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A B S T R A C T

COVID-19-associated thrombotic microangiopathy has emerged as a severe complication

that exacerbates morbidity and mortality in critical cases. Thrombotic microangiopathy,

characterized by microvascular thrombosis and endothelial injury, includes conditions like

thrombotic thrombocytopenic purpura and atypical hemolytic uremic syndrome. This

review investigates therapeutic plasma exchange as a potential strategy to mitigate

COVID-19-induced thrombotic microangiopathy, examining its role in removing pro-

inflammatory cytokines, immune complexes, and pro-thrombotic factors. Additionally, it

highlights the synergistic effects when therapeutic plasma exchange is combined with

treatments such as complement inhibitors and immunosuppressants. Preliminary evi-

dence, drawn from case reports and early trials, supports the efficacy of therapeutic plasma

exchange in improving outcomes for COVID-19-associated thrombotic microangiopathy.

However, larger randomized controlled trials are necessary to definitively establish its

place in COVID-19 management, particularly for high-risk and transplant patients with

underlying immunological vulnerabilities.
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1 Introduction

2 COVID-19, caused by the SARS-CoV-2 virus, has demonstrated

3 a wide range of complications, with thrombotic microangiop-

4 athy (TMA) being among the most severe [1]. TMA encom-

5 passes conditions such as thrombotic thrombocytopenic

6 purpura (TTP) and atypical hemolytic uremic syndrome

7(aHUS), both of which involve microvascular thrombosis,

8organ dysfunction, and poor outcomes [2]. COVID-19-induced

9endothelial injury plays a central role in the development of

10these conditions [3]. Endothelial cells, when damaged by the

11virus, become dysfunctional and initiate coagulation path-

12ways, contributing to TMA development. This endothelial

13dysfunction is also compounded by the ‘cytokine storm’,

14where excessive inflammatory responses lead to widespread

15tissue damage and thrombosis [4].

16Understanding the pathophysiology of these conditions in

17the context of COVID-19 is critical for optimizing treatment.

18COVID-19 has been shown to trigger complement activation,
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19 a vital part of innate immunity, which unfortunately also

20 leads to exaggerated inflammatory and coagulation

21 responses [5]. Studies have highlighted that excessive com-

22 plement activation leads to microthrombus formation in sev-

23 eral organs, such as the lungs and kidneys, contributing to

24 multi-organ failure in critically ill patients [6].

25 Additionally, imbalances in von Willebrand factor (VWF)

26 and ADAMTS13, a metalloprotease that cleaves VWF, are

27 implicated in COVID-19-related microangiopathy [7]. An

28 increase in circulating VWF, coupled with a deficiency of

29 ADAMTS13, leads to unchecked thrombosis and is particu-

30 larly evident in TTP and aHUS [7,8]. This imbalance exacer-

31 bates thrombus formation, especially in microvascular beds,

32 which contributes to organ damage, particularly in the lungs

33 and kidneys [8]. Thus, addressing these pathophysiological

34 changes is crucial for effective management of COVID-19-

35 associated TMA.

36 Therapeutic plasma exchange (TPE) has emerged as a

37 potential treatment modality for managing COVID-19-associ-

38 ated TMA. TPE works by removing large volumes of plasma

39 containing pro-inflammatory cytokines, immune complexes,

40 and pro-thrombotic factors, thus addressing the hypercoagu-

41 lable state seen in these patients [9]. Several case reports and

42 small trials have reported promising results with TPE, espe-

43 cially when used in conjunction with other therapies such as

44 complement inhibitors and immunosuppressants [10,11].

45 Pathophysiology of microangiopathy in COVID-19

46 SARS-CoV-2 primarily affects the endothelium, leading to

47 widespread endothelial dysfunction and microvascular

48 thrombosis. The virus directly infects endothelial cells via the

49 angiotensin-converting enzyme 2 receptor, leading to cellular

50 damage, inflammation, and apoptosis [12]. The resulting

51 endothelial injury activates both immune and coagulation

52 systems, creating a pro-thrombotic state and driving the

53 development of TMA [13]. This process is particularly prob-

54 lematic in critically ill patients, where endothelial injury plays

55 a central role in organ dysfunction and multi-organ failure.

56 Key contributors to this pathophysiology include:

57 � Cytokine storm: The hyperinflammatory state induced by

58 COVID-19, often referred to as a ‘cytokine storm’, triggers

59 widespread endothelial injury. This storm is characterized

60 by the excessive release of pro-inflammatory cytokines

61 such as interleukin-6, tumor necrosis factor-alpha, and

62 interleukin-1 [14]. These cytokines amplify immune

63 responses and lead to direct endothelial cell activation and

64 damage. This hyperinflammatory state contributes to an

65 uncontrolled immune response that results in microvascu-

66 lar damage and thrombus formation.

67 � Complement dysregulation: Excessive activation of the

68 complement system is a hallmark of severe COVID-19,

69 exacerbating microthrombus formation [15]. Normally, the

70 complement system functions as part of the innate

71 immune defense, but in COVID-19, overactivation leads to

72 endothelial cell injury and the formation of microthrombi.

73 Specifically, complement factors such as C5b-9, a mem-

74 brane attack complex, have been found to deposit on

75endothelial surfaces, leading to cell lysis and inflammation

76[16]. This dysregulation has been strongly implicated in

77both thrombotic TTP and aHUS, both of which are forms of

78TMA.

79� VWF and ADAMTS13 imbalance: One of the most critical

80aspects of COVID-19-associated microangiopathy is the

81imbalance between VWF and ADAMTS13, a metallopro-

82tease responsible for cleaving VWF to prevent excessive

83clot formation [7]. COVID-19 induces a significant release of

84VWF from endothelial cells due to the extensive endothe-

85lial activation and damage. Simultaneously, levels of

86ADAMTS13 decrease, possibly due to consumption or direct

87inhibition by inflammatory mediators [17]. The resultant

88accumulation of high-molecular-weight VWF multimers

89leads to unchecked platelet aggregation and microthrom-

90bus formation, particularly in the lungs and kidneys. This

91imbalance is a driving force behind TTP and aHUS, contrib-

92uting to severe complications such as acute kidney injury

93and respiratory failure.

94Additionally, other coagulation abnormalities in COVID-

9519, such as elevated D-dimer levels and fibrin degradation

96products, further support the role of endothelial dysfunction

97and the pro-thrombotic state in the development of microan-

98giopathies [18]. This constellation of endothelial injury,

99immune dysregulation, and coagulation imbalance highlights

100the complexity of managing COVID-19-induced microangio-

101pathies and underscores the need for targeted therapeutic

102interventions.

103Clinical manifestations of COVID-19-Associated
104thrombotic microangiopathy

105TMA in COVID-19 patients presents with a wide range of clini-

106cal manifestations, affecting multiple organs. The endothelial

107damage, hyperinflammation, and coagulation abnormalities

108that characterize COVID-19 contribute to the widespread

109nature of TMA, impacting the lungs, kidneys, and other organ

110systems [19]. The severity of these manifestations often cor-

111relates with poor clinical outcomes, including multiorgan fail-

112ure and death.

113� Lung involvement: One of the most severe clinical manifes-

114tations of COVID-19-associated TMA is lung involvement,

115which can lead to acute respiratory distress syndrome

116(ARDS) [20]. SARS-CoV-2-induced endothelial injury in the

117pulmonary vasculature results in microvascular thrombo-

118sis, impaired gas exchange, and widespread inflammation

119[21]. Studies have shown that microthrombi in the pulmo-

120nary capillaries contribute significantly to the severe hyp-

121oxia seen in ARDS [22]. Autopsy findings in patients who

122succumbed to COVID-19 have revealed extensive pulmo-

123nary microthrombi, reinforcing the link between microan-

124giopathy and respiratory failure [23]. Furthermore, elevated

125levels of VWF in the lungs exacerbate clot formation, con-

126tributing to the development of TMA-related lung compli-

127cations such as ARDS.

128� Renal involvement: The kidneys are also highly susceptible

129to damage in COVID-19-associated TMA, with acute kidney
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130 injury being a frequent and severe complication [24]. Endo-

131 thelial injury, along with microvascular thrombosis in the

132 renal vasculature, leads to reduced perfusion, ischemia,

133 and tissue damage. In severe cases, COVID-19 patients may

134 develop aHUS, characterized by hemolysis, thrombocytope-

135 nia, and kidney failure [25]. The activation of the comple-

136 ment system and its deposition in the renal

137 microvasculature are critical drivers of kidney injury in

138 COVID-19 patients with TMA [26]. Complement-mediated

139 endothelial injury further exacerbates kidney damage,

140 leading to a rapid decline in renal function and, in many

141 cases, the need for renal replacement therapy [26].

142 � Systemic microvascular dysfunction: Systemic microvascu-

143 lar dysfunction is a hallmark of severe COVID-19-associ-

144 ated TMA and is often indicative of a poor prognosis [27].

145 Asmicrothrombi form in various organs, multiorgan failure

146 ensues. The heart, liver, gastrointestinal system, and cen-

147 tral nervous system are among the organs affected by sys-

148 temic microthrombi [28]. For instance, myocardial injury in

149 COVID-19 patients has been attributed to microthrombosis

150 within the coronary vasculature, contributing to heart fail-

151 ure and arrhythmias [29]. Hepatic involvement, manifested

152 by elevated liver enzymes and, in severe cases, liver failure,

153 is also observed due to microvascular injury [30]. Neurologi-

154 cal symptoms, such as confusion, delirium, and stroke,

155 have been associated with microthrombi and endothelial

156 dysfunction in the cerebral vasculature [31].

157 As systemic microvascular thrombosis progresses,

158 patients often develop multi-organ failure, a leading cause of

159 death in critically ill COVID-19 patients [32]. The widespread

160 endothelial dysfunction and uncontrolled microthrombosis

161 place immense strain on multiple organ systems, ultimately

162 leading to irreversible damage. Elevated markers of endothe-

163 lial damage, such as VWF and fibrinogen, are frequently

164 observed in these patients and serve as indicators of severe

165 disease progression [33].

166 Mechanism of therapeutic plasma exchange (TPE)

167 TPE is a blood filtration method used to treat a variety of

168 immune-mediated and inflammatory conditions by removing

169 large volumes of plasma, which contains pathological compo-

170 nents such as pro-inflammatory cytokines, immune com-

171 plexes, and coagulation factors [34]. In the context of COVID-

172 19-associated TMA, TPE has gained attention due to its ability

173 to address the underlying mechanisms driving the severe

174 inflammatory and thrombotic responses observed in patients

175 [10]. By clearing the responsible agents from the bloodstream,

176 TPE helps restore balance to the immune and coagulation

177 systems, thus mitigating the progression of TMA and improv-

178 ing clinical outcomes [35]. The benefits of TPE in COVID-19-

179 associated TMA stem from its ability to target several key

180 pathological processes:

181 � Reduction in inflammatory mediators: By removing large

182 volumes of plasma, TPE significantly reduces the circulat-

183 ing levels of these cytokines, thereby helping to control the

184 cytokine storm and reduce the risk of multi-organ failure

185[36]. Studies have shown that the reduction of cytokines

186through TPE can lead to clinical improvement in critically

187ill COVID-19 patients, reducing inflammation and its asso-

188ciated complications [37].

189� Restoration of coagulation balance: By clearing excess VWF

190and replenishing ADAMTS13, TPE helps to restore normal

191clotting function, reducing the risk of thrombus formation

192in the lungs, kidneys, and other organs. Furthermore, the

193removal of immune complexes, which can also contribute

194to microvascular damage, helps to decrease the pro-throm-

195botic state [38].

196� Mitigation of complement activation: TPE is effective in

197removing circulating complement proteins, including C3a

198and C5a, which play a crucial role in the inflammatory and

199thrombotic processes associated with TMA. By reducing

200complement activation, TPE can mitigate endothelial dam-

201age and reduce the likelihood of microvascular thrombosis.

202In addition to these mechanisms, TPE also provides bene-

203fits by removing other circulating pathological substances,

204such as autoantibodies, that may contribute to the progres-

205sion of TMA [39]. The process typically involves exchanging

206large volumes of plasma, which is then replaced with donor

207plasma or albumin. This replenishment helps to restore the

208levels of essential plasma components, including clotting fac-

209tors and regulatory proteins, further supporting the patient’s

210recovery [40].

211Evidence supporting therapeutic plasma exchange
212in COVID-19 microangiopathy

213There are several case reports, case series, and studies sup-

214porting the benefit of TPE in the treatment of COVID-19-asso-

215ciated TMA (Table 1). Elkayam et al. described a patient who

216developed TMA in the context of severe COVID-19 infection

217[41]. The patient received TPE in addition to dexamethasone

218as standard of care and showed clinical improvement includ-

219ing renal function and declining vasopressor requirement as

220well as increase in platelets and normalization of hemolysis

221laboratory results. They attributed to this improvement to

222cytokine removal of inflammatory mediators which is also

223suggested by Zhang et al. in their case series of three patients

224with severe COVID-19 patients with ARDS [42]. Ten days after

225the treatment, all patients showed resolved respiratory symp-

226toms, improvement of lesions on computed tomography

227scan, two negative nucleic acid tests and normal body tem-

228perature for three days. They claimed that TPE had an acute

229effect on the treatment of cytokine storm and henceforth led

230to improvement of the symptoms and radiological/laboratory

231findings. Similarly, Shi et al. presented a patient with COVID-

23219 infection who developed respiratory failure, shock and

233diarrhea and failed to respond to standard therapies [43]. The

234patient received TPE followed by Intravenous immunoglobu-

235lin (IVIG) and showed an immediate clinical response to ther-

236apy, supporting the hypothesis that TPE might help signs and

237symptoms of COVID-19 by removing the cytokines from circu-

238lation.

239In a study by Arulkumaran et al., five patients who

240received TPE for severe COVID-19 complicated by ARDS
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241 showed improvements in oxygenation and reversal of the

242 thrombo-inflammatory markers [44]. They identified a high

243 VWf Ag:ADAMTS13 ratio in the patients which is comparable

244 to the parameters seen in TMA. Eriko et al. reported a patient

245 with a past medical history of human immunodeficiency

246 virus, who was diagnosed with TMA secondary to COVID-19

247 [45]. The patient received TPE, glucocorticoids, hemodialysis,

248 and antihypertensives which contributed to improvements in

249 renal function and thrombocytopenia. Vrecko et al. reported

250 the results of their case series of eight patients with COVID-

251 19-associated TMA including one patient with TTP and seven

252 patients with aHUS [46]. The patient with TTP was treated

253 with TPE, steroids and caplacizumab resulting in complete

254 hematologic recovery. Six patients with aHUS were treated

255 with TPE with or without steroids, C5 complement inhibitor

256 and IVIG while the other patient with aHUS was only treated

257 with steroid and C5 complement inhibitor. While all patients

258 with aHUS showed rapid hematologic recovery, only one of

259 them had full renal function recovery.

260 Cohen et al. presented a case of TTP in the setting of

261 COVID-19 who was treated with TPE, steroids, and caplacizu-

262 mab. This patient responded to therapy with improvement of

263 the abdominal pain and normalization of platelets, hemoglo-

264 bin, and ADAMTS13 [47]. Tehrani et al. reported another case

265 series of four COVID-19-associated TTP patients two of whom

266 were treated with TPE [48]. The first patient responded well to

267 the therapy with normalization of hemoglobin and platelet

268 levels. Even though the second patient did not respond to TPE

269 initially, with the addition of rituximab, hemoglobin and

270platelet levels became normal although she succumbed to

271death due to hemorrhagic stroke in her frontal cortex.

272Discussion

273The emergence of TMA as a complication of severe COVID-19

274has brought renewed attention to the complex interplay

275between endothelial injury, inflammation, coagulation dysre-

276gulation, and immune activation. This review consolidates

277the current understanding of COVID-19-associated TMA and

278explores TPE as a targeted intervention.

279The pathogenesis of COVID-19-associated TMA appears

280multifactorial. SARS-CoV-2 infects endothelial cells through

281the angiotensin-converting enzyme 2 receptor, triggering

282endothelial dysfunction and subsequent activation of coagu-

283lation and complement cascades. The cytokine storm further

284amplifies these processes, while the imbalance between VWF

285and ADAMTS13 promotes unchecked microthrombus forma-

286tion. This cascade results in systemic microvascular injury

287affecting critical organs such as the lungs, kidneys, heart, and

288brain.

289TPE has shown potential in addressing multiple pathologi-

290cal mechanisms underpinning COVID-19-induced TMA. By

291removing pro-inflammatory cytokines, immune complexes,

292complement components, and excess VWF, TPE helps attenu-

293ate the hyperinflammatory and prothrombotic state. In addi-

294tion, the replacement plasma replenishes regulatory proteins

295such as ADAMTS13 andmitigates ongoing vascular injury.

Table 1 – Evidence supporting therapeutic plasma exchange in COVID-19 microangiopathy.

Study/Authors Patients and Condition Treatment Provided Clinical Results

Elkayam et al. [41] 1 patient with severe COVID-19 and

TMA

TPE + dexamethasone Improved renal function, decreased

vasopressor requirement,

increased platelet counts, normali-

zation of hemolysis parameters

Zhang et al. [42] 3 patients with severe COVID-19 and

ARDS

TPE Resolution of respiratory symptoms,

improved CT lesions, negative

nucleic acid tests, normalized

temperature

Shi et al. [43] 1 patient with COVID-19, respiratory

failure, shock, diarrhea

TPE followed by IVIG Immediate clinical improvement

Arulkumaran et al. [44] 5 patients with severe COVID-19 com-

plicated by ARDS

TPE Improved oxygenation and reversal

of thrombo-inflammatory

markers; high VWf:ADAMTS13

ratio observed

Eriko et al. [45] 1 HIV-positive patient with COVID-19-

associated TMA

TPE, glucocorticoids, hemodialysis,

antihypertensives

Improved renal function and

thrombocytopenia

Vrecko et al. [46] 8 patients: 1 with TTP, 7 with aHUS

and COVID-19

TTP patient: TPE, steroids, caplacizu-

mab

aHUS patients: TPE § steroids, C5

complement inhibitor, IVIG

Complete hematologic recovery in

TTP patient. Rapid hematologic

recovery in all aHUS patients; full

renal recovery in only one aHUS

patient

Cohen et al. [47] 1 patient with COVID-19-associated

TTP

TPE, steroids, caplacizumab Improved abdominal pain, normali-

zation of platelets, hemoglobin,

and ADAMTS13

Tehrani et al. [48] 4 patients with COVID-19-associated

TTP (2 treated with TPE)

TPE § Rituximab Patient 1: Normalization of hemoglo-

bin and platelets

Patient 2: No initial response; later

response with Rituximab but even-

tual death due to hemorrhagic

stroke
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296 The clinical evidence supporting the use of TPE in COVID-

297 19-associated TMA remains limited but encouraging. Case

298 reports and small case series have documented favorable out-

299 comes, including rapid hematologic improvement, reversal of

300 organ dysfunction, and improved survival in patients with

301 both TTP and aHUS phenotypes. Notably, these outcomes

302 were observed when TPE was employed in combination with

303 immunosuppressants, steroids, and complement inhibitors,

304 highlighting the importance of multimodal therapy.

305 Nevertheless, the use of TPE in COVID-19 remains contro-

306 versial due to a lack of large-scale randomized controlled tri-

307 als. The heterogeneity of TMA presentations, variability in

308 TPE protocols, and differences in co-interventions make it

309 challenging to draw definitive conclusions. Furthermore, TPE

310 is resource-intensive, limiting its widespread application in

311 resource-limited settings. Careful patient selection and early

312 recognition of TMA features are crucial for optimizing out-

313 comes.

314 Conclusion

315 COVID-19-associated TMA represents a severe manifestation

316 of endothelial and immune dysregulation with significant

317 morbidity and mortality. TPE offers a promising strategy to

318 mitigate the cascade of inflammation, complement activa-

319 tion, and thrombosis characteristic of this condition. Early

320 evidence supports its use, especially in cases mimicking TTP

321 or aHUS, and when integrated with other immunomodulatory

322 therapies. However, robust clinical trials are urgently needed

323 to clarify patient selection criteria, treatment timing, and

324 optimal adjunctive therapies. As our understanding of

325 COVID-19-associated microangiopathy evolves, TPE may

326 emerge as a cornerstone of therapy for selected patients,

327 offering a lifeline in an otherwise devastating disease trajec-

328 tory.
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