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Abstract

Aim: This retrospective observational study evaluates the safety and efficacy of intrave-
nous sedation using midazolam only or combinations of two or three drugs including
propofol and alfentanil for complex dental surgery such as implant placement or sinus
augmentations.

Methods: The study analyses 60 patients aged 42-79 who required advanced sedation
techniques for complex oral surgery procedures. Twenty patients had midazolam only
(M), 10 patients a 2-drug combination of midazolam and propofol (MP) and a third
group of 30 patients had the combination of midazolam, propofol and alfentanil (MAP).
The last two regimens were carried out under the supervision of a dedicated consultant
anaesthetist.

Results: Higher mean minimum heart rate (beats/min) was observed in the midazolam
group compared to the group sedated with the three-drug regimen (p < 0.05). The time
between the last drug administration (LDA) and end of surgery (EOS) was significantly
longer (p < 0.005) in group M (<45 mins) compared to the other two sedation groups
MP and MAP (<15 min). The final titration of midazolam of 11.2 + 4 mg (5-20 mg) was
significantly greater in group M than in either of group MP or MAP (p < 0.05).
Conclusion: In patients requiring conscious sedation to undergo complex and lengthy
oral surgery, a combination of agents (midazolam, propofol and alfentanil) can provide
a predictable steady state of sedation up to the end of the surgery resulting in better op-
erating conditions for the surgeon and improved patient co-operation. The shorter dura-
tion of action drugs propofol and alfentanil improved haemodynamic stability, sedation

quality and reduce the final doses of each sedative agent.
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USE OF ADVANCED INTRAVENOUS CONSCIOUS SEDATION TECHNIQUES IN COMPLEX ORAL SURGERY
PROCEDURES: COMPARISON OF MIDAZOLAM, MIDAZOLAM-PROPOFOL AND MIDAZOLAM-PROPOFOL-

ALFENTANIL COMBINATIONS

INTRODUCTION

Following a report published in 2000 ‘A Conscious Decision’,
general anaesthesia for dental procedures has been restricted
to hospital settings only in the United Kingdom." Since
that time there has been an increase in the use of advanced
techniques for sedation. Over the last 20 years, many advi-
sory bodies have been involved in sedation regulation and
guidelines.”™ Attitudes towards the use of advanced seda-
tion techniques vary widely within the dental community.
Many clinicians hold the view that only the basic techniques
as defined in 2007 by The Standing Committee for Sedation
in Dentistry,® i.e. titrated doses of midazolam and/or inha-
lation sedation with nitrous oxide should be used, and that
other techniques should not be allowed within the dental
practice setting.

Dental surveys have shown that over half the United
Kingdom's adult population are irregular attenders due to
fear,'” "2 and this anxiety has increased the demand for den-
tal conscious sedation. In addition, it has been shown that
74% of dentists in Scotland felt that there was a need for se-
dation in their practice." 2

The use of advanced sedation techniques is justified
where the proposed treatment is complex or lengthy in du-
ration.” In addition to the duration of surgery, increasingly
patients are presenting aged over 65 with attendant medical
co-morbidities and poly pharmacy.

Titration with small increments (top ups) of midazolam
for lengthy procedures can be less predictable in terms of pa-
tient response/co-operation and surgeon satisfaction. With
repeated top ups of midazolam, the sedation experience for
both patient and operator diminishes as it is difficult to con-
trol the level of sedation."

The combination of patient phobia and lengthy surgical
interventions such as implant placements often in private
practice settings has increased the interest in advanced se-
dation techniques. There is however a paucity of evidence
either retrospective studies or random controlled trials on
the use of advanced techniques of conscious sedation.

The intercollegiate advisory committee for sedation in
dentistry (IACSD) produced a report in 2015 that set a na-
tional standard for conscious sedation in dentistry,” this re-
port replaced all other documents.>*® The Scottish Dental
Clinical Effectiveness Programme (SDCEP) has recom-
mended that in addition to the collection of outcome mea-
sures, each provider of sedation is expected to collect person
centred outcomes to inform the provision of sedation for
dental care.” Operator experience is often used as a measure
of a successful advanced sedation technique as it is linked to
patient experience. Optimal care should be patient centred
with the focus on the individual."*

The first of the three drugs described in this study is mid-
azolam, a water-soluble benzodiazepine sedative agent that
has been in use since 1983, and this is the most widely used
drug for procedural sedation."”™® There is no pain on injec-
tion, it has rapid onset, short duration of action is a power-
ful anxiolytic' and it has a wide safety margin. It is limited
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CLINICAL RELEVANCE
Scientific rationale

In elderly patients requiring conscious sedation to
undergo lengthy, complex oral surgery, titration
with midazolam can produce less predictable pa-
tient co-operation and surgeon satisfaction. This
study reports the use of a combination of agents
(midazolam, propofol and alfentanil).

Principal findings

With the addition of the short acting drugs propofol
and alfentanil, time between the last drug adminis-
tration and end of surgery was significantly shorter
(£15 min) compared to midazolam only (<45 mins)
and less midazolam was required.

Practical implications

The addition of shorter acting drugs provides im-
proved operating conditions and patient experience
right up to the end of surgery.

by tachyphylaxis, with the use of more of the drug resulting
in less effect and can also cause paradoxical agitation and
disinhibition."”” Additionally, this drug when used alone
in large doses over long procedures can cause respiratory
depression.'®

The second drug described is propofol.”*’ It has a rapid
onset and offset. Low dose administration of propofol has
also been shown to have satisfactory anxiolytic properties
when used as a sedative.”” Propofol has stronger sedative
effects than midazolam and because it has a narrower ther-
apeutic window with a greater risk of respiratory and cardio-
vascular depression, heart function and breathing of patients
need to be constantly monitored by a dedicated sedationist
who has been specifically trained in advanced sedation.”* A
small number of patients (20%) experience pain on injection
of propofol.”! The third sedative agent used was alfentanil
administered at key moments of surgery. Alfentanil is a syn-
thetic opioid with a rapid onset, a short duration of action
and clears instantly, giving intense analgesia, with minimal
cardiovascular effects. Opiates such as alfentanil are often
used for their antitussive effect when used in conjunction
with benzodiazepines which only provide sedation and am-
nesia.”**’ Alfentanil can cause respiratory depression and in
higher doses it can cause bradycardia and hypotension.”®*

MATERIALS AND METHODS

This was a single centre retrospective, clinical observational
study of 60 patients requiring dental procedures over a one
year period. The study included patients requiring dental
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implant placement or sinus augmentation under sedation,
aged >20 years of age and ASA between I and III. Smokers,
diabetics and patients with periodontitis were not excluded
and there was no restriction on opposing dentition. Surgery
included full clearance, placement of four implants, three
implants, sinus augmentation or a combination of these. The
implant surgical procedure is described previously in detail
by Offord et al 2017.°° All patients were provided with a com-
prehensive and extensively written treatment plan that fully
described the patient's problems and proposed treatment.

Before treatment, consent was obtained from each patient.
On a consultation visit prior to surgery, an extensive seda-
tion assessment was carried out for the proposed procedure.
Weight, height, BMI and ASA grade was measured as well as
the standard physiological measurements (heart rate, systolic,
diastolic blood pressure and oxygen saturation) to ensure the
suitability for the proposed intravenous sedation procedure.
On the day of surgery, patients signed an additional consent
form to confirm their continued consent to the administra-
tion of sedative drugs and the surgical procedure.

The first 20 patients were sedated with the single agent,
midazolam, using the well-established single operator/se-
dationist model (DO) or (CM). After working in a single
operator situation on 20 consecutive patients, the implant
surgeons recognised the limitations of the use of this single
drug regimen in complicated and long operations on elderly,
polypharmacy, co-morbidity, patients in terms of operator
and patient experience. Consequently, a consultant anaes-
thetist was invited to join the team to improve the quality
of sedation. The next 10 patients were offered the dual com-
bination of midazolam and target-controlled infusion (T'CI)
propofol (MP). Sedation techniques where propofol is used
require a separate sedationist in order to not contravene UK
standards as specified by the IACSD® and SDCEP.” Initially
the dual combination of midazolam and TCI propofol was
used until the clinic had completed the formalities to store
and use Schedule 2 controlled drugs. Having reviewed the
range of techniques available, a combination of midazolam,
alfentanil and TCI propofol was selected. Once the clinic
had the registered requirements to hold alfentanil, the next
30 patients were given the triple combination of drugs, mid-
azolam, alfentanil and propofol (MAP) under the supervi-
sion of a dedicated consultant anaesthetist (RP).

Venous access was achieved in the dorsum hand or an-
tecubital fossa. The heart rate (bpm), systolic and diastolic
blood pressure (mmHg) and arterial oxygen saturation
(Sa0,%) were measured prior to administration of sedative
agents. Vital signs were monitored continuously using a vital
sign monitor (Welch Allyn, vital sign monitor 6000). Arterial
oxygen saturation (5a0,%) was obtained by a sensor clipped
to the finger of the patient (Nellcor, Adult S O, reusable sen-
sor). Any administrator-perceived complications including
apnoea, bradycardia or tachycardia and coughing were re-
corded. The intraoperative sedationist's satisfaction was re-
corded at the end of the procedure on a 6-point scale Table 1.
Patient co-operation scores were measured by a sedationist
on a four-point scale, Table 2.

TABLE 1 Sedation quality scores were obtained on a 6-point scale
Score Criteria for scoring sedation level
1 Awake and anxious
2 Awake and not anxious
3 Speech slurred/ptosis/eve's sign
4 Eyes closed and responds to speech
5 Eyes closed, responds to mild stimulation
6 Unresponsive to mild stimulation
TABLE 2 Patient co-operation scores were obtained on a four-point
scale (1-4).
Criteria for scoring patient co-operation/surgical
Score conditions
Good Optimum sedation, patient fully co-operative
Fair Minimal interference from patient
Poor Operating difficult due to over/under sedation
Impossible Operating impossible due to over/under-sedation

Drug administration

In sedation group M, midazolam was administered to pa-
tients with a well-documented method known as ‘titration’,
whereby an initial titrated intravenous dose of 1-2 mg mi-
dazolam (1 mg ml™") was administered and once the patient
was calm, compliant and adequately sedated the operator
could begin the procedure. Then at varying intervals addi-
tional increments of 1-2 mg were administered as required
in response to the patient's behaviour. If the operator had a
sense that the patient was too alert and becoming restless,
giving the impression they were not comfortable an addi-
tional increment was administered. No fixed dosage of mi-
dazolam was used. In this group of patients, the operator/
surgeon had to estimate the length of time required to finish
the surgery and stop additional increments of midazolam
30-40 min from the end of surgery.

Sedation group MP was administered with midazolam in
an initial bolus of 1 mg (1 mg ml™") with additional incre-
ments throughout the surgery as required. Immediately after
the initial bolus of midazolam, TCI propofol was started with
a target blood concentration of between 0.6 and 1.2 ug ml™
delivered in a 10 mg ml™" solution with an infusion pump.
The target-controlled infusion system has become a useful
way to deliver a controlled infusion of a short acting drug in
sub-anaesthetic doses. The patients age and weight are en-
tered into the infusion pump software and the desired blood
propofol concentration chosen. Initially, a calculated bolus
is delivered to reach the selected target blood propofol con-
centration and because propofol has a short half-life this is
followed by a continuous propofol infusion to maintain the
selected concentration. This TCI propofol technique has
been described for sedation for various procedures including
complicated dentistry.*'* The use of TCI propofol in addi-
tion to midazolam created a steady state of blood concentra-
tion of the drugs and a reliable steady state of sedation.
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The third sedation group received the 3-drug regimen
(MAP). These patients had the additional agent alfentanil.
Alfentanil (presented as 500 ug ml™" solution) was diluted
down to 100 ug ml™" and administered in 1 ml boluses
through the intravenous cannula. The alfentanil was admin-
istered after the initial effect of midazolam and TCI propo-
fol were monitored. Because alfentanil is a short-acting drug
with a high diffusible fraction, after a single bolus injection
it reaches peak effect site concentrations quickly then begins
to decline. Additional 100 ug boluses were given as required,
or before a clinical intervention such as injections into the
palate or bone removal. The alfentanil was administered to
no more than a total maximum dose of 1000 pg.

In the operating room, standard monitoring was insti-
tuted. For every patient, supplemental oxygen (at 2 Lmin™")
was administered by nasal prongs. Blood pressure, heart rate
and arterial oxygen saturation was recorded every 10min-
utes using the vital sign monitor. Sedation scores and patient
cooperation scores were made at the end of the procedure
by the anaesthetist or operator/ sedationist (Tables 1 and 2).

Statistical analysis
Analysiswascarried outusing Analyse-1t4.0 (2017). Statistical

analysis for continuous data such as age, titrations, vital
signs, duration of surgery and sedation were compared using

TABLE 3
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ANOVA between groups. The non-parametric Wilcoxon
Man-Whitney signed rank or Kruskal-Wallis (with more
than two groups) tests were used for statistical analysis of
the patient cooperation and sedation scores. The results were
evaluated with significance assessed as p < 0.05.

RESULTS

Sixty patients had treatment under sedation. Forty-three pa-
tients were female, 17 were male with a mean age of 64 years
(range 42-79). Thirty-eight of the patients were ASA group
I, 18 patients were ASA group II, 1 patient was ASA group
IIT and 3 of the patients were ASA group II/III. There was
no difference in the spread of ASA levels, age or gender ratio
between the sedation groups. The length of the procedures
undertaken ranged from 30 min to 3.9 h. All vital signs
(minimum and maximum systolic blood pressure, diastolic
blood pressure and oxygen saturation levels) were similar
in all the sedation groups apart from a significantly higher
mean minimum heart rate (beats/min) in the midazolam
group compared to the group sedated with the three-drug
regimen p < 0.05 (Table 3).

There was no difference in the average/mean duration of
surgery between any of the sedation groups (Table 3). The
time interval between the last drug administration (LDA)
and the end of surgery (EOS) (hours) was measured in all

Mean and Standard deviation of Age of patients (years), length of surgery (hours), the time between the last drug administration (LDA)

and end of surgery (EOS) (hours), final titrations of the three agents. The mean of minimum and maximum of vital signs and adverse events in the three
drug regimens midazolam(M), midazolam and propofol (MP)and midazolam, alfentanil and propofol (MAP)

Midazolam/Propofol/

Midazolam (M) Midazolam/ Propofol (MP) Alfentanil (MAP)

(N =20) (N=10) (N =30)

Mean SD Mean SD Mean SD
Age (years) 63.8 8.8 65.1 7.8 63.6 7.0
length of surgery (hours) 2.0 0.8 2.3 1.1 2.0 0.4
Time between the last drug administration (LDA) 0.69* 0.36 0.20 0.24 0.20 0.23

and end of surgery (EOS) (hours)

Final titration
Midazolam (mg) 11.2° 4.0 4.7 2.6 4.1 1.2
Propofol (mg) 341.0 130.9 297.9 74.5
Alfentanil (ug) 726.7 187.9
Vital Signs (mean Min & Max) Min Max Min Max Min Max
Sa02% 94 99 93 98 95 99
Systolic Pressure (mmHg) 113 134 105 134 109 147
Diastolic pressure (mmHg) 67 81 61 79 63 83
Heart Rate (beats/min) 78¢ 92 70 87 65 82
Adverse events # 2 2 0

# Sa02% drops to 90% or below

“The time between the last drug administration (LDA) and end of surgery (EOS) is higher for group M than groups MP and MAP (p < 0.005).

®Final titration of midazolam (mg) was higher in group M compared to Groups MP and MAP (p < 0.05).

‘Minimum heart rate (beats/min) in group M was higher compared to the MAP group (p < 0.05).



OFFORD ET AL.

BN RAL SURGERY

three groups. In sedation group M, this interval was mea-
sured as the time (hours) between the last increment of mid-
azolam administration and the end of surgery. In the MP
and MAP groups, this interval was measured as the time
between when the TCI propofol pump was switched off
and the end of surgery (EOS). The time interval between
the last drug administration (LDA) and the end of surgery
(EOS) (hours) was significantly longer (p < 0.005) in group
M, (<45 min), compared to the other two sedation groups
(<15 min) (Table 3). Because the half-life of midazolam is
longer than the other two drugs, patients can be still sedated
for 25-45 min after the last midazolam administration;
hence, midazolam top-ups are stopped 30-50 min before the
end of the surgical procedure in the midazolam only seda-
tion group.

Total drug doses
Midazolam

The midazolam was administered to patients in sedation
group M with an intravenous initial bolus of 1-2 mg mida-
zolam (1 mg ml™) then used at varying intervals depend-
ant on the patient's responses, i.e. becoming restless and
giving the impression of discomfort. Additional increments
(1-2 mg) of midazolam were administered in 1-2 ml top-
ups never exceeding more than 1 mg min~". The final total
dose of midazolam including the initial bolus and additional
increments given over the course of the procedure in group
M was 11.2 + 4 mg (mean * SD, range of 5-20 mg) Table 3,
Figure 1. The final total dose of midazolam in the MP and
MAP group, respectively, was 4.7 + 2.6 mg (mean +SD, range
of 2-8 mg) and 4.1 £+ 1.2 mg (mean * SD, range of 2-7 mg).
The total dose and variation of midazolam in group M was
significantly greater than in either of the other two sedation
groups (Figure 1 p < 0.05).

H Propofol
" H Alfentanil
2% 900 16 o Midazolam
= —
©
S 600 12
L £
= =
o g
c 1)
I 400 8 5
—_ N
oo ©
S )
- =
S 200 4
=
o
[oN
[e]
& 0 0
M (N=20) MP (N=10) MAP (N=30)

Sedation Groups (N=number of patients)

FIGURE 1 Final titrations of midazolam (mg), propofol (mg) and
alfentanil (ug) in the three sedation groups (mean +standard deviation).
M, midazolam only; MP, midazolam and propofol; MAP, midazolam,
alfentanil and propofol. * p < 0.05

Propofol

The target propofol concentration required to produce satis-
factory sedation quality defined by previously described end
points in the MP group was 0.9 ug ml™" (range 0.6-1.3 ug
ml™") and in the MAP group was 0.8 ug ml™ (range 0.6-
1.6 ug ml™"). The total dose of propofol administered over
the entire procedure in the MP and MAP groups, respec-
tively, was 341 + 131 mg, (mean + SD, range of 250-510)
and 297 mg + 74.5 mg (mean + SD, range of 159-460 mg)
(Figure 1, Table 3).

Alfentanil

Alfentanil was used in the MAP group at key moments dur-
ing the surgery e.g. injection into the palate or bone removal.
The total amount of alfentanil administered during the du-
ration of the procedure in this group was 727+188 ug, (mean
+SD, range 400-1000 pg) (Figure 1, Table 3).

Staff Perception of sedation quality and patient
co-operation.

At the end of each procedure the intra-operative sedation-
ist's satisfaction was recorded. Sedation quality scores were
obtained on a 6-point scale (Table 1, Figure 2) and patient
co-operation scores were measured on a four-point scale
(Table 2, Figure 3). NB. Sedation quality and patient cooper-
ation were not recorded in 5 and 9, respectively, of the group
M patients and in 1 and 1 respectively of the group MAP
patients.

Sedation quality

In the midazolam group, 14% and 73% of patients scored a
sedation quality of 3 or 4 respectively and 13% had a score of
2 (Table 1, Figure 2). In the midazolam/propofol group 100%
of patients in this group had a sedation quality score 4. In the
3-drug regimen, 96% of patients had a sedation quality score
of either 3 (34%) or 4 (62%). The distributions of the two
groups MP and MAP were significantly different (p < 0.05,
Wilcoxon- Mann-Whitney).

Patient co-operation

The patient co-operation, graded by the surgeon, was de-
scribed in the midazolam only group as good in 36% and
fair in 64%, none were poor or impossible (Table 2, Figure 3).
In the midazolam/propofol sedation group, the patient co-
operation was described by the sedationist as ‘Good’ in 70%
of the patients and fair in 30%. In the 3-drug regimen, the
patient cooperation was described by the sedationist as
‘Good’ in 83% of the patients, ‘fair’ in 10%, ‘poor’ in 2 of the
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FIGURE 2 Percentage of patients within
each category of staff perception of sedation
quality (1-6) in three sedation groups:
midazolam (M) midazolam and propofol

Staff perception of sedation quality from the three sedation groups midazolam (M), midazolam
and propofol (MP), and midazolam, propofol and alfentanil (MAP)

(MP) midazolam, propofol and alfentanil
(MAP). Distribution of MAP is significantly
different from MP (p < 0.05, Wilcoxon-Mann-
Whitney) M (n=15)
MP (n=10)
MAP (n=29)
0

M 1=Awake and anxious

[02=Awake and not anxious

[ 3=Speech slurred/ptosis/eve's sign

[ 4=Eyes closed and responds to speech

M 5=Eyes closed, responds to mild stimulation

H 6=Unresponsive to mild stimulation

20 40 60 80 100
PATIENTS (%)

Staff perception of patient co-operation throughout surgery in the three
sedation groups (M, MP and MAP)

M (n=11)
MP (n=10)
MAP (n=29) I
0 20 40 60 80 100
M Impossible PATIENTS (%)
I Poor
[ Fair
O Good
FIGURE 3 Percentage of patients within each category of the staff

perception of patient co-operation (impossible, poor, fair and good) in the
three sedation groups (midazolam (M), midazolam and propofol (MP)
and midazolam, propofol and alfentanil (MAP)). Distribution of MAP

is significantly different from M (p < 0.05, Wilcoxon-Mann-Whitney)

patients and none were ‘impossible” (Figure 3). Statistically
the distributions of the two groups M and M AP were signifi-
cantly different (p < 0.05, Wilcoxon- Mann-Whitney).

DISCUSSION

Historically very little is reported on the combination of
the three drugs midazolam, propofol and alfentanil used
together for sedation in order to carry out minor proce-
dures. In a randomised double-blind trial, McHardy et al.
2000 recruited 82 patients for a comparison of the three
sedative agents together for outpatient intra-ocular sur-
gery.” In that study, it was demonstrated that the addition
of alfentanil to the other two drugs as a sedative was advan-
tageous as part of a sedative regimen for patients needing
short procedures. Vinjk et al. 1994°* reported on Propofol-
Midazolam-Alfentanil combination as a triple anaesthetic.
They assessed the hypnotic effects of propofol, midazolam,
alfentanil, and their binary and triple combinations in
130 un-premedicated patients in a randomised control
trial. Interestingly, the results indicate that the propofol-
midazolam-alfentanil interaction did not significantly pro-
duce a different hypnotic effect from that of the use of the
double drug regimen, the midazolam-alfentanil combina-
tion. In the past, concerns over the use of propofol centre
around the high adverse event rates reported in the litera-
ture and are often attributed to very high doses. Blayney
et al. 2003* investigated target-controlled infusions (TCI)
of propofol in dental procedures and reported an adverse
event rate of nearly 10%. The target concentration of propo-
fol was high at 2.lug/ml, nearly three times greater than
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the concentration used in this study. They concluded that
propofol does not demonstrate the margin of safety re-
quired to satisfy the General Dental Council definition of
a sedative agent suitable for use by dentists. Another com-
parison of the use of propofol and midazolam for use of
conscious sedation in an emergency department in the
Netherlands by Lemeijer et al. 2017** showed that propo-
fol had a greater procedural success than midazolam (92%
vs. 81%). Propofol also had a faster recovery time; however,
within the propofol group, there was a higher respiratory
adverse event rate of 18.9% compared to 10% in the mida-
zolam sedated group again; this was using a very high dose
of propofol (median dose of 75 mg, N = 284 patients). Sato
etal. (2019)” reported low dose bolus of propofol for gastro-
intestinal endoscopies in a large-scale study (N = 10,662).
They describe a low desaturation level and rapid patient re-
covery (£60 min). Ninety-two percent of these patients felt
well enough to drive home after the procedure.

A recent paper reports on the increasing number of
procedures performed in the out-of-operating room set-
ting under sedation.’® Their sedation techniques were
used for various procedures in dentistry and endoscopy
aimed to achieve rapid patient turnover through the use
of short-acting drugs with minimal residual side-effects
(mainly propofol and opioids). Target-controlled infusions
using propofol and other short-acting opioids resulted in
good outcomes in terms of operator and patient satisfac-
tion, less respiratory depression and faster recovery times.
TCI propofol systems can titrate drug doses automatically
to maintain optimal depth of sedation. With the addition
of alfentanil to TCI propofol it is possible to further reduce
the propofol dose. Although, in this study less propofol
was used with the addition of alfentanil, the difference in
total doses of propofol in the two groups (MP and MAP)
was small and not statistically significant.

The use of advanced conscious sedation is justified in our
procedures because of the duration of the procedure, age of
the patients, their associated co-morbidities and often poly-
pharmacy (duration and age reasons detailed by SDCEP for
the use of advanced techniques’). These patients require a
combination of sedation, amnesia and analgesia.

The rationale behind the use of the three-drug combination
is midazolam provides the amnesic component, propofol pro-
vides the hypnotic effect and alfentanil provides the analgesia.
Our results show a reliable level of sedation with all three drug
regimens. With the use of midazolam alone, the surgeons no-
ticed the patients became restless and top-ups of midazolam
did not always allow optimal operating conditions. The patient
may not be so amenable to co-operation on command as in-
creased amounts of midazolam are used during lengthy surger-
ies. With the use of midazolam only the titration dose average
was 11.2 mg, and in one case was as high as 15mg which is sub-
stantially higher than that detailed by the BNE.*® Once higher
doses are given in an invasive procedure lasting 2-3 h, the
quality of sedation diminishes. This is reflected by the higher
percentage of patients scored as fair compared to the other two
regimens for the surgeon's perception of patient co-operation.

The other limitation to the use of midazolam alone was
the operator/surgeon required to estimate the length of time
required to finish the surgery and stop additional increments
of midazolam 30-40 min from the end of surgery.

Advantages were achieved with the addition of the short
acting drugs propofol and alfentanil. These drugs are more
titratable and therefore have a predictable effect; a steady
state of blood concentration was created and thus a reli-
able steady state of sedation. Of the three drugs used here,
propofol has the shortest half-life of 30-60 min, midazolam
90 to 150 min and alfentanil has an elimination half-life of
90-111 min.”®

Although propofol has a shorter half-life the speed of re-
covery is determined by the redistribution of the drug. This
is better described by context-sensitive half-time which is in-
fluenced by duration of infusion.* Using drugs with shorter
duration of action provides the advantage that sedation could
be kept to the required level right up to the end of the proce-
dure without the operator having to guess the endpoint. The
shorter duration of action drugs improved haemodynamic
stability and sedation quality and meant less midazolam was
required (Figure 1), allowing for a shorter interval between
the last drug administration and the end of surgery and im-
proved patient co-operation (Table 3, Figure 3).

Although a sedation score of 2 is consistent with the
definition of sedation, the ideal score in these lengthy
and complex procedures is a sedation quality score of 3
or 4 (orange or green, Figure 2) and patient co-operation
of 1(good) (green, Figure 3). Sedation scores of 2 (awake
and not anxious) mean the patient is not as sedated, not
as comfortable, which in turn affects the surgeon's abil-
ity to focus on the procedure. When the sedation scores
and patient cooperation are considered together, we see
MP and MAP groups had most of the scores in the orange
and green and are the best regimen for both the operator
and the patient with regard to sedation quality and patient
cooperation.

The biggest reported barrier to operator experience is
patient coughing. Patient coughing is increased by over se-
dation and particularly in operations in the maxilla.*® The
coughing seen in these patients is not because of contami-
nation of the airway with secretion or debris but the ‘urge
to cough’ which is now well documented as an index of sen-
sation related to cough®® and we have found coughing can
be reduced considerably by the addition of alfentanil with-
out putting the patient at risk. By adding the analgesic drug
alfentanil, this allows more sparing use of midazolam and
propofol which allows the patient to cooperate fully and re-
main calm and operator conditions improve.

In some countries capnography is required for respiratory
monitoring of patients undergoing conscious sedation but
the guidance in the UK states that it is an emerging stan-
dard. Note that capnography was not used in this cohort of
patients; but some if they choose to reproduce our work may
be bound by different geographical regulations or feel more
comfortable using capnography. Capnography may be most
useful in patients at highest risk of over sedation; the frail,
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the elderly and those receiving potent sedatives. However,
capnography should not be seen as a depth of sedation mon-
itor. The detection of over-sedation should primarily still be
by maintaining verbal communication as we have described
and demonstrated in this study. In conclusion, in patients re-
quiring conscious sedation to undergo complex and lengthy
oral surgery, using a combination of agents (midazolam,
propofol and alfentanil) rather than the use of midazolam
alone, can provide a predictable steady state of sedation
right up to the end of the surgery, resulting in better oper-
ating conditions for the surgeon and improved patient co-
operation. Due to the retrospective design of this study the
conclusions have to be interpreted with caution and further
research is required in this area.
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