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Introduction and background
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Introduction and background

1.1 Major neurocognitive disorder in the Netherlands

Major neurocognitive disorder (MND), previously known as dementia, is a chronic 

and progressive syndrome of loss of cognitive function to an extent which exceeds 

the normal gradual decline associated with ageing. There are several types of disease 

which have been classified as major neurocognitive disorders. Alzheimer’s disease is 

the commonest, most well-known form and may contribute to 60–70% of cases. Other 

MND type diseases include vascular dementia, Lewy body dementia, and frontotemporal 

dementia (degeneration of the frontal lobe of the brain). In MND many aspects of cognitive 

functioning may be affected. Although loss of memory is most often associated with 

MND, other cognitive functions such as thinking, orientation, comprehension, calculation, 

learning capacity, language, and judgement can also be affected. Furthermore, MND can 

be accompanied by a loss of motivation, social behaviour and/or emotional control.2

MND occurs globally and as the global population is ageing, the problem is increasing. 

Worldwide, around 50 million people suffer from MND, and there are nearly 10 million 

new cases every year.2, 3 The Netherlands are no exception to this. In 2016 between 

254.000 and 270.000 persons out of 17 million inhabitants were suffering from MND 

in the Netherlands and it was the commonest cause of death. Of these people 114.300 

were living at home and 70.000 were residents in nursing homes.4, 5 It is estimated that 

by 2050 620.000 people in the Netherlands will be suffering from MND.

The WHO explains MND in three stages: the early stage, the middle stage and the late 

stage. The early stage is often overlooked because of its gradual onset. Patients with 

early stage MND experience loss of memory, lose track of time and may get lost in 

familiar places. During the middle stage of MND patients become increasingly forgetful, 

more disoriented and need more help with personal care. This is also the stage were 

behavioural changes may become apparent to relatives and caregivers. Finally, in late 

stage MND patients become completely dependent on care, may be unaware of time 

and place, experience difficulty recognizing friends and family and may have progressive 

behavioural changes which may include aggression towards those caring for them.2

1.2  Oral pathology in MND patients.

Stephen Fry’s joke (see: Preface) has gotten a bitter after taste for many MND patients. 

The use of dentures is becoming less common in the geriatric population and with this 

the number of elderly people, especially MND patients, with dental problems is growing 

rapidly. Increasing numbers of MND patients enter nursing homes with a complete or a 

partial dentition. In a study of the oral health status of nursing home residents in the north 

of the Netherlands 7.9% of newly admitted nursing home residents were found to have 

remaining teeth in 2002 and by 2012 this proportion had risen to 28.7%.6
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As patients with MND progress from the early stage to the middle or late stage, they 

gradually experience failing care seeking behaviour, reduced motor skills and subsequently 

their self-care worsens including oral self-care; all these factors lead to an increased risk 

of oral health problems.7, 8 Over 70% of elderly people who are entering a nursing home 

are diagnosed with oral health issues and such problems cause, often undetected, painful 

conditions (Figure 1-1).6, 9, 10 While many readers may be able to imagine the severity of 

dental pain, for patients with Alzheimer’s disease it can become increasingly difficult to 

understand their pain and to adequately voice their complaint. Furthermore, the pain 

may even be more severe for MND patients due to structural changes in brain tissue.11 

In addition to this, dental pathology causing impaired chewing ability can also contribute 

to chronic malnutrition. In Alzheimer’s disease reduced energy intake leads to poor 

appetite, resulting in a vicious cycle. Beside direct relations between oral health issues 

as described above also indirect relations between oral health and cognitive impairment 

can be found.11 Periodontal disease for example has been shown to be associated with 

cognitive impairment and dementia.12 Treatment of oral health problems, especially pain 

complaints and chewing problems needs to be considered as important as it will have a 

positive impact on the quality of life of these patients.13, 14

In other words, poor dental health is a real and large, modifiable burden in the geriatric 

population and many MND patients, who cannot adequately voice their complaints may 

be suffering from undetected chronic oral pain in the last days of their lives.9, 15, 16

Figure 1‑1 Clinical examples of the dental pathology in elderly MND‑patients

1.3 Dental treatment during care resistant behaviour

1.3.1 Care resistant behaviour

Behavioural changes are common in MND.17 Amongst some of the most worrisome 

behavioural changes MND patients may exhibit are anxiety and aggression. This 

aggression may be directed towards friends and family but it may also be aimed at 

caregivers who are trying their best to give the needed care while the patient is unable 

to receive this care due to his or her anxious and aggressive behaviour. In a recent study 

by Hoeksema et al. almost half the dentulous MND patients with moderate to poor oral 

health were uncooperative and resisted dental care.6 And during normal dental hygiene 

care nurse’s aides had to cope with patients who were hitting or kicking them (58.6%), 

spitting at them (46.5%) or biting them (35.8%).18 This frequent occurrence of care 

resistant behaviour during oral care may be explained by the observations in a study of 

the incidence and causes of physical aggressive behaviour from patients with MND. The 

authors concluded that physically aggressive behaviour most often occurred in response 

to a perceived threat such as an intrusion of the patient’s personal space.19 Dental care, 

almost by definition, takes place in a person’s personal space.

1.3.2 Involuntary care

When care is needed but the patient refuses to cooperate, caretakers have to decide 

whether they will take the step towards providing involuntary care. This is a difficult 

situation which is addressed in the Dutch Involuntary Care Act (in Dutch: the “ Wet zorg 

en dwang”), or Wzd. This law protects the rights of persons during involuntary care or 

involuntary admissions. It is designed specifically for persons with MND or an intellectual 

disability. The core of the Wzd is the statement:’Nee, tenzij..’ which translates into: ”No, 

unless..”, meaning that involuntary care should only be used when no other options are 

available, or as the Rijksoverheid website www.dwangindezorg.nl states: “ Freedom where 
possible, care where necessary but always individualized.“20 Under the Wzd patients can only 

receive involuntary care if no other options are available to prevent serious harm. Medical 

treatments and medication, restraining or surveillance methods but also measures that 

restrict patients options to organize their own life all fall under the Wzd. Caregivers 

need to establish a care plan for the patient and if possible discuss this with the patient 

and his or her relatives. In case the patient is not willing to cooperate and the patient is 

at risk of serious harm despite this care plan, the team of caregivers need to follow the 

guidelines as prescribed in the Wzd. This guideline provides five steps of evaluation and re-

evaluation of the necessity and proportionality of the involuntary care. Caregivers, legal 

representatives, physicians and an independent expert are all involved in this guideline.21 

In line with this, procedural sedation of MND patients with care resistant behaviour is a 

medical treatment regulated by the Wzd. Before starting this type of treatment caregivers 

will have to follow the required steps and make sure they do not violate the patient’s 

rights.
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Severe dental problems in MND patients are increasingly being recognized as a serious 

problem and, as discussed above, these conditions are treatable and treatment has been 

shown to have a positive influence on the quality of life and may play a role in modifying the 

course of the disease.6, 9, 10, 12-14, 22 When dental care is deemed essential for a patient with 

care resistant behaviour, the decision has to be made what treatment options are available 

to modify the patient’s behaviour in order to allow the treatment to be completed. Non-

pharmacological measures are preferred and may provide a solution in many cases.23, 24 

Unfortunately, however, these measures may fail to reduce the anxiety and aggression 

sufficiently, especially during dental care, and ultimately caregivers may have to resort to 

sedation or general anesthesia.

1.4 Geriatric anesthesia and sedation

In case medical or dental procedures are too painful or too uncomfortable to be tolerated 

by the patient some form of anesthesia is needed. Most dental procedures and several 

other selected medical procedures can be carried out under local or regional anesthesia. 

It is often necessary however, to make the patient unconscious of what is happening and/

or senseless (anesthetic) to the pain induced by the procedure.

General anaesthesia and sedation can both be used for this purpose but each has its 

own indications and contraindications. General anaesthesia allows almost any procedure 

to be performed without any pain or distress caused to the patient. Sedation, on the 

other hand should be used only as an adjunct to locoregional anesthesia or to reduce 

anxiety, discomfort and, to a limited extent, pain. The risks of both general anaesthesia 

and procedural sedation depend on the circumstances, the training and dedication of 

the caregiver, the extent of the procedure and the pre-existing health of the patient.

The main goal of general anaesthesia is to take away any recollection and awareness of the 

procedure, and to do so, anesthesiologists have to interfere with the body’s most primitive 

protective reflexes. During general anesthesia, the patient is completely unaware of the 

procedure but has also lost all ability to control the own body: the airway reflexes are lost, 

the respiratory drive is obtunded and the cardiovascular homeostasis is compromised. 

Hence it is necessary that a medical specialist, the anesthesiologist, monitors, controls and 

corrects these interferences with the body’s protective mechanisms. Providing general 

anesthesia is part of a medical specialty and requires a dedicated team of specialist 

caregivers.

Procedural sedation, is a drug induced depression of consciousness which allows the 

patient to tolerate a painful or uncomfortable procedure while still being aware. The 

extent of the awareness depends on the depth of the sedation, without compromising the 

patient’s protective cardiorespiratory reflexes. Figure 1-2 is a schematic representation 

of the different sedation depths and their clinical characteristics as proposed by the 

American Society of Anesthesiologists.25 Although the depth of sedation is usually broken 

down in such categories, it should actually be seen as a continuum, and patients’ responses 

are not as clearly delimited in this practical schedule.

Procedural sedation is not without risk. Many of the drugs used for general anesthesia 

are also used for procedural sedation. For the latter purpose they have to be titrated 

even more carefully lest the patient loses one or more of the protective physiological 

mechanisms. When the sedative drugs are titrated to sedation depth which do not 

compromise the patient’s safety, procedural sedation can, compared to general anesthesia, 

be performed by a much wider group of caregivers and in a wider variety of circumstances 

because cardiopulmonary function is usually maintained.

Responsiveness Airway Spontaneous 
Ventilation

Cardiovascular 
Function

Minimal Sedation 
Anxiolysis

Normal response to 
verbal stimulation

Unaffected Unaffected Unaffected

Moderate Sedation/ 
Analgesia

Responsive to verbal 
or tactile stimulation

No intervention 
required

Adequate
Usually 

maintained

Deep Sedation/ 
Analgesia

Responsive to 
repeated or painful 

stimulation

Intervention 
may be required

May be 
inadequate

Usually 
maintained

General Anesthesia
Unarousable even 

with painful stimulus
Intervention 

often required
Frequently 
inadequate

May be 
impaired

Figure 1‑2 Clinical characteristics of identified sedation depths and general anesthesia

Nursing home residents, especially those suffering from MND, deserve special care with 

respect to their needs and requirements when a painful or uncomfortable procedure 

requires general anesthesia or procedural sedation. The process of ageing is accompanied 

by several changes in organ system function with consequences for the conduct of 

anesthesia and procedural sedation.

Older patients have a higher risk of peri-operative cardiac pulmonary events26 and frailty 

(a biological syndrome of decreased reserve and resistance to stressors, resulting from 

cumulative declines of multiple physiologic systems and causing vulnerability to adverse 

outcomes) is a major risk factor for increased mortality after surgery.27-30 Changes in 

several organ systems can be held accountable for these changes and the accompanying 

loss of functional reserve. Firstly elderly patients are more prone to hemodynamic 

instability, have a reduced stroke volume and a reduced cardiac output. In the elderly 

patient’s cardiovascular system the beta-receptor response diminishes together with 

the baroreceptor sensitivity. Further to this, cardiac contractility decreases while left-

ventricular dysfunction becomes more common.
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Secondly, in elderly patients the respiratory muscle strength declines, elastic tissues in 

the lungs are lost and the production of surfactant diminishes. Additionally, the diameter 

of the small airways decreases and the chest wall becomes more rigid. Such changes 

lead to a reduced vital capacity and FEV1, increased closing capacity and V/Q mismatch. 

Anesthesiologists caring for elderly patients have to allow for increased risk of hypoxia, and 

hypercarbia, and a greater chance of aspiration, airway obstruction and bronchospasm.31

Lastly the effects of anesthetic drugs also change due to age-related alterations of physiology. 

For instance, elderly people have been shown to be up to 75% more sensitive to the sedative 

effects of midazolam.32 Elderly patient’s brains are more sensitive to many anesthetic drugs 

and the metabolism and clearance of the drugs are also affected by increasing age. The nervous 

system is affected because the brain volume and CSF volume decrease, the cerebral metabolic 

rate decreases as well and the permeability of blood brain barrier increases. In addition 

to this, the metabolism and clearance of anesthetic drugs are affected by an age-related 

decline in hepatic and renal function.29, 31 Furthermore, elderly patients have a lower body 

water content and relative plasma volume which influences the initial volume of distribution. 

This may cause a bolus dose of an anesthetic drug to have a more pronounced effect.29

1.5 Residential care

Providing general anesthesia needs to be done in a controlled environment. In case elderly 

patients are involved the process becomes even more precarious. Therefore, a hospital visit 

would arguably be the safest option for frail MND patients with respect to problems directly 

related to general anesthesia. There is, however, consensus amongst caregivers that these 

patients should be relocated as little as possible. Not only are hospital visits stressful for MND 

patients, it may also be unpractical or unreasonable for them to visit a hospital or a dental 

clinic. Moreover, hospital visits may have serious consequences for them. Patients with MND 

are vulnerable to the development of increased levels of anxiety, behavioural disturbances 

and even delirium when relocated or subjected to other changes in their environment.33-36 

Interest groups and medical institutions recognize this problem and advocate the provision of 

residential dental care.37-39 The above considerations and the consensus to strive to provide 

residential care for patients with MND as much as possible pose a problem for caregivers of 

MND patients with care resistant behaviour who need a necessary intervention. Without 

general anesthesia or procedural sedation these patients cannot receive the care they 

need, but this would mean one or more hospital visits because presently the Dutch health 

care system is not organized and equipped to provide general anesthesia in nursing homes.

For many minor but necessary interventions, such as dental care, general anesthesia may 

not be needed and procedural sedation (PS) may suffice to mitigate the care resistant 

behaviour and it may enable the patient to tolerate the treatment. When administered 

carefully, procedural sedation can be performed in a setting outside of the operating 

theatre and therefore the concept of residential procedural sedation for MND patients is 

an option that needs to be explored. Very little is known, however, about the consequences 

of ageing with respect to procedural sedation because research has focused on the 

relationship between age and morbidity and mortality after surgery under general or 

regional anesthesia. Even less is known about the provision of safe, efficacious procedural 

sedation to MND patients in the environment of a nursing home.

1.6 Drug selection: safety, efficacy and administration route

Providing procedural sedation to geriatric patients with care resistant behaviour in a 

residential setting challenges caregivers. Firstly, the limited possibilities for emergency 

interventions, compared to the fully equipped hospital setting, necessitates a firmly 

established safety profile of the proposed sedation regimen. Secondly, because patients 

with care resistant behaviour lack the cognitive capabilities to put an inadvertent 

suboptimal sedation into perspective, the efficacy of the drug and the dosing regimen 

are equally important. Lastly, this vulnerable group of patients is likely to resist not only 

the necessary medical or dental intervention, but also the administration of procedural 

sedation. Therefore the administration route will have to be comfortable, reliable, quick 

and minimally invasive. Oral administration can be achieved comfortably (drugs can be 

mixed with favorite foods or drinks), but few sedatives can be given through this route and 

generally the onset time and maximum effect are unreliable. Intravenous administration 

is seen as the gold standard in terms of speed of onset and reliability but it requires skill 

to achieve intravenous access, and it can be very difficult in patients with care resistant 

behaviour even for the skilled venipuncturist. Intranasal administration (i.e. giving the drug 

by spraying it into the patient’s nose) is also an option for selected sedative drugs. Drugs 

which can be administered intranasally are taken up into the bloodstream after absorption 

by the nasal mucosa. For several drugs the rate and efficiency of absorption through the 

nose is very fast and predictable. Moreover, a nasal spray can be given painlessly and 

without placing an intravenous cannula in frightened, anxious or aggressive patients. 40, 41

Among the sedative drugs that can be given intranasally are midazolam and 

dexmedetomidine. Both drugs have their advantages and disadvantages when used 

for procedural sedation. Midazolam is one of the most widely used sedatives for 

procedural sedation. While it is known to cause limited hemodynamic effects, it can 

potentially cause loss of airway patency, respiratory depression, and even apnea.42 It 

can be given orally, intravenously, rectally or intranasally. Dexmedetomidine (an alpha2-

adrenergic agonist) is a relatively new drug, which can also be used for procedural 

sedation. In recent years the academic interest in dexmedetomidine has more or less 

exploded (Figure 1-3). Dexmedetomidine has been found to have sedative and anxiolytic 

properties. Further to this, it is known for its analgesic potential owing to a reduction 

of sympathetic tone. Dexmedetomidine induces dose-dependent effects, ranging from 
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minimal to deep sedation. Moreover, except at doses that cause very deep sedation 

or general anesthesia, the sedation is reversible. The patient can be easily roused to a 

lucent state, but when left undisturbed will fall back into a state very similar to natural 

sleep.43 Dexmedetomidine does not impair the respiratory drive per se and seldom causes 

apnea; it has, however, been shown to impair the respiratory responses to hypoxia and 

hypercapnia.44 Dexmedetomidine has become well known for its many positive properties 

but recent studies have pointed out that it can cause profound hemodynamic effects such 

as hypertension, hypotension and bradycardia.42, 45

Both midazolam and dexmedetomidine can be administered intranasally but for both drugs 

no studies existed that specifically investigated the effects of intranasal administration 

in elderly patients. Because elderly people can respond to anesthetic drugs differently 

from younger adults, the aim of the research described in the following chapters was to 

investigate both dexmedetomidine’s and midazolam’s properties when given intranasally 

to elderly patients and to assess the feasibility and caveats of their use for procedural 

sedation in the nursing home environment.

1.7 Conclusion

There is little doubt that the question of how to care for these vulnerable patients 

who need sedation or anesthesia in the comforting environment of their own 

residence is not only current but will also become very pressing in the foreseeable 

future. Residential procedural sedation may provide a part of the solution. However, 

Figure 1‑3 Publications on dexmedetomidine per year

given the frailty of this group of patients and the proposed circumstances under which 

such interventions are to be undertaken there is a knowledge gap with respect to the 

possibilities and caveats specific to (residential) procedural sedation of elderly MND 

patients. The next chapters present a series of studies aimed towards the development 

of a safe, reliable and non-frightening method of providing procedural sedation to MND 

patients with care resisting behaviour in the comfort of their nursing home.

1.8 Outline of the studies

The first study is a review of the literature on drugs that can be used for procedural 

sedation. This study gives an overview of drugs currently being used for procedural 

sedation, their properties and some of the indications that have been the subject of 

scientific research. In the second study the focus narrows to the two drugs that were 

considered suitable for procedural sedation of frail elderly people in nursing homes. This 

study is a systematic review of the existing literature comparing two commonly used 

sedatives: midazolam and dexmedetomidine. Midazolam is one of the most commonly 

used sedatives worldwide but it has several drawbacks, especially when used in elderly 

patients. It can cause hypoventilation and desaturation and in elderly patients it increases 

the chance of a delirium. Dexmedetomidine, on the other hand, leaves respiration 

relatively uncompromised and recent studies suggest that dexmedetomidine may 

decrease the risk of delirium.46 Therefore dexmedetomidine was targeted as a good 

candidate for safe sedation of elderly patients. The third study explores the usefulness 

of dexmedetomidine for this patient group more deeply by investigating the safety of 

the use of intranasally administered dexmedetomidine in elderly subjects. The safety 

and the associated risk factors of moderate to deep sedation as provided in the UMCG 

by Sedation Practitioners were studied in the fourth study. The influence of age on the 

risk profile of this method of sedation was one of the factors under investigation in this 

study. The last study described here is an observational study of the use of intranasally 

administered midazolam for procedural sedation of elderly MND patients. This study 

was performed outside of the hospital environment, in nursing homes in the northern 

regions of the Netherlands. Subsequently, a study protocol is presented to investigate the 

pharmacokinetic and pharmacodynamic profile of intranasally administered midazolam in 

subjects aged 65 years and older. This last study has not yet been completed and has been 

halted temporarily because of the SARS-Cov-2 pandemic which is ongoing at the time 

of writing. In the final chapters the results of the studies are reviewed and summarized. 

The preceding studies are put into perspective and recommendations for the further 

development of procedural sedation inside nursing homes and for future research are 

made.
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