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Abstract Background Microvascular free tissue transfer (FTT) is a reliable method for recon-
struction of complex soft tissue defects. The goal of this study was to utilize time-driven
activity-based cost (TDABC) accounting to measure the total cost of care of FTT and
identify modifiable cost drivers.
Methods A retrospective review was performed on patients requiring FTT at a single,
level-I academic trauma center from 2013 to 2019. Patient and surgical characteristics
were collected, and six prospective FTT cases were observed via TDABC to collect direct
and indirect costs of care.
Results When stratified by postoperative stay at intensive care units (ICUs), the
average cost of care was $21,840.22, while cases without ICU stay averaged $6,646.61.
The most costly category was ICU stay, averaging $8,310.99 (40.9% of nonstratified
overall cost). Indirect costs were the secondmost costly category, averaging $4,388.07
(21.6% of nonstratified overall cost). Overall, 13 of 100 reviewed cases required some
form of revision free-flap, increasing cumulative costs to $7,961.34 for cases with non-
ICU stay and $22,233.85 for cases with ICU stay, averaging up to $44,074.07 for
patients who stayed in the ICU for both procedures. An increase in cumulative cost was
also observed within the timeframe of the investigation, with average costs of
$8,484.00 in 2013 compared to $45,128 for 2019.
Conclusion Primary drivers for cost in this study were ICU stay and revision/reoperation.
Better understanding the cost of FTT allows for cost reduction through the development of
new protocols that drive intraoperative efficiency, reduce ICU stays, and optimize outcomes.
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Introduction

Microvascular free tissue transfer (FTT) is a reliable method
for reconstruction of complex soft tissue defects. The overall
incidence of diagnoses that require management with FTT is
rare; however, extremity trauma, breast cancer reconstruc-
tion, and head and neckcancer are three of themost common
scenarios to utilize FTT.1–4 Open fractures can present with
significant accompanying soft tissue loss preventing primary
closure. Management of soft tissue reconstruction with FTT
has been the preferred treatment method.5 Head and neck
reconstructions continue to be one of the most common
applications of FTT, which, while technically demanding is
still considered the gold standard for these situations when
compared with alternative treatment options.6,7

Treatment with FTT is accompanied by potential compli-
cations including the occasional need for urgent exploration,
revision procedures, longer operative times, high-resource
utilization, and failure rates reported up to 7.7%.7–12 The cost
of FTT procedures is not well documented in literature. To
our knowledge, past literature has been isolated to an
analysis of factors related to viability and success rates of
FTT,13–16 while studies examining the cost effectiveness of
FTT have been limited to small cohorts or highly specific
patient populations.8,17,18 To date, an accurate cost analysis
of FTT has not been performed.

National expenditures on health care have been steadily
increasing and are projected to reach nearly 20% of the gross
domestic product (GDP) by 2025.19 In order to improve overall
value in health care, there must be more transparency in cost
for products and services among providers, hospital admin-
istrators, and payers. Many traditional cost accounting (TCA)
methods inhospitalsutilize a top-downapproach, summingall
direct and indirect costs and then allocating them to patients
using arbitrarily determined cost-to-charge ratios (CCRs).
While this approach is simple, it has considerable limitations
when applied to multiple departments or health systems
simultaneously, and does not provide accurate patient-level
cost information.20 Time-driven activity-based costing
(TDABC) was developed as a “microcosting” solution, utilizing
a bottom-up approach where the cost of each service is
determined by multiplying the cost of one unit of time by
the amount of time utilized by the patient for each step in an
episode of care.20,21 TDABC has been used in a variety of health
care settings analyzing cost effectiveness22–24 including ortho-
paedic trauma.25 The goal of this study was to establish
foundational data for the preferredmanagement of significant
soft-tissue reconstruction by performing TDABC to provide
detailed insight into the total cost of care of FTT.

Methods

Following institutional review board (IRB) approval, a retro-
spective cohort study was collected, comprised of patients
treated from February 2013 to August 2019 at a single, level-I
academic trauma center. Inclusion criteria were procedures
requiring FTT. Cases involving concomitant procedures requir-
ing more than 60minutes of operating room (OR) time were

excluded from the study. Study case records were assessed for
attending surgeon, information regarding demographics,
indication, surgical procedure and site, preoperative/opera-
tive/postoperative stay time, complications, and need for reop-
eration. Eachpatientwas followed for6months toassess forany
potential complications that may have arisen postoperatively.
Surgical decision-making was at the discretion of the attending
plastic surgeon, including but not limited to flap design and
location, postoperative protocol including monitoring, eleva-
tion, time to split-thickness skin grafting (STSG), and revisionor
exploration.

A boot strapping methodology was utilized for TDABC
analysis which had previously been published.25–27 A total
of six prospective FTT cases were directly observed from
October 2018 through July 2019. The time spent on direct
patient care for a variety of personnel was recorded (►Fig. 1),
ranging from preoperative care through the postoperative
acute care unit (PACU). Process maps were generated for
the preoperative area, OR, and postoperative areas to deter-
mine the amount of time spent and the personnel associated
with each activity. Operative time, PACU time, and secondary
recovery timewereall variablewithinour processmaps. These
times were extracted from the electronic medical record for
each patient. The time for each additional process was
measured by research personnel observing in the respective
areas. Personnel cost per unit timewas derived from salary, an
80% practical capacity assumption, cost of benefits, cost of
information technology (IT), and cost of human resource (HR)
services to support each employee. The only exception to this
was the cost associated with the plastic surgeon, which was
determined based on work relative value units for common
procedure terminology. Supply cost was calculated from the
negotiated price for each item at our institution identified in
the charge master.

Results

Atotalof100patientsmet inclusioncriteriaandunderwentFTT
for extensive soft tissue loss, with a mean age of 44.6�18.5
years old at time of surgery. Twenty-eight of the 100 cases
requiring FTT were isolated to the foot and ankle, 50 to the
remainder of the lower extremities, 10 to the head and neck,
and 12 to upper extremities (►Table 1). A total of 29 of the FTT
cases required only free-flap management, while three
necessitated additional full-thickness skin grafting (FTSG).
The remaining 68 retrospective cases required free flap with
additional STSG, with an average overall cost of $20,326.05 for
all cases reviewed. The most common mechanism of injury
(MOI) was motor vehicle crash with 37 documented cases,
while degloving andelectrocutionwere the least commonwith
onecaseeach (►Table 1).During thecourseofour retrospective
review, a trend developed with an increased percentage of
intensive care unit (ICU) admissions each year (►Fig. 2). Over
the same period of time the number of cases requiring revision
were identified (►Fig. 2). Seventy-eight of the 100 retrospec-
tive cases required an ICU stay postoperatively while the
remaining 22 (22%) didn’t require postoperative ICU manage-
ment. When stratified by ICU postoperative stay, the average
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cost of care was $21,840.22, while the cases without ICU stay
had an average cost of $6,646.61. The most costly category for
the reviewed FTT, on average, was the ICU stay at $8,310.99
(40.9%ofnonstratifiedoverall cost;►Fig. 3). Indirectcostswere
the secondmost costly category, averaging $4,388.07 (21.6% of
nonstratified overall cost; ►Fig. 3).

Thirteen of the 100 reviewed cases (13%) required some
form of revision free-flap (►Table 1). Of the patients who
were sent to the ICU, 10 of 78 (12.8%) needed a revision. Of the
patientswhowerenot sent to the ICU,3of22neededa revision
(13.6%). When compared, this was not statistically significant
(p¼1.00). However, while the rate is 0.8% higher, a power
analysis suggests that you would need nearly 82,000 patients
to find a statistically significant difference. The cumulative
costs increasedby$7,961.34 forcaseswithnon-ICUstayandby
$22,233.85 for caseswith ICUstay,with theaverage totalingup
to $44,074.07 for patients who stayed in the ICU for both
procedures. The ICU stay remained the most costly portion of
care for FTT cases requiring revision, at a total cost of
$14,803.49 (35.8%), while the secondary procedure cost was
$6,943.64 (16.8%) on average (►Fig. 4). Crushing MOI injuries
had the highest cumulative cost with an average cost of
$26,639.97. Upper extremity injuries were the most costly
anatomical location, averaging $22,776.21, and freeflapswere

the most costly of the three surgical procedures with an
average cost of $22,689.98 (►Fig. 5). An increase in cumulative
cost for FTT procedures was also observed within the time-
frame of this investigation, with the average cost of $8,484.00
in 2013 compared to $45,128 for 2019 (►Fig. 6), reflecting an
increase in ICU stays, from 40% of cases in 2013 to 84.6% of
cases in 2019.

Discussion

The purpose of this studywas to accuratelymeasure the cost of
care for FTT using a TDABC analysis. The analysis of 100 FTT
procedures performed at a high volume microsurgical level-I
trauma center demonstrated an average cost of care of
$20,326.05.When stratified by non-ICU versus ICU postopera-
tive stay, the overall costs averaged $6,646.61 and $21,840.22,
respectively. This cost increased up to $44,074.07 in ICU cases
requiring free-flap revisions. Interestingly, indirect costs were
the second most costly facet of care for FTT cases, averaging
$4,388.07 (21.6%), and increasing to a total of $6,425.08 for
cases requiring revision. This large allocationof indirect costs is
attributable to the high resource utilization of FTT including
extendedoperative times, utilizationof specializedequipment,
andtheoccasionalmanagementofcomplications. It isapparent

Fig. 1 Preoperative workflow map with personnel involved and their average time contributions. OR, operating room.
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Fig. 2 Trend of the ICU admissions from 2013 to 2019 for free-tissue
transfer (FTT) cases along with number of the same cases requiring
revision procedures. ICU, intensive care unit.

Fig. 3 A breakdown of the costing dynamics for the average primary free-
tissue transfer (FTT) case evaluated in this study. The following will further
stratify which costs are accumulated to each category. Supply: the costs
associated with the physical materials utilized during the patient’s surgical
encounter, preoperative throughpostoperativeacute careunit (PACU),within
the health care facility. Pharmacy: the costs associated to all pharmacological
agents assigned to the patient during their staywithin the health care facility.
This cost is allocated from the medication purchase price of the institution,
not the institutional charge. Laboratory: thecostsassociated toall radiological
and laboratory tests performed during the patients’ surgical encounter and
subsequent hospital stay. Indirects: the indirect costing allocation for the
patient’s surgical encounter, see page 3 for further details of indirect costing.
Preoperative: the personnel costs attributed to a patient’s stay in the surgical
preoperative ward prior to their surgical procedure. Surgery: the personnel
costs attributed to those involved during the patient’s individual surgical
procedure. Derived via time-driven activity-based costing (TDABC). PACU: the
personnel costs attributed to a patient’s stay in the PACU following their
surgical procedure. Intensive care unit (ICU): the costs attributed to patient’s
stay within the ICU, directly allocating costs for all personnel and room
supplies.

Table 1 Population characteristics for study sample between
2013 and 2019 (n¼ 100)

n

Gender Female: 24
Male: 76

Age (y)
Mean� SD [95% CI]

44.6� 18.5 [40.9, 48.3]

Injury location Foot/ankle: 28
ankle: 11
Foot/heel: 10
Foot: 7

Head/neck: 10
Scalp/head: 6
Jaw: 4

Hip/knee/leg: 50
Hip: 4
Upper leg: 6
Knee: 5
Lower leg: 35

Shoulder/arm/elbow: 12
Shoulder: 1
Forearm: 5
Elbow: 3
Hand: 3

Surgical procedure Free-flap: 29
Free-flap w/FTSG: 3
Free-flap w/STSG: 68

Mechanism
of injury

Motor vehicle crash: 37
Fall: 23
Motor vehicle crash—pedestrian: 8
Fire: 8
Gunshot wound: 7
Crush: 7
Blast: 4
Lawn mower accident: 4
Degloving: 1
Electrocution: 1

Intensive care unit 78

Flaps requiring
revision

13
Hip/knee/leg: 6
Ankle: 5
Forearm: 1
Scalp/head: 1

Abbreviations: CI, confidence interval; FTSG, full-thickness skin grafting;
SD, standard deviation; STSG, split-thickness skin grafting.

Fig. 4 A breakdown of the costing dynamics for the average revision
free-tissue transfer (FTT) case evaluated in this study. The following
will further stratify any additional categories that were not discussed
in ►Fig. 3. Secondary procedures: any subsequent procedures fol-
lowing the initial FTT procedure. These procedures include: irrigation
and debridement (I&Ds) and revision FTT procedures.
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from review of the medical records, from 2013 to 2019, there
was an increased tendency toward ICU admission and moni-
toring thus increasing the total cost of care (►Fig. 2). Although
our sample size is not of adequate power to establish statistical
significance, comparing the number of necessary revisions
each year with the number of ICU admissions appears to
indicate ICU admission does not protect against the need for
surgical revisions.

Accurate cost analysis of FTT has not been documented in
literature, with the majority of studies dedicated to investi-
gating viability and success factors related to FTT,13–16 or
isolated to highly specific patient populaitons.8,17,18 The use
of TDABC allowed our study to analyze the cost of care which
has historically been estimated by a proxy such as hospital
charges or reimbursement.21 In addition, TDABC allows for
the capture of direct and indirect costs of care associated

Fig. 5 Free-tissue transfer (FTT) costing averages stratified by: (A) treating surgeon, (B) mechanism of injury, (C) injury anatomical location, and
(D) surgical procedure type.

Fig. 6 Cumulative costs for free-tissue transfer (FTT) procedures performed between 2013 and 2019. An overall increasing trend is observed
within the timeframe of this investigation.
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with each perioperative case. Direct costs are those that are
directly attributable to patient care such as the attending
surgeon professional fees. Indirect costs are generalized
expenses that are not explicitly attributed to a patient’s
care but are necessary to support the direct costs, for
example, the cost of heating or cooling each OR to the
surgeon’s desired temperature. The TCA method doesn’t
differentiate between direct and indirect costing, but rather
sums and distributes the hospital’s overall incurred cost.20

This inability to distinguish between direct and indirect costs
can cause huge variation in costing between systems and
therefore wasn’t the most effective approach to match our
goal of creating a generalizable model of FTT cost.

Value in health care has been defined as patient outcome
achieved divided by the total cost of care.28 The TDABC
method utilized in this study allowed the authors to investi-
gate the cost of care involved in FTT, a necessary element of
its value which had previously been poorly documented.
TDABC methodology also provides the opportunity to more
appropriately investigate the complex breakdown of direct
and indirect costs utilized by patients, and the exclusion of
extraneous indirect costs not utilized by patients gives a
clearer andmore generalizable total cost of the procedure. In
the present study, a consistent increase in total cost was
observed between 2013 and 2019, with average FTT costs of
$8,484 and $45,128 in 2013 and 2019, respectively (►Fig. 6).
This costing increase, given the time period, necessitates the
exploration of alternative andmore cost-conscientious treat-
ment options in order to improve the value of FTT.

Interestingly, researchers in various fields who perform
FTT have gradually come to similar conclusions over the past
decade, notably in breast5 and head and neck reconstruction.
The costs and outcomes of alternative treatments have been
compared to FTT, such as implant versus pedicled flap versus
free flap breast reconstruction,1–4,6 or pedicled pectoralis
versus free flap reconstruction of the mandible.7 In our
study, ICU stays generated the majority of costs. In both
academic and nonacademic practices, clinical pathways
which reduce or eliminate ICU stays are becoming more
common.8,9 Shorter hospital stays are becoming more
common.8,13 These changes reflect economic pressures
which affect us all, but some studies also show potentially
higher risk associated with an ICU stay such as sepsis.

Our research includes two-fold utilities. First, we suggest
that another method of measuring cost can be applied to
procedures such as FTT andTDABC. Secondly, our data support
thegeneral shift away fromexpensive care if qualityofcare can
be maintained. Recent head and neck literature, in particular,
contains several suggestions to improve outcomes while
reducing cost such as preoperative risk analysis,17 patient
optimization, alternative reconstructions,22 and fast-track
postoperative protocols.14 Head and neck cancer patients are
among those with the highest risk for complications, given
their tendency to cachexia, tobacco/alcohol use, and preoper-
ative or postoperative radiation therapy exposure. Multiple
authors in this field report that outcomes are equivalent if not
better when ICU stays are avoided.15,16,18,20 If it is possible to
simplify care and reduce costs for these patients without

compromising quality, it should be possible to do so for
relatively healthy orthopaedic trauma patients undergoing
limb salvage which involves free tissue transplantation.

Strengths and Limitations

The present study had a number of strengths and weak-
nesses. To our knowledge, this was the first study to utilize
TDABC analysis to investigate the costs of care for FTT broadly
across indications and anatomical regions. Additionally, the
compiled prospective data facilitated the creation of a time-
driven costing algorithm that may be applied to a variety of
different sites in various institutional settings. Aweakness of
this study is that data were limited to a single center. As
mentioned prior, there is a growing trend among providers
to avoid ICU admission as a routine protocol in the postop-
erative management of patients undergoing an FTT. Our
findings only reported the practices of a single institution
with an apparent preference for ICU admission following FTT.
The findings in our study may not be representative of
institutions that have already adopted a more efficient
practice of avoiding ICU admission as a precautionary mea-
sure. Since the goal was to provide a thorough and extensive
investigation into a variety of cases requiring FTT, additional
institutional data could provide a more substantial and
thorough inquiry. The literature has demonstrated variation
in outcomes and protocols across microvascular centers10,11

which could alter the numerical values reported in our study.

Conclusion

The purpose of this study was to accurately measure the cost
of care for FTTusing a TDABC analysis. Our study is consistent
with the established literature that ICU cost along with cases
requiring revisions significantly leads to elevations in the
cost of care for the treatment of conditions requiring FTT.
However, the increased tendency to opt for ICU admission
appears not to be associatedwith a reduction in incidences of
revisions. The primary driver for cost in our study was
patients who were being monitored in the ICU or who
needed revision/reoperation. Better understanding the cost
of FTT allows for institutional cost reduction through the
development of new protocols that drive intraoperative
efficiency, reduce ICU stays, and optimize outcomes.
The power of TDABC can be leveraged to compare the cost
of care for FTT across health care organizations creating a
pathway forward toward value-driven care.
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