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Abstract
Objectives
Wound dehiscence is defined as the partial or complete separation of the layers of a surgical wound. Wound
dehiscence and infections are of significant concern in the field of surgery as they can lead to a range of
complications, including infection, delayed healing, increased healthcare costs, and patient discomfort. For
patients at high risk of sternal wound dehiscence and infection, optimization of wound closure is critical.
Novel technologies are increasingly being developed to optimize wound closure following median
sternotomy for cardiac surgery. Aseptically processed amnion-chorion placental allografts (aACPA) are one
such example. Placental allografts maintain the inherent growth factors and matrix proteins native to the
tissue, all of which are known in the literature for their roles within the natural closure of wounds

Methods
Twenty-six patients who underwent cardiac surgery requiring a median sternotomy at a single center
undertaken by a single surgeon were included in this study. All patients included were deemed high-risk for
sternal complications and had at least one sternal risk factor. Before closure, 160 mg of aACPA was added to
the sternotomy wound to support wound repair. Data were collected for rates of sternal complications, as
well as general demographics and past medical history of patients included in this study, and appropriate
analyses were carried out.

Results
At their 14- and 30-day follow-up visits, none of the patients had experienced sternal wound dehiscence or
infection, with their sternotomy wounds showing excellent signs of normal wound closure. A comprehensive
sternal pain evaluation was carried out, which elicited no significant pain in any patients, a sign that sternal
closure was successful and stable. The addition of the aACPA into our clinical practice has also contributed
to no longer requiring postoperative chest stabilization adjuncts, resulting in significant financial and
resource savings for our group.

Conclusions
In this study, the amnion-chorion placental allograft showed promise as an effective solution to support
sternal wound closure in high-risk patients. Its inherent growth factors and ECM (extracellular matrix) may
directly address the specific challenges faced by these high-risk individuals. This innovative treatment offers
a novel and advanced approach to support wound closure in patient populations that are particularly
vulnerable to complications.

Categories: Cardiac/Thoracic/Vascular Surgery
Keywords: cardiovascular surgery, frailty, obesity, placental allograft, sternotomy

Introduction
Despite advances in minimally invasive approaches, median sternotomy remains the most common
approach for cardiac surgery, providing optimal access to the heart and great vessels [1]. However, this
technique is associated with significant risks, particularly in high-risk patient populations. Sternal
dehiscence and deep sternal wound infections are among the most devastating complications of cardiac
surgery, leading to delayed recovery, prolonged inpatient stays, increased resource utilization, and poor
prognosis. Indeed, sternal complications are the primary indication for around 20% of 30-day hospital
readmission rates [2], indicating not only their impact on morbidity and mortality but also on resource costs
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to hospitals and healthcare systems.

Despite current preventive strategies, including prophylactic antibiotic treatment, antibiotic impregnation
of the surgical site, advanced sternal closure solutions, and negative pressure dressings, the complication
rate remains substantial. For high-risk patients, including those with obesity, diabetes, frailty, a history of
repeated surgeries, or immunosuppression, the sternal complication rate can be as high as 10% [3]. Even
with optimal care, a 3-5% complication rate persisted across this patient group at our institution, leading us
to consider adjunctive measures that could be implemented to improve outcomes for this high-risk patient
population.

In recent years, regenerative medicine approaches have gained attention for their potential to enhance
wound healing and reduce complications. Among these, amnion-chorion placental allografts (ACPA) have
shown promise in various surgical applications. ACPAs are derived from placental tissue obtained from
healthy, screened mothers and are known to promote tissue remodeling and wound closure while reducing
fibrotic tissue formation [4]. The extracellular matrix components present in ACPA serve as a scaffold for cell
migration and proliferation, while intrinsic cytokines and growth factors such as platelet-derived growth
factor (PDGF), vascular endothelial growth factor (VEGF), and transforming growth factor-beta (TGF-β)
provide a supportive environment for host cell proliferation, angiogenesis, and tissue remodeling [5].

This study investigates the potential of an aseptically processed ACPA (aACPA, Salera®, MTF Biologics,
Edison, NJ), in supporting wound closure following median sternotomy in high-risk cardiac surgery patients.
We hypothesize that the application of aACPA, as part of a comprehensive wound closure strategy, may
reduce the incidence of sternal complications in this vulnerable patient population. By evaluating key
outcomes such as intensive care unit length of stay, overall hospital length of stay, the incidence of sternal
wound infections and dehiscence, and postoperative pain, we aim to assess the efficacy of this novel
approach in addressing the persistent challenge of sternal wound complications in cardiac surgery.

Materials And Methods
This is a retrospective observational cohort study, comprised of patients who underwent cardiac surgery via
median sternotomy at HonorHealth, Scottsdale, AZ, USA. Institutional Review Board ethical approval was
granted for outcome analysis in this study (IRB-23-0025, October 29, 2023) and informed consent was
obtained for all patients for the relevant surgical procedures as well as anonymized inclusion into this study.
All methods of this study were conducted following the relevant regulations for working with human
subjects and the Declaration of Helsinki [6]. All patients included were over the age of 18. Patients with
previous sternal wound complications were excluded.

Sternal wound infections and dehiscence were defined as per the Society of Thoracic Surgeons’ criteria [7].
Heart failure was defined using American Heart Association (AHA) criteria for diastolic heart failure as a left
ventricular ejection fraction (LVEF) less than or equal to 40% by transthoracic echocardiography [8]. Chronic
kidney disease (CKD) was defined using an internationally conventional set of guidelines from KDIGO
(Kidney Disease: Improving Global Outcomes) [9]. These criteria define chronic kidney disease as having a

glomerular filtration rate of less than 60 ml/min/1.73m2 and albuminuria with an albumin-creatinine ratio
greater than 3 mg/mmol [9].

Data collection
Demographic data, preoperative clinical characteristics, operative characteristics, and postoperative
outcomes were collected from the institutional electronic health record system (Epic) [10]. Data collected
was anonymized and stored on a secure server as per institutional information governance protocols for
outcomes research data. Pre-operative data collected included key surgical risk scores (STS mortality and
deep sternal wound infection risk scores) and data regarding risk factors for sternal complications such as
prior sternotomy, chronic obstructive pulmonary disease (COPD), a smoking history, or long-term
immunosuppressive medication use. Data was also collected for other comorbidities such as hypertension
(HTN), obstructive sleep apnea (OSA), atrial fibrillation (AFib), and chronic kidney disease (CKD) as well as
key risk scores such as CHA2DS2-VASc and HAS-BLED.

Operative technique and clinical protocol
After the main aspects of the surgical procedure were completed, attention was turned to sternal
reapproximation. The sternum is closed using ultrahigh molecular weight polyethylene suture tapes
(TigerTape, Arthrex Inc., Naples, FL; Figure 1). These are pre-soaked in vancomycin solution for five
minutes before use. The TigerTape, black and white, and FiberTape, blue and white, measure 2 mm in width.
In figure-of-eight patterns, four sutures are placed through the manubrium and through the sternal
interspaces around the sternum. A tensioner is used to sequentially tighten each figure-of-eight with 60 to
80 lb of pressure and a half-hitch knot tied to lock the sutures.
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FIGURE 1: Suture tape sternal closure using the TigerTape sternal
closure system.
Figure credits: Mason Wiest and Ujjawal Kumar

Next, wound lavage is carried out with a vancomycin solution, and 160mg of aACPA (aseptically processed,
no terminal irradiation, amnion-chorion placental allograft, Salera®, MTF Biologics, Edison NJ) are added to
the sternum and subcutaneous tissues before closure (Figure 2). Closure is achieved with 0, 2-0, and 4-0
Stratafix (Ethicon Inc., Cincinnati, OH). The wound is dressed with a JumpStart electroceutical dressing
(Arthrex Inc., Naples, FL).
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FIGURE 2: Median sternotomy showing the reapproximated sternum
with the aACPA spread into the wound.
Figure credits: Zain Khalpey, Ujjawal Kumar, and Mason Wiest

Follow-up and outcomes
Postoperatively, data was collected for the total ICU and hospital lengths of stay (LOS). Data was also
collected on the incidence of key outcomes such as hospital death, sternal wound infection, and dehiscence.
In line with our institutional protocols, postoperative follow-up of cardiac surgical patients was conducted
two weeks and one month after the operation. These check-ups encompassed a thorough evaluation of
multiple bodily systems and a review of prescribed medications. Pain was deemed significant if it severely
impacted the patient's daily functioning and recovery process, or if a previously unused opioid was newly
prescribed. Each follow-up session included a thorough wound inspection and pain assessment. To evaluate
pain, the surgeon applied pressure to the breastbone and between the ribs. Furthermore, while the patient
stood upright, the surgeon placed two fingers on the breastbone and asked the patient to rotate their upper
body sideways to check for any pain response. Data was collected on any significant pain at 14- and 30-day
postoperative follow-up appointments.

Statistical analyses
Data were summarized using descriptive statistics. For continuous variables, mean and standard deviation
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(SD) were presented for normally distributed data, with non-parametric data presented as a median and
interquartile range. Categorical variables were presented as N (%). All statistical analyses were performed
using R v4.4.1 (R Foundation, Vienna, Austria) [11] and GraphPad Prism v10.1.0 for macOS (GraphPad
Software, Boston, MA, USA) [12]. A p-value less than 0.05 was considered significant as is conventional.

Results
Patient characteristics
The study population consisted of 26 patients with various risk factors for sternal complications following
cardiac surgery (Figure 3, Table 1). Obesity was the most prevalent risk factor, affecting 20 (76.9%) patients,

with a mean BMI of 30.43 ± 1.07 kg/m2. Diabetes mellitus and smoking history were also common risk
factors, each present in eight (30.8%) patients. Less common risk factors included prior sternotomy (two
patients, 7.7%), chronic obstructive pulmonary disease (COPD) (one patient, 3.8%), and use of
immunosuppressive medications (one patient, 3.8%).

FIGURE 3: Prevalence of risk factors for sternal complications within the
study population.

Variable Value

Number 26

Body mass index (kg/m2) 30.43 ± 1.07

Obese 20 (76.9%)

Diabetes mellitus 8 (30.8%)

Smoking history 8 (30.8%)

Prior sternotomy 2 (7.7%)

Chronic obstructive pulmonary disease 1 (3.8%)

Immunosuppressive medications 1 (3.8%)

TABLE 1: Relevant risk factors for sternal complications.
Categorical variables are represented as N (%) with parametric continuous variables being represented as Mean ± SD and nonparametric continuous
variables represented as Median (LQ - UQ).
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Regarding other preoperative characteristics (Table 2), the mean age of the cohort was 60 years, with a male
predominance (17 patients, 65.4%). Hypertension was highly prevalent, affecting 21 (80.8%) patients,
followed by hyperlipidemia and coronary artery disease, each present in (15 patients, 57.7%) of the cohort.
The median STS score was 0.751, and the median STS deep sternal wound infection (DSWI) score was 0.054.
Other notable comorbidities included obstructive sleep apnea (nine patients, 34.6%), heart failure (six
patients, 23.1%), and chronic kidney disease (six patients, 23.1%). The median CHA2DS2-VASc and HAS-

BLED scores were both 2, indicating moderate risk profiles for thromboembolic and bleeding complications.

Variable Value

Number 26

Age (y) 60 ± 2

Sex: male 17 (65.4%)

STS score 0.751 (0.527 - 0.937)

STS DSWI score 0.054 (0.044 - 0.106)

Hypertension 21 (80.8%)

Hyperlipidemia 15 (57.7%)

Coronary artery disease 15 (57.7%)

Obstructive sleep apnea 9 (34.6%)

Heart failure 6 (23.1%)

Chronic kidney disease 6 (23.1%)

Prior atrial fibrillation 4 (15.4%)

Prior percutaneous coronary intervention 4 (15.4%)

Prior myocardial infarction 3 (11.5%)

Prior Stroke 2 (7.7%)

CHA2DS2-VASc 2 (1 - 3)

HAS-BLED 2 (1 - 2)

TABLE 2: Other preoperative characteristics and comorbidities.
Categorical variables are represented as N (%) with parametric continuous variables being represented as Mean ± SD and nonparametric continuous
variables represented as Median (LQ - UQ).

STS: Society of Thoracic Surgeons, DSWI: Deep sternal wound infection, CHA2DS2-VASc: Risk score for stroke risk for patients with atrial fibrillation,
HAS-BLED: Risk score for major bleeding for anticoagulated patients.

Operative characteristics
The data presented below provide insights into the case mix and operative characteristics of patients who
underwent sternal closure with the addition of aACPA, with full data in Table 3.
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Variable Value

Elective 23 (88.5%)

Procedure type  

-CABG ± maze 14 (53.8%)

-Valve ± maze 10 (38.5%)

-CABG & valve ± maze 1 (3.8%)

-Aortic 1 (3.8%)

Cardiopulmonary bypass (min) 89 ± 6

Aortic cross-clamp (min) 66 ± 5

Operative time (min) 226 ± 10

TABLE 3: Operative characteristics.
Categorical variables are represented as N (%) with parametric continuous variables being represented as Mean ± SD and nonparametric continuous
variables represented as Median (LQ - UQ).

CABG: Coronary artery bypass graft.

Figure 4 illustrates the distribution of procedure types. Most cases (14 patients, 53.85%) were coronary
artery bypass grafting (CABG) with or without a concomitant maze procedure. Valve procedures accounted
for 10 (38.46%) cases. Combined CABG and valve procedures and isolated aortic procedures were less
common, with one case of each (3.85%).
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FIGURE 4: Case mix of patients that underwent sternal closure with the
addition of aACPA.
aACPA: Aseptically processed amnion-chorion placental allografts, CABG: Coronary artery bypass graft.

Figure 5 displays the operative times. The mean total operative time was 226 minutes. Cardiopulmonary
bypass time averaged 89 minutes, while the mean aortic cross-clamp time was 66 minutes. Notably, most
procedures (23 patients, 88.5%) were elective. These results indicate that the aACPA was primarily used in
elective CABG and valve procedures, without substantially prolonging operative times.
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FIGURE 5: Operative times for patients that underwent sternal closure
with the addition of aACPA.
aACPA: Aseptically processed amnion-chorion placental allografts.

Patient outcomes
The postoperative outcomes (Table 4) for patients who underwent sternal closure with aACPA demonstrate
promising results. The median intensive care unit stay was three days, while the overall hospital length of
stay had a median value of six days. Notably, no in-hospital mortality was reported among the cohort. In
terms of complications, the data show no occurrences of sternal wound infections or dehiscence, which are
significant concerns following cardiac surgery, particularly in this complex patient population, all of whom
had at least one sternal risk factor. This absence of any sternal complications suggests that aACPA may
support wound closure and stability. Furthermore, patient comfort appears to have been well-managed, as
there were no reports of significant pain at either the 14-day or 30-day postoperative follow-up
appointments. This lack of persistent pain could potentially be attributed to the stability provided by the
closure technique, with better wound healing.

Variable Value

ICU LOS 3 (2 - 4)

Hospital LOS 6 (5 - 9)

Hospital death 0 (0%)

Sternal wound infection 0 (0%)

Sternal wound dehiscence 0 (0%)

Significant pain @ 14d 0 (0%)

Significant pain @ 30d 0 (0%)

TABLE 4: Postoperative outcomes.
Categorical variables are represented as N (%) with parametric continuous variables being represented as Mean ± SD and nonparametric continuous
variables represented as Median (LQ - UQ).

LOS: Length of stay.

These outcomes collectively suggest that the use of aACPA for sternal closure may be associated with a
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smooth recovery process, characterized by an absence of major sternal complications and effective pain
control. The hospital and ICU stays appear to be within reasonable ranges for cardiac surgery patients,
further supporting the potential benefits of this closure method in facilitating patient recovery and
potentially enabling timely discharge.

Figure 6 shows a representative sternal wound from our group. It shows how the use of aACPA as part of an
enhanced sternal wound closure protocol, alongside suture tapes for sternal closure and an electroceutical
dressing, can result in reliable, successful sternal wound closure, even in high-risk patients.

FIGURE 6: Sternal wound progression postoperatively.
A: at closure in the operating room with JumpStart dressing in situ, B: two weeks postoperatively, C: four weeks
postoperatively.

Discussion
The use of aseptically processed amnion-chorion placental allograft (aACPA) in high-risk cardiac surgery
patients undergoing median sternotomy has shown promising results in this study. Our findings suggest
that aACPA may support wound closure and, therefore, reduce complications in a patient population
particularly vulnerable to sternal wound issues.

Key findings and implications
Our study cohort comprised 26 patients, all of whom had at least one significant risk factor for sternal

wound complications. Notably, 20 (76.9%) of the patients were obese, with a mean BMI of 30.43 kg/m2.
Other prevalent risk factors included diabetes mellitus and smoking history, each present in eight (30.8%) of
the patients. Despite this high-risk profile, we observed no instances of sternal wound infections or
dehiscence at both the 14-day and 30-day postoperative follow-ups. This outcome is particularly
encouraging given the typically elevated complication rates in such patient populations. The absence of
significant pain reported by patients at these follow-up visits further supports the potential benefits of the
aACPA use. This lack of persistent pain could be attributed to enhanced wound stability and repair.

Our operative data showed that most procedures were coronary artery bypass grafting (CABG) with or
without a concomitant maze procedure, followed by valve procedures. The mean total operative time was
226 minutes, with average cardiopulmonary bypass and aortic cross-clamp times of 89 and 66 minutes,
respectively. These times suggest that the incorporation of aACPA into the surgical protocol did not
significantly prolong the procedures. The median intensive care unit stay of three days and overall hospital
length of stay of six days are within reasonable ranges for cardiac surgery patients, especially considering the
complexity of the cases. The absence of in-hospital mortality in this high-risk group further underscores the
potential benefits of this approach.

Mechanism of action and relevance to high-risk patients
The efficacy of aACPA in supporting wound closure can be attributed to its unique composition. Placental
tissue naturally contains a rich array of growth factors, including platelet-derived growth factor (PDGF),
vascular endothelial growth factor (VEGF), and transforming growth factor-beta (TGF-β) [13]. These factors
play crucial roles in various stages of wound healing, including cell proliferation, angiogenesis, and tissue
remodeling [13]. PDGF is particularly important in the early stages of wound healing, promoting the
proliferation and migration of fibroblasts and smooth muscle cells. VEGF, on the other hand, is a potent
stimulator of angiogenesis, crucial for the formation of new blood vessels that supply oxygen and nutrients
to the healing tissue. TGF-β has multiple roles, including regulating the inflammatory response, promoting
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the deposition of extracellular matrix, and facilitating the remodeling phase of wound healing.

Incorporating aACPA into sternal wound management may be particularly beneficial for high-risk patients,
such as those with obesity, diabetes, or compromised immune systems, who often face challenges in wound
healing due to impaired circulation, reduced immune function, and compromised cellular activity [14-16].
The extracellular matrix (ECM) preserved in the aACPA during aseptic processing without terminal
irradiation serves as a scaffold for cell migration, proliferation, and differentiation [17]. This natural scaffold
may be especially valuable in guiding tissue regeneration in patients with compromised healing capacities.
The ECM in placental tissues has been shown to not only provide structural support but also interact with
host cells to support their behavior, influencing processes such as adhesion, migration, and differentiation
[18].

In diabetic patients, who have up to five times higher risk of developing postoperative wound infections [19],
aACPA may help address multiple aspects of impaired closure The natural ECM scaffold and components can
provide a supportive environment for host cell migration, revascularization, and tissue remodeling, which
may be particularly beneficial given the altered ECM composition, poor vascularization, and protein
imbalance in diabetic wounds [16]. For immunocompromised and elderly patients, the aACPA's ability to
provide a rich source of growth factors and a supportive ECM scaffold may help compensate for the reduced
healing capacity associated with weakened immune responses and age-related changes in tissue repair
mechanisms [20]. In obese patients, excessive adipose tissue can impair wound healing through various
mechanisms including reduced vascularization and altered inflammatory responses [14]. The natural protein
composition of the aACPA may help create a more favorable environment for wound closure. The structural
support provided by the ECM components of the aACPA could also be beneficial in managing the increased
mechanical stress on the wound in these patients.

The combination of amnion and chorion tissues in aACPA may provide additional benefits compared to
placental tissue containing solely amnion or chorion. In preclinical studies with diabetic mice, aseptically
processed allograft containing both amnion and chorion was shown to support more granulation tissue
formation and faster epithelialization of full-thickness wounds than amnion membrane alone [5]. This
comprehensive approach to wound closure, addressing multiple aspects of tissue repair simultaneously, may
explain the promising results observed in our high-risk patient cohort. By providing a supportive ECM
scaffold with preserved native matrix proteins aACPA appears to create an optimal environment for sternal
wound closure, even in patients with multiple risk factors for complications.

Comparison with previous research
Our findings align with and extend previous research on placental allografts in wound closure. Studies in
animal models have demonstrated faster wound closure, increased granulation tissue formation, and
enhanced vascularization with the use of human placental membranes. For instance, Dolivo et al. observed
improved wound closure and increased granulation tissue deposition in diabetic mice treated with human
placental membranes [5].

In a clinical setting, Tacktill et al. reported significant improvements in pain, function, and alignment
scores, along with reduced surgical complications, in patients undergoing lower extremity soft tissue and
bone reconstruction surgery using dehydrated human amnion and chorion allograft membrane, recovered
and processed using the equivalent aseptic process as used with aACPA [21]. Our study extends these
findings to the realm of cardiac surgery, suggesting that the benefits of aACPA may be applicable across
various surgical specialties.

Financial considerations
Our analysis indicates potential cost savings associated with the use of ACPAs in sternal closure. Traditional
wire closure methods, including necessary adjuncts for high-risk patients, can cost between $1,055 to $1,385
per patient. This includes expenses for sternal wires, support vests, and negative pressure wound therapy
systems. In contrast, our enhanced wound closure protocol, which includes the ACPA, appears to be more
cost-effective. While a formal analysis is currently ongoing, preliminary estimates suggest significant per-
patient savings. This financial benefit, coupled with the potential for reduced complications and
readmissions, presents a compelling argument for the adoption of ACPAs in cardiac surgical practice.

Limitations of the study
Despite the promising results, it is important to acknowledge the limitations of our study. With only 26
patients, our study has a relatively small sample size. This limits the generalizability of our findings and
increases the possibility that our results could be due to chance. Our study did not include a control group
undergoing traditional sternal closure without aACPA. This absence makes it difficult to definitively
attribute the observed outcomes to the use of aACPA alone. All procedures were performed at a single center
by one surgeon, which may limit the external validity of our findings. Practices and outcomes may vary in
different healthcare settings. While our 30-day follow-up provides valuable short-term data, it does not
capture potential long-term complications or benefits of the aACPA approach. While we focused on key
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complications like infection and dehiscence, we did not assess other potential outcomes such as patient
satisfaction or quality of life measures. Lastly, the non-blinded nature of the study could have introduced
bias in the assessment of subjective outcomes like pain.

Conclusions
Increasingly complex cardiac surgery patients (older, frailer, immunocompromised, obese) face high risks of
sternal wound complications, causing 20% of 30-day readmissions. This study evaluates aseptically
processed, non-terminally irradiated amnion-chorion placental allograft (aACPA) for median sternotomy
wound closure in high-risk patients. aACPA, derived from healthy placental tissue, contains ECM
components supporting cell proliferation, angiogenesis, and tissue remodeling. Results showed no sternal
wound infections, dehiscence, or significant pain at 14- and 30-day follow-ups, despite the high-risk cohort.
While promising for reducing postoperative complications, larger studies with longer follow-ups are needed
to confirm aACPA's efficacy and safety in cardiac surgery wound closure.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Ujjawal Kumar, Zain Khalpey, Pamela Hitscherich, Evangelia Chnari, Marc Long

Acquisition, analysis, or interpretation of data:  Ujjawal Kumar, Zain Khalpey, Zacharya I. Khalpey

Drafting of the manuscript:  Ujjawal Kumar, Zacharya I. Khalpey

Critical review of the manuscript for important intellectual content:  Ujjawal Kumar, Zain Khalpey,
Pamela Hitscherich, Evangelia Chnari, Marc Long

Supervision:  Zain Khalpey, Marc Long

Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. HonorHealth Ethics
Review Board issued approval IRB#23-0025, dated October 29, 2023. Animal subjects: All authors have
confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In compliance
with the ICMJE uniform disclosure form, all authors declare the following: Payment/services info: All
authors have declared that no financial support was received from any organization for the submitted work.
Financial relationships: Pamela Hitscherich, Evangelia Chnari, Marc Long declare(s) employment from
MTF Biologics. Zain Khalpey declare(s) personal fees from MTF Biologics. Other relationships: All authors
have declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

Acknowledgements
Zain Khalpey and Ujjawal Kumar contributed equally to the work and should be considered co-first authors.
The authors would like to thank Mason Wiest for his contributions to figure design.

References
1. Anderson RH, Cook AC, Spicer DE, Hlavacek AM, Backer CL, Tretter JT: Surgical approaches to the heart .

Wilcox’s Surgical Anatomy of the Heart. Cambridge University Press, Cambridge; 2024. 1-10.
10.1017/9781009387408.002

2. Vishwanath N, Del Re A, Rivera Perla KM, Sobti N, Rao V, Liu P, Ehsan A: National analysis of sternal wound
complications and readmissions after coronary bypass surgery. Ann Thorac Surg. 2023, 115:1136-42.
10.1016/j.athoracsur.2022.12.026

3. Schiraldi L, Jabbour G, Centofanti P, et al.: Deep sternal wound infections: evidence for prevention,
treatment, and reconstructive surgery. Arch Plast Surg. 2019, 46:291-302. 10.5999/aps.2018.01151

4. Steed DL, Trumpower C, Duffy D, Smith C, Marshall V, Rupp R, Robson M: Amnion-derived cellular cytokine
solution: a physiological combination of cytokines for wound healing. Eplasty. 2008, 8:e18.

5. Dolivo D, Xie P, Hou C, Phipps A, Mustoe T, Hong S, Galiano R: A dehydrated, aseptically-processed human
amnion/chorion allograft accelerates healing in a delayed murine excisional wound model. Exp Cell Res.
2021, 400:112512. 10.1016/j.yexcr.2021.112512

6. World Medical Association Declaration of Helsinki: ethical principles for medical research involving human
subjects. JAMA. 2013, 310:2191-4. 10.1001/jama.2013.281053

7. STS adult cardiac surgery database data specifications. (2020). Accessed: May 31, 2024:
https://www.sts.org/sites/default/files/ACSD_DataSpecificationsV4.20.pdf.

8. Yancy CW, Jessup M, Bozkurt B, et al.: 2013 ACCF/AHA guideline for the management of heart failure: a
report of the American College of Cardiology Foundation/American Heart Association Task Force on

 

2024 Khalpey et al. Cureus 16(11): e73322. DOI 10.7759/cureus.73322 12 of 13

https://dx.doi.org/10.1017/9781009387408.002
https://dx.doi.org/10.1017/9781009387408.002
https://dx.doi.org/10.1016/j.athoracsur.2022.12.026
https://dx.doi.org/10.1016/j.athoracsur.2022.12.026
https://dx.doi.org/10.5999/aps.2018.01151
https://dx.doi.org/10.5999/aps.2018.01151
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2311453/
https://dx.doi.org/10.1016/j.yexcr.2021.112512
https://dx.doi.org/10.1016/j.yexcr.2021.112512
https://dx.doi.org/10.1001/jama.2013.281053
https://dx.doi.org/10.1001/jama.2013.281053
https://www.sts.org/sites/default/files/ACSD_DataSpecificationsV4.20.pdf
https://www.sts.org/sites/default/files/ACSD_DataSpecificationsV4.20.pdf
https://dx.doi.org/10.1016/j.jacc.2013.05.019


Practice Guidelines. J Am Coll Cardiol. 2013, 62:e147-239. 10.1016/j.jacc.2013.05.019
9. KDIGO 2017 clinical practice guideline update for the diagnosis, evaluation, prevention, and treatment of

chronic kidney disease-mineral and bone disorder (CKD-MBD). Kidney Int Suppl (2011). 2017, 7:1-59.
10.1016/j.kisu.2017.04.001

10. Epic Systems Corporation Ltd. Accessed: November 29, 2023: https://www.epic.com/.
11. The R Project for Statistical Computing . (2024). Accessed: August 23, 2024: https://www.R-project.org/.
12. GraphPad Prism. (2023). Accessed: October 25, 2023: https://www.graphpad.com.
13. Forbes K, Westwood M: Maternal growth factor regulation of human placental development and fetal

growth. J Endocrinol. 2010, 207:1-16. 10.1677/JOE-10-0174
14. Pierpont YN, Dinh TP, Salas RE, Johnson EL, Wright TG, Robson MC, Payne WG: Obesity and surgical wound

healing: a current review. ISRN Obes. 2014, 2014:638936. 10.1155/2014/638936
15. Velnar T, Bailey T, Smrkolj V: The wound healing process: an overview of the cellular and molecular

mechanisms. J Int Med Res. 2009, 37:1528-42. 10.1177/147323000903700531
16. Greenhalgh DG: Wound healing and diabetes mellitus. Clin Plast Surg. 2003, 30:37-45. 10.1016/S0094-

1298(02)00066-4
17. Chen CP, Aplin JD: Placental extracellular matrix: gene expression, deposition by placental fibroblasts and

the effect of oxygen. Placenta. 2003, 24:316-25. 10.1053/plac.2002.0904
18. Zhang X, Deng Z, Wang H, et al.: Expansion and delivery of human fibroblasts on micronized acellular

dermal matrix for skin regeneration. Biomaterials. 2009, 30:2666-74. 10.1016/j.biomaterials.2009.01.018
19. Hoogwerf BJ, Sheeler LR, Licata AA: Endocrine management of the open heart surgical patient . Semin

Thorac Cardiovasc Surg. 1991, 3:75-80.
20. Graeb C, Jauch KW: Surgery in immunocompromised patients . Br J Surg. 2008, 95:1-3. 10.1002/bjs.6096
21. Tacktill JZ, Rasor Z, Adams J, et al.: Wound repair, safety, and functional outcomes in reconstructive lower

extremity foot and ankle surgery using a dehydrated amnion/chorion allograft membrane. Int Wound J.
2022, 19:2062-70. 10.1111/iwj.13809

 

2024 Khalpey et al. Cureus 16(11): e73322. DOI 10.7759/cureus.73322 13 of 13

https://dx.doi.org/10.1016/j.jacc.2013.05.019
https://dx.doi.org/10.1016/j.kisu.2017.04.001
https://dx.doi.org/10.1016/j.kisu.2017.04.001
https://www.epic.com/
https://www.epic.com/
https://www.r-project.org/
https://www.r-project.org/
https://www.graphpad.com
https://www.graphpad.com
https://dx.doi.org/10.1677/JOE-10-0174
https://dx.doi.org/10.1677/JOE-10-0174
https://dx.doi.org/10.1155/2014/638936
https://dx.doi.org/10.1155/2014/638936
https://dx.doi.org/10.1177/147323000903700531
https://dx.doi.org/10.1177/147323000903700531
https://dx.doi.org/10.1016/S0094-1298(02)00066-4
https://dx.doi.org/10.1016/S0094-1298(02)00066-4
https://dx.doi.org/10.1053/plac.2002.0904
https://dx.doi.org/10.1053/plac.2002.0904
https://dx.doi.org/10.1016/j.biomaterials.2009.01.018
https://dx.doi.org/10.1016/j.biomaterials.2009.01.018
https://pubmed.ncbi.nlm.nih.gov/2015322/
https://dx.doi.org/10.1002/bjs.6096
https://dx.doi.org/10.1002/bjs.6096
https://dx.doi.org/10.1111/iwj.13809
https://dx.doi.org/10.1111/iwj.13809

	Novel Use of an Aseptically Processed Amnion-Chorion Placental Allograft to Complement Wound Closure in High-Risk Sternotomy Patients: Clinical Safety and Outcomes
	Abstract
	Objectives
	Methods
	Results
	Conclusions

	Introduction
	Materials And Methods
	Data collection
	Operative technique and clinical protocol
	FIGURE 1: Suture tape sternal closure using the TigerTape sternal closure system.
	FIGURE 2: Median sternotomy showing the reapproximated sternum with the aACPA spread into the wound.

	Follow-up and outcomes
	Statistical analyses

	Results
	Patient characteristics
	FIGURE 3: Prevalence of risk factors for sternal complications within the study population.
	TABLE 1: Relevant risk factors for sternal complications.
	TABLE 2: Other preoperative characteristics and comorbidities.

	Operative characteristics
	TABLE 3: Operative characteristics.
	FIGURE 4: Case mix of patients that underwent sternal closure with the addition of aACPA.
	FIGURE 5: Operative times for patients that underwent sternal closure with the addition of aACPA.

	Patient outcomes
	TABLE 4: Postoperative outcomes.
	FIGURE 6: Sternal wound progression postoperatively.


	Discussion
	Key findings and implications
	Mechanism of action and relevance to high-risk patients
	Comparison with previous research
	Financial considerations
	Limitations of the study

	Conclusions
	Additional Information
	Author Contributions
	Disclosures
	Acknowledgements

	References


