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Objective: The	aim	of	this	study	was	to	evaluate	acceptance	of	treatment	after	oral	
sedation	with	midazolam	in	dental	patients	with	major	neurocognitive	disorder.
Background: Midazolam	is	commonly	used	as	premedication	in	paediatric	dentistry,	
oral	 surgery	 and	people	 suffering	 from	dental	 fear.	 Little	 is	 known	about	 its	use	 in	
other	patient	groups.
Methods: Dental	and	sedation	records	of	61	patients	(64%	women)	sedated	with	mi-
dazolam	were	examined	retrospectively.	All	 records	came	from	patients	with	major	
neurocognitive	disorder	who	had	been	referred	to	a	special	dental	care	unit	in	Sweden	
due	to	uncooperative	behaviour	and	sedated	with	orally	administered	midazolam	be-
tween 2006 and 2011. Data concerning dose, degree of acceptance of dental treat-
ment	(four-	point	scale)	and	number	of	possible	interacting	drugs	were	collected	from	
dental records.
Results: On	average,	the	participants	were	80	years	old	(range:	62-	93)	and	used	3.4	
possible	interacting	drugs.	The	average	midazolam	dose	was	0.11	mg/kg	body	weight,	
which	is	in	line	with	the	regional	medical	guidelines	for	sedation.	Twenty-	seven	par-
ticipants	 (44%)	had	no	cooperation	problems	when	sedated,	twenty-	six	 (43%)	were	
treated	with	minor	adaptations,	five	had	poor	cooperation,	and	three	were	not	possi-
ble	to	treat.	No	statistically	significant	differences	were	found	for	degree	of	accept-
ance	of	 treatment	and	dose	or	number	of	possible	 interacting	drugs.	Antiepileptics	
were	used	by	13%	(n=7)	with	good or quite good	acceptance	compared	to	37%	(n=3)	
among those with poor or no	acceptance.	Unfavourable	side	effects	were	rare;	one	
participant	became	hyperactive	and	one	drowsier	than	expected.
Conclusion: Sedation	with	orally	administered	midazolam	seems	to	be	effective	and	
safe	 in	 dental	 treatment	 of	 uncooperative	 persons	 with	 major	 neurocognitive	
disorder.
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1  | INTRODUCTION

Sedation	with	midazolam	is	commonly	used	as	premedication	in	pae-
diatric	dentistry,	oral	 surgery	and	people	 suffering	 from	dental	 fear.	

However,	little	is	known	about	its	use	in	other	patient	groups,	such	as	
persons	with	major	neurocognitive	disorders.

Major	neurocognitive	disorder,	formerly	called	dementia,1 is not a 
specific	disease.	It	is	an	overall	term	covering	a	wide	range	of	cognitive	
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limitative	symptoms	such	as	decline	of	memory	and	reduced	capac-
ity	to	perform	everyday	activities.	The	reversible	types	are	caused	by,	
for	example,	depression,	stroke	and	traumatic	brain	injuries.	The	most	
common	 progressive	 and	 irreversible	 types	 are	Alzheimer’s	 disease,	
vascular	neurocognitive	disorder,	frontotemporal	neurocognitive	dis-
order	 and	neurocognitive	disorder	with	 Lewy	bodies.	Cognitive	dis-
order	 is	 an	 active	 area	of	 research,	 but	 although	 symptom-	relieving	
medication	is	available,	there	is	currently	no	cure	or	medication	that	
stops the disease progression.

The	 Swedish	 population	 is	 ageing,	 and	 people	 maintain	 their	
teeth to an older age.2,3 Subsequently, there is an increasing group 
of	elders	with	poor	general	health	and	a	need	 for	continuous	pre-
ventive	dental	care.	As	with	other	activities	of	daily	living,	a	person	
suffering	from	major	neurocognitive	disorder	is	usually	not	capable	
of taking care of their own oral hygiene.4,5	In	addition,	persons	with	
major	neurocognitive	disorder	have	a	higher	risk	of	caries,	which	fur-
ther	increases	the	need	for	dental	care	and	preventive	treatment	on	
a regular basis.6,7

Patients	 with	 major	 neurocognitive	 disorder	 can	 be	 difficult	 to	
treat	in	dental	care	due	to	communication	difficulties	and	lack	of	coop-
eration.8	Sedation	with	nitrous	oxide	or	benzodiazepines	can	facilitate	
dental	treatment	by	improving	cooperation	and	reducing	stress	during	
dental care.9	However,	a	certain	level	of	cooperation	from	the	patient	
is	still	needed,	when	using	nitrous	oxide,	which	may	not	be	possible	in	
individuals	with	neurocognitive	disorder.

Like	nitrous	oxide,	benzodiazepines	keep	the	patient	sedated,	but	
conscious.	Unlike	nitrous	oxide,	however,	they	require	only	a	minimum	
of	cooperation	from	the	patient.	There	are	several	available	benzodi-
azepines	including	midazolam,	oxazepam	and	diazepam.	Among	these,	
midazolam	has	 several	 advantages.	 It	 has	 a	more	 rapid	onset	 and	 a	
shorter	half-	life	compared	to	other	benzodiazepines10; both of these 
factors	decrease	the	risk	of	falling	before	and	after	the	sessions,	which	
is	a	particular	advantage	for	frail	and	old	people.	The	only	drawback	
of	the	short	half-	life	is	that	treatment	duration	exceeding	an	hour	may	
be	problematic.

There	are	several	ways	to	administer	midazolam,	 including	 intra-
venous,	nasal,	rectal	and	oral	administration.11-16 Sweden has a tradi-
tion	of	administering	midazolam	orally	at	the	dental	clinic,	especially	in	
children,	and	all	dentists	are	formally	allowed	to	do	this.	This	type	of	
sedation	has	been	used	since	the	1990s,	and	it	is	well-	studied	in	pae-
diatric	dentistry17-19 and among healthy adults before oral surgery.20,21 
However,	in	adult	patients	with	impaired	health,	only	a	few	case	stud-
ies have been published.22

Older	people	commonly	have	extensive	medication.23 It is import-
ant	to	take	this	into	consideration	before	sedation,	as	some	drugs	in-
teract	with	midazolam	and	may	prolong,	reduce	or	enhance	its	effect.	
Prolonged	or	enhanced	effect	can	be	caused	by	Ca-	antagonists,	eryth-
romycin,	 fluconazole,	 some	 retroviral	 drugs	 for	 HIV	 and	 grapefruit.	
Reduced	effect	is	associated	with	certain	antiepileptic	drugs,	such	as	
carbamazepine,	and	antibiotics	such	as	rifampicin.24,25

The aim of this study was to evaluate acceptance of treatment 
after	 orally	 administered	 midazolam	 in	 individuals	 suffering	 from	
major	neurocognitive	disorder,	in	relation	to	age,	gender,	weight,	dose,	

interacting	drugs,	type	of	dental	treatment	performed	and	administra-
tion	on	multiple	occasions.	In	addition,	the	occurrence	of	unfavourable	
side	effects	was	examined.

2  | MATERIAL AND METHODS

In	this	retrospective	study,	dental	and	sedation	records	were	exam-
ined	regarding	sedation	with	midazolam.

2.1 | Participants and caregivers

A	total	of	61	nursing	home	residents,	with	major	neurocognitive	dis-
order,	sedated	with	orally	administered	midazolam	during	2006-	2011,	
were	included	retrospectively	and	consecutively.	The	participants	had	
been	referred	to	the	clinic	due	to	poor	cooperation	and/or	a	high	level	
of	anxiety.	At	the	first	visit	to	the	clinic,	an	examination	was	planned,	
and	 if	 the	participant	was	considered	to	be	uncooperative,	then	se-
dation	was	offered	for	the	following	session.	In	some	cases,	such	as	
when	the	participant	had	poor	health	status	or	heavy	use	of	medica-
tion,	 an	 anaesthesiologist	 or	 the	 physician	 in	 charge	was	 consulted	
regarding	 the	 suitability	 of	 using	midazolam.	 Information	 about	 the	
sedation	and	treatment	plan	was	given	to	relatives	or	nursing	staff.

All	dentists	(n=7)	who	worked	at	the	clinic	during	the	study	period	
were involved in the study.

2.2 | Procedure

In	1998,	the	dentists	at	the	special	dental	care	unit	and	physicians	at	
the day surgery unit at Sahlgrenska University Hospital, Mölndal, de-
veloped	guidelines	for	orally	administered	midazolam	in	dental	treat-
ment	of	adults.	A	separate	sedation	record	was	created	to	register	the	
weight, age, and medical status26	of	the	participant	and	hence	deter-
mine the dose given.

Sedation	 was	 performed	 in	 accordance	 with	 the	 following	
guidelines.

<65 years: 0.2 mg/kg body weight.
>65 years: 0.1- 0.15 mg/kg body weight.
The	guidelines	recommended	waiting	at	 least	20	minutes	before	

starting	 treatment.	A	 few	participants	who	did	 not	 show	any	 effect	
after	more	than	20	minutes	were	given	another	dose	of	half	the	initial	
amount.

All	staff	were	regularly	trained	in	cardiopulmonary	resuscitation,	and	
the	antidote	Lanexat	was	available	at	the	clinic	in	case	of	emergency.

The	 dentist	 calculated	 the	 dose,	 gave	 it	 to	 the	 participant	 and	
checked that it was swallowed. In some rare cases the drug was ad-
ministered	with	the	help	of	a	syringe	in	the	back	of	the	mouth	(n=3),	
through	a	percutaneous	endoscopic	gastrostomy	(PEG)	tube	(n=1),	or	
in	lemonade	(n=1).	After	administration,	the	participant	was	kept	under	
surveillance	and	a	pulse	oximeter	was	used	to	measure	oxygen	satu-
ration.	Dental	 treatment	 included	 examinations,	 X-	rays,	 extractions,	
fillings,	 root	 canal	 treatment,	 prosthodontics	 and	 preventive	 care.	
Each	 treatment	 session	was	noted	 in	 the	 sedation	 record,	 including	
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documentation	of	medical	history,	current	medication,	dose	of	midaz-
olam,	duration	of	treatment	and	acceptance	of	treatment.	After	treat-
ment,	each	participant	was	kept	under	surveillance	in	the	clinic	until	at	
least	1.5	hours	after	administration	of	the	drug.

2.3 | Scale of acceptance

The	 treating	 dentist	 evaluated	 the	 participants’	 acceptance	 of	 treat-
ment	according	to	a	modified	scale	previously	described	by	Carlsson,	
Linde	 and	Öhman.27	 In	 order	 to	 coordinate	 the	 use	 of	 the	 different	
grades,	the	dentists,	treating	the	patients	with	midazolam,	were	given	
an	introduction	to	the	scale.	No	other	formal	calibration	was	performed.

1. Treatment proceeded with no problems—acceptance: good
2. Minor	adaptions	made	due	to	reactions	from	the	participant,	but	all	

planned treatment was possible to accomplish—acceptance: quite 
good

3. Major	 problems	 occurred,	 requiring	 modification	 of	 the	 planned	
treatment—acceptance: poor

4. No treatment possible—acceptance: none

The	Ethics	Committee	of	the	University	of	Gothenburg	approved	the	
study	(ref:	879-	14).

2.4 | Data collection

Data	were	collected	by	compiling	information	from	the	separate	se-
dation	 records	 and	 the	 regular	 dental	 records,	 concerning	 age,	 sex,	
weight,	 medical	 history,	 reason	 for	 sedation,	 medication,	 dose	 of	
midazolam,	 treatment	 performed,	 and	 duration	 and	 acceptability	 of	
treatment. Other drugs were counted in number and grouped at the 
2nd	 level	 according	 to	 the	World	Health	Organization’s	Anatomical	
Therapeutic	Chemical	(ATC)	classification	system.28 Drugs belonging 
to	the	groups	N02-	N07	and	C08	(calcium	antagonists)	were	recorded	
as	possible	interacting.	Other	drugs	that	can	interact	are	erythromy-
cin,	fluconazole	and	some	retroviral	drugs	for	HIV,	but	no	such	drugs	
were	used	by	the	participants.

2.5 | Statistical analyses

Both parametric and nonparametric methods were used in the sta-
tistical	 inference	 testing.	 For	 continuous	 variables,	 Student’s	 t- test 
was	used	for	comparison	between	two	groups	(male	vs	female	sex),	
and the one- way between groups ANOVA was used for comparison 
between	four	groups	(grade	of	treatment	acceptance).	Tukey’s	HSD	
test	was	applied	for	post	hoc	comparison,	and	Fisher’s	exact	test	was	
used	 for	comparison	of	proportions	between	groups	 (acceptance	 in	
relation	to	sex).	Changes	over	time	were	analysed	with	the	Wilcoxon	
signed-	rank	test	(acceptance:	sessions	1	and	2),	Friedman’s	two-	way	
ANOVA	(acceptance:	sessions	1,	2,	and	3),	and	the	one-	way	repeated	
ANOVA	for	continuous	variables	(dose:	sessions	1,	2,	and	3).	The	pre-	
chosen	level	of	significance	was	P<.05 in all analyses. Version 21.0 of 
the	SPSS	software	package	was	used	for	all	statistical	analyses.

3  | RESULTS

A	total	of	61	participants	were	included,	all	with	neurocognitive	disor-
der and referred to the special care unit. They comprised 39 women 
and	 22	 men,	 and	 had	 an	 average	 age	 of	 80	years	 (range:	 62-	93;	
Table	1).	Female	participants	were	significantly	older	than	male	par-
ticipants	(82	years,	SD=6.3	vs	75	years,	SD=7.6;	P<.001).

Twenty-	seven	 participants	 (44%)	 had	 no	 cooperation	 problems	
after	sedation	with	midazolam,	and	twenty-	six	(43%)	could	be	treated	
with	minor	adaptation	to	arising	reactions.	Dental	treatment	was	im-
possible	only	in	three	participants	(5%;	Table	2).

The	average	midazolam	dose	was	0.11	(0.06-	0.21,	SD=0.03)	mg/kg	of	
body	weight	(Table	1).	Five	participants	(8%)	received	a	lower	dose	(0.06-	
0.09	mg/kg)	than	the	one	recommended	in	the	guidelines,	and	six	(10%)	
a	higher	dose	(0.16-	0.2	mg/kg).	Of	the	participants	who	received	a	lower	
dose,	three	received	0.09	mg/kg	and	one	0.08	mg/kg,	while	the	partici-
pant	with	the	lowest	dose	(0.06	mg/kg)	was	premedicated	with	oxazepam	
before leaving the nursing home. Acceptance of treatment was good or 
quite good	 in	all	but	one	of	these	low-	dose	participants.	Among	the	six	
participants	who	received	a	higher	dose,	two	were	given	an	initial	dose	in	
accordance	with	the	medical	guidelines,	but	due	to	lack	of	sedative	effect	
were	given	an	additional	dose	of	half	 the	 initial	dose	after	35	minutes.	
Acceptance of treatment was good or quite good for four of the high- dose 
participants,	but	poor or none	for	the	two	given	an	additional	dose.

Statistically	 significant	 differences	 were	 found	 for	 age,	 sex	 and	
body	weight	in	relation	to	degree	of	acceptance,	with	the	largest	vari-
ances mainly found for acceptance levels of poor and none	(Table	2).

The	average	weight	of	the	participants	was	61.5	kg	(SD=11.9)	for	
the	total	group,	69	kg	(SD=11.1)	for	the	men	and	58	kg	(SD=10.9)	for	
the	women	(t=-	3.8,	P<.001	for	men	vs	women).	The	participants	with	
poor	acceptance	of	 treatment	 (only	women)	had	the	 lowest	average	
weight	and	the	non-	treatable	participants	(only	men)	had	the	highest	
average	weight	(Table	2).

TABLE  1 Gender,	age,	weight	of	the	participants	and	mean	dose	
midazolam	given,	number	of	interacting	drugs	and	type	of	treatment

Participants (n=61)
Gender n %

Male 22 36.1

Female 39 63.9

Mean SD

Age	(y) 79.8 7.6

Weight	(kg) 61.5 11.9

Dose	(mg/kg) 0.12 0.03

N	of	interacting	drugs 3.4 2.0

Treatment: n %

Examination,	X-	rays,	prophylaxis 13 19.7

Fillings 9 14.8

Extraction/surgery 38 63.9

Prosthodontics 1 1.6
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The	participants	used	an	average	of	3.4	drugs	(range:	0-	8,	SD=2.0)	
with	a	possible	interaction	with	midazolam.	No	statistically	significant	
difference	was	found	for	degree	of	treatment	acceptance	and	number	
of	interacting	drugs	(Table	2).	Ten	participants	(16%)	used	antiepileptic	
drugs,	which	are	considered	to	cause	decreased	or	no	effect	in	com-
bination	with	midazolam.	Of	these	ten	participants,	four	had	good ac-
ceptance, three quite good, one poor and two none.	Thus,	13%	of	those	
with good or quite good	acceptance	used	antiepileptic	drugs	compared	
to	37%	with	poor or none	(Fisher’s	exact	test,	P=.115).

In the groups with good or quite good acceptance, treatment lasted 
10-	75	minutes	(mean:	34	minutes,	SD=11.8),	while	in	those	with	poor 
or none,	it	lasted	15-	50	minutes	(mean:	27	minutes,	SD=11.8).

The	most	 common	 type	 of	 treatment	 given	was	 extraction/oral	
surgery,	followed	by	examination/prophylaxis/X-	rays	(Table	2).

Of	the	61	participants,	42	had	at	least	one	additional	session	of	
treatment.	 Six	of	 the	eight	participants	who	had	poor or no accep-
tance	 at	 the	first	 session	 (Table	1)	were	 sedated	 a	 second	time.	At	
the second session, two remained poor and the other four improved 
to quite good. Two individuals who had quite good acceptance at the 
first	session	had	poor	acceptance	the	second	time.	In	total,	nine	par-
ticipants	improved	their	acceptance	of	treatment	between	sessions	1	
and	2,	while	five	experienced	poorer	acceptance	at	session	2	(z=−1.4,	
P=.175).

Table	3	shows	the	30	participants	who	were	treated	at	least	three	
times	under	sedation	in	relation	to	acceptance	and	dose.	Nine	of	these	
improved their acceptance of treatment between sessions 1 and 3, 
while	six	saw	a	decline.

In	the	group	of	all	sedations,	unfavourable	side	effects	were	rare;	
one	participant	became	hyperactive,	and	one	drowsier	than	expected.

4  | DISCUSSION

The	aim	of	this	study	was	to	systematically	evaluate	orally	adminis-
tered	midazolam	 in	 dental	 treatment	 of	 persons	with	major	 neuro-
cognitive	disorder.	Very	little	is	known	about	premedication	with	this	
method	in	other	patient	groups,	except	within	paediatric	dentistry	and	
oral surgery. According to the results of this study, orally administered 
midazolam	seems	to	be	an	effective	method	when	treating	uncoop-
erative	patients	with	major	neurocognitive	disorder.

There	are	several	ways	to	administer	midazolam,	 including	 intra-
venous,	nasal,	rectal	and	oral	administration.	Studies	concerning	nasal	
and	intravenous	sedation	with	midazolam	are	far	more	common11,12,16 
than	studies	of	oral	sedation.	In	Sweden,	intravenous	sedation	is	rarely	
used	in	dentistry.	Its	advantages	include	fast	onset	and	the	opportunity	
to	regulate	the	level	of	sedation,	but	it	requires	the	ability	to	insert	a	
venous	catheter	as	well	as	continuous	monitoring.	Experience	of	nasal	
sedation	with	midazolam	among	Swedish	dentists	is	limited.	Intranasal	
midazolam	has	been	shown	to	have	a	quicker	onset	and	quicker	recov-
ery	time	 for	 the	patient	compared	 to	oral	administration,13 but side 
effects	such	as	coughing	and	sneezing	have	been	reported.15 Rectal 
sedation	 is	well	 functioning	 and	 commonly	 used	 in	 paediatric	 den-
tistry,14	but	is	not	an	option	for	persons	with	neurocognitive	disorder.

4.1 | Dose

The	current	guidelines	were	followed	in	calculating	the	doses	of	mi-
dazolam.	Only	 two	 individuals	had	negative	side	effects	 such	as	 in-
creased	drowsiness	and	hyperactivity.	This	 low	 level	of	 side	effects	
and	mainly	good	acceptance	confirms	the	efficacy	and	safety	of	the	

Acceptance

Good Quite good Poor None

Participants n	(%) 27	(44.3) 26	(42.6) 5	(8.2) 3	(4.9)

Gendera:

Male n	(%) 10	(44.3) 9	(40.9) – 3	(13.6)

Female n	(%) 17	(43.6) 17	(43.6) 5	(12.8) – 

Age	(y)b Mean	SD) 79.9	(8.2) 79.8	(6.8) 85.6	(2.4) 69.0	(2.0)

Weight	(kg)c Mean	(SD) 64.1	(11.2) 58.4	(12.0) 54.4	(6.0) 76.0	(9.5)

Dose	(mg/kg)d Mean	(SD) 0.11	(0.02) 0.12	(0.03) 0.13	(0.05) 0.12	(0.06)

N	of	interacting	drugse Mean	(SD) 2.7	(2.1) 3.9	(1.8) 4.4	(1.5) 3.7	(1.2)

Treatment:

Examination,	X-	rays,	
prophylaxis

n 2 7 3 1

Fillings n 4 5 – – 

Extraction/surgery n 21 14 2 1

Prosthodontics n – – 1 – 

aP=.044;	Fisher’s	exact	test.
bP=.025;	One-	way	ANOVA	(P=.013,	Poor>None;	Tukey’s	HSD	test).
cP=.023;	One-	way	ANOVA	(P=.05,	Poor<None;	Tukey’s	HSD	test).
dP=.351;	One-	way	ANOVA.
eP=.114;	One-	way	ANOVA.

TABLE  2 Number	of	participants,	
gender,	age,	weight,	dose,	interacting	drugs	
and	type	of	treatment	in	relation	to	
acceptance	of	treatment	after	sedation



     |  303RIGNELL Et aL.

guidelines. A lower dose than stated in the guidelines was given on 
five	 occasions.	 One	 participant	 with	 multiple	 illnesses	 was	 given	 a	
lower	dose	after	consultation	with	an	anaesthesiologist.	This	partici-
pant was later treated under general anaesthesia, due to lack of ef-
ficacy	of	sedation.	In	the	other	four	cases,	except	for	the	participant	
premedicated	with	oxazepam	at	 the	nursing	home,	 the	participants	
received	a	dose	just	below	the	guidelines.	On	six	occasions,	the	dose	
was	exceeded.	The	reason	in	two	cases	was	that	acute	surgery	was	
required due to mobile bridges making food intake impossible. Two 
participants	were	given	an	additional	dose	after	35	minutes,	but	still	
displayed poor or no acceptance.

4.2 | Acceptability of treatment

Treatment acceptance was generally good, and the planned treat-
ment	could	be	completed	in	90%	of	the	cases.	Among	the	10%	with	
unsatisfactory	cooperation,	five	had	poor	acceptance	and	three	were	
not	affected	by	the	drug	at	all.	Of	these,	two	of	the	men	and	one	of	
the	women	were	medicated	with	antiepileptic	drugs,	which	may	ex-
plain	the	outcome	in	these	cases	as	antiepileptics	can	cause	enzyme	
induction	resulting	 in	 reduced	or	no	effect.24	Other	explanations	of	
poor acceptability require an in- depth analysis of other factors, such 
as	type	of	neurocognitive	disorder	or	daily	condition,	which	were	not	
included	in	this	study.	One	observation	is	that	there	were	only	women	
in the group with poor acceptance and only men in the group with no 
effect.	It	is	hard	to	believe	that	this	result	could	be	due	to	gender	dif-
ferences.	Instead,	a	possible	explanation	could	be	that	the	men,	being	
younger, heavier, and probably stronger, had more strength to react in 
the	treatment	situation	than	the	frailer,	older	women.

The	 use	 of	 chemical	 restraints	 in	 uncooperative	 persons	 consti-
tutes an ethical dilemma. These methods should be used on individ-
ual	indications	and	in	situations	considered	necessary	for	the	patients	
continued	well-	being,	 such	 as	 in	 acute	 situations	 and	 for	 necessary	
preventive	and	restorative	care.	When	faced	with	the	need	to	use	se-
dation	to	facilitate	treatment,	a	thorough	discussion	with	relatives	and	
nursing	staff	should	take	place	before	the	treatment,	to	inform	these	
parties	about	the	purpose	of	the	sedation.

Half	 of	 the	 participants	were	 treated	 on	 at	 least	 three	 different	
occasions,	mainly	with	good	results.	Notably,	two	participants	with	ini-
tially	quite good	acceptance	were	treated	a	second	time	and	then	had	
poor	acceptance,	and	six	individuals	whose	initial	acceptance	was	none 
or poor	were	treated	a	second	time	and	four	of	them	then	had	good	
cooperation.	 This	 might	 indicate	 that	 persons	 with	 neurocognitive	

disorder	have	better	and	worse	days	in	terms	of	their	condition,	and	
it	can	be	worthwhile	to	try	again	another	time	if	treatment	efforts	ini-
tially	fail.

On	average,	the	participants	consumed	3.4	other	drugs	with	pos-
sible	 interaction	 with	 midazolam.	 No	 significant	 interactions	 were	
found,	with	 the	 possible	 exception	of	 antiepileptic	 drugs.	However,	
to	be	able	to	draw	any	firm	conclusions,	further	studies	are	required	
with	larger	groups	of	participants	using	antiepileptic	drugs,	thus	giv-
ing	 higher	 power.	Apart	 from	 antiepileptic	 drugs,	many	 participants	
in this study were medicated with other psychiatric drugs. Given the 
risk	of	 interaction,	this	could	have	resulted	 in	an	 increased	effect	of	
midazolam,	but	we	did	not	find	this	to	be	the	case.	The	dose	used	for	
sedation	was	generally	fairly	low,	which	may	be	an	explanation	of	why	
no	interactions	occurred.

4.3 | Dental treatment

During	 treatment	 involving	 extraction,	 92%	of	 the	 participants	 had	
good or quite good	 acceptance,	while	among	participants	who	came	
for	examination	and	prophylaxis	69%	had	good or quite good accept-
ance.	This	is	the	reverse	of	the	result	one	might	expect,	namely	that	
examination	 and	prophylaxis	would	be	more	 acceptable	 treatments	
than	extraction.	A	likely	explanation	is	that	participants	with	the	poor-
est	cooperation	did	not	get	any	treatment	other	than	examination	the	
first	time	midazolam	was	administered.

The	short	half-	life	of	midazolam	indicates	that	it	may	be	difficult	to	
accomplish prolonged treatments. However, in the present study, the 
treatments carried out for those with good or quite good acceptance 
lasted up to 75 minutes compared to up to 50 minutes among those 
with poor or none.	 It	thus	appears	that	treatment	exceeding	60	min-
utes	can	be	performed	successfully,	but	it	is	essential	to	plan	all	pro-
cedures	accurately	to	minimise	the	time	used.	The	shorter	treatment	
time	among	those	with	poor or no acceptance suggests that the lower 
level	of	acceptance	was	not	connected	to	a	prolonged	treatment	time	
caused	by	a	reduced	effect	of	midazolam,	but	was	more	likely	associ-
ated	with	cooperation	difficulties.

4.4 | Unfavourable side effects and risk

The	intention	of	sedation	with	midazolam	is	a	slight	decrease	in	the	
level	of	consciousness.	Protective	 reflex	activities	such	as	coughing	
and	breathing	should	still	be	intact,	but	may	be	reduced.	It	is	impor-
tant	to	consider	that	people	with	neurocognitive	disorder	may	already	

Treatment session

Acceptancea Dose b

Good Quite good Poor None Mean SD

1 15 13 – 2 0.11 0.02

2 16 12 2 – 0.12 0.03

3 19 7 4 – 0.12 0.04

aP=.026;	Friedman	test.
bP=.155;	One-	way	ANOVA.

TABLE  3 Participants	(n=30)	who	
received	midazolam	on	at	least	three	
occasions, according to level of acceptance 
and	dose	(mg/kg	of	body	weight)	given
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have	 reduced	 pharyngeal	 reflex.29	 Even	when	 sedated,	 the	 patient	
must be able to respond when spoken to and maintain clear airways. 
Previous	studies	have	shown	that	unfavourable	side	effects	such	as	
respiratory	depression,	hyperactivity	and	drowsiness	are	 rare,22,30,31 
and	the	findings	 in	the	present	study	bear	this	out.	However,	every	
sedation	 is	 a	 risk,	 and	 it	 is	 important	 for	 dental	 staff	 to	 have	 good	
knowledge	of	cardiopulmonary	resuscitation	and	to	be	well	aware	of	
the	procedures	to	be	followed	in	case	of	an	emergency	situation.	As	a	
safety	precaution,	it	is	also	recommended	to	use	a	pulse	oximeter	to	
monitor	the	patient’s	oxygen	saturation,	and	oxygen	should	be	avail-
able	 in	case	 the	patient	becomes	desaturated.	Lanexat	can	be	used	
as	 an	 antidote	 to	midazolam	 if	 the	 patient	 becomes	 sedated	more	
deeply	 than	 expected.	 In	 the	 present	 study,	 no	 such	 acute	 actions	
were required.

4.5 | Limitations

Neurocognitive	 disorder	 is	 an	 overarching	 term	 that	 describes	 a	
range of symptoms, such as memory problems and loss of intellectual 
abilities,	which	can	result	in	difficulties	in	performing	everyday	activi-
ties.	There	are	different	types	of	neurocognitive	disorders,	including	
Alzheimer’s	disease,	vascular	neurocognitive	disorder,	neurocognitive	
disorder	with	Lewy	bodies	and	frontotemporal	neurocognitive	disor-
der.	The	classification	is	based	on	what	part	of	the	brain	is	affected,	
and	as	a	result,	the	symptoms	can	differ.	It	would	have	been	prefer-
able	in	the	present	study	to	register	the	different	types	of	neurocogni-
tive	disorders.	However,	the	medical	records	of	the	participants	rarely	
mentioned	the	specific	type.

The	scale	of	acceptance	was	 introduced	to	the	dentists	 involved	
in	 treating	patients	with	midazolam	at	 the	clinic,	 in	order	 to	coordi-
nate	the	use	of	the	different	levels	in	the	scale.	All	the	dentists	(n=7)	
who	worked	at	the	clinic	during	2006-	2011	were	involved	in	treating	
the	participants	selected	for	this	study.	They	were	all	experienced	in	
special	care	dentistry,	and	all	used	to	working	with	midazolam.	As	the	
study	comprised	a	retrospective	examination	of	dental	records,	it	was	
not	 possible	 to	 perform	 any	 calibration	 regarding	 administration	 or	
patient	 care,	which	 is	 a	 limitation	of	 the	 study	 and	may	have	 influ-
enced the assessment of acceptance. However, the results show that 
the medical guidelines were followed in terms of dose and medical 
assessment.	 In	 addition,	we	 could	not	find	 any	 correlation	between	
the	treating	operator	and	the	acceptance.	The	eight	participants	with	
poor or no	acceptance	were	treated	by	a	total	of	five	different	dentists.

4.6 | Advantages

Patients	in	a	special	dental	care	unit	are	mainly	adult	persons	unable	to	
receive	conventional	treatment	in	a	general	dental	practice	due	to	co-
operation	difficulties.	One	such	group	is	persons	with	major	neurocog-
nitive	disorder.	These	individuals	usually	have	a	high	risk	of	caries	and	
require regular follow- ups.7	Moreover,	when	sedation	results	 in	good	
or	fairly	good	cooperation,	this	facilitates	the	dental	treatment	which	in	
turn	results	in	higher	technical	quality.	Another	advantage	of	midazolam	
is	the	short	half-	life,	which	allows	patients	to	remain	in	the	clinic	during	

the	recovery	time,	thus	reducing	the	risk	of	falls	and	accidents	at	home	
and	during	 transportation	 to	 and	 from	 the	 clinic.	 Even	when	accept-
ance	of	the	treatment	is	poor,	a	brief	examination	is	still	often	possible,	
and	can	provide	a	picture	of	whether	further	actions	are	necessary.	The	
results	of	the	present	study	clearly	show	that	sedation	with	midazolam	
enables	treatment	in	many	patients	with	major	neurocognitive	disorder	
on a regular basis, likely meaning improved dental health in the long run.

5  | CONCLUSION

When	midazolam	was	 used	 as	 sedation,	 treatment	 acceptance	was	
generally good and the planned treatment could be completed in most 
cases. Acceptance was not found to be dependent on dose, the type 
of	dental	treatment	performed	or	interacting	drugs.	Poor and no ac-
ceptance were found among women with low weight and men with 
high	weight.	Unfavourable	side	effects	were	rare.	The	results	indicate	
that poor or no	acceptance	at	the	first	sedation	does	not	rule	out	good	
cooperation	the	next	time.

Sedation	with	orally	administered	midazolam	thus	seems	to	be	ef-
fective	 and	 safe	 in	 dental	 treatment	 of	 uncooperative	persons	with	
major	neurocognitive	disorder.
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