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摘  要 

高血压是心脑血管疾病的主要危险因素之一，会增加心衰、脑卒中、冠心病等疾病的发生风险。难治性

高血压是高血压的一种特殊类型，对于常规降压方案无效或不敏感。该类患者由于血压长期不达标，其

心血管事件发生风险远高于一般高血压患者。在终末期肾病患者中由于液体潴留、动脉僵硬度增加、肾

脏代谢异常等因素，难治性高血压发生率相对较高。然而目前关于该类患者高血压发生或进展的致病机

制尚不明确且常规降压治疗效果欠佳。本文就终末期肾病患者难治性高血压致病机制及治疗策略作简要

阐述。 
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Abstract 
Hypertension is one of the main risk factors of cardiovascular and cerebrovascular diseases, which 
will increase the risk of heart failure, stroke, coronary heart disease and other diseases. Treatment-
resistant hypertension is a specific type of high blood pressure that is ineffective or insensitive to 
conventional blood pressure lowering regiments. Due to long-term substandard blood pressure, the 
risk of cardiovascular events in these patients is much higher than that in general hypertensive pa-
tients. The incidence of refractory hypertension is relatively high in patients with end-stage renal 
disease due to fluid retention, increased arterial stiffness and abnormal renal metabolism. How-
ever, the pathogenesis of hypertension in these patients is still unclear and the effect of conven-
tional antihypertensive therapy is not good. In this paper, the pathogenesis and treatment strate-
gies of refractory hypertension in patients with end-stage renal disease were briefly reviewed. 

 
Keywords 
End-Stage Renal Disease, Refractory Hypertension, Pathogenesis, Drug Therapy, Surgical 
Treatment 

 
 

Copyright © 2025 by author(s) and Hans Publishers Inc. 
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/ 

  
 

1. 引言 

慢性肾脏病(CKD)已成为全球性公共卫生问题，是导致全球非传染性疾病死亡的主要原因之一。中国

CKD 患病人数近 1 亿人，因终末期肾病(ESKD)接受透析患者的数量接近 110 万人，并呈现快速增长态势

[1]。在我国 67.3%的非透析 CKD 患者合并有高血压，且高血压患病率随 CKD 分期进展而升高，ESKD
高达 91% [2]。高血压促进了肾功能的恶化，同时也可导致 CKD 患者心脏重构，增加心血管事件发生风

险。临床上将应用了足量的 3 种降压药(包括一种噻嗪类利尿剂)血压仍不能控制在目标范围内或至少需

要 4 种药物才能使血压达标的状态定义为难治性高血压[3]。随着肾功能恶化的进展，尤其发展成终末期

肾病乃至透析时，因交感神经异常激活等因素，难治性高血压在 ESKD 患者中发生的比例很高[4]。这类

患者即便服用多种降压药物，血压依旧难以达标，其心血管事件及死亡发生风险相较非难治性高血压患

者明显增高，是目前临床亟待解决的难题。了解高血压进展的致病机制及治疗策略对于预防和管理终末

期肾病患者的难治性高血压至关重要。 

2. 终末期肾病患者难治性高血压的病理生理机制 

2.1. 液体潴留 

容量超负荷是导致 ESKD 患者血压升高的重要因素[5]。欧洲多中心数据显示，超过 60%的透析患者

表现出不同程度的容量超负荷，其中容量超 2.5~5 L 的占到了 23%以上[6]。一项纳入 150 名高血压血液

透析患者的随机临床研究发现透析达到干体重后患者 44 小时动态血压收缩压/舒张压平均降低 6.9/3.1 
mmHg [7]。一方面肾小球滤过能力差导致尿量下降液体潴留。另一方面透析时为维持血流动力学稳定，

通常透析液钠浓度较高，这可能会加重水钠潴留[8]。容量评估对于长期透析患者尤为重要，但也有人担

心积极的容量管理可能会导致残余肾功能更快丧失。对于透析患者，观察性研究表明持续使用袢利尿剂
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可减少透析中水肿事件和降低住院风险[9] [10]。然而使用袢利尿剂改善容量和血压控制能否保留残余肾

功能的数据有限[11]。 

2.2. 动脉僵硬度增加 

动脉僵硬度增加是 ESKD 高血压，患者收缩期高血压的另一个重要原因[12]。在 179 例接受 ACEI 治
疗的高血压透析患者中，主动脉脉搏波速度与 44 小时收缩压独立相关[13]。主动脉僵硬度增加通常见于

合并糖尿病或终末期肾病的高血压患者，与心血管预后不良相关，并且独立于血压这一因素[14]。这类患

者动脉硬化过程加速与血管钙化相关[15]。同样血压过高也会导致动脉僵硬度的增加，两者互为因果。

2023 年欧洲高血压协会(ESH)高血压指南指出动脉僵硬程度评估是高血压介导的器官损害“基本检查”

的一部分，若臂–踝脉搏波传导速度(baPWV) ≥ 18 m/s 或颈–股脉搏波传导速度(cfPWV) ≥ 10 m/s 认为动

脉僵硬度异常。 

2.3. 肾脏代谢异常 

肾脏能量和底物代谢可能在调节血压和高血压的发展中起重要作用[16]。严重的代谢紊乱是终末期

肾病的特征之一，如氧代谢、TCA 循环等[17]。 

2.3.1. 氧代谢 
肾脏氧代谢可能导致活性氧(ROS)产生的变化[18]。高血压动物模型的肾脏中存在过量的 ROS，特别

是超氧化物和过氧化氢[18]。ROS 可以直接影响血压调控系统的细胞过程(如心血管、肾脏、免疫和中枢

神经系统，或肾素–血管紧张素–醛固酮系统) [19]。在细胞水平上，ROS 是生理细胞信号传导中重要的

第二信使，过量 ROS 促进异常氧化还原信号和细胞损伤，引起内皮功能障碍、血管损伤、心血管重塑等

[20]。在离散的亚细胞微域中产生的 ROS 可以通过下游氧化还原敏感靶标的可逆氧化翻译后修饰

(oxPTMs)改变蛋白质功能。高水平的 ROS 可导致 oxPTMs 的改变，包括蛋白质的不可逆氧化以及对 DNA
和脂质等大分子的损伤[21]。这些改变破坏了血压调控中氧化还原敏感的信号通路，导致细胞功能障碍，

从而促进高血压的形成[20]。另外脂质过氧化也可导致异黑素(isoLG)修饰蛋白的形成，这些蛋白可以作

为新抗原激活免疫系统，从而促进高血压的发展[22]。在许多实验性高血压模型中，抗氧化剂和活性氧清

除剂治疗可持续降低血压[23]。但在临床试验中抗氧化剂的使用，如活性氧清除剂和抗氧化维生素补充

剂，显示出了不同的结果[24]。这可能与非特异性抑制氧化应激反应有关。 

2.3.2. TCA 循环 
靶向代谢组学分析提示糖尿病肾病患者及糖尿病肾病小鼠模型均出现 TCA 循环紊乱[25]。一项纳入

1127 名老年人的横断面研究探索了 8 种 TCA 循环相关代谢物浓度与血压的关系，发现血浆中 2-酮戊二

酸和苹果酸的浓度升高与高血压显著相关[26]。2-酮戊二酸，其在能量代谢中扮演重要角色，可能通过影

响细胞代谢和血管功能参与高血压的发病机制[26]。苹果酸则已知能够影响一氧化氮的生成，进而调节血

压[27]。此外在高血压大鼠模型中静脉注射 TCA 循环代谢产物琥珀酸可通过激活肾素–血管紧张素系统

诱导高血压，而琥珀酸受体 GPR 91 缺陷大鼠的这种反应被消除[28]。其他与血压关联的 TCA 循环代谢

产物仍在探索之中。 

2.3.3. 其他 
也有研究发现促红细胞生成素的使用与高血压的发生或进展相关[5] [29]。但这一现象个体差异较大，

目前认为并不是导致终末期肾病患者血压进展的关键因素。其他参与终末期肾病患者高血压发病机制的

因素还包括交感神经和肾素–血管紧张素–醛固酮系统的激活以及内皮功能障碍[30]，这些已被大量研
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究所证实。 

3. 治疗进展 

3.1. 药物治疗 

3.1.1. 传统药物 
目前尚不清楚终末期肾病患者血压管理的最佳方案。终末期肾病患者的降压药物选择与指南推荐的

一般高血压患者的药物选择有所不同[31]。临床上通常首选药物是 β受体阻滞剂、螺内酯和长效二氢吡啶

类钙通道阻滞剂，其次是肾素–血管紧张素系统(RAS)拮抗剂如血管紧张素转换酶抑制剂(ACEI)或血管紧

张素 II 受体拮抗剂(ARB)。HDPAL 研究是一项开放标签、随机、对照试验，纳入了 200 例高血压合并左

室肥厚的透析患者，他们被 1:1 随机分到 ACEI 组和 β受体阻滞剂组，结果显示 ACEI 组家庭血压始终高

于 β 受体阻滞剂组，并且其心血管死亡、心肌梗死、卒中或因心力衰竭住院的复合终点发生率比后者高

2.29 倍[32]。指南也推荐盐皮质激素受体拮抗剂(MRA)螺内酯作为顽固性高血压的标准治疗[33]。但在透

析患者中的降压效果并未有太多的数据证实。 

3.1.2. 新型降压药物 
多种新型降压药物正在探索用于治疗难治性高血压。最近的一项单中心研究显示针对 ESKD 合并难

治性高血压患者，沙库巴曲缬沙坦治疗 12 周后，收缩压/舒张压分别下降 20.7/8.3 mmHg，并且 NT-proBNP
浓度同样得到改善[34]。阿普昔腾坦(Aprocitentan)是一种内皮素双受体拮抗剂，可抑制内皮素-1 与内皮素

A (ETA)受体结合，同时可抑制内皮素-1 与内皮素 B (ETB)受体结合[35]。PRECISION 研究[36]提示接受

三联降压治疗(包括利尿剂)血压未控制的患者中，与安慰剂相比，12.5 mg 和 25 mg 的阿普昔腾坦剂量在

4 周时均显著降低了诊室收缩压(分别为−3.7 mmHg 和−3.8 mmHg)。传统的 ACEI/ARB 类药物可通过阻断

RAS 的不同阶段起降血压作用，但无法降低血管紧张素原(AGT)的水平。RNA 干扰(RNAi)技术是前景良

好的基因沉默技术，目前已在多种动物模型中证明靶向干扰肝源性 AGT 基因表达能够显著降低血压[37]。
这种小干扰 RNA 有望成为新型 RAS 阻断剂，从而为难治性高血压治疗提供更多的药物选择。 

3.2. 手术治疗 

根据有限的证据，去肾神经可能是 ESKD 合并难治性高血压的有效干预措施。Hoye 等人在 9 例 ESKD
患者(6 例血液透析和 3 例腹膜透析)中发现去肾神经后，患者 12 个月后的动态血压结果显示降低收缩压

平均下降 24 mmHg (95% CI: 5~42 mmHg)；舒张压平均降低 13 mmHg (95% CI: 4~22 mmHg) [38]。Scalise
等人的研究中，将 24 例终末期肾病合并难治性高血压患者随机分为去肾神经组和仅药物治疗组，结果显

示去肾神经后收缩压及舒张压均能够早期降低且持续维持[39]。5 个病例研究提示尽管存在较小的肾动脉

管腔直径和萎缩的肾脏，但去肾神经手术在 ESRD 中依然是可行和有效的[40]。 

4. 展望 

难治性高血压在终末期肾病患者中发生率相对较高，其中涉及容量超负荷、动脉僵硬度增加、代谢

异常等多种致病机制。导致终末期肾病的病因复杂多样，未来需要结合具体病因探索终末期肾病高血压

进展的关键机制。在治疗方面，针对这一特殊群体的研究进展较少。因肾功能不全或透析的影响，常规

降压药物在终末期肾病患者中使用受限或效果不佳。目前一些针对血压上游调控机制的新型降压药物如

内皮素拮抗剂、AGT 阻断剂等为治疗 RH 提供了新的策略。但相关的研究证据仍不足，这类新型降压药

的开发及应用需要充分考虑这类患者的临床特征，尤其是异常的代谢紊乱。肾动脉去神经有望成为终末

期肾病患者降压的新选择，但目前证据不足，其有效性及安全性临床研究进一步证实。 

https://doi.org/10.12677/acm.2025.152393


李琴 等 
 

 

DOI: 10.12677/acm.2025.152393 670 临床医学进展 
 

参考文献 
[1] Wang, L., Xu, X., Zhang, M., Hu, C., Zhang, X., Li, C., et al. (2023) Prevalence of Chronic Kidney Disease in China: 

Results from the Sixth China Chronic Disease and Risk Factor Surveillance. JAMA Internal Medicine, 183, 298-310.  
https://doi.org/10.1001/jamainternmed.2022.6817 

[2] 中华医学会肾脏病学分会专家组. 中国慢性肾脏病患者高血压管理指南(2023 年版) [J]. 中华肾脏病杂志, 2023, 
39(1): 48-80. 

[3] 董一飞, 董徽, 许建忠, 等. 《中国高血压防治指南(2024 年修订版)》更新要点解读[J]. 中华高血压杂志(中英文), 
2025, 33(1): 14-17. 

[4] Agarwal, R., Nissenson, A.R., Batlle, D., Coyne, D.W., Trout, J.R. and Warnock, D.G. (2003) Prevalence, Treatment, 
and Control of Hypertension in Chronic Hemodialysis Patients in the United States. The American Journal of Medicine, 
115, 291-297. https://doi.org/10.1016/s0002-9343(03)00366-8 

[5] Georgianos, P.I. and Agarwal, R. (2019) Systolic and Diastolic Hypertension among Patients on Hemodialysis: Musings 
on Volume Overload, Arterial Stiffness, and Erythropoietin. Seminars in Dialysis, 32, 507-512.  
https://doi.org/10.1111/sdi.12837 

[6] Van Biesen, W., Williams, J.D., Covic, A.C., Fan, S., Claes, K., Lichodziejewska-Niemierko, M., et al. (2011) Fluid 
Status in Peritoneal Dialysis Patients: The European Body Composition Monitoring (EuroBCM) Study Cohort. PLOS 
ONE, 6, e17148. https://doi.org/10.1371/journal.pone.0017148 

[7] Agarwal, R., Alborzi, P., Satyan, S. and Light, R.P. (2009) Dry-weight Reduction in Hypertensive Hemodialysis Patients 
(Drip). Hypertension, 53, 500-507. https://doi.org/10.1161/hypertensionaha.108.125674 

[8] Munoz Mendoza, J., Sun, S., Chertow, G.M., Moran, J., Doss, S. and Schiller, B. (2011) Dialysate Sodium and Sodium 
Gradient in Maintenance Hemodialysis: A Neglected Sodium Restriction Approach? Nephrology Dialysis Transplanta-
tion, 26, 1281-1287. https://doi.org/10.1093/ndt/gfq807 

[9] Bragg-Gresham, J.L., Fissell, R.B., Mason, N.A., Bailie, G.R., Gillespie, B.W., Wizemann, V., et al. (2007) Diuretic 
Use, Residual Renal Function, and Mortality among Hemodialysis Patients in the Dialysis Outcomes and Practice Pattern 
Study (DOPPS). American Journal of Kidney Diseases, 49, 426-431. https://doi.org/10.1053/j.ajkd.2006.12.012 

[10] Sibbel, S., Walker, A.G., Colson, C., Tentori, F., Brunelli, S.M. and Flythe, J. (2018) Association of Continuation of 
Loop Diuretics at Hemodialysis Initiation with Clinical Outcomes. Clinical Journal of the American Society of Nephrol-
ogy, 14, 95-102. https://doi.org/10.2215/cjn.05080418 

[11] Georgianos, P.I. and Agarwal, R. (2024) Resistant Hypertension in Dialysis: Epidemiology, Diagnosis, and Management. 
Journal of the American Society of Nephrology, 35, 505-514. https://doi.org/10.1681/asn.0000000000000315 

[12] Sarafidis, P.A., Persu, A., Agarwal, R., Burnier, M., de Leeuw, P., Ferro, C., et al. (2017) Hypertension in Dialysis 
Patients: A Consensus Document by the European Renal and Cardiovascular Medicine (EURECA-m) Working Group 
of the European Renal Association—European Dialysis and Transplant Association (ERA-EDTA) and the Hypertension 
and the Kidney Working Group of the European Society of Hypertension (ESH). Journal of Hypertension, 35, 657-676.  
https://doi.org/10.1097/hjh.0000000000001283 

[13] Georgianos, P.I. and Agarwal, R. (2015) Aortic Stiffness, Ambulatory Blood Pressure, and Predictors of Response to 
Antihypertensive Therapy in Hemodialysis: An Integrated Index of Vascular Function? American Journal of Kidney 
Diseases, 66, 305-312. https://doi.org/10.1053/j.ajkd.2015.01.018 

[14] Cruickshank, K., Riste, L., Anderson, S.G., Wright, J.S., Dunn, G. and Gosling, R.G. (2002) Aortic Pulse-Wave Velocity 
and Its Relationship to Mortality in Diabetes and Glucose Intolerance. Circulation, 106, 2085-2090.  
https://doi.org/10.1161/01.cir.0000033824.02722.f7 

[15] Stabley, J.N. and Towler, D.A. (2017) Arterial Calcification in Diabetes Mellitus: Preclinical Models and Translational 
Implications. Arteriosclerosis, Thrombosis, and Vascular Biology, 37, 205-217.  
https://doi.org/10.1161/atvbaha.116.306258 

[16] Tian, Z. and Liang, M. (2021) Renal Metabolism and Hypertension. Nature Communications, 12, Article No. 963.  
https://doi.org/10.1038/s41467-021-21301-5 

[17] Wei, X., Hou, Y., Long, M., Jiang, L. and Du, Y. (2023) Advances in Energy Metabolism in Renal Fibrosis. Life Sciences, 
312, Article ID: 121033. https://doi.org/10.1016/j.lfs.2022.121033 

[18] Palm, F. and Nordquist, L. (2011) Renal Oxidative Stress, Oxygenation, and Hypertension. American Journal of Physi-
ology-Regulatory, Integrative and Comparative Physiology, 301, R1229-R1241.  
https://doi.org/10.1152/ajpregu.00720.2010 

[19] Camargo, L.L., Rios, F.J., Montezano, A.C. and Touyz, R.M. (2024) Reactive Oxygen Species in Hypertension. Nature 
Reviews Cardiology, 22, 20-37. https://doi.org/10.1038/s41569-024-01062-6 

[20] Griendling, K.K., Camargo, L.L., Rios, F.J., Alves-Lopes, R., Montezano, A.C. and Touyz, R.M. (2021) Oxidative Stress 
and Hypertension. Circulation Research, 128, 993-1020. https://doi.org/10.1161/circresaha.121.318063 

https://doi.org/10.12677/acm.2025.152393
https://doi.org/10.1001/jamainternmed.2022.6817
https://doi.org/10.1016/s0002-9343(03)00366-8
https://doi.org/10.1111/sdi.12837
https://doi.org/10.1371/journal.pone.0017148
https://doi.org/10.1161/hypertensionaha.108.125674
https://doi.org/10.1093/ndt/gfq807
https://doi.org/10.1053/j.ajkd.2006.12.012
https://doi.org/10.2215/cjn.05080418
https://doi.org/10.1681/asn.0000000000000315
https://doi.org/10.1097/hjh.0000000000001283
https://doi.org/10.1053/j.ajkd.2015.01.018
https://doi.org/10.1161/01.cir.0000033824.02722.f7
https://doi.org/10.1161/atvbaha.116.306258
https://doi.org/10.1038/s41467-021-21301-5
https://doi.org/10.1016/j.lfs.2022.121033
https://doi.org/10.1152/ajpregu.00720.2010
https://doi.org/10.1038/s41569-024-01062-6
https://doi.org/10.1161/circresaha.121.318063


李琴 等 
 

 

DOI: 10.12677/acm.2025.152393 671 临床医学进展 
 

[21] Mu, B., Zeng, Y., Luo, L. and Wang, K. (2024) Oxidative Stress-Mediated Protein Sulfenylation in Human Diseases: 
Past, Present, and Future. Redox Biology, 76, Article ID: 103332. https://doi.org/10.1016/j.redox.2024.103332 

[22] Xiao, L., Patrick, D.M., Aden, L.A. and Kirabo, A. (2018) Mechanisms of Isolevuglandin-Protein Adduct Formation in 
Inflammation and Hypertension. Prostaglandins & Other Lipid Mediators, 139, 48-53.  
https://doi.org/10.1016/j.prostaglandins.2018.09.008 

[23] Pinheiro, L.C. (2020) Sources and Effects of Oxidative Stress in Hypertension. Current Hypertension Reviews, 16, 166-
180. https://doi.org/10.2174/18756506otg2cnjuutcvy 

[24] Padovan, J.C., Dourado, T.M.H., Pimenta, G.F., Bruder-Nascimento, T. and Tirapelli, C.R. (2023) Reactive Oxygen 
Species Are Central Mediators of Vascular Dysfunction and Hypertension Induced by Ethanol Consumption. Antioxi-
dants, 12, Articl e1813. https://doi.org/10.3390/antiox12101813 

[25] Azushima, K., Kovalik, J., Yamaji, T., Ching, J., Chng, T.W., Guo, J., et al. (2023) Abnormal Lactate Metabolism Is 
Linked to Albuminuria and Kidney Injury in Diabetic Nephropathy. Kidney International, 104, 1135-1149.  
https://doi.org/10.1016/j.kint.2023.08.006 

[26] Qin, Q., Chen, J., Hu, W., Liu, J., Liu, M., Huang, F., et al. (2024) Association of Tricarboxylic Acid Cycle Related-
Metabolites with Hypertension in Older Adults: A Community-Based Cross-Sectional Study. Journal of Human Hyper-
tension, 39, 51-57. https://doi.org/10.1038/s41371-024-00976-5 

[27] Zheng, X., Zhou, L., Jin, Y., Zhao, X., Ahmad, H., OuYang, Y., et al. (2021) β-Aminoisobutyric Acid Supplementation 
Attenuated Salt-Sensitive Hypertension in Dahl Salt-Sensitive Rats through Prevention of Insufficient Fumarase. Amino 
Acids, 54, 169-180. https://doi.org/10.1007/s00726-021-03092-7 

[28] He, W., Miao, F.J., Lin, D.C., Schwandner, R.T., Wang, Z., Gao, J., et al. (2004) Citric Acid Cycle Intermediates as 
Ligands for Orphan G-Protein-Coupled Receptors. Nature, 429, 188-193. https://doi.org/10.1038/nature02488 

[29] Agarwal, R. (2017) Mechanisms and Mediators of Hypertension Induced by Erythropoietin and Related Molecules. 
Nephrology Dialysis Transplantation, 33, 1690-1698. https://doi.org/10.1093/ndt/gfx324 

[30] Symonides, B., Lewandowski, J. and Małyszko, J. (2023) Resistant Hypertension in Dialysis. Nephrology Dialysis 
Transplantation, 38, 1952-1959. https://doi.org/10.1093/ndt/gfad047 

[31] Williams, B., Mancia, G., Spiering, W., Agabiti Rosei, E., Azizi, M., Burnier, M., et al. (2018) 2018 ESC/ESH Guide-
lines for the Management of Arterial Hypertension. European Heart Journal, 39, 3021-3104.  
https://doi.org/10.1093/eurheartj/ehy339 

[32] Agarwal, R., Sinha, A.D., Pappas, M.K., Abraham, T.N. and Tegegne, G.G. (2014) Hypertension in Hemodialysis Pa-
tients Treated with Atenolol or Lisinopril: A Randomized Controlled Trial. Nephrology Dialysis Transplantation, 29, 
672-681. https://doi.org/10.1093/ndt/gft515 

[33] (2024) 2023 ESH Guidelines for the Management of Arterial Hypertension the Task Force for the Management of Arte-
rial Hypertension of the European Society of Hypertension: Endorsed by the International Society of Hypertension (ISH) 
and the European Renal Association (ERA): Erratum. Journal of Hypertension, 42, 194. 

[34] Wang, B., Wang, G., Ding, X., Tang, H., Zheng, J., Liu, B., et al. (2022) Effects of Sacubitril/valsartan on Resistant 
Hypertension and Myocardial Work in Hemodialysis Patients. The Journal of Clinical Hypertension, 24, 300-308.  
https://doi.org/10.1111/jch.14422 

[35] Mahfooz, K., Najeed, S., Tun, H.N., Khamosh, M., Grewal, D., Hussain, A., et al. (2023) New Dual Endothelin Receptor 
Antagonist Aprocitentan in Hypertension: A Systematic Review and Meta-analysis. Current Problems in Cardiology, 
48, Article ID: 101686. https://doi.org/10.1016/j.cpcardiol.2023.101686 

[36] Schlaich, M.P., Bellet, M., Weber, M.A., Danaietash, P., Bakris, G.L., Flack, J.M., et al. (2022) Dual Endothelin Antag-
onist Aprocitentan for Resistant Hypertension (PRECISION): A Multicentre, Blinded, Randomised, Parallel-Group, 
Phase 3 Trial. The Lancet, 400, 1927-1937. https://doi.org/10.1016/s0140-6736(22)02034-7 

[37] Ye, D., Cruz-López, E.O., Veghel, R.v., Garrelds, I.M., Kasper, A., Wassarman, K., et al. (2024) Counteracting Angio-
tensinogen Small-Interfering RNA-Mediated Antihypertensive Effects with Reversir. Hypertension, 81, 1491-1499.  
https://doi.org/10.1161/hypertensionaha.124.22878 

[38] Hoye, N.A., Wilson, L.C., Wilkins, G.T., Jardine, D.L., Putt, T.L., Samaranayaka, A., et al. (2017) Endovascular Renal 
Denervation in End-Stage Kidney Disease Patients: Cardiovascular Protection—A Proof-Of-Concept Study. Kidney In-
ternational Reports, 2, 856-865. https://doi.org/10.1016/j.ekir.2017.04.012 

[39] Scalise, F., Sole, A., Singh, G., Sorropago, A., Sorropago, G., Ballabeni, C., et al. (2020) Renal Denervation in Patients 
with End-Stage Renal Disease and Resistant Hypertension on Long-Term Haemodialysis. Journal of Hypertension, 38, 
936-942. https://doi.org/10.1097/hjh.0000000000002358 

[40] Scalise, F., Quarti-Trevano, F., Toscano, E., Sorropago, A., Vanoli, J. and Grassi, G. (2024) Renal Denervation in End-
Stage Renal Disease: Current Evidence and Perspectives. High Blood Pressure & Cardiovascular Prevention, 31, 7-13.  
https://doi.org/10.1007/s40292-023-00621-1 

https://doi.org/10.12677/acm.2025.152393
https://doi.org/10.1016/j.redox.2024.103332
https://doi.org/10.1016/j.prostaglandins.2018.09.008
https://doi.org/10.2174/18756506otg2cnjuutcvy
https://doi.org/10.3390/antiox12101813
https://doi.org/10.1016/j.kint.2023.08.006
https://doi.org/10.1038/s41371-024-00976-5
https://doi.org/10.1007/s00726-021-03092-7
https://doi.org/10.1038/nature02488
https://doi.org/10.1093/ndt/gfx324
https://doi.org/10.1093/ndt/gfad047
https://doi.org/10.1093/eurheartj/ehy339
https://doi.org/10.1093/ndt/gft515
https://doi.org/10.1111/jch.14422
https://doi.org/10.1016/j.cpcardiol.2023.101686
https://doi.org/10.1016/s0140-6736(22)02034-7
https://doi.org/10.1161/hypertensionaha.124.22878
https://doi.org/10.1016/j.ekir.2017.04.012
https://doi.org/10.1097/hjh.0000000000002358
https://doi.org/10.1007/s40292-023-00621-1

	终末期肾病患者难治性高血压致病机制及治疗研究进展
	摘  要
	关键词
	Research Progress on Pathogenesis and Treatment of Refractory Hypertension in Patients with End-Stage Renal Disease
	Abstract
	Keywords
	1. 引言
	2. 终末期肾病患者难治性高血压的病理生理机制
	2.1. 液体潴留
	2.2. 动脉僵硬度增加
	2.3. 肾脏代谢异常
	2.3.1. 氧代谢
	2.3.2. TCA循环
	2.3.3. 其他


	3. 治疗进展
	3.1. 药物治疗
	3.1.1. 传统药物
	3.1.2. 新型降压药物

	3.2. 手术治疗

	4. 展望
	参考文献

