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Treating Hydrocephalus by Shunting to the Venous Intracranial Sinus - SinuShunt Project 

849502 Supported by the European Union's Horizon 2020 Programme 

 
S. Munthe1, C. Bonde Pedersen1, F. Rom Poulsen1, S. E. Børgesen2 
1Odense University Hospital, Neurosurgery, Odense, Denmark, 2CSF-Dynamics, Lyngby, Denmark  
 

Background 
An ideal shunt for hydrocephalus treatment must maintain intracranial pressure within normal limits, drain the 

cerebrospinal fluid (CSF) without creating symptoms of overdrainage independent of body position/physical 

activity, and present a long-lasting solution without the need for reoperation. All these criteria can be met by 

shunting CSF to the venous intracranial sinus and several attempts have been made over the years. 

In a previous investigation with 110 patients in 2003 the initial clinical effect was satisfactory, but more than 

50% of the outlets became occluded within 6 months. If the outlet gained contact with the wall of the vein the 

very active endothelium was found to encase it. This new First in Human study was started in February 2020 

and is based on the original study principles but uses a re-designed outlet conceived in such a way to drain 

to the sigmoid sinus while preventing occlusion and thrombus formation. 

  
 

Material and Methods 
Patients diagnosed with hydrocephalus are shunted with a standard ventricular drain, low pressure uni-

directional valve and the investigational outlet positioned at the junction of the jugular foramen/sigmoid sinus. 

The outlet is surrounded by a nitinol frame which collapses into a standard introducer and is placed in the 

jugular foramen using standard intravascular techniques. The nitinol structure holds the outlet in the middle 

of the vein preventing it from touching the wall and keeping it away from the endothelium. Shunts are tested 

for patency at 3 months and at 6 months by water column test. Lung scintigraphy is performed pre-

operatively and at 6-month endpoint. 
 

Results 
11 patients have been operated as of 31 January 2022, of which 4 have passed 6-month endpoint and 3 

have reached the 3-month milestone. All shunts were patent at follow-up, and clinical effect was satisfactory. 

No subdural effusion or haematomas were detected. No occlusions of the sigmoid sinus or jugular vein were 

observed. Lung scintigraphy at 6 months follow-up showed no signs of lung emboli. 

 

 

  
 

Conclusion 
Initial results are promising: the nitinol frame prevents outlet occlusion without provoking thrombosis. The 

shunt remains open for at least 6 months which demonstrates better than average shunt survival. This study 

represents an important first step in demonstrating that shunting to the intercranial venous sinus is a safe, 

simple and long-lasting solution. 
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A Reliable Grading System for Prediction of Chronic Subdural Hematoma Recurrence 

Requiring Reoperation After Initial Burr-Hole Surgery 

 
M. Stanisic1, A. H. Pripp2, J. Ivanovic1 
1Oslo University Hospital, Rikshospitalet, Neurosurgery, Oslo, Norway, 2Oslo University Hospital, Oslo Centre for 

Biostatistics and Epidemiology, Research Support Service, Oslo, Norway  
 

Background 
There is no widely adopted grading system for the prediction of postoperative recurrence requiring 

reoperation in patients with chronic subdural hematoma. We developed a chronic subdural hematoma 

grading system to predict recurrence requiring reoperation based on predictive characteristics that can be 

objectively assessed at the time of first presentation and initial surgery. 
 

Material and Methods 
Prospectively collected data from 107 consecutive surgical patients with chronic subdural hematoma were 

reviewed. Predictors of recurrence requiring reoperation were identified via logistic and lasso regression 

analyses. A prognostic chronic subdural hematoma grading system was proposed, with the weighing of 

predictors based on strength of association. The scoring system was then applied to the same set of patients 

in our database for internal validation. 
 

Results 
The strongest predictors of recurrence requiring reoperation were an isodense or hyperdense lesions and 

laminar or separated lesions, and a postoperative chronic subdural hematoma cavity volume greater than 

200 mL. The moderate predictors of recurrence requiring reoperation were a postoperative chronic subdural 

hematoma cavity volume of 80 to 200 mL and a preoperative chronic subdural hematoma volume greater 

than 130 mL. According to the prognostic chronic subdural hematoma grading system, no patients with a 

score of 0 points had recurrence requiring reoperation. Recurrence requiring reoperation was observed in 

6% of patients with a score of 1 to 2 points, 30% of patients with a score of 3 to 4 points, and 63% of patients 

with a score of 5 points (ie, the maximum score). The rate of recurrence requiring reoperation increased 

steadily with increases in the prognostic chronic subdural hematoma grading score (P < .001). 
 

Conclusion 
The prognostic CSDH grading system is an applicable tool for recurrence requiring reoperation risk 

stratification in patients with chronic subdural hematoma. 
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A retrospective 1-year follow-up on the outcome of selective nerve root block in patients 

with lumbar radiculopathy  

 
B. W. Nielsen1, C. R. Bjarkam2, M. R. O. Kunwald2 
1Aalborg University, Aalborg, Denmark, 2Aalborg University Hospital, Neurosurgery, Aalborg, Denmark  
 

Background 
Lumbar radiculopathy, characterized by pain, sensory disturbances, and weakness, can occur as results of a 

pinched lumbar nerve root. Selective nerve root block (SNRB) is a procedure in which a local anesthetic and 

steroid is injected near the affected nerve root with the purpose of relieving pain and reducing swelling. 

However, the procedure is not approved by the Danish Health Authority’s national clinical guideline from 

2016 on non-surgical treatment of lumbar radiculopathy. 

 

The aim of this study was to investigate the effect, indication, and possible complications in patients who 

received selective nerve root blocks during 2019 in Department of Neurosurgery, Aalborg University Hospital 

(AAUH). 
 

Material and Methods 
Retrospective follow-up on the patient population who received their first SNRB during 2019 for lumbar 

radiculopathy in the Department of Neurosurgery, AAUH. The patients were afterwards followed for 12 

months during which the indication, effect, and the possible complications of SNRB were examined. Data on 

the included patients were obtained from the patients’ medical records and processed in REDCap. Data was 

subsequently exported to Excel and Stata where relevant tables and graphs were created to display our 

findings. 
 

Results 
Out of the 116 identified patients, 99 met the inclusion criteria. Indication for SNRB was diagnostic in 87 of 

patients and therapeutic in 12 patients. SNRB supported the suspicion of root affection in 65% of patients. 

17% were discharged due to direct therapeutic effect. 33% experienced limited or no effect. During the 

follow-up 29% received an additional SNRB and 20% received surgery. 

Out of the 99 patients, 17% contacted Department of Orthopaedic Surgery of which eight patients received 

surgery. Most patients (53%) had effect of SNRB lasting under 6 weeks. Long-term effect for more than 3 

months was achieved in 26%. No patients experienced complications that were considered serious. 10% 

experienced temporary weakness in the leg corresponding to the side of the SNRB. 
 

Conclusion 
SNRB has diagnostic value as it supports the suspicion of distinct root affection in 65% of cases. In addition, 

a total of 17% achieved a direct therapeutic effect. In our study it was not possible to apply a pain scale such 

as Visual Analog Scala (VAS), Oswestry Disability Index (ODI) or Numeric Rating Scale (NRS), which made 

it difficult to directly compare our findings with the results from other studies when evaluating pain relief.  
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A retrospective follow-up on mortality in elderly (+80 years) with cervical fracture 

conservatively treated with rigid cervical collar 

 
S. M. Tjoernehoej1, 2, C. O. Pinstrup1, 2 
1Aalborg University Hospital, Department of Neurosurgery, Aalborg, Denmark, 2Aalborg University, Department of 

Clinical Medicine, Aalborg, Denmark  
 

Background 
Cervical fracture treatment in elderly is controversial regarding the choice of conservative or surgical 

treatment. Due to poor bone healing, combined with comorbidities and cognitive deficits the patients require 

individual assessment by specialised surgeons. Additionally a focus on co-medical management is generally 

recommended. No national guideline, as of this study, exists in Denmark. This study aims to review the 

outcome of the patients treated conservatively for a cervical fracture in Region Nordjylland over a 10-year 

period. The study focuses on mortality compared to the average life expectancy in the corresponding Danish 

population. 
 

Material and Methods 
Patients over 80 years with a major cervical fracture treated with a standard regime of 12 weeks with a rigid 

cervical collar between 2008-2019 were included. 77 patients were included. Data were collected regarding 

age, gender, fracture-type, treatment, and length of life from treatment-start. Matching average life 

expectancy for the patients, were drawn from Statistics Denmark. Kaplan-Meier survival analysis was applied 

to analyse mortality. 
 

Results 
The mean age was 85.6, and the ratio of females to males 1.7:1. The most common fracture was C2 

(73.7%).The mean time of rigid cervical collar treatment was 15.6 weeks. 3 patients underwent secondary 

surgery. At the time of the study 52 patients were deceased, leaving 22 still alive. Kaplan-Meier analysis 

revealed shorter life expectancy with a median life expectancy 2.5 years shorter, than the background 

population. Mortality rates for 3 months (9 [4.1-18.6]%) and 1 year (25 [16.4-38.0]%) were calculated. 
 

Conclusion 
Elderly treated with standard rigid cervical collar regime in Region Nordjylland, had a notably shorter average 

life expectancy than the background population. Mortality rates for the study population matches other 

populations found in the literature for cervical- and hip fracture patients. This study, however, finds a 

patientgroup without the same initiatives in co-medical management as patients with hip-fractures despite 

being comparable injuries with similar co-morbidities and mortality rates. Implementation of multidisciplinary 

care is therefore recommended. Lastly prospective randomised studies are needed to compare treatments 

for this frail patient group. 
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Brain biopsy with optical guidance 

 
J. Richter1, E. Klint2, K. Wårdell2 
1Department of Biomedical Engineering, Linköping University, Sweden, Department of Neurosurgery, 

Universitetssjukhuset, Linköping, Sweden, 2Linköping University, Department of Biomedical Engineering, Linköping, 

Sweden  
 

Background 
Accurate stereotactic biopsies of brain tumors are imperative for diagnosis and decisions on therapy. 

Repetitive needle insertions owing to inconclusive tissue samples enhance increased risks of brain lesioning, 

hemorrhage, and complications due to prolonged procedure. Previously we reported on 20 cases of 

stereotactic biopsies with a frame-based system and a combined 5-ALA fluorescence and laser Doppler 

flowmetry detection system[1]. The system has now been adapted to frameless navigation with a modified 

biopsy needle and a new registration system[2].  

  
 

Material and Methods 
Planning was effected with the Medtronic Stealth System. The optical probe was inserted inside the outer 

canula of the biopsy needle, which had an opening at the tip, enabling optical measurements ahead of the 

needle in real-time, while manually forwarding it along the trajectory to the target. Fluorescence spectra, 

microvascular blood flow, and tissue grayness were recorded during insertion. The biopsies were taken from 

the vicinity of the preplanned target where the fluorescence indicated tumor tissue; in regular manner after 

the optical probe was retracted from the outer canula of the biopsy needle, while the latter was left in place 

and the inner canula put in place instead. The diagnoses were compared with the fluorescence signals. 

 

  
 

Results 
In all of the 8 examined patients the fluorescence measurements and pathological diagnosis of high-grade 

gliomas or lymphomas matched. Only one needle insertion was necessary. The optical measurements along 

the trajectory took 5-10 min to the target, the pathological diagnosis was reported after 30-70 min. The probe 

provided direct feedback of increased blood flow along the trajectory and of malignant tissue in the vicinity of 

the target. 

  
 

Conclusion 
The optical probe can detect tumor before any tissue is retrieved. If fluorescence is registered, pathological 

tissue is safely identified, samples can be taken, no need for repeated insertions. The method can increase 

the precision and safety of the biopsy and shorten the duration of the procedure. The new multimodal probe 

and the improved registration unit will be tested with other stereotactic and navigation systems and at other 

neurosurgical centers. Also, the parallel project on fluorescence guided resection of high-grade gliomas is 

continued[3]. 
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Characterizing and comparing brain injury associated with traditional self-retracting brain 

retractors with novel tubular retractors. 

 
A.-H. Naeem1, G. Dryden2, R. Hammond2, M. Speechley2, K. Wade2, M. Boulton2 
1Windsor Neurosurgical & Spine Associates, Windsor, Canada, 2Schulich School of Medicine and Dentistry, London, 

Canada  
 

Background 
Tubular retractors are FDA approved and in the Neurosurgical marketplace, but adaptation has been 

hampered by lack of evidence showing superiority over traditional retractors when performing subcortical 

surgery. This study examines brain injury associated with traditional brain retractors versus tubular 

retractors. 
 

Material and Methods 
Nine porcine models underwent a simulated neurosurgical operation. Retractors were inserted for four hours 

after which the porcine model was euthanized. The en-bloc extracted porcine brain was fixed in 10% 

formalin, paraffin embedded, sectioned at 4 um and stained with hematoxylin and eosin (H&E) using 

standard laboratory protocols. Computer algorithms were generated to calculate areas of cerebral edema 

and hemorrhage adjacent to retractor surfaces. 
 

Results 
Using a two-tailed t-test with a significance level of 0.05, traditional brain retractors were associated with 

statistically significantly greater cerebral edema when compared to tubular retractors (17.36 um2 vs. 12.42 

um2; p = 0.0038). There was no statistically significant difference in mean areas of hemorrhage between 

traditional brain retractors and tubular retractors noted (3.43 um2 vs 3.60 um2; p = 0.8297). 
 

Conclusion 
Tubular retractors are associated with significantly less edema in surrounding brain than traditional 

retractors. On histopathological merits, this study supports the application of tubular retractors over 

traditional retractors. 
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Choroid Plexus Tumor : A challenge 

 
S. Dey 
Armed Forces Medical College, Neurosurgery, Pune, India  
 

Background 
Choroid plexus tumours (CPT) are rare and complex neoplasms that pose a significant challenge in the 

neurosurgical parlance. Our aim is to highlight that closer cooperation is required in identifying centres of 

excellence in developing countries and promote cooperation between centres of excellence dealing with rare 

and aggressive brain tumours like CPC to improve the overall outcome.  

  
 

Material and Methods 
This is a retrospective study of 5 patients operated for CPT since January 2010 till December 2014.These 

patients were regularly followed up at 6months,1,2,3 years either telephonically or in outpatient department. 

Glasgow outcome score (GOS) was used to analyse the outcome at regular follow-up. 

  
 

Results 
The study group consist of five patients of CPT which, included 03 (60%) cases of choroid plexus papilloma 

(CPP), 02 (40%) cases of choroid plexus carcinoma (CPC). The mean age at presentation was 4 years 

(range, 1yr months to 07 years) and a male preponderance was noted (3:2).The tumors were located mainly 

in lateral ventricle (3;60%) and 2 epicentres at III Ventricle (2;40%). Histopathological examination revealed 

three CPP and two CPC. Operative complications include pneumocephalus (20%), focal deficits (40%) and 

one (20%) patient died due to infection. One patient had favourable outcome on discharge, two had 

moderate disability, one had severe disability. On follow up at three years, two patients with moderate 

disability improved to GOS 5. One of the patients with severe disability died due to aspiration after two years. 

  
 

Conclusion 
CPTs are graded according to WHO Classification 2016 from grade 1 (CPP), grade 2 (aCPP) and grade 3 

(CPC). These tumors are difficult to distinguish clinically and radiologically. Gross Total resection (GTR) 

present unique challenges due to limited blood total blood volume, anaesthetic consideration, availability of 

paediatric neurosurgical ICU and trained health care workers in managing these patients. There are various 

methods to decrease the vascularity pre-operatively like embolization. However, in our study only one case 

could be embolised preoperatively. The three year follow up for complete resection of CPP has shown good 

favourable outcome. However, CPC ‘s lesion had shown a stormy post-operative course and poor outcome. 

Inspite of post-operative adjuvant therapy these lesions carry poor prognosis. 
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Clinical Outcomes of Percutaneous Laser Disc Decompression in Patients with Lumbar 

Disc Herniation: A Pilot Study in a Low-Resource Setting 

 
S. Saghebdoust1, S. G. Shafagh2, N. Pak3, R. Fekrazad4, M. Khadivi5, 6, 7, M. Faghih Jouibari5, M. R. Boustani5 
1Razavi Hospital, Neurosurgery Department, Mashhad, Iran, Islamic Republic of, 2Iran University of Medical Sciences, 

Faculty of Medicine, Tehran, Iran, Islamic Republic of, 3Shariati Hospital, Tehran University of Medical Sciences, 

Radiology Department, Tehran, Iran, Islamic Republic of, 4Universal Scientific Education and Research Network, Tehran, 

Iran, International Network for Photo Medicine and Photo Dynamic Therapy, Tehran, Iran, Islamic Republic of, 5Shariati 

Hospital, Tehran University of Medical Sciences, Neurosurgery Department, Tehran, Iran, Islamic Republic of, 
6Neuroscience Institute, Tehran University of Medical Sciences, Sports Medicine Research Center, Tehran, Iran, Islamic 

Republic of, 7Yas Hospital, Tehran University of Medical Sciences, Spine Center of Excellence, Tehran, Iran, Islamic 

Republic of  
 

Background 
These days, low-invasive modalities like percutaneous laser disc decompression (PLDD) have gained 

popularity among physicians for treating lumbar disc protrusion worldwide. Unfortunately, most physicians 

are not fully aware of the effects of PLDD in Iran, and most of the neurosurgical centers lack this modality. 

Accordingly, patients must endure the pain and eventually undergo invasive spine surgery. The present 

study was conducted to evaluate the therapeutic outcomes and demonstrate the advantages of PLDD during 

a two-year follow-up. 
 

Material and Methods 
The procedure was performed on 58 patients under local anesthesia from January 2018 to March 2019. 

Thirty-one patients (53.4%) underwent one-level and twenty-seven patients (46.6%) two-level PLDD 

procedures. The nucleus pulposus of herniated discs were irradiated with the laser to drain a small 

proportion of the nucleus pulposus of the intervertebral discs and reduce the volume of protruded discs. 

Patients were treated with 800 to 1400 Joules of 980 nm diode laser depending on the size of the disc and 

its level with 8 Watts energy. Evaluation of pain severity was measured by the Visual Analogue Scale (VAS) 

and Oswestry Disability Index (ODI) before and two years after treatment. The data were analyzed using 

SPSS version 16, and p values under 0.05 were considered significant. 
 

Results 
The mean age of participants was 63.19 ± 13.48 years. Regarding gender, 34 patients (58.6%) were male, 

and 24 patients (41.4%) were female. The level of PLDD was L3-L4 in 2 patients, L4-L5 in 19 patients, and 

L5-S1 in 10 patients. The two-level PLDD locations were L4-S1 in 19 patients and L3-L5 in 8 patients. The 

preoperative mean VAS score and ODI were 8.73 ± 1.29 and 69.61±15.03, respectively. After a two-year 

follow-up, the VAS score and ODI were 4.22 ± 2.71 and 14.49±12.54, respectively, indicating notable 

improvements in the pain and functional disabilities (P<0.05). After a two-year follow-up, the results 

demonstrated no statistically significant differences in VAS and ODI scores regarding gender and disc 

protrusion levels (P >0.05). 
 

Conclusion 
It seems that PLDD is a safe, low-invasive, and effective modality in a low-resource neurosurgical center to 

reduce pain and disability in patients with symptomatic disc herniations. 
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Clozapine as a novel treatment of brain metastases 

 
T. Wikerholmen1, E. Taule1, T. Sundstrøm2, F. Thorsen1 
1University of Bergen, Dept. of Biomedicine, Bergen, Norway, 2Haukeland University Hospital, Dept. of Neurosurgery, 

Bergen, Norway  
 

Background 
Around 50% of advanced melanoma patients are developing brain metastases (BM) and survival is 

measured in months. Current treatments are not effective for this patient group, necessitating development 

of new therapeutic options. Drugs for targeting BM specifically are not available, and an alternative strategy 

is drug repurposing, i.e. novel uses of drugs already approved for other medical conditions. 

Medications used to treat psychosis are penetrating an intact blood-brain barrier and it has been shown that 

patients with schizophrenia have lower incidences of certain cancer types than the rest of the population. 

Little is however known on antitumor effects of neuroleptics on BM. We have preliminary data showing that 

the antipsychotic drug clozapine effectively inhibits growth of human melanoma brain metastasis (MBM) cell 

lines in vitro. As a result, we seek to establish a novel use of clozapine for treatment of MBM. 

  
 

Material and Methods 
We used the H1, H2, H3 and H10 MBM cell lines, as well as normal human astrocytes (NHA). Monolayer 

viability and IncuCyte studies were performed to determine IC50 doses. Cell migration was measured by a 

scratch wound assay. Apoptosis was studied by flow cytometry. Colony formation assays were performed 

using 2D clonogenic assays and 3D soft agar models. A protein array was used to find signaling proteins 

potentially affected by treatment. The effect of clozapine on normal brain was assessed, using a novel brain 

organoid model, developed from fetal rat brains. 

  
 

Results 
A viability screening using 6 different neuroleptics showed that clozapine was most effective in the inhibition 

of MBM cell viability, while NHA tolerated the same doses. MBM cells exhibited a dose-dependent inhibition 

of cell proliferation, clonogenic formation and 3D growth. Flow cytometry demonstrated that apoptosis was a 

major mechanism of cytotoxicity. The protein array showed that CCL3, IL8 and VEGF were downstream 

targets of clozapine. These results are currently being confirmed by western blots. Doses significantly above 

MBM IC50 doses did not affect viability of brain organoids. Currently, a partnership with the Dept. of 

Chemistry (UiB) has been initiated to develop and test novel clozapine derivatives, to find a more effective 

derivative with a larger therapeutic window and less side effects. 

  
 

Conclusion 
Clozapine may be a promising novel use in cancer therapy due its favorable tolerability, small molecular size 

and established clinical safety. 
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Cyclists admitted to a Level 1 trauma centre: Less serious head injuries and fewer 

neurosurgical interventions among helmeted than non-helmeted cyclists 

 
I. Næss1, 2, M. Døving3, 4, P. Galteland2, 3, N. O. Skaga5, T. Eken2, 5, E. Helseth1, 2, J. Ramm-Pettersen1 
1Department of Neurosurgery, Oslo University Hospital, Oslo, Norway, 2Institute of Clinical Medicine, Faculty of Medicine, 

University of Oslo, Oslo, Norway, 3Department of Maxillofacial surgery, Oslo University Hospital, Oslo, Norway, 4Faculty 

of Dentistry, University of Oslo, Oslo, Norway, 5Department of Anesthesiology and Intensive Care, Oslo University 

Hospital, Oslo, Norway  
 

Background 
Injured cyclists constitute one tenth of all traumatic brain injury cases admitted to Oslo University Hospital 

(OUH) Ullevål. Previous studies indicate that wearing a helmet reduces the risk of head injury when cycling. 

Even so, the protective effects of helmets remain debated, and many cyclists omit wearing them. The aim of 

this study was to explore helmet use and its potential effect on preventing serious head injury among injured 

cyclists admitted to OUH. 
 

Material and Methods 
The OUH Trauma Registry was searched for bicycle-related injuries from 2005 to 2016. Only cyclists with 

information on helmet use were included. Demographic variables, Abbreviated Injury Scale (AIS), Glasgow 

Coma Scale (GCS) score and the applied surgical codes were retrieved. Serious head injury was defined as 

maximum AIS severity score (mAIS) ≥3 in the AIS region Head. Demographic data are presented with 

median and interquartile range (IQR). Chi-square and Mann-Whitney U-Test were used to detect differences 

between groups. Logistic regression was used to retrieve odds ratios (OR) and 95% confidence intervals 

(95% CI). A two-tailed p≤0.05 was regarded as statistically significant. 
 

Results 
A total of 1256 hospitalized cyclists were included. The median age was 41 years (IQR 27), 73% were male, 

and 54% wore helmets at the time of injury. Compared to non-helmeted cyclists, helmeted cyclists were 

older (43, IQR 27 vs. 38, IQR 30, p=0.05), and less often crashed during night time (21% vs. 38%, p<0.001). 

Helmet use was associated with a lower risk of head injury for all severities (unadjusted OR for mAIS Head 

1: 0.43 [95% CI 0.29-0.63], mAIS Head 2: 0.48 [95% CI 0.35-0.64], mAIS Head ≥3: 0.30 [95% CI 0.23-0.40]). 

After adjusting for age and sex, helmeted cyclists had an odds reduction of 71% for presenting with serious 

head injury when hospitalized compared to non-helmeted cyclist (OR: 0.29 [95% CI: 0.22-0.39]). 

Furthermore, helmeted cyclists less often had GCS score ≤8 on admission (6% vs. 10%, p=0.008) and 

underwent significantly fewer neurosurgical procedures than non-helmeted cyclists (Table 1).  

Neurosurgical 
procedures 

Total (N=1256) Helmet (N=678) No helmet (N=578) p-value 

Insertion of ICP 
monitoring device 

78 (6) 29 (4) 49 (9) 0.002 

Evacuation of EDH 17 (1) 2 (<1) 15 (3) <0.001 

Evacuation of acute 
SDH 

21 (2) 5 (<1) 16 (3) 0.005 

Evacuation of 
traumatic ICH 

14 (1) 1 (<1) 13 (2) <0.001 

Revision of fracture 
of skull 

11 (1) 0 (0) 11 (2) <0.001 

Other neurosurgical 
procedure 

80 23 57 <0.001 

Total 221 60 161 <0.001 
Table 1: Neurosurgical procedures (prefix AA-) for helmeted and non-helmeted cyclists, according to NOMESCO Classification of 
Surgical Procedures. All individual codes were unique. Although, one cyclist may have undergone different procedures. 



 
 
 

Conclusion 
Helmeted cyclists admitted to a Level I trauma centre have less serious head injuries and fewer 

neurosurgical interventions than non-helmeted cyclists. 
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Does Simpson Grade for Meningioma Still Holds in Present Era 

 
S. Dey 
Armed Forces Medical College, Neurosurgery, Pune, India  
 

Background 
Meningiomas are benign tumour arising from Arachnoid cap cells. The term meningioma was first used by 

Cushing in 1922. Meningiomas constitute 21% of primary brain tumour when post-mortem data are 

excluded. However, if postmortem data are included Meningioma are the most common primary brain tumor. 

Currently, WHO classify meningioma in three grades based on - mitotic rate, cellular features of atypia, and 

local invasion. Grade I meningiomas are most common among all grades. 

Objective- 

 To study the epidemiology of meningioma, their symptomatology & clinical presentation. 

 To study outcome of meningioma after surgery based on location & extent of resection. 

 

  
 

Material and Methods 
It was a retrospective study. All meningioma patients operated at our hospital between Jan2015 & Dec 2019 

were included in this study. Patients with meningioma who were manage conservatively/underwent Gamma 

knife were excluded. Incidentally detected meningioma patients with tumour size <2.5cm were excluded from 

our study. The age group of our patients was 15-75 years. 

  

  
 

Results 
We found slightly higher incidence of posterior fossae meningioma in our study. We did not find any 

difference in outcome/recurrence in patients of SIMPSON grade 0, I Versus Grade II resection over 5 years 

of follow up in benign meningioma. 

  
 

Conclusion 
So far, our results were comparable to available literature 
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Endoscopic Third Ventriculostomy for Adults with Hydrocephalus: Creating a Prognostic 

Model for Success - Preliminary Results of a Retrospective Multicentre Study (Nordic ETV) 

 
S. Tefre1, A. Lilja-Cyron1, L. Arvidsson2, J. Bartek2, A. Corell3, A. Forsse4, A. N. Glud5, S. A. Hamdeh6, F. L. Hansen5, A. 

Huotarinen7, C. Johansson8, O.-P. Kämäräinen7, T. Korhonen9, 10, A. Kotkansalo11, N. M. Mansoor12, E. E. M. Mireles13, 

14, R. Miscov15, S. Munthe4, H. Nittby-Redebrandt16, N. Obad17, L. K. Pedersen18, J. Posti11, R. Raj19, J. Satopää19, N. 

Ståhl16, S. Tetri9, 10, L. Tobieson20, M. Juhler1 
1Rigshospitalet, Department of Neurosurgery, Copenhagen, Denmark, 2Karolinska University Hospital, Department of 

Neurosurgery, Stockholm, Sweden, 3Sahlgrenska University Hospital, Department of Neurosurgery, Göteborg, Sweden, 
4Odense University Hospital, Department of Neurosurgery, Odense, Denmark, 5Aarhus University Hospital, Department 

of Neurosurgery, Aarhus, Denmark, 6Uppsala University Hospital, Department of Neurosurgery, Uppsala, Sweden, 
7Kuopio University Hospital, Department of Neurosurgery NeuroCenter, Kuopio, Finland, 8University Hospital of Umeå, 

Department of Neurosurgery, Umeå, Sweden, 9Oulu University Hospital, Department of Neurosurgery, Oulu, Finland, 
10University of Oulu, Research Unit of Clinical Neuroscience, Oulu, Finland, 11Turku University Hospital, Department of 

Neurosurgery and Brain Injury Centre, Turku, Finland, 12St. Olavs University Hospital, Department of Neurosurgery, 

Trondheim, Norway, 13Oslo University Hospital Ullevål, Department of Neurosurgery, Oslo, Norway, 14Rikshospitalet 

University Hospital, Department of Neurosurgery, Oslo, Norway, 15Aalborg University Hospital, Department of 

Neurosurgery, Aalborg, Denmark, 16Lund University Hospital, Department of Neurosurgery, Lund, Sweden, 17Haukeland 

University Hospital, Department of Neurosurgery, Bergen, Norway, 18University Hospital of North Norway, Department of 
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Background 
Endoscopic third ventriculostomy (ETV) is an increasingly common treatment for hydrocephalus, but 

research is primarily based on paediatric populations. In 2009, Kulkarni et al.[1] created the ETV Success 

Score (ETVSS) to predict the outcome of ETV in children. The purpose of this study is to create a prognostic 

model to predict the success of ETV for adult patients with hydrocephalus. 
 

Material and Methods 
The study will adhere to the TRIPOD guidelines and is conducted as a retrospective chart review. The study 

includes patients ≥18 years of age treated with ETV at the participating centres between 1st of January 2010 

and 31st of December 2018. This collaboration is facilitated by The Nordic Young Neurosurgeons Research 

Collaborative (NYNReC) and includes 19 neurosurgical departments in the Nordic countries. Successful ETV 

is defined as no need for additional CSF-diversion procedures within the first year of follow-up. The data will 

be summarized with descriptive statistics. Univariate analysis will be used to identify several strong 

predictors to be included in a multivariate logistic regression model. The model will be validated using K-fold 

cross validation. Discrimination will be assessed using AUROC and calibration with calibration belt plots. 
 

Results 
Data collection is being finalised and analysis is ongoing. The database currently contains 1395 patients with 

a mean age of 51 years (range 18-91). The overall success rate is 80.3%. Number patients subdivided by 

aetiology with success rate in parenthesis: Aqueductal stenosis 532 (82.6%), tumour 508 (83.1%), other 

congenital 151 (70.9%), haemorrhage 56 (71.4%), infection 42 (71,4%), normal pressure hydrocephalus 21 

(81.0%), trauma 14 (71.4%) and other or uncertain aetiology 62 (74,2%). The group with no previous 

treatment for hydrocephalus consists of 1178 patients with a success rate of 83,2%. There are 208 

previously shunted patients with a success rate of 62,0%. There are 1153 patients with a documented 

obstruction on radiology and 215 patients without a visible obstruction, with success rates of 82.4% and 

69.3% respectively. 
 

Conclusion 
This will the largest study to date on ETV in an adult population and will present a comprehensive overview 

of ETV in the Nordic countries. A prognostic model to predict the short-term success of ETV for adult patients 

with hydrocephalus could contribute to better selection and outcomes in this population. 
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Background 
Approximately 10% of all patients with spontaneous Subarachnoid Hemorrhage (SAH) have a negative first 

Digital Subtraction Angiography (DSA) or CT angiography (CTA) and no other apparent bleeding source 

(e.g., vasculitis, tumor). This entity, often called Non-Aneurysmal Subarachnoid Hemorrhage (NASAH), is 

generally considered to have a benign course and outcomes as opposed to aneurysmal SAH. [1][2]The 

epidemiology, etiology and natural history of NASAH is not well described or understood.[1][2] The aim of 

this study was to review the epidemiology, clinical course, and complications of patients with NASAH. 

  
 

Material and Methods 
The study was based on a prospective cohort database of all spontaneous SAH in Sweden between 

September 2014 and March 2018. The total number of SAH patients was 1589, of which 380 (23,9%), were 

identified as NASAH. In the database, further examinations and outcome was registered. Complications 

relevant to SAH were reviewed. Patients were followed for a year. 

  
 

Results 
Of the initial 380 patients, one was excluded after being diagnosed with a meningioma as a source of the 

bleeding. The median age was 46 and 45.8% were female. Intraventricular hemorrhage and hydrocephalus 

was seen on presentation in 69 (18%) and 107 (28%), respectively. External ventricular drain was placed in 

60 patients (15.7%) and 21 (5.5%) had an insertion of a ventriculo-peritoneal shunt. Radiological vasospasm 

was found in 29 (7.6%) and 7 (1.8%) patients had endovascular treatment for clinical vasospasm. Only one 

patient was found to have an aneurysm as a source of the initial bleeding on a control angiography. No 

rebleeding was reported. On last follow up, 17 (4.4%) patients had died, 14 (3.4%) during the first year. On 

one year follow up 28.9% had a moderate to severe disability (GOS 3-4). 

  
 

Conclusion 
Patients with NASAH have a very low risk of rebleeding and overall good outcome after a year compared to 

aneurysmal SAH. Despite this, the clinical course is more severe and the complications are significantly 

higher that in the previously reported literature. 
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Background 
MRgFUS for ablation of VIM, STN or GPi is an established and safe alternative to deep brain stimulation 

(DBS) in particular for patients that do not wish to have stimulation equipment implanted, or suffer 

comorbidities making DBS less attractive. 

The indications for MRgFUS are continuously expanding and include medical treatment refractory essential 

tremor, tremor dominant Parkinson’s disease and neuropathic pain. 

After a longer process, the first MRgFUS center in Scandinavia has been established in a private setting 

along with a patient referral program. 
 

Material and Methods 
Our experience with the establishment of the MRgFUS center in Denmark will be presented. 
 

Results 
The results from the first treatments will be presented. 
 

Conclusion 
Fast establishment of a MRgFUS center is possible. The technical and logistic challenges by establishing a 

center in an unusually short time will be discussed, as well as the pitfalls experienced during the process. 
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Background 
Monitoring of intracranial pressure (ICP) remains invasive with external ventricular drain being the golden 

standard. Although several different methods such as optic nerve sheath diameter and pupillometry have 

shown some promise, non-invasive ICP monitoring is still not validated and implemented, especially in the 

acute setting. Correlation between intraocular hemodynamics, intraocular pressure and ICP is well-known, 

but not fully understood. 

 

The purpose of this study is to evaluate if non-invasive fundoscopy of the retinal vessels can estimate 

absolute and/or changes in intracranial pressure in adult patients admitted to the neurosurgical intensive 

care unit (NICU). 

  
 

Material and Methods 
Design: Observational cohort study, single-blinded (analyst). 

 

Study setup: Fundoscopy without the use of mydriatic drugs was performed using CE branded capturing 

device, where the arteriole(A) and venule(V) diameter was measured, and A/V-ratio calculated. Ratios were 

correlated to the patient’s invasive ICP monitoring device. Intraocular pressure was also acquired. A mixed-

effect linear regression model with random intercepts was used to assess association between mean ICP 

and median A/V-ratio. 

  
 

Results 
A correlation between ICP and A/V-ratio was found. Data >20 and ≤19 mmHg showed a significant 

difference (P<0.05). 

  
 

Conclusion 
Fast detection and treatment of malignant ICP is critical to avoid secondary brain injury. Fundoscopy is 

cheap, easy-to-use and can be implemented outside NICU. Prehospitally the method can quickly determine 

whether a patient should receive neuroprotective treatment or not. Furthermore, it can be implemented in 

poor countries, where access to CT/MRI scans are limited and early detection of raised ICP in infectious 

brain swelling is crucial. 

This study is a continuation of previous work with promising results published in 2020 and can result in a 

paradigm-shift in future ICP assessment especially in the trauma setting and non-neurosurgical specialties. 
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Background 
There is limited evidence related to etiology and diagnostic work-up for pediatric hydrocephalus on the 

African continent from which clinicians and policymakers can base decisions. We therefor conducted a 

systematic review to identify the predominant etiology, the overall etiological distribution and the diagnostic 

work-up of pediatric hydrocephalus across Africa. 

  
 

Material and Methods 
We included studies from any African country reporting on the distribution of hydrocephalus etiology in 

children ≤ 18 years of age. To examine regional variances across the African continent, we considered World 

Bank classification income level and latitude of study site. The proportions of postinfectious hydrocephalus, 

non-postinfectious hydrocephalus and hydrocephalus related to spinal dysraphism were synthesized using a 

random-effect model. Heterogeneity between studies was examined by subgroup and meta-regression 

analyses, considering study- and patient-level variables. Publication bias was evaluated. Diagnostic work up 

was assessed qualitatively.  

 

 

  
 

Results 
The review included 38 studies from 18 African countries. The pooled proportion of non-postinfectious 

hydrocephalus represented the largest etiological group 41% (95% CI: 35-48), followed by postinfectious 

hydrocephalus 28% (95% CI: 21-36) and spinal dysraphism 16% (95% CI:12-20), with substantial 

heterogeneity. In the subgroup of studies from low-income countries a substantial difference in frequency of 

postinfectious hydrocephalus was shown (42%; 95% CI: 29-55). In meta-regression a negative association 

between the frequency of postinfectious hydrocephalus and latitude of study site was found (p=0.020), 

indicating decreasing frequency with increasing distance from equator. Regarding non-postinfectious 

hydrocephalus, the pooled proportion stratified on low-income countries was 31% (95% CI: 24-39) and meta-

regression showed a positive association with age, demonstrating increasing frequency with increasing 

mean age of the study-population. 
 

Conclusion 
The results suggest that socioeconomic and geographical factors are associated with postinfectious 

hydrocephalus. For targeted preventive and treatment efforts to be optimal, there is a need for improved 

access to diagnostic services and increased consensus regarding hydrocephalus etiological classification. 

More research, focusing on socioeconomic and geographic factors and hydrocephalus etiology is needed 

from which clinicians and health policy makers can base context-relevant guidelines and political strategies. 
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Background 
Purpose: to investigate a new upar-targeted optical probe for intraoperative visualization of malignant glioma 

in patients scheduled for neurosurgery. 

 

Design: open-label, non-randomized, dose escalation, single-dose administration, multi-center phase I/II 

clinical trial. 

 

Background: 

The principle of using a fluorescent agent for optimizing glioma surgery is well known. FG001 is a novel 

fluorescent compound that binds specifically to the human urokinase-type plasminogen activator receptor 

(uPAR). uPAR is overexpressed in glioblastoma and facilitates the invasion of the cancer into normal tissue.  

Hence, uPAR is a suitable target for tumor-specific fluorescence-guided surgery (FGS) to aid surgeons in the 

delineation of tumor from normal tissue during surgery.  

  
 

Material and Methods 
Trough a pre-designed dose-escalation schedule going from 1 to 48 mg, safety as well as efficacy in this 

First-in-Human study on FG001 was conducted in patients scheduled for surgery for malignant glioma.  

  
 

Results 
In phase I, a total of 24 patients were planned for injection 4 hours prior to surgery alongside ingestion of 5-

ALA. Three patients were excluded, as the histopathological diagnosis was not compatible with GBM 

(meningioma, metastasis from malignant melanoma and lung). A robust fluorescence-signal from tumors 

was found from a dose of 16 mg and above. In addition, a different time point for administration was also 

studied. Meticulous review of safety data from all patients of the phase I study, revealed no drug-related side 

effects. Accordingly, a phase II efficacy multicenter study is under its way. 

 

 



Illumination during surgery 
 
 
 

Conclusion 
FG001 is a safe drug that with a high potential for aiding surgeons for resection of malignant glioma by 

visualization of tumor-infiltrated brain tissue. Efficacy will be established in a phase II multicenter study.  
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Background 
Glioblastoma (GBM) is one of the most frequent and most malignant primary brain tumors.  

Pyroptosis is a rapid lytic and pro-inflammatory type of cell death, which is induced by the protein family of 

gasdermins that form pores in the plasma membrane. Gasdermin E (GSDME) is activated by caspase-3 

upon apoptotic stimuli[1]. GSDME is either mutated or expressed at low levels in many cancers and thus has 

been characterized as a tumor suppressor gene. Overexpression of GSDME in cancer cells can lead to an 

anti-tumor immune response[2]. 

 

The objective of this study is to investigate GSDME expression in GBM and analyze whether pyroptosis can 

be induced in GBM cells in vitro. 
 

Material and Methods 
We analyzed TCGA data for GSDME expression in GBM. GSDME expression was also assessed in 

commonly used murine GBM cell lines and human patient-derived GBM stem cell lines by western blotting. 

Cell lines were treated with Raptinal, a compound that has been shown to rapidly induce intrinsic apoptosis. 

We analyzed cleavage of caspases and gasdermin E (GSDME) by western blotting. Furthermore, we 

performed two cell-based, colorimetric assays: lactate dehydrogenase (LDH) release to measure lytic cell 

death and WST assay for cell proliferation and viability. We also performed flow cytometry with Annexin V 

and Propidium Iodide (PI) to measure cell death. We used IncuCyte system to capture brightfield images 

during Raptinal treatment.  

  
 

Results 
Surprisingly, TCGA data revealed high levels of GSDME expression in GBM in contrast to other cancers. 

This was confirmed in GBM cell lines. Upon raptinal treatment, GBM cell lines showed a significant drop in 

viability after 2-3 hours. However, cleavage of caspase 3 and GSDME occurred earlier, after 30 minutes to 1 

hour. In contrast, LDH release started after 3 hours with a peak after 6 hours. Morphological changes 

characteristic of pyroptosis/necrosis was observed at around 6 hours for most cell lines.  

  
 

Conclusion 
The results thus far do not provide evidence that pyroptosis is induced in GBM, although GSDME is cleaved 

upon raptinal treatment. The LDH release was observed at late time points, when cells most likely undergo 

secondary necrosis after apoptosis, which was verified by microscopic images. There is yet no explanation 

for the high expression of GSDME in GBM and it is likely that this protein might have other functions than 

pyroptosis in GBM biology. 
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Background 
Olfactory groove meningiomas (OGM) represent about 10% of all meningiomas.A large tumor size is the 

hallmark of these tumors. The tumor size has been associated with difficulty in tumor resection and has been 

identified to have an impact on the overall surgical conduct and its postoperative and long-term outcome 
 

Material and Methods 
This is a combined prospective & retrospective study which included cases presented with giant olfactory 

groove meningioma at Mansoura University Hospitals during the period between 2009 and 2021.Seventyone 

(n = 71) cases with giant olfactory groove meningioma were diagnosed and included in our study. Cases with 

tumours larger than 6 cm were included in our study.Under general anaesthesia, these tumours were 

excised via microsurgical resection. The resection process was employed via either pterional, bifrontal, or 

combined pterional and unifrontal approaches 
 

Results 
The mean age of the included cases was 54.1 years (range, 32 -69). Among the included cases, there were 

48 females (67.6%) and 23 males (32.4%).the most encountered pathological type was meningothelial 

meningioma (32 cases – 45%).Regarding the presenting symptoms, anosmia was the commonest complaint 

(56 cases – 78.9%), followed by cognitive functional impairment (51 cases – 71.8%). Visual deterioration and 

headaches were reported by 39 and 37 patients respectively. Optical canal was involved in 16 cases 

(22.5%) whereas vascular encasement was diagnosed in 13 cases (18.3%)..after surgery, visual acuity 

showed improvement in 17 cases (23.9%). Hematoma was encountered in 7 cases (9.8%). It was managed 

conservatively in 4 cases while the remaining 3 cases were managed by surgery 
 

Conclusion 
the giant Olfactory groove Meningioma still a challenging regarding preoperative patients conditions , in need 

for learning curve to avoid morbidity and mortality by using microscopic surgical techniques , minimal brain 

retraction with adequate postoperative improvement of patients quality of life 
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Background 
Previous studies have linked repeated lumbar spine surgery to inferior clinical outcomes. The aim of this 

study was to examine and quantify the impact of this association in a large national clinical register cohort. 
 

Material and Methods 
This is a population-based study from the Norwegian Registry for Spine surgery (NORspine). We included 26 

723 consecutive cases operated for lumbar spinal stenosis and lumbar disc herniation from January 1, 2007 

to December 31, 2018. The primary outcome measure was the Oswestry Disability Index (ODI), presented 

as the proportions reaching a Patient Acceptable Symptom State (PASS = ODI raw score ≤ 22) and the ODI 

raw andchange scores at 12 months of follow up. Secondary outcome measures were the Global Perceived 

Effect Scale (GPE) score, the Numeric Rating Scale (NRS) for back and leg pain, EuroQoL 5 Dimensions 

(EQ-5D), occurrence of perioperative complications and wound infections, and working capability. A binary 

logistic regression analysis was conducted to examine how the number of previous operations influenced the 

odds of not reaching PASS. 
 

Results 
The proportion achieving PASS decreased stepwise (p < 0.001) from 66.0 % (95 % CI 65,4 -66,7) in cases 

with no previous operation to 22.0 % (95 % CI 15,2 – 30,3) in cases with four or more previous operations. 

The odds for not reaching PASS were 2.1 (95 % CI 1.9 – 2.2) in cases with one, 2.6 (95 % CI 2.3 – 3.0) in 

cases with two, 4.4 (95 % CI 3.4 – 5.5) in cases with three, and 6.9 (95 % CI 4.5 – 10.5) in cases with four or 

more previous operations. The ODI raw score and change score, the GPE and the other secondary outcome 

measures showed similar trends with increasingly inferior outcomes with increasing number of previous 

operations. 
 

Conclusion 
We found a dose-response relationship between increasing number of previous operations and inferior 

outcomes among patients operated for lumbar spinal stenosis or lumbar disc herniation. This information 

should be considered in the shared decision-making process prior to elective spine surgery. 
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Background 
Intramedullary spinal cord tumours are rare and account for about 2-4% of primary CNS tumours. 

Ependymomas and astrocytomas are most frequent. The aim of this study was to evaluate the long-term 

neurological outcome, quality of life (QoL), survival, need for additional treatment, and frequency of 

neuropathic pain in a patient group treated at a tertiary university hospital. 
 

Material and Methods 
Retrospective descriptive study of 52 patients who met the requirements of intramedullary or filum tumours 

during the years 1991 through 2012. Fifty-six operations were performed in 48 patients. Clinical and 

radiological follow-up period was 113 and 117 months, respectively. 
 

Results 
Good neurological outcome (ASIA score D or E, modified McCormick grade 1 or 2) was acchieved in 88%. 

Large craniocaudal tumour size and histological verified astrocytoma were identified as negative prognostic 

factors in regards of severe disability, p=0.004 and p=0.002 respectively. QoL evaluation using SF-36 

questionnaire showed significantly lower scores on all five subdomains concerning physical function, 

whereas scores for mental health and role emotional showed no significant differences compared to 

Norwegian norms. 

Ten patients including all astrocytoma patients, one primitive neuroectodermal tumor, and three recurrent 

myxopapillary tumours of filum terminale had adjuvant therapy. None patients with intramedullary 

ependymoma had adjuvant therapy. 

Neuropathic pain was present in 54% of patients at the last follow-up. 
 

Conclusion 
This series shows that good results can be obtained with surgery for intramedullary tumours, even without 

perioperative neurophysiological monitoring. Multicenter studies are needed for better evaluation of negative 

and positive prognostic factores to improve outcome. 
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Background 
Although pituitary apoplexy is a rare life-threatening disorder, it is usually challenging in both diagnosis and 

management. Nowadays, conservative management is considered the mainstay treatment of such 

disorders.However, surgical decompression is heavily recommended in cases who develop significant 

neuroophthalmic signs or in cases with reduced conscious leve 
 

Material and Methods 
This combined prospective & retrospective study was conducted at Mansoura University Neurosurgery 

Department during the period between January 2015 and May 2021. A total of 23 cases with pituitary 

apoplexy were included in our study, All cases were subjected to complete history taking, thorough 

neurological examination, and routine pre-operative laboratory investigations. Besides, all cases underwent 

either a brain CT scan or MRI 
 

Results 
Headache was reported in 22 cases (95.7%) Decreased visual acuity was present in 20 cases (87%) in the 

current study, while the remaining 3 cases were blind. 3rd nerve palsy was present in 8 cases (34.8%), while 

6th nerve palsy was detected in 5 cases (21.7%). The mean size of pituitary adenomas included in our study 

was 37.78 mm (Range, 12-66). 21 patients were operated upon via endoscopic endonasal transsphenoidal 

Approach whereas the subfrontal approach was used only in 2 cases (8.7%). Gross total resection was 

achieved in 12 cases (52.2%), whereas subtotal resection was performed in 7 cases (30.4%). the remaining 

4 cases had partial resection (17.4%). Visual acuity was improved in 15 cases (65.2%) 5 cases (21.7%) had 

TSH deficiency. Transient diabetes insipidus was experienced in 3 cases (13%) while permanent DI was 

present in 2 cases (8.7%). 
 

Conclusion 
the surgical interference by endoscopic endonasal transsphenoidal approach for most cases of pituitary 

Adenoma apoplexy still represent the corner stone in management for those patients with sudden visual 

or/and conscious level deterioration with marked visual improvement and accepted complication rate that 

can managed adequately in many cases . 
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Background 
A laser Doppler flowmetry (LDF) system for monitoring of brain microcirculation has been developed [1] 

based on previous research [2,3]. The aim was to evaluate its performance during long-term monitoring in 

the neurointensive care unit (NICU). 

  
 

Material and Methods 
The LDF-system was used in combination with routine NICU monitoring of SAH patients (ethics no. 

2010/359-32 and 2019-01932). Fiberoptic probes were fixated subcortically during the same neurosurgical 

implantation as ICP and microdialysis catheters. Single channel probes were applied in three patients. 

Collected data was used to develop software methods for analysis of the microcirculation variations and 

grey-white matter light intensity changes of the tissue. Two additional measurements were performed with 

dual channel probes, one in each hemisphere. Data was sampled 2-6 hrs each day and treatment, personal 

care, drugs etc. documented and further used to study interference with the LDF signals. Microcirculation 

level and changes in tissue grey-whiteness were analyzed. Of major interest were variations over hours 

(trends), minutes (vasomotion) and seconds. 

  
 

Results 
Successful brain microcirculation monitoring was done 4 days in three patients and 10 days in the patients 

with dual channels. The signals were free from movement artifacts 95% of the measurement time. Trends, 

vasomotion and sudden whitening of the tissue possible due to cortical spreading depression could be 

detected. The calculated heart rate agreed with the conventional monitoring system. 

  
 

Conclusion 
Long-term monitoring of brain microcirculation with LDF detects short- and long-term changes in real-time. 

Presently accurate analysis of collected data and development of signal processing methods for semi-

automatic search of movements, trends and vasomotion is ongoing. As the dual probes are MR-secured an 

additional next step is to combine the optical monitoring with MRI-methods in order to measure local and 

global microcirculatory cerebral blood flow. The optical method has a potential to become a complement to 

present available techniques, but more evaluations are necessary. 

 

The study is supported by the Swedish Foundation for Strategic Research and the Swedish Research 

Council. 
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Background 
Meningiomas are the most common primary brain tumors and the vast majority are WHO grade 1. Compared 

to other brain tumors surgical management often opt for cure, making surgical planning critical. Even though 

meningiomas are extra-axial tumors they can adhere to underlying brain tissue and vessels, making the 

resection more challenging. MRI plays a key role for optimal surgical planning. In this preliminary prospective 

study the MRI sequence 3D T2 SPACE is assessed if it can assist in a gentle resection of this tumor. 

  
 

Material and Methods 
Thirty patients with suspected menigiomas were included in this preliminary prospective study. A 3T MRI 

with an elaborate protocol (3D T1 MPRAGE with and without contrast, T2 TSE, 3D T2 SPACE, 3D FLAIR 

and DTI) was performed to assess tumor characteristics prior to surgery. For the interest of assessing 

adherence to brain tissue, both a neuroradiologist and neurosurgeon used the same scoring system from 1-4 

(1=no adhesion to 4=fully attached) for the anterior, posterior, superior and inferior region of the tumor. 

  
 

Results 
 

 
Illustration of 3D T2 SPACE sequence showing examples of dural cleft sign (yellow arrow), peritumoral vessel delineation with flow 
voids (red arrow), compared to T1 with contrast, dural sinus invasion (blue arrow) 
 
Predicting adhesiveness to underlying brain, 3D T2 SPACE showed complete agreement in 50% (15) of the 



tumors between radiology and surgical scoring. The agreement increased to 77% (23) when three regions of 
the tumor were compared. An important added feature of this sequence is the prominent illustration of vessel 
anatomy around the tumor and dural sinus invasion (Fig.1). 

  
 

Conclusion 
We have shown that using 3D T2 SPACE MRI sequence can predict the tumors adhesiveness to underlying 

brain tissue and map its relation to surrounding vessels. This added information will facilitate for a more 

informed neurosurgeon prior to resection. 
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Background 
Melanoma has the highest tropism to the brain of all cancers, with 40% of late-stage melanoma patients 

developing brain metastasis. Overall survival is measured in months, despite current treatment regiments. 

MBM establishment and progression is facilitated by the cancer cells’ ability to modulate neighboring cells 

into a tumor supporting phenotype. Exosomes are shown to be involved in the development of a tumor 

microenvironment. We aimed to study the role of melanoma-derived exosomes and their miRNA cargo to 

elucidate a possible mechanism contributing melanoma brain metastasis (MBM). 

  
 

Material and Methods 
To confirm that exosomes do play a role in MBM establishment, an MBM-exosome pre-treatment was 

performed prior to injection of MBM cells. These exosomes were then co-cultured with healthy human 

astrocytes to evaluate phenotypic changes relating to activation. Differential miRNA sequencing was 

performed on exosomes collected from MBM cells, healthy astrocytes, and melanocytes to determine a 

possible target miRNA conferring these alterations. Validation of the target miRNA effects were repeated on 

astrocytes with mimic miRNAs. To ensure clinical relevance, expression in patient MBM tissue samples were 

evaluated using in situ hybridization. Functional in vivo validation was performed through a miRNA knockout 

in MBM cells prior to injection into mice. An in silico docking study was performed to determine drugs that 

potentially inhibit transcription of miR-146a to impede MBM development, followed by functional in vitro and 

in vivo experiments.  

  
 

Results 
Mice primed MBM-derived exosomes increased the tumor burden significantly. Co-culture with MBM-

exosomes resulted in astrocytes activation in vitro. MiR-146a was highly upregulated in MBM exosomes, and 

mimic miR-146a conferred activation effects as seen in astrocytes co-cultured with exosomes. miR-146a was 

highly expressed in patient samples compared to healthy brain samples. miR-146a knockdown in MBM mice 

models reduced overall tumor burden and prolonged survival. Deserpidine treatment in vitro impeded MBM 

cell growth and induced apoptosis. 

  
 

Conclusion 
We have shown that exosomes are important regulators of MBM metastasis and contributes to the 

establishment of potential tumor-supporting reactive astrocytes by delivery of miR-146a. Elevated levels of 

miR-146a in patients suggests that clinical intervention is possible and deserpidine could be a promising 

candidate as an adjuvant therapy. 
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Content 
Alkaptonuria (AKU) is a rare hereditary disorder in which excess homogentisic acid deposits in connective 

tissues (ochronosis). Although lumbar involvement is common in AKU, lumbar disc herniation is rare, and 

only a few cases need surgical intervention. We herewith report a patient who suffered low back pain and 

radiculopathy for one year. Lumbosacral Magnetic resonance imaging (MRI) showed extruded disc at L4-L5 

and protruded discs at L3-L4 and L5-S1 levels. Disk space narrowing and osteophyte formations were the 

unusual findings regarding the patient's age. Interspinous ligaments, facet joints, and the removed disc were 

black during the surgery. Postoperative re-examination revealed nasal and ear cartilages discoloration; 

however, there was no history of black urine. AKU was diagnosed afterward, followed by positive urine for 

homogentisic acid. Although there is no recommended efficient treatment to prevent musculoskeletal 

symptoms development, early detection and proper surgical procedures may decrease comorbidities, 

particularly in patients without signs of alkaptonuria. Accordingly, neurosurgeons must consider alkaptonuria 

and other metabolic disorders in the differential diagnosis of degenerative disc diseases. 
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Background 
Surgery for degenerative cervical radiculopathy (DCR) has increased, and many public hospitals are 

struggling to handle a shortage of capacity. This has resulted in long queues for elective treatment, and a 

need for supplemental private health care providers. It is uncertain whether treatment outcome in public and 

private hospitals differ. 

 

Objective: To compare patient reported outcomes in patients operated for DCR in public and private 

hospitals in Norway and assess if the treatment effectiveness is equivalent. 

  
 

Material and Methods 
This was a comparative effectiveness study using prospectively collected data from the Norwegian Registry 

for Spine Surgery (NORspine). A total of 7528 consecutive patients operated for anterior DCR were included 

and followed for 12 months. The primary outcome measure was change in the neck disability index (NDI) 

between baseline and 12 months follow-up. The secondary outcome measures were the numeric rating 

scale for neck pain (NRS-NP) and arm pain (NRS-AP) and EQ-5D.  

  
 

Results 
At 12 months follow-up, the mean improvement in public hospitals on the NDI was 15.5 (95% CI 14.9 – 16.1) 

and 20.1 (19.0 – 21.1) in private hospitals, P<0.001. After propensity score matching, the mean improvement 

in public hospitals was 17.8 (95% CI 16.4 – 19.1) and 20.9 (95% 19.6 – 22.4) in private hospitals, i.e. a mean 

difference of 3.2 (95% CI 5.1 – 1.3) points, P<0.001. There was no difference in perioperative complications 

between the two cohorts after propensity score matching. However, patient reported complications within 

three months were higher in public hospitals. Duration of surgery and length of hospital stay were longer in 

public hospitals. 

  
 

Conclusion 
The clinical effectiveness of cervical surgery performed in public and private hospitals were equivalent. 

Patients were managed more efficiently in private hospitals. 
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Background 
Studies of unruptured intracranial aneurysms (uIA) report an association between higher patient volumes 

and better outcomes. The aim of this study is to report outcome for unselected uIA-cases from a well-defined 

rural population treated in a low-volume neurosurgical center. 
 

Material and Methods 
This is a retrospective population-based observational cohort study from northern Norway (population 

486,450). The University Hospital of North Norway (UNN) provides the only neurosurgical service. We 

retrieved data for all uIA-cases (n = 281) admitted during 2007 through 2019 from an institution specific 

register. The outcome measures were mortality rates and functional status assessed with the modified 

Rankin Scale (mRS). 
 

Results 
The mean annual number of cases was 22 (range 13-31) and the mean crude treatment rate 4.4 per 

100,000 person-years. 281 cases underwent aneurysm repair, 106/281 (37.7 %) with endovascular 

techniques and 175/281 (62.3 %) with microsurgical clipping. The overall mortality rate was 2/281 (0.7 %) at 

discharge and 10/281 (3.6 %) at 12 months. The proportion with a favorable outcome (mRS scores 0-2) was 

88.3 % at discharge and 91.1 % at 12 months. 
 

Conclusion 
We report satisfactory outcomes after treatment of uIA in a low-volume neurosurgical department serving a 

rural population. 
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Background 
Percutaneous iliosacral screw fixation in posterior pelvic ring fractures is a challenging operation and is 

commonly performed under fluoroscopy or navigation techniques. The purpose of this study was to assess 

the safety and efficacy of percutaneous iliosacral screw implantation under fluoroscopy guidance with just 

inlet and outlet views. 

  
 

Material and Methods 
This retrospective study included 58 consecutive unstable posterior pelvic injury patients (36 sacral fractures, 

22 sacroiliac joint disruptions) treated with percutaneous iliosacral screws between January 2015 and 

November 2019. A single surgeon operated on all patients; Acceptable inlet radiographs show the anterior 

cortex of the S1 body superimposed on the S2 body. Acceptable outlet radiographs show the superior pubic 

symphysis at the level of S2 foramen and visualize the S1 and S2 sacral foramens. In our technique, the 

screw was inserted at the inferior half of the outlet view and the posterior half of the inlet view. The time 

needed for screw insertion and the radiation exposure time was recorded. Intra and postoperative 

complications documented. Post-operative CT scans assessed screw position. 

  
 

Results 
In total, 69 iliosacral screws were inserted in 58 patients. In postoperative CT scans, the screw position was 

assessed, 89.8% were in a secure position, and 10.2% had malposition. The mean operation time per screw 

was 21.18 minutes and the mean fluoroscopy time per screw was 112 seconds. There was no evidence of 

wound infection or iatrogenic neurovascular injury. No reoperation was performed. 

  
 

Conclusion 
Percutaneous iliosacral screws can be placed using the only outlet and inlet fluoroscopic views with 

comparable radiological and clinical outcomes to the conventional method. 
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Background 
Complete surgical resection of glioblastoma (GBM) is of utmost importance for the patient. Additionally, it is 

pivotal to preserve healthy brain tissue. To improve surgical resection, optical guidance of surgery has 

proven valuable. uPAR is a promising target for this, as it is highly expressed in GBM. However, prior to such 

clinical use, the performance and validation of the probe in a GBM model is needed. 

Aim 

The aim of this study was to optimize dose and timepoint of the optical probe while investigating the 

performance in a simulated pre-clinical surgical setting. In addition, the biodistribution and pharmacokinetic 

characteristics were examined. 

  
 

Material and Methods 
Mice were inoculated orthotopically in the brain with a human GBM cell line. When the tumor reached a 

suitable size, the mouse was included in the study and injected with different doses of ICG-glu-glu-AE105 

(FG001). The mouse was then imaged with a near-infrared camera, ElevisionTM IR, to determine the tumor-

to-background ratio (TBR). Before euthanization, blood was collected for pharmacokinetic analyses. After 

determination of the optimal dose and timepoint, as a proof-of-concept, a mouse was included and operated 

using optical guidance. In a group of naïve mice, the biodistribution of FG001 was examined. 

  
 

Results 
Doses from 0.07-0.72 mg/kg showed high TBR values from one hour post injection. The TBR values across 

all 4 doses showed TBR values over 2.5.  

 



Optical imaging of FG001. The left image shows the TBR over time at the doses investigated. The right image shows the fluorescent 
image, in situ, ex vivo and cross-section, of the orthotopic human xenograft model. 
 
The feasibility for guiding surgery was demonstrated in one mouse. Pharmacokinetic analysis showed a half-
life between 3-5 hours. Distribution of FG001 to all organs and tissues was seen and elimination was through 
the liver and kidneys. No accumulation of FG001 to any of the examined tissues and organs was observed. 

  
 

Conclusion 
We demonstrated that FG001 can be used in a broad range of doses (0.07-0.72 mg/kg) and time points (1-

12 h). Furthermore, no accumulation in organs were seen. A simulated surgery setup in a mouse with an 

orthotopic GBM, demonstrated that the fluorescent signal easily could be identified and used for guiding 

removal of the tumor. We suggest that FG001 is useful in optical guided brain surgery and is ready for 

clinical translation. 
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Background 
There are limited data providing details to evaluate patterns of opioid use. The number of patients is often 

limited and data on opioid use following some of the most common surgical procedures are lacking. 
 

Material and Methods 
Data from the Norwegian Registry for Spine Surgery and the Norwegian Prescription Database were linked 

on an individual level. The primary outcome measure was persistent opioid use the second year after 

surgery. Functional disability was measured with the Oswestry disability index (ODI). Study participants were 

operated between 2007 and 2017. 

  
 

Results 
Among 32886 study participants, 2754 (8.4%) met criteria for persistent opioid use the second year after 

surgery. Among persistent opioid users in the second year after surgery, 64% met the criteria for persistent 

opioid use the year preceding surgery. Persistent opioid use the year preceding surgery (OR 31.10, 95% CI 

26.9-36.0, P = .001), use of high doses of benzodiazepines (OR 1.62, 95% CI 1.30-2.04, P = .001), and use 

of high doses of z-hypnotics (OR 1.90, 95% CI 1.58-2.22, P = .001) the year before surgery were associated 

with increased risk of persistent opioid use the second year after surgery. A higher ODI score at one year 

was observed in persistent opioid users compared to non-persistent users (41.5 vs 18.8 points) and there 

was a significant difference in ODI change (-13.7 points). Patients with persistent opioid use in the year 

preceding surgery were less likely to achieve a minimal clinically important ODI change at one year 

compared to non-persistent users (37.7% vs 52.6%, P = .001). 
 

Conclusion 
Patients with or at risk of developing persistent opioid should be identified and provided counseling and 

support to taper off opioid treatment. 
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Background 
Sulfasalazine (SAS), a well-known anti-inflammatory drug has shown tumor selective radiosensitizing 

properties in preclinical studies. The antioxidant glutathione (GSH) produced at high levels in glioma cells 

normally protects against radiation injury by scavenging the reactive oxygen species produced during 

radiation therapy (RT). SAS blocks the uptake of cysteine through the xCT-channel, a rate-limiting step for 

glioma cell GSH production. We have previously shown that tumor growth slowed down and overall survival 

(OS) was prolonged when SAS was combined with gamma knife surgery (GKS) in a glioma animal model 

compared to either treatment alone. Our hypothesis is that SAS potentiates the efficacy of SRS in 

glioblastoma (GBM) patients with a low risk of side effects. This open-label, single-arm trial aims to evaluate 

the maximum tolerated dose (MTD) and the preliminary efficacy of SAS combined with GKS in first or 

second relapse of GBM following standard of care. 

  
 

Material and Methods 
The trial is designed as a standard 3 + 3 phase 1-dose escalation study with 3-6 patients in each dose-

cohort. The trial will enroll 12-24 patients for treatment with oral SAS (1.5, 3.0, 4.5 or 6.0 g/day) 3 days prior 

to single session GKS with 12 Gy prescription dose to the tumor margin. The dose will be escalated 

depending on the absence/presence of severe toxicity in the previous cohort of treated patients. If more than 

1 patient in a cohort of 3 or 6 patients (≥ 33 %) is experiencing grade 3 or higher toxicity levels, the study will 

be terminated and the dose will be defined as MDT. Toxicity is graded using the Common Toxicity Criteria for 

Adverse Events (CTCAE) v5.0 recorded the first 30 days. 
 

Results 
Primary end-point is to establish the recommended dose for efficacy testing in phase II/III trials. Secondary 

end-points are assessments of 1) intratumoral GSH production evaluated with GSH-spectroscopy before and 

after SAS treatment, 2) late adverse radiation effects utilizing 11C-MET-MRI-PET 3) changes in KPS/quality 

of life (FACT-Br), 4) need for steroidal treatment, 5) progression free survival (PFS) utilizing Response 

Assessment in Neuro-Oncology criteria and 6) OS. PFS and OS will be compared with historical controls 

treated between 2018-2022. 
 

Conclusion 
The trial will establish the recommended dose for SAS repurposed as a radiosensitizer for a future phase 2/3 

trial. Our proposed treatment may ultimately lead to increased effect of radiation therapy for these highly 

radioresistant tumors. 
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Background 
Patients undergoing brain or spinal tumor surgery are historically in need for elective postoperative 

surveillance on intensive or intermediate care wards and occupy a large part of monitoring capacities. Due to 

the ongoing COVID pandemic, shortages of intensive care beds and staff have led to suspension of elective 

procedures and significantly affect neurooncological surgery. The aim of this study was to analyze early 

postoperative complications and identify patients where postoperative intensive care monitoring is 

warranted. Risk stratification might help reducing the need for postoperative surveillance on the ICU in 

selected patients.  
 

Material and Methods 
All patients that were treated surgically for benign or malignant cerebral or intradural tumors between 

September 2017 and May 2019 were subject to analysis. Patient data were extracted from a semi-automatic 

prospectively designed database as described before (Ref: PMID: 32197255). The primary outcome 

measure of this study was the occurrence of adverse events within 24 hours postoperatively, including 

unplanned reoperation, postoperative hemorrhage, CSF-leakage and pulmonary embolism. Multivariable 

logistic regression models were used to develop a risk score for early postoperative adverse events by 

assigning points based on ß-coefficients. 

  
 

Results 
In total, 811 patients were included. The 24-hour adverse event rate was 1.4% (n=11). The main early 

adverse event was unplanned reoperation. We developed a score including number of Secondary 

diagnoses, bOdy mass index and cutting-Suture time (SOS-score), predicting the incidence of early 

postoperative adverse events (low-risk: 0.3%, intermediate-risk: 2.5%, high-risk: 12%, p< 0.001). ROC 

analysis showed satisfactory discrimination between the different outcome groups (C-statistics: 0.8).  

  
 

Conclusion 
The proposed SOS-risk score allows efficient prediction of the likelihood of adverse events and identifies 

patients where postoperative intensive care monitoring is warranted and helps stratifying the necessity for 

intensive care unit beds in times with lack of ICU capacities. Validation of the score in a multicenter setting is 

needed.  
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Background 
Selective dorsal rhizotomy (SDR) is a surgical procedure suitable for children with cerebral palsy with 

predominant spastisity of the lower limbs. It entails cutting 50-70% of the sensory rootlets at L1/L2-S1/2 

levels. Surgery is through either single-level or multi-level technique, both approaches provide good clinical 

results. Selection criteria differ between centres with regards to GMFCS grade and age. Until 2019, 

Norwegian children were sent abroad for SDR after evaluation by the paediatic neurohabilitation team. Prior 

to establishing SDR in Norway, the members of the treatment team visited the team at Great Ormond Street 

Hospital in London, and the London surgical approach was adopted at our service in Oslo. 
 

Material and Methods 
All children operated in Norway from the start in Nov 2019 until 31st Dec 2021 are included in this review. We 

have performed a chart review for background information. Data from surgery, including neurophysiology, is 

prospectively collected.  
 

Results 
By 31st Dec 2021, 10 patients have had their SDR procedure in Norway. Median age was 5.5 yrs (range 3-11 

yrs), male:female ratio 1:1. GMFCS grade ranged from II-IV (3, 4 and 3 children respectively). There have 

been no complications from surgery, 1 child reported uncomfortable hypersensitivity. The single-level 

laminoplasty technique was used in all but 2 children in whom this was extended to a 2-level laminoplasty 

due to low-lying conus. We aimed to cut rootlets from L1 to S2 levels, however in 70% the entire S2 root was 

spared on one or both sides due to sphincter innervation, in one child S1 was also spared for the same 

reason. On average, 51% rootlets were cut (median 57%), ranging from all spared to 75% cut. 1-year follow-

up evaluation is completed for 5 patients. All patients have improved from preoperative status at 1 year, both 

objectively at follow-up examination, and subjectively as experienced by patients and/or parents. Two 

patients have had orthopaedic release surgery after SDR. 
 

Conclusion 
The establishment of a new service requires dedication from the whole team, including the childs’ family and 

local habilitation services. In our opinion, a safe surgical approach requires good quality neurophysiology. 

We advise close collaboration with a centre with an already established good-quality service. 
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Background 
Strategies in management of incidental unruptured intracranial aneurysms remain challenging, and depend 

on their perceived risk of rupture, estimated from the assumed prevalence of aneurysms and incidence of 

subarachnoid haemorrhage (SAH). Reported prevalence varies widely, and consistent criteria for definition 

of an aneurysm are lacking. This study aims to study the prevalence in a general population and show how it 

changes with different aneurysm definitions. 
 

Material and Methods 
Cross-sectional study (Tromsø 7) conducted between January 2016 and November 2017, using 3- 

dimensional time-of-flight magnetic resonance angiography on 3 Tesla MRI to identify size, type and location 

of unruptured intracranial aneurysms in 1862 adults aged 40 to 84 years. Five different definitions of saccular 

intracranial aneurysms were used. 
 

Results 
122/1862 participants (6.6% [95 % CI 5.4-7.6]) had intradural aneurysms ≥ 2 mm. 71 participants (3.8% [95 

% CI 3.0-4.8]) had intradural aneurysms ≥3 mm and 137 (7.4% [95 % CI 6.2-8.6]) had intradural aneurysms 

≥1 mm. 137 participants (7.4% [95 % CI 6.2-8.6]) had intra- and extradural aneurysms ≥ 2 mm and finally, 

155 participants (8.3 % [95 % CI 7.1-9.7]) had intra- and extradural aneurysms ≥ 1 mm. 

 

Table 1: Comparison of four population-based studies on prevalence of unruptured intracranial 

aneurysms (UIAs) according to magnetic resonance imaging (MRI) field strength, sequence and 

postprocessing techniques, and definition of UIAs. 

 

Year Authors Study n MRI field 
strength 

MRI 
sequenc
e 

Post-
processi
ng 
techniqu
es 

Inclusion 
of 
extradura
l 
aneurys
ms 

Aneurys
m size 
threshold 

Prevalen
ce of 
UIAs 

2013 Müller et 
al.1 

HUNT 1006 1.5T 3D-TOF-
MRA 

MIP, 
MPR 

unknown unknown 1.9% 

2016 Bos et 
al.2 

Rotterda
m 

5800 1.5T PDW MPR unknown unknown 2.3% 

2013 Li et al.3 Shanghai 4813 3.0T 3D-TOF-
MRA 

VR, MIP, 
MPR 

yes ≥2 mm 7.0% 

2022 Johnsen 
et al. 

Tromsø 
7 

1862 3.0T 3D-TOF-
MRA 

VR, MIP, 
MPR 

no ≥2 mm 6.6% 

3D-TOF-MRA; 3-dimentional time-of-flight magnetic resonance angiography, MIP; maximum intensity projection, VR; volume-rendered, 
PDW; proton density-weighted, MPR; multiplanar reconstruction. 
 
 
 

Conclusion 



The prevalence of aneurysms in previous population-based MRI studies vary; HUNT (1.9%)1, Rotterdam 

Scan Study (2.3%)2, and the Shanghai Study (7.0%)3. Use of 3 Tesla MRI (one previous study), improved 

post processing and varying definitions of size, type and location probably contribute (Table 1). In this study, 

the prevalence varied from 3.8 % (intradural aneurysm ≥ 3 mm) to 8.3 % (all aneurysms ≥1 mm), depending 

on the definition. Combining prevalence of intracranial aneurysms and incidence of SAH in the same 

population allows for calculation of statistical rupture risk. As criteria for definition of UIAs in most previous 

studies investigating prevalence are lacking and varying, a more consistent radiological definition of 

intracranial aneurysms should be established. 
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Background 
Meningiomas are the most common primary brain tumor and account for one third of all primary brain 

tumors. Atypical meningiomas (WHO grade II) represent approximately 18-20% of all intracranial 

meningiomas and are characterized by distinct histopathological criteria and an increased risk of 

postoperative recurrence after primary treatment. Surgery is first-line treatment. Recently, quality indicators 

have been introduced to monitor quality of the delivered care. The objective of this study was the analysis of 

these currently applied quality indicators in atypical meningioma tumour surgery and identification of factors 

associated with poor outcome.  

  
 

Material and Methods 
All patients who underwent surgery for an atypical between 2004 and 2021 were included. The primary 

outcomes of interest were classical quality indicators: 30-days readmission-, 30-day reoperation-, 30-day 

mortality-, 30-day nosocomial infection- and the 30-day surgical site infection (SSI) rate. In addition, a 

variable including all early adverse events (postoperative haemorrhage, CSF-leakage, infection, 

readmission, pulmonary embolism) was calculated. The secondary aim was the identification of prognostic 

factors for the mentioned primary outcomes. Long-term follow-up data on overall survival (OS) and 

progression-free-survival (PFS) were collected.  

  
 

Results 
We included 52 patients aged 28-83 years. 30-days outcomes in terms of unplanned reoperation were 0%, 

unplanned readmission 7.7%, mortality 0%, nosocomial infection 17.3%, and SSI 0%. Any adverse event 

occurred in 30.8%. Preoperative C-reactive protein over 5mg/l was independent factor for the occurrence of 

any postoperative adverse event (OR: 17.2, p= 0.003). Median OS was 36 months and PFS 20 months with 

a media FU period of 3 years.  

  
 

Conclusion 
The 30-days outcomes and long-term outcomes at our department were comparable with reported outcomes 

in the literature. Currently applied quality indicators are helpful in determining the outcome after surgery for 

atypical meningioma. Preoperative elevated CRP is associated with the occurrence of postoperative adverse 

events. This variable might help in stratifying the risk prior to surgery.  
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Neurosurgery, Bergen, Norway  
 

Background 
Surgery is the cornerstone in the management of paediatric brain tumours. Neurosurgery in a developing 

nervous system requires special attention, thus information about the outcome after surgery for paediatric 

brain tumours is important for further improvement of the available treatment. Recently, quality indicators 

have been introduced to monitor quality of the delivered care. The objective of this study was the analysis of 

these currently applied quality indicators in paediatric brain tumour surgery and identification of factors 

associated with poor outcome. 

 

  
 

Material and Methods 
All patients under 18 years who underwent surgery for an intracranial tumour at the Department of 

Neurosurgery at Haukeland University Hospital in Bergen between 2009 and 2020 were included. The 

primary outcomes of interest were classical quality indicators: 30-days readmission-, 30-day reoperation-, 

30-day mortality-, 30-day nosocomial infection- and the 30-day surgical site infection (SSI) rate. The 

secondary aim was the identification of prognostic factors for the mentioned primary outcomes. 
 

Results 
We included 82 patients aged 0-17 years. The most common diagnoses were pilocytic astrocytoma (n=21), 

medulloblastoma (n=11), ganglioglioma (n=6) and ATRT (n=6). 30-days outcomes in terms of unplanned 

reoperation were 9.8%, unplanned readmission 14.6%, mortality 0%, nosocomial infection 6.1%, and SSI 

3.7%. New neurological deficits occurred postoperatively in 17.1%. Unplanned reoperation was associated 

with primary emergency surgery (p=0.003), CSF-diversion procedures (p=0.002), and greater tumour 

volumes (p=0.008).  

 

Tumour volume (OR: 1.1, p=0.011) and CSF-diversion procedure (OR: 18.1, p=0.025) were independent risk 

factor for nosocomial infection. 
 

Conclusion 
Currently applied quality indicators are helpful in determining the outcome after paediatric brain tumour 

surgery. The 30-day outcomes at our department were comparable with reported outcomes in the literature. 

Risk factors associated with the evaluated quality measures are emergency surgery, CSF-diversion 

procedure and tumour volume. 
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Real time intraoperative indocyanine green (ICG) for endoscopic transsphenoidal resection 

of functional pituitary adenoma: A case report 

 
I. Olesrud, D. Dahlberg, M. Wiedmann 
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Background 
Endoscopic endonasal surgery (EES) is the standard technique for pituitary surgery. Facilitated by the 

introduction of the “four hand technique” and development of advanced closure techniques to avoid CSF 

leakage, EES has advanced to become the method of choice also for more complex skull-base pathology. A 

remaining challenge is the intraoperative visualization of tumor tissue and differentiation from normal pituitary 

gland. Fluorescent guided surgery is a promising tool for intraoperative tissue differentiation, but has been 

hampered by technological limitations, particularly the necessity to switch between white light and an all-

black background in fluorescent mode. 

 

This is, to our knowledge, the first case report using a novel EES-technique featuring real-time intraoperative 

ICG and simultaneous near-infrared (NIR)/white light overlay imaging to treat Cushing’s disease. We discuss 

advantages and limitations of this technique. 
 

Material and Methods 
Two consecutive patients underwent standard EES for ACTH-producing pituitary adenomas using novel 

optics featuring a NIR-filter. Intravenous ICG was administered intraoperatively as 10 mg boluses. Both 

patients had postoperative follow-up according to standard protocol. Fluorescence was evaluated 

qualitatively by the authors. 
 

Results 
Bright fluorescence was seen in several structures with temporal differences. We observed clear 

differentiation between tumor and normal pituitary tissue. The fluorescence-patterns differed in the two 

cases; Tumor fluorescence was strong in case 1 (fig 1a) and weak in case 2 (fig 1b). Simultaneous white-

light/NIR-overlay in combination with fluorescence from real-time ICG, enabled resection of functional 

adenoma tissue with lasting ICG signal in white light surgical conditions for tissue differentiation. ICG was 

considered useful in both cases. Both patients are in remission and no residual tumor was identified on 

follow-up MRI. 

 

 

 
Figure 1. A: Patient 1; B: Patient 2; asterix = pituitary gland; arrow = adenoma 



 
 
 

Conclusion 
ICG-flourescence enabled intraoperative visual differentiation of pituitary tissue from tumor during EES, 

under simultaneous NIR/white light. We hypothesize that ICG under NIR/white light overlay can improve the 

gross total resection of functional pituitary adenomas. 
 



 

Neurosurgery  
A-162 
 

Repurposing thioridazine as a novel treatment of melanoma brain metastasis  

 
E. Moen Taule1, 2, T. Wikerholmen1, 2, K. Sarnow1, E. Rigg1, 2, J. Wang1, 3, F. Thorsen1, 2, 4 
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Lies vei 91, 5009, Bergen, Norway  
 

Background 
Brain metastasis are ten times more common than all malignant, primary brain tumours combined and 

melanoma has the highest propensity to metastasize to the brain of all cancers. Untreated, the median 

survival time is 2-3 months after diagnosis, while aggressive treatment extends survival to only 4-12 months. 

Thus, it is obvious that new therapies are needed to improve disease management. In this respect, drug 

repurposing, using old drugs for new purposes, has had several successes for other diseases.  

Anti-schizophrenic drugs are designed to execute their function within the brain, and studies have also 

indicated that they may inhibit glioma development. A similar effect on melanoma brain metastasis (MBM) 

has not been demonstrated. We have promising preliminary data, showing that the anti-psychotic drug 

thioridazine (THD) inhibits growth of MBM in vitro.  

  
 

Material and Methods 
All experiments were done on MBM cell lines (H1, H2, H3 and H10), which were developed in our lab from 

patient biopsies obtained after surgery. A monolayer viability assay was used to determine cell viability (IC50 

doses). Tumor cell migration and proliferation after drug treatment was studied with a real time imaging 

system (IncuCyte). Colony forming properties and the ability of cells to grow in an anchorage free 

environment after THD treatment was investigated using a 2D clonogenic assay and a 3D soft agar model. 

Potential drug effects were also studied on normal human astrocytes (NHA) and on fetal rat brain organoids 

(FRBO), using a Live/Dead viability kit. Apoptosis and necrosis after drug treatment were investigated by 

flow cytometry.  
 

Results 
THD shows a strong cytocidal effect on MBM cell lines. Cell viability studies showed that THD exerted a 

dose-dependent inhibition of tumor cell viability (IC50 doses 9-12 uM), while NHA tolerated similar drug 

concentrations. Tumor cell migration and proliferation were almost completely hampered with concentrations 

around the IC50 doses. A dose-dependent inhibition of clonogenic formation and 3D growth was also 

observed. Bright field microscopy showed changes in MBM morphology in monolayers, but FRBOs were 

intact after drug treatment. Further, apoptosis in MBM cells was induced after treatment with THD.  
 

Conclusion 
Our preliminary data shows that THD may be promising candidates for future treatment of MBM. 
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Background 
Dynamic susceptibility contrast (DSC)-MRI has been suggested to help differentiation of true diseases 

progression from pseudo-progression in brain metastases [1],[2]. However, the application lacks 

standardization for the clinic, hence this study focuses on the selection of scan- patient or population-based 

arterial input functions (AIFs) in the longitudinal follow-up of brain metastases patients treated with 

stereotactic radiosurgery (SRS). With SRS image quality is less affected than when cranial surgery is 

performed, and the estimation of the AIF in the presence of pathology may be different than in healthy 

volunteers as lesions may be located in different brain regions and potentially interfere with microcirculation. 

  
 

Material and Methods 
Data from eight patients and a total of 83 patient visits post SRS were included. For imaging, a 1.5 T whole 

body MRI system was used. Perfusion estimates were computed using NordicICE (Nordic Neuro Labs, 

Bergen) and contrast difference images were used for lesion segmentation. Pearson's product moment 

correlation coefficients were calculated to evaluate similarity in developement of DSC-parameters between 

visits, dependent on various AIF choices. The ability of DSC parameters to differentiate white matter and 

gray matter was tested, and finally shape characteristics of AIFs were compared between patients. 

  
 

Results 
Blood volume estimates differentiated better between perfusion in WM and GM when scan-specific AIFs 

were used (p ≤ 0.02) than when patient-specific AIFs and population-based AIFs were used. AIF shapes 

differed across patients (p ≤ 0.05).  

 

  
 

Conclusion 
DSC parameter estimations in the longitudinal follow-up of brain metastases are best performed using scan-

specific AIFs. 

  
 
References: 

[1] Barajas et al, (2009), Distinguishing recurrent intra-axial metastatic tumor from radiation necrosis following gamma knife radiosurgery 

using dynamic susceptibility weighted contrast-enhanced perfusion MR images, AJNR Am J Neuroradiol, 367-372 

[2] Wang et al, (2018), Absolute CBV for the differentiation of recurrence and radionecrosis of brain metastases after gamma knife 

readiotherapy: a comparison with relative CBV, Clin Radiol, 758.e1-758.e7 
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Content 
Background: Type 1 spinal arteriovenous malformations (AVM) are dural fistulas which classically present 

due to progressive congestive myelopathy. Acute hemorrhage resulting in a spinal subdural hematoma is 

exceedingly rare with only three reported cases. 

 

Methods: This 46-year-old female experienced rapidly progressive paraplegia over several hours. There 

was no history of anti-coagulant use, trauma, fever, or infection. On examination, she had 0/5 in the lower 

extremities bilaterally and decreased sensation to pinprick below the T6 level on both sides. She also had 

loss of bowel and bladder control. MRI demonstrated evidence of an intra-dural extramedullary lesion 

located anteriorly causing significant compression on the spinal cord from T4 down to T7 level. 

 

Results: She underwent thoracic laminectomy from T4 – T7. After dural opening, a well organized sub-dural 

hematoma with significant mass effect on a distorted spinal cord was evacuated. Subsequently, a large 

abnormal artery leading into a dilated serpiginous vein on the dorsal aspect of spinal cord at the T7 level was 

visualized. Indocyanine green angiography confirmed our suspicion of a dural arteriovenous fistula which 

was disconnected. 

 

Conclusion: Type I spinal AVM in rare cases can present acutely as subdural hematoma and should be 

kept in the differential diagnosis for acute paraplegia. 
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Background 
Open spinal surgery may cause massive bleeding, as it involves a large incision with long operation time and 

involvement of richly supplied cancellous bone and soft tissues. Tranexamic acid (TXA) has been used for 

blood loss control in different surgeries. The effect of systemic administration of TXA on blood loss reduction 

during spine surgeries has been widely studied over the past decade. However, topical use of TXA during 

cervical spine surgery is rarely investigated. We aimed to assess the role of topical administration of TXA on 

intraoperative and postoperative blood loss in patients who underwent posterior cervical laminectomy and 

lateral mass screw fixation (PCLF) and compare the results with a control group. 
 

Material and Methods 
In this retrospective study, data of 88 patients who had undergone PCLF surgery, including 41 females and 

47 males, were included. The intra-operative blood loss (IBL), postoperative blood loss (PBL), amount of 

blood transfusion, operation time, use of hemostatic agents, length of hospital stay, and time to return to 

work were extracted from medical records and compared between those who received topical TXA (irrigation 

of the surgical field with a solution of 3 grams of TXA in 100 ml of normal saline) during surgery and age and 

sex-matched control group. 
 

Results 
Totally, 48 patients in the TXA group and 40 controls were included. There were no significant differences in 

the baseline measurements and between groups at the level of operation. The results showed that IBL and 

PBL were significantly lower among the TXA group compared to the control group (p= 0.03 and p<0.01, 

respectively). There were no significant differences in need for blood transfusion, operation time, and 

hospital stay between the two study groups (p>0.05). Moreover, the use of hemostatic materials during 

surgery and time to return to work were significantly lower in the topical TXA group (P= 0.04 and p<0.01, 

respectively). 
 

Conclusion 
Topical TXA efficiently reduces post and intra-operative bleeding in patients who underwent posterior 

cervical laminectomy and lateral mass screw fixation (PCLF) surgery. 
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Background 
The Neurosurgery, Education and Development (NED) Foundation is a registered NGO based in Valencia 

(Spain). Its main objectives include the development of high-quality and humane neurosurgical care and the 

training of local staff in low-income countries. Since 2008 NED has been active in various hospitals 

throughout East and Central Africa, with a special focus on the Zanzibar archipelago (Tanzania). In Zanzibar, 

NED has built and co-directs one of the first humanitarian neurosurgical institutes in Africa, the Mnazi Moja 

NED Institute, which has already received the COSECSA Accreditation for neurosurgical training.  

 

The goal of this paper is to present the NED experience and share our insights on the ‘ideal model’ for 

Global Neurosurgical Initiatives in low-income countries. This model builds upon the Global Surgery 2030 

initiative and focuses on neurosurgery as a driver speciality for improving health-care provision and 

outcomes. Its ultimate aim is to achieve self-sufficiency of local professionals and health-care providers.  

  
 

Material and Methods 
Between 2014 and 2021, NED has organised 86 neurosurgical missions at the NED Institute in Zanzibar 

(Mnazi Mmoja Hospital).We have collected diagnostic data on 1,679 patients undergoing surgery.  

  
 

Results 
The NED Institute has hosted 164 neurosurgical volunteers from 10 countries since November 2014. In this 

period, NED has successfully completed 1,679 free neurosurgical procedures at a dedicated theater and 

over 26,000 out-patient visitations. The most treated pathologies were: Hydrocephalus (28%), Spine surgery 

(17%), traumatic brain injury (11%) and brain tumors (10%). In between missions, local surgeons have 

continued to hold weekly clinics and autonomously performed an increasing number of surgeries on patients 

with brain trauma, hydrocephalus and neural tube defects. Five neurosurgical residents are currently training 

under the supervision of the COSECSA-NED Mnazi Mmoja Hospital coordinator (JP) 

  
 

Conclusion 
The NED Foundation has successfully implemented a neurosurgical training model in a dedicated centre in 

East Africa. The NED Institute has become a haven for the poorest patients and a training hub for African 

residents, who can now receive quality training while being exposed to the still challenging reality of African 

neurosurgery. This paradigm has convincingly demonstrated that neurosurgery can act as an umbrella 

specialty with a huge multiplier effect on the development of other specialties in low-income countries. 
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Background 
The Nordic Young Neurosurgeons Research Collaborative (NYNReC) is a research network open to 

neurosurgical trainees/junior physicians in the Nordic countries, initiated at the SNS 2019 meeting in 

Stockholm, Sweden. Our aim is to conduct high-quality multicenter research in the Nordic countries with the 

support of the Scandinavian Neurosurgical Society (SNS). 
 

Material and Methods 
The general idea with NYNReC is to encourage and support pan-Nordic research activity by facilitating 

project related processes. We aim to provide a framework for easy collaboration between the neurosurgical 

centers in the Nordic countries resulting in increased sample size and impact of studies, which would 

otherwise only have been carried out locally, or not carried out at all. In principle, the collaboration can 

coordinate studies of various designs, e.g. retrospective and prospective observational studies or 

prospective interventional trials. 
 

Results 
Although slowed down by the Covid-19 pandemic, the NYNReC network is in the process of finalizing its first 

round of projects of which preliminary data will be presented: 

 

Project.no.1) Weighing neurological deficits against prolonged survival when operating Brain Tumor Patient: 

A survey aimed at benchmarking brain tumor surgical strategy (watchful waiting vs. biopsy vs. subtotal 

resection vs. gross total resection) among neurosurgoens, balancing neurological deficits vs. prolonged life-

span. The decision what to weight higher is a choice every patient needs to decide upon themselves, but 

often the patient asks the neurosurgeon to help them with these decisions based on their knowledge and 

experience – a approach often cited as “shared decision making”. The aim of this study was to provide data 

to aid this decision making proces. 

 

Project no.2) Endoscopic Third Ventriculostomy for Adults with Hydrocephalus: A retrospective multicenter 

study on all adult patients operated with a ETV (endocopic third ventriculostomy) due to an Hydrocephalus 

during a 5-year period in the Nordics. The study aim was to establish an improved understanding of the 

clinical outcome, treatment and prognostic factors of ETV treated hydrocephalus, in order to allow 

neurosurgeons to make better treatment decisions. 
 

Conclusion 
The NYNReC network in in the process of finalizing it´s first round of projects, has several ongoing projects, 

and will accept proposals for new projects per. 1st of June 2022. Please visit our website for projects 

proposal submission: www.nynrec.org 
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Content 
Introduction: Target definition in radiosurgical treatment of glioblastoma is usually performed using contrast-

enhanced T1-images (3D) that are believed to visualize the most biologically active and aggressive tumor 

components. However, this method has several diagnostic pitfalls, first and foremost that the tumor is usually 

more extensive than what T1 contrast enhancement depicts. Such shortcomings urge the need for improved 

diagnostic imaging in radiosurgical planning. The typical indication for 11C-methionine PET (11C-Met PET) 

scanning is to differ progression from pseudoprogression following radiotherapy. Recently, we have 

introduced the use of 11C-Met PET for the radiosurgical treatment of patients with glioblastoma in 

conjunction with traditional imaging. We want to share our first experiences with this method. 

 

Methods: 16 patients have obtained 11C-Met PET-images within days before radiosurgical treatment of 

glioblastoma. These images were fused with the 3D MPRAGE-images typically used for stereotactic 

definition treatment, and the method of tumor delineation, the stereotactic accuracy, and potential treatment 

targets obtained from both images have been reviewed. 

 

Results: 11C-Met PET-uptakes alone cannot be used for stereotactic definition and must be fused with CT 

or MRI images. Anatomical correction is acceptable, but far from the sub millimeter gold standard we are 

used to. The 11C-Met PET-uptake is relatively coarse, and image fusion and quality assurance can be 

challenging. The 11C-Met PET-uptake creates a heatmap; however, the cut-off temperature for pathology 

has not been established. Thus, target definition by the heatmap is primarily done by eyeballing and gut 

feelings. However, we have many examples of a larger 11C-Met PET-uptake than the contrast enhancement 

depicts, even in areas with scarce tumor involvement as evaluated by T1-images. Oppositely, we also have 

samples of physiological PET-uptake in brain areas with T1 contrast enhancement scheduled for treatment 

but then re-considered to be pseudoprogression. 

 

 

 
The image shows 11C-Met PET uptake in a medial GBM. There is a corresponding T1 contrast enhancement, but the volumes differ. 
Laterally, there is an area of contrast enhancement without 11C-Met PET uptake. 
 
 
 
Conclusion: 11C-Met PET images bring additional value to traditional imaging in radiosurgical treatment but 
hold many limitations that must be considered during planning.  
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Background 
Traumatic brain injury (TBI) patients are frequently admitted to trauma hospitals. In hospital planning and 

organization of acute management, updated knowledge about the patient population is essential to allocate 

sufficient hospital resources. We here describe patient characteristics, case load and the incidence rates for 

emergency neurosurgical procedures of TBI patients admitted to a level 1 trauma center.  
 

Material and Methods 
The study population was patients with CT verified TBI admitted to Oslo University Hospital (OUH) from 2015 

to 2019. OUH is level 1 trauma center in Southeast Norway (population 3 million) and is the only hospital in 

the region with neurosurgical services. Patient characteristics was compiled and compared, and incidence 

for emergency neurosurgery in the general population was calculated in person-years. Data was extracted 

from Oslo TBI Registry – Neurosurgery. 
 

Results 
A total of 2151 patients were included, mean age was 52 years (SD 25, range 0–99 years), and 68% were 

males. Fall was the major cause (55%), followed by traffic related accidents (23%). Comorbidities was 

common; 28% had pre-injury ASA score of ≥3, 25% used antithrombotic medication. The admittance rate 

was highest during evening, night or weekend (68% of patients), and the patient load was stable without 

seasonal variation. The monthly mean number was 36 (SD 2, range 17–49). Upon admission, the TBI was 

classified as mild in 46%, moderate in 28%, and severe in 26%. An emergency neurosurgical procedure was 

done in 569 patients (27%). Insertion of ICP-sensor was the most frequent procedure (22%), incidence 

3.3/100 000. Evacuation of mass lesion by craniotomy was done in 13%, incidence 2.0/100 000. Recent 

analysis for the pandemic years 2020-2021 have so far shown no signs of change in pattern of patient 

characteristics, case load, or treatment.  
 

Conclusion 
A typical TBI patient admitted to hospital with abnormal neuroimaging is aged 50–79 years injured in a fall, 

often male, and many have significant comorbidity. The case load is greatest outside ordinary working hours. 

The incidence of emergency neurosurgery in the general population is low, which must be taken in 

consideration when organizing trauma care. To maintain expertise, emergency neurosurgery for TBI should 

be centralized to major trauma centers. 
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Content 
Dural Arteriovenous Fistulas (DAVFs) of the cavernous sinus are commonly treated through a transvenous 

approach and successfully occluded with coils [1]. 

 

A 55-year-old female, with a history of breast cancer and five months history of diplopia, presented with 

aphasia and seizures. A CT scan of the head showed a small left frontal intracerebral hematoma. On arrival 

she was awake and aphasic with chemosis in the left eye. She had normal pupillary response and normal 

extraocular movements. 

 

Digital Subtraction Angiography (DSA) revealed a left sided cavernous DAVF with cortical venous reflux. 

Such fistulas have an aggressive natural history and should be treated if possible. 

 

An extensive unsuccessful attempt was made to enter the cavernous sinus through a conventional femoral 

approach. After careful examination of the angiograms, the only transvenous access appeared to be through 

the inferior ophthalmic vein (IOV).  

 

The cavernous sinus was then approached surgically by exposing the IOV through a trans-conjunctival 

incision. The IOV was punctured with a 20G 1.1 x 32 mm peripheral venous catheter, serving as an access 

catheter/sheath for the microcatheter. The fistula was then embolized and occluded with coils. On first follow 

up, the patient is back to work part-time with rapidly improving diplopia and an MRA confirms that the fistula 

is occluded. 

 

 
Surgical exposure of the IOV gave controlled access to the cavernous sinus for the treatment of the an aggressive DAVF which was 
treated successfully with coils. 
 



 
 
We have demonstrated that DAVFs of the cavernous sinus can successfully be approached by direct 
exposure of the IOV in patients where no other access is possible. This rarely described approach will be 
demonstrated in more detail in our presentation. 
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Background 
25-30 children are diagnosed with craniosynostosis per year in Norway. There have been increasing 

concerns regarding prolonged anesthesia and blood transfusion in children under the age of three years. 

The minimally invasive technique developed by Dr Jimenez has been shown to be safe and effective. In 

March 2014 minimally invasive cranioplasty followed by helmet treatment was introduced in Norway. Prior to 

this, spiral osteotomy was the procedure used for most of the children with sagittal synostosis, with some 

patients undergoing cranial vault remodeling. Children with metopic and coronal synostosis underwent 

frontoorbital advancement. 
 

Material and Methods 
Treatment and follow-up is centralized to the National Treatment Centre at Oslo University hospital. 

Prospective data is registered in our database. Data was extracted from the database and includes all 

surgeries for craniosynostosis between 1st jan 2010 and 31st Dec 2019. We only included procedures for 

craniosynostosis. 
 

Results 
223 patients had a total of 227 surgeries. The age at first surgery went down from 12.1 to 4.8 months. 2 

patients died from an underlying syndrome, there was no procedure-related mortality. The complication rate 

dropped from 12.5% to 3.9%. There was a reduction in procedure time, most pronounced for children with 

metopic and coronal synostosis where it went from 213 mins with frontoorbital advancement to 57 mins with 

minimally invasive cranioplasty. Blood transfusion rate, transfusion volume, need for intensive care and total 

length of stay was also reduced with minimally invasive cranioplasty. 

  
 

Conclusion 
Minimally invasive cranioplasty is safe, and in our institution has led to shorter surgeries with less need for 

blood transfusion and fewer complications. There has been no need for repeated surgery in the non-

syndromic craniosynostosis group.  
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Background 
Unstable patients in the neurosurgery intensive care unit (NICU) need repeated diagnostic imaging. 

Intrahospital transports of such patients is hazardous with even small changes in physiological parameters 

leading to secondary brain injury [1, 2]. In order to minimize the risk, the authors have been performing 

Bedside-CT scanning of the head since 1997 and since February of 2020 Close-to-Bedside MRI Scanning in 

the NICU [1, 3]. 

  
 

Material and Methods 
The intraoperative MRI scanner is a 3T MAGNETOM Skyra (Siemens Healthcare, Erlangen, Germany) 

located in the NICU. All additional monitoring such as EVDs, EEG electrodes, microdialysis and laser probes 

are MRI compatible. Patients are transferred from their NICU bed directly over to an MRI table and wheeled 

to the MRI scanner. All standard MR sequences are available along with quantitative blood flow using NOVA 

(Vassol inc.), perfusion using anterior spin labelling (ASL) and cerebral vascular reactivity using BOLD MRI. 

A quality and complications registry is ongoing to ensure the safety of this approach. This includes recording 

of physiological parameters, transport (bed to bed)- and scanning times and all complications. 

 
The MRI control room with the OR on the left and the MRI scanner on the right. The scanner can be used for NICU and other patients 
during ongoing surgery. 
 
 

  
 

Results 
We have not experienced any serious events or complications during the first two years of Close-to-Bedside 

MRI scanning in the NICU. We will present the concept, our technique and the updated results from our 



quality and complications registry. 

  
 

Conclusion 
Close-to-bedside MRI scanning in the NICU is safe. It further reduces the time that patients have to remain 

outside the NICU environment and thus minimizes many of the risks associated with intrahospital transport. 

This contributes to patient safety, minimizes staff workload and maximizes the returns of this big investment. 

With safe access to repeated scanning of unstable NICU patients this will enable us also to advance the field 

of neurointensive care. 
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Background 
A spinal cord stimulation (SCS) device is powered by an implantable pulse generator (IPG) similar to that 

used in cardiac procedures where recent studies have shown that the postoperative infection rate can be 

reduced using an antibacterial envelope (TYRX)[1]. 

The aim of this study is to examine if similar use of the TYRX antibacterial envelope in SCS procedures can 

reduce the postoperative infection rate. 
 

Material and Methods 
Single center retrospective study comparing infection rates in non-TYRX recipients from 2018-2020 with 

patients who received a TYRX antibacterial envelope in 2020-2021. All new SCS IPG recipients were 

included and subdivided into TYRX and non-TYRX groups, revision surgeries were excluded. Infection was 

registered if a patient received antibiotic treatment post-operative within a follow-up period of 100 days. 

  
 

Results 
A total of 198 patients were included, 100 in the TYRX group and 98 in the non-TYRX group. There were no 

significant differences between the two groups regarding age, BMI and distribution of selected risk factors 

(smoking, diabetes and immunosuppression). 

The overall infection rate in this study was 5.6%. The infection rate was 4.0% in the TYRX group and 7.1% in 

the non-TYRX group. Fisher’s exact test revealed no significant difference between the two groups (p=0.6). 

The 4 infected TYRX recipients were treated exclusively with per oral (PO) antibiotics. Out of the 7 infected 

non-TYRX patients 5 were treated with PO and intravenous (IV) antibiotics, 1 exclusively with IV antibiotics 

and 4 had revision surgery and 3 had their devices explanted as result of the infection (Table 1). 

Characteristic All (n=198) TYRX (n=100) non-TYRX (n=98) 

Infection (n=198) 11 (5.6%) 4 (4.0%) 7 (7.1%) 

Infection onset in days 
after battery insertion 

(n=11) 

25.6±23.7 28.3±10.5 24.1±29.6 

Type (n=11) 9 pocket, 1 pocket + 
systemic, 1 wire 

4 pocket 5 pocket, 1 pocket + 
systemic, 1 wire 

CRP (n=6) 83.3±87.9 ✝ 83.3±87.9 

Leukocytes (n=6) 10.7±2.2 ✝ 10.7 ±2.2 

Pathogen (n=4) 3 SA, 1 SA + GGS ✝ 3 SA, 1 SA + GGS 

Antibiotic treatment 
(n=11) 

5 PO, 1 IV, 5 Both 4 PO 1 PO, 1 IV, 5 Both 

Revision (n=4) 4* ✝ 4* 

IPG removal (n=3) 3  3 
Table 1: Characteristics of infections - PO = Peroral. IV = intravenous. GGS = Group G Streptococcus. SA = Staphylococcus Aureus. 

CRP = C-reactive protein. *One revision due to lack of effect & not infection ✝ No data registered 
 
 
A power calculation based on the infection rates of this study suggests that 856 patients in each group will 
be needed to prove a significant difference in infection rate. 
 



Conclusion 
The TYRX antibacterial envelope displayed a tendency to reduce infection rates, along with a tendency to 

reduce revision surgeries and system removals due to infections. However, to prove these findings 

statistically significant a much larger sample size is needed. We therefore suggest that a prospective 

multicenter study is composed. 
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Background 
Moyamoya disease (MMD) is a chronic cerebrovascular disease characterized by progressive narrowing and 

occlusion of intracranial arteries. MMD leads to disruption of cerebral blood flow, and development of a 

compensatory network of small collateral arteries bypassing stenosis. Fragility of this network predisposes to 

cerebral ischemia and bleeding. This condition significantly impacts patient health and quality of life, and 

MMD often affects young people. Current treatment strategies are based on improvement of cerebral 

circulation, symptom management and cerebral bypass surgery to restore cerebral blood flow. Although the 

etiology of MMD is unknown, genetic factors are strongly associated with MMD, especially variants in the 

RNF213 gene in East-Asian populations. These variants are not present in MMD patients of Northern-

European origin, and no major susceptibility variants have so far been identified in this cohort. The aim of 

this study was to investigate genetic factors conferring increased susceptibility for MMD in Northern-

European patients. This knowledge entails the possibility of targeted diagnostic and therapeutic options 

according to genetic background in MMD in different populations. 
 

Material and Methods 
Adult patients of Northern-European origin treated surgically for MMD at Oslo University Hospital between 

October 2018 to January 2019 were included. Whole-exome sequencing with bioinformatic analyses and 

variant filtering was conducted, including 1) family-based analysis under a dominant model, 2) de novo 

mutation analysis of a family trio, 3) analysis of homozygous regions and 4) candidate gene analysis. 

Candidate genes were previously reported in MMD or in angiogenesis. 
 

Results 
We identified nine variants of interest in eight genes, of which five encode proteins involved in nitric oxide 

(NO) metabolism: NOS3, NR4A3, ITGAV, GRB7 and AGXT2. A de novo variant was detected in the AGXT2 

gene not previously reported in MMD. Furthermore, none of our patients harbored any missense variants 

known to be associated with East-Asian MMD. 
 

Conclusion 
Our results suggest a mechanism involving the NO regulation pathways underlying the pathophysiological 

changes in MMD in Northern-European patients, and different genetic susceptibility variants compared to 

known genetic risk variants in East-Asian MMD. A more precise understanding on underlying genetic and 

epigenetic factors in MMD pathophysiology will allow for improved diagnostic and treatment strategies for 

MMD. 
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Background 
Most unruptured intracranial aneurysms (UIA) are discovered incidentally and are treated conservatively. 

Diagnosis of UIAs can be a huge psychological burden. Patients with UIAs suffer from more anxiety and 

depression compared to the general population[1][1]. Working capacity may serve as a marker for the total 

level of functioning including mental health and psychological burden of the disease. The aim of this study 

was to assess working status before and after diagnosis of UIA.  

  
 

Material and Methods 
This retrospective nationwide registry-based study included all adult patients in working age diagnosed with 

an unruptured intracranial aneurysm in Norway between 2008 and 2018. Data from The Norwegian Patient 

Registry and The Norwegian Labour and Welfare Administration were linked on an individual level. Daily 

sickness and disability benefits recipiency, as an indirect measure of working status, one year prediagnosis 

to one year postdiagnosis was analysed.  

  
 

Results 
1966 patients were included. Of these, 65% were female. Mean age at diagnosis was 52 years (SD 11). 

Figure 1 shows daily proportion of working status among patients diagnosed with UIA during a 2-year period, 

from one year prediagnosis to one year postdiagnosis. Proportion of working patients decreased from 64% 

one year before diagnosis to 54% three and six months, and 56% twelve months after diagnosis. Proportion 

of patients working full-time decreased from 57% one year before diagnosis to 44%, 45% and 47%, three, 

six, and twelve months after diagnosis. Multivariable binary logistic regression analysis showed that higher 

age at diagnosis was associated with not working at diagnosis, and three, six, and twelve months after 

diagnosis (p<0.001). No association was found between patient sex and working at diagnosis, three, six, and 

twelve months after diagnosis.  



 
Figure 1. Working status before and after diagnosis of UIA 
 
 
 

Conclusion 
Diagnosis of UIA might affect patient working status. Further research is required to investigate whether 

working status is affected by comorbidities or symptoms that led to the diagnosis of UIA in the first place or 

the psychological burden of the diagnosis. 
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Background 
The thoracolumbar junction represents a transition zone of the spine that leads to a high incidence of 

fractures. The treatment of burst fractures remains controversial regarding the ideal management. This study 

assessed the postoperative radiological outcome of thoracolumbar junction (TLJ) fixation in patients with TLJ 

who underwent surgery. 

  
 

Material and Methods 
All traumatic patients with TLJ injuries who were referred to the Khatam hospital of Zahedan between 2015-

2020, with their thoracolumbar injury classification and severity score (TLICS) of four or more and who 

underwent surgery, were included in this study. The patients who entered the study were called for a follow-

up examination. The degree of kyphosis, proximal junctional kyphosis (PJK), and fusion were assessed in 

these patients. 

  
 

Results 
Among 273 patients, the average age was 43.5±12.3 (21-73) years. One hundred ninety-eight patients 

(72.5%) had no neurological symptoms at admission. Based on the above criteria, the kyphosis angle of 

these patients was calculated before surgery, which in 46 patients (16.8%), the kyphosis angle was more 

than 25 degrees. Pre-operation kyphosis was significantly associated with follow-up kyphosis (p <0.001). 

Evidence of no fusion was also observed in 22 patients (8.1%). According to the Chi-Square test, no 

association was observed between preoperative kyphosis and postoperative complications, including PJK 

and fusion (p> 0.05). 

  
 

Conclusion 
According to our study, the posterior spinal fixation procedure is a low-complication method with an 

acceptable radiological outcome. Although kyphosis before surgery is a factor in developing long-term 

kyphosis, it is not associated with nonfusion and PJK. 
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Content 
Background 

7 Tesla MRI is on the verge of clinical breakthrough with approximately one-hundred 7 Tesla MRI systems 

installed world-wide, of which three are located in Scandinavia (Trondheim in Norway, Copenhagen in 

Denmark, and Lund in Sweden). Increasing the field strength from standard clinical 1.5-3.0 Tesla to 7 Tesla 

carries the advantage of an increased signal-to-noise ratio, which can be used to increase the image 

resolution. This can be of great value when it comes to separate different pathologies otherwise difficult to 

distinguish. We here present a case with initially suspected low-grade glioma. 

 

Case 

An adolescent underwent 1.5 Tesla MRI as part of routine investigation of a headache. A 10x16 mm area of 

increased FLAIR-signal in the middle part of the cingulate gyrus was detected and radiologically followed 

due to suspicion of a low-grade glioma. Three follow-up MRIs were performed on different 1.5 Tesla systems 

with varying imaging parameters, where a growth of the lesion was suspected and surgery was considered. 

As part of the pre-surgical work-up a 7 Tesla examination was done. An isotropic 0.75mm3 3D T1 MP2RAGE 

sequence was performed and showed a blurring of the junction between gray and white matter, as well as an 

abnormal architecture of subcortical layers. These findings are consistent with a focal cortical dysplasia (a 

sub-group of cortical malformation), rather than a neoplasia. Surgery was postponed and a new 7 Tesla 

examination was carried out 6 months later, showing no change. 

 

Discussion 

This case shows the clinical potential of 7 Tesla imaging in patients with suspected but not typical imaging 

findings of low grade gliomas, and may be a valuable part of the diagnostic work-up of these patients in the 

future. 
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Background 
Nearly the entire cerebral cortex project to the striatum. Due to extensive cortical connectivity, the 

corticostriatal circuitry plays a key role in a wide range of adaptive behaviors. Dysregulation of corticostriatal 

connectivity is related to many neurological and psychiatric disorders, such as schizophrenia. Corticostriatal 

projections follow a topographical organization conserved across vertebrates, indicating the evolutionary 

advantage of normal structure and function of this circuitry. The general principle of this organization is that 

cortical areas with similar functions project to the same region within the striatum. This tripartite model posits 

three functional subcircuits: (1) sensorimotor cortical regions mainly project to the dorsolateral striatum, (2) 

associative cortical regions to the dorsomedial striatum, and (3) limbic cortical regions to the ventral striatum. 

Considering the significant role of these projections for normal brain function, a precise mapping of this 

circuitry is needed for neuroimaging studies requiring correct anatomical understanding. To date, there has 

been no systematic review of corticostriatal projections, and an atlas of corticostriatal projections is lacking. 
 

Material and Methods 
To address this research gap, we performed a study in three main parts. Firstly, a systematic review of 98 

non-human primate anatomical tracing studies was conducted where cortical regions were designated 

according to the tripartite model. Secondly, an atlas covering almost the entire human cerebral cortex was 

created based on this classification after thorough assessment of homology. The atlas was implemented as 

a parcellation for the standard FreeSurfer template, fsaverage. Thirdly, the new cortical atlas was validated 

using probabilistic tractography of diffusion-weighted (DWI) based imaging data in 24 healthy human 

subjects. 

  
 

Results 
Our systematic review revealed projections from nearly all regions of the primate cerebral cortex to the 

striatum. Topographic distribution was assessed based on the tripartite subdivision. DWI-validation showed 

that projections (including overlapping regions projecting to more than one striatal target subdivision) to the 

associative striatum occupy the largest area relative to the whole-cortex area, followed by sensorimotor and 

limbic regions. 
 

Conclusion 
We present a new, DWI-validated cortical labeling scheme of the human cerebral cortex, the corticostriatal 

projection (CSP) atlas. We will make our atlas freely available for all research purposes. 
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Background 
The purpose of this study was to assess the reliability of a novel muscle fat index (MFI) describing fatty 

infiltration of the paraspinal muscles and its association with pain and disability in patients with LSS. 

  
 

Material and Methods 
Preoperative axial T2 weighted images from routine lumbar MRI examinations of 243 patients (mean age 

66.6 ± 8.5 years, 119 [49%] female) with symptomatic LSS from the Norwegian Degenerative 

Spondylolisthesis and Spinal Stenosis (NORDSTEN) study were evaluated in a cross-sectional design. Fatty 

infiltration was assessed by both the MFI and the Goutallier Classification System (GCS). The MFI was 

calculated as the signal intensity of the psoas muscle divided by that of the multifidus and erector spinae. 

Observer reliability was assessed for 102 consecutive patients between four independent investigators (two 

musculoskeletal radiologists and two spine surgeons) by Intraclass correlation coefficient (ICC) and 95% 

limits of agreement (LoA) for continuous and Gwet’s agreement coefficient (AC1) for categorical parameters. 

Associations between fatty infiltration and pain intensity (by numeric rating scales for back and leg pain) and 

disability (by the Oswestry Disability Index and the Zurich Claudication Questionnaire) were assessed by 

univariate and multivariate regression analyses. 

  
 

Results 
Interobserver reliability was good for the MFI (ICC 0.81) and fair for the GCS (AC1 0.34). Intraobserver 

reliability was good or excellent for the MFI (ICC range 0.86 to 0.99) and ranged from moderate to almost 

perfect for the GCS (AC1 range 0.55 to 0.92). Mean interobserver differences of MFI measurements ranged 

from -0.01 to -0.10 with LoA ranging from -0.33 to 0.18. Mean intraobserver differences ranged from 0.05 to 

0.1 with LoA ranging from -0.15 to 0.22. The widest and the narrowest LoA for inter- and intraobserver 

measurements are presented by Bland –Altman plots in figure. Adjusted for potential confounders, none of 

the disability or pain parameters were significantly associated with the MFI or the GCS. 

 



 
Mean differences (red lines) and 95% limits of agreement (dashed blue lines) for inter- and intraobserver measurements of the muscle 
fat index (MFI); a: between a radiologist and a surgeon, b: between the radiologists, c: a surgeon, d: a radiologist 
 
 

  
 

Conclusion 
The proposed MFI for assessment of fatty infiltration in the paraspinal muscles using routine spine MRI 

demonstrated high observer reliability but was not significantly associated with preoperative pain or disability. 
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Background 
This study is part of a larger project[1][2][3] aiming to improve imaging and treatment options for patients with 

chronic low back pain and vertebral bone marrow changes (Modic changes, MCs) on MRI. MCs are of three 

types. Type 1 (edema type) has been hypothesized to represent a potential source of back pain. Diffusion 

weighted MRI with apparent diffusion coefficient (ADC)-measurements has been used to study inflammatory, 

infectious, and malignant bone marrow lesions. However, few have studied ADC measurements in MCs. 

Further studies require reliable and valid measurement. 

 

Purpose: 

To assess ADC values in MCs for interobserver reproducibility and relation to MC type. 

  
 

Material and Methods 
We used ADC maps (b 50/400/800 s/mm2) from 1.5 T MRI of 90 patients with MCs (mean age 44 years, 54 

women). Two radiologists independently measured ADC in fixed-sized regions in the MC (highest mean 

value), in normal vertebral bone marrow, and in cerebrospinal fluid (CSF). This generated the variables MC-

ADC (ADC in MC), MC-ADC% (0%=vertebral body, 100%=CSF) and MC-ADC-ratio (MC-ADC/bone marrow 

ADC). The relation between ADC variables and MC type was analysed in linear mixed-effects models and by 

calculating area under the receiver operating curve (AUC). Limits of agreement (LoA) were used to assess 

interobserver reproducibility. 
 

Results 
There were 224 MCs TH12-S1, comprising type 1 (n=111), type 2 (n=91) and type 3 groups (n=22). All ADC 

variables had higher predicted mean for type 1 vs 3 vs 2 (p<0.001 to 0.002); MC-ADC (10-6 mm2/s) 

1201/796/576, MC-ADC% 36/21/14, and MC-ADC-ratio 5.9/4.2/3.1. MC-ADC and MC-ADC% discriminated 

best between the MC type groups (see Figure with AUC below). MC-ADC had narrowest interobserver LoA, 

7 ± 316 (10-6 mm2/s) across L4-S1, and fewest interobserver differences exceeding 50% of the observers’ 

mean value (9% of differences vs 17-20% for the two other ADC variables). 

 



 
Receiver operating characteristic curves and AUC values describing the ability of each ADC variable to discriminate between the Modic 
type groups. MC-ADC and MC-ADC% discriminated better between MC type 1 and type 2, and between type 1 and type 3 than did MC-
ADC-ratio (p 0.005 to <0.001). 
 
 
 

Conclusion 
MC-ADC had better interobserver reproducibility than MC-ADC% and MC-ADC-ratio, and discriminated 

between MC type groups. This finding fits well with previously reported histology of MCs, and supports the 

validity of the MC-ADC measurements. 
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Background 
Clinical evidence suggests that electroconvulsive therapy (ECT) is a beneficial modality for alleviating 

treatment-resistant depression (TRD) — yet there is a dearth of information on ECT’s longitudinal side 

effects on motor coordination. Utilizing advanced magnetic resonance imaging (MRI) scans, our study 

addresses: (1) Do brain areas mediating motor function fluctuate volumetrically due to ECT? (2) Does ECT 

affect fine motor skills? And (3) what is the relationship between these two metrics? 
 

Material and Methods 
The study design was proposed and outlined in Oltedal et al. 2015. Participants included TRD patients (n = 

37) and matched controls (n = 16). Data was obtained at: baseline (pre-ECT), 7-14 days post-ECT series 

(“B”), and 6-months post-ECT series (“C”). Brain regions of interest (ROIs) include the motor cortex, 

cerebellum, and basal ganglia. Fine motor skills were quantified by the grooved pegboard test (GPT). 

Neuroimaging was acquired on either a 3T GE Signa or a 3T Discovery. Structural data was obtained using 

FreeSurfer. All statistical analyses were conducted using R. False discovery rate (FDR) is included, where 

significant differences indicate pFDR < 0.05. 
 

Results 
Refer to Table 1.  



 
Details pertaining to statistical models. 
 
Between groups, there were significant differences with respect to GPT score yet no significant differences 
with respect to change in GPT score (pre - post). Within patients, there were significant percentage changes 
between baseline and time point B in motor cortex and basal ganglia volumes. Within patients, there were no 
significant percentage changes between baseline and time point C. Both within patients and with respect to 
group effects, there were no significant relationships between GPT score change and ROI percentage 
change. 
 



Conclusion 
Patients with TRD possess inferior fine motor skills compared to controls and our findings indicate ECT does 

not impact fine motor skills. In the short term, volumetric changes in patient ROIs were observed in the motor 

cortex and basal ganglia. In the long term, no volumetric changes were observed. We found no significant 

relationship between GPT performance and volumetric changes in ROIs. All these data suggest that patients 

should not expect changes in motor coordination following ECT, especially in the long term. 
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Background 
Presurgicalmapping of areas responsible for the production and comprehension of language is essential to 

minimize the risk of postoperative deficits in patients who receive surgery in the language dominant 

hemisphere. Today, neuroimaging is the method of choice. 

The present study replicates an earlier developed visual language paradigm, and extends it to a paradigm 

that is independent from the sensory modality of the stimuli and, hence, could be administered either visually 

or aurally, such that both patients with limited sight or hearing could be examined.  

 

  
 

Material and Methods 
Twenty-one healthy Norwegian-speaking participants (10m/11f) were recruited for the study. The participants 

were all right-handed, aged 21 to 50 years.  

The stimuli were simple sentences, based on the television show “Jeopardy!” [Berntsen et al., 2006]. The 

subjects were presented with an answer and were required to respond by generating the corresponding 

question. The participants were instructed to formulate their questions as a sentence, starting with the 

phrase “what is <target word>”. This required the subject not only to understand the content of the sentence 

but also to formulate a response that had a semantic relation to the content of the presented sentence. 

Thereby, this paradigm does not only test perception of the stimuli, but also to some extend sentence and 

semantic processing, and covert speech production within one task. 
 

Results 
When the sensory base-line condition was subtracted, both the auditory and visual version of the paradigm 

demonstrated a broadly overlapping and asymmetric network, comprising distinct areas of the left posterior 

temporal lobe, left inferior frontal areas, left precentral gyrus, and supplementary motor area. The 

consistency of activations and their asymmetry was evaluated with a conjunction analysis, probability maps, 

and intraclass correlation coefficients (ICC). This underlying network was further analysed with dynamic 

causal modelling (DCM) to explore whether not only the same brain areas were involved, but also the 

network structure and information flow were the same between the sensory modalities. 
 

Conclusion 
In conclusion, the paradigm reliably activated the most central parts of the speech and language network 

with a great consistency across subjects, and independently of whether the stimuli were administered aurally 

or visually. However, there was individual variability in the degree of functional asymmetry between the two 

sensory conditions. 
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Background 
Isocitrate dehydrogenase 1 and 2 (IDH1 and IDH2) gene status has become one of the most important 

genetic mutations in the classification of diffuse gliomas. IDH status has a direct impact on the diagnosis of 

glioma type, and hence both patient treatment and outcome requires early identification. Mutations in IDH 

gene lead to increase of intracellular 2-hydroxyglutarate (2HG). Currently, immunohistochemistry and 

genomic sequence analysis are the gold standard methods for identifying IDH mutations, but 2HG magnetic 

resonance spectroscopy (MRS) has gained attention with its relative high sensitivity and specificity to predict 

IDH status non-invasively. We examined the diagnostic performance of 2HG MRS at predicting IDH status in 

a subset of participants included in a project studying cognitive function in patients with diffuse gliomas. 
 

Material and Methods 
We included 20 patients with confirmed diffuse gliomas where both preoperative 2HG MRS data and genetic 

analysis of tumor IDH mutation status was available. 

2HG MRS data were acquired with a asymmetric PRESS sequence, TE=97ms, TE1=26ms, TR=2000ms, 

172 degrees flip, in a 20x20x20 voxel; 128 repetitions + 8 water-unsuppressed reference scans, 5kHz 

bandwidth and 4096 sample points at a 3T. Spectra were fitted in LCModel version 6.3-1H, with a basis set 

simulated using fast spatially resolved 2D density-matrix simulations for our specific timing parameters and 

refocusing pulse shape. Specificity and sensitivity of 2HG MRS was calculated. 
 

Results 
Genetic analysis showed that 14 subjects had a glioma with IDH mutation; MRS analysis detected 2HG in 9 

of these gliomas, with a sensitivity of 64%. Beta-hydroxybutyrate (bHB) was detected in a further two 

gliomas. Sensitivity of 2HG MRS can be increased by combining 2HG with other metabolites, such as bHB 

which in our case yields a sensitivity of 78%. 2HG MRS accurately identified patients without IDH mutation, 

with a specificity of 100%. 
 

Conclusion 
Our results confirm that 2HG MRS can detect 2HG level in diffuse gliomas. However, the sensitivity in our 

pilot study is somewhat lower than expected. Tumor volume is closely linked to sensitivity and therefore the 

next step is to look at the relationship between 2HG MRS and tumor volume. Furthermore, the signal-to-

noise ratio and voxel size can influence sensitivity, which can be improved by slightly altering our sequence. 

The results of this pilot are encouraging and after adjustment of our method, we will evaluate the accuaracy 

of 2HG MRS in a prospective study. 
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Background 
Strategies in management of incidental unruptured intracranial aneurysms (UIAs) remain challenging, and 

depend on their perceived risk of rupture, estimated from the assumed prevalence of aneurysms and 

incidence of subarachnoid haemorrhage (SAH). Reported prevalence varies widely, and consistent criteria 

for definition of an aneurysm are lacking. This study aims to study the prevalence in a general population 

and show how it changes with different aneurysm definitions. 

  
 

Material and Methods 
Cross-sectional study (Tromsø 7) conducted between January 2016 and November 2017, using 3- 

dimensional time-of-flight magnetic resonance angiography on 3 Tesla MRI to identify size, type and location 

of unruptured intracranial aneurysms in 1862 adults aged 40 to 84 years. Five different definitions of saccular 

intracranial aneurysms were used. 

  
 

Results 
122/1862 participants (6.6% [95 % CI 5.4-7.6]) had intradural aneurysms ≥ 2 mm. 71 participants (3.8% [95 

% CI 3.0-4.8]) had intradural aneurysms ≥3 mm and 137 (7.4% [95 % CI 6.2-8.6]) had intradural aneurysms 

≥1 mm. 137 participants (7.4% [95 % CI 6.2-8.6]) had intra- and extradural aneurysms ≥ 2 mm and finally, 

155 participants (8.3 % [95 % CI 7.1-9.7]) had intra- and extradural aneurysms ≥ 1 mm. 

  
 

Conclusion 
The prevalence of aneurysms in previous population-based MRI studies vary; HUNT (1.9%)[1], Rotterdam 

Scan Study (2.3%)[2], and the Shanghai Study (7.0%)[3]. Use of 3 Tesla MRI (one previous study), improved 

post processing and varying definitions of size, type and location probably contribute (Table 1). In this study, 

the prevalence varied from 3.8 % (intradural aneurysm ≥ 3 mm) to 8.3 % (all aneurysms ≥1 mm), depending 

on the definition. Prevalence is crucial when estimating risk of rupture, and as we, additionally, know the 

annual incidence of SAH in the same population, we can calculate the annual risk of rupture. As criteria for 

definition of UIAs are lacking, more robust and consistent radiological definitions of intracranial aneurysms 

would be appreciated.  

 

Year Authors Study N MRI field 
strength 
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sequenc

e 

Post-
processi

ng 
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es 

Includin
g 

extradur
al 

aneurys
ms 

Aneurys
m size, 

treshold 

Prevalen
ce of 
UIAs 

2013 Müller et 
al. 

HUNT 1006 1.5 Tesla 3D-TOF-
MRA 

MIP, 
MPR 

unknown unknown 1.9% 

2016 Bos et al. Rotterda
m 

5800 1.5 Tesla PDW MPR unknown unknown 2.3% 



2013 Li et al. Shanghai 4813 3 Tesla 3D-TOF-
MRA 

VR, MIP, 
MPR 

yes ≥2 mm 7.0% 

2022 Johnsen 
et al. 

Tromsø 
7 

1862 3 Tesla 3D-TOF-
MRA 

VR, MIP, 
MPR 

no ≥2 mm 6.6% 

3D-TOF-MRA; 3-dimentional time-of-flight magnetic resonance angiography, PDW; proton density-weighted, MIP; maximum intensity 
projection, MPR; multiplanar reconstructions, VR; volume-rendered, 
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Background 
In acute ischemic stroke (AIS), rapid treatment with intravenous thrombolysis (IVT) is crucial for good patient 

outcome. Consequently, there is focus on time saving initiatives. However, the number of stroke mimics (SM) 

rises as treatment times decrease. The aim of this study was to reassess all SM diagnoses in a six years 

period. 

  
 

Material and Methods 
All patients with SM diagnoses treated with IVT from January 1st 2015 to December 31st 2020 were 

reanalyzed. Acute CT perfusion (CTP) and MR imaging (MRI) from day 0 to 3 were reassessed. Radiological 

findings were compared to clinical symptoms and results from diagnostic work up. 

  
 

Results 
 

 
Clinical and radiological findings 
 
959 patients had IVT treatment, 207 were filed as SM. In 17 of these patients diagnostic reassessment 



revealed findings suggestive of an acute ischemic event (8.2%). Median age of these patients was 52 (IQR 
33 – 67). The SM patients rediagnosed as an ischemic event were younger than IVT treated stroke patients 
(median age 72, IQR 60 -81, p<0.001) but there was only a numerical age difference as compared to real 
SM patients (median age 58, IQR 44 - 72, p=0.18). 
In one patient, a subtle cytotoxic edema was found on diffusion weighted imaging. All other patients had no 
cytotoxic edema on MRI. In 4 patients the CTP deficit was located in the right hemisphere, in 6 in the left 
hemisphere, in 7 infratentorially, all in the AICA territory. 
The initial symptoms of the patients and the vascular territories are shown in table 1. The perfusion deficits 
varied from small, lacunar areas to larger areas showing less extensive perfusion deficits. Of note, in the 
patients with vertigo, all perfusion deficits were located unilaterally in the middle cerebellar peduncle. 

  
 

Conclusion 
8.2% of the patients diagnosed as IVT treated SM were rediagnosed to have had an ischemic event. These 

patients were younger as compared to IVT treated stroke patients. A wrong SM diagnosis may inherit 

serious consequences for the patients. A correlation of precise described symptoms with radiological images 

is crucial for correct diagnosis, also in patients with DWI negative follow up MRIs. 
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Background 
An aneurysmal subarachnoid hemorrhage (aSAH) is life-threatening hemorrhagic stroke. aSAH is more 

common among women, and often strikes in the middle of life. For their significant others, it can result in a 

great strain and changes in life. Significant others are an important group for persons recovering from an 

aSAH.  

  
 

Material and Methods 
A qualitative interview study with cross-sectional design. Inductive manifest qualitative content analysis was 

used. Eight transcribed interviews were analyzed. 

 

The aim of this study was to investigate experiences of own support needs, and their provision of support in 

significant others to persons suffering from 

from aneurysmal subarachnoid hemorrhage. 

 

 

  
 

Results 
The participants were six women and two men, and different relationships to the person who have had aSAH 

were represented. The content analysis resulted in two categories and eight subcategories. The category 

‘The burden of being a close relative’ includes descriptions of anxiety, the need for information from 

healthcare, to constitute support in everyday life and an affected relationship with the person who has had 

aSAH. The category ‘Impact on their own lives’ contains descriptions of the support they themselves have 

received or needed, that their own social life and housing have been affected, and that their own attitude to 

life has changed. 

  
 

Conclusion 
Being significant other to a person recovering from an aSAH can be a great strain that lasts for a long time. 

The results show that the significant others experienced different forms of stress, and for some of them that it 

had a great impact on their own lives. 
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Background 
The WHO’s global patient safety action plan for 2021-2030 emphasises the importance of involving patients 

in safety and calls for strategies to reduce preventable patient harm. It is established that patients are willing 

to participate in own safety, but there is a need for initiatives to empower them in doing so. Few studies exist 

on patient-completed checklists. The aim for this research project was to develop and validate patients’ own 

surgical safety checklist (PASC), to increase patients’ involvement in safety and to investigate the checklist 

feasibility in preparation for a planned Stepped Wedged Cluster Randomised Controlled trial.  
 

Material and Methods 
This study is a part of a complex intervention project at two Norwegian hospitals; referrals for 1.1 million and 

110,000 inhabitants, respectively, utilising qualitative and quantitative methods. Eleven focus group 

interviews of surgical patients and healthcare workers were performed to identify risk areas related to 

surgery. To develop and validate PASC a consensus process, item content validation index (I-CVI) scores 

and face-validity was applied. Internal consistency was assessed with intraclass correlation. PASCS 

feasibility was assessed using descriptive statistical analyses and focus group interviews. Content analyses 

were applied to the qualitative data.  
 

Results 
A total of n=25 patients and n=27 healthcare professionals identified patient surgical risk areas. The findings 

were used to develop the checklist-items of PASC. Validation was performed by elective surgical patients 

(n=215). Following revision a high PASC item agreement was achieved; S-CVI Ave >0.85, PASC items 

reliability scores were 0.97 and post-surgical patients indicated a strong face-validity. Feasibility was 

investigated on the same patient population and a high percent PASC item usage was achieved; 86,8% 

patients used 80-100% of the items. Patients were positive and would re-use PASC. However, some 

inhibitors were identified; timing of receiving and completing the checklist, the need for healthcare 

professionals involvement, and the need for simplification of some checklist items.  

  
 

Conclusion 
PASC developent and validation has gone through a rigorous process. The feasibility of PASC indicates that 

surgical patients’ are willing to use the checklist. Patient’s reports that it increases their feeling of safety, 

systemise information, increase communication and gives support through the surgical pathway. It is feasible 

to implement PASC in a stepped wedged cluster RCT. 
 



 

Neuronursing  
A-144 
 

Phase I/ First-in-human (FIH) trial seen from a clinical research nurse (CRN) perspective. 

 
S. Ginsborg1, A. Azam2, J. Skjøth-Rasmussen2, A. Kjær3 
1Rigshospitalet, Neurosurgical department, copenhagen, Denmark, 2Rigshospitalet, Neurosurgical department, 

Copenhagen, Denmark, 3Rigshospitalet, Clinical physiology and nuclear medicine, Copenhagen, Denmark  
 

Background 
Malignant glioma (WHO grade III and IV) is the most common malignant brain tumor, with an incidence of 

<10 in 100.000 people. The prognosis is poor with a median survival of approximately 15 months with 

optimal treatment. Surgery is as standard treatment to remove tumor cells. It is a complex procedure in the 

brain and radical surgery is a challenge for the surgeon. Since the introduction of the fluorescent 5-ALA 

(Gliolan®) in 2006 it has obtained acceptance worldwide as a adjunct to obtain radicality, but it has 

limitations. FG001 is a new fluorescent under investigation for the surgery of malignant glioma in Denmark. 

Aim: To describe a FIH-study in the clinic from the perspective of a CRN. 
 

Material and Methods 
Typical a FIH trial is done in healthy volunteers. As malignant glioma is an oncology indication, it allows a 

FIH to start directly in a hospital setting. To evaluate safety, tolerability of single i.v. doses of FG001 

investigational medicinal product (IMP), several protocol related tests are needed, when the patient are 

including in the trial. The FIH is as a dose escalation trial with 8 steps from 1 mg to 48 mg. Every step is 

evaluated before moving on, which are typical for FIH. Trial specific procedures such as mix the IMP specific, 

ensure blood samples, electrocardiogram, vital signs and adverse events are monitored. 
 

Results 
An important factor in FIH trial is building up a close relation to the trial patient, the first meeting is an 

important step. The connection from “a good clinical science surface” and “a good practical care” 

summarizes the unique combination that a CRN -represents. Being able to follow the patient from “Inclusion” 

– to- “Dose Administration”, “Surgery” and finally “End of Trial” is a journey. The trial period is monitored 

closely related to safety, also is it approved by the competent authorities, e.g.: Danish Medicine Health 

Authorities (DMHA) together with the ethical committee (EC). 

  
 

Conclusion 
To be a successful CRN and handling last minute changes are mandatory as well as being prepared for 

unexpected events. Working with a FIH trial is about navigating the setup with a high level of structure to 

ensure safety and enable well-structured monitoring. Preparation, flexibility and passion is key elements and 

essential in a trial like FIH. The CRN has the ability to give hope and better treatment. Phase I / FIH with 

FG001 is a way to get closer to that hope, more specific surgery and les side effects for the patients. 
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Approaches to use experience data from next of kin and bereaved for quality improvements 

in healthcare settings 

 
M. Fält1, E. Degsell2, P. Gustavsson3, A.-C. von Vogelsang3 
1Karolinska University Hospital, Department of Neurosurgery, Stockholm, Sweden, 2Karolinska University Hospital, 

Stockholm, Sweden, 3Karolinska Institute, Stockholm, Sweden  
 

Background 
People with long-term chronic disease often have a lifelong adaptation process to manage their life and self-

care. Families and friends supporting patients’ self-care and conducting informal care often also need to 

adapt to manage various situations in their own life and the patient’s life. The time they spend on handling 

life in presence of a long-term chronic disease is huge and the experience people build up is tremendous. 

This project aim to develop a complex intervention that strengthens roles and relationship by learning from 

how others in similar situations adapt and manage life in presence of long-term chronic diseases. 

  
 

Material and Methods 
A systematic review is under working process to investigate the existing evidence on how to capture lived 

experience and use it for quality improvement initiatives in healthcare settings. 

 

On parallel, a multidisciplinary team has since 2020 been working on a digital storytelling project for patients 

and their next of kin. Each digital story is based on a personal script and contains personal images, videos, 

and sounds, filmed by the author using a mobile phone or tablet. Stories reflect on the central questions 

“With the experience you have today, what advice would you have liked to give to yourself and others? What 

did you do well, and what would you do differently?” 

  
 

Results 
Preliminary findings will be presented on the evidence on interventions that focuses on the lived experiences 

of informal caregiver and bereaved, that strengthens roles and relationships and are used in quality 

improvement systems. In addition, experiences from the work on producing the digital stories will be 

presented. 
 

Conclusion 
Approaches to use experience data from next of kin and bereaved for quality improvements in healthcare 

settings are under development. 
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glioma patients awaiting surgery 
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1Haukeland University Hospital, Department of Physical Medicine and Rehabilitation, Bergen, Norway, 2University of 

Bergen, Department of Biological and Medical Psychology, Bergen, Norway, 3Haukeland University Hospital, Department 
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rehabilitation, Bergen, Norway, 7Haukeland University Hospital, Department of Phdyical Medicine and Rehabilitation, 

Bergen, Norway  
 

Background 
Systematic and standardized assessment of language skills is not routinely performed in patients with 

suspected glioma before surgery. While reduction in language performance is acknowledged, the 

association with psychological distress, i.e. symptoms of anxiety and depression, and the impact of quality of 

life (QOL) is less well known. The purpose of the present study was to explore subjective and objective 

language function in patients awaiting surgery and to investigate potential associations with self-reported 

psychological distress and QOL. 

  
 

Material and Methods 
Thirty-seven patients awaiting glioma surgery were assessed with language tasks (naming, vocabulary, 

verbal short-terma and working memory, and fonemic and semantic fluency). Additionally, they were asked 

to answer questionnaires on psychological distress (Hopsital Anxiety and Depression Scale, HADS) and on 

QOL (FACT-BR). From the latter, itemes addressing concerns about language and language associated 

cognitive functioning were also sperately analysed. Due to a small sample size, Spearman rho correlations 

and regression analyses were used to analyse the data. 

  
 

Results 
Performance scores showed normal or near to normal language skills at group level. Impairment, i.e. 

performance at least one standard deviation below average was found in 32% during confrontation naming 

and in 25% on tasks for verbal short term and working memory. Eighty percent of the patients reported at 

least one concern about language or language associtaed skills. Decreased emotional well-being was 

detected, and about half of the sample demonstrated symptoms of anxiety. Regression analyses indicated 

that symptoms of depression were negatively associated with all aspects of QOL while language skills were 

associated with overall and functional well-being while controlling for depression. 

  
 

Conclusion 
Glioma patients awaiting treatment are confronted with serious illness and uncertainty about the future. 

Psychological distress and subjective concerns are highly prevalent and are associated with reduced QOL. 

Even subtle difficulties with language function can raise concerns and may indicate functional changes. Our 

findings underline the importance of base-line assessment to prepare clinical follow-up during the course of 

disease. 
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Close-to-bedside MRI scanning in the Neurointensive care unit: a safe and effective method 

 
J. Engström, M. Ringholm 
Neurosurgical intensive care unit, Linköping, Sweden  
 

Background 
CT scanning in NICU is safe, minimizes risk of physiological deterioration and time away from the controlled 

environment in the NICU. The risk of secondary brain injury decrease if the patient’s physiology is 

maintained stable and monitored by NICU nurse. In addition to CT, MRI is often needed during the time in 

NICU but has been limited in access and availability. In January 2020 a new MRI scanner was installed in 

NICU, Linköping Sweden. This opened up the opportunity to perform close-to-bedside MRI scanning of 

NICU patients. 
 

Material and Methods 
A team of NICU nurses and assistant nurses cooperated with the department of radiology and IMRIS. We 

developed a method where patients are transported from the NICU room into the MRI scanner. Protocols 

established to ensure a safe and effective execution of the procedure. We had clinical simulations, found a 

method suitable for the settings in our environment. Patients are prepared in the NICU room. ECG, POX and 

ABP are switched to MRI safe equipment. Before transporting the patient to the scanner we go through the 

checklist to ensure that no metal or unsafe equipment follows the patients or staff. Patient is then moved to 

the MRI table, transported and handventilated into the scanner. Time from ventilator to ventilator is about 4 

minutes. MRI scan is then performed overviewed by NICU staff. Back at the NICU room monitoring that 

cannot be measured during MRI scan such as ICP, EEG, microdialysis can immediately start again, since all 

equpment used is MRI compatible. 
 

Results 
Since startup we have performed 381 scans. 130 intubated and 48 non intubated NICU patients, 26 ICU 

patients with covid-19 and rest is pre- and postoperative patients from the neurosurgical ward. Overall there 

has been no breach of protocol during the scans. Two serious incidents have occurred with covid-19 

patients. These incidents have been analysed and probably happened because of a slightly different setup 

that did not follow the protocol developed for the NICU patients. No patients or staff where harmed and 

measures have been taken. 
 

Conclusion 
We implemented a close-to-bedside MRI scanning on NICU patients that is safe and effective. The 

availability for MRI scans have significally increased both for NICU and the ward. Patients remain in the 

NICU environment and are monitored by NICU staff during the whole procedure. This contributes to patient 

safety, which we currently measure in a safety study. In this study we look at physiology parameters before, 

during and after the MRI scan. 
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Background 
There is no formalized or specialized continuing education for experienced neuro nurses in Denmark. The 

lacking education represents a challenge to the highly specialized neurological and neurosurgical 

departments, as research shows that experienced nurses who do not experience adequate professional 

challenges lose their commitment and consider leaving their position. Thus, there is a need to ensure 

continuous competency development for experienced nurses in highly specialized neuroscience nursing. 

 

Our objective was to create a locally-based competency development program for nurses with more than 

one year of experience in a neurological and neurosurgical department. 
 

Material and Methods 
The Danish national recommendations for competency development and career paths in neuro nursing, 

published in 2020, were discussed in a working group across the highly specialized neurological and 

neurosurgical department at Aarhus University Hospital. Based on a decision to uncover the nurses' interests 

and needs for competency development, a focus group interview with seven participants was conducted, 

showing a need for establishing a competency development program. After suggesting several topics, 

experienced nurses rated the most vital to include. The ratings formed the basis for creating a local 

competency development program throughout six working meetings. 
 

Results 
Ten modules were developed and described; 1. Neuroanatomy and -Pathology, 2. Acute Nursing, 3. 

Neurorehabilitation, 4. Conflict Management, 5. Patient and Relative Perspective, 6. Pain, Nausea and 

Palliation, 7. Dysphagia, 8. Diploma Module in Neurorehabilitation, 9. The Patient's Pathway, 10. Continuing 

Education in Palliation. 

  
 

Conclusion 
It is possible to create a competency development program for experienced neuro nurses, where the 

individual modules can be selected based on the nurse's interests and needs. 
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Direct pathway to early specialized rehabilitation after TBI: a five-year trend and the impact 

of Covid-19  

 
C. Tverdal1, N. Andelic2, E. Helseth1, C. Brunborg3, P. Rønning1, T. Hellstrøm2, C. Røe2, M. Aarhus1 
1Oslo University Hospital, Neurosurgery, Oslo, Norway, 2Oslo University Hospital, Physical Medicine and Rehabilitation, 

Oslo, Norway, 3Oslo University Hospital, Oslo Centre for Biostatistics and Epidemiology, Research Support Services,, 
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Background 
Early initiation of rehabilitation and direct care pathways have shown to improve outcomes for patients with 

traumatic brain injury (TBI). However, there is a concern that a significant number of patients are still not 

included in the direct care pathway. Moreover, hospitals and patient populations may alter over time; thus, 

we need to evaluate clinical practice. The study aimed to provide an updated overview of discharge from 

acute care units at Oslo University Hospital (OUH) (Level 1 trauma center) to specialized rehabilitation, and 

to identify factors associated with a direct pathway. 
 

Material and Methods 
We analyzed data from the Oslo TBI Registry—Neurosurgery over a five-year period (2015–2019) and 

included adults with intracranial injuries, resident in the Southeast region of Norway. We described the 

patient population, with group comparison (direct vs indirect pathway), and applied multivariable logistic 

regression to investigate factors associated with the probability of entering the direct pathway. The same 

procedure was used for patients admitted to OUH during the Covid-19 pandemic (from March 2020 to 

August 2021).  
 

Results 
From January 2015 to December 2019, a total of 1724 patients were included, of which 289 followed direct 

pathway. In patients with moderate–severe TBI, the proportion increased from 22% to 35% during the study 

period. In patients aged 18–29 years, 53% followed the direct pathway, in contrast to 10% of patients aged 

65–79 years (moderate–severe TBI). Significant predictors were younger age, low preinjury comorbidities, 

moderate–severe TBI and disability due to TBI at the time of discharge. The same pattern was found for 

patients admitted during the pandemic period, which included a total of 552 patients. The proportion of 

patients with moderate-severe TBI following direct pathway remained at 35%. Thus, access to early 

specialized rehabilitation after TBI maintained when OUH was in a preparedness response mode.  
 

Conclusion 
The results highlight the need for continued efforts to secure access to the direct pathway to rehabilitation, 

furthermore, there is a particular need for increased focus on patients aged >64 years. Despite a fragile 

situation during the pandemic, the direct pathway was maintained in 2020 and 2021. 
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Empowerment Support Model for Traumatic Brain Injury Patient´s Family Members 
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Background 
The Traumatic Brain Injury (TBI) always comes as a surprise to the patient and their family members (FMs), 

and there is no way to prepare for it in advance. The length of hospitalization following TBI is constantly 

decreasing, and patients may return home with several problems. FMs care for the patients at home, 

although they may not be prepared for the patient's medical needs or financial burden of the illness. TBI 

patients FMs have experienced psychological anxiety, stress and depression, difficulties accepting their new 

role and impaired quality of life. The burden which some FMs experience can impair patient care and 

rehabilitation outcomes. Therefore, FMs require support beginning of acute phases of TBI treatment in 

hospital.< div > 

Family oriented approach in nursing care should be developed, standardized, and clarified, so that the FMs 

of a TBI patient would be equally supported and informed, regardless of where the patient is being treated. 

 

The model is linked to Finnish Brain Injury Association's three-year project (2019–2021).  

 

 </div> 
 

Material and Methods 
The Empowerment support Model was developed in cooperation with several organizations and TBI patients’ 

FMs in Finland as follows: 

 

First phase was to examine in a cross-sectional survey how TBI patients’ FMs (n=216) evaluated the social 

support they received from healthcare professionals in the acute care in hospitals. This research served as a 

basis for the project. 

 

In second phase TBI patients’ FMs and healthcare professionals (neurological and neurosurgery nurses and 

physicians) (n=18) participated in four workshops and explored their views of the empowerment support. 

 

In third phase the Empowerment Support Model suitability for supporting FMs in nursing care in five Finnish 

University Hospitals was evaluated and simulated by healthcare professionals and FMs (n=630). 

  
 

Results 
Empowerment support model and it´s three components were identified. The model includes support 

material for healthcare professionals (Checklist, Induction material), for FMs (Traumatic brain injury – a guide 

for family members, The path for family member of a brain injured person – picture and video) and 

information of peer support services. 

  
 

Conclusion 
Empowerment support model (inc. materials) is implemented in five Finnish University Hospitals to 

neurological and neurosurgical wards. Healthcare professionals’ knowledge and competence in supporting 

TBI patients´ FMs has increased through Empowerment Support Model. 
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Background 
Patients diagnosed with high-grade glioma and their family caregivers often experience intense disease and 

treatment trajectories. Fluctuations in patients' symptoms may lead to enormous burdens for the caregivers. 
 

Material and Methods 
This study aimed to explore patient and caregiver experiences and evaluate the relevance of and satisfaction 

with a multimodal rehabilitative palliative care programme for patients diagnosed with high-grade glioma and 

their family caregivers. 

This is a longitudinal multi-methods study applying qualitative interview data and quantitative survey data to 

explore and evaluate the programme. The programme was designed by a multidisciplinary cross-sectoral 

team of clinical specialists and researchers to provide patients and family caregivers with information and 

facilitate discussions among peers about daily life and family interactions. Additionally, to provide patients 

and caregivers with strategies to manage their changed life situations. 

  
 

Results 
Adult patients with high-grade glioma (n = 17) and their family caregivers (n = 16) completed a 4-day 

residential programme and a 2-day follow-up programme 3 months later. Qualitative data were collected 

during four focus group interviews with patients and caregivers. Participants completed questionnaires after 

each programme, scoring all sessions included in the programme for relevance and satisfaction on a 5-point 

Likert scale (0, not relevant/satisfied; 5, very relevant/highly satisfied). Three themes emerged in the focus 

group interviews: 1) meeting peers strengthens social well-being, 2) the value of information and focusing on 

individual needs, and 3) accepting life as an unpredictable passage. The mean overall satisfaction score was 

4.80 (standard deviation [SD], 0.55) for the initial 4-day programme and 4.28 (SD, 0.83) for the follow-up 

programme. 

  
 

Conclusion 
The multimodal rehabilitative palliative care programme addressed unmet patient and caregiver needs and 

may have the potential to enhance family function or coping mastery. The programme was feasible, and all 

sessions received high scores for satisfaction and relevance, as well as positive evaluations. Qualitative 

findings confirmed the value of individualised information and peer interactions. In particular, peer-to-peer 

interventions for family caregivers may address individual support needs, including sharing experiences and 

strengthening social well-being. 
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Background 
It is well known that relatives of patients with severe acquired brain injury or malignant brain cancer (WHO 

grade 3 and 4) are burdened and at risk of developing anxiety and depression. Their life situation has 

changed, and the relatives are faced with a new role as informal caregivers for the affected. Despite the 

burden that many relatives experience, several qualitative studies have identified that relatives to patients 

with severe acquired brain injury or malignant brain cancer want to be involved in care and treatment. No 

Danish tool is yet developed to identify relatives’ diverse needs for involvement during the patients’ course of 

disease taking relatives’ resources into account. Existing literature have identified relatives need for support 

and the importance of the involvement of relatives is widely acknowledged. However, current practice is not 

systematic, nor evidence based. 

  
 

Material and Methods 
This study is a national multicenter study based on intervention research (complex intervention) in four 

phases. The target group of the project is relatives (> 18 years) to patients with severe acquired brain injury 

or malignant brain cancer (WHO grade 3 and 4). Currently, we are in the first phase of the research process 

where scoping reviews related to three research questions are in progress.  
 

Results 
We are in the first phase (development phase) of the research process where scoping reviews related to 

three research questions are being conducted. This will be followed by observation at four different sites.  

 

 

  
 

Conclusion 
Currently it is not possible to draw any conclusion however, there has been identified a knowledge gap 

concerning the involvement of relatives to the patient with malignant brain cancer. 

 

It is anticipated that a standardized tool can ensure that relatives' resources and needs are systematically 

identified. Furthermore, the tool aim to support the relatives in being involved, considering the opportunities 

the individual has in the new life situation. It is expected, both in the short and long term, to improve the 

satisfaction of the relatives and the course of disease for the patient. By launching a targeted intervention, 

the assumption is that better collaboration and communication between the relatives and HCPs, with higher 

satisfaction, and ultimately a better pathway for the patient can be created. 
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Neuro-SysMed; A centre for clinical treatment research on neurological diseases 
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Haukeland University Hospital, Neurological department, Bergen, Norway  
 

Background 
Background: 

Neuro-Sysmed is a center for clinical treatment research on the neurological diseases Multiple Sclerosis 

(MS), Amytrofisk Lateral Sclerosis (ALS), Parkinson's disease (PD) and Alzheimer's disease. Neuro-SysMed 

is he first excellence center for research on clinical treatment in Norway, and was established in 2019 and 

have a timeframe of 8 years. Neuro-SysMed is administrated by Haukeland University Hospital and the 

University of Bergen, and Haraldsplass Diakonale Hospital and the Canadian research institute Lawson 

Health are collaborative partners. Neuro-SysMed are collaborating physicians nation-wide and also with the 

pharmaceutical industry to conduct scientific sound clinical trials. 

No current treatment with disease-modulating effect on Dementia, Parkinson's and ALS are available today. 

Many clinical treatment studies have been performed without significant breakthroughs. 

 

 

  
 

Material and Methods 
Objective: 

The objective is to organize and conduct randomized clinical treatment trials to evaluate the efficacy and 

safety of therapies, novel or established drugs with new indications, that may delay or even arrest disease 

progression, ameliorate symptoms or optimize care for affected individuals. 

The center focuses on the importance of including participation of users of health care services and their 

visions of and own experience of disease and health care. The centre also aim to improve patient health by 

systems medicine for tailor therapies for pasients suffering from MS, ALS, PD, Alzheimer`s Disease.  

 

The center has several nurse specialists in different vacancy rate as study nurses to perform reliable clinical 

proceedings and monitoring the scientific conduct. We believe that heaving dedicated nurses with expertise 

in neurology helps with patient recruitment, patient satisfaction and in securing an efficient study logistic. 

  
 

Results 
No result avvaileble 

 

  
 

Conclusion 
Vision: 

All new patient at Norwegian neurological departments with MS, ALS, Parkinson's disease and Alzheimer's 

disease are eligible for participation in the current clinical trials RAM-MS, OVERLORD, NO-PARK, NO-ALS, 

STRAT-PARK, SMART-PARK, and in future scientific endeavors at Neuro-SysMed. 
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Nursing interventions to manage delirium in a neurosurgical context 

 
S. Callander 
Karolinska Sjukhuset, Neurosurgery, Stockholm, Sweden  
 

Background 
The incidence of delirium after neurosurgical interventions is 32% with hydrocephalus, dementia, epilepsy 

and stroke as predisposing factors. Neurovascular surgery has the highest risk with up to 42% at developing 

delirium postoperative. It is also known that intensive care and mechanical ventilation is predisposing factors 

and up to 82% of all patients leaving intensive care have an active delirium. There is none validate screening 

scale or bundle of care reported in a neurosurgical context and due to the cognition impairment that the 

patients often suffer from it can be hard to distinguish it from delirium. With the complexity of the 

neurosurgical patient we must consideration that not all the accepted interventions in regular somatic 

inpatient care can be applicated. 

  
 

Material and Methods 
Aim: (1) To identify nursing interventions to prevent or treat delirium in somatic inpatient care, and (2) to 

evaluate which nursing interventions are applicable in the neurosurgical context. 

Method: The author made an integrative review, and the articles were included based on P – adult patients 

in somatic care, I – nursing interventions preventing or treating delirium, C – intervention group and control 

group, O – occurrence of delirirum and T – controlled randomized trials and quasi-experimental design. 

  
 

Results 
Nine articles were included in the result. The nursing interventions described and found were quite similar in 

all the articles and the majority with inspirations from Modified Hospital Elder Life Program (m-HELP). The 

interventions preventing and treating delirium were divided in the categories re-orientation, mobilization, 

cognitive training, sensory impression, circadian and factors that frequent triggers delirium. All the 

intervention groups had significant lower incidence of delirium and are assumed to work in a neurosurgical 

context after being modified after taking brain fatigue, limitations and restrictions, monitoring and intracranial 

pressure into account.  
 

Conclusion 
Nursing interventions to prevent and treat delirium in somatic inpatient care can be applicated in a 

neurosurgical context. The interventions need modification to be optimized for the neurosurgical context. 
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Patient-reported cognitive function before and after glioma surgery 
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Background 
Little is known about the extent to which glioma patients experience subjective changes in cognitive function 

following surgery. We sought to assess patient-reported cognitive function before and after glioma surgery 

and explore potential factors associated with cognitive change. 
 

Material and Methods 
In a prospective population-based study, patient-reported cognitive function was measured in 182 patients 

undergoing primary surgery for diffuse glioma (141 high-grade gliomas (HGG) and 41 low-grade gliomas 

(LGG)) by using the European Organisation for Research and Treatment of Cancer (EORTC) QLQ-C30 

cognitive function subscale preoperatively and at 1 and 6 months postoperatively. Binomial logistic 

regression models were used to assess factors possibly associated with patient-reported cognitive changes. 
 

Results 
In the HGG group, the mean cognitive function score increased from 70.9 preoperatively to 85.1 and 83.3 at 

1 and 6 months postoperatively, respectively. In the LGG group, the mean score was 80.9 preoperatively 

and remained stable at postoperative follow-ups. Females reported lower scores than males. At an individual 

level, both improvement and deterioration in cognitive scores were frequently seen in LGG and HGG 

patients after surgery. Preoperative use of corticosteroids and large tumor volume were predictors for 

cognitive improvement at 1 month postoperatively. No predictors were identified for cognitive improvement at 

6 months and worsening. 
 

Conclusion 
Many glioma patients experience perioperative subjective changes in cognitive function after surgery. At 

group level, HGG patients reported improved cognitive function after surgery, while LGG patients reported 

stable cognitive function. Preoperative use of corticosteroids and large tumor volume were independently 

associated with postoperative improvement. 
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Restraint use in neurosurgical settings. 
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University Hospital, Department of Neurosurgery, Heart, Vascular and Neuro Theme,, Stockholm, Sweden, 3Karolinska 

Institutet, Department of Clinical Neuroscience, Stockholm, Sweden  
 

Background 
Despite reports of negative consequences, and conflicts with key values in healthcare, restraint (the term 

restraint encompass both physical and chemical restraint) are still practised in somatic healthcare worldwide. 

Patients in neurosurgical care are at high risk of being subjected to restraint, but research on restraint use in 

neurosurgical care are lacking. 

 

Aim: To explore the use of restraint in neurosurgical care 

  
 

Material and Methods 
To examine the use of restraint in neurosurgical care several methods were used. 

(1) A cross-sectional study with a mixed-methods approach was used explore the extent to which restraint is 

used in neurosurgical care, and under what circumstances. Survey data and data from electronic medical 

records were collected at one neurosurgical department in Sweden. Numerical data were analysed with 

descriptive and analytic statistical methods, and textual data were analysed using qualitative content 

analysis. 

(2) A qualitative, descriptive design was used to examine nurses experience and justification of restraint. 

Semi-structured interviews with 15 nurses working in three neurosurgical departments in Sweden were 

conducted and analysed with inductive qualitative content analysis. 

  
 

Results 
Restraints were used when patients were considered a danger to themself or others. Of the 517 patients 

admitted to the studied department during the study period, 58 (11%) were reported to have been subjected 

to restraint. Most of the restraining events occurred in the neurointensive care unit. The identified patients 

were predominantly diagnosed with traumatic brain injury or subarachnoid hemorrhage. 

The use of restraint deeply affected nurses in their professional role, and was described as a multi-layered 

struggle, ranging from inner doubts to practical issues. Restraint was considered legitimate if the benefit 

exceeded the suffering, but decisions of which restraint measure to use and when depended on the values 

of the individual nurse. 

  
 

Conclusion 
There is a need for policies and guidelines regarding the use of restraint, as well as structured discussions 

and reflections for nurses engaged in the practice. When developing policies and guidelines concerning 

restraint in neurosurgical care, both practical issues such as the decision-making process, and the emotional 

effect on nurses should be considered.  
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PhD,1, 2, 3 
1Coordination and Rehabilitation Unit, Bergen municipality, Rådal, Norway, 2Haukeland University Hospital, Bergen, 

Norway, 3Department of Global Health and Community Medicine, University of Bergen, Bergen, Norway  
 

Background 
Many people of working age receive disability benefits after a stroke in Norway. Currently, we know too little 

about whether the return to work (RTW) process is satisfactorily for people who have experienced a stroke. 

The purpose of this study was to explore the experiences of stroke survivors and professionals involved in 

the RTW process. 
 

Material and Methods 
Five focus group interviews with stroke survivors of working age, employers, and professionals from the 

health and from labour and welfare sector were analysed using Systematic Text Condensation. 
 

Results 
Health challenges led to uncertainty about what working day was realistic to return to for people after their 

stroke. The professionals lacked knowledge of each other's activities and needed better dialogue. A lack of 

knowledge about invisible difficulties after a stroke by the employers and stroke survivors was highlighted. 

The current sick pay scheme was not adapted to the specific challenges faced by people who had suffered a 

stroke and their employers. 
 

Conclusion 
Our findings make it clear that work-oriented follow-up after stroke should be better coordinated and tailored 

individually. It is important to talk about returning to work early in the rehabilitation process and to be aware 

of cognitive and emotional difficulties related to stroke. 

 

Key words: Focus group, Rehabilitation, Return to work, Stroke. 
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Structured reflection for new employees at a neurosurgical unit- a way to evolve in the 

profession 
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Background 
As a new employee in a workplace, there is a lot that is new and that can feel insecure. Through reflection of 

situations, a deeper understanding and insights are created that leads to a learning process and deeper 

knowledge. In the spring of 2021, the current neurosurgical units had 18 newly hired nurses and assistant 

nurses. Most of the new employees were also completely new to their profession. A need for reflection was 

identified and a structure for it was created. 
 

Material and Methods 
The participants were divided into two groups with nine people in each group. The reflection sessions were 

initially scheduled two weeks between but was then changed to once a month. In total, each group had 

seven reflection sessions in half of year. 

 

Clear rules were set to create consensus in the groups. Each occasion started with a check-in. If a 

participant had a special case to address, focus was put on that case. During these occasions, Gibbs' 

reflection cycle was used. If no one had a specific situation to address we used other methods, such as "I'm 

good at this" or "This is difficult". 
 

Results 
The participants saw the reflections as positive. They felt they were developing in their professional role and 

had easier to move on after difficult situations. They also described that they during the sessions got 

stronger unity to each other. 
 

Conclusion 
Structured reflection for new employees at a neurosurgical unit is a tool to evolvete nurses and assistens 

nurses in their profession 
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Background 
A Subarachnoid hemorrhage (SAH) is associated with high mortality and morbidity and often require 

intensive care. All patients with a SAH, even those who are quickly transported to a hospital, are at high risk 

for complications. Out of the patients surviving a SAH, around 30% have significant disabilities. 

SAH is the most common diagnosis at Neuro Intensive Care Units in Sweden. There are 83 ICU´s in Sweden 

and six of these are specialized for care of patients who need neurosurgical intensive care. 

Swedish SAH care isn´t standardized which could impact the result of health care and the outcomes for the 

patients. More knowledge based on national data can contribute to standardization and systematic care for 

patients with a SAH.  

The object of this study is to describe the prevalence, hospital stay and outcome for patients with a SAH 

cared for in Swedish Intensive Care 2017-2019. 
 

Material and Methods 
A retrospective, descriptive study based on national data from The Swedish Intensive Care Registry (SIR). 

Patients included were cared for at an ICU and diagnosed with a SAH, ICD-10 codes I60.0-I60.7 and I60.9. 

Patients ≥18 years and reported to SIR 2017-2019 were included. Patients with a traumatic SAH and ICD-10 

code I60.8 were excluded. 
 

Results 
This is an ongoing study with preliminary results. The study includes 1520 patients, with a mean age of 61 

years (±13.6), and 42% are men. Totally 1125 patients were cared for in an ICU of a hospital with 

neurosurgical intensive care, and 395 patients were cared for in regular ICU´s. For the surviving patients, 

83% survived discharge from ICU (n=1262), 74% 30 days (n=1082), and 69% 180 days (n=1012). 

At admission to ICU, the whole cohort (n=1520) had a mean GCS of 10.2 (±4.7). The patients admitted to 

ICU in hospitals with neuro ICU had a mean GCS of 11.0 (±4.4) and patients treated in ICU without neuro 

competence at the hospital had a mean GCS of 7.9 (±4.7). 

The ICU length of stay median was 109.7h (IQR 249.5). In total 61% of the patients (n=933) needed a 

ventilator during the ICU-stay and the median time in ventilator was 52 h (IQR 209.3). 
 

Conclusion 
Out of the patients with a SAH, treated at hospitals with Neuro Intensive Care, 76% survived 180 days. Out 

of the patients treated in hospitals without neuro intensive care, 41% survived 180 days.  

It is of great importance to analyse the level of perceived health-related quality of life for the surviving 

patients treated for SAH. This will be the upcoming study. 
 



 


