piccolo R, Fusco A, Martiniello AR, Russo MG et al. Atrial myocardial deformation properties predict maintenance of sinus rhythm

after external cardioversion of recent-onset lone atrial fibrillation: a color Doppler myocardial imaging and transthoracic and transesophageal

echocardiographic study. Circulation 2005;112:387–95.

404. D’Andrea A, Caso P, Romano S, Scarafile R, Cuomo S, SalernoG et al. Association between left atrial myocardial function and exercise capacity in patients

with either idiopathic or ischemic dilated cardiomyopathy: a two-dimensional speckle strain study. Int J Cardiol 2009;132:354–63.

405. D’Andrea A, Caso P, Romano S, Scarafile R, Riegler L, Salerno G et al. Different effects of cardiac resynchronization therapy on left atrial function in

patients with either idiopathic or ischaemic dilated cardiomyopathy: a two-dimensional speckle strain study. Eur Heart J 2007;28:2738–48.

406. Kaplan JD, Evans GT Jr, Foster E, Lim D, Schiller NB. Evaluation of electrocardiographic criteria for right atrial enlargement by quantitative

two-dimensional echocardiography. J Am Coll Cardiol 1994;23:747–52.

407. Quraini D, Pandian NG, Patel AR. Three-dimensional echocardiographic analysis of right atrial volume in normal and abnormal hearts: comparison of

biplane andmultiplane methods. Echocardiography 2012;29:608–13.

408. Nedios S, Tang M, Roser M, Solowjowa N, Gerds-Li JH, Fleck E et al. Characteristic changes of volume and three-dimensional structure of the left atrium

in different forms of atrial fibrillation: predictive value after ablative treatment. J Interv Card Electrophysiol 2011;32:87–94.

409. Kurotobi T, Iwakura K, Inoue K, Kimura R, Toyoshima Y, Ito N et al. The significance of the shape of the left atrial roof as a novel index for determining

the electrophysiological and structural characteristics in patients with atrial fibrillation. Europace 2011;13:803–8.

410. Romero J, Husain SA, Kelesidis I, Sanz J, Medina HM, Garcia MJ. Detection of leftatrial appendage thrombus by cardiac computed tomography in patients

with atrial fibrillation: a meta-analysis. Circ Cardiovasc Imaging 2013;6:185–94.

411. Hamdan A, Charalampos K, Roettgen R,Wellnhofer E, Gebker R, Paetsch I et al. Magnetic resonance imaging versus computed tomography for

characterization of pulmonary vein morphology before radiofrequency catheter ablation of atrial fibrillation. Am J Cardiol 2009;104:1540–6.

412. Oakes RS, Badger TJ, Kholmovski EG, Akoum N, Burgon NS, Fish EN et al. Detection and quantification of left atrial structural remodeling with

delayed-enhancement magnetic resonance imaging in patients with atrial fibrillation. Circulation 2009;119:1758–67.

413. Ling LH, McLellan AJ, Taylor AJ, Iles LM, Ellims AH, Kumar S et al. Magnetic resonance post-contrast T1 mapping in the human atrium: validation and

guide.medlive.cn/

guide.medlive.cn/


心房心肌病 51 / 56

impact on clinical outcome after catheter ablation for atrial fibrillation. Heart Rhythm 2014; 11:1551–9.

414. Beinart R, Khurram IM, Liu S, Yarmohammadi H, Halperin HR, Bluemke DA et al. Cardiac magnetic resonance T1 mapping of left atrial myocardium.

Heart Rhythm 2013;10:1325–31.

415. Harrison JL, Sohns C, Linton NW, Karim R, Williams SE, Rhode KS et al. Repeat left atrial catheter ablation: cardiac magnetic resonance prediction of

endocardial voltage and gaps in ablation lesion sets. Circ Arrhythm Electrophysiol 2015;8:270–8.

416. Marrouche NF, Wilber D, Hindricks G, Jais P, Akoum N, Marchlinski F et al. Association of atrial tissue fibrosis identified by delayed enhancement MRI

and atrial fibrillation catheter ablation: the DECAAF study. JAMA 2014;311:498–506.

417. Akoum N, McGann C, Vergara G, Badger T, Ranjan R, Mahnkopf C et al. Atrial fibrosis quantified using late gadolinium enhancement MRI is associated

with sinus node dysfunction requiring pacemaker implant. J Cardiovasc Electrophysiol 2012;23: 44–50.

418. Daccarett M, Badger TJ, Akoum N, Burgon NS, Mahnkopf C, Vergara G et al. Association of left atrial fibrosis detected by delayed-enhancement magnetic

resonance imaging and the risk of stroke in patients with atrial fibrillation. J Am Coll Cardiol 2011;57:831–8.

419. Mahnkopf C, Badger TJ, Burgon NS, Daccarett M, Haslam TS, Badger CT et al. Evaluation of the left atrial substrate in patients with lone atrial fibrillation

using delayed-enhanced MRI: implications for disease progression and response to catheter ablation. Heart Rhythm 2010;7:1475–81.

420. Bax JJ, Marsan NA, Delgado V. Non-invasive imaging in atrial fibrillation: focus on prognosis and catheter ablation. Heart 2015;101:94–100.

421. Bhagirath P, van der Graaf AW, Karim R, van Driel VJ, Ramanna H, Rhode KS et al. Multimodality imaging for patient evaluation and guidance of catheter

ablation for atrial fibrillation—current status and future perspective. Int J Cardiol 2014;175: 400–8.

422. Peters DC, Wylie JV, Hauser TH, Nezafat R, Han Y, Woo JJ et al. Recurrence of atrial fibrillation correlates with the extent of post-procedural late

gadolinium enhancement: a pilot study. JACC Cardiovasc Imaging 2009;2:308–16.

423. McGann CJ, Kholmovski EG, Oakes RS, Blauer JJ, Daccarett M, Segerson N et al. New magnetic resonance imaging-based method for defining the extent

of left atrial wall injury after the ablation of atrial fibrillation. J Am Coll Cardiol 2008;52: 1263–71.

424. Peters DC, Wylie JV, Hauser TH, Kissinger KV, Botnar RM, Essebag V et al. Detection of pulmonary vein and left atrial scar after catheter ablation with

threedimensional navigator-gated delayed enhancement MR imaging: initial experience. Radiology 2007;243:690–5.

425. Arujuna A, Karim R, Caulfield D, Knowles B, Rhode K, Schaeffter T et al. Acute pulmonary vein isolation is achieved by a combination of reversible and

irreversible atrial injury after catheter ablation: evidence from magnetic resonance imaging. Circ Arrhythm Electrophysiol 2012;5:691–700.

426. Sohns C, Karim R, Harrison J, Arujuna A, Linton N, Sennett R et al. Quantitative magnetic resonance imaging analysis of the relationship between contact

force and left atrial scar formation after catheter ablation of atrial fibrillation. J Cardiovasc Electrophysiol 2014;25:138–45.

427. Bisbal F, Guiu E, Berruezo A, Cabanas P, Prat-Gonzales S, Garrido C et al. MRI guided approach to localize and ablate gaps in repeated AF ablation

procedure: a pilot study. J Am Coll Cardiol 2013;61:E365.

428. Rajappan K, Kistler PM, Earley MJ, Thomas G, Izquierdo M, Sporton SC et al. Acute and chronic pulmonary vein reconnection after atrial fibrillation

ablation: a prospective characterization of anatomical sites. Pacing Clin Electrophysiol 2008;31:1598–605.

429. Hunter RJ, Jones DA, Boubertakh R, Malcolme-Lawes LC, Kanagaratnam P, Juli CF et al. Diagnostic accuracy of cardiac magnetic resonance imaging in

the detection and characterization of left atrial catheter ablation lesions: a multicenter experience. J Cardiovasc Electrophysiol 2013;24:396–403.

430. Piorkowski C, Hindricks G, Schreiber D, Tanner H,WeiseW, Koch A et al. Electroanatomic reconstruction of the left atrium, pulmonary veins, and

esophagus compared with the “true anatomy” on multislice computed tomography in patients undergoing catheter ablation of atrial fibrillation. Heart

Rhythm 2006;3: 317–27.

431. Morton JB, Sanders P, Vohra JK, Sparks PB, Morgan JG, Spence SJ et al. Effect of chronic right atrial stretch on atrial electrical remodeling in patients with

an atrial septal defect. Circulation 2003;107:1775–82.

432. Sanders P, Morton JB, Kistler PM, Spence SJ, Davidson NC, Hussin A et al. Electrophysiological and electroanatomic characterization of the atria in sinus

node disease: evidence of diffuse atrial remodeling. Circulation 2004;109:1514–22.

433. Sanders P, Morton JB, Davidson NC, Spence SJ, Vohra JK, Sparks PB et al. Electrical remodeling of the atria in congestive heart failure:

electrophysiological and electroanatomic mapping in humans. Circulation 2003;108:1461–8.

434. Verma A,Wazni OM, Marrouche NF, Martin DO, Kilicaslan F, Minor S et al. Preexistent left atrial scarring in patients undergoing pulmonary vein antrum

isolation: an independent predictor of procedural failure. J Am Coll Cardiol 2005;45:285–92.

435. Lo LW, Tai CT, Lin YJ, Chang SL,WongcharoenW, Chang SH et al. Progressive remodeling of the atrial substrate—a novel finding from consecutive

guide.medlive.cn/

guide.medlive.cn/


52 / 56 A. Goette et al.

voltage mapping in patients with recurrence of atrial fibrillation after catheter ablation. J Cardiovasc Electrophysiol 2007;18:258–65.

436. Brooks AG, Stiles MK, Laborderie J, Lau DH, Kuklik P, Shipp NJ et al. Outcomes of long-standing persistent atrial fibrillation ablation: a systematic

review. Heart Rhythm 2010;7:835–46.

437. Bunch TJ, May HT, Bair TL, Jacobs V, Crandall BG, Cutler M et al. Five-year outcomes of catheter ablation in patients with atrial fibrillation and left

ventricular systolic dysfunction. J Cardiovasc Electrophysiol 2015;26:363–70.

438. 438. Chao TF, Lin YJ, Tsao HM, Tsai CF, Lin WS, Chang SL et al. CHADS(2) and CHA(2)DS(2)-VASc scores in the prediction of clinical outcomes in

patients with atrial fibrillation after catheter ablation. J Am Coll Cardiol 2011;58:2380–5.

439. Chao TF, Tsao HM, Lin YJ, Tsai CF, Lin WS, Chang SL et al. Clinical outcome of catheter ablation in patients with nonparoxysmal atrial fibrillation: results

of 3-year follow-up. Circ Arrhythm Electrophysiol 2012;5:514–20.

440. Combes S, Jacob S, Combes N, Karam N, Chaumeil A, Guy-Moyat B et al. Predicting favourable outcomes in the setting of radiofrequency catheter

ablation of long-standing persistent atrial fibrillation: a pilot study assessing the value of left atrial appendage peak flow velocity. Arch Cardiovasc Dis

2013;106:36–43.

441. Cooper DH, Faddis MN. Catheter ablation of atrial fibrillation: long-term outcomes. Expert Rev Cardiovasc Ther 2011;9:567–70.

442. Hussein AA, Saliba WI, Martin DO, Bhargava M, Sherman M, Magnelli-Reyes C et al. Natural history and long-term outcomes of ablated atrial fibrillation.

Circ Arrhythm Electrophysiol 2011;4:271–8.

443. Jacobs V, May HT, Bair TL, Crandall BG, Cutler M, Day JD et al. The impact of risk score (CHADS2 versus CHA2DS2-VASc) on long-term outcomes

after atrial fibrillation ablation. Heart Rhythm 2015;12:681–6.

444. Kornej J, Hindricks G, Kosiuk J, Arya A, Sommer P, Husser D et al. Comparison of CHADS2, R2CHADS2, and CHA2DS2-VASc scores for the prediction

of rhythm outcomes after catheter ablation of atrial fibrillation: the Leipzig Heart Center AF Ablation Registry. Circ Arrhythm Electrophysiol

2014;7:281–7.

445. Kornej J, Hindricks G, Shoemaker MB, Husser D, Arya A, Sommer P et al. The APPLE score: a novel and simple score for the prediction of rhythm

outcomes after catheter ablation of atrial fibrillation. Clin Res Cardiol 2015;104:871–6.

446. Kosiuk J, Breithardt OA, Bode K, Kornej J, Arya A, Piorkowski C et al. The predictive value of echocardiographic parameters associated with left

ventricular diastolic dysfunction on short- and long-term outcomes of catheter ablation of atrial fibrillation. Europace 2014;16:1168–74.

447. Wyse DG, Van Gelder IC, Ellinor PT, Go AS, Kalman JM, Narayan SM et al. Lone atrial fibrillation: does it exist? J Am Coll Cardiol 2014;63:1715–23.

448. Chilukuri K, Dalal D, Gadrey S, Marine JE, Macpherson E, Henrikson CA et al. A prospective study evaluating the role of obesity and obstructive sleep

apnea for outcomes after catheter ablation of atrial fibrillation. J Cardiovasc Electrophysiol 2010;21:521–5.

449. Jongnarangsin K, Chugh A, Good E, Mukerji S, Dey S, Crawford T et al. Body mass index, obstructive sleep apnea, and outcomes of catheter ablation of

atrial fibrillation. J Cardiovasc Electrophysiol 2008;19:668–72.

450. Lemola K, Desjardins B, Sneider M, Case I, Chugh A, Good E et al. Effect of left atrial circumferential ablation for atrial fibrillation on left atrial transport

function. Heart Rhythm 2005;2:923–8.

451. Steel KE, Roman-Gonzalez J, O’Bryan CL IV. Images in cardiovascular medicine. Severe left atrial edema and heart failure after atrial fibrillation ablation.

Circulation 2006;113:e659.

452. Kumar S, Teh AW, Medi C, Kistler PM, Morton JB, Kalman JM. Atrial remodeling in varying clinical substrates within beating human hearts: relevance to

atrial fibrillation. Prog Biophys Mol Biol 2012;110:278–94.

453. Teh AW, Kistler PM, Lee G, Medi C, Heck PM, Spence SJ et al. Electroanatomic remodeling of the left atrium in paroxysmal and persistent atrial

fibrillation patients without structural heart disease. J Cardiovasc Electrophysiol 2012;23:232–8.

454. McGann C, Akoum N, Patel A, Kholmovski E, Revelo P, Damal K et al. Atrial fibrillation ablation outcome is predicted by left atrial remodeling on MRI.

Circ Arrhythm Electrophysiol 2014;7:23–30.

455. Teh AW, Kalman JM, Lee G, Medi C, Heck PM, Ling LH et al. Electroanatomic remodelling of the pulmonary veins associated with age. Europace

2012;14:46–51.

456. Bunch TJ, Weiss JP, Crandall BG, May HT, Bair TL, Osborn JS et al. Long-term clinical efficacy and risk of catheter ablation for atrial fibrillation in

octogenarians. Pacing Clin Electrophysiol 2010;33:146–52.

457. Kennedy R, Oral H. Catheter ablation of atrial fibrillation in the elderly: does the benefit outweigh the risk? Expert Rev Cardiovasc Ther 2013;11:697–704.

guide.medlive.cn/

guide.medlive.cn/


心房心肌病 53 / 56

458. Kusumoto F, Prussak K, Wiesinger M, Pullen T, Lynady C. Radiofrequency catheter ablation of atrial fibrillation in older patients: outcomes and

complications. J Interv Card Electrophysiol 2009;25:31–5.

459. Nademanee K, Amnueypol M, Lee F, Drew CM, SuwannasriW, Schwab MC et al. Benefits and risks of catheter ablation in elderly patients with atrial

fibrillation. Heart Rhythm 2015;12:44–51.

460. Santangeli P, Di Biase L, Mohanty P, Burkhardt JD, Horton R, Bai R et al. Catheter ablation of atrial fibrillation in octogenarians: safety and outcomes. J

Cardiovasc Electrophysiol 2012;23:687–93.

461. Spragg DD, Dalal D, Cheema A, Scherr D, Chilukuri K, Cheng A et al. Complications of catheter ablation for atrial fibrillation: incidence and predictors. J

Cardiovasc Electrophysiol 2008;19:627–31.

462. Tuan TC, Chang SL, Tsao HM, Tai CT, Lin YJ, Hu YF et al. The impact of age on the electroanatomical characteristics and outcome of catheter ablation in

patients with atrial fibrillation. J Cardiovasc Electrophysiol 2010;21:966–72.

463. Hao SC, Hunter TD, Gunnarsson C, March JL, White SA, Ladapo JA et al. Acute safety outcomes in younger and older patients with atrial fibrillation

treated with catheter ablation. J Interv Card Electrophysiol 2012;35:173–82.

464. McLellan AJ, Schlaich MP, Taylor AJ, Prabhu S, Hering D, Hammond L et al. Reverse cardiac remodeling after renal denervation: atrial electrophysiologic

and structural changes associated with blood pressure lowering. Heart Rhythm 2015; 12:982–90.

465. Pokushalov E, Romanov A, Katritsis DG, Artyomenko S, Bayramova S, Losik D et al. Renal denervation for improving outcomes of catheter ablation in

patients with atrial fibrillation and hypertension: early experience. Heart Rhythm 2014;11: 1131–8.

466. Bortone A, Boveda S, Pasquie JL, Pujadas-Berthault P, Marijon E, Appetiti A et al. Sinus rhythm restoration by catheter ablation in patients with

long-lasting atrial fibrillation and congestive heart failure: impact of the left ventricular ejection fraction improvement on the implantable cardioverter

defibrillator insertion indication. Europace 2009;11:1018–23.

467. Hsu LF, Jais P, Sanders P, Garrigue S, Hocini M, Sacher F et al. Catheter ablation for atrial fibrillation in congestive heart failure. N Engl J Med

2004;351:2373–83.

468. Hunter RJ, Berriman TJ, Diab I, Kamdar R, Richmond L, Baker V et al. A randomized controlled trial of catheter ablation versus medical treatment of atrial

fibrillation in heart failure (the CAMTAF trial). Circ Arrhythm Electrophysiol 2014;7: 31–8.

469. Jones DG, Haldar SK, HussainW, Sharma R, Francis DP, Rahman-Haley SL et al. A randomized trial to assess catheter ablation versus rate control in the

management of persistent atrial fibrillation in heart failure. J Am Coll Cardiol 2013;61: 1894–03.

470. MacDonald MR, Connelly DT, Hawkins NM, Steedman T, Payne J, Shaw M et al. Radiofrequency ablation for persistent atrial fibrillation in patients with

advanced heart failure and severe left ventricular systolic dysfunction: a randomised controlled trial. Heart 2011;97:740–7.

471. Machino-Ohtsuka T, Seo Y, Ishizu T, Sugano A, Atsumi A, Yamamoto M et al. Efficacy, safety, and outcomes of catheter ablation of atrial fibrillation in

patients with heart failure with preserved ejection fraction. J Am Coll Cardiol 2013;62: 1857–65.

472. O’Neill MD. Heart failure, atrial fibrillation, and catheter ablation: are we there yet? J Am Coll Cardiol 2013;61:1904–5.

473. Trulock KM, Narayan SM, Piccini JP. Rhythm control in heart failure patients with atrial fibrillation: contemporary challenges including the role of ablation.

J Am Coll Cardiol 2014;64:710–21.

474. Ganesan AN, Nandal S, Luker J, Pathak RK, Mahajan R, Twomey D et al. Catheter ablation of atrial fibrillation in patients with concomitant left ventricular

impairment: a systematic review of efficacy and effect on ejection fraction. Heart Lung Circ 2015;24:270–80.

475. Chang SL, Tuan TC, Tai CT, Lin YJ, Lo LW, Hu YF et al. Comparison of outcome in catheter ablation of atrial fibrillation in patients with versus without

the metabolic syndrome. Am J Cardiol 2009;103:67–72.

476. Dinov B, Kosiuk J, Kircher S, Bollmann A, Acou WJ, Arya A et al. Impact of metabolic syndrome on left atrial electroanatomical remodeling and outcomes

after radiofrequency ablation of nonvalvular atrial fibrillation. Circ Arrhythm Electrophysiol 2014;7:483–9.

477. Lin KJ, Cho SI, Tiwari N, Bergman M, Kizer JR, Palma EC et al. Impact of metabolic syndrome on the risk of atrial fibrillation recurrence after catheter

ablation: systematic review and meta-analysis. J Interv Card Electrophysiol 2014;39:211–23.

478. Mohanty S, Mohanty P, Di Biase L, Bai R, Pump A, Santangeli P et al. Impact of metabolic syndrome on procedural outcomes in patients with atrial

fibrillation undergoing catheter ablation. J Am Coll Cardiol 2012;59:1295–301.

479. Mohanty S, Mohanty P, Di Biase L, Bai R, Trivedi C, Santangeli P et al. Long-term outcome of catheter ablation in atrial fibrillation patients with

coexistent metabolic syndrome and obstructive sleep apnea: impact of repeat procedures versus lifestyle changes. J Cardiovasc Electrophysiol

guide.medlive.cn/

guide.medlive.cn/


54 / 56 A. Goette et al.

2014;25:930–8.

480. Wojcik M, Berkowitsch A, Kuniss M, Zaltsberg S, Pitschner HF, Hamm CW et al. Outcomes of atrial fibrillation ablation in patients with metabolic

syndrome. J Am Coll Cardiol 2013;61:109–10.

481. Fein AS, Shvilkin A, Shah D, Haffajee CI, Das S, Kumar K et al. Treatment of obstructive sleep apnea reduces the risk of atrial fibrillation recurrence after

catheter ablation. J Am Coll Cardiol 2013;62:300–5.

482. D’Ascenzo F, Corleto A, Biondi-Zoccai G, Anselmino M, Ferraris F, di Biase L et al. Which are the most reliable predictors of recurrence of atrial

fibrillation after transcatheter ablation?: a meta-analysis. Int J Cardiol 2013;167:1984–9.

483. Psychari SN, Apostolou TS, Sinos L, Hamodraka E, Liakos G, Kremastinos DT. Relation of elevated C-reactive protein and interleukin-6 levels to left atrial

size and duration of episodes in patients with atrial fibrillation. Am J Cardiol 2005;95:764–7.

484. Watanabe T, Takeishi Y, Hirono O, Itoh M, Matsui M, Nakamura K et al. C-reactive protein elevation predicts the occurrence of atrial structural remodeling

in patients with paroxysmal atrial fibrillation. Heart Vessels 2005;20:45–9.

485. Hak L, Mysliwska J, Wieckiewicz J, Szyndler K, Siebert J, Rogowski J. Interleukin-2 as a predictor of early postoperative atrial fibrillation after

cardiopulmonary bypass graft (CABG). J Interferon Cytokine Res 2009;29:327–32.

486. Frustaci A, Caldarulo M, Buffon A, Bellocci F, Fenici R, Melina D. Cardiac biopsy in patients with “primary” atrial fibrillation. Histologic evidence of

occult myocardial diseases. Chest 1991;100:303–6.

487. Fuenmayor AJ, Fuenmayor AM, Carrasco H, Parada H, Fuenmayor C, Jugo D. Results of electrophysiologic studies in patients with acute Chagasic

myocarditis. Clin Cardiol 1997;20:1021–4.

488. Talwar KK, Radhakrishnan S, Chopra P. Myocarditis manifesting as persistent atrial standstill. Int J Cardiol 1988;20:283–6.

489. Abdelwahab A, Sapp JL, Parkash R, Basta M, Gardner M. Mapping and ablation of multiple atrial arrhythmias in a patient with persistent atrial standstill

after remote viral myocarditis. Pacing Clin Electrophysiol 2009;32:275–7.

490. Deftereos S, Giannopoulos G, Kossyvakis C, Efremidis M, Panagopoulou V, Kaoukis A et al. Colchicine for prevention of early atrial fibrillation recurrence

after pulmonary vein isolation: a randomized controlled study. J Am Coll Cardiol 2012;60:1790–6.

491. Aime-Sempe C, Folliguet T, Rucker-Martin C, Krajewska M, Krajewska S, Heimburger M et al. Myocardial cell death in fibrillating and dilated human

right atria. J Am Coll Cardiol 1999;34:1577–86.

492. de Vos CB, Pisters R, Nieuwlaat R, Prins MH, Tieleman RG, Coelen RJ et al. Progression from paroxysmal to persistent atrial fibrillation clinical correlates

and prognosis. J Am Coll Cardiol 2010;55:725–31.

493. Reant P, Lafitte S, Jais P, Serri K,Weerasooriya R, Hocini M et al. Reverse remodeling of the left cardiac chambers after catheter ablation after 1 year in a

series of patients with isolated atrial fibrillation. Circulation 2005;112:2896–03.

494. Dobrev D, Friedrich A, Voigt N, Jost N,Wettwer E, Christ T et al. The G proteingated potassium current I(K,ACh) is constitutively active in patients with

chronic atrial fibrillation. Circulation 2005;112:3697–706.

495. Allessie M, Ausma J, Schotten U. Electrical, contractile and structural remodeling during atrial fibrillation. Cardiovasc Res 2002;54:230–46.

496. Everett TH IV, Wilson EE, Verheule S, Guerra JM, Foreman S, Olgin JE. Structural atrial remodeling alters the substrate and spatiotemporal organization of

atrial fibrillation: a comparison in canine models of structural and electrical atrial remodeling. Am J Physiol Heart Circ Physiol 2006;291:H2911–23.

497. Lu Z, Scherlag BJ, Lin J, Niu G, Fung KM, Zhao L et al. Atrial fibrillation begets atrial fibrillation: autonomic mechanism for atrial electrical remodeling

induced by short-term rapid atrial pacing. Circ Arrhythm Electrophysiol 2008;1:184–92.

498. Jais P, Hocini M, Macle L, Choi KJ, Deisenhofer I,Weerasooriya R et al. Distinctive electrophysiological properties of pulmonary veins in patients with

atrial fibrillation. Circulation 2002;106:2479–85.

499. Hof IE, Velthuis BK, Chaldoupi SM, Wittkampf FH, van Driel VJ, van der Heijden JF et al. Pulmonary vein antrum isolation leads to a significant decrease

of left atrial size. Europace 2011;13:371–5.

500. Pump A, Di Biase L, Price J, Mohanty P, Bai R, Santangeli P et al. Efficacy of catheter ablation in nonparoxysmal atrial fibrillation patients with severe

enlarged left atrium and its impact on left atrial structural remodeling. J Cardiovasc Electrophysiol 2013;24:1224–31.

501. Nattel S, Guasch E, Savelieva I, Cosio FG, Valverde I, Halperin JL et al. Early management of atrial fibrillation to prevent cardiovascular complications.

Eur Heart J2014;35:1448–56.

502. Aliot E, Brandes A, Eckardt L, Elvan A, Gulizia M, Heidbuchel H et al. The EAST study: redefining the role of rhythmcontrol therapy in atrial fibrillation:

guide.medlive.cn/

guide.medlive.cn/


心房心肌病 55 / 56

EAST, the Early treatment of Atrial fibrillation for Stroke prevention Trial. Eur Heart J 2015; 36:255–6.

503. Bukowska A, Lendeckel U, Hirte D, Wolke C, Striggow F, Rohnert P et al. Activation of the calcineurin signaling pathway induces atrial hypertrophy

during atrial fibrillation. Cell Mol Life Sci 2006;63:333–42.

504. Goette A, Lendeckel U, Kuchenbecker A, Bukowska A, Peters B, Klein HU et al. Cigarette smoking induces atrial fibrosis in humans via nicotine. Heart

2007;93: 1056–63.

505. Gramley F, Lorenzen J, Knackstedt C, Rana OR, Saygili E, Frechen D et al. Age-related atrial fibrosis. Age 2009;31:27–38.

506. Goette A, Juenemann G, Peters B, Klein HU, Roessner A, Huth C et al. Determinants

507. and consequences of atrial fibrosis in patients undergoing open heart surgery. Cardiovasc Res 2002;54:390–6.

508. Gustafsson C, Blomback M, Britton M, Hamsten A, Svensson J. Coagulation factors and the increased risk of stroke in nonvalvular atrial fibrillation. Stroke

1990;21:47–51.

509. Kumagai K, Fukunami M, Ohmori M, Kitabatake A, Kamada T, Hoki N. Increased intracardiovascular clotting in patients with chronic atrial fibrillation. J

Am CollCardiol 1990;16:377–80. 509. Asakura H, Hifumi S, Jokaji H, Saito M, Kumabashiri I, Uotani C et al. Prothrombin fragment F1 + 2 and

thrombin-antithrombin III complex are useful markers of the hypercoagulable state in atrial fibrillation. Blood Coagul Fibrinolysis 1992;3:469–73.

510. Sohara H, Miyahara K. Effect of atrial fibrillation on the fibrino-coagulation system—study in patients with paroxysmal atrial fibrillation. Jpn Circ J

1994;58: 821–6.

511. Lip GY, Lowe GD, Rumley A, Dunn FG. Increased markers of thrombogenesis in chronic atrial fibrillation: effects of warfarin treatment. Br Heart J

1995;73:527–33.

512. Lip GY, Lip PL, Zarifis J,Watson RD, Bareford D, Lowe GD et al. Fibrin D-dimer and beta-thromboglobulin as markers of thrombogenesis and platelet

activation in atrial fibrillation. Effects of introducing ultra-low-dose warfarin and aspirin. Circulation 1996;94:425–31.

513. Kahn SR, Solymoss S, Flegel KM. Nonvalvular atrial fibrillation: evidence for a prothrombotic state. CMAJ 1997;157:673–81.

514. Heppell RM, Berkin KE, McLenachan JM, Davies JA. Haemostatic and haemodynamic abnormalities associated with left atrial thrombosis in

non-rheumatic atrial fibrillation. Heart 1997;77:407–11.

515. Shinohara H, Fukuda N, Soeki T, Takeichi N, Yui Y, Tamura Y et al. Relationship between flow dynamics in the left atrium and hemostatic abnormalities in

patients with nonvalvular atrial fibrillation. Jpn Heart J 1998;39:721–30.

516. Feinberg WM, Pearce LA, Hart RG, Cushman M, Cornell ES, Lip GY et al. Markers of thrombin and platelet activity in patients with atrial fibrillation:

correlation with stroke among 1531 participants in the stroke prevention in atrial fibrillation III study. Stroke 1999;30:2547–53.

517. Mondillo S, Sabatini L, Agricola E, Ammaturo T, Guerrini F, Barbati R et al. Correlation between left atrial size, prothrombotic state and markers of

endothelial dysfunction in patients with lone chronic nonrheumatic atrial fibrillation. Int J Cardiol 2000;75:227–32.

518. Fukuchi M,Watanabe J, Kumagai K, Katori Y, Baba S, Fukuda K et al. Increased von Willebrand factor in the endocardium as a local predisposing factor

for thrombogenesis in overloaded human atrial appendage. J Am Coll Cardiol 2001;37:1436–42.

519. Kamath S, Blann AD, Chin BS, Lanza F, Aleil B, Cazenave JP et al. A study of platelet activation in atrial fibrillation and the effects of antithrombotic

therapy. Eur Heart J 2002;23:1788–95.

520. Vene N, Mavri A, Kosmelj K, Stegnar M. High D-dimer levels predict cardiovascular events in patients with chronic atrial fibrillation during oral

anticoagulant therapy. Thromb Haemost 2003;90:1163–72.

521. Nakamura Y, Nakamura K, Fukushima-Kusano K, Ohta K, Matsubara H, Hamuro T et al. Tissue factor expression in atrial endothelia associated with

nonvalvular atrial fibrillation: possible involvement in intracardiac thrombogenesis. Thromb Res 2003;111:137–42.

522. Kamath S, Blann AD, Chin BS, Lip GY. Platelet activation, haemorheology and thrombogenesis in acute atrial fibrillation: a comparison with permanent

atrial fibrillation. Heart 2003;89:1093–5.

523. Sakurai K, Hirai T, Nakagawa K, Kameyama T, Nozawa T, Asanoi H et al. Prolonged activation of hemostatic markers following conversion of atrial flutter

to sinus rhythm. Circ J 2004;68:1041–4.

524. Inoue H, Nozawa T, Okumura K, Jong-Dae L, Shimizu A, Yano K. Prothrombotic activity is increased in patients with nonvalvular atrial fibrillation and

risk factors for embolism. Chest 2004;126:687–92.

525. Kumagai K, Fukuchi M, Ohta J, Baba S, Oda K, Akimoto H et al. Expression of the von Willebrand factor in atrial endocardium is increased in atrial

fibrillation depending on the extent of structural remodeling. Circ J 2004;68:321–7.

guide.medlive.cn/

guide.medlive.cn/


56 / 56 A. Goette et al.

526. Marin F, Roldan V, Climent VE, Ibanez A, Garcia A, Marco P et al. Plasma von Willebrand factor, soluble thrombomodulin, and fibrin D-dimer

concentrations in acute onset non-rheumatic atrial fibrillation. Heart 2004;90:1162–6.

527. Nozawa T, Inoue H, Iwasa A, Okumura K, Jong-dae L, Shimizu A et al. Effects of anticoagulation intensity on hemostatic markers in patients with

non-valvular atrial fibrillation. Circ J 2004;68:29–34.

528. Freestone B, Chong AY, Lim HS, Blann A, Lip GY.Angiogenic factors in atrial fibrillation: a possible role in thrombogenesis? Ann Med 2005;37:365–72.

本文由无锡明慈心血管病医院孙凌翻译，医脉通王瑞雪审核，医脉通屈胜胜编辑排版，医脉通核发

guide.medlive.cn/

guide.medlive.cn/

	目录
	前言和心房心肌病的定义
	心房心肌病的定义

	解剖学特征和心房肌结构
	正常心房结构
	大体形态学

	正常心房肌
	心房肌细胞
	心房间质


	心房特异生理学和功能学
	心房选择性电生理特征
	动作电位/离子通道特征
	细胞间偶联特征
	心房结构特征
	自主神经节
	左心房结构
	左心房功能
	左心房增压泵功能
	左心房储备功能
	左心房的通道功能

	心房特异性Ca2+调控

	心房心肌病的病理学
	孤立性心房纤维化（不伴有AF）
	孤立性心房淀粉样变性
	NPPA突变
	遗传性肌营养不良
	由于充血性心力衰竭所致心房心肌病
	阻塞性睡眠呼吸暂停
	心房颤动诱发心房重构
	药物相关的心房颤动
	心肌炎
	伴有遗传性复极化紊乱的心房心肌病
	衰老
	高血压
	肥胖
	糖尿病
	由于瓣膜病所致的心房心肌病
	二尖瓣狭窄
	二尖瓣返流
	主动脉瓣狭窄


	心房心肌病对心房颤动和房性心律失常发生的影响
	心房心肌病、系统性生物标记物和心房内血栓形成
	心房心肌病和系统生物标记物
	心房炎症和炎症的生物标记物
	心房颤动中的全身炎症激活
	心房内采样研究
	实践意义和系统性生物标记物的应用

	血栓前期标记物——凝血、血小板
	血栓形成预测


	检测心房心肌病和心房心肌病标测和消融中的影像技术
	超声心动图
	多普勒超声心动图测定左心房功能
	超声心动图的新技术

	心脏计算机体层成像
	心房磁共振成像
	电解剖影像
	房性心动过速消融
	年龄和心房颤动消融
	高血压
	心力衰竭和心房颤动消融
	代谢综合征和肥胖
	糖尿病对消融结局的影响
	心肌炎的作用
	心房颤动持续时间对心房心肌病和消融结局的影响
	长期心房颤动对电重构和结构重构的影响
	导管消融对心房病理学的影响

	结论
	增补资料
	参考文献


