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Purpose: When traditional therapies fail to provide relief from debilitating lower back pain, surgeries such as transforaminal lumbar 
interbody fusion (TLIF) may be required. This budget impact analysis (BIA) compared minimally-invasive (MI)-TLIF versus open 
(O)-TLIF for single-level fusion from an Italian hospital perspective.
Methods: The BIA compared costs of 100 MI-TLIF and 100 O-TLIF procedures from an Italian hospital perspective over a one-year 
time horizon. The base case included costs for length of hospital stay (LOS), blood loss, and sterilizing surgical trays. The scenario 
analysis also included operating room (OR) time and complication costs. Base case inputs were from the Miller et al meta-analysis; 
scenario analysis inputs were from the Hammad et al meta-analysis. The device costs for MI-TLIF and O-TLIF procedures were from 
Italian tender prices for Viper Prime™ System and Expedium™ Spine System, respectively.
Results: Base case deterministic analysis results showed cost savings of €207,370 for MI-TLIF compared with O-TLIF. MI-TLIF 
costs were lower for LOS (€215,277), transfusion for blood loss (€16,881), and surgical tray sterilization (€28,232), whereas device 
costs were lower for O-TLIF (€53,020). The probabilistic result was similar, with MI-TLIF resulting in savings of €211,026 (95% 
credible interval [CR]: €208,725 – €213,327). All 1000 base case probabilistic sensitivity analysis runs were cost saving. Deterministic 
scenario analysis results showed cost savings of €166,719 for MI-TLIF. MI-TLIF costs were lower for LOS (€190,813), transfusion for 
blood loss (€16,881), surgical tray sterilization (€28,232), and complications (€2076), whereas O-TLIF costs were lower for OR time 
(€18,263) and devices used (€53,020).
Conclusion: Despite the increase incremental cost for medical device innovation and OR time, this study demonstrates the economic 
savings of MI-TLIF compared to O-TLIF from a European hospital perspective. The findings will be useful to policy and hospital 
decision makers in assessing purchasing, funding and reimbursement decisions.
Keywords: spine surgery, incremental cost, budget impact analysis, Italy, medical device innovation, health economic model

Introduction
Debilitating lower back pain can limit physical function and eventually affect quality of life.1,2 The incidence of lower 
back pain is predicted to increase even further with the rapidly aging population.3 When traditional therapies fail to 
provide relief from pain caused by lumbar degenerative diseases, surgical procedures may be required. Lumbar interbody 
fusion (LIF) is a common type of spinal surgery to treat degenerative diseases and it involves the placement of an implant 
within the intervertebral space after discectomy and endplate preparation.4,5 A steady rise in procedures as such has been 
reported across Europe in the past two decades. The number of surgical procedures between 2000 and 2013 for lumbar 
degenerative disease was reported to double in the United Kingdom.6 In Finland, the incidence of spine fusions increased 
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by 233% between 1997 and 2018,7 whereas in Norway, the annual number of spine procedures increased from 5995 to 
6494 between 2014 and 2018.8 Lastly, in Italy, 67% of patients that underwent spinal fusion surgery between 2001 and 
2010 suffered from lumbar degenerative disease, with the rate of spinal fusions increasing, from 11.5 to 20 per 
100,000 person-years across this period.9 The increase in these surgical procedures also poses a substantial economic 
burden for healthcare systems. For instance, a study reported the average cost of LIF to be ~ €10,000 in 2013 in Italy.2

Since its inception in the 1980s, the transforaminal approach to LIF (TLIF) has become a widespread technique for 
lumbar fusion.10 It involves direct, unilateral access to the intervertebral foraminal space, reducing direct dissection and 
surgical trauma.4 TLIF may be performed using the traditional open technique (O-TLIF) or via minimally invasive 
techniques (MI-TLIF).4 Both can be implemented for single-level fusion, involving fusing vertebrae at one location, or 
for multi-level fusion, wherein two or more segments are fused together.11

Many differences exist between MI-TLIF and O-TLIF. From a clinical perspective, open procedures require larger 
incisions and extensive muscle dissection and retraction, which contribute to muscle and tissue damage.2 MI-TLIF 
requires smaller incisions and results in reduced trauma to muscles and bony structures.2,12 From a logistical perspective, 
the numbers and types of surgical equipment and trays used for each procedure differ, with O-TLIF requiring a greater 
number of devices and surgical trays (eg, Expedium™ Spine System supplied as multiple trays13) than MI-TLIF (eg, the 
Viper Prime™ System supplied as one tray14). This is an important consideration as procedures requiring more devices 
can affect workflow efficiencies and require more setup time for hospital personnel.15 Additionally, the process of 
sterilizing these devices can pose a substantial environmental and financial impact for hospitals.16,17

Considering the differences in the surgical techniques implemented for MI-TLIF versus O-TLIF procedures, several 
systematic literature reviews (SLR) evaluated whether these differences translate to differences in procedural and patient 
outcomes. Two recent SLRs by Miller et al18 and Hammad et al10 evaluated the outcome differences between these 
procedures for single-level spine fusion. Both SLRs found MI-TLIF to be associated with significantly reduced blood 
loss and hospital length of stay (LOS).10,18 However, they also found that MI-TLIF may also be associated with increased 
surgical duration and lengthened exposure to radiation due to a need for extended fluoroscopy use.10,18

Although the clinical differences between O-TLIF and MI-TLIF have been published extensively, there remains 
a lack of established economic evidence in the literature. A recent SLR by Eseonu et al19 on the cost-effectiveness of 
open versus minimally invasive lumbar decompression and/or fusion found only two European studies on O-TLIF versus 
MI-TLIF of eight total, including one 2015 UK/Italian study2 and one 2014 French study.20 To address the lack of 
contemporary European economic evidence pertaining to TLIF procedures, this study sought to investigate the budget 
impact of MI-TLIF versus O-TLIF for single-level fusion from the perspective of an Italian hospital performing these 
procedures. This analysis may support other European healthcare payers and providers in making decisions pertaining to 
the types of procedures chosen to treat lumbar degenerative disease.

Methods
Model Overview
The budget impact analysis (BIA) simulated cost outcomes that were modeled on a hypothetical hospital setting in Italy, 
performing 100 single-level MI-TLIF or 100 O-TLIF procedures annually for lumbar degenerative disease. Per expert 
opinion, ~200 one- and two-level TLIF procedures are performed annually at their Italian center. This model conserva
tively assumed 100 procedures as the annual caseload for a hospital. No discount rate was applicable as the time horizon 
was just one year.

Model Parameters and Assumptions
The base case analysis evaluated the overall cost difference of MI-TLIF versus O-TLIF. This was comprised of costs 
associated with LOS and blood loss following O-TLIF or MI-TLIF, as well as the cost of acquiring surgical devices and 
sterilizing equipment trays for surgical sets in each procedure type. The SLR and meta-analysis (MA) by Miller et al18 

evaluating resource use and complications of MI-TLIF compared with O-TLIF, was used to inform the primary base case 
model inputs. This study was chosen due its recency, as well as quality, since the MA only included data from 
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randomized controlled trials (RCTs). Only statistically significant outcomes from the MA to which a unit cost from 
a hospital perspective could be attributed were chosen for inclusion. As such, the study informed the inputs for LOS and 
blood loss in this economic evaluation. DePuy Synthes Italian warehouse data was used to determine the number of 
surgical trays required for the Viper Prime™ System14 for MI-TLIF and the Expedium™ System13 for O-TLIF. 
A summary of these inputs values is presented in Table 1.

The MA by Hammad et al10 informed the clinical inputs for the scenario analysis. Although the sample size of the 
Hammad meta-analysis10 was larger than that of Miller et al18 it was chosen to inform the scenario analysis since most of the 
included studies were observational which might reflect more generalizable outcomes. In addition to the LOS and blood loss 
clinical inputs that were chosen for inclusion in the base case, the scenario analysis also evaluated the costs associated with 
complications following either MI-TLIF or O-TLIF and operating room (OR) time required for performing each, which were 
not included as inputs in the base case. Common complications in both procedures may include wound infections, nerve root 
injury and durotomy.10 Although the MA did not find a statistically significant difference in complication rates and OR time 
between the two procedure types, they were chosen for inclusion as the costs associated with them are important to consider 
from a hospital perspective. The number surgical trays requiring sterilization was consistent with the base case analysis input. 
All inputs used in the scenario analysis are described in Table 1.

Costs
All costs are reported in 2023 EUR (€). Any costs derived from literature sources were inflated to 2023 EUR using an 
inflation tool,21 except device costs (Table 2). Wherever possible, Italian costs were used. These costs included LOS,22 

Table 1 Model Input Parameters

Input Parameters Base 
Case

Base Case Distribution  
for PSA

Scenario 
Analysis

Scenario Distribution for 
PSA

LOS O-TLIF (days)a 8.06 daysb Gamma 

(α=1956.95, β=0.004)

8.30 daysc Gamma 

(α=2052.61, β=0.004)

LOS reduction (MI-TLIF vs O-TLIF; days) 2.2 daysb Normal 
(α=2.2, β=0.26)

1.95 daysc Normal 
(α=1.95, β=0.40)

Blood loss (O-TLIF; mL)a 434.17 mLb Gamma 
(α=2050.78, β=0.212)

624.51c Gamma 
(α=1662.50, β=0.38)

Blood loss reduction (MI-TLIF vs O-TLIF; mL) 200 mLb Normal 
(α=200, β=55)

341.89 mLc Normal 
(α=341.89, β=44.29)

Number of trays requiring sterilization in MI- 
TLIF

1.00d Normal 
(α=1, β=1)

1.00d Normal 
(α=1, β=1)

Number of trays requiring sterilization in 
O-TLIF

5.00d Normal 
(α=5, β=1)

5.00d Normal 
(α=5, β=1)

OR time (O-TLIF; minutes)a N/A N/A 177.90 c Gamma 
(α= 11,291.80, β=0.02)

OR time increase (MI-TLIF vs O-TLIF; minutes) N/A N/A +6.17 minutesc Normal 
(α=6.17, β=21.73)

Complication rate (O-TLIF; %)a N/A N/A 14.2% c Beta 
(α=73, β=441)

Complication rate odds ratio (MI-TLIF vs 
O-TLIF; %)

N/A N/A 0.7c Log-normal 
(α= −0.36, β=0.19)

Notes: a Calculated as weighted averages based on the sample size and mean value reported by individual studies informing the respective meta-analysis outcome. bSource: 
Miller et al, (2020).18 cSource: Hammad et al, (2019).10 dSource: MI-TLIF: Johnson & Johnson Lista componenti kit (List of components): Viper Prime™ System;14 O-TLIF: 
Johnson & Johnson Lista componenti kit (List of components): Expedium™ System.13. 
Abbreviations: LOS, length of stay; MI-TLIF, minimally-invasive transforaminal lumbar interbody fusion; N/A, not applicable; OR, operating room; O-TLIF, open 
transforaminal lumbar interbody fusion.
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blood loss,23 OR time,2 complications,2 and devices.24 In the absence of Italian data, as in the case of cost of surgical tray 
sterilization, a French source was used.25 This is aligned with typical costs for surgical tray sterilization across other 
European countries.26

Although spine surgery is considered to have an elevated risk of perioperative blood loss, the need for transfusion is 
highly variable and patient specific. Factors such as gender, age and presence of comorbidities may influence the decision 
to transfuse patients undergoing spine surgery.27 Therefore, not all patients are expected to receive transfusions.28 For the 
purposes of this model, it was conservatively assumed that only 50% of patients in each surgical group would be eligible 
for blood transfusions, which was based on expert opinion. The cost of blood loss was calculated as the number of red 
blood cell (RBC) units transfused for the blood volume (in mL) that was lost. As per Salyer (2007), each RBC bag is 
considered to be 250–300 mL in volume.29 The thresholds for the blood loss to RBC transfusion relationship were based 
on the point estimate and 95% CI from Miller et al18 which showed a −199 mL (95% CI: −306.92, −92.68 mL) reduction 
in blood loss for MI-TLIF compared to O-TLIF.18 The model was programmed such that of the 50% of patients that were 
eligible for transfusion, individuals could receive zero (blood loss difference <199 mL), one (blood loss difference 
between 199 mL and 307 mL), or a maximum of two RBC bags (blood loss difference >307 mL) for transfusion, 
depending on the average amount of blood lost.

Model Outcomes
The main outcome of this budget impact analysis was total incremental cost of MI-TLIF versus O-TLIF. Total costs for 
the base case were comprised of cost for devices, hospital LOS, RBC transfusions for blood loss, and sterilizing surgical 
trays associated with O-TLIF and MI-TLIF. The scenario analysis also considered these costs in addition to the costs 
associated with time spent in the OR and complication management following each procedure type.

Probabilistic Sensitivity Analysis
A probabilistic sensitivity analysis (PSA) of the base case and the scenario analysis was conducted to address the 
uncertainty around the model clinical and cost inputs. In this analysis, probability distributions for each input parameter 
were randomly sampled for inclusion in each iteration of the analysis to obtain a distribution for the cost outcomes. 
A total of 1000 iterations based on Monte Carlo simulations were conducted for this analysis.

Table 2 Costs Included in the Model

Cost Type Reported Value (€)  
and Year

2023 (€) Distribution and  
Parameters for PSA

LOS cost per day 674a (2004) 978.53 Gamma 

(α=96.04, β=10.19)

RBC cost per unit for blood loss 288b (2020) 337.62 Gamma 

(α=96.04, β=3.52)

Sterilization cost per trayc 58d (2015) 70.58 Gamma 

(α=96.04, β=0.74)

Device cost difference between O-TLIF and MI-TLIF 530.20e N/A f Normal 

(α=530.2, β=54.10)

OR cost per minute (scenario analysis only) 24g (2013) 29.60 Gamma 

(α=96.04, β=0.31)

Complication cost (scenario analysis only) 441g (2013) 543.87 Gamma 

(α=96.04, β=5.66)

Notes: aSource: MEF (2007).22 bBeverina et al, (2020).23 cValue was obtained from a French study due to the lack of Italian data. dBouthors et al, 
(2019).25 eJohnson and Johnson (2018).24 fDevice costs and differences between them are typically not inflated. gVertuani et al, (2015).2 

Abbreviations: LOS, length of stay; MI-TLIF, minimally-invasive transforaminal lumbar interbody fusion; MEF, Ministero dell’Economia e delle 
Finanze; N/A, not applicable; O-TLIF, open transforaminal lumbar interbody fusion; RBC, red blood cell.
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The base case clinical inputs for O-TLIF LOS and O-TLIF blood loss, followed gamma distributions. LOS reduction with 
MI-TLIF, blood loss reduction with MI-TLIF, number of surgical trays sterilized for O-TLIF, and number of surgical trays 
sterilized for MI-TLIF followed normal distributions (Table 1). Costs for LOS per day, RBC per unit, and sterilization per 
surgical tray followed gamma distributions, whereas device cost difference followed a normal distribution (Table 2).

The scenario analysis clinical inputs for O-TLIF LOS, O-TLIF blood loss, and O-TLIF OR time followed gamma 
distributions. LOS reduction with MI-TLIF, blood loss reduction with MI-TLIF, number of surgical trays sterilized for 
O-TLIF, number of surgical trays sterilized for MI-TLIF, and OR time increase with MI-TLIF followed normal distributions. 
The O-TLIF complication rate followed a beta distribution whereas the complication rate odds ratio for MI-TLIF versus O-TLIF 
followed a log-normal distribution (Table 1). Costs for LOS per day, RBC per unit, sterilization per tray, OR time per minute, and 
complications followed gamma distributions, whereas device cost difference followed a normal distribution (Table 2).

One-Way Sensitivity Analysis
One-way sensitivity analyses were conducted on all the base case and scenario analysis parameters to understand the 
impact of the model inputs on the total cost outcome. Upper and lower bounds were tested for each model input, which 
were derived from literature sources. In the absence of a source for the input variance, upper and lower bounds of 20% 
were used. The results of the sensitivity analysis are summarized in a tornado diagram. A summary of the upper and 
lower bound inputs is presented in Table S1.

Results
Base Case Analysis
The base case analysis incorporated costs for blood loss, LOS, and surgical tray sterilization, where inputs were based on 
the meta-analysis by Miller et al18 In the base case deterministic analysis, MI-TLIF led to a cost savings of €207,370 
compared with O-TLIF for 100 procedures for a one-year time horizon. This resulted in cost savings of €2074 per 
patient. Costs associated with MI-TLIF were lower than O-TLIF for LOS (€215,277), RBC transfusion for blood loss 
(€16,881), and surgical tray sterilization (€28,232), whereas costs associated with devices required for conducting 
surgeries were lower for O-TLIF compared with MI-TLIF (€53,020) over one year (Table 3).

Table 3 Base Case results in 2023 Euros

Cost Type Deterministic Probabilistic

MI-TLIF O-TLIF Incremental  
Cost (2023 €)

Incremental  
Cost (95% CR)

Hospital length of stay €573,325 €788,602 - €215,277 - €215,896 
(- €218,019 to - €213,772)

RBC transfusion for blood loss €16,881 €33,762 - €16,881 - €19,960a 

(- €20,566 to - €19,354)

Surgical Tray Sterilization €7058 €35,290 - €28,232 - €28,189 
(- €28,546 to - €27,831)

Device €53,020 - €53,020 €53,018 
(€52,679 to €53,358)

Total Cost €650,284 €857,654 - €207,370 - €211,026 
(- €213,327 to - €208,725)

Cost per patient €6503 €8577 - €2074 - €2110 
(- €2133 to - €2087)

Note: aNote that since both the differences in number of transfusions and costs of RBC bags were varied with every iteration of the 
probabilistic analysis, the PSA results differ relatively more from the deterministic base case compared to the PSA and deterministic results 
for other outcomes. 
Abbreviations: CR, credible interval; MI-TLIF, minimally-invasive transforaminal lumbar interbody fusion; O-TLIF, open transforaminal 
lumbar interbody fusion; RBC, red blood cell.
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A PSA was conducted for the base case and the total incremental cost of 100 procedures for MI-TLIF versus O-TLIF was - 
€211,026 (95% credible interval [CR]: - €213,327 to - €208,725). The median cost saving was €208,118 (Interquartile range 
[IQR]: €184,261 to €236,195) (Figure 1A). The largest cost savings for MI-TLIF were driven by LOS (€215,896; 95% CR: 
€213,772 to €218,019), followed by cost savings for surgical tray sterilization (€28,189, 95% CR: €27,831 to €28,546) and 
RBC transfusion for blood loss (€19,960; 95% CR: €19,354 to €20,566). Note that since both the differences in number of 
transfusions and costs of RBC bags were varied in the analysis, the transfusion PSA results differ relatively more from the 
deterministic base case compared to the PSA and deterministic results for other outcomes. Costs associated with devices 
required for conducting surgeries were lower for O-TLIF (€53,018; 95% CR: €52,679 to €53,358) (Table 3). Of the 1000 
Monte Carlo iterations, MI-TLIF was cost-saving in 100% of simulations (Figure 1B).

A one-way sensitivity analysis was conducted on all the base case input parameters using upper and lower bounds to 
understand the impact of each parameter on the total cost savings outcome. The LOS reduction with MI-TLIF parameter 
had the largest impact on total cost savings (Lower bound: €158,443; Upper bound: €256,296). The parameters with the 
lowest impact were the estimate for LOS with O-TLIF and blood loss with O-TLIF (Lower bound: €207,370; Upper 
bound: €207,370 for both; Figure 2).

Figure 1 Base case analysis. (A) Box plot showing total cost savings for MI-TLIF versus O-TLIF based on 1000 PSA iterations. (B) Histogram of the distribution of total cost 
savings for MI-TLIF versus O-TLIF according to 1000 PSA iterations. 
Notes: x=mean; middle line = median; box = Q1-Q3; whiskers = ± 1.5 IQR. 
Abbreviations: IQR, interquartile range; PSA, probabilistic sensitivity analysis.

Figure 2 Tornado diagram showing the influence of model parameters in a one-way sensitivity analysis of the base case. 
Abbreviations: LOS, length of stay; MI-TLIF, minimally invasive transforaminal lumbar interbody fusion; O-TLIF, open transforaminal lumbar interbody fusion; RBC, red 
blood cell.
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Scenario Analysis
The scenario analysis incorporated costs for complications and OR time, in addition to costs for blood loss, LOS, and 
surgical tray sterilization that were included in the base case. MI-TLIF resulted in an overall cost savings of €166,719 for 
100 procedures, amounting to a savings of €1667 per patient. A lower overall cost for MI-TLIF compared with O-TLIF 
was driven by cost savings for hospital LOS (€190,813), RBC transfusion for blood loss (€16,881), surgical tray 
sterilization (€28,232), and complications (€2,076). O-TLIF was associated with lower costs for OR time (€18,263) 
and devices used (€53,020) over one year (Table 4).

A PSA was conducted for the scenario analysis as well. The total incremental cost of 100 procedures for MI-TLIF 
versus O-TLIF was -€162,036 (95% CR: -€166,864 to -€157,209). The median cost saving was €161,252 (IQR: 
€107,956 to €216,855; Figure 3A). The largest cost savings for MI-TLIF were driven by LOS (€189,905; 95% CR: 
€187,291 to €192,520), followed by cost savings for surgical tray sterilization (€28,120; 95% CR: €27,748 to €28,493), 
RBC transfusion for blood loss (€12,319; 95% CR: €11,769 to €12,869), and complications (€2023; 95% CR: €1962 to 
€2084). O-TLIF was associated with lower costs for devices required for conducting surgeries (€53,412; 95% CR: 
€53,072 to €53,751) and OR time (€16,919, 95% CR: €12,873 to €20,966) compared with MI-TLIF (Table 4). Of the 
1000 Monte Carlo simulations, MI-TLIF was cost-saving in 98.3% of iterations (Figure 3B).

A one-way sensitivity analysis was conducted on all inputs of the scenario using upper and lower bounds. The 
parameter of OR time difference between MI-TLIF and O-TLIF had the largest impact on total cost savings (Lower 
bound: €292,845; Upper bound: €40,623). The parameters with the lowest impact on total cost savings were LOS with 
O-TLIF, as was observed in the base case analysis, and OR time (Lower bound: €166,719; Upper bound: €166,719 for 
both; Figure 4).

Table 4 Scenario Analysis Results

Cost Type Deterministic Probabilistic

MI-TLIF O-TLIF Incremental  
Cost (2023 €)

Incremental  
Cost (95% CR)

Hospital length of stay €621,367 €812,180 - €190,813 - €189,905 

(- €192,520 to - €187,291)

RBC transfusion for blood loss €16,881 €33,762 - €16,881 - €12,319a 

(- €12,869 to - €11,769)

Tray sterilization €7058 €35,290 - €28,232 - €28,120 

(- €28,493 to - €27,748)

Device €53,020 - €53,020 €53,412 

(€53,072 to €53,751)

OR time €544,847 €526,584 €18,263 €16,919 

(€12,873 to €20,966)

Complications €5647 €7723 - €2076 - €2023 

(- €2084 to - €1962)

Total Cost €1,248,819 €1,415,539 - €166,719 - €162,036 

(- €166,864 to - €157,209)

Cost per patient €12,488 €14,155 - €1667 - €1620 

(- €1.669 to - €1572)

Note: aNote that since both the differences in number of transfusions and costs of RBC bags were varied with every iteration of the 
probabilistic analysis, the PSA results differ relatively more from the deterministic base case compared to the PSA and deterministic results for 
other outcomes. 
Abbreviations: CR, credible interval; MI-TLIF, minimally-invasive transforaminal lumbar interbody fusion; OR, operating room; O-TLIF, open 
transforaminal lumbar interbody fusion; RBC, red blood cells.
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Discussion
The present study to our knowledge represents the most recent budget impact analysis of MI-TLIF compared to O-TLIF 
with a European perspective. This BIA was conducted from the perspective of an Italian hospital performing either 100 
O-TLIF or 100 MI-TLIF procedures, annually. In the base case deterministic analysis, MI-TLIF resulted in an annual 
total cost savings of €207,370 compared with O-TLIF, which amounted to savings of €2,074 per patient. In the base case 
probabilistic analysis, MI-TLIF was associated with a total cost savings of €211,026 (95% CR: €208,725 to €213,327) 
and was also cost saving across 100% of the PSA simulations.

Figure 3 Scenario analysis. (A) Box plot showing total cost savings for MI-TLIF versus O-TLIF based on 1000 PSA iterations. (B) Histogram of the distribution of total cost 
savings for MI-TLIF versus O-TLIF according to 1000 PSA iterations. 
Notes: x=mean; middle line = median; box = Q1-Q3; whiskers = ± 1.5 IQR. 
Abbreviation: PSA, probabilistic sensitivity analysis.

Figure 4 Tornado diagram showing the influence of model parameters in a one-way sensitivity analysis of the scenario analysis. 
Abbreviations: LOS, length of stay; MI-TLIF, minimally invasive transforaminal lumbar interbody fusion; OR, operating room; O-TLIF, open transforaminal lumbar interbody 
fusion; RBC, red blood cell.
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Cost savings for MI-TLIF in the deterministic analysis were driven by reduced hospital stay costs (€215,277), lower 
costs for sterilizing fewer surgical trays (€28,232), and lower RBC transfusion costs to address bleeding (€16,881). 
Patient benefits including shorter hospital stays and decreased bleeding/fewer transfusions with MI-TLIF are already well 
established in the literature;10,18 this analysis found that these outcome differences translate into substantial economic 
savings.

To our knowledge, no other studies prior to this have explored the economic impact of surgical tray sterilization for MI- 
TLIF versus O-TLIF. A reduction in the number of surgical trays requiring sterilization is not only valuable from an 
economic perspective, but also from an environmental and efficiency perspective for hospitals. The process of decontami
nating and sterilizing surgical equipment can be expensive and contribute to the already-hefty carbon footprint of operating 
rooms.17 This is an important consideration since a large proportion of instruments and implants that are opened in the OR 
remain unused.16 From an efficiency perspective, reducing the number of surgical trays required for procedures would lead 
to fewer surgical trays requiring reprocessing, lower inventory required on-hand, time savings during setup, and better 
inventory management.15,30 An example of a system that might promote such efficiencies is the Viper Prime™ System for 
MI-TLIF, comprised of individually packaged sterile implant devices and a single surgical tray. Efficiencies afforded by 
fewer surgical trays such as quicker OR preparation, intra-operative handling, and post-operative disposal could lead to 
further cost savings.31 From an ergonomic perspective, fewer, lighter surgical trays would be less burdensome on OR staff 
with the potential to increase staff satisfaction as observed in other orthopedic specialties.32–34

In addition to the parameters included in the base case, the scenario analysis also included OR time and complication 
rates from Hammad et al10 although the MA reported no significant differences between MI-TLIF and O-TLIF for both. OR 
time is of special interest as MI-TLIF has been noted to be more technically challenging than O-TLIF and the increased 
operative time could be attributable to the steeper learning curve associated with MI-TLIF.35 Although MI-TLIF was 
associated with a €18,263 higher cost for OR time compared with O-TLIF, savings provided by the other model parameters 
were able to offset this higher cost. As demonstrated by Lee et al36 proficiency increases as surgeons gain more experience 
with MI-TLIF, which ultimately results in better operative times. Additionally, operative times for minimally invasive 
procedures are expected to decrease further with the introduction of novel technologies that enhance visualization 
intraoperatively such as three-dimensional navigation systems for image guidance in place of fluoroscopy use and the 
recently FDA approved Teligen™ with enhanced digital applications.37 Complication rates were considered in this analysis 
due to its effect on patient recovery, although data for differences between O-TLIF and MI-TLIF are heterogeneous.10 In the 
scenario analysis, MI-TLIF resulted in cost savings of €2076 compared with O-TLIF. It is important to note that this study 
did not consider the cost impact of soft tissue preservation and lesser muscle damage on patient pain and recovery 
associated with MI-TLIF.38,39 Healthcare system cost savings may be higher when these are considered.

Apart from this study, only one other Italian analysis was found within this research area. Vertuani et al2 evaluated the 
cost-effectiveness of MI versus open lumbar spinal fusion from a payer perspective. They considered various costs 
related to surgery, complications, and resource use, which are comparable to the scenario analysis parameters of this BIA. 
In Vertuani’s base case analysis, MI-LIF was found to save €973 per patient in 2013 € (€1,175.06 in 2023 €) and improve 
quality-adjusted life years by 0.04. The cost savings per patient were lower than the amount produced by the scenario 
analysis of this BIA; this is potentially attributable to a smaller difference seen by Vertuani between MI-LIF and O-LIF in 
costs for OR time, device costs, blood loss costs and hospitalization costs. Furthermore, although their findings are 
important, they are based on clinical inputs and costs from 2013, which may not be as relevant at present. Their model 
also did not consider the economic impact of surgical tray sterilization costs. Additionally, Vertuani considered a payer 
perspective, whereas this analysis was conducted from an Italian hospital ‘decision makers’ perspective. Moreover, the 
current analysis provides an updated perspective on the resource requirements and costs for performing lumbar surgery, 
thereby addressing the lack of recent economic data within this field of spine surgery. This analysis also evaluates the 
latest technologies for MI-TLIF.

This model has several important strengths. Model inputs were informed by two recent MAs and SLRs.10,18 Data on 
significantly different outcomes for O-TLIF versus MI-TLIF from Miller et al18 was selected to inform the base case as 
their study design only allowed for the inclusion of RCTs, contributing to high quality, robust results.18 The scenario 
analysis was performed using inputs derived from Hammad et al10 which contained a mix of real-world prospective and 
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retrospective studies with only a single RCT, making its outcomes reflective of typical hospital settings, as opposed to 
outcomes derived from controlled RCT settings. Nevertheless, the results were consistent with the base case analysis; 
MI-TLIF was cost-effective overall even though the non-significantly different complication rate and OR time outcomes 
were included, with point estimates for complication rates favoring O-TLIF. Inputs and assumptions were assessed by 
clinical experts to ensure that the model demonstrated adequate validity and was reflective of the TLIF landscape in 
Europe. The inclusion of the PSA allowed for the incorporation of uncertainty associated with the model parameters and 
conducting 1000 simulations ensured even distribution of inputs. The robustness of the model is supported by the finding 
that 100% of the probabilistic runs were cost saving for MI-TLIF, aligning with the results of the deterministic base case 
analysis. The one-way sensitivity analysis highlighted the model parameters to which the results were most sensitive. 
Furthermore, this study provides up to date European economic data for performing TLIF from a hospital perspective, 
which has previously been an unexplored perspective.

The model also has some limitations. The current model assumes 100% transition from O-TLIF to MI-TLIF, whereas 
there might be a more gradual adoption of MI-TLIF in clinical practice, which might influence the extent of cost savings. 
Nevertheless, the quick adoption of minimally invasive procedures seen in the past decade40 is expected to increase 
further with advancements in robotic surgery and navigation systems.41,42 Costs were primarily from Italian sources, 
except the cost of surgical tray sterilization that was informed by a French source,25 since Italian data were unavailable. 
However, hospital sterilization practices and costs are not expected to be drastically different between Italy and France 
and this uncertainty would be addressed by the PSA that showed all scenarios were cost saving. Since the model was 
a budget impact analysis conducted from an Italian hospital perspective only considering parameters associated with 
costs to hospitals, and not from a societal perspective, quality of life and other humanistic or patient-reported outcomes 
were not considered. It is still noteworthy that Miller et al18 found the Oswestry Disability Index (ODI) to be lower in the 
MI-TLIF group, whereas Hammad et al10 found no difference in this between the two groups. Given that ODI is 
significantly correlated with the Visual Analog Scale (VAS) for pain,43 quality of life differences between O-TLIF and 
MI-TLIF recipients is an important area for further research. Additionally, the model does not consider differences that 
can vary significantly between O-TLIF and M-TLIF for other common healthcare resource use items (eg, fluoroscopy, 
drug costs, hemostatic agents).

Lastly, the economic burden of transfusion for surgical bleeding is difficult to predict, given that the decision to 
transfuse patients is multi-factorial and patient-specific. Many factors apart from volume of blood lost influence 
a physician’s decision to transfuse patients, including gender, age, and presence of comorbidities.27 The introduction 
of instruments such as cell salvage systems may further reduce the need for allogeneic blood transfusions,44 which may 
contribute to mitigating the cost of blood loss for open surgery. Considering these aspects, a conservative approach was 
utilized to quantify the cost of blood loss in this analysis. This model was programmed such that patients who 
experienced bleeding could receive zero, one, or a maximum of two bags of RBC for transfusion, depending on the 
average volume of blood lost per patient during either MI-TLIF or O-TLIF, as reported by Miller et al18 This amounted to 
two RBC bags per patient in the O-TLIF group and one bag per patient in the MI-TLIF group in the deterministic base 
case analysis, resulting in a total cost savings of €16,681 for blood loss for the entire model population. In opposition to 
this, the number of bags used to transfuse MI-TLIF and O-TLIF recipients may be highly variable in real-world settings. 
The PSA was implemented to address this discrepancy, as the simulations ensured that average blood loss within each 
surgical group would vary with every iteration, and in turn so would the number of bags for transfusion. This resulted in 
a cost savings of €19,960 (95% CR: €19,354 to €20,566). This method of calculating the cost of blood loss also 
influenced the relatively large variation seen between the deterministic and the probabilistic incremental cost for blood 
loss. Nevertheless, MI-TLIF was associated with lower incremental costs for blood loss in the deterministic and 
probabilistic analyses, even with all the conservative assumptions implemented.

Conclusion
Despite the increased incremental cost for medical device innovation and OR time, the findings of this analysis 
demonstrate that the clinical benefits of MI-TLIF, that have already been established in the literature, also translate 
into economic savings when compared to open surgery. Given that the prevalence of lower back pain is predicted to 
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increase with a rapidly aging population, the rate of lumbar fusion procedures performed are expected to increase across 
Europe in the near future.6–9 This analysis could provide policy and hospital decision makers with useful information 
about the budget impact of MI-TLIF compared to O-TLIF with the latest technologies at the time the study was 
performed. The results may be considered when deciding on hospital purchasing, funding and reimbursement arrange
ments, which can ultimately benefit surgeons, hospitals, and patients. Future analyses should consider advanced 
visualization techniques and their potential impact on surgical outcomes and costs.
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