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BACKGROUND

METHODS

• Long-term Acute Care Hospitals (LTACH) manage critically ill patients
after their critical care hospitalization has ended.

• Medical complexity and prolonged immobility increase risk for
developing a hospital-acquired pressure injury (HAPI)1.

• HAPIs add over 9 days to patient’s hospitalization2, increase the risk of
serious infections, are a major cause of hospital mortality3 and cost
more than $38,000 to treat.4

• New International Clinical Practice Guidelines5 recommend using
wearable sensors to help improve patient repositioning to prevent
hospital-acquired pressure injuries (HAPI)

• In 2019, CSH had 17 non-device related HAPIs. Goal of this pilot was to
reduce HAPIs by 50%.

• Wearable patient sensor system (LEAF◊ Patient Monitoring System,
Smith+Nephew) was implemented in the hospital.

• Patients were considered eligible for monitoring if they met two out of
the following conditions:

• Estimated length of stay >2 weeks; moderate or high-risk Braden
score; non-ambulatory; assigned Q2 protocol;  total care;
mechanically ventilated or pre-existing pressure injury.

Using wearable sensors to cue patient 
repositioning reduced HAPI incidence by 94%

The four-month pilot provided 
an estimated ROI of more than $370,000
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2. Wassel C et al. Readmissions, mortality, cost, and clinical outcomes of hospital acquired pressure injury patients by stage. Poster presented at

SAWC Fall 2019 Conference; Las Vegas, NV, USA. Oct 12-15, 2019
3. AHRQ National Scorecard on Hospital-Acquired Conditions, June 2018.

https://www.ahrq.gov/sites/default/files/wysiwyg/professionals/quality-patient-safety/pfp/natlhacratereport-rebaselining2014-2016_0.pdf
4. National Database of Nursing Quality Indicators. NDNQI website. http://www.nursingquality.org/?purl=improvequality.aspx.
5. European Pressure Ulcer Advisory Panel, National Pressure Injury Advisory Panel and Pan Pacific Pressure Injury Alliance. Prevention and

Treatment of Pressure Ulcers/Injuries: Clinical Practice Guideline. Emily Haesler (Ed.). EPUAP/NPIAP/PPPIA: 2019

• Compared to the baseline period, turn protocol adherence

increased by 190%

• Total number of HAPIs were reduced by 91%; HAPI incidence

was reduced by 94%. The results were statistically significant

(p<.003)

• The pilot provided an estimated ROI of more than $370,000

RESULTS

REFERENCES

11

1

0 2 4 6 8 10 12

Baseline

Pilot

Total HAPIs: Pilot vs. Baseline

HAPI Treatment cost (NDNQI) $38,700
No. HAPIs avoided 10
HAPI treatment cost avoidance $387,000
Total Sensor Cost (15,800)$         
Return On Investment $371,200

Estimated Return on Investment

Pilot Results Baseline Pilot 
Total number of patients 69 82
# Patients monitored N/A 79
Mean Turn Protocol Adherence 32% 91%

Increase
# Total HAPIs 11 1
# Total Sacrococcygeal HAPIs 7 1

Number of HAPIs Reduced 
HAPI incidence 16% 1%

HAPI Incidence Reduced 

190%

91%

94%
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https://www.ahrq.gov/sites/default/files/wysiwyg/professionals/quality-patient-safety/pfp/natlhacratereport-rebaselining2014-2016_0.pdf

HAPIs

				Baseline period																								Intervention period

				2019																								2020

				Jan-19		Feb-19		Mar-19		Apr-19		May-19		Jun-19		Jul-19		Aug-19		Sep-19		Oct-19		Nov-19		Dec-19		Jan-20		Feb-20		Mar-20		Apr-20		May-20		Jun-20		Jul-20		Aug-20

		# Patient Discharges		14		17		23		15		24		23		24		25		27		19		23		23		18		22		24		18

		Sacrococcyx stage 1

		Sacrococcyx stage 2		1				1		5				1		1		1

		Sacrococcyx stage 3														1

		Sacrococcyx stage 4

		Sacrococcyx DTI										1				1

		Sacrococcyx  Unstageable																						1										1

		Total Sacrococcyx		1		0		1		5		1		1		3		1		0		0		1		0		0		0		0		1		0		0		0		0

		Total Stg 3,4, Unstg Sacrococcygeal HAPIs*

		Heel stage 1, 2, DTI				1								1										1

		Heel stage 3, 4, Unstageable

		Device related Stage 1, 2, DTI								1																1

		Device related Stage 3, 4 , Unstageable

		Device related Mucosal Injury				1				1																						1

		Grand total, All HAPIs		1		2		1		7		1		2		3		1		0		0		2		1		0		0		1		1		0		0		0		0

		Turn compliance (Audit in pre-intervention)		27%		27%		34%		38%		31%		40%		46%		49%		50%		37%		49%		52%		97%		91%		87%		90%

		Out of bed percentage( Audit in pre-intervention)		49%		51%		56%		56%		47%		48%		47%		48%		45%		58%		58%		74%		LEAF		LEAF		LEAF		LEAF





		Monthly Incidence - sacrococcyx		7%		0%		4%		33%		4%		4%		13%		4%		0%		0%		4%		0%		0%		0%		0%		6%		ERROR:#DIV/0!		ERROR:#DIV/0!		ERROR:#DIV/0!		ERROR:#DIV/0!

		Monthly Incidence - all HAPIs		7%		12%		4%		47%		4%		9%		13%		4%		0%		0%		9%		4%		0%		0%		4%		6%		ERROR:#DIV/0!		ERROR:#DIV/0!		ERROR:#DIV/0!		ERROR:#DIV/0!



		January 1, 2020 - April 30, 2020		Baseline				Intervention				Reduction

		Period total:		#		Incidence		#		Incidence		#		Incidence

		Sacrococcygeal HAPIs		7		10%		1		1%		86%		88%

		All other HAPIs		2		3%		0		0%		100%		100%

		Total HAPIs		11		16%		1		1%		91%		92%

		Mean turn protocol adherence		32%				91%				190%





POSTER CHARTS

						Pilot Results		Baseline 		Pilot 

						Total number of patients		69		82

						# Patients monitored				79

						Avg. Turn protocol Adherence		32%		91%

						Increase		190%

						# Total HAPIs 		11		1

						# Total Sacrococcygeal HAPIs		7		1

						Number of HAPIs Reduced 		91%

						HAPI incidence		16%		1%

						HAPI Incidence Reduced 		94%

						p=<.002

						ROI

						Estimated Return on Investment

						HAPI Treatment cost (NDNQI)		$38,700

						No. HAPIs avoided		10

						HAPI treatment cost avoidance		$387,000

						Total Sensor Cost		$   (15,800)

						Return On Investment		$371,200

						NDNQI has reported that the average cost of a HAPI to hospitals is $38,700. In 2018 there were 14 non-devise related HAPI’s on CSH. If using the LEAF monitoring system decreased the incidence by 50% (the lowest amount reported by LEAF in its literature), the savings to CSH would be approximately $230,000/yr. (see assumptions below). In addition, a study by Rice et al. in the Journal of Medical Economics noted that HAPI’s on average added 6.2 days to a patient’s hospital stay. 

						Assumptions/Data: 2018 – 14 non-device related HAPI’s on CSH, Average cost to hospital for each HAPI - $38,700, Leaf sensors cost - $200/each, Estimate number of sensors used per year (allowing for patients who would need 2 sensors due to longer LOS) – 200  



Total HAPIs: Pilot vs. Baseline



# Total HAPIs 	

Baseline 	Pilot 	11	1	







CHI Square

								Baseline		Pilot

						Discharges		69		82

						HAPIs		11		1

						https://www.socscistatistics.com/tests/chisquare/default2.aspx



								Baseline		Pilot		Marginal Row Totals

						Patients		69   (74.11)   [0.35]		82   (76.89)   [0.34]		151

						HAPIs		11   (5.89)   [4.43]		1   (6.11)   [4.27]		12

						Marginal Column Totals		80		83		163    (Grand Total)

						The chi-square statistic is 9.4005. The p-value is .002169. Significant at p < .05.

						The chi-square statistic with Yates correction is 7.651. The p-value is .005674. Significant at p < .05.



https://www.socscistatistics.com/tests/chisquare/default2.aspx

Audit methodology

				Compliance audit methodology

				Our QAPI coordinator collected and how the compliance was derived:

				Audited 5 random charts per week 

				She looked at both day and shift- she gave a point if in each shift they documented q2 hour turns 

				In that total week there was 70 opportunities (5 charts-each day was able to get 2 points(one for day shift, one for night shift) 2 points a day x 5 charts=10x 7 days in a week= 70 opportunities

				Adds up the total number of points each day for the week. Ex: 20/70 =36% 






HAPIs

				Baseline period																								Intervention period

				2019																								2020

				Jan-19		Feb-19		Mar-19		Apr-19		May-19		Jun-19		Jul-19		Aug-19		Sep-19		Oct-19		Nov-19		Dec-19		Jan-20		Feb-20		Mar-20		Apr-20		May-20		Jun-20		Jul-20		Aug-20

		# Patient Discharges		14		17		23		15		24		23		24		25		27		19		23		23		18		22		24		18

		Sacrococcyx stage 1

		Sacrococcyx stage 2		1				1		5				1		1		1

		Sacrococcyx stage 3														1

		Sacrococcyx stage 4

		Sacrococcyx DTI										1				1

		Sacrococcyx  Unstageable																						1										1

		Total Sacrococcyx		1		0		1		5		1		1		3		1		0		0		1		0		0		0		0		1		0		0		0		0

		Total Stg 3,4, Unstg Sacrococcygeal HAPIs*

		Heel stage 1, 2, DTI				1								1										1

		Heel stage 3, 4, Unstageable

		Device related Stage 1, 2, DTI								1																1

		Device related Stage 3, 4 , Unstageable

		Device related Mucosal Injury				1				1																						1

		Grand total, All HAPIs		1		2		1		7		1		2		3		1		0		0		2		1		0		0		1		1		0		0		0		0

		Turn compliance (Audit in pre-intervention)		27%		27%		34%		38%		31%		40%		46%		49%		50%		37%		49%		52%		97%		91%		87%		90%

		Out of bed percentage( Audit in pre-intervention)		49%		51%		56%		56%		47%		48%		47%		48%		45%		58%		58%		74%		LEAF		LEAF		LEAF		LEAF





		Monthly Incidence - sacrococcyx		7%		0%		4%		33%		4%		4%		13%		4%		0%		0%		4%		0%		0%		0%		0%		6%		ERROR:#DIV/0!		ERROR:#DIV/0!		ERROR:#DIV/0!		ERROR:#DIV/0!

		Monthly Incidence - all HAPIs		7%		12%		4%		47%		4%		9%		13%		4%		0%		0%		9%		4%		0%		0%		4%		6%		ERROR:#DIV/0!		ERROR:#DIV/0!		ERROR:#DIV/0!		ERROR:#DIV/0!



		January 1, 2020 - April 30, 2020		Baseline				Intervention				Reduction

		Period total:		#		Incidence		#		Incidence		#		Incidence

		Sacrococcygeal HAPIs		7		10%		1		1%		86%		88%

		All other HAPIs		2		3%		0		0%		100%		100%

		Total HAPIs		11		16%		1		1%		91%		92%

		Mean turn protocol adherence		32%				91%				190%





POSTER CHARTS

						Pilot Results		Baseline 		Pilot 

						Total number of patients		69		82

						# Patients monitored		N/A		79		96%

						Mean Turn Protocol Adherence		32%		91%

						Increase		190%

						# Total HAPIs 		11		1

						# Total Sacrococcygeal HAPIs		7		1

						Number of HAPIs Reduced 		91%

						HAPI incidence		16%		1%

						HAPI Incidence Reduced 		94%

						p=<.002

						ROI

						Return On Investment (ROI)

						HAPI Treatment cost (NDNQI)		$38,700

						No. HAPIs avoided		10

						HAPI treatment cost avoidance		$387,000

						Total Sensor cost (79 patients)		$   (15,800)

						Return On Investment		$371,200

						NDNQI has reported that the average cost of a HAPI to hospitals is $38,700. In 2018 there were 14 non-devise related HAPI’s on CSH. If using the LEAF monitoring system decreased the incidence by 50% (the lowest amount reported by LEAF in its literature), the savings to CSH would be approximately $230,000/yr. (see assumptions below). In addition, a study by Rice et al. in the Journal of Medical Economics noted that HAPI’s on average added 6.2 days to a patient’s hospital stay. 

						Assumptions/Data: 2018 – 14 non-device related HAPI’s on CSH, Average cost to hospital for each HAPI - $38,700, Leaf sensors cost - $200/each, Estimate number of sensors used per year (allowing for patients who would need 2 sensors due to longer LOS) – 200  



Total HAPIs: Pilot vs. Baseline



# Total HAPIs 	

Baseline 	Pilot 	11	1	







CHI Square

								Baseline		Pilot

						Discharges		69		82

						HAPIs		11		1

						https://www.socscistatistics.com/tests/chisquare/default2.aspx



								Baseline		Pilot		Marginal Row Totals

						Patients		69   (74.11)   [0.35]		82   (76.89)   [0.34]		151

						HAPIs		11   (5.89)   [4.43]		1   (6.11)   [4.27]		12

						Marginal Column Totals		80		83		163    (Grand Total)

						The chi-square statistic is 9.4005. The p-value is .002169. Significant at p < .05.

						The chi-square statistic with Yates correction is 7.651. The p-value is .005674. Significant at p < .05.



https://www.socscistatistics.com/tests/chisquare/default2.aspx

Audit methodology

				Compliance audit methodology

				Our QAPI coordinator collected and how the compliance was derived:

				Audited 5 random charts per week 

				She looked at both day and shift- she gave a point if in each shift they documented q2 hour turns 

				In that total week there was 70 opportunities (5 charts-each day was able to get 2 points(one for day shift, one for night shift) 2 points a day x 5 charts=10x 7 days in a week= 70 opportunities

				Adds up the total number of points each day for the week. Ex: 20/70 =36% 
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