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ABBREVIATIONS 

AD = Alzheimer’s disease 

APP = Amyloid precursor protein 

Aβ = Amyloid beta 

CBF = Cerebral blood flow 

CSF = Cerebrospinal fluid 

CNS = Central nervous system 

ELD = External lumbar drainage 

ICP = Intracranial pressure 

INPH = Idiopathic normal pressure hydrocephalus 

MCP-1 = Monocyte chemoattractant protein 1 

NFL = Neurofilament light 
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ABSTRACT  

 

Idiopathic Normal Pressure Hydrocephalus: Associations between CSF biomarkers, 

clinical symptoms and outcome after shunt surgery 

Majd Saadaldeen 

Degree project 

Programme in Medicine 

Department of Clinical Neuroscience, Institute of Neuroscience and Physiology 

Gothenburg, Sweden 2021 

 

INTRODUCTION: Idiopathic normal pressure hydrocephalus (INPH) is a neurological 

disorder with reversible symptoms including gait and balance disturbance, cognitive 

impairment and urinary incontinence. Shunt surgery improves up to 80% of the patients but 

comes with certain risks. Prediction of the surgical outcome is to this date not possible 

although needed. Biomarkers in the cerebrospinal fluid (CSF) have been identified for 

diagnostic differentiation, but not confirmed as reliable predictive factors of the surgical 

outcome. Deeper understanding for the role of biomarkers regarding the overall 

symptomatology as well as potential reversibility of the disease is needed. 

AIM: We aimed to explore possible associations between CSF levels of Aβ38, Aβ40, Aβ42, 

sAPPα, sAPPβ, T-tau, P-tau, MCP-1 and NFL, and the overall symptomatology in INPH 

patients, and to evaluate whether these biomarkers could predict the outcome after shunt 

surgery. 



 5 

METHODS: This explorative retrospective study included 82 patients diagnosed, examined 

and operated at Sahlgrenska University Hospital in Gothenburg. Clinical variables were 

assessed using the INPH-scale and levels of Aβ38, Aβ40, Aβ42, sAPPα, sAPPβ, T-tau, P-tau, 

MCP-1 and NFL were analyzed from pre-operative lumbar CSF. Correlation and regression 

analyses between the biomarker levels and the overall symptom burden before surgery and 

the degree of improvement after surgery, were performed.   

RESULTS: Increased levels of P-tau were significantly correlated to less improvement as 

measured by the difference between the overall symptom burden before and after shunt 

surgery (p=0.021, r2=0.067). Other significant and/or strong correlations between the 

biomarker levels and the overall symptom burden before surgery or the degree of 

improvement could not be concluded. 

CONCLUSIONS: In this study, we could not conclude that any of the biomarkers could act 

as reliable predictive factors for neither disease progress nor the level of possible 

improvement after surgical treatment. P-tau alone had the strongest potential in predicting the 

surgical outcome. 

 

Key words: idiopathic normal pressure hydrocephalus, biomarkers, symptoms, surgical 
outcome.   
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INTRODUCTION 

The brain ventricular system 

The ventricular system of the brain is a communicating network consisting of the paired 

lateral ventricles, the third ventricle, the cerebral aqueduct and the fourth ventricle. In normal 

conditions, the cerebrospinal fluid (CSF) circulates in a rostrocaudal direction throughout the 

brain and spinal cord, providing both mechanical protection and regulation of brain 

homeostasis as well as neuronal functioning. It is estimated that approximately 400 – 600 mL 

CSF is produced per day, mainly by the choroid plexus which can be found in the lateral, 

third and fourth ventricles. Starting from the lateral ventricles, the CSF flows through the 

interventricular foramina entering the third ventricle and continuing through the cerebral 

aqueduct into the fourth ventricle. Thence, it flows through the lateral and median apertures to 

enter the subarachnoid space, where it partly continues to the spinal dito and partly circulates 

to the cranial subarachnoid villi to be absorbed into the dural venous sinuses (1). CSF 

absorption also occurs in the spinal arachnoid villi (2). In addition to this main bulk flow, part 

of the CSF flows in a pulsatile matter following the cardiac rhythm. This pulsatile flow will 

travel from the third ventricle into the aqueduct and fourth ventricle during the systolic phase, 

to then flow backwards to the third ventricle during diastole (3). In total, around 150 mL CSF 

is momentarily circulating in the adult brain, where about 125 mL is found in the 

subarachnoid space while 25 mL is estimated to flow in the ventricles (4, 5). The balance 

between secretion and absorption results in an intracranial pressure (ICP) normally ranging 

from 10 to 15 mmHg in adults. Regulated by the autonomic nervous system, cholinergic 

signals will cause the choroid plexus to increase secretion, while sympathetic signals will 

cause a decrease. When the intracranial pressure exceeds the normal upper limit, intracranial 
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hypertension occurs. This can be caused by either increased secretion, decreased absorption or 

an obstruction along the CSF pathway. The imbalance can result in hydrocephalus, a 

condition where the CSF accumulates in the ventricles causing ventricular enlargement (5). 

Hydrocephalus can either be communicating (idiopathic, secondary) or obstructive. 

Secondary communicating hydrocephalus can occur as a result of intracranial hemorrhages, 

CNS-infections or head trauma. The etiology of obstructive hydrocephalus can either be 

congenital, caused by for example aqueductal stenosis or Chiari malformation, or acquired, 

for example due to an intracranial tumor or a cyst. Depending on the onset, symptoms can 

either be acute or chronic (3).  

 

Idiopathic Normal Pressure Hydrocephalus 

Idiopathic Normal pressure hydrocephalus (INPH) is a form of communicating, chronic 

hydrocephalus first described in 1965 by Hakim (6). The disorder affects the elderly 

population with an estimated prevalence of 3% among individuals over 65 years and 5,9% 

among individuals over 80 years old, although it is still both underdiagnosed and undertreated 

(7). The classic symptom triad of INPH presents as gait and balance disturbance, urinary 

incontinence and cognitive impairment (6, 8). Patients diagnosed with INPH benefit from 

shunt surgery, where symptoms are reversed in up to 80% of the cases (9-11).  

Identifying patients eligible for surgery remains a challenge since reliable predictive tests are 

still lacking (12). A CSF tap test is commonly used to simulate the possible effect of shunt 

surgery. Although the test has a high predictive value, it cannot be used to exclude non-

responders from shunt surgery (13). Thus, whether the patient will respond to surgical 
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treatment is an essential question that still cannot be answered with certainty before the 

surgery is done.  

Aetiology and prediction of treatment outcome 

The pathophysiology of INPH is still not fully understood. Many components have been 

included as possible causes, such as dysfunction of the CSF dynamics, cerebrovascular 

mechanisms and ischemia in the deep white matter of the brain (14, 15). Vascular risk factors 

such as diabetes and hyperlipidemia have been reported (16).  

Reduced CSF absorption is normally seen during the ageing process, affecting the brain 

metabolism and hence the homeostasis mentioned before. This reduced absorption ability is 

however noted to be larger in patients with INPH and can therefore be a part of the 

pathophysiology (17). Cerebral blood flow (CBF) has been a topic of discussion. Decreased 

relative CBF in several regions of the brain (e.g. in the periventricular white matter, medial 

frontal cortex and hippocampus) has been seen in INPH-patients compared to healthy 

individuals, proposing altered metabolism in these areas (18). Similarly, another study found 

that the same relative CBF was increased postoperatively in pons and mesencephalon in 

shunt-responsive patients, concluding that these areas are very much involved in the 

pathophysiology. The increase in relative CBF was in the same study found to be positively 

associated with the extent of improvement after shunt-surgery, indicating that the reversibility 

of the disease also can be related to the altered blood flow (19).  

Cardiac related pulsations and their relationship to the ICP have been studied and linked to 

the pathophysiology of INPH but cannot yet be confirmed as reliable predictive factors. 

Though the amplitude of these pulsations is not affected by a shunt installment, baseline 
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values have shown to be lower after CSF-diversion. It has been suggested that patients with 

potentially lowerable baseline pulse amplitudes are more often improved in the gait domain, 

rather than those who already have low values pre-operatively (20). Other studies stipulate 

that atherosclerosis, microinfarcts, demyelination and multiple small thrombi in both the deep 

and periventricular brain matter can be seen in INPH-patients, negatively affecting the 

elasticity of the brain and resulting in ventricular enlargement (15, 21, 22). These underlying 

conditions cannot either be considered when determining shunt-responsiveness (23).  

Symptoms 

In the majority of cases, the patient will initially report problems with balance and gait and 

will later on develop cognitive impairment and urinary incontinence. The gait disturbance is 

of hypokinetic character, typically broad-based with staggering, shuffling gait and magnetic 

steps, with difficulties turning. If not treated, the disruption will eventually end in immobility. 

Gait disturbance is reported to be the most positively responding symptom to shunt-surgery 

(24). Impaired postural control is also seen, resulting in increased tendency of falling (25). 

Lower urinary tract manifestations include storage symptoms (frequency, urgency, nocturia), 

voiding symptoms and urinary incontinence. A detrusor overactivity is thought to be the 

explanation behind these symptoms, although the effect of a combination of gait disturbance 

and dementia could be a contributing factor (26). The urological symptoms respond typically 

well to treatment (27). Cognitive impairment can present as memory loss, slow thinking, 

apathy, executive dysfunction and difficulties with concentration. Sleep disturbances are also 

common (24, 28). Dementia is reported as the symptom with the lowest positive response rate 

(29).  
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Diagnosing INPH 

The diagnosis is based on patient history, clinical examination with identification of the 

clinical syndrome and neuroimaging. Symptoms occur insidiously and may be mistaken for 

signs of ageing. Patients have often undergone previous investigations related to gait and 

balance, cognition and lower urinary tract symptoms without any clear results, leading to a 

diagnostic delay or even missed diagnosis. Inversely, other concurrent conditions such as 

spinal stenosis, polyneuropathy and prostatic hyperplasia may also complicate the evaluation 

of clinical symptoms and influence the diagnostic process (30).   

The diagnose can be divided into possible, probable and unlikely INPH (figure 1). According 

to international guidelines, symptoms should typically occur after the age of 40. Gait 

disturbance is required, along with either dementia or urinary incontinence. Comorbidities or 

other conditions that could explain the patient’s symptoms should be ruled out, as well as 

known causes of secondary NPH (28). Both computed tomography (CT) and Magnetic 

Resonance Imaging (MRI) can be used to show ventriculomegaly, although MRI is the most 

sensitive method to detect other characteristics of INPH. Ventriculomegaly is defined as an 

Evans’ index > 0.3. Evans’ index is calculated by dividing the maximal width of the frontal 

horns of the lateral ventricles by the maximum internal diameter of the skull, radiologically 

measured on the same image. There shall not be any signs of obstruction along the CSF 

pathway. Enlarged temporal horns, narrow or compressed sulci over the brain convexities, 

dilated Sylvian fissures, focal sulcal enlargement and a corpus callosum angle < 90° are 

features that support diagnosis (10, 31).  
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Figure 1 Diagnostic criteria, summarized and revised from INPH Guidelines Part II (29).  

 

 Probable INPH Possible INPH Unlikely INPH 
History Insidious onset after the age of 40 and 

duration between 3 – 6 months. No 
history of head trauma, intracranial 
infection, intracranial bleeding.  
Symptoms cannot be sufficiently 
explained by other medical 
conditions.  

Subacute onset with a 
duration of less than 3 
months. History of earlier 
mild head trauma, 
intracranial infection or 
bleeding, although not 
likely to entirely answer for 
current symptoms. 

Other medical conditions 
can explain reported 
symptoms. 

Clinical  Urinary incontinence and/or 
cognitive impairment but 
without gait disturbance, or 
gait disturbance or dementia 
alone. 

Neither gait disturbance, 
cognitive impairment 
nor urinary incontinence. 

Gait Decreased step height and length, low 
walking speed, widened standing base 
with outward turned toes, retropulsion 
and trunk sway, delayed turning. 
 

  

Cognition Psychomotor slowing, decreased fine 
motor speed and accuracy, 
concentration difficulties, memory 
loss, apathy, difficulties with 
executive functions.  
 

  

Urinary 
incontinence 

Episodic or persistent incontinence. 
Urgency, frequency or nocturia. Fecal 
incontinence may also occur.  

  

Radiology Ventriculomegaly with Evans index > 
0.3. Cerebral atrophy cannot entirely 
answer for the large ventricles. No 
obstruction along the CSF pathway.  
Other signs such as a corpus callosum 
angle < 90°, enlarged temporal horns 
and flow void in the aqueduct or 
fourth ventricle. 

Ventriculomegaly together 
with cerebral atrophy or 
other lesions in the brain 
that could entirely answer 
for the enlarged ventricles. 

No ventriculomegaly. 
 

Other CSF opening pressure within the 
normal range (5 – 18 mmHg). 

CSF opening pressure 
outside the normal range.  

Increased intracranial 
pressure. 
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During the diagnosis process, patients can undergo specific supplementary INPH testing, both 

for evaluating uncertain cases and for determining possible shunt-responsiveness. Generally, 

there are three different tests that can be used; tap test, infusion test and external lumbar 

drainage (ELD). Tap test is the most used method. A lumbar puncture is performed during 

which 30 – 50 mL CSF is drained. The patient is conveniently examined before and after the 

CSF removal, and possible improvement in gait and cognition is documented (32). Although 

its high specificity, a negative tap test cannot be used to exclude patients from shunt surgery 

(28). External lumbar drainage is a more extensive procedure where CSF is continuously 

drained, usually for 3-4 days, requiring inpatient care. Evidence based use of ELD and studies 

reporting a consistent negative predictive value are still missing (33). Thus, in combination 

with the increased complication risk (mainly infections) and the higher demands that follow 

hospital admission, ELD becomes less favourable (34). Lumbar infusion test is based on the 

pathophysiological theory of reduced CSF absorption and brain compliance. Simultaneous 

infusion of CSF-like fluid, Ringer solution for example, and intraspinal CSF pressure-

measuring is performed. A steady state is reached when there is a balance between the 

constant infusion and absorption, during which the CSF pressure should be below 22 mmHg, 

otherwise considered pathological (=positive test). The test is also positive if the CSF pressure 

never reaches the steady state phase and instead increases continuously. Lumbar infusion test 

is considered more sensitive than the tap test but not more specific. It has been suggested that 

these tests should be used together. For instance, a negative tap test could be followed by a 

lumbar infusion test (35, 36).  
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Treatment 

Shunt diversion of the CSF is the only treatment available today. A ventriculo-peritoneal 

shunt is the most commonly used type, draining the CSF through a silicone tube from the 

lateral ventricle to the abdominal cavity. Ventriculo-atrial, lumbo-peritoneal and ventriculo-

pleural shunts can also be used for this purpose. A programmable valve is usually used 

regulating the CSF diversion and allowing alterations in the pressure setting after the surgery 

is done. Beneficial for both the patient and the physician, one can follow the response to the 

treatment and adjust for both the outcome rate and eventual complications due to the CSF-

drainage (37). 

As for every type of surgical intervention, shunt surgery goes with potential postoperative 

complications. Shunt surgery-specific adverse effects include infections, headache, subdural 

hematomas and defect shunts (14). In a review from 2013, the complication rate was reported 

to be 8.2% where subdural hemorrhage was the most common (4.5%). Intracerebral 

hemorrhage occurred in 0.2% of the cases and the infection rate was 3.5% (38). More 

precisely, a study from 2009 found that re-surgery within 6 months after shunt-insertion 

related to postoperative complications (e.g infections or shunt-dysfunction) was reported in 

18.9% of patients. The infection rate here was 5.6% and the mortality rate within 6 months 

was 2.4%. This study also concluded that shunts with adjustable valves were associated with 

lower risk of shunt revision within 6 months after shunt-surgery (39).  

Biochemical markers  

Biochemical markers offer a unique insight in the brain well-being. Reflecting the 

physiological condition in the brain parenchyma, these proteins can be used as diagnostic 
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tools for multiple neurological disorders. Several biomarkers have been studied for the 

purpose of finding a pattern reflecting the pathophysiology in INPH, in order to both use it as 

a diagnostic tool but also to find possible associations between the biomarker pattern and 

shunt responsiveness. To this date, studies have primarily found biomarkers that could 

differentiate INPH patients from both healthy individuals and other neurodegenerative 

disorders such as Alzheimer’s disease (AD), Parkinson’s disease, Vascular dementia, 

Frontotemporal dementia and Corticobasal degeneration. A combination of low levels of tau 

proteins, low levels of APP derived proteins and high levels of MCP-1 has recently been 

confirmed as a characteristic pattern in INPH distinguishing it from its’ clinical mimics (40). 

The association between biomarkers and symptom burden is not as clearly elucidated. 

Previous studies have reported possible correlations between pre-operative biomarker levels 

and some of the symptom domains in INPH (41, 42), indicating that potential associations do 

exist. No biomarker pattern for predicting the outcome after shunt surgery has yet been 

identified (43). In clinical practice, predictive biomarkers could lead to a more precise 

selection of patients to surgical treatment, increasing the improvement rates.  

Amyloid precursor protein (APP) is expressed by the APP gene and is mainly found in the 

CNS as a transmembrane protein involved in neuronal functioning. In the normal processing 

of APP, the protein will first be cleaved by either α- or β-secretase, yielding soluble APPα or 

soluble APPβ. Both of these APP-derivates will then be cleaved by γ-secretase, resulting in 

Aβ amongst other products. Aβ is presented in different lengths (Aβ38, Aβ40, Aβ42) and is 

involved in the pathological pathway in AD. An abnormal metabolism of Aβ eventually leads 

to depositions of primarily Aβ42 in extracellular so-called plaques in the brain parenchyma, 

resulting in neuronal damage (44, 45). This is reflected by a decreased level of Aβ42 in CSF 
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as compared to the other isoforms in patients with AD. Decreased levels of APP-derived 

proteins in the CSF have been reported in INPH-patients as compared to healthy individuals 

(46, 47). Since the decrease involves all the amyloid cascade proteins, it has been suggested 

that INPH patients present pathological alterations on a general level, as opposed to patients 

with AD where the reduction only involves Aβ42 (47). 

Tau-protein is expressed by the MAPT gene and principally found in the CNS, involved in 

stabilizing microtubule in neurons. Well-functioning microtubule is essential for the normal 

intracellular transportation as well as communication mechanisms in neurons. Tau undergoes 

several post-translational modifications, phosphorylation amongst other. Increased 

phosphorylation makes tau less capable of binding to the microtubule, resulting in 

destabilization and ultimately non-functioning microtubules, which leads to neuronal damage. 

This hyperphosphorylation plays a main role in the AD pathology, leading to intracellular 

accumulation of toxic so-called tangles in the neurons. These tangles consist of 

hyperphosphorylated tau aggregations that cannot be degraded by the proteasome. However, 

abnormal tau reflecting cortical neural damage can also be seen in other neurodegenerative 

diseases and can, together with other pathologies, therefore signal irregular processes in the 

brain (48).  

Neurofilament light (NFL) is a protein originated in neurons, more precisely in myelinated 

axons. NFL-levels are measurable in CSF, and small increases are normally associated with 

higher age. A large increase can however indicate on-going pathological processes, as axons 

release higher amounts of NFL during inflammation, neurodegeneration or other traumatic 

damage to the nerve. Hence, NFL is a very unspecific marker of neurological disease. To this 

date, high NFL-levels in the CSF reflecting axonal neural damage have been used chiefly to 
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detect amyotrophic lateral sclerosis (ALS), but the use of NFL in other neurological diseases, 

such as multiple sclerosis (MS) and AD, has increased. NFL has also been shown to have a 

possible role in NPH although the specific pathophysiology is still not fully elucidated (42, 

49).  

Monocyte chemoattractant protein I (MCP-1) is a chemokine primarily involved in 

recruitment of monocytes during inflammation. MCP-1 plays a role in several inflammatory 

conditions such as atherosclerosis, nephropathies and tumor diseases. In the CNS, the release 

of MCP-1 from astrocytes results in increased permeability in the blood-brain-barrier, 

allowing monocytes to enter the brain tissue (50). Increased levels of MCP-1 in the CSF have 

been shown in INPH-patients, compared to healthy controls (40).  

 

In summary, INPH is a diagnose with burdensome yet reversible symptoms. The combination 

of unclear pathophysiology and lack of reliable tests to guide the physician in the selection of 

surgical candidates results in underdiagnosis and undertreatment. Biomarkers in CSF have 

shown a promising role in diagnostic differentiation and there is need for deeper 

understanding regarding their reflection of disease stage and possible prediction in treatment 

outcome. To this date, studies have used different measurements, often crude or not 

developed for INPH patients, in both symptom assessment and clinical outcome. The use of 

an established clinical scale, highly specific for INPH covering the full symptomatology, for 

this purpose would increase the possibility to detect important associations between CSF 

biomarkers and clinical measures.   
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AIM 

The aim of this project was to explore possible associations between biochemical markers 

reflecting a broad panel of pathophysiological processes in the cerebrospinal fluid and the 

symptomatology in INPH patients measured by a highly specific scale, and to evaluate 

whether these biomarkers could predict the outcome after shunt surgery.  

Specific research questions:  

1. Is there an association between CSF levels of Aβ38, Aβ40, Aβ42, sAPPα, sAPPβ, T-tau, P-

tau, MCP-1 and NFL, and the overall symptom burden of gait, balance, cognitive function 

and urinary incontinence pre-operatively?  

 

2. Is there an association between a combination of two or more CSF biomarkers and the 

overall symptom burden of gait, balance, cognitive function and urinary incontinence pre-

operatively? 

 

3. Could individual CSF biomarkers or combinations of CSF biomarkers predict a favourable 

surgical outcome or the degree of improvement? 
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MATERIAL AND METHODS 

Population and data collection 

The student received the full data set for the purpose of this study. The study included a total 

of 82 patients diagnosed with INPH between the years 2007 – 2012 according to international 

diagnostic criteria at the Hydrocephalus Unit at Sahlgrenska University Hospital. Data was 

collected retrospectively and all patients who were preoperatively and postoperatively 

examined were included, given that sufficient CSF samples were available for analysis.  

Patients with missing postoperative data due to no-show at the follow up examination were 

excluded. Patients with unclear diagnose and/or prominent comorbidity were not selected for 

surgical treatment hence not included in this material.  

The patients underwent examinations performed by an experienced neurologist as well as a 

physical therapist, and an experienced neuropsychologist. The INPH-scale was used for 

assessing symptoms and for staging the severity of the disease (51). MRI of the brain was 

performed to show ventricular enlargement with Evans’ index > 0.3, an open cerebral 

aqueduct and absence of any type of obstruction to the CSF flow, in alignment with 

international guidelines (28). The patients were also preoperatively subjected to a lumbar 

puncture where cerebrospinal fluid samples were collected for biochemical analyses. In 

patients for whom the surgical outcome was considered doubtful, mostly due to unclear or 

atypical symptomatology, the CSF tap test or a lumbar infusion test was used as 

supplementary tests to strengthen the indication for shunt treatment. Only those patients 

showing a positive tap test or an increased Rout were operated.  
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All patients underwent surgical treatment where a ventriculo-peritoneal shunt with adjustable 

valve was inserted. Three to six months after the surgical procedure, clinical examinations 

were repeated with symptoms again measured on the INPH-scale for assessing outcome and 

to determine whether the patient had benefited from the shunt surgery or not. A final INPH-

scale score increased by ³ 5 points compared to the preoperative score was defined as clinical 

improvement, i.e. a positive surgical outcome. Demographic data are shown in table 1. 

Table 1 Demographic data of the 82 patients included 

Age, mean (range) 73 (52-89) 

Sex, n (%)     

        Female 

        Male 

 

29 (35.4) 

53 (64.6) 

Risk factors, n (%) (total n=81) 

        Hypertension  

        Cardiovascular disease  

        Diabetes  

 

37 (45.7) 

26 (32.1) 

19 (23.5) 

MMSE, mean (SD±) 23.6 (4.4) 

Improved, n (%) 48 (58.5) 

MMSE= Mini Mental State Examination, maximum points=30.  

Variables included in the study 

The overall symptom burden was measured by using the INPH-scale introduced by Hellström 

et al., developed specifically for assessing symptoms in INPH and covering all four symptom 

domains including gait, balance, continence and cognition (51).  

Gait symptoms were assessed by measuring the time (in seconds) and number of steps needed 

for walking 10 meters with normal velocity, and evaluating walking ability with the help of an 

ordinal rating scale. For measuring cognitive symptoms, Groove pegboard, Rey Auditory 
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Verbal Learning test and Swedish Stroop test (colour-naming and interferential tasks) were 

used. The ordinal rating scale for balance was based on how long (in seconds) the patient 

managed to keep his/her balance with eyes open whilst standing in different positions, for 

example on one leg, with feet apart, with heels together. The ordinal rating scale for 

continence on the other hand was based on how often the patient experiences urgency, 

whether leakage occurs and if the patient is double incontinent. 

The total score was then calculated with a formula where gait is given twice the weight of the 

other domains. The formula can be adjusted for the number of available domains, allowing for 

eventual missing data for any of the four symptom domains. The scale ranges from 0 to 100, 

where 100 equals the median expected performance from a healthy elderly person (between 

70 – 74 years), while 0 means maximal burden of disease (51).   

Lumbar puncture was performed with the patient in recumbent position according to standard 

protocol to collect CSF samples, which were then kept frozen at -80°C before they were 

analyzed. All the CSF samples were analyzed batch-wise at the Clinical Neurochemistry 

Laboratory at Sahlgrenska University Hospital, Mölndal according to the generally accepted 

analyzing method. The Amyloid precursor protein derivates Aβ38, Aβ40, Aβ42 and soluble 

APPβ, soluble APPα as well as Monocyte chemoattractant protein 1 were all analyzed using 

electrochemiluminescence assays. Total tau and phosphorylated tau were analyzed using 

INNOTEST ELISAs, while neurofilament light was analyzed with in-house ELISA.   

Statistical methods 

Descriptive statistics were used for distributions of data. Scatter plots were made to visualize 

possible relationships between each CSF biomarker and the total score on the INPH-scale 
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preoperatively. Pearson correlation test (rp) was then used to calculate the correlation 

coefficient and p-value in order to detect possible associations between the biomarkers as 

quantitative predictors, and the total score on the INPH-scale as a quantitative outcome. 

Univariate regression analysis was performed with total INPH scale score at baseline or 

postoperative change in total INPH scale score as dependent variables, for calculating the 

estimated effect of each biomarker as well as a 95% confidence interval. Variables were 

controlled for normal distribution. Since T-tau, P-tau and NFL were not normally distributed, 

these data were logarithmised before entered in correlation and regression analyses. To select 

significant biomarkers for the multivariable regression, the α-value was set to 0.1 to minimize 

the risk of type II error. Multivariable regression analysis was performed on the biomarkers 

with adjustment for eventual confounders. For the third research question, an independent 

sample t-test was used to analyze the mean differences in biomarkers between the improved 

and non-improved sample groups. Moreover, correlation and univariate regression analyses 

were performed as beforementioned to examine possible associations between single 

biomarkers, as well as combinations of biomarkers, and the total outcome score as defined by 

the difference in the INPH-scale before and after surgery. Two-tailed tests of significance 

were used and a p-value < 0.05 considered significant. All statistical analyses were performed 

using IBM SPSS Statistics for Mac version 26.  

 

ETHICS 

The study was approved by the Regional Ethical Review Board in Gothenburg. Written 

informed consent was given by all patients or a close relative in cases where the patient was 

not fully cognitively intact.  
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RESULTS 

Biomarkers and the clinical presentation 

Data for the clinical assessment was available in between 68 – 82 of the patients. Biomarkers 

were available in almost all of the patients, with the exception of T-tau and P-tau where data 

was missing in 5 and 3 patients respectively. An outlier with a high value (13564) for NFL 

was noted and therefore excluded. Detailed data of the clinical variables and CSF biomarkers 

are presented in tables 2 and 3. 

Table 2 Data of the clinical assessment of 82 patients with INPH. Mean values of the individual symptom 
domains as well as the overall symptomatology as measured by the INPH-scale before and after shunt 
surgery are presented. Maximum points on the INPH-scale=100. Since the formula can be adjusted for the 
number of available domains, the total score was available for all patients in spite of missing data in 
individual symptom domains. 

 

Clinical symptom domain Mean (SD±)  
Gait    

Pre-surgery (n=81) 38.4 (24.8)  
Post-surgery (n=81) 56.9 (32.5)  

D (n=80) 18.8 (24.7)  
Cognition   

Pre-surgery (n=75) 47.2 (25.0)  
Post-surgery (n=71) 57.1 (25.7)  

D (n=68) 8.3 (12.3)  
Urgency   

Pre-surgery (n=79) 57.5 (28.7)  
Post-surgery (n=81) 65.9 (30.1)  

D (n=78) 9.5 (33.0)  
Balance   

Pre-surgery (n=80) 60.5 (24.6)  
Post-surgery (n=80) 65.9 (20.5)  

D (n=79) 5.0 (21.5)  
Total score   

Pre-surgery (n=82) 47.8 (20.3)  
Post-surgery (n=82) 60.0 (23.6)  

D (n=82) 12.2 (16.8) p<0.001 
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Table 3 CSF biomarker levels in 82 patients with INPH. 

Biomarker (pg/mL) Mean (SD±) Median (range) 

Aβ38  

(n=82) 
1526.0 (518.9) 1543.1 (431-2976) 

Aβ40  

(n=82) 
3799.8 (1193.5) 3727.1 (1149-6758) 

Aβ42 

(n=82) 
364.3 (137.8) 345.5 (108-851) 

sAPPα  

(n=82) 
446.2 (177.6) 428.5 (149-1099) 

sAPPβ  

(n=82) 
321.0 (121.1) 324.0 (94-748) 

MCP-1  

(n=82) 
492.2 (109.4) 477.4 (289-792) 

T-tau  

(n=77) 
244.9 (130.5) 206.4 (79-801) 

P-tau  

(n=79) 

31.9 (12.4) 30.0 (15-79) 

NFL  

(n=81) 

1571.0 (1457.7) 1150.1 (466-8784) 

 

Associations between biomarkers and the overall symptom burden 

There was an inverse significant association between Aβ40 (Beta= -0.004, rp=-0.246, 

p=0.026), T-tau (Beta= -12.329, rp=-0.303, p=0.007), NFL (Beta= -12.440, rp=-0.375, 

p=0.001) and the total score on the INPH-scale before surgery (table 4). To exemplify, an 

increase of 1000 pg/mL Aβ40 was associated with 4 points lower score on the INPH-scale. 

Interpreting the results for T-tau and NFL requires dividing the B-coefficient by 100 to adjust 

for the logarithmic values. In other words, a 10% increase in the levels of T-tau or NFL was 
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associated with approximately 1 point decrease on the INPH-scale. However, none of the 

biomarkers presented a strong explanation in the variance in the total INPH-score as the r2 

never exceeded 20%, the strongest predictor being NFL (14.1%). The r2 and 95% confidence 

intervals for each of the biomarkers are presented in table 4. 

Although not significant, there was a tendency towards association between Aβ38 (Beta=       

-0.008, p=0.052), Aβ42 (Beta= -0.031, p=0.059) and P-tau (Beta= -11.036, p=0.076) and the 

total score on the INPH-scale before surgery.  

In the multivariable regression analysis, the only significant predictor was T-tau (Beta=          

-20.796, p=0.047). However, when adjusted for age (Beta = -1.172, p<0.001) T-tau was no 

longer significant. Age was significantly correlated with Aβ38 (p=0.006, rp=0.303), Aβ40 

(p<0.001, rp=0.382), Aβ42 (p=0.007, rp=0.296), T-tau (p=0.007, rp=0.306), P-tau (p=0.040, 

rp=0.232), NFL (p<0.001, rp=0.479). Sex (p=0.269) was not a significant confounder hence 

not adjusted for. P-values for the three models are displayed in table 5.   

Table 4 Univariable regression analysis with the biomarkers as independent variables and the total INPH-
scale score before shunt surgery as dependent variable.  

Biomarker  B r2 95%CI p-value 
   (Lower – upper)  
Aβ38 -0.008 0.047 -0.017 – 0.00006 0.052 
Aβ40 -0.004 0.060 -0.008 – -0.001 0.026 
Aβ42 -0.031 0.044 -0.063 – 0.001 0.059 
sAPPα 0.011 0.009 -0.015 – 0.036 0.404 
sAPPβ 0.018 0.012 -0.019 – 0.055 0.331 
MCP-1 -0.019 0.011 -0.060 – 0.022 0.354 
T-tau -12.329 0.092 -21.24 – -3.419 0.007 
P-tau -11.036 0.040 -23.27 – 1.199 0.076 
NFL -12.440 0.141 -19.317 – -5.563 0.001 

Significant p-values are bolded. 
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Table 5 The regression analysis with the total INPH-scale score before surgery as dependent variable in 
three steps with p-values. 

*Biomarkers with p-values < 0.1 were included in the multivariable regression. 

 

 

 

 

Figure 2 Scatter plot and regression equation for NFL and the total score before surgery. Nota bene: 
logarithmic values. 
 

Biomarker  Univariable 
regression 

Multivariable 
regression* 

Adjustment for age 

Aβ38 0.052 0.243 0.567 
Aβ40 0.026 0.373 0.710 
Aβ42 0.059 0.418 0.603 
sAPPα 0.404 -  
sAPPβ 0.331 -  
MCP-1 0.354 -  
T-tau 0.007 0.047 0.110 
P-tau 0.076 0.138 0.192 
NFL 0.001 0.351 0.565 
Age <0.001   
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Associations between biomarkers and the outcome after shunt surgery 

There were no significant differences in the levels of any of the biomarkers between the 

improved and non-improved groups (table 6). As for the univariable regression, only P-tau 

fell out as a possible predictor for the outcome after treatment. P-tau had an inverse 

association with the total outcome score on the INPH-scale. An increase in P-tau was 

associated with less improvement (Beta= -12.275, p=0.021), although only 6.7% of the 

variances in the outcome can be explained by changes in P-tau. An increase in T-tau, though 

non-significant, tended towards less improvement (Beta=-6.821, p=0.096) (table 7).  

The multivariable regression analysis was performed without adjustment for age (p=0.989) 

nor sex (p=0.435) as these factors were not significant confounders in the univariable 

analysis. The multivariable regression analysis however resulted in diminished significance 

for both T-tau and P-tau. P-values for all the biomarkers in the regression analyses are 

presented in table 8.  
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Table 6 T-tests for biomarkers compared between the two subgroups of improved vs non-improved patients 

 

 

 

 

 

 

Biomarker (pg/mL) Mean (SD(±)) p-value 
Aβ38 

Improved (n=48) 
Non-improved (n=34) 

 
1549.98 (520.91) 
1492.21 (521.98) 

0.622 

Aβ40 
Improved (n=48) 

Non-improved (n=34) 

 
3847.31 (1203.12) 
3732.79 (1194.40) 

0.671 

Aβ42 
Improved (n=48) 

Non-improved (n=34) 

 
368.56 (138.15) 
358.34 (139.09) 

0.743 

sAPPα 
Improved (n=48) 

Non-improved (n=34) 

 
469.21 (185.23) 
413.68 (163.36) 

0.164 

sAPPβ 
Improved (n=48) 

Non-improved (n=34) 

 
335.29 (122.84) 
300.79 (117.36) 

0.206 

MCP-1 
Improved (n=48) 

Non-improved (n=34) 

 
490.29 (109.89) 
494.96 (110.33) 

0.850 

T-tau 
Improved (n=46) 

Non-improved (n=31) 

 
236.76 (125.12) 
256.88 (139.40) 

0.456 

P-tau 
Improved (n=47) 

Non-improved (n=32) 

 
30.64 (10.88) 
33.72 (14.39) 

0.323 

NFL 
Improved (n=48) 

Non-improved (n=33) 

 
1509.93 (1574.04) 
1659.88 (1288.22) 

0.345 
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Table 7 Univariable regression analysis with the biomarkers as independent variables and the total 
outcome score after shunt surgery as dependent variable.  

Significant p-values are bolded. 

Table 8 The regression analysis with the total outcome score as dependent variable in two steps with p-
values 

 

 

 

 

 

A box plot representing the t-test for P-tau as well as a scatter plot and exact regression 

equation for P-tau and the total outcome score are presented in figures 3 and 4. Although its 

linear negative tendency, the slope is not strongly inclined, yielding a weak correlation 

coefficient (rp) of only -0.260.  

 

Biomarker  B r2 95% CI p-value 
   (Lower – upper)  
Aβ38 -0.001 0.001 -0.008 – 0.006 0.823 
Aβ40 -0.001 0.002 -0.004 – 0.002 0.657 
Aβ42 0.002 0.000 -0.025 – 0.029 0.888 
sAPPα -0.003 0.001 -0.024 – 0.018 0.762 
sAPPβ -0.002 0.000 -0.033 – 0.028 0.873 
MCP-1 -0.008 0.003 -0.042 – 0.026 0.645 
T-tau -6.821 0.036 -14.89 – 1.243 0.096 
P-tau -12.275 0.067 -22.63 – -1.920 0.021 
NFL -2.899 0.011 -8.981 – 3.183 0.346 

Biomarker  Univariable regression Multivariable regression*  

Aβ38 0.823 -  
Aβ40 0.657 -  
Aβ42 0.888 -  
sAPPα 0.762 -  
sAPPβ 0.873 -  
MCP-1 0.645 -  
T-tau 0.096 0.388  
P-tau 0.021 0.070  
NFL 0.346 -  

*Biomarkers with p-values < 0.1 were included in the multivariable regression. 
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Figure 3  Box plot of P-tau in the subgroup comparison of improved vs non-improved patients 

 

Figure 4 Scatter plot and regression equation for P-tau and the total outcome score after surgery. Nota 
bene: logarithmic values.  
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DISCUSSION 

The aim of this project was to explore possible associations between the pre-operative lumbar 

CSF biomarkers Aβ38, Aβ40, Aβ42, sAPPα, sAPPβ, T-tau, P-tau, MCP-1, NFL and the 

overall symptomatology in INPH-patients measured by a highly specific scale, and to 

evaluate whether these biomarkers could predict the outcome after shunt surgery. 

Main findings 

The most prominent results were that none of the biomarkers showed a strong correlation to 

the overall symptom burden or the outcome after shunt surgery. Neither could a combination 

of two or more biomarkers generate a strong model for the clinical presentation nor to the 

prediction of the treatment outcome. Regarding the surgical outcome, P-tau alone fell out as a 

significant predictor (p=0.021) with higher levels being associated with less improvement, 

though this correlation was rather weak (r2=0.067).  

Associations between CSF biomarkers and the overall symptom burden 

The biomarkers Aβ40, T-tau and NFL could individually yield a significant association 

between the total symptomatology where higher levels were associated with a larger symptom 

burden, with NFL being the strongest predictor. However, we found these correlations too 

weak to be considered significant for use in the clinical practice. With age being a strong 

confounder, as shown in the multivariable regression adjusted for age, the results from the 

univariable regression also become vastly questionable. The influence of age is much likely to 

be the reason behind these biomarkers’ significance in the first place.  

One could speculate that the recently reported diagnostic model consisting of low levels of tau 

proteins, low levels of APP derived proteins and high levels of MCP-1 that has been 
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presented as a characteristic pattern of INPH (40) also would be associated with the clinical 

presentation, but this could not be concluded in this study. Additionally, the results in this 

study did not follow the same trend, with a more pronounced symptom burden being 

correlated to an increase of the APP-derived proteins as well as Tau-proteins, rather than a 

decrease. Though, the differentiation between INPH-patients to healthy individuals and the 

correlation to symptom burden could be two incomparable aspects.  

Contrarily, a study by Kudo et al. reported a significant correlation between total tau in the 

CSF and the severity of dementia and urinary incontinence. This study included secondary 

forms of normal pressure hydrocephalus and not exclusively idiopathic, which makes 

comparisons rather speculative (41). Furthermore, a narrower clinical scale ranging between 

0-2 was used, impairing the comparability between these studies. We did not include separate 

INPH scale domain scores, such as the gait or cognition scores, in the analyses since this was 

beyond the range of our study. Hence, such associations cannot be excluded from our results. 

Similarly, higher levels of NFL have previously been found to be associated with more 

symptoms in patients with NPH (42).  

In pathophysiological terms, with T-tau and NFL being significant predictors of symptom 

burden alone, the correlation between elevated levels and poorer INPH-scale scores could 

point to increased neuronal damage in INPH-patients over time (42, 48, 49) or that patients 

had other comorbidities affecting the CSF dynamics. With the elevated T-tau one could 

speculate that comorbid AD might explain the results. Aβ40 was also individually significant, 

which is rather discussable as the beforementioned theory suggested that INPH-patients have 

shown general alterations in the APP-derived proteins and not solely in Aβ40 (47). One 
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would have expected to see more consistent p-values, and even B-values, between all the 

APP-derived proteins in this study.   

The combination of biomarkers resulted in diminished significance, most dramatically in NFL 

going from being highly significant (p=0.001) to end up non-significant (p=0.351). The only 

biomarker that remained significant was T-tau, meaning that this biomarker held the actual 

correlation to the overall symptom burden. However, even T-tau lost its significance when 

adjusting for age, indicating that age is the true predictor of symptoms. This presumption is 

discussable, as the use of the INPH-scale could be a possible explanation. The reference 

group for the scale is elderly persons between the age 70 – 74. Although the mean age in this 

study was 73 years, a reasonable amount of the patients were older than 74, the oldest being 

89 years, suggesting that these patients could have been essentially underestimated regarding 

their performance on the INPH-scale before surgery since comparison is made with younger 

patients. Clearly, the study material also included patients younger than 70 years, symptoms 

possibly being overestimated in the clinical evaluation hence ruling out the effect of the older 

patients. At length, this bilateral effect could be the main reason behind the linear relationship 

between age and the total INPH scale score, as older patients scoring lower while younger 

patients scoring higher because of under- and overestimation of performance.   

The influence of age on the biomarker levels is also an interesting aspect. Age is significantly 

correlated to all the biomarkers except sAPPα, sAPPβ and MCP-1, meaning that the 

confounding effect could act on both ways. If higher age yields both increased levels of 

biomarkers and greater symptom burden, the regression analysis would portray a correlation 

between the two latter variables without there being an actual association. Dividing the study 

population into different age groups would reduce the influence of age in the final results, 



 33 

though this would require a much larger patient material to ensure statistical power. In a 

multicenter study from 2012 Mattsson et al. investigated the role of age in AD-related CSF 

biomarkers, i.e. Aβ42, T-tau and P-tau. With their large study population, the authors 

concluded that there surely was an age-dependent effect on the levels of these biomarkers, 

complicating the differentiation between elderly patients with AD and the control group as 

compared to the younger patient/control group, since the normal ageing process presents 

similar pathological differences (52).  

Association between CSF biomarkers and the outcome after shunt surgery 

As for the prediction of the surgical outcome, the univariable regression yielded only P-tau as 

a significant biomarker, where higher levels were associated with less improvement. This 

finding is partly consistent with the results from a previous study from 2015 by Nakajima et 

al. where P-tau levels were significantly associated with the surgical outcome regarding the 

cognitive symptoms. In their study, it could be concluded that both pre- and post-surgical 

levels of P-tau could distinguish between cognitively improved and non-improved patients as 

measured by MMSE scores (53). Arguably, P-tau levels in our study were not close to 

significance in the comparison between the improved and non-improved group, however this 

could be because we used the overall outcome score when differentiating between these 

groups rather than dividing them into subgroups based on the symptom domains. With higher 

P-tau indicating possible comorbid AD, the effect on outcome should reasonably be more 

prominent in the cognition domain. 

In a review from 2018, Pfanner et al. investigated the role of several biomarkers in the 

prediction of shunt surgery outcome. It was concluded that Aβ42, Tau, P-tau, NFL and 
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Leucine-rich α-2-glycoprotein (LRG) had the most potential of being significant predictive 

factors, although none of them held a strong reliability (43). In the same year, Hong et al. 

concluded in their multicenter prospective study that a pre-operative low P-tau/Aβ ratio could 

significantly differentiate shunt-responsive patients from non-responders. The ratio was 

however not a significant predictor in the regression analysis. Relating the finding to other 

comorbidities, the authors suggested that the low ratio implied absence of AD pathology and 

therefore increased improvement rate in these patients (54). Contrarily, an older study 

concluded that comorbid AD did not significantly correlate with poorer outcome (55). 

Nevertheless, analyzing the effect of the ratio rather than that of individual biomarkers could 

be a wiser approach, reflecting the complexity of disease comorbidity.  

From another perspective, the lack of strong correlations or even significance in predicting the 

surgical outcome in this study implies that individual levels of these biomarkers pre-

operatively do not offer any guidance in selecting patients eligible for surgery. These results 

are in other words more consistent with the theory that possible comorbidities do not affect 

the shunt-responsiveness and therefore one could argue that even patients who show signs of 

AD in terms of CSF biomarker pattern could benefit from treatment and should not be 

excluded. However, the thoroughly selected patients for shunt surgery in this study material 

contradicts this speculation. Patients with pronounced clinical signs of AD or other 

comorbidities with similar clinical manifestations, such as atypical Parkinsonism, were not 

considered eligible candidates for surgical treatment in the first place hence not included in 

this study material.  

Naturally, we cannot exclude the possibility of other CSF biomarkers being significant 

predictors of symptom burden and/or surgical outcome. Together with deeper understanding 
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of the pathophysiology in INPH, biomarkers closer to the disease core ought to be found and 

further investigated.   

Strengths and limitations 

The main strength with this study is its large study population, well-reflecting the patient 

group, and very few missing data. Patients were included from the same highly specialized 

unit, pre- and post-operatively examined by the same experienced investigators and operated 

at the same hospital. Diagnosis was based on established diagnostic criteria. Staging of 

disease was based on the INPH-scale, resulting in both a consistent and objective evaluation 

of the clinical picture, and granting extensive data describing both the overall symptom 

burden as well as individual symptom domains. Since the scale could be used for both pre- 

and post-surgery examinations, the clinical outcome could also be measured objectively. 

Outcome data was available as both nominal and continuous variables, allowing the statistical 

analyses to be based on both whether patients where improved or not, and to the extent of the 

improvement. Analyses of the biomarkers were performed batch-wise by professional 

analysts blinded to clinical data. 

There are some limitations in this study. A larger study population would certainly have been 

beneficial and increase the power of the statistical analyses. Some parts of the INPH-scale 

rely on information from the patient and/or a close relative, affecting the objectivity of the 

measurements. It is however difficult to find other ways to assess these symptoms and since 

the same scale is used on all of the patients, this should not essentially affect the variables. 

The biomarkers were analyzed from lumbar CSF, and while it is completely sufficient and 

consistent with the diagnostic criteria, ventricle CSF might have been closer to the core 
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pathophysiology of INPH. Additionally, post-surgical biomarker analyzes would have 

enabled further comparisons between both pre- and post-surgical levels as well as differences 

between improved and non-improved groups, enhancing the possible associations. Objective 

data of other comorbidities was not available, although the patients were thoroughly selected 

for surgical treatment and INPH was determined to be the main diagnosis. Naturally, the 

human factor in terms of clinical evaluation and surgical intervention and possible effects on 

the outcome cannot be excluded. The improvement rate in our patient group was 58.5%, 

which is considerably lower than what is expected (9), possibly affecting the representation of 

the larger patient population. From the statistical perspective, the rate being close to 50% 

would theoretically increase the possibility of finding differences between improved and non-

improved patients.  

The explorative nature of this study required reducing the risk of type II errors, hence the use 

of parametric statistical analyses which consecutively required transformation of some 

variables to logarithmic values. However, interpretation of the results was thus complicated 

due to the mixture of both “normal” and logarithmic values. A consistent approach would 

have been more favourable. Parametric analyses tend to be more associated with type I errors, 

meaning that one ought to be more critical in the interpretation of significant results. 

Furthermore, correlational studies are effective for finding linear associations on a general 

level but cannot be used to conclude causational relationships.  
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CONCLUSIONS AND IMPLICATIONS 

In this observational explorative retrospective study, we concluded that the biomarkers Aβ38, 

Aβ40, Aβ42, sAPPα, sAPPβ, T-tau, P-tau, MCP-1 and NFL could not act as significant 

predictors of the overall symptom burden in INPH-patients. P-tau was significantly correlated 

to the surgical outcome, although this finding was too weak to reach clinical relevance 

(r2=0.067, p=0.021).  

Future studies should suggestively dissect the different symptom domains and investigate 

correlations to biomarkers that could be associated to the different pathophysiological theories 

behind the symptoms of gait, balance, cognition and urinary incontinence.   
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Idiopatisk normaltryckshydrocephalus är ett neurologiskt tillstånd som förekommer främst 

hos äldre personer över 65 år. Tillståndet innebär att man får en ökad mängd 

hjärnvätska/ryggvätska, som vanligtvis cirkulerar kontinuerligt i ett system av hålrum i både 

hjärnan och längs ryggmärgen. Sjukdomen ger symtom i form av gångproblem, 

balansproblem, minnes- och koncentrationssvårigheter samt svårigheter med att hålla urinen. 

Ännu har det inte konstaterats vad det är som orsakar detta tillstånd, även om många teorier 

har diskuterats. Forskning har visat på att det handlar om ett minskat återupptag av 

hjärnvätskan i hjärnan. Detta leder så småningom till att vätskan ansamlas, men utan att 

trycket i hjärnan stiger. Diagnosen baseras på de kliniska symtomen, en röntgen- eller 

magnetkameraundersökning av hjärnan samt en undersökning där man samlar in vätskan från 

ryggen, som kan återspegla miljön i hjärnan. Ryggvätskan analyseras främst för att utesluta 

att det rör sig om andra sjukdomar som kan ge liknande symtombild. Analysen från 

ryggvätskan används också för att jämföra med vad tidigare studier har hittat kring nivåer av 

olika proteiner i vätskan, så kallade ”biologiska markörer/biomarkörer”, hos patienter jämfört 

med friska individer. Behandlingen består av ett kirurgiskt ingrepp där en slang (=shunt) 

placeras med ena sidan i hjärnan och andra i bukhålan, i syfte att dränera vätskan däremellan. 
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Uppemot 80% av patienterna blir förbättrade, men det är svårt att förutse vilka som kommer 

svara på behandlingen. Eftersom ingreppet innebär vissa risker är det viktigt att finna pålitliga 

tester som kan hjälpa till i urvalet av patienter till den kirurgiska behandlingen.  

Tidigare forskning har fokuserat på biomarkörer i ryggvätskan och hur nivåerna av dessa 

skiljer sig mellan patienterna, dels beträffande grad av sjukdomssvårighet men även hur man 

har svarat på behandlingen. Starka kopplingar har ännu inte kunnat redovisas, men flera 

biomarkörer har visat viss potential. Målsättningen med vår studie var att undersöka om det 

fanns någon koppling mellan nio utvalda biomarkörer och symtombördan före operationen 

samt graden av förbättring efter. Vårt studiematerial bestod av 82 patienter som fått diagnosen 

idiopatisk normaltryckshydrocephalus, blivit väl undersökta både före och efter operation, 

samt opererats på Sahlgrenska Universitetssjukhuset i Göteborg. Analyser av patienters 

ryggvätska genomfördes före operationen för att få fram nivåer av biomarkörer. 

Symtombördan före och efter operation mättes med hjälp av en skala (=INPH-skalan) som 

framtagits specifikt för denna diagnos. Vår hypotes var att nivåer av dessa biomarkörer, 

antingen enskilt eller i kombination med varandra, skulle vara kopplade till hur mycket 

symtom man har initialt, samt grad av förbättring efter operationen. Resultaten pekade mot att 

det inte fanns någon tydlig koppling mellan biomarkörerna och symtomen före operation eller 

förbättringsgraden efter behandlingen. Även om det fanns en viss signifikant koppling mellan 

enskilda biomarkörer så var sambandet inte tillräckligt stark för att kunna tillämpas i 

praktiken. Dessa resultat stödjer delvis tidigare fynd från studier inom samma område. 

Framtida studier bör förslagsvis fortsätta utreda möjliga biomarkörer som kan hänga ihop med 

symtombördan och eventuellt förutse behandlingsutfallet, fördelaktigt med hjälp av samma 

skala som använts i denna studie.  
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