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Objective : This study is a retrospective cost-benefit analysis of cervical anterior interbody fusion and cervical artificial disc
replacement, which are the main surgical methods to treat degenerative cervical disc disease.

Methods : We analyzed 156 patients who underwent anterior cervical disc fusion and cervical artificial disc replacement from
January 1, 2008 to December 31, 2009, diagnosed with degenerative cervical disc disorder. In this study, the costs and benefits were
analyzed by using quality adjusted life year (QALY) as the outcome index for patients undergoing surgery, and a Markov model
was used for the analysis. Only direct medical costs were included in the analysis; indirect medical costs were excluded. Data were
analyzed with TreeAge Pro 2015™ (TreeAge Software, Inc, Williamstown, MA, USA).

Results : Patients who underwent cervical anterior fusion had a total cost of KRW 2501807/USD 2357 over 5 years and obtained a
utility of 3.72 QALY. Patients who underwent cervical artificial disc replacement received 4.18 QALY for a total of KRW 3685949/USD
3473 over 5 years. The cumulative cost-effectiveness ratio of cervical spine replacement surgery was KRW 2549511/QALY (USD
2402/QALY), which was lower than the general Korean payment standard.

Conclusion : Both cervical anterior fusion and cervical artificial disc replacement are cost-effective treatments for patients with
degenerative cervical disc disease. Cervical artificial disc replacement may be an effective alternative to obtain more benefits.
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INTRODUCTION cervical disease is increasing year by year, and the annual
growth rate is also increasing (National Health Insurance

The number of patients receiving treatment for degenerative Corporation, 2013). The pain and dysfunction that may be
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caused by cervical nerve compression can be conservatively
treated with anti-inflammatory drugs and physical therapy or
injection. If pain or dysfunction continues despite these con-
servative treatments, anterior cervical discectomy and fusion
(ACDF) may be performed"”. ACDF shows a high recovery
rate of over 90% for patients with radiculopathy and myelopa-
thy”. However, because ACDF completely fuses the cervical
vertebrae, exercise function is lost. This loss increases the load
on adjacent abutments, thereby exacerbating the degenerative
changes and resulting in adjacent segment disease”.

An alternative to ACDF is cervical total disc replacement
(cTDR). This surgical method can preserve motion by insert-
ing an artificial disc. Consequently, it can reduce the load on
adjacent segments and reduce the incidence of adjacent seg-
ment disease. In addition, the cervical disc height and align-
ment can be adjusted"”.

In the United States, the cost and benefits of both surgeries
have been studied. Because of its inclusion in the diagnosis re-
lated group (DRG), the cost of medical care for cI'DR is lower
than that for ACDF. cT'DRs have been reported to be more
cost effective than ACDFs"”. However, in Korea, the cost of
surgery and materials used for cI'DR are higher than those of
ACDF (Health Insurance Review and Evaluation Center,
2016). Therefore, we cannot conclude that cI'DR is more cost
effective than ACDF in Korea by applying the US research re-
sults. Therefore, the costs and benefits of cI'DR and ACDF
should be studied in the Korean medical system.

The purpose of this study was to conduct a cost-effective-
ness analysis of ACDF and cI'DR.

MATERIALS AND METHODS

This study is a retrospective cost-effectiveness analysis of
ACDF and cT'DR, which are two alternative surgical methods
to treat degenerative cervical disc disease. A virtual cohort
was set up to perform a comparison-utility analysis for each
method. The virtual cohort was a 40-year-old patient with de-
generative cervical disc disease who received surgical treat-
ment.

We selected 156 patients who underwent ACDF and ¢I'DR
surgery at Severance Hospital in Seoul from January 1, 2008
to December 31, 2009 for the probability of metastasis and

cost estimation in each Markov model. Five years of medical
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records were reviewed. The selection and exclusion criteria
were as follows. Selection criteria : 1) men and women aged
between 30 and 50 years and 2) patients who received single-
segment ACDF or single-segment cI'DR due to degenerative
cervical disc disease; exclusion criteria : 1) patients with a his-
tory of cervical surgery, 2) patients who received ACDF or
cI'DR through hospitalization due to other diseases, 3) pa-
tients with cervical disease due to trauma (within 1 year be-
fore surgery, including traffic accidents), 4) patients with tu-
berculosis-induced cervical disease, 5) ossification of the
posterior longitudinal ligament, and 6) cerebral palsy.

The general characteristics of the study group are shown in
Table 1. In addition to ACDF and ¢TDR, there are various
other surgical procedures for patients with degenerative cervi-
cal disc disease. However, the subjects of this study had single-
segment degenerative cervical disc disease, and patients with
segmental degenerative cervical disc disease are usually treat-
ed with ACDF and CDR. Other procedures were not consid-
ered. The study was reviewed and approved by the Institu-
tional Review Board of Yonsei University Severance Hospital
(IRB No. 4-2016-0061).

In this study, the analysis cycle was 1 year, and the Markov
model was set to repeat every year. During the analysis period,
a model was constructed to perform a cost-benefit analysis
based on the number of people in each health state, quality
adjusted life year (QALY), and cost for each cycle.

To calculate the transition probability and cost to each
health state from the Markov model, subjects’ medical records
for 5 years after surgery were tracked. The analysis period of
this study was 5 years, so the cohort of 40 years old was ana-
lyzed until 45 years old. The model composition and analysis
were performed with TreeAge Pro 2015™ (TreeAge Software,
Inc, Williamstown, MA, USA).

Health status was classified in the Markov model according

Table 1. General subject characteristics

ACDF cTDR
Number of subjects (male/female) 93 (53/40) 63 (36/27)
Age 30s 18 24
Age 40s 29 20
Age 50s 46 19
Average age 48 44

ACDF : anterior cervical discectomy and fusion, cTDR : cervical total disc
replacement



to the occurrence of complications after ACDF and ¢T'DR sur-
gery. Complications after ACDF and ¢I'DR surgery were clas-
sified into reoperations and pain control procedures. Treat-
ment for pain control refers to an injection method rather
than surgery. After the surgery, patients were classified as not
having complications if their symptoms decreased or disap-
peared and no further treatment was necessary or if pain or
other symptoms remained but were tolerable and did not dis-
rupt daily living. The patients were classified as having com-
plications if they underwent procedures or surgery due to un-
acceptable pain or other symptoms. We assumed that all
reoperations were ACDF procedures because only ACDF was
received. The definition of each condition is shown in Table 2.

The transition process of ACDF and cI'DR in each Markov
model was as follows. Patients with degenerative cervical disc
disease who underwent single segment ACDF surgery were
divided into two groups : patients who did not require treat-
ment, such as surgery or pain procedure, because they could
tolerate symptoms or symptoms disappeared after surgery
and patients who had symptoms that could not be tolerated
after surgery and needed pain procedures.

The transition process of the cI'DR group was almost the
same as that of the ACDF group. The second operation was
assumed to be ACDEF, not cI'DR.

The Markov model that reflects the two processes is shown
in Fig. 1. The Markov model was used to estimate the transi-
tion probability of each health state based on data obtained
from medical records. Because each health state was classified
according to complications after ACDF and cI'DR, the proba-
bility of each type of complication and the transition proba-
bility to each health condition are the same.

We examined records of reoperations or pain procedures in

Table 2. Definition of health status
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the 156 enrolled patients. The probability of transition to each
health condition is shown in Table 3.

In the medical field, cost-effectiveness analysis experts have
used a discount rate of 3% in the United States, and many
studies have been conducted with discount rate of 3%".
Qureshi et al.” and McAnany et al.” also applied a discount
rate of 3% for cost-utility analyses with the same research ob-
jectives as in this study. Therefore, we used a discount rate of
3%.

Medical costs were divided into the cost of surgery and the
cost of complications. Costs incurred due to complications
were divided into procedure (injection) costs and reoperation
cost. Surgery and reoperation costs included all medical costs
incurred during the hospitalization for surgery and reopera-
tion. We did not consider any non-medical costs. Outpatient
costs incurred while visiting the hospital for periodic medical
care after surgery were excluded. The average cost was used
because the costs incurred varied according to the type of
procedure. The operation cost and reoperation cost were cal-
culated as an average for all patients. The medical costs are
shown in Table 4.

In this study, QALY was used as the variable for utility anal-
ysis. The factors needed to estimate QALY are survival and
utility weights. ACDF and ¢I'DR were assumed to have no ef-
fect on survival during the analysis period of 5 years.

To estimate utility weights, we reviewed questionnaires, but
the data were not available. No studies have reported utility
weights of patients with degenerative cervical disc disease in
foreign literature. However, according to Fryback et al.” and
Tengs and Wallace'”, the utility weight for ‘condition with ar-
thritis in any joint’ was defined as 0.7. In this study, utility

weight for degenerative disc disease, which is the starting con-

Health status Definition
DDD DDD requiring surgical treatment

CDF Patients who underwent ACDF

cTDR Patients who underwent cTDR

Disappear or tolerable Sx
Intolerable Sx and pain procedure
Disappear or tolerable Sx 2

People who had a revision ACDF

Patients whose symptoms disappeared or were tolerable and needed no further treatment
Patient whose symptoms were still present or were not tolerable and needed a pain procedure
Patients whose symptoms disappeared after a pain procedure and needed no further treatment

Patients who received ACDF again

DDD : degenerative disc disease, CDF : cervical disectomy and fusion, ACDF : anterior cervical discectomy and fusion, cTDR : cervical total disc

replacement, Sx : symptom
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Fig. 1. Markarov model. DDD : degenerative disc disease, ACDF : anterior cervical discectomy and fusion, CDR : cervical disc replacement, Sx : symptom.

Table 3. Probability of transition to each health state

Health state ::::ST:::)(IOZ;

ACDF Disappear or tolerable Sx 98.28
Intolerable Sx and pain procedure 172
Disappear or tolerable Sx 2 875
People who had a revision ACDF 12.5

cIDR Disappear or tolerable Sx 99.37
Intolerable Sx and pain procedure 0.63
Disappear or tolerable Sx 2 50
People who had a revision ACDF 50

ACDF : anterior cervical discectomy and fusion, Sx : symptom, cTDR :

cervical total disc replacement
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dition of the Markov model, was the reference of 0.7.

Qureshi et al."” reviewed the short form health survey (SF-
36) score, neck disability index (NDI) score, postoperative
neurological improvement, ACDF and CDR results, and
metatarsal analysis by comparing joint motility.

In this study, the utility weights of each health status were
determined with reference to Qureshi et al.'’. The utility
weights of each health condition in this study are shown in
Table 5.

In this study, the assumptions set for the cost-benefit analy-
sis through the Markov model are as follows. 1) ACDF and
cI'DR are two alternative methods for 40-year-old patients

who need surgical treatment for degenerative cervical disc
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Table 4. Medical costs

Surgical cost Procedure cost Reoperation cost
ACDF KRW 4915420/USD 4632 KRW 110583/USD 104 KRW 6868233/USD 6472
cTDR KRW 7346799/USD 6923 KRW 110583/USD 104 KRW 6868233/USD 6472

ACDF : anterior cervical discectomy and fusion, cTDR : cervical total disc replacement

Table 5. Cost-utility analysis results

Cost Incremental cost  Utility (QALY)  Incremental utility (QALY) Incremental cost-effectiveness ratio
KRW 2501807
ACDF USD 2357 372
KRW 3685949 KRW 1184142 KRW 2549511/QALY
Sl USD 3473 UsD 1116 418 046 USD 2402/QALY

QALY : quality adjusted life year, ACDF : anterior cervical discectomy and fusion, cTDR : cervical total disc replacement

disease. 2) The analysis period was 5 years, and the analysis
cycle was 1 year. 3) Patients who underwent reoperation were
assumed to have terminated treatment. 4) The number of
times the procedure was performed was not considered. 5)
The procedure was assumed to not affect quality of life. 6)
Non-medical expenses and lost productivity costs were not
considered. 7) The discount rate for future value was 3%. And
8) health status weights used in previous US studies were ap-
plied.

No study subjects required further treatment after reopera-
tion. Patients who underwent reoperation were assumed to
have completed the treatment and remained in the revision
ACDF health state.

RESULTS

The total cost of ACDF and cT'DR for 40-year-old patients
with ACDF or ¢I'DR for 5 years was KRW 2501807/USD 2357
for ACDF and KRW 3685949/USD 3473 for cT'DR. The cost
difference between the two surgeries was KRW 1184142/USD
1116. Patients had 3.72 QALY after ACDF and 4.18 QALY after
cTDR for 5 years. The difference between groups was 0.46
QALY. The cost-benefit analysis showed that the cumulative
cost-effectiveness ratio of cI'DR was KRW 2549511/QALY
(USD 2,402/QALY) compared to ACDEF. In this study, utility
weights of 0.8 and 0.9 for ACDF and ¢I'DR, respectively, were
applied to the Markov model. The results of cost-utility analy-

sis are shown in Table 5.

DISCUSSION

A cost-utility analysis is a special form of cost-effectiveness
analysis. QALY or healthy years equivalents are indicators that
reflect both quantitative aspects of life (life extension) and
quality of life. Cost-utility analysis uses these two parameters
as indicators of the outcome. The cost is measured in currency
units. A cost-benefit analysis uses QALY, which reflects both
quantitative and qualitative aspects of life and is the cost-ef-
fectiveness analysis, as compared to cost-effectiveness analy-
sis, which uses only clinical results as quantitative aspects of
life.

QALY is obtained by multiplying the life year by utility, which
is the quality of life during survival. If the benefit to be generated
in the future is smaller than the present benefit, the value of the
future benefit should be reduced by a factor called the discount
rate. The discounted value is called the present value. In the Unit-
ed States, many studies have been conducted at a discount rate of
3%. Although QALY is difficult to measure consistently, QALY is
recommended in various drug economic evaluation guidelines,
including the Korean Health Insurance Review & Assessment
Service, since there is no appropriate alternative.

Both McAnany et al.” and Qureshi et al."” created Markov
models and analyzed fictitious cohorts that were 45 and 40
years old, respectively, with analysis periods of 5 and 20 years
respectively. The discount rate was 3%. The utility weights
were derived through different methods. In McAnany et al.”,
the utility weights of patients who received ACDF and ¢cI'DR

were derived from questionnaires completed by 209 patients,
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and Qureshi et al."” derived utility weights from a meta-anal-
ysis of the literature.

As a result, in McAnany et al.”, the utility weight of patients
receiving ACDF and ¢cI'DR was 0.72, and the utility weight of
patients receiving revision ACDF (reoperation ACDF) and re-
vision cI'DR (reoperation cI'DR) was 0.43. In Qureshi et al”,
the utility weights were 0.8 for patients receiving ACDEF, 0.9 for
patients receiving cTDR, 0.75 for patients receiving revision
ACDF, and 0.85 for patients receiving revision cI'DR. It is un-
usual that the utility weights of patients who received ACDF
and ¢TDR in McAnany et al.” were derived directly from the
questionnaire, whereas the utility weights of patients receiving
revision ACDF and revision cTDR were 60% of patients re-
ceiving ACDF and cI'DR. Since the basis for this assumption
is not mentioned in McAnany et al.”, we used the utility
weights from Qureshi et al."”.

Cost-benefit analyses of (I'DR and ACDF have been con-
ducted overseas, but those analyses differ from the Korean
healthcare system. Therefore, those results cannot be applied
to Korea. In this study, the cost and benefits were analyzed by
applying the cost incurred to use the medical service in Korea
and the incidence of postoperative complications (transition
probability). Therefore, the results of this study may be more
suitable for the Korean healthcare system than previous stud-
ies.

According to our data, the timing of the first ACDF or
¢I'DR varied among patients. The timing of each reoperation
and pain procedure differed and was difficult to apply to the
model. Therefore, the probability of complications occurring
each year was calculated and then reflected in the transition
probability in the Markov model.

This study was conducted to evaluate the cost-effectiveness
of ACDF and cT'DR, which are mainly received by patients
with degenerative cervical disc disease requiring surgical
treatment. As a result, the incremental cost-effectiveness ratio
of cI'DR was KRW 2549511/QALY (USD 2402/QALY).

To choose a surgical procedure based on incremental cost-
effectiveness ratios, standards are needed. This criterion can
be considered a societal willingness to pay. Generally, the cost-
effectiveness threshold is set as the cost limit that society will
pay to extend 1 QALY. The World Health Organization aid
that the cost per disability adjusted life year (DALY) is ‘very
cost-effective’ when it is less than the per capita gross domes-

tic product (GDP) of the country and is ‘cost-effective” until
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the cost is less than three times the per capita GDP. Assuming
that the standard of 1 DALY is the same as 1 QALY, the pay-
ment standard based on the Korean per capita GDP is about
KRW 30899465/USD 29115.

Based on these payment criteria, the cumulative cost-ef-
fectiveness ratio of cTDR is KRW 2549511/QALY (USD
2402/QALY), which is less than KRW 30899465/USD 29115,
so ¢I'DR is more cost effective than ACDF. However, the cost-
effectiveness of cI'DRs cannot be compared to ACDFs based
solely on payment criteria.

When designing the research, we tried to use Korean Na-
tional Health Insurance Corporation data or the Health In-
surance Review & Assessment Service data as representative
data. However, because data satisfying all subject criteria were
not available, data from one university general hospital were
used. If the Korean National Health Insurance Corporation or
Health Insurance Review & Assessment Service data can be
subdivided and the subjects classified in detail, the result will
be more representative.

This study used utility weights from Qureshi et al.” study,
which does not reflect differences between Americans and
Koreans. There is a clear genetic and environmental difference
between Americans and Koreans. Even after undergoing the
same surgery, they may not have the same quality of life. Even
though Americans and Koreans at similar levels can be evalu-
ated differently, the utility weights of health state for Koreans
should be collected and applied. To directly calculate the utili-
ty weights of health status, SF-36 and NDI data were collected
and compared with ACDF and ¢T'DR results, including mean
hospital stay and a visual analog scale (VAS). However, the
data might not be representative because the data collection
period differed for each subject and many patients had no
data. Therefore, the analysis was conducted with reference to
US literature data. To obtain the utility weights of the health

state for Koreans, systematic data collection will be conducted.

CONCLUSION

This study was a cost-benefit analysis of ACDF and ¢I'DR,
which are mainly performed for patients with degenerative
cervical disc disease. Patients who received ACDF paid a total
of KRW 2501807/USD 2357 over 5 years, yielding a utility of
3.72 QALY. Patients receiving ¢cTDR paid a total of KRW



3685949/USD 3473 over 5 years, yielding a benefit of 4.18
QALY. The cumulative effect ratio of cI'DR compared to
ACDF was KRW 2549511/QALY (USD 2402/QALY).

Both ACDF and cT'DR are cost-effective alternatives for pa-
tients with degenerative cervical disc disease. On the other
hand, cTDR is an effective option to get more benefits through
additional costs.
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