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Abstract 

Background  The total amount of heparin administered through flush fluids in stroke patients is not considered 
in recent trials, possibly influencing main results. We investigated the use of heparin among treating physicians 
worldwide.

Methods  We conducted a survey from November 2022 to January 2023 to identify the variability of heparin admin-
istration during stroke endovascular treatment (EVT). We calculated the total heparin dose per hour (IU/h) by add-
ing the intravenous (IV)-bolus dose to the amount administered through flush fluids, calculated by a multiplication 
of the number of infusion bags, drip rate[mL/h] and heparin concentration[IU/L].

Results  A total of 315 participants from different countries worldwide completed the survey and 231/315(73%) 
respondents administer heparin during EVT. The majority administered heparin only through flush fluids (168/231; 
72.7%), followed by both IV-bolus and flush fluids (36/231; 16%), and those who used only an IV-bolus (27/231; 11.7%). 
From the participants that administer heparin through flush fluids, the median heparin concentration was 2000 IU/L 
(range:100 IU/L-10000 IU/L). The total heparin dose (administered through flush fluids and IV-bolus) among 23 
respondents showed a median of 4650 IU/h (IQR:3432–5900). Among the respondents who administer heparin 
through IV-bolus only, the median was 5250 IU (IQR:3750–7500).

Conclusion  This survey revealed variable heparin doses administered by physicians worldwide during EVT 
and reflects the lack of international guidelines. Caution is warranted, specifically during complex/long EVT proce-
dures. Furthermore, heparin flush doses should be considered in future trials regarding periprocedural anticoagulants, 
since imbalances could potentially confound results.
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Introduction
Endovascular treatment (EVT) is the standard of care 
for patients with acute ischemic stroke (AIS) due to large 
vessel occlusion (LVO). Systemic unfractionated hepa-
rin is commonly used during EVT to continuously flush 
catheters and guidewires, preventing clot formation at 
catheter tips.

Despite its benefits, heparin’s strong anticoagulant 
effect poses significant risks. Prior analyses by a Neth-
erlands research group have shown that increasing hep-
arin flush fluid doses is associated with a higher risk of 
symptomatic intracranial haemorrhage (sICH) without 
reducing the risk of distal embolization or improving 
three-month functional outcomes [1, 2]. A higher risk 
of sICH with heparin during EVT was also reported in 
the multicentre randomized clinical trial of endovascular 
treatment for acute ischemic stroke in the Netherlands 
(MR CLEAN-MED) [3]. Notably, this large randomized 
trial did not account for the additional heparin dose 
administered through flush fluids. This omission raises 
the possibility that adjusting for this form of hepa-
rin administration could significantly alter the study’s 
outcomes.

Furthermore, there is a lack of literature providing 
guidelines on the optimal or maximal total dose of hep-
arin that should be administered through flush fluids 
during EVT, leading to substantial variability in practice 
among treating physicians.

The aim of this international survey is to gain insight 
into current practices regarding heparin use during EVT 
among treating physicians worldwide.

Methods
In collaboration with the European Society of Minimally 
Invasive Neurological Therapy (ESMINT), we conducted 
a survey among EVT treating physicians from countries 
across Europe, Asia, and Canada. All ESMINT members 
were requested to complete the survey online (see Sup-
plemental File 1). The survey was open and available for 
3 months (from November 2022 to January 2023).

The survey was divided into three main sections 
addressing: (i) administration of heparin through IV 
bolus alone, (ii) administration through flush fluids 
alone, and (iii) administration through both IV bolus 
and flush fluids. Each section included specific ques-
tions regarding the concentration of heparin in the 
saline flush fluid (IU/L), the dose of the IV bolus (IU/
kg), and the drip rate of the heparinized flush fluid 
(mL/h) (Supplemental File 1).

Respondents were asked whether the drip rate was 
managed automatically (perfusor) or manually (drip 
chamber from an infusion bag). For those managing it 

manually, we recorded standard drip rates (36  mL/h, 
90  mL/h, 180  mL/h, and 900  mL/h) and presented 
these rates to respondents through corresponding 
online videos [4].

Additionally, data were collected on the number of 
infusion bags used, the timing of connecting the infu-
sion bag, and the circumstances under which inter-
ventionists decided to withhold the administration of 
heparin.

The total dose of heparin entering the patient through 
flush fluids per hour was calculated using the follow-
ing formula: (Number of infusion bags) x (Drip rate 
[mL/h]) x (Heparin concentration [IU/L]) x (1/1000 L/
mL). When different drip rates were used for different 
lines, the individual drip rates were added to calculate 
the total infusion rate per hour.

Results
Out of 4005 invited participants, 315 responded to the 
survey. Among the participants, 231 (73%) adminis-
tered heparin (Table 1).

Table 1  Participants and heparin characteristics from the survey

a Responders could select different options for this question, therefore the total 
number exceeds 231

Participants N = 315

Type of responders – n (%)

  (Neuro-)radiologists 211 (67)

  Neurologist 37 (11,8)

  Neurosurgeon 30 (9,5)

  Not specified 77 (11,8)

  Male sex – n (%) 255 (81)

Level of experience – n (%)

  < 1 year 15 (4,8)

  1–5 years 99 (31,4)

  5–10 years 80 (25,4)

  > 10 years 121 (38,4)

Heparin usage – n (%)

  Yes 231 (73)

  No 84 (27)

Heparin administration – n (%)
N = 231

  Flush fluid 168 (73)

  IV Bolus 27 (12)

  Flush + IV Bolus 36 (16)

Access heparin administration – n (%)

  Femoral 115 (49,8)

  Carotid 13 (5,6)

  Radial 39 (16,9)

  Brachial 11 (4,8)

  Not specified / all of the abovea 95 (41,1)
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Number of infusion bags / lines
The majority of respondents who administered hep-
arinized flush fluids used three infusion bags (75/148; 
50.7%), while 12/148 (8.1%) used four infusion bags 
during the procedure.

Preferred drip rate for flush fluids heparin
Among the participants, 168 treating physicians 
administer heparinized flush fluid alone and 36 in 
combination with an IV bolus. Of the 204 responders 
that use heparin in flush fluids, 148 (72.5%) answered 
the question on how and how much they set their pre-
ferred drip rate. The majority (135/148; 91.2%) set 
their drip rate manually. As to the question of what 
drip rate the interventionists preferred when they set 
their drip rate automatically 132 answered, of which 
61 (46%) indicated a rate of 0.5 drips per second (i.e., 
90  mL/h); 43 (32.6%) indicated a rate of 1 drip per 
second (i.e. 180 mL/h); 10 (7.6%) indicated a rate of 2 
drips per second (i.e. 360 mL/h); 15 (11.4%) indicated 
a rate of 1 drip per 5 s (i.e. 36 mL/h) and 3 (2.3%) indi-
cated that they state their rate according to the heart 
rate (Fig. 1).

Timing of connecting the infusion bag
One hundred forty-two (69.9%) participants responded 
to the question on when to connect the infusion bag and 
26 (18%) reported connecting the infusion bag when the 
carotid artery was catheterized, while the remaining 82% 
connected the bags just before or after groin puncture.

Dose of heparin flush fluids
Out of 204 responders that use heparin in flush flu-
ids, 169 provided data on heparin concentration (IU/L). 
The median heparin concentration was 2000  IU/L (IQR 
1000–5000 IU/L), and the concentrations ranged from a 
minimum of 100 IU/L to a maximum of 10,000 IU/L.

IV bolus – dose
Among the 231 participants who administer heparin, 27 
reported administering it through an IV bolus. Of these, 
21 provided data on the dose. The median IV hepa-
rin dose was 5250  IU (IQR 3750–7500  IU). Doses from 
37.5  IU to 75,000  IU were reported. Notably, this maxi-
mum dose was administered only as an IV bolus and not 
in addition to heparinized flush fluid. Furthermore, we 
assume reporting mistakes in the extremes. Addition-
ally, 93% (25 out of 27) of the responses indicated that the 
bolus is given immediately after groin puncture.

Fig. 1  Preferred drip rate for automatic perfusors (n = 132)
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Total calculated heparin dose per hour 
through heparinized flush fluids
We were able to calculate the total heparin dose adminis-
tered through flush fluids per hour for 139 respondents. 
This total dose ranged from 27  IU/h to 9000  IU/h. The 
median dose was 540  IU/h (IQR: 180–1080  IU/h) (see 
Table S1 and Fig. 2).

Total calculated heparin dose per hour through IV 
bolus + heparinized flush fluids
For those who administer heparin through both flush 
fluids and IV bolus, we were able to calculate the total 
hourly heparin dose in 23 respondents (see Table  S2 
and Fig.  3). If respondents provided their heparin dose 
(IU) per kg bodyweight, we re-calculated this dose for 
an average body weight of 75 kg. The total heparin dose 
ranged from 640 IU/h to 14,000 IU/h, with a median of 
4650 IU/h (IQR 3432–5900 IU/h).

Withholding heparin
When participants were asked about circumstances 
under which heparin administration was withheld, the 
majority reported that heparin in flush fluids was omit-
ted when IV thrombolysis had already been administered 
(40/69 respondents; 58%) or when the Alberta Stroke 
Program Early CT Score (ASPECTS) at baseline was less 

than 5 (24/69 respondents; 35%). Other reasons for with-
holding heparin included a history of heparin-induced 
thrombocytopenia (HIT), anticipation of straightforward 
complete recanalization, multiple femoral punctures, 
concurrent use of direct oral anticoagulants or warfarin, 
and planned extracranial or intracranial stenting.

Discussion
In this paper, we present the findings of an international 
survey on the use of heparin in saline flush infusion bags 
and/or as intravenous (IV) bolus during EVT in patients 
with AIS due to LVO.

The use of heparin as a flush fluid or bolus during EVT 
varies widely across different countries and even within 
regions: some interventionalists use heparin routinely, 
while others avoid it, indicating a lack of consensus on 
the use of heparin administration during EVT [2, 5]. 
Current guidelines regarding the periprocedural use of 
heparin do not provide specific recommendations, and 
the use is most often at the discretion of the treating phy-
sician [6]. Although heparin is used in nearly all inter-
ventions, differences in administration, concentration, 
and routine use between treating physicians and hospi-
tals are reported among various studies [7–9]. A review 
done by Wiersema et  al. draws attention toward large 
variations in the use of heparin during peripheral arterial 

Fig. 2  Scatterplot of calculated total heparin dose per hour through flush fluids
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interventions and advocates for the mandatory assess-
ment of actual anticoagulation status [10].

Balancing the benefits of reducing thrombotic compli-
cations with the potential harm of heparin remains cru-
cial, particularly in AIS, where the infarcted brain tissue 
is highly susceptible to haemorrhagic transformation. 
Heparin can increase the risk of bleeding during and after 
EVT, including the development of symptomatic intrac-
ranial haemorrhage (sICH) [3, 11]. Additionally, heparin-
induced thrombocytopenia (HIT) is a rare but potential 
serious immune-mediated adverse reaction [12].

Literature evaluating the impact of heparin on the 
outcomes of EVT shows ambiguous results. The MR 
CLEAN-MED study assessed the safety and efficacy 
of administering IV aspirin (300  mg), unfractionated 
heparin (5000 IU bolus followed by 1250 IU/h for 6 h or 
5000 IU bolus followed by 500 IU/h for 6 h), both, or nei-
ther during EVT for AIS caused by LVO in the anterior 
circulation [3]. The results showed that neither aspirin 
nor heparin improved functional outcomes at 90  days, 
moreover both were associated with an increased risk 
of sICH [3]. A retrospective analysis of 619 patients 
from the Chinese ANGEL registry revealed that hepa-
rin (IV administration of unfractionated heparin, being 
infused at 50–100 IU/Kg at first and additional 1,000 IU 
at intervals of an hour during the operation) during 
EVT was associated with higher rates of sICH and distal 

embolization [13]. In contrast, a retrospective study eval-
uating 76 patients with AIS due to intracranial internal 
carotid artery or middle cerebral artery M1 segment 
occlusion reported lower rates of sICH and higher rates 
of reperfusion if heparin was used [14]. Possibly, besides 
the study designs, variations in baseline characteristics 
among the study cohorts could explain these discrepan-
cies. It is important to emphasiaze that heparin was typi-
cally administered as a bolus intra-procedurally.

Sub-studies of the TREVO-2 trial and the MERCI trial 
revealed that heparin had neutral effects on the occur-
rence of sICH and mortality, while exhibiting a posi-
tive impact on overall outcome [15, 16]. Importantly, 
TREVO-2 and MERCI trials did not restrict periproce-
dural heparin use and it was administered at the discre-
tion of the operator [15, 16]. A study on data from the 
German Stroke registry, evaluating the use of heparin 
in both anterior and posterior circulation during EVT, 
found that administering a periprocedural heparin 
bolus was associated with worse functional outcomes 
in patients with occlusion in the anterior circulation 
whereas no effect on functional outcomes and safety was 
observed in posterior circulation stroke [17].

Multiple studies including trials (IST trial [18], TOAST 
trial [19]), meta-analyses [20] and large cohort studies 
[21] reveal higher sICH rates in patients with heparin 
use in AIS. In a commentary by Hatchinski the potential 

Fig. 3  Scatterplot of calculated total heparin dose per hour for administered IV bolus
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risk of sICH associated with the widespread use of hepa-
rin was highlighted [22]. In one review, the authors con-
cluded that patients with AIS who have symptomatic 
large artery stenosis > 70% or who have a non-occlusive 
intraluminal thrombus may benefit from heparin treat-
ment [23].

This ambiguity in different studies might be theoreti-
cally attributed to variations in heparin administration 
methods such as IV bolus, flush fluids, or a combina-
tion of both. Moreover, in some studies the specific way 
and amount of heparin administration, was not explicitly 
stated [15, 16].

An often neglected proportion of heparin is adminis-
tered through flush fluids.

Observations from a Dutch national survey on use 
of heparin in flush fluids revealed that use of heparin 
administration during EVT was not standardized, lead-
ing to wide variations in how heparin was used, with dif-
ferences in dose, timing, and method of administration 
This could potentially lead to high total heparin amounts. 
One study has focused on the impact of heparinized 
flush (both the saline fluids and its consequences and the 
heparin within those fluids), in neurovascular non-stroke 
procedures [24]. In this study, the fluids administered by 
both the treating physician and the anesthesiologist were 
carefully monitored. The median dose of heparin admin-
istered was 2500 IU ± 1200 IU per procedure. They con-
cluded that heparin administered with the saline flush 
had a strong anticoagulant effect, as evidenced by a pro-
longed activated partial thromboplastin time.

Our international survey of neurointerventionalists 
revealed a variety in heparin doses administered through 
both flush fluids and IV bolus in Europe. The median 
flow rate was 540 IU/h (IQR 180–1080) with a maximum 
of 9000  IU/h. This was lower than in the Dutch survey 
which showed a median flow rate of 1350  IU/h (IQR of 
2700 IU/h) with a maximum of 13,500 IU/h [2]. This was 
mainly due to differences in heparin flush concentrations 
used, ranging from no heparin to 25,000 IU/L [2].

The observed variation in heparin use during EVT, 
both in flush fluids and as IV bolus, mirrors the variability 
seen among treating physicians in and outside of Europe. 
The wide variation reflects the lack of standardized pro-
tocols for heparin use. Notably, the administration of 
high heparin doses during long and complex EVT pro-
cedures raises concerns. Given the recent literature on 
the risks of heparin, we caution physicians to be aware of 
the "unknown" amount of heparin administered through 
flush fluids and recommend limiting its use. Measuring 
Activated Clotting Time (ACT) during EVT would be 
essential for future studies on use of heparin during EVT. 
Currently, an optimal ACT level for EVT in clinical prac-
tice is not known. However, maintaining an appropriate 

ACT range could potentially ensure that anticoagulation 
is effective in preventing thrombus formation without 
increasing the risk of haemorrhage.

Specifically, for the flush fluid heparin administration, 
doses are often unknown since most variables are not 
routinely documented. Therefore, we advise monitor-
ing heparin doses in future randomized trials in order 
to include this variable as a potential confounder and to 
provide insight in optimal dose of heparin.

Limitations
Inherent to all surveys, not all participants responded 
questions comprehensively. To accurately calculate the 
total heparin dose, it was crucial for all respondents to 
answer all questions comprehensively. However, some 
respondents did not complete all questions, perhaps not 
all variables were documented, reducing the number of 
usable responses and most likely underestimating the 
variability currently shown. Also, this survey represents 
the standard procedure settings and we assume that 
there is within centers an important variation regarding 
the heparin dose since the duration of thrombectomies is 
highly variable from case to case. Additionally, the limita-
tion of the methodology is that the problem has not been 
addressed with sufficient precision. Specifically, the cal-
culation of the amount of heparin administered by the 
proceduralist during the procedure is imprecise due to 
various confounding factors. These include the duration 
for which a flush is kept open or attached to the catheter, 
as well as the variability in the speed of the flush, which 
is not always steady during the procedure. Nonetheless, 
the main message of this survey was to provide sufficient 
data to calculate the total heparin flush dose, including 
detailed variables, and to show variety of heparin doses 
administered through flush fluids. We were able to do 
that for over 100 neurointerventionalists from various 
parts of the world.

Conclusions
Use of heparin during EVT varies widely among physi-
cians worldwide. The amount of heparin administered 
through flush fluids is mostly unknown but can reach 
high levels if not paying attention. Neurointerventional-
ists who perform EVT for AIS should be aware of this, 
especially when using high drip rates, multiple infusion 
bags, and during long procedures. Studying optimal 
heparin levels in flush fluids would be needed in future 
research, while heparin flush doses should be considered 
in trials regarding periprocedural anticoagulants. This 
survey underlines the need for guidelines or recommen-
dations on heparin use, either as bolus or in flush fluids, 
during EVT for AIS.



Page 7 of 7Frol et al. CVIR Endovascular            (2025) 8:17 	

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s42155-​025-​00532-3.

Supplementary Material 1.

Supplementary Material 2.

Authors’ contributions
Conceptualization: SF, FB, AR, WHVZ. Original draft preparation: SF, FB, RRMMK. 
Review and editing of the manuscript: SF, FB, RRMMK, AR, WHVZ. Project 
supervision: WHVZ.

Funding
The authors have not declared a specific grant for this research from any fund-
ing agency in the public, commercial or not- for- profit sectors.

Data availability
No data are available. Not applicable.

Declarations

Ethics approval and consent to participate
The present research complies with the guidelines for human studies, and 
the research was conducted ethically in accordance with the World Medical 
Association Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
SF, FB, RRMMK report no disclosures. WWZ reports speaker fees for Stryker, 
Medtronic, Cerenovus, Microvention, Nicolab and consultancies for Philips and 
Bayer. AR reports consultancies for Medtronic, Balt, Microvention.

Author details
1 Department of Vascular Neurology, University Medical Center Ljubljana, 
Ljubljana, Slovenia. 2 Faculty of Medicine, University of Ljubljana, Ljubljana, 
Slovenia. 3 Department of Radiology, AZ Vesalius, Tongeren, Belgium. 4 Depart-
ment of Radiology and Nuclear Medicine, Maastricht University Medical 
Center+ and CARIM, School for Cardiovascular Diseases, Maastricht University, 
Maastricht, the Netherlands. 5 Department of Interventional Neuroradiology, 
Univ Limoges, XLIM, CNRS Umr7252. Limoges University Hospital, Limoges, 
France. 

Received: 22 January 2025   Accepted: 19 February 2025

References
	1.	 Benali F, Hinsenveld WH, van der Leij C, Roozenbeek B, van de Graaf RA, 

Staals J, et al. Effect of Heparinized Flush Concentration on Safety and Effi-
cacy During Endovascular Thrombectomy for Acute Ischemic Stroke: Results 
from the MR CLEAN Registry. Cardiovasc Intervent Radiol. 2021;44(5):750–5.

	2.	 Benali F, van der Leij C, Staals J, van Zwam WH. Use of heparinized saline 
flush during endovascular thrombectomy for acute ischemic stroke; a 
survey of clinical practice in the Netherlands. CVIR Endovasc. 2021;4(1):76.

	3.	 van der Steen W, van de Graaf RA, Chalos V, Lingsma HF, van Doormaal PJ, 
Coutinho JM, et al. Safety and efficacy of aspirin, unfractionated heparin, 
both, or neither during endovascular stroke treatment (MR CLEAN-
MED): an open-label, multicentre, randomised controlled trial. Lancet. 
2022;399(10329):1059–69.

	4.	 Benali F. Drip rate (drip/sec), 5 videos. YouTube. https://​www.​youtu​be.​com/​
chann​el/​UCghP​kZ0ab​ySWPC​IKB5F​qz9w. Published 2021. Accessed April 21, 
2021.

	5.	 M Korzewski LM, K Schomer, K Van Leuven. Heparin Flush Use in Trans-
femoral Cerebral Angiography Survey. Journal of Radiology Nursing. 
2020;39(3):199–206.

	6.	 Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis NC, Becker 
K, et al. Guidelines for the Early Management of Patients With Acute 
Ischemic Stroke: 2019 Update to the 2018 Guidelines for the Early Manage-
ment of Acute Ischemic Stroke: A Guideline for Healthcare Professionals 
From the American Heart Association/American Stroke Association. Stroke. 
2019;50(12):e344–418.

	7.	 Durran AC, Watts C. Current trends in heparin use during arterial vascular 
interventional radiology. Cardiovasc Intervent Radiol. 2012;35(6):1308–14.

	8.	 Miller DL. Heparin in angiography: current patterns of use. Radiology. 
1989;172(3 Pt 2):1007–11.

	9.	 Wiersema AM, Vos JA, Bruijninckx CMA, van Delden OM, Reijnen M, Vahl A, 
et al. Periprocedural prophylactic antithrombotic strategies in interventional 
radiology: current practice in the Netherlands and comparison with the 
United kingdom. Cardiovasc Intervent Radiol. 2013;36(6):1477–92.

	10.	 Wiersema AM, Watts C, Durran AC, Reijnen MM, van Delden OM, Moll FL, 
et al. The Use of Heparin during Endovascular Peripheral Arterial Interven-
tions: A Synopsis. Scientifica (Cairo). 2016;2016:1456298.

	11.	 Wang H, Yuan K, Huang X, Zhong Y, Xie M, et al. Periprocedural intra-
venous heparin in patients with acute ischemic stroke treated with 
endovascular thrombectomy after intravenous thrombolysis. J Neurosurg. 
2024;41(2):355–61.

	12.	 Hogan M, Berger JS. Heparin-induced thrombocytopenia (HIT): Review of 
incidence, diagnosis, and management. Vasc Med. 2020;25(2):160–73.

	13.	 Yang M, Huo X, Gao F, Wang A, Ma N, Liebeskind DS, et al. Safety and 
Efficacy of Heparinization During Mechanical Thrombectomy in Acute 
Ischemic Stroke. Front Neurol. 2019;10:299.

	14.	 Farook N, Haussen D, Sur S, Snelling B, Gersey Z, Yavagal D, et al. Role of 
heparin during endovascular therapy for acute ischemic stroke. Clin Neurol 
Neurosurg. 2016;145:64–7.

	15.	 Winningham MJ, Haussen DC, Nogueira RG, Liebeskind DS, Smith WS, 
Lutsep HL, et al. Periprocedural heparin use in acute ischemic stroke endo-
vascular therapy: The TREVO 2 trial. Journal of NeuroInterventional Surgery. 
2018;10(7):611–4.

	16.	 Nahab F, Walker GA, Dion JE, Smith WS. Safety of periprocedural heparin in 
acute ischemic stroke endovascular therapy: the multi MERCI trial. J Stroke 
Cerebrovasc Dis. 2012;21(8):790–3.

	17.	 Wischmann J, Masouris I, Keidel L, Tiedt S, Trumm CG, Zimmermann H, et al. 
Periprocedural unfractionated heparin bolus during endovascular treat-
ment in acute ischemic stroke does more harm than good. J Neurointerv 
Surg. 2024;16(8):781–7.

	18.	 Group ISTC. The International Stroke Trial (IST): a randomised trial of aspirin, 
subcutaneous heparin, both, or neither among 19 435 patients with acute 
ischaemic stroke. The Lancet. 1997;349(9065):1569–81.

	19.	 Investigators TPCftToOiASTT. Low molecular weight heparinoid, ORG 10172 
(danaparoid), and outcome after acute ischemic stroke: a randomized con-
trolled trial. The Publications Committee for the Trial of ORG 10172 in Acute 
Stroke Treatment (TOAST) Investigators. JAMA. 1998;279(16):1265–72.

	20.	 Whiteley WN, Adams HP Jr, Bath PM, Berge E, Sandset PM, Dennis M, 
et al. Targeted use of heparin, heparinoids, or low-molecular-weight 
heparin to improve outcome after acute ischaemic stroke: an individual 
patient data meta-analysis of randomised controlled trials. Lancet Neurol. 
2013;12(6):539–45.

	21.	 Sandercock PA, Gibson LM, Liu M. Anticoagulants for preventing recurrence 
following presumed non-cardioembolic ischaemic stroke or transient 
ischaemic attack. Cochrane Database Syst Rev. 2009;2009(2):000248.

	22.	 Hachinski V. Intravenous heparin in acute stroke. Arch Neurol. 
1999;56(9):1162.

	23.	 Ruff IM, Jindal JA. Use of Heparin in Acute Ischemic Stroke: Is There Still a 
Role? Curr Atheroscler Rep. 2015;17(9):51.

	24.	 Ramesh VJ, Tweedie I, Sacha N. An audit of fluid and heparin administration 
during interventional neuroradiologic procedures. J Neurosurg Anesthesiol. 
2006;18(4):251–5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1186/s42155-025-00532-3
https://doi.org/10.1186/s42155-025-00532-3
https://www.youtube.com/channel/UCghPkZ0abySWPCIKB5Fqz9w
https://www.youtube.com/channel/UCghPkZ0abySWPCIKB5Fqz9w

	The variable use of heparin through intravenous bolus and flush fluid systems during endovascular stroke treatment, a world-wide survey
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Results
	Number of infusion bags  lines
	Preferred drip rate for flush fluids heparin
	Timing of connecting the infusion bag
	Dose of heparin flush fluids
	IV bolus – dose
	Total calculated heparin dose per hour through heparinized flush fluids
	Total calculated heparin dose per hour through IV bolus + heparinized flush fluids
	Withholding heparin

	Discussion
	Limitations

	Conclusions
	References


