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Giant Penoscrotal Lymphedema—What to Do? Presentation of a
Curative Treatment Algorithm
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Abstract: Background: While rare, penoscrotal lymphedema (PL) is accompanied with devastating
effects on the quality of life of patients. Moreover, especially for patients with excessive (giant) PL, no
standardized curative treatment has been defined. This article therefore retrospectively evaluates the
authors’ surgical treatment approach for giant PL, which includes resection alone or in combination
with a free vascularized lymph node transfer (VLNT). Methods: A total of ten patients met the
inclusion criteria. One patient dropped out of the study before therapy commenced. Eight of the
nine remaining patients presented with end-stage (giant) PL. One patient presented with manifest
pitting edema. All patients were treated with penoscrotal resection and reconstruction. Additionally,
five patients received VLNT into the groin or scrotum. Results: The extent of the lymphedema was
specified with a treatment-oriented classification system. The median follow-up was 49.0 months. No
patient showed a recurrence. Patients who received VLNT into the scrotum displayed a significantly
improved lymphatic transport of the scrotum. Conclusions: Advanced PL should be treated in
a standardized surgical fashion as suggested by our proposed algorithm. VLNT from the lateral
thoracic region into the scrotum must be considered. If treated correctly, surgical intervention of
end-stage PL leads to good results with a low recurrence rate.

Keywords: penoscrotal lymphedema; free vascularized lymph node transfer; lymphedema

1. Introduction

While rare, penoscrotal lymphedema (PL) is typically endemic to Africa and Asia
and is caused by lymphatic obstruction due to filariasis (typically Wuscheria bancrofti)
or bacterial infection [1–4]. Other secondary causes include tumors, lymphadenectomy,
radiotherapy, or disorders of the fluid balance, such as heart or kidney disease. Rarely,
the edema can present as a symptom of a primary lymphatic malformations (i.e., Meigs
and Milroy’s disease) [5–7]. Moreover, during the last two decades, an increasing number
of articles have reported of cases with no clear etiology, termed idiopathic penoscrotal
lymphedema (IPL) [5,8].

While benign, PL is accompanied with devastating effects on social life, sexual function,
and hygiene [1,8,9]. First-line therapy for bacterial-associated PL is antibiotic treatment [10].
However, other etiologies regularly require surgery [5,8,11]. Here, primary closure, cover-
age with skin grafts, flap reconstruction, and microsurgical lymphaticovenous anastomoses
(LVAs) in combination with surgical resection have been described [1,11–13]. Interestingly,
while promising for other cases of lymphedema [8,14,15], vascularized lymph node transfer
(VLNT) has not yet been assessed as a treatment for PL and was only described in two cases
of PL with transplantation to the groin (17). Moreover, due to the rarity of the pathology
to date, no clear consensus has been presented regarding diagnostics and, in particular,
standardized treatment [4]. The purpose of this retrospective case series was therefore to
evaluate the authors’ treatment approach for PL, which includes scrotal and penile resection
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and subsequent reconstruction alone or in combination with a free VLNT. Additionally,
we set out to evaluate and present a new classification of PL and to define an algorithmic
approach for the surgical treatment of PL. For this, we analyzed surgical and functional
outcomes of scrotal and penile reconstructions without or with VLNT to suggest the best
therapeutic option for PL.

2. Materials and Methods
2.1. Patient Selection/Inclusion Criteria

The clinical charts of all patients who presented with PL and received surgery were
retrospectively reviewed from 2018 to 2022. The first patient reviewed presented with a
gigantic IPL and therefore was published in 2018 [13]. Subsequently, patients with PL, both
primary (idiopathic) and due to secondary causes, were transferred to our department on a
regular basis. Indication for surgical therapy was an end-stage PL (stage III), according to
the consensus statement of the International Lymphology Conference of 2020, or a failure
of complete decongestive therapy [16]. Both primary (idiopathic) and secondary PL were
included in this study. Any type of surgical procedure was included (scrotectomy/penile
lymphedema reduction and/or VLNT). A chart review was performed to obtain a possible
etiology, including serological and hematological laboratory tests to exclude parasite as
well as bacterial infection. Moreover, charts were assessed for pre- and postoperative
diagnostics, such as lymphoscintigraphy and/or MRI. Outcome parameters included post-
operative complications, including surgical site infection, erectile dysfunction, donor site
morbidity, and recurrence of lymphedema. The extent of recurrence was classified accord-
ing to the consensus statement on the diagnosis and treatment of peripheral lymphedema
of the International Lymphology Conference of 2020, where stage I (swelling and fluid
accumulation) is classified as minor, stage II (manifest pitting edema) as moderate, and
stage III (lymphostatic elephantiasis) as major recurrence [16]. Patients presenting with
varicocele were not included in the study.

2.2. Scrotal and Penile Surgery

Scrotal resection (scrotectomy) and reconstruction was described in detail previ-
ously [1,3,13]. In accordance with our classification (Table 1), whenever the lymphedema
affected the penis, resection of penile skin and subcutaneous tissue was performed. In case
of mild to advanced PL, the penile skin is reconstructed using split skin grafts. For patients
with advanced PL (buried penis), the penile skin is reconstructed with a dorsal flap from
the mons pubis (wrap-around technique) [13]. In all patients, the excised tissue was sent
for histological assessment.

Table 1. Treatment-oriented classification of penoscrotal lymphedema.

Stage Criteria Number of
Patients

I Isolated Lymphedema of the Scrotum 2

II Combined Lymphedema of the Scrotum and Penis 4

III Combined Lymphedema of the Scrotum and Penis
and Buried Penis 3

2.3. Vascularized Lymph Node Transfer

For all patients with VLNT, CT angiography was performed preoperatively to assess
donor as well as recipient vessels for transfer. The lymph nodes were harvested from
the lateral thoracic region and axilla (anterior axillary lymph nodes/level 2). The lateral
thoracic artery and vein were used as nutrient vessels. Additionally, a skin island was
harvested to allow for adequate monitoring after microsurgical transfer. Initially, for
patients 5 to 7, vascularized lymph nodes were transferred into the groin with arterial and
venous anastomosis to the superficial circumflex iliac vessels, as described previously [17].
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However, this approach does not correspond to the primary physiological lymph drainage
from the scrotum. For this reason, we modified this approach in two patients (patient 8 and
9), such that vascularized lymph nodes were (corresponding to the primary physiological
lymph drainage) transferred directly into the scrotum with the superficial external pudendal
artery and vein as recipient vessels [18]. Microsurgical arterial and venous anastomoses
were performed in standard fashion. Monitoring was performed with clinical and regular
Doppler ultrasound control as well as using an Oxygen to See (O2C, LEA Medizintechnik,
Gießen, Germany) device for continuous monitoring [19].

3. Results

A total of ten patients met the inclusion criteria (Figure 1). The patients had a mean
age of 41.7 years (24 to 59 years) at surgery. One patient dropped out of the study before
surgical therapy commenced due to the fact that he presented with massive obesity (BMI
of 52) and planned to lose weight and subsequently be treated with an abdominoplasty as
well as penoscrotal reconstruction in combination with free VLNT. However, due to severe
local infection, his scrotum and penis were amputated in another hospital.
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Figure 1. Study flow diagram. Nine patients were eligible for surgical therapy of penoscrotal
lymphedema (PL). Eight of these patients presented with end-stage penoscrotal lymphedema (PL)
(lymphostatic elephantiasis) and one patient presented with a manifest pitting edema [16]. The extent
of the lymphedema was further specified with a treatment-oriented grading system (see also Table 1).
All patients received scrotal and penile resection surgery in a single-stage procedure, with or without
vascularized lymph node transfer (VLNT) into the groin or scrotum.

Seven of the nine remaining patients presented with combined PL, and two patients
presented with scrotal lymphedema only. Nearly all (eight out of nine) patients presented
with stage III lymphedema (according to the consensus statement of the International
Lymphology Conference of 2020, i.e., lymphostatic elephantiasis), while one patient pre-
sented with stage II lymphedema after failure of complete decongestive therapy, [16]. These
all met the inclusion criteria for surgical therapy. As all patients were transferred to our
department after extensive conservative treatment and/or with end-stage PL, no patient
was treated with non-surgical options.
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The extent of the lymphedema was further specified with a treatment-oriented classifi-
cation system that was developed at our department (Table 1). An overview of the study
cohort can be found in Table 2.

Table 2. Overview of the surgical procedures performed in the study cohort. Eight patients presented
with end-stage penoscrotal lymphedema (PL) (lymphostatic elephantiasis), and patient 7 presented
with a manifest pitting edema [16]. The extent of the lymphedema was further specified with
a treatment-oriented grading system (Table 1). For all patients, scrotal and penile resection and
subsequent reconstruction alone, combined with vascularized lymph node transfer into the groin
(VLNT Groin), or combined with vascularized lymph node transfer into the scrotum (VLNT Scrotum)
was performed. All patients were treated in a single-stage procedure.

Patient Etiology Treatment-Oriented
Stage of PL Surgical Procedure

Follow-Up
Period

(Months)

1 Primary III Resection 67

2 Primary I Resection 59

3 Secondary II Resection 52

4 Primary II Resection 45

5 Primary II Resection + VLNT Groin 58

6 Secondary III Resection + VLNT Groin 49

7 Primary I Resection + VLNT Groin 37

8 Primary III Resection + VLNT Scrotum 18

9 Primary II Resection + VLNT Scrotum 16

Seven patients presented with primary (idiopathic) and two with secondary PL (resec-
tion of the sigmoid colon due to diverticulitis (patient 3) and treatment for anal carcinoma,
which included surgery and radiation therapy (patient 6)). All patients received scrotal and
penile resection surgery in a single-stage procedure, with or without VLNT (Table 2).

The lymphedema of seven patients were preoperatively assessed with lymphoscintig-
raphy. One patient was assessed with an MRI scan, and one patient had no preoperative
imaging of his PL. Preoperative diagnostic imagining for the eight patients showed none
(three), minor (one), moderate (two), or severe (two) local impairment of scrotal lymphatic
transport. One patient with moderate impairment of scrotal lymphatic transport also
demonstrated a reduced lymphatic transport of the adjacent lower extremity (patient 6,
secondary lymphedema after treatment for anal carcinoma).

The median follow-up was 49.0 months (16 to 67 months). All nine patients showed
no recurrence in this period. However, one patient presented with a hydrocele testis during
follow-up. He initially presented with a combined lymphedema of the scrotum and a buried
penis (patient 6, also refer to Table 2) as well as lymphedema of both lower extremities after
treatment for anal carcinoma and was initially treated with surgical resection of penile skin
and subcutaneous tissue as well as VLNT to the groin.

Five patients (patients 2, 6, 7, 8, and 9) received postoperative lymphoscintigraphy.
The postoperative lymphoscintigraphy of patients 2 and 7 demonstrated no significant
change when compared to the preoperative findings (lymphoscintigraphy was taken five
and four months after surgery, respectively). Postoperative lymphoscintigraphy (32 months
after surgery) of patient 6 (scrotal and penile resection followed by VLNT into the groin)
similarly showed no significant change in the scrotal lymph transport. Interestingly, a
significant improvement in the lymphedema of the ipsilateral leg after VLNT into the
groin was observed in this patient, while the lymphatic transport was unchanged in the
contralateral leg.

Postoperative lymphoscintigraphy of patients who received VLNT into the scrotum
(patients 8 and 9), however, showed significantly improved lymphatic transport of the
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scrotum three and four months after surgical intervention (scrotal and penile resection
combined with VLNT into the scrotum).

For patients with vascularized lymph node transfer, no donor site morbidity on the
trunk was observed. Additionally, no complications at the penoscrotal surgical site were
observed. Histologic examination for all patients showed chronic lymphostasis, surrounded
by fibrous tissue.

4. Discussion

Filarial infection with Wuscheria bancrofti, Brugia malayi or timori represents the
most common etiology for lymphedema worldwide [4,5,20]. Consequently, most cases
of PL are caused by this infection [4,5]. However, in regions where filarial worms are
rarely found, such as Europe, Northern America, and Australia, other etiologies cause
the majority of PL. Moreover, a growing number of idiopathic cases in these regions have
been described previously [5,8,11]. Our study confirms these findings, as none of the
patients showed filarial infection and only two presented with secondary PL. The other
patients were classified as primary (idiopathic) PL (Table 2). Considering the excessive
dimensions of the majority of lymphedema presented in this study and/or poor efficacy of
previous long-term conservative treatment options, all patients received surgical treatment
(Figures 2–4) [4,8].
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Figure 2. (a) Patient 1 with giant stage III penoscrotal lymphedema (PL), according to the classification
in Table 1, before treatment and (b) 6 weeks after surgery (resection and flap reconstruction of scrotum
and penis).

PL is a rare pathology, and a reduced number of patients is therefore to be expected [4].
Nevertheless, the present study encompasses one of the largest collections of clinical cases
of advanced PL. While two other studies included more patients in total, the authors of both
studies recruited a majority of patients with early-stage PL, where no or only minor surgical
intervention (i.e., circumcision) was necessary [4,8]. Moreover, when assessing previous
classifications of PL, we found these focus predominantly on etiologic or morphologic
aspects [5,8]. In the current study, the extent of the PL was therefore further specified
with a new classification (Table 1) [16]. Importantly, here, we grade PL according to the
subsequent surgical procedure necessary for treatment.
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Figure 3. (a) Patient 7 with isolated lymphedema of the scrotum (stage I PL according to the classi-
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Figure 3. (a) Patient 7 with isolated lymphedema of the scrotum (stage I PL according to the classifica-
tion in Table 1) before treatment and (b) 27 months after surgery (resection and flap reconstruction of
scrotum combined with a vascularized lymph node transfer (VLNT) into the groin). The monitoring
island of the VLNT in (b) is marked with an asterisk.

Guiotto and colleagues thoroughly reviewed the previously published surgical treat-
ment options for the therapy of PL [11]. The authors identified three surgical techniques,
where two groups represent palliative treatment concepts: surgical resection and primary
closure, or skin graft and resection followed by reconstruction with local flaps. A third
group with curative intent was identified. Here, resection was followed by microsurgical
LVA to improve lymphatic flow in the penoscrotal area. Interestingly, to date, only Phan
et al. have reported two cases of VLNT to the groin for the treatment of PL [17]. This is in
contrast with promising data on LVA and, in particular, VLNT for other advanced types
of lymphedema [14,21,22]. Indeed, while LVA seems to be more effective in earlier stages
of lymphedema, lymphatic vessels become sclerotic in more advanced stages, making
VLNT the better option for advanced PL [11,14]. Therefore, while treating advanced PL,
we introduced VLNT as therapeutic treatment for PL.
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Table 1, (patient 8) (a) before treatment, (b) during surgery, and (c) after treatment. Panels (d,e) show
low-dose SPECT-CT scans, before and after surgery. At initial presentation, the patient suffered from
severe local infection and folliculitis and was therefore treated with long-term antibiotics (a). Surgery
included resection and flap reconstruction of scrotum and penis combined with a vascularized lymph
node transfer (VLNT) into the scrotum (b), with the superficial external pudendal artery and vein as
recipient vessels (marked with an asterisk). Panel (c) shows the result 8 months after surgery. The
monitoring island of the VLNT in (c) is marked with an asterisk. The skin and subcutaneous tissue
of the island may be removed 6 months after surgery to further reduce the volume of the newly
fabricated scrotum. Lymphoscintigraphy, including low-dose SPECT-CT scans, showed significantly
improved lymphatic transport of the scrotum 3 months after surgical intervention (e), when compared
to preoperative findings (d). The transplanted lymph nodes in (e) are marked with an asterisk.
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Anatomically, the first lymphatic drainage of the subcutaneous tissue and skin of
the scrotum, as well as penis, is via the medial group of the superficial inguinal lymph
nodes [11]. A previous publication describes lymph node transfer into the groin for the
treatment of PL [17]. It is unclear, however, if a vascularized lymph node transfer into the
groin only improves lymphatic drainage of the ipsilateral lower limb and if the combined
resection of PL alone is responsible for the results observed by us and others. Moreover,
it seems logical to transfer the lymph node into the anatomically affected area, i.e., the
scrotum, thereby increasing the likelihood of improved lymphatic drainage. During our
study, we therefore altered the VLNT from the groin to the scrotum.

Our clinical experience as well as the findings of the current literature led to the
development of an algorithm where we propose a therapeutic protocol with the intent for
curative treatment of advanced PL (Figure 5). In our opinion, standardized resection, flap
reconstruction, and/or skin grafting (for the penile body at stage II PL, also see Table 1)
in combination with VLNT into the scrotum seems to be the best option for a curative
treatment for advanced PL. Indeed, similar protocols have been previously proposed for the
treatment of upper and lower extremity lymphedema with good long-term results [23–25].
These demonstrate the beneficial effect of a combined therapeutic approach of reductive
and microsurgical procedures for the treatment of lymphedema. The resection of tissue
reduces the increased solid tissue component (predominantly fibroadipose tissue as well as
proinflammatory cytokines), leading to a decrease in overall lymphatic load. Microsurgical
procedures, such as VLNT and LVA, effectively improve the lymphatic transport and
thereby prevent a re-accumulation of lymphatic fluid in the affected region [23,25].
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Figure 5. Proposed therapeutic algorithm for the treatment of penoscrotal lymphedema (PL)
(according to the proposed treatment-oriented classification presented in Table 1). Prior to any
surgical intervention, all conservative treatment options must have been pursued. If these fail, the
following surgical options should be considered according to the stage of PL. For resection, standard-
ized incisions should be performed as described previously by us and others [1,3,13]. Reconstruction
of the scrotum can then be performed using flaps containing excess skin and subcutaneous tissue
from the medial thigh (stage I PL). At stage II PL, reconstruction of the penile body is best accom-
plished with skin grafting. Due to the extensive skin excess around the mons pubis in stage III PL,
sufficient healthy skin and subcutaneous tissue is available for flap reconstruction of the penile body
in most cases. If flap reconstruction is not possible due to poor quality of tissue, we recommend
skin grafting of the penile body (i.e., analogous to stage II PL). In combination with scrotal and
penile reconstruction, we recommend a vascularized lymph node transfer (VLNT) directly into the
anatomically affected area of the scrotum, thereby increasing the likelihood of improved lymphatic
drainage. Alternatively, lymphaticovenous anastomoses (LVA) can be performed.
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In the present study, no patient demonstrated with a recurrence, regardless of whether
a VLNT was performed or not (Table 2). Nevertheless, the postoperative lymphoscintig-
raphy of patients with VLNT into the scrotum showed significantly improved lymphatic
transport (patients 8 and 9), while the lymphoscintigraphy of patients who received no
VLNT or a VLNT into the groin (patients 2, 6, and 7) was unchanged for the scrotum.
Interestingly, patient 6 presented an improved lymphatic transport of the ipsilateral leg
after receiving a VLNT into the groin. These findings therefore support our proposed
treatment algorithm for PL, as they suggest an advantage of a VLNT into the scrotum, as
opposed to no transfer or a transfer into the groin.

However, our conclusions remain suggestive as our study encompasses a limited
number of cases as well as three different therapeutic approaches in an already small
study population (resection alone and in combination with a VLNT into the groin or the
scrotum). This is a clear limitation of our study. Moreover, our suggested algorithm is
predominantly based on our clinical experience as well as similar protocols that were
presented previously for other areas affected by chronic lymphedema (Figure 5) [23,25].
Thus, large-scale multicentric studies, with a prospective and randomized study design, are
warranted. These would overcome the limitations caused by the low overall incidence of
PL. A future study design should include a prospective assessment of the possible benefit
of VLNT into the scrotum to effectively treat PL. Additionally, our study lacks objective
outcome measurements for the quality of life as well as aesthetic aspects. While it seems
highly plausible that these parameters are improved after treatment (Figures 2 and 4), the
lack of an objective assessment of these is a limitation of this study.

5. Conclusions

End-stage PL, although rare, should be treated in a standardized surgical fashion.
VLNT from the lateral thoracic region into the scrotum must be considered as the donor-
site morbidity is low and it seems highly likely that this procedure offers a curative
treatment option. If treated correctly, surgical intervention of end-stage PL (lymphostatic
elephantiasis) results in good outcomes with a low recurrence rate (Figures 2 and 4).
Moreover, moderate PL with pitting edema may also be successfully treated with the
proposed surgical technique (Figure 3).
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Abstract: Virtual planning has revolutionized orthognathic surgery (OGS), marking a significant
advancement in the field. This study aims to showcase the practical application of our established 3D
average skull template as a guiding framework for surgical planning, and to share valuable insights
from our clinical experience. We enrolled 30 consecutive Taiwanese patients (18 females and 12 males)
who underwent two-jaw orthognathic surgery with surgical simulation, utilizing the average skull
template for planning. Results indicate the method’s applicability and precision. By adhering to
the surgical plan, post-operative outcomes closely aligned with the average skull template, showing
negligible deviations of less than 2 mm. Moreover, patients expressed high satisfaction with post-
surgery facial changes, with the chin appearance receiving the highest satisfaction scores, while
the lowest scores were attributed to nose appearance. Notably, the substantial change in lower
jaw position post-mandibular setback surgery contributed to increased satisfaction with the chin
position. In conclusion, this study does not seek to replace established surgical planning methods, but
underscores that utilizing an average skull as a surgical design template provides a viable, accurate,
and efficient option for OGS patients.

Keywords: virtual planning; orthognathic surgery (OGS); average skull template; guiding framework;
surgical simulation

1. Introduction

The evolution of digital technology and software has led to innovative approaches
in orthognathic surgical (OGS) planning, enhancing its precision and efficiency. Tradi-
tional two-dimensional (2D) methods involving paper-based procedures and manual
crafting have shifted to 3D technology applications, which overcome the limitations of
time-consuming 2D methods and enhance detection in radiographs [1]. In the 3D field,
simulations with dental casts using cone beam computed tomography (CBCT) and dental
impression alternatives like oral scanning have emerged [2–5]. Despite the popularity of
3D methods, reliance on cephalometric measurements and norm values persists. A recent
approach utilizing a three-dimensional average skull template for planning has been vali-
dated and applied in our center [6], streamlining the diagnosis of abnormal jaw positions
and enabling surgery simulation without model surgery or angular measurements.

Class III malocclusion is prevalent in Asia (3–5% in Japan, around 2% in China) [7],
where patients exhibit mandible prognathism, with or without maxillary retrognathism,
which impacts their appearance and psychosocial status. Orthognathic surgery (OGS)
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aims for a balanced facial profile, correct lower jaw positioning, and optimal dental
occlusion [8,9]. Our prior research established a 3D cranial model integrated into vir-
tual surgical planning (VSP) for repositioning the maxilla and mandible. For class III
patients, OGS seeks to standardize jaw size, position, and aesthetics, which often involves
mandibular setback using bilateral sagittal split osteotomy (BSSO) and maxillary advance-
ment through LeFort I osteotomy. However, BSSO poses challenges, including potential
inferior alveolar nerve injury.

Our previous study [6] demonstrated discrepancies of less than 1 mm in facial land-
marks compared to 3D cephalometric measurements and surgical simulation with a 3D
average skull template, validating its accuracy and clinical suitability.

This study aims to apply the average skull template to prospective patients, in order
to guide surgical planning and evaluate outcomes and patient satisfaction for clinical
dissemination. Future integration of artificial intelligence into surgical planning using
the average skull template holds clinical potential [10–12]. Refined surgical planning
simulations based on the average skull template and validated results will contribute
to a machine learning facial classification model. The model will predict surgical plans
for upcoming patients, providing initial references for clinical physicians, significantly
reducing planning time and enhancing precision based on individual patient conditions
and surgical assessments.

2. Materials and Methods

This study included 30 Taiwanese patients (18 females, 12 males) undergoing two-jaw
orthognathic surgery (OGS) with surgical simulation using the average skull template,
from August 2021 to July 2022. The patients, aged 22 to 38 years, presented with class
III malocclusion, facial asymmetry, concave profile, and other related issues. All of them
underwent cone beam computed tomography (CBCT) scans for surgical simulation. The
procedures were performed by the same orthodontist and surgeon. Exclusions comprised
severe deformities, prior orthognathic surgery, and facial trauma. Institutional Review
Board approval was obtained (Chang Gung Medical Foundation IRB 202002305B0), and
the participants provided informed consent. The methodology for constructing the 3D
craniofacial model and 3D average skull-based surgical planning was outlined in a previous
publication [6]. The study’s flowchart (Figure 1) details four stages: 3D image acquisition,
surgical simulation, actual surgery, and post-operative outcome validation.
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2.1. Three-Dimensional Image Acquisition

Participants underwent pre-surgical CBCT scans using the KaVo ORTHOPANTOMO-
GRAPH™ OP 3D Vision X-ray system (DEXIS™, Quakertown, PA, USA) with a low-dose
protocol. The scans, performed 2 weeks pre-surgery, used 120 kVp, a voxel size of 0.4 mm
× 0.4 mm × 0.4 mm, 26-s scan time, and an 11 cm × 23 cm × 17.3 cm field of view. Head
orientation ensured that the Frankfort horizontal plane was parallel to the ground. The
patients were instructed to avoid swallowing, to keep their mouths closed, and maintain a
centric occlusion bite. The resulting DICOM-format image data, with 0.4 mm slice thick-
ness, were processed in Materialise ProPlan CMF 3.0 (Leuven, Belgium) to reconstruct
and analyze 3D bone and soft tissue models (Figure 2). Threshold values of 300–400 HU
and 800–900 HU distinguished the hard and soft tissues, respectively. All CBCT data were
stored in the Chang Gung Craniofacial Research Center’s database.
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Figure 2. Reconstructing the 3D bone structure by importing 3D CBCT images.

2.2. Surgical Simulation Using 3D Average Skull as Template

The average skull served as a guide for surgical simulation, assessing deviations
between two skull images in millimeters (sagittal, frontal, vertical). Using segmentation,
the maxilla and mandible were delineated, and 3D CBCT dental structures were replaced
with intra-oral scanner-acquired digital dental images using 3Shape, TRIOS® 3 (3Shape
company, Copenhagen, Denmark). Dolphin Imaging® 11.95 software (Chatsworth, CA,
United States) on the composite skull model established the virtual surgical occlusion
setup, adjusting mandible position for normal overjet, overbite, midline alignment, and
arch coordination. The setup considered a 15% surgical relapse with planned overcorrection
(3–4 mm incisal overjet) in class III cases. Once the final virtual occlusion was confirmed,
the maxilla and mandible were occluded to create the maxillomandibular complex object
(MMC). Surgical simulation positioned the MMC close to the average skull template’s
maxillary, mandibular, and upper incisal positions (Figure 3) [6]. The three-step simulation
process involves importing the 3D model template, identifying landmarks, superimposing
the template and patient images, and conducting the simulation based on the MMC’s
position and pitch rotation. Detailed procedural descriptions are available in our previous
publication [6].
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Figure 3. The surgical simulation using 3D average skull as template.

To validate the intra-observer reproducibility of landmark identification, 10 subjects
were randomly selected for repeated testing. The defined landmarks were re-located in a
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2-week interval by the same investigator (CT Ho). The intra-rator errors were analyzed by
calculating the Euclidean distance between first and second landmarks’ coordinates, A1
(XA1, YA1, ZA1) and A2 (XA2, YA2, ZA2), respectively, in a 3D coordinate system using the
following formula:

Distance(d) =
√[

(XA1 − XA2)
2 + (YA1 − YA2)

2 + (ZA1 − ZYA2)
2
]

2.3. Actual Surgery

We utilized a modified Hunsuck bilateral sagittal split osteotomy, LeFort I osteotomy,
and, when necessary, genioplasty for all patients, following the single-splint two-jaw
orthognathic surgery (OGS) method [13]. Full mobilization of the maxilla and mandible
was achieved, adjusting the distal mandibular segment using the final occlusal splint to
establish occlusion with the maxilla, creating the maxillomandibular complex (MMC).
The MMC was repositioned based on the planned position, guided by a 3D average skull
template through a customized positioning guide. Two guides were crafted using computer-
aided design and manufacturing: one for LeFort I osteotomy, and another for positioning
the MMC. The LeFort I guide was precisely placed on the maxilla to guide the osteotomy
lines. After LeFort I osteotomy, the segments were secured onto the final occlusal splint.
Using the positioning guide, the MMC was accurately relocated, temporarily secured with
screws, and the facial skin was redraped for assessment. Lateral maxilla plate fixation
followed, aligning the dental midline, skeletal midline, facial skin midline, occlusal plane,
upper tooth show, facial proportion, and symmetry. The mandibular ramus fixation utilized
percutaneous bicortical screws, with genioplasty if needed. Notably, guides were not used
for mandibular ramus osteotomy, fixation, or genioplasty [14].

2.4. Validation of Post-Operative Outcomes
2.4.1. Quantitative Evaluation of Post-Operative Outcome

To assess the discrepancy between post-operative results and the average skull, 3D
models were converted into stereolithography (STL) files for registration purposes. The
average skull models were superimposed on the patients’ skull models in the registration
region (orbitale, frontal, the upper third or half of the nose, and external zygoma) based on
seven pairs of anatomical landmarks (N, Or (L, R), Lo (L, R), Zy (L, R)), with image resizing
performed to achieve the best alignment using the best-fit method in both the anterior and
lateral views [14]. Subsequently, positional discrepancies (in millimeters) were evaluated at
key anatomical points, including the maxilla (point A), the midcontact point of the upper
incisors (U1C), the mandible (point B), and the chin (points Pog and Me). These image
discrepancies pertaining to the maxilla, mandible, chin, and upper incisors were visualized
and quantified using 3D software (Materialise ProPlan CMF 3.0), utilizing five pairs of
anatomical landmarks (A, B, Pog, Me, U1).

2.4.2. Patient-Reported Outcome Questionnaires

Patients completed self-administered questionnaires to evaluate their facial appear-
ance satisfaction six months post-surgery. This timing allowed for reduced facial swelling
and enhanced tissue stability. Two measures were employed: overall appearance rat-
ing (OAR) and satisfaction with facial appearance (SFA) [14]. The OAR assesses ideal
facial appearance perception on a 0 to 100 scale, with 1 being extremely unattractive
and 10 extremely attractive. The SFA gauges satisfaction with specific features (nose,
cheeks, lips, gum display, teeth, chin, and facial width) on a 1 to 10 scale, where 1 is
very dissatisfied and 10 is very satisfied. Higher scores indicate increased satisfaction
and facial attractiveness.

14



J. Clin. Med. 2023, 12, 7758

2.5. Statistical Analysis

The Pearson correlation coefficient was adopted to validate the intra-observer repro-
ducibility. The range is between 0 and 1, with a higher value indicating a higher correlation
or reliability. The means and standard deviations of the measurements were obtained
for descriptive statistics. The data were verified to be normally distributed using the
Kolmogorov–Smirnov test. The paired t-test was adopted for statistical comparisons be-
tween pre- and post-operative changes on cephalometric analysis. A p value of 0.05 was
considered statistically significant. Statistical analyses were performed using SPSS Statistics
for Windows, Version 17.0 (released 2008, SPSS Inc., Chicago, IL, USA).

3. Results

The mean intra-observer difference in landmark identification was 0.37 mm (range:
0.31–0.49 mm), and the Pearson correlation coefficients (r = 0.88–0.98; all p < 0.05) revealed
significant correlations between the investigators’ observations, indicating that the virtual-
guided data collection was accurately and consistently performed (Table 1).

Table 1. Intra-observer reproducibility of landmark identification in the 3D coordinate system.

Landmark Definition Mean Difference
(mm) r p-Value

Nasion (N) 0.33 0.96 0.008 *
Lateral orbitale (Lo) 0.31 0.98 0.003 *

External Zygoma (Zy) 0.44 0.88 0.002 *
Orbitale (Or) 0.41 0.94 0.002 *

Anterior nasal spine (ANS) 0.40 0.91 0.006 *
A point (A) 0.34 0.93 0.008 *
B point (B) 0.35 0.89 0.005 *

Pogonion (Pog) 0.37 0.93 0.006 *
Menton (Me) 0.41 0.88 0.006 *
Gonion (Go) 0.49 0.88 0.006 *

U1 incisal tip (U1T) 0.31 0.99 0.003 *
U6 cusp (UR6C, UL6C) 0.37 0.98 0.006 *

L1 incisal tip (L1T) 0.34 0.93 0.005 *
L6 cusp (LR6C LL6C) 0.42 0.92 0.003 *

Mean ± SD 0.37 ± 0.067
r, Pearson correlation coefficient; * p < 0.05.

Table 2 presents the differences between post-operative results and the average skull.
The mean differences were computed in three anatomical planes: the transverse plane
(x-axis, mediolateral), the sagittal plane (y-axis, anteroposterior), and the vertical plane
(z-axis, superiorinferior). The study did not include patients with positional differences
exceeding 3 mm in any direction. All of the data points exhibited deviations of less than
2 mm, except for Pog in the anteroposterior direction (2.3 mm). U1 mid in the y-axis
displayed a measurement discrepancy of 1.9 mm, and Me in the vertical direction showed
a deviation of 1.9 mm, which closely approached the 2 mm threshold. This suggests
a tendency toward greater alignment in the x-axis for all landmarks compared to the
y- and z-axes, as measurements in the x-axis were smaller than those in the other two
axes. Furthermore, there was less deviation observed in the maxilla (point A) than in
the mandible (points B and Pog) in all three axes. Notably, the maxilla (A point, x = 0.9,
y = 1.1, z = 1.0) exhibited the highest degree of alignment among all landmarks. This study
introduces a novel approach, and as of now, substantial results are not directly available.
Following the “rule of thumb” established in previous studies, we conducted initial testing
with a sample size of 30 [15]. A sample size of 30 is sufficient for a post hoc power analysis
of 0.75 to detect the difference.
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Table 2. Differences between images obtained using 3D cephalometric normative data and average
3D skeletofacial model for male participants.

Parameters Mediolateral Anteroposterior Superoinferior p-Value

A point 0.975 ± 0.805 1.150 ± 1.008 1.088 ± 0.686 0.885
U1 mid 1.066 ± 0.704 1.940 ± 2.082 1.216 ± 0.883 0.172
B point 1.379 ± 1.259 1.205 ± 0.570 1.276 ± 0.832 0.908

Pog 1.475 ± 1.338 2.357 ± 0.930 1.395 ± 1.397 0.148
Me 1.627 ± 1.376 1.672 ± 1.285 1.925 ± 1.341 0.854

Data are in millimeters and are presented as mean ± standard deviation. A sample size of 30 is sufficient for a
post hoc power analysis of 0.75 to detect the difference.

The overall appearance rating (OAR) and satisfaction with facial appearance (SFA)
results are shown in Table 3. The highest level of satisfaction was observed in terms of chin
appearance, while the lowest score was recorded for nose appearance. All of the scores
were close to 9, indicating a high level of satisfaction. A significant alteration in the position
of the lower jaw following mandibular setback may contribute to a higher satisfaction score
for chin position.

Table 3. The overall appearance rating (OAR) and satisfaction with facial appearance of patient-
reported outcomes.

Scale

Orthognathic Surgery-Treated Patients

Total Male Female

(n = 30) (n = 18) (n = 12)

Overall appearance rating
(0–100) 89.6 ± 7.6 88.3 ± 8.7 89.8 ± 7.2

Facial area satisfaction (0–10)
Cheek fullness 8.7 ± 0.9 8.8 ± 1.0 8.5 ± 0.7

Chin 9.1 ± 0.9 9.1 ± 1.0 9.1 ± 0.9
Nose 8.3 ± 1.1 * 8.4 ± 1.1 * 8.2 ± 1.2
Lip 8.9 ± 1.1 8.6 ± 1.3 9.3 ± 0.4

Gum show 8.9 ± 0.9 8.9 ± 1.1 8.9 ± 0.7
Dental alignment 9.0 ± 0.9 8.9 ± 0.9 9.2 ± 0.8

facial width change 8.6 ± 0.8 8.5 ± 0.6 8.6 ± 0.8
Data presented as mean ± standard deviation. Higher scores indicate higher satisfaction. * represents the item
with the lowest satisfaction.

4. Discussion

Leveraging 3D simulation techniques provides a distinct advantage in refining surgical
planning precision by adjusting the yaw, roll, and pitch rotation of the osteotomized bony
segment. Additionally, the 3D simulation detects and addresses collisions or gaps between
bony segments, leading to improved surgical outcomes. Moreover, it expedites treat-
ment planning and proves to be a more cost-effective alternative compared to traditional
methods [16–18].

To our knowledge, this marks the first assessment of treatment outcomes in patients
with class III malocclusion and facial asymmetry undergoing two-jaw surgery, utilizing a
3D average skull as a reference template for surgical planning. The study has limitations
in terms of its generalizability, as the sample for the average skull template comprises
only normal subjects from Taiwan, making it primarily applicable to Chinese or Asian
populations. However, the methodology can be extended to address malocclusions or
facial deformities more broadly. Another limitation is the static approach of the study, as
it focused on hard tissue surgical simulation using an average template, which makes it
challenging to accurately predict soft tissue changes and dynamics, such as gum exposure
during smiling. Videos could serve as a valuable tool for dynamically assessing and
recording soft tissue, necessitating a final adjustment to the surgical plan after clinical
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evaluation. Therefore, final modifications are still needed after clinical evaluation for
dynamic soft tissue expression.

Accurately predicting post-operative facial appearance during surgical planning sim-
ulation requires a comprehensive understanding of the relationship between the displace-
ment of soft tissues and bone tissues (hard tissues) before and after surgery. This un-
derstanding, which is not limited to specific regions, necessitates a holistic approach
(non-localized analysis) that acknowledges that the proportion is not one-to-one. To ad-
dress this, we plan to utilize deep learning techniques to establish a three-dimensional
orthognathic surgery soft tissue prediction simulation system. Facial regions impacted
by surgery will be subdivided into smaller areas, each with its pre- and post-operative
skeletal displacement values (input) and soft tissue displacement values (output). We aim
to leverage artificial intelligence (AI) technology, specifically convolutional neural network
(CNN), to build a facial soft tissue prediction model. Clinically, this approach enables
physicians not only to adjust surgical plans (skeletal displacement) based on predicted
facial outcomes, but also to provide a realistic preview of post-surgery facial appearance,
acting as a communication tool for easy patient understanding.

Using an average skull as a surgical design model does not aim to replace the current
method, but provides a valuable alternative. Compared to existing surgical simulation
protocols, our method stands out. Unlike other approaches that require 3D cephalometric
analysis involving angular and linear measurements and reliance on norm values to plan
osteotomized bony segments, our study is significantly more efficient. We eliminate the
need for cephalometric analysis and dental models. By superimposing two skull images,
we visualize and calculate deviations from the ideal position in linear measurements across
three coordinates. This streamlines the process and enhances communication and education
with patients. However, it is important to note that our approach is static, focusing on the
average skull model without considering the dynamics of soft tissues.

In our investigation, we utilized Dolphin imaging 11.95 to integrate intra-oral scans
with CBCT scans for dental fusion. The accuracy of this fusion process, assessed using
commercially available software, demonstrated a high level of precision compared to the
established gold standard. Although there may be some inaccuracies in the cranial/caudal
directions for both the maxilla and mandible, we addressed this by employing fiducial
markers and the best-fit method to refine the fusion process [19]. Nonetheless, a visual
check is recommended. To further enhance accuracy in aligning intra-oral scans with dental
surfaces in CBCT, we employed fiducial markers and the best-fit method in fusing dental
elements from intra-oral scans. Again, a visual check is advised for validation [20].

In this study, we compared positional disparities between the post-operative skull
and the average skull using paired landmarks, and administered patient satisfaction ques-
tionnaires concerning overall appearance and specific facial regions. These questionnaires,
which are validated instruments for patients following orthognathic surgery, assessed per-
ception of appearance with two measures: overall appearance rating (OAR) and satisfaction
with facial appearance (SFA) [14]. Minimal jaw bone deviations were observed between
paired landmarks, and the patient-reported satisfaction levels were notably high. The
success of orthognathic surgery relies on precise surgical planning and patient contentment.
This innovative approach presents an alternative tool for virtual 3D surgical planning of
orthognathic surgery.

Based on the results in Table 2, three-dimensional analysis revealed minimal discrep-
ancies between the post-operative skull and the average skull template for specific paired
landmarks, including point A (maxilla), U1, point B (mandible), Pog, and Me. Most of these
paired landmark deviations were small, measuring less than 2 mm in absolute value, except
for Pog, which exhibited a 2.3 mm deviation in the anteroposterior direction. Previous
studies recommended a 2 mm range as the most suitable criterion for assessing linear dif-
ferences between planned and actual post-operative images [21–23]. Our results fell within
this recommended range. The slight anterior shift of Pog by 0.3 mm beyond this range
could be attributed to mild relapse in the lower jaw six months post-surgery, influenced by
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muscular actions on bony tissue, condylar changes, or other contributing factors [24]. The
second-largest deviation was observed in the vertical difference at Me (1.9 mm, still less
than 2 mm), possibly explained by the facial patterns of selected patients. The facial index
range for mesocephalic patterns typically falls within 0.85–0.89 (N-Me/Zy-Zy). Some pa-
tients with longer or shorter faces within this range may influence the average data, but the
deviations still fall within the 2 mm margin criteria. Regarding U1 mid, exhibiting a 1.9 mm
deviation in the y-axis, this can be attributed to the modified surgical approach in our pro-
tocol. Minimal dental decompensation was performed before surgery, and any remaining
discrepancies can be readily corrected through post-surgical orthodontic treatment. Hsu
et al. demonstrated that the precision of surgical simulation in orthognathic surgery can
result in deviations ranging from 0.6 to 3.5 mm from the virtual plan [25]. Therefore, our
study, utilizing this novel method, can aid in presurgical planning and maintain accuracy
in orthognathic surgery.

This study demonstrates a higher level of congruence when comparing the deviation
of the actual post-operative results to the average skull template in the maxilla (point A,
x = 0.9 mm, y = 1.1 mm, z = 1.0 mm) compared to the mandible (point B, x = 1.3 mm,
y = 1.2 mm, z = 1.2 mm, and Me, x = 1.6 mm, y = 1.6 mm, z = 1.9 mm) in three-dimensional
space. It can be hypothesized that the mandible is occluded with the maxilla, and the chin
is distant from the rotation center (maxilla), resulting in less conformity in the lower jaw
position due to the longer radius effect from the rotation center. In other words, a smaller
deviation in the maxilla may lead to a larger deviation in the mandible. In this study, the
highest degree of conformity was observed in the mediolateral direction in all landmarks
compared to the y- and z-axes, consistent with our previous reports, where more favorable
outcomes were noted in frontal symmetry (x-axis, mediolateral direction) in midsagittal
plane landmarks when comparing the 3D planning group to the 2D planning group. This
finding aligns with the report by Alex Wilson et al. [23]. However, our study observed
clinically insignificant deviations in the vertical height of the maxilla (A point 1.0 mm in the
z-axis). This result contradicts the findings of Alex Wilson et al., who reported the greatest
nonconformity in the vertical plane (points A and B). We speculate that the routine use of
a positional guide to guide the maxilla into the planned position during surgery in our
center may contribute to less error in locating the maxilla [14]. In contrast, Alex et al. used
vertical measurements from an external reference point, using the medial canthus to fixed
dental landmarks without a bone-to-bone guide, which could result in larger deviations
in the vertical direction. We observed an incongruence in the sagittal positioning of the
chin (Pog), consistent with Alex Wilson et al., and this discrepancy could be attributed to
changes in condylar position or relapse.

To address patient preferences and evaluate post-surgery satisfaction, we adminis-
tered a patient-reported outcome questionnaire [25–27]. According to Table 3, patients
exhibited high satisfaction with their overall appearance (scores near 90) when utilizing the
average skull template for surgical planning. This heightened satisfaction may positively
impact their self-confidence and social interactions. Concerning specific facial areas, the
nose received the lowest score (8.3). Some patients expressed worries about nostril base
enlargement or a flattened nasal bridge following Le Fort I osteotomy. Changes of this
nature could be attributed to the detachment of subnasal soft tissues and muscles during
the osteotomy. Main V et al. reported a mean increase in alar base width of 1.176 mm in Le
Fort I osteotomy patients [28]. Trevisiol et al. demonstrated an increase in inter-alar width
of 1.7 mm in patients who underwent subspinal Le Fort I osteotomy [29]. Mitigating strate-
gies, such as an alar base cinch suture or rhinoplasty, may help address these undesirable
nasal aesthetic changes [30]. Some patients expressed dissatisfaction with a broader facial
appearance in the frontal view following BSSO setback (score 8.6). This phenomenon is
thought to result from an increase in intergonial width and bone overlap in the proximal
and distal segments during mandibular setback [31–34]. Yoshioka et al. reported a 0.45 mm
increase in intergonial width in the SSRO group [33]. Choi et al. reported a 2.1 mm increase
in intergonial width after SSRO [34]. Chen et al. noted a nonsignificant increase of 1.2 mm
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in intergonial widths with SSRO setback [32]. However, this phenomenon appeared to
normalize and become insignificant over time through bone remodeling [34].

In comparison to Hsu’s study on the accuracy of the CASS protocol for orthognathic
surgery, our results showed similarities in the range of positional differences between
virtual plans and actual results (0.97–2.35 mm vs. 0.6–3.5 mm), meeting the accepted
clinical threshold of 2 mm. However, their method involves collecting anthropometric
measurements, stone models, and a patient-specific bite jig, facebow, orientation sensor, and
CT scan before surgical simulation, which makes this approach more time-consuming and
complex. In our study, we used intra-oral scans to obtain digital dental images for fusing
dentition from intra-oral scans in CBCT scans. When the patient’s skull was superimposed
on the 3D average template, deviations could easily be visualized and calculated without
the need for extensive anthropometric measurements and stone models. Comparing the
overall appearance scores in this study to our previous study, which used 3D cephalometric
norms as a guideline for surgical planning, both methods yielded similar satisfaction scores
(89.6 ± 7.6 vs. 89.7 ± 4.5). Furthermore, these scores surpassed those reported by Liao et al.
(89.6 ± 7.6 vs. 82.0 ± 11.8) in their study, where they employed a surgical-first approach
for orthognathic surgery [18]. This suggests that our new method is as effective as the
currently established approach, but offers the advantages of simplicity, time efficiency, and
enhanced surgical planning effectiveness.

While the average skull template proves to be a valuable tool, the ultimate decision
still relies on soft tissue considerations, such as ex paranasal depression, incisor exposure,
and soft tissue chin thickness, as the 3D template method is static rather than dynamic.
Experienced doctors may discern potential surgical plans upon initial clinical evaluation.
However, with the aid of this template, they can easily validate their diagnoses, particularly
in borderline cases. For less experienced practitioners, this template can serve as a starting
point for learning how to accurately diagnose maxillary retrusion, mandibular prognathism,
or a combination of both in class III malocclusion cases. Therefore, it proves to be a valuable
tool for both training purposes and clinical application.

There has been an evolution in virtual planning for orthognathic surgery (OGS),
transitioning from 2D methods to 3D methods, with potential future applications involving
artificial intelligence (AI). Our previous preliminary study, which utilized an average 3D
skull template as a reference for surgical planning to reposition the maxilla and mandible,
demonstrated a high level of consistency with simulation images generated using 3D
cephalometric normative data, particularly in terms of jawbone positioning [6]. We believe
that long-term follow-up (2–3 years later) would better evaluate its stability for OGS. In
our study, we propose a new method of surgical simulation, and the planned jaw bone
position using our method is similar to other VSP (virtual surgical planning). However,
overcorrection is needed to compensate for possible surgical relapse in severe class III
malocclusion. The objective of this study is to assess post-operative outcomes and patient
satisfaction with this novel surgical planning method, recognizing that patient-reported
outcomes hold great value in evaluating the practicality of new techniques. The results
indicate that all post-operative data closely align with the average skull template, and
patients express high levels of satisfaction, underscoring the reliability of this method for
surgical planning. This approach is straightforward and efficient for diagnosis and the
establishment of surgical plans.

5. Conclusions

This research offers a precise and efficient alternative for OGS patients, aiding commu-
nication with patients and educating young doctors. Future possibilities include integrating
AI technology to generate diagnoses and surgical plans swiftly by inputting a patient’s 3D
image into the software.
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Abstract: Background: Perineal nodular induration (PNI) is a benign proliferation of the soft tissue
in the perineal region that is associated with saddle sports, especially road cycling. The etiology has
not been conclusively clarified; however, repeated microtrauma to the collagen and subcutaneous fat
tissue by pressure, vibration and shear forces is considered a mechanical pathomechanism. In this
context, chronic lymphedema resulting in the development of fibrous tissue has been suggested as an
etiological pathway of PNI. The primary aim of this study was to introduce and elucidate a novel
operative technique regarding PNI that is assisted by indocyanine green (ICG). In order to provide
some context for this approach, we conducted a comprehensive review of the existing literature.
This dual objective aimed to contribute to the existing body of knowledge while introducing an
innovative surgical approach for managing PNI. Methods: We reviewed publications relating to PNI
published between 1990 and 2023. In addition to the thorough review of the literature, we presented
our novel surgical approach. We described how this elaborate approach for extensive cases of PNI
involves surgical excision combined with tissue doubling and intraoperative ICG visualization for
exact lymphatic vessel obliteration to minimize the risk of recurrence based on the presumed context
of lymphatic congestion. Results: The literature research yielded 16 PubMed articles encompassing
23 cases of perineal nodular induration (PNI) or cyclist’s nodule. Of these, 9 cases involved females,
and 14 involved males. Conservative treatment was documented in 7 cases (30%), while surgical
approaches were reported in 16 cases (70%). Notably, a limited number of articles focused on
histopathological or radiological characteristics, with a shortage of structured reviews on surgical
treatment options. Only two articles provided detailed insights into surgical techniques. Similarly to
the two cases of surgical intervention identified in the literature research, the post-operative recovery
in our ICG assisted surgical approach was prompt, meaning a return to cycling was possible six
weeks after surgery. At the end of the observation period (twelve months after surgery), regular
scar formation and no signs of recurrence were seen. Conclusion: We hope that this article draws
attention to the condition of PNI in times of increasing popularity of cycling as a sport. We aimed to
contribute to the existing body of knowledge through our thorough review of the existing literature
while introducing an innovative surgical approach for managing PNI. Due to the successful outcome,
the combination of tissue doubling, intraoperative ICG visualization and postoperative negative
wound therapy should be considered as a therapeutic strategy in cases of large PNI.

Keywords: cyclist’s nodule; perineal nodular induration; perineal tumor; third testicle; impaired
lymphatic drainage; indocyanine green; ICG; plastic surgery; epicutaneous negative wound therapy;
road cycling
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1. Introduction

Perineal nodular induration (PNI), more commonly known as “third testicle” or
“cyclist’s nodule” [1], is a rare and benign (myo)fibroblastic pseudotumor associated with
saddle sports, such as cycling or horseback-riding [2–6]. The clinical appearance of PNI is
characterized by unspecific swelling of the soft tissue posterior at the perineum or over
the ischial tuberosity [7]. The PNI manifests as two nodules, with one on each side of the
perineal raphe; in other cases, it presents as a single nodule [1]. This localization of the
swelling led to reports in journals on various medical disciplines, such as urology [2,8],
gynecology [9,10], dermatology [1,3], orthopedic surgery [11] and plastic surgery, as well
as histopathology [4,12] and radiology [13–15]. Overall, PNI is a rare disease and the
knowledge about its treatment is limited. Between 1990–2023, a total of 16 PubMed listed
articles involving 23 cases were published on the search term “perineal nodular induration
or cyclist’s nodule”. Of these, 9 cases concerned female patients and 14 cases male patients.
In 7 of the 23 (30%) cases, conservative treatment was described, while in 16 of the 23 cases
(70%), surgical treatment approaches were discussed. Some of the 16 articles focused
more on histopathological or radiological characteristics than on treatment options. To our
knowledge, a structured review article on surgical treatment options is not yet available.
Only two of these articles gave further insight into detailed surgical techniques. In one
article, a spindle-shaped mass excision and wound closure by bilateral advancement flaps
was mentioned [2]. Respectively, an incision at the lateral side of the perineum and a
resection of the mass and simple wound closure was described in the other [16].

Histologically, a PNI is most likely the result of repeated microtrauma to the collagen
and subcutaneous fat tissue by pressure, shear forces and vibration. Microtrauma can
cause fibrinoid collagen degeneration with myxoid changes, pseudocysts formation and
potential lymphatic vessel impairment [1]. Formation of a lymphatic drainage disorder
can occur and result in chronic non-healing wounds. Although the etiology of PNI is
not conclusively established, similarities in the clinical appearance to lymphedema have
been observed. There is evidence in terms of similar appearance, continuous development
with continued exposure and fibrotic remodeling during progression. For example, the
altered skin with, in some cases, non-healing sores in advanced conditions resembles that
of advanced chronic lymphedema skin alterations. One may suspect a relationship between
the condition and a pressure/shear force-related chronic lymphatic drainage problem, and,
indeed, in some histopathological examinations, obliterated and fibrosed lymphatic vessels
were seen [9,17].

To the best of our knowledge, a proper classification of PNI has not yet been estab-
lished. In our opinion, based on the size of the mass (small/medium/large in proportion to
the total perineal area and the height of the tumor) and the patient’s discomfort, one might
scale the PNI and decide on possible treatment options. For small lesions, conversative
treatment is applicable. This includes the alteration of the cause, namely adjustment of
the rider’s position on the saddle and wearing appropriate cycling pants. Rest alone was
reported as not resulting in spontaneous regression of the mass [2,15]. However, further
progression could be stopped by avoiding cycling. Complex physical decongestive therapy
(CDT) is rarely mentioned in the context of PNI. Nevertheless, if PNI is pathogenetically
related to lymphatic congestion, then conservative treatment strategies for lymphedema
should be also considered for mild findings of PNI. The standard therapy for lymphedema
is CDT, which consists of the following coordinated components: skin care and, if necessary,
skin rehabilitation and manual lymphatic drainage, supplemented with additive manual
techniques, compression therapy, education and instruction on self-treatment [18]. In a
few case reports of small to medium PNIs, intralesional corticosteroid or hyaluronidase
injections were found to offer some relief; however, these injections may cause subcu-
taneous atrophy [3,16,19,20]. These techniques are insufficient or, in some cases, even
contraindicated in the setting of late-stage lymphedema and/or extensive tissue fibrosis
(as late-stage PNIs), necessitating a more radical approach in terms of surgical excision. We
describe our surgical treatment of extensive late-stage PNIs with a previously unreported
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technique based on the presumed context of lymphatic congestion using intraoperative
ICG-monitoring for exact lymphatic vessel obliteration, which should minimize recurrence
risk and allow for a prompt return to cycling.

The clinical utilization of ICG has attained a well-established status in the field of
plastic surgery. The ICG technique entails the intravenous or intradermal administration of
a fluorescent solution, namely Verdye, in our hands (5 mg/mL, Diagnostic Green GmbH,
München, Germany). This dye expeditiously forms complexes with plasma proteins
and exhibits near-infrared fluorescence upon exposure to specific wavelengths. Within
the realm of plastic surgery, surgeons employ specialized imaging devices to capture
this fluorescence, facilitating real-time visualization of parameters such as blood flow,
tissue perfusion and lymphatic drainage [21]. The dynamic information garnered through
ICG administration significantly augments intraoperative decision-making capabilities,
enabling the meticulous assessment of vascular integrity, identification of viable tissues and
optimization of procedural outcomes, particularly in flap reconstructions and microvascular
or lymphatic surgeries [22]. The technique’s non-invasive nature and swift clearance
further bolster its safety profile and efficacy, underscoring its utility in guiding precise and
sophisticated surgical interventions.

The aim of this article Is to contribute to the existing body of knowledge by providing
a comprehensive review of the current literature while also introducing an innovative
surgical approach for managing PNI. We hope that this article draws attention to the rather
rare but also likely underdiagnosed condition of PNI [5], with special focus on the surgical
treatment in cases of large PNI.

2. Methods

Ethics approval: The study was approved by Spital Thurgau HPC Research Committee.
No additional approval of the Kanthonal Ethics Board (EKOS Ostschweiz) was sought for
the following reasons: outcome analysis was performed retrospectively on anonymised
patient data, no additional examination of patients was planned nor performed, no potential
change of treatment was implied. The study was performed in accordance with the ethical
standards laid down in the 1964 Declaration of Helsinki and its later amendments.

The literature review was performed by including all PubMed listed articles referring
to the search term perineal nodular induration or cyclist’s nodule published between
1990 and 2023. In particular, gender distribution and etiologic factors were reviewed,
and the articles describing an operative procedure were analysed on surgical technique
and outcome.

Presentation of our department’s experience in the context of PNI: A 42-year-old, oth-
erwise healthy, male presented to our department of plastic surgery upon referral from the
department of urology with a 10-year history with a nodular perineal lesion. He reported a
progression of the swelling over the years, with the development of a small, non-healing,
secreting wound becoming prominent in the past few months. At the time of presentation
at our department, he was road cycling between 10–15 h weekly on a semi-professional
basis and felt increasingly impaired by the tissue proliferation. The patient denied any
sensibility impairment, erectile dysfunction or dysuria. Physical examination revealed
a 12 × 6 × 4.5 cm large, mobile, non-tender, partially fibrotic mound of perineal tissue.
On the base of the tumor there was a 3 mm small, sharply demarcated, circular secreting
ulceration (see Figure 1). Ultrasonography revealed a mass of hypoechoic tissue with
singular hyperechoic lesions and sparse perfusion inferior to the raphe, with no testicular
abnormalities. Native and contrast enhanced T2-weighted MRIs demonstrated a non-
homogenous soft tissue proliferation with unclear demarcation to the surroundings, which
was classified as a diffuse, partially fibrotic tissue transformation (see Figure 2). The patient
history and clinical findings pointed to the diagnosis of an extensive cyclist’s nodule with
fibrosis related disruption of lymphatic drainage. Considering the available literature and
the size of the lesion, we recommended surgical excision with tissue doubling and optional
lymph vessel obliteration assisted by intraoperative ICG-monitoring in inpatient setting.
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Figure 1. Clinical findings upon the first visit at our department of plastic surgery: The patient pre-
sented with a 12 × 6 × 4.5 cm large, mobile, non-tender, partially fibrotic mound of excess perineal 
tissue extending from the posterior base of the scrotum to the perianal area. On the base of the 
tumor, a small, circular, secreting ulceration could be seen that had only developed in the recent 
months. 

 
Figure 2. Diagnostic imaging: native and contrast enhanced T2-weighted MRI demonstrated a non-
homogenous soft tissue proliferation with unclear demarcation to the surroundings, which was clas-
sified as a diffuse, partially fibrotic tissue transformation. 

Surgical procedure: Surgery was performed under general anesthesia. The patient 
was placed in a lithotomy position. Perioperative antibiotic prophylaxis with amoxicil-
lin/clavulanic acid was administered. The surgical procedure was performed under stand-
ard sterile conditions and surgical loupe magnification of ×2.5. The incision was marked, 
planning for a multiple W-plasty reaching from the apex, near the scrotum, down to 1 cm 
above the anus. Deepithelialization of a 3 cm wide dermal strip to the left of the planned 
incision was conducted before excision of the tumor. The tumor was dissected en bloc 
with overlying tissue under conservation of blood vessels, nerves and surrounding muscle 
(see Figure 3). The specimen was sent to the pathology department for histological exam-
ination. After this, 5 mL indocyanine green solution (VERDYE 5 mg/mL, Diagnostic Green 
GmbH, Germany) were subcutaneously injected bilateral into the proximal inner thigh for 
detection of lymphatic flow and possible leakages. With the help of the ICG handheld 
camera (IC-Flow™ Imaging System, Diagnostic Green GmbH, Germany), several small 
lymphatic vessels were identified and subsequently obliterated using bipolar cautery for-
ceps (see Figure 4). Subtle thermic obliteration was performed for hemostasis before fitting 

Figure 1. Clinical findings upon the first visit at our department of plastic surgery: The patient
presented with a 12 × 6 × 4.5 cm large, mobile, non-tender, partially fibrotic mound of excess
perineal tissue extending from the posterior base of the scrotum to the perianal area. On the base of
the tumor, a small, circular, secreting ulceration could be seen that had only developed in the recent
months.
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Figure 2. Diagnostic imaging: native and contrast enhanced T2-weighted MRI demonstrated a
non-homogenous soft tissue proliferation with unclear demarcation to the surroundings, which was
classified as a diffuse, partially fibrotic tissue transformation.

Surgical procedure: Surgery was performed under general anesthesia. The patient
was placed in a lithotomy position. Perioperative antibiotic prophylaxis with amoxi-
cillin/clavulanic acid was administered. The surgical procedure was performed under
standard sterile conditions and surgical loupe magnification of ×2.5. The incision was
marked, planning for a multiple W-plasty reaching from the apex, near the scrotum, down
to 1 cm above the anus. Deepithelialization of a 3 cm wide dermal strip to the left of the
planned incision was conducted before excision of the tumor. The tumor was dissected en
bloc with overlying tissue under conservation of blood vessels, nerves and surrounding
muscle (see Figure 3). The specimen was sent to the pathology department for histological
examination. After this, 5 mL indocyanine green solution (VERDYE 5 mg/mL, Diagnostic
Green GmbH, Germany) were subcutaneously injected bilateral into the proximal inner
thigh for detection of lymphatic flow and possible leakages. With the help of the ICG
handheld camera (IC-Flow™ Imaging System, Diagnostic Green GmbH, Germany), several
small lymphatic vessels were identified and subsequently obliterated using bipolar cautery
forceps (see Figure 4). Subtle thermic obliteration was performed for hemostasis before
fitting a Redon drain (10 Charrière). The deepithelialized strip was placed underneath the
opposing edge of the wound and fixed transcutaneously to provide a padding-effect by
doubling the tissue. The overlying W-plasty was adapted and the skin closed via simple
interrupted suture using Monocryl 4-0. Finally, a negative pressure wound therapy de-
vice was placed epicutaneously over the surgical wound, applying a continuous negative
pressure of 125 mmHG.
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Figure 3. Step-by-step operative technique: (a,b) The patient was placed in a lithotomy position. The
incision was marked, planning for a multiple W-plasty reaching from the apex, near the scrotum,
down to 1 cm above the anus. (c) After deepithelialization of a 3 cm wide dermal strip to the left of the
planned incision, the tumor was dissected en bloc with overlying tissue under conservation of blood
vessels, nerves and surrounding muscle. (d) After hemostasis and obliteration of lymphatic leakages,
a Redon drain (10 Charrière) was inserted before placing the deepithelialized strip underneath the
opposing edge of the wound and fixing it transcutaneously to provide a padding-effect by doubling
the tissue. The overlying W-plasty was adapted, and the skin was closed via simple interrupted
suture. (e) A negative pressure wound therapy device was placed epicutaneously over the surgical
wound, applying a continuous negative pressure of 125 mmHG.
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The patient was seen in our outpatient clinic electively one day after dismissal, and 
then two weeks, six weeks, six months and twelve months post-operatively. The wound 
healed uneventfully. At six weeks post-surgery, the patient reported reuptake of cycling 
without discomfort and still no issues with pain, sensibility impairment, erectile dysfunc-
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Figure 4. ICG imaging: 5 mL indocyanine green solution (VERDYE 5 mg/mL, Diagnostic Green
GmbH, Germany) were injected subcutaneously bilaterally into the proximal inner thigh. An ICG
handheld camera (IC-Flow™ Imaging System, Diagnostic Green GmbH, Germany) was used to
detect lymphatic flow and possible leakages, which were subsequently obliterated using bipolar
cautery forceps.
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3. Results

The literature research yielded 16 PubMed articles encompassing 23 cases of perineal
nodular induration (PNI) or cyclist’s nodule. Of these, 9 cases involved females, and
14 involved males. Conservative treatment was documented in 7 cases (30%), while
surgical approaches were reported in 16 cases (70%). Notably, a limited number of articles
focused on histopathological or radiological characteristics, with a shortage of structured
reviews on surgical treatment options. Only two articles provided detailed insights into
surgical techniques.

Our patient’s recovery after the procedure was prompt and without complications.
He mobilized on the next day and reported no pain under standard analgesic therapy
with NSAIDs and paracetamol. The drain and vacuum dressing were removed upon
dismissal two days after the surgery. The perioperative antibiotic prophylaxis with amox-
icillin/clavulanic acid was continued for a total of five days after surgery. Early postop-
erative recommendations consisted of sexual abstinence, no bathing, and daily dressing
changes for two weeks.

Macroscopically the histopathological specimen consisted of skin and subcutaneous tis-
sue, weighing 63 g. On the surface, there was a central, scarred ulcus measuring 1 × 1.2 cm.
The cutting surface was inhomogeneous, white and soft with no clear demarcation of a
focus border. Microscopically, the deeper tissues showed soft tissue collagen bundles mixed
with fibroblasts, vessels and fat tissue. Focally, cystic degeneration was noted, but with no
indication of a lymphocele or malignancy.

The patient was seen in our outpatient clinic electively one day after dismissal, and
then two weeks, six weeks, six months and twelve months post-operatively. The wound
healed uneventfully. At six weeks post-surgery, the patient reported reuptake of cycling
without discomfort and still no issues with pain, sensibility impairment, erectile dysfunc-
tion or dysuria. Figure 5 shows the patient’s perineum and scrotum at the two week, six
week and six month follow-up with regular wound healing, minimal scar tissue formation
(Vancouver scar scale 0) and no signs of a residual mass tissue. Ultrasound examination six
months post-surgery showed neither fluid collection in the sense of oedema nor signs of
recurrence (Figure 5).
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4. Discussion

Pathogenesis of PNI is attributed to the repetitive contact between the saddle and
ischial tuberosities, and friction of the superficial perineal fascia against bony structures is
thought to cause local injury, resulting in reparative proliferation of fibroblasts and myofi-
broblasts [3,4]. Chronic lymphedema resulting in the development of fibrous tissue has also
been suggested as an etiological pathway of PNI [4]. Histopathological findings vary but
tend to show necrosis of the superficial perineal fascia with myxoid degeneration of collagen
fibers and fatty tissue, as well as occasional formation of a central pseudocyst [2–5,12,15].
In large PNIs, the skin condition with non-healing, exuding wounds often resembles other
lymphatic problems, such as elephantiasis.

Clinical differential diagnoses vary in their likelihood depending on the patient’s age
and sex. Common causes of perineal nodular lesions include hydrocoeles, varicoceles [23],
lymph nodes, herniae, aneurysms [6] and various neoplasms, such as angiomyofibroblas-
toma (AMF)-like tumors and aggressive angiomyofibroblastoma [13,24]. Histopatholog-
ically, the central pseudocyst may resemble ischemic fasciitis, as seen in elderly patients
with bony protuberances [2]. Due to the low number of published cases of PNI (namely the
23 PubMed listed between 1990 and 2023), it can be assumed that PNI is a relatively rare
disease; however, no statement can be made regarding the absolute prevalence. Further-
more, the low number of published cases is also the reason why no significant difference in
the gender-specific prevalence should be made, even though more case reports on male
patients than on female patients have been published.

In most cases, typical patient history, localization, and appearance during physical
examination can diagnose PNI. Additionally, imaging modalities, such as ultrasound
and magnetic resonance imaging, can be used as non-invasive techniques to secure a
diagnosis [13]. An algorithm published by Norman et al. in a case report in 2020 may also
help reach a diagnosis in unclear cases [5].

In our hands, the diagnosis of PNI was formed based on the patient’s cycling history,
clinical examination, as well as US and MRI imaging.

Conservative treatment options that have been discussed include a reduction in cycling
activity [3,6] and saddle adjustments, ranging from substituting a dome-shaped saddle with
a flatter one to a cutout or channel through the middle of the saddle [5]. In cases where bike
and saddle fit have already been maximized, and where a reduction in activity is unrealistic
(such as in professional cyclists), intralesional corticosteroid or hyaluronidase injections
may provide relief [3,16,19,20]. However, steroid injections are solely recommended for
small to medium sized lesions due to the risk of subcutaneous atrophy [3].

Recently published cases of the results of conservative treatment of similar lesions
have reported that the lesions remained stable for a period of 5 months [6] and 1 year [13]
after a reduction in cycling activity and readjusting saddle fitting conditions.

However, a “steady state” is not in the interest of most patients due to the size of the
lesion and the significant impairment it causes.

Surgical excision has been suggested as the treatment of choice in cases refractory to
conservative treatment [2,16,19].

Then again, other authors have advised against the surgical removal of these lesions
due the risk of recurrence and the potentially irritating nature of the resulting scar tissue [3].
Additionally, the role of lymphatic drainage in PNI also remains controversial.

Based on our experience, we consider at least lymphatic impairment to be the main
cause of the progression of a PNI. If, for example, a clinical picture of a PNI is compared
with that of a penoscrotal lymphedema (PL), there is a striking similarity [24]. A recently
published paper describes how, in advanced PL, surgical resection and penoscrotal recon-
struction is the treatment of choice. In addition, Ehrl et al. suggest vascularized lymph node
transfer (VLNT) to the groin or scrotum to be considered to improve the long-term surgical
outcome in the sense of causal recurrence prophylaxis [25,26]. VLNT in general represents
a surgical intervention for the management of lymphedeme. The procedure involves the
extraction of healthy lymph nodes, typically sourced from the armpit or inguinal region,
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along with their associated vasculature. Employing precise microsurgical techniques, these
nodes are intricately anastomosed to blood vessels at the targeted recipient site. Postop-
eratively, patients undergo a regimen of rehabilitation to optimize functional outcomes.
Systematic follow-up assessments are imperative to evaluating the progression of the
transplant’s efficacy. This nuanced surgical approach endeavors to ameliorate lymphatic
drainage, mitigating edema and enhancing the overall quality of life [27]. In our surgical
therapeutic approach to late-stage PNI, VLNT has not yet been an adjuvant treatment
option, but may be discussed in cases of recurrence despite a previous elaborate surgical
approach.

The clinical picture of the pronounced PNI clearly implied a lymphatic drainage
problem. We decided to address the lymphedema/leakage issue using ICG-assisted intra-
operative lymph vessel obliteration in addition to tissue doubling and W-plasty-designed
incisions to prevent tension, as well as epicutaneous negative wound dressing.

The application of ICG is clinically well-established in the evaluation of tissue per-
fusion within the context of free flaps [21]. Furthermore, the ICG camera is used as an
adjunctive method for the visualization of lymphatic flow and, lately, for the detection
of sentinel lymph nodes [28,29]. ICG diagnostic agents involve non-ionizing radiation,
and side-effects are rarely seen. The ICG handheld camera can help to identify lymphatic
vessels intraoperatively, and it also allows the surgeon to obliterate lymphatic leakage
upon detection.

Due to the wound’s localization in an area where bacterial contamination from the
anogenital tract is likely [30], we decided to protect it by using an epicutaneous negative
wound therapy device for the first two postoperative days. The device reduces tension in
the suture area and can prevent surgical site infections [11]. This kind of wound dressing
proved to be comfortable both for the surgeon and the patient.

Comparing our surgical approach with alternative methods described in the literature,
particularly in the context of PNI, is challenging due to the scarcity of studies directly
comparing outcomes. Two other studies shed light on different surgical techniques for PNI,
allowing for a preliminary exploration of comparative considerations.

Awad et al. presented a surgical excision approach involving a spindle-shaped mass
excision and wound closure by bilateral advancement flaps [2]. In contrast, Peters et al.
described an incision at the lateral side of the perineum, resection of the mass and simple
wound closure [16]. These approaches provide valuable insights into the diversity of
surgical strategies employed in managing PNI.

This article highlights the relevance to the various disciplines involved in the diag-
nostics and treatment of PNI, and it is the first to describe the use of intraoperative ICG
visualization and the application of an epicutaneous negative wound therapy device in
this context. This novel therapeutic strategy proved successful with the patient’s full return
to health and no recurrence over the observation period of 12 months.

5. Conclusions

Surgical excision combined with W-shaped tissue doubling, lymph vessel obliteration
assisted by intraoperative ICG visualization and postoperative epicutaneous negative
wound dressing proved to be a successful treatment strategy for large PNI. The application
of ICG and epicutaneous negative therapy has not been described in the context of PNI
treatment so far. Based on the presumed context of lymphatic congestion in PNI, we believe
that ICG visualization can result in minimizing the risk of developing a postoperative
lymphocele and the overall risk of recurrence.

However, it is essential to clarify that the conclusions drawn are primarily descriptive
in nature. The uniqueness of our innovative surgical technique is presented, aiming to
contribute to the evolving landscape of PNI treatment options.

Due to the limited availability of studies directly comparing outcomes across various
surgical procedures and postoperative regimens for PNI, our discussion leans towards
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providing a detailed account of our approach rather than offering definitive conclusions
regarding its superiority over alternative methods.

Furthermore, we acknowledge the need for further research and comparative studies
involving larger cohorts to comprehensively evaluate the efficacy and recurrence rates
associated with different surgical interventions and postoperative care protocols.
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Abstract: (1) Background: DIEP-based breast reconstruction necessitates wide undermining at the
abdominal donor site, creating large wound areas. Flap harvesting is usually conducted using elec-
trosurgical dissection devices. This study sought to compare the clinical outcomes in patients after
using the PEAK PlasmaBlade (PPB) versus monopolar electrocautery (MPE). (2) Methods: This
retrospective cohort study included 128 patients with DIEP-based breast reconstruction. Patient char-
acteristics and information on the postoperative course were collected and a comparative evaluation
was conducted. (3) Results: The MPE group exhibited significantly (p* = 0.0324) higher abdominal
drainage volume (351.11 ± 185.96 mL) compared to the PPB group (279.38 ± 183.38 mL). A subgroup
analysis demonstrated that PPB significantly reduced postoperative wound fluid in patients with
BMI > 30 kg/m2 (p* = 0.0284), without prior neoadjuvant chemotherapy (p** = 0.0041), and among
non-smokers (p = 0.0046). Furthermore, postoperative pain was significantly (p**** < 0.0001) lower in
the PPB cohort. (4) Conclusions: This study confirms the non-inferiority of the PEAK PlasmaBlade
to conventional electrocautery for abdominal flap harvesting. The PPB demonstrated advantages,
notably reduced drainage volume and lower postoperative pain levels. Recognizing patient subsets
that benefit more from the PPB highlights the importance of personalized device selection based on
patient characteristics.

Keywords: autologous breast reconstruction; clinical outcome; electrosurgery; flap harvesting; PEAK
PlasmaBlade

1. Introduction

Abdominal-based flaps, particularly the deep inferior epigastric perforator (DIEP)
flap, have become the standard approach for autologous breast reconstruction following
nipple-sparing mastectomy (NSME) or skin-sparing mastectomy (SSME) procedures [1–3].
This technique offers several notable advantages, including an enhanced quality of life and
greater patient satisfaction when compared to implant-based approaches [4–6]. However,
the trade-offs are longer surgical duration, extended hospital stay and the necessity to sacri-
fice an additional donor site. Considering this additional effort, our objective should be to
minimize the risks associated with the additional surgery for the patients and continuously
strive to enhance the surgical outcome.

Abdominal flap harvesting is performed with electrosurgical devices, using high-
frequency electrical current for tissue dissection and simultaneous hemostasis [7]. Different
modalities are available, the conventional monopolar electrocautery (MPE) uses a contin-
uous waveform of radiofrequency energy via an uninsulated metal electrode for tissue
cutting through thermal ablation, operating at temperatures between 180 and 240 ◦C [8].
In contrast, the PEAK PlasmaBlade (PPB) employs short (40 µs) high-frequency pulses of
radiofrequency energy to generate electrical plasma along an insulated electrode’s edge and
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it maintains a lower operating temperature around 45 ◦C [8,9]. Previous investigations sug-
gest that the PlasmaBlade may offer advantages over electrocautery, demonstrating reduced
thermal injury depth and inflammatory responses [8,10,11]. Inflammatory processes and
trauma to the lymphatic network during surgical dissection are known factors contributing
to postoperative seroma formation, a common complication after DIEP flap harvesting,
with reported incidences ranging from 1.4% to 16.2% [12–16]. Prolonged drainage duration
to prevent seroma formation poses disadvantages such as extended hospitalization and
the risk of ascending infections through the drain tube. Previous research has generated
conflicting and inconclusive findings regarding whether the choice of the surgical dissec-
tion device significantly impacts clinical outcomes. While some studies suggest benefits
associated with using the PPB, such as reduced seroma rates and shorter drain dwelling
times, these studies have limitations, notably small sample sizes and none have evaluated
patient-specific risk factors in this context [11,17–22].

Our study seeks to evaluate the influence of the dissection device utilized during
abdominal flap harvesting on clinical outcomes, while considering risk factors, such as
body mass index (BMI), smoking status and previous chemotherapy.

2. Materials and Methods

This retrospective, single-center cohort study was approved by the Institutional Ethics
Committee of Medical University Innsbruck (protocol code 1082/2021).

2.1. Patients

We included a total of 128 patients who underwent autologous DIEP flap breast
reconstruction at our department between 2013 and 2020. Among these, 56 patients un-
derwent abdominal flap harvesting using the PEAK PlasmaBlade (Medtronic, Dublin,
Ireland) (PPB), while 72 patients underwent the procedure using monopolar electrocautery
(MPE). Assignment to the surgical device was carried out chronologically. Initially, flap
dissection with monopolar electrocautery was the standard procedure until the PEAK
PlasmaBlade became consistently available at our department. Subsequently, the PPB re-
placed monopolar electrocautery as the standard dissection device. Inclusion criteria were
defined as age over 18 years, uni- or bilateral NSME or SSME, and immediate or staged
DIEP-based autologous breast reconstruction by or under the supervision of one single
surgeon, who has been a senior member and specialized microsurgeon for over 10 years
by the time of the first included patient in this study. To prevent bias, one patient was
excluded due to the development of extreme seroma formation (1730 mL). In the case of
the excluded patient, flap dissection was performed using monopolar electrocautery. This
patient was a 73-year-old undergoing unilateral primary breast reconstruction with a BMI
of 30.3 kg/m2, non-smoker and without prior chemotherapy. Serous-sanguineous abdomi-
nal drainage fluid was highly elevated during the first 48 postoperative hours leading to
revision under general anesthesia due to postoperative bleeding and a hematoma on the
second postoperative day.

We conducted a retrospective chart analysis to assess patient demographics, complica-
tions and clinical outcomes. All patients included in this study underwent abdominal flap
harvesting and received postoperative care following our institutional protocol. We made
skin incisions using a steel scalpel and proceeded with subcutaneous tissue preparation
using the electrosurgical device. Blood vessels were coagulated using isolated forceps and
cautery. To ensure safe perforator identification and dissection, we did not leave fatty tissue
on the central aspects of the fascia abdominalis within the flap harvesting area. Perforator
vessels were dissected using scissors and bipolar cauterization or surgical clips for hemosta-
sis. Following flap harvest, we mobilized the tissue above the umbilicus in the central area
using the electrosurgical device until closure with mild to moderate tension was feasible, if
necessary, extending the mobilization to the sub-xiphoid area. During this final step, a fatty
layer was left over the fascia to prevent seroma formation. However, we did not mobilize
the lateral abdomen to optimize perfusion of the remaining abdominal cutaneous and
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subcutaneous tissue. Redon drains were placed at the end of surgery, just before wound
closure, and were placed under suction (Figure 1). Drain removal was undertaken when
the output was less than 30 mL per 24 h. The volume of drainage fluid was recorded at
24 h intervals. All patients were required to wear an abdominal binder for a duration of six
weeks following surgery.

J. Clin. Med. 2024, 13, 2388  3  of  14 
 

 

umbilicus in the central area using the electrosurgical device until closure with mild to 

moderate tension was feasible, if necessary, extending the mobilization to the sub-xiphoid 

area. During  this  final  step,  a  fatty  layer was  left  over  the  fascia  to  prevent  seroma 

formation. However, we did not mobilize the lateral abdomen to optimize perfusion of 

the remaining abdominal cutaneous and subcutaneous tissue. Redon drains were placed at 

the end of surgery, just before wound closure, and were placed under suction (Figure 1). 

Drain removal was undertaken when the output was less than 30 mL per 24 h. The volume 

of drainage fluid was recorded at 24 h  intervals. All patients were required  to wear an 

abdominal binder for a duration of six weeks following surgery. 

 

Figure 1. Intraoperative photo documentation of abdominal DIEP flap harvesting. (a) Preoperative 

markings of planned incisions. (b) Reconstructive result after skin-sparing mastectomy (resection 

weight: 650 g) on the left patient side and primary reconstruction (flap weight: 720 g). (c) Wound 

bed after mobilization, with  the DIEP flap  still  in  situ.  (d) Defect after  completion of DIEP flap 

harvesting (resection weight: 750 g). 

For the PEAK PlasmaBlade, surgeries were conducted using standardized technical 

settings, with both the “cut” and “coagulate” functions set to intensity “6”. These settings 

remained consistent across all patients, without individual adjustments. In the monopolar 

electrocautery group preferred settings were typically “cut” 40 W and “coagulation” 40 

W. However, minor variations cannot be excluded due to incomplete documentation. 

Postoperative pain levels were assessed at various time intervals within a 24 h period 

using the Numerical Analog Scale, which utilizes a scale ranging from 0 (indicating the 

absence of pain) to 10 (representing the most severe imaginable pain). If multiple values 

were recorded per day, the maximum daily score was included in the study. 

2.2. Statistical Analysis 

Statistical analysis was performed using Prism Software 10  for macOS  (GraphPad 

Software, Boston, MA, USA) and Google Sheets (Google LLC, Mountain View, CA, USA; 

https://www.google.com/sheets/about/,  accessed  on  30  October  2023).  To  assess 

significant differences between  the  two groups, we employed  the  independent sample 

Figure 1. Intraoperative photo documentation of abdominal DIEP flap harvesting. (a) Preoperative
markings of planned incisions. (b) Reconstructive result after skin-sparing mastectomy (resection
weight: 650 g) on the left patient side and primary reconstruction (flap weight: 720 g). (c) Wound bed
after mobilization, with the DIEP flap still in situ. (d) Defect after completion of DIEP flap harvesting
(resection weight: 750 g).

For the PEAK PlasmaBlade, surgeries were conducted using standardized technical
settings, with both the “cut” and “coagulate” functions set to intensity “6”. These settings
remained consistent across all patients, without individual adjustments. In the monopolar
electrocautery group preferred settings were typically “cut” 40 W and “coagulation” 40 W.
However, minor variations cannot be excluded due to incomplete documentation.

Postoperative pain levels were assessed at various time intervals within a 24 h period
using the Numerical Analog Scale, which utilizes a scale ranging from 0 (indicating the
absence of pain) to 10 (representing the most severe imaginable pain). If multiple values
were recorded per day, the maximum daily score was included in the study.

2.2. Statistical Analysis

Statistical analysis was performed using Prism Software 10 for macOS (GraphPad
Software, Boston, MA, USA) and Google Sheets (Google LLC, Mountain View, CA, USA;
https://www.google.com/sheets/about/, accessed on 30 October 2023). To assess signifi-
cant differences between the two groups, we employed the independent sample Student’s
t-test for continuous data. For categorical data, Fisher’s exact and Chi-Square tests were
utilized to determine statistical significance. A two-way analysis of variance (ANOVA)
test was conducted to assess interactions between the types of surgical devices used (PPB
versus MPE) and their individual effects on postoperative pain. Statistical significance
of simple linear regression has been determined by comparison of slopes and intercepts
with a confidence interval of 95%. A p-value of <0.05 was considered significant. The
significance threshold was set at p < 0.05. The level for statistical significance was set at
pns ≥ 0.05, p* < 0.05, p** < 0.02, p*** < 0.001 and p**** < 0.0001 for all statistical tests.
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3. Results

All 128 patients included in the study were categorized into two distinct cohorts
based on the method employed for abdominal flap preparation: either utilizing the PEAK
PlasmaBlade (PPB; n = 56) or the monopolar electrocautery (MPE; n = 72). An analysis
of patient characteristics revealed no statistically significant distinctions between the two
cohorts in terms of age, BMI, smoking status, neoadjuvant oncologic therapy, diabetes
mellitus and the indication for mastectomy (Table 1).

Table 1. Patient characteristics.

PPB MPE

n 56 72

Mean (±std) Mean (±std) p-Value

Age 49.68 (±10.50) 48.67 (±9.56) 0.5733
BMI 25.37 (±3.85) 25.33 (±4.01) 0.9612
Flap volume (mL) 617.16 (±283.66) 608.27 (±322.90) 0.8572

n (%) n% p-value
Female 56 (100) 72 (100) >0.999
Indication

Carcinoma 53 (94.64) 71 (98.61) 0.2005
Prophylactic 3 (5.36) 1 (1.39)

Breast reconstruction
Unilateral 34 (60.7) 55 (76.4) 0.0560
Bilateral 22 (39.3) 17 (23.6)

Nicotine
Yes 6 (10.71) 12 (16.67) 0.3366
No 50 (89.29) 60 (83.33)

Diabetes
Yes 1 (1.79) 0 (0.00) 0.3918
No 55 (98.21) 72 (100.00)

Neoadjuvant chemotherapy
Yes 21 (37.50) 24 (33.33) 0.6243
No 35 (62.50) 48 (66.67)

BMI 0.9692
BMI < 25 kg/m2 32 (57.14) 40 (55.55)
BMI 25–30 kg/m2 15 (26.79) 21 (29.17)
BMI > 30 kg/m2 9 (16.07) 11 (15.28)

Assessment of clinical outcomes through a comparative analysis between the two
patient cohorts regarding the overall abdominal wound fluid production revealed a sig-
nificantly (p* = 0.0324) higher quantity within the monopolar electrocautery (MPE) group
(351.11 ± 185.96 mL) in contrast to the PEAK PlasmaBlade (PPB) group (279.38 ± 183.38 mL)
(Table 2 and Figure 2). An analysis of hospitalization duration (10.86 ± 2.29 days vs.
11.13 ± 3.00 days, pns = 0.5828) and drain dwell time (5.63 ± 1.54 days vs. 5.53 vs. 1.73 days,
pns = 0.6133) demonstrated no significant discrepancies between the two patient cohorts.

Table 2. Clinical outcome.

PPB MPE

Outcome Mean (±std) Mean (±std) p-Value

Number of suction drainages 2.00 (±0.00) 1.99 (±0.12) 0.3799
Duration of draining (days) 6.18 (±1.69) 6.29 (±1.72) 0.7128
Hospitalization (days) 10.86 (±2.29) 11.13 (±3.00) 0.5828
Total wound fluid quantity (mL) 279.38 (±183.38) 351.11 (±185.96) 0.0324 *

35



J. Clin. Med. 2024, 13, 2388

Table 2. Cont.

PPB MPE

Outcome Mean (±std) Mean (±std) p-Value

Seroma (mL) and risk factors

Non-Smoker 267.10 (±164.21) 367.92 (±195.73) 0.0046 **
Smoker 381.67 (±313.52) 267.08 (±107.84) 0.2612
Adjuvant Chemotherapy 325.00 (±215.56) 326.04 (±209.19) 0.9870
No Chemotherapy 252.00 (±161.23) 363.65 (±176.29) 0.0041 **
BMI < 25 kg/m2 256.41 (±186.32) 315.25 (±175.01) 0.1727
BMI 25–30 kg/m2 303.33 (±206.08) 335.95 (±168.64) 0.6053
BMI > 30 kg/m2 321.11 (±146.33) 510.45 (±197.74) 0.0284 *

The level for statistical significance was set at * p < 0.05, ** p < 0.02.
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Figure 2. Cumulative postoperative wound fluid quantity (mL). Comparative analysis through
Student’s t-test indicates a significant increase (p* = 0.0324) in the MPE cohort (n = 72) compared to
the PPB cohort (n = 56).

3.1. Risk Factors

To evaluate the potential impact of various risk factors, patients were subdivided
into specific groups based on their individual characteristics, followed by a comparison.
Notably, a significant reduction in postoperative abdominal wound fluid production after
surgery with the PPB was observed for non-smokers (p** = 0.0046), those without prior
neoadjuvant chemotherapy (p** = 0.0041) and those with a BMI exceeding 30 kg/m2

(p* = 0.0284) (Table 2 and Figure 3).
To assess the relationship between BMI and wound fluid production, simple linear

regression analysis was conducted (Figure 4). In the MPE cohort, a significant associ-
ation emerged between higher BMI and increased postoperative wound fluid produc-
tion (p** = 0.0058). However, such a correlation was not observed within the PPB cohort
(p ns = 0.2895).

Within all subgroups that exhibited favorable outcomes associated with the use of
PEAK PlasmaBlade (PPB) in the context of the volume of postoperative drainage fluid, an
examination of both drain dwell time and the duration of hospitalization was performed.
Consistent with the observed reduction in wound fluid volume, a tendency towards
decreased drain dwell time and shortened hospital stays was observed, although these
trends did not achieve statistical significance (Table 3).
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Figure 3. Evaluation of cumulative wound fluid quantity and risk factors. Mean and SEM of postop-
erative drainage volume (mL) are shown for both cohorts. Statistical significance was determined
by Student’s t-test, revealing a significant reduction in postoperative wound fluid production after
surgery with the PPB for those with a BMI exceeding 30 kg/m2 (p* = 0.0284), those without prior
neoadjuvant chemotherapy (p** = 0.0041) and for non-smokers (p** = 0.0046). The level for statistical
significance was set at * p < 0.05, ** p < 0.02.

J. Clin. Med. 2024, 13, 2388  7  of  14 
 

 

 

Figure 4. Relationship between BMI and wound fluid quantity (mL). In both groups, we compared 

the correlation of cumulative wound fluid quantity (mL) and BMI class by simple linear regression 

analysis. The analysis  revealed a significant correlation between higher BMI class and  increased 

postoperative wound fluid production in the MPE cohort. Slope significantly non-zero [PPB]: F(1.54) 

= 1.144, p ns = 0.2895, y= 35.19x + 223.4; [MPE]: F(1.70) = 8.104, p** = 0.0058, y = 81.06x + 221.6. The 

level for statistical significance was set at ns p ≥ 0.05, ** p < 0.02. 

Within all subgroups that exhibited favorable outcomes associated with the use of 

PEAK PlasmaBlade (PPB) in the context of the volume of postoperative drainage fluid, an 

examination of both drain dwell time and the duration of hospitalization was performed. 

Consistent with  the  observed  reduction  in wound  fluid  volume,  a  tendency  towards 

decreased drain dwell time and shortened hospital stays was observed, although these 

trends did not achieve statistical significance (Table 3). 

Table 3. Evaluation of drain dwell time and hospitalization within subgroups. 

  PPB  MPE   

Drain Dwelling Time (d)  Mean (±std)  Mean (±std)  p-Value 

Non-Smoker  6.10 (±1.50)  6.35 (±1.71)  0.4210 

No chemotherapy  6.09 (±1.50)  6.35 (±1.62)  0.4440 

BMI > 30 kg/m2  6.67 (±1.87)  7.55 (±1.75)  0.2933 

Hospitalization (d)         

Non-Smoker  10.86 (±2.35)  11.00 (±2.26)  0.7513 

No chemotherapy  10.94 (±2.71)  11.02 (±3.22)  0.9077 

BMI > 30 kg/m2  11.44 (±4.03)  11.73 (±1.19)  0.8267 

In the cohort of patients undergoing unilateral reconstruction, a noteworthy decrease 

in postoperative drainage fluid is observed in the PEAK PlasmaBlade group compared to 

monopolar electrocautery  (p** = 0.0077). Conversely,  there  is no  statistically significant 

Figure 4. Relationship between BMI and wound fluid quantity (mL). In both groups, we com-
pared the correlation of cumulative wound fluid quantity (mL) and BMI class by simple linear
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Table 3. Evaluation of drain dwell time and hospitalization within subgroups.

PPB MPE

Drain Dwelling Time (d) Mean (±std) Mean (±std) p-Value

Non-Smoker 6.10 (±1.50) 6.35 (±1.71) 0.4210
No chemotherapy 6.09 (±1.50) 6.35 (±1.62) 0.4440
BMI > 30 kg/m2 6.67 (±1.87) 7.55 (±1.75) 0.2933
Hospitalization (d)
Non-Smoker 10.86 (±2.35) 11.00 (±2.26) 0.7513
No chemotherapy 10.94 (±2.71) 11.02 (±3.22) 0.9077
BMI > 30 kg/m2 11.44 (±4.03) 11.73 (±1.19) 0.8267

In the cohort of patients undergoing unilateral reconstruction, a noteworthy decrease
in postoperative drainage fluid is observed in the PEAK PlasmaBlade group compared
to monopolar electrocautery (p** = 0.0077). Conversely, there is no statistically significant
disparity between the two devices in bilateral reconstruction cases (pns = 0.9404). Addition-
ally, when comparing unilateral and bilateral reconstructions irrespective of the surgical
device, there is no noticeable difference in postoperative wound fluid quantity (pns = 0.7118)
(Table 4).

Table 4. Evaluation of cumulative abdominal wound fluid quantity (mL) in uni- and bilateral
breast reconstruction.

PPB MPE

Mean (±std) Mean (±std) p-Value

Unilateral 248.53 (±177.81) 357.09 (±184.89) 0.0077 **
Bilateral 327.05 (±189.92) 331.76 (±199.31) 0.9404

Unilateral
reconstruction Bilateral reconstruction

mean (±std) mean (±std) p-value

All patients (n = 128) 315.62 (±188.80) 329.10 (±191.48) 0.7118
The level for statistical significance was set at ** p < 0.02.

3.2. Postoperative Complications and Pain

An analysis of postoperative complications did not yield any statistically signifi-
cant distinctions between the two patient cohorts, both in terms of overall complica-
tions (pns = 0.2758) and in the specific assessment of bleeding or hematoma (pns = 0.7128)
(Table 5). All postoperative complications, as per the Clavien–Dindo [23] classification, are
outlined in Table 5.

Postoperative pain assessment was conducted using a Numerical Analog Scale, graded
on a scale ranging from 0 (indicating no pain) to 10 (reflecting the most severe imaginable
pain). As outlined in Table 6 and Figure 5, a comparative investigation between the two
patient cohorts unveiled a statistically significant decrease in postoperative pain within the
PPB group (p**** < 0.0001).

As depicted in Figure 5, postoperative pain rates decreased within both studied
cohorts throughout the 10-day postoperative period. We compared postoperative pain
levels on day 1 versus day 10 for both patient cohorts using a Student’s t-test. This analysis
revealed a significant decrease in pain levels in the PPB cohort (p** = 0.0067), indicating
a notable reduction in pain over time. However, in the MPE cohort, while there was a
decrease in postoperative pain levels between day 1 and day 10, the t-test did not show
significance (pns = 0.4071).
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Table 5. Postoperative complications.

PPB MPE

n (%) n% p-Value

Complications 13 (23.21) 23 (31.94) 0.2758
Bleeding/Hematoma 4 (7.14) 4 (5.56) 0.7128
Clavien–Dindo
1 5 (8.93) 10 (13.89)

Bleeding/Hematoma 2 (3.57) 1 (1.39)
Wound healing complications 3 (5.36) 7 (9.72)
Seroma 0 (0.00) 2 (2.78)

2 0 (0.00) 0 (0.00)
3a 0 (0.00) 2 (2.78)

Wound healing complications 0 (0.00) 2 (2.78)
3b 8 (14.29) 11 (15.28)

Bleeding/Hematoma 2 (3.57) 3 (4.17)
Wound healing complications 6 (10.71) 8 (11.11)

Table 6. Postoperative pain, Numerical Analog Scale (NAS) (0–10).

PPB MPE

Mean (±std) Mean (±std) p-Value

Day 1 2.36 (±1.52) 2.00 (±1.81) 0.4994
Day 2 2.23 (±1.47) 3.09 (±1.73) 0.0080 **
Day 3 2.08 (±1.62) 2.67 (±1.71) 0.0683
Day 4 1.71 (±1.18) 2.27 (±1.70) 0.0512
Day 5 1.73 (±1.59) 1.65 (±1.50) 0.7855
Day 6 1.29 (±1.12) 1.82 (±1.87) 0.0729
Day 7 0.88 (±0.93) 1.55 (±1.52) 0.0065 **
Day 8 1.27 (±1.35) 1.49 (±1.66) 0.4455
Day 9 1.07 (±1.18) 1.89 (±1.78) 0.0153 **

Day 10 1.23 (±1.34) 1.61 (±1.48) 0.2928
The level for statistical significance was set at ** p < 0.02.
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Figure 5. Comparative evaluation of postoperative pain. Mean and SEM for Numeric Analog Scale
(NAS) assessment over a 10-day postoperative period. Statistical significance was determined by
2-way ANOVA: p**** < 0.0001, demonstrating a notable reduction in postoperative pain within the
PEAK PlasmaBlade (PPB) group.
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4. Discussion

Autologous DIEP-based breast reconstruction involves extensive undermining at the
abdominal donor site, resulting in sizable wound areas. Typically, flap dissection is under-
taken with electrosurgical devices to allow simultaneous hemostasis and efficient operating
times [24]. We evaluated two specific dissection devices—the standard monopolar electro-
cautery and the newer PEAK PlasmaBlade—in the context of abdominal flap harvesting,
aiming to discern their impacts on clinical outcomes.

Previous research has yielded conflicting and inconclusive results regarding whether
the selection of the dissection device can genuinely lead to better clinical outcomes.

Studies assessing outcomes in extensive wound areas, like those involved in autol-
ogous breast reconstruction using the abdominal donor site, have often been limited by
small sample sizes [11,17–22,25,26]. While more extensive investigations have been un-
dertaken in distinct surgical contexts, such as tonsillectomy [27–29] and surgical implant
replacement [30], these findings may not be directly applicable to the specific circumstances
of autologous breast reconstruction.

Our retrospective analysis sought to broaden the scope of this research by includ-
ing a total of 128 patients in our study. Of these patients, 72 underwent abdominal flap
preparation using conventional electrocautery, while 56 patients underwent the proce-
dure with the PEAK PlasmaBlade. A comparison of these two patient cohorts revealed
no statistically significant differences in age, body mass index, smoking status, history of
neoadjuvant oncologic therapy, diabetes status and the primary indication for mastectomy.
This comparability ensures the reliability and robustness of our observed outcomes.

Our analysis yielded the significant (p* = 0.0324) finding of a higher cumulative wound
fluid quantity in the monopolar electrocautery group (351.11 ± 185.96 mL) compared to the
PEAK PlasmaBlade group (279.38 ± 183.38 mL). While previous research on this topic has
provided inconclusive data, some studies support our finding by reporting lower total drain
output following the use of the PEAK PlasmaBlade [11,17–20,22], whereas other authors
found no difference between the two dissection devices [21,25,26]. It is worth noting that,
to the best of our knowledge, no prior study has reported an increase in seroma rates
after utilizing the PEAK PlasmaBlade. It has previously been suggested that the reduced
working temperature of the PEAK PlasmaBlade leads to lower tissue damage [8,10], which
contributes to reduced seroma formation. One study in gender-affirming mastectomy
patients has investigated histologic samples, showing a 22% reduction in thermal injury
depth with the PlasmaBlade compared to conventional monopolar cautery [18].

Similarly, the existing literature on the evaluation of hospitalization and drain dwell
time yields inconsistent results. While Schlosshauer, Dogan and Sowa reported positive
outcomes in the PlasmaBlade cohorts [11,17,19,20], other studies did not identify variations
in terms of hospitalization and drain dwell time [21,25,26]. Our data did not reveal a
difference between both devices for these aspects. There is no previous work indicating
inferiority of the PlasmaBlade in this regard.

We intentionally selected abdominal-based autologous breast reconstruction as our
research focus. This patient group not only represents a highly standardized approach to
large-scale wound preparation but also encompasses a spectrum of patient-specific risk
factors, including those related to oncologic treatments, which are pertinent to our analysis.
Extensive cohort studies conducted so far have failed to establish a definitive link between
neoadjuvant chemotherapy and the occurrence of surgical complications during breast
reconstruction [31–35]. Nevertheless, we were determined to assess the role of dissection
instruments in relation to neoadjuvant chemotherapy and other risk factors and its impact
on surgical outcomes. We identified chemotherapy, smoking status and BMI as the primary
risk factors of interest in our patient cohorts, with prevalences high enough to enable
statistical analysis.

In our multivariate data analysis, we identified a substantial reduction in postoperative
abdominal wound fluid production in the PEAK PlasmaBlade cohort compared to the
electrocautery cohort across three specific subgroups. These groups comprised individuals
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without prior neoadjuvant chemotherapy (p** = 0.0041), non-smokers (p** = 0.0046) and
those with a BMI exceeding 30 kg/m2 (p* = 0.0284).

It is noteworthy that these groups typically do not share the same risk profile. In
standard practice, non-smokers and patients without previous neoadjuvant chemotherapy
are typically regarded as low-risk individuals for surgical complications. Conversely,
patients with a BMI exceeding 30 kg/m2 are commonly perceived as a high-risk population
for adverse events in the surgical context [36]. Mani et al. previously investigated the
association between BMI and the occurrence of donor-site seroma following the harvesting
of DIEP flaps. Their findings revealed that obese patients (BMI > 30 kg/m2) had the highest
incidence of postoperative seroma formation, reaching a rate of 16% [16]. Our results
revealed a significant association between higher BMI and increased postoperative wound
fluid production (p** = 0.0058) within the MPE cohort (Figure 4). In contrast, no such
correlation was evident within the PPB cohort (pns = 0.2895), suggesting that the utilization
of PPB might mitigate the risks associated with higher BMI.

Although not statistically significant, all subgroups that displayed positive outcomes
with the use of the PEAK PlasmaBlade regarding postoperative drainage volume also
demonstrated a trend toward reduced drain dwell time and shorter hospital stays.

The assessment of hospitalization duration may be subject to some inaccuracies, as our
department typically retains patients in the hospital until histopathological results become
accessible, and the removal of the monitoring skin island is performed. Nevertheless, it
is noteworthy that a tendency towards reduced drainage catheter dwell time in the PPB
group may potentially be linked to our observed outcomes of a significant decrease in
postoperative pain levels around day 7 and day 9 in the PPB group, attributable to the
earlier removal of drainage devices.

Our data reveal a significant decrease in postoperative pain within the PEAK Plas-
maBlade cohort. To our knowledge, only Friebel et al. have previously compared post-
operative pain levels between both dissection devices, reporting an increase in the PPB
cohort [21]. This was attributed to the potential impact of tighter abdominal closure due
to lower flap weights in this group. In our patient cohorts, both flap volume (p = 0.8572)
and the distribution of unilateral versus bilateral reconstruction (p = 0.0560) within the
two patient groups were comparable, as an analysis of our patient characteristics (Table 1)
showed. We consider this as a strength of our study since it allows the assumption that
postoperative pain levels are not biased by these characteristics. There have been studies
examining postoperative pain following surgical skin incisions made with electrocautery
versus steel scalpel, which reported reduced pain levels and a decreased use of analgesics
in the electrocautery group [37,38]. Chrysos explains this by highlighting that the vaporiza-
tion of cells resulting from the application of pure sinusoidal current leads to immediate
tissue and nerve necrosis without significantly affecting nearby structures [38]. The varying
degrees of nerve damage between electrocautery and the PEAK PlasmaBlade may also
contribute to our significant finding of reduced postoperative pain in the PPB group, but
such evaluations should be a focus of future studies.

Our study demonstrates also several limitations. Due to retrospective data analysis,
we cannot offer detailed information concerning the adjustments of the used monopolar
electrocautery. But we tried to overcome this lack of information by only including patients
that were operated under the lead of one single surgeon, so it may be assumed that the same
preferred settings were used. Furthermore, this study benefits from the extensive experience
of this single surgeon, contributing to the reliability of the findings and minimizing the risk
of performance bias. Moreover, the similarity in patient demographic characteristics across
both cohorts indicates a low risk of selection bias, despite the study’s retrospective nature.

5. Conclusions

In conclusion, our findings align with previous research, indicating that the PEAK
PlasmaBlade is not inferior to conventional electrocautery. Furthermore, patients may
experience advantages such as reduced drainage volume and lower postoperative pain
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levels following wound preparation with the PlasmaBlade. Notably, our analysis identified
patient subgroups that could derive even greater benefits from the use of this device. In
these specific patient groups, utilizing the PEAK PlasmaBlade could result in better clinical
outcomes. Therefore, the choice to use this device may be based on the potential benefits
for patients, rather than solely on the surgeon’s subjective preferences.
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Abstract: Background: Lipedema is a subcutaneous adipose tissue disorder characterized by in-
creased pathological adipocytes mainly in the extremities. Vitamin D is stored in adipocytes, and
serum levels inversely correlate with BMI. As adipocytes are removed during liposuction, lipedema
patients might be prone to further substantial vitamin D loss while their levels are already decreased.
Therefore, we examined the effect of liposuction on perioperative serum 25-hydroxyvitamin D levels.
Methods: In patients undergoing lipedema liposuction, blood samples were obtained pre- and post-
operatively. Statistical analyses were performed to correlate the volume of lipoaspirate, patients’ BMI
and number of sessions to vitamin D levels. Results: Overall, 213 patients were analyzed. Mean lipo-
suction volume was 6615.33 ± 3884.25 mL, mean BMI was 32.18 ± 7.26 kg/m2. mean preoperative
vitamin D levels were 30.1 ± 14.45 ng/mL (borderline deficient according to the endocrine society)
and mean postoperative vitamin D levels were 21.91 ± 9.18 ng/mL (deficient). A significant decrease
in serum vitamin D was seen in our patients (p < 0.001) of mean 7.83 ng/mL. The amount of vitamin
D loss was not associated with BMI or aspiration volume in our patients (p > 0.05). Interestingly,
vitamin D dynamics showed a steady drop regardless of volume aspirated or preoperative levels.
Conclusions: Many lipedema patients have low vitamin D levels preoperatively. Liposuction signifi-
cantly reduced these levels additionally, regardless of aspirated volume or BMI. However, vitamin
D loss was constant and predictable; thus, patients at risk are easily identified. Overall, lipedema
patients undergoing liposuction are prone to vitamin D deficiency, and the long-term effects in this
population are currently unknown.

Keywords: liposuction; lipedema; vitamin D; BMI

1. Introduction

Lipedema is a subcutaneous adipose tissue disorder almost solely affecting women [1,2].
Patients mainly suffer from painful localized fat deposition in the extremities with con-
secutive restrictions in daily life [2–4]. Due to its complex etiology and variable clinical
manifestations, it presents as a multifaceted challenge for modern surgery. A vast num-
ber of comorbidities are associated with lipedema, such as hypertension, depression or
increased BMI [5,6]. Vitamin D is stored in fat tissue, and due to its inverse correlation with
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BMI status and body fat, vitamin D serum deficiency can frequently be seen in lipedema
patients [5,7–16]. It is the most common deficiency in obese patients worldwide with a
prevalence of 80–90% [9,17–25].

Besides their painful nature, lipedematous adipocytes are resistant to diets and
bariatric surgery [6,26,27]. Despite growing recognition, effective treatment modalities for
lipedema remain limited. Therefore, liposuction has emerged as the only suitable procedure
for managing lipedema-related symptoms, offering symptomatic relief to reduce patients’
burden and enhance their quality of life [25,26].

To our knowledge, this is the first study investigating the relationship of liposuction
and vitamin D serum levels in lipedema patients. Hence, in this study we seek to critically
examine the implications of vitamin D deficiency in lipedema patients after liposuction,
elucidating the potential challenges and proposing strategies for mitigating adverse out-
comes. We aimed to analyze perioperative vitamin D alternations in lipedema patients
undergoing liposuction.

2. Materials and Methods
2.1. Study Design and Patient Analysis

In this study we analyzed pre- and postoperative vitamin D serum levels in lipedema
patients undergoing liposuction at the Clinical Department for Plastic, Aesthetic and
Reconstructive Surgery at the University Hospital St. Poelten, between 1 January 2018 and
31 December 2022. The study was conducted as a retrospective single center study. Ethical
approval was obtained from the local institutional review board at the Karl Landsteiner
University of Health Sciences Krems (reference number: ECS 1041/2021). Analyzed factors
included the patients’ age at surgery, BMI, volume of lipoaspiration, pre- and postoperative
serum vitamin D levels, localization of treated area (upper and lower extremities) and
liposuction sessions (one, two or three sessions).

2.2. Operative Procedure

At our department, liposuction is performed under general anesthesia using tumes-
cent technique. Patients are examined and marked preoperatively while standing to assess
areas to be treated. All patients receive intravenous antibiotic shielding with either 2.2 g of
amoxicillin/clavulanic acid combination (Curam®, Sandoz GmbH, 6250 Kundl, Austria) or
600 mg of clindamycin (Dalacin®, Fareva Amboise Zone Industrielle, Routes des Industries
29, 37530 Pocé-sur-Cisse, France) in case of penicillin allergy. Antibiotic administration
is given 30 min before surgical incision and is continued for one week postoperatively.
Patients receive a modified Klein’s solution with 1.000 mL Ringer’s lactate (Ringer lactate®,
Fresenius Kabi, Rue du Rempart 6, 27400 Louviers, France) containing 1 mL of 1:1.000
epinephrin (Suprarenin® Sanofi-Aventis GmbH, 65926 Frankfurt am Main, Germany). The
solution is infiltrated with specialized infiltration cannulas through small stab incisions at
strategically placed locations using a number 11 blade, which can easily be camouflaged
postoperatively by the patient’s clothing (e.g., the groin). After an indwelling time of ap-
proximately 15 min for the tumescent solution to set, vibration-assisted liposuction (VAL)
is performed using Moeller’s liposuction device (Moeller Vibrasat Pro, Moeller medical®

GmbH, Wasserkuppenstraße 29-31, 36043 Fulda, Germany) with 3 and/or 4 mm multiport
cannulas (multiport rapid extraction cannula, Moeller Medical® GmbH, Wasserkuppen-
straße 29-31, 36043 Fulda, Germany) (Figure 1). Incisions are not sutured and are solely
covered with plasters after antiseptic irrigation with Octenisept® (Schülke & Mayr GmbH,
Robert-Koch-Straße 2, 22851, Norderstedt, Germany) and Skinsept® (Ecolab Germany
GmbH, Ecolab-Allee 1, 40789 Monheim am Rhein, Germany). Compression garments are
installed immediately postoperatively in the operating room. Compression garments are
worn day and night for three months postoperatively. Patients receive antithrombotic
shielding using low molecular heparin for 10 to 30 days postoperatively.
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Figure 1. Illustration demonstrating the depletion of vitamin D during liposuction.

2.3. Blood Sampling

Blood samples were collected preoperatively at a maximum of one week prior to
surgery and analyzed for serum 25-hydroxyvitamin D levels at our clinical institute of lab-
oratory medicine. The vacutainers used for vitamin D sampling were BD Vacutainer® with
stabilizing gel (Fischer Scientific GmbH, Im Heiligen Feld 17, 58239 Schwerte, Germany).
Vitamin D components were separated using Elecsys Vitamin D total III Cobas® (Roche
Diagnostics GmbH, Sandhofer Straße 116, 68305 Mannheim, Germany). All samples were
retrieved and processed using the same instruments. Sample results were digitally stored
at the hospital’s data working space adhering to Austrian regulations for data protection.
Postoperative sample collection was performed on the first postoperative day. Serum
vitamin D levels below 30 ng/mL, according to the Endocrine Society were indicated as
deficiency [28].

2.4. Statistics and Data Management

The endpoint of our analyses was to assess the alteration of vitamin D serum levels
after liposuction and high-volume liposuction in lipedema patients. All data were reported
anonymously. Data protection management complied with Austrian legislation. Data
collection and processing were performed with Microsoft Excel (Software Version 2021,
Microsoft Corp., One Microsoft Way, Redmond, 98052 Washington, DC, USA), and statis-
tical analyses were performed using IBM SPSS Statistics version 26 (©IBM, Armonk, NY,
USA). Nominal data were described using absolute frequencies and percentages. For metric
data, mean and standard deviation were indicated. To correlate the volume of lipoaspirate
and patients’ BMI to vitamin D alterations, correlation analyses using Spearman’s rho test
were performed. Further, paired t-test analyses were conducted. Two-sided p ≤ 0.05 was
regarded as statistically significant. To analyze the decrease in vitamin D levels regarding
liposuction sessions, analysis of variance (ANOVA) was used.

3. Results
3.1. Demographics

In total, 213 liposuctions in 100 patients suffering from lipedema were identified
during the study period. Thereof, 163 liposuctions in 61 patients were excluded due to
missing data (Figure 2).
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Figure 2. Organigram of patient selection for study inclusion.

Additionally, five liposuctions in three patients were excluded because of self-supplied
postoperative vitamin D substitution. Consequently, 45 liposuctions in 36 patients met our
criteria and were included in our study. We analyzed 35 liposuctions on lower extremities
and 10 liposuctions on upper extremities (Figure 3). All patients included were Caucasian
women and did not expose themselves excessively to the sun or substitute vitamin D
independently according to the anamnesis.
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Figure 3. Key data chart of included study patients and clinical findings. Arrows and dotted lines in
the upper left window show the suction path (arrows) of lipoaspirate (dotted lines) during liposuction.
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Mean patient age was 38.11 ± 13.74 years overall, ranging from 19 years as the youngest to
71 years as the oldest at time of surgery (Table 1). Mean BMI was 32.18 ± 7.26 kg/m2, varying
from 21.7 kg/m2 to 53.1 kg/m2 (Table 1). Mean volume aspirated was 6615.33 ± 3884.253 mL,
with a minimum of 1490 mL and maximum of 17,500 mL in one session (Table 1). Patients
were further divided into two groups as higher volumes of liposuction mainly occur in
the lower extremities: patients undergoing liposuction on upper extremities and patients
undergoing liposuction on lower extremities.

Table 1. Baseline characteristics of patients. Significantly lower vitamin D serum levels can be
observed postoperatively.

Patient Characteristics Total Upper Extremities Lower Extremities

Number 45 10 35
Age—years mean (standard deviation) 38.11 (std.: 13.74) 39.0 (std.: 15.74) 37.86 (std.: 13.36)

min.–max. 19–71 20–57 19–71
BMI—kg/m2 mean (standard deviation) 32.18 (std.: 7.26) 29.210 (std.: 3.96) 33.029 (std.: 7.79)

min.–max. 21.7–53.1 24.2–36.4 21.7–53.1
Vit D pre—ng/mL mean (standard deviation) 30.1 (std.: 14.45) 33.240 (std.: 14.66) 29.203 (std.: 14.47)

min.–max. 11.1–85.0 15.8–64.3 11.1–85.0
Vit D post—ng/mL mean (standard deviation) 21.914 (std.: 9.18) 25.85 (std.: 12.44) 20.7903 (std.: 7.89)

min.–max. 7.63–54.5 13.7–54.5 7.63–42.5
Volume—mL mean (standard deviation) 6615.33 (std.: 3884.25) 3.845 (std.: 3884.25) 7406.86 (std.: 3997.91)

min.–max. 1490–17,500 1800–7600 1490–17,500

3.2. Liposuction of Upper Extremities

Patients’ mean age in this group was 39.0 ± 15.74 years, ranging from 20 years to
57 years. Mean BMI in the upper extremity group was 29.21 ± 3.96 kg/m2, ranging from
24.2 kg/m2 to 36.4 kg/m2. Mean volume aspirated was 3845 mL ± 3884.25 mL with a
minimum of 1800 mL and a maximum of 7600 mL in one session (Table 1).

3.3. Liposuction of Lower Extremities

In the lower extremity group, patients’ mean age was 37.86 ± 13.36, ranging from 19
to 71 years. Mean BMI was 33.03 ± 7.79 kg/m2, ranging from 21.7 kg/m2 to 53.1 kg/m2.
Mean volume aspirated was 7406.86 ± 3997.92 mL with a minimum of 1490 mL and a
maximum of 17,500 mL in one session (Table 1).

3.4. Vitamin D Serum Levels

In total, mean preoperative vitamin D levels were 30.1 ± 14.45 ng/mL, ranging from
11.1 ng/mL to 85.0 ng/mL (Table 1, Figure 4).

Mean postoperative vitamin D levels were 21.91 ± 9.18 ng/mL, ranging from 7.63 ng/mL
to 54.5 ng/mL (Table 1, Figure 5).

In total, 29 patients showed preoperative vitamin D levels below 30 ng/mL. Postoper-
atively, 40 patients showed vitamin D levels below 30 ng/mL. None of our patients with
preoperative vitamin D levels below 30 ng/mL showed any clinical sign of deficiencies.
Vitamin D was not substituted in our cohort, either pre- or postoperatively.
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Figure 4. Histogram of preoperative vitamin D. Mean vitamin D levels were 30.1 ng/mL in total.
Std. was 14.45 ng/mL (N = 46). Preoperative vitamin D insufficiency (according to the endocrine
society) can be observed as most bars are shifted to the left. This vitamin D insufficiency is often seen
in lipedema patients. Dotted line indicates the threshold of vitamin D deficiency to non-deficiency in
preoperative patients.
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Figure 5. Histogram of postoperative vitamin D levels. Mean vitamin D was 21.91 ng/mL. Std.
was 9.18 ng/mL (N = 46). A vitamin D insufficiency can clearly be seen in postoperative values
as the bars are shifted to the left. Pre-existing vitamin D insufficiencies are further aggravated
through liposuction. Dotted line indicates the threshold of vitamin D deficiency to non-deficiency in
postoperative patients.

50



J. Clin. Med. 2024, 13, 2846

3.5. Vitamin D Serum Levels of Liposuction of Upper Extremities

In this group, mean preoperative vitamin D levels were 33.24 ± 14.66 ng/mL, display-
ing a range from 15.8 ng/mL to 64.3 ng/mL. Mean postoperative vitamin D levels were
25.85 ± 12.44 ng/mL, measuring from 13.7 ng/mL to 54.5 ng/mL (Table 1, Figure 3).

3.6. Vitamin D Serum Levels of Liposuction of Lower Extremities

Mean preoperative vitamin D levels were 29.20 ± 14.47 ng/mL, ranging from 11.1 ng/mL
to 85.0 ng/mL in patients treated at lower extremities. Mean postoperative vitamin D levels
were 20.79 ± 7.89 ng/mL, ranging from 7.63 ng/mL to 42.5 ng/mL (Table 1, Figure 3).

3.7. Correlation Analysis

We correlated patients’ BMI with the amount of ml aspirated during liposuction,
expecting a higher BMI drop at higher liposuction volumes. Using Spearman’s rho test for
rank correlation, our analyses showed no significant correlation, either in absolute numbers
(p = 0.006) or in relative numbers (p = 1.97) (Table 2), demonstrating that the absolute
amount of volume reduced does not interfere with the patients’ BMI.

Table 2. Spearman’s rho test for rank correlation demonstrating no significant correlation between
the volume of fat removed and the decrease in patients’ BMI (p-values > 0.05). Regardless of the
volume aspirated, the difference in pre- and postoperative BMI did not show significant changes.
This finding is displayed in absolute and relative numbers within this table.

Spearman’s Rho Correlation of Volume Aspirated and BMI

Volume Aspirated BMISpearman’s Rho

BMI
Correlation coefficient 0.632

Sig. (2-sided) <0.001
N 45

Absolute decline
Correlation coefficient 0.006 0.052

Sig. (2-sided) 0.969 0.732
N 45 45

Relative decline
Correlation coefficient 0.197 0.059

Sig. (2-sided) 0.195 0.698
N 45 45

Investigating the patients’ vitamin D serum levels pre- and postoperatively, we found
a statistically significant decrease regarding vitamin D levels using a paired t-test (p < 0.001,
Table 3). These findings were both significant overall and between the different groups
(p < 0.001, Table 3). Since our data set turned out not to be normally distributed (outliers
included in our data set), we additionally conducted the according non-parametric tests.
Nonetheless, our data were still significant, additionally supporting our statistical findings
(p < 0.001; labeled in red, Table 3).

Table 3. t-Test analysis showing the significant correlation between the measured vitamin D serum
levels pre- and postoperatively (p < 0.001).

t-Test

Mean N Std.-Deviation p-Value

Pairing Vit. D pre 30.10 45 14.45
<0.001/<0.001Vit. D post 21.91 45 9.18

This demonstrates that high-volume liposuction has a significant impact on postoper-
ative vitamin D level changes. The abovementioned findings were also significant when
analyzing areas treated separately (upper extremities and lower extremities). Hence, the
decrease in vitamin D after liposuction was significant, no matter of liposuction location
(p < 0.001).
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The abovementioned findings were also significant when analyzing areas treated
separately (upper extremities and lower extremities, Table 4). Hence, the decrease in
vitamin D after liposuction was significant, no matter the area treated (p < 0.001, Table 4).
Again, p-values of non-perimetric tests for non-normal distribution were also significant
(p = 0.005 in upper extremities and p < 0.001 in lower extremities; labeled in red, Table 4).

Table 4. t-Test analysis on account of vitamin D decrease after liposuction in upper and lower
extremities, demonstrating the statistical significance p < 0.001 in both groups (arms and legs).
p-Values were still significant after non-perimetric testing (p < 0.001 and p = 0.005; labeled in red).

t-Test

Localization Mean N Std. Deviation p-Value

Legs Vit. D pre 29.203 35 14.4755
<0.001/<0.001Vit. D post 20.7903 35 7.89464

Arms
Vit. D pre 33.240 10 14.6677

<0.001/0.005Vit. D post 25.8500 10 12.44412

Interestingly, after performing ANOVA (analysis of variance) for correlation of vitamin
D level changes and the volume aspirated, we did not find any significant correlation
(p = 0.906 in absolute numbers, and p = 0.451 in relative numbers, Table 5). This finding
was also seen in non-perimetric testing (p = 0.481 in absolute numbers, and p = 0.128 in
relative numbers; labeled in red, Table 5). These findings were consistent throughout the
session of liposuction.

Table 5. Analysis of variance (ANOVA) of volume aspirated during liposuction and decrease in serum
vitamin D levels. Here, no significant correlation can be observed (p = 0.906 in absolute numbers, and
p = 0.451 in relative numbers), More likely, our ANOVA analysis shows a non-correlation, concluding
that no matter the amount of volume aspirated, vitamin D levels do not drop concordantly. Rather, a
stable decrease in vitamin D can be seen regardless of volume of lipoaspirate.

Analysis of Variance (ANOVA)

N Mean Std. Deviation p-Value 95% Mean Confidence Interval
Lower Limit Upper Limit

Absolute
decrease

1 22 8.81 13.16
0.906/0.481

2.98 14.65
2 20 7.68 3.58 6.00 9.36
3 3 6.86 8.01 −13.04 26.77

total 45 8.18 9.57 5.30 11.06

Relative
decrease

1 22 23.03 17.35
0.451/0.128

15.34 30.73
2 20 27.19 10.53 22.26 32.12
3 3 17.57 11.76 −11.64 46.80

total 45 24.52 14.33 20.21 28.83

The findings demonstrate that no matter the volume removed during liposuction,
vitamin D levels did not drop concordantly. Our analyses rather showed a non-correlation
between the decrease in vitamin D after liposuction and the volume aspirated, hence
demonstrating a stable drop in vitamin D between a mean of 6.86 ng/mL and 8.81 ng/mL
(mean 7.83 ng/mL) no matter the volume of lipoaspirate.

4. Discussion

Many studies have been conducted to analyze serum levels of vitamin D after diets
or bariatric surgery [10–12,29–33], yet none have investigated the alteration in vitamin
D levels after liposuction in lipedema patients. To our knowledge, this is the first study
investigating the correlation of vitamin D serum levels after liposuction.

Adipose tissue plays a significant role in energy supply and distribution and is essen-
tial in storing fat-soluble vitamins, such as vitamin D. Its bioactivity includes the reduction

52



J. Clin. Med. 2024, 13, 2846

in inflammatory processes, neuromuscular regulation as well as the absorption of cal-
cium, an essential mineral in osteosynthesis [29,34]. Vitamin D deficiency can lead to
diminished immune responses, muscle weakness, osteoporosis and increased fracture
rates [19,22,23,34–37]. Approximately 1 billion people (developing and developed coun-
tries) suffer from vitamin D deficiency, consequently making it a global public health
issue [20,21,37,38]. It is the most common deficiency in obese patients worldwide [9,17–25].
Vitamin D is normally synthesized through the skin, yet obese patients have significantly
lower levels in their blood stream compared to non-obese patients, despite having in-
creased body surfaces [8,19,39]. This results from the inverse correlation of vitamin D
and the patients’ BMI, as more adipocytes store more vitamin D [5,7–15], thus, leading to
serum deficiency. Since most lipedema patients have elevated BMI due to pathologically
engorged adipocyte, this cohort often shows vitamin D deficiency as well. These patients
not only display low vitamin D serum levels due to its inverse correlation to BMI but also
because engorged and inflamed adipocytes in lipedema traps vitamin D [14,40–42]. This
bidirectional relationship between vitamin D deficiency and elevated BMI with low serum
vitamin D levels is also evident in our study.

Several studies have demonstrated that weight loss by lifestyle changes or bariatric
surgeries increases vitamin D levels [8,10,11,29,43,44]. Nevertheless, this effect was not
detected in our study after liposuction so far. Contrarily, our results showed a significant
decrease in postoperative vitamin D levels after treatment (Figure 5).

Since liposuction is the gold standard in treating lipedema, patients already suffering
from vitamin D deficiency are at risk of further vitamin D loss. The lack of vitamin D has
already been linked to entailing chronic cellular stress, which can be seen in lipedema
patients [40,42,45]. By further diminishing vitamin D levels after liposuction, patients
experiencing lipedema further maintain oxidative stress, resulting in sustained lipedema
symptoms [14,42,45]. Thus, lipedema symptoms might not ameliorate after treatment,
potentially aggravating their symptoms. Although the postoperative 25-hydroxyvitamin D
decrease did not drop concordantly with the volume aspirated, its decrease was significant
in our findings. Therefore, lipedema patients ought to be screened for vitamin D deficiency
and, if needed, it should be substituted to prevent further sequelae, such as osteopenia
or osteoporosis.

To personalize liposuction for lipedema patients, preoperative assessment of vitamin
D levels in concordance with the estimated amount of lipoaspirate is needed. Thereby,
vitamin D levels can be improved before surgery and ensure patients face the operation
in an optimized manner. Parenthetically, high-volume liposuction needs to be separated
into several sessions to obviate excessive vitamin D loss postoperatively. Vitamin D
levels in addition are to be monitored precisely between sessions to prevent patients
from experiencing vitamin D deficiency in between treatment sessions. Interdisciplinary
collaboration involving endocrinologists and nutritionists is essential for implementing
patient-tailored strategies. Perioperative optimization of nutrition management or the
administration of supplements to individually address the needs of lipedema patients is
therefore favored to guarantee long-term patient safety.

5. Conclusions

Although liposuction is a relatively safe procedure, its aftereffects are not to be ne-
glected. To protect this patient cohort from further long-term sequelae and to sufficiently
relieve patients’ burden, perioperative improvement of treatment modalities is necessary.
By addressing vitamin D deficiency comprehensively, healthcare providers can enhance the
efficacy of liposuction as a therapeutic tool for managing lipedema. To reduce postoperative
vitamin D loss in lipedema patients, high-volume liposuction ought to be stratified and
personalized to each patient individually for optimized vitamin D preservation. Therefore,
lipedema patients might not suffer further comorbidities related to their underlying disease
after treatment. Despite the significant findings in our research, our study faces a few
limitations. Postoperative vitamin D levels should be monitored over a longer period. Also,
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the storage behavior and characteristics of lipedema adipocytes ought to be investigated
through controlled histological analyses. Additional cross-section studies are needed for
further detection of this underacknowledged threat.
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Abstract: Background Fingertip injuries with volar pulp tissue defects present a significant challenge
in management. This study aimed to evaluate the efficacy of a conservative treatment protocol
using artificial dermis and semi-occlusive dressings for these injuries. Methods A single-center,
prospective study was conducted on 31 patients with fingertip injuries involving volar pulp defects.
The treatment protocol included wound debridement, application of artificial dermis (Pelnac®), and
a semi-occlusive dressing (IV3000®). The outcomes were assessed using subjective questionnaires
and objective measures, including fingerprint regeneration, sensory function, pain, and cosmetic
appearance. Results The mean treatment duration was 45.29 days (SD = 17.53). Complications were
minimal, with only one case (3.22%) directly attributable to the treatment. Fingerprint regeneration
was considerable (mean score = 2.58, SD = 0.67). The sensory disturbances were minimal, with no
significant differences across injury types. Post-treatment pain was low (mean = 0.45, SD = 0.67),
and cosmetic satisfaction was high (mean = 4.09, SD = 0.94). The overall patient satisfaction was
high (mean = 4.41, SD = 0.67), regardless of injury severity. Conclusions The conservative treatment
protocol using artificial dermis and semi-occlusive dressings is a promising strategy for managing
fingertip injuries with volar pulp defects. This approach minimizes surgical morbidity and achieves
excellent functional and aesthetic outcomes.

Keywords: artificial dermis; fingertip; fingerprint; Pelnac®; reconstruction; regeneration; semi-
occlusive; volar

1. Introduction

The human hand, a masterpiece of intricate anatomy and functional harmony, is our
primary tool for exploring and interacting with the world around us. At the very tips
of our fingers lies the volar pulp—a highly specialized structure essential for fine-touch
sensation, grip stability, and precise manipulation [1,2]. This complex interplay of sensory
and motor functions is made possible by the rich neurovascular network and specialized
sensory receptors within the pulp [2]. However, the same complexity that endows the
fingertips with their remarkable abilities also renders them particularly vulnerable to injury.
Fingertip injuries involving volar pulp tissue defects can lead to significant functional
impairment, sensory disturbances, and cosmetic disfigurement, ultimately impacting the
patient’s quality of life [3,4].

Traditionally, surgical approaches, such as local flaps, skin grafts, and free tissue
transfers, have been employed to manage fingertip injuries with volar pulp defects [3,5–9].
While these techniques aim to restore the soft tissue envelope and preserve finger length,
they are often associated with donor site morbidity, prolonged immobilization, and the need
for multiple surgeries [3,4,10]. Moreover, these surgical interventions may not adequately
restore the intricate sensory and biomechanical properties of the native pulp tissue, leading
to suboptimal functional outcomes [4,11–13].

In pursuit of more effective and less invasive treatment options, there has been a
growing interest in conservative approaches that harness the body’s inherent regenerative
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potential [14]. The use of artificial dermal substitutes, such as Pelnac® (Gunze Limited,
Kyoto, Japan), has shown promising results in managing various soft tissue defects [15–18].
These biomaterials provide a three-dimensional scaffold that mimics the natural extracellu-
lar matrix, facilitating cell migration, proliferation, and differentiation [19,20].

While previous studies have investigated the use of artificial dermis or semi-occlusive
dressings separately in the treatment of fingertip injuries [18,21–24], the potential synergis-
tic effects of combining these two approaches have not been extensively explored. Drawing
inspiration from the adage that the whole is greater than the sum of its parts, this study
aims to evaluate the efficacy of a novel conservative treatment protocol that combines the
use of artificial dermis (Pelnac®) with a semi-occlusive dressing (IV3000®) in managing
fingertip injuries with volar pulp tissue defects.

The rationale behind this combination is that the artificial dermis provides a structured
scaffold for tissue regeneration, while the semi-occlusive dressing maintains a moist wound
environment and allows for gas exchange [19,22,24,25]. The author hypothesizes that this
synergistic approach will promote the regeneration of vascularized and innervated pulp
tissue, leading to superior functional and aesthetic outcomes compared to traditional
surgical interventions or conservative treatments using either artificial dermis or semi-
occlusive dressings alone.

The potential benefits of this novel treatment protocol are multifaceted. First, it may
reduce healing time and minimize complications associated with purely conservative treat-
ments [20]. Second, it could lead to improved long-term functional and aesthetic outcomes
by supporting the regeneration of complex tissue architecture [20,25,26]. Finally, despite the
higher initial cost, this approach may prove to be cost-effective in the long run by achieving
superior clinical outcomes and reducing the need for additional interventions [18].

To test this hypothesis and evaluate the effectiveness of this new combination protocol,
a prospective study was conducted with the following primary objectives:

1. Assess the regeneration of volar pulp tissue, including the restoration of fingerprint
pattern, sensory function, and cosmetic appearance.

2. Evaluate the impact of injury characteristics, such as bone or tendon exposure, on
treatment outcomes and duration.

3. Investigate the incidence of complications and patient-reported outcomes, including
pain, sensory disturbances, and overall satisfaction.

4. Compare the treatment duration and outcomes with those reported in previous studies uti-
lizing artificial dermis or semi-occlusive dressings separately for fingertip reconstruction.

This study aims to provide valuable insights into the efficacy and feasibility of this
novel treatment for managing fingertip injuries with volar pulp tissue defects.

2. Materials and Methods

A single-center, prospective study was conducted at our institution, which was ap-
proved by the Institutional Review Board (IRB) of the Catholic Kwandong University Inter-
national St. Mary’s Hospital (Approval No. 19 year IRB069, Registration No. IS19EISE0072).
This study was performed in strict adherence to ethical guidelines. Written informed con-
sent was obtained from all participants or their guardians prior to participation in this
study. The study period was from December 2019 to December 2022, focusing on patients
presenting with volar pulp tissue defects of the fingertip (Figure 1).

To ensure robust statistical power, a power analysis was conducted prior to patient
recruitment. The analysis determined that a minimum of 30 patients in total was necessary
to adequately power this study, assuming an alpha of 0.05, a power of 0.80, and an effect size
of 0.5. This sample size was chosen to ensure that the study results would be statistically
significant and replicable in similar clinical settings. Written informed consent was obtained
from all participants involved in this study.
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2.1. Inclusion and Exclusion Criteria

The inclusion criteria included patients with volar pulp tissue defects who provided
informed consent and were unsuitable for immediate replantation. The exclusion criteria
were immediate surgical intervention needs, history of surgery or injury to the affected
finger, or underlying conditions impairing wound healing.

2.2. Treatment Protocol

All patients underwent wound debridement, irrigation, and hemostasis under digital
nerve block in the operating room. The artificial dermis (Pelnac®; Gunze Limited, Kyoto,
Japan), a bilayer membrane composed of an outer silicone layer and an inner collagen
sponge layer with a thickness of 3 mm, was soaked in saline, trimmed to cover the defect,
and secured with 4-0 nylon sutures (Figure 2). A semi-occlusive dressing (IV3000®; Smith
& Nephew, Watford, UK), a transparent, waterproof, and breathable polyurethane film
dressing, was then applied over the artificial dermis. For patients with excessive oozing,
the dressing was changed the following day at the outpatient clinic. In other cases, the first
dressing change was performed five days post-operation.

During dressing changes, the finger was soaked in saline for 15 min to minimize
damage to the Pelnac® during IV3000® removal. The wound and surrounding area were
gently irrigated with saline to prevent infection, and a new IV3000® dressing was applied.
The Pelnac® consists of two layers: an inner atelocollagen sponge and an outer silicone
layer. After approximately two weeks, the silicone layer was removed, exposing the raw
surface. From this point onwards, only the IV3000® dressing was used to cover the wound,
creating a moist environment conducive to epithelialization. This process was repeated at
five-day intervals until complete epithelialization was achieved, which was defined as the
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complete coverage of the wound with epithelial tissue without any remaining raw surface.
The duration from the initial application of the artificial dermis to complete wound healing
was recorded.
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Figure 2. Application of artificial dermis and semi-occlusive dressing for fingertip injury. (A) Pre-
operative view of a middle finger pulp injury; (B) intraoperative view showing the application of
artificial dermis (Pelnac®) to the defect, followed by a semi-occlusive dressing (IV3000®).

2.3. Outcome Measures

After complete wound healing, patients were asked to complete a subjective question-
naire assessing the following outcomes:

I. Cosmetic satisfaction: rated on a scale from 1 to 5, with higher scores indicating
greater satisfaction with the appearance of the treated finger.

II. Sensory impairment: rated on a scale from 0 to 5, with lower scores indicating less
sensory loss.

III. Sensory hypersensitivity: rated on a scale from 0 to 5, with lower scores indicating
less discomfort or abnormal sensations.

IV. Pain: assessed using a visual analog scale (VAS) ranging from 0 to 5, with lower
scores indicating less or no pain.

V. Overall satisfaction: rated on a scale from 1 to 5, with higher scores indicating
greater satisfaction with all aspects of the treatment and recovery process.

To objectively evaluate the pulp tissue reconstruction, the degree of fingerprint regen-
eration was assessed on a scale from 0 to 3, with higher scores indicating better regeneration.
This scoring system was developed specifically for this study to quantify the extent of
fingerprint recovery: 0 indicating no regeneration, 1 indicating partial regeneration, 2 indi-
cating significant regeneration with some irregularities, and 3 indicating nearly complete
regeneration with clear fingerprint patterns.

The outcome assessments were performed by two independent, trained assessors who
were blinded to the patients’ treatment allocation. The assessors underwent a calibration
exercise to ensure consistency and reliability in their evaluations.

Complications, including hook nail deformity and onychomycosis, were recorded
throughout the study period. The outcome assessments and follow-up visits were con-
ducted at 1, 3, and 6 months post-treatment.
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2.4. Statistical Analysis

The Shapiro–Wilk test was employed to verify the normality of the data distribution.
Treatment duration, which followed a normal distribution, was described using means and
standard deviations and analyzed using independent sample t-tests to compare:

I. Patients with and without bone exposure.
II. Patients with and without tendon exposure.
III. Patients with both bone and tendon exposure versus those with neither.

Non-normally distributed variables, including fingerprint regeneration scores, cosmetic
satisfaction, sensory impairment, sensory hypersensitivity, pain, and overall satisfaction,
were described using medians and interquartile ranges. These variables were compared
using the Mann–Whitney U test, a non-parametric test, across different patient groups.

Statistical significance was established at a p-value of less than 0.05. All statistical
analyses were performed using IBM SPSS Statistics 29.0.2.0 (IBM Corp., Armonk, NY, USA).

3. Results
3.1. Participant Demographics and Injury Characteristics

A total of 31 patients with fingertip injuries were included in this study, conducted
between January 2017 and December 2021. The study cohort consisted of 25 males (80.6%)
and 6 females (19.4%), with a mean age of 43.29 years (range, 18–72 years). The distribution
of the affected fingers is presented in Table 1.

Table 1. Participant demographics and injury characteristics.

Characteristic Total (N = 31) Bone Exposure No Bone
Exposure Tendon Exposure No Tendon Exposure

Gender
Male 25 (80.6%) 17 8 8 17
Female 6 (19.4%) 5 1 2 4

Age (years)
Mean ± SD 43.29 ± 15.00 43.11 ± 17.22 43.36 ± 14.44 40.50 ± 14.73 44.61 ± 15.30

Affected Fingers
Thumb 3 (9.7%) 2 1 3 0
Index 13 (41.9%) 8 5 8 4
Middle 6 (19.4%) 4 2 4 2
Ring 8 (25.8%) 6 2 4 4
Little 5 (16.1%) 3 2 3 2

Key finding: the study population was predominantly male, and the index finger was
the most commonly injured one.

3.2. Treatment Protocol and Healing Duration

Among the 31 patients, 9 (29.03%) had soft tissue injuries without bone exposure,
while 22 (70.97%) had injuries with bone exposure (Figure 3). The mean treatment duration
for all patients was 45.29 days (SD = 17.53).

Key finding: the mean treatment duration was 45.29 days (SD = 17.53), with no signifi-
cant differences based on bone or tendon exposure, although cases with tendon exposure
required a slightly longer treatment duration compared to those with bone exposure.
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3.3. Complications and Clinical Outcomes 

Figure 3. Treatment progression and outcomes following artificial dermis application and semi-
occlusive dressing for a fingertip injury. (A) Pre-operative view of the right index fingertip injury
with distal phalanx and soft tissue defect; (B) immediate post-operative view after debridement
and application of artificial dermis; (C) five weeks post-treatment, showing the regeneration of pulp
tissue and early restoration of the fingerprint pattern under the semi-occlusive dressing; (D) seven
weeks post-treatment, demonstrating complete wound healing with well-formed fingerprint ridges,
restored sensation, minimal pain, and satisfactory cosmetic appearance.

3.3. Complications and Clinical Outcomes

Complications were reported in nine patients (29.03%), including hook nail deformity
(n = 6, 19.35%), scar contracture (n = 1, 3.22%), onychomycosis (n = 1, 3.22%), and nail
splitting (n = 1, 3.22%). Only one complication (3.22%) of nail splitting was directly related
to the treatment (Table 2, Figures 4 and 5).
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Table 2. Complications and their management.

Complication No. of Patients (%) Management

Hook nail deformity 6 (19.35%) Observation and patient education

Scar contracture 1 (3.22%) Steroid injection and
silicone gel ointment

Onychomycosis 1 (3.22%) Antifungal medication
Nail splitting 1 (3.22%) Observation and patient education

J. Clin. Med. 2024, 13, x FOR PEER REVIEW 7 of 14 
 

 

Complications were reported in nine patients (29.03%), including hook nail deform-

ity (n = 6, 19.35%), scar contracture (n = 1, 3.22%), onychomycosis (n = 1, 3.22%), and nail 

splitting (n = 1, 3.22%). Only one complication (3.22%) of nail splitting was directly related 

to the treatment (Table 2, Figures 4 and 5). 

Key finding: the treatment demonstrated a low complication rate, with only one case 

(3.22%) of nail splitting directly attributable to the procedures used in this study. 

Table 2. Complications and their management. 

Complication No. of Patients (%) Management 

Hook nail deformity 6 (19.35%) Observation and patient education 

Scar contracture 1 (3.22%) 
Steroid injection and  

silicone gel ointment 

Onychomycosis 1 (3.22%) Antifungal medication 

Nail splitting 1 (3.22%) Observation and patient education 

 

Figure 4. Reconstruction of a thumb tip defect using artificial dermis application and semi-occlusive 

dressing, resulting in nail splitting. (A,B) Pre-operative pictures showing a soft tissue defect of the 

right thumb side wall with tendon and bone exposure; (C) appearance after artificial dermis 

Figure 4. Reconstruction of a thumb tip defect using artificial dermis application and semi-occlusive
dressing, resulting in nail splitting. (A,B) Pre-operative pictures showing a soft tissue defect of the
right thumb side wall with tendon and bone exposure; (C) appearance after artificial dermis grafting;
(D) follow-up photograph 7 weeks after the treatment, demonstrating good healing of the defect site
but with observable nail splitting.
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Figure 5. Clinical progression of fingertip regeneration following treatment with artificial dermis and
semi-occlusive dressing, demonstrating variability in outcomes. (A) Pre-operative view of severe
injuries to the left ring and little fingers with complete soft tissue loss and exposed distal phalanges;
(B) four weeks post-treatment, showing significant granulation tissue formation and coverage of the
exposed bone; (C) seven weeks post-treatment, demonstrating slower progression of wound healing,
with no exposed bone and partial restoration of the fingerprint ridges. However, trophic changes
in the nail bed are evident due to the shortened distal phalanges; (D) ten weeks post-treatment,
revealing complete wound healing with residual scarring on the ring finger and near-complete
regeneration of the fingerprint on the little finger. Hook nail deformities are present in both fingers as
a consequence of the shortened distal phalanges, which could not be lengthened by the treatment
protocol.
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Key finding: the treatment demonstrated a low complication rate, with only one case
(3.22%) of nail splitting directly attributable to the procedures used in this study.

3.4. Fingerprint Regeneration

The mean fingerprint regeneration score was 2.58 (SD = 0.67) on a scale from 0 to 3,
suggesting significant restoration of the fingerprint pattern in most patients.

Key finding: fingerprint regeneration was considerable (mean score = 2.58, SD = 0.67)
across all patients, with no statistically significant differences based on bone or tendon
exposure (see Table 3 for detailed statistics).

Table 3. Subgroup analysis of outcome measures based on injury characteristics.

Outcome Measure Bone Exposure Tendon Exposure Combined Exposure

Treatment duration
(days)

44.11 ± 10.48 (without) vs.
45.77 ± 19.91 (with) (p = 0.131)

41.71 ± 15.67 (without) vs.
52.80 ± 19.65 (with) (p = 0.512)

43.63 ± 11.09 (neither) vs.
53.33 ± 20.76 (both) (p = 0.143)

Fingerprint regeneration
score †

2.44 ± 0.88 (without) vs.
2.63 ± 0.58 (with) (p = 0.781)

2.57 ± 0.67 (without) vs.
2.60 ± 0.69 (with) (p = 0.917)

2.37 ± 0.91 (neither) vs.
2.55 ± 0.72 (both) (p = 0.815)

Hypoesthesia score § 0.22 ± 0.66 (without) vs.
0.04 ± 0.21 (with) (p = 0.426)

0.09 ± 0.43 (without) vs.
0.10 ± 0.31 (with) (p = 0.968)

0.25 ± 0.70 (neither) vs.
0.11 ± 0.33 (both) (p = 0.963)

Hyperesthesia score § 0.11 ± 0.33 (without) vs.
0.31 ± 0.64 (with) (p = 0.382)

0.28 ± 0.64 (without) vs.
0.20 ± 0.42 (with) (p = 0.702)

0.12 ± 0.35 (neither) vs.
0.22 ± 0.44 (both) (p = 0.743)

Pain score
(VAS) §

0.44 ± 0.52 (without) vs.
0.45 ± 0.73 (with) (p = 0.781)

0.38 ± 0.58 (without) vs.
0.60 ± 0.84 (with) (p = 0.633)

0.37 ± 0.51 (neither) vs.
0.55 ± 0.88 (both) (p = 0.743)

Cosmetic satisfaction score ¶ 4.22 ± 0.97 (without) vs.
4.04 ± 0.95 (with) (p = 0.654)

4.14 ± 0.91 (without) vs.
4.00 ± 1.05 (with) (p = 0.787)

4.12 ± 0.99 (neither) vs.
3.88 ± 1.05 (both) (p = 0.673)

Overall satisfaction score ¶ 4.66 ± 0.70 (without) vs.
4.31 ± 0.64 (with) (p = 0.174)

4.47 ± 0.67 (without) vs.
4.30 ± 0.67 (with) (p = 0.492)

4.62 ± 0.74 (neither) vs.
4.22 ± 0.66 (both) (p = 0.236)

Data presented as without exposure vs. with exposure, p > 0.05 for all comparisons (independent samples t-test).
† Assessed on a scale from 0 to 3, with higher scores indicating better regeneration. Data presented as without
exposure vs. with exposure, p > 0.05 for all comparisons (Mann–Whitney U test). § Rated on a scale from 0 to
5, with lower scores indicating less sensory loss, discomfort or pain. ¶ Rated on a scale from 1 to 5, with higher
scores indicating greater satisfaction.

3.5. Sensory Assessment
3.5.1. Hypoesthesia

The mean hypoesthesia score for all 31 patients was 0.09 (SD = 0.39), indicating
minimal sensory deficits.

Key finding: hypoesthesia was minimal (mean = 0.09, SD = 0.39), with no significant
differences across various injury types.

3.5.2. Hyperesthesia

The mean hyperesthesia score for all 31 patients was 0.25 (SD = 0.57), indicating
minimal sensory disturbances.

Key finding: hyperesthesia was minimal (mean = 0.25, SD = 0.57), with no significant
differences across various injury types.

3.6. Pain Assessment

The mean pain score for all 31 patients was 0.45 (SD = 0.67), indicating minimal
post-treatment pain.

Key finding: post-treatment pain was minimal (mean = 0.45, SD = 0.67), with no
significant differences across various injury types.

3.7. Cosmetic Assessment

The mean cosmetic satisfaction score for all 31 patients was 4.09 (SD = 0.94), indicating
high satisfaction with the cosmetic outcomes.

Key finding: cosmetic satisfaction was high (mean = 4.09, SD = 0.94), with no signifi-
cant differences across various injury types.
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3.8. Overall Satisfaction

The mean overall satisfaction score for all 31 patients was 4.41 (SD = 0.67), indicating
high satisfaction with the treatment outcomes.

Key finding: overall treatment satisfaction was high (mean = 4.41, SD = 0.67), with no
significant differences across various injury types (Table 3).

4. Discussion

This prospective study demonstrates the efficacy of a conservative treatment protocol
combining artificial dermis (Pelnac®) and semi-occlusive dressings (IV3000®) in managing
fingertip injuries with volar pulp tissue defects. The findings underscore the potential
of this synergistic approach for achieving favorable clinical outcomes while minimizing
surgical morbidity and hospitalization, aligning with the growing emphasis on patient-
centered care in reconstructive surgery [27,28].

The study cohort exhibited substantial fingerprint regeneration, with slightly better
scores in patients with bone-exposed injuries. This improvement could be attributed to
the regenerative capabilities of the periosteum and bone marrow cells, as well as the
inflammatory response triggering the recruitment of mesenchymal stem cells and growth
factors [29,30]. These findings suggest that the conservative treatment protocol, which
harnesses the body’s inherent regenerative mechanisms, may be particularly beneficial for
patients with bone-exposed fingertip injuries.

The treatment duration in the current study (45.29 days, SD = 17.53) was slightly longer
than those reported by Namgoong et al. [18] and Wang et al. [12], who also used artificial
dermis for fingertip defects with bone exposure. This prolonged duration may be attributed
to the unique combination of artificial dermis and semi-occlusive dressing, which likely
influences the complex regenerative processes within the wound bed. Despite the longer
treatment duration, the current study achieved high patient satisfaction, good sensory
recovery, and favorable cosmetic outcomes, consistent with the key outcomes reported in
other studies (Table 4). However, the heterogeneity in study designs, sample sizes, and
specific interventions among these studies makes direct comparisons challenging.

The consistently low pain levels across all subgroups suggest effective pain manage-
ment by the treatment protocol, possibly due to the anti-inflammatory properties of the
artificial dermis and the protective barrier provided by the semi-occlusive dressing [31].
However, the conclusion of a “low pain level” should be interpreted cautiously, as the
sensory evaluation was conducted immediately after epithelialization and may not fully
capture long-term pain levels and nerve recovery [32].

This study has several limitations that warrant careful consideration. First, the absence
of a surgical control group may affect the generalizability of the findings. This decision was
guided by multiple factors: the inherent drawbacks of surgical interventions [6–8,10,13,33],
encouraging outcomes from conservative approaches in prior studies [12,14,16,17,21–24,34–36],
and significant recruitment challenges due to patients’ strong preference for less invasive
treatments [37]. Moreover, based on the author’s experience, the toe pulp free flap was
identified as the most comparable surgical technique to the proposed conservative treat-
ment. However, its inclusion in this study was impractical given the highly specialized
nature of the procedure and the significantly lower number of eligible patients, making it
unfeasible to create a control group for this technique.
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Table 4. Comparison of treatment duration with previous studies utilizing artificial dermis for
fingertip reconstruction.

Study Sample
Size Injury Type Method

Treatment
Duration

(days)
Key Outcomes

Current Study 31
Volar pulp defects with
bone and/or tendon
exposure

Pelnac® 45.29 ± 17.53
High patient satisfaction,
good sensory recovery, and
cosmetic outcomes

Wang et al.,
2022 [12] 24 Fingertip defects with

bone exposure Pelnac® 28~42

Improves appearance and
function, and decreases the
need for stump trimming in
amputated fingers.

Namgoong
et al., 2020 [18] 23 Fingertip defects with

bone exposure
Tissue-engineered
artificial dermis 34.0 ± 4.9

Superior functional and
aesthetic outcome compared
to artificial dermis graft

Hoigné et al.,
2014 [23] 19

Fingertip
amputations(Ishikawa
zones II–III)

OpSite® Flexifix®

(Richardson
Healthcare Ltd.,
Borehamwood, UK)
dressing

21~56 Good sensory recovery and
cosmetic outcomes

Boudard et al.,
2019 [38] 19 Fingertip amputations

(M and D * zones I–III)

Semi-occlusive
dressing (Tegaderm®,
3M Company, St.
Paul, MN, USA)

30.1 ± 7 Good functional and
cosmetic outcomes

Mennen and
Wiese, 1993 [36] 200 Various fingertip injuries Semi-occlusive

dressing (OpSite®) 20–30
Good functional and
cosmetic outcomes, low
complication rate

* M & D: Merle and Dautel.

Another important limitation is the lack of objective sensory recovery assessments,
such as the two-point discrimination test, which could have provided a more compre-
hensive evaluation of sensory outcomes [39]. Additionally, the relatively short follow-up
period restricts the ability to fully assess the long-term durability and efficacy of the treat-
ment. Addressing these limitations in future research will be crucial for validating and
extending the findings of this study.

To address these limitations and further advance the understanding of conserva-
tive approaches for managing fingertip injuries, future research should focus on the
following areas:

1. Conducting well-designed, randomized controlled trials comparing conservative
treatments with surgical interventions, using standardized outcome measures and
longer follow-up periods to assess long-term efficacy, durability, pain levels, and
nerve recovery.

2. Performing comparative studies on different dermal substitutes and dressing materi-
als to identify the most effective combinations that minimize treatment time while
maximizing regenerative outcomes.

3. Incorporating objective sensory assessments, such as the two-point discrimination test,
alongside subjective evaluations to provide a more comprehensive understanding of
sensory recovery

5. Conclusions

This study demonstrates the potential of a novel conservative treatment protocol
combining artificial dermis and semi-occlusive dressings in managing fingertip injuries
with volar pulp tissue defects. Despite its limitations, such as the absence of a surgical
control group and the relatively short follow-up period, the approach achieves favorable
clinical outcomes while minimizing surgical morbidity and aligning with patient-centered
care principles. The results suggest that this synergistic combination may offer a promising
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alternative to traditional surgical interventions for managing fingertip injuries, partic-
ularly in patients with bone-exposed defects. However, further research with longer
follow-up periods, objective sensory assessments, and comparative studies is needed to
establish the long-term efficacy, durability, and superiority of this approach over existing
surgical techniques.
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Abstract: Background: Intraosseous vascular anomalies in the facial skeleton present significant
diagnostic and therapeutic challenges due to complex anatomy. These anomalies represent about
0.5–1% of bony neoplastic and tumor-like lesions, usually presenting as a firm, painless mass.
Most described intraosseous vascular malformations are venous malformations (VMs) and, more
rarely, arteriovenous malformations. Objectives: The objectives of this work are to show our
experience, protocol and the applications of computer planning, virtual surgery, CAD-CAM design,
surgical navigation, and computer-assisted navigated piezoelectric surgery in the treatment of facial
intraosseous vascular anomalies and to evaluate the advantages and disadvantages. Methods: Three
females and one male with periorbital intraosseous vascular anomalies were treated using en-block
resection and immediate reconstruction with a custom-made PEEK prosthesis. One lesion was
in the supraorbital rim and orbital roof, one in the frontal bone and orbital roof, and two in the
zygomatic region. We accomplished the resection and reconstruction of the lesion using virtual
planning, CAD-CAM design, surgical navigation and piezoelectric device navigation. Results: There
were no complications related to the surgery assisted with navigation. With an accuracy of less
than 1 mm, the procedure may be carried out in accordance with the surgical plan. The surgeon’s
degree of uncertainty during deep osteotomies and in locations with low visibility was decreased
by the use of the navigated piezoelectric device. Conclusions: Resection and reconstruction of
facial intraosseous vascular anomalies benefit from this new surgical strategy using CAD-CAM
technologies, computer-assisted navigated piezoelectric surgery, and surgical navigation.

Keywords: surgical navigation; virtual surgery; CAD-CAM design; computed-assisted surgery;
virtual planning; computer-assisted navigated piezoelectric surgery; 3D planning

1. Introduction

Intraosseous vascular anomalies of the facial skeleton present a significant diagnostic
and therapeutic challenge due to its complex anatomy [1].

According to Mulliken and Glowacki, there are two types of vascular anomalies: vas-
cular tumors and vascular malformations [2]. The 2018 International Society for the Study
of Vascular Anomalies (ISSVA) classification does not accept the diagnosis of intraosseous
hemangioma, distinguishing between proliferative lesions (tumors) and non-proliferative
lesions (malformations) [3–5].
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Most described intraosseous vascular malformations are venous malformations (VMs)
and more rarely arteriovenous malformations (AVMs). Many have been erroneously
labeled as “hemangiomas” [1,5].

These anomalies represent about 0.5–1% of all bony neoplastic and tumor-like lesions
and mostly affect the vertebral column and calvarium [6,7]. Maxillofacial involvement is
uncommon, with the maxilla and mandible being the most frequently affected sites [6–8].
Zygomatic bone, nasal, and frontal bone involvement has also been described [9–12].

They typically occur in the fourth to fifth decade, affecting both genders almost
equally [5,7], although some studies note a female predominance [6,9]. Trauma is a com-
monly suggested cause [13–15], although congenital factors are also considered [16–18].
VMs present as a firm, painless lump or mass [1,7,19,20] and can cause swelling or
pain in the maxilla and the mandible, or neurological symptoms when in the sphenoid
bone [21] or cranial base [22,23]. Rarely, they can cause tooth displacement [7]. Lesions
of periorbital bones usually produce asymptomatic contour defects with esthetic compro-
mise [6,8,10,24–26]. When symptomatic, pain (49%) and subsequent by ocular features
(14.2%) related to the mass effect (dystopia, exorbitism, ptosis and extraocular muscle
movement impairment) are the most common symptoms [9,25,27–33].

VMs show a tendency to grow with time and can worsen due to trauma, infection,
puberty or pregnancy [7,11,34]. Traumatic injury may predispose to periods of accelerated
growth; however, this association remains controversial [6].

There may be extensive bleeding during biopsy or surgery; so, it is imperative to
suspect the vascular nature of the lesion [9].

On plain radiography, VMs are slightly radiopaque and usually well circumscribed [35].
On CT, the lesions may appear with honeycomb, soap bubble, or sunburst
patterns [6,15,18,28,34–37]. On MRI, VMs appear hypo- to isointense on T1 images and
hyperintense on T2 images. In orthopantomography and plain radiography, AVMs appear
as radiolucent lesions, and CT scans show them as expansive lytic defects that are vividly
enhanced on contrast administration [35,38]. On MRI, an AVM appears as a tangle of
vessels with a typical flow–void phenomenon, seen on both T1- and T2-weighted imag-
ing [1,29,34,38]. CT is the standard radiological study. However, several authors prefer
MRI to CT [13,18,39].

Histopathology differentiates VMs, characterized by abnormal thin-walled veins, from
AVMs, with arteriovenous shunts [6].

Immunohistochemical staining also aids in distinguishing these lesions: VMs are posi-
tive for CD31 and CD34, AVMs for smooth muscle actin, and hemangiomas for GLUT-1 [6].

Treatment depends on symptoms, location, and extent.
Complete surgical resection is its treatment of choice [7,8,19,24,40], reducing recur-

rence [40], and bleeding risks [9,26]. Preoperative arteriography and embolization may be
beneficial for high-flow lesions.

Advanced technologies like virtual planning, surgical navigation, and computer-
assisted navigated piezoelectric surgery (CANPS) enhance precision and outcomes and
minimize complications and surgical approaches in the surgical treatment of facial in-
traosseous vascular anomalies [41–47].

Computer-assisted navigated piezoelectric surgery (CANPS) applies computer plan-
ning and surgical navigation to a piezoelectric device so that it becomes navigable [48,49].

The main objective of this work is to show our experience, our protocol, and the appli-
cations of computer planning, virtual surgery, CAD-CAM design, surgical navigation and
computer-assisted navigated piezoelectric surgery in the treatment of facial intraosseous
vascular anomalies and to evaluate the advantages and disadvantages of this innovative
surgical approach.
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2. Materials and Methods
2.1. Patients

The study design is based on a descriptive study (case series) of 4 patients with
intraosseous vascular anomalies treated in the Department of Craniomaxillofacial Surgery
at a tertiary referral hospital between June 2017 and May 2019. All patients provided
informed written consent to accomplish the surgery and posteriorly also to participate in
the study.

The inclusion criteria were as follows: (1) presence of a craniomaxillofacial intraosseous
vascular anomaly; (2) resection and reconstruction of the tumor using virtual planning,
CAD-CAM design and surgical navigation; and (3) minimum follow-up of 1 year. The
exclusion criteria were as follows: (1) resection of intraosseous vascular anomaly without
virtual planning, CAD-CAM design and surgical navigation; and (2) incomplete records.

2.2. Data Collection

Data collection was carried out based on a protocol established before the study began
and reviewed at the end of it. Clinical variables related to the patients were recorded. The
variables and data collection form are attached in Table 1.

2.3. Procedure

En-block resection and immediate custom-made PEEK prosthesis reconstruction were
planned for all four patients.

2.3.1. Virtual Surgical Plan

DICOM (Digital Imaging and Communication in Medicine) files from CT helical scan
with 0.8 mm thin slices data were imported into the planning BrainLab software, iPlan®

3.0.6 and Elements® 4.0 (Munich, Germany). A virtual surgery with a treatment plan was
carried out. The vascular malformation shape was outlined, and an appropriate 1mm
surgical margin was automatically created using the tool “margin”. The object “lesion
resection” was created and the virtual bone defect was evaluated after the virtual resection
was performed on the computer. Essential anatomical structures to be protected from injury
during surgery were also delimited and marked.

2.3.2. CAD-CAM Design of the PEEK Prosthesis

The object “lesion resection” was converted into .STL files that were sent to Materialise®

(Materialise, Leuven, Belgium; https://www.materialise.com/en, accessed on 31 July 2024),
which built a custom-made PEEK prosthesis. The prosthesis was manufactured by mirror-
ing the healthy side and following surgical resection margins. The surgical plan, resection
guide, and prosthesis were converted into .STL files. The files were sent back to us and
imported into the iPlan® 3.05 software or Elements® planning software of the BrainLab®

navigation system. The .STL files of the plan were superimposed onto patient-specific CT
scan data to check the accuracy of the resection and PEEK reconstruction plan.
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2.3.3. Surgical Navigation

Surgical navigation with the BrainLab® system was used to guide the resection. There
are three moments of surgical navigation: anatomical navigation (1st navigation), work-
ing navigation (2nd navigation), and checking navigation (3rd navigation). Anatomical
navigation checks anatomical structures, working navigation helps with surgical plans,
and checking navigation or simulation-guided navigation verifies reconstruction [49,50].
CANPS is a type of working navigation [49,50].

A skull post with a dynamic reference frame was fixed to the patient’s skull. Patient
registration was performed using the surface laser or unequivocal bone points.

Registration and calibration of the cutting tip of the piezoelectric device were carried
out. The piezoelectric handpiece was registered by anchoring the three reflecting spheres
tracking tool to the handpiece of a Vercellotti-type piezoelectric device and linking it to the
navigator with a calibration matrix. The cutting guides were set in position and anchored
with screws onto the healthy bone. The osteotomy of the lesion was performed with a
piezoelectric device following the custom-made surgical guides over the bone surface and
then in depth in the orbital roof, orbital floor and orbital walls with the aid of the CANPS.
We accomplished 1. Indirect, and 2. Direct or “live” surgical navigation. We performed
live piezoelectric navigation with real-time results on the workstation screen. The precision
of the piezoelectric device’s cutting tip was monitored before and throughout the surgery.
Accuracy was ensured by positioning the calibrated cutting tip on specific anatomical
landmarks. Surgery was carried out with a precision of 1 mm. If deviations exceeded this
limit, the device was re-registered and recalibrated. After the resection, the navigation
again helped us check the planned resection margins.

The PEEK prostheses were placed in position for reconstruction. Patient-specific im-
plants did not require additional adaptation or remodeling because navigation-assisted
resection ensured precise excision of the deep margins according to the preoperative plan.
In Case 1, a groove was created for the passage of the pericranial flap to isolate the frontal si-
nus and nasal cavities from the skull base and prosthesis. This groove, approximately 3 mm
thick, prevents compression over the pericranial flap when placing the PEEK prosthesis.
The customized PEEK prostheses were fixed in all cases with titanium mini-plates. Os-
teosynthesis was performed using conventional osteosynthesis systems (Matrix Midface®)
with low-profile mini-plates to prevent them from being palpable under the skin. Two
holes and screws at least on each side of the osteosynthesis points were used. Navigation
was performed again to recheck the PEEK prosthesis’s accurate position, known as the
third navigation or “Simulation-Guided Navigation” (SGN).

Accuracy was postoperatively verified by superimposing the postoperative CT scan
onto the preoperative CT scan, which contained the surgical plan. Measurements were
then taken in the axial, sagittal, and coronal planes.

This study was conducted in accordance with the tenets of the WMA Declaration of
Helsinki in the context of Ethical Principles for Medical Research Involving Human Subjects.
It was approved by our institution’s local institutional review board (Act. number 301, ref.
4626; 03-2020).

3. Results

The study sample comprised three females and one male, with an average age of
47.5 years old. One lesion was in the supraorbital rim and orbital roof, one in the frontal
bone and orbital roof and two in the zygomatic region (Table 1). CANPS was success-
fully performed.

There were no complications related to navigated surgery. The surgery could be
performed according to the surgical plan with a precision of 1 mm.

The use of the navigated piezoelectric device reduced the surgeon’s uncertainty during
the osteotomies in depth and in poorly visible areas. Three experienced surgeons, two
maxillofacial surgeons and one plastic surgeon with experience in facial reconstruction,
independently assessed the esthetic result as excellent in all four patients. The evaluation
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was performed using a five-choice graded scale: poor, fair, satisfactory, very satisfactory
and excellent. Figures 1–9 represent Case 2. Figures 10–18 illustrate Case 3.
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Figure 1. These images show the preoperative external appearance of the face of Patient 2. The pro-
trusion can be seen in the right frontal region due to an intraosseous venous malformation. 
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protrusion can be seen in the right frontal region due to an intraosseous venous malformation.

J. Clin. Med. 2024, 13, x FOR PEER REVIEW 7 of 19 
 

 

 
Figure 2. Preoperative CT scan. Three-dimensional, axial, sagittal and coronal views can be appre-
ciated. There is a mixed radiolucent lesion and an expansive lytic defect affecting the frontal bone 
above the right supraorbital rim and roof of the right orbit. A: anterior, P: posterior, H: head, F: foot, 
R: right, L: left. 

 
Figure 3. The resection plan (in red in the figure) and the surgical cutting guide that will conduct 
the resection on the surface of the frontal bone as planned. 

Figure 2. Preoperative CT scan. Three-dimensional, axial, sagittal and coronal views can be appre-
ciated. There is a mixed radiolucent lesion and an expansive lytic defect affecting the frontal bone
above the right supraorbital rim and roof of the right orbit. A: anterior, P: posterior, H: head, F: foot,
R: right, L: left.
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resection on the surface of the frontal bone as planned.
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Figure 7. Images of direct navigation of the right orbital roof with the navigated piezoelectric device
(yellow dot with small cross) are shown on the navigation screen. The progression and depth of the
guided osteotomy can be appreciated and evaluated in real time (“live navigation”). A: anterior,
P: posterior, H: head, F: foot, R: right, L: left. In blue, the virtual resection; in red, the virtual
reconstruction with the PEEK prosthesis.
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a slight elevation of the left eyeball and a protrusion of the left cheek. 

 

Figure 10. This image shows the preoperative external appearance of the face of Patient 3. There is a
slight elevation of the left eyeball and a protrusion of the left cheek.
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Figure 11. Preoperative CT scan. Three-dimensional, axial, sagittal and coronal views can be
appreciated. There are a mixed radiolucent lesion and an expansive lytic defect affecting the left
infraorbital rim, zygoma, external zone of the orbital floor and inferior part of the external wall.
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Figure 12. Surgical plan with the BrainLab® navigation software, iPlan® 3.0.6 (Munich, Germany). 
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The lesion is colored in red and the surgical margin in blue.
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Figure 14. This picture shows the surgical approach to the orbit, the surgical guide and the prosthe-
sis, the vestibular intraoral approach with the surgical guide in position anchored to the zygoma 
with screws and the superior osteotomy line. 

 
Figure 15. Images of direct navigation with the piezoelectric device on the less-visible posterior part 
the zygoma (yellow dot with small cross) are shown on the navigation screen. Again, the progres-
sion and depth of the guided osteotomy can be appreciated and evaluated in real time (“live navi-
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Figure 14. This picture shows the surgical approach to the orbit, the surgical guide and the prosthesis,
the vestibular intraoral approach with the surgical guide in position anchored to the zygoma with
screws and the superior osteotomy line.
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Figure 15. Images of direct navigation with the piezoelectric device on the less-visible posterior part
the zygoma (yellow dot with small cross) are shown on the navigation screen. Again, the progression
and depth of the guided osteotomy can be appreciated and evaluated in real time (“live navigation”).
The lesion is colored in red and the surgical margin in blue.
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Figure 16. The resected lesion, the PEEK prosthesis and the osteosynthesis with miniplates (intraoral 
approach). 

 
Figure 17. Postoperative 3D CT. 

Figure 16. The resected lesion, the PEEK prosthesis and the osteosynthesis with miniplates (intrao-
ral approach).
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Figure 18. Postoperative facial appearance. 

4. Discussion 
The use of virtual surgical planning, CAD-CAM design of prostheses and customized 

surgical guides has been applied by a few authors for the surgical management of vascular 
anomalies of the facial bones [9,41,51,52]. To the best of our knowledge, no paper has com-
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4. Discussion

The use of virtual surgical planning, CAD-CAM design of prostheses and customized
surgical guides has been applied by a few authors for the surgical management of vascular
anomalies of the facial bones [9,41,51,52]. To the best of our knowledge, no paper has
combined surgical navigation with these technologies. Moreover, it is also the first time
that both indirect surgical navigation with a pointer and direct surgical navigation with the
piezoelectric device have been performed to resect vascular anomalies of facial bones.

Intraosseous vascular anomalies of the facial skeleton represent a diagnostic and
therapeutic challenge for craniofacial surgeons. Computer-assisted technology for virtual
planning, CAD-CAM designed PEEK prosthesis, surgical navigation and piezoelectric re-
section represent a new trend in the multidisciplinary treatment of these complex anomalies.
This technology improves cutting precision and intraoperative safety, helping to minimize
esthetically impairing scars and surgical morbidity, achieving exceptional outcomes in this
anatomical region.

Careful clinical and radiographic evaluation is essential to avoid misdiagnosing he-
mangiomas, venous malformations, and arteriovenous malformations. Histopathological
and immunohistochemical analyses may be required in some cases.

We, as many authors, recommend immediate reconstruction after surgical resection.
Common reconstructive options include autogenous calvarial graft [27,53,54], pre-bent
titanium mesh on a standard or a patient stereolithographic model [19,55], and customized
PEEK (Polyetheretheretherketone), titanium, methyl-methacrylate prostheses or polycapro-
lactone/beta tricalcium phosphate scaffold [9,12,51,52,56–62]. Customized prostheses allow
for a reliable reconstruction with excellent esthetic results, avoid morbidity in the donor
site, and reduce surgical time.

When comparing reconstruction materials, PEEK has similar strength and weight to
human bone, offers high biocompatibility and durability, is radiolucent and has low rates
of infection and allergic reactions, but can be expensive and has a higher infection rate
compared to titanium. Titanium prostheses are strong, biocompatible and have superior
osseointegration potential, but are radiopaque, expensive and difficult to modify during
surgery. Both PEEK and titanium can be sterilized and customized. PEEK mimics bone
elasticity and density better, is adjustable during surgery, and can increase in thickness to
restore volume, but requires titanium screws for fixation due to its poor osseointegration.
Autologous bone grafts integrate well biologically with minimal rejection, but may cause
donor site morbidity and are in limited availability. PMMA is a cost-effective and easy
to shape bone cement, but presents a higher risk of infection, especially for long-term
use [60–62].

Several authors have reported that the use of virtual surgery and CAD-CAM design
of prostheses and customized surgical guides improves the accuracy of the reconstruction
and its esthetic results, reduces complications of ablation and reconstruction, and decreases
surgical time and postoperative hospital stay [12,51,57]. In our cases, we could establish
that there was less than 1 mm of difference between the planned resection and reconstruc-
tion with the postoperative CTs. The esthetic results were excellent in all cases according
to the surgeon’s and patients’ appreciation. Shorter surgeries minimize the risk of infec-
tion and other intraoperative complications, while shorter hospital stays benefit patient
recovery. From our point of view, the integration of virtual surgery, CAD-CAM design
and surgical navigation technology represents a significant advancement in reconstructive
surgery [42–47,59].

According to the two types of navigation methods, “indirect” or “sequential” nav-
igation uses a probe intermittently. In contrast, “direct”, live, continuous, or real-time
navigation” registers the operating instrument as a probe, allowing for continuous navi-
gation during surgery. CANPS is a “direct” navigation [49,50]. CANPS can be applied to
guide osteotomies in depth and in areas where it is impossible to place surgical guides be-
cause of their limited accessibility. CANPS can be used to control these hidden osteotomies
during the resection of facial intraosseous vascular malformations [48,49]. Navigation
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can be once more used to verify the precise placement of the PEEK prosthesis, a process
referred to as the third navigation or “Simulation-Guided Navigation” (SGN).

The advantages of computer planning and surgical navigation in treating intraosseous
vascular malformations include accurate preoperative diagnosis, virtual surgery simulation,
improved reconstruction accuracy, increased surgical safety, “direct navigation” or real-
time guidance during surgery, reducing the risk of injury to anatomical structures, and
operative time. The use of the navigation systems saves overall surgical time by decreasing
uncertainty and increasing the surgeon’s confidence and precision with the resection and
the reconstruction [41,43,45–47,59].

Possible complications related to virtual planning and surgical navigation are as follows:
errors in planning and establishing appropriate surgical resection margins, loss of accuracy
during surgical navigation, loosening of the screw that fixes the skull post with the dynamic
reference frame to the skull, and inadvertent injuries with the navigation instruments.

We describe a novel surgical strategy for facial intraosseous vascular anomalies, using
minimally invasive resection with piezosurgery and surgical navigation. It provides precise
and confident resection and reconstruction but has an initial cost and learning curve
drawbacks. Navigation saves time by decreasing uncertainty but requires preoperative
planning and takes up space in the operating room.

5. Conclusions

Resection of facial intraosseous vascular anomalies can benefit from using CAD-CAM
technologies, Computer-assisted navigated piezoelectric surgery and surgical navigation.
CAD-CAM allows for the manufacture of PEEK prostheses that can be immediately adapted
to the defect. Surgical navigation allows for the performance of osteotomies according to
the planning, maximizing surgical precision and safety.
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Abstract: Background: For years, surgical debridement with autografting has been considered the
standard of care in the treatment of severe burns of the hand. However, in recent years, enzymatic
debridement has increasingly been reported as a good alternative, especially for burns of the hand,
as it selectively preserves viable tissue. In this study, we aim to evaluate the long-term function
of the hand after enzymatic debridement in deep dermal burns. Methods: A retrospective chart
review was conducted as well as measurements of subjective and objective outcome measures
through physical examination and Disabilities of the Arm, Shoulder, and Hand (DASH), Patient and
Observer Scar Assessment Scale (POSAS), and Vancouver Scar Scale (VSS) scores. Results: A total of
32 enzymatically debrided hands of 24 patients were included with a mean age of 42.4 ± 16.8 years
and a mean follow-up of 31 months. Postoperatively, 19 of these could be managed conservatively
using skin substitutes such as “Suprathel”, 13 had to undergo subsequent autografting. The mean
DASH score for the entire study population was eight with a mean value of four in the conservatively
managed group and fourteen in the autografted group. The mean Patient, Observer POSAS, and VSS
values were nineteen, thirteen, and two. A total of 30 cases showed an effortless complete fist closure,
and, also in 30 cases, patients attested to be satisfied with the esthetic appearance of the hand on
being asked. Conclusions: The descriptive analysis of these results in our study population suggests
that the enzymatic debridement of deep burns of the hand, especially combined with subsequent
conservative management with skin substitutes, was associated with low long-term hand disability
scores at a follow-up of two years.

Keywords: enzymatic debridement; Nexobrid®; hand burns; hand function

1. Introduction

Over the past decade, bromelain-based enzymatic debridement has established itself
as an effective and even superior alternative to conventional excisional debridement, pre-
venting the necessity of escharotomy, reducing the number of burns requiring autografting,
as well as reducing healing time from the first debridement [1–7]. In many clinics, it is
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steadily replacing conventional debridement as the standard of care in the treatment of
deep dermal burns because of its selective ability to preserve (partially) viable dermal
tissue and enhance the chances of spontaneous healing [4,8,9].

Hand burns are very common, being implicated in 30 to 90% of burn patients [2,10–12],
and are an especially challenging field within burn treatment because of the hand’s complex
anatomy. Especially in this field, enzymatic debridement has been of great significance.
Preserving viable dermal tissue in the hand, a complex anatomical instrument prone to
developing contractures due to its many joints can be beneficial for maintaining normal
hand function.

With an increasing number of burn victims surviving their injuries, the preservation
of hand function becomes even more crucial for their quality of life [13]. Conventional
excisional debridement in the form of tangential excision or hydrosurgery is very traumatic
and inadvertently removes healthy dermal tissue with its capacity for spontaneous healing.
The often-used aphorism “If epidermis is life, dermis is quality of life” is particularly perti-
nent in this field of burn surgery, for having one normally or nearly normally functioning
hand can make the difference between being self-sufficient and being dependent on others
in our daily activities.

The early and continuous intensive mobilization of the hand after deep burn injuries
is essential for long-term hand function [10,12,14,15]. Enzymatic debridement seems to not
only preserve viable dermal tissue optimizing the patient’s own regeneration potential,
but also spares the patient the postoperative hand immobilization. Studies evaluating
long-term hand functionality after enzymatic debridement are scarce. These find similar
or superior long-term functional results after enzymatic debridement in comparison to
conventional debridement in adults [2,4,7]. In our study, we aimed to evaluate the long-
term hand functionality in our adult patient population after the enzymatic debridement
of deep dermal burns.

2. Materials and Methods

This study has been approved by our hospital’s Institutional Review Board. A retro-
spective analysis was conducted on patients having undergone enzymatic debridement of
the hands between 2015 and 2022 in our inpatient clinic (with 26 beds) or the intensive care
unit for severe burns (with 6 beds) in “Nuremberg Hospital”. “Klinikum Nuremberg” is a
2200-bed tertiary hospital.

2.1. Patient Inclusion

All cases of deep hand burns in which enzymatic debridement with Nexobrid® was
applied were searched and identified in the clinics database using specific International
Classification of Disease (ICD) codes. Our study population and this study only included
patients over the age of 16. Patients with burns under the age of 16 are treated by pedi-
atric surgeons in our clinic. We aimed to exclude individuals with rheumatoid diseases
impacting the hands, as well as those with other hand traumas or a history of hand surgery
that affected their hand function, as these conditions would introduce a potential bias.
However, none had to be excluded for these reasons. A total of 38 patients had been
selected and 24 of them were included in the study. For the remaining 14 patients, the
distance from their home to our clinic was too far, they were unable to fit the visit into
their schedule during the weeks when we were available to perform physical examinations,
or the retrospective chart review showed too many significant missing variables (see the
flowchart in Figure 1).
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Figure 1. Flowchart of patients.

2.2. Standard Procedures in Regards to Enzymatic Debridement

On admission, the included patients with deep hand burns received wet wound dress-
ings consisting of bandages rinsed in polyhexanide solution. These wet dressings were
continued for at least 24 h as part of the presoaking regime. In our clinic, burns are diag-
nosed and designated using capillary refill testing as well as Laser Doppler Imaging (LDI).

Enzymatic debridement with Nexobrid® in our clinic follows European consensus
guidelines [16,17]. Depending on the initial wound evaluation post-debridement (24–48 h),
the following treatment paths were determined: superficial burns were treated conserva-
tively through “Suprathel” application, while deep partial-thickness and mixed burns were
treated conservatively with skin substitutes “Epicite Hydro” or “Kerecis”. Full-thickness
burns required split-thickness autologous skin grafting. Mixed-depth burns were also man-
aged conservatively to promote spontaneous epithelialization (see flowchart in Figure 1). If
healing was inadequate after 2 weeks, autografting was considered. Early mobilization
was encouraged for the conservatively treated cases (starting on the first postoperative
day), while the autografted hands were immobilized for 4–5 days postoperatively.

2.3. Data Collection and Final Routine Follow-Up Examination

A retrospective data analysis was performed including reviewing the patient files and
photo and video documentation. In the period between March 2022 and August 2022, the
included patients were invited to participate in a routine follow-up examination. During
the routine follow-up examination, the patients were asked to fill out the Disabilities of the
Arm, Shoulder, and Hand (DASH) [18,19], Patient and Observer Scar Assessment Scale
(POSAS) [20,21], and Vancouver Scar Scale (VSS) [22] scores. Additionally, patients were
interviewed regarding current symptoms, persisting disabilities during daily life, their
professional situation, their medical history, and whether they were satisfied with the
esthetic appearance of their affected hands or not. This examination included a detailed
physical assessment of various aspects of hand function. The condition of the scars and any
potential contractures were carefully evaluated. Sensitivity was assessed using the two-
point discrimination test, a method that determines the ability to discern two close points
on the skin. To evaluate thumb mobility, the opposition score as defined by Kapandji [23]
was employed, which provides a standardized measure of thumb function. The range of
motion (ROM) of both the metacarpophalangeal (MCP) and interphalangeal (IP) joints of
the affected fingers was measured using a goniometer. Additionally, hand strength was
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assessed using specific tools. Pinch strength between the thumb and index finger was
measured with the Jamar pinch gauge, which is designed to evaluate the force exerted
in a person’s pinch grip. Overall, handgrip strength was measured using the Jamar
dynamometer, an instrument for assessing the maximum isometric strength of the hand
and forearm muscles. Most importantly, patients were instructed to demonstrate full fist
closure and full hand extension, both of which were documented photographically. The
physical examinations were conducted by a fifth-year medical student under the direct
supervision of the first author, following extensive practice of the procedures.

2.4. Statistical Analysis

The relatively low number of patients in the conservatively and surgically treated
groups after enzymatic debridement caused a proper statistical analysis to be impossible.
Therefore, only a descriptive analysis was performed.

3. Results

A total of 24 patients were included in this study, with 32 enzymatically debrided
burned hands and with a mean follow-up of 31 months. The mean age of these patients
was 42 years (ranging from 16 to 71), with twenty-one male and three female patients
(Table 1). In eight patients, both hands were involved, and in nineteen patients, the
dominant hand was involved. The mean total burned body surface area (TBSA) was 15%,
ranging from 10 to 70%. A total of six hands had mixed burns with superficial partial-
thickness being predominant; eighteen showed deep partial-thickness burns; and eight
showed full-thickness burns. In the case of a mixed burn pattern, the predominant burn
depth was documented. In 22 hand burns in our study, both the palm and the dorsum of
the hand were involved.

Table 1. Patient characteristics presented with mean values and standard deviations. (Chronic
obstructive pulmonary disease (COPD)).

Total Study Population
(n = 32)

Conservatively Treated
Group 1
(n = 19)

Surgically Treated Group 2
(n = 13)

Age (years) 42.4 ± 16.8 43 41

Follow-up (months) 31.4 ± 17.1 32 31

Male sex 26 17 9

Total burned body surface area (%) 15.1 ± 15.3 10 23

Burn depth

Superficial partial-thickness 6 6 0

Deep partial-thickness 18 12 6

Full-thickness 8 1 7

Palm of the hand involved 26 14 12

Dorsum of the hand involved 28 17 11

Renal insufficiency 4 3 1

Heart disease 0 0 0

Immunosuppression 0 0 0

COPD 3 3 0

Depression 1 1 0

Nicotine dependency 6 6 0

After enzymatic debridement, 19 hands were treated conservatively (group 1) and
13 hands surgically (group 2). Both groups did not show relevant differences in mean age
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or follow-up time and consisted of predominantly men. The mean TBSA was greater in
group 2 with 23% vs. 10% in group 1. Also, group 2 included seven out of the total eight
full-thickness burns. The palm of the hand seemed to be more frequently affected in group
2 (12/13 vs. 14/19).

Some observations in the Results Section warrant further clarification. Despite the
study’s primary focus on deep dermal burns, Table 1 indicates the inclusion of six superficial
partial-thickness burns. This discrepancy arises from the classification of many mixed-
depth burn cases by their predominant depth. Specifically, these six cases consisted of a mix
of 60% superficial partial-thickness and 40% deep partial-thickness and/or full-thickness
burns. None of these six mixed-depth burn cases had to be treated surgically.

3.1. Conservative vs. Surgical Treatment Following Enzymatic Debridement

A total of nineteen hand burns were treated conservatively, fifteen of which with
“Suprathel”, three of which with “Kerecis”, and one with “Epicite Hydro” (Table 2). The
13 hand burns in group 2 were all treated surgically following enzymatic debridement
through excisional debridement and split-thickness autografting. In twelve cases, the
indication for ensuing surgical treatment was set directly at the post-enzymatic wound bed
evaluation, and, in one case, after the failed conservative treatment.

Table 2. Specifics pertaining to the enzymatic debridement and the ensuing conservative or
surgical treatments.

Total Study
Population

(n = 32)

Conservatively
Treated Group

1 (n = 19)

Surgically Treated
Group 2
(n = 13)

Wound bed:

Uniform pink/red 12 10 2

Uniform white + punctuate bleeding 18 7 11

Step-off/Depression 6 0 6

Exposed fatty tissue 4 0 4

Exposed thrombosed veins 6 1 5

Second applicatiion of Nexobrid® 0 0 0

Post-enzymatic application of

Suprathel 15 15 0

Epicite Hydro 1 1 0

Kerecis 3 3 0

Split-thickness autograft 13 0 13

In 10 out of 12 cases where a pink or red wound bed evaluation (superficial partial-
thickness burns) was observed, a conservative treatment also ensued. The two remaining
cases, despite initially presenting with a uniform pink wound bed upon evaluation, ex-
hibited delayed healing in the following 2 weeks and consequently required subsequent
surgical treatment. Also, in all but one case where signs of full-thickness burns were identi-
fied (such as step-offs/depressions, exposed fatty tissue, and thrombosed veins), surgical
treatment with split-thickness autografting ensued. A white wound bed with pin-point
punctate bleeding (deep partial-thickness burns), occurring in eighteen cases, resulted in
conservative treatment in seven of the cases and surgical treatment in eleven cases.

3.2. Questionnaire Scores

The mean DASH score was found to be eight for the entire study population (range
0–27), with a mean score of four in the conservatively treated group and a mean score of
fourteen in the surgically treated group (Table 3, Figure 2). A total of nine patients (28%)
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had a DASH score ≥ 15, eight of which were treated surgically and one conservatively. The
DASH score seemed not to be age-dependent.

Table 3. Questionnaire scores and functional outcomes. Disabilities of the Arm, Shoulder, and Hand
(DASH), Patient and Observer Scar Assessment Scale (POSAS), Vancouver Scar Scale (VSS).

Total Study
Population

(n= 32)

Conservatively
Treated Group

1 (n = 19)

Surgically Treated
Group 2
(n = 13)

DASH (0–100) 8.4 ± 8.1 4 14

POSAS Patient (6–60) 18.5 ± 9.1 14 24

POSAS Observer (6–60) 12.9 ± 6.5 10 17

VSS (0–13) 2.4 ± 1.7 2 4

Complete fist closure

possible 30 19 11

not possible 2 0 2

Kapandji Score (0–10) 10 10 9

Handgrip strength (kg) 35.8 ± 16.2 41 28

Pinch grip strength (kg) 7.1 ± 3.1 8 6

Figure 2. Boxplots for the Disabilities of the Arm, Shoulder, and Hand (DASH) score distribution
of the conservatively and surgically treated groups following enzymatic debridement. The dot
in the middle of the figure is an outlier value. The normal DASH score has been reported to be
around 10 in a general population study [24]. The following cut-off values for the DASH score have
been described: <15 corresponds with “no problem”, 16–40 with “problem, but working”, >40 with
“unable to work” [25].

The mean patient POSAS score was 19 for the entire study population, with a mean
value of 14 in the conservatively treated group and 24 in the surgically treated group.
The mean values for the observer POSAS score were 13 for the entire study population,
10 in group 1, and 17 in group 2 (Table 3, Figure 3). The mean VSS score was two in the
entire group, with a mean value of two in the conservatively treated patients and four in
the surgically treated patients. A total of two patients attested not to be pleased with the
esthetic appearance of their burned hand. Both of them were treated surgically following
enzymatic debridement.
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Figure 3. Boxplots for the Patient (a) and Observer (b) Scar Assessment Scale (POSAS) of the
conservatively and surgically treated groups following enzymatic debridement. The dots represent
outlier values.

3.3. Functional Results

In four cases, pain was reported involving the burned hand area (one case in group 1
and three cases in group 2). Cold intolerance was reported in fourteen cases, eight of which
were in the surgically treated group. In 31 cases, a two-point discrimination between 4 and
6 mm was found. Scar contractures were seen in a total of nine burned hands, seven of
which were in the surgically treated group. These included mostly interdigital contractures.

Nonetheless, in 30 of the 32 cases, the patient could demonstrate complete fist closure.
Most hands showed an overall full range of motion, with nearly full extension and the
abduction of the fingers. A maximum Kapandji score of ten was found in twenty-five hands
and a score of nine was found in six hands. In one surgically treated hand, a Kapandji score
of four was found. The mean handgrip strength was found to be 36 kg for the entire group,
with 41 kg in group 1 and 28 kg in group 2 (Figure 4). The mean pinch grip strength was
also lower in group 2 with 6 kg compared to 8 kg in group 1.

Figure 4. Boxplots for the handgrip strength of the conservatively and surgically treated groups
following enzymatic debridement.
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4. Discussion

In this study, we aimed to evaluate the long-term hand function after the enzymatic
debridement of deep dermal burns through descriptively analyzing the following outcome
measures and comparing them to the existing literature.

4.1. DASH

For the DASH questionnaire, we found a mean score of eight, (four in group 1,
fourteen in group 2). Our mean DASH score of eight is beneath the score of ten, which
was found in a general study population [24], and beneath the cut-off value of 15, which is
considered unproblematic in the DASH score interpretation [25]. In a prospective study of
16 enzymatically debrided upper extremities, Cordts et al. found a mean DASH score of 23
at a 3-month follow-up [11]. This is relatively high in comparison to many other similar
studies, which have a longer follow-up time, such as Fischer et al., who found a mean DASH
of 13.9 in a prospective study of 20 enzymatically debrided upper extremities at a 12-month
follow-up [3]. This role of the follow-up time is confirmed by Cherubino et al., finding a
mean DASH of 21 at a 6-month follow-up and a mean DASH of 11 at a 15-month follow-up
in 18 enzymatically debrided upper extremities [26]. Furthermore, Corrales-Benitez et al.
prospectively found a mean DASH value of 0.2 in 90 enzymatically debrided hands [27].
Heitzmann et al. reported a mean DASH score of seven in thirty-one enzymatically
debrided hands. Both of these were found at a mean follow-up of 12 months, which is very
similar to our own results [4]. Despite the many inhomogeneities of these studies, they do
seem to support the favorable DASH values found in our study, especially after a follow-up
time of 12 months or longer.

4.2. POSAS and VSS

With a mean patient POSAS value of 19 and an observer POSAS value of 13, one
could conclude that, in our study, the observers were generally more satisfied with the
long-term scars than the patients were. However, the POSAS values suggest that both
patient (POSAS of 14 in group 1 vs. 24 in group 2) and observer (POSAS of 10 in group
1 vs. 17 in group 2) seemed to be more satisfied with the scar quality after conservative
post-enzymatic treatment than after surgical post-enzymatic treatment (Table 3). In the
study by Cherubino et al., mean patient and observer POSAS values of 16 and 14 were
reported [26]. Heitzmann et al. conducted a comparative study between 31 enzymatically
and 15 surgically debrided hands, reporting patient and observer POSAS values of 21 and
17, respectively in the enzymatically debrided group, and of 33 and 26 in the surgically
debrided group [4]. These patient and observer POSAS values suggest poorer scar quality
after surgical debridement than after enzymatic debridement of hand burns and seem to
correspond with our own results.

The mean VSS value of two (of thirteen) found in this study suggests an overall
favorable subjective scar quality, with a worse score in the surgically treated group 2. The
minimal difference in VSS scores between groups 1 and 2 (two vs. four), however, is not
very interpretable. The aforementioned study by Cordts et al. finds a mean VSS score of six
in enzymatically debrided hands [11], corresponding with a worse scar quality than in our
study, however at a much shorter follow-up.

4.3. Fist Closure and Handgrip Strength

Only two of the thirty-two examined hands were unable to demonstrate a full fist
closure at a mean follow-up of 31 months, suggesting a relatively good long-term hand
function. Both of these hands were treated surgically post-enzymatically, arguing in favor
of conservative post-enzymatic treatment. A general population study by Wang et al.
in the USA reports a mean grip strength of 40 kg in the dominant hand of men [28].
Considering the fact that our study concerned injured hands of mostly men with 80% of
the study population, a mean grip strength of 36 kg (41 kg in group 1 vs. 28 kg in group 2)
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seems acceptable. As of yet, the literature does not provide many studies reporting on the
handgrip strength after enzymatic debridement.

In line with our findings, most of these previous studies [3,5,6,11,26,27,29], espe-
cially the ones comparing enzymatic debridement to the standard of care [1,2,4,7], find
long-term functional and esthetic results which are equal or superior to conventional
excisional debridement.

4.4. Conservative vs. Surgical Treatment Following Enzymatic Debridement

In this study, we were not able to compare enzymatically debrided hands to conven-
tionally debrided hands; however, we were able to descriptively compare our subgroups
consisting of the conservatively and surgically treated hand burns post-enzymatically. Most
of the functional outcome measures in this study (Table 3) were worse in the surgically
treated group following enzymatic debridement. In particular, the differences in DASH
and POSAS scores, fist closure, and handgrip strength were noteworthy. The relatively
high number of deep partial-thickness burns in the conservatively treated group suggests
that, on initial presentation, seemingly deep burns can be managed conservatively, con-
firming the reduction in autografting after enzymatic debridement reported in previous
studies [1,2,7].

However, to our knowledge, we seem to be the first to compare conservative and
surgical treatment modalities following enzymatic debridement. We consistently found
worse esthetic and functional results in the surgically treated group than in the conser-
vatively treated group post-enzymatically. This corresponds with the trend seen in the
comparison between primarily surgically debrided hand burns vs. primarily enzymatically
debrided hand burns. This is illustrated, for instance, by the parallel between the better
POSAS values in the conservatively treated group (14 and 10 in group 1 vs. 24 and 17 in
group 2) in our study and the better POSAS values in the enzymatically debrided group
(21 and 17 in the enzymatic group vs. 33 and 26 in the surgical group) in the study by
Heitzmann et al. [4]. Therefore, a logical hypothesis seems to be that, when hand burns do
require surgical treatment either indicated directly at presentation, after post-enzymatic
wound bed evaluation, or after failed conservative treatment, the pretreatment through
enzymatic debridement seems to become less important for long-term hand function
for the surgical trauma of excisional debridement and the contracture potential of auto-
grafts remain the same. Therefore, the functional results of surgically treated hand burns
post-enzymatically might be comparable to the functional results after the conventional
surgical treatment of hand burns. Of course, this hypothesis warrants further research in a
comparative study with conventionally surgically treated deep dermal hand burns.

4.5. Limitations

An important limitation of this study is its retrospective nature and the subsequent
difficulties in obtaining homogenous data. This study has a relatively extended follow-up
period of 31 months and focuses exclusively on enzymatically debrided hands.

However, for a statistical analysis, the sample size of both groups is too small to yield
reliable statistical testing. Our conclusions are based on a descriptive analysis only, and
should therefore be interpreted with caution. These trends need to be validated through
future research involving larger sample sizes that would allow for meaningful statistical
analysis. The absence of a control group consisting of primarily surgically debrided hand
burns also poses a potential limitation, as mentioned above. Additionally, the greater mean
TBSA and the number of full-thickness burns in group 2 pose a potential bias.

5. Conclusions

With a relatively low sample size, the enzymatic debridement of deep dermal hand
burns in this study showed a promising trend in long-term functional results, especially
if it is followed by conservative wound treatment using skin substitutes. With complete
fist closure achieved in nearly all patients and mean DASH scores indicating low disability
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levels, we argue that enzymatic debridement is a viable treatment method for hand burns,
where the preservation of dermal tissue can be crucial for the maintenance and restoration
of hand function after deep dermal burns.
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Abstract: Background: Autologous fat grafting, enriched with platelet-rich plasma (PRP), has been
established as an effective and affordable treatment for various types of wound healing. However, its
efficacy in managing wounds with tendon exposure has not been thoroughly investigated. Methods:
We report the case of a 40-year-old male who sustained a severe friction burn on his hand and
forearm from a car accident, resulting in significant tissue loss and exposed extensor tendons. Results:
Traditional wound treatment strategies were not implemented due to specific patient circumstances.
After initial surgical management failed to prevent necrosis and maintain coverage of the exposed
tendons, the patient underwent a novel treatment involving autologous fat grafting combined with
PRP and growth factors. The procedure was repeated twice within a month to promote granular tissue
formation over that area and facilitate subsequent coverage with an epidermoreticular graft. By day
21 post-initial graft, the exposed tendons were 98% covered with granular tissue. Complete wound
coverage was achieved by day 60, and by day 130 the patient had regained 90% functionality of the
affected limbs. Conclusions: This case illustrates the potential of autologous fat grafting combined
with PRP and growth factors as a viable, flap-free alternative for covering tendon exposures. This
approach not only enhances wound healing but also supports functional recovery, underscoring the
need for further research into its broader applicative potentials.

Keywords: autologous fat graft; tendon exposure; platelet-rich plasma; wound healing; regenerative
medicine

1. Introduction

Fat grafting, commonly referred to as “lipofilling,” is a sophisticated surgical pro-
cedure that involves the transfer of autologous adipose tissue from one bodily region to
another [1]. This technique, facilitated through minimally invasive liposuction, not only
proves to be well-tolerated by patients but also stands as a safe and effective approach for
various therapeutic and aesthetic applications [2]. Recent advancements have highlighted
adipose tissue as a rich reservoir of adult stem cells—more concentrated than any other
tissue type—which exhibit potential for cellular differentiation across various tissue types,
including adipose, bone, muscle, cartilage, nervous, and vascular tissues [3]. The stromal
vascular fraction (SVF) within adipose tissue is particularly valued for its reparative and
regenerative capabilities [4,5].

With the rapid development of transportation and construction industries, skin and
subcutaneous soft tissue defects have become increasingly common. Such injuries often
result in the exposure of critical underlying structures such as tendons and bones, posing
significant clinical challenges. The treatment of large and refractory wounds requires
advanced soft tissue management techniques to avoid complications like infection, scar
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contracture, and potentially, disability [6–8]. These scenarios typically necessitate interven-
tions that range from simple second-intention healing to more complex procedures like
skin grafting with or without dermal substitutes, or local to distant flaps [6–9].

Conventional treatments often involve debridement followed by the transplantation
of skin flaps [10]. However, this can result in significant donor site morbidity and may not
be suitable due to the poor vascularity, reduced tissular partial pressure of oxygen (PtO2)
at the defect sites, or reduced local growth factor activity [11,12]. Platelet-rich plasma
(PRP), a regenerative biomaterial, has gained attention for its high concentrations of growth
factors such as platelet-derived growth factor (PDGF), transforming growth factor-beta
(TGF-β), and vascular endothelial growth factor (VEGF), which promote angiogenesis and
tissue repair at the defect sites [13,14]. When combined with autologous fat grafting, PRP
not only enhances the survival of the grafted tissue but also supports angiogenesis and
cellular differentiation, making this combination a potent option for managing complex
wounds [15,16].

This study explores the therapeutic potentials of autologous fat grafting combined
with PRP in the treatment of a severe case involving tendon exposure following a traffic
accident. The case underscores the challenges of healing poorly vascularized defects
and the innovative application of combined regenerative therapies to facilitate functional
recovery and aesthetic improvement.

2. Case Report

A 40-year-old male with no significant personal or family medical history was pre-
sented to the emergency department following a traffic accident that resulted in trauma
to his left hand and forearm. The injuries occurred when his left upper limb was forcibly
displaced and came into contact with the pavement.

Upon stabilization in the emergency department, the patient was evaluated for frac-
tures, which were ruled out. The plastic surgery team conducted a thorough examination,
revealing a significant friction burn on the left hand and forearm, with a tissue loss area
measuring approximately 8 cm × 7 cm on the dorsum of the left hand. Additionally, there
was a detachment of the extensor aponeurotic system involving the second to fifth tendons.
A separate wound, 5 cm × 2.5 cm, was found on the ulnar border of the left forearm. An
avulsion injury to the cortex of the distal epiphysis of the radius was also noted. No signs
of compartment syndrome were present (Figure 1).

2.1. Initial Management and Surgical Intervention

Upon admission, the patient was promptly started on antibiotic therapy with a com-
bination of Ampicillin and Sulbactam at a dosage of 3 g to prevent infection. Within six
hours of the accident, the patient underwent surgery, where extensive debridement was
performed to clean the wound. Tenorrhaphy of the second to fifth extensor tendons was
completed using the Bunnell technique. The wound on the dorsum of the hand was primar-
ily closed with the remaining perilesional skin. The hand was immobilized in a 90-degree
hyperextension using an anterior splint, which was to remain in place for 15 days. The
wound edges on the forearm were approximated and closed by secondary intention to
prevent compartment syndrome.
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third. Notable is the avulsion of the cortex of the distal epiphysis of the radius. The exposed tendons 
and surrounding muscle tissues are clearly delineated, highlighting the complex nature of the inju-
ries sustained. 
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age (Duoderm) was changed. This process was repeated every four days. Wound cultures 
were performed every eight days until the first fat graft, all of which were negative for 
bacterial superinfection. Physical therapy began on the fifth day, following an early mo-
bilization protocol to prevent damage to other structures due to the hyperextension posi-
tion of the hand. The hyperextension splint was changed to a dynamic splint in the first 
week. Physical therapy included four phases: immobilization and early controlled mobi-
lization (0–3 weeks), active-assisted mobilization (4–6 weeks), full active mobilization (7–
12 weeks), and strengthening with a return to full function (13 weeks onwards). 

2.3.  Complication Management 
On the twenty-ninth day following surgery, a 4 × 4 cm area of necrosis with tendon 
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Figure 1. Initial clinical presentation of the left hand and forearm injuries. This image displays
extensive trauma to the patient’s left hand and forearm resulting from a traffic accident. Visible
are the friction burn and the subsequent loss of skin measuring 8 cm × 7 cm on the dorsum of the
hand. This figure also shows a detachment of the extensor aponeurotic system from the second
to fifth tendons, along with a 5 cm × 2.5 cm wound located on the ulnar border of the forearm’s
middle third. Notable is the avulsion of the cortex of the distal epiphysis of the radius. The exposed
tendons and surrounding muscle tissues are clearly delineated, highlighting the complex nature of
the injuries sustained.

2.2. Postoperative Care

Fifteen minutes post-surgery, the splint was temporarily removed to check for any
signs of circulatory or nerve compression before being reapplied. Four days post-surgery,
irrigation was performed with 500 cc of 0.9% saline solution, and the hydrocolloid bandage
(Duoderm) was changed. This process was repeated every four days. Wound cultures were
performed every eight days until the first fat graft, all of which were negative for bacterial
superinfection. Physical therapy began on the fifth day, following an early mobilization
protocol to prevent damage to other structures due to the hyperextension position of
the hand. The hyperextension splint was changed to a dynamic splint in the first week.
Physical therapy included four phases: immobilization and early controlled mobilization
(0–3 weeks), active-assisted mobilization (4–6 weeks), full active mobilization (7–12 weeks),
and strengthening with a return to full function (13 weeks onwards).

2.3. Complication Management

On the twenty-ninth day following surgery, a 4 × 4 cm area of necrosis with tendon
exposure was identified on the dorsum of the affected hand, involving the second to
fourth extensor tendons, accompanied by perilesional granulation tissue (Figure 2). The
patient declined further surgical interventions such as local or free microsurgical skin flap.
Consequently, it was decided to treat the exposed tendons using an autologous fat graft
augmented with PRP and growth factors, aiming to leverage their regenerative capabilities.
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2.4. Autologous Fat Grafting Technique and Platelet-Rich Plasma Preparation

The required instruments for the fat graft pooling technique included saline solution
(0.9%), epinephrine (dilution 1:1,000,000), bicarbonate, 2% lidocaine, a 3 mm liposuction
cannula for fat grafting, a 10 cc syringe (vacuum syringe), and Vaseline gauze.

Autologous fat was harvested from the abdominal panniculus, specifically the perium-
bilical area, during both the first and second sessions. The donor site was infiltrated using
a tumescent technique with a solution of 0.9% saline, 1:1,000,000 epinephrine, 10 mEq of
bicarbonate, and 10 cc of 2% lidocaine without epinephrine. A 3 mm liposuction cannula
was then used to harvest approximately 10 cc of fat tissue per session. The harvested
fat was processed via decantation in the same collection syringe for 3 min. The lower
portion was then removed, isolating the fat. The isolated fat was then mixed with 5 cc of
PRP activated with 1 cc of thrombin to release growth factors. The procedure described
corresponded to the preparation of platelet-rich plasma (PRP), which was activated with
thrombin at the time of use to promote the release of growth factors.

Blood Collection: Venipuncture was performed to collect between 15 and 20 cc of the
patient’s blood into 3.5 mL tubes containing sodium citrate as an anticoagulant (blue cap).
The volume of blood collected may vary depending on the patient’s hematocrit. In this
case, the patient’s hematocrit was 45.5%, which is within the typical range of 40–50% for a
healthy young male.

Centrifugation: The tubes were centrifuged immediately after collection at high speeds
(6000–8000 rpm) for 15 min at room temperature. Following centrifugation, the blood was
fractionated and the plasma was extracted while avoiding leukocytes.

Platelet Count: While the hospital protocol does not include an individualized platelet
count for the PRP, it is estimated, based on institutional experience, that the platelet
concentration in PRP is approximately five times higher than in peripheral blood. In this
case, the patient had a peripheral blood platelet count of 206,000 platelets per microliter.

PRP Activation: To activate the platelets in PRP and facilitate the release of growth
factors such as platelet-derived growth factor (PDGF), transforming growth factor-beta
(TGF-β), and vascular endothelial growth factor (VEGF), a secondary protocol, termed
“Obtaining Autologous Thrombin,” was followed.

This procedure was performed at the time of PRP use. Blood was collected from
the patient into tubes without additives (red cap) with volumes ranging from 15 to 20 cc.
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The tube was centrifuged at a low speed (4000 rpm) for 10 min at room temperature.
Subsequently, a fibrin clot was formed, and thrombin was obtained from the residual
serum. For activation, the protocol specifies using between 0.5 cc and 1 cc of thrombin. In
this case, 1 cc of thrombin was utilized, and it is important to note that calcium chloride
was not employed in this procedure.

The mixture of autologous fat and PRP was applied to Vaseline gauze, which was
then placed over the exposed tendons on the dorsum of the hand, specifically cover-
ing the 4 × 4 cm area of necrosis with tendon exposure. This was further covered with
saline-soaked gauze and then with a gauze bandage. Concurrently, partial-thickness epi-
dermoreticular (ER) grafts were placed adjacent to the necrotic area over the granulating
tissue to promote skin regeneration on the dorsum of the affected hand and over the wound
located in the middle third of the left forearm along the ulnar border, which was initially
managed by secondary intention to prevent compartment syndrome (Figure 3).
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At 130 days after the first surgical intervention, although specific range-of-motion 
measurements for each tendon were not performed, functional recovery was deemed sat-
isfactory based on the patient’s ability to perform daily activities without significant re-
strictions or pain. The patient denied experiencing weakness, pain, paresthesias, or sen-
sory loss in the back of the forearm and hand, except in the area where the first and second 
autologous fat grafts were performed, which exhibited some sensory loss. No muscle at-
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Figure 3. Application of autologous fat graft in the middle third (4 × 4 cm area of necrosis with
tendon exposure on the dorsum of the affected hand, involving the second to fourth extensor tendons)
and partial-thickness ER grafts in the lateral thirds (adjacent to the necrotic areas).

2.5. Follow-Up and Outcome

Three days after the initial fat graft application, 50% graft vitality was noted, prompt-
ing a second application of adipose tissue combined with PRP and growth factors, partic-
ularly targeting the necrotic areas. By the fourth day following this second intervention,
graft vitality had improved to 90%. Hydrocolloid dressings were maintained until approxi-
mately 98% tissue degranulation was achieved, followed by a final ER grafting. Sixty days
post-second grafting, complete wound coverage was observed.

At 130 days after the first surgical intervention, although specific range-of-motion
measurements for each tendon were not performed, functional recovery was deemed
satisfactory based on the patient’s ability to perform daily activities without significant
restrictions or pain. The patient denied experiencing weakness, pain, paresthesias, or
sensory loss in the back of the forearm and hand, except in the area where the first and
second autologous fat grafts were performed, which exhibited some sensory loss. No
muscle atrophy was observed in the muscles innervated by the radial and posterior in-
terosseous nerves. The patient was able to perform full functional flexion and extension
movements in the second to fifth fingers (Supplementary Material S1). Elbow extension
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against resistance, wrist extension, and thumb extension against resistance were normal,
with no sign of dropped wrist evident. Sensitivity was preserved in the back of the arm,
forearm, and hand (first interdigital space), except in the aforementioned area. The pa-
tient’s self-assessment indicated a 90% recovery of functionality (Figure 4). The DASH
questionnaire in the disability scoring module yielded a score of 12, indicating low dis-
ability (Supplementary Material S2). Although the traumatologists recommended surgical
correction for the avulsion injury to the cortex of the distal epiphysis of the radius, the
patient declined, given that his hand functionality in daily activities was not affected, and
the integrity of the achieved skin coverage was a priority.
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3. Discussion

This report details the outcomes of using autologous fat grafting augmented with PRP
and growth factors to manage a wound with exposed tendons resulting from a traffic acci-
dent, a scenario that poses considerable healing challenges. Traditional approaches, such as
local or remote skin flaps, are often preferred for primary wound repair, especially in cases
involving poorly vascularized defects like exposed bones or tendons [15]. However, due to
the unique characteristics of the lesion and the patient’s preference against conventional
flap techniques, these methods were not suitable.

Instead, a novel approach involving autologous fat grafting combined with PRP and
growth factors was employed, offering a promising alternative that facilitated significant
functional recovery. The primary advantage of this technique lies in the rich presence of
connective tissue cells within the stromal vascular fraction of adipose tissue, which includes
a diverse cell population such as preadipocytes, endothelial cells, monocytes, macrophages,
granulocytes, lymphocytes, and notably, adipose-derived stem cells (ADSCs). These cells
are integral to promoting wound healing through mechanisms like enhanced cellular
proliferation, differentiation, reduced inflammation, and improved vascularization [16–18].

The procedure’s low invasiveness and ease of access further reduce the risks associated
with more invasive sources like bone marrow [11,12]. Additionally, the role of PRP in
accelerating the healing process of traumatic wounds and ulcers is well-established, with
benefits stemming from the high concentration of platelet-derived growth factors enhancing
tissue repair and angiogenesis [19,20]
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Despite these advantages, the technique is not devoid of potential complications,
which can include bleeding, infection, and, in rare cases, graft hypertrophy from excessive
collagen deposition [21]. Extensive testing in both animal and human clinical studies
has validated the efficacy of autologous fat grafting combined with PRP across various
wound types and anatomical locations. Yet, the literature remains scant on its application
in wounds with significant tendon exposure, as demonstrated in this case [22–24].

This gap is notable, although the technique has been explored for other applications
such as filling depressed scars and covering bone exposures. For instance, Kao et al.
reported that fat grafts, used alongside negative pressure therapy, facilitated mesenchymal
healing in a murine model, creating enough granulation tissue for effective bone coverage
suitable for subsequent skin grafting [25]. Similarly, Rangaswamy M. described successful
outcomes in a series involving patients with bone exposure using the same intervention
strategy [26].

These findings from animal models underscore the potential of autologous fat graft and
PRP therapy in complex clinical scenarios involving exposed tissues that carry functional
risks, such as bones and tendons. The absence of extensive clinical reports using this
regenerative therapy as a tissue bridge in deep wounds highlights the innovative aspect of
our approach and underscores the need for further research. This would not only validate
the efficacy and safety of this technique but also refine its application protocols, maximizing
therapeutic outcomes in clinical practice.

From a public health perspective, traditional wound care methods, such as prolonged
use of colloid patches, hydrocolloids, alginate dressings, and platelet gels, often require
extensive resource utilization over long treatment periods [27,28]. These conventional
treatments can become economically burdensome due to the high costs of long-term care
and frequent dressing changes required to manage chronic wounds. Furthermore, they
may lead to delayed reintegration into the workforce due to prolonged recovery times.

In contrast, the use of autologous fat grafts combined with PRP offers a more efficient
solution via potentially reducing the healing time and improving the functional recovery
of patients. This not only minimizes direct medical costs through curtailing the need for
repetitive and extensive wound management resources but also mitigates indirect costs
associated with lost productivity and prolonged disability. Moreover, through preventing
complications such as infection or chronic pain that often accompany traditional treatments,
this approach could further reduce the likelihood of long-term healthcare expenditures.

Enhancing the regenerative capabilities of wound care through such innovative thera-
pies could substantially alleviate the public health burden of treating complex injuries. It
could enable quicker patient recovery and a faster return to work, which are critical compo-
nents in improving quality of life and reducing the economic impact on both individuals
and healthcare systems. Therefore, advancing this technique through rigorous research
could have profound implications for public health policy and clinical practices worldwide.

4. Limitations

While this study offers valuable insights into the potential benefits of autologous fat
grafting combined with platelet-rich plasma and growth factors, there are several inherent
limitations due to its clinical case design. The surgical approach used—autologous fat
grafting—was an alternative to the standard treatment (local or free microsurgical skin
flap), chosen because the patient declined the standard treatment. Additionally, the current
literature on the use of autologous fat grafting as an alternative to flaps for tendon exposure
coverage in the upper extremity is limited, which restricts the scope of discussion in this
report and underscores its significance. It is important to note that platelet counting was
not performed on the platelet-rich plasma preparations in accordance with established
protocols, though incorporating this step could enhance the accuracy of the procedure’s
replication and potentially improve the success rate of similar cases. Lastly, the plastic
surgery team did not employ negative pressure therapy, given their limited experience with
autologous fat grafting as an alternative to flaps for tendon coverage in the upper extremity.
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Despite the possibility of achieving similar results in a shorter time via combining fat
grafting with negative pressure, this report remains valuable as it highlights a successful
outcome in a constrained setting.

5. Conclusions

Autologous fat tissue graft combined with PRP and growth factors has proven to be
a highly effective alternative to traditional flap procedures for covering exposed tendons.
This method not only facilitates skin regeneration but also positively influences the be-
havior of dermal and epidermal cells through the bioactive compounds in its “secretome”.
The technique’s relative ease of access, cost-effectiveness, nonimmunogenic nature, and
potential to enhance aesthetic outcomes make it an attractive option in clinical scenarios
involving tissue exposure. Its application could revolutionize the approach to wound
healing in plastic and reconstructive surgery, providing a simpler, quicker, and potentially
less costly alternative to more invasive methods.
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Abstract: Background: Lipedema is a subcutaneous adipose tissue disorder mainly affecting women.
Its progressive nature often requires high-volume liposuction for efficient pain reduction. However,
aspiration volumes of more than 5 L within a single session may lead to a variety of complications.
Thus, we examined the effect of high-volume liposuctions on lipedema patients and the incidence
of associated complications. Methods: We analyzed perioperative differences in lipedema patients
undergoing low- or high-volume liposuctions. Statistical analyses were performed, investigating
postoperative complications and the correlation of patients’ BMI, total amount of aspiration, duration
of surgery, hospital stay and hemoglobin alterations. Complications were investigated according
to the Clavien–Dindo Classification. Patients were divided in two groups based on the volume
aspirated at liposuction (low-volume vs. high-volume liposuction). Results: Overall, 121 sessions
were investigated. Mean total volume of aspiration was 8227.851 mL ± 3643.891. Mean preoperative
hemoglobin levels were 13.646 g/dL ± 1.075 g/dL. Preoperatively, 7.44% of patients were anemic
(Hb < 12 g/dL). Mean postoperative hemoglobin was 10.563 g/dL ± 1.230 g/dL. Postoperatively,
90.10% of patients showed Hb levels below 12 g/dL. Hemoglobin loss differed significantly between
the two groups (p = 0.001). Significant correlations between pre- (p = 0.015) and postoperative
(p < 0.001) hemoglobin levels and pre- (p < 0.001) and postoperative (p < 0.001) anemia with Class II
complications were also seen. The total volume of aspiration did not correlate with complication rates
(p = 0.176). Conclusions: Complication rates in high-volume liposuctions are hemoglobin-dependent
rather than volume-associated. Preoperative anemia was the most influential for the occurrence
of postoperative complications. To safely conduct high-volume liposuctions in lipedema patients,
adequate patient selection and preoperative patient preparation are imperative.

Keywords: lipedema; hemoglobin loss; patient safety; high-volume liposuction

1. Introduction

Lipedema is a subcutaneous tissue disorder affecting adipocytes, predominantly
encountered in women [1–3]. First described by Allen and Hines in 1940, it presents as a
disproportionate accumulation of adipose tissue in upper and lower limbs. Pathological
inflammation of subcutaneous tissue entails fibrotic alterations and pain, resulting in
symmetrical swelling of the limbs, omitting the hands and feet [4–7]. Lipedema is often
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confounded in the case of obesity due to the increased body mass index (BMI) attributed to
the presence of swollen extremities [2,8,9]. Additionally, it is resistant to modern diets and
lifestyle changes [2,8–12].

Because of disease progression, many patients already suffer from advanced stages of
lipedema, thus requiring high-volume liposuction (liposuction above 5 L of total aspirate per
session) [7,13,14]. Thereby, lipedema reduction can be sufficiently addressed while conducting
only few surgeries, even when upper and lower extremities are affected [15,16]. Yet, high-volume
liposuctions may lead to various side-effects or complications [16,17]. Increased blood loss,
Vitamin D depletion, or prolonged pain are encountered most frequently [7,16]. Thus, in this
paper, we analyze high-volume liposuctions in lipedema patients on account of perioperative
patient safety. We further aimed to disclose the feasibility of high-volume liposuction in lipedema
patients. This research intends to support physicians safely performing high-volume liposuction
in maximum-care facilities.

2. Materials and Methods
2.1. Study Design and Patient Analysis

In our study, we analyzed liposuctions of the lower extremities in lipedema patients
between 1 January 2018 and 30 April 2021 at the Department of Plastic, Aesthetic and
Reconstructive Surgery at the University Clinic of St. Poelten. The study was carried
out as a retrospective, single-center study. Data were collected pseudonymously and
adhered to Austrian data protection legislation. A standardized mean follow-up of one
year was carried out at our department. Approval was granted by the ethics committee
from the local institutional review board at the Karl Landsteiner University of Health
Sciences Krems (reference number: ECS 1041/2021). The analyzed study data include
the patient’s age, the duration of surgery, the patient’s BMI, the length of hospital stay,
pre- and postoperative hemoglobin values (hb), dosage and duration of antithrombotic
prophylaxis, infiltration volume and volume of aspiration during the liposuction. Further,
we analyzed postoperatively encountered complications in concordance with the Clavien–
Dindo Classification system. A 5-scale grading system was used to rank complications
based on the therapy needed. It assists in stratifying the severity of complications, as
a reliable and uniform tool. While Class III and IV entail surgical intervention, Class I
and II only require pharmacological support (e.g., blood transfusions in Class II). Class V
describes the patient’s death. Anemia was disclosed as values below 12 g/dL according to
the WHO classification [18]. Adiposity was defined as a BMI > 30 kg/m2 according to the
WHO classification [19].

2.2. Operative Procedure

In our institution, liposuction is performed under general anesthesia with the tumes-
cence technique. Preoperatively, patients are examined and the areas requiring treatment
are marked while standing for accurate identification. Antibiotic prophylaxis is admin-
istrated at least 30 min before the primary surgical incision and continued for one week
postoperatively. Patients either receive 2.2 g of amoxicillin/clavulanic acid (Curam®, San-
doz GmbH, 6250 Kundl, Austria) or 600 mg of clindamycin (Dalacin®, Fareva Amboise
Zone Industrielle, Routes des Industries 29, 37530 Pocé-sur-Cisse, France) in case of a peni-
cillin allergy. For liposuction, we install a modified Klein’s solution with 1000 mL Ringer’s
lactate (Ringer lactate®, Fresenius Kabi, Rue du Rempart 6, 27400 Louviers, France) contain-
ing one milliliter of 1:1000 epinephrin (Suprarenin® Sanofi-Aventis GmbH, 65926 Frankfurt
am Main, Germany). The solution is infiltrated through small stab incisions placed at
strategically selected locations by using a number eleven blade. These incisions are placed
in areas easy to conceal postoperatively, e.g., by the patients clothing. After fifteen min-
utes of indwelling time for the tumescent solution to set, vibration-assisted liposuction
(VAL) is performed using 3 and/or 4 mm multiport cannulas (multiport rapid extraction
cannula, Moeller Medical® GmbH, Wasserkuppenstraße 29–31, 36043 Fulda, Germany)
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paired with a Moeller’s liposuction device (Moeller Vibrasat Pro, Moeller medical® GmbH,
Wasserkuppenstraße 29–31, 36043 Fulda, Germany).

After liposuction, the incisions are rinsed with Octenisept® (Schülke & Mayr GmbH,
Robert-Koch-Straße 2, 22851, Norderstedt, Germany) and Skinsept® (Ecolab Germany
GmbH, Ecolab-Allee 1, 40789 Monheim am Rhein, Germany) followed by plaster coating.
Stab incisions are not sutured at our department, to allow for the tumescence solution to
drain. Compression garments are applied while the patient is still in the operating room.
Compression must be worn continuously, day and night, for the following three months.
Patients receive antibiotic shielding for an additional seven days postoperatively and
antithrombotic prophylaxis using low molecular heparin for 10 to 30 days postoperatively.
Patients additionally receive 500–1500 mL saline solution by default at the ward.

2.3. Statistical Analyses

All collected patient data in the selected timeframe were pseudonymized. Data pro-
tection management was performed adhering to Austrian legislation. The collection and
processing of the necessary patient information was carried out using Microsoft Excel
(version 2010, Microsoft, Redmond, WA, USA, Version 4.2.0 for Windows (22 April 2022).
Statistical analyses were conducted with IBM SPSS Statistics for Windows Version (Version
29, IBM, Armonk, NY, USA). Nominal data were described with absolute frequencies and
percentages, while metric data were summarized using means and standard deviations.
Further analyses investigating the impact of complications on postoperative patient re-
covery, t-tests for independent samples, and Spearman-Rho correlation analyses were
performed. Results were considered significant in the case of p < 0.05.

3. Results
3.1. Demographics

Within our study we analyzed 184 liposuction sessions in 107 patients suffering
from lipedema. Here, 38 liposuctions were excluded, as they were performed on the
upper extremities, so as to not distort the dataset and to accurately compare our groups.
Additionally, 25 sessions were excluded due to a lack of data (postoperative hemoglobin
levels acquired after 48 h of surgery). Finally, 121 liposuctions in 90 patients met our criteria
and were included in this study. Our dataset included exclusively women. Patients were
further divided upon receiving low-volume liposuction (total volume aspirated ≤ 5 L) or
high-volume liposuctions (total volume aspirated > 5 L). In total, 25 (20.66%) sessions of
low-volume liposuction were performed, and 96 (79.34%) of high-volume liposuction.

Patients mean age was 39.969 years ± 12.244 years (Table 1). Mean overall BMI was
32.013 kg/m2 ± 7.135 kg/m2. Overall, 81 (66.94%) patients showed a BMI > 30 kg/m2.
Hospital stay was on average 4.27 days ± 1.08 days. The mean duration of surgery was
112.363 min ± 27.877 min. The total amount of infiltration was 7363.636 mL ± 2423.633 mL.
The mean total volume of aspiration was 8227.851 mL ± 3643.891 mL. The mean preoper-
ative hemoglobin level was 13.646 g/dL ± 1.075 g/dL. Postoperative hemoglobin had a
mean of mean 10.563 g/dL ± 1.230 g/dL. The mean hemoglobin loss was 3.052 g/dL ±
1.191 g/dL. The duration of antithrombotic prophylaxis using low-molecular heparin had
a mean of 18.50 days ± 11.51 days. Antithrombotic dosages had a mean of 43.801 mL ±
8.684 mL.

In total, 20 (16.52%) sessions were associated with postoperative complications ad-
hering to the Clavien–Dindo Classification. Hereby, 2 (1.65%) were seen in patients ex-
periencing low-volume liposuction (≤5 L aspirate) and 18 (14.88%) were seen in women
experiencing high-volume liposuction (>5 L aspirate).
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Table 1. Demography of patients included in this study.

Patient Characteristics Lipoaspirate < 5 L Lipoaspirate > 5 L Total

Number 25 (20.66%) 96 (79.34%) 121

Age (years)
Mean 42.52 39.30 39.969

Min–Max 23–66 19–72 19–72
STD ±12.965 ±12.031 ±12.244

BMI (kg/m2)
Mean 28.304 32.978 32.013

Min–Max 19.7–37.9 21–58.40 19.70–58.40
STD ±5.523 ±7.213 ±7.135

Duration of Surgery (min)
Mean 94.920 116.906 112.363

Min–Max 45–189 70–207 45–207
STD ±31.303 ±25.162 ±27.877

Hospital Stay (days)
Mean 4.000 4.343 4.272

Min–Max 3–8 2–11 2.0–11
STD ±1.000 ±1.103 ±1.087

Volume of Infiltration (mL)
Mean 4952.000 7991.666 7363.636

Min–Max 1100–6000 2000–14,000 2000.00–14,000.00
STD ±1366.296 ±2240.332 ±2423.633

Volume of Aspiration (mL)
Mean 3844.800 9369.270 8227.851

Min–Max 1570–5000 5050–18,800 1570.00–18,800.00
STD ±897.339 ±3193.211 ±3643.891

Hemoglobin, preoperative
(g/dL)

Mean 13.296 13.700 13.646
Min–Max 11.5–16.0 10.5–16.5 10.5–16.5

STD ±1.060 ±1.069 ±1.075

Hemoglobin, postoperative
(g/dL)

Mean 10.924 10.469 10.563
Min–Max 7.4–13.4 7.1–14.1 7.1–14.1

STD ±1.109 ±1.247 ±1.230

Hemoglobin Loss (g/dL)
Mean 2.372 3.230 3.052

Min–Max 0.5–5.7 1.1–6.4 0.5–6.4
STD ±1.264 ±1.111 ±1.191

Anemia, preoperative N 4 (16%) 5 (5.21%) 9

Anemia, postoperative N 22 (88%) 87 (90.63%) 109

Antithrombosis prophylaxis
dosage (mL)

Mean 40.000 44.791 43.801
Min–Max 40–40 40–80 40–80

STD ±0.000 ±9.512 ±8.684

Antithrombosis prophylaxis
duration (days)

Mean 11.200 20.406 18.504
Min–Max 5–14 6–56 5–56

STD 5.972 ±11.858 ±11.509

3.1.1. Low-Volume Liposuction

In total, 25 liposuctions were performed with an aspiration volume of less than
or equal to 5 L. The mean age was 42.52 years ± 12.965 years. The mean duration of
surgery in this group was 94.920 min ± 31.303 min. Total infiltration had a mean of
4952.00 mL ± 1366.296 mL. The mean volume of aspiration was 3844.800 ± 897.339 mL.
Hospital stay had a mean of 4.00 days ± 1.000 day in this group. BMI had a mean of
28.304 kg/m2 ± 5.523 kg/m2. In this group, 15 patients (60%) had BMI > 25 kg/m2.
Preoperative hemoglobin was 13.296 g/dL ± 1.060 g/dL. Here, four (16%) women showed
preoperative anemia. Postoperative hemoglobin was 10.924 g/dL ± 1.109 g/dL, with
22 (88%) patients experiencing postoperative anemia. Antithrombotic prophylaxis was
given on mean for 11.20 days ± 5.97 days. The mean low-molecular heparin dosage was
40.000 mL.

Postoperative complications in low-volume patients were solely Class I. The main
complications were slight dizziness and emesis, which required the use of antiemetics,
presumably as a consequence of anesthesia. All complications ceased within 12 h and were
not present at time of discharge.
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3.1.2. High-Volume Liposuction

In this group, 96 women experienced liposuction above 5 L in total. The mean patient age
was 39.30 years ± 12.031 years. The duration of surgery was 116.906 min ± 25.162 min on aver-
age. The total infiltration had a mean of 7991.666 mL ± 2240.332 mL. The mean volume of aspi-
ration was 9369.270 ± 3193.211 mL. Hospital stay length had a mean of 4.35 days ± 1.10 days in
this group. The mean BMI was 32.978 kg/m2 ± 7.213 kg/m2. Women experiencing high-volume
liposuction showed a BMI > 25 kg/m2 in 83 (86.46%) cases. Preoperative hemoglobin was
13.700 g/dL ± 1.069 g/dL. Here, five (5,21%) patients had preoperative anemia. Postoperative
hemoglobin was 10.469 g/dL ± 1.247 g/dL, with 87 (90.63%) women experiencing postoper-
ative anemia. Antithrombotic prophylaxis was obtained based on the mean of 20.41 days ±
11.86 days. The mean low-molecular heparin dosage was 44.791 mL ± 9.512 mL.

High-volume liposuction patients experienced 14 (11.57%) Class I complications,
involving requiring only antiemetics or electrolytes. All Class I complications ceased after
12 h and where not present at time of discharge. The remaining four (3.30%) patients
experienced Class II complications. Here, all patients received one blood transfusion
postoperatively due to hemoglobin drop below 7.6 g/dL and hemodynamic manifestation.
Two of the patients receiving blood transfusion had a history of varicose.

3.2. Statistical Analyses
3.2.1. Volume-Associated Statistical Analyses

Although our groups were unevenly distributed, statistical analyses were feasible. Statisti-
cal results proved to be significant, as sufficient data were present to entail reliable statistical
power. Thus, a power analysis was not necessary. Due to the division of our patients into
low-volume and high-volume liposuction, statistical analyses involving t-tests of independent
samples showed obvious significances when analyzing liposuction volumes. The total volume
of infiltration and aspiration differed significantly (p < 0.01) (Figure 1).
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Figure 1. Boxplot of the total volume of aspiration between groups. As women were grouped into
low-volume (≤5 L total aspiration) and high-volume (>5 L total aspiration) liposuction, minimum,
maximum and mean values differed significantly (p < 0.01). Although statistically significant, these
results show no clinical relevance. Women experiencing low-volume liposuction are displayed in blue;
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3.2.2. Surgery-Associated Statistical Analyses

Comparing the duration of surgery between our groups, a statistical significance
could be observed. Women experiencing high-volume liposuction showed significantly
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higher surgery time than women experiencing low-volume liposuction (p < 0.001) (Table 2).
Although this finding was expected, the means of the duration of surgery between our
groups are not as far apart as anticipated (Figure 2).

Table 2. Levene’s Test analyzing duration of surgery between groups. Our analyses showed a
significant difference in the duration of surgery between low- and high-volume liposuction (p < 0.001).

Levene’s Test of Equality of Variances

F Sig. T df One-sided p Two-sided p Mean difference

Duration of Surgery 0.818 0.368 −3.693 119 <0.001 <0.001 −21.986J. Clin. Med. 2025, 14, x FOR PEER REVIEW 7 of 15 
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Figure 2. Boxplot of duration of surgery among groups. Women experiencing high-volume lipo-
suction had significantly higher duration of surgery (p < 0.001). Women experiencing low-volume
liposuction are displayed in blue; women experiencing high-volume liposuction are displayed in red.
Outliers can be seen as dots.

No statistical significance between in-hospital durations (p = 0.160) was observed. Yet,
when performing Spearman Rho analyses to correlate duration of surgery to hospital stay,
we observed a statistical significance (p = 0.019) demonstrating that a longer duration of
surgery significantly extends hospital stay (Table 3, Figure 3).

Table 3. Spearman Rho Rank analysis showing that duration of surgery has a significant impact on
hospital stay (p = 0.019).

Spearman Rho Correlation Analysis

Duration of Surgery Hospital Stay

Spearman Rho Duration of Surgery Corr. Coefficient 1.000 0.213

Sig. (2-tailed) 0.019

N 121 121

Hospital Stay Corr. Coefficient 0.213 1.000

Sig. (2-tailed) 0.019

N 121 121
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Figure 3. Scatter plot correlating duration of surgery to hospital stay, showing an extension in
hospital stay with longer surgery times. A significant correlation can be observed (p = 0.019). Women
experiencing low-volume liposuction are displayed in blue; women experiencing high-volume
liposuction are displayed in red.

Further, higher total aspiration volumes directly extend hospital stay (p < 0.001)
(Table 4).

Table 4. Spearman Rho Rank analysis showing that total volume of aspiration has a significant impact
on hospital stay (p < 0.001).

Spearman Rho Correlation Analysis

Volume total Aspiration Hospital Stay

Spearman Rho Volume total Aspiration Corr. Coefficient 1.000 0.335

Sig. (2-tailed) <0.001

N 121 121

Hospital Stay Corr. Coefficient 0.335 1.000

Sig. (2-tailed) <0.001

N 121 121

3.2.3. Patient-Associated Statistical Analyses

Conducting t-test analyses, no significant difference regarding BMI (p = 0.03) and
age (p = 0.243) between our groups was seen. Our analyses of preoperative hemoglobin
levels also showed no significance (p = 0.094). Postoperative hemoglobin values did not
differ significantly either (p = 0.100) (Figure 4). There was also no significant difference in
preoperative (p = 0.178) or postoperative anemia (p = 0.699) between low- and high-volume
liposuction patients.
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Figure 4. Boxplot of pre- and postoperative hemoglobin values. t-test analyses showed no statistical
significance within either group. Women experiencing low-volume liposuction are displayed in blue;
women experiencing high-volume liposuction are displayed in red. Outliers can be seen as dots.

Yet, hemoglobin loss between low- and high-volume liposuction patients did differ
significantly (p = 0.001), demonstrating that high-volume liposuction sessions entail higher
blood-loss than low-volume liposuction sessions (Table 5, Figure 5).

Table 5. Levene’s Test showing a statistical significance regarding hemoglobin loss between both
groups (p < 0.001).

Levene’s Test of Equality of Variances

F Sig. T df One-sided p Two-sided p Mean difference

Hemoglobin Loss 0.166 0.685 −3.341 119 <0.001 0.001 −0.858
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Figure 5. Boxplot of hemoglobin loss between both groups. Statistical analyses showed a significant
difference regarding hemoglobin loss (p = 0.001). Women experiencing low-volume liposuction are
displayed in blue; women experiencing high-volume liposuction are displayed in red. Outliers can
be seen as dots.
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Comparing both groups, no significance in postoperative complication rate adhering to
the Clavien–Dindo Classification could be seen (p = 0.122). Performing analyses correlating
hemoglobin loss to total aspiration volume, we observed a significant correlation (p = 0.012)
(Table 6, Figure 6).

Table 6. Spearman Rho Rank analysis showing that total volume of aspiration has a significant impact
on hemoglobin loss (p = 0.012).

Spearman Rho Correlation Analysis

Volume total Aspiration Hemoglobin Loss

Spearman Rho Volume total Aspiration Corr. Coefficient 1.000 0.227

Sig. (2-tailed) 0.012

N 121 121

Hemoglobin Loss Corr. Coefficient 0.227 1.000

Sig. (2-tailed) 0.012

N 121 121
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Figure 6. Scatter plot correlating hemoglobin loss to total volume of aspiration. A direct correlation
can be seen within our study (p = 0.012). Women experiencing low-volume liposuction are displayed
in blue; women experiencing high-volume liposuction are displayed in red.

BMI and duration of surgery still did not correlate significantly to hemoglobin loss
(pBMI = 0.620, pduration = 0.454).

Investigating complication rates using the Clavien–Dindo Scale, no significant corre-
lation could be seen regarding the duration of surgery (p = 0.101), age (p = 0.116), or BMI
(p = 0.143). Also, no significant correlation could be seen between complication rates and
the total volume of aspiration (0.176) (Table 7).
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Table 7. Spearman Rho Rank analysis showing that the total volume of aspiration and complication
rates do not correlate (p = 0.176).

Spearman Rho Correlation Analysis

Complication Rates Volume total Aspiration

Spearman Rho Complication rates Corr. Coefficient 1.000 0.124

Sig. (2-tailed) 0.176

N 121 121

Volume total Aspiration Corr. Coefficient 0.124 1.000

Sig. (2-tailed) 0.176

N 121 121

Nonetheless, a statistical significance was seen between complication rates and hemoglobin
loss (p = 0.002) (Table 8).

Table 8. Spearman Rho Rank analysis showing that postoperative complication rates significantly
correlate to hemoglobin loss (p = 0.002).

Spearman Rho Correlation Analysis

Complication rates Hemoglobin Loss

Spearman Rho Complication rates Corr. Coefficient 1.000 0.275

Sig. (2-tailed) 0.002

N 121 121

Hemoglobin Loss Corr. Coefficient 0.275 1.000

Sig. (2-tailed) 0.002

N 121 121

Postoperatively, 99 (81.82%) patients showed hemoglobin levels below 12 g/dL. In
total, 101 (83.47%) patients did not show any kind of postoperative issues, while 20 (16.53%)
patients did show complications, based on the Clavien–Dindo Classification. When per-
forming independent t-tests, we observed a significant difference in hospital stay (p = 0.012)
and duration of postoperative antithrombotic prophylaxis (p = 0.05) between patients with
and without postoperative complications.

When comparing hemoglobin values and anemia, we also encountered statistical
significances. Postoperative hemoglobin levels differed significantly between patients
without and with postoperative complications (p < 0.001). Yet, preoperative hemoglobin
values did not differ significantly (p = 0.080). Still, a tendency can be seen. The occurrence
of anemia was additionally seen to be significantly different, both pre- (p = 0.050) and
postoperatively (p < 0.001) (Table 9).

Conducting Spearman Rho correlation analyses, we additionally deciphered compli-
cations significantly correlating with hemoglobin values. Pre- (p = 0.015) and postoperative
(p <0.001) hemoglobin levels significantly correlated with the occurrence of postoperative
complications. This was also true for hemoglobin loss (p = 0.001) and even the percentual
difference in postoperative hemoglobin loss (p < 0.001). Further, preoperative anemia
also correlated significantly with postoperative complication rates (p < 0.001). Still, post-
operative anemia did not correlate significantly to higher complication rates (p = 0.053)
(Table 10).
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Table 9. Levene’s Test of pre- and postoperative hemoglobin values and anemia compared between
patients without and patients with postoperative complications. Here, a significant difference
(p < 0.001) in postoperative hemoglobin values can be seen. Also, the occurrence of anemia, pre-
(p = 0.050) and postoperatively (p < 0.001), showed statistical significance. Solely preoperative
hemoglobin levels did not differ significantly (p = 0.080).

Levene’s Test of Equality of Variances

F Sig. T df One-sided p Two-sided p Mean difference

Hemoglobin preop 5.133 0.025 1.834 22.564 0.040 0.080 0.6128

Hemoglobin postop 3.463 0.065 5.195 119 <0.001 <0.001 1.4180

Anemia preop 42.321 <0.001 −2.078 20.487 0.025 0.050 −0.2104

Anemia postop 14.172 <0.001 −3.672 100 <0.001 <0.001 −0.1188

Table 10. Spearman Rho Rank analysis of complication rates in correlation to hemoglobin val-
ues preoperatively and postoperatively (ppreoperative = 0.015 and ppostoperative < 0.001), and anemia
preoperatively and postoperatively (ppreoperative = y 0.001 and ppostoperative = 0.053).

Spearman Rho Correlation Analysis

Complication rates

Spearman Rho Complication rates Corr. Coefficient 1.000

Sig. (2-tailed)

N 121

Hemoglobin preop Corr. Coefficient −0.196

Sig. (2-tailed) 0.015

N 121

Hemoglobin postop Corr. Coefficient −0.366

Sig. (2-tailed) <0.001

N 121

Anemia preop Corr. Coefficient 0.298

Sig. (2-tailed) <0.001

N 121

Anemia postop Corr. Coefficient 0.148

Sig. (2-tailed) 0.053

N 121

4. Discussion

Lipedema is an adipose tissue disorder mainly affecting women [10]. Since many
patients show elevated BMI, high-volume reduction is often necessary [7,17]. This can
either be achieved by performing several sessions of liposuction, or through less high-
volume liposuction. Yet, multiple procedures entail higher costs for health care systems
and patients, and require multiple applications of anesthesia, while only providing slow
symptom relief [20]. Thus, high-volume liposuctions are more efficient and more patient-
adapted [21–23]. Unfortunately, high-volume liposuctions have been condemned as risky
procedures, as complication rates seem to increase with volume aspirated [24–26]. Nonethe-
less, liposuctions above this threshold are widely performed nowadays [16].

In our cohort, the mean total volume of aspiration was 8227.851 mL ± 3643.891 mL
with a maximum of 18,800 mL in one session. However, our number of Class II compli-
cations of 3.31% did not exceed common rates described in the literature with a lower
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total volume aspirated [24]. Further, we did not see any significant difference in hospital
stay, postoperative hemoglobin levels or overall complication rates between low- and high-
volume liposuction sessions. Naturally, a significant difference in the duration of surgery
and total volume of aspiration was apparent. Yet, these findings hold no clinical relevance,
as a higher volume of aspiration requires more surgery time. Also, because our patients
were divided into low- and high-volume liposuction groups, this result was expected. Still,
the observed gap between the respective mean durations of surgery between our groups
was not as significant as expected.

Among our patients, hemoglobin loss differed significantly (p = 0.001). Additionally,
hemoglobin loss directly correlated with total volume of aspiration (p = 0.012). Interestingly,
the total volume of aspiration did not correlate with complication rates (p = 0.176). As such,
we assume that adverse events in high-volume liposuction are hemoglobin-dependent
rather than volume-affiliated. Naturally, hemoglobin loss correlated directly with Class
II complications (p = 0.002); nonetheless, this result was to be expected, as all patients
experiencing Class II complications received blood transfusions.

These findings were also supported by the significant correlation between preop-
erative anemia and the presence of complications (p < 0.001), and the fact that women
experiencing Class II complications showed preoperative anemia in 75% of cases. When
stratifying patients based on the presence or absence of postoperative complications, those
who experienced complications exhibited significantly lower perioperative hemoglobin
levels compared to those without complications. Additionally, the incidence of postop-
erative anemia differed significantly between the groups. Correlating complication rates
with hematologic parameters, we revealed significant associations with preoperative low
hemoglobin levels (p = 0.015) and preoperative anemia (p < 0.001), but not with postopera-
tive anemia (p = 0.053). These findings underscore the critical role of preoperative anemia
as a pivotal factor in the development of postoperative complications. Finally, a direct
correlation between complications and the duration of surgery could not be confirmed
(p = 0.101). Neither could a longer duration of surgery be correlated to hemoglobin loss
(p = 0.454).

Further, we identified preoperative anemia as a direct risk factor for postoperative
complications in high-volume liposuction. This recognition was also seen in, e.g., anemic
breast cancer patients experiencing higher drainage fluid volume after mastectomy [18],
thus highlighting the key role of hemoglobin and its significance in postoperative sequelae.
Therefore, lipedema patients should be evaluated precisely before surgery. As for the
selective nature of high-volume liposuction, preoperative preparation is fundamental for
patient safety [27].

Unfortunately, our study faces some limitations. Our department’s focus on efficiently
minimizing patients’ pain may introduce a bias favoring high-volume liposuction. Further,
the uneven distribution between groups poses a risk of distorting statistical analyses. Yet,
as for the progressive nature of this disease, low-volume liposuctions are only seldomly
encountered in our department. To more precisely address this important topic, prospective
multicenter studies ought to be conducted, whereby the uneven patient distribution could
be reduced. Further, long-term follow-ups need to be emphasized, to eradicate disruptive
factors such as the under-reporting of possible complications after hospital discharge.
Although none of our patients related such information, precise questioning could be
implemented. Another limiting aspect could be the modified Klein’s solution. The adding
of adrenaline to our tumescence solution is intended to achieve vasoconstriction, which
reduces bleeding and minimizes hemoglobin loss. Furthermore, the use of larger volumes
of tumescence solution in high-volume liposuction may amplify this effect. Finally, the
employment of bigger cannulas might also cause increased bleeding.

5. Conclusions

Our study highlights the significance of hemoglobin-dependency in complication
rates of high-volume liposuction. Preoperatively anemic patients planned for high-volume

120



J. Clin. Med. 2024, 13, 7779

liposuctions should be reconsidered or sufficiently prepared. Additionally, hematologic
characteristics ought to be optimized, ahead of high-volume liposuction. By sustaining
these features in high-volume liposuction, along with general perioperative security guide-
lines, this procedure can be improved upon in terms of feasibility and patient safety.
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Abstract: Background: Women undergoing a mastectomy often suffer severely from the
sequelae of losing one or both breasts. Implant-based breast reconstruction restores female
body integrity but can result in significant postoperative pain. The use of paravertebral
catheters has been shown to aid significantly in pain management during the postoperative
recovery. However, the vasodilation that is induced by paravertebral blocks may lead to
prolonged drainage fluid secretion, blood loss and increased likelihood of revision surgery.
Therefore, we analyzed the effects of paravertebral blocks after combined mastectomy
and immediate breast reconstruction. Methods: We analyzed 115 breast surgeries at the
department of Plastic Surgery at the University clinic of St. Poelten between 1 August
2018 and 31 December 2022. Patients were analyzed regarding postoperative hemoglobin
loss and drainage fluid volumes and their correlation with paravertebral blocks. Statistical
analyses were performed using Levene’s Test for Equality of Variances within our cohort.
Results: The postoperative hemoglobin loss did not differ significantly between our groups
(p = 0.295). Furthermore, a paravertebral block did not increase the amount of postoperative
drainage fluid volumes (p = 0.508). Women receiving paravertebral blocks also did not
stay longer in hospitals (p = 0.276). No paravertebral block-associated complication was
seen. Conclusions: In this study, we demonstrated paravertebral blocks to be safe adjuncts
in breast reconstruction to minimize pain without leading to increased blood loss or
seroma formation. This indicated that vasodilatation induced by paravertebral blocks did
not negatively influence the postoperative recovery. In conclusion, postoperative pain
management using paravertebral blocks can be a beneficial therapeutic adjunct in surgical
management of breast cancer patients.

Keywords: breast cancer; breast reconstruction; pain catheter; postoperative blood loss;
drainage volume; patient after-care
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1. Introduction
Mastectomy due to breast cancer severely impacts the well-being of affected women

on account of a loss of body integrity [1–5]. Consequently, breast reconstruction represents
an essential pillar of modern breast cancer treatment to reduce the suffering of breast cancer
patients [6–9]. During surgery, the primary goal is complete tumor resection, and thus,
the residual skin often experiences severe perfusion disturbances, which can negatively
affect the direct implant insertion [10–15]. Here, submuscular expanders help to generate
sufficient soft tissue for further reconstruction without stressing the residual skin [16–18].
However, their placement entails painful muscle stretching, leading to postoperative
discomfort and pain [19–22].

Since the introduction of paravertebral catheters, postoperative pain has decreased
noticeably for women after a mastectomy [23–27]. Its popularity has increased over
the past decades and is now part of the advanced perioperative armamentarium after
mastectomy [26,28,29]. Yet, paravertebral blocks (PVBs) are associated with several un-
desired issues [30–34]. Pneumothorax, as its most commonly encountered complication,
dislocation and occlusion are frequently seen [30–32,34]. And while the numbing of
pain receptors is the primary goal, vasodilation is simultaneously provoked due to the
sympathicolysis [35]. Whilst vasodilatation is a desired effect in replantation surgery, it
may result in prolonged bleeding or an increased postoperative drainage fluid volume and
thus lead to complications [36–39].

In this paper, we analyzed the effect of paravertebral blocks on the postoperative
blood loss and drainage fluid volume in women undergoing breast reconstruction after
mastectomy. Our aim was to investigate the impact of vasodilation on the postoperative
hemoglobin levels and drainage fluid volumes. To our knowledge, this is the first study
investigating the effect of paravertebral catheters on breast cancer patients after mastectomy.

2. Materials and Methods
2.1. Study Design and Patient Analysis

In this study, we analyzed patients undergoing subcutaneous mastectomy and con-
secutive breast reconstruction at the Clinical Department for Plastic, Aesthetic and Re-
constructive Surgery at the University Hospital St. Poelten between 1 August 2018 and
31 December 2022. This study was conducted as a retrospective single-center study. Ethical
approval was obtained from the local institutional review board at the Karl Landsteiner
University of Health Sciences Krems (reference number: ECS 1085/2023). Analyzed factors
included the patients’ age at surgery, BMI, mastectomy weight, mastectomy side (unilateral,
bilateral), sentinel lymph node dissection, axillary dissection, perioperative hemoglobin
and hematocrit, postoperative drainage fluid volume, operation time and duration of
hospital stay.

Hemoglobin values (g/dL) were analyzed prior to surgery and on the first post-
operative day. Anemia was defined as values below 12 g/dL according to the WHO
classification [39]. The drainage output was documented every 12 h until the removal of
the drainage catheters. Drainage removal was conducted if the output was less than 30 mL
in 24 h. The patients included were divided into two groups, based on whether they were
receiving paravertebral block (paravertebral block (PVB) group) or not (non-paravertebral
block (non-PVB) group). Every patient at our department was offered PVB. Women ac-
cepting and then receiving PVB were added to the PVB group. In case of PVB rejection by
patients, PVB was not installed. Thus, patients were transferred to the non-PVB group.

None of the included patients displayed any kind of liver abnormalities, hematopoietic
disorders, or diseases in need of immunomodulatory medication. Further, neoadjuvant
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chemo-, radiation- and hormone therapies were analyzed in terms of their influence on
blood loss or drainage fluid volume in this study.

2.2. Paravertebral Block

Every patient at our department who was scheduled for mastectomy was offered
a paravertebral block for adequate and facilitated postoperative pain management. The
procedure was ultrasound-guided and performed under sterile conditions on the day
before surgery by an anesthesiologist who is specifically trained for this intervention. The
installation of the paravertebral catheters was conducted either with the patient sitting or
in a lateral decubitus position at the level of Th 4. After successful installation, continuity
testing was performed with two milliliters of Ropivacain (Ropinaest®, Gebro Pharma,
Bahnhofbichl 11, 6391 Fieberbrunn, Germany) (Figure 1). The PVB cable was fixed with
transparent occlusion foil to be able to fully review the catheter at least once a day and to
prevent unintentional dislocation.
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Figure 1. PVB in place blocking the respective dermatomes for sufficient pain relief after mastectomy.
Note the proximity of the catheter to the sympathetic chain. The segments T2–T9 indicate sensory
innervated dermatomes.

Additionally, a chest X-ray was performed for pneumothorax exclusion. Each catheter
was connected to an ON-Q® pump (On-Q® pain relief system, AVANOS Medical, c/o
Pier 11, Schauenburgerstraße 10, 20095 Hamburg, Germany) with a select-a-flow variable
rate controller with a reservoir of 400 mL, containing Ropivacain. The dosage settings
were at 2, 4, 6, 8, 10, 12 or 14 mL/h, individually adjusted to the patient’s pain level. Each
paravertebral catheter was injected with two milliliters of Ropivacain (Ropinaest®, Gebro
Pharma 6391 Fieberbrunn, Germany) 30 min before the incision.
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Catheters were reduced starting on the second postoperative day by 2 mL/h each
day until reaching 0 mL/h. The standard postoperative dosage for postoperative catheter
influx was 10 mL/h. PVBs were checked by anesthesiologists daily until removal.

2.3. Operative Procedure

Subcutaneous mastectomies were conducted either through lateral incision or in case
of a simultaneous reduction via inverted T incision. A retromammillary cylinder was
additionally retrieved and sent for frozen section examination to determine whether the
NAC (nipple areolar complex) had to be removed or not. If the sentinel lymph node tested
positive intraoperatively, axillary dissection was performed after the mastectomy. If the
retromammillary cylinder tested positive intraoperatively, the NAC was removed.

In case of sufficient subcutaneous tissue, immediate prepectoral breast reconstruction,
using Mentor implants (MENTOR® Contour Profile Gel™ (CPG™), Mentor Worldwide
LLC, 31 Technology Drive, Suite 200, Irvine, CA 92618, USA) with a textured surface and
Serasynth® Mesh (Serag-Wiessner GmbH & Co. Kg Zum Kugelfang 8–12, 95119 Naila,
Germany), was performed.

If the subcutaneous layers did not seem resilient enough for prepectoral implant
placing, submuscular tissue expanders were installed. All implants had textured and
anatomical properties (Mentor Siltex® Contour ProfileTM BeckerTM 35 Expander, Mentor
Worldwide LLC, 31 Technology Drive, Suite 200, Irvine, CA 92618, USA). Submuscular
pocket preparation was performed through incising the major pectoral muscle parallel to its
muscle fiber course, approximately at the level of the fourth to fifth intercostal space. The
serratus anterior fascia was partially raised to support the implant inferiorly and laterally
if needed. Port systems were installed at the level of the anterior axillary line at the level
of Th 5. If no axillary dissection was performed, subcutaneous and submuscular drains
were placed. In case of axillary dissection, one additional drain was inserted in the axillary
wound cavity. Drains were removed in case of less than 30 mL of fluid within 24 h.

2.4. Statistics and Data Management

The endpoint of our analyses was to assess the hemoglobin loss and the volume of the
postoperative drainage fluid after mastectomy. Our dataset was divided into two groups:
women with and women without paravertebral block. All data were reported anonymously.
The data protection management complied with Austrian legislation. Data collection
and processing were performed with Microsoft Excel (Microsoft corp., Washington, DC,
USA), and statistical analyses were performed using IBM SPSS Statistics version 29 (©IBM,
Armonk, NY, USA). Nominal data are described using absolute frequencies and percentages.
For metric data, the mean and standard deviation are indicated. To correlate the amount
of postoperative drainage fluid volume and hemoglobin loss to paravertebral blocks,
correlation analyses using independent samples Mann–Whitney U Tests were performed.
Further, paired t-test analyses were conducted to compare groups, specifically regarding
the postoperative drainage volumes of patients with and without paravertebral block. A
two-sided p ≤ 0.05 was regarded as statistically significant.

3. Results
In total, 1128 breast surgeries were analyzed within this study. Of these, 432 were

excluded due to being body forming surgeries, 119 due to being breast implant revisions,
142 due to being second-stage reconstruction, 215 due to being non-implant-based cancer-
related breast surgeries, and 3 due to being sole tissue expander implantations. Additionally,
65 surgeries had to be excluded due to a lack of sufficient data. Finally, 152 mastectomies
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in 115 patients with consecutive breast reconstruction met our criteria and were included
in this study.

Here, 124 tissue expanders and 28 definitive breast implants were implanted in
115 patients. In our study group, 52 (45.22%) women received preoperative paraverte-
bral catheter, and 63 (54.78%) underwent surgery without paravertebral block (Table 1).

Table 1. Demography of patients included in this study.

Patient Characteristics Without PVB With PVB Overall Patients p-Values

Number 63 (54.78%) 52 (45.22%) 115

Mean 46.77 48.37 47.5
Age (years) Min–Max 23–76 29–70 23–76 0.438

STD ±11.08 ±10.54 ±10.82

Mean 25.40 24.16 24.84
BMI (kg/m2) Min–Max 16.4–41.1 17.9–37.5 16.4–41.1 0.152

STD ±4.58 ±4.46 ±4.59

Mean 181.81 168.56 175.82
Duration of surgery (min) Min–Max 85–329 95–264 85–329 0.150

STD ±53.02 ±41.97 48.79

Total 87 (57.24%) 65 (42.76%) 152
Number of inserted implants Expanders 68 (78.16%) 56 (86.15%) 124 (81.49%) 0.133

Def. Implants 19 (21.84%) 9 (13.85%) 28 (18.41%)

Mean 8.87 8.52 8.71
Hospital stay (days) Min–Max 4–18 5–15 4–18 0.396

STD ±2.30 ±2.07 ±2.21

Mastectomies total 87
(57.24%)

65
(42.76%) 152 0.204

Sentinel lymph node Total 39 (50%) 39 (50%) 78 0.234

Axillary dissection Total 24 (66.67%) 12 (33.33%) 36 0.104

Mean 13.14 12.92 13.04
Hb pre-op (g/dL) Min–Max 9.8–16.2 9.9–14.9 9.8–16.2 0.404

STD ±1.40 ±1.30 ±1.37

Mean 10.42 10.41 10.49
Hb post-op (g/dL) Min–Max 7–10.3 10.2–11.8 7–11.8 0.615

STD ±1.41 ±1.38 ±1.71

Mean −2.71 −2.52 −2.55
Hb Difference pre-post Min–Max −5.9–+7.1 −5.6–+0.3 +0.3–−5.9 0.856

STD ±1.31 ±1.16 ±1.54

Mean 1053.02 962.21 997
Drainage volume (mL) Min–Max 300–2530 285–2380 285–2530 0.323

STD ±508.21 ±453.96 ±496.39

Mean 7.38 7.25 7.32
Drainage inlay time (d) Min–Max 3–11 4–14 3–14 0.957

STD ±1.91 ±1.95 ±1.93

3.1. Patient Demographics

The mean overall patient age at surgery was 47.50 years ± 10.82 years, ranging from
23 to 76 years (Table 1). The mean BMI was 28.84 kg/m2 ± 4.59 kg/m2, ranging from
16.4 to 41.1 kg/m2. The mean duration of surgery was 175.82 min ± 48.79 min, varying
from 85 to 329 min. The mean hospital stay was 8.71 days ± 2.21 days, ranging from 4 to
18 days.
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The mean total mastectomy weight was 636.32 ± 415.48 g, ranging from 285 to 2543 g.
The mean unilateral mastectomy weight on the left side was 319.59 ± 329.30 g, with a
minimum weight of 84 g and a maximum weight of 1805 g. The mean unilateral mastectomy
weight on the right side was 316.73 ± 318.12 g, ranging from 70 to 1286 g in total. Women
without PVB experienced bilateral mastectomy in 24 (27.59%) cases and women with
PVB in 13 (20.97%) cases. Overall, 78 (67.83%) patients underwent sentinel lymph node
dissection. In addition, 64 (82.05%) were unilateral, and 7 (17.95%) were bilateral. A total
of 36 (31.30%) patients received axillary dissection. Of these, 16 (44.44%) were left-sided, 18
(50%) were right-sided, and 1 (5.56%) was bilateral.

The mean overall Hb loss was 2.55 ± 1.54 g/dL (Table 1). Preoperative ane-
mia was seen in 28 (33.05%) of our patients. The mean preoperative Hb levels were
13.04 g/dL ± 1.37 g/dL. Postoperatively, 100 (86.96%) patients showed hemoglobin levels
below 12 g/dL. The mean postoperative Hb levels were 10.49 ±1.71 g/dL overall.

3.1.1. Non-PVB Group

In total, 63 (54.78%) patients were included in this group. The mean patient age at
surgery was 46.77 years ± 11.08 years. In this group, 87 (57.24%) mastectomies were
performed. Consecutively, 68 (78.16%) tissue expanders and 19 (21.84%) definitive breast
implants were installed. The mean Hb loss was 2.71 ± 1.31 g/dL. The mean drainage fluid
volume was 1053.02 ± 508.21 mL (Figure 2).
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Figure 2. Key data chart for included patients without paravertebral block (PVB) and clinical findings.

In total, 23 (36.51%) women received neoadjuvant chemotherapy, 7 (11.11%) under-
went neoadjuvant radiation therapy, and none had neoadjuvant hormone therapy.

3.1.2. PVB Group

In total, 52 (45.22%) patients were included in this group. The mean patient age at
surgery was 48.37 years ± 10.54 years. In this group, 65 (42.76%) mastectomies were
performed. Consecutively, 56 (86.15%) tissue expanders and 9 (13.85%) definitive breast
implants were installed. The mean Hb loss was 2.52 ± 1.16 g/dL. The mean drainage fluid
volume was 962.21 ± 453.96 mL (Figure 3).
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Figure 3. Key data chart for included PVB patients and clinical findings.

In total, 21 (40.38%) women received neoadjuvant chemotherapy, 4 (7.7%) underwent
neoadjuvant radiation therapy, and none had neoadjuvant hormone therapy.

3.2. Hemoglobin Levels

The hemoglobin levels did not differ significantly between the groups. The mean
preoperative Hb level in women without PVB was 13.14 ± 1.40 g/dL. Women with PVB
showed a mean preoperative Hb level of 12.92 ± 1.30 g/dL (Figure 4). Postoperatively, no
significant difference was seen either, as the mean postoperative Hb was 10.42 ± 1.41 g/dL
in the non-PVB group and 10.41 ± 1.38 g/dL in the PVB group (Figure 4).
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Figure 4. Boxplot of the hemoglobin levels of the groups. The preoperative values can be seen on
the left in darker colors (dark blue: non-PVB group; dark orange: PVB group). The postoperative
hemoglobin levels can be seen on the right in brighter colors (light blue: non-PVB group; light orange:
PVB group). Although a clear difference in pre- and postoperative values is shown, no statistical
significance could be proven. Outliers are depicted as dots.
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Conducting a T-Test for the Equality of Means, no significant difference was found
between the preoperative and postoperative hemoglobin levels between our groups
(ppreoperative = 0.404; ppostoperative = 0.615) (Table 2).

Table 2. T-Test for Equality of Means regarding hemoglobin difference between our groups, preop-
eratively and postoperatively. Our analyses showed no significant difference between the pre- and
postoperative hemoglobin levels of the groups (ppreoperative = 0.404; ppostoperative = 0.615).

T-Test for Equality of Means

F Sig. T df One-Sided
p

Two-Sided
p Mean Difference

Hemoglobin preoperative 0.087 0.769 0.838 113 0.202 0.404 0.2151

Hemoglobin postoperative 0.026 0.873 0.504 113 0.308 0.615 0.1624
0.520 110.990 302 0.604 0.1624

The mean Hb loss was 2.71 ± 1.31 g/dL in the non-PVB group and 2.52 ± 1.16 g/dL
in the PVB group (Figure 5).

J. Clin. Med. 2025, 14, x FOR PEER REVIEW 8 of 17 
 

 

hemoglobin levels can be seen on the right in brighter colors (light blue: non-PVB group; light or-
ange: PVB group). Although a clear difference in pre- and postoperative values is shown, no statis-
tical significance could be proven. Outliers are depicted as dots. 

Conducting a T-Test for the Equality of Means, no significant difference was found 
between the preoperative and postoperative hemoglobin levels between our groups (ppre-

operative = 0.404; ppostoperative = 0.615) (Table 2). 

Table 2. T-Test for Equality of Means regarding hemoglobin difference between our groups, pre-
operatively and postoperatively. Our analyses showed no significant difference between the pre- 
and postoperative hemoglobin levels of the groups (ppreoperative = 0.404; ppostoperative = 0.615). 

T-Test for Equality of Means 
 F Sig. T df One-Sided p Two-Sided p Mean Difference 

Hemoglobin 
preoperative 0.087 0.769 0.838 113 0.202 0.404 0.2151 

Hemoglobin 
postoperative 

0.026 0.873 0.504 113 0.308 0.615 0.1624 
  0.520 110.990 302 0.604 0.1624 

The mean Hb loss was 2.71 ± 1.31 g/dL in the non-PVB group and 2.52 ± 1.16 g/dL in 
the PVB group (Figure 5). 

 

Figure 5. Boxplot of hemoglobin losses of groups. Non-paravertebral block patients can be seen on 
the left, and patients with paravertebral block are depicted on the right. No statistical significance 
can be seen in the difference in hemoglobin drop between the groups. Outliers are displayed as dots. 

The T-Test for Equality of Means showed no statistical significance in Hb loss be-
tween our groups (p = 0.295) (Table 3). 

  

H
em

og
lo

bi
n 

le
ve

ls
 g/

dL

-2

-1

0

1

2

3

4

5

6

7

Hemoglobin loss between groups

Hb Loss non-PVB Hb Loss PVB

Figure 5. Boxplot of hemoglobin losses of groups. Non-paravertebral block patients can be seen on
the left, and patients with paravertebral block are depicted on the right. No statistical significance
can be seen in the difference in hemoglobin drop between the groups. Outliers are displayed as dots.

The T-Test for Equality of Means showed no statistical significance in Hb loss between
our groups (p = 0.295) (Table 3).
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Table 3. T-Test for Equality of Means showing no significance in the difference between pre- and
postoperative hemoglobin values (p = 0.295). This shows that sympathicolysis makes no significant
contribution to the postoperative hemoglobin loss.

T-Test for Equality of Means

F Sig. T df One-Sided
p

Two-Sided
p Mean Difference

Hemoglobin Loss 0.135 0.714 1.045 115 0.149 0.295 0.243

Correlating the influence of PVB on the postoperative Hb loss, no statistical difference
could be observed (p = 0.397), demonstrating that paravertebral catheters had no significant
impact on the perioperative hemoglobin loss within our cohort.

3.3. Drainage Fluid Volume

The mean drainage fluid volume was 1053.02 ± 508.21 mL in patients without par-
avertebral block and 962.21 ± 453.96 mL in women with paravertebral block (Figure 6).

J. Clin. Med. 2025, 14, x FOR PEER REVIEW 9 of 17 
 

 

Table 3. T-Test for Equality of Means showing no significance in the difference between pre- and 
postoperative hemoglobin values (p = 0.295). This shows that sympathicolysis makes no significant 
contribution to the postoperative hemoglobin loss. 

T-Test for Equality of Means 
 F Sig. T df One-Sided p Two-Sided p Mean Difference 

Hemoglobin Loss 0.135 0.714 1.045 115 0.149 0.295 0.243 

Correlating the influence of PVB on the postoperative Hb loss, no statistical differ-
ence could be observed (p = 0.397), demonstrating that paravertebral catheters had no sig-
nificant impact on the perioperative hemoglobin loss within our cohort. 

3.3. Drainage Fluid Volume 

The mean drainage fluid volume was 1053.02 ± 508.21 mL in patients without para-
vertebral block and 962.21 ± 453.96 mL in women with paravertebral block (Figure 6). 

 

Figure 6. Boxplot showing the drainage fluid volumes of the groups. Non-paravertebral block pa-
tients can be seen on the left, while patients with paravertebral block are depicted on the right. No 
significant difference can be observed between the groups regarding postoperative drainage fluid 
loss. Outliers are displayed as dots. 

The T-Test for Equality of Means displayed no statistical difference between the post-
operative drainage fluid volumes (p = 0.508) (Table 4). 

Table 4. T-testing of independent samples showing no significant difference in postoperative drain-
age fluid volumes between women with and without paravertebral block (p = 0.508). This demon-
strates that postoperative drainage fluid volumes are not affected by paravertebral catheters and 
consecutive sympathicolysis. 

T-Test for Equality of Means 
 F Sig. T df One-Sided p Two-Sided p Mean Difference 

Drainage fluid 
volume 

0.388 0.543 0.665 115 0.254 0.508 61.788 

Dr
ai

na
ge

 F
lu

id
 V

ol
um

e 
(m

l)

0

500

1000

1500

2000

2500

3000

Drainage Fluid Volume between groups

Drainage Volume Non-PVB Drainage Volume PVB

Figure 6. Boxplot showing the drainage fluid volumes of the groups. Non-paravertebral block
patients can be seen on the left, while patients with paravertebral block are depicted on the right. No
significant difference can be observed between the groups regarding postoperative drainage fluid
loss. Outliers are displayed as dots.

The T-Test for Equality of Means displayed no statistical difference between the
postoperative drainage fluid volumes (p = 0.508) (Table 4).
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Table 4. T-testing of independent samples showing no significant difference in postoperative drainage
fluid volumes between women with and without paravertebral block (p = 0.508). This demon-
strates that postoperative drainage fluid volumes are not affected by paravertebral catheters and
consecutive sympathicolysis.

T-Test for Equality of Means

F Sig. T df One-Sided
p

Two-Sided
p Mean Difference

Drainage fluid volume 0.388 0.543 0.665 115 0.254 0.508 61.788

Conducting independent samples analyses, no significant influence of PVB on the
postoperative drainage fluid volume could be seen (p = 0.367), demonstrating that the
drainage fluid volume was not affected by paravertebral catheters.

3.4. Duration of Surgery

Women without paravertebral block showed a mean surgery time of 181.81 ± 53.02 min.
The mean duration of surgery was 168.56 ± 41.97 min in patients with PVB (Figure 7).

J. Clin. Med. 2025, 14, x FOR PEER REVIEW 10 of 17 
 

 

Conducting independent samples analyses, no significant influence of PVB on the 
postoperative drainage fluid volume could be seen (p = 0.367), demonstrating that the 
drainage fluid volume was not affected by paravertebral catheters. 

3.4. Duration of Surgery 

Women without paravertebral block showed a mean surgery time of 181.81 ± 53.02 
min. The mean duration of surgery was 168.56 ± 41.97 min in patients with PVB (Figure 
7). 

Figure 7. Boxplot of the durations of surgery of the groups. Women without paravertebral block 
experienced longer operation times. Non-paravertebral block patients can be seen on the left (blue), 
while patients with paravertebral block are depicted on the right (orange). Outliers are displayed as 
dots. 

Our analyses displayed no significant difference regarding the duration of surgery 
between our groups. By conducting a T-Test for Equality of Means, this was statistically 
proven (p = 0.150) (Table 5). 

Table 5. T-Test for Equality of Means demonstrating no statistical significance in the duration of 
surgery between the groups (p = 0.150). 

T-Test for Equality of Means 
 F Sig. T df One-Sided p Two-Sided p Mean Difference 

Duration of Surgery 0.682 0.411 1.450 113 0.075 0.150 13.251 

Analyzing the correlation of paravertebral blocks and the duration of surgery, no 
statistical significance could be seen (p = 0.260). This indicated that women receiving par-
avertebral blocks did not experience a longer duration of surgery than women without 
paravertebral block. 

  

Du
ra

tio
n 

of
 S

ur
ge

ry
 (m

in
)

0

50

100

150

200

250

300

350

Duration of Surgery between groups

Duration Surgery Non-PVB Duration Surgery PVB

Figure 7. Boxplot of the durations of surgery of the groups. Women without paravertebral block
experienced longer operation times. Non-paravertebral block patients can be seen on the left (blue),
while patients with paravertebral block are depicted on the right (orange). Outliers are displayed
as dots.

Our analyses displayed no significant difference regarding the duration of surgery
between our groups. By conducting a T-Test for Equality of Means, this was statistically
proven (p = 0.150) (Table 5).

132



J. Clin. Med. 2025, 14, 1832

Table 5. T-Test for Equality of Means demonstrating no statistical significance in the duration of
surgery between the groups (p = 0.150).

T-Test for Equality of Means

F Sig. T df One-Sided
p

Two-Sided
p Mean Difference

Duration of Surgery 0.682 0.411 1.450 113 0.075 0.150 13.251

Analyzing the correlation of paravertebral blocks and the duration of surgery, no
statistical significance could be seen (p = 0.260). This indicated that women receiving
paravertebral blocks did not experience a longer duration of surgery than women without
paravertebral block.

3.5. Hospital Stay

Women without paravertebral catheters showed a mean in-hospital duration of
8.87 days ± 2.30, whereas women with paravertebral block stayed in hospital for a mean
of 8.52 days ± 2.07 (Figure 8).
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Figure 8. Boxplot of the lengths of hospital stay of the groups. Non-paravertebral block patients can
be seen on the left, while patients with paravertebral block are depicted on the right. The duration of
in-hospital stay did not differ significantly between groups. Outliers can be seen as dots.

Our analyses showed no statistical significance in the duration of hospital stay between
women with and without paravertebral catheters (p = 0.348) (Table 6).
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Table 6. Independent sample T-testing of lengths of hospital stay of both groups. Here, no statistical
significance between the in-hospital duration can be observed (p = 0.348). This shows that women
with or without PVB were admitted for a similar time-period.

T-Test for Equality of Means

F Sig. T df One-Sided
p

Two-Sided
p Mean Difference

Hospital stay 0.823 0.366 0.947 115 0.173 0.348 0.388

Further, no statistical significance between our groups could be seen after performing
correlation analyses (p = 0.275). This showed that paravertebral block had no influence on
the duration of hospital stay.

3.6. Neoadjuvant Breast Cancer-Related Therapy

Women without PVB had neoadjuvant chemotherapy in 23 (36.51%) cases, whereas
patients receiving PVB underwent neoadjuvant chemotherapy in 21 cases (40.38%).

Neoadjuvant radiation therapy was performed in 7 (11.11%) cases in the non-PVB
group and in 4 (7.7%) case in the PVB group. Performing independent t-testing, no
statistical significance could be observed, neither in neoadjuvant chemotherapy (p = 0.674)
or radiation therapy (p = 0.229).

Conducting correlation analyses, we did not see any correlation of neoadjuvant chemo-
or radiation therapy with blood loss (pchemo = 0.977; pradio = 0.504). Correlating the drainage
volume to radiation therapy, similarly, showed no statistical significance (p = 0.800). When
analyzing chemotherapy, however, a significant correlation could be observed with the
drainage fluid volume (p = 0.004).

4. Discussion
Breast cancer is the most common malignancy in women [40–43]. Although modern

diagnostics enable early detection, it often requires mastectomy [44–47]. Thus, breast re-
construction is often needed to prevent the negative after-effects of breast loss [1,48,49]. To
facilitate postoperative recovery, paravertebral blocks are used frequently in terms of post-
operative pain management [26,29,30,50,51]. This enables early mobilization and shorter
hospital stays [33,52,53]. The complications of PVBs are well known and include pneumoth-
orax, pain at the puncture site and dislocation but are generally rare [36–38,54]. However,
little is known of their effects on postoperative recovery and blood loss [28,33,52,53].

Nerval blocks are frequently used in replantation surgery, as their vasodilatory effect
has proven to be beneficial for limb perfusion [35–39]. This clinical effect suggests that neu-
ral blockade interrupts the innervation of vessels, causing vasodilation and thus increasing,
e.g., limb perfusion and supporting replantation success. Consequently, it is suspected
that paravertebral blocks may also induce vessel dilation and therefore might increase the
drainage fluid loss or blood loss. It is assumed that the blockade of sympathetic fibers on
vessels sustaining breast perfusion also results in vasodilatory effects, which is made use
of in case of limb replantation. Nonetheless, this was not seen in our results. The mean
hemoglobin loss did not differ significantly (p = 0.295) between groups; moreover, the
postoperative hemoglobin levels where similar among our cohort (ppostoperative = 0.604).
Thus, the application of PVB neither led to relevant bleeding at the point of insertion nor at
the mastectomy site. Therefore, we can presume that PVB only inhibit nerve fibers that are
responsible for pain conduction, which has already been proven by several studies [23–27]
(Figure 9).
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The drainage fluid volume was additionally supposed to increase with elevated blood
perfusion, as more blood circulation further entails a fluid shift into the extracellular matrix.
Nonetheless, this could also not be observed in our study. Here, the postoperative drainage
fluid volumes showed no significant difference (p = 0.508) and therefore did not lead to
delayed drainage removal or prolonged in-hospital treatment.

Overall, women with PVB did not experience any disadvantage in perioperative
recovery, as no complications were encountered in relation to paravertebral blocks. Al-
though not quantified, we observed that our patients experienced less pain and tolerated
dressing changes better with PVBs installed. These effects of paravertebral blocks are
already well known and significantly support breast cancer patients while recovering from
surgery [24,26,29,51,55,56]. Consequently, we have implemented the use of paravertebral
blocks in our preoperative schedules when planning mastectomies.

However, a few challenges were encountered with PVBs in the daily routine, arising
from organizational matters. PVBs require adequately trained anesthesiologists, the co-
ordination of their installation in a specialized setting (ultrasound-guided, trained staff,
etc.) and time (approximately 30–60 mins). Also, daily follow-up of proper functionality is
required, and early mobilization may sometimes lead to catheter disconnection. Further, a
more fundamental insight into the relationship between PVBs and postoperative opioid
usage should be achieved in the future.

Additionally, breast cancer staging, as well as hormonal cancer signatures, ought to
be addressed in further studies. And although included in our analyses, the relationship
between neoadjuvant chemo- and radiation therapy and blood loss and drainage fluid
volume is an interesting field of research. Besides chemotherapy appearing to significantly
correlate with the drainage fluid volume, unfortunately, this correlation holds diminished
value due to its small sample size.

Nevertheless, we consider the usage of paravertebral blocks in post-mastectomy recov-
ery beneficial for our patients. They have been shown to significantly ameliorate patients’
postoperative recovery and to reduce the burden put on patients by cancer treatment.

5. Conclusions
Women receiving paravertebral blocks did not experience any disadvantages regard-

ing surgical procedure or postoperative recovery, while early mobilization was possible.
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Substantiated by our findings, we recommend including paravertebral blocks in the basic
armamentarium when performing mastectomies, as their conduction is safe and feasible.
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