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Background: We aimed to investigate the association of post-thrombolytic D-dimer elevation with symptomatic intracranial 
hemorrhage (sICH) and functional outcome in AIS patients receiving intravenous thrombolysis.
Methods: We retrospectively reviewed our database for patients with AIS who received intravenous thrombolysis between 
August 2018 and December 2021. ΔD-dimer was calculated as follow-up D-dimer minus baseline D-dimer. Poor functional outcome 
was defined as 3 months modified Rankin score (mRS) 3–6. sICH was defined as cerebral hemorrhagic transformation in combination 
with clinical deterioration of National Institutes of Health Stroke Scale (NIHSS) score ≥4 points at 24 hours. Binary logistic regression 
analysis was used to investigate the association of post-thrombolytic D-dimer parameters with sICH and poor functional outcome. The 
receiver operating characteristic (ROC) curve derived optimal cut-off of different D-dimer parameters was determined at the maximal 
Youden’s Index.
Results: A total of 325 patients were finally included. After controlling for clinical variables, follow-up D-dimer level (OR 1.230; 
95% CI 1.119 to 1.351; P < 0.001) and ΔD-dimer (OR 1.347; 95% CI 1.165 to 1.559; P < 0.001) were independently associated with 
poor functional outcome. Additionally, follow-up D-dimer level (OR 1.095; 95% CI 1.009 to 1.188; P = 0.030) was independently 
related to sICH. The optimal cut-off value of follow-up D-dimer level for predicting sICH was 4185 μg/L (area under the curve 0.760; 
sensitivity 76.0%; specificity 81.3%); and the optimal cut-off value of follow-up D-dimer level and ΔD-dimer as a predictor for poor 
functional outcome was projected to be 3838 μg/L and 2190 μg/L, which yielded a sensitivity and a specificity of 62.3%, 84.5% and 
73.8%, 85.2%, respectively.
Conclusion: Elevated follow-up D-dimer levels are associated with sICH and poor functional outcome in AIS patients following 
intravenous rt-PA. Moreover, post-thrombolytic D-dimer elevation, measured by ΔD-dimer, was a better predictive biomarker for 
long-term outcome at 3 months.
Keywords: acute ischemic stroke, D-dimer, intravenous thrombolysis, hemorrhagic transformation, outcome

Introduction
Intravenous thrombolysis with recombinant tissue plasminogen activator (rt-PA) has been the established standard 
treatment in acute ischemic stroke (AIS) patients within 4.5 hours of stroke onset.1 However, intravenous thrombolysis 
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also increases the risk of post-thrombolytic hemorrhagic transformation (HT), particularly symptomatic intracranial 
hemorrhage (sICH), which is closely related to unfavorable outcome.2–5 Therefore, it is crucial that the physician be able 
to assess and predict outcomes. Previous studies demonstrated that various risk factors may be attributed to poor 
functional outcome or the occurrence of HT after intravenous thrombolysis, including old age, severe neurological 
symptoms on admission, high serum glucose or diabetes mellitus history.6 There are, however, few studies that have 
focused on the effect of coagulation factors on outcomes of AIS patients with intravenous thrombolysis.

Since rt-PA works by activating the clot-bound plasminogen, converting plasminogen to plasmin, which in turn breaks 
the cross-linking strands of fibrin, and eventually dissolves the blood clot.7 It suggested that fibrinolysis parameters might 
have a non-negligible impact on the outcomes of AIS patients receiving intravenous thrombolysis. D-dimer is formed 
during activation of the fibrinolytic system and derived from the degradation of cross-linked fibrinogen.8,9 As a result, the 
levels of D-dimer are increased after the application of rt-PA. A previous study involving 159 patients found that 
increased D-dimer levels within 24 hours of stroke onset were independently associated with the occurrence of sICH and 
poor functional outcome at 3 months.10 However, D-dimer data before intravenous thrombolysis were not available in the 
study. And how intravenous rt-PA affects D-dimer levels remains unclear. Considering that post-thrombolytic D-dimer 
levels are a dynamically changing process, it may seem more reasonable to use ΔD-dimer (follow-up D-dimer minus 
baseline D-dimer) to ascertain the causality. Meanwhile, few studies have investigated the relationship between post- 
thrombolytic D-dimer changes and outcomes in AIS patients with intravenous thrombolysis.

In view of these considerations, we aimed to investigate the association between post-thrombolytic ΔD-dimer changes 
and outcomes in AIS patients with intravenous rt-PA and evaluate its predictive value for sICH and poor functional 
outcome.

Materials and Methods
Ethics Statement
The human ethics committee of Zhejiang Provincial People’s Hospital approved the protocol of this study. All clinical 
investigations were conducted according to the principles expressed in the Declaration of Helsinki. All subjects had given 
written informed consent prior to the study.

Study Subjects
We retrospectively reviewed our database for consecutive acute ischemic stroke patients who received intravenous 
thrombolysis with rt-PA between August 2018 and December 2021. The inclusion criteria were (1) age ≥18 years; (2) 
a diagnosis of AIS and treatment with intravenous rt-PA within 4.5 hours of symptom onset; (3) D-dimer level on admission 
and within 24 hours after thrombolysis were collected; (4) Follow-up computed tomography (CT) or magnetic resonance 
imaging (MRI) was performed within 24–36 hours after thrombolysis; and (5) had modified Rankin Scale (mRS) score at 3 
months. Given that endovascular thrombectomy (EVT) may have a significant effect on functional outcome and post-
operative hemorrhagic transformation. For example, EVT may cause damage vascular endothelial injury, the glycoprotein- 
IIb/IIIa inhibitor tirofiban might be used to prevent early reocclusion due to endothelial injury. We thus excluded patients 
with EVT in order to reduce study heterogeneity. Recombinant tissue-type plasminogen activator (alteplase, 0.9 mg/kg up 
to a maximum of 90 mg/kg) was used with 10% of the total dosage as a bolus and the rest >1 hour.4,11

We retrieved demographic and clinical data, including age, sex; and body mass index (BMI), comorbid conditions 
such as history of smoking, hypertension, diabetes mellitus, hyperlipidemia, atrial fibrillation, prior antiplatelet usage; 
onset-to-needle time (ONT); baseline National Institutes of Health Stroke Scale (NIHSS) score, baseline systolic blood 
pressure (SBP) and diastolic blood pressure (DBP); time interval between rt-PA infusion and follow-up blood collection.

Laboratory tests included baseline blood glucose, platelet count, international normalized ratio, and D-dimer levels. 
At our stroke center, the patient received intravenous thrombolysis in the emergency department and was immediately 
admitted to a neurological intensive care unit after intravenous thrombolysis. Follow-up D-dimer sampling was then 
collected the next morning. ΔD-dimer was calculated as follow-up D-dimer minus baseline D-dimer. D-dimer level was 
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measured by an Enzyme Linked Fluorescent Assay with a coagulation analyzer (CS-5100, Sysmex, Japan). The normal 
range of D-dimer concentration in our hospital laboratory is 0–550 μg/L.

Evaluation of Outcomes
Our study evaluated 2 outcomes: (1) Functional outcome at 3 months was assessed with mRS score and dichotomized into 
good outcome (0–2) and poor outcome (3–6). Hemorrhagic transformation was accessed according to the European 
Cooperative Acute Stroke Study (ECASS) II trial.12 Symptomatic intracerebral hemorrhage (sICH) was defined as cerebral 
hemorrhagic transformation in combination with clinical deterioration in the NIHSS score by ≥4 points at 24 hours.12

Statistical Analysis
Clinical characteristics were summarized as mean ± SD or median (25th-75th percentile) for quantitative variables depending 
on the normality of the distribution and as frequency (percentage) for categorical variables, as appropriate. Fisher exact test 
was used to compare the dichotomous variables between 2 groups, whereas an independent sample 2-tailed t-test or a Mann– 
Whitney U-test was used for the continuous variables, depending on the normality of the distribution. Associations of D-dimer 
parameters with poor functional outcome and sICH were determined using binary logistic regression models adjusted by 
baseline characteristics with a P value of <0.1 in univariate analyses, respectively. Each D-dimer parameter was entered in the 
binary logistic regression models alone as the potential collinearity. Receiver operating characteristics (ROC) curve analysis 
was used to determine predictive value. The ROC-derived optimal cutoff was determined at the maximal Youden’s Index. All 
statistical analyses were performed using SPSS, Version 22.0 (IBM, Armonk, New York). A P value <0.05 was considered 
statistically significant.

Results
Overall Characteristics
A total of 386 consecutive AIS patients received intravenous rt-PA during the study period, and of these, 325 patients 
were included in the final analysis after excluding patients with lack of baseline D-dimer level data (n = 59) and lost to 
follow-up (n = 2).

Of the included patients, the mean age was 67.9 ± 14.0 years, and 100 (30.8%) were female. The median 
baseline NIHSS score was 3 (interquartile range, 2–7), median time from onset to needle was 150 (interquartile 
range, 100–200) minutes. The median baseline D-dimer levels were 450 (interquartile range, 230–1315) μg/L and 
follow-up D dimer levels increased to 1800 (interquartile range, 880–3940) μg/L after intravenous rt-PA. The 
mean time interval from rt-PA infusion to follow-up blood collection was 9.6 (interquartile range, 5.6–14.4) hours. 
Among them, there were 61 (18.7%) patients with poor functional outcome and 25 (7.6%) patients with sICH.

D-Dimer Parameters and Poor Functional Outcomes
As shown in Table 1, patients with poor functional outcome were older (75.8 vs 66.1 years, P<0.001), had a higher 
frequency of atrial fibrillation (32.8% vs 16.3%, P=0.003), higher baseline NIHSS score (9 vs 3, P<0.001) and lower 
baseline platelet level (179.7 vs 195.4, P=0.024) than those with good functional outcome. The baseline D-dimer level 
(1170 vs 400 μg/L, P<0.001), follow-up D-dimer level (6270 vs 1380 μg/L, P<0.001) and ΔD-dimer (3260 vs 710 μg/L, 
P<0.001) were higher in poor functional outcome group. Binary logistic regression analyses indicated that follow-up 
D-dimer level (OR 1.230; 95% CI 1.119 to 1.351; P<0.001) and ΔD-dimer (OR 1.347; 95% CI 1.165 to 1.559; P<0.001) 
were independently associated with poor functional outcome after controlling for age, atrial fibrillation, baseline NIHSS 
score, onset to needle time, baseline platelet level (Table 2).

Table 3 shows the diagnostic parameters including AUCs, cut-off values, sensitivity, specificity at the maximal Youden’s 
Index of follow-up D-dimer level and ΔD-dimer in predicting poor functional outcome. Based on the ROC curve, the optimal 
cut-off value of follow-up D-dimer level and ΔD-dimer as an indicator for diagnosis of poor functional outcome was projected 
to be 3838 μg/L and 2190 μg/L, which yielded a sensitivity and a specificity of 62.3%, 84.5% and 73.8%, 85.2%, respectively. 
The ROC curves of follow-up D-dimer level and ΔD-dimer in predicting poor functional outcome are shown in Figure 1.
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Table 1 Comparison of Characteristics Between Patients with Different Outcomes

sICH P value mRS>2 P value

Yes (n=25) No (n=300) Yes (n=61) No (n=264)

Age (years), mean ±SD 76.1±14.2 67.3±13.8 0.002* 75.8±12.5 66.1±13.7 <0.001*

Female, n (%) 9 (36.0%) 91 (30.3) 0.555 21 (34.4) 79 (29.9) 0.492

BMI (kg/m2), mean ±SD 22.2±4.1 23.9±3.4 0.019* 23.2±4.3 23.9±3.3 0.237

Comorbid conditions

Smoking, n (%) 7 (28.0) 80 (26.7) 0.885 13 (21.3) 74 (28.0) 0.285

Hypertension, n (%) 17 (68.0) 196 (65.3) 0.788 45 (73.8) 168 (63.6) 0.133

Diabetes mellitus, n (%) 6 (24.0) 67 (22.3) 0.848 17 (27.9) 56 (21.2) 0.262

Atrial fibrillation, n (%) 8 (32.0) 55 (18.3) 0.097 20 (32.8) 43 (16.3) 0.003*

Hyperlipidemia, n (%) 5 (20.0) 110 (36.7) 0.094 19 (31.1) 96 (36.4) 0.443

Prior antiplatelet usage, n (%) 5 (20.0) 57 (19.0) 0.903 10 (16.4) 52 (19.7) 0.554

Clinical variables

Baseline NIHSS score, median (IQR) 12 (4–22) 3 (2–6) <0.001* 9 (4–19) 3 (1–5) <0.001*

Baseline SBP (mmHg), mean ±SD 162.6±22.4 159.3±27.9 0.567 163.8±25.8 158.6±27.8 0.178

Baseline DBP (mmHg), mean ±SD 88.9±22.5 88.1±18.6 0.846 89.6±20.2 87.8±18.6 0.488

Baseline glucose (mmol/L), mean ±SD 7.7±1.9 7.9±3.3 0.727 8.3±3.1 7.9±3.2 0.272

Onset to needle time (min), median (IQR) 159 (102–188) 150 (100–200) 0.821 175 (119–220) 147 (99–198) 0.065

Time interval from rt-PA infusion to blood 

collection (hour), median (IQR)

14.4 (5.4–16.8) 9.2 (5.4–14.2) 0.044* 11.5 (4.1–16.2) 9.2 (5.6–14.1) 0.464

Laboratory findings

Baseline Platelet (109/L), mean ±SD 184.2±48.7 193.2±57.0 0.445 179.7±45.6 195.4±58.3 0.024*

Baseline INR, median (IQR) 1.0 (0.9–1.1) 1.0 (0.9–1.0) 0.526 1.0 (0.9–1.1) 1.0 (0.9–1.0) 0.206

Baseline D-dimer (μg/L), median (IQR) 1120 (460–3710) 430 (230–1167) 0.001* 1170 (450–2880) 400 (230–927) <0.001*

Follow-up D-dimer (μg/L), median (IQR) 6270 (3340–8991) 1610 (842–3662) <0.001* 6270 (3670–8290) 1380 (810–2712) <0.001*

ΔD-dimer (μg/L), median (IQR) 3200 (1500–4790) 820 (435–2037) <0.001* 3260 (1272–5600) 710 (412–1567) <0.001*

Note: P *Indicates statistical significance. 
Abbreviations: BMI, body mass index; NIHSS, National Institutes of Health Stroke Scale; SBP, systolic blood pressure; DBP, diastolic blood pressure; sICH, symptomatic 
intracranial hemorrhage; mRS, modified Rankin Scale; INR, international normalized ratio.

Table 2 Multivariate Regression Analysis for Prediction of Symptomatic Intracranial Hemorrhage and 
Poor Functional Outcome in Patients with Intravenous Thrombolysis

Variables OR 95% CI P value

For symptomatic intracranial hemorrhage
Age (years) 1.011 0.970–1.053 0.606

BMI (kg/m2) 0.899 0.788–1.027 0.118

Atrial fibrillation 0.643 0.198–2.090 0.463
Hyperlipidemia 0.509 0.165–1.575 0.241

Baseline NIHSS score 1.109 1.052–1.170 <0.001

Time interval from rt-PA infusion to blood collection (hours) 1.078 0.991–1.173 0.079
Baseline D-dimer (μg/L) 1.106 0.931–1.313 0.251

Follow-up D-dimer (μg/L) 1.095 1.009–1.188 0.030

ΔD-dimer (μg/L) 1.097 0.987–1.220 0.087
For poor functional outcome

Age (years) 1.033 1.001–1.065 0.041

Atrial fibrillation 0.951 0.382–2.366 0.913
Baseline NIHSS score 1.174 1.108–1.244 <0.001

Onset to needle time (min) 1.004 0.998–1.010 0.224

Baseline Platelet (109/L) 0.999 0.992–1.006 0.731
Baseline D-dimer (μg/L) 1.143 0.997–1.310 0.056

Follow-up D-dimer (μg/L) 1.230 1.119–1.351 <0.001
ΔD-dimer (μg/L) 1.347 1.165–1.559 <0.001

Note: P<0.05 indicated statistical significance. 
Abbreviations: OR, odds ratio; CI, confidence interval; BMI, body mass index; NIHSS, National Institutes of Health Stroke Scale.
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Table 3 Predictive Value of Different D-Dimer Parameters for Symptomatic Intracranial Hemorrhage and Poor Functional Outcome

Variables sICH mRS>2

AUC 95% CI P value Cut-Off Value Sensitivity Specificity AUC 95% CI P value Cut-Off Value Sensitivity Specificity

Baseline D-dimer - - - - - - - - - - - -
Follow-up D-dimer 0.760 0.640–0.881 <0.001 4185μg/L 76.0% 81.3% 0.791 0.721–0.861 <0.001 3838μg/L 62.3% 84.5%

ΔD-dimer - - - - - - 0.841 0.786–0.896 <0.001 2190μg/L 73.8% 85.2%

Abbreviations: AUC, area of the curve; CI, confidence interval; sICH, symptomatic intracranial hemorrhage; mRS, modified Rankin Scale.
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D-Dimer Parameters and Symptomatic Intracerebral Hemorrhage
As summarized in Tables 1, patients with sICH were older (76.1 vs 67.3 years, P=0.002), had lower BMI (22.2 vs 23.9 kg/ 
m2, P=0.019), higher baseline NIHSS score (12 vs 3, P<0.001). The time interval from rt-PA infusion to blood collection was 
longer in patients with sICH (14.4 vs 9.2 hours, P=0.044) than those without sICH. In addition, the baseline D-dimer level 
(1120 vs 430 μg/L, P=0.001), follow-up D-dimer level (6270 vs 1610 μg/L, P<0.001) and ΔD-dimer (3200 vs 820 μg/L, 
P<0.001) were higher in patients with sICH. After adjustment for age, BMI, atrial fibrillation, hyperlipidemia, baseline 
NIHSS score and time interval from rt-PA infusion to blood collection, the results indicated that follow-up D-dimer level 
(OR 1.095; 95% CI 1.009 to 1.188; P=0.030) were independently related to sICH (Table 2).

The ROC curves of follow-up D-dimer level in predicting sICH are shown in Figure 1. According to ROC analysis, 
the optimal cut-off value of follow-up D-dimer level for predicting sICH was 4185 μg/L, and the areas under the curve 
(AUC) were 0.760. The sensitivity and specificity for this cutoff value were 76.0% and 81.3%, respectively (Table 3).

Discussion
In the current study, our findings suggest that follow-up D-dimer level and post-thrombolytic D-dimer elevation, 
measured by ΔD-dimer, were associated with a higher likelihood of poor functional outcome. Moreover, follow-up 
D-dimer level was consistently related to an increased risk of sICH in AIS patients following intravenous rt-PA.

Intravenous rt-PA activates the fibrinolytic system and converts the plasminogen into the proteolytic enzyme 
plasmin.13 Plasmin splits both fibrinogen and fibrin into degradation products, which results in lysis of the clot.14 

D-dimer, a soluble fibrin degradation final product, is derived from the cross-linked fibrin network as it undergoes 
plasmin-mediated degradation.15 Consequently, the levels of D-dimer are significantly increased after the application of 
rt-PA. Hsu et al found that D-dimer level within the 24 hours after stroke onset is an independent predictor of poor 
outcome and sICH in AIS patients receiving intravenous rt-PA. Our study also found that post-thrombolytic elevated 
D-dimer level was an independent risk factor of sICH after treatment with intravenous rt-PA, which aligned with the 
results of the previous study. Although the underlying mechanisms of post-thrombolytic elevated D-dimer level and sICH 
have not been elucidated, several possible explanations might account for that. Post-thrombolytic D-dimer elevation may 
reflect intricate disorders of fibrinolytic and hemostatic functions, which might lead to inhibition of hemostatic function 
and hypocoagulable state of the blood system, making it easier to trigger massive hemorrhage.8,16 Furthermore, elevated 
D-dimer level was reported to stimulate the immune system and potentially boost the proinflammatory cytokine cascade, 

Figure 1 The ROC curves of follow-up D-dimer level and ΔD-dimer in predicting sICH and poor functional outcome. 
Abbreviations: ROC, receiver operating characteristics; ΔD-dimer, follow-up D-dimer minus baseline D-dimer.
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such as IL-1, IL-6 and TNF-α.17,18 Activated inflammation may contribute to the pathological alteration in ischemic brain 
tissue. For instance, previous animal studies in mice have reported that the increase in inflammatory mediators is usually 
correlated with blood-brain barrier (BBB) disruption which may lead to hemorrhagic transformation.19

Moreover, we found that follow-up D-dimer level and post-thrombolytic D-dimer elevation, measured by 
ΔD-dimer, were associated with poor functional outcome at 3 months. A growing body of evidence demonstrated 
that an elevated level of D-dimer is associated with increased risk of poor outcome in AIS patients.20–22 In addition 
to the possible explanations mentioned above. A previous study by Park et al found that a high D-dimer level has 
a positive correlation with infarct volume, therefore elevated D-dimer levels may predict a worse outcome through 
worsening the extent of damage to the ischemic brain tissue.23 Risk factors for hemorrhagic transformation after AIS 
include larger infarct volume,24 it might, to some extent, explain why sICH would be prone to occur more 
frequently in patients with elevated D-dimer level, especially in the setting of coagulation disorders after intravenous 
thrombolysis.

The major difference between our study and previous studies is that we include the extent of D-dimer elevation after 
intravenous thrombolysis as an observation index, not simply D-dimer levels. Notably, we found that the post- 
thrombolytic D-dimer elevation, measured by ΔD-dimer, was also related to poor functional outcome at 3 months. In 
addition, ΔD-dimer has a better predictive value for poor functional outcome than the follow-up DD level. D-dimer is 
a fibrin degradation final product, indicating the presence of clot lysis indirectly. Theoretically, the level of D-dimer 
increased at 2 hours after intravenous thrombolysis and returned to the baseline level at 24 hours.25 In the present study, 
we assume that the sustained elevation of D-dimer following intravenous thrombolysis might indicate a greater baseline 
thrombus burden or resistance to the endogenous fibrinolytic system, weakening the thrombolytic effect of rt-PA and 
ultimately resulting in poor functional outcome. Another possible explanation might be that the occluded vessels could be 
recanalized under the work of rt-PA. The large thrombus burden at baseline may result in a large infarct volume, which is 
susceptible to severe hemorrhagic transformation. In this regard, it is important to monitor the dynamic changes in 
D-dimer level after intravenous thrombolysis.

Limitations include the study being conducted with a small sample size and retrospective design, which might have 
the potential of selection bias. Second, due to the lack of a standardized protocol for blood collection after intravenous 
thrombolysis at our center, the follow-up D-dimer levels were only measured the following morning after intravenous 
thrombolysis. However, it would be better to explore the correlation between post-thrombolytic D-dimer parameters and 
outcomes by fixing a time for blood collection and monitoring the serial change in D-dimer levels. Due to the relatively 
wide time range for observing dynamic changes in D-dimer levels, prospective studies with large samples and 
a standardized protocol are needed to validate the results in the future. Third, we only assessed the relationship between 
post-thrombolytic D-dimer parameters and outcomes in AIS patients with intravenous thrombolysis. Therefore, the 
conclusion cannot be simply extended to patients following endovascular thrombectomy (EVT). Finally, the established 
associations in this study may be impacted by other baseline characteristics that are not measured, which are worthy of 
further investigation.

Conclusion
Our study provides preliminary data indicating that elevated follow-up D-dimer levels are associated with sICH 
and poor functional outcome in AIS patients following intravenous rt-PA. Besides, post-thrombolytic D-dimer 
elevation, measured by ΔD-dimer, was a better predictive biomarker for long-term outcome at 3 months. Further 
prospective multicenter studies with a larger sample size need to be conducted to ascertain the causality.
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