
Academic Editors: Basil Grüter and 
Martina Sebök

Received: 17 September 2026
Revised: 29 October 2026
Accepted: 30 October 2026
Published: 1 November 2026

Copyright: © 2026 by the authors. 
Licensee MDPI, Basel, Switzerland. 
This article is an open access article 
distributed under the terms and 
conditions of the Creative Commons 
Attribution (CC BY) license.

Review

Superior Sagittal Sinus Thrombosis (SSST) After Neurosurgical 
Procedures: A Scoping Review of Etiology, Clinical Course, 
Diagnosis, and Management
Emir Begagić 1 , Mirza Pojskić 2 , Hakija Bečulić 1  and Kenan Arnautović 3 , 4 , *

1  Department of Neurosurgery, Cantonal Hospital Zenica, Crkvice 67, 72000 Zenica, Bosnia and Herzegovina; 
begagicem@gmail.com (E.B.); dr_beculichakija@hotmail.com (H.B.)

2  Department of Neurosurgery, Philipps University of Marburg, 35043 Marburg, Germany; 
mirza.pojskic@uk-gm.de

3  Department of Neurosurgery, The University of Tennessee Health Science Center, Memphis, TN 38138, USA
4  Semmes-Murphey Clinic, Memphis, TN 38138, USA
* Correspondence: kenanarnaut@yahoo.com

Highlights

What are the main findings?
• Postoperative SSST is uncommon but can occur after both cranial and spinal neurosur-

gical procedures.
• Presentation ranges from asymptomatic thrombosis to severe neurological complications.
What are the implications of the main findings?
• Postoperative SSST should be considered when postoperative neurological deteri-

oration occurs, particularly after surgery near the superior sagittal sinus or with
CSF loss.

• Prospective studies are needed to establish optimal surveillance and treatment strategies.

Abstract

Background/Objectives: Postoperative superior sagittal sinus thrombosis (SSST) is an un-
common neurosurgical complication with variable clinical severity. This scoping review 
summarized its frequency, mechanisms, clinical presentation, management, and outcomes. 
Methods: MEDLINE/PubMed, Scopus, Web of Science Core Collection, and Google Scholar 
were searched up to 11 May 2026. Original studies reporting postoperative SSST were in-
cluded and synthesized descriptively. Results: Twenty-four studies comprising 1084 patients 
were included, with 79 postoperative SSST cases with confirmed or extractable SSS involve-
ment. Among studies with operative denominators, SSST frequency ranged from 0.8% to 
10.0%. Reported mechanisms included local sinus injury or manipulation, cerebrospinal 
fluid loss or diversion, infectious/inflammatory conditions, and systemic prothrombotic 
factors. Clinical presentation ranged from incidental thrombosis to neurological deteriora-
tion with edema, venous infarction, or hemorrhage. Management included observation, 
anticoagulation, and, in selected severe cases, surgical or endovascular treatment. In small, 
heterogeneous cohorts with SSST-specific outcomes, mortality ranged from 0% to 33.3% and 
should be interpreted as a descriptive, not pooled, estimate. Conclusions: Postoperative 
SSST is heterogeneous in mechanism and severity. Current evidence is predominantly 
retrospective and case-based, limiting firm treatment recommendations. 
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1. Introduction
Cerebral venous thrombosis (CVT) accounts for about 0.5% to 3% of all strokes and 

typically affects younger adults, with a median age of 37 years and a marked female pre-
dominance of about 75% in large cohorts [1–3]. Within the spectrum of CVT, the superior 
sagittal sinus is one of the most commonly affected sites, involved in approximately 62% of 
cases, compared with 41% to 45% for the transverse sinus and about 18% for the straight 
sinus. Superior sagittal sinus thrombosis (SSST) is therefore not an exceptional anatomical 
subtype, but a major component of CVT overall [4].

In neurosurgical practice, this issue deserves particular attention because successful 
surgery does not eliminate the risk of postoperative SSST [5]. Procedures performed close 
to the midline, falx, parasagittal dura, or major dural sinuses may disturb venous outflow 
even when the primary surgical objective has been achieved [6]. This makes SSST especially 
relevant in neurosurgery, where a technically satisfactory resection or decompression may 
still be followed by a venous complication capable of changing postoperative recovery and 
outcome [7].

Available data suggest that postoperative venous sinus thrombosis is more common 
radiographically than it appears clinically [8]. In a prospective study of 74 patients undergo-
ing surgery adjacent to major dural sinuses, postoperative cerebral venous sinus thrombosis 
(CVST) was found in 24 patients (32.4%), and all were asymptomatic at diagnosis [7]. After 
posterior fossa tumor surgery, asymptomatic postoperative CVST was reported in 33 of 
266 patients (12.4%) [8]. In patients undergoing resection of parasagittal or parafalcine 
meningiomas, postoperative superior sagittal sinus thrombosis was identified in 15 of 
266 patients (5.6%), while only 1.9% of the total cohort were symptomatic [5]. These figures 
show that postoperative SSST is not merely anecdotal, especially in procedures performed 
in close relationship to the superior sagittal sinus [5,7].

Early recognition remains difficult. In spontaneous CVT, the median delay to diagnosis 
is 7 days from symptom onset [9]. In postoperative neurosurgical patients, diagnosis may be 
even more challenging because headache, nausea, seizures, drowsiness, and focal neurolog-
ical deficits can be misattributed to the expected postoperative course rather than evolving 
venous thrombosis [2]. This is one reason why postoperative SSST may remain underrec-
ognized, particularly when its course is clinically silent. At the same time, SSST cannot be 
considered harmless. Although many postoperative cases remain asymptomatic, others are 
associated with venous infarction, intracranial hemorrhage, raised intracranial pressure, 
neurological deterioration, and death [10]. In the series by Sturiale et al., radiological signs 
of venous congestion or hemorrhagic infarction were present in 19/59 patients (32.2%), 
78% remained asymptomatic, and 5/59 (8.5%) developed hemorrhagic infarction [6]. The 
clinical importance of this complication lies in its dual nature. It is often silent and easily 
missed, yet in selected patients it may have serious consequences despite an otherwise 
successful neurosurgical procedure.

The aim of this scoping review was to map the available literature on superior sagittal 
sinus thrombosis after neurosurgical procedures and to summarize the current evidence 
on this clinically important postoperative complication.
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2. Materials and Methods
2.1. Study Design and Reporting

This scoping review was conducted according to the methodological guidance of the 
Joanna Briggs Institute (JBI) [11] for scoping reviews and reported in accordance with 
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for 
Scoping Reviews (PRISMA-ScR) ( Supplementary Materials) [12]. The review protocol 
was registered in the Open Science Framework (OSF) under registration ID xbfvt.

2.2. Eligibility Criteria
Studies were eligible according to the PICOS framework if they included patients who 

developed superior sagittal sinus thrombosis after a neurosurgical procedure. Postoper-
ative SSST was defined as a newly diagnosed postoperative thrombus involving the SSS, 
either in isolation or together with other venous sinuses, with a reported temporal rela-
tionship to the neurosurgical procedure. Studies reporting broader postoperative cerebral 
venous sinus thrombosis cohorts were eligible only when SSS involvement was explicitly 
reported, or the number of patients with SSS involvement was extractable. For this review, 
isolated SSST denoted thrombosis confined to the SSS; SSS-predominant thrombosis de-
noted reports in which the SSS was explicitly described as the principal involved sinus; 
and multisinus SSST denoted SSS involvement together with at least one additional du-
ral sinus or jugular venous segment. Each patient was counted once irrespective of the 
number of venous segments involved. No SSS-primary origin or direction of thrombus 
propagation was inferred unless demonstrated in the source report. A comparator group 
was not required. Eligible studies had to report at least one relevant outcome, including 
incidence, clinical presentation, timing of diagnosis, imaging findings, complications, treat-
ment, recanalization, morbidity, or mortality. Original clinical studies published in English, 
including cohort studies, case–control studies, cross-sectional studies, case series, and case 
reports, were considered. Reviews, editorials, commentaries, conference proceedings, ex-
perimental studies, non-English publications, and reports without sufficient evidence of 
a temporal relationship between neurosurgery and SSST were excluded (Table 1). For 
terminology consistency, “postoperative SSST” is used when referring specifically to SSST 
occurring after a neurosurgical procedure, whereas “SSST” alone is reserved for general or
anatomical references.

Table 1. PICOS framework for defining eligibility criteria.

PICOS Component Inclusion Criteria

Population
Patients of any age or sex with postoperative superior sagittal sinus thrombosis, 
isolated or as part of multisinus thrombosis; broader postoperative CVST cohorts 
were eligible only when SSS-specific data were extractable

Intervention or exposure Any neurosurgical procedure preceding the diagnosis of SSST
Comparator Not required

Outcomes Incidence or frequency, clinical presentation, timing, imaging findings, 
complications, treatment, recanalization, morbidity, or mortality

Study design English-language cohort studies, case–control studies, cross-sectional studies, case 
series, and case reports

CVST, cerebral venous sinus thrombosis; PICOS, Population, Intervention or Exposure, Comparator, 
Outcomes, and Study Design; SSS, superior sagittal sinus; SSST, superior sagittal sinus thrombosis.
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2.3. Data Source and Search Strategy
A literature search was performed in MEDLINE/PubMed, Scopus, Web of Science 

Core Collection, and Google Scholar from database inception to 11 May 2026. Reference 
lists of eligible studies and relevant reviews were manually screened to identify additional 
publications. The database strategies used database-specific free-text terms and field syntax 
related to the superior sagittal sinus, cerebral venous sinus thrombosis, and neurosurgical 
procedures; no MeSH-based controlled-vocabulary component was used in the PubMed 
strategy. The Google Scholar query shown in Appendix A identified 89 records, all of which 
were entered into the same deduplication and screening workflow as records from the 
bibliographic databases. Detailed search strings are presented in Appendix A, Table A1.

2.4. Study Selection and Data Extraction
The database and supplementary searches identified 270 records, including 40 from 

PubMed, 85 from Scopus, 56 from Web of Science, and 89 from Google Scholar. After re-
moval of 146 duplicate records, 124 unique records remained for title and abstract screening. 
Of these, 37 records were excluded because they did not meet the predefined eligibility crite-
ria, leaving 87 reports for full-text retrieval and assessment. All 87 reports were successfully 
retrieved and assessed for eligibility. Following full-text review, 63 reports were excluded, 
including reviews (n = 9), congress proceedings (n = 16), non-English manuscripts (n = 8), 
reports without extractable data (n = 21), and studies excluded for other eligibility-related 
reasons (n = 9). Finally, 24 studies met the inclusion criteria and were included in the 
scoping review (Figure 1).

Figure 1. PRISMA flow diagram.
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Title and abstract screening and full-text assessment were performed independently 
by two researchers (E.B. and H.B.) according to the predefined eligibility criteria. Disagree-
ments between the two researchers were resolved through discussion and consensus.

Data were independently extracted by two researchers (E.B. and M.P.) using a stan-
dardized data-extraction form developed for this review. Extracted variables included 
study characteristics, country, study design and cohort size, neurosurgical indication and 
procedure, relationship of the operative field to the superior sagittal sinus, number and pro-
portion of postoperative SSST cases, timing of diagnosis, clinical presentation, symptomatic 
or asymptomatic course, anatomical extent of thrombosis, associated venous infarction 
or intracranial hemorrhage, and relevant perioperative or patient-related factors. Data 
on management included conservative treatment, anticoagulation and its regimen when 
reported, and surgical or endovascular interventions. Radiological recanalization, neurolog-
ical recovery, residual deficits, and mortality were also recorded. For broader postoperative 
CVST cohorts, SSS-specific data were extracted whenever they were explicitly identifiable. 
When management or outcome data were reported only for the entire CVST cohort and 
could not be assigned to the SSS subgroup, they were retained only as contextual cohort-
level information, explicitly labelled as non-SSST-specific, and were not used to calculate 
SSST-specific patient-level proportions. Anatomical extent was classified as isolated SSST, 
SSS-predominant thrombosis, or multisinus thrombosis with SSS involvement according 
to the definitions above. Any discrepancies between the two researchers were resolved 
through discussion and consensus.

2.5. Data Synthesis
A descriptive synthesis was performed because of substantial heterogeneity in study 

design, surgical indication, cohort definition, and outcome reporting. For evidence mapping, 
study-level observations were summarized primarily as counts of reports rather than clinical 
frequencies, because a case report and a large cohort should not contribute equal weight to 
a patient-level interpretation. Patient-level proportions were reported only when an explicit 
numerator and denominator were available. Procedure-specific postoperative SSST frequen-
cies were reported only when an operative denominator was available. For clinical synthesis, 
studies were grouped into four non-mutually exclusive mechanistic contexts: local sinus 
injury/exposure or manipulation, CSF-loss/diversion related, infectious/inflammatory, and 
systemic/prothrombotic. Clinical phenotype was described as incidental/asymptomatic, 
symptomatic without major parenchymal injury, or complicated SSST with edema, venous 
infarction, hemorrhage, thrombus progression, or marked neurological deterioration. No 
pooled prevalence estimate or meta-analysis was performed.

3. Results
3.1. Characteristics of Included Studies

A total of 24 studies were included in the final synthesis [5,6,10,13–34]. The included 
studies were published between 1990 and 2024, with a clear increase in publications in 
recent years. The highest number of studies was published in 2023 (n = 4, 16.7%), followed 
by 2017 (n = 3, 12.5%). Two studies each were published in 2013, 2016, 2020, 2021, 2022, 
and 2024 (n = 2, 8.3% each), while one study each was published in 1990, 2006, 2011, 2014, 
and 2015 (n = 1, 4.2% each) (Figure 2A).

The studies originated from 11 countries. The largest proportion came from the United 
States (n = 9, 37.5%), followed by China (n = 4, 16.7%). France and Italy each contributed 
two studies (n = 2, 8.3%), while Switzerland, Brazil, Japan, India, Portugal, Turkey, and 
Poland each contributed one study (n = 1, 4.2%) (Figure 2B). Regarding study design, the 
evidence base was dominated by case reports (n = 15, 62.5%), followed by retrospective 
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cohort studies (n = 7, 29.2%). One case series (n = 1, 4.2%) and one retrospective case series 
(n = 1, 4.2%) were also included (Figure 2C). Detailed study characteristics are presented 
in Table 2.

Figure 2. Temporal, geographic, and methodological characteristics of the included studies. (A) Dis-
tribution by publication year. (B) Geographic distribution by country. (C) Distribution by study 
design.

Table 2. Characteristics of included studies reporting postoperative superior sagittal sinus thrombosis.

Reference Year Country Design Total 
Cohort (n)

SSST 
Patients (n) SSST Frequency

Garrido et al. 
[13] 1990 USA Case report 1 1 Single postoperative 

SSST case

Lega et al. [14] 2006 USA Case report 1 1 Single postoperative 
SSST case

Sommerstein 
et al. [16] 2011 Switzerland Case report 1 1

Single postoperative 
SSST case 

(incomplete 
thrombosis 

occluding about 
one-third of lumen)

Ghizoni et al. 
[17] 2013 Brazil Case report 1 1 Single postoperative 

SSST case
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Table 2. Cont.

Reference Year Country Design Total 
Cohort (n)

SSST 
Patients (n) SSST Frequency

Kozasa et al. [18] 2013 Japan Case report 1 1

Single postoperative 
SSST case (with 

straight sinus 
thrombosis)

Costa et al. [19] 2014 Portugal Case report 1 1

Single postoperative 
SSST case (also 
involved right 

transverse sinus, 
right sigmoid sinus, 

and right jugular 
vein)

Manzoor et al. 
[21] 2016 USA Case report 1 1

Single postoperative 
SSST case with SSS 

involvement

Sawarkar et al. 
[10] 2016 India Case report 1 1

Single postoperative 
SSST case (entire SSS 

thrombosis with 
confluens sinuum 

involvement)

Petrov et al. [22] 2017 USA Case series 13 6 6/13 (46.2%) with 
SSS involvement

Chang et al. [25] 2020 China Case report 1 1

Single postoperative 
SSST case (also 
involved right 

transverse sinus)

Wong et al. [26] 2020 USA Case report 1 1

Single postoperative 
SSST case 

(thrombosis 
extended from 

ipsilateral internal 
jugular vein to SSS)

Ng et al. [29] 2022 France Case report 1 1

Single postoperative 
SSST case (also 

involved left lateral 
sinus)

Yeşilbaş et al. 
[28] 2021 Turkey Case report 1 1

Single postoperative 
SSST case (anterior 

superior sagittal 
sinus thrombosis)

Przepiorka et al. 
[30] 2023 Poland Retrospective 

cohort 130 1

1/130 clinical SSST 
case (0.8%); broader 

rCVST 61/130 
(46.9%) and cCVST 

4/130 (3.1%)
Saffarini et al. 

[31] 2023 USA Case report 1 1 Single postoperative 
SSST case
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Table 2. Cont.

Reference Year Country Design Total 
Cohort (n)

SSST 
Patients (n) SSST Frequency

Sturiale et al. [6] 2023 Italy Retrospective 
cohort 59 20

20/59 (33.9%) with 
SSS involvement; 

symptoms in 8/20 
SSS-involved cases 

(40.0%)

Planet et al. [33] 2024 France Retrospective 
cohort 401 14

14/401 (3.5% of all 
craniotomies); 14/16 

(87.5%) of 
postoperative CVSTs 

were in the SSS

Wang et al. [20] 2015 China Retrospective 
cohort 44 3 3/44 (6.82%)

Ricci et al. [23] 2017 Italy Retrospective 
cohort 75 1 1/75 (1.3%)

Ying et al. [24] 2017 China Retrospective 
cohort 71 3

3/71 (4.2%) 
postoperative venous 
sinus thrombosis in 

parasagittal 
meningioma cohort

Luckett et al. [27] 2021 USA Case report 1 1 Single postoperative 
SSST case

Jimenez et al. [5] 2022 USA Retrospective 
cohort 266 15 15/266 (5.6%)

Xie et al. [32] 2023 China Case report 1 1 Single postoperative 
SSST case

Skochdopole et al. 
[34] 2024 USA Retrospective 

case series 10 1
1/10 (10.0%) in 
cranio-orbital 

reconstruction series
cCVST, clinical cerebral venous sinus thrombosis; CVST, cerebral venous sinus thrombosis; rCVST, 
radiological cerebral venous sinus thrombosis; SSS, superior sagittal sinus; SSST, superior sagittal 
sinus thrombosis. Sex was not consistently reported across the included studies; therefore, a reliable 
pooled male/female ratio could not be calculated.

Across the 24 included studies, the combined study populations comprised 1084 pa-
tients undergoing the relevant neurosurgical procedures or represented in selected post-
operative CVST cohorts. A total of 79 postoperative SSST cases with explicit or extractable 
SSS involvement were reported. Because the included studies differed substantially in 
design, patient selection, surgical indication, and denominator definition, an overall post-
operative SSST prevalence was not calculated. Among studies providing an operative 
cohort denominator, postoperative SSST or SSS-region thrombosis occurred in 1/75 patients 
(1.3%) in Ricci et al. [23], 14/401 (3.5%) in Planet et al. [33], 3/71 (4.2%) in Ying et al. [24], 
15/266 (5.6%) in Jimenez et al. [5], and 3/44 (6.8%) in Wang et al. [20]. Raza et al. [15] 
reported postoperative venous thrombosis/infarction in approximately 7.0% of a cohort of 
110 patients with parasagittal meningiomas invading the SSS; however, the involved venous 
segment was not reported at the patient level. These events were therefore not counted as 
confirmed postoperative SSST cases and were excluded from SSST-specific tables, figures, 
and anatomical analyses.
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3.2. Mechanistic and Neurosurgical Context of Postoperative SSST
The included reports represented heterogeneous postoperative mechanisms rather than 

a single etiological entity. Local sinus-related injury, exposure, manipulation, reconstruction, 
or surgery immediately adjacent to a dural sinus was the most common context in cranial 
reports, particularly after parasagittal/parafalcine meningioma surgery and other operations 
near major venous sinuses. A distinct CSF-loss/diversion context was represented by spinal 
surgery with durotomy or CSF leakage, intracranial hypotension, burr-hole drainage, and 
ventriculoperitoneal shunting. Infectious/inflammatory postoperative settings included 
intracranial infection, subdural empyema, or abscess, whereas systemic prothrombotic 
susceptibility included inherited or acquired thrombophilia and other patient-related risk 
factors. These categories were not mutually exclusive; several patients had both a local 
surgical trigger and systemic or CSF-related susceptibility.

Procedure-specific frequencies were interpreted separately from mechanism. Among 
parasagittal and parafalcine meningioma cohorts, postoperative SSST or SSS-region throm-
bosis was reported in 15/266 patients (5.6%) by Jimenez et al. [5], 3/44 (6.8%) by Wang 
et al. [20], 3/71 (4.2%) by Ying et al. [24], and 1/75 (1.3%) by Ricci et al. [23]. Outside this 
setting, Planet et al. [33] identified SSS involvement in 14/401 patients (3.5%) after awake 
supratentorial craniotomy, Przepiorka et al. [30] reported clinically apparent SSST in 1/130 
patients (0.8%) after retrosigmoid procedures, and Skochdopole et al. [34] reported one 
SSST case in a 10-patient cranio-orbital reconstruction series (10.0%).

Selected postoperative CVST cohorts showed higher proportions of SSS involvement 
but did not represent procedure-specific SSST incidence. Sturiale et al. [6] reported SSS 
involvement in 20/59 postoperative CVST cases (33.9%), including isolated SSS and multisi-
nus thromboses with SSS involvement; 8/20 of these SSS-involved cases were symptomatic. 
Petrov et al. [22] reported SSS involvement in 6/13 pediatric postoperative CVST cases 
(46.2%). Accordingly, among studies with an operative denominator, reported postopera-
tive SSST frequency ranged from 0.8% to 10.0%, whereas higher proportions in selected 
postoperative CVST populations describe the anatomical distribution of thrombosis after 
CVST had already occurred.

3.3. Timing and Clinical Phenotype of Postoperative SSST
Timing of postoperative SSST was heterogeneous, but when a specific postoperative 

day (POD) was reported, thrombosis was most often detected early. Postoperative SSST was 
diagnosed on POD 0 in two reports, POD 1 in two reports, approximately POD 1.5 in one 
report, and POD 3 in two reports (Table 3). Petrov et al. [22] reported a median diagnosis 
on POD 3 for their overall pediatric postoperative CVST cohort. Later presentations were 
described on POD 9, POD 10, POD 14, and POD 26. In several additional studies, post-
operative SSST was described as early, but the exact day was not reported. Clinically, the 
evidence mapped onto three phenotypes: incidental/asymptomatic thrombosis detected on 
surveillance imaging; symptomatic SSST without major parenchymal injury, presenting with 
headache, nausea/vomiting, seizure, or focal neurological deficit; and complicated SSST 
associated with marked neurological deterioration, edema, venous infarction, intracranial 
hemorrhage, thrombus propagation, or coma. Among individual case reports with explicit 
symptoms, headache was described in seven reports, altered consciousness or marked 
neurological deterioration in eight, seizures in four, focal neurological deficits in five, and 
nausea/vomiting in four. These are report counts rather than patient-level frequencies.
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Table 3. Clinical and radiological characteristics of postoperative superior sagittal sinus thrombosis.

Study Time to 
Diagnosis

Clinical 
Presentation

Symptomatic 
SSST

Anatomical 
Extent

Radiological 
Complications

Garrido et al. 
[13] POD 1.5

Seizures, 
neurological 
deterioration

1/1 SSS + cortical 
veins

Hemorrhagic 
venous infarction

Lega et al. [14] POD 14
Postoperative 
thrombosis; 

symptoms NR
1/1 SSS NR

Sommerstein 
et al. [16] POD 3

Orthostatic 
headache, 

nausea, 
photophobia

1/1
Isolated 

incomplete SSS 
thrombosis

No infarction or 
ICH

Ghizoni et al. 
[17]

Postoperative; 
exact POD: NR

Neurological 
worsening 1/1 SSS NR

Kozasa et al. [18] POD 0 Delayed 
emergence, coma 1/1 SSS + straight 

sinus
Diffuse cerebral 

edema

Costa et al. [19]
After 

postoperative 
CSF fistula; exact 

POD: NR

Orthostatic 
headache, 

papilledema, 
abducens palsy

1/1
SSS + transverse 

+ sigmoid sinus + 
IJV

No infarction or 
ICH

Manzoor et al. 
[21]

Postoperative; 
exact POD: NR

Symptomatic 
venous 

thrombosis
1/1

Multisinus 
thrombosis with 
SSS involvement

NR

Sawarkar et al. 
[10] POD 1 Seizure, 

hemiparesis 1/1 Entire SSS + 
confluens sinuum

Hemorrhagic 
venous infarction

Petrov et al. [22] Median POD 3

Mainly 
incidental; 

headache and 
pseudomeningo-

cele in 
symptomatic 

cases

SSS-specific 
symptomatic 

proportion NR; 
overall CVST 
cohort 9/13 

asymptomatic

SSS in 6/13 
postoperative 

CVST cases, often 
multisinus

No symptomatic 
hemorrhagic 

complications in 
overall CVST 

cohort

Chang et al. [25] POD 26
Headache, 
vomiting, 
decreased 

consciousness
1/1 SSS + right 

transverse sinus Cerebral edema

Wong et al. [26] POD 10 Headache 1/1 IJV thrombosis 
extending to SSS

No infarction or 
ICH

Ng et al. [29] POD 9 Worsening 
headache, coma 1/1 SSS + left lateral 

sinus
Cerebral 

edema/ischemic 
changes

Yeşilbaş et al. 
[28]

Postoperative; 
exact POD: NR

Altered mental 
status, aphasia 1/1 Anterior SSS Brain abscess; 

ICH NR

Przepiorka et al. 
[30]

Two days after 
discharge

Critical 
neurological 
deterioration

1/1
SSST within 

broader lateral 
sinus CVST 

cohort
NR

Saffarini et al. 
[31] POD 14 Orthostatic 

headache 1/1 SSS No infarction or 
ICH

Sturiale et al. [6]
Predominantly 

early 
postoperative 

period

Headache, 
hemiparesis, 

seizures

8/20 
SSS-involved 

cases 
symptomatic 

(40.0%)

SSS involvement 
in 20/59 

postoperative 
CVST cases; 
isolated and 
multisinus 

patterns

Edema/hemor-
rhagic infarction 

reported at 
overall 

CVST-cohort 
level; SSS-specific 

radiological 
complication 

counts NR
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Table 3. Cont.

Study Time to 
Diagnosis

Clinical 
Presentation

Symptomatic 
SSST

Anatomical 
Extent

Radiological 
Complications

Planet et al. [33]
Two cases on first 

postoperative 
MRI; remainder 

later
Asymptomatic 0/14

SSS-predominant 
thrombosis in 14 

cases
No thrombosis-

related ICH

Wang et al. [20] Postoperative; 
exact POD: NR

Neurological 
deterioration in 
affected cases

NR
SSS-region 

venous sinus 
thrombosis

No delayed 
intracranial 
hematoma 
reported

Ricci et al. [23]
Early 

postoperative 
period

Neurological 
deterioration 1/1 Thrombotic SSS 

occlusion
Venous infarction 

and brain 
swelling

Ying et al. [24] Postoperative; 
exact POD: NR NR NR

Venous sinus 
thrombosis after 
surgery involving 

SSS
NR

Luckett et al. [27] POD 1 Worsening 
headache 1/1

SSS + straight 
sinus + bilateral 
sigmoid sinuses

No intracranial 
hemorrhage

Jimenez et al. [5] Postoperative; 
exact POD: NR

Headache, 
seizures, altered 

sensorium, or 
neurological 

deficit in 
symptomatic 

cases

5/15 (33.3%) SSS thrombosis

No 
cerebrovascular 
complications 

among 15 SSST 
cases

Xie et al. [32]
POD 0, 

approximately 2 
h postoperatively

Unconsciousness, 
limb twitching 1/1 20-mm SSS 

thrombus

Bilateral 
frontoparietal 
hemorrhage, 

SAH and cerebral 
edema

Skochdopole et al. 
[34] POD 3

Headache, 
nausea; later 

headache and 
vomiting with 

thrombus 
extension

1/1
Extensive SSS 

thrombosis 
extending to left 

IJV

Small subdural 
hemorrhage on 

later readmission

CSF, cerebrospinal fluid; CVST, cerebral venous sinus thrombosis; ICH, intracranial hemorrhage; IJV, 
internal jugular vein; NR, not reported; POD, postoperative day; SAH, subarachnoid hemorrhage; 
SSS, superior sagittal sinus; SSST, superior sagittal sinus thrombosis.

Larger cohorts confirmed that postoperative SSST can be clinically silent. Planet 
et al. [33] reported no symptomatic cases among the 14 patients with SSS involvement. 
In Jimenez et al. [5], 5/15 patients with postoperative SSST were symptomatic, and 10/15 
were asymptomatic. In Sturiale et al. [6], symptoms occurred in 8/20 patients with SSS 
involvement (40.0%). Petrov et al. [22] reported 9/13 patients as asymptomatic in the 
overall pediatric postoperative CVST cohort, but the symptomatic proportion was not 
separately reported for the six-patient SSS subset. Thus, postoperative SSST spans incidental 
imaging findings, symptomatic disease without major parenchymal injury, and complicated 
phenotypes with neurological deterioration or parenchymal injury.

3.4. Anatomical Extent and Radiological Complications
Among explicitly classifiable postoperative SSST cases, an SSS-only or SSS-predominant 

pattern was documented in at least 52/79 cases (≥65.8%). Additional venous involvement 
included the sigmoid sinus and/or internal jugular vein in 4/79 cases (5.1%), the transverse 
or lateral sinus in 3/79 (3.8%), the straight sinus in 2/79 (2.5%), and the torcula (confluence 
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of sinuses) and cortical veins in 1/79 each (1.3%). Categories were non-mutually exclusive, 
and some cases could not be further anatomically subclassified from the published data. 
Accordingly, these proportions represent minimum documented proportions among con-
firmed postoperative SSST cases rather than the true anatomical distribution of postoperative 
SSST. Extensive multisinus thrombosis was particularly described after CSF-loss-related 
procedures, skull-base surgery, and CSF diversion. In the larger cohorts, Sturiale et al. [6] 
documented SSS involvement in 20/59 postoperative CVST patients, including 16 isolated 
SSS cases and four multisinus cases involving the SSS, while Planet et al. [33] reported 
SSS involvement in 14/16 postoperative CVST cases (Figure 3). These categories describe 
anatomical distribution only; serial imaging establishing the site of thrombus initiation was 
generally unavailable, and no SSS-primary origin was inferred.

Figure 3. Anatomical distribution patterns of postoperative SSST.

Radiological severity ranged from isolated thrombosis without parenchymal injury 
to extensive venous infarction and hemorrhage. Cerebral edema or brain swelling was 
described in six reports and hemorrhagic complications in five; these report counts are 
descriptive rather than patient-level frequencies. Hemorrhagic venous infarction was docu-
mented in Garrido et al. [13] and Sawarkar et al. [10]. Sturiale et al. [6] reported edema and 
hemorrhagic infarction at the overall postoperative CVST-cohort level, but did not provide 
SSS-specific radiological complication counts. Ricci et al. [23] reported one patient with SSS 
occlusion accompanied by venous infarction and brain swelling. Xie et al. [32] described 
bilateral frontoparietal hemorrhages, subarachnoid hemorrhage, and cerebral edema as-
sociated with acute postoperative SSST. In contrast, absence of infarction or intracranial 
hemorrhage was explicitly reported in several SSST-specific reports, including Jimenez 
et al. [5], Planet et al. [33], and individual cases.

3.5. Reported Predisposing and Perioperative Factors
Local operative factors were frequently reported as potential contributors to postoper-

ative SSST. Direct sinus exposure, manipulation, reconstruction, or surgery immediately 
adjacent to the SSS was explicitly described in 10 reports. In the pediatric CVST series of 
Petrov et al. [22], a dural sinus was exposed in 11/13 patients (84.6%), and the operative 
field was adjacent to a sinus in 8/13 (61.5%); these data refer to the full CVST cohort rather 
than the six-patient SSS subset. Wang et al. [20] reported SSS transection in 9/44 patients 
(20.5%), opening and repair in 3/44 (6.8%), and sinus-wall coagulation in 32/44 (72.7%). 
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All three postoperative venous sinus thromboses occurred after the more extensive SSS 
manipulation categories. Ricci et al. [23] reconstructed the SSS in 21/75 patients (28.0%), 
while Ying et al. [24] reported SSS excision in 15/71 (21.1%), reconstruction in 8/71 (11.3%), 
and electrocoagulation in 48/71 (67.6%). In Planet et al. [33], a lesion located within 1 cm 
of a major venous sinus was independently associated with postoperative CVST (adjusted 
OR 10.58, 95% CI 2.93–38.20; p < 0.001), and female sex was also associated with increased 
risk (adjusted OR 4.00, 95% CI 1.24–12.91; p = 0.021).

CSF-related mechanisms were explicitly described in seven reports, with two additional 
reports describing suspected CSF loss or intracranial hypotension. These contexts included 
postoperative CSF leakage, durotomy, excessive CSF drainage, and intracranial hypotension 
following spinal surgery, burr-hole drainage, or ventriculoperitoneal shunting.

Systemic prothrombotic factors were less consistently assessed. Lega et al. reported 
previous recurrent deep-vein thrombosis, factor V Leiden, and antiphospholipid antibodies, 
while Sommerstein et al. [16] described oral contraceptive use and heterozygous factor V 
Leiden. Costa et al. [19] reported prothrombin G20210A and homozygous MTHFR variants 
with oral contraceptive use. In the pediatric cohort of Petrov et al. [22], prothrombotic 
abnormalities were identified in 10/13 patients (76.9%). Other reported associated factors 
included dehydration, obesity, infection, hypertension, diabetes, and smoking, although 
these were not consistently demonstrated as independent predictors across studies (Table 4).

Table 4. Reported predisposing and perioperative factors in studies of postoperative superior sagittal 
sinus thrombosis.

Factor Category Reported Factor Evidence Mapping Representative Evidence

Local sinus-related

Direct sinus exposure, 
manipulation, 
reconstruction, or surgery 
immediately adjacent to 
the SSS

Reported in 10 included 
reports; report count only, 
not a patient-level 
frequency

Petrov et al. [22]: sinus exposed 
in 11/13 (84.6%) and adjacent 
operative field in 8/13 (61.5%); 
Wang et al. [20]: SSS transection 
9/44 (20.5%), opening/repair 
3/44 (6.8%), wall coagulation 
32/44 (72.7%)

CSF-related
CSF leakage, durotomy, 
excessive CSF drainage, or 
intracranial hypotension

Explicitly reported in 7 
reports; suspected in 2 
additional reports

Reported after spinal surgery, 
burr-hole drainage, and CSF 
diversion [16,19,26,27,29,31,32]

Systemic 
prothrombotic

Inherited/acquired 
thrombophilia, previous 
venous thrombosis, oral 
contraceptive exposure

Assessment inconsistent 
across studies; patient-level 
pooled frequency not 
estimable

Prothrombotic abnormalities 
were present in 10/13 patients 
(76.9%) in Petrov et al. [22]; 
individual reports described 
factor V Leiden, 
antiphospholipid antibodies, 
prothrombin G20210A, and 
MTHFR variants [14,16,19]

Infectious/inflamma-
tory

Intracranial infection, 
subdural empyema, brain 
abscess, or other 
perioperative infection

Reported in individual 
cases and mixed 
postoperative CVST 
cohorts; pooled frequency 
not estimable

Infection was an explicit context 
in Yeşilbaş et al. [28] and was 
also represented within the 
mixed pediatric postoperative 
CVST cohort of Petrov et al. [22]

CSF, cerebrospinal fluid; MTHFR, methylenetetrahydrofolate reductase; SSS, superior sagittal sinus. 
Report counts are provided for evidence mapping only and should not be interpreted as patient-level 
frequencies; categories are non-mutually exclusive.

https://doi.org/10.3390/brainsci16111198

https://doi.org/10.3390/brainsci16111198


Brain Sci. 2026, 16, 1198 14 of 26

3.6. Management Strategies and Outcomes
Management varied according to clinical severity, thrombus extent, associated hemor-

rhage, and the postoperative setting. Across the literature, approaches included observa-
tion/supportive care, therapeutic anticoagulation, prophylactic anticoagulation without 
therapeutic escalation, and surgical or endovascular rescue. Importantly, management data 
were not always SSS-specific. In Petrov et al. [22], 7/13 patients in the overall postoperative 
pediatric CVST cohort received anticoagulation and 6/13 were observed; treatment was not 
separately reported for the six patients with SSS involvement. Similarly, Sturiale et al. [6] 
treated 39/59 patients in the overall postoperative CVST cohort with therapeutic LMWH 
and managed 20/59 conservatively; these proportions cannot be assigned specifically to 
the 20 SSS-involved cases. By contrast, Jimenez et al. [5] provided SSST-specific manage-
ment: 2/15 patients received anticoagulation, both symptomatic, whereas asymptomatic 
thromboses were generally observed. Planet et al. [33] reported standard prophylactic-dose 
anticoagulation across the postoperative CVST cohort without treatment-dose escalation. 
Anticoagulation was withheld in the hemorrhagic case reported by Sawarkar et al. [10].

Surgical or endovascular interventions were described in severe individual cases and 
included mechanical or aspiration thrombectomy, venous sinus thrombectomy, decompres-
sive craniectomy, repeat surgery, and reoperation for thrombotic SSS occlusion. Radiological 
outcomes also required separation of SSST-specific from whole-CVST-cohort data. Planet 
et al. [33] reported spontaneous recanalization of all postoperative CVSTs; because 14/16 
involved the SSS, these SSS-involved cases were included among the recanalized thromboses. 
Sturiale et al. [6] reported persistent thrombosis in 36/59 patients (61.0%) at follow-up, 
but this was a whole-CVST-cohort outcome and was not available separately for the SSS 
subgroup. Petrov et al. [22] reported a median time to partial or complete recanalization 
of 2.4 months (IQR 0.7–5.1) for the overall pediatric CVST cohort, not specifically for the 
SSS subset. Complete recanalization was also reported in several SSST-specific individual 
reports. Among multi-patient cohorts with clearly SSST-specific outcome data, mortality 
ranged from 0% in Jimenez et al. [5] to 33.3% in Wang et al. [20] and Ying et al. [24]. Because 
these estimates derive from small samples and clinically heterogeneous study populations, 
the observed range should be interpreted cautiously as descriptive evidence rather than as 
a reliable estimate of postoperative SSST mortality risk. Fatal outcomes were also described 
in individual case reports. Cohort-level mortality from broader CVST series was not used 
to estimate SSST-specific mortality (Table 5).

Table 5. Management strategies and outcomes of postoperative superior sagittal sinus thrombosis.

Reference
Conservative/ 

Supportive 
Management

Anticoagulation
Surgical/ 

Endovascular 
Treatment

Recanalization/ 
Radiological 

Outcome
Clinical 

Outcome

Garrido et al. 
[13] NR NR None reported NR Death, POD 6

Lega et al. [14] NR Heparin reported; 
regimen NR None reported NR NR

Sommerstein et al. 
[16]

Bed rest, 
analgesia

LMWH followed 
by warfarin for 6 

months
None

Complete 
recanalization at 

6 months
Full recovery

Ghizoni et al. 
[17] — NR Reoperation Clinical 

resolution Full recovery

Kozasa et al. [18] Intensive 
supportive care NR None reported NR Death, POD 9
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Table 5. Cont.

Reference
Conservative/ 

Supportive 
Management

Anticoagulation
Surgical/ 

Endovascular 
Treatment

Recanalization/ 
Radiological 

Outcome
Clinical 

Outcome

Costa et al. [19] Bed rest
Enoxaparin 
followed by 

warfarin for 6 
months

None
Complete reper-

meabilization at 6 
months

Full recovery

Manzoor et al. 
[21] NR

Anticoagulation 
unsuccess-

ful/avoided
Aspiration 

thrombectomy
Clinical 

resolution Full recovery

Sawarkar et al. 
[10] NR Withheld because 

of ICH
Decompressive 

craniectomy
No recanalization 

reported Death

Petrov et al. [22]

Overall CVST 
cohort: 

observation in 
6/13 (46.2%); 
SSS-specific 

management NR

Overall CVST 
cohort: 

UFH/LMWH ±
oral AC in 7/13 

(53.8%); 
SSS-specific 

management NR

None reported

Overall CVST 
cohort: 

partial/complete 
recanalization; 

median 2.4 
months (IQR 

0.7–5.1)

Overall CVST 
cohort outcome; 

SSS-specific 
outcome NR

Chang et al. [25] NR Local 
thrombolysis

Mechanical 
thrombectomy

No sustained 
recanalization Death

Wong et al. [26] NR Therapeutic 
heparin None

Marked 
radiological 

improvement
Full recovery

Ng et al. [29] NR Therapeutic 
heparin None No recanalization Death

Yeşilbaş et al. 
[28]

Antibiotic 
therapy

Therapeutic 
enoxaparin

Repeat drainage 
+ decompressive 

craniectomy
Clinical 

improvement Full recovery

Przepiorka et al. 
[30]

Observation in 
other cohort cases NR for SSST case

Endovascular 
treatment 

unsuccessful
No recanalization Death

Saffarini et al. 
[31]

Bed rest, IV 
fluids, caffeine

Therapeutic 
LMWH None Radiological 

improvement Full recovery

Sturiale et al. [6]

Overall CVST 
cohort: 

observation in 
20/59 (33.9%); 

SSS-specific 
management NR

Overall CVST 
cohort: 

therapeutic 
LMWH in 39/59 

(66.1%); 
SSS-specific 

management NR

None routinely

Overall CVST 
cohort: persistent 

thrombosis in 
36/59 (61.0%); 

SSS-specific 
follow-up NR

Overall CVST 
cohort: mRS 0–2 
in 52/59 (88.1%); 
mRS >2 in 7/59 
(11.9%); deaths 

3/59 (5.1%); 
SSS-specific 
outcome NR

Planet et al. [33]

Clinical/radiolog-
ical observation; 
treatment details 

reported for 
overall CVST 

cohort

Standard 
prophylactic-dose 
anticoagulation 
in overall CVST 

cohort; no 
treatment-dose 

escalation

None

All postoperative 
CVSTs 

spontaneously 
recanalized; 

14/16 involved 
the SSS

No symptomatic 
deterioration in 

overall CVST 
cohort

Wang et al. [20] NR
Standardized 
postoperative 

anticoagulation
None reported 
for thrombosis NR

Recovery in 2/3 
(66.7%); death in 

1/3 (33.3%)

Ricci et al. [23] NR
Routine 

postoperative 
enoxaparin

Reoperation for 
SSS occlusion

Clinical 
resolution after 

reoperation
Full recovery
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Table 5. Cont.

Reference
Conservative/ 

Supportive 
Management

Anticoagulation
Surgical/ 

Endovascular 
Treatment

Recanalization/ 
Radiological 

Outcome
Clinical 

Outcome

Ying et al. [24] NR NR NR NR

Recovery in 1/3 
(33.3%); death in 

1/3 (33.3%); 
recurrence in 1/3 

(33.3%)

Luckett et al. [27] NR Therapeutic 
anticoagulation

Venous sinus 
thrombectomy

SSS and right 
transverse/sig-

moid 
recanalization; 

residual 
left-sided 
thrombus

Full recovery

Jimenez et al. [5]
Observation for 
asymptomatic 

SSST
Anticoagulation 
in 2/15 (13.3%) None NR

No 
cerebrovascular 
complications or 
deaths among 15 

SSST patients

Xie et al. [32] None NR
Mechanical 

thrombectomy 
with stent 
retrieval

Complete SSS 
recanalization Death, POD 2

Skochdopole et al. 
[34] None Therapeutic 

enoxaparin None
Complete 

radiological 
resolution

Full recovery

AC, anticoagulation; ICH, intracranial hemorrhage; IV, intravenous; LMWH, low-molecular-weight 
heparin; mRS, modified Rankin Scale; NR, not reported; POD, postoperative day; SSS, superior 
sagittal sinus; UFH, unfractionated heparin. Entries explicitly labelled “overall CVST cohort” were 
not attributable to the SSS subgroup and are presented only as contextual evidence.

4. Discussion
Postoperative SSST should not be regarded as a uniform complication. The available 

evidence spans incidental, segmental thrombosis detected on surveillance imaging to ex-
tensive venous occlusion associated with edema, hemorrhagic venous infarction, seizures, 
impaired consciousness, and death. This distinction is clinically important because studies 
using routine postoperative venographic imaging detect substantially more thrombosis than 
symptom-driven series [7,8,30]. The practical implication is that radiological SSST and clin-
ically significant venous outflow obstruction should not be considered equivalent entities. 
Because the evidence base is heterogeneous, retrospective, and heavily influenced by case 
reports, the management discussion below is intended as a conceptual framework for risk 
stratification rather than a set of definitive postoperative SSST treatment recommendations.

This discrepancy is particularly relevant for the superior sagittal sinus because limited 
segmental thrombosis may remain compensated through cortical and parasagittal collateral 
drainage. Conversely, progression into cortical veins, the confluence of sinuses, straight 
sinus, transverse-sigmoid system, or jugular venous outflow may markedly increase the 
physiological consequences of the same primary lesion. Observational CVT studies consis-
tently identify parenchymal lesions, cortical venous involvement, hemorrhage, and impaired 
consciousness as markers of a more severe phenotype [35–38]. Thus, anatomical extent 
should be interpreted together with collateral drainage and parenchymal consequences 
rather than as an isolated measure of severity [38].
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4.1. Surgical and Perioperative Mechanisms
The most intuitive mechanism is direct local injury. Parasagittal and parafalcine menin-

gioma surgery frequently requires exposure, coagulation, opening, suturing, reconstruction, 
or even partial sacrifice of the SSS, all of which may produce endothelial injury and transient 
or persistent flow reduction [15,20,23]. Similar mechanisms are plausible in skull-base and 
posterior fossa procedures where venous sinuses are skeletonized, retracted, thermally 
injured, or compressed by postoperative changes [6,30].

The relationship, however, is not purely mechanical. Many extensively manipulated 
sinuses remain patent, while SSST has been reported after procedures with no direct 
contact with the SSS. This suggests that local surgical injury acts together with systemic 
and hemodynamic factors rather than functioning as an isolated cause [5,15,20,23,24].

The spinal cases are especially instructive because they point toward a different mecha-
nism. CSF loss after durotomy, spinal surgery, lumbar drainage, or persistent postoperative 
leakage may cause intracranial hypotension, compensatory venous engorgement, slower 
venous flow, and downward traction on intracranial venous structures [39,40]. Cerebral 
venous thrombosis following intracranial hypotension has repeatedly been described after 
lumbar puncture, spinal anesthesia, spinal surgery, and CSF diversion [41,42].

Clinically, the transition from low-pressure headache to venous thrombosis may be 
subtle. A typical orthostatic headache that becomes persistent, loses its postural character, 
progressively worsens, or is accompanied by vomiting, diplopia, papilledema, seizure, 
or focal neurological deficit should prompt consideration of venous imaging rather than 
continued attribution to CSF loss alone [39–42].

Systemic predisposition probably determines why only some patients develop throm-
bosis after comparable surgical stress. Factor V Leiden, prothrombin G20210A, antiphospho-
lipid antibodies, previous venous thromboembolism, oral contraceptive use, malignancy, 
obesity, dehydration, and infection are established CVT-associated factors, and several 
were represented in the included postoperative cases [14,16,19]. Meta-analytic data have 
demonstrated strong associations between CVT and prothrombin G20210A, factor V Leiden, 
hyperhomocysteinemia, and hormonal contraceptive exposure [43,44]. Even so, current 
recommendations do not support universal thrombophilia screening after an obviously 
provoked postoperative event. Testing is most relevant when it may alter duration or 
choice of anticoagulation, particularly in recurrent thrombosis, unexplained events, a strong 
family history, younger patients without a clear trigger, or suspected antiphospholipid 
syndrome [45–48].

4.2. Clinical Presentation and Diagnostic Interpretation
The postoperative setting reduces the specificity of many classic CVT symptoms. 

Headache is present in the great majority of spontaneous CVT cases, while seizures, pa-
pilledema, focal deficits, and encephalopathy occur less consistently [2,49,50]. After neu-
rosurgery, however, headache, nausea, somnolence, and mild confusion may be expected 
postoperative findings. The more important signal is therefore a deviation from the ex-
pected recovery trajectory: progressive headache, delayed emergence, new seizure, focal 
deficit, or deterioration after an initially stable postoperative course [41,42].

Seizures appear to mark a more complicated venous phenotype. In a meta-analysis 
of 1244 patients, early seizures were associated with supratentorial lesions, cortical vein 
involvement, motor deficits, and hemorrhagic lesions [36]. In a large international cohort, 
SSS thrombosis, intracerebral hemorrhage, cerebral edema or infarction, and cortical vein 
thrombosis were independently associated with acute symptomatic seizures [37]. These 
findings are concordant with the severe postoperative cases in which seizures accompanied 
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hemorrhagic venous infarction or extensive thrombosis rather than an isolated radiological 
defect [37].

Imaging should reflect clinical suspicion rather than screening laboratory results. CT 
venography and MR venography are both accepted diagnostic tools, while MRI offers better 
characterization of edema, venous infarction, cortical vein involvement, and small hemor-
rhagic lesions [46]. D-dimer has limited value after surgery because specificity is reduced 
and false-negative results may occur with limited thrombosis or delayed presentation. A 
normal D-dimer therefore should not defer venographic imaging when postoperative SSST 
is clinically suspected [51].

4.3. Anticoagulation: The Central Management Dilemma
For spontaneous symptomatic CVT, therapeutic anticoagulation is well established. 

Randomized studies of UFH and LMWH showed clinical benefit without a convincing 
increase in symptomatic intracranial hemorrhage, even in patients presenting with venous 
hemorrhagic lesions [52,53]. On this basis, major contemporary guidelines recommend 
therapeutic anticoagulation for symptomatic CVT and generally favor LMWH in clinically 
stable patients [45,46].

Postoperative SSST is more difficult because the bleeding substrate is different. A 
hemorrhagic venous infarct caused by elevated venous pressure is not equivalent to a fresh 
craniotomy bed, tumor cavity, dural repair, reconstructed sinus, or recently manipulated 
venous surface. The standard CVT principle that intracranial hemorrhage is not by it-
self a contraindication to anticoagulation cannot therefore be applied mechanically to the 
immediate postoperative period [45,46].

The neurosurgical evidence supports this caution. Several postoperative series have 
shown that asymptomatic thrombosis can remain stable or recanalize without therapeutic 
anticoagulation [5,6,30,33]. In the parasagittal/parafalcine meningioma cohort, anticoagu-
lation was largely reserved for symptomatic SSST [5]. In another cohort, SSS-predominant 
postoperative thromboses were managed without therapeutic escalation and recanalized 
spontaneously [33]. Shabo et al. observed more intracranial hemorrhage among anticoag-
ulated asymptomatic postoperative CVST patients, although confounding by indication 
prevents a causal conclusion [8].

This favors a selective rather than automatic approach. Stable, nonprogressive, asymp-
tomatic SSST without edema, infarction, hemorrhage, or cortical venous congestion may 
reasonably be observed when bleeding risk is high. By contrast, neurological deterioration, 
thrombus propagation, cortical venous compromise, progressive edema, venous infarction, 
or expanding multisinus disease provide a stronger rationale for full anticoagulation once 
operative hemostasis is considered secure [6,46].

Drug choice should also reflect the postoperative context. LMWH is generally preferred 
in stable CVT because of predictable pharmacokinetics, whereas UFH has an advantage 
when rapid reversal or reoperation may be required [46,54]. In the randomized trial by 
de Bruijn and Stam, nadroparin was administered at 180 anti-Xa IU/kg per 24 h [52]. In 
contemporary VTE practice, enoxaparin is commonly used at 1 mg/kg subcutaneously 
every 12 h, with renal adjustment when appropriate, while UFH is titrated according to 
institutional aPTT or anti-Xa protocols. These are standard therapeutic regimens rather 
than postoperative SSST-specific dosing recommendations [53,55].

Timing remains unresolved. Observational neurosurgical series suggest that therapeu-
tic anticoagulation during the first postoperative week is feasible in selected patients but 
carries a measurable hemorrhagic risk [56–58]. In one series of 19 patients anticoagulated 
within 10 days after craniotomy, three developed intracerebral hemorrhage, although none 
required surgical treatment [57]. In another, anticoagulation started at a median of postop-
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erative day 5, and one of 18 patients required evacuation of a postoperative hemorrhage [58]. 
These studies do not define a universally safe postoperative day. The decision should instead 
incorporate operative hemostasis, postoperative CT findings, residual surgical-bed blood, 
type of procedure, sinus reconstruction, renal function, and the likelihood that another 
operation may be necessary [58,59].

4.4. Maintenance Anticoagulation and Duration
Once the immediate postoperative bleeding risk has subsided, treatment can more 

closely follow conventional CVT practice. Vitamin K antagonists with a target INR of 
2.0–3.0 remain acceptable, and DOACs are increasingly supported for clinically stable 
patients. Treatment duration is usually at least three months and should depend on whether 
the event was transiently provoked, recurrent, or associated with persistent thrombophilia 
or active malignancy [9,46].

The evidence for DOACs has become substantially stronger. In RE-SPECT CVT, dabi-
gatran 150 mg twice daily produced similarly low rates of recurrent thrombosis and ma-
jor bleeding compared with dose-adjusted warfarin after initial parenteral therapy [60]. 
ACTION-CVT, which included 845 patients, found similar rates of recurrent thrombosis, 
death, and recanalization between DOACs and warfarin, but fewer major hemorrhages 
with DOAC therapy [61]. SECRET further supported rivaroxaban as a feasible option, and 
subsequent meta-analyses have generally found comparable efficacy and safety between 
DOACs and vitamin K antagonists [62–64].

These data are most relevant after stabilization. They do not support replacing short-
acting, reversible parenteral anticoagulation with a DOAC during the immediate post-
craniotomy period [60,62–64].

4.5. Endovascular Treatment and Decompression
Endovascular treatment should remain a rescue strategy. Mechanical thrombectomy, 

aspiration, stent-retriever techniques, and combined approaches can achieve rapid recanal-
ization, but technical success does not guarantee functional recovery [35,49,65]. In TO-ACT, 
excellent functional outcome at 12 months occurred in 67% of patients treated endovascu-
larly and 68% of patients receiving standard treatment, providing no evidence of routine 
benefit [65].

The TO-ACT trial was small and cannot exclude benefit in carefully selected deteri-
orating patients. Observational series and meta-analyses report high recanalization and 
favorable-outcome rates after thrombectomy, but these studies are heavily affected by sever-
ity and selection bias [49]. Contemporary CVT guidance generally considers endovascular 
treatment only for selected patients with clinical deterioration despite adequate anticoagu-
lation or severe disease in whom rescue therapy is being considered [45,46,54,65]. These 
recommendations derive from spontaneous CVT and should not be interpreted as postop-
erative SSST-specific evidence.

Decompressive surgery addresses a different problem. When venous infarction or 
hemorrhage produces malignant edema, mass effect, or impending herniation, the aim is 
survival rather than thrombus removal [50,66]. In a multicenter registry and systematic 
review of severe CVT, more than half of surgically treated patients regained functional inde-
pendence despite very severe initial presentation [50]. DECOMPRESS2 similarly showed 
that meaningful recovery remains possible after aggressive surgical management [66].

Thus, neurological deterioration from malignant venous edema should not be managed 
by anticoagulation alone when a clear decompressive indication exists [10,28,50,66].
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4.6. Recanalization and Follow-Up
Recanalization is frequent after CVT, but complete reopening is not synonymous with 

clinical recovery. Most venous recanalization occurs during the first several months [61,67]. 
Meta-analytic data indicate that failure to recanalize is associated with worse outcomes 
and recurrent CVT, while the difference between partial and complete recanalization is less 
consistent [67,68].

This matters in postoperative SSST because persistent residual thrombus should not 
automatically trigger prolonged anticoagulation. Current recommendations emphasize 
recurrent thrombotic risk rather than complete radiological normalization when deciding 
treatment duration. Repeat CT venography or MR venography at approximately three to 
six months is reasonable after treated or clinically significant SSST, whereas earlier imaging 
is justified if symptoms worsen or thrombus propagation is suspected [46,54,67,68].

4.7. Implications and Evidence Gaps
A practical synthesis of the available evidence can be represented as a two-axis concep-

tual framework combining mechanism and clinical severity (Figure 4). On the mechanism 
axis, postoperative SSST may arise in local sinus-injury/manipulation, CSF-loss/diversion, 
infectious/inflammatory, or systemic/prothrombotic contexts, often with overlap. On the 
clinical-severity axis, patients range from incidental/asymptomatic thrombosis to symp-
tomatic disease without major parenchymal injury and to complicated SSST with edema, 
infarction, hemorrhage, propagation, or neurological deterioration. Management decisions 
in the published literature broadly intensified across this severity spectrum, but the evidence 
is insufficient to define a validated treatment algorithm.

Figure 4. Two-axis conceptual framework for postoperative SSST, integrating mechanistic context and 
clinical severity. Mechanistic categories are non-mutually exclusive. The framework summarizes the 
descriptive evidence base and is not a validated treatment algorithm.
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The main limitations of the literature are small sample size, inconsistent case def-
inition, and substantial selection bias. Screening cohorts preferentially identify benign 
radiological thrombosis, whereas case reports preferentially capture catastrophic complica-
tions [5,7,8,30]. Study-level counts therefore map where a feature has been reported but 
do not estimate patient-level frequency. In addition, several broader postoperative CVST 
cohorts reported management and outcomes only for the full CVST population; these data 
cannot be assumed to represent the SSS subgroup.

Imaging protocols, thresholds for anticoagulation, duration of follow-up, and defini-
tions of “symptomatic” thrombosis vary considerably. These differences probably explain 
part of the apparent disagreement between studies [30,33].

Future prospective studies should apply standardized anatomical definitions and dis-
tinguish at least three clinical phenotypes: incidental asymptomatic postoperative SSST, 
symptomatic postoperative SSST without major parenchymal injury, and complicated post-
operative SSST with hemorrhage, venous infarction, edema, propagation, or marked neuro-
logical deterioration. At minimum, studies should report the operative relationship to the 
SSS, degree of luminal occlusion, cortical vein involvement, mechanism/context, timing 
and dose of anticoagulation, postoperative hemorrhage, serial venographic evolution, and 
standardized functional outcome [30,33,46].

The key unanswered question is no longer whether postoperative SSST occurs. It is 
which patients are more likely to be harmed by thrombus progression than by anticoagu-
lation itself. Existing CVT guidelines cannot answer that question directly because their 
evidence base is derived predominantly from spontaneous symptomatic disease rather than 
postoperative neurosurgical thrombosis [45,54].

5. Conclusions
Postoperative SSST is a heterogeneous complication that ranges from incidental, clini-

cally silent thrombosis to extensive venous occlusion with edema, hemorrhagic infarction, 
neurological deterioration, and death. The available literature supports distinguishing both 
the underlying postoperative mechanism and the clinical phenotype when interpreting 
individual cases. The risk-based approach proposed in this review is a conceptual frame-
work derived from descriptive, predominantly retrospective evidence and should not be 
regarded as a definitive treatment recommendation. Observation, anticoagulation, endovas-
cular therapy, and decompression have all been used in selected settings, but postoperative 
SSST-specific comparative evidence is insufficient to establish standardized management 
pathways. Prospective studies using consistent anatomical definitions, SSST-specific out-
come reporting, and standardized treatment variables are needed.
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Appendix A 

Table A1. Search strategy and strings for databases.

Database Search Strategy

MEDLINE/PubMed

((“superior sagittal sinus”[Title/Abstract] OR “sagittal 
sinus”[Title/Abstract]) AND (thrombosis[Title/Abstract] OR 
thrombus[Title/Abstract] OR “venous sinus thrombosis”[Title/Abstract] 
OR “cerebral venous thrombosis”[Title/Abstract] OR “cerebral venous 
sinus thrombosis”[Title/Abstract]) AND (neurosurg*[Title/Abstract] OR 
surg*[Title/Abstract] OR craniotom*[Title/Abstract] OR 
postoperative[Title/Abstract] OR post-operative[Title/Abstract])) 
[Free-text Title/Abstract strategy; no MeSH terms were used.]

Scopus

TITLE-ABS-KEY((“superior sagittal sinus” OR “sagittal sinus”) AND 
(thrombosis OR thrombus OR “venous sinus thrombosis” OR “cerebral 
venous thrombosis” OR “cerebral venous sinus thrombosis”) AND 
(neurosurg* OR surg* OR craniotom* OR postoperative OR 
“post-operative”))

Web of Science Core Collection

TS = ((“superior sagittal sinus” OR “sagittal sinus”) AND (thrombosis OR 
thrombus OR “venous sinus thrombosis” OR “cerebral venous thrombosis” 
OR “cerebral venous sinus thrombosis”) AND (neurosurg* OR surg* OR 
craniotom* OR postoperative OR “post-operative”))

Google Scholar
“superior sagittal sinus” thrombosis neurosurgery OR postoperative OR 
craniotomy [89 records were identified and all were entered into 
deduplication and screening.]
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