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Abstract: Introduction: Mastectomy skin necrosis (MSN) is a common complication occurring in up
to 50% of patients. In patients with risk factors for poor wound healing such as immunosuppression,
prior radiotherapy (XRT), and high body mass index (BMI > 30.0), this number is even higher.
MSN can lead to infection, loss of reconstruction, poorer aesthetics, and most ominously, delay in
adjuvant cancer therapy. Instead of forgoing reconstruction in these patients, adjunctive therapies
to optimize wound healing are necessary. The purpose of this study is to introduce the use of
cryopreserved umbilical tissue (vCUT) as an adjunct therapy for high-risk-wound-healing immediate
breast reconstruction (IBR) patients. Methods: All patients who underwent breast reconstruction with
vCUT as an adjunctive therapy were identified and retrospectively analyzed. Results: Seven patients
who underwent breast reconstruction with vCUT placement were identified. These patients had
risk factors for delayed healing, such as obesity, immunosuppression, and/or prior XRT. The mean
post-operative follow-up was 252 days (range 183–287). Four out of seven patients demonstrated post-
operative complications: two out of seven developed seromas, two out of seven developed wound
dehiscence, two out of seven developed infection, two out of seven developed MSN, and two out
of seven lost their reconstruction. Conclusion: As undergoing IBR leads to improved mental health
and superior aesthetic outcomes, efforts to expand current indications for safe IBR to traditionally
poorer reconstructive candidates are imperative. The results of this case series demonstrate vCUT as
a promising novel adjunctive tool in the reconstructive surgeons’ armamentarium in managing the
less ideal reconstructive breast candidate.

Keywords: immediate breast reconstruction; cryopreserved umbilical tissue; vCUT; Stravix; human
placental membranes; hPM; wound healing

1. Introduction

Immediate breast reconstruction (IBR) has become increasingly popular among pa-
tients undergoing mastectomy, improving their quality of life and psychological well-
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being [1]. However, despite these advantages, IBR can result in mastectomy skin necrosis
(MSN), with a reported incidence from 8.1% to 41.2% [2–5]. MSN can in turn lead to
infection, additional surgery to promote wound closure, prolonged need for wound care,
poor aesthetics, and most importantly, delays in the timely initiation of adjuvant oncologic
treatment [3,4]. As a result, these complications can contribute to poor reconstructive out-
comes, decreased patient satisfaction, and increased health care costs. Studies have linked
MSN to a variety of factors, including high body mass index (BMI) (>30) [6,7], history of
smoking [7–9], hypertension [10], diabetes [11], pre-operative XRT [11], and history of im-
munosuppression [6]. Many patients with these risk factors are not offered reconstruction
due to increased risk of developing wound-healing complications, subsequent infection,
and reconstruction loss, particularly implant based [12]. However, given the detrimental
mental health effects of forgoing or delaying reconstruction in this already vulnerable
population [13,14] with often unmodifiable risk factors, adjunctive therapies to optimize
wound healing are necessary to safely offer them IBR.

Human placental membranes (hPM) may provide a viable adjunctive therapy for
breast reconstruction patients at high risk for wound-healing complications due to their
antimicrobial, analgesic, proangiogenic, and anti-inflammatory properties [15]. Studies
have demonstrated tremendous regenerative benefit in traditionally recognized hostile
wounds beds (i.e., vasculopathy and diabetes) in poor surgical candidates [16]. Specifically,
in the diabetic foot and venous stasis ulcer (DFU and VSU, respectively) population, hPMs
have shown significant improvements in healing rates [16]. They also have clinical benefits
in burns, infection control, pain reduction, and thermoregulation maintenance [17,18].
Innovations in the tissue-regenerative medicine sphere have led to the development of
amniotic coverings, wraps, and barriers that, when applied, serve as an adherent dressing
that provides additional support and reduces post-operative inflammation, adhesion, and
fibrosis [19–21]. Viable cryopreserved umbilical tissue (vCUT; Stravix, Osiris Therapeutics,
Inc, Columbia, MD, USA) is a commercially available allograft composed of umbilical
amnion and Wharton’s jelly processed using an aseptic cryopreservation technology that
retains all of the native components, including the extracellular matrix rich in hyaluronic
acid and growth factors [19,20]. vCUT also retains the anti-inflammatory, antioxidant, an-
timicrobial, anti-adhesion, and angiogenic properties [19–21]. Importantly, and conversely
to its off-the-shelf counterparts, the cryopreservation allows the resident stem cells, thought
to be most responsible for honing a pro-wound-healing milieu, to remain viable [19–21].
Through the retention of these properties, vCUT can be applied to reinforce wound closures
to prevent and treat surgical complications [22].

Here, we introduce the use of vCUT as an adjunct therapy in a small case series of high
risk for wound-healing IBR patients to illustrate its safety for this novel indication. The
results of this small case series demonstrate vCUT as a promising potential adjunct therapy
to decrease risks for post-operative MSN in complex reconstructive breast cancer patients.

2. Materials and Methods

Following Institutional Review Board (IRB) approval, seven patients who underwent
breast reconstruction with vCUT at a large academic medical center were identified from a
prospectively maintained database from 2022 to 2023. Demographic data extracted from
each patient included age, race, ethnicity, BMI, history of diabetes mellitus (DM), tobacco
use, immunosuppression, XRT, chemotherapy, and previous wound-healing complications.
Procedure-related data extracted included type of breast reconstruction, number of vCUTs
used, and vCUT dimensions. Post-operative complication rate, including MSN, seroma,
hematoma, infection, dehiscence, and mean follow-up time, were evaluated. Infection
was defined as erythema, signs or symptoms of systemic infection, and clinical need for
antibiotics or resultant operative intervention to treat MSN or infection, as determined by
the lead investigator.
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Surgical Technique

The patients were taken to the operating room and placed under general anesthesia.
Breast reconstructive surgery was performed with placement of a tissue expander or breast
implant. Size 15 French Blake drains were placed. To reinforce the closure, inferolateral
mastectomy skin was de-epithelialized and advanced under the upper mastectomy skin
flap. Alternatively, Wise-pattern mastectomies were performed, where the entire lower
pole was de-epithelialized and advanced on top of the prosthesis. One-to-two 3 cm × 6 cm
pieces of vCUT were longitudinally split, tacked to the dermis of the de-epithelialized lower
skin flap using 3-0 Monocryl sutures, and the upper skin flaps were draped over them. The
pieces of vCUT were longitudinally split in order to fit into the area of de-epithelialized
lower breast skin flap. The amount of vCUT (typically one to two pieces) used depended
on the size of the breast, with the goal to cover the enter dermis of the de-epithelialized
lower skin flap. vCUT is a soft and easy-to-maneuver, yet strong, durable, and conforming
1-to-3 mm thick material. It is easily sutured. Closed-incision negative-pressure wound
therapy (ciNPT) was applied on a case-by-case basis for seven days, followed by abdominal
(ABD) pad dressings and a bra.

The attending plastic surgeon (SSV) and physician-assistants assessed the conditions
of all patients on regularly scheduled follow-up visits (more frequently than standard
protocol if complications arose) for at least 60 days after surgery, but usually incrementally
until one year post-operation and yearly thereafter.

3. Results

Patient characteristics and demographics can be found in Table 1. The mean post-
operative follow-up was 252 days (range, 183–287). The average age was 52 years (range,
41–75), and all patients were female. Average BMI was 31.7 kg/m2 (range, 22.1–38.5).
Of the seven patients included in this series, five patients received vCUT placement im-
mediately during the primary reconstruction (cases 1–5), while two patients received
vCUT in delayed/subsequent reconstructive procedures (cases 6 and 7). In the immediate
vCUT patients, three patients (60%) experienced post-operative complications (Table 2). In
the delayed vCUT patients, one patient (50%) experienced post-operative complications
(Table 2). In total, four patients (57%) experienced post-operative complications (Table 2).
Five patients (71.4%) had the Wise pattern, while two patients (28.6%) had inferior lateral
pants over vest de-epithelization. Two patients (28.6%; one patient with immediate vCUT
placement and one with delayed vCUT placement) developed post-operative seromas that
were treated with aspiration. Two patients (28.6%; both in the immediate vCUT placement)
developed MSN and wound dehiscence. Two patients (28.6%) (both in the immediate
vCUT placement) developed infection, and one patient (14.2%) developed minor MSN. No
patients had a hematoma. Two patients’ (28.6%; both in the immediate vCUT placement)
complications were treated surgically, while the rest were treated conservatively. Two pa-
tients (28.6%; both in the immediate vCUT placement) had removal of reconstruction due to
post-operative complications, while the rest remained healed and went on to second-stage
reconstruction at the time of this publication. Post-operative complications are detailed in
Table 2.

3.1. Case 1

A 75-year-old female with a history of lymphangioleiomyomatosis (LAM) and a prior
breast augmentation over twenty years prior and on immunosuppression medication
(hydroxychloroquine and sirolimus) was diagnosed with left-breast multicentric ductal
carcinoma in situ (DCIS) and treated with skin-sparing mastectomy. Given the poor quality
of her skin, immunocompromised state, and a BMI of 31, the patient was deemed at high
risk for infection and wound-healing complications. Thus, she underwent immediate
dual-plane breast reconstruction with placement of tissue expander and inferior sling
AlloDerm and application of two 3 cm × 6 cm pieces of vCUT (Figure 1). Twenty-eight
days post-operation, she presented with pinpoint dehiscence on medial breast incision and
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seroma that was treated with fluid aspiration and a one-week course of prophylactic oral
antibiotics. The seroma culture indicated no growth, and the patient resumed her tissue
expansion four days after seroma aspiration. She did not experience any skin necrosis,
infection, or hematoma. Seven months post-operation, she underwent second-stage breast
reconstruction with exchange of her tissue expander to implant and contralateral balancing
augmentation mastopexy. She remained healed, without complications, four months after
second-stage surgery (Figure 1).

Table 1. Patient characteristics and demographics.

ID Age Race/Ethnicity BMI kg/m2 Tobacco Use Medical
Co-Morbidities

Days to Drain
Removal

Days to ciNPT
Removal

a Follow-Up,
Days

1 75 White 30.9 N LAM, IMS 20 - 273

2 45 White 34.7 N High BMI 20 7 287

3 48 White 38.5 N High BMI 19 7 257

4 44 White 22.1 N - 8 - 232

5 41 White 33.7 N High BMI 11 - 183

6 63 White 34.6 N
Hx wound

healing comp
and high BMI

- - 277

7 48 Black 27.6 N Pre-OP XRT - 7 255

BMI, body mass index; comp, complication; IMS, immunosuppression; LAM, lymphangioleiomyoma; N, no;
Pre-Op, pre-operation. a Follow-up defined as duration of in-person follow-up from breast reconstruction
with vCUT.

Table 2. Post-operative outcomes following breast reconstruction with vCUT.

ID Post-Op
Comp MSN Seroma Hematoma Infection Dehiscence Surgical

Txt Lost Recon

1 Y N Y N N Y N N

2 N N N N N N N N

3 Y Y N N Y Y Y Y

4 N N N N N N N N

5 Y N N N Y N Y Y

6 Y N Y N N N N N

7 N N N N N N N N

Comp, complication; Recon, reconstruction; Post-Op, post-operation; MSN, mastectomy skin necrosis; N, no; Txt,
treatment; Y, yes.

3.2. Case 2

A 45-year-old female with invasive ductal carcinoma of the left breast was treated with
neoadjuvant chemotherapy and skin-sparing mastectomy. Due to her high BMI (BMI = 34.7)
and having recently received neoadjuvant chemotherapy, known to increase risk for poor
wound healing [23], she underwent immediate prepectoral breast reconstruction with tissue
expander and application of one piece of 3 cm × 6 cm vCUT (Figure 2). A prophylactic
ciNPT was also placed at the end of surgery for seven days. She did not have any infection,
MSN, or wound-healing complications two months post-operation. Importantly, she started
adjuvant radiation therapy on time (7 weeks post-operation), without any delays related
to wound healing. The patient is ten months post-op, without any further wound-healing
complications (Figure 2). Nine months post-operation, she underwent second-stage breast
reconstruction with expander-to-implant exchange and balancing contralateral reduction.
She currently remains healed, without complications, one month after second-stage surgery.
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3.3. Case 3

A 48-year-old female with extensive ductal carcinoma in situ (DCIS) of the left breast
was treated with skin sparing mastectomy. Given the extent of DCIS, there was a moderate
pre-operative likelihood of requiring post-op radiation. Due to her high BMI (BMI = 38.5)
and hypertension, she deemed high risk for wound-healing complications and subsequent
infection that could delay timely initiation of future radiation therapy. She therefore
underwent immediate prepectoral expander-based breast reconstruction and application
of one piece of 3 cm × 6 cm vCUT (Figure 3). A prophylactic ciNPT was placed at
the end of surgery for seven days. She developed superficial T-point skin necrosis 19
days post-operation that was treated with minimal excision and closure. The underlying
dermoglandular flap was intact and fully viable. Unfortunately, twenty-three days post
excision, she developed a periprosthetic infection with incisional dehiscence and cellulitis
that was treated with intravenous (IV) antibiotics for two days, tissue-expander removal,
and debridement. The patient is healed eight months post-operation and will undergo
autologous reconstruction after weight reduction (Figure 3).
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Figure 3. Breast reconstruction with vCUT placement in this 48-year-old female patient (case 4).
(A) Pre-operative. (B) Intra-operative placement of vCUT. (C) T-point necrosis 19 days post tissue
expander with vCUT placement. (D) 20 days post tissue-expander explantation.

3.4. Case 4

A 44-year-old female was diagnosed with high-grade right-breast multifocal invasive
lobular carcinoma. She underwent bilateral Wise-pattern mastectomy with immediate
bilateral two-staged prepectoral breast reconstruction. Bilateral mastectomy for single
breast cancer was performed based on the patient’s decision. Given the patient’s high pre-
operative likelihood of requiring post-mastectomy radiation (PMR), one piece of 3 × 6 cm
vCUT was placed on the right de-epithelialized lower skin flap to optimize healing (Fig-
ure 4). Her post-operative course was uncomplicated, and she successfully underwent
implant exchange. She remains healed four months post second stage.

3.5. Case 5

A 41-year-old female was diagnosed with invasive ductal carcinoma treated with
neoadjuvant chemotherapy. Due to her high BMI (34) and history of neoadjuvant chemother-
apy, she was deemed to be at risk for infection and wound-healing complications. She
underwent bilateral nipple sparing, Wise-pattern mastectomy, and immediate bilateral
expander-based prepectoral breast reconstruction with the application of one piece of
3 cm × 6 cm vCUT over the de-epithelialized lower skin flap (Figure 5). Bilateral mastec-
tomy for single breast cancer was performed based on patient decision. She developed no
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wound-healing complications. However, eighteen days post-op, she developed a tissue-
expander infection that was treated with IV antibiotics and tissue-expander removal. She
remains healed five months post-operation and plans on undergoing autologous recon-
struction after weight reduction.
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3.6. Case 6

A 63-year-old female with high-grade left-breast DCIS underwent bilateral Wise-
pattern mastectomy, followed by immediate expander-based prepectoral breast recon-
struction with acelluar dermal matrix (ADM). Her post-operative (post-op) course was
complicated by bilateral superficial MSN measuring 1 × 1 cm on the left and 1 cm × 3 cm
on the right that was diagnosed on post-op day (POD) 11. She was initially treated with top-
ical Silvadene for 22 days. Due to risk of infection, she underwent operative debridement
and prophylactic replacement of her expanders 36 days post initial operation. Due to her
previous wound-healing complications and high BMI (BMI = 34.6), she was deemed high
risk for further wound-healing complications. She thus also underwent the application
of a 3 × 6 cm piece of vCUT only over the de-epithelialized lower pole skin, and the
Wise-pattern upper skin flaps were closed on top of the secured vCUT (Figure 6). Four
days post-op, she was started on a 7-day course of antibiotics due to mild erythema and
delayed blanching on her right breast. Three days later, the erythema resolved, and she did
not demonstrate any further signs of infection. Eight days post-operation, she developed a
recurring seroma that was treated with serial aspiration. She had no further skin necrosis,
infection, hematoma, or dehiscence. The patient remained healed, without any further
complications, at the nine-month follow-up (Figure 6). She plans to undergo autologous
breast reconstruction after BMI reduction.
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Figure 6. Breast reconstruction with vCUT placement in this 63-year-old female patient (case 2).
(A) Pre-operative. (B) Bilateral mastectomy skin necrosis 27 days post-operation. (C) Intra-operative
placement of vCUT and tissue expander one month after debridement and removal of initial expander.
(D) 9 months post vCUT and tissue-expander placement.

3.7. Case 7

A 48-year-old female was previously treated for right-breast invasive ductal carcinoma
with right nipple-sparing mastectomy and XRT without reconstruction. One year after
XRT, she elected to undergo delayed implant-based breast reconstruction with tissue
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expander and completed expansion and implant exchange. Approximately two months
post implant exchange, she presented with wound dehiscence and an exposed right implant
that was removed (Figure 7A). Due to her previous XRT, she was deemed high risk for
infection and poor healing. She underwent right-implant exchange to a smaller implant
and application of one piece of 3 cm × 6 cm vCUT to buttress the closure over a small
area of de-epithelialized lower-mastectomy skin flap (Figure 7B). A prophylactic ciNPT
was placed at the end of surgery for seven days. There were no other complications eight
months post-operation with vCUT (Figure 7C).

Surg. Tech. Dev. 2024, 13, FOR PEER REVIEW 10 
 

 

 
Figure 7. Breast reconstruction with vCUT placement in this 48-year-old female patient (case 5). (A) 
Pre-operative. (B) Five months post-operation. (C) Eight months post-operation and after one round 
of fat grafting. 

4. Discussion 
A breast cancer diagnosis and the necessary accompanying treatment often take a 

grueling physical and emotional toll on affected women. Not only do patients have to 
prematurely face their own mortality, but the very essence of their identity as a woman is 
threatened. As such, delaying reconstruction places women at higher risk for poor mental 
health outcomes [13,14]. IBR is therefore hugely important in restoring their sense of self, 
body image, and quality of life [24–26]. Unfortunately, patients with comorbidities, such 
as high BMI and immunosuppression, are at higher risk for MSN and infection, poten-
tially leading to delays in the timely initiation of adjuvant cancer therapy, poor aesthetic 
outcomes, reconstructive failures, and high financial and psychological costs. Im-
portantly, many known risk factors (i.e., obesity) are not easily modifiable, especially in a 
time-sensitive fashion, during which mastectomy must be performed. In order to balance 
the many known benefits of IBR with complications that could impact adjuvant cancer 
care, novel and innovative therapies and approaches are necessary to expand current in-
dications for safe IBR in traditionally poorer reconstructive candidates. 

Over the last decade, vCUT and other hPMs and umbilical-cord tissues have become 
readily commercially available, and a growing body of literature [22,27–30] has robustly 
demonstrated their promising pro-wound-healing capabilities in a variety of traditionally 
hostile environments [27,30,31]. In a case series of 10 patients with DFUs and gas gan-
grene, McGinness et al. showed the use of vCUT obviated the need for flaps and higher-
level amputations [27]. Brandeisky et al. similarly demonstrated the successful use of 
vCUT as an adjunct in Achilles tendon repair to decrease wound complications and im-
prove post-operative recovery time [28]. 

Additionally, due to their low immunogenicity, hPM and vCUT can conveniently be 
used point-of-care, without the need for matching donors and recipients [30,32–34]. The 
anti-inflammatory, antifibrotic, and antibacterial properties of placental tissues also make 
them an attractive option to augment wound healing in high-risk surgical applications 
[21,30]. In contrast to hPMs, vCUT is more durable, suturable, and thicker (ranging from 

Figure 7. Breast reconstruction with vCUT placement in this 48-year-old female patient (case 5).
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4. Discussion

A breast cancer diagnosis and the necessary accompanying treatment often take a
grueling physical and emotional toll on affected women. Not only do patients have to
prematurely face their own mortality, but the very essence of their identity as a woman
is threatened. As such, delaying reconstruction places women at higher risk for poor
mental health outcomes [13,14]. IBR is therefore hugely important in restoring their sense
of self, body image, and quality of life [24–26]. Unfortunately, patients with comorbidities,
such as high BMI and immunosuppression, are at higher risk for MSN and infection,
potentially leading to delays in the timely initiation of adjuvant cancer therapy, poor
aesthetic outcomes, reconstructive failures, and high financial and psychological costs.
Importantly, many known risk factors (i.e., obesity) are not easily modifiable, especially in
a time-sensitive fashion, during which mastectomy must be performed. In order to balance
the many known benefits of IBR with complications that could impact adjuvant cancer care,
novel and innovative therapies and approaches are necessary to expand current indications
for safe IBR in traditionally poorer reconstructive candidates.

Over the last decade, vCUT and other hPMs and umbilical-cord tissues have become
readily commercially available, and a growing body of literature [22,27–30] has robustly
demonstrated their promising pro-wound-healing capabilities in a variety of traditionally
hostile environments [27,30,31]. In a case series of 10 patients with DFUs and gas gangrene,
McGinness et al. showed the use of vCUT obviated the need for flaps and higher-level
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amputations [27]. Brandeisky et al. similarly demonstrated the successful use of vCUT
as an adjunct in Achilles tendon repair to decrease wound complications and improve
post-operative recovery time [28].

Additionally, due to their low immunogenicity, hPM and vCUT can conveniently be
used point-of-care, without the need for matching donors and recipients [30,32–34]. The anti-
inflammatory, antifibrotic, and antibacterial properties of placental tissues also make them
an attractive option to augment wound healing in high-risk surgical applications [21,30]. In
contrast to hPMs, vCUT is more durable, suturable, and thicker (ranging from 1 mm to 3
mm in thickness), and it has superior tensile strength, making it a more suitable for surgical
indications [27]. Although the safety and efficacy of various amniotic, placental, and umbilical
tissues have been demonstrated in a variety of surgical and non-operative indications [27,30,31],
to our knowledge, this is the first series to report on its use in breast reconstruction.

In the current study, five of seven patients (71%) at high risk for post-operative wound-
healing complications and subsequent infection successfully underwent immediate breast
reconstruction using vCUT as an adjunct therapy, without losing the implants. Clinically,
most importantly, the patient who required post-mastectomy radiation underwent timely
adjuvant therapy, without delays due to wound-healing complications. In the literature,
surgical complications in high-risk women range from 30 to 70% [35]. Obesity alone is
an independent positive predictor for the development of MSN and infection, two of the
major complications associated with implant-based breast reconstruction necessitating
reoperation [36]. In fact, risk of prosthetic loss in this patient population is reported to be as
high as 25% [37]. While in the current series, two of the seven patients (28.5%) developed
post-operative infections ultimately necessitating expander removal, it is noteworthy that
both patients had more than one known risk factor (Patient 7, obesity and neoadjuvant
chemotherapy; and Patient 4, morbid obesity and hypertension), and only one developed
wound-healing complications despite the other undergoing a more ischemic operation with
higher risk for T-point necrosis (Wise-pattern mastectomy). In women with multiple risk
factors, especially those with high pre-operative suspicion for requiring post-mastectomy
radiation therapy, delaying reconstruction should be considered.

Thus, while vCUT may not completely eliminate wound-healing complications, es-
pecially in very high risk patients, data from this series are encouraging, showing that
vCUT, as an adjunct therapy, may offer high-risk patients the opportunity to undergo
safe IBR. While the high cost of vCUT is certainly a drawback (ranging between USD
1836.66 and USD 2002.75 depending on size), this is likely to be offset by the even higher
cost associated with wound-healing complications, including multiple unbillable office
visits and even reoperations. Furthermore, unlike in chronic wounds, where numerous
applications of vCUT over several months are often necessary, in the setting of IBR, a single
matrix application at the index operation is usually sufficient, thereby making the cost
burden more manageable.

Given the minimal inherent risk of the product itself (i.e., incidence of transmitted disease
is 0.014% [38]), findings from this series suggest that vCUT might be considered as part of
the breast-reconstructive surgeon’s armamentarium in less ideal reconstructive candidates.

This study was limited by a small number of patients and lack of a true control
group and randomization. Almost half of the patients (three out of seven) had closed-
incision negative-pressure wound therapy, which may also be a major bias factor regarding
preventing wound-healing complications. This study is primarily meant to demonstrate
the safety of vCUT in breast reconstruction and provide an introduction as a potential
promising adjunct in this arena. Further, larger, and randomized prospective studies with a
control group are underway to ascertain the true clinical benefits of vCUT in IBR.

5. Conclusions

Clinical outcomes of this case series support the safety of using vCUT in IBR for
patients who are at high risk for wound-healing complications. Larger studies are necessary
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to determine the efficacy of using vCUT in reducing the rate of post-operative complications
and thus improve outcome in high-risk breast-reconstruction patients.
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