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Abstract

:

Objectives: Acute ischemic stroke (AIS) is a significant and devastating complication in patients with end-stage renal disease on hemodialysis (ESRD/HD). Since one-third of AIS in ESRD/HD patients occurs during or soon after dialysis, patients are more likely to present within the time window when intravenous thrombolysis (IVT) can be performed. IVT may improve prognosis in ESRD/HD patients with AIS. However, ESRD/HD patients have been excluded from large trials and may have been withheld from IVT due to concerns about bleeding complications. To date, there is no clear evidence and firm guidance on the safety and efficacy of IVT in ESRD/HD patients with AIS. This narrative review aimed to evaluate critical scientific data on the benefits and risks of IVT use in patients with ESRD/HD and AIS. Materials and Methods: We searched the electronic database of PubMed for studies evaluating the relationship between AIS, ESRD/HD, and IVT. Reference sections and additional publications were also searched manually. Studies on AIS in patients with ESRD/HD requiring maintenance dialysis that referred to IVT were included. Results: In total, 560 studies were found in the PubMed electronic database during the period covered, of which 10 met the selection criteria. IVT for AIS in ESRD/HD patients could improve neurological outcomes and be safely performed even with the possibility of hemorrhagic complications associated with hypertension. Despite the high complication and mortality rates in ESRD/HD patients with AIS after IVT, the association with IVT was unclear. Conclusions: IVT for AIS in ESRD/HD patients may improve outcomes and should not be withheld based solely on ESRD/HD status.
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1. Introduction


Stroke is the leading cause of death in patients with end-stage renal disease on hemodialysis (ESRD/HD); stroke mortality in ESRD/HD patients is nine times higher than in the general population [1,2]. The incidence of stroke is also 8–10 times higher in ESRD/HD patients than in the general population, with an annual incidence of acute ischemic stroke (AIS) reported being 4% [3,4,5]. One-third of AIS in ESRD/HD patients occurs during or within 30 min after dialysis, and patients regularly attend medical facilities, which makes the patients more likely to present within the time window in which intravenous thrombolysis (IVT) can be performed [6]. Although IVT may improve prognosis in ESRD/HD patients with AIS, the NINDS rt-PA trial and ECASS III, which first tested the efficacy and safety of IVT, excluded ESRD/HD patients [7,8]. Some recent randomized controlled trials comparing tenecteplase to alteplase also excluded ESRD/HD patients (NCT02814409). In addition, it has been suggested that reduced renal function may increase symptomatic intracranial bleeding, complications, and in-hospital mortality after IVT for AIS, leading some clinicians to refrain from performing IVT in ESRD/HD patients [9,10,11,12]. To date, there is no clear evidence and firm guidance on the safety and efficacy of IVT in ESRD/HD patients with AIS.



This narrative review aimed to evaluate critical scientific data on the benefits and risks of IVT use in patients with ESRD/HD and AIS.




2. Materials and Methods


Studies evaluating the relationship between ESRD/HD, AIS, and IVT were searched in the PubMed electronic database from January 2000 to October 2022. Three term groups were used in the search. The first term group is “end stage renal failure ^ end stage renal disease ^ hemodialysis ^ renal dysfunction ^ renal function”, the second group is “thrombolytics ^ fibrinolytic ^ thrombolysis ^ fibrinolysis”, and the third group is “stroke ^ acute ischemic stroke ^ AIS”. OR searches were performed within a term group, and AND searches were conducted between three-term groups. Reference sections and additional publications were also searched manually. Studies on AIS in patients with ESRD/HD requiring maintenance dialysis that referred to IVT were included. Critical data (study design, general characteristics of the study, sample size, and results on the safety and efficacy) were extracted from the included studies.




3. Results


The search using the above terms resulted in 560 studies found in the PubMed electronic database during the period covered, of which 10 met the selection criteria. Table 1 shows the details of each study. No randomized clinical trials were testing IVT in patients with ESRD/HD.




4. Discussion


4.1. Descriptive Cases of IVT for AIS in ESRD/HD Patients


Detailed descriptive cases of IVT for AIS in ESRD/HD were reported from Japan. Most concluded that IVT for AIS in ESRD/HD patients could improve neurological outcomes and be safely performed even with the possibility of hemorrhagic complications. Han et al. [13] reported a case report of an AIS patient with ESRD/HD who received IVT and achieved neurological improvement without complications. Naganuma et al. [14] described ESRD/HD patients selected from the Stroke Acute Management with Urgent Risk-factor Assessment and Improvement (SAMURAI) rt-PA registry, a multicenter observational study of alteplase use in Japan. Of the 600 AIS patients who received IVT, four (0.7%) had ESRD/HD. Of the four patients (three male, age 64–77, duration of dialysis 1.2–28 years), three (75%) had a stroke on the day of dialysis, one (25%) had a stroke during dialysis, and two (50%) had a stroke immediately after dialysis. One patient (25%) required intravenous antihypertensive therapy before IVT and had an ectopic cortical hematoma and intraventricular hemorrhage after IVT. The remaining three patients (75%) had no hemorrhagic complications. The modified Rankin scale score at three months was 0 in one patient (25%), 2 in two patients (50%), and 4 in one patient (25%). They concluded that AIS patients with ESRD/HD may have an improved neurological prognosis, although they are at risk for IVT-induced intracranial bleeding associated with hypertension. However, these reports are based on the Japanese recommended dose of 0.6 mg/kg alteplase, and the results may differ from the internationally used dose of 0.9 mg/kg [23,24,25].




4.2. The Time Window for IVT


Regarding the time window for IVT, some reports indicate that ESRD/HD patients are more likely to develop AIS in environments with good access to IVT facilities. Others, however, pointed out that ESRD/HD patients may be less likely to receive IVT promptly versus non-ESRD/HD patients. Cherian L et al. [15] retrospectively analyzed data from 34 ESRD/HD patients with AIS and transient ischemic attack at Rush University Medical Center by chart review. In that case series, 9 of 34 patients (27%) presented within the IVT time window, of whom 4 (44%) reported receiving IVT. Cohen-Nagai et al. [16] retrospectively studied stroke cases in ESRD/HD patients at a single institution. They said that all ESRD/HD patients developed AIS during hospitalization or dialysis, which allowed for prompt neurological evaluation, imaging, and IVT administration, resulting in neurological improvement and no complications. On the other hand, Findalay et al. [17] examined the inequality of care for strokes in ESRD/HD patients using a retrospective national data linkage cohort. He found that ESRD/HD patients were significantly less likely to have IVT performed within 60 min versus non-ESRD/HD patients (1.5% versus 3.9%; p = 0.016). The delay or withholding of IVT for ESRD/HD patients, despite their potentially better access to IVT, may be due to avoidance by providers of high-risk cases and difficulties in blood pressure control, as well as the problem of prolonged activated partial thromboplastin time (APTT), which will be discussed later.




4.3. Complications and in-Hospital Mortality, Management in the Stroke Care Unit after IVT


Given the relatively poor outcomes after IVT for AIS in patients with chronic kidney disease, complications and mortality after IVT for AIS in ESRD/HD patients were studied using the National Inpatient Sample in the United States [9,10,11,18,19]. Despite the high complication and mortality rates in ESRD/HD patients with AIS after IVT, the association with IVT was unclear, and reports suggested that IVT should not be withheld simply because a patient has ESRD/HD. According to Tariq N et al. [18], there was no significant difference in the incidence of intracranial hemorrhage with or without ESRD/HD (5.2% versus 6.1%). The results are not adjusted for relevant factors and may be subject to patient selection bias. ESRD/HD patients had more complications during hospitalization, such as pneumonia, deep vein thrombosis, and sepsis, and significantly higher in-hospital mortality than non-ESRD/HD patients (22% versus 11%, p ≤ 0.0001). However, among AIS patients who did not receive IVT, dialysis patients had higher in-hospital mortality rates than non-dialysis patients, and it is unclear whether IVT contributed to the increase in in-hospital mortality. Pana TA et al. [19] also conducted a retrospective comparative study using the National Inpatient Sample. They noted that compared with the no-chronic kidney disease group, the ESRD/HD groups had significantly increased odds of in-hospital mortality (odds ratio (99% confidence interval); 2.06, (1.90–2.25), p < 0.001), were at higher odds of prolonged hospitalization (1.44, (1.37–1.51), p < 0.001), and were at higher odds of moderate-to-severe disability on discharge (1.13 (1.10–1.15), p < 0.001) after IVT. Interaction terms between IVT and the ESRD/HD groups were not statistically significant (p > 0.01) for any outcome. They concluded that IVT should not be withheld for AIS patients with ESRD. Power A et al. [20] also noted in their review article that IVT can be safely performed for AIS, although its efficacy may be attenuated in patients with chronic renal failure and ESRD. Although in-hospital complications and mortality were problems in these studies, management in the stroke care unit (SCU) has generally been shown to reduce complications and mortality in stroke patients [26,27,28,29,30]. Findalay et al. [17] reported that management in the SCU also reduced mortality in ESRD/HD patients who developed AIS; SCU management may be preferable for AIS patients with ESRD/HD receiving IVT.




4.4. Expert Opinion


In the expert opinion survey, the prevailing view was that IVT of AIS in ESRD/HD patients should not be refrained from as long as possible. In an opinion survey of US stroke experts, 33% of respondents had used intravenous thrombolysis, and most experts would use it when it was feasible [21]. In a survey of nephrologists, 75% preferred to be involved in IVT decision-making due to concerns about bleeding complications. While multi-specialist consultation is desirable, making decisions quickly remains challenging [22].




4.5. Practical Issues: Stroke Subtype


To date, there is no evidence of the efficacy of IVT in ESRD/HD patients by stroke subtypes. K.T. et al. reported stroke subtypes of 57 AIS patients with ESRD/HD in a multicenter, retrospective study: small vessel occlusion in 48%, large artery atherosclerosis in 27%, and cardioembolism in 25% [6]. Jung S et al. also reported stroke subtypes at a single center: small vessel occlusion in 48%, large artery atherosclerosis in 28%, undetermined etiology in 24%, and cardioembolism in 1% [31]. In both reports, small vessel occlusion was the most common stroke subtype of AIS in ESRD/HD patients. However, small vessel occlusion was not included among the subtypes of five cases from the case report or case series in this review, in which stroke subtype data were available. Three of the five patients had cardioembolism, and two had undetermined etiology [13,14]. This dissociation may be accounted for by selection bias. Small vessel occlusion is the stroke subtype with the best functional prognosis [32]. Therefore, when ESRD/HD patients develop small vessel occlusion, IVT may have been withheld because of the limited benefit of the prognosis. The balance of benefits and risks of IVT according to stroke subtypes needs to be carefully considered and further investigated.




4.6. Practical Issues: Stroke Severity


There is no evidence that IVT for AIS in ESRD/HD patients should be selected according to stroke severity. In the case report and case series included in this review with available baseline National Institute of Health Stroke Scale (NIHSS) score data, stroke severity was distributed from mild to severe, with NIHSS scores ranging from 4 to 20 [13,14]. The higher the stroke severity, the higher the risk of hemorrhage after IVT [33,34]. However, only one patient with hemorrhagic complications had the lowest NIHSS score of 4, suggesting that IVT for ESRD/HD patients can improve neurological symptoms for severe stroke but can cause hemorrhagic complications even in patients with mild stroke. These results may also be subject to selection bias and influenced by the stroke subtypes described above.




4.7. Practical Issues: Stroke Lesion and Occluded Vessel


There are no studies on stroke lesions and occluded vessels in AIS patients with ESRD/HD who underwent IVT. According to K.T. et al., 57% of stroke lesions in ESRD/HD patients were in the anterior circulation and 43% in the posterior circulation [6]. Jung S et al. found that the anterior circulation accounted for 68%, the posterior circulation for 24%, and both for 8% [31]. In the five cases in this review for which data on stroke lesions and occluded vessels were available, all were from the anterior circulation, but none were from the posterior circulation. The occluded vessels were identifiable in three cases, and the intracranial carotid artery, M1, and M2 segment of the middle cerebral artery were identified in one patient each [13,14]. There were no data on AIS of the posterior circulation or in cases with tandem occlusion of intracranial and cervical vessels. The efficacy of IVT for AIS in the posterior circulation and each occluded vessel needs further investigation.




4.8. Practical Issues: Prolonged APTT


“A 65-year-old hemodialysis patient with diabetes mellitus, hypertension, and atrial fibrillation presented to the hospital 1 h after the sudden onset of aphasia and right-sided hemiparalysis immediately after the end of hemodialysis (4-h dialysis) in which he received a total of 5000 units of heparin. He had an NIHSS score of 18, blood pressure of 160/105 mmHg, and no findings on non-contrast CT of the head. He is eligible for IVT except for a moderately prolonged APTT of 47 s (baseline is 35 s). Should this patient be treated with intravenous thrombolysis?”



Because unfractionated heparin is often used during hemodialysis, prolonged APTT can be a practical clinical issue when considering IVT for AIS in ESRD/HD patients. The case presented in the 2011 US expert opinion survey, partially modified, is the one at the beginning of this chapter [21]. About half of the US experts (17 out of 40) responded that even if the guidelines were violated, they would immediately administer IVT because “time is brain”. They would consider withholding IVT only when the APTT was 1.5 times higher than the baseline. In the same case, 80% of respondents indicated that they would repeat the APTT without waiting 2 h, which was agreed upon by 11 European experts [21]. Protamine should not be used in hyperacute stroke patients because it can increase coagulation and worsen cerebral circulation [35]. When the APTT is prolonged, IVT can be administered without contraindication if the patient is still within the time window after retesting and correction of the prolongation, but the validity of delaying IVT to normalize the APTT is not clear. In recent years, several randomized clinical trials have reported skipping IVT for AIS with large vessel occlusion when mechanical thrombectomy is feasible [36,37,38,39]. The potential treatment options for the case mentioned above are as follows: “Perform IVT immediately because the APTT value is not more than 1.5 times the previous value”, “Skip IVT and consider mechanical thrombectomy”, and “Consider IVT when the APTT value reaches about 40 s after some time has elapsed”. All of these are appropriate and should be considered according to the policies and conditions of each institution. On the other hand, unfractionated heparin used for hemodialysis is metabolized relatively quickly. ESRD/HD patients with prolonged APTT on the presentation for AIS are rare [40,41]. Further investigation is needed for IVT in hemodialysis patients with prolonged APTT.




4.9. Practical Issues: Atherosclerosis and Atrial Fibrillation


Patients with ESRD/HD are more likely to have coexisting advanced atherosclerotic lesions [6,14,15,34]. ESRD/HD patients also have a high rate of atrial fibrillation (11–13%). ESRD/HD patients with severe atherosclerosis often have large vessel occlusion due to cardioembolism and are candidates for revascularization therapy [42,43,44]. When thrombectomy is attempted, the femoral artery or aortic arch may have severe atherosclerosis, making it difficult to secure an access route, or the carotid artery may be highly tortuous, making catheter insertion difficult. It is also known that bending tortuosity due to arteriosclerosis makes thrombectomy difficult and reduces its outcome [45]. Skipping IVT just because the patient has ESRD/HD is not recommended because it means giving up a potentially effective treatment option.





5. Limitations


The main limitation of this narrative review is its lack of accuracy and reproducibility, and we present our findings in the context of what has been reported. However, this may be an inherent limitation of narrative reviews. Most of the articles included in this review are retrospective, and patient selection bias must be considered regarding the efficacy and safety of IVT for AIS patients with ESRD/HD.




6. Conclusions


IVT for AIS in ESRD/HD patients may improve outcomes and should not be withheld based solely on ESRD/HD status.



Future Directions: There is no clear evidence on whether bleeding complications are more common in ESRD/HD patients after IVT for AIS. Data from the National Inpatient Sample in the US suggest no difference between patients and those not on dialysis. However, this is not adjusted for relevant factors and may be due to patient selection bias [18]. The differences in the efficacy of IVT for AIS patients with ESRD/HD by stroke subtype, severity, lesion, and occluded vessel have not been thoroughly investigated. There is no consensus on IVT in AIS patients with moderately prolonged APTT and ESRD/HD. Several randomized clinical trials have investigated skipping IVT before thrombectomy, which is essential in ESRD/HD patients who are assumed to be at high risk for bleeding. Still, it is unclear whether these results apply to ESRD/HD patients [36,37,38,39].
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Nonstandard Abbreviations and Acronyms




	AIS
	acute ischemic stroke



	APTT
	activated partial thromboplastin time



	ESRD
	end-stage renal disease



	ESRD/HD
	end-stage renal disease on hemodialysis



	IVT
	intravenous thrombolysis



	SCU
	stroke care unit



	NIHSS
	National Institute of Health Stroke Scale
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Table 1. Summary of studies included.
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	Author
	Published Year
	Study Type
	Intravenous Thrombolytic Agent Used and Dose
	Total Population
	The Proportion of ESRD/HD Patients Receiving IVT for AIS
	Results of AIS Patients with ESRD on Dialysis Receiving IVT





	Han W et al. [13]
	2018
	Case report
	Alteplase

(0.6 mg/kg)
	1
	One patient
	A patient with ESRD/HD treated with IVT for AIS achieved neurological improvement without complications



	Naganuma M et al. [14]
	2011
	Case series

—The retrospective cohort of AIS patients receiving IVT from the SAMURAI rt-PA Registry
	Alteplase

(0.6 mg/kg)
	600 AIS patients receiving IVT
	Four patients with ESRD/HD (0.7%)
	One patient (25%) developed an intracranial hemorrhage after IVT. The other three patients (75%) did not develop hemorrhagic complications. The modified Rankin Scale score at three months was 0 in one patient (25%), 2 in two patients (50%), and 4 in one patient (25%).



	Cherian L et al. [15]
	2015
	Case series

—ICD-9 codes were used to identify AIS and TIA patients with ESRD/HD admitted to the stroke service of Rush University Medical Center from 22 August 2011 to 21 June 2014.
	No data
	34 ESRD/HD patients with TIA/AIS
	Four patients (11.8%)
	Nine patients (26.5%) presented within the IVT time window, and four (11.8%) were eligible and received IVT.



	Cohen-Hagai K et al. [16]
	2019
	Observational study

—Retrospective, observational, case-control cohort study, the electronic medical records of all chronic hemodialysis patients at Meir Medical Center, Israel, from 1 January 2014 to 31 December 2017
	No data
	585 ESRD/HD patients on dialysis

−52 (8.9%) with AIS
	Four patients (7.7%)
	ESRD/HD patients received a neurological evaluation, CT imaging, and TPA administration performed promptly because they developed AIS during hospitalization or dialysis, and neurological symptoms of stroke onset were confirmed. The neurological symptoms resolved after IVT. IVT for AIS patients with ESRD/HD was safe, and no bleeding was observed in these patients.



	Findlay MD et al. [17]
	2018
	Observational study

—Retrospective national data linkage cohort using data within the Scottish Renal Registry, Scottish Stroke Care Audit, Scottish MorbidIVTy Records, and the National Records of Scotland
	No data
	8757 ESRD/HD patients

−224 ESRD/HD patients experienced a stroke
	Three patients (1.5%) of AIS patients whose data were available)
	ESRD/HD patients were less likely to receive IVT within 60 min than non-ESRD/HD patients (1.5% versus 3.9%; p = 0.016)



	Tariq N et al. [18]
	2013
	Observational study

—The retrospective cohort of AIS patients receiving IVT from the US National Inpatient Sample (2002–2009))
	No data
	82,142 AIS patients received IVT
	1072 patients (1.3%) with ESRD/HD
	Intracranial hemorrhage rates did not differ significantly between patients with ischemic stroke with or without dialysis who received thrombolytics (5.2% versus 6.1%). The in-hospital mortality rate was higher in dialysis-dependent patients treated with thrombolytics (22% versus 11%, p ≤ 0.0001). After adjusting for age, sex, and comorbidities, dialysis dependence was associated with higher rates of in-hospital mortality in patients treated with thrombolytics (odds ratio, 1.92; 95% confidence interval, 1.33–2.78, p = 0.0005).



	Pana TA et al. [19]
	2021
	Observational study

—The retrospective cohort of AIS patients receiving IVT from the US National Inpatient Sample (2005–2015)
	No data
	4,283,086 AIS patients

−74,499 (1.7%) with ESRD/HD
	2757 patients (3.7%)
	Compared with the no CKD group, the ESRD/HD groups had significantly increased odds of in-hospital mortality (odds ratio (99% confidence interval); 2.06, (1.90–2.25), p < 0.001), were at higher odds of prolonged hospitalization (1.44, (1.37–1.51), p < 0.001), and were at higher odds of moderate-to-severe disability on discharge (1.13 (1.10–1.15), p < 0.001) after IVT. Interaction terms between IVT and the ESRD/HD groups were not statistically significant (p > 0.01) for any outcome.



	Power A et al. [20]
	2013
	Narrative review about the association between CKD, ESRD, and stroke
	No data
	-
	-
	IVT for AIS appears safe even in all stages of CKD, although the therapeutic effect may be attenuated.



	Palacio S et al. [21]
	2011
	Expert opinion

—Sixty-five stroke experts in IVT of AIS were queried regarding their personal experience in the use of IVT in ESRD/HD patients. Hypothetical case scenarios were presented.
	No data
	-
	-
	Of the 65 stroke experts who were queried, 40 (62%) responded. One-third of the responders had previously treated ESRD/HD patients with IVT. Most favored use of IVT for ESRD/HD patients with AIS. When presented with a case of a patient who had recently undergone dialysis with a mildly prolonged activated partial thromboplastin time, 50% favored immediate IVT. Seventy-eight percent of the experts would have considered an intra-arterial approach and would have preferred mechanical clot retrieval to thrombolysis.



	Power A et al. [22]
	2013
	Expert opinion

—Consultant nephrologists participated in an internet-based questionnaire. Respondents were asked about their involvement in IVT decisions and safety concerns in ESRD patients.
	No data
	-
	-
	In total, 122/433 (28%) clinicians responded; 75% wanted involvement in thrombolysis decisions, although just 10% gave input in practice; 64% expressed a high degree of concern (≥7/10) regarding intracranial bleeding risk in hemodialysis. Overall, intra- and extracranial bleeding risks were lower in peritoneal dialysis (p < 0.001).







ESRD, end-stage renal disease; HD, hemodialysis; ESRD/HD, end-stage renal failure on hemodialysis; CKD, chronic kidney disease; AIS, acute ischemic stroke; IVT, intravenous thrombolysis; TIA, transient ischemic attack.
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