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ABSTRACT
Objective: To evaluate the efficacy and prognostic significance of reperfusion therapy in patients with Trousseau syndrome-related
cerebral infarction.
Study Design: Descriptive study.
Place and Duration of the Study: Department of Neurology, Zhongshan Hospital of Xiamen University, School of Medicine, Xiamen
University, Xiamen, China, and The Second Affiliated Hospital of Xiamen Medical College, Xiamen, China, between January 2017 and
December 2023.
Methodology: Patients with Trousseau-associated cerebral infarction who were treated at two hospitals were included in the study.
Clinical outcomes, including early neurological deterioration, intracranial haemorrhage, in-hospital mortality, 90-day modified Rankin
scale (mRS) score, 90-day mortality, initial and discharge National Institutes of Health Stroke Scale (NIHSS) score, and ΔNIHSS (differ-
ence between the initial and discharge NIHSS score), were compared between the reperfusion-treated group (n = 9) and the conven-
tionally treated group (n = 23).
Results: Patients who received reperfusion therapy demonstrated significant neurological improvement at discharge, with a statisti-
cally significant difference in their  ΔNIHSS scores compared to those of  the conventionally treated group (p <0.001).  No significant
differences were observed in early neurological deterioration (11.10% vs. 13.00%, p = 1.000), intracranial haemorrhage (33.33% vs.
8.70%, p = 0.121), in-hospital mortality (22.20% vs. 26.10%, p = 1.000), 90-day mortality (55.60% vs. 87.00%, p = 0.076), or 90-day
mRS score (p = 0.052) between the two groups.
Conclusion: Despite the high mortality rate within 90 days, reperfusion therapy has the potential to improve the quality of life of
surviving cancer patients with Trousseau-associated cerebral infarction.
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INTRODUCTION

Trousseau syndrome (TS) is characterised by the occurrence of
cryptogenic thromboembolic events, often preceding or coin-
ciding with the diagnosis of occult visceral malignancies.1  TS is
closely  associated  with  abnormalities  such  as  neoplasm-
related coagulation and fibrinolysis.1 Thromboembolic events
in TS can manifest throughout the body, including deep vein
thrombosis, pulmonary embolism, and thromboses in atypical
sites such as the cerebral vasculature.2
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Acute cerebral infarction (ACI) is a common clinical manifesta-
tion of TS. Although its symptomatology may resemble that of
other aetiologies of cerebral infarction, the underlying path-
omechanisms and therapeutic responses may differ signifi-
cantly.3 Currently, there is no established diagnostic standard
for  TS-related  cerebral  infarction.  However,  a  consensus
amongst researchers suggests that a diagnosis of TS may be
considered  when  imaging  reveals  multiple  ACIs  in  various
vascular territories in a patient with a malignant neoplasm,
accompanied by a significant increase in D-dimer levels.4-6

Intravenous thrombolysis (IVT) and mechanical thrombectomy
(MT) are widely recognised as effective reperfusion therapies
for  ACI.  Current  guidelines  recommend  IVT  with  alteplase
within a 4.5-hour window from symptom onset, whilst MT is
advised when the IVT time window has elapsed or when IVT is
deemed  ineffective.7,8  However,  the  American  Heart  and
Stroke Association Guidelines for the Early Management of
Patients  with  Acute  Ischaemic  Stroke,  highlight  the  uncer-
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tainty regarding the efficacy and safety of IVT during the acute
phase for patients with ACI and concurrent malignant tumours.
Moreover, these guidelines do not provide a definitive recom-
mendation for the use of MT in this patient population.8  Whilst
the efficacy of reperfusion therapies for ACI is well-established
in the general population, their safety and effectiveness in
patients  with  TS-related  cerebral  infarction  remain  largely
uncharted  territory.  The  distinctive  pathophysiology  of  TS,
characterised  by  cancer-associated  hypercoagulability  and
potential complications stemming from underlying malignan-
cies, raises significant concerns regarding the applicability of
standard reperfusion protocols in this specific patient cohort.

This study aimed to address the knowledge gap by comparing
clinical outcomes of reperfusion therapy versus conventional
treatment in patients with TS-related cerebral infarction. The
investigation  of  this  understudied  area  aimed  to  provide
insights to the efficacy, safety, and prognostic implications of
reperfusion therapies in this complex patient population. Find-
ings may inform future clinical decision-making and guideline
development for managing acute stroke in patients with TS.

METHODOLOGY

A retrospective multicentred study was conducted to analyse
the clinical records of individuals who presented with concur-
rent neoplasms and cerebral infarction at Zhongshan Hospital
of Xiamen University, Xiamen, China, and the Second Hospital
of Xiamen Medical College Xiamen, China, from January 2017 to
December 2023. Based on stringent inclusion and exclusion
criteria, 32 patients were selected for the final analysis and their
records were evaluated. The Ethics Committee of Zhongshan
Hospital of Xiamen University approved this study with partial
exemption from informed consent from the patients (ERC No.
xmzsyyky2022-196, Dated: 28th July 2022).

The inclusion criteria were the presence of an active malig-
nancy9 (diagnosed during hospitalisation following ACI onset or
within 6 months before ACI onset and included recurrent or
metastatic  tumours);  radiological  confirmation  of  multifocal
acute cerebral infarcts, encompassing both bilateral anterior
and posterior circulations, without detectable vascular stenosis
on magnetic  resonance angiography;  and elevated D-dimer
levels that exceeded the normal threshold (>0.5 mg/L). The
exclusion criteria were age less than 18 years; previous tumour
history not fulfilling the criteria for active malignancy; identifica-
tion of another source for the patient’s emboli (e.g., atrial fibrilla-
tion); and a prior history of a significant disability. The funder of
the study had no role in the study design, data collection, data
analysis, data interpretation, or writing of the report.

This  study  collected  patient  demographic  data,  stroke  risk
factor data (hypertension, diabetes mellitus, smoking status,
dyslipidaemia status, atrial fibrillation status, and prior stroke
status), tumour type and stage, neurological score, and neuro-
logical score information (National Institutes of Health Stroke
Scale (NIHSS) and modified Rankin Scale (mRS)). Additionally,
data on treatment (onset-to-needle time, door-to-needle time,

onset-to-puncture  time,  and  puncture-to-revascularisation
time), imaging findings (findings on post-hospital CT or MRI,
bilateral  venous  ultrasound),  and  laboratory  data  (blood
biochemistry, routine blood tests, and blood coagulation infor-
mation) were also collected.

Neurologic  function  and prognosis  were  assessed using  the
initial,  24-hour,  and discharge NIHSS scores,  along with the
ΔNIHSS (the difference between the admission and discharge
NIHSS scores). The prognosis was assessed using the mRS at
discharge and that at 90 days post-discharge. Early neurologic
deterioration was defined as an increase of ≥2 points within 24
hours  after  therapy.10  Adverse  events  included  intracranial
haemorrhage conversion, in-hospital mortality, and mortality
within 90 days.

Treatment  strategies  were  classified  into  conventional  and
reperfusion  treatments.  Conventional  treatment  typically
included  antiplatelet  therapy  (aspirin  or  clopidogrel),  statin
therapy (e.g., atorvastatin), and supportive care, such as blood
pressure  and  blood  glucose  control.  Reperfusion  treatment
comprised  intravenous  thrombolysis,  mechanical  thrombec-
tomy,  or  both,  administered  within  the  appropriate  time
window. All treatment decisions were made by attending physi-
cians based on individual patient conditions and in accordance
with current acute ischaemic stroke treatment guidelines.

Statistical analyses were conducted using SPSS 26.0. Contin-
uous variables following a normal distribution were presented
as the mean ± standard deviation, while those not conforming
to  a  normal  distribution  were  expressed  as  the  median
(interquartile  range).  Independent  samples  t-tests  and
Mann‒Whitney U tests were used for normally and non-nor-
mally  distributed  data,  respectively.  Categorical  data  were
expressed as frequencies and percentages, with group differ-
ences assessed using Chi-squared test or Fisher's exact test. A
p-value less than 0.05 in a two-sided test was considered to indi-
cate statistical significance.

RESULTS

The mean age of the 32 patients with TS-related cerebral infarc-
tion was 70.53 ± 9.02 years, with a range of 51-91 years, and
there were 18 males (56.20%) and 14 females (43.80%). The
clinical characteristics and laboratory findings of convention-
ally and reperfusion-treated patients are presented in Table I. A
statistically significant difference in the initial NIHSS score (p =
0.034) and the ΔNIHSS score (p <0.001) was observed between
the reperfusion and conventional therapy groups. However, no
statistically significant differences were observed in age, cere-
brovascular disease risk factors, laboratory findings, admission
and discharge NIHSS scores, or mRS scores at discharge or at 90
days (p >0.05). A detailed comparison between the baseline
characteristics  and  clinical  outcomes  of  the  conventionally
treated and reperfusion-treated patients is shown in Table I.

In the reperfusion therapy cohort (n = 9), the treatment modali-
ties included mechanical thrombectomy (n = 2), intravenous
thrombolysis (n = 4), and bridging therapy (n = 3). All patients
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treated with intravenous thrombolysis were administered 0.9
mg/kg  of  recombinant  tissue  plasminogen  activator  (rt-PA).
During  hospitalisation,  two  patients  died,  with  one  death
attributable  to  neoplastic  complications.  Within  the  90-day
post-discharge period, an additional three patients died ˗ two
due to neoplastic complications and one due to recurrent cere-

bral infarction. The treatment and prognostic information of the
patients in the group receiving reperfusion therapy is detailed in
Table II and III. In the reperfusion therapy cohort, the treatment
modalities included mechanical thrombectomy (patients 5 and
6),  intravenous  thrombolysis  (patients  1,  2,  3,  and  4),  and
bridging therapy (patients 7, 8, and 9).

Table I: Clinical characteristics and laboratory findings of conventionally and reperfusion-treated patients.

 
Variables Conventional

(n = 23)
Reperfusion
(n = 9)

p-value

Age (year) [SD] 71.17 ± 8.10 68.89 ± 11.44 0.528
Gender (male), n (%) 14 (60.90) 4 (44.40) 0.453
Hypertension, n (%) 15 (65.20) 5 (55.50) 0.696
Diabetes, n (%) 8 (34.80) 0 (0.00) 0.070
Dyslipidaemia status, n (%) 3 (13.00) 1 (11.11) 1.000
Prior stroke history, n (%) 3 (13.00) 1 (11.11) 1.000
Smoking, n (%) 6 (26.10) 1 (11.11) 0.640
Alcohol, n (%) 4 (17.40) 0 (0.00) 0.303
Systemic metastasis, n (%) 19 (82.60) 5 (55.60) 0.176
White blood cell [IQR] 9.61 (6.93, 13.68) 10.64 (7.63, 11.51) 0.967
Neutrophil [IQR] 7.86 (4.72, 10.04) 8.84 (5.68, 9.39) 0.805
C-Reactive protein [IQR] 37.96 (14.48, 74.97) 25.30 (17.35, 79.89) 0.807
Lymphocyte 1.18 ± 0.45 1.32 ± 0.34 0.399
NLR 8.08 ± 5.01 6.68 ± 3.43 0.448
Triglyceride [IQR] 1.16 (0.89, 1.45) 1.10 (1.03, 1.48) 0.983
Cholesterol 4.17 ± 1.26 4.83 ± 1.13 0.180
HDLC 1.19 ± 0.32 1.16 ± 0.32 0.823
LDL-C 2.77 ± 0.80 3.24 ± 0.81 0.146
D-Dimer 14.02 ± 9.43 9.73 ± 6.17 0.218
Initial NIHSS, [IQR] 7.00 (4.00, 10.00) 12.00 (8.00, 14.00) 0.034
24-hour NIHSS, [IQR] 8.00 (4.50, 11.50) 10.00 (4.00, 14.00) 0.483
Discharge NIHSS, [IQR] 8.00 (4.00, 30.00) 9.00 (1.00, 12.00) 0.805
ΔNIHSS, [IQR] 2.00 (1.00, 2.00) 4.00 (3.00, 6.00) <.001
Discharge mRS, [IQR] 4.00 (2.00, 5.50) 5.00 (1.00, 5.00) 1.000
Early neurologic deterioration, n (%) 3 (13.00) 1 (11.10) 1.000
Intracranial haemorrhage, n (%) 2 (8.70) 3 (33.33) 0.121
In-hospital mortality, n (%) 6 (26.10) 2 (22.20) 1.000
90-day mortality, n (%) 20 (87.00) 5 (55.60) 0.076
90-day mRS, n (%) 6.00 (6.00, 6.00) 6.00 (4.00, 6.00) 0.052
NLR, Neutrophil-to-lymphocyte ratio; HDLC, High-density lipoprotein cholesterol; LDL-C, Low-density lipoprotein cholesterol; NIHSS, National Institutes of Health Stroke Scale; mRS,
modified Rankin Scale; ΔNIHSS, change in NIHSS score (discharge NIHSS minus baseline NIHSS).

Table II: Baseline characteristics and laboratory data of reperfusion-treated patients.

Age / gender Tumour site SM WBC
(10^9/L)

NEUT
(10^9/L)

LYM
(10^9/L)

NLR CRP
(mg/L)

Dimer
(mg/L)

67 / M Liver N 8.99 6.61 1.68 3.93 18.26 6.20
78 / F Lung N 5.68 3.33 1.90 1.75 1.39 0.88
71 / F Breast Y 12.61 10.61 1.02 10.40 181.79 19.55
76 / M Liver N 11.51 9.39 1.24 7.57 97.17 12.50
58 / F Lung Y 7.63 5.68 1.39 4.09 62.61 18.02
77 / M Nasal N 10.64 8.84 0.80 10.9 16.45 8.68
51 / F Uterine Y 10.69 8.94 1.05 8.51 26.51 8.74
85 / F Mediastinum Y 6.71 4.74 1.41 3.36 24.08 3.54
57 / M Lung Y 15.29 13.23 1.38 9.59 NA 9.48
M, Male; F, Female; SM, Systemic metastasis; Y, Yes; N, No; NLR, Neutrophils-to-lymphocytes ratio; D-D, D-dimer.

Table III: Data on treatment and prognostic outcomes of reperfusion-treated patients.

ONT
(min)

DNT
(min)

OPT
(min)

PRT
(min)

Initial
NIHSS

24-hour
NIHSS

D-NIHSS ICH D-mRS 90d mRS

180 30 NA NA 5 1 1 Y 1 0
102 42 NA NA 7 4 0 N 0 0
103 59 NA NA 12 9 42 N 6 6
204 14 NA NA 12 10 9 N 5 6
NA NA 700 15 8 3 1 N 1 6
NA NA 560 70 12 12 9 N 5 4
120 55 310 115 14 20 11 Y 5 6
112 30 217 104 22 22 42 Y 6 6
70 30 390 50 17 14 12 N 5 4
ONT, Onset-to-needle time; DNT, Door-to-needle time; OPT, Onset-to-puncture time; PRT, Puncture-to-revascularisation time; ICH, Intracerebral haemorrhage; Y, Yes; N, No;
D-mRS, Discharge modified Rankin Scale score; 90d mRS, 90 day modified Rankin Scale score.
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Figure  1:  Neuroimaging  findings  in  patients  with  Trousseau  syndrome
receiving reperfusion therapy. (A-C) Patient 2,  Brain MRI (DWI) and
MRA; (D-F) Patient 3, Brain CT and MRA; (Q-T) Patient 4, Brain MRI
(DWI) and CTA; (G-J) Patient 5, Brain MRI (DWI) and MRA; (K-M) Patient
8, Brain DWI; (N-P) Patient 9, Brain MRI (DWI) and CTA.

DISCUSSION

This study revealed that patients with TS-related cerebral
infarction  undergoing  reperfusion  therapy  exhibited  a
greater 90-day mortality rate (55.60% vs. 87.00%, p >0.05)
despite  a  lower  in-hospital  mortality  rate  (22.20%  vs.
26.10%, p >0.05).  This increase in mortality is  likely not
directly linked to the cerebrovascular event itself but rather
to the higher incidence of systemic metastasis in patients
with malignant neoplasms (55.60% vs.  82.60%, p >0.05),
along with oncological complications such as interruption of
treatment, immunosuppression, advanced malignancy, and
organ failure.11 The higher initial NIHSS scores observed in
the  reperfusion  therapy  group  may  be  attributed  to  the
prompt arrival of patients with more severe conditions at the
hospital for treatment. Remarkably, despite the elevated 90-
day mortality, survivors who underwent reperfusion therapy
exhibited substantial neurological amelioration at discharge
compared to those receiving solely conventional manage-
ment  and  did  not  experience  a  significant  increase  in  the
risk of haemorrhagic conversion or early neurological deterio-
ration.

Furthermore, this study revealed notable individual varia-
bility in the response to intravenous thrombolytic therapy
among patients with TS-related cerebral ischaemia. Approxi-
mately half of these patients exhibited significant neurolog-
ical improvement post-thrombolysis, whereas the remaining
half did not demonstrate such improvement. An MRI-based
radiological  assessment revealed that patients with more
favourable  outcomes  from  intravenous  thrombolysis
presented with multiple dispersed small infarcts. In contrast,
the efficacy of thrombolysis decreased in patients who had
large vessel occlusion in the anterior circulation (Figure 1).

All  patients  exhibited  bilateral  cerebral  infarction  lesions
involving both the anterior  and posterior  circulation.  The
anterior, middle, and posterior cerebral arteries, along with
the  main  branches  of  the  vertebral  arteries,  were  well
displayed in all  patients. Occlusion of the main branches
due to thrombus was not considered indicative of vessel
stenosis.

The  variability  in  therapeutic  efficacy  may  be  attributed  to
the  compositional  and  structural  heterogeneity  of
thrombi.12,13 Histological analyses of thrombi retrieved after
thrombectomy have revealed a common structural charac-
teristic: A core enriched in erythrocytes surrounded by a
shell  composed  of  fibrin,  von  Willebrand  factor  (vWF),  and
aggregated platelets, and these thrombi also have varia-
tions in the proportions of erythrocytes, platelets, fibrin, and
leucocytes.14-16 The dense fibrin network within the shell acts
as  a  barrier,  impeding  the  diffusion  of  tissue-type  plas-
minogen activator (rt-PA) and thereby hindering its ability to
lyse fibrin in the core, which compromises the thrombolysis
efficiency  of  rt-PA.13  Furthermore,  the  presence  of  various
extracellular matrix components, such as vWF, extracellular
DNA,  and  neutrophil  extracellular  traps,  in  fibrin-rich
thrombi not only enhances the mechanical stability of the
thrombus but also decreases its permeability by altering the
fibrin  structure.  These  extracellular  matrix  components
increase  resistance  to  thrombolytic  agents,  making  fibrin--
dense  thrombi  significantly  less  sensitive  to  rt-PA  than
erythrocyte-rich  thrombi.17

Thrombi that are retrieved after thrombectomy in patients
with cerebral infarction and concurrent cancer are predomi-
nantly  composed of  fibrin and platelets,  and these thrombi
have  significantly  fewer  erythrocytes  than  thrombi  from
non-cancer patients.18,19 Fu et al. reported that most of these
thrombi  were  white  thrombi,  primarily  consisting  of  fibrin
and platelets.18  Moreover,  Matsumoto  et  al.'s  analysis  of
thrombi  from patients  with  TS-related  ACI  revealed  that
fibrin  constituted  more  than  90%  of  the  composition  of
thrombi in these patients.19 These findings may explain why
more  than  half  of  TS  patients  exhibited  no  significant
improvement  in  early  neurological  function  following  IVT
treatment.
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However, the current studies on the composition of thrombi
retrieved after thrombectomy have limitations. These studies
have mainly focused on emboli due to large vessel occlusion,
while the characterisation of thrombi components post-small
vessel occlusion or following IVT treatment is ambiguous. In a
research conducted by Seok et al., the plasma levels of D-
dimer and the amount of microthrombotic signals in the bilat-
eral internal carotid arteries were measured using transcra-
nial doppler in patients with ACI and concurrent cancer.20 The
results showed that the number of microthrombotic signals in
the  internal  carotid  arteries  of  cancer  patients  was  signifi-
cantly  increased and positively  correlated  with  plasma D-
dimer levels.20 This finding further suggested that cancer may
induce a  hypercoagulable  state,  potentially  leading to  the
formation of microemboli and contributing to cerebral infarc-
tion secondary to small infarct foci. Whether these microem-
boli  differ significantly in composition from thrombi retrieved
post-thrombectomy and whether they are more sensitive to
rt-PA warrant further investigation.

This  study  underscores  the  significance  of  reperfusion
therapy strategies in patients with TS-related cerebral infarc-
tion. Despite the high mortality rate within 90 days, reperfu-
sion therapy is clinically relevant for improving the quality of
life of surviving cancer patients.

A major limitation of this study was its retrospective nature,
which could introduce potential biases in the data collection
and analysis.  Additionally,  the small  sample size restricted
the ability to draw firm conclusions about the efficacy of reper-
fusion therapy for  TS patients and the prognosis  of  these
patients.  Therefore,  future  studies  with  larger  cohorts  are
needed to more accurately assess the impact of reperfusion
therapy on TS patients. These studies should also explore the
effects of  different reperfusion therapy modalities on patient
outcomes.  Furthermore,  the  thrombus  components  associ-
ated with small vessel occlusion in TS-related cerebral infarc-
tion  patients  remain  underexplored.  It  is  anticipated  that
advances in thrombus composition imaging techniques will
allow  for  the  development  of  effective  alternatives  for
detailed  thrombus  composition  analysis.  By  thoroughly
examining the thrombus composition in multiple scattered
infarcts  in  patients  with  TS-related cerebral  infarction and
implementing targeted preventive measures, it is expected
that cerebral infarction induced by a hypercoagulable state in
tumour patients will be effectively mitigated.

CONCLUSION

Despite the high mortality rate within 90 days, reperfusion
therapy has the potential to improve the quality of life of
surviving cancer patients with Trousseau-associated cerebral
infarction.  Furthermore,  there  were  significant  individual
differences  in  the  response  to  intravenous  thrombolytic
therapy among patients with Trousseau-associated cerebral
ischaemia, which may be attributed to the heterogeneity in
the thrombus composition and structure in these patients.
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