IN BRIEF

RESEARCH

® This study is a comprehensive cost-effectiveness analysis of advanced conscious sedation
techniques in primary care versus dental general anaesthetic in hospital, for children

requiring dental treatment.

® |t is shown that the sedation techniques can be a cost-effective alternative to hospital

general anaesthetic.

® The ability to implement these techniques safely and cost-effectively in primary
care depends on specially trained staff and dedicated facilities with a high throughput

of patients.

® The research further informs the debate about the best way to manage patients requiring

such interventions.

A comparison of the ‘cost per child treated’ at
a primary care-based sedation referral service,
compared to a general anaesthetic in hospital

K. Jameson,' P. A. Averley,? P. Shackley® and J. Steele*

Aim To compare the cost-effectiveness of dental sedation techniques
used in the treatment of children, focusing on hospital-based dental
general anaesthetic (DGA) and advanced conscious sedation in a con-
trolled primary care environment.

Methods Data on fees, costs and treatment pathways were obtained
from a primary care clinic specialising in advanced sedation tech-
niques. For the hospital-based DGA cohort, data were gathered from
hospital trusts in the same area. Comparison was via an average cost
per child treated and subsequent sensitivity analysis.

Results Analysing records spanning one year, the average cost per
child treated via advanced conscious sedation was £245.47. As some
treatments fail (3.5% of cases attempted), and the technique is not
deemed suitable for all patients (4-59%), DGA is still required and has
been factored into this cost. DGA has an average cost per case treated
of £359.91, 46.6% more expensive than advanced conscious sedation.
These cost savings were robust to plausible variation in all parameters.
Conclusion The costs of advanced conscious sedation techniques,
applied in a controlled primary care environment, are substantially
lower than the equivalent costs of hospital-based DGA, informing the
debate about the optimum way of managing this patient group.
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INTRODUCTION

Two groups of children pose particularly difficult management
problems for the dentist; those who are extremely anxious and
unable to cope with behavioural management, and those who
require an invasive and/or extensive procedure. The conven-
tional way to treat these patients has been to use the conscious
sedation technique of relative analgesia (RA), with inhaled
nitrous oxide as a sedative. In the event that RA is ineffective,
or unavailable, this will usually result in referral for dental
general anaesthetic (DGA).

In the United Kingdom and elsewhere, current interpreta-
tion of government guidelines' forbids the use of DGA, unless
performed in a hospital. The definition of conscious sedation
which is accepted within the UK'* is: ‘a technique in which
the use of a drug or drugs produces a state of depression of
the central nervous system enabling treatment to be carried
out, but during which verbal contact with the patient is main-
tained throughout the period of sedation. The drugs and tech-
niques used to provide conscious sedation for dental treatment
should carry a margin of safety wide enough to render loss of
consciousness unlikely.” Historically, RA has been the main-
stay for this sedation method for children. Recently, however,
advanced conscious sedation techniques - which use a com-
bination of inhaled 409% nitrous oxide in oxygen, with up to
0.3% sevoflurane and intravenous agents such as midazolam
and fentanyl - have been used in highly controlled environ-
ments and shown to be clinically effective.®

Since October 1998, Queensway Anxiety Management Clinic
in the North East of England has managed referred anxious
patients via RA and, when necessary, more advanced con-
scious sedation techniques in a highly controlled environment
supported by appropriately trained and experienced staff.
This clinic is in an area of relative deprivation where demand
for DGA was amongst the highest in the country, and the
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Table 1 Numbers on the community dental service waiting lists

North Tees South Tees Total
Referral rate (patients 10-12 20-30 .
per week)
Awaiting assessment 86 365 451
Assessed and awaiting
short DGA 66 /8 144
Assessed and awaiting
long DGA 85 39 124
Total 237 482 719

formation of a primary care-based unit, to provide a service
for anxious patients, was partly as a response intended to ease
the pressure on local hospitals. The treatment is provided with
all the efficiencies of a dental practice, but with appropriate
specialist teams, training and facilities. Elsewhere there is, by
necessity, still a heavy reliance on DGA. Freeman and Carson®
found that only 29% of the general dental practitioners they
investigated had RA equipment available. This finding lies in
stark contrast to recommendations that ‘sedation be used in
preference to general anaesthesia wherever possible.”

In the United Kingdom, DGAs are generally provided by the
community dental service in a local hospital. However, with
other calls on beds and theatre time there is the potential for
waiting lists for DGA to be considerable. Such waiting times
may affect the child’s quality of life and may also exacerbate
the child’s underlying anxiety.” Anxiety management that can
be provided in primary care may have the potential to reduce
waiting times, but could also have additional benefits. Arch et
al.® found that children who choose to undergo RA ‘will become
more familiar with the dental environment’, leading to a less
phobic child, which in turn may also reduce future dependence
on DGA.° There may also be benefits in terms of patient and
parent satisfaction. Blain and Hill'® found that whilst 71% of
RA patients’ parents rated their child as being happy with the
treatment, this was the case in only 33% of the DGA cohort,
and 869% said they would opt for the same treatment if their
child required future extractions, compared to only 249% of
DGA parents.”® Conscious sedation techniques may also hold
an advantage inasmuch as that they allow for the patient to
have their surgery completed over multiple visits, as opposed
to a single session — a feature which the resource constraints
of DGA will typically require.

In summary, there is evidence that sedation techniques hold
advantages for the patients and their families over DGA in
terms of satisfaction, quality of life and the ability to pro-
vide appropriate clinical dentistry. The safety benefits are
also implicit, provided the techniques are used by trained and
experienced teams with appropriate facilities. This is an essen-
tial pre-requisite of this type of management. The efficacy of
techniques that reduce the need for DGA have been evaluated
in a clinical trial and have been shown to be highly effec-
tive.> One of the final determinants of the utility of alterna-
tives to DGA will be economic. This paper aims to assess the

Table 2 Estimated waiting time at current throughput (months)

Waiting Times (months)

North Tees South Tees
Awaiting assessment 5-6 10
Assessed and awaiting
short DGA 56 ¢
Assessed and awaiting 14 5
long DGA
Total 15.78 14.33

cost-effectiveness of new methods of advanced conscious
sedation (combination techniques of intravenous and inhala-
tion agents) used in a highly controlled primary care environ-
ment, compared with hospital-based DGA services.

No differences in oral health outcomes are incorporated
into this analysis; such aspects are analysed in greater
depth elsewhere.” This study forms part of a wider series,
including qualitative research to assess the attitudes of
children and adults.

METHODS

Data collection: hospital service providing DGA

Data were collected from the North Tees, South Tees and Har-
tlepool regions in the North East of England, the same area
as the specialist primary care sedation service. Cost data
were obtained on relevant ‘healthcare resource group’ (HRG)
charges.!! These represent the average cost of performing
a particular procedure - calculated over the entire National
Health Service (NHS) - and is the sum paid to the supplier
of care to cover the complete treatment episode, from initial
assessment to discharge. It was deemed unlikely that the HRG
charge would accurately represent the actual cost incurred by
the community dental service to perform a DGA. However,
a recent audit has estimated the cost of providing a DGA in
this context in the area concerned and these data were also
obtained. The latter (audit data) are likely be more accurate,
but the former are also considered for purposes of generalis-
ability to areas without specialist clinics.

Data on the trusts’ waiting list profiles and patient through-
put were collected to estimate the time DGA patients can expect
to wait for treatment. This was compared to the waiting time
for patients in the specialist clinic over the same period.

Data collection: primary care service providing advanced

conscious sedation techniques

Data comprised information gathered routinely during the
patient’s appointment and subsequent administration. Data
drawn from the computerised database included the number of
treatment failures using advanced conscious sedation and the
details of onward referral - for a hospital DGA, or back to their
general dental practitioner. Along with establishing treatment
pathways, the system also made it possible to calculate the fees
claimed for each patient from the NHS.
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In order to bring the number of cases within manageable lim-
its, a random sample of patients was chosen. Four weeks were
chosen by random number allocation, one from each quarter of
the year (September 29th 2003, December 1st 2003, February
1st 2004 and June 14th 2004). The number of children treated
and the number of visits required to complete treatment were
established. If treatment had not been completed at the time of
study, the child was excluded from the analysis.

Treatment costs, including costs for fillings and extrac-
tions were established. To this, a single assessment fee was
added, along with the appropriate number of sedation fees. The
assessment and sedation fees are those paid to the primary
care-based service by the NHS and do not alter with the seda-
tion technique employed.

Data analysis
Data were used to estimate the ‘average cost per child treated’
for DGA and for advanced conscious sedation techniques. For
the latter, the cost of treatment failures and referrals were
added to the basic treatment cost. This additional cost is calcu-
lated by multiplying the DGA-based cost by the probability of
referring a child for DGA after assessment, and the probability
of referral after treatment failure under advanced sedation.
Results were subjected to a rigorous sensitivity analysis,
where input parameters and values were uni-dimension-
ally altered. By varying one parameter at a time (through
an extendedly-plausible range), the robustness of the results
could be analysed. The four parameters coming under such
scrutiny were: hospital service costs, the probability of treat-
ment failure and the probability of referral for a DGA, both
after assessment at the primary care-based service and follow-
ing treatment failure.

RESULTS

Hospital service providing DGA

Waiting lists

Data on the local area waiting lists (from the health trusts in
each area) are shown in Table 1. Those categorised as a short
DGA case require simple extractions, whilst those listed for a

long DGA require intubation and/or more lengthy procedures.
These figures include some children with special needs that
may make them inappropriate for treatment in an acute care
environment, but give an indication of proportions of chil-
dren needing different types of services in the study area.
Mean age is not available, as access to patient records was
not possible.

The community dental service had been allocated two after-
noon sessions (334 hour each) per week to treat their patients.
Either eight short or three long DGAs were possible in any one
session. The patients in Table 1 can, therefore, expect to wait
the times shown in Table 2.

Cost per child treated

Using HRG charges, a DGA is classified as either category 1
or category 2 oral surgery, entailing a cost of £568 or £616,
respectively.!! Assuming that these represent short and long
DGAs, a weighted-average HRG cost is: ((£568 x 144) + (£616
x 124)) + (144 + 124) = £590.21 (where the numbers awaiting
treatment in Table 1 are used to weight the data - 144 and 124
awaiting a short and long DGA, respectively).

An alternative method to HRG charges, for the assess-
ment of a cost per child treated, was made available via a
recent audit of the local community dental service. Using
these data and excluding dental staff costs, a short and long
DGA were estimated to cost £172 and £459 per procedure,
respectively. Costs included the salary of non-dental staff
(anaesthetists and administration staff, including during
the assessment stage), consumables, equipment and porter-
ing costs. At each session, one senior dental officer and two
dental nurses were present, commanding a total salary cost
of £187 per session. Thus it can be estimated that, once den-
tal staff costs are included, each short DGA procedure costs
£195.38 (£172 + (£187 + 8) = £195.38) and each long DGA pro-
cedure costs £521.33 (£459 + (187 = 3) = £521.33). Weight-
ing these costs by the figures in Table 1 to take into account
the general proportions of short and long cases, gives an
average DGA cost of ((£195.38 x 144) + (£521.33 x 124)) +
(144 + 124) = £346.19.
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Fig. 1 Treatment pathways for a patient at the primary care-based service

BRITISH DENTAL JOURNAL

© 2007 Nature Publishing Group



RESEARCH

Table 3 Fees paid to the specialist anxiety management primary
care practice by the National Health Service

Fee
Procedure

Pre 1/5/04 Post 1/5/04
Assessment £29.52 £30.38
RA £71.05 £73.11
Failed RA £23.63 £24.32
Advanced conscious sedation £79.36 £81.66

Additionally, an in-patient day unit with two beds is reserved
in case of complications with the DGA, although only one bed
has been used at any one time in the last two years. Appropriate
data are available to allow us to estimate bed costs,'? the cost
per bed day lying between £39 and £118. For the purposes of
this analysis, the lower value was used, implying an additional
cost of £8,112 per year (£39 x 2 beds per session x 2 sessions per
week x 52 weeks per year). The need to keep beds available is,
therefore, associated with an additional mean cost of £13.72 per
DGA performed, leading to an average cost per-case treated via
DGA of £359.91. This is 64% cheaper than the cost suggested
by analysis through HRGs," but is calculated at a local level,
taking into account the availability of specialist services.

Primary care service providing advanced conscious

sedation techniques

Waiting lists

Through an analysis of the waiting lists at the primary care-
based service, along with the protocols in operation, it was
found that children requiring non-urgent treatment would
wait around four weeks to be assessed, followed by a further
four weeks to receive their treatment (on average, eight weeks
in total). In contrast, urgent cases (those referred with severe
pain and/or sepsis) would be assessed within 48 hours, and
receive treatment within 72 hours. In all cases, the time to
assessment would be from the initial referral by the child’s
general dental practitioner.

In the treatment period, 3,291 patients were treated, of whom
2,771 were children. All patients seen required a prior assess-
ment visit. No child appeared in more than one week of the
four which were analysed.

Treatment pathways

Based on the child’s degree of co-operation, anxiety and the
invasiveness of the intended procedure, they will embark on
one of three treatment pathways; simple RA, advanced con-
scious sedation, or referral for a DGA (Fig. 1). An audit of refer-
rals at the primary care-based service identified that 4-5% of
patients would be referred for DGA at the assessment stage.

In cases where RA fails (1.5% of all attempts), a patient may
be referred for a DGA, to their general dental practitioner (if
there is insufficient justification for a DGA), or given a new
clinic appointment, where treatment will be attempted via
advanced conscious sedation (which accounts for only 0.2%
of all RAs). Only when the patient began to receive treat-
ment via advanced conscious sedation were they included for
analysis in this study; therefore, costs associated with RA are
not included.

Children failing to cope with treatment under advanced
conscious sedation will either be referred for a DGA, or back
to their general dental practitioner. Of the 2,771 children
undergoing advanced conscious sedation, 97 (3.5%) failed to
cope with treatment. Forty-two of these patients (1.52% of all
patients and 43.3% of all failures) were referred to the hospital
service for a DGA and 55 (1.98% and 56.7%, respectively) were
referred back to their general dental practitioner, as there was
insufficient justification for a DGA.

The maximum waiting time for a patient referred to the spe-
cialist clinic was two months.

Treatment cost
Applicable fees from the NHS are shown in Table 3, which
increased on May 1st 2004.

Using the cost and patient list data supplied by the specialist
practice, the mean age of a patient seen in the four randomly
chosen weeks was 9.78 years old (SD = 3.52) and required 1.27
visits (SD = 0.55) to complete treatment (n = 205). Taking into
account the increase in fees and the typical number of vis-
its, the average cost of assessment and sedation was £131.18.
Combining this with the average cost of dental treatment for
this group of children, calculated from the statement of dental
remuneration (£92.60), the average treatment cost per patient
for the advanced sedation methods was £223.78. However,
other aspects of the process in the primary care environment
must be taken into account.

Some patients, 4-5% (assume 4.5%), will be immediately
referred for a DGA and must be accounted for. A further 1.52%
of patients were referred for a DGA after treatment failure
via advanced conscious sedation. The additional cost of these
referrals can be calculated by multiplying the cost of a DGA
by the sum of these two probabilities, ie £359.91 x (0.045 +
0.0152) = £21.69.

Combining the basic cost of treatment under advanced con-
scious sedation with the additional cost incurred through the
referral of patients for a DGA leads to an average cost per child
treated of £245.47 (£223.78 + £21.69).

Cost-effectiveness

The cost of the advanced conscious sedation techniques is
£114.44 lower than that of DGA (£344.74 lower if HRG costs are
used'’). Given the assumption of no difference in oral health
outcome between the techniques, this translates into an addi-
tional cost of 46.6% (140.44%) when a child is treated via DGA
as opposed to advanced conscious sedation. Due to the nature
of the data employed and the concomitant uncertainty, these
results must be subjected to a sensitivity analysis.

Sensitivity analysis
The probability of DGA referral following treatment failure
(currently 1.52%) was found to have no effect on the optimal
treatment choice.

Hospital costs

Due to the possible inaccuracies in data obtained on treat-
ment cost, it was important to calculate the price at which
DGA becomes the more cost-effective option. Figure 2 illus-
trates how the costs of DGA and advanced conscious sedation
change as the cost of DGA is multiplied by a cost-reducing
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Fig. 2 Sensitivity analysis of hospital costs for dental general anaesthetic (DGA) against advanced conscious sedation (ACS) costs

percentage. The horizontal axis shows the factor that the cost
of DGA is divided by; for example, at 200%, the cost of DGA is
divided by 2.0.

Although not as sensitive as DGA, it can be seen that the cost
of the advanced techniques does change with the cost of DGA.
This is due to the implicit link between the two, via referrals.

It was found that when the reduction factor reaches 151.14%,
DGA becomes the more cost effective option at £238.12 versus
£238.13, ie DGA would need to be 51% cheaper than its current
cost to become cost effective. This percentage differs from the
46.6% discussed above, as it takes into account how the cost
of advanced conscious sedation is linked to the cost of DGA
through patient referrals. Due to the relatively high degree of
accuracy offered by the recent audit which was used to calcu-
late costs, this reduction would seem unlikely.

Probability of treatment failing

With all other data inputs remaining at their base case levels,
the failure rate of the advanced sedation techniques was var-
ied between 0 and 100%. It was estimated that the failure rate
must reach 77% (compared to the current level of 3.5%) for
DGA to become the more cost-effective option. However, if the
failure rate was so high, the method would almost certainly
be abandoned.

Probability of referral following assessment

The total cost of a patient referred for a DGA (after assessment
in the primary care practice) is the sum of the assessment cost
in the practice (Table 3) and the full cost of a DGA. The DGA
will become more cost-effective than the advanced methods if

a suitably high proportion of patients from the primary care
centre are referred for a DGA. Analyses determined that this
point would be reached if 36.32% of all those assessed were
referred on to the hospital.

Whilst there is no reason to preclude such a situation from
arising, it does seem extreme considering the present rate
of 4-50. It is, of course, dependent on the characteristics of
patients presenting.

DISCUSSION
This investigation has demonstrated that treatment via
advanced sedation techniques, where the child is conscious
and responsive throughout, is more cost-effective compared to
treatment via DGA. Using ‘average cost per child treated’ as the
outcome measure, base case analysis found the average cost
per patient treated under advanced sedation techniques and
DGA to be £245.47 and £359.91, respectively - a ratio nearing
1:11»2. Sensitivity analysis showed results were robust to plau-
sible variation in all the parameters and inputs involved.
Previous studies in this area”®" have produced similar
results to those found here, though none were as detailed and
complete in their analysis. Blain and Hill'® found that within
the out-patient service of a UK dental hospital, the overall
cost ratio of RA, a simple inhalation sedation technique, to
DGA was 1:1%. Although this study only used staffing costs,
once the cost of consumables and other factors are taken into
account, a ratio closer to that noted above may be established.
According to their study, both parental and patient opinion
favoured RA.™ This report’s findings also tie in with those of
Shaw et al.,” where RA was 30% cheaper than a day-case DGA
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and 57% cheaper than an in-patient DGA."” Once again, with
the authors only considering salary costs, these results may be
a close match to those established here.

Through the inclusion of costs in addition to salary costs
alone, this study can be regarded as the most comprehensive
cost-effectiveness analysis of DGA and its nearest alterna-
tives. Previous work has considered only RA, but there is a
significant difference in the level of a child’s co-operation
achievable through RA, compared with that through advanced
conscious sedation. This is evidenced by the small number
of children whose treatment failed with the latter. In clini-
cal terms, advanced sedation techniques are a viable alterna-
tive to DGA where RA fails, or cannot be used. They must be
delivered by appropriately trained and experienced teams with
appropriate facilities; nevertheless, this study is therefore con-
sidering two real alternatives: DGA and advanced conscious
sedation techniques.

As with all previous studies, the analysis reported here does
not incorporate a quality of life assessment. Further work would
be beneficial to make an additional assessment of the impacts
of both techniques on quality of life. Utility-based oral health
related quality of life measures are available,' as are child-spe-
cific measures,' whilst a contingent valuation exercise or con-
joint analysis could also be applied. Not only would this allow
for the capture of patient preferences, but also the ability to
incorporate the impact of longer waiting times and possibly the
clinical outcome.>!® Advanced sedation techniques have charac-
teristics and clinical outcomes that would normally be expected
to favour the patient, whether this is the shorter waiting time,
implied lower levels of anxiety,'°'? or treatment plans with bet-
ter long-term oral health outcomes.>'® It seems likely that richer
data such as this would strengthen, rather than weaken, the
case for making advanced sedation services available.

In order to obtain a balanced picture, we should consider
what is missing from the data employed. Within the hospital
data, it was not known how many patients had special needs.
Such patients would not be treated in a primary care setting,
thus creating a systematic difference between the cohorts,
and perhaps maintaining the mean cost for hospital DGA at
a higher level. Conversely, with the option of advanced serv-
ices, it is possible that a smaller proportion would receive a
DGA. Considering the small proportion of patients in the pri-
mary care environment that were truly deemed to require a
DGA (at worst, around 6%), it is unlikely that the 86% of chil-
dren receiving a DGA in the hospital-based service (14% were
managed via RA - data not shown) had a special need severe
enough to justify its use. Nevertheless this is a relevant con-
sideration. The mean age of children treated in the hospital
sector was also not available.

Using a relatively straightforward outcome measure, this
analysis has shown that advanced sedation techniques are
more cost-effective than DGA. Dental general anaesthetic
would need to be 46% cheaper than its current cost to become
cost-effective. These cost differences were robust to changes in
parameter values, only altering in magnitude.

Implicitly captured within the fees paid to the primary care-
based service are the capital and sunk costs of establishing the
clinic, including staff training. As the clinic has a high level
of patient throughput, it is able to spread these set-up costs
across a wide patient pool and the reimbursement fees paid to
the clinic are sufficient to cover such costs. These economies
of scale should be borne in mind when considering establish-
ing such a relatively specialised service. The clinic in this
study lies in an area of high need, justifying a substantial
service; similar services on a much smaller scale may not be
as efficient.

This study is part of a wider picture and is intended to
inform the debate about the best ways of delivering high qual-
ity dental care to anxious children; in future it should be
possible to include even richer outcome measures. The clini-
cal benefits of these sedation techniques have already been
demonstrated in a clinical trial setting.® The long-term hope
is for an evolutionary approach to service development and
review, allowing the wider uptake of increasingly effective,
safe, cost-effective and acceptable ways of managing dental
anxiety in children.

At the time of conducting this analysis, Kevin Jameson was an MSc student
at the University of York. This publication evolved from the dissertation,
which was conducted at Newcastle University under his supervisors Phil
Shackley and Paul Averley.
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