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Background: Idiopathic normal pressure hydrocephalus (iNPH) is characterized by impaired gait and cognition, and urinary incontinence. Even though iNPH still lacks standardized diagnostic criteria, many patients may potentially benefit from treatment which are often invasive procedures.

Objectives: To provide an overview of the current state of research on physical activity behavior and gait in patients with iNPH, and examine potential changes after treatment (i.e., shunt surgery, spinal tap test or lumbar drainage).

Methods: This literature review was carried out based on the PRISMA statement and we searched PubMed, Web of Science and Scopus databases in April 2023.

Results: In total, 32 studies were included: 29 focusing on gait, 2 focusing on gait and physical activity, and 1 focusing on physical activity. All studies reported improvements in gait, such as reduced gait ataxia or shuffling gait and greater variability of gait cycle length, after an intervention or treatment. Improvements may depend on patients’ age, symptom duration, and treatment method, among others.

Conclusion: Improvements in gait after iNPH treatment (e.g., shunt surgery) are well documented, whereas results on physical activity behavior in iNPH patients are inconsistent. More research on physical activity and gait outcomes before and after treatment is needed, also with regard to treatment success.
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1 Introduction

Idiopathic normal pressure hydrocephalus (iNPH) is a chronic disease with constant progression of clinical symptoms that may impact quality of life (1). On brain imaging, patients exhibit dilated cerebral ventricles caused by a disturbance of cerebrospinal fluid (CSF) circulation, resulting in the so-called Hakim’s triad, which is characterized by gait abnormality, cognitive impairment, as well as bladder and/or fecal incontinence (2). INPH patients have a high prevalence of medical comorbidities, and a reliable diagnosis is often challenging particularly in the absence of standardized diagnostic criteria and treatment guidelines (2), albeit few guidelines have been proposed by various groups (3–6). Usually, iNPH is diagnosed based on a lumbar puncture (spinal tap test, TT), or placement of a lumbar CSF drainage to simulate a CSF shunt and corroborated by an examination of cognitive functions, assessment of potential incontinence, and gait testing (7); and treated through the implementation of a shunt system to drain excess fluid from the brain. INPH is still poorly studied, and is even met with some caution in the medical community (8). Thus, many affected individuals may not receive treatment, which may increase the need for care and mortality risk (9). Timely treatment based on a reliable diagnosis and continuous examinations after shunt surgery is warranted (9).

A majority of patients observe improvements in gait, along with improvement of other symptoms such as cognitive impairment, at 1-year post operation follow-up (10), and there is growing interest in better understanding gait and mobility in iNPH patients. However, gait assessments do not necessarily provide information about actual changes in patients’ everyday motor capacity, physical activity or sedentary behavior (11, 12). Regular physical activity is associated with better motor performance, higher functional independence, and improved physical and mental functioning in older adults. Therefore, in addition to gait, research on physical activity (behavior) in iNPH patients is important, but only few studies have been conducted on this (12, 13). Furthermore, while prior literature reviews and meta-analyses on iNPH have focused on the outcomes of pathogenesis, pathophysiology, key symptoms, radiologic findings, diagnosis, treatment or shunt responsiveness, to the best of our knowledge, none has considered physical activity or gait-related variables. Therefore, the aim of this literature review was to provide an overview of the current state of research on physical activity and gait in patients with iNPH. Specifically, we focused on studies that examined: (1) physical activity behavior in iNPH patients; (2) the impact of treatment (i.e., CSF shunt surgery, TT or lumbar CSF drainage) on physical activity, and preferably provide a comparison of physical activity before and after treatment; (3) gait in iNPH patients; (4) the impact of treatment on gait, and preferably provide a comparison of gait before and after treatment. Other commonly reported treatment outcomes of iNPH, such as cognitive impairment, were not emphasized in this review, and the focus was deliberately placed on physical activity and gait. We anticipate that this review will provide valuable insight into physical activity and gait in iNPH, and provide answers to the questions as to whether treatment may have an impact on these parameters in iNPH patients. The results of our review may thus have implications for clinical practice and may be of value to clinicians and researchers working with iNPH patients.



2 Materials and methods

We conducted a literature review based on the PRISMA Statement (14). Inclusion criteria was defined using the PICO scheme (15):

1. Population: Studies in patients with iNPH. We did not apply any further exclusion criteria regarding study population or disease status.

2. Intervention: Studies in patients who underwent CSF shunt surgery, TT or lumbar CSF drainage for iNPH treatment.

3. Comparison and Outcomes: Studies that examined physical activity and/ or gait (and gait-related parameters) before and/ or after CSF shunt surgery, TT or lumbar CSF drainage, respectively.

We only considered manuscripts published in English or German before April 11, 2023. The search terms consisted of combinations of three main keywords, i.e., idiopathic normal pressure hydrocephalus/ iNPH, physical activity, and gait. We searched PubMed, Scopus, and Web of Science databases. Please refer to Table 1 for the full search terms.



TABLE 1 Search terms by database.
[image: Table1]



3 Study selection and data extraction

After removing duplicates, all relevant publications were checked for eligibility by screening titles, abstracts, and finally, the full text, and included if they met the aforementioned inclusion criteria. Zotero software (version 6.0.26) was used for literature management. Relevant data from included studies were extracted to Microsoft Excel (version 16.16.27).



4 Assessment of methodological quality

The Critical Appraisal Skills Program (CASP) (16) was used to determine the quality of included studies. Checklists provided by CASP contain questions to be answered with “Yes,” “No” or “Uncertain” as well as open ended questions. For our review, we rated questions that were answered with “Yes” as positive, questions answered with “No” as negative, and questions that could not be answered as neutral. The open questions were also categorized as positive or negative after being answered. Publications were considered to be of lower quality if more than half of the questions were answered negatively or received neutral rating, and of good quality if more than half of the questions were answered positively. Studies on which 10 or more questions were answered positively were rated as having very good quality.



5 Results

The search yielded a total of 3,833 publications, of which 32 were finally included in the literature review. For graphical display of the study selection process, please refer to Figure 1. A summary of included publications focusing on the outcome of physical activity is provided in Table 2, and on the outcome of gait in Table 3. An overview of gait parameters reported in included studies is provided in Table 4.

[image: Figure 1]

FIGURE 1
 Flowchart for literature review (prepared based on PRISMA guidelines).




TABLE 2 Overview of included publications on the outcome of physical activity.
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TABLE 3 Overview of included publications on the outcome of gait.
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TABLE 4 Overview of gait parameters reported in studies.
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5.1 Study characteristics

The included manuscripts were published between 1995 and 2022, with 20 published within the last 10 years (2013–2022). Twenty-six publications utilized a cohort study design (n = 6 retrospective, n = 20 prospective), and we also included five case studies and one randomized controlled trial. All studies were conducted in a clinical setting. Three studies also used a field setting, as measurements were carried out in the participants’ home environments through actigraphy (11, 12, 17).

The studies had a total of 1,315 participants (807 males, 497 females, 14 no information on sex) with suspected or confirmed iNPH. In all studies, iNPH was defined by the presence of the Hakim’s Triad, including gait disturbance, cognitive impairment and urinary incontinence. In most studies, clinical symptoms were associated with ventricular dilatation (n = 9) (11, 18–25), and normal CSF pressure (n = 10) (17, 26–34). One study described that there is no obstruction to CSF flow (35), whereas three others (12, 36, 37) reported disturbances in CSF dynamics. Most authors followed the international guidelines for iNPH diagnosis published in 2005 (3). Mean age of participants ranged between 60 and 84 years; only two studies included participants with a mean age < 70 years (26, 31); and two did not provide age information (30, 38). The studies either involved shunt surgery (n = 13), TT in addition to shunt surgery (n = 6), TT alone (n = 11), lumbar CSF drainage (n = 1) or lumbar CSF drainage plus shunt surgery (n = 1). Follow-up periods differed considerably across studies, and most studies (n = 14) did not have a long-term follow-up after the intervention, i.e., 1 hour to 1 week after the intervention (21, 24, 29, 32, 33, 35) or did not provide follow-up information (1, 25, 34, 38–42). Five studies had a 6 month follow-up period (12, 18, 28, 36, 43) and another six studies had a follow-up of three months (11, 22, 31, 37, 44) or 12 weeks (19) after shunt surgery, and a one-month follow-up was reported by two studies (20, 26). One study (30) had a follow-up of 11 weeks, two studies (23, 45) of 3–12 months, and two studies (17, 27) had a rather long follow-up period of 1 year after shunt surgery.



5.2 Physical activity in iNPH patients

Knowledge about the general physical activity level of patients with iNPH is limited (12). One study (11) stated that their sample was in the lower normal range in terms of number of steps per minute, but participants had a reduced total energy expenditure (TEE). There was no difference in lying time and sleep duration compared to healthy controls.



5.3 Physical activity in iNPH patients before and/ or after shunt surgery, TT or lumbar drainage

One case study (17) reported that one iNPH patient had a sustained increase and a second patient had only a short-term increase (less than 6 months) in physical activity level after shunt surgery. In contrast, a cohort study did not yield any significant changes in the number of steps, TEE, lying time or sleep duration after shunt surgery (11). In one study, an additional physical exercise program did not have any further effects on physical activity in iNPH patients after shunt surgery (12), and there were no significant changes in the number of steps, TEE and MET. However, participants had an increased proportion of voluntary walking (steps per minute) and nocturnal sleep at both three- and six-months follow-ups after shunt surgery, and the authors observed a weak correlation between walking short distances and voluntary walking.



5.4 Gait in iNPH patients

It is well known that iNPH patients tend to present with progressive gait impairments (1, 11, 12, 19, 21–23, 25, 26, 28, 30, 32, 33, 36, 37, 44), accompanied by motor delays and lower extremities muscular weakness (17). Gait ataxia, i.e., lack of coordination of muscle movements, can occur in patients with iNPH (38). Many iNPH patients suffer from a shuffling gait, which is often described as magnetic (18, 41, 43). In addition, significantly increased variance in stride length (20, 24, 38), as well as reduced cadence (24, 29) and gait speed (24, 27, 29, 31, 45) have been reported in iNPH patients. Freezing of gait may also occur during walking (24, 34, 43). Frequently described gait-related symptoms in iNPH patients include but are not limited to impaired balance (17, 24, 27, 29, 34, 40, 45), and increased track or stride width resulting in a wide-based gait (24, 27, 31, 40, 41, 43, 45). The latter can be accompanied by difficulties in turning around, which manifests in an increased number of steps and duration required for a 180° turn (27, 29, 34, 39). Movements of the trunk and upper limbs are relatively less impaired in iNPH patients, but transition movements from sitting to standing take longer (39). In addition, the maximum extension of the knee joint is significantly reduced in patients with iNPH (24). Based on careful clinical evaluation, a distinction can be made between different types of gait phenomena in relation to iNPH, such as normal, frontal, parkinsonian and other gait phenotypes (41).



5.5 Gait in iNPH patients before and/ or after shunt surgery, TT or lumbar drainage

Several studies included in this review reported reduced gait disturbance (e.g., gait ataxia or shuffling gait) in iNPH patients after shunt surgery (11, 18, 20, 27, 28, 32, 34, 36, 37, 39, 42, 43), as well as TT (20, 27, 28, 35). Significant improvements in gait variables have also been observed after lumbar drainage (34), albeit they may not be to the same extent as after shunt surgery (20, 27, 34). Due to improved gait after shunt surgery, many iNPH patients are able to walk without a walking aid (22, 27, 43). Younger age (22, 44), and shorter symptom duration (22) appear to be associated with more favorable gait outcomes after shunt surgery. One study (44) reported significantly poorer performance of women compared to men before and after shunt surgery in Timed Up and Go and 10-meter walking tests. However, there were no significant differences in improvement rates. Another study (40) revealed increases in hip extension angle during stance phase, in hip flexion moment during the pre-swing phase, of hip joint force during terminal stance phase, and of knee joint movement in the sagittal plane after shunt surgery. In addition, two studies (21, 24) reported improvements in the variability of gait cycle length. In another study (27), improvements in gait were already noticeable 3 hours after CSF drainage and lasted for 18 h. In contrast, another research (45) revealed maximal improvements between 24 to 48 h after TT in most participants. Studies showed that after TT, gait speed (24, 33, 42), gait cycle length and double support phase duration (24), stance and swing phase duration (24), the ability to turn around and the tendency to fall (33, 42), as well as cadence and step height (33) are most likely to improve. Regarding the different gait phenotypes in patients with iNPH, investigators (41) observed that gait speed improved significantly after TT in all patients except those with parkinsonian gait. In addition, patients with frontal gait showed greater improvements compared to patients with other gait phenotypes. After TT, LD or shunt surgery, reductions in steps required for a 180° turn have been reported by different authors (25, 29, 39, 42, 43), and there is also a reduction in the duration of transition movements from sitting to standing after TT (39).



5.6 Quality assessment

Four studies included in this review were rated as having low quality (12, 17, 20, 30). Nineteen studies were rated as having good quality (1, 11, 18, 19, 21, 24, 25, 27–29, 31, 33, 38–44), and nine studies were rated as having very good quality (7, 22, 26, 32, 34–37, 45). Of note, no effect sizes were mentioned in any of the case studies. Furthermore, with the exception of two studies (32, 37), no confidence intervals were given in the cohort studies. The results of the quality assessment are provided in Tables 5–7.



TABLE 5 Quality assessment of included case studies.
[image: Table5]



TABLE 6 Quality assessment of included randomized controlled trials.
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TABLE 7 Quality assessment of included cohort studies.
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6 Discussion

We conducted a review of literature on physical activity and gait in iNPH, including before and after invasive procedures for iNPH. Other iNPH treatment outcomes such as cognitive impairment, bladder or fecal incontinence were not considered. The majority of included studies (29 of 32) focused primarily on gait, and only three publications examined the influence of iNPH and shunt surgery, TT or CSF drainage on physical activity. In addition, two of these three studies (12, 17) were rated as having poor quality. In light of the importance of physical activity on physical and mental functioning in older adults, more research on physical activity in iNPH patients is clearly needed. Preferably, physical activity should be assessed using objective technologies such as accelerometers or other (wearable) sensors in future research. The physical activity parameters used by two studies (11, 12), i.e., number of steps per minute, TEE and the difference in lying time and sleep duration, appear to be useful to quantify physical activity on an individual participant level and could be used in future research. However, both studies (11, 12) suggest that improved physical or motor performance after treatment does not directly lead to increased physical activity, albeit acknowledging that rehabilitation programs could improve gait capacity and therefore lead to increased physical activity (11).

It is well documented that most iNPH patients suffer from gait impairments (1, 11, 12, 19, 21–23, 25, 26, 28, 30, 32, 33, 36, 37, 44). Since these impairments slowly progress over time (17), continuous monitoring of patients with suspected iNPH is crucial in order to potentially counteract severe symptom progression and ensure preserved activities of daily living. In general, gait speed of iNPH patients is reduced due to shorter stride lengths caused by co-contractions of the proximal muscles and likely not due to reduced cadence (24, 45). The shortening of swing phases and the lengthening of stance phases also contribute to reduced gait speed. A broad-based, shuffling gait and freezing of gait have been described as the most frequently observed gait impairments (43). Therefore, both step width and height appear to be relevant for an iNPH diagnosis. In addition, affected individuals have difficulties with turns, and require an increased number of steps and duration to perform a 180° turn (27, 29, 34, 39, 42). These parameters may thus also be important with regard to iNPH diagnosis.

All studies included in this review reported gait improvements after a TT, LD or shunt surgery in iNPH patients, but this effect may particularly apply to patients who respond positively to a previously performed TT (18, 23, 29, 35, 42). It can thus be assumed that shunt surgery is only effective in treatment of gait impairments in these patients. As patients with frontal gait in particular benefit more from a TT than other gait phenotypes, this parameter should also be considered when deciding on surgery indication (41). Younger patients as compared to older with comparable gait impairments (22, 44), and those with shorter compared to longer duration of symptoms (22) seem to benefit more from shunt surgery. Early diagnosis and timely treatment may thus be essential to avoid an increased need for care, and early treatment could insure recovery to higher functional levels (44).

There is evidence that positive effects on gait of patients after TT, e.g., based on multiparametric gait analysis, are most clearly recognizable when walking at self-selected speed (33). Improvements in gait appear to be measurable with a delay, approximately 12–48 h after performing a TT (27, 30, 31, 45). Therefore, gait analysis should not be performed immediately after TT, but at a later point in order to recognize all potential effects on walking performance. Gait velocity is considered the gait parameter with the largest expected improvements after a TT (24, 33, 42), and gait velocity is the most frequently cited parameter to improve after TT, LD or shunt surgery (18, 21, 23–25, 29, 30, 34, 36, 40, 41, 45). Significant improvements in stride length have also been reported after TT and shunt surgery (1, 29, 36, 40). Thus, gait speed and stride length may be important parameters for pre- and post-operative monitoring of patients and regarding indication for surgery. As improvements in gait speed in iNPH patients could be due to an increase in stride length (30), the two parameters should be considered in conjunction with each other, and also with regard to changes in cadence.

In clinical practice, this could mean that a standardized test battery including gait analysis should take place before and 12–48 h after TT or LD. When simulating CSF shunting via lumbar drain, care should be taken to remove the drain with a sufficient interval before implementing the test battery so as not to negatively impact the outcome. Symptoms of iNPH may progress depending on shunt-valve type and programming postoperatively; therefore, it is advisable to subject the patient to regular testing, ideally using a monitoring system. This could lead to more individualized shunt-valve programming, to earlier detection of shunt malfunction, and to a more patient-tailored approach to surgical iNPH treatment. At the same time, such a system, if sensitive enough, could aid in better detection of individual iNPH symptoms before surgery. The clinical goal is to detect iNPH as early as possible, as early treatment correlates with better outcomes. Symptoms in the early stages of iNPH, however, may be mild and improvement after probatory CSF-shunting can be discreet and difficult to measure. In the future, physical activity may be included as an independent factor in the diagnosis and follow-up of iNPH patients. This may allow for additional information on the impact of physical activity in iNPH patients and for evaluating a possible response to CSF-shunting.

Also, in light of the current shortage of literature on physical activity and gait outcomes in iNPH patients, there are still many research gaps that need to be addressed in future studies, e.g., behavioral consequences apart from surgical interests albeit they are likely difficult to explore in the short-term. Also, consensus should be reached on psychometric instruments exploiting latent traits such as fear of falling and fatigue as well as assessment of more complex motor abilities (e.g., climbing stairs, using a cane, bathing), since current research is restricted by mainly focusing on gait.

Limitations of this review pertain to the study selection, data extraction and quality control which were carried out by only one person, and may thus increase risk of bias. However, a second author checked the selection of studies to enhance reliability and validity. In addition, some publications were excluded due to language (not English or German), albeit they may have been relevant. The CASP rating revealed that some included studies were of poor quality and may thus have limited significance. Furthermore, the CASP does not generally provide items for a scoring system, and we made adjustments to also compare the ratio of positively, negatively and neutrally rated questions. Nevertheless, since we included different types of study designs in our review, we regard the CASP as appropriate, albeit other quality assessment tools could have been used as well. In addition, there was heterogeneity between studies with regard to applied methodology such as diagnosis of iNPH, or follow-up periods after surgery (with periods ranging from as little as 1 to 4 hours to 1 year) which makes it challenging to draw conclusions and may limit the generalizability of our findings. Also, we lumped together both tap-test/ external lumbar drainage and post-shunt gait/ physical activity outcomes, which was mainly due to a lack of studies, and we did not provide detailed comparison and contrast on the findings and the relevance and mechanisms behind similar or differential responses. Future research should address the limitations and research gaps outlined in this review, as well as focus on establishing widely-accepted diagnostic guidelines and identifying measurement systems that are most suitable for iNPH diagnosis, thereby also allowing for subgroup and sensitivity analyses on physical activity and gait in iNPH.



7 Conclusion

This review provides an overview of the current status of research on physical activity and gait in iNPH patients. Studies showed that treatment in iNPH may have an effect on gait, albeit differential effects may exist between treatment forms (i.e., CSF shunt surgery, TT or lumbar CSF drainage). Relatively less research exists on physical activity in iNPH, or the impact of treatment on physical activity in iNPH patients. More research is needed to confirm our observations.
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