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Learning Objectives

e Gain an understanding of the importance of and
role for economic studies in minimally invasive
spine surgery from the clinician’s perspective.

e Describe the different types of health economic
evaluations and their respective advantages and
drawbacks.

* Describe the difference between direct and indirect
costs.

* Provide a summary of the literature as it relates to
the economics of minimally invasive spine surgery

 Identify the current knowledge gaps and directions
for future investigation.

3.1 Introduction
In most countries, the cost of healthcare has progressively
increased at a rate greater than the respective national eco-
nomic growth [1]. Consequently, healthcare delivery in its
present state is unsustainable and, in many countries, has
already resulted in increased taxation as well as decreased
government funding of other vital societal services. From a
macroeconomic perspective, the economic impact of health-
care interventions is critically important to all stakeholders.
As stakeholders in healthcare management and delivery
attempt to mitigate increasing expenditures, greater demands
are made upon all therapies to describe their proven indica-
tions, report adverse events, and delineate their objective and
subjective outcomes [2].

With increasing costs, it also becomes necessary for
health providers and payers to assess the value (defined as
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the relative worth, utility, or importance) of an intervention
compared to alternative interventions. These needs have
been highlighted by the Institute of Medicine (IOM) as
comparative effectiveness research (CER). As per the IOM,
“Comparative effectiveness research is the generation and
synthesis of evidence that compares the benefits and harms
of alternative methods to prevent, diagnose, treat, and moni-
tor a clinical condition or to improve the delivery of care.
The purpose of CER is to assist consumers, clinicians, pur-
chasers, and policy makers to make informed decisions that
will improve health care at both the individual and popula-
tion levels.” [3-5] Physicians have traditionally understood
and taken the perspective of safety and clinical efficacy of
an intervention. However, physicians are often less familiar
with the perspective and language of purchasers and policy
makers, which also includes the health economic aspect of
not only the intervention of interest to a specific health pro-
vider but also its impact and relevance to other relevant inter-
ventions and healthcare delivery at a macro level.

3.2 Health Economic Evaluations (HEEs)

3.2.1 The Importance of Health Economic
Evaluations

From the perspective of musculoskeletal surgery, the increas-
ing demands for surgical services will only continue to
increase [6—13]. It is estimated that by the year 2030, over
half of the adults in the US population will be aged over
65 years. The economic effects of degenerative disorders
such as arthritis of the spine (i.e., spinal stenosis), hip, and
knee within this aging population will have profound impli-
cations on the future affordability and availability of quality
spine care [6—13]. Within spine surgery, the SPORT studies
[14-17] have documented the sustainable efficacy and cost-
effectiveness of interventions using traditional open surgical
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techniques for lumbar disk herniation, spinal stenosis, and
degenerative spondylolisthesis compared to nonsurgical care
at 4 years of follow-up. However, CER within the spine sur-
gery literature from an economic perspective was until more
recently generally lacking. In recent years, an increasing
interest in this type of research including economic analy-
ses has emerged. This is likely due to increasing pressure on
the part of healthcare providers to justify health expenditures
to payers and demonstrate that the treatments they provide
are of value. Nevertheless, although the need for economic
data in the current healthcare climate is increasingly impor-
tant, there is a general paucity of cost-effectiveness analyses
(CEA) across all surgical and nonsurgical interventions [18].
In addition, societal perceptions regarding spine surgery and
its benefits, risk, and associated costs may also have an impact
on the perceived value of spinal intervention, regardless of
whether it demonstrated cost-effectiveness. Unfortunately,
the substantial variability in results along with differences in
clinical indications and techniques used further confounds
existing external opinions regarding spine surgery and sur-
gical techniques [8]. The prevailing perspectives from non-
spine surgeons (i.e., payers and nonsurgical spine specialist)
seem to be that much of what is done in spine surgery is for
the management of low back pain and is ineffective. Our
day-to-day outcomes for common diagnoses such as radicu-
lopathy or claudication would say otherwise, but we need to
continue to prove it.

With these aforementioned challenges in mind, it is
important to quantify the value of surgical intervention for
degenerative conditions, and these interventions must be
appraised from the perspectives of the patient, direct payer,
and society. As diminishing healthcare resources must be
stretched further and further, resource allocation for com-
peting pathologies including cancer and chronic conditions
such as cardiovascular disorders, diabetes, and arthritis cur-
rently demands the largest portion of available funds. In a
publication by Martin et al. that looked at expenditures and
health status among US adults with back and neck prob-
lems, the authors noted significantly escalating cost (the
vast majority of which is nonoperative) with no appreciable
improvement in health status compared to non-back/neck
individuals [19]. The estimated annual US expenditures for
back and neck disorders ($86 billion) in 2005 have reached
levels comparable to diabetes ($98 billion), cancer ($89 bil-
lion), and arthritis ($80 billion) in a similar period. These
are all second to heart and stroke expenditures which are
estimated at $260 billion. A discussion of societal and payer
prioritization regarding relative healthcare resource alloca-
tion is clearly a complex issue which is not within the scope
of this chapter but is worthy of mention to enable the reader
to keep the broader perspective of payers and policy mak-
ers in mind as they increase their personal understanding
of CER.

3.2.2 TheLanguage of Health Economic
Analysis

A detailed description of HEE is not within the scope of this
text and thus only fundamental concepts relevant to the sur-
geon, from the perspective of the clinician/surgeon will be
provided [20]. A common misconception from physicians
and surgeons is that all HEEs are the same and only consider
the bottom line, cost. There are, in fact, several types of HEE
that are not interchangeable and require a more profound
understanding when a clinician is considering the merit of
an HEE. Some HEEs only consider cost and assume that the
clinical efficacy is equal between the interventions of interest,
whereas others consider both the relative cost and efficacy of
the intervention. Additionally, it is important to understand
the perspective of the costing data sources and whether it
only considers some or all healthcare costs attributable to a
specific intervention and whether societal cost, such as pro-
ductivity, has been included in the analysis [20, 21]. Another
important aspect of an HEE is the time horizon in which the
analysis has been considered, for some studies may consider
the perioperative period only whereas others evaluate costs
over the lifetime of the patient. Given the potential differences
in study time horizon being evaluated, one must also con-
sider whether the assumptions and variability associated with
critical analytic parameters are accurate and accounted for in
the study. For HEEs where the outcome measure and cost are
estimated for the lifetime of the patient, future costs and utili-
ties are typically discounted to adjust for society’s relative
value placed on immediate costs and benefits compared to
those in the future, a concept known as time preference [21].
Commonly, resources in the present are preferred over future
resources since benefit can be derived from present resources
in the interim. Most importantly when comparing interven-
tions within the same analysis or across different analyses, it
is necessary to ensure that compatible clinical, costing, ana-
lytic model assumptions, and overall economic analysis and
perspective were employed between groups. Variations in
these parameters can grossly impact the outcome and subse-
quent interpretation of an HEE. Consequently, an important

Key Points

* In the setting of limited healthcare resources, eco-
nomic evaluation of therapeutic interventions is
needed to demonstrate that the financial cost of the
intervention is justified by the amount of value that
the intervention creates for the patient.

e In healthcare, policy makers must make careful
decisions about how finances are allocated such that
the amount of created value is optimized while min-
imizing cost. This is accomplished through HEEs.
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part of an HEE is the inclusion sensitivity analysis within
the methodology. This enables relevant and realistic varia-
tion of important clinical and economic parameters to assess
the robustness of the HEE findings and allows the reader to
interpret the results based on alternate parameters that may
be more consistent with their local healthcare system [21].

As HEEs can be carried out in many ways and customized
to specific objectives, the outcome will be potentially inter-
preted differently based on the perspective taken by different
stakeholders. For example, from the perspective of a private
payer, the primary goal might be to obtain the greatest return
on their investment. From a physician’s perspective, patient
outcomes and clinical outcomes such as procedural time or
adverse events, regardless of the economic aspect, might be
the major issues of consideration. From the patient’s or a
societal viewpoint, personal factors such as quality of life
post-surgery, recovery time, and ongoing costs along with
activity factors such as days of work missed and productivity
losses may be most relevant.

3.2.3 Definitions of HEEs

The most basic type of economic analysis is cost analysis
(CA) which compares the cost of healthcare interventions and
does not consider differences in health outcomes [20]. This
type of analysis is obviously very “payer” focused; it evalu-
ates interventions based on their costs only, and from a clini-
cal perspective this type of analysis is not useful for CER, but
represents the most common analysis in the surgical litera-
ture. Another type of economic analysis is cost-minimization
analysis (CMA) which determines and evaluates the least
expensive interventions among the interventions that have
demonstrated the same outcomes. This type of analysis may
be tedious to complete because one must first demonstrate
that the resulting outcomes between interventions are, in fact,
the same, which can prove to be a challenging task on its own.
A CMA can be effective at any level where reducing expendi-
ture is a priority and therapeutic equipoise from high-quality
evidence has been established between two interventions for
the same clinical scenario. A cost-benefit analysis (CBA)
refers to an HEE where both the cost of the interventions and
their outcome are assessed in terms of dollars. It is reflected as
the ratio of the difference in outcome (e.g., cost difference of
length of stay between two interventions) over the difference
in cost. A CBA ratio greater than 1 suggests a cost-benefit of
the intervention under evaluation. From a CER perspective, a
cost-effectiveness analysis (CEA) which simultaneously con-
siders both the comparative clinical effectiveness and cost of
intervention is the HEE method of choice [20]. Thus, being
cost-effective does not necessarily mean an intervention is
less expensive up front.

3.2.4 Cost-Effectiveness (CEA) and Utility
(CUA) Analyses

The primary premise of a CEA is the measurement of the
incremental cost and patient benefit that result from choosing
one intervention option over another [22, 23]. The purpose
is to assist decision-makers in determining how to allocate
resources across a defined number of competing needs to
optimize health outcomes while adhering to budgetary con-
straints [23]. CEA is distinct from the aforementioned eco-
nomic analyses such as a CA or CBA, as it simultaneously
considers clinical effectiveness and cost. Within healthcare,
CEA is utilized in scenarios where assigning a monetary
value to a health state may be inappropriate. A CEA is typi-
cally calculated using an incremental cost-effectiveness ratio
(ICER), which equals the cost of a new strategy less the cost
of current practice, divided by the clinical change in outcome
of the new strategy, minus the current practice [24].

Cost —Cost

new strategy current practice

Effect —Effect

new strategy

ICER =

current practice

The ICER analysis typically assumes that the new strat-
egy is likely to cost more but has a clinically greater effect
and is hence used to determine the cost per incremental dif-
ference in outcome.

Key Points
All of the following are different types of HEEs:

e Cost analysis (CA)—Compares the costs of two or
more interventions without taking outcomes into
consideration.

e Cost-minimization analysis (CMA)—Compares
the costs of two or more interventions, whose out-
comes have been demonstrated to be equivalent.

e Cost-benefit analysis (CBA)—HEE where two
interventions are compared and both the cost and
the outcomes of the intervention are measured in
monetary units.

e Cost-effectiveness analysis (CEA) and cost-utility
analysis (CUA)—HEEs which compare interven-
tions while considering both financial cost and clin-
ical effectiveness.

3.2.5 Components of A CEA

As stated previously, economic analysis can be a complex
and difficult task, especially when cause-and-effect relation-
ships are not very easily measured. Another aspect which
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increases difficulty is the sheer volume of variables that can
contribute to the overall cost of a health intervention. Thus,
collecting detailed costing data is very time-consuming and
costly and represents a significant barrier in performing
CEAs. Often, it can be beneficial to break down the analysis
into two smaller analyses: factors that directly contribute to
cost and factors which have an indirect effect on cost.

3.2.5.1 Direct Costs

Direct costs are tangible costs such as the cost of medi-
cal tests, implants, operating room time, rehabilitation, or
out-of-pocket cost for payment of healthcare services that an
individual may no longer be able to perform as a direct result
of a disease state.

Proponents [25-31] of minimally invasive procedures
frequently cite that the advantage of MIS versus open sur-
gery is its ability to lower postoperative morbidity. In a
review by Allen and Garfin, the authors outlined the factors
in open procedures that may increase cost relative to MIS
[32]. Factors such as increased blood loss and subsequently
transfusion rates, extended OR time, and the use of open
posterior approach to the spine can increase the likelihood
of adverse events, such as infection, and procedure-related
morbidity, such as pain [32-34]. For example, the costs
surrounding a unit of blood transfused are estimated to
be just under $1200, and this measure is often associated
with increased LOS and resource utilization [32]. Kalanithi
et al. reported that each in-hospital complication for
patients undergoing surgery for acquired spondylolisthe-
sis was associated with an increased cost of approximately
10,000 USD, with the total cost rising to over three times
the cost of the index procedure if any readmission and revi-
sion surgeries were performed [33]. Khan et al. reported
that a single complication may increase hospital costs for a
patient in general surgery by up to 79% [35]. Broken down
further, the median costs per complication resulted in costs
of 4278 USD (range, 2511-25,168 USD) and as a result
increased LOS by 11-297% [35]. When complications
occur, significant increases in LOS, mean total charges,
and in-hospital mortality are observed [33]. Consequently,
taking steps to decrease the probability of adverse events
and reduce LOS by using MIS techniques, as well as other
available interventions, may help lower these associated
costs substantially [36].

3.2.5.2 Indirect Costs

Indirect costs are more variable and depend on what is con-
sidered to be indirectly associated with a given disease state
or intervention. Consequently, the determination of indirect
cost is typically much more difficult. In their simplest form,
indirect cost can be those associated with direct medical cost
(e.g., the estimated institutional overhead to provide a ser-

vice). More commonly, indirect costs refer to societal cost
such as lost productivity. However, it is also important to con-
sider that many indirect costs from a societal perspective may
also be very closely related to direct costs, further increasing
complexity. For example, postoperative complications such
as infections following surgery may result in longer hospital
stays, greater recovery time, and additional medication costs
contributing to an overall decline in health. These direct costs
also influence societal indirect costs as the individual may be
out of the work force for a longer time, thereby decreasing
their productivity. Thus, isolating and analyzing costs inde-
pendently of each other can be challenging, and results must
be interpreted within a defined context and in relation to other
factors as opposed to individually.

Low back pain (LBP) is a good example of indirect costs
from a macroeconomic perspective. The societal costs of
LBP can be substantial. LBP has become the second most
common reason for patients to visit primary care provid-
ers [37]. A systematic review of studies published in 2005,
evaluating the cost of low back pain noted that costs resulting
from lost productivity and early retirement were the largest
component of total costs, representing a median of 85% of
overall costs [38]. Consequently, indirect cost, particularly
from a societal perspective, is an important measure of post-
operative ongoing cost beyond discharge from hospital and
provides a more comprehensive allocation of the costs asso-
ciated with any intervention. In a 2004 study, Fritzell et al.
reported that treating an individual with open lumbar fusion
surgery was less expensive (and thus more beneficial) than
to have the person not contribute to societal productivity
while receiving conservative care treatment [39, 40]. It fol-
lows that those indirect benefits would decrease if the surgi-
cal intervention resulted in less morbidity, faster recovery,
and resumption of functional activity (e.g., work); in other
words, the promise of MIS should result in reduced cost.

3.2.6 Effectiveness

Effectiveness can be measured in a variety of ways depend-
ing on the most relevant outcome of the interventions
assessed. For example, if mortality rate was the best out-
come measure for a new therapy, the cost-effectiveness
could be represented as the incremental cost per additional
life saved or cost per adverse event avoided if the outcome
of interest is morbidity. For elective surgical procedures,
the most common form of a CEA is a cost-utility analy-
sis (CUA), which measures effectiveness using a generic
health utility score that allows the comparison of different
health states by measuring them all in terms of a single
unit—the quality-adjusted life year (QALY). A QALY is a
measure of the burden of a disease on life and encompasses
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both the quality and quantity of life lived [18, 21]. Thus, for
HEE:g, it represents both the effect size and durability of a
given intervention.

A QALY is an index number that is calculated by mul-
tiplying the utility score associated with that treatment by
the duration of treatment effect. The utility score represents
the health-related quality-of-life value in a range from O to
1, with O representing death and 1 representing the best or
perfect health state. The utility score used to calculate the
QALY of an intervention has been derived from several
existing generic health-related measures, such as the EQ-5D,
Health Utilities Index, Quality of Well-Being Scale, and
SF-36 (expressed as SF-6D) [41-49]. Consequently, the
QALY is an outcome measure that enables decision-makers
to compare the effectiveness of interventions across many
different areas of medicine and different disease states. For
this purpose, decision-makers utilize CEAs (and specifically
CUAG5) to identify the costs associated in achieving a single
QALY (i.e., the relative value of a given intervention). It is
important to note that currently available health utility scores
are not interchangeable as they often generate different val-
ues from within the same population, and thus the cost/
QALY values may differ depending on which utility score
was utilized [41, 48, 49].

Equally important to the QALY effect size of an interven-
tion on the health utility index of an individual or population
is the ability of an intervention to maintain that improved
health state, or the durability of the treatment effect [14, 18,
21]. Tosteson et al. have demonstrated this concept in the
spine literature [14]. In their landmark report of the 4-year
cost-effectiveness of surgery versus nonoperative treatment
from the SPORT studies, the authors demonstrated sustain-
able superior results (QALYs gained) from surgical com-
pared to nonsurgical treatment. This corresponded to an
improvement in the dollars spent/QALY gained ratio (ICUR)
at 4 years compared to 2 years for all three subpopulations
studied. For spinal stenosis, the 2- and 4-year ICUR for sur-
gery compared to nonoperative treatment was $77,600 and
59,400. For the treatment of intervertebral disk herniation,
the ICUR decreased from $34,355 at 2 years to $20,600 at
4 years. The greatest improvement was seen for the degen-
erative spondylolisthesis cohort, where the ICUR went down
to $64,300 at 4 years compared to $115, 600 at 2 years. In
more traditional economic models, where the QALY is esti-
mated over the lifetime of the patient based on reference
case data, the ICUR will typically reduce below $10,000/
QALY for musculoskeletal interventions such as hip and
knee replacement or 1-2-level spinal stenosis surgery [50].
For MISS lumbar fusion, both Rouben et al. and Harris et al.
have demonstrated good durability beyond the 2-year mark
for MIS-TLIFs [51, 52].

Finally, when faced with a cost per QALY evaluation,
recommendations exist regarding the threshold for which an
intervention is considered cost-effective. Generally, an ICUR
greater than $100,000 per QALY is considered too costly for
the utility gained [53, 54]. This number can vary from coun-
try to country and typically ranges 50-100 K USD/QALY
[21]. Furthermore, the number may vary depending on the
clinical context that is being considered based on the local
societal value of the given intervention (e.g., life-extending
cancer surgery vs. improvement on quality of life).

Key Points

e Direct healthcare costs: Tangible costs incurred by
the payer, related to healthcare resource utilization
in the care of a patient. These may include the costs
of diagnostic tests, the operating room, costs associ-
ated with hospitalization, and the costs associated
with rehabilitation.

 Indirect healthcare costs: These are most common
costs from the societal perspective, related to patient
time away from the workforce and caregiver burden
(i.e., loss of productivity). In addition, indirect cost
may also include infrastructure and operational cost
associated with direct cost items.

3.3  Clinician’s Approach to HEE for MIS

of the Spine

Table 3.1 demonstrates the possible relationships between
cost and effectiveness and can be utilized to better discern
when a CEA might be worthwhile [20]. Simply put, if a new
intervention provides better outcomes and reduced cost, it
has greater value than the current treatment and should be
adopted. Conversely, if a new procedure is less effective and
cost more, it should not be supported in its current form. All
other scenarios typically will require a formal CEA to deter-
mine the relative value of an intervention compared to its
alternatives [20]. From this fundamental approach, the first
step would be the need to answer the question of if mini-
mally invasive spine surgery (MISS) is clinically more or
less effective when compared to open surgery.

In the last several years, an increasing number of observa-
tional studies and randomized trials comparing open versus
MIS lumbar fusion techniques for degenerative conditions
have been published. Across the literature, several different
outcome measures have been considered to make this com-
parison. Details of outcomes for specific techniques are avail-
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Table 3.1 Principle approach to determining the need for a formal
cost-effectiveness analysis (CEA)

Costs of new strategy
Costs more

CEA relevant

Effectiveness of

new strategy Costs less

More effective New strategy is

dominant—adopt

Less effective New strategy is CEA relevant

ineffective—abandon

able in chapters specific to certain MIS techniques. Recently,
Goldstein et al. have published a systematic review of ran-
domized and nonrandomized studies comparing the health
economics of MIS to open techniques for posterior lumbar
interbody fusion [55]. This systematic review found 45 stud-
ies, with a total of 9396 subjects that met inclusion criteria,
studies comparing MIS to open trans-foraminal and posterior
lumbar interbody fusion, with a minimum of 10 patients in
each arm, with at least one of the following types of outcome
measures: clinical, perioperative, radiographic, adverse event
or economic outcome. This included 3 prospective random-
ized controlled trials, 17 prospective cohort studies, and 25
retrospective cohort studies. Using the GRADE system, the
quality of evidence was low (19 studies) to very low (26). The
perioperative outcomes included operating room (OR) time,
estimated blood loss (EBL), and length of hospital stay (LOS).
While there was variability in the outcomes of OR time when
comparing MIS to open interbody fusion in the various stud-
ies, with some studies demonstrating longer operative times
in MIS while others demonstrated reduced operative times,
the MIS cohorts performed better than the open cohorts with
regard to both EBL and LOS. The only radiographic outcome
considered in the included studies was the rate of nonunion, of
which no statistically significant difference was noted in any
of the 23 studies reporting on this outcome. Complication rates
were included in 35 of the included studies, and nine studies
found there to be a higher complication rate in open surgery
compared to MIS, while the remainder of the studies did not
note a difference. Thirty-two studies included some form of
patient-reported outcomes, including the VAS, ODI, SF-36,
SF-12, and EQ-5D. With respect to VAS, no significant dif-
ference was reported between the MIS and open cohorts in
the majority of studies. Moreover, no significant differences
were noted between the MIS and open cohorts with respect
to ODI, SF-36, SF-12, and EQ-5D. With respect to economic
outcomes, 9 of the 45 studies included HEEs. All nine of these
studies found reduced cost/charges in the MIS cohorts when
compared to open surgery [55].

In addition to the aforementioned systematic review, Phan
et al. performed a systematic review and economic evaluation
of studies comparing the cost-utility and perioperative costs
of minimally invasive (MI) versus open TLIF [56]. They
searched six electronic databases for comparative studies
comparing MIS versus open TLIF and reporting direct hospi-

tal costs. Studies were excluded if they contained fewer than
ten patients per group or did not have a comparator group.
The primary outcome of interest was direct hospital costs of
MIS and open TLIF. All costs were reported in USD. Baseline
data collected for all patients included age, sex, and preopera-
tive VAS and ODI scores. Perioperative outcomes of inter-
est included OR duration, EBL, total complication rates, and
hospitalization. Two independent reviewers performed risk of
bias assessment according to the Dutch Cochrane Working
Group MOOSE recommendations for systematic reviews
and observational studies. Clinical outcomes were assessed
using standard meta-analysis techniques for calculating rela-
tive risk (RR) for binomial variables and weighted mean dif-
ference (WMD) for continuous variables. Both fixed effects
and random effects models were used to calculate RR and
WMD. Tests for heterogeneity were carried out. Publication
bias was assessed using the funnel plot method. After com-
pleting the literature search, six articles had met inclusion cri-
teria, three were prospective observational studies, while three
were retrospective observational studies. In their results, the
authors noted that direct hospital costs for MI-TLIF ranged
from $10,770 to $24,201, while those for open-TLIF ranged
from $12,011 to $37,681. For each study, the direct hospital
cost of MI-TLIF was less than that of open-TLIF, and in the
meta-analysis this finding was statistically significant (WMD,
—$2820, 95% CI —4020, —1630; I> = 61%, p < 0.0001).
Perioperative outcomes across all studies were analyzed as
well to identify any factors driving the differences in hospital
costs. Significant differences were observed in EBL (WMD,
—246.4 mL, 95% CI —406.23, —86.58; 1> = 98%, p = 0.003)
and length of hospitalization (WMD, 0.99, 95% CI —1.81,
—0.17; 1>=96%, p = 0.02). MI-TLIF was noted to have nearly
a two-fold reduction in complication rates compared to the
open-TLIF patients, which trended toward significance in the
analysis (RR, 0.53, 95% CI 0.26, 1.06; I* = 0%, p = 0.007).
Operative time between the groups did not demonstrate statis-
tical significance (WMD, —67.05 minutes, 95% CI —169.44,
35.35; 2= 100%, p = 0.20) and significant heterogeneity was
noted between studies. The authors concluded that there is a
trend toward significantly reduced direct hospital costs asso-
ciated with MI-TLIF compared to open-TLIF, and this dif-
ference is largely driven by reduced hospital LOS, decreased
blood loss, and decreased complication rates [56].

In previous literature reviews of trans-foraminal and pos-
terior lumbar interbody fusion (TLIF and PLIF) as well as
extreme and direct lateral interbody fusion (XLIF/DLIF)
techniques, Karikari et al. and Youssef et al. have demon-
strated perioperative outcomes favoring MIS techniques
compared to open cohorts or historical controls [57, 58].
Karikari et al. specifically demonstrated that in all studies
reviewed (n = 7) the MIS subgroup performed significantly
better than the open group in perioperative measures (e.g.,
EBL, LOS, and OR time) [57]. In a meta-analysis performed
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by Wu et al. (2010), the authors assessed the fusion rate
of MIS versus open TLIFs [59]. This analysis included 16
studies of open TLIF (n = 716 patients) and 8 MIS studies
(n = 312 patients), they reported no difference in the fusion
rate between open (90.9%, 95% CI; 86.4-94.0%) and MIS
TLIF (94.8%, 95% CI; 85.4-98.3%). They also noted that
the reported complication rates trended toward a lower rate
in MIS (7.5%, 95% CI; 3.0-17.3%) versus open (12.6%,
95% CI; 7.5-20.3%) TLIF. The authors appropriately cau-
tioned that there was significant variability in reporting and
a lack of clear definition as to what constituted a complica-
tion. In another review, Parker et al. assessed the infection
rate between MIS and open TLIF and reported a signifi-
cantly reduced rate for MIS (0.6%) versus open (4.0%) TLIF
[60]. In a separate meta-analysis of 26 studies by Goldstein
et al., there was no significant difference in reported surgical
adverse events (p = 0.97), but MIS cases were significantly
less likely to experience medical adverse events (risk ratio
[MIS vs open] = 0.39, 95% confidence interval 0.23-0.69,
p =0.001) in patients undergoing minimally invasive TLIF/
PLIF compared with open surgery [36].

Considering the current available literature, one could
conservatively conclude that MIS fusion in the lumbar spine
demonstrates superior perioperative quality and clinical out-
comes and comparable midterm (1-2 year) radiographic
and patient-reported outcomes. Although not supported by
the current literature, anecdotal concerns of several up-front
additional costs associated with MIS fusion (e.g., increased
operative time during the learning curve, implant and dis-
posable costs, dependence on the use of intraoperative imag-
ing and associated resources, education and training, and a
possible higher reoperation rate required for the removal of
prominent or symptomatic implants) still remain. In the con-
text of CER, the next logical step is to examine the CEA of
MIS versus open fusion. In other words, one must determine
the incremental cost of the demonstrated short-term periop-
erative benefits of MIS fusions.

3.4 Economic Comparison of MIS Versus

Open Fusion

In a thorough review of this topic, Allen and Garfin note the
increasing importance of CEA in our current healthcare envi-
ronment. However, the authors point out the general lack of
HEEs in the currently available literature [18, 32]. In addi-
tion, the authors point out a broader issue across all published
HEEs in that a “consistent method of exactly which cost to
include, and how to accurately measure direct and indirect
cost is yet to be defined in spine care, and existing cost analy-
ses of spine care vary widely in their methods of measure-
ment” [32]. As noted previously in the section covering HEE,
when assessing a CEA, the main drivers that need to be con-

sidered are the relative cost, or direct cost of index procedure,
as well as ongoing costs of care postoperatively, and indirect
costs and effect size and durability of the outcome gained.

In other surgical specialties, cost-effectiveness has been
demonstrated in a limited number of studies comparing MIS
and open surgical techniques. An example is provided by
Bijen et al. in a systematic review of 12 randomized con-
trolled studies that assessed the cost and effects of abdomi-
nal versus laparoscopic hysterectomy [61]. In this study,
the authors demonstrated that although the total procedural
costs were greater for MIS intervention (6.1% in this par-
ticular procedure), decreased length of hospital stay, fewer
complications, and lower indirect cost compensated for the
greater initial cost. As noted above, the perioperative direct
cost for MIS lumbar fusion has been shown to be consis-
tently lower then open fusion (Table 3.2). However, no ran-
domized studies have included a HEE in the comparison of
MIS techniques to open surgery or nonsurgical treatment of
spinal disorders. More recently, economic considerations
have been included in a handful of MIS versus open fusion
observational studies; however, as noted in the recent sys-
tematic review by Goldstein et al. [55], the quality of evi-
dence is generally low. Overall, the current comparative
literature, albeit of limited quality, does suggest MIS fusion
consistently provides significant short-term benefits and at
least equal clinical outcomes. Consequently, demonstration
of overall cost neutrality or cost saving from the periopera-
tive benefits is paramount in justifying proportionally appro-
priate additional up-front cost.

3.5  Current MIS Versus Open Lumbar

Fusion Health Economic Evaluations

As noted above, there is a general trend across most MISS
vs. open HEEs of reduced costs and increased value associ-
ated with MISS compared to open surgery, despite similar
patient-reported outcomes at follow-up. The decreased direct
hospitalization costs have generally been attributed to reduced
hospital LOS and decreased surgical service utilization; all the
while implant-related costs seem to be comparable. In the table
below, we have outlined some of the notable studies compar-
ing MIS to open lumbar spinal surgery that have performed an
HEE in some form or another (Table 3.2).

3.6  Current Limitations

A more accurate HEE requires the capture of other ongo-
ing cost following discharge from hospital. No current
study has assessed ongoing resource utilization beyond
the perioperative period following MIS versus open spine
surgery. As demonstrated in the recent CEA analysis from
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the 4-year SPORT data, ongoing cost, especially indirect
cost, is significant following intervention for spinal disor-
ders [14]. This was particularly noted for the degenerative
spondylolisthesis (DS) subpopulation, where the larg-
est ongoing cost occurred in the nonoperatively treated
patients. Sustained clinical superiority and reduced ongo-
ing cost enabled the ICUR for the surgically treated DS
group to improve from $115,600 at 2 years (above 100 K
cost-effectiveness threshold) to $64,300 per QALY at
4 years compared to nonoperative treatment. If the periop-
erative outcomes of MISS vs open spine surgery are more
favorable, then the likelihood is that this also translates to
reduced healthcare utilization cost in the short-term for
MISS and needs to be affirmed or refuted. Related to post-
operative healthcare cost, post-discharge adverse events
such as deep surgical site infections requiring readmission
or emergency department visits have not been captured.
In the longer-term, revision surgery for other causes (e.g.,
instrumentation-related pain, pseudoarthrosis, or adjacent
segment degeneration) should also be accounted for in
MIS versus open lumbar fusion HEE models. Two recent
reviews suggest that ongoing medical cost may in fact favor
MISS. In the first study, Parker et al. aimed to determine
the incidence of surgical sight infections (SSI) in patients
undergoing MIS versus open TLIF reported in the literature
and the direct hospital cost associated with the treatment
of SSI following TLIF [60]. Ten MIS TLIF cohorts (362
patients) and 20 open TLIF cohorts (1133 patients) report-
ing incidences of SSI were identified. The cumulative
incidence of reported SSI was significantly lower for MIS
versus open TLIF (0.6% vs. 4.0%, p = 0.0005). At the insti-
tutional level, 120 open TLIF procedures, SSI occurred in
six (5.0%) patients. The mean hospital cost associated with
the treatment of SSI following TLIF was $29,110 in these
six cases. The authors determined that the 3.4% decrease
in reported incidence of SSI for MIS versus open TLIF
corresponds to direct cost savings of $98,974 per 100 MIS
TLIF procedures performed. In the second study, Wu et al.
performed a meta-analysis looking at fusion rates between
MIS and open TLIFs [59]. As noted earlier, the authors
demonstrated equal fusion rates between MIS (94.8%)
and open (90.9%) TLIFs. The authors also reported a dif-
ference in reported adverse events favoring MIS (7.5%)
versus open (12.6%). Whether or not there is a significant
difference in associated cost between revisions of an MIS
vs open fusion remains to be evaluated.

The assessment of indirect cost, in particular, productiv-
ity losses (e.g., return to work and reduced out of pocket
expenses for care givers and house work) is grossly absent
in the MISS as well as overall surgical literature. Given the
current findings, additional economic benefits likely exist for
MISS. For example, the impact on improved time to produc-
tivity gains and other indirect economic benefits (i.e., from

the societal perspective) associated with faster recovery is
where we should be able to demonstrate further economic
impact from MISS. With a demonstration of cost savings in
the perioperative period, the promise of reduced morbidity
from MIS of the spine to enable quicker return to activity,
while many believe it to be true (the authors included), needs
to be objectively assessed and the economic impact quanti-
fied. It is here where the true cost-effectiveness of MIS of
the spine may garner the greatest support. The best example
of this was demonstrated by Parker et al. [67]. The authors
performed a prospective cost-effectiveness and cost-util-
ity analysis of open versus MIS TLIF for grade 1 lumbar
degenerative spondylolisthesis. In this study, 100 patients,
50 undergoing open TLIF and 50 undergoing MIS TLIF,
were followed up from baseline until 2 years postopera-
tively. Consistent with other studies, MIS versus open TLIF
was associated with a less hospital cost (mean $1758), and
similar 2-year direct healthcare cost and quality-adjusted life
years gained. However, the MIS group demonstrated reduced
mean indirect cost of $8474, and total mean 2-year societal
cost reduction of $9295 (p = 0.03) that was attributable to a
quicker return-to-work compared to the open group.

3.7 Conclusion

Healthcare systems are constantly changing and introduc-
ing necessary reform to meet clinical demands while keep-
ing growing financial concerns in check. Regardless of what
changes occur in health reform, resource allocation will likely
favor those interventions that demonstrate the best value. For
clinicians to contribute to meaningful reform, insight into
the decision-making language (e.g., HEE, cost per QALY
gained) of the government, payers, and policy makers is
crucial. Current comparative data (albeit of overall low evi-
dentiary quality) suggest that MIS lumbar fusion provides at
least equivalent clinical outcome in the midterm (1-2 years)
and consistently demonstrates quality and cost-benefits in
the perioperative period compared to open fusion. The initial
increase in direct procedure-associated cost of MIS fusion
appears to be offset by the perioperative benefits which pro-
duce an overall net cost savings. At present, the evidence is
sparse and of low quality to enable any strong conclusions of
superiority of MIS versus open from a clinical or economic
perspective, however, the evidence is consistent enough to at
least state non-inferiority. Going forward, more comprehen-
sive HEE including longer-term patient reported outcomes,
ongoing healthcare utilization following surgery, and perhaps,
most importantly, the difference in indirect cost such as earlier
return to activity (i.e., productivity) of MIS versus open spine
surgery are required to support a broader adoption of MIS of
the spine from a societal and payer perspective.
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Summary

* As healthcare costs and burden of disease increase,
it is increasingly important for researchers and cli-
nicians to demonstrate value associated with costly
interventions.

* A number of different types of HEEs exist, and
depending on the question at hand, one may be
preferable over another.

e The most rigorous type of HEE is a CEA, which
simultaneously compares two interventions with
respect to both cost and clinical effectiveness.

* Understanding the economic perspective of one’s
clinical or research question is crucial, and must be
reflected in the study design. If a societal perspec-
tive is desired, more rigorous data collection meth-
ods must be employed in order to quantify the loss
of productivity associated with an intervention.

* An appreciation for the general body of health eco-
nomic literature in MISS is necessary to understand
the strengths and limitations of our base of knowl-
edge and necessary directions for future study. Going
forward, capturing ongoing costs of care beyond hos-
pital discharge and assessment of productivity losses
may reveal the true economic benefits of MISS.

Quiz Questions

1.

Which of the following would be considered a cost-

minimization study?

(a) A study comparing the costs associated with two dif-
ferent interventions.

(b) A study comparing the costs associated with two dif-
ferent interventions, in whom the clinical outcomes
have been consistently demonstrated to be different.

(c) A study comparing the costs associated with two dif-
ferent interventions, in whom the clinical outcomes
have been consistently demonstrated to be the same.

(d) A study comparing two different interventions, which
takes into account both costs and clinical effectiveness.

Which of the following scenarios would be most appro-

priate for a CEA?

(a) Intervention A is more costly and more effective than
intervention B.

(b) Intervention A is more costly and less effective than
intervention B.

(c) Intervention A is less costly and more effective than
intervention B.

(d) Intervention A is more costly than intervention B, and
the outcomes have been demonstrated to be equivalent.

3.

Which of the following is an example of an indirect cost
associated with an intervention?

(a) In-hospital, transfusion-related costs

(b) The lost work days incurred by the spouse of a patient,
in order to care for that individual, post-discharge.
The cost of outpatient rehabilitation, post-discharge.
The costs related to treating a postoperative pulmo-
nary embolus.

True or false: Generally, implant-related costs are greater
in MISS compared to open spine surgery.

(©)
(d)

. True or false: There exists an abundance of scholarship

that has carefully studied the indirect costs of spinal sur-
gery, both MIS and open.

True
False
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