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Abstract
Purpose The anesthesiologist-directed sedation service has not been well established in Japan partly due to reimbursement 
issue. In this study, we compared the cost-effectiveness of sedation by non-anesthesiologists with that of sedation or general 
anesthesia by anesthesiologists under the Japanese medical fee schedule.
Methods We conducted a single-center observational study with patients who required sedation or general anesthesia for 
magnetic resonance imaging (MRI) during a 12-month period. Costs per patient and failure rates of imaging were modeled 
in a decision analysis tree with sensitivity analysis. Costs were estimated from the health-care sector perspective.
Results A total of 1546 patients were analyzed. The failure rate of sedation by non-anesthesiologists was 17.5% (264 out 
of 1506), whereas all the sedation and general anesthesia by anesthesiologists were successful. The cost-effectiveness 
analysis with setting successful sedation as outcomes showed that the mean cost per patient was 84.2 USD for sedation by 
anesthesiologists, followed by 74.2–92.7 USD for intravenous sedation by non-anesthesiologists, 112.1–458.3 USD for oral 
or rectal sedation by non-anesthesiologists, and 605.4 USD for general anesthesia by anesthesiologists. The one-way sen-
sitivity analysis demonstrated that the cost per patient of sedation by a non-anesthesiologist would remain higher than that 
of sedation by an anesthesiologist, provided that the failure rate is over 11.3% for sedation via oral or rectal route, or over 
3.6% for intravenous route, respectively.
Conclusions Anesthesia-directed sedation would be more cost-effective than oral or rectal sedation by non-anesthesiologists 
for children undergoing MRI in the Japanese medical fee schedule.
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Introduction

Historically, anesthesiologists have been involved directly 
in sedating or anesthetizing children as well as have taken 
active role in establishing guidelines and standards for seda-
tion of children outside the operating room over several 

decades in the world [1–3]. In North America and Europe, 
the anesthesiologist-directed sedation service has been 
established [1–3]. In contrast, such service has not been 
well established in Japan. A shortage of anesthesiologists 
has been cited as the most common barrier to development 
of such an anesthesiologist-directed sedation service [4]. On 
top of that, small reimbursement benefits for the anesthe-
siologist-directed sedation service would also account for 
underdevelopment of the service in Japan.

The underdevelopment of the anesthesiologist-directed 
sedation service has caused to reduce several aspects of the 
quality in pediatric procedural sedation, which includes the 
following; rate of adverse events associated with sedation 
and general anesthesia (S/GA) [5, 6]; rate of successful S/
GA for imaging examinations [7]; effect of S/GA on imaging 
flow [8]; effect of S/GA on imaging quality [6, 9].
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The continued improvement of pediatric sedation practice 
depends on the involvement of qualified professionals such 
as anesthesiologists. This involvement can be guaranteed 
through proper reimbursement [1]. No clinical researches 
remain to be published to compare sedation by non-anes-
thesiologists and S/GA by anesthesiologists from the view-
point of cost-effectiveness based on the national medical fee 
schedule in Japan.

The aims of this study was to compare the cost-effective-
ness of sedation by non-anesthesiologists with that of S/
GA by anesthesiologists for children undergoing magnetic 
resonance imaging (MRI) with setting successful sedation 
as the outcome measure.

Methods

Study design and subjects

The protocol used to gather data related to patients requiring 
S/GA for MRI at Saitama Children’s Medical Center was 
approved by the institutional review board (IRB). Informed 
assent or consent from patients or guardians was secured on 
an ‘opt out’ basis which was approved by the IRB because 
the study was part of a quality improvement project.

We conducted a single-center observational study with 
review of the charts of patients who received S/GA for MRI 
by an anesthesiologist or a non-anesthesiologist during a 
12-month period between August 1, 2017 and July 30, 2018. 
With the shift from use of computed tomography (CT) to 
MRI in infants and children due to concerns about ionizing 
radiation, there is an increasing need for sedation because 
of the longer duration of MRI as well as the increased need 
for patient immobility and cooperativeness [10]. Saitama 
Children’s Medical Center is a public quaternary care chil-
dren’s hospital in Japan that provides inpatient and outpa-
tient procedural sedation for approximately 1500 children 
requiring MRI scans per year. Since the introduction of an 
anesthesiologist-directed sedation service in 2014, S/GA has 
been provided by non-anesthesiologists or anesthesiologists.

The study inclusion criterion was age of less than 
21 years. Patient characteristics, including sex, age, weight, 
height, American Society of Anesthesiologists Physical 
Status (ASA-PS) classification, and presence of cognitive 
developmental delay were obtained from a standardized 
pre-sedation history and physical evaluation form. Cogni-
tive developmental delay was broadly defined in this study, 
which includes chromosomal abnormalities, autistic spec-
trum disorder, attention deficit hyperactivity disorder, and 
cerebral palsy with cognitive developmental delay. The S/
GA start and end times, types of S/GA administered, and 
routes and types of medications initially administered were 
obtained from standard S/GA records which was entered by 

nurses in the MRI suite or by the anesthesiologists in charge. 
Patients who had been already sedated or anesthetized before 
scanning were excluded.

Sedation, which is basically classified into three levels 
from mild, moderate and deep, and general anesthesia were 
defined based on the definitions by the American Society of 
Anesthesiologists [11]. Successful sedation was defined as 
completion of imaging in a sedated or anesthetized patient 
without requirement for cancelation or cessation of the scan-
ning followed by rescheduling.

Sedation or general anesthesia practices

Our institution basically recommends that a patient of ASA-
PS class III and over should be referred to anesthesiologists 
for sedation outside the operating room, as several sedation 
guidelines recommend [2, 3]. It, however, is finally up to 
non-anesthesiologists’ discretion which patient should be 
referred to anesthesiologists and how sedation would be con-
ducted. The joint commission of three academic societies 
in Japan (the Japan Pediatric Society, the Japanese Soci-
ety of Pediatric Anesthesiology, and the Japanese Society 
of Pediatric Radiology) has issued guidelines for sedation 
of children undergoing MRI scans, which have not recom-
mended specific regimens or doses of sedative or anesthetic 
agents [12]. Hence, a contributing physician at each depart-
ment individually chooses a drug regimen which she or he 
deems most appropriate. Most non-anesthesiologists do not 
use propofol for sedation at our institution.

Assumptions and calculations of the costs 
and cost‑effectiveness analysis

Based on expert clinical opinions and the published litera-
ture [13], we estimated the costs related to S/GA for MRI 
scans from the viewpoint of this modality being a limited 
social resource. The calculations focused on drug cost, pro-
cedure cost, and opportunity cost (cost of rescheduled MRI 
scan and GA procedure), and did not take into account con-
sumables and facility costs, given that these are the same 
regardless of whether the S/GA is administered by an anes-
thesiologist or a non-anesthesiologist. All the costs were cal-
culated based on the national medical fee schedule in Japan 
on the assumption that the duration of S/GA required for an 
MRI scan is one hour per patient (aged 3 years and weigh-
ing 15 kg). For international readers to understand, the local 
currency, Japanese yen, was converted to the US dollar as 1 
JPY = 0.0089 USD in this study.

In the Japanese national medical fee schedule as of Sep-
tember 2019, even when a certified anesthesiologist provides 
deep sedation outside the operating room, the institution can 
claim only 71 US dollars (USD) (8000 Japanese yen (JPY)) 
for reimbursement of a sedation practice fee per patient, 
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which is only 18 USD (2000 JPY) more than when non-
anesthesiologists provide sedation. The reimbursement of 
a sedation practice per patient is much less than that of a 
general anesthetic practice per surgery in the operating room 
which is at least 534 USD (60,000 JPY).

The largest component of the medical costs was staff time 
(particularly that of the physician, surgeon, and anesthesi-
ologist), determined from the literature on cost-effectiveness 
analysis [14]. However, the Japanese national medical fee 
schedule only reimburses hospital fees, but not doctors’ fees. 
Hence, the assumption of staff time was substituted with the 
associated procedure cost based on the medical remunera-
tion points. We assumed that if imaging were aborted, GA 
would be administered on another subsequent day to enable 
the imaging to be completed. In such a case, the cost of 
MRI scanning and GA procedure fee for an anesthesiolo-
gist would be added on the assumption that another patient 
would have been able to undergo MRI instead. If imaging 
under intravenous (IV) sedation provided by a non-anesthe-
siologist failed, the outpatient consulting fee (assumed as 
four patients per hour) for a non-anesthesiologist would be 
added as an opportunity cost on top of addition of the cost of 
MRI scanning and GA procedure fee for an anesthesiologist.

Hence, the mean total cost per patient by sedative medica-
tion was calculated as the following, respectively:

(First-line treatment cost) = (medication cost) + (proce-
dure cost).

(Mean cost of second-line treatment) = {(opportunity 
cost on failure) + (additional cost on failure)} × (failure rate 
[%])/100.

(Mean total cost per patient) = (first-line treatment 
cost) + (mean cost of second-line treatment).

The results of the cost-effectiveness analysis were pre-
sented as the mean cost per patient.

A change in the cost relative to the sedation failure rate 
was calculated using one-way sensitivity analysis of the 
probability of failure of sedation by a non-anesthesiologist 
or an anesthesiologist [13].

Results

During the study period, 1575 patients required S/GA for 
MRI. Twenty-nine patients were excluded: 27 patients who 
had already been sedated or anesthetized before scanning, 
one whose MRI scan was stopped because of a technical 
malfunction of the MRI apparatus, and one who refused the 
MRI examination after a sedative had been administered. Of 
the 1546 patients eligible for the study, 1506 were sedated by 
non-anesthesiologists and 40 were sedated or anesthetized by 
anesthesiologists. When provided by non-anesthesiologists, 
sedation was successful in 1242 patients and failed in 264. 
S/GA was provided by anesthesiologists in 40 patients, all 

of whose MRI scans were successfully completed (Fig. 1). 
Tables 1 and 2 summarize the patient demographics, routes 
and types of initial medications administered, the depart-
ments to which the pediatricians, surgeons, or anesthesi-
ologists in charge of administering S/GA belonged, regions 
imaged, and image-acquisition times. Types of medications 
administered were classified into six groups for the purpose 
of data analysis based on the initial medication used for S/
GA, because more than 20 medications were identified to 
have been administered, with a variety of additional medi-
cations which included triclofos sodium, pentobarbital cal-
cium, chloral hydrate, hydroxyzine, and midazolam. 1064 
out of 1506 sedations by non-anesthesiologists (72.6%) were 
done with the use of oral or rectal medications. Anesthesiol-
ogists exclusively used sevoflurane and/or propofol for seda-
tion and anesthesia. The non-anesthesiology department-in-
charge varied and was also classified into seven categories.  

All the reasons of failed sedation by non-anesthesiolo-
gists were inadequate sedation. The failure rates according 
to the initial medications administered were as follows: 
triclofos sodium (oral) 18.5% (157/848), pentobarbital cal-
cium (oral) 33.3% (71/213), chloral hydrate (rectal) 60.0% 
(18/30), hydroxyzine (IV) 2.2% (2/91), and midazolam 
(IV) 4.6% (14/307). These sedation failure rates of sedation 
by non-anesthesiologists and the 0% failure rate of S/GA 
by anesthesiologists were modeled in a cost-effectiveness 
analysis (Table 3).

The cost-effectiveness analysis demonstrated that the 
mean total cost per patient according to the route of initial 
medication administered and provider were as it follows: 
oral or rectal route by a non-anesthesiologist, 112.1–253.8 
USD; IV route by a non-anesthesiologist, 74.2–92.7 USD; 
sedation by an anesthesiologist, 84.2 USD; and GA by an 
anesthesiologist, 605.4 USD. Table 3 summarizes how the 
cost per patient was calculated.

Figure  2 illustrates how the cost of sedation varied 
depending on the failure rate as determined by one-way 

Fig. 1  Flow diagram. S/GA sedation or general anesthesia
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sensitivity analysis. This analysis demonstrated that the 
cost per patient of sedation by a non-anesthesiologist would 
remain higher than that of sedation by an anesthesiologist, 
provided that the failure rate is over 11.3% for sedation via 
oral or rectal route, or over 3.6% for IV route, respectively.

Discussion

This study showed that the failure rate of sedation by non-
anesthesiologists for children undergoing MRI was mark-
edly higher than that of S/GA by anesthesiologists. Our 
cost-effectiveness analysis demonstrated that sedation by 
anesthesiologists for MRI would be more cost-effective than 
sedation via oral or rectal route by non-anesthesiologists.

Japan formally introduced a cost-effectiveness analy-
sis to inform health-care decision making, mainly when it 
comes to the pricing of new pharmaceuticals and technolo-
gies, although the target of the analysis remains limited 
and has not yet included health technologies and proce-
dures in the field of S/GA in April 2019 [15]. Our analysis 
was the first study to compare the cost-effectiveness of 
sedation by non-anesthesiologists with S/GA by anesthesi-
ologists under the Japanese national medical fee schedule, 
which suggested that sedation by anesthesiologists would 
be more cost-effective than sedation via oral or rectal route 

by non-anesthesiologists. The cost-effectiveness in seda-
tion by anesthesiologists would be derived from signifi-
cantly lower reimbursement compared to that for general 
anesthesia, and higher failure rates of sedation by non-
anesthesiologists compared to that by anesthesiologists. In 
the field of pediatric and adolescent sedation, cost-effec-
tiveness analyses in the UK demonstrated that the cost 
of sedation and general anesthesia for several common 
procedures (dental procedures, short painful procedures, 
painless imaging, and endoscopy) varied depending on 
the failure rate [14]. The analyses showed that the cost 
per patient for sedation with intravenous midazolam for 
adolescent dental care and esophago-gastroscopy would 
remain higher than that of general anesthesia, provided 
that the failure rate of sedation with intravenous mida-
zolam goes over 37% and 25%, respectively [14]. The 
NICE costing report estimated the costs from the perspec-
tive of health-care systems and personal social services 
in the UK. Generally cost-effectiveness analysis itself is 
based on the estimation of the pertinent costs from the 
perspective of health-care systems and personal social ser-
vices in each country or region. Hence, we did not make 
a direct comparison of cost-effectiveness analyses in the 
field of pediatric sedation between our analysis under Jap-
anese medical fee schedule and others in other countries 
or regions.

Table 1  Summary of patient 
demographics

Data are presented as frequency (%) or median (25th percentile, 75th percentile)
S/GA sedation or general anesthesia, ASA-PS American Society of Anesthesiologists Physical Status clas-
sification, M male, F female
† n = 1199 (43 data were missing)
‡ n = 250 (14 data were missing)

Sedation by non-anesthesiologists S/GA by anesthesi-
ologists

Successful Failed Successful

Patients [n] 1242 264 40
Sex (M:F) 673:569 143:121 10:30
Age [days] 916 (0, 9073) 1131 (5, 5569) 1860 (43, 8473)
 < 1 m [n] 50 (4.0%) 20 (7.5%) 0 (0.0%)
 1–5 m [n] 140 (11.3%) 42 (15.9%) 2 (5.0%)
 6–12 m [n] 118 (9.5%) 10 (3.8%) 3 (7.5%)
 1–6 y [n] 729 (58.7%) 142 (53.8%) 17 (42.5%)
 ≧6 y [n] 205 (16.5%) 50 (18.9%) 18 (45.0%)

Height [cm] 84.0† (31.5, 178.3) 88.1‡ (29.5, 161.5) 101.4 (54.7, 148.2)
Weight [kg] 11.7 (1.5, 63.0) 12.9 (2.08.5 15.8 (3.9, 51.2)
Outpatient:inpatient 655:587 186:78 22:18
Diagnosed or suspected cognitive 

developmental delay
241 (19.4%) 86 (32.6%) 20 (50.0%)

ASA-PS class I 202 (16.3%) 31 (11.7%) 5 (12.5%)
II 1008 (81.2%) 224 (84.9%) 22 (55.0%)
≥ III 32 (2.6%) 9 (3.4%) 13 (32.5%)
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Successful sedation was set as the outcome of cost-effec-
tiveness analysis in this study. Historically, most children 
who receive sedation outside the operating room had a good 
outcome in terms of reduced anxiety during a procedure [16, 
17]. As far as sedation for pediatric MRI was concerned, 
combinations of benzodiazepines, barbiturates, hypnotics, 
and narcotics were typically used, with variable success and 
a risk of upper airway obstruction and respiratory depression 
[2, 4]. Previously reported studies showed chloral hydrate, 

midazolam, and pentobarbital were the drugs of choice by 
non-anesthesiologists for pediatric sedation in most imaging 
examinations, with failure rates in the range of 2–15% [2, 
9, 18, 19]. The result of our study was consistent with these 
previously reported ones. Raising the effectiveness, or the 
success rate, of sedation by non-anesthesiologists may be 
possible by several ways such as developing guidelines [20, 
21], institutional protocols, and training systems for non-
anesthesiologists [22]. Even in North America, the majority 

Table 2  Summary of sedation or general anesthesia profiles

Data are presented as frequency (%) or median (25th percentile, 75th percentile)
S/GA sedation or general anesthesia, IV intravenous, PO per os (oral)
† n = 81 (The imaging study for 183 patients was not completed.)

Sedation by non-anesthesiologists S/GA by
anesthesiologists

Successful Failed Successful

Patients [n] 1242 264 40
Type of
S/GA

Sedation 1242 (100%) 264 (100%) 26 (65%)
General anesthesia 0 (0%) 0 (0%) 14 (35%)

Route of 
medication 
administered

Intravenous 393 (31.6%) 19 (7.2%) 40 (100%)
Oral 837 (67.4%) 227 (86.0%) 0 (0%)
Rectal 12 (1.0%) 18 (8.8%) 0 (0%)

Initial 
medication administered

Hydroxyzine IV 89 (7.2%) 2 (0.8%) –
Ketamine IV
or
Propofol IV
or
Thiopental IV

15 (1.2%) 1 (0.4%) –

Midazolam IV 293 (23.6%) 14 (5.3%) –
Triclofos Na
PO

691 (55.6%) 157 (59.5%) –

Pentobarbital Ca PO 142 (11.4%) 71 (26.9%) –
Chloral hydrate (rectal) 12 (1.0%) 18 (6.8%) –

Additional doses of medications 0 488 (39.3%) 13 (5.0%) 40 (100%)
1 567 (45.7%) 231 (87.5%) – –
2 106 (8.5%) 8 (3.0%) – –
 ≥ 3 81 (6.5%) 12 (4.5%) – –

MRI scanning time [Min] 31 (25, 39) 24† (18, 31.5) 36 (27, 51.5)
Time of MRI room occupied [Min] 37 (30, 45) 29.5† (22, 41.3) 60 (50.5, 72)
Nursing timeby MRI nurses [Min] 80 (46, 111) 123.5† (108.8, 164.3) – –
MRI region Head/neck 855 (68.8%) 201 (76.0%) 18 (45%)

Spine 226 (18.2%) 40 (15.2%) 1 (3%)
Head/neck + others 32 (2.6%) 2 (0.8%) 0 (5%)
Body/extremities 129 (10.4%) 21 (8.0%) 19 (47%)

Department in charge Neonatology 142 (11.4%) 53 (27.1%) – –
General pediatrics 140 (11.3%) 37 (14.0%) – –
Hemato-oncology 216 (17.4%) 14 (5.3%) – –
Pediatric neurology 279 (22.5%) 71 (26.9%) – –
Pediatric surgery 137 (11.0%) 29 (11.0%) – –
Pediatric neurosurgery 310 (25.0%) 60 (22.7%) – –
Anesthesia – – – – 40 (100%)
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of the hospitalists surveyed perceived they had not achieved 
competency in sedation [23]. Anesthesiologists are expected 
to take initiative and responsibility for improvement of seda-
tion by non-anesthesiologists [1]. Training and supporting 
pediatric hospitalists to provide procedural sedation, how-
ever, has the potential to avoid unnecessary referrals to 
anesthesiologists and to decrease painful procedures done 
without sedation [24].

Limitations

The limitations of this study include its observational 
study design, the single-center experience with possibly 
low generalizability, and the theoretical and limited eval-
uation by assumptions in the cost-effectiveness analysis 

with deterministic one-way sensitivity analysis [25]. In 
terms of estimating and calculating costs, it is important 
to note that this study only took into account direct health-
care costs, and did not include indirect costs such as trans-
portation costs to and from hospital and opportunity cost 
of productivity loss in forfeited wages of the guardians 
who accompanied patients from the societal perspective. 
The cost-effective analysis from the societal perspective 
will be our tasks and challenges of the future. Then, we did 
not estimate quality-adjusted life years, but we think this 
is unlikely to affect our conclusions. There will be some 
disutility (reduced health-related quality of life) associ-
ated with sedation failure. These changes, however, will 
occur over a short period of time and therefore differences 
in mean quality-adjusted life years between strategies are 
likely to be negligible [14].

Table 3  Cost per patient by cost-effectiveness analysis

The items marked in bold were critical for calculation of mean total cost per patient
Mean total cost per patient by sedative medication was calculated as the following, respectively: (First-line treatment cost) = (medication 
cost) + (procedure cost). (Mean cost of second-line treatment) = {(opportunity cost on failure) + (additional cost on failure)} × (failure rate)/100. 
(Mean total cost per patient) = (first-line treatment cost) + (mean cost of second-line treatment). E.g. sedation with use of chloral hydrate by non-
anesthesiologists: (first- line treatment cost) = 1.2 + 0 = 1.2. (Mean cost of second-line treatment) = {(156.4) + (605.4)} × 60/100 = 457.1. (Mean 
total cost per patient) = (1.2) + (457.1) = 458.3
S/GA sedation or general anesthesia, PO per os (oral), IV intravenous, Inh inhalational, Pb pentobarbital calcium, Mdz midazolam, USD US dol-
lars
a Procedure cost of sedation is not reimbursed under the current Japanese medical fee schedule when sedation is provided via oral or rectal route
b Outpatient consulting fee as opportunity cost is calculated only when intravenous sedation is provided, because sedation via oral or rectal route 
is generally provided by MRI nurses. The outpatient fee includes additional charge for seeing a pediatric patient

Sedative medication Sedation by non-anesthesiologists S/GA by 
anesthesiologists

Triclofos
Na PO

Pb PO Chloral  
hydrate 
rectal

Hydroxyzine 
IV

Mdz IV Sedation:  
propofol
IV

General anes-
thesia: propofol 
IV + 
Sevoflurane Inh

Failure
rate

18.5% 33.3% 60.0% 2.2% 4.6% 0% 0%

Medication cost
[USD]

1 0.10 1.2 0.45 1.1 13.0 18.0
(6.6 + 11.4)

Procedure  costa

[USD]
0 0 0 53.4 53.4 71.2 587.4

(534.0 + 53.4)
First-line
treatment cost
[USD]

1 0.1 1.2 54.9 54.5 84.2 605.4

Opportunity cost on  failureb

[USD]
MRI
156.4

MRI
156.4

MRI
156.4

MRI
156.4
Outpatient
fee 69.4

MRI
156.4
Outpatient fee 69.4

N/A N/A

Additional cost on failure
(GA fee)
[USD]

605.4 605.4 605.4 605.4 605.4 N/A N/A

Mean cost of second-line treatment
[USD]

112.0 235.7 457.1 18.3 38.2 0 0

Mean total cost per patient
[USD]

112.1 253.8 458.3 74.2 92.7 84.2 605.4
132.5
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Conclusion

The failure rate of sedation provided by non-anesthesiolo-
gists for children undergoing MRI was considerably higher 
than that of S/GA provided by anesthesiologists. Our study 
was the first comparison of the cost-effectiveness of seda-
tion administered by non-anesthesiologists with that of 
S/GA provided by anesthesiologists under the Japanese 
national medical fee schedule, which suggested that seda-
tion provided by anesthesiologists for children undergoing 
MRI would be more cost-effective than sedation via oral 
or rectal route provided by non-anesthesiologists and GA 
provided by anesthesiologists. The cost-effectiveness in 
sedation by anesthesiologists would be derived from sig-
nificantly lower reimbursement compared to that for gen-
eral anesthesia and higher failure rates of sedation by non-
anesthesiologists compared to that by anesthesiologists.
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