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Introduction
Scope of the Problem

Diabetes is recognized as one of the leading causes of disability and death worldwide.*
In the United States, an estimated 34.2 million people aged 18 years or older are currently
diagnosed with diabetes, with the highest prevalence observed among racial and ethnic minority
populations.” The complications caused by uncontrolled diabetes include cardiovascular disease,
diabetic kidney disease, diabetic retinopathy, neuropathy, and foot ulcerations, which may lead

to lower extremity amputations.®”

Lower-extremity amputations resulting from poorly controlled diabetes, significantly
decreases patient function and quality of life. An early European study found that up to 5% of
patients with diabetes with a diabetic foot ulcer (DFU) will require a major amputation in 1
year.2 More than 25% of patients with a DFU will require amputation in their lifetime.’
Importantly, DFU patients have a greater than two-fold increase in mortality compared with

nonulcerated patients with diabetes.°

There are also major economic implications associated with DFUs. Hospital admissions
involving DFU can average more than $100 000 per admission if an amputation or
revascularization is required.!! As recently reported by de Smet, et al., treatment of DFUs
accounts for approximately one-third the total cost of diabetic care, which, in the US, was
estimated to be $176 billion in direct healthcare expenditures in 2012.%2

Despite advances in DFU treatment approaches, approximately 20% of patients have
unhealed DFUs at 1 year. Recurrence of DFUs following treatment are also common, with a
recurrence rate of approximately 40% within 1 year.® Even intense treatment with multiple

efforts and strategies is often inadequate.



In 2019, the Tenex Health TX® System (Tenex Health, Lake Forest, California), which
utilizes the TX-Bone MicroTip, was cleared by the US Food and Drug Administration (FDA) for
the specific purpose of treating the DFU and other conditions requiring removal of bone. In this
article we describe the system features, present a summary of the debridement procedure, and

discuss our collective experiences and best practices using the system in over 400 patient cases.

Tenex Health TX® System
The Tenex Health TX® System imparts ultrasonic energy by way of the hollow MicroTip

that is activated by a foot peddle, irrigates and cools the TX-Bone MicroTip though an outer
sheath and aspirates the debris through the lumen of the hollow MicroTip removing it from the
field of treatment. (Figure 1) The beveled end of the tip cuts by direct tissue contact. Ultrasonic
energy drives the needle and propagates an energy wave in the tissue. Cavitation facilitates rapid
pressure changes from ultrasonic vibrations cause small bubbles to form and collapse.
Continuous irrigation and aspiration emulsifies the fragmented tissue, flushes the treatment area
and is evacuated by the Console pump. All these functions are performed in the ‘medium’ energy

setting, while the irrigation and aspiration are performed under the ‘high’ setting.

Figure 1. Tenex Health TX® System
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The MicroTip comes in a sterile package and includes attachments to the energy console
and irrigation source. An aspiration collection bag is included along with a cassette that delivers
the irrigation stream. One assistant, ideally a medical professional but not essential, is helpful to
facilitate preparation of the system, but no other personnel resources are required for the

procedure.

The Debridement Procedure
Outpatient Selection

Using the Tenex system, the goal is to restart the phases of wound healing to prompt new
tissue regeneration. The ideal patient has a Meggitt-Wagner Grade 2 or Grade 3 ulcer, <3 cm in
diameter that has failed 3 months or more of good wound management. For outpatient selection,
we are looking for patients who are stagnant in their ulcer care despite previous approaches using
more conservative methods (e.g., macro-debridement, wound dressing). Normally, patients will
get stuck in the inflammatory stage and healing does not progress forward.

The procedure can also be used in patients who are just beginning to ulcerate. In patients
with a Grade 0 ulcer, the Tenex system is used as a pre-emptive approach to prevent the patient
from experiencing pain and/or further ulceration. It is beneficial to catch these patients early
because they still have some protective sensation. When they cross the threshold to no sensation
due to neuropathy, they are at significantly increased risk for infection and further progression of
the ulcer.

For all patients, active infections in the soft tissue and/or bone should be managed and
resolved using prophylactic antibiotics before performing this procedure. Use of the Tenex

system should be avoided in patients with varus foot or severe ulcers that are not likely to heal.

Pre-Procedure

Bacterial colonization of diabetic ulcers is often polymicrobial and may require multiple
agents for most effective prophylaxis. It is important to verify that any antibiotic agents
metabolized by the kidneys are compatible with the renal function of the diabetic patient. (Table
1)



Table 1. Considerations for Anti-bacterial Medication Use

No allergies and normal renal function

Penicillin allergy and/or renal compromise

e  Doxycycline 100mg BID

e Augmentin 875mg/ BID, plus Bactrim 1 dose BID .

Doxycycline 100mg BID
e Clindamycin 300 mg TID
e  Moxifloxacin 400 mg QD

If there is excessive scarring around the margin of the ulcer, limited sharp debridement

may be necessary prior to use of the Tenex system. Unless sensation is totally absent, a fast

acting local anesthetic is administered, as for any ulcer debridement. For visualizing the ulcer,

our preferred method is to use ultrasound. However, physicians who are not comfortable with

ultrasound can use computed radiography (CR).

Debridement

1. Patient Placement

The patient is usually placed supine on the
cart or treatment table and positioned to be
clear of the table to facilitate irrigation fluid
drainage.

3. Tissue Removal/Debridement

The TX-Bone MicroTip is introduced into the first
portal at a 45-degree angle and the firm indurated
avascular subdermal scar tissue surrounding the
ulcer orifice is removed. The ischemic margin of
the ulcer is removed with ultrasonic debridement.
The osseous prominence removed using the
MicroTip.

2. Establish Portals

A minimum of two 5 — 7 mm stab incisions are
placed at least 1 cm from the ulcer edge or in
a position to facilitate removal of both the scar
tissue and osseous prominence. Think about
the wound as a clock, with portals made at 12,
3,6,and 9.

Each portal allows removal of the diseased
tissue using a back and forth motion. Using
successive portals, the entire ulcer is treated.
Bone removal is achieved with a planning
maneuver across the osseous prominence.



Post-Operative Care

Post-operative care following the procedure is no different than with other approaches.
Oral antibiotics should be used for two weeks post-surgery or until the wound is completely
healed. In 90% of our cases, the wound is totally closed within two weeks.

Wound management following the procedure is no different than what is used with other
approaches. In our experience, physicians need to treat post-operative care as they would any
other wound case with risk of infection where the patient is immune suppressed. We generally
prefer to use a CAM boot for off-loading.

Patient Adherence

Suboptimal patient adherence to post-operative care remains a major obstacle to wound
healing and preventing recurrence. Patients with larger and more severe DFUs and greater
perceived foot pain tend to be more adherent to their prescribed post-operative care, particularly
off-loading and wound management, compared with those with less severe DFUs and/or pain.**
Given the visible improvements observed following treatment with the TX system in patients
with less severe DFUs, these findings suggest that clinicians should place even greater focus on
informing (convincing) these patients about the importance of adherence to promote faster
wound healing, which lessens the opportunity for new infections to develop.

Because diabetic peripheral neuropathy may also be present in the setting of dementia
and impaired cognition,® it is important that physicians be very clear and confident when talking
to patients about their post-operative care. Patients need to understand the importance of
following instructions for dressing changes and staying off their feet until the wound has fully
healed. Otherwise, their chance for new infection and wound recurrence is significantly
increased. Leveraging your leadership and authority as a physician is key to success in getting
patients to do what they need to do to let the wound heal. In all cases, it is also ideal to have the

patient’s spouse or caretaker present when providing these instructions when possible.

Efficacy and Safety
A key advantage of this approach is the bactericidal characteristic of the ultrasound
energy.'® Additionally, unlike standard macro-debridement, which is currently used to achieve

the same goal, the size of the ulcer is not increased, so no tissue that may have recently healed is



lost. Unlike other treatment strategies, this single outpatient treatment, which is typically
performed in less than 30 minutes, will effect a lasting cure in the vast majority of patients. In
fact, physicians can oftentimes directly observe the cellulitis decrease in real time as they are
performing the procedure in the majority of patients being treated.

It is often difficult to assess an average recurrence rate due to the large number of
variables that may be at play, particularly patient non-adherence (not changing the dressing,
walking too early, taking a shower). However, outcomes from a study of 102 consecutive DFU
patients are currently being evaluated. The results to date are very encouraging, with complete
healing occurring in >90% of these procedures, with only five recurrences over a 4-year period.

Examples of pre- and post-procedure outcomes are presented in (Figure 2)

Figure 2. Example of Pre- and Post-Operative Outcomes

A. 2.5 x 2.5 cm ulcer of the phalanx of the great C. 2.5x 1.8 sub first metatarsal ulcer of 20

toe of 13 months duration. months duration.
B. Complete healing at 40 days with no D. Complete healing 14 days after treatment
recurrence at one year. with no recurrence at 3 years surveillance.

Practice Pearls

When using the Tenex system, the goal is to restart the phases of wound healing to
prompt new tissue regeneration. To achieve this goal, we focus on two areas of debridement. The
first area of focus is the soft tissue that is located below the wound bed. The reason we focus on
this area is to decrease any venous congestion and correct any arterial insufficiency that may be
present by removing necrotic tissue, decreasing bacterial burden and biofilm, and reducing
inflammatory cytokines. The second area of focus is any bony prominence that may be
compressing the underlying tissues. In most cases of DFUSs, it is helpful to address and correct

the issue of a problematic bony prominence, otherwise it is likely that there will be recurrence of



the ulcer. The TX-Bone MicroTip can be used to perform cortical debridement, which serves to
reduce the bony prominence and decompress the wound.

When initiating the cortical debridement, we carefully avoid poking holes into the cortex.
Instead, we skive off the cortical tissue, taking a small pass in one direction, then rotate the
handpiece and make a small pass in the other direction. Once the cortex is gone, we smooth out
the cancellous bone. When we are done with debriding, we do not want to feel any hard bone; it
should feel spongy, indicating that the wound has been decompressed.

An important piece of advice we have for physicians who choose to use the Tenex system
is to let the MicroTip do the work. The mechanics of the technology are designed to perform
their function with minimal pressure. Physicians who follow this tenet with practice and care are

more likely to have good clinical outcomes.

Conclusions

Utilizing the Tenex system for treating DFUs provides a revolutionary approach to
wound healing. In traditional approaches, we have been debriding the top of the wound, which is
the wrong side of the ulcer. By debriding the underside of the ulcer, we start the cascade of
healing. Removing the cortical bone beneath the ulcer not only decompresses the wound but
releases intrinsic growth factors that reside in that cancellous bone. Essentially, the procedure is
a way of grafting and releasing those growth factors in addition to decompressing or “off
loading” the wound.

Despite the demonstrated efficacy of the Tenex system, there is some headwind against
this approach because debridement of the top side of the ulcer has been the standard approach for
more than a century. In our view, we have been debriding the ‘wrong side’ of the wound for
years.

Given the significant and increasing rate of lower extremity amputations due to DFUs, it
is critical that the most effective treatments are made available to the physicians who care for
these patients. In the risk-benefit analysis of using the approach discussed here, there is minimal
risk but a significant benefit.
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