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The Use of Photodynamic Bone Stabilization to Tamponade Bleeding in
a Pathologic Humeral Shaft Fracture: A Case Report

Sree M Vemu', Humaid Al Farii?, Justin E Bird?, Patrick P Lin?, Valerae O Lewis?, Shalin S Patel®

Learning Point of the Article:
Using photodynamic device intraoperatively as a technique to tamponade acute bleeding from hypervascular pathologic fractures.

Introduction: Hypervascular tumors such as renal and thyroid carcinoma have a significant risk of intraoperative bleeding. To help mitigate
bleeding, interventional preoperative embolization is traditionally used; however, it is success is highly variable. This is the first case report to
discuss using expandable balloon implants with a minimally invasive approach to achieve fracture fixation and tamponade acute intraoperative
bleeding.

Case Report: A 48-year-old male with clear-cell renal cell carcinoma presented with a left humeral shaft pathologic fracture. The patient was
scheduled to undergo open biopsy, curettage of tumor, and fracture fixation with an intramedullary device. Intraoperatively, during open biopsy
and curettage, brisk bleeding was encountered, which ceased after inserting an intramedullary photodynamic bone stabilization implant
(IlluminOss). The implant’s balloon expanded to the diameter of the humerus allowing for tamponade, fracture stability, and a minimally
invasive approach.

Conclusion: We present a possible intraoperative option for achieving control of bleeding in pathologic long bone fractures by deploying a
photodynamic stabilization device. The method described can have applications in specific patients and obviate the need for pre-operative
embolization for highly vascular tumors due to the implant’s ability to create tamponade within the bone.

Keywords: Photodynamicbone stabilization, lluminOss, Pathologic fracture, Tamponade, Renal cell carcinoma, Hemorrhage.

Introduction

The primary pathology in about 80% of skeletal metastasis is
from prostate, breast, lung, renal, or thyroid cancers [1]. The
humerusis one of the most common sites for metastasis, after the
spine and femur [2, 3]. Metastases are frequent in renal
neoplasms, with an incidence of 30% [3]. Surgical prophylactic
or fracture fixation of long bones is commonly done to minimize
pain, increase patient mobility, and provide easier access to other
medical management, such as radiation or chemotherapy, if
required. Surgical approach and fixation methods vary widely

based on the patient-specific factors and tumor type [4].

The photodynamic bone stabilization system (PBSS),
developed by IlluminOss Medical Inc., is a percutaneous light-
curable polymer contained within an inflatable balloon catheter.
It offers customizable intramedullary stabilization for long bone
fractures. The device received initial approval in 2009 from the
European regulatory authority for use in osteoporotic patients.
In 2017, the European Union Registry reported the initial
success of the procedure in 149 fractures [S]. Due to its
versatility, the device gained popularity in the oncologic
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Figure 1: AP left humerus radiograph,
patient’s arm in sling. Visible bone lesion

in the humeral shaft, with “moth-eaten” . ..

appearance and fracture.

community. In 2018, it was approved by The United States
Food and Drug Administration for the treatment of impending
and actual pathological fractures of the humerus, radius, and
ulnaresulting from metastatic bone disease [6, 7].

In addition to fracture stabilization, pre-operative embolization
of hypervascular tumors such as renal and thyroid carcinoma
has been well described [8, 9]. The goal is to help mitigate
bleeding. The mortality risk increases by about 7% per unit of
transfused blood [10]. However, prior studies have shown
interventional pre-operative embolization to be highly variable
and success ranging from 30% to 80% [9]. This case report
describes using PBBS a minimally invasive approach to achieve
fracture fixation and tamponade of acute intraoperative

bleeding [11].
Case Report

The patient was a 48-year-old male with oligometastatic renal
clear cell carcinoma to the pancreatic body. He presented for the
evaluation of atraumatic progressive left arm pain for 2 weeks.
Radiographs showed a left pathologic midshaft humeral
fracture (Fig. 1). Radiotracer uptake of the left humerus was
seen on bone scan. We discussed with the patient the risks and
benefits of pre-operative embolization. We proceeded with
intervention without embolization due to his significant
instability at the fracture site, pain, and minimal soft-tissue
tumor component [11, 12]. We discussed with the patient that
given his medical history of oligometastatic disease, a biopsy
would be beneficial along with fracture stabilization.

The surgical plan was to perform an open biopsy frozen section
analysis. If the biopsy was consistent with metastatic carcinoma,
we planned for left humerus curettage of the tumor and
stabilization of his left pathologic humeral shaft fracture with an

Figure 2: (a) Intra-operative fluoroscopy showing the guidewire insertion through gearshift at lateral
proximal humerus. (b) Intra-operative fluoroscopy, showing ball-tipped guidewire spanning across the

intramedullary implant [2]. Due to the hypervascular nature of
this tumor histology, multiple points of large-bore peripheral
access and an arterial line were placed by the anesthesia team.
Given the increased complexity involved with pathologic
fracture fixation, a standard humeral intramedullary nail
system, humeral plating system, and PBSS were available. The
patient was positioned supine on Jackson table, and a 3cm
incision was made utilizing a mini-open anterolateral approach
to the humeral shaft to take an intra-operative biopsy. The
frozen section pathology appeared to be grossly abnormal,
consistent with metastatic clear-cell renal cell carcinoma. After
the frozen section analysis yielded a diagnosis of metastatic
carcinoma, curettage of the tumor was performed through the
same open biopsy site.

During curettage, significant bleeding was encountered. The
patient’s hemodynamics was monitored closely, and the patient
wasresuscitated appropriately. The patient’s blood loss from the
mini-open biopsy was not unexpected, and both the surgical
and anesthesia teams were prepared with multiple units of
bloodreadyin the room.

Most large diameter humeral nails are around 10 mm [13].
Given the width of the lytic metastatic lesion in our patient,
there was a concern about having no control of bleeding at the
fracture site due to the bleeding from dead space that cannot be
filled quickly after standard intramedullary rod placement. The
use of a plate system in an acute setting is limited by the amount
of soft-tissue dissection required to reach the area of concern.
An intra-operative decision was made to achieve hemostasis
and fracture fixation with an expandable device [ 14].

Fluoroscopy was utilized to identify the lateral portion of the
proximal humerus distal to the greater tuberosity, which
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Figure 3: (a) Intra-operative fluoroscopy showing sheath placement. (b) Intra-operative fluoroscopy, showing balloon placement across

the fracture site.

allowed for the protection of the rotator cuff insertion during
the approach. An incision was made proximal to the course of
the axillary nerve. Careful dissection of the deltoid allowed for
access to the proximal humerus. A threaded guidewire was
inserted into the proximal humerus. The opening reamer was
used to ream the lateral cortex of the proximal humerus for the
PBSS implant. A 2.0 mm ball-tipped guidewire was inserted
into the proximal humerus using a curved gearshift (Fig. 2a).
This guidewire was inserted across the fracture site and into the
distal fracture fragment (Fig. 2b).

Anteroposterior (AP) and lateral fluoroscopy imaging was
taken to ensure that the guidewire was in the bone both

proximally and distally. The length of the IlluminOss implant
was determined utilizing an external fluoroscopic ruler. To
ensure the delivery sheath can be inserted, a minimum internal
diameter of 7.0 mm must be achieved using the reamer [15]. A
sheath was inserted over the ball-tipped guidewire, ensuring
that the sheath went past the fracture site. Ball-tipped guidewire
was removed. On the back table, the device was primed with
monomer and prepared according to the manufacturer’s
instructions. Before delivery to the surgical site, it is essential to
cover the device from OR and room lights to maintain its
integrity. The balloon was inserted through the sheath (Fig. 3a).
The sheath was then removed (Fig. 4a). AP and lateral

Figure 4: (a) [llustration showing IlluminOss Device Insertion. Gearshift awl is used to create cortical defects to allow guidewire and flexible reamer to

enter. After reaming the sheath is inserted to allow passage of the IlluminOss balloon. (Illustrations reproduce with permission from IlluminOss Medical

Inc. https://illuminoss.com/us). (b) Illustration showing sheath removal and inflation of balloon with monomer. (Illustrations reproduce with

permission from IlluminOss Medical Inc. https://illuminoss.com/us). (c) Illustration showing the activation of visible light, polymerization, and curing

of theimplant. (Illustrations reproduce with permission from IlluminOss Medical Inc. https://illuminoss.com/us).
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Figure S: (a) Intra-operative fluoroscopy showing balloon inflation and filling of medullary cavity. (b) Intra-operative fluoroscopy, showing

polymer hardeningand the placement of proximal and distallocking screws.

fluoroscopy was utilized to ensure appropriate length,
alignment, and rotation of the humerus (Fig. 3b).

The FDA recommends a minimum canal diameter of 13 mm
for the standalone use of the implant or a diameter <13 mm
when used in conjunction with plates [15]. In this case, a 22
mm diameter balloon was chosen. The liquid monomer was
injected into the balloon until maximum fit and fill were
achieved. As the balloon expanded and the monomer filled,
there was a noticeable decrease in bleeding due to the
tamponade effect (Fig. 4b and Fig. Sa). The light source was
activated, delivering 436 NM visible light intramedullary. The
cure time for the polymerization process ranges from 300 to
1000 s, depending on the size of the balloon [15]. This process
initiated an exothermic reaction, causing the device to
eventually set at body temperature (Fig. 4c). Finally, the
balloon was cut following standard manufacturer instructions.

To help provide rotational control, large fragment cortical
nonlocking screws were placed utilizing a freehand
percutaneous technique with the assistance of fluoroscopy. A
single screw was placed lateral to medial in the proximal
humerus. A single screw was placed anterior to posterior in the
distal humerus. This completed the treatment of humeral shaft
fracture with the insertion of an intramedullary implant with

locking screws (Fig. Sb).

Discussion

Bone metastases from renal cell carcinoma are very vascular
and can cause significant intra-operative bleeding during open
surgical approaches. Pre-operative embolization of vascular

tumors has been a common practice for almost 20 years [16,
17]. However, there are limitations in the efficacy of
embolization based on tumor type, location, amount of soft
tissue versus bone involvement, and location of feeding vessels
[16, 17]. In addition, sometimes, patient factors such as
significant pain and instability at the fracture site require urgent
surgical attention and do not allow for scheduled pre-operative
embolization. Although rare, embolization involves some risks
inherent to the procedure, arterial dissection; accidental
embolization of adjacent vessels; muscle necrosis; transient
paresthesia in the lower limbs (most common); and contrast
nephropathy. Pre-operative embolization is dependent on
interventional radiologist techniques and patient-specific
factors [18]. Large systematic reviews have shown the
effectiveness of embolization to be highly variable from 30% to
70%[9,19].

Current literature recommends that the open surgery be
carried out at most three days after the embolization. After that,
neo-angiogenesis occurs, and there is a new cumulative risk of
bleeding [20]. Currently, if a patient does not receive or has a
poor response to pre-operative embolization, the primary
method of hemostasis in surgery is manual pressure,
electrocautery, ligation (if vessels can be identified), and the
utilization of products containing fibrin [21]. A randomized
controlled trial has shown that open surgery without a method
of control in hypervascular patients has shown increased
average blood loss [22]. In particular, this is a risk in surgeries
done through small percutaneous and mini-open approaches
due to the difficulty to control brisk bleeding with limited
visualization.

This case report discusses a novel method of using an
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expandable intramedullary device to help tamponade intra-
operative bleeding in the management of long bone metastases.
A retrospective study involving 70 femur fractures treated with
rigid intramedullary fixation demonstrated that the diameter of
the nail and the ratio of the nail diameter to the medullary canal
were directly correlated with intraoperative bleeding [23].
Photodynamic implants have the ability to conform to the shape
of the medullary canal, providing a maximal fit within the
intramedullary space [24]. PBSS’s entry point is less strictly
defined than for rigid nails [13]. The implantation of the device
does not inhibit endosteal remodeling and angiogenesis. The
cured polymer allows for the augmentation of fixation with
additional screws and hardware [25]. In situ, polymerization of
the monomer to form a stable implant occurs at the surgeons’
discretion by applying blue light. Once hardened, the implant
provides immediate stabilization and mechanical strength at the
fracture site. Similar to traditional intramedullary devices, PBSS
has the capability to provide primary stability [5,26].
Biomechanical and compatibility studies have indicated that the
cured polymer possesses a modulus of elasticity similar to that of
bone, and it does not elicit a significant tissue reaction [26, 27].
The monomer is contained within the delivery balloon, ensuring
no extravasation risk at the fracture site [28]. Moreover, post-
operative imaging displays minimal artifacts, facilitating
improved observation of tumor recurrence and bone union. In
terms of basic scientific literature, there is evidence
demonstrating that visible blue light emitted by the PBSS device
canresult in a temporary reduction of S. aureus based on in vitro
testing [29].

Multiple long-term studies have demonstrated the successful
implementation of PBSS in the elderly patients with long bone
fractures [S, 6, 7, 30]. In a retrospective study involving 105
procedures and a 2-year follow-up, comparing PBSS to
traditional fixation methods for pathologic humerus fractures,
no statistical difference was found in the reoperation rate and

hardware durability between intramedullary nails (IMN) and
PBSS. However, rigid intramedullary nail showed a statistically
significant lower rate of broken hardware compared to PBSS
[31].

In cases where aggressive tumor phenotypes are associated with
specific histologic diagnoses, additional hardware can be utilized
along the length of the implant to provide supplementary
stabilization. A retrospective case series involving 12 patients
with a two-year follow-up, who underwent PBSS for pathologic
humerus fractures, reported two cases of nail rupture occurring
after the four-month mark. These cases were successfully treated
byaddingaplate foradditional support [25].

Conclusion

With this case report, we present a possible intra-operative
option for achieving control of bleeding in pathologic long bone
fractures by deploying a photodynamic stabilization device. The
method described can have applications in specific patients and
obviate the need for pre-operative embolization for highly
vascular tumors due to the implant’s ability to create tamponade
within the bone. At present, there are no existing studies that
specifically address the use of PBSS in acute hemorrhage settings
as an intraoperative option for achieving bleeding control in
pathologic long bone fractures. Therefore, it is recommended
that surgeons thoroughly assess patient-specific factors, urgency
of the situation, operative technique, and the availability of local
hemostatic agents before considering the adoption of this
technique.

Clinical Message

Hypervascular tumors associated with pathologic fractures have a
significant risk of acute intraoperative bleeding. This case report
presents a detailed analysis of a novel surgical implementation of a
photodynamic balloon device as a potential adjunct intra-operative
management technique for acute bleeding.
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