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Objective: To measure the economic impact of conditionally essential amino acids (CEAA) among patients with operative treatment 
for fractures.
Methods: A decision tree model was created to estimate changes in annual health care costs and quality of life impact due to 
complications after patients underwent operative treatment to address a traumatic fracture. The intervention of interest was the use of 
CEAA alongside standard of care as compared to standard of care alone. Patients were required to be aged ≥18 and receive the surgery 
in a US Level 1 trauma center. The primary outcomes were rates of post-surgical complications, changes in patient quality adjusted life 
years (QALYs), and changes in cost. Cost savings were modeled as the incremental costs (in 2022 USD) of treating complications due 
to changes in complication rates.
Results: The per-patient cost of complications under CEAA use was $12,215 compared to $17,118 under standard of care without 
CEAA. The net incremental cost savings per patient with CEAA use was $4902, accounting for a two-week supply cost of CEAA. The 
differences in quality-adjusted life years (QALYs) under CEAA use and no CEAA use was 0.013 per person (0.739 vs 0.726). 
Modeled to the US population of patients requiring fracture fixations in trauma centers, the total value of CEAA use compared to no 
CEAA use was $316 million with an increase of 813 QALYs per year. With a gain of 0.013 QALYs per person, valued at $150,000, 
and the incremental cost savings of $4902 resulted in net monetary benefit of $6852 per patient. The incremental cost-effectiveness 
ratio showed that the use of CEAA dominated standard of care.
Conclusion: CEAA use after fracture fixation surgery is cost saving. Level of Evidence: Level 1 Economic Study.

Plain Language Summary: Postoperative complications after fracture fixation adversely impact clinical outcomes and impose 
substantial economic burden. Conditionally essential amino acids (CEAA) have been shown to reduce postoperative complication 
rates, but the economic impact is unclear. 

In this study, we quantify the impact of CEAA on health care costs and quality of life related to postoperative complications. 
The model demonstrates significant cost savings ($4902 per year per patient with operative treatment for fracture fixation) from the 

use of CEAA supplementation. Improving health outcomes and reducing health care costs for patients undergoing operative treatment 
for fracture fixation will be increasingly important for health systems as US payers increasingly shift provider reimbursement towards 
value-based care. 

Keywords: postoperative complications, orthopedic surgery, fracture fixation, oral nutritional supplement, economic impact 
postoperative complications
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Introduction
Despite significant advancements in surgical treatment of pelvis and extremity fractures, injury-related complications 
continue to adversely impact clinical outcomes.1–3 Nonunion complications more than double the total cost of care for 
fractures;4 venous thromboembolism approximately doubles the inpatient costs3 and causes significant economic burden 
associated with absenteeism and short-term disability.5 Surgical site infections result in almost twice the cost of 
orthopedic surgery, although some estimates indicate they more than triple the cost.6

Malnutrition is a common risk factor for complications following fracture fixation. Insufficient calorie and protein 
intake as a result of trauma, subsequent surgery, side effects of medications, and extended NPO (nothing by mouth) status 
may further compound baseline malnutrition.7,8 Underfeeding, combined with surgical stress and prolonged immobiliza-
tion, often results in a catabolic state with decreased muscle protein synthesis and increased skeletal muscle wasting.9–12

Conditionally essential amino acids (CEAA) supplementation has the potential to reduce muscle atrophy and 
complications during the recovery phase after trauma.7,8,13 CEAA supplementation reduces overall complications, 
postoperative skeletal muscle loss, nonunion, and mortality.13 Additionally, CEAA supplementation improves length 
of stay in rehabilitation wards, number of infection episodes, fracture-related complications, and recovery of plasma 
proteins.7,8,14

Although there is clinical evidence of the benefits of CEAA supplementation to reduce complications after pelvic or 
extremity fracture,7,8,14 there are no existing studies that evaluated the economic impact of CEAA on postoperative 
complications to the best of our knowledge. To better understand the economic impacts of CEAA use, this study aims to 
quantify the economic value of CEAA use among patients that underwent operative fixation using a cost utility analysis.

Methods
Eligible Population
The model population was patients aged ≥18 years that underwent operative fixation of pelvis, lower extremity, or upper 
extremity fractures in the US.15 This study conducted a cost-utility analysis of the use of CEAA on operative fracture 
fixation treated in an inpatient setting.

Intervention and Comparators
This analysis evaluated the economic impact of CEAA use in addition to postoperative standard of care (CEAA scenario) 
compared to standard of care alone with no CEAA use (baseline scenario). CEAA was administered twice a day; patients 
drank two packets of CEAA mixed with water or juice daily in addition to their regular diet. In this study, standard of 
care may have included physical therapy and standard nutrition (but no CEAA).

Study Outcomes
The model estimated the clinical, health economic, and quality of life impact of CEAA use over a one (1)-year time 
horizon. Clinical impact outcomes include the number of patients with at least one complication (“overall complica-
tions”) and the number of patients by complication type (ie, medical complications, nonunion, surgical site infection 
(SSI), and reoperation). Medical complications include cardiovascular events, thromboembolism, pneumonia, urinary 
tract infection (UTI), and others. Health economic impact outcomes include total costs associated with each complication 
type and gains in quality-adjusted life years (QALYs).

Model Structure
The model relied on a decision tree to estimate the impact of CEAA use on complication rates by comparing rates 
between CEAA supplementation and baseline scenarios for patients that underwent operative fixation of fractures at 
hospitals in the US and associated health economic outcomes (Figure 1). ISPOR good practice guidance notes that 
decision trees are especially useful models with short-time horizons, a limited set of outcomes and with decisions known 
with more certainty as they allow for more model transparency and simplicity.16 These criteria apply to this model. The 
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health economic outcomes are modeled as the direct cost savings from changes in complication rates as a result of CEAA 
intake.

Efficacy of CEAA and Standard of Care
The likelihood that an individual develops a complication for the CEAA and baseline scenarios was estimated based on 
Hendrickson (2022) (Table 1), which included a broad range of fractures and examined specific post-surgical complica-
tion rates at a single level 1 trauma center.13 The Hendrickson paper was selected for two reasons. First, it was 
a randomized controlled trial which allowed for a valid estimate of the causal impact of CEAA on complications. 
Second, the study’s sample size was fairly large, with 400 subjects enrolled and randomized 50:50 between CEAA and 
control group. Other studies that evaluated the impact of CEAA on complications were not selected because they 
reported only overall complication rates or infections,7 were conducted outside of the US,8 or were not a randomized 
controlled trial or had smaller sample size. Hendrickson (2022) described medical complications to include cardiovas-
cular events, thromboembolism, pneumonia, urinary tract infections, and other, but specific rates of these complications 
were not reported. Thus, rates for these specific medical complications were derived using the breakdown of medical 
complication post hip fracture surgery from Carpintero.17 Hendrickson13 did not report the proportion of patients that 

Figure 1 Economic Model Structure Overview.

Table 1 Model Parameters

Parameter Value Source

Clinical Parameters No CEAA CEAA

Overall complications 43.80% 30.50% Hendrickson et al (2022)13

Overall medical 26.80% 18.50% Hendrickson et al (2022)13

Nonunion 13.20% 5.10% Hendrickson et al (2022)13

Surgical Site Infection 16.50% 10.00% Hendrickson et al (2022)13

Reoperation 13.00% 10.00% Hendrickson et al (2022)13

Mortality rate 4.10% 4.10% Hendrickson et al (2022)13

Distribution of medical complications

Cardiovascular events 35.00% Carpintero et al (2014)17

Thromboembolism 28.40% Carpintero et al (2014)17

Pneumonia 7.00% Carpintero et al (2014)17

Urinary tract infections 12.00% Carpintero et al (2014)17

Other medical complications 17.60% Calculated using Carpintero et al (2014)17

(Continued)
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Table 1 (Continued). 

Parameter Value Source

Clinical Parameters No CEAA CEAA

Complication Cost Parameters

Overall medical complications $24,339 Calculated using sources for individual medical complication type costs below

Cardiovascular events $25,030 Chapman et al (2011)18

Thromboembolism $34,979 Shahi et al (2017)19

Pneumonia $4817 Tong et al (2018)20

Urinary tract infections $8528 Simmering et al (2017)21

Nonunion $37,670 Antonova et al (2013)4

Surgical Site Infection $26,803 Zimlichman et al (2013)22

Reoperation $98,817 Gwam et al (2017)23

Population Parameters

Total US population ≥ 18 years old 253,272,570 US Census Bureau, Age and Sex Table S0101 (2020)24

Age-adjusted fracture incidence 2.55% GBD 2019 Fracture Collaborators (2019)15

Number of fractures 6,459,717 Calculated using US Census Bureau (2020)24 and GBD 2019 Fracture 

Collaborators (2019)15

Number of fractures by type

Hip and pelvis 58,270 National Inpatient Sample (NIS), Healthcare Utilization and Cost Program 

(HCUPnet) (Look up: Fractures of Hip and Pelvis MS-DRG 535,536)25

Upper extremity 6655 National Inpatient Sample (NIS), Healthcare Utilization and Cost Program 

(HCUPnet) (Look up: Fractures of Femur MS-DRG 533,534)25

Lower extremity 70,915 National Inpatient Sample (NIS), Healthcare Utilization and Cost Program 

(HCUPnet) (Look up: Fracture, Sprain, Strain and Dislocation Except Femur, 

Hip, Pelvis and Thigh MS-DRG 562,563)25

Percent Fractures that require hospitalization

All fractures 2.10% Calculated using National Inpatient Sample (NIS), Healthcare Utilization and 

Cost Program (HCUPnet)25

Hip and pelvis 42.90% Calculated using National Inpatient Sample (NIS), Healthcare Utilization and 

Cost Program (HCUPnet)25

Lower extremity 4.90% Calculated using National Inpatient Sample (NIS), Healthcare Utilization and 

Cost Program (HCUPnet)25

Upper extremity 52.20% Calculated using National Inpatient Sample (NIS), Healthcare Utilization and 

Cost Program (HCUPnet)25

Proportion with Operative Treatment

Hip and Pelvis 86.00% Woon et al (2017)26

Lower Extremity 49.00% Sporer et al (2006)27

Upper Extremity 15.70% Bell et al (2011)28
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experience more than one complication; thus, we took a conservative approach of assuming that each patient developed 
only one complication. To do this, we rescaled the individual complication rates to match the overall complication rate.

Model Parameters
Parameters used to estimate the economic impact and quality of life impact were derived from the literature using 
a targeted literature review approach. Titles and abstracts of relevant articles from keyword searches were screened. 
Relevant full-text articles were reviewed, and additional searches were conducted by examining study references and 
forward citations of abstracts and articles, known as the pearl-growing approach.29

Economic Impact
The economic impact of CEAA supplementation was estimated via treatment costs for each complication obtained from 
the literature. The cost for each complication was the total medical costs to treat per occurrence of the respective 
complication, for which we provide details on the units and sources used in the Table S1. Due to limited cost data that 
capture specific complications across all fracture types, costs for nonunion and reoperation following common fracture 
types were used.4,17 Costs for each type of medical complication and surgical site infection were obtained from the 
literature (Table 1).18–22, The retail price of CEAA is estimated to be $37.80 per patient per week,30 and the course of 
CEAA was 2 weeks,13 resulting in a total of $76 (Table 1). All costs were adjusted for inflation to 2022 dollars using the 
Bureau of Labor Statistics’ Consumer Price Index (CPI).31

The likelihood of developing each complication was multiplied by the cost to treat each complication to estimate the 
economic impact. The impact of CEAA on complications was derived by taking the difference in resulting economic 
impact between baseline and CEAA scenarios net of CEAA cost. The per-person incremental costs of CEAA vs no 
CEAA were applied to the population of patients that underwent operative fixation.

Quality of Life
The negative quality of life impact of each complication was estimated using QALYs over a one-year time horizon. 
QALYs are a mathematical construct that allow economists to compare changes in health outcomes in a numerical 
manner after accounting for morbidity and mortality impacts of different health interventions.32 QALYs are calculated 
from health state utility values ranging from 0 (death) to 1 (perfect health) and the number of years spent in each state. In 
our model, two different health states with different quality of life values were possible to account for the utility impact 
of complications: (1) acute state of complications after surgery and (2) chronic state after the acute period. For the acute 
state, the decrement of a complication was applied to the utility of orthopedic surgery for the excess number of inpatient 
days due to complications. For example, an orthopedic surgery without complications would have a utility of 0.79 in the 
month following surgery. However, the decrement in utility from a cardiovascular event was calculated as percent 
decrement of utility associated with cardiovascular events (0.72) from utility of perfect health (1.0), which is 28%. Thus, 
a fracture fixation surgery patient with a cardiovascular event would have a 28% decrease in their orthopedic surgery 
utility resulting in a utility of 0.57 (1–0.28*0.79) during the acute state, applied to the excess 6.25 inpatient days in the 
first month. For the remaining months of the year (in the chronic state), the utility value of the complication was applied 
(eg, 0.72 for cardiovascular complications). Utility values associated with each complication were obtained from the 
literature, which were based on a variety of methodologies including time tradeoff,33,34 EQ-5D scores,35 Medical 
Outcome Study Short Form 36,36 and systematic literature reviews of health utilities(Table S2).37 Mortality was 
significantly less with CEAA,13 but due to the small number of deaths in each group, we assumed no mortality benefit 
of using CEAA in our baseline approach, but in the sensitivity analysis we do incorporate the reported mortality impact. 
Quality of life parameters are available in the Supplement (Table S2, Supplemental Content, which shows the value and 
methodology associated with each complication).
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Cost-effectiveness of CEAA
Cost-effectiveness of CEAA use was estimated using the incremental cost-effectiveness ratio, calculated as the difference 
in the total incremental net costs of CEAA vs no CEAA divided by the changes in total QALY. The net monetary benefit 
of CEAA was calculated as the sum of cost savings and monetary benefit of QALYs gained per person.

Extrapolating per Person Results to US Population
To derive the number of operative treatments for fracture fixation in the US, data from the Healthcare Cost and 
Utilization Project (HCUP) National Inpatient Sample (NIS), 2018 was used.25 Specifically, we used counts of admis-
sions for the following admission types (ie, DRGs): Fractures of the Hip and Pelvis with and without major complication 
or comorbidity (MCC) (535, 536); Fractures of Femur with and without MCC (533, 534), Fracture, Sprain, Strain and 
Dislocation Except Femur, Hip, Pelvis, and Thigh with and without MCC (562, 563). The proportion of fracture 
discharges that received operative treatment was estimated using data from the literature.23 The most recently available 
and comprehensive literature on specific types of fractures was used to approximate the proportion of patients that 
underwent operative fixation of fractures because estimates that capture a broad category of fractures are not available. 
Population parameters are shown in Table 1.

Sensitivity Analysis
A series of sensitivity analyses were performed to test the robustness of the model estimates. First, we incorporated the 
mortality impact of CEAA. Hendrickson13 found statistically significant differences in mortality between CEAA and 
control groups, but to be conservative, we did not include this benefit in the baseline model structure. Second, we also 
tested the sensitivity of the model to key parameters by performing a deterministic sensitivity analysis of varying 
parameter estimates from low (−20%) to high (+20%) for key parameter values (Table S3). The specific parameter values 
varied included: overall complication rate and costs of complications for each complication type. For overall complica-
tion rates, we ran two sensitivity analyses: 1) varying the overall complication rates for standard of care (ie, no CEAA) 
only, and 2) varying the relative decrease in complications for CEAA. Third, we tested the uncertainty in our key 
parameters – complication rates and cost of each complication – by performing a probabilistic sensitivity analysis. 
Fourth, we varied the cost-effectiveness threshold with a $50,000 and $100,000 per QALY thresholds.

Results
The per-patient cost of complications under CEAA use was $12,215 compared to $17,118 under standard of care without 
CEAA (Table 2). The incremental cost savings per patient with CEAA use were estimated to be $4902, with the largest 
savings driven by reductions in nonunion complication ($1731) followed by reductions in reoperation ($1326), medical 
complications ($1003), and surgical site infections ($918) (Table 2 and Figure 2). Cost savings from reduction of medical 
complications were driven by reductions in thromboembolism and cardiovascular events, $409 and $361, respectively 
(see Figure S1, which shows cost of medical complications by type).

The likelihood of a patient developing complications in our model matched findings from Hendrickson (2022), 43.8% 
under standard of care with no CEAA and 30.5% with CEAA use (Table 1). Under the conservative assumption that each 
patient developed only one complication, the rescaled probability of developing complications from Hendrickson (2022) 

Table 2 Per Person Incremental Costs Comparing CEAA Use and Standard of Care (No CEAA Use)

CEAA Cost Medical 
Complications

Nonunion Surgical Site  
Infections

Reoperation Total Costs

CEAA $76 $2879 $1228 $1714 $6318 $12,215

Standard of care (ie, no CEAA) – $3882 $2959 $2632 $7645 $17,118

Incremental costs $76 $ (1003) $ (1731) $ (918) $ (1326) $ (4902)
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under no CEAA and CEAA scenarios were: medical complications (15.3% vs 11.2%), nonunion (7.5% vs 3.1%), surgical 
site infection (9.4% vs 6.1%), and reoperation (7.4% vs 6.1%), respectively (Figure 3).

During the year, patient quality of life increased by 1.8% with CEAA use. Specifically, the QALYs under CEAA use 
and no CEAA use were 0.739 and 0.726 per person, respectively (Table 3). The monetary benefit of QALYs gained per 
person was estimated to be $110,850 under CEAA use and $108,900 without CEAA use, thus adding a net value of 
$1950 (Table 3). Taking this into account along with the incremental cost savings of $4902 resulted in the net monetary 
benefit of $6852 per patient with operative treatment for fracture fixation.

Figure 2 Per Person Incremental Costs Comparing CEAA Use and Standard of Care (No CEAA Use).

Figure 3 Clinical Complications Parameters Overall and by Type.
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In the model, the total number of pelvis and extremity fracture patients with operative treatment for fracture fixation in 
the US was 64,507. The total number of complications was estimated to be 28,254 under standard of care (ie, no CEAA) and 
19,675 with CEAA use. The estimated number of complications with CEAA use is lower when compared to care without 
CEAAs for all complication types considered in the study, with the largest reduction in patients that developed non-union 
(2963), followed by medical (2657), surgical site infection (2209), and reoperation (866) complications (Figure S2, which 
shows the total number of complications by type). The largest reduction in medical complications was due to the decrease in 
the number of patients with cardiovascular events (930), followed by thromboembolism (755), other medical complications 
(468), UTI (319), and pneumonia (186) (Figure S3, which shows the total number of medical complications by type).

The total value of CEAA use compared to no CEEA use for US patients with pelvis and extremity fractures was 
$316 million with an increase of 813 QALYs. With an incremental cost-effectiveness ratio of -$395,174, the use of 
CEAA dominates the standard of care because the use of CEAA resulted in net cost savings and improves quality of life.

In the sensitivity analysis, the mortality benefit was included to assess the impact on costs alone. The QALY gain 
without mortality benefit from CEAA use was 0.013 per person compared to 0.031 per person when mortality benefit was 
incorporated. Consequently, the net monetary benefit of reduction in mortality rate in the CEAA scenario was $8513 
compared to $6892 in the no CEAA scenario. The results of the model were most sensitive to improved overall 
complication rates for CEAA and least sensitive to changes in the cost of UTI events (Figure 4). The lower and upper 

Figure 4 Deterministic Sensitivity Analysis Results – Total Costs Per Patient with Operative Treatment for Fracture Fixation.

Table 3 Quality of Life Impact per Person and Total Population of Fracture Patients 
with Operative Treatment for Fracture Fixation

QALYs Monetary Benefit of QALYs Gained

Quality of life benefit (per person)

CEAA 0.739 $110,850

Standard of care (ie, No CEAA) 0.726 $108,900

Incremental change 0.013 $1950

Quality of life benefit (Total)

CEAA 2331 $349,636,125

Standard of care (ie, No CEAA) 1518 $227,750,791

Incremental change 813 $121,885,334
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bound of overall complication rates resulted in an 85% decrease ($667) and a 56% increase ($11,254) in cost savings, 
respectively, from our baseline estimate of $4902. Due to the scale of UTI costs, the model was least sensitive to changes 
in these costs, fluctuating between ± 0.21% in total cost savings from the baseline model. Sensitivity parameters are 
available in Table S1, which shows low, base, and high-sensitivity parameter values. The probabilistic sensitivity analysis 
estimated an average net monetary benefit of $5535 (95% credible interval: $2213, $8858). Using a $50,000/QALY and 
$100,000/QALY thresholds resulted in a net monetary benefit of $5552 and $6202, respectively.

Discussion
This economic model quantifies the impact of CEAA on health care costs and quality of life related to postoperative 
complications after fracture fixation in the US. Our model predicts that CEAA use would decrease the total annual 
number of complications from 28,254 to 19,675 among patients that require operative fixation for fractures. Per patient 
costs net of CEAA costs decreased by an average of $4902 due to the reduction in cost of complications. The monetary 
benefit of gains in QALYs from reductions in complications was estimated to be valued at $1926 per patient.

Despite evidence supporting the benefit of CEAA supplementation, CEAA supplementation is not routinely utilized 
after orthopedic surgery, potentially due to lack of reimbursement by health insurance as part of an inpatient stay. Thus, 
hospitals (or patients) must fund the use of CEAA from their own budget, which could hinder use and adherence of CEAA 
after operative treatment for fracture fixation. Depending on where post-discharge complications are treated, hospitals may 
not realize the benefits of using CEAA. However, value-based bundled payments within reimbursement schemes such as 
the Centers for Medicare and Medicaid Services, Comprehensive Care for Joint Replacement (CJR) program could 
potentially better align incentives for both hospitals and providers to reduce costs through reductions in complications 
and associated readmissions or more intensive post-acute care, as well as improve quality of care metrics such as the 
Hospital-Level Risk-Standardized Complication Rate (RSCR) Following Elective Primary THA and/or TKA (NQF#1550). 
Further, bundled payment programs such as CJR include fraud and abuse waivers to provide TKA/THA episode 
beneficiaries with in-kind items or services during an episode of care that would be preventive or advance a clinical goal.

To our knowledge, this is the first study to quantify the economic impact of CEAA use among patients indicated for 
operative fracture fixation. The economic impact is quantified in terms of reduction in cost and increase in QALYs. 
Further, changes in complication rates due to CEAA were estimated from a recent clinical impact study.13 Furthermore, 
most studies estimating the impact of CEAA supplementation on complications only include general complication rates 
without specifying the types of complications.7,8 This study disaggregated overall complications by medical, non-union, 
surgical site infection, and reoperation, as well as specific types of medical complications for a more granular analysis.

This study has a number of limitations. First, the types of complications included only those described in 
Hendrickson,13 which did not report results for specific types of medical complications. We obtained a distribution 
of specific types of medical complications from Carpintero (2014) to fill this gap.17 Therefore, medical complication 
rates by type may not necessarily be the same as those that would have been found in the clinical impact study. 
Second, the impact of CEAA on postoperative SSI was not statistically significant in the clinical impact study.13 

However, we included the impact of CEAA on SSI in our economic model because of the potential increased risk of 
SSI among undernourished patients and the trends suggesting CEAA use decreased SSIs.38,39 Furthermore, excluding 
the benefit of CEAA on SSI did not materially alter the qualitative findings that CEAA is cost saving. Third, for the 
proportion of patients receiving operative treatment within the upper and lower extremity categories, proportions for 
common types of within-category fractures were used when general proportions were not available. Fourth, the results 
described were under the baseline assumption that only one type of complication occurred per patient, and so we do 
not consider the case for potential multiple complications. Nevertheless, this assumption is conservative as CEAA may 
be more beneficial if it can also reduce the likelihood of multiple complications. Fifth, the model did not incorporate 
whether real-world adherence to CEAA differed from Hendrickson. Because the current model was limited to the 
inpatient setting, however, this is less problematic than would be the case for outpatient administration of CEAA. 
Thus, our estimate may be conservative. Fifth, this model was created from a payer perspective, and so did not 
consider productivity and caregiver burden improvements due to reduced complications from CEAA supplementation. 
Sixth, the Hendrickson et al study used in the model as a basis for CEAA efficacy is set in a single level-1 trauma 
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center in American Midwest, which has limitations in terms of generalizability, but the study included all adult patients 
undergoing operative fixation of acute fractures, covering a wide range of trauma to increase generalizability.13 Other 
studies have also found similar results, with CEAA supplementation reducing muscle loss post-elective orthopedic 
surgery, as well as maintenance of lean muscle mass in chronic disease and management of wounds.40–46 Seventh, this 
model did not consider the impact of reduced loss of skeletal muscle mass on function and quality of life seen with 
CEAA supplementation.13 Since these factors affect quality of life, the current estimates are likely conservative. Open 
areas of research for the future include the economic impact of prophylactic use of CEAA since this study was limited 
to postoperative CEAA use.

Conclusion
This study finds that the use of CEAA after operative treatment for fracture fixation can realize both cost savings and 
improve quality of life. The economic result was driven by the fact that CEAA has been shown to reduce complications 
after surgery. The cost saving from reduced complications more than offset the additional cost of CEAA. Health care 
providers and professional associations should evaluate the value of CEAA use as part of surgical recovery in the 
development of Enhanced Recovery After Surgery (ERAS) guidelines. Health care systems and payers should consider 
incorporating CEAA supplementation into orthopedic trauma surgical protocols as a proactive step to reduce costs and 
improve patient outcomes. Reducing overall costs and complications through use of CEAA supplementation will be 
increasingly attractive under alternative payment models where systems bear the risk of additional costs due to 
complications and are consistent with increased focus on treatment value linked to both quality of care and cost.
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