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Healing of a chronic stage 4 sacral pressure injury in a paralyzed spinal cord injury 
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Abstract 

Introduction: Pressure injuries(PIs) are a common and costly complication that can result in 

severe pain, increased length of stay, and decreased quality of life. PI incidence is higher in 

those who have chronic health conditions resulting in impaired mobility. Patients with spinal cord 

injuries (SCI) are among the highest risk patients for developing PIs due to associated motor 

and sensory impairment 

Case Presentation: 64-year-old gentleman sustained a level 4 cervical spine fracture with 

incomplete cord injury and subsequent paraplegia and impaired sensation. After the acute and 

rehabilitative treatment and therapy, the patient was admitted to a skilled nursing facility for 

continued long-term care. The patient was diagnosed with a Stage 4 (PI), initially treated with 

sharp surgical debridement and negative pressure wound therapy (NPWT). After 132 days, a 

novel, non-invasive perfusion enhancement (NIPE) system was introduced, utilized both on the 

bed and wheelchair. Complete healing of the Stage 4 PI occurred in 118 days after initiation of 

the system. 

Conclusion: A non-invasive perfusion enhancement system (NIPE) used in supplement to 

standard treatment measures is beneficial to the healing of a Stage 4 PI. Additional subjective 

data suggest that the system is also effective for reducing pain associated with pressure injury 

and mobility impairment.  
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 Introduction  

Pressure injuries (PIs) are a common, significant health issue, particularly in patients 
with chronic conditions that impair mobility. In the United States, it is estimated that 2.5 million 
patients suffer from PIs annually.1 Patients with spinal cord injury (SCI) are among the highest 
risk patients for developing PIs due to associated motor and sensory impairments. More than 
50% of people with SCI develop a PI at some point in their lives.2  

A PI is defined as localized damage to the skin and/or underlying tissue, typically over a 
bony prominence.3 PIs vary in severity from intact skin, to partial thickness skin loss, to open 
ulcers that extend to subcutaneous fat or further into bone, tendon, or muscle.4 PIs result in 
decreased quality of life for patients and families, increased mortality, and higher healthcare 
costs.5 

On average, US healthcare institutions spend $20,000 to $150,000 to treat individual 
PIs.1 PI are also one of the highest litigated hospital-acquired conditions, with 17,000 lawsuits 
filed annually and 83% settled in favor of the plaintiff.6 Treatment costs increase with wound 
severity, with Stage 3 and Stage 4 PIs being most expensive. Brem and colleagues4 found that 
the cost of a Stage 4 hospital-acquired PI patient averaged $129,248 during a single hospital 
stay. Stage 3 and 4 PIs often require complex, costly wound care interventions, such as 
negative pressure wound therapy (NPWT), frequent dressing changes, specialty surfaces, and 
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sharp, surgical, or enzymatic debridement.7 Despite extensive treatment, Stage 3 and 4 PIs 
typically require an excessive amount of time to heal, the majority taking greater than 8 weeks 
to heal completely.8  

Currently, there is a growing body of evidence supporting reperfusion injury following 
periods of ischemia as a probable cause of pressure injury.9 Tissue ischemia occurs when 
vascular compression is sustained for a critical duration, leading to the build-up of toxic 
metabolites and depletion of oxygen and nutrients.10 Tissue reperfusion following periods of 
ischemia is necessary to re-establish oxygen and nutrient delivery, however it can elicit 
pathogenic processes that exacerbate local insult and induce pressure injury formation.11-15 It is 
plausible that reperfusion injury can also have a detrimental effect on the healing of a pre-
existing pressure injury through this same process. Thus, an intervention focused on minimizing 
vascular compression to prevent ischemia and reperfusion injury would be beneficial for PI 
treatment by preventing wound advancement and promoting optimal tissue perfusion for 
healing.  

A new non-invasive perfusion enhancement (NIPE) system (The TurnCare Guardian 
System) has been shown in previous studies to benefit both the prevention and treatment of 
pressure injuries. 9,16 The system involves the unique application of pressure gradients 
throughout a 3-dimensional, multichannel inflatable support surface on the sacral region. Rather 
than redistribute or alternate pressure, the system continuously applies and removes pressure 
in a precise, non-repeating fashion through the inflation and deflation of narrow, anatomically-
aligned and shaped air chambers. This mechanism is intended to prevent sustained vascular 
compression and therefore enhance tissue perfusion. The novel system is designed specifically 
to simulate healthy movement to avoid sustained vascular compression for a critical duration. 
By preventing vascular compression, blood flow is reliably increased to the tissues, enhancing 
perfusion essential for wound healing.  

Case Presentation 

We report a case of a 64-year old male patient who has an incomplete level 4 cervical 
spinal cord injury with a Stage 4 pressure injury, treated using a novel, NIPE system (The 
TurnCare Guardian System).  

The patient has a past medical history significant for hyperlipidemia, atherosclerotic 
heart disease, peripheral vascular disease, hypertension, and smoking. On June 5th, 2017, he 
suffered a Level 1 trauma: fall with a subsequent C4 spinal fracture and incomplete cord injury 
with paraplegia and impaired sensation. The C4 injury required decompressive lumbar 
laminectomy. Treatment included ICU care due to spinal shock and ventilatory support post 
injury. After his acute injury he was transferred to an acute rehab facility for aggressive therapy.  

During his acute rehab stay, the patient developed a Deep Tissue Injury (DTI), 
documented on discharge as being covered in necrotic tissue. The patient was transferred to a 
skilled nursing facility, where he was evaluated by a wound care surgeon. An accurate 
assessment of the wound area was made by conducting a thorough evaluation of the size, 
depth, presence of granulation tissue, wound edges, skin temperature, and exudates and/or 
necrosis. On September 20, 2017, a conservative excisional debridement was performed with 
sharp surgical scissors due to the presence of nonviable necrotic tissue. The patient was 
diagnosed with a Stage 4 pressure injury with the initial measurement of 4.5 cm x 3.0 cm x 3.2 
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cm. Following debridement, negative pressure wound therapy (NPWT) was initiated. Additional 
treatment included increased nutritional support and offloading measures. 

The interdisciplinary wound team at the study facility was seeking additional treatment 
options due to the persisting chronic wound with poor granulation and the patient’s worsening 
pain.  A novel, NIPE system was selected to enrich the blood supply to the starved tissues. 
Many treatment options were available, such as an air-fluidized bed, but the NIPE system was 
chosen. The NIPE system was clinically easy to use, was able to be utilized on multiple patient 
surfaces (bed and wheelchair), which in turn prevented mobility restrictions that the other 
surfaces impose. The team was compelled to implement additional wound management therapy 
that had the propensity to impact not only the wound healing trajectory, but also the patient’s 
overall well-being. The NIPE system was introduced on January 3, 2018 with the sacral wound 
measuring 2.0 cm x 1.3 cm x 0.6 cm at the time of initiation. Wound care was provided per 
facility protocol and physician direction, including sequential wound measurements. 

The NPWT was discontinued on January 10, 2018 and a collagen/oxidized regenerated 
cellulose (ORC) dressing was initiated on January 10, 2018. Proliferation of healthy granulation 
tissue was observed throughout the duration of use of the NIPE system, with a consistent 
decrease in pressure ulcer size, which was measured monthly by the wound care physician 
(Figure 1). Within days, staff noted improvement in the appearance of the wound and its 
surrounding tissue, as well as the overall skin health in the sacrococcygeal area. Tracking the 
healing percentage of wound volume per month showed a positive healing trajectory (Figure 2). 
The Stage 4 PI of this SCI patient healed within 118 days of initiation of the perfusion 
enhancement therapy without any complications. No additional treatment for this patient is 
anticipated, except for continued use of the non-invasive perfusion enhancement system and 
collagen/ORC dressing. 

Prior to initiation of the non-invasive perfusion enhancement therapy, the patient was 
assessed by the research team. The patient’s pain level was assessed using a Numeric Pain 
Scale from 0-10. The patient reported that his pain on average was an 8/10, resulting in poor 
tolerance to manual repositioning, requiring the regular use of controlled substances for pain 
management. In addition to significant pain, the patient also reported an overall decrease in 
perceived wellbeing and mood. These factors all contributed to nightly disrupted sleep patterns. 
The patient was desperate for a solution that would help alleviate the pain from his persisting 
wound.  

Informal staff interviews were performed with licensed and non-licensed professionals, 
validating the aforementioned patient report. In addition, the staff reported the patient frequently 
requested to be repositioned in bed due to pain and discomfort. They witnessed and validated 
his feelings of desperation regarding the constant pain from his wound. Staff reported that the 
patient had specific requests and preferences for positioning when out of bed. At the patient’s 
request, his wheelchair was frequently in the tilted position, increasing the shearing force on the 
sacrococcygeal area.16 Of note, the SCI patient spent minimally 5 hours per day out of bed in a 
wheelchair.  

A week post-initiation of the NIPE system, the patient’s pain level was re-assessed using 
a Numeric Pain Scale from 0-10. He was both happy and emotional to report a substantial 
decrease in pain level, providing a rating of 3/10. His pain was assessed weekly thereafter, with 
pain levels ranging from 0-2/10 consistently each week. The patient also reported a significant 
improvement in his sleep and sense of well-being.  
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Follow-up discussion with staff revealed a notable decrease in the amount of pain 
medication needed. Staff also reported improved sleep patterns, improved social interaction and 
overall disposition, and a decrease in requests to be manually repositioned. In general, staff 
were surprised by how quickly and profoundly the patient’s pain and overall demeanor 
improved. The SCI patient continued to spend minimally 5 hours per day out of bed, with his 
wheelchair in a tilted position. Additionally, staff were generally pleased with the ease of use of 
the perfusion enhancement system, reporting minimal impact on clinical workflow.  

Discussion 

In this case report, we have described the experience and continued results of a novel, 
non-invasive perfusion enhancement system in the setting of a SCI patient with a Stage 4 PI. 
The NIPE system is designed to restore the benefits of healthy movement through the 
continuous application and removal of pressure to avoid sustained vascular compression for a 
critical duration. Our findings suggest that a non-invasive perfusion enhancement system can 
be beneficial to the healing of full-thickness pressure injuries and may minimize the need for 
additional, costly wound management therapies, which in turn can have significant cost-
reduction implications.  

Pressure injuries develop due to the external application of pressure leading to 
sustained vascular compression. Tissue ischemia occurs when vascular compression is 
maintained for a critical duration, resulting in impaired blood flow and subsequent depletion of 
oxygen and nutrients with an accumulation of toxic metabolites. Reperfusion injury following 
ischemia further injures the already damaged tissues. 

Wound healing is a complex process that requires optimal tissue perfusion. However, 
maintaining tissue perfusion in PI healing is a challenge due to the high-pressure locations of 
the wounds over bony prominences. Current standard-of-care protocols focus on pressure-
relieving strategies, such as manual repositioning schedules and alternating pressure surfaces, 
and mitigation of contributing factors, such as shear, friction, and microclimate.17 18 Prior to this 
case study, there has been no report of a technology designed to target underlying ischemia 
and promote tissue perfusion for the treatment of full-thickness wounds.  

Conclusion 

 We found that a non-invasive perfusion enhancement system used in supplement to 
standard treatment measures is beneficial to the healing of a Stage 4 pressure injury. Additional 
subjective data suggest that the system is also effective for reducing pain associated with 
pressure injury and mobility impairment.  
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Figure 1. 

Table 1. 

Healing Trajectory of Stage 4 Pressure Injury: Volume 
 

Date Length 
(cm) 

Width 
(cm) 

Depth 
(cm) 

Volume 
(cm3) 

Percentage healed 
from previous month 

Percentage healed from 
initiation of perfusion 
enhancement therapy 

(January) 

January 2.0 1.3 0.6 1.6 39% N/A 

February 2.2 1.2 0.5 1.3 19% 19% 

March 1.5 1.0 0.3 0.5 62% 69% 

April 0.3 0.1 0.2 0.006 99% 99% 

May 0.0 0.0 0.0 0.0 100% 100% 

 

 

 

Figure 2 
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