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Background: Transversus abdominis plane block with liposomal bupivacaine has been studied as an effective
method of reducing the need for postoperative opioids and increasing same-day discharge rates. However, less
is known about the cost-effectiveness of this strategy relative to opioids alone for hernia repair. We performed
an economic evaluation of these strategies using a computer simulation model.
Methods: A decision tree was constructed to determine cost-effectiveness as measured by incremental cost-
effectiveness ratios per quality-adjusted life-year. Base-case costs, quality-adjusted life-year values, and
probabilities were derived from published studies and Medicare fee schedules. For input parameters for which
we could not find values in the published literature, we used expert opinion. A 1-month time horizon was se-
lected to focus on the immediate postoperative period. Finally, we performed 1-way, 2-way, and probabilistic
sensitivity analyses.
Results: The liposomal bupivacaine transversus abdominis plane block was a dominant strategy yielding a
$456.75 decrease in cost and an 0.1 increase in quality-adjusted life-years relative to opioids alone. In 1-way sen-
sitivity analysis of cost incremental cost-effectiveness ratio, values were most sensitive to variations in the
amount saved by same-day discharge and the cost of bupivacaine. In probabilistic sensitivity analyses,
transversus abdominis plane strategywas cost-effective at a willingness-to-pay threshold of $50,000/quality-ad-
justed life-year in 94.5% of iterations and at a willingness-to-pay threshold of $100,000/quality-adjusted life-year
in 97.1% of iterations.
Conclusion: The use of liposomal bupivacaine transversus abdominis plane block resulted in cost savings and im-
proved quality-adjusted life-years in base-case analyses and was cost-effective at conventional willingness-to-
pay thresholds in the majority of iterations in probabilistic sensitivity analyses.
© 2020 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. BACKGROUND

Transversus abdominis plane (TAP) blockwith liposomal bupivacaine
has been identified as an effective method of reducing the need for post-
operative opioids and increasing same-day discharge (SDD) rates in con-
junction with Enhanced Recovery After Surgery (ERAS) pathways [1,2].
Early discharge from the hospital after minimally invasive procedures
has been shown to be safe in appendectomies, cholecystectomies,
.L. Colonna),
niss@hsc.utah.edu (T.M. Enniss)
@hsc.utah.edu (M. McCrum),
edu (R. Nirula),

. This is an open access article under
hysterectomies, and ventral hernia repairs [3–6]. With this improvement
in the safety of surgical procedures, the focus can shift toward a greater
understanding of how to more efficiently perform them.

As part of the ERAS pathway, anesthesia techniques that emphasize
adequate postoperative pain control while minimizing the use of nar-
cotics have been developed. Adequate pain control maintains homeo-
stasis by blunting the stress response, reducing postoperative ileus,
and promoting early mobilization [2]. TAP blocks have been demon-
strated to be a useful part of this strategy, in some cases reducing the
need for opioids by up to 50% in laparoscopic surgery [1,7–12].

The cost-effectiveness of TAP blocks in laparoscopic hysterectomy for
gynecological cancers has been shown in previous studies [13]. The TAP
block was cost-effective compared to an oral opioid alone strategy
based on the reduced amount of opioids necessary to control pain and
the increased rates of SDD. Although TAP block has been shown to be
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

http://crossmark.crossref.org/dialog/?doi=10.1016/j.sopen.2019.12.003&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.sopen.2019.12.003
mailto:alexander.colonna@hsc.utah.edu
mailto:brandon.bellows@pharm.utah.edu
mailto:toby.enniss@hsc.utah.edu
mailto:jason.b.young@hsc.utah.edu
mailto:marta.mccrum@hsc.utah.edu
mailto:jade.nunez@hsc.utah.edu
mailto:r.nirula@hsc.utah.edu
mailto:Richard.Nelson@utah.edu
https://doi.org/10.1016/j.sopen.2019.12.003
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.sciencedirect.com/science/journal/
https://www.journals.elsevier.com/surgery-open-science


Table 1
Probability estimates

Probability Base value (%) Range (%) Distribution Reference

30-d mortality 0.0018 0.001–0.003 β [18]
Aspiration with ileus 5.0 3.5–6.5 β Assumed [13]
Aspiration without ileus 1 0.7–1.3 β Assumed [13]
Death by aspiration 1 0.7–1.3 β Assumed [13,
Bowel perforation with ileus 7 5–8 β 19]
Death by bowel perforation 12.3 7–15 β [19]
Bupivacaine adverse event 1.5 0–3 β [20]
Death by bupivacaine adverse event 0.1 0–0.2 β Assumed [13]
Composite complication 3.8 1–13 β [18]
Fatal opioid overdose 0.001 0–0.002 β [21]
Opioid use without TAP block 95 66.5–100 β Assumed [13]
Fraction opioid decrease with TAP 50 30–100 β [1,5,7–12,22]
Postoperative ileus with opioids 1.43 0.43–2.43 β [23]
Postoperative ileus without opioids 0.17 0–0.34 β [23]
SDD, TAP 80 20–99 β [4,15,16]
SDD decrease without TAP 65 20–80 β [4,15,16]
Readmission after SDD, TAP 2.5 0.5–5 β [3]
Readmission SDD, no TAP 2.5 0.5–5 β [3]
Readmission after admission, TAP 4 0.5–5 β [3]
Readmission after admission, no TAP 4 0.5–5 β [3]
TAP procedure complication 0.1 0–0.2 β [20]
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useful in laparoscopic ventral hernia repair, less is known about the cost-
effectiveness of this strategy relative to opioids alone [11]. Using a com-
puter simulation model, we estimated the cost-effectiveness at 30 days
of TAP versus opioids alone for laparoscopic ventral hernia repair in a gen-
eral surgery population from a health care system perspective.

2. METHODS

2.1. Decision model. We adapted a previously published decision ana-
lytic model by Seagle et al to determine the cost-effectiveness of TAP
block with liposomal bupivacaine with routine oral opioids for postop-
erative pain management versus no TAP and oral opioids alone among
patientswhounderwent a laparoscopic ventral hernia repair [13]. In de-
cision analytic models, the downstream consequences of treatment de-
cisions are simulated based on probability input parameters. Simulated
patients then accumulate costs and health benefits or harms depending
on the specific combination of clinical events they experience.

Like the previous model, we performed the analysis from a health
care system perspective, which means we included only direct medical
costs incurred by the health care system. We excluded indirect costs,
such as lost days of work, patient time, caregiver time, transportation,
and long-term costs, which are necessary for a societal perspective.
The model estimated the average costs (in 2017 US $) and quality-
adjusted life-years (QALYs) over a 30-day time horizon for simulated
patients undergoing each treatment strategy. QALYs, an effectiveness
outcome commonly used in cost-effectiveness analyses, accounts for
both quality and quantity of life and is calculated by multiplying the
sum of time spent in a health state by a utility weight for that health
state. Utility weights represent an overall assessment of a patient's
well-being and vary from 0 (death) to 1 (perfect health). We calculated
the incremental costs and incremental QALYs as thedifference in the av-
erage costs and QALYs, respectively, calculated from the model for TAP
versus opioids alone. We considered one strategy dominant if it both
costs less (ie, negative incremental costs) and was more effective (ie,
positive incremental QALYs). In the case of both positive incremental
costs and incremental QALYs, we determined cost-effectiveness by cal-
culating the incremental cost-effectiveness ratio (ICER), which is the
ratio of incremental costs to incremental QALYs. We considered an
ICER b$50,000/QALY cost-effective. Our analysis adhered to current
best practices for cost-effectiveness analysis (Appendix 1) [14].

In themodel, patients were first simulated to receive TAPwith liposo-
mal bupivacaine and then simulated againwithout receiving TAP. In both
arms, patients had a chance of SDD or hospital admission, a chance of
readmission or no readmission within 30 days, and a chance of opioid
use or no opioid use (Appendix 2). For patients receiving opioids, a com-
plication subtreemodeled the costs and risk for opioid-related ileus, aspi-
ration, and perforation fromOgilvie syndrome. The TAP armalso included
a subtree for complications related to the TAP procedure itself and ad-
verse reactions to the liposomal bupivacaine. We assumed that having
one of these complications would lead to a patient being admitted to
the hospital. The chance of any complication (most commonly a surgical
site infection) and 30-day mortality related to the surgery were included
in both arms. Probabilities of death from a bupivacaine adverse reaction
(anaphylaxis or arrhythmia), aspiration, and bowel perforation due to
Ogilvie syndrome in the ileus group were also included. In patients that
used opioids, the probability ofmortalitywas a function of the probability
of fatal opioid overdose in the overall population. Model creation, statisti-
cal analyses, and figure creation were performed with TreeAge Pro 2017
(TreeAge Software Inc, Williamstown, MA).

As with any simulation model, we made several assumptions in our
model and analysis. First, TAP block had a higher rate of SDD than no
TAP. This assumptionwasmade based on published SDD rates, decreased
pain scores, better 72-hour pain control, and decreased postoperative
nausea and vomitingwhen liposomal bupivacaine is used for regional an-
esthesia [4,13,15,16]. Second, we assumed that there are no differences in
surgical outcomes between the TAP and no-TAP groups because the
choice of regional anesthetic should not affect the quality of general anes-
thesia or interfere with the surgical procedure itself. Third, we assumed
that TAP blocks would be readily available and delivered in 1 of 2 fash-
ions: ultrasound-guided block performed by qualified anesthesiologists
or laparoscopically by qualified general surgeons. Either modality was as-
sumed to not significantly change operating room time, time under gen-
eral anesthesia, or overall length of stay as compared to patients not
receiving the block; have equal analgesic effect; and not be significantly
different in cost [11,12,17]. Finally, we modeled opioid use as a binary
rather than a continuous variable because the literature is not specific
enough to capture these differences in terms of outcomes.

2.2. Probabilities. Probability inputs for our model were generally de-
rived from published literature and are listed in Table 1. We used
study by Mason et al to estimate 30-day mortality after laparoscopic
ventral hernia repair as 0.18% [18]. Aspiration with and without ileus
were assumed to be 5 and 1%,with a range of 30%. Death fromaspiration
was assumed to be 1%with a standard variation of 30% [13]. Bowel per-
foration after ileus and Ogilvie syndromewas 7%with a 12.3%mortality
from Ross et al [19]. Bupivacaine adverse events were low at 1.5% [20];



Table 2
Cost estimates

Cost Base
Case ($)

Range ($) Distribution Reference

30-d mortality 5,000 3,500–6,500 γ Assumed [13]
Aspiration 30 0–100 γ UpToDate
Composite complication 209 100–300 γ UpToDate
Cost reduction for SDD 2,271 1,000–4,000 γ [25]
Laparoscopic ventral hernia repair 10,948 2,000–20,000 γ [24]
Liposomal bupivacaine 204 50–350 γ UpToDate
Liposomal bupivacaine adverse event 210 100–300 γ CMS
Nonfatal bowel perforation 101,853 20,000–200,000 γ [26]
Oral opioids 16 10–25 γ UpToDate
Postoperative ileus 8,296 1,000–15,000 γ [26]
Readmission 10,000 5,000–15,000 γ [13,27]
TAP complication 316 200–450 γ CMS
TAP procedure 84 75–100 γ CMS
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death from thesewas assumed to be rare at 0.1% [13]. Laparoscopic ven-
tral hernia repair had a complication rate of 3.8% [18]. The chance of fatal
opioid overdose was taken from overall population overdose rates [21].
We estimated the use of opioids for postoperative pain to be 95% in pa-
tients without TAP block compared to 50% with TAP [1,7–10,22]. Ileus
after surgery with and without opioids was low and derived from
Goestch et al at 1.43% and 0.17% [23]. SDD after TAP was estimated to
be 80% for the base-case model. For those not receiving TAP, we esti-
mated SDD rates at 65% of the probability of those receiving TAP
based on the literature describing outpatient surgery for laparoscopic
ventral hernia repair [4,15,16]. Readmission after SDD and admission
in the TAP and no-TAP groupswere 2.5% and 4%based on expert opinion
and an American College of Surgeons National Surgical Quality
Improvement Program study looking at discharge rates after laparo-
scopic hysterectomy [3]. Finally, TAP procedure complications were
rare at 0.1%, and no deaths have been reported in the literature [20].

2.3. Costs. Cost data are shown in Table 2. Drug prices were obtained
from monthly wholesale data from UpToDate. Liposomal bupivacaine
wasmodeled as 1 vial of Exparel for $204. Treatment for uncomplicated
aspirationwas assumed to be ampicillin-clavulanate 875–125mg orally
twice a day for 3 days. Bilateral TAP injection (Current Procedural Ter-
minology [CPT] code 64488) was priced using the online 2017 fee
schedule from the Centers for Medicare and Medicaid Services (CMS).
Cardiopulmonary resuscitation (CPT code 92950) was used as a proxy
for the cost of a serious bupivacaine-related adverse event. Cost of com-
posite complications was assumed to be the cost of a surgical site infec-
tion, the most common complication after laparoscopic ventral hernia
repair, treated with 5 days of cephalexin 500 mg by mouth 4 times a
day. Total cost of surgery and associated complications were from
Ecker et al using a statewide claims database [24]. The cost reduction
for SDD was derived from the average cost per day in the United
Table 4
Cost-effectiveness of TAP with liposomal bupivacaine compared to no TAP

Strategy Cost ($) Incremental cost ($)

TAP 9,877 −457
No TAP 10,333

Table 3
Utility estimates

Utility Value Range Distribution Source

Alive with ventral hernia repaired 0.76 0.69–0.79 β [28]
Alive with complications −30%⁎ [13]
Alive with perforation −80%⁎ [13]
Utility addition after TAP +10%⁎ 0.0–0.15 β [1,7–12]

⁎ Percentage that these conditions change the baseline.
States among nonprofit hospitals [25]. Cost of ileuswas fromAsgeirsson
et al [26]. Costs for nonfatal bowel perforation due to Oglivie syndrome
as a result of ileus was from Ross et al [19]. Cost for readmissions was
from published data by Seagle et al [13,27]. Cost of a serious TAP block
complications was assumed to be the cost of the abdomen and pelvis
computed tomography scan necessary to diagnose it (CPT code
74177) [20].

2.4. Effectiveness. Utility values used to estimate QALYs are listed in
Table 3. The utility of being alive after a laparoscopic ventral hernia re-
pair was 0.76. This was based on the analysis of the repair of a reducible
ventral hernia by Stey et al [28]. Having a complication decreased utility
during the 30-day time frame by 30%. Having a bowel perforation dur-
ing this time framewas assumed to decrease utility by 80%. Based on pa-
tient satisfaction scores in a randomized trial of TAP blocks in
laparoscopic hysterectomy, we used a 10% increase in utility with TAP
[8,29].

2.5. Sensitivity analysis. We performed 1-way sensitivity analyses for
all model inputs, which examine the impact on cost-effectiveness of in-
dependently varying each parameter over a plausible range while hold-
ing all others at their base-case values. The results from the 1-way
sensitivity analyses are reported as tornado diagrams. The ranges in
Tables 1 and 2 for costs and probabilities were used in 1-way sensitivity
analyses. A 1-way sensitivity analysis was performed on the SDD prob-
ability in each arm. We performed probabilistic sensitivity analysis
(PSA) by running 10,000 iterations of our model, each iteration with a
different random draw of parameter values from distributions charac-
terized by mean and standard deviations specific to each parameter.
These PSAs were used to generate 95% uncertainty intervals for the
base-case model ICER value estimate and results from the 10,000 itera-
tions presented as cost-effectiveness acceptability curves (CEACs).
CEACs depict the proportion of the 10,000 iterations for which each
strategy was cost-effective for a range of willingness-to-pay thresholds
for cost-effectiveness.

3. RESULTS

3.1. Base-case analysis. Liposomal bupivacaine TAPblock dominated no
TAP in the base-case analysis, costing $457 less and yielding 0.1 more
QALY (Table 4). If the assumed that the 0.1 increase in QALY due to
30-d QALY Incremental ICER($/QALY)

0.07 0.01 −54,632 (dominant)
0.06



Fig. 1. One-way sensitivity analysis of cost estimates.
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TAP was not present, the TAP strategy was still cost saving due to de-
creasing cost at the same effectiveness.
3.2. Sensitivity analyses. In 1-way sensitivity analysis, ICER valueswere
most sensitive to variations in the amount saved by SDD compared to
being admitted and the cost of bupivacaine (Fig. 1). For probabilities,
ICER values were most sensitive to the fractional decrease in SDD with-
out TAP and the probability of SDD with TAP (Fig. 2). When both strat-
egies had an equal chance of SDD (90%), the TAP group was still cost-
effective at a willingness to pay of $50,000/QALY.

The threshold analysis for the probability of SDD in the TAP (range
20%–99%) and oral opioid arms (range 20%–80%), with willingness to
pay set to $0/QALY to indicate the cost saving strategy, showed that at
even at a low SDD probability in the TAP group, TAP was cost saving
(Fig. 3). The no-TAP arm became more cost-effective if the chance of
being discharged the same day approached zero.

In PSA, TAP strategy was cost-effective at a willingness-to-pay
threshold of $50,000/QALY in 94.5% of iterations and at a willingness-
to-pay threshold of $100,000/QALY in 97.1% of iterations (Fig. 4). Addi-
tional PSAswere runwith differentmajor assumptions of themodel and
showed consistent results. If both groups were allowed to have the
same chance of SDD, then the TAP group was cost-effective in 70.0% of
iterations. Second, if the cost of liposomal bupivacaine was increased
Fig. 2. One-way sensitivity analy
to $350, the high end of list costs, with a range of $250–$400, TAP strat-
egy was still cost-effective 89.0% of the time. Third, if the utility benefit
of the TAP block was removed, the TAP strategy was still cost-effective
in 92.6% of simulations.

4. DISCUSSION

In this computer simulation, the use of liposomal bupivacaine TAP
block resulted in cost savings, improved QALYs in base-case analyses,
and was cost-effective at conventional willingness-to-pay thresholds
in the vast majority of iterations in probabilistic sensitivity analyses.
This finding was robust to many variations in base-case parameters
and in the probabilistic sensitivity analysis. The primary results of the
model do not change even if major model assumptions and parameter
inputs are varied, including varying SDD rates across a wide range of
values. This is important because the analysis was most sensitive to
changes in the SDD rate between patients that received TAP block ver-
sus those on an oral opioid only strategy. The 2-way sensitivity analysis
also showed that the TAP strategy was cost-effective even at low SDD
probabilities.

SDD after laparoscopic ventral hernia repair is quite variable na-
tionally [3,15,18,24,30]. Minimizing unnecessary time spent in the
hospital is a reasonable component of efficiency as long as it can be
done without compromising patient care. This SDD approach has
sis of probability estimates.



Fig. 3. Two-way sensitivity analysis for TAP versus no TAP. Red area is when TAP strategy is cost saving, and blue area is when no-TAP strategy is cost saving.
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been shown to be effective in many laparoscopic procedures, in-
cluding hysterectomy, appendectomy, cholecystectomy, and in-
guinal herniorrhaphy [3,4,15,16,18,24,30]. Laparoscopic ventral
hernia repair can follow the same expedited recovery pathways
as these other operations safely and thus save money without
compromising quality [30]. Our group has shown in work relating
to SDD protocols for appendectomy that it takes a coordinated ef-
fort by surgeons, anesthesiologists, and nursing staff to do this,
but it is achievable.

Several limitations to our study are important to note. As with
any simulation model, the input parameters from our model were
determined by literature review and expert opinion. We have the
benefit of basing this analysis on the work previously published
by Seagle et al examining the benefit of TAP blocks for laparoscopic
hysterectomy for endometrial cancer. They however based their
SDD rates and opioid consumption on TAP blocks covering the
T10 to L1 dermatomes. Fields et al showed that TAP block covering
the T7 to T11 dermatome is effective in reducing pain scores and
opioid use in ventral hernia repair using bupivacaine. There are
currently no data directly comparing TAP block with bupivacaine
to TAP block with liposomal bupivacaine in ventral hernia repair.
As multiple studies have shown that TAP blocks are effective in
Fig. 4. Cost-effectiveness acceptability curves for TAP versus
other kinds of laparoscopic surgery with a similar number of port
sites, it is reasonable to assume that this holds true in our simula-
tions. We tried to account for this by having relatively large ranges
in SDD rates and opioid consumption. Further clinical trials will be
necessary to determine if this is true in clinical practice. Our model
also did not account for all possible complications of having a ven-
tral hernia repair, even when limited to the 30.5-day time horizon.
Complications related to longer hospitalizations may increase costs
for those admitted or readmitted. Major complications are how-
ever uncommon in this procedure. Furthermore, local variations
of availability and expertise of anesthesiologists and surgeons
with TAP block techniques may limit the applicability of these
findings.

In conclusion, TAP blockwith liposomal bupivacaine is robustly cost-
effective compared to an oral opioid-only strategy for patients receiving
laparoscopic ventral hernia repair in our computer simulation. This re-
search supports further studies examining remaining questions such
as TAP block placement by anesthesiologists versus surgeons, type of
local anesthetic used, and further refinement of the TAP block tech-
nique. This strategy could be incorporated into multimodal anesthesia
protocols for ERAS and SDD protocols to fast track the appropriate post-
operative patients.
no-TAP strategies from probabilistic sensitivity analyses.
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