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Abstract
Introduction  Rotational thromboelastometry (ROTEM) records whole blood coagulation in vitro. Data on dynamic changes 
of clot patterns during intravenous thrombolysis (IVT) in acute ischemic stroke is scarce. We investigated the feasibility of 
ROTEM as a potential point-of-care assessment tool for IVT.
Methods  In this prospective pilot study, patients with acute stroke symptoms received IVT. Whole blood coagulation was 
tracked on the ROTEM analyzer. Blood samples were analyzed before, and then 2, 15, 30 and 60 min after beginning IVT. 
In vitro clots (iCLs) were described by their maximum clot firmness (MCF), the time needed to reach MCF (MCF-t), as well 
as the area under the curve (AR10). National Institutes of Health Stroke Scale (NIHSS) was used as early clinical outcome 
parameter.
Results  We analyzed 288 iCLs from 12 patients undergoing IVT. In all iCLs, an early fibrinolysis (91% within the first 
10 min) was detected during IVT. Three different curve progression patterns were observed: a low-responder pattern with 
a continuous clot increase, a high-responder pattern with a sustained clot decrease or total clotting suppression and an 
intermediate-responder pattern with alternating clot characteristics. There was a difference among these groups in early 
clinical outcome (AR10 and MCF each p = 0.01, MCF-t p = 0.02, Kruskal–Wallis Test).
Conclusion  The fibrinolysis patterns determined using ROTEM allow for the monitoring of IVT in patients with acute 
ischemic stroke. This pilot study found a correlation between the in vitro fibrinolysis patterns and early clinical outcomes. 
These findings support a potential for individualization of IVT in the future.

Keywords  Viscoelastometry · ROTEM · Stroke · Intravenous thrombolysis · Coagulation · Point-of-care assessment

Introduction

Mechanical thrombectomy and IVT are considered the gold 
standard therapies for acute ischemic stroke [1–3]. Clinical 
response to IVT varies. Some patients recover while others 
show no benefit [4, 5]. Therefore, an individualization of 
the fibrinolytic therapy based on the patient’s response to 
IVT may prove useful. Until now, no suitable tool has been 
established in clinical routine, which could help distinguish 
between high and low responders to IVT.

Viscoelastometry (VEM) measures whole blood coagu-
lation in vitro. Initially reported in 1948, VEM was devel-
oped to provide a quick overview of the coagulation status 
as a whole in vitro [6]. It has the advantage of being able to 
serve as a bedside monitoring test in terms of a point-of-care 
assessment [7]. Viscoelastic assays therefore are already in 
successful clinical use for the evaluation of blood transfusion 
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requirements during cardiac surgery, trauma-induced coagu-
lopathy and coagulation monitoring in liver transplantation 
[8–11]. The most frequently used VEM test systems are 
thromboelastography (TEG) and rotational thromboelasto-
metry (ROTEM) [12]. ROTEM measures changes in blood 
viscosity by movement of a pin through whole blood in a 
fixed cup. The rotation of the pin is inversely related to the 
clot strength, which subsequently is translated into a typical 
clot graph by a charge-coupled device image sensor system 
[13, 14].

Although ROTEM’s clinical main area of application is 
point-of-care assessment in anesthesiology, it has also been 
used to evaluate whole blood coagulation in patients with 
ischemic stroke [15–20]. However, both main objectives and 
study designs differed and no dynamic coagulation profiling 
with outcome prediction has yet been performed.

IVT induces hyperfibrinolysis, which can be detected 
using ROTEM [17, 19, 20].

We addressed two main questions: can changes be 
detected in ROTEM during IVT, which may be predictive 
of clinical outcome? If so, what are the ideal test channels 
and time points of measurement? To find out, we performed 
a hypothesis-generating feasibility study.

Methods

Patients with acute stroke symptoms who underwent IVT 
were included in this prospective exploratory pilot study. 
Treatment with mechanical thrombectomy was an exclusion 
criterion in order to ensure comparability in the outcome 
analysis. Patients with early signs of infarction in the CT 
or FLAIR positivity in the MRI were excluded. Patients 
were included consecutively, whenever testing capacities 
and personnel was available. Written informed consent was 
obtained from patients or, in case of mental disability, from 
their legal representatives. The study was approved by the 
local institutional ethics board (Ref: GS1-EK-4/338/2015). 
All patients received alteplase according to the recent guide-
lines of the American Heart Association/Stroke Association 
[21]. Ischemic stroke was confirmed by MRI or CT scan 
prior to or after IVT.

Whole blood coagulation and fibrinolysis were recorded 
on the ROTEM® Whole Blood Hemostasis System Type 
Delta as instructed by the manufacturer. In order to iden-
tify the most suitable test channel for outcome correlation, 
every measurement was carried out as 4-channel analysis, 
comprising: extrinsic activation of coagulation (EXTEM), 
intrinsic activation of coagulation (INTEM), fibrin frac-
tion of the clot after platelet inhibition with cytochalasin D 
(FIBTEM) and a control test after plasmin inhibition with 
aprotinin (APTEM); as this channel reverses the plasmin 
effect in vitro, it was not used for outcome correlation.

Blood samples were taken by venous puncture in a cit-
rate tubule (VACUETTE® 9NC Coagulation Sodium Citrate 
3.2%). 4-channel analysis was performed before (baseline), 
and then at 4 testing time points during IVT: post bolus (2 
min), 15 min, 30 min, and 60 min. All samples were pro-
cessed immediately after, or at least within 2 h after venous 
puncture. An additional follow-up test was performed 18 to 
36 h after IVT. The ROTEM device was located at the stroke 
unit, allowing for rapid testing in terms of a point-of-care 
assessment. The latency between blood sampling and the 
start of in vitro testing was limited to a couple of minutes. In 
order to reliably record the whole coagulation process (clot 
formation and lysis) in vitro, every measurement (4-channel 
analysis) at any testing time point was scheduled for at least 
20 min (= ”running time”).

The following ROTEM parameters were recorded to 
describe the iCLs at each measurement:

–	 CT (clotting time),
–	 CFT (clot formation time),
–	 MCF (maximum clot firmness),
–	 MCF-t (time until formation of MCF) and
–	 AR5-AR20 (area under the curve from CT to 5–20 min 

after beginning of in vitro testing).

After starting the analysis by activating the extrinsic or 
intrinsic coagulation system in vitro, CT elapses at zero 
line until clot formation begins to be visible as a typical 
clot graph. The duration from this time point until reach-
ing an iCL amplitude of 20 mm is expressed as CFT. The 
iCL amplitude further increases until reaching its maximum 
(MCF). Subsequently iCL firmness rapidly decreases due to 
fibrinolytic therapy and then returns to the zero line (= clot 
breakdown). See Fig. 1 for an example of a 4-channel analy-
sis at the 15-min testing time point after beginning IVT and 
Figure S1 (Supplemental Material) for a standard ROTEM 
curve without therapeutical intervention.

iCLs of the test channels INTEM, EXTEM and FIBTEM 
during IVT (four testing time points: post bolus, 15, 30, and 
60 min) were used for the correlation with early clinical 
outcome. APTEM, as well as baseline and follow-up iCLs 
were not included in the analysis, because they served as 
controls and did not reflect a response to IVT. See Fig. 2 for 
a flow diagram of the recruiting process.

Increase or decrease in ROTEM parameters between two 
consecutive testing time points during IVT resulted in differ-
ent curve progression patterns. Absolute measuring values 
at each testing time point as well as a comparison of curve 
progression patterns were used for the correlation with early 
clinical outcome.

National Institutes of Health Stroke Scale (NIHSS) was 
used as clinical outcome parameter and recorded before and 
at follow-up by an independent investigator [22]. A favorable 



6131Journal of Neurology (2022) 269:6129–6138	

1 3

clinical outcome was considered an NIHSS improvement 
of at least four points. Unfavorable clinical outcome was 
defined as no improvement or reduction of max. 1 point in 
NIHSS.

Statistics

Descriptive statistics of ROTEM parameters were drawn up 
and results were correlated to the clinical outcome. Non-par-
ametric Kruskal–Wallis Test was used to compare clinical 
outcome between different groups of fibrinolytic response. 

Spearman’s rank correlation coefficient ρ was used to ana-
lyze data conformity between the different ROTEM test 
channels (INTEM, EXTEM and FIBTEM).

Results

We obtained 360 single iCLs from 15 alteplase-treated 
patients from August 2018 to March 2019. Three patients 
were excluded from final analysis: two of them had signs of 
infarction in the initial cerebral imaging (corticomedullary 

APTEM 
Running Time: 00:24:24 Start: 2018-10-09, 15:07:41
CT:        61 s AR5:     324 mm2

CFT:      62 s AR10:   873 mm2

MCF:    66 mm AR15: 1487 mm2

MCF-t: 1361 s AR20: 2129 mm2

FIBTEM

INTEM

EXTEM

APTEM

FIBTEM 
Running Time: 00:25:41 Start: 2018-10-09, 15:06:18
CT:          62 s AR5:    145 mm2

CFT:        --- s AARR1100::  116622  mmmm22

MMCCFF::            1188  mmmm AR15: 162 mm2

MMCCFF--tt::  227744  ss AR20: 162 mm2

INTEM 
Running Time: 00:27:06 Start: 2018-10-09, 15:04:47
CT:        159 s AR5:   303 mm2

CFT:        51 s AARR1100::  333399  mmmm22

MMCCFF::            4400  mmmm AR15: 339 mm2

MMCCFF--tt::  117799  ss AR20: 340 mm2

EXTEM 
Running Time: 00:28:26 Start: 2018-10-09, 15:03:20
CT:          75 s AR5:   321 mm2

CFT:        64 s AARR1100::  338899  mmmm22

MMCCFF::            4455  mmmm AR15: 389 mm2

MMCCFF--tt::  223344  ss AR20: 389 mm2

PAT ID: 3
Tes�ng �me point:
15 min

Clot breakdown

Running Time

Fig. 1   Example of a 4-channel analysis at a 15-min testing time 
point after starting IVT, patient ID: 3. The test channels APTEM, 
FIBTEM, INTEM and EXTEM are displayed top down. In vitro clots 
are characterized by the ROTEM parameters CT, CFT, MCF, MCF-t, 
AR5-AR20, shown on the right side. Y-axis: clot amplitude in mm; 

X-axis: running time in minutes (green letters). MCF, MCF-t and 
AR10 (main target parameters) are written in bold. Note that AR15 
and AR20 do not differ from AR10, because clot breakdown (red 
arrow) occurred within 10 min of running time
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dedifferentiation and FLAIR positivity) and one of them had 
missing data due to technical complications, leaving 288 
iCLs for final analysis (12 patients × 4 channels × 6 testing 
time points = 288). One hundred forty-four iCLs (n = 144) 
were used for the correlation with early clinical outcome 
(12 patients × 3 channels × 4 testing time points = 144; see 
Fig. 2).

Median age was 76 years, gender ratio was 1.5:1 (m/f). 
All iCLs (n = 144, 100%) showed a complete breakdown 
within test running times of at least 20 min at every single 
testing time point during IVT (55% within 5 min, n = 79; 
36% within 10 min, n = 52; 6% within 15 min, n = 8; 3% 
within 20 min, n = 5).

Compared to IVT, all parameters fully recovered in the 
follow-up test. Main changes were observed for the param-
eters maximum clot firmness (MCF), time to maximum clot 
firmness (MCF-t), and area under the curve after 10 min 
running time in vitro (AR10), while clotting time (CT) 
and clot formation time (CFT) did not reveal any relevant 
changes during IVT. See Table 1 for descriptive statistics of 
all patients in the test channel INTEM and Table 2 for cor-
responding clinical stroke characteristics, complications in 
follow-up imaging and vascular risk factors [23]. 

The test channels INTEM, EXTEM and FIBTEM 
showed a strong correlation for all iCL parameters. 
INTEM and EXTEM exhibited nearly identical changes 
of ROTEM parameters throughout IVT. FIBTEM 

showed lower, but still high correlations with INTEM 
and EXTEM. See Table 3 for correlation of differences 
between the testing time points 15–30 min and 30–60 min.

When analyzing the differences between two consecu-
tive testing time points during IVT, three curve progres-
sion patterns were identified for the ROTEM parameters 
MCF, MCF-t and AR10. The RED pattern showed a con-
tinuous clot increase from 15 to 30 min and 30 to 60 min 
(= low responders). The GREEN pattern exhibited a sus-
tained clot decrease or even a total clotting suppression 
from 15 to 30 min and 30 to 60 min (= high responders). 
See Fig. 3 for examples of curve progression patterns in 
patients with either favorable or unfavorable outcomes. 
The BLUE pattern showed alternating (increasing and 
decreasing) curve progression patterns. See Table  S1 
(Supplemental Material) for percentage changes of the 
parameters MCF, MCF-t and AR10 during IVT. No cor-
relation was found for absolute ROTEM parameters or 
certain cutoff values at any testing time point during IVT.

There was a difference in clinical outcome among the 
three patterns (AR10 and MCF each p = 0.01, MCF-t 
p = 0.02, Kruskal–Wallis Test). See Fig. 4 for the indi-
vidual curve progression patterns of all patients at the test-
ing time points 15, 30, and 60 min, sorted by pattern and 
clinical outcome.

n=15
360 iCL

n=12
288 iCL

3 excluded
- 2 signs of infarc�on in CT/MRI

- 1 technical complica�on

Baseline post bolus Follow-up60 min30 min15 min

A I E F I E F I E F I E F I E F A I E F
12 Pat. x 3 channels x 4 tes�ng �me points during i.v. thrombolysis

144 iCL
for early outcome correla�on

A A A A

12 Pat. x 4 channels 12 Pat. x 4 channels

Fig. 2   Flow diagram of the recruiting process. After excluding 3 
patients, 288 in  vitro clots remained for final analysis. 4-channel-
analysis: A APTEM, I INTEM, E EXTEM, F FIBTEM. Baseline and 

follow-up measurements, as well as the test channel APTEM were 
excluded from correlation with early clinical outcome, because they 
served as controls and do not reflect the fibrinolytic response to IVT
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Discussion

We registered systematic differences in the fibrinolytic 
response over time during IVT. In the GREEN pattern (high 
responders), fibrinolysis was sustained, while in the RED 
pattern (low responders) fibrinolysis diminished over time. 
The latter group had a less favorable outcome. The BLUE 
pattern had varying (increasing and decreasing) changes 
with intermediate outcome. We found a complete fibrinoly-
sis (in vitro clot breakdown) within 20 min, predominantly 
within a running time of 10 min after starting the in vitro 
measurement at each testing time point. 4-channel analysis 
for differences over time during IVT revealed interchange-
able ROTEM values for INTEM and EXTEM.

Data on real-time changes in VEM during IVT is scarce. 
Two main aspects are of interest: first, the identification of 
potentially predictive markers for clinical outcome and sec-
ondly, the time it takes until therapy-induced changes of 
whole blood coagulation show up in VEM. Both aspects are 
essential to evaluate VEM as possible point-of-care assess-
ment for IVT.

The largest study (n = 171) in our context was published 
by McDonald et al. [24] They hypothesized that clinical out-
come may be predicted by comparing certain TEG baseline 
parameters to detect a hypercoagulable state. Such patients 

would potentially respond worse to treatment with alteplase 
because their clots may have contained higher amounts of 
fibrin and platelets. Finally, the TEG baseline differences 
did not correlate with the clinical outcome. However, no 
dynamic analysis of coagulation parameter changes at mul-
tiple time points during IVT was performed.

We hypothesized that certain curve progression patterns, 
derived from changes of specific ROTEM parameters during 
IVT, may correlate with early clinical outcome.

In our study, continuous iCL amplitude reduction or even 
a total clotting suppression (GREEN pattern, high respond-
ers) was associated with a favorable outcome. This could 
be explained by an individually sustained effect of alteplase 
on iCL inhibition in these patients. In contrast, diminishing 
fibrinolytic response over time (RED pattern, low respond-
ers) indicated a worse outcome. This in turn could be inter-
preted as partial recovery of whole blood coagulation dur-
ing IVT. Patients with varying curve progression patterns 
(BLUE pattern) also benefited from IVT, but to a lesser 
extent.

The second main question is about timing: coagulation 
monitoring can hardly be achieved by a continuous meas-
urement throughout 60 min, but by multiple tests during 
this time interval. Therefore it is important to distinguish 
between the time an in  vitro measurement needs to be 

Table 1   Descriptive statistics for all patients, sorted by responder patterns, test channel: INTEM

a National Institutes of Health Stroke Scale; bBaseline; cFollow-up; dIntravenous thrombolysis; eMaximum clot firmness; fTime to maximum 
clot firmness; gArea under the curve after 10 min in vitro; hClotting time; iClot formation time. Reference values: CT 100–240 s, CFT 30–110 s, 
MCF 50–72 mm, MCF-t depending on test running time, AR-10 depending on CT, CFT and MCF

All (n = 12) RED pattern 
Low responders
(n = 4)

GREEN pattern 
High responders
(n = 4)

BLUE pattern 
Intermed. resp.
(n = 4)

Median age (SD) 76.5 (10) 76.5 (9.7) 72.0 (12.2) 76.0 (8.9)
Males, n (%) 7 (58) 3 (75) 3 (75) 1 (25)
Median NIHSSa BLb(range) 4 (1–14) 4.5 (1–14) 6 (4–10) 3 (2–4)
Median NIHSS FUc (range) 2 (0–14) 4 (1–14) 2 (0–2) 1.5 (1–2)
Median MCF BL, mm (range) 62 (49–76) 61 (54–76) 62 (49–70) 62 (59–71)
Median MCF IVTd, mm (range) 21 (0–51) 20 (0–51) 12 (0–46) 22 (0–38)
Median MCFe FU, mm (range) 63 (57–70) 62 (58–66) 63 (57–70) 64 (58–69)
Median MCF-tf BL, sec (range) 1287 (1072–1503) 1206 (1072–1503) 1255 (1200–1299) 1411 (1159–1441)
Median MCF-t IVT, sec (range) 119 (0–510) 123 (0–510) 56 (0–261) 141 (0–309)
Median MCF-t FU, sec (range) 1340 (1185–2396) 1660 (1361–2052) 1269 (1186–2396) 1229 (1185–1765)
Median AR-10g BL, mm2 (range) 808 (555–1003) 793 (714–829) 829 (555–927) 825 (717–1003)
Median AR-10 IVT, mm2 (range) 124 (0–810) 125 (0–810) 55 (0–634) 137 (0–395)
Median AR-10 FU, mm2 (range) 856 (715–946) 817 (715–897) 837 (732–946) 870 (760–909)
Median CTh BL, sec (range) 154 (121–265) 140 (122–265) 178 (121–189) 154 (140–210)
Median CT IVT, sec (range) 152 (47–306) 150 (124–306) 155 (47–175) 163 (110–212)
Median CT FU, sec (range) 160 (124–208) 153 (124–160) 183 (151–203) 173 (156–208)
Median CFTi BL, sec (range) 77 (43–144) 85 (75–90) 68 (58–144) 71 (43–101)
Median CFT IVT, sec (range) 74 (51–254) 73 (58–82) 66 (51–142) 85 (53–231)
Median CFT FU, sec (range) 71 (53–90) 68 (56–90) 67 (53–86) 74 (61–83)
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completed (=  “running time”) and the testing time point 
during IVT, when the ROTEM assay is initiated. The run-
ning time has to be added to a certain testing time point to 
determine when the results of the corresponding measure-
ment will become available. For example, when assuming a 
running time of 10 min, the results of the 15-min measure-
ment will be available 25 min after beginning IVT. With 
the majority (91%) of iCLs broken down within 10 min, 
we consider this an appropriate running time for a single 
ROTEM measurement.

Rowe et al. used TEG to examine a small sample (n = 7) 
before, during and after alteplase administration [18]. The 
maximum clot lysis and minimal clot strength was already 
observed in their first measurement after 30 min.

These findings are in accordance with the results of 
our study, although we used ROTEM. We found a strong 
fibrinolysis in all iCLs even at the post bolus testing time 
point, showing up after a running time of 10 min. The early 
response was relatively uniform in all patients, as nearly all 
iCLs showed a continuous decrease until the 15-min testing 
time point. Thereafter, the reaction was more differentiated. 

That is why we focused on differences between the testing 
time points at 15, 30 and 60 min.

Nonetheless, the individual extent of amplitude changes 
during IVT differed considerably among the patients and in 
the course of time. This explains why absolute cutoff values 
at a certain testing time point during IVT may not prove 
useful in general.

Taken the testing time points and running time of our 
procedure into account, complete results for outcome cor-
relation are available 70 min after initiation of IVT (testing 
time point at 60 min plus 10 min running time). Independent 
data from two big stroke registries revealed that the majority 
(about 87% in both studies) of IVT-eligible patients arrived 
at the hospital within a time frame of 3 h [25, 26]. Adding 
70 min to 3 h would still allow dose adjustments within the 
standard IVT time window of 4.5 h.

Moreover, risk stratification by means of cerebral imag-
ing recently resulted in extended time frames for IVT up to 
9 h [27]. This concept of extending the IVT time frame for 
selected patients could also apply for in vitro risk stratifica-
tion with VEM.

Table 2   Clinical/radiological characteristics of all patients, sorted by responder patterns

m male, f female, LAA large-artery atherosclerosis, CE cardioembolism, SVO small-vessel occlusion, SUE stroke of undetermined etiology, SOD 
stroke of other determined etiology, MCA middle cerebral artery, PCA posterior cerebral artery, ACA​ anterior cerebral artery, n.a. not applicable/
no intracerebral artery occlusion; aextend of infarction in the given vascular supply area; bcontralateral to cerebral infarct location, cpresumed 
basilar artery stenosis

Patient ID Group RED (n = 4) Group GREEN (n = 4) Group BLUE (n = 4)

1 2 8 13 3 4 10 12 5 7 11 15

Gender m m m f m f m m f f m f
Age 72 77 76 94 85 67 77 57 81 71 64 83
TOAST classification LAA CE SVO LAA SVO SVO SUE SODc SVO CE SUE SUE
Infarct characteristics
Initial cerebral imaging CT CT CT CT MRI CT CT CT MRI CT CT CT
Vascular supply area MCA MCA MCA MCA MCA PCA MCA PCA MCA ACA​ PCA MCA
Infarct sizea  < 1/3  < 2/3  < 1/3  < 2/3  < 1/3  < 1/3 no  < 1/3  < 1/3  < 2/3  < 2/3 no
Intracerebral artery occlusion No M2 No No No No No No No No No No
Recanalization n.a Yes n.a n.a n.a n.a n.a n.a n.a n.a n.a n.a
Complications in follow-up imaging
Hemorrhagic transformation No No No No No No No No No No No No
Edema No No No No No No No No No No No No
Vascular risk factors
Carotid stenosis 90% No 60%b 90% No No 50% No No No 60% No
Atrial fibrillation No Yes No no No No No No No Yes No No
Arterial hypertension Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes
Hyperlipidemia Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Diabetes mellitus No No Yes No Yes No No No Yes No Yes No
Coronary heart disease No No No No Yes No No No No No Yes Yes
Active smoking No No No No No No Yes No No No No No
Alcohol abuse No No No No No No Yes Yes No No No No
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Having investigated testing time points and running 
times, we focused on differences in the 4 channels, recorded 
in every single measurement. No remarkable differences in 
iCL characteristics at any testing time point were found in 
the 4-channel analysis. In particular, INTEM and EXTEM 
exhibited nearly identical changes of values for the ROTEM 
parameters MCF, MCF-t and AR10 during IVT.

FIBTEM showed corresponding changes, but differed 
more from the other test channels. This may be explained 
by the fact that FIBTEM exclusively represents the fibrin 
portion of the clot and therefore responds more sensitively 
to fibrinolytic therapy. Accordingly, iCLs in FIBTEM broke 
down even earlier than in INTEM and EXTEM, mostly 
within 5 min of running time. While this fast reaction time in 
FIBTEM would be an advantage over INTEM and EXTEM, 
weaker clot firmness in general and a higher probability of a 
total clotting suppression in vitro are the drawbacks. Thus, 
FIBTEM can be considered a very sensitive, but likewise 
diagnostically too inexact assay for point-of-care assessment 
during fibrinolytic therapy.

As expected for a control channel, APTEM usually 
showed normalized ROTEM curves after in vitro inhibition 
of plasmin with aprotinin. Still, in cases of a strong hyper-
fibrinolysis leading to a total clotting suppression (“zero 

line” in ROTEM), APTEM also exhibited a prolonged and 
reduced clot formation. While not adding new insights 
for our study, this phenomenon could be of interest when 
observing adverse events like therapy-induced bleedings.

In summary, INTEM, EXTEM and FIBTEM appropri-
ately reacted to fibrinolytic therapy, but both INTEM and 
EXTEM appear to be most suitable for use in future studies.

Cerebral imaging indicators like infarct location, size of 
infarction and therapy-induced phenomena like hemorrhagic 
transformation, brain edema or degree of recanalization pro-
vide the most relevant information for mid- and long-term 
stroke prognosis. ROTEM, as used in our study, may con-
tribute less in this context.

We primarily evaluated ROTEM as a potential point-of-
care assessment tool for IVT in the acute stroke manage-
ment. The fibrinolytic patterns found may allow to distin-
guish low from high responders in order to perform dosage 
adjustments of IVT in future trials.

Although not investigated until now, this approach could 
also be of interest for evaluation of bridging IVT before 
mechanical thrombectomy.

Our study has limitations. Due to its exploratory design 
and the limited number of patients included, it has to be 
regarded a hypothesis-generating pilot study. The findings 

Baseline post bolus 15 min 30 min 60 min Follow-Up

Favorable
Outcome 

Unfavorable
Outcome AR 10

MCF

in vitro tes�ng �me in min

clot amplitude in mm

Total clo�ng suppression

Par�al clot recovery

Fig. 3   Flowchart, providing examples of a high responder and a low 
responder in INTEM. A high response to IVT (upper curve progres-
sion pattern), indicated by sustained rapid fibrinolysis and/or total 
clotting suppression (green arrow) was associated with a favorable 
outcome. A low response to IVT, indicated by gradual reduction of 
fibrinolysis and partial clot regeneration (lower curve pattern, red 

arrow) was associated with unfavorable outcome. MCF maximum 
clot firmness, AR10 area under the curve after 10 min running time. 
Y-axis: clot amplitude in mm; arrowed X-axis: testing time points 
during IVT; X-axis below each single measurement: running time for 
each single measurement



6136	 Journal of Neurology (2022) 269:6129–6138

1 3

Table 3   Spearman’s rank 
correlation coefficient ρ for the 
test channels INTEM, EXTEM 
and FIBTEM, sorted by the 
ROTEM parameters AR10, 
MCF and MCF-t

Correlations were calculated for differences in total values between the testing time points at 15–30 and 
30–60 min after starting IVT

Testing time point 15–30 min Testing time point 30–60 min

AR10 MCF MCF-t AR10 MCF MCF-t

INTEM-EXTEM
Corr. Coeff. ρ 0.909 0.982 0.952 0.994 0.981 0.934
INTEM-FIBTEM
Corr. Coeff. ρ 0.791 0.875 0.536 0.639 0.681 0.545
EXTEM-FIBTEM
Corr. Coeff. ρ 0.902 0.925 0.802 0.724 0.591 0.738

Fig. 4   Individual curve progression patterns of all patients (test chan-
nel: INTEM), expressed as changes of MCF and AR10 relative to 
baseline in % (left Y-axis) during IVT (X-axis, testing time points 
15, 30 and 60 min after beginning IVT) and sorted by clinical out-
come = NIHSS decline at follow-up (right Y-axis, 0/1 unfavorable; 
2/3 intermediate;  ≥  4 favorable). The post bolus measurement is not 
depicted on the X-axis because it uniformly decreased in all patients 
and therefore did not contribute to the curve progression pattern anal-

ysis. Colored lines represent the 3 different ROTEM patterns: RED: 
continuous clot increase (low responders, unfavorable outcome, upper 
boxes); GREEN: continuous clot decrease/total clotting suppression 
(high responders, favorable outcome, lower boxes); BLUE: increasing 
and decreasing clot patterns (intermediate responders, middle boxes). 
Note that Patient ID 7 was allocated to the upper boxes, because he/
she had a BLUE pattern and an unfavorable outcome
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of this pilot study therefore should facilitate a proper power 
and sample size calculation for future confirmatory trials.

Our findings are based on in vitro clots, which do not 
inevitably represent the “true” blood coagulation in vivo. 
It is not clear if venous blood samples fully depict the arte-
rial system and how changes of whole blood coagulation 
in vivo are translated to in vitro results. However, given the 
strong, but differentiated response in ROTEM, it is likely 
that these in vitro findings also capture the arterial coagula-
tion changes during IVT in vivo and thus allow for clinical 
outcome correlation.

The baseline NIHSS score was rather low in our sample 
because patients with higher NIHSS scores predominantly 
underwent mechanical thrombectomy. As we excluded these 
patients for methodological reasons, we cannot comment 
on ROTEM’s ability to detect a successful lysis of a pre-
formed, stroke-causing intra-arterial clot. Achieving this will 
also depend on local conditions like clot location, length 
and porosity, which should be addressed in future studies. 
However, IVT will certainly retain its importance in cases 
of minor stroke without intra-cerebral artery occlusion. In 
addition, all patients presented with a clinically relevant 
disability and response to IVT differed according to dis-
tinct ROTEM patterns. In the era of thrombectomy, patients 
who solely receive IVT will more likely present with lower 
NIHSS scores, suggesting our sample is more representative.

The results of VEM assays like ROTEM and TEG are 
not interchangeable [28]. Although total values may differ 
depending on the applied VEM, both methods are based on 
the same testing principle and reliably detect fibrinolysis as 
induced by alteplase [17, 19, 29]. Beside many other advan-
tages, new generation devices like TEG 6S® or ROTEM 
Sigma® facilitate the clinical use and reduce the need for 
specially trained personnel such as was required in our study. 
Hence, further studies should preferably be conducted with 
these devices.

In conclusion, we found specific dynamic clot patterns 
during IVT that were associated with different clinical 
outcomes. The use of ROTEM to monitor the fibrinolytic 
response of IVT is feasible, reasonably fast and inexpensive. 
A running time of 10 min and one testing channel (either 
INTEM or EXTEM) per measurement seem appropriate for 
point-of-care assessment in IVT. Based on our experience, 
running ROTEM approximately 15 min after starting IVT at 
three consecutive testing time points may allow identifica-
tion of low responders who could benefit from an intensified 
alteplase treatment in the future.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00415-​022-​11271-z.

Acknowledgements  We thank Dr. Oliver Friedrich from the Research 
Unit of the Karl Landsteiner University of Health Sciences and Dr. 
Andreas Calatzis from Munich for their valuable scientific advice 

during the development of the manuscript. We also thank Warren Ful-
ton for proof-reading. The authors want to appreciate the contribution 
of NÖ Landesgesundheitsagentur, legal entity of University Hospitals 
in Lower Austria, for providing the organizational framework to con-
duct this research.

Author contributions  All authors have read and approved the submit-
ted manuscript. The manuscript has not been submitted elsewhere nor 
published elsewhere in whole or in part, except as an abstract (First 
joint European Stroke Organization and World Stroke Organization 
Conference, 7–9 November 2020).

Funding  Open access funding provided by Karl Landsteiner Privatu-
niversität für Gesundheitswissenschaften. No funding was received for 
conducting this study.

Data availability  The datasets generated during and/or analyzed dur-
ing the current study are available from the corresponding author on 
reasonable request.

Declarations 

Conflicts of interest  All authors certify that they have no affiliations 
with or involvement in any organization or entity with any financial 
interest or non-financial interest in the subject matter or materials dis-
cussed in this manuscript.

Ethical approval  Approval was obtained from the ethics committee of 
the State Lower Austria (Ref: GS1-EK-4/338/2015). The procedures 
used in this study adhere to the tenets of the Declaration of Helsinki.

Consent to participate  Written informed consent was obtained from all 
patients or, in case of mental disability, from their legal representatives.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Hacke W, Kaste M, Bluhmki E, Brozman M, Davalos A, Guidetti 
D, Larrue V, Lees KR, Medeghri Z, Machnig T, Schneider D, von 
Kummer R, Wahlgren N, Toni D, Investigators E (2008) Throm-
bolysis with alteplase 3 to 4.5 hours after acute ischemic stroke. 
N Engl J Med 359:1317–1329

	 2.	 Tong X, Wang Y, Fiehler J, Bauer CT, Jia B, Zhang X, Huo X, 
Luo G, Wang A, Pan Y, Ma N, Gao F, Mo D, Song L, Sun X, Liu 
L, Deng Y, Li X, Wang B, Ma G, Wang Y, Ren Z, Miao Z (2021) 
Thrombectomy versus combined thrombolysis and thrombectomy 
in patients with acute stroke: a matched-control study. Stroke 
52:1589–1600

https://doi.org/10.1007/s00415-022-11271-z
http://creativecommons.org/licenses/by/4.0/


6138	 Journal of Neurology (2022) 269:6129–6138

1 3

	 3.	 Gauberti M, Martinez de Lizarrondo S, Vivien D (2021) Throm-
bolytic strategies for ischemic stroke in the thrombectomy era. J 
Thromb Haemost 19:1618–1628

	 4.	 Gumbinger C, Ringleb P, Ippen F, Ungerer M, Reuter B, Bruder 
I, Daffertshofer M, Stock C (2019) Outcomes of patients with 
stroke treated with thrombolysis according to prestroke Rankin 
Scale scores. Neurology 93:e1834–e1843

	 5.	 Wardlaw JM, Murray V, Berge E, del Zoppo GJ (2014) Throm-
bolysis for acute ischaemic stroke. Cochrane Database Syst Rev. 
https://​doi.​org/​10.​1002/​14651​858.​CD000​213.​pub3

	 6.	 Hartert H (1948) Blood clotting studies with Thrombus stressogra-
phy; a new Investigation procedure. Klin Wochenschr 26:577–583

	 7.	 Luddington RJ (2005) Thrombelastography/thromboelastometry. 
Clin Lab Haematol 27:81–90

	 8.	 Nogami K (2016) The utility of thromboelastography in inherited 
and acquired bleeding disorders. Br J Haematol 174:503–514

	 9.	 Agarwal S, Abdelmotieleb M (2020) Viscoelastic testing in car-
diac surgery. Transfusion 60(Suppl 6):S52-s60

	10.	 Mallett SV (2015) Clinical utility of viscoelastic tests of coagula-
tion (TEG/ROTEM) in patients with liver disease and during liver 
transplantation. Semin Thromb Hemost 41:527–537

	11.	 Wikkelsø A, Wetterslev J, Møller AM, Afshari A (2016) Throm-
boelastography (TEG) or thromboelastometry (ROTEM) to moni-
tor haemostatic treatment versus usual care in adults or children 
with bleeding. Cochrane Database Syst Rev 2016:CD007871

	12.	 Reda S, Morimont L, Douxfils J, Rühl H (2020) Can we meas-
ure the individual prothrombotic or prohemorrhagic tendency by 
global coagulation tests? Hamostaseologie 40:364–378

	13.	 Whiting D, DiNardo JA (2014) TEG and ROTEM: technology 
and clinical applications. Am J Hematol 89:228–232

	14.	 Longstaff C (2018) Measuring fibrinolysis: from research to rou-
tine diagnostic assays. J Thromb Haemost 16:652–662

	15.	 de Villiers S, Swanepoel A, Bester J, Pretorius E (2016) Novel 
diagnostic and monitoring tools in stroke: an individualized 
patient-centered precision medicine approach. J Atheroscler 
Thromb 23:493–504

	16.	 Yao X, Dong Q, Song Y, Wang Y, Deng Y, Li Y (2014) Thromb-
elastography maximal clot strength could predict one-year func-
tional outcome in patients with ischemic stroke. Cerebrovasc Dis 
38:182–190

	17.	 Elliott A, Wetzel J, Roper T, Pivalizza E, McCarthy J, Wallace 
C, Hess MJ, Peng H, Rahbar MH, Sangha N, Grotta JC (2015) 
Thromboelastography in patients with acute ischemic stroke. Int 
J Stroke 10:194–201

	18.	 Rowe AS, Greene CL, Snider CC, Carroll RC, Wiseman BF, 
Henry JM, Langdon JR, Craft RM (2014) Thromboelastographic 
changes in patients experiencing an acute ischemic stroke and 
receiving alteplase. J Stroke Cerebrovasc Dis 23:1307–1311

	19.	 Campello E, Farina F, Spiezia L, Maggiolo S, Palmieri A, Sar-
torello F, Baracchini C, Simioni P (2016) Thromboelastometry 
profiles in patients undergoing thrombolytic therapy for acute 
ischaemic stroke. Thromb Haemost 115:1231–1234

	20.	 Bliden KP, Raviv G, Tantry US, Chaudhary R, Cochran JW, Nava-
rese EP, Brannan T, Vyas A, Gurbel PA (2019) “Blueprinting” 

thrombogenicity and antithrombotic drug response at the bedside 
in patients presenting emergently with symptoms of acute stroke. 
J Thromb Thrombolysis 47:192–199

	21.	 Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambak-
idis NC, Becker K, Biller J, Brown M, Demaerschalk BM, Hoh 
B, Jauch EC, Kidwell CS, Leslie-Mazwi TM, Ovbiagele B, Scott 
PA, Sheth KN, Southerland AM, Summers DV, Tirschwell DL 
(2019) Guidelines for the early management of patients with acute 
ischemic stroke: 2019 update to the 2018 guidelines for the early 
management of acute ischemic stroke: a guideline for healthcare 
professionals from the American Heart Association/American 
Stroke Association. Stroke 50:e344–e418

	22.	 Rangaraju S, Frankel M, Jovin TG (2016) Prognostic value of the 
24-hour neurological examination in anterior circulation ischemic 
stroke: a post hoc analysis of two randomized controlled stroke 
trials. Interv Neurol 4:120–129

	23.	 Adams HP Jr, Bendixen BH, Kappelle LJ, Biller J, Love BB, Gor-
don DL, Marsh EE 3rd (1993) Classification of subtype of acute 
ischemic stroke. Definitions for use in a multicenter clinical trial. 
TOAST. Trial of Org 10172 in Acute Stroke Treatment. Stroke 
24:35–41

	24.	 McDonald MM, Wetzel J, Fraser S, Elliott A, Bowry R, Kawano-
Castillo JF, Cai C, Sangha N, Messier J, Hassler A, Archeval-Lao 
J, Parker SA, Rahbar MH, Pivalizza EG, Chang TR, Grotta JC 
(2016) Thrombelastography does not predict clinical response 
to rtPA for acute ischemic stroke. J Thromb Thrombolysis 
41:505–510

	25.	 Shobha N, Buchan AM, Hill MD (2011) Thrombolysis at 3–4.5 
hours after acute ischemic stroke onset–evidence from the Cana-
dian Alteplase for Stroke Effectiveness Study (CASES) registry. 
Cerebrovasc Dis 31:223–228

	26.	 de Los Ríos la Rosa F, Khoury J, Kissela BM, Flaherty ML, 
Alwell K, Moomaw CJ, Khatri P, Adeoye O, Woo D, Ferioli S, 
Kleindorfer DO (2012) Eligibility for intravenous recombinant 
tissue-type plasminogen activator within a population: the effect 
of the European Cooperative Acute Stroke Study (ECASS) III 
trial. Stroke 43:1591–1595

	27.	 Campbell BCV, Ma H, Ringleb PA, Parsons MW, Churilov L, 
Bendszus M, Levi CR, Hsu C, Kleinig TJ, Fatar M, Leys D, 
Molina C, Wijeratne T, Curtze S, Dewey HM, Barber PA, Butcher 
KS, De Silva DA, Bladin CF, Yassi N, Pfaff JAR, Sharma G, 
Bivard A, Desmond PM, Schwab S, Schellinger PD, Yan B, 
Mitchell PJ, Serena J, Toni D, Thijs V, Hacke W, Davis SM, Don-
nan GA (2019) Extending thrombolysis to 4·5-9 h and wake-up 
stroke using perfusion imaging: a systematic review and meta-
analysis of individual patient data. Lancet (London, England) 
394:139–147

	28.	 Sakai T (2019) Comparison between thromboelastography and 
thromboelastometry. Minerva Anestesiol 85:1346–1356

	29.	 Gilbert BW, Bissell BD, Santiago RD, Rech MA (2020) Tracing 
the lines: a review of viscoelastography for emergency medicine 
clinicians. J Emerg Med 59:201–215

https://doi.org/10.1002/14651858.CD000213.pub3

	Real-time monitoring of intravenous thrombolysis in acute ischemic stroke using rotational thromboelastometry: a feasibility pilot study
	Abstract
	Introduction 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Statistics

	Results
	Discussion
	Acknowledgements 
	References




