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Abstract

Background and aims: Thrombolytic therapy is widely used to treat acute ischemic

stroke (AIS) patients. As intracerebral hemorrhage is a life-threatening complication

of this therapy, monitoring the fibrinolytic and coagulation systems is imperative.

However, existing studies on plasmin inhibitor complex (PIC) and thrombin-

antithrombin III complex (TAT) mostly apply the enzyme-linked immunosorbent assay

(ELISA) method. The aim of this study is to establish the baseline of thrombolytic

treatment for AIS patients; to monitor the fibrinolytic and coagulation system follow-

ing alteplase administration; to ascertain the proper time point to predict intracere-

bral hemorrhage.

Methods: The method used to assess a patient's intravascular situation, namely

chemiluminescence, was used to quantitatively assess the PIC, TAT, and

thrombomodulin (TM). Immuno-turbidimetric was used to assess the concentration

of D-dimer, fibrin/fibrinogen degradation products (FDP), and the Von Willebrand

factor (vWF). The Clauss clotting method was used to assay the activated partial

thromboplastin time (APTT), prothrombin time (PT) and FIB.

Results: PIC increased to its peak concentration at 3 hours post intravenous

(IV) alteplase infusion and decreased by nearly 50% every 3 hours thereafter. After

24 hours, PIC returned to its normal range, while D-dimer and FDP decreased

3 hours later compared to PIC. PT and APTT exhibited no obvious change during the

24-hour period. TM also exhibited no changes during the treatment.

Conclusion: PIC decreased 3 hours earlier than D-dimer and FDP. The combined test

of PIC, D-dimer, and fibrinogen can be used to monitor the fibrinolytic system after

the IV alteplase infusion. The use of IV alteplase had no impact on the endothelium.

Creating a patient's individual data curve could assist in the prediction of hemor-

rhagic transformation (HT) and a stroke occurring.
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1 | INTRODUCTION

Intravenous (IV) alteplase is recommended for eligible acute ischemic

stroke (AIS) patients.1 However, the risks of antithrombotic therapy

within the first 24 hours after treatment with IV alteplase are uncer-

tain. One of the life-threatening risks is intracerebral hemorrhage.2-4

Normally, all patients will undertake a noncontrast head Computed

Tomography (CT) or brain Magnetic Resonance Imaging (MRI) at

24 hours to rule it out.5 IV alteplase is a tissue plasminogen activator

(t-PA), which magnifies the fibrinolytic system by converting more

plasminogen into plasmin.5 Consequently, monitoring representative

markers can provide a clearer view of alterations of a patient's fibrino-

lytic systems.6 D-dimer is the fragment of plasmin-cleaved insoluble

and cross-linked fibrin, which has been found to be higher in AIS

patients on admission 1 week and 1 month after anticoagulant treat-

ment in comparison to healthy subjects.7 Furthermore, D-dimer has

also been proven to be an outcome predictor for ischemic strokes.8,9

Theoretically, D-dimer is at the downstream of the fibrinolytic system.

As such, the activation of D-dimer demonstrates that the fibrinolysis

has already occurred. D-dimer is primarily used for the negative exclu-

sion of thrombus.10-12 Therefore, the sensitivity of the D-dimer

reagent required an increase. Thus, the false positive of D-dimer may

occur. Apart from fibrin, plasmin also cleaves fibrinogen into several

fragments that are referred to as fibrin/fibrinogen degradation prod-

ucts (FDP).13 Theoretically, assays of FDP could be combined with D-

dimer in clinical trials to distinguish this false positive. AIS patients

were also found to have an elevated concentration of fibrinogen.14 In

theory, fibrinogen and FDP can also be used to monitor the fibrinoly-

sis. As more plasmin exits in circulation after the usage of IV alteplase,

the assays of plasmin concentration can predict the activation of fibri-

nolysis.15 However, it is quite difficult to find that studies have illus-

trated the modification of plasmin in stroke patients. This may be due

to the lack of testing methods. An elevated concentration of plasmin-

α2 plasmin inhibitor complex (PIC) was found not only within 48 hours

following a stroke but also after 1 and 3 weeks.6 The method used to

test PIC was enzyme-linked immunosorbent assay (ELISA). Yet, the

accuracy of ELISA is often not ideal. Moreover, this method is time-

consuming. Therefore, the feasibility of applying it in clinical trials was

relatively low.

Prothrombin time (PT), activated partial thromboplastin time

(APTT), and thrombin time (TT) are most widely used in assessing the

coagulation protein system in patients.16 According to guidelines,

prior to the application of IV alteplase; PT, and APTT are used to

check the eligibility of AIS patients.1 With regard to the clotting pro-

gress, thrombin is the key factor to convert fibrinogen into fibrin and

activate platelets.6 Thrombin-antithrombin III complex (TAT) has been

proven to have an association with the outcomes in t-PA treated

ischemic stroke patients and to increase the risk of a stroke occurring

in atrial fibrillation (AF) patients.17,18 Similar to PIC, the assays of TAT

were also mostly conducted using ELISA.

In terms of the physiological state, the endothelium assumes an

integral role in maintaining the anticoagulation system and participat-

ing in fibrinolysis.19,20 On the surface of the endothelial cell,

thrombomodulin (TM) binding with protein C can initiate the anti-

coagulation system with the existence of thrombin.21 Plasminogen

and tissue plasminogen factor bind with endothelial cells for continu-

ous fibrinolysis.22 Studies have revealed that the concentration of TM

was able to represent the degree of damage to the endothelium.23,24

TM can also inhibit the activation of Factor XIII, which prevented

the polymerized fibrin clot from transforming into a covalently

cross-linked fibrin clot, a more stable state.9,25,26 A study also rev-

ealed the correlation between serum TM and the risk of atheroscle-

rotic disease.27 Atherosclerosis is one of the risk factors of AIS.28

The stroke clot was primarily arterial thrombus.29 Platelet activa-

tion contributes significantly to coagulation.14 Von Willebrand fac-

tor (vWF) helps the adhesion of platelets by connecting to

glycoprotein Ib (GPIb) on platelets.9 The binding between vWF and

GPIb has recently become a therapy target.30 A higher concentra-

tion of vWF was found in AIS patients in comparison to healthy

people.31 There was also a study that discovered that plasmin can

cleave vWF multimers.32

From the latest guidelines, the establishment of data reposito-

ries has been newly recommended, therefore, it was necessary to

ascertain some laboratory markers, which could be used to improve

the quality of ischemic stroke treatment.1 Stroke is a pathophysiol-

ogy complex disease.29 Generally, it is an unbalance of coagulation,

fibrinolytic, and anticoagulant systems.29,33 Thus, in the present

study, several markers were selected from three systems in order

to evaluate the IV alteplase-post condition of an AIS patient. In

order to discover a more accurate result in less time, the chemilu-

minescence method was used to quantify the concentration of PIC,

TAT, and TM for the first time. The researchers attempted to find

appropriate markers, which could be used to predict the risk of

hemorrhagic transformation (HT) within 24 hours and predict the

patient outcomes.

2 | MATERIALS AND METHOD

2.1 | Patients

The present study was performed in the second hospital of Dalian

Medical University. From May 2017 to February 2018, 73 patients

over 18 years of age participated in this research within 24 hours of

symptom onset.

The exclusion criteria: Patients with hemorrhagic stroke, brain

parenchymal bleeding, and subarachnoid hemorrhage as confirmed by

a CT scan of the brain. Patients with severe heart, kidney, and liver

disease. Patients with other severe ongoing diseases.

Based on different medical treatments, patients were divided into

two groups. The thrombolysis group included patients within 4.5 hours

of symptom onset. In this group, patients were given IV alteplase. The

unthrombolysis group contained patients over 4.5 hours of symptom

onset and patients within 4.5 hours but who rejected thrombolysis

therapy. In this group, IV alteplase was not contained during the

treatment.
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From the healthy control group, 32 healthy people were selected,

including 13 male and 19 females, aged from 23 to 71. This group

underwent sampling only once.

The present study was approved by the local ethics committee,

approval number: 2017No.102. Verbal informed consent was

obtained from patients for their anonymized information to use in this

study. All patient data were analyzed anonymously.

2.2 | Clinical assessment

Acute stroke severity was assessed by the national health stroke scale

(NIHSS) at emergency inclusion and 24 hours after IV alteplase admin-

istration. A follow-up noncontact CT head or MRI brain scan was also

conducted on all patients at 24 hours to preclude intracranial hemor-

rhage (ICH).

The criteria of effective treatment were (a) NIHSS score

decreased ≥4 points at 24 hours post-tPA, or (b) NIHSS score of 0 at

24 hours post-tPA.

2.3 | Plasma samples

Overall, 380 samples were tested in the present study. In terms of the

thrombolysis group, in order to find appropriate sampling time points,

six patients were selected to perform the pretest. During this stage,

blood samples were collected at four time points, namely 0 hour

(on admission, before IV alteplase injection), 6 hours, 24 hours, and

3 days after the IV alteplase injection. Subsequent to the pretest,

blood samples were collected at seven time points, namely 0 hour

(on admission, before alteplase injection), 3 hours, 6 hours, 12 hours,

24 hours, 3 days, and 7 days after the IV alteplase injection. In the

unthrombolysis group, plasma samples were collected at three time

points, namely 0 hour (at inclusion, before any medication treatment),

3 days, and 7 days from admission. Samples were collected into 3-mL

vacuum tubes containing 3.2% sodium citrate (0.2 mL/2 mL blood) by

immediate centrifugation at 1500g for 15 minutes. After the centrifu-

gation procedure, the platelet counts of the plasma samples were 0 to

10 × 109/L. With regard to the samples that could not be tested

immediately after centrifugation, the platelet-poor plasma was col-

lected into Eppendorf (EP) tubes and stored at −20�C until test per-

formance (the storage time did not exceed 24 hours, Figure 1).

2.4 | Reagents and method

Measurements of PT, APTT, FIB, TT, D-dimer, FDP, and vWF were

performed at Stago STA-R Evolution. The reagents used were STA-

Neoplastin Cl Plus⑤, STA-PTT Automate⑤, STA-CaCl2 0.025 M,

STA-Fibrinogen⑤, STA-Thrombin⑤, LIATEST FDP and STA-von

F IGURE 1 The specimen
collection, centrifuging, storage
and testing processes of samples
in two treatment groups
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Willebrand factor⑤. The assays of APTT, PT, and TT were conducted

using a clotting method. The quantitative determination of FIB con-

centration in plasma was made by the clotting method of Clauss. The

quantitative determination of D-dimer, FDP, and vWF concentration

in plasma was determined by the immuno-turbidimetric method.

Measurements of TAT, PIC, and TM were performed at Syxmex

HSCL5000. The reagents used were HISCL TAT, HISCL PIC, and

HISCL TM from Sysmex. The immuno-turbidimetric method was used

to quantitatively test the concentration of TAT, PIC, and TM.

2.5 | Statistics

Graph pad prism7 for Mac was used for statistical calculation. Results

are expressed as a mean with SD. The intergroup differences for all

markers at seven time points were analyzed by One-way ANOVA and

corrected for multiple comparisons (Tukey). This analysis was also

used to find group differences among the thrombolysis,

unthrombolysis, and healthy control groups. Markers at 0 hour, 3, and

7-day time points of the thrombolysis and unthrombolysis groups

were compared using a Mann-Whitney U test. In order to identify the

sensitivity and the specificity of PIC, D-dimer, and FDP, a receiver

operating characteristic (ROC) curve was configured. A P-value of

<.05 was considered statistically significant.

3 | RESULTS

3.1 | Basic characteristics of study participants

A total of 73 patients (47 male and 26 female patients) with AIS were

enrolled in the present study. Patients were divided into two groups

based on whether they used IV alteplase during treatment or not. The

thrombolysis group was comprised of 38 patients while the

unthrombolysis group contained 35 patients. The average age of

these patients was 66.39 ± 12.15, ranging from 25 to 89. Among

these patients, 58.90% were hypertensive, 47.95% had diabetes

mellitus, 32.88% had hyperlipidaemia, 15.07% had a history of AIS,

8.22% had a history of myocardial infarction, 57.53% had atheroscle-

rosis, 20.55% had atrial fibrillation and 6.85% had a history of intracra-

nial hemorrhage. Clinical and demographic features of the study

participants are shown in Table 1. In the healthy control group,

32 patients (14 male and 18 female) with an average age of 42.78

± 12.05, ranged from 22 to 71. The initial NIHSS scores are shown in

Table 1. Three patients from thrombolysis group died while one

patient from the unthrombolysis group died in the present study.

3.2 | Pretest

As one of the aims for this research is to monitor the fibrinolytic sys-

tem after the usage of IV alteplase, the time point of sample collecting

is the key to the present study. According to existing studies, 24 hours

is the clinical assessment point.1,8 However, the selection of the other

time points is various and has no specific criteria. With regard to the

pretest period, six patients were selected, collected, and the samples

tested at 0 hour (on admission), 6 hours, 24 hours, and 3 days, respec-

tively, to ascertain a tendency of the coagulation and fibrinolytic sys-

tem after the injection of alteplase. From these six patients, three

markers of the fibrinolytic system were discovered, namely PIC, D-

dimer, and FDP, which had extremely high levels at 6 hours and

decreased gradually after this time point. Moreover, FDP levels ret-

urned to the normal range in 24 hours. TAT, PT, and TT all slightly

increased at 6 hours and returned to normal from 24 hours. APTT had

a similar change as the others but all the values were still below the

normal range. It is uncertain whether there were indeed no changes

due to the small number of patients. FIB showed a different tendency

with others. At 6 hours, FIB decreased by nearly 1 g/L but still

remained within the normal range. From 24 hours, FIB rose gradually

higher. TM also had the lowest value at 6 hours, and all the values

TABLE 1 Clinical features of patients

Thrombolysis

group

Unthrombolysis

group

Gender (male/female) 22/16 25/10

Age (mean ± SD) 68.63 ± 9.96 63.97 ± 13.89

Age < 51 2 6

Age 51-60 5 8

Age 61-70 14 7

Age 71-80 13 11

Age > 80 4 3

Initial NIHSS score

<10 33 31

10-19 4 4

≥20 1 0

Discharge NIHSS score

NIHSS score decreased or

no change

34 33

NIHSS score increased 0 1

In-hospital mortality 3 1

Combined diseases

Hypertension 24 19

Hyperlipidaemia 15 9

Atherosclerosis 18 24

Atrial fibrillation 8 7

Diabetes mellitus 18 17

Case history

History of acute ischemic

stroke

5 6

History of myocardial

infarction

2 4

History of intracranial

hemorrhage

0 5

4 of 12 LIU ET AL.



remained in the normal range. Among these factors, vWF had the

highest SD and it was the only factor that had the highest value at

3 days (Table 2).

3.3 | Final results

After the pretest, there were sudden changes from 6 to 24 hours,

therefore, 3 hours were added, accumulating to 12 hours for the

thrombolysis group. In addition, 7 days were added to the study as

the normal treatment period in the selected hospital was 7 days.

Changes in all the markers were analyzed in the first 24 hours post IV

t-PA treatment and compared between the thrombolysis and

unthrombolysis groups at 3 and 7-day time points (Table 3).

4 | COAGULATION SYSTEM

4.1 | Thrombin-antithrombin III complex

When compared with the healthy control group at 0 hour, there

was no statistical significance found in either treatment groups. In

terms of the thrombolysis group, TAT became significantly higher

at 3 hours (P < .001, one-way ANOVA) and the SD was 14.92,

which is the highest of all time points. At the time point of

6 hours, the value decreased to half at 3 hours. The value

decreased slightly at 12 hours and maintained a similar value until

24 hours. However, the value increased slightly at 3 days and

decreased at 7 days. The changes from 3 hours to 7 days did not

have any statistical significance. The biological reference interval

of TAT is <4 ng/mL. After the administration of IV alteplase, the

activity of TAT became higher than the normal range until 7 days.

At the time point of 7 days, the thrombolysis group appeared to

have a lower concentration than the unthrombolysis group. The

concentrations of TAT in the unthrombolysis group were similar

at 3 and 7 days, which were all greater than 0 hours. There was no

difference in the comparisons between the thrombolysis and

unthrombolysis groups at 3 and 7 days (P = .5715, P = .1122,

Mann-Whitney U test).

4.2 | Prothrombin time

Comparing the healthy control group at 0 hour, both the thrombolysis

and unthrombolysis groups showed statistical significance (P = .013

and P < .0001, one-way ANOVA). After the injection of IV alteplase,

PT did not demonstrate any apparent changes. The normal range of

PT was 11 to 14 seconds (locally established). Patients from two-

treatment-methods groups both have a slightly longer testing time of

PT, and no statistical significance was found between the two groups

(P = .6202, P = .378 at 3 and 7 days, respectively, by Mann-Whitney

U test).

4.3 | Activated partial thromboplastin time

APTT from two treatment groups at any time point were all within

the normal range (the general reference interval of APTT is 26 to 43

seconds). The comparison among the thrombolysis, unthrombolysis,

and healthy control groups demonstrated no significance (P = .8912,

P = .3672, one-way ANOVA). Moreover, there was no statistical sig-

nificance for group comparison at 3 and 7 days with P = .8414 and

.6657, respectively (Mann-Whitney U test).

4.4 | Thrombin time

The TT also had no apparent differences between the patients and

healthy control group on admission. In the alteplase treatment group,

from 3 to 12 hours, TT was longer than that at 0 hour (P < .0001,

P < .0001, and P = .0005, one-way ANOVA). During these three time

points, TT appeared to have a stable value and longer than the normal

TABLE 2 The results of six
thrombolysis patients

0 h 6 h 24 h 3 days

TAT (ng/mL) 2.8 ± 2.43 4.09 ± 4.12 3.03 ± 3.10 3.97 ± 3.252

PT (S) 13.75 ± 0.63 14.97 ± 0.71 14.25 ± 0.94 14.05 ± 1.14

APTT (S) 39.76 ± 4.97 42.2 ± 5.19 40.97 ± 5.59 39.82 ± 4.36

FIB (g/L) 3.73 ± 0.32 2.89 ± 0.49 3.18 ± 0.50 3.53 ± 0.50

TT (S) 19.83 ± 1.85 22.02 ± 1.99 19.9 ± 1.42 18.87 ± 1.78

PIC (μg/mL) 0.59 ± 0.23 28.27 ± 7.90 1.94 ± 0.96 0.58 ± 0.23

D-dimer (μg/ml) 0.82 ± 0.77 2.96 ± 3.34 1.3 ± 1.36 0.85 ± 0.62

FDP (μg/ml) 2.50 ± 2.28 11.80 ± 17.90 4.45 ± 6.12 2.63 ± 1.23

TM (TU/mL) 9.65 ± 3.45 8.67 ± 2.80 8.97 ± 3.99 10.08 ± 3.11

vWF (%) 128.8 ± 38.31 120 ± 47.77 119.3 ± 52.25 137.2 ± 45.76

Notes: All values are mean ± SD. The general reference interval of these factors in this lab are: TAT

(0-4 ng/mL), PT (11-14 s), APTT (26-43S), FIB (2-4 g/L), TT (14-21S), PIC (0–0.8 μg/mL), D-dimer

(0-0.5 μg/mL), FDP (0-5 μg/mL), TM (3.8-13.3 TU/mL), vWF (50%-160%).
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range (the general reference interval of TT is 14 to 21 seconds (locally

established]). Twenty-four hours after alteplase administration, TT ret-

urned to the normal range. The comparisons between 3 hours with

three and 7 days both showed P < .0001 (one-way ANOVA). In terms

of 6 hours, if compared with 3 and 7 days, the P-value was .001 and

P < .0001, respectively (one-way ANOVA). Statistical significance was

also found when comparing 12 hours with 3 and 7 days (P = .0105,

P = .0014, one-way ANOVA). At 3 and 7 days, there was no obvious

difference found between the thrombolysis and unthrombolysis

groups (P = .0629, P = .2154, Mann-Whitney U test).

5 | FIBRINOLYTIC SYSTEM

5.1 | Plasmin inhibitor complex

With regard to 0 hour, 3, and 7 days, three groups showed no significant

differences. In terms of the thrombolysis group, 3 hours after the

alteplase injection, PIC increased dramatically (P < .0001, one-way

ANOVA). In addition, the SD of the 3 hours group was the highest. All

other time point concentrations were significantly lower than that at

3 hours and the P values were all <.0001 (one-way ANOVA). At 6 hours,

the concentration of PIC decreased to nearly half of the concentration at

3 hours. However, the level was still higher than that at the remaining

time points (P values were all <.0001, one-way ANOVA). Twelve hours

after the alteplase infusion, PIC kept reducing dramatically. In a compari-

son between 24 hours, 3 and 7 days, PIC still maintained a high level

(P = .0003, P < .0001, P = .0002, one-way ANOVA). Twenty-four hours

after the alteplase injection, PIC remained nearly normal (the general ref-

erence interval of PIC is 0-0.8 μg/mL). At the 3 and 7-day time points,

the levels of PIC almost returned to normal range and were similar to the

unthrombolysis group. In terms of the unthrombolysis group, PIC did not

have any changes during the 7 days.

5.2 | Fibrinogen

The patients' level of FIB on admission was higher than the healthy con-

trol group while the unthrombolysis group showed statistical significance

(P = .0394, one-way ANOVA). After the administration of alteplase, FIB

reduced slightly at 3 hours when compared with 0 hour (P = .0062, one-

way ANOVA) and maintained similar results for the subsequent 24 hours

(6 hours P = .0094, 12 hours P = .0148, one-way ANOVA). In the throm-

bolysis group, the concentration of FIB was lower than that of the

unthrombolysis group at 3 and 7 days. The P-value was .04 for 3 days

while the 7 days P-value was .1929 (one-way ANOVA). At 7 days, the

unthrombolysis group had a higher level of FIB than at 3 days.

5.3 | D-dimer

The thrombolysis and unthrombolysis groups both had a higher level

than the healthy control group, namely P = .0251 and P = .0044,

respectively (one-way ANOVA). In the thrombolysis group, D-dimer

concentration increased apparently 3 hours after the alteplase injec-

tion (P = .0278, one-way ANOVA. The general reference interval is

0-0.5 μg/mL). A similar concentration remained for 6 hours but

decreased by nearly 50% at 12 hours and kept decreasing up until

24 hours. However, all these changes were of no statistical signifi-

cance. After 24 hours, the concentration for D-dimer remained nearly

identical. No statistical significance was found between the two treat-

ment groups at 3 and 7 days.

5.4 | Fibrin/fibrinogen degradation products

The thrombolysis and unthrombolysis groups both had a higher level

of FDP than the healthy control group, namely P = .0176 and

P = .0019, respectively (one-way ANOVA). Resembling the D-dimer,

FDP also increased dramatically at 3 hours after alteplase injection

(P = .0437, one-way ANOVA) with an extremely high SD. At 6 hours,

the concentration had no differences compared to 3 hours. At

12 hours, the concentration of FDP decreased significantly when

compared to 6 hours and kept decreasing for the following 12 hours.

After 3 days of alteplase treatment, the activity of FDP returned to

the normal range (the general reference interval is 0-5 μg/mL). No sta-

tistical significance was found between the two treatment groups at

3 and 7 days.

6 | ENDOTHELIUM

6.1 | Thrombomodulin

The thrombolysis and unthrombolysis groups all had a higher concen-

tration of TM than the healthy control group (P < .0001 and

P = .0081, respectively, one-way ANOVA). The usage of alteplase did

not influence the activity of TM (P-value was all >.5, data not

shown here).

6.2 | Von Willebrand factor

The thrombolysis group had a higher level of vWF at 0 hour than the

healthy control (P = .0125, one-way ANOVA). For each time point of

all the groups, vWF has the biggest SD than other markers. Alteplase

had no influence on the activity of vWF. The thrombolysis group

appeared to have a higher level of vWF than the unthrombolysis

group at all time points, but no statistical significance was found (data

not shown).

6.3 | Sensitivity and specificity

In the comparison between the accuracy of the D-dimer, FDP, and

PIC, at every time point from two treatment groups (see Tables S1
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and S2; Figures 2 and 3). In terms of the thrombolysis group, PIC had

a higher accuracy than D-dimer and FDP on admission. After the

usage of IV alteplase, all these markers had a high sensitivity and spec-

ificity. Among them, the area under curve (AUC) of PIC could reach

1.00 at 3, 6, and 12 hours. D-dimer had 100% sensitivity and specific-

ity at 3 hours. The accuracy of FDP appeared slightly lower than the

other two markers. At 24 hours, the accuracy of PIC was better than

the other two markers. With regard to the unthrombolysis group, PIC

appeared to have a slightly higher accuracy at three time points. How-

ever, in general, three markers had similar accuracy in two treatment

groups at 0 hour, 3, and 7 days. The accuracy of the TAT was also cal-

culated, as shown in Table S3. There were neither obvious differences

between the two treatment groups at 0 hours, 3 and 7 days. The sen-

sitivity and specificity demonstrated a literally opposite alternation

from 0 hour to 7 days. In terms of sensitivity, it started at approxi-

mately 16% and increased to nearly 90% at 7 days. In terms of
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specificity, it was nearly 100% at 0 hour and decreased to 56.25% at

7 days. In the thrombolysis group, the AUC was over 0.8 at 3 hours

and 3 days. In summary, the sensitivity of TAT is not ideal.

7 | DISCUSSION

The usage of alteplase always accompanies the risk of intracerebral

hemorrhage. The half-life of t-PA is approximately 3 to 8 minutes fol-

lowing a single infusion, although the biologic half-life is believed to

be somewhat longer.34 This uncertain delay was believed to contrib-

ute to hemorrhage after injection. However, due to methodological

limitations, it has been commonly accepted that thrombolysis treat-

ment is lack of quantitative outcome measurements. Numerous exis-

ting studies attempted to diagnose AIS and predict the HT by

different markers, but the results of those studies were not ideal.35-39

In this study, we used immuno-turbidimetric method to quantita-

tively test PIC, TAT, and TM. As theoretically, plasmin could be

increased by the usage of t-PA, the primary result of the present study

was that all the patients had a peak level of PIC at 3 hours after t-PA

infusion, however, the peak concentrations varied. This diversity may

be due to different individual physiological affection of IV alteplase.

With regard to patients with positive outcomes, even if their PIC

reached extremely high concentrations, it would decrease sharply dur-

ing the subsequent few hours and the pattern of decreasing was simi-

lar. In summary, PIC reduced approximately 50% every 3 hours from

3 to 12 hours. The diversities decreased as well. After 24 hours, PIC

basically maintained in the individual's normal state. Therefore, the

usage of IV alteplase only affected plasminogen activation within the

first 24 hours. Moreover, the IV alteplase-treated group had similar

PIC concentrations to the non IV alteplase-treated group at 3 and

7 days. Thus, if patients had different decreased patterns, the out-

come may have been different and HT may have occurred. In the pre-

sent study, one patient had an even higher level of PIC at six rather

than 3 hours; the level of PIC of four patients decreased slightly or

remained identical from 3 to 6 hours (decreased less 20%). Among

them, two died during hospitalization.

D-dimer is a stable marker after ischemic stroke. It is more stable

than TAT, prothrombin fragments 1 + 2 (F1 + 2).37,38 It is worth con-

sidering if any differences could be found in a comparison between

PIC and D-dimer. In a comparison between two AIS groups

(on admission) with the healthy control group, in contrast to the slight

increase in PIC, the AIS patients' D-dimer were significantly higher

than the healthy group. One study illustrated that a higher level of D-

dimer indicates a high severity and larger infarct volume.38 Perhaps

due to the limited number of patients and few severe stroke patients,

this correlation was not apparent in the present study. After 3 hours

of t-PA injection, D-dimer increased nearly six times and remained at

a peak level till 6 hours. In contrast to PIC, D-dimer barely

decreased from 3 to 6 hours. The high concentration of plasmin

concentration in circulation may account for this.13 As the half-life

of plasmin is only 0.1 seconds, t-PA is as long as 4 minutes. Fur-

thermore, the half-life of plasminogen was 2.2 days.19 Thus, post

IV alteplase injections, t-PA was under high concentration, it could

continue transforming plasminogen into plasmin.13 Although PIC

reduced to 50% of peak concentration at 6 hours, the concentra-

tion was still at a high level. D-dimer is the final fragment of fibrin

cleaved by plasmin.7,10 According to the data, there was a positive

correlation between PIC and D-dimer. Therefore, a similar D-dimer

concentration was obtained at 3 and 6 hours. As such, the reduc-

tion occurred 3 hours later in D-dimer than PIC. The speed was

similar to PIC, nearly 50% at every time point from 6 hours to

3 days. As the samples were not tested between 3 and 6 hours,

resembling the delayed reduction, the actual peak may also appear

later than 3 hours. Further research is required to confirm this

notion. Like PIC, the high concentration also combined with the

high individual diversity in D-dimer. The concentration and SD

reduced from 6 hours to 24 hours. However, from 24 hours to

7 days, the D-dimer remained at approximately 1 μg/mL. From the

data, at the end of the treatment period after therapy, PIC could

have a lower concentration than the initial one. One reason for this

situation may still be the influence of high-level plasmin. Another

reason could be that the cross-reactivity with FDP could contrib-

ute to percentages of false positive.40
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FDP has been reported as elevated in ischemic stroke patients

and reduced in the convalescent phase.41 In the present study, an ele-

vated FDP level was also found in AIS patients. Like D-dimer, FDP

was also higher in AIS patients than the healthy group on admission.

In terms of patients who had several combined comorbidities, old age,

or had surgery within a year, it was recommended to select one of

them to confirm the patient's fibrinolytic system condition before the

IV alteplase injection. Following the usage of IV alteplase, FDP

increased almost 30 times with an extremely high SD (82.81) at

3 hours. The alternation of FDP in the present study was essentially

similar to D-dimer and a delayed reduction occurred as well. Com-

bined data from PIC and D-dimer, patients' fibrinolytic system indi-

cated a variety of affections for t-PA, however, the patterns were

similar. Twenty-four hours was the endpoint of the fibrinolytic system

activated extremely. A positive correlation was found in each two of

PIC, D-dimer, and FDP. In summary, within the first 24 hours, FDP is

not necessarily tested. Thus, we conclude PIC and D-dimer were able

to represent an activated fibrinolytic system. As discovered, every

reduction between two time points had statistical significance and

PIC basically represented kinetics of IV alteplase in patients' circula-

tion. With regard to the late stage of hospitalization, we think FDP

could be used to distinguish D-dimer false positives. The methods

used to test PIC, D-dimer, and FDP were different. Thus, the accuracy

of each aspect was tested. Each had a better performance when the

fibrinolytic system was activated than in the inactivated stage. Within

the first 24 hours after IV alteplase infusion, they all had high accu-

racy. It was also discovered that PIC had the best sensitivity among

them. The accuracy of D-dimer and FDP had no obvious differences,

while D-dimer had slightly higher accuracy. With regard to PIC and D-

dimer, the sensitives and specificities were compared between the

thrombolysis treatment group and the unthrombolysis group at 3 and

7 days and no higher accuracy was found in the thrombolysis group.

As the effect of IV alteplase on the concentration only continues for

24 hours, these markers could be more accurate when the fibrinolytic

system is activated. Considering all these aspects, testing PIC and D-

dimer during the first 24 hours after IV alteplase infusion was consid-

ered in order to monitor the fibrinolytic system by representing

upstream and downstream.

The purpose of using t-PA was to dissolve clots instead of coagu-

lation factors. Plasmin does not only dissolve fibrin but also fibrino-

gen.13 From the data, fibrinogen had decreased slightly after the t-PA

injection, and there were insignificant diversities among all the

patients. Among all the markers tested, fibrinogen had the lowest

SD. As stated, when t-PA is infused into circulation, it would bind with

fibrin and focus on the area of the clot.42 Hence, after fibrin dissolves,

the remaining t-PA can continue reacting with fibrinogen. The amount

of IV alteplase used in this hospital was 0.9 mg/kg according to the

guideline.1 From the data, the affection of t-PA in patients was differ-

ent. Thus, while even using a safe amount, some patients could also

have HT. On this basis, it is assumed that if a patient exhibited an

extremely low fibrinogen concentration, this patient may have a high

risk of HT. One patient who died of HT had a fibrinogen level of

0.6 g/L at 6 hours, which was much lower than other positive

outcome patients. With regard to this patient who had no improve-

ment after IV alteplase infusion, the intraarterial mechanical

thrombectomy was undertaken. Considering that the patient was an

80-year-old female, the combination of t-PA and heparin used during

thrombectomy contributed to the irreversible imbalance of fibrinolysis

and coagulation systems. After thrombectomy, this female patient

kept bleeding until she died. A large transfusion could not reverse the

situation. Therefore, it is suggested that testing fibrinogen together

with PIC and D-dimer could be more comprehensive.

According to the guideline, before the infusion of IV alteplase, PT,

and APTT should be tested.1 Only those with normal PT and APTT

were eligible to have IV alteplase. In this research, normal coagulation

tests were conducted, which contain PT, APTT, and TT at every test-

ing time point. From the results, positive outcome patients had slightly

longer PT and APTT, but it was still under the normal range within the

24 hours. Fibrinogen slightly decreased and as a result, TT was a little

longer than the normal range. Basically, the normal coagulation tests

were not efficiently used in monitoring IV alteplase treatment. In

terms of the deceased patient, PT, APTT, and TT increased when HT

occurred. However, after the transfusion, each reduced to nearly nor-

mal range although the patient still had severe bleeding. TAT was also

tested simultaneously but the level was extremely high. The reason

for this was the clotting time of PT, TT, and APTT were based on the

concentration and activity of coagulation factors and fibrinogen. A

large transfusion can lead to a fake normal clotting time. However,

the measurement of TAT was based on antigen-antibody reaction.

Thus, TAT, as a marker of the coagulation system can be used to

check patients' real coagulation system situation after transfusion.

In the present study, two markers were selected to depict the

endothelium. AIS patients exhibited significantly higher TM than

the healthy control group. The thrombolysis group had a higher

vWF than healthy patients. TM essentially had no changes during

the 24 hours. Comparing the thrombolysis group with the

unthrombolysis group, no differences were identified. As TM was

able to represent the endothelium damage,23 it was assumed that

the usage of IV alteplase had no effect on the endothelium,

although there was one study that had found a high level of vWF in

AIS.31 In this research, the concentrations of vWF in patients var-

ied. In contrast to other markers, a clear trend of its variance could

not be identified. This fluctuation may be associated with the

patients' diverse reaction to IV alteplase. Notwithstanding, there

was not any clear relationship between vWF and treatment out-

come in this research. Thus, in terms of future research, TM in AIS

patients who had a high NHISS score should be analyzed.

The limitations of the present study are the limited number of

patients and their criteria. As the thrombolytic group needs multiple

sample collections, which needs a good cooperation of doctors,

nurses, technicians, and the patients. However, it is quite difficult to

accomplish all the collection timepoint for each patient. The whole

scale was nearly 120, but only 79 patients complete every timepoints

in the present study. For next stage study, expanding the sample scale

is necessary. Besides, most patients included in this research had a

low NHISS score, which indicated that theoretically, they had a lower
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probability of having a poor outcome. The results of the present study

could provide an indication for future AIS studies. The application of

the quality test in testing PIC, TAT, and TM can provide an opportu-

nity to improve the management of AIS patients.

8 | CONCLUSION

The combined test of PIC, D-dimer, and fibrinogen could be used to

quantitatively reflecting the impaction of IV alteplase on fibrinolytic

system. For well-outcome patients, the usage of IV alteplase did not

damage endothelium condition.
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