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ABSTRACT ARTICLE HISTORY

Aims: To assess the cost-effectiveness of hydrolyzed collagen as an adjunct to stand- Received 24 December 2025
ard care for reducing postoperative complications in high-risk spinal surgery patients. Revised 17 February 2026
Methods: A decision tree model was developed from the U.S. healthcare sector per- Accepted 26 February 2026

spective to compare hydrolyzed collagen with standard care alone over a one-year
time horizon. The model followed a cohort of high-comorbidity patients undergoing Spi .

. . 2 . pine surgery; wound
complex spinal procedures, capturing postoperative infections, seromas, hematomas, management; adjunctive
readmissions, and revision surgeries. Clinical inputs were derived from published evi- therapies; cost effectiveness;
dence, and costs were reported in 2025 U.S. dollars. Outcomes included direct medical hydrolyzed collagen
costs, QALYs, and net monetary benefit (NMB) at a willingness-to-pay threshold of
$100,000/QALY. Univariate, probabilistic, and threshold sensitivity analyses assessed JEL CODES
parameter uncertainty. 100; 110
Results: Hydrolyzed collagen dominated no treatment, generating $3,853 in cost sav-
ings and a 0.007 QALY gain per patient over one year, yielding an NMB of $4,542.

Avoided readmissions and revision procedures were the primary contributors to cost
savings. Baseline complication rates, relative risk reduction, and complication persist-
ence rates were the most influential parameters. In probabilistic analysis, hydrolyzed
collagen was cost-effective in more than 99% of simulations.

Limitations: The analysis applies simplifying assumptions, a one-year time horizon,
and heterogeneous clinical inputs, factors that may limit the generalizability of the
findings.

Conclusions: Compared to standard care alone, hydrolyzed collagen demonstrated a
dominant strategy associated with cost savings and improved health outcomes for
high-risk spinal surgery patients. These findings support its consideration as a value-
enhancing component of the spine surgery care pathway, particularly for patients
with elevated complication risk.

KEYWORDS

PLAIN LANGUAGE SUMMARY

Complications after spine surgery, such as infections, fluid collections, and wound
breakdown, are common in high-risk patients and drive substantial clinical and eco-
nomic burden through unplanned readmissions, prolonged recovery, and revision pro-
cedures. In this study, a decision tree model was developed from the US healthcare
sector perspective to estimate the clinical and economic impact of adding a topical
hydrolyzed collagen powder to the existing spine surgery bundle for high-comorbidity
patients undergoing complex spinal procedures. The model compared standard care
alone with standard care plus hydrolyzed collagen over one year, capturing complica-
tions, their resolution or persistence, and downstream events such as readmissions
and revision surgeries, while assigning costs in 2025US dollars and quality-adjusted
life years (QALYs) to each pathway. The analysis found that adding hydrolyzed colla-
gen dominated no treatment, improving outcomes and reducing costs: per patient,
the intervention generated an additional 0.007 QALYs and saved approximately

CONTACT William V. Padula @ padula@usc.edu @ Department of Pharmaceutical and Health Economics, USC Schaeffer Center, 635
Downey Way (VPD), Los Angeles, CA 90089, USA

@ Supplemental data for this article is available online at https://doi.org/10.1080/13696998.2026.2639234.

© 2026 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.
org/licenses/by-nc-nd/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited,
and is not altered, transformed, or built upon in any way. The terms on which this article has been published allow the posting of the Accepted Manuscript in a
repository by the author(s) or with their consent.

www.tandfonline.com/ijme



JOURNAL OF MEDICAL ECONOMICS @ 773

$3,852, yielding a net monetary benefit of $4,542 at a $100,000/QALY willingness-to-
pay threshold. Avoided readmissions accounted for 58% of cost savings and avoided
revision surgeries for an additional 22%, underscoring the economic impact of pre-
venting serious complications. Threshold and sensitivity analyses showed a wide mar-
gin for maintaining value, with hydrolyzed collagen remaining cost-effective across
plausible ranges of baseline complication risks, treatment effects, and product costs.
The findings suggest that integrating hydrolyzed collagen into spine surgery wound
management can meaningfully reduce complications and overall costs, supporting its
use as a cost-effective adjunct in high-risk spinal surgery care.

Introduction
Background - spine surgeries and complications

Spine surgeries are widely performed in the United States (US), with over one million procedures con-
ducted annually, to treat various degenerative, traumatic, and structural conditions’2. These procedures
aim to reduce back pain, restore mobility, and improve function. However, concerns persist regarding
postoperative complications, such as infections, and other potential risks to patients that can delay
recovery and necessitate revision procedures®. The presence of comorbidities further elevates the risk of
complications, particularly for patients undergoing complex and invasive surgeries*>. Common postoper-
ative issues include surgical site infections (SSI), hematomas, seromas, and dehiscence, all of which can
compromise healing and patient outcomes.

Chronic or severe complications may result in costly, unplanned readmissions or surgical revisions,
key metrics for hospital performance, reflecting both care quality and postoperative morbidity burden®.
Surgical revisions caused by non-healing and infected wounds vary by severity and depth and are gener-
ally required when the infection involves the implant surface’®. Moreover, complications after spine sur-
gery substantially increase healthcare resource utilization, including: emergency department visits,
advanced imaging, opioid prescriptions, and referrals for pain management or rehabilitation services®'°.
The financial and operational strain of SSls is particularly well documented, often involving extended
lengths of stay (LOS), prolonged antibiotic use, and additional interventions''™'. Given these multifa-
ceted impacts, implementing preventive strategies to reduce the incidence of post-operative complica-
tions may offer multilevel benefits for both hospital systems and patients by improving outcomes,
reducing resource utilization, and mitigating long-term costs.

Intervention and study objective

A variety of interventions are employed to reduce the risk of SSIs, which may be implemented at differ-
ent points in the care continuum - before, during, or after surgery'®. In spine surgery specifically, intrao-
perative adjuncts play a critical role, as even minor complications can significantly impact patient
recovery and lead to increased healthcare resource utilization. Evidence has demonstrated that such
adjuncts, like vancomycin, can reduce SSls and related complications, yielding both clinical and eco-
nomic benefits'>'®,

Type | bovine hydrolyzed collagen is a topical adjunct with unique peptide sequences and proper-
ties'”'®. Designed to modulate the wound environment, the powder promotes hemostasis through
platelet activation and aggregation, supports immunomodulation, facilitates proliferation via signaling
pathways, and aids in tissue remodeling. The surgical powder is used in a variety of specialties, with
studies conducted across elective'®, orthopedic®®, and neurosurgical procedures®' %,

Hydrolyzed collagen supports wound healing and helps reduce the risk of postoperative complications
such as dehiscence. In a case series of 54 consecutive patients undergoing spinal surgery for deformity
correction or fracture, Gitelman et al. reported no SSIs or wound dehiscence between two and six weeks
postoperatively?’. Dickerman et al. observed no wound complications in a prospective study of 102 neuro-
surgical patients when hydrolyzed collagen was used alongside vancomycin®. Similarly, a retrospective
review by Hotchkiss in 154 spinal surgery patients reported a low complication rate (1.9%), limited to three
high-risk individuals, all of whom were managed conservatively without readmission®>.
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Earlier reviews highlight a growing emphasis on cost-effectiveness analyses (CEAs) in spinal surgery to
evaluate both procedural and perioperative strategies, with outcomes varying based on patient risk pro-
files and complication rates?>2%, In the context of value-based care, where outcomes and cost-efficiency
are increasingly prioritized, preventive strategies to reduce hospital-acquired injuries offer meaningful
economic savings®’?®. Here, we analyze the cost-effectiveness of hydrolyzed collagen as part of the
spine surgery bundle (e.g. preoperative skin and nasal decolonization, timely antibiotic prophylaxis, alco-
hol-based antiseptic skin preparation, sterile technique, normothermia maintenance, and appropriate
wound care) where hydrolyzed collagen supports a favorable wound environment conducive for the
body’s own wound healing process. Clinicians sometimes add vancomycin powder and negative
pressure dressings due to higher infection risk associated with instrumentation and multilevel
procedures. The bundle, modified only by the addition of hydrolyzed collagen, may contribute to
preventing complications in acute surgical wounds.

Methods
CEA study design

A decision tree was developed from the US healthcare perspective to analyze the cost-effectiveness of
hydrolyzed collagen (CellerateRX® Surgical Powder; Sanara MedTech, Fort Worth, TX) as an adjunct to spi-
nal surgery, compared to the standard of care without hydrolyzed collagen (“No Treatment”). The model
followed a cohort of patients with a high likelihood of complications (e.g. high-comorbidity patients)
undergoing complex spinal procedures, which is reflected in the baseline complication risk. This high-risk
population was chosen to reflect a clinically relevant group in which adjunctive wound interventions like
hydrolyzed collagen may offer the greatest benefit by supporting wound management.

A one-year time horizon was used to estimate both clinical outcomes and direct medical costs. This
period was selected to capture clinically and economically meaningful postoperative outcomes such as
surgical success, wound healing, and the incidence of complications, readmissions, and revision proce-
dures. Importantly, it represents the window during which hydrolyzed collagen is expected to provide
its greatest benefit and encompasses hospital accountability for postoperative readmissions, particularly
within the first 30 days, when financial penalties are most directly applied®. The horizon was intentionally
chosen to avoid overstating potential economic or quality of life (QoL) effects beyond the period in
which its mechanism of action is relevant.

As such, longer-term differences beyond one year were not modeled, as functional recovery and reso-
lution of wound-related sequelae generally occur during the post-operative recovery period, even for
more invasive spinal procedures. Once wound healing is complete, patients are expected to transition to
similar long-term trajectories irrespective of initial wound management.

Patients were subsequently categorized into non-complicated (i.e. successful surgeries) and compli-
cated cases to enable a comparative analysis of cost and quality-of-life (QoL) impacts. Clinical effective-
ness was measured in units of quality-adjusted life years (QALYs), enabling comparison between
interventions in terms of QoL. Cost estimates were adjusted to 2025 US Dollars (USD) to account for
data reported in earlier years. As the time horizon was limited to one year, discounting of costs and out-
comes was not applied.

The primary outcome of the analysis was the incremental cost-effectiveness ratio (ICER), defined as
the difference in costs divided by the difference in QALYs between treatment arms. To complement the
ICER, net monetary benefit (NMB) was also calculated. This metric translates health gains into monetary
terms based on a prespecified willingness-to-pay (WTP) threshold. A $100,000 USD/QALY WTP threshold
was used to assess the cost-effectiveness of hydrolyzed collagen. All modeling and analyses were con-
ducted in 2025 using Microsoft Excel (Microsoft Inc., US).

Model structure

The model begins at the decision node, where high-comorbidity patients undergoing complex spinal
surgeries with hydrolyzed collagen or No Treatment for management of their acute surgical wounds;
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Figure 1. Decision tree diagram.

Key Health States:

Complications: Patients experiencing complications include infections, seromas, hematomas, and dehiscence; infections
were managed with either oral antibiotics in the outpatient setting or with a combination of IV and oral antibiotics fol-
lowing inpatient or outpatient wound revision. Revision: Surgical revisions include wound revisions of varying severity
and, in some cases, implant revisions alongside or after wound revision. Death: Transitions to death were possible from
any health state in the model.

Assumption: Wound revisions can occur outside of a hospital admission.

index surgery costs were excluded from the cost estimates (Figure 1). Following surgery, patients transi-
tion into one of two health states: experiencing complications (“Complications”) or not (“No
Complications”). The No Complications state represents a successful surgery with no additional costs or
QALY decrements. For those who do experience complications, outcomes diverge further - some resolve
(“Complications Resolved”) with standard management (e.g. oral antibiotics) or persist and become
chronic (“Complications Persist”), potentially requiring hospital readmission and/or surgical revision. The
model assumed wound revisions could occur with or without hospital admission. Additionally, a retro-
spective review informed the baseline probability of post-surgical mortality®®, which varied by health
state and increased with the severity and persistence of complications.

Downstream events following complications were modeled conditionally and sequentially. Specifically,
persistence of complications, readmission, and revision were applied as dependent events alongside a
single pathway, such that each patient could occupy only one mutually exclusive sequence of outcomes.
Revision procedures were modeled as occurring within the readmission pathway and were not counted
independently in patients who did not experience readmission, thereby preventing double counting of
events and associated costs.

Clinical inputs and transition probabilities

Published literature informed transition probabilities at each branch of the decision tree (Table 1). A syn-
thesis of clinical studies established the baseline post-surgical complication rate, incorporating events
such as infections, hematomas, seromas, and wound dehiscence'®***°, The modeled surgical case mix
reflected real-world clinical practice and included procedures such as open spine surgeries, spinal
fusions, laminectomies, discectomies, foraminotomies, spinal decompression, vertebroplasty, osteotomy,
and kyphoplasty. These same studies also helped develop a baseline estimate for the clinical efficacy of
the spine surgery bundle in reducing the risk of post-surgical complications. This evidence-based
approach accounted for variability in both complication rates and intervention effectiveness across
diverse clinical settings.
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Table 1. Model parameters.

Parameter Base case Lower bound Upper bound Distribution References
Clinical
No Treatment
No Complication Rate 89.68% - - - Calculation
Post-Surgical Complication Rate 10.00% 5.66% 15.40% Beta 19-24,30
Post-Surgical Mortality Rate 0.32% 0.19% 0.50% Beta 2
Hydrolyzed Collagen
No Complication Rate 96.68% - - - Calculation
Post-Surgical Complication Rate 3.00% - - - Calculation
Post-Surgical Mortality Rate 0.32% 0.19% 0.50% Beta 2
Relative Risk Reduction 70.00% 31.26% 96.23% Beta 19-24
Treatment Independent
Mortality Rate Variable across health states (e.g. following complication or readmission)
Complication Persistence Rate 60.69% 29.65% 87.43% Beta 30
Total Readmission Rate 41.23% - - - Calculation
30-Day Readmission Rate 25.08% 13.88% 38.29% Beta 3
60-Day Readmission Rate 13.27% 7.47% 20.40% Beta 3
90-Day Readmission Rate 7.96% 4.51% 12.26% Beta 31
Revision After Readmission Rate 41.23% 22.01% 61.97% Beta 3
Revision Rate w/out Readmission 22.44% 12.48% 34.33% Beta 3
Costs
No Complication
Total Cost $2,613 - - - Calculation
Medication $170 $155 $100 Gamma 32
Lab Tests $171 $170 $142 Gamma 32
Imaging $1,192 $1,244 $776 Gamma 32
Therapy $1,081 $1,094 $1,014 Gamma 2
Complications
Total Cost $7,516 - - - Calculation
Medication $2,244 $1,285 $3,466 Gamma 32
Lab Tests $848 $697 $1,015 Gamma 32
Imaging $2,467 $1,699 $3,375 Gamma 2
Therapy $1,597 $1,216 $2,029 Gamma 32
Complications Resolved
Added Cost to Index Procedure $10,069 $6,910 $13,812 Gamma 32)
Complications Persist
Minor SSI Treatment Cost $22,566 $21,493 $23,666 Gamma 2]
Deep SSI Treatment Cost $31,147 $29,306 $33,044 Gamma 2
Readmission
Added Cost to Index Procedure $113,776 $110,905 $116,684 Gamma 33
Revision
Added Cost to Index Procedure $63,517 $61,637 $65,426 Gamma 34
Utilities
Pre-Operative Period (Utility) 0.4097 0.4081 0.4114 Beta »
Post-Operative Period (Utility) 0.7226 07218 0.7234 Beta 3
No Complications (Utility) 0.7520 0.7510 0.7530 Beta 35
Complications (Disutility) 0.1500 0.1218 0.1805 Beta 32
Persistent Complications (Utility) 0.6020 - - - Calculation
Readmission (Utility) 0.4097 - - - Assumption
Revision (Utility) 0.4097 - - - Assumption

Abbreviation. SSI, surgical site infection.

Additionally, clinical analyses informed the probability of complication persistence®’, as well as the
likelihood of subsequent hospital readmission and revision surgery®'. Readmissions and revisions were
treated as consequences directly linked to postsurgical wound complications. While the referenced treat-
ment arm studies primarily report on complication rates, such as SSIs, the model extrapolated these
events to capture their broader clinical and economic impact, even in the absence of direct trial data on
longer-term outcomes. Notably, the downstream consequences of complications were modeled identi-
cally across both treatment arms, as hydrolyzed collagen, as an adjunct, was not expected to impact
readmission or revision rates once a complication occurred.

Costs

The model assigned costs to each health state over the one-year time horizon, using data from published
literature and reflecting the expected duration of health state occupancy by treatment arm (Table 1).
Estimates for immediate postoperative health states were derived by comparing the costs incurred by
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patients with and without infections following spine surgery procedures, including expenses related to
laboratory tests, medications, imaging, and therapy®>. Additional analyses informed the costs associated
with downstream events such as chronic complications, hospital readmissions, and revision surgeries12'33'34.
We assumed a base-case hydrolyzed collagen acquisition cost of $1,000, applied exclusively to the treat-
ment arm, recognizing that pricing may vary by patient and care setting. while costs associated with the
index spinal operation were excluded from the analysis to isolate the economic impact of the bundle. All
cost inputs were standardized to 2025 U.S. dollars using a 3% annual inflation rate.

Health utility

Health utility weights were applied to each health state based on the amount of time individuals were
expected to occupy that state. These utilities, which range from 0 (representing death) to 1 (represent-
ing perfect health), were used to calculate QALYs over the one-year time horizon. Each model health
state was assigned a utility value, which was aggregated to estimate total QALYs across both treatment
arms (Table 1).

Utility inputs were derived from published literature, with assumptions and additional calculations
used for downstream health states as needed. A systematic literature review and meta-analysis provided
pre- and post-operative QoL scores for degenerative cervical and lumbar diagnoses®>. To capture the
impact of complications, the disutility associated with postoperative infection®? was subtracted from the
No Complications state to calculate the utility for the Persistent Complications state. As expected,
patients who experienced no complications or had early resolution received the highest utility scores,
while those experiencing persistent complications, readmissions, or revisions had the lowest utility
scores, reflecting greater morbidity and reduced QolL.

Time in state assumptions were designed to reflect the expected clinical course of postoperative
recovery. A 30-day disutility was applied to reflect the acute postoperative period for patients experienc-
ing complications, with an additional 30-day disutility (60 days total) applied for patients with persistent
complications prior to resolution. For patients experiencing hospital readmission, utility was assumed to
temporarily (30 days) revert to pre-operative QoL levels.

Sensitivity analyses

Sensitivity analyses were conducted to assess how changes in model inputs could influence the results.
First, a threshold analysis was performed to identify breakeven values, defined as the point in which the
NMB equals $0 USD, for three key inputs: (a) the baseline post-surgical complication rate, (b) the relative
risk reduction associated with hydrolyzed collagen as an adjunct to wound management, and (c) the
acquisition cost of hydrolyzed collagen. To further explore the impact of input uncertainty, both univari-
ate and probabilistic sensitivity analyses (PSA) were conducted. In the univariate sensitivity analysis, each
parameter was adjusted individually to its upper and lower bounds while all other variables were held
constant. These bounds were based on reported standard errors (SE) when available, or an assumed
+25% SE around the point estimate when unavailable.

The PSA simultaneously and randomly varied all model inputs according to their point estimates, vari-
ability, and assigned statistical distributions, with 10,000 Monte Carlo simulations used to characterize
overall model uncertainty and generate an ICER scatterplot. Parameters expressed as percentages or util-
ity scores (ranging between 0 and 1) were modeled using a Beta distribution, while all other parameters
with positive, non-zero values followed a Gamma distribution.

Lastly, 30- and 90-day time horizons were modeled as scenarios to reflect short-term outcomes rele-
vant to hospital systems, including early complication prevention and resource utilization. These sce-
narios do not capture longer-term sequelae or costs that occur beyond the modeled periods.

Assumptions

Several assumptions were needed for the economic model to structure the analysis and interpret results.
It was assumed that the index surgery cost would be the same across both treatment arms and was
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therefore excluded from the model; accordingly, reported costs represent incremental expenses beyond
the initial procedure, including the acquisition cost of hydrolyzed collagen in the treatment arm.

The model population was assigned a uniform 10% baseline risk of postoperative complications to
reflect a clinically relevant high-risk spine surgery cohort. This assumption represents patients under-
going more invasive, open spinal procedures — where complication risk is higher than in minimally inva-
sive approaches — and those with other risk factors (e.g. obesity). Reported complication rates across
spine surgery literature vary widely (e.g. 2-20%) depending on patient risk profile, procedure type, and
use of adjunctive strategies; the 10% baseline was selected to represent an intermediate, conservative
estimate within this range, consistent with populations in which hydrolyzed collagen is most utilized in
practice’® ?*3°, The model also assumes a representative value of 70% relative risk reduction in postop-
erative complications associated with hydrolyzed collagen, based on studies with varying reported
effects'® %%, Studies informing this assumption, including the design, patient populations, outcomes
assessed, follow-up duration, and use of co-interventions, are summarized in the Appendix (eTable 1).

Revisions were assumed to occur in both inpatient and outpatient settings; however, if revisions were
delivered exclusively in inpatient settings, total costs would be higher than estimated. Additionally, the
model assumed that patients who experienced complications would face equivalent downstream conse-
guences, both in frequency and cost, regardless of treatment arm. If the treatment arm mitigates the
severity or economic burden of complications after they occur, the model’s results would underestimate
its benefit, thereby representing a conservative or lower-bound estimate of its cost-effectiveness.

Results
CEA base case results

Hydrolyzed collagen dominated No Treatment over a one-year time horizon, providing both improved
clinical outcomes and cost savings. Specifically, the treatment arm yielded an additional 0.007 QALYs
and reduced costs by $3,852 per patient (Table 2). This indicates that hydrolyzed collagen, when used as
an adjunct to wound management within the spine surgery bundle, contributed to greater health bene-
fits to patients and the health system at a lower overall cost compared to No Treatment.

At a $100,000 WTP per QALY threshold, the base case NMB was $4,542. Scenarios lowering only the
baseline complication rate to 8%, 5%, and 2% showed that hydrolyzed collagen remained cost-effective,
with corresponding NMBs of $3,434, $1,771, and $108. Similar results were observed when reducing the
treatment effect to 60%, 40%, and 20%, yielding NMBs of $3,750, $2,167, and $583, respectively.

A comparison of costs across health states in each treatment arm identified key cost drivers underly-
ing the observed savings. Related to the spine surgery bundle, of the $3,852 in per patient savings,
$2,238 (58%) come from avoiding readmissions, $835 (22%) from avoiding revisions, and the remainder
(20%) from non-complicated surgeries and less unplanned resource use.

The threshold analysis calculated the independent breakeven values for the following parameters: a
baseline post-surgical complication rate of 1.80%, a relative risk reduction of 12.63%, and an acquisition

Table 2. One-year cost-effectiveness results and savings breakdown.

Cost-Effectiveness Results (Per Patient)

Cost of Spinal Procedure with Hydrolyzed Collagen $5,684
Cost of Spinal Procedure with No Treatment $9,537
Cost Savings for Hydrolyzed Collagen $3,852
QALYs Associated with Hydrolyzed Collagen 0.747
QALYs Associated with No Treatment 0.740
QALY Gains for Hydrolyzed Collagen 0.007
ICER ($/QALY) Dominant
NMB at $100,000 WTP Threshold $4,542
Cost Savings Breakdown (Per Patient)
Total Cost Savings for Hydrolyzed Collagen $3,852
Hydrolyzed Collagen Cost Savings Attributable to Avoided Readmissions $2,238
Hydrolyzed Collagen Cost Savings Attributable to Avoided Revisions $835

Abbreviations. ICER, incremental cost-effectiveness ratio; NMB, net monetary benefit; QALY, quality-adjusted life year; WTP, willingness
to pay.
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Figure 2. Tornado diagram: univariate sensitivity results. One-year NMB.

The threshold analysis identified the breakeven values (where the NMB = $0 USD) for the following parameters:
Baseline Post-Surgical Complication Rate (1.80%), Hydrolyzed Collagen Relative Risk Reduction (12.63%) and Hydrolyzed
Collagen Acquisition Cost ($5,542).

Abbreviations. NMB, net monetary benefit; USD, United States Dollar.

cost of $5,542 for hydrolyzed collagen. These values represent the conditions under which hydrolyzed
collagen, as part of the spine surgery bundle, would no longer be considered cost-effective.

Sensitivity analyses

The univariate sensitivity analysis showed that hydrolyzed collagen remains cost-effective at a $100,000
WTP per QALY threshold in all scenarios (Figure 2). Over the one-year time horizon, the model was most
sensitive to three key parameters: the baseline probability of post-surgical complications, the relative risk
reduction associated with hydrolyzed collagen, as part of the spine surgery bundle, and the complication
persistence rate. In the PSA, which accounted for simultaneous variation in all input parameters, hydro-
lyzed collagen was dominant in over 99% of scenarios (Figure 3).

Over a 30-day time horizon, hydrolyzed collagen also dominated No Treatment, yielding early clinical
and economic benefits with an additional 0.001 QALYs and $445 in cost savings per patient, resulting in
a NMB of $540. Over a 90-day time horizon, the intervention generated an additional 0.002 QALYs and
$731 in cost savings, with an NMB of $967, reinforcing its value across multiple relevant care windows.

Discussion

This CEA found that hydrolyzed collagen is a dominant strategy compared to No Treatment in the man-
agement of spinal surgery wounds. From the perspective of the US healthcare sector, hydrolyzed colla-
gen yielded both clinical and economic benefits, delivering an incremental gain of 0.007 QALYs and a
cost savings of $3,852 per patient over a one-year time horizon. The cost-effectiveness of hydrolyzed col-
lagen would be sustained at any WTP threshold, reinforcing its potential role in surgical wound manage-
ment, particularly within high-risk or comorbid patient populations.

The model captures a range of clinical severities representative of real-world surgical care. While most
patients underwent non-complicated procedures, a smaller subset experienced complications, readmis-
sions, and revisions — events that disproportionately drove higher healthcare costs. By reducing the inci-
dence of complications, hydrolyzed collagen indirectly lowered the likelihood of these resource-intensive
events. This translated into meaningful savings, with avoided hospital readmissions accounting for 58%
of total cost reductions and avoided revision surgeries contributing an additional 22%. These findings
emphasize the clinical and economic importance of preventing complications early in the care pathway,
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where targeted intervention, including wound management adjuncts, can meaningfully reduce avoidable
utilization and improve patient outcomes.

The 30- and 90-day scenarios further highlight hydrolyzed collagen’s value in the immediate postop-
erative period, where hospitals are especially sensitive to early complication and readmission rates. Even
within these shorter windows, hydrolyzed collagen yielded measurable gains - an additional 0.001-0.002
QALYs and $445-$731 in savings per patient - reinforcing its relevance as a near-term cost saving inter-
vention within hospital-managed care episodes. Clinical outcomes and economic consequences are
tightly linked in surgical care. Preventing deleterious events like SSls helps improve QoL and simultan-
eously reduces the need for high-cost interventions. In this model, the QALY gains, although modest,
reflect differences in health states associated with the presence, persistence, and resolution of
complications.

The model was calibrated using a 10% baseline complication rate and a 70% relative risk reduction
for the treatment arm, reflecting averages derived from available literature. Reported SSI rates in the lit-
erature varied widely from as low as 2-4% to over 20%, offering directional evidence for elevated com-
plication rates'®?*3°, The clinical efficacy of the treatment arm was similarly drawn from a range of
studies, including some reporting complete prevention of complications. Because no single study
provided definitive values for either parameter, representative inputs for the model were derived by
synthesizing estimates from multiple published sources.

The threshold analysis suggests a wide margin for maintaining value, making it likely that integrating
hydrolyzed collagen into spinal surgical protocols, particularly for high-risk or comorbid patients,
could be clinically and economically beneficial. In scenarios with extremely low complication rates,
minimal product efficacy, or significantly increased acquisition costs would meaningfully diminish
cost-effectiveness.

Model uncertainty was explored through sensitivity analyses, all of which supported the consistency
of the findings. The univariate sensitivity analysis identified the baseline complication rate, relative risk
reduction of treatment arm, and complication persistence rate as the most influential parameters. Even
when these and other variables were varied across a credible range of clinical and economic inputs,
hydrolyzed collagen, as part of the bundle, consistently remained cost-effective. The PSA further
reinforced these results, with hydrolyzed collagen dominant in over 99% of simulated scenarios.
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These findings align with prior evidence highlighting the substantial economic burden of SSIs'" and
related healthcare-associated infections (HAIs)*®, which continue to pose significant challenges to health
systems in both clinical and financial terms. They also reinforce broader research showing that readmis-
sions and revisions are key drivers of postoperative spending, often contributing to disproportionately
expensive episodes of care*’8, In addition to direct costs, extended hospital stays generate opportunity
costs for the healthcare system by occupying capacity that could otherwise serve new patients. For
example, a study by Shepard et al. highlights that preventing a single HAI can enable hospitals to back-
fill the freed capacity with up to 4.62 new admissions, thereby increasing revenue and profit*®. This sug-
gests that our results may conservatively underestimate the full economic benefit to health systems. For
patients and caregivers, prolonged recovery often results in lost productivity, reduced income, and QoL
impacts that extend beyond the clinical setting.

This analysis adds to a growing body of evidence demonstrating the economic value of alternative
wound and SSI reduction strategies in spine surgery. Prior evaluations of intrawound vancomycin pow-
der suggest that it is cost-effective even with very small reductions in infection rates, given the high
costs associated with readmission and revision surgery following SSI'>'®. Similarly, closed-incisional
negative pressure wound therapy has been shown to reduce wound dehiscence and SSI rates in high-
risk spinal fusion patients, with a cost benefit analysis reporting meaningful net savings driven by avoid-
ance of resource-intensive complications”. Collectively, evidence across these interventions indicate that
reducing postoperative complications can yield meaningful economic value in high-risk spine surgery
populations.

This analysis underscores how economic evaluation can guide resource allocation for quality improve-
ment strategies that enhance outcomes and reduce avoidable costs*®. As health systems transition
toward value-based purchasing, performance is increasingly tied to metrics such as complication rates,
readmissions, and overall cost of care*'. By reducing surgical site complications and minimizing
resource-intensive events, hydrolyzed collagen can contribute to these goals as an adjunctive to wound
management, making it relevant and strategic addition to spine surgery protocols. For high-risk spinal
surgery patients, proactive wound management using clinically effective, cost-saving adjuncts like hydro-
lyzed collagen can support better patient outcomes while improving payment performance under
bundled reimbursement frameworks.

Limitations

As with any economic model, this study has limitations that should be considered when interpreting the
findings. The model was structured to reflect an acute care pathway and employed a one-year time hori-
zon, which excludes chronic conditions or long-term complications that may arise beyond this period.
While the modeled population consisted of high-comorbidity patients, representing those most likely to
benefit from an adjunctive wound intervention, the comorbidity profile used was not exhaustive.
Therefore, the magnitude of benefit may differ in healthier or lower-risk surgical populations.
Additionally, the model did not differentiate between wound and implant-related revisions, which are
clinically distinct and may carry different implications for cost and outcomes.

Clinical input data also carry limitations related to heterogeneity in procedures, patient populations,
and outcome definitions across the available evidence. Studies informing complication risk and treat-
ment effectiveness spanned a range of anatomic regions (e.g. cervical and lumbar) and surgical complex-
ity, with variable inclusion of elective versus revision cases and differing comorbidity profiles. In some
studies, the treatment arm included administration of vancomycin, introducing potential confounders
when interpreting complication rates?*?. As a result, the real-world effectiveness (risk reduction) of
hydrolyzed collagen as a topical adjunct may vary depending on practice patterns, patient risk factors,
and institutional protocols®*.

While hydrolyzed collagen has demonstrated clinical efficacy in published literature, both the baseline
post-surgical complication rate and the modeled treatment effect rely on a synthesis of studies from
related but not identical surgical populations. This approach introduces inherent variability but reflects a
well-established and pragmatic method for economic evaluation when direct data are limited*2.
Additionally, individual studies informed certain key model parameters, such as the readmission rates
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and disutility associated with complications'32. However, varying these rates in the sensitivity analyses
did not materially impact the model results.

Conclusions

This economic evaluation suggests that hydrolyzed collagen, as a topical adjunct for wound manage-
ment in spine surgery, can promote both improved health outcomes and cost savings relative to stand-
ard care in a high-risk surgical population. The spine surgery bundle’s value stems from its ability to
reduce incident complications in a high-risk cohort, thereby lowering the need for additional interven-
tions driving costly episodes of care. While the results should be interpreted in light of key assumptions
and the evidence base, they remained consistent across sensitivity and threshold analyses, supporting
their reliability and relevance within real-world clinical variability. Although the supporting literature
included data from broader surgical contexts, this analysis focused exclusively on spine procedures to
align with the modeled care pathway. Taken together, these findings support consideration of hydro-
lyzed collagen as a cost-effective and quality-enhancing adjunct for wound management within spinal
surgery protocols. Future research should evaluate its clinical and economic impact in more pointed
spine surgery subpopulations, given the inherent differences in cervical versus lumbar procedures and
degenerative versus deformity cases.
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