The SternaLock Blu Study
Sternal Closure Using Rigid Plate Fixation versus Conventional Wire Cerclage:
Clinical and Economic Outcomes

Introduction
The SternaLock Blu Study previously reported improved sternal healing, fewer sternal complications, and a total cost savings over 6 months
with SternaLock Blu compared to wire cerclage.1
Improved Healing
Sternal stability is a key factor that supports sternal healing following cardiac surgery.2 SternaLock Blu enhances sternal stability compared to wire
cerclage by reducing movement and separation of the sternum.3 SternaLock Blu patients experienced improved and faster radiographic sternal healing
compared to patients treated with wire cerclage (Figure 1). Improved healing reduces the risk of sternal complications and can improve patient recovery
leading to better outcomes for patients treated with SternaLock Blu.

MORE PATIENTS HEALED - 3 MONTHS
P<0.0001

41%

MORE PATIENTS HEALED - 6 MONTHS
P=0.03

16%

80%

67%

Figure 1. Patients treated with SternaLock Blu experienced significantly improved and faster healing at three and six months compared to wire cerclage patients.

Fewer Sternal Complications
The SternaLock Blu study evaluated all sternal complications, including deep and superficial wound infections, out to six months. The overall sternal
complication rate was 0% in patients treated with SternaLock Blu and 5% in patients treated with wire cerclage (Figure 2). Risk factors for sternal
complications were analyzed and revealed that the method of sternal closure was the only predictor of sternal complications. The sternal complications
seen in wire cerclage patients resulted in multiple readmissions and reoperations, negatively impacting sternal healing and recovery for those patients.

SternaLock® Blu

Wire Cerclage

116 PATIENTS

120 PATIENTS

Patients treated with SternaLock Blu experienced
fewer sternal complications (p=0.03)
Figure 2. Patients treated with SternaLock Blu experienced significantly fewer sternal complications compared to wire cerclage patients over six months.
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Introduction
Proven Cost Savings
New medical technologies need to be supported by both clinical data and a rigorous economic evaluation. As cardiac surgery shifts from fee-for-service
to an episode payment model, healthcare providers will receive a single payment to manage care for a patient over a specified period of time. The
SternaLock Blu Study evaluated index hospitalization costs from the time of sternal closure through six month follow-up utilizing methods similar to
the cost effectiveness analyses of drug-eluting coronary stents and transcatheter heart valves (Figure 3). SternaLock Blu was shown to result in a cost
savings of $1,646 per patient at six months. Technologies that improve outcomes without increasing costs are considered “Economically Dominant,”
indicating a high degree of economic value.

Economically Dominant Solution
PROVEN COST SAVINGS $1,646 PER PATIENT AT 6 MONTHS

PER PATIENT COSTS

STERNALOCK® BLU

WIRE

DIFFERENCE

P-value

Total Index Hospitalization Costs

$23,437

$20,574

$2,863

0.1

Total Follow-up Costs

$9,002

$13,511

-$4,509

0.1

TOTAL 6-MONTH COSTS

$32,439

$34,085

-$1,646

0.6

Figure 3. Closure with SternaLock Blu resulted in a proven cost savings over six months when compared to wire cerclage.

Improved Patient Recovery
Translation of improved healing to improved patient recovery is imperative for rigid fixation technologies. Patient recovery will be an important focus
in the new healthcare environment where patient care will be managed for longer periods, increasing the length of time that clinical outcomes are
tracked. The SternaLock Blu Study evaluated postoperative patient pain, upper extremity function, quality of life, and outpatient resource utilization
for six months.4 Additionally, 90-day healthcare costs are reported to determine the economic impact of SternaLock Blu in the context of an episode
payment model.5
Patient Pain

Upper Extremity Function

Quality of Life

Outpatient Resource Utilization

90-day Health Economic Analysis
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Study Design
This prospective, randomized, single-blinded, multi-center trial enrolled 236 patients undergoing elective cardiac surgery at 12 US centers (Table 1)
between March 2013 and June 2015 (Figure 4). The study was sponsored by Zimmer Biomet and registered on clinicaltrials.gov (NCT01783483).
Patients were randomized (1:1) to sternal closure with either SternaLock Blu or wire cerclage. Patients randomized to SternaLock Blu received one
plate on the manubrium and two “X” plates on the sternal body. Sternal closure with wire cerclage was pre-specified to require a minimum of 6
stainless steel wires per institutional/surgeon preference to allow for various wiring configurations.
Three outcome measures, assessment of sternal healing, sternal complications, and overall 6-month costs, have previously been reported. Clinical
endpoints including patient reported pain, extremity function, quality of life, and outpatient resource utilization as well as a 90-day health
economic analysis are presented here.

Table 1. Twelve leading US cardiac centers participated in the SternaLock Blu Study.

Facility
St. Luke’s Mid-America Heart & Vascular Institute
Columbia University Medical Center
Emory University
Franciscan St. Francis Health
University of Louisville
Mayo Clinic
United Heart and Vascular Clinic
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City/State
Kansas City, MO

Principle Investigator
Keith B. Allen, MD

New York, NY

Yoshifumi Naka, MD

Atlanta, GA

Vinod Thourani, MD

Indianapolis, IN
Louisville, KY
Jacksonville, FL
Minneapolis, MN

Marc W. Gerdisch, MD
Kendra Grubb, MD, MPH
Kevin Landolfo, MD
John Grehan, MD, PhD

Lenox Hill Hospital

New York, NY

Temple University

Philadelphia, PA

T. Sloane Guy, MD

University of Toledo

Toledo, OH

Mark Bonnell, MD

Florida Hospital

Orlando, FL

Donald Botta, MD

Scott & White Memorial Hospital

Temple, TX

Basar Sarreyupoglu, MD
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Nirav Patel, MD

Study Design
Prospective, Randomized Controlled Trial
12 US Centers

236 Patients

Median Sternotomy

Elective Cardiac Surgery

Inclusion
• ≥ 18 years
• < 40 BMI

Exclusion
•
•
•
•

End Stage Renal Failure on Dialysis
Severe COPD
Pre-operative Narcotics
Chronic Steroids

• Biologics Acting as
Immunosuppressants
• Active Infection
• Emergent/Salvage Cardiac Acuity
• NYHA Class IV Heart Failure

Patients Blinded and Randomized at Time of Sternal Closure

SternaLock Blu 116 Patients

Wire Cerclage 120 Patients

Plating configuration
pre-specified using 3 sternal plates
(1 manubrium, 2 sternal body)
Manubrium: (1) L, JL, Box or Hex plate
Body: (2) X plates

Hospital Index Admission
Baseline & Postoperative

Clinical Endpoints: Pain, upper extremity function,
quality of life, and outpatient resource utilization

Wiring configuration per
institutional preference using
a minimum of 6 wires

Follow-up

Post-discharge
3 weeks, 6 weeks, 3 months, & 6 months

Health Economics:
Core lab 90-day total cost analysis

Figure 4. 236 patients undergoing elective cardiac surgery were randomized at 12 U.S. centers to sternal closure with SternaLock Blu or wire cerclage
and evaluated for sternal healing, sternal complications, patient recovery, and health economics.
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Reduced Sternal Pain
Methodology
Postoperative pain was evaluated using a 10-point numerical rating pain scale (NRS, Figure 5). Patients ranked their pain from 0 to 10, where 0
represented no pain and 10 represented the worst pain imaginable. Pain scores were recorded during hospital index admission and post-discharge at
3 weeks, 6 weeks, 3 months, and 6 months. Mean pain scores and the percentage of patients who were pain free were determined for each recording.

Postoperative Pain Numerical Rating Scale

No Pain

Worst Possible Pain

Figure 5. Ten-point numercial rating scale (NRS) for evaluating patient reported pain.

Pain Results
More SternaLock Blu patients reported being pain free between 3 weeks and 3 months (Figure 6).
• Significantly more SternaLock Blu patients with no pain after coughing at 3 and 6 weeks
• Significantly more SternaLock Blu patients with no pain at rest at 6 weeks and 3 months
In this time period, improvement in sternal healing was seen with SternaLock Blu but sternal healing was still limited (41% of SternaLock Blu patients
healed at 3 months vs 16% of wire cerclage patients healed, p<0.0001). The stability provided by rigid fixation with SternaLock Blu during sternal
healing plays an important role in reducing postoperative sternal pain.
Conclusion
Sternal closure with SternaLock Blu resulted in more patients free of sternal pain.
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Reduced Sternal Pain
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Figure 6. More SternaLock Blu patients reported being pain free at rest or after coughing between 3 weeks and 3 months.
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Improved Upper Extremity Function
Methodology
Upper extremity function was assessed using the upper extremity functional index (UEFI), a 20 item questionnaire used for quantifying upper extremity
function in patients with musculoskeletal conditions. The UEFI questionnaire evaluates whether patients experience difficulty when:

Lifting

Performing normal activities of daily living

Sleeping

Patients rated their difficulty in performing upper extremity activities using a 5-point scale (0 to 4) where lower scores represent a greater level of
difficulty in performing activities and higher scores signify the ability to complete activities with ease. Scores are reported as a sum of all 20 questions
where 80 is the best possible score.
Results
The rate at which upper extremity function returned to baseline values was faster in SternaLock Blu patients than in wire cerclage patients. SternaLock
Blu patients exhibited a trend in greater UEFI scores at 3 weeks and significantly greater scores at 6 weeks (Figure 7), demonstrating that superior
sternal stability results in faster patient recovery. In addition, patients treated with SternaLock Blu reported having no issues using their upper
extremities with greater frequency at these time points.
• By 3 weeks, 50% of scores reported by SternaLock Blu patients indicated they had no difficulty using their upper extremities, compared
to 40% of wire cerclage patients’ scores (p<0.0005).
• At 6 weeks, 70% of scores reported by SternaLock Blu patients indicated they had no difficulty using their upper extremities, compared
to just 59% of wire cerclage patients (p<0.0005).
Patients that underwent sternal closure with SternaLock Blu experienced less upper extremity function loss and a faster return to preoperative
function levels.

EASY

Conclusion
SternaLock Blu patients experienced faster recovery of upper extremity function.

80

Improved Upper Extremity Function

70

p=0.02

p=0.7

p=0.3

p=0.3

UEFI Score

60
50

p=0.06
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30

p=0.4
p=0.03

p=0.5

p=0.08

DIFFICULT

20
10
0

Preoperative
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Figure 7. SternaLock Blu patients experienced faster recovery of upper extremity function.
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3 Months

6 Months

Reduced Resource Utilization
Methodology
Outpatient resource utilization includes rehabilitation hospitals, skilled nursing facilities, physician visits, and nurse/PA vists. The amount of medical
resource utilization was tracked at each follow-up interval.
Results
Patients treated with SternaLock Blu experienced less resource utilization (Figure 8). Total number of days spent in rehab hospitals and skilled nursing
facilities was less in SternaLock Blu patients.
•
•
•
•

68 total fewer days over 3 weeks
128 total fewer days over 6 weeks
208 total fewer days over 3 months
237 total fewer days over 6 months

Conclusion
Patients treated with SternaLock Blu spent fewer total days in rehab hospitals or skilled nursing facilities.

800

Rehab Hospital and Skilled Nursing Facility Utilization

700
600

Total Days

500
p=0.4

400
300

p=0.2
p=0.3

200
100

p=0.3

0

3 Weeks

6 Weeks

3 Months

6 Months

Figure 8. Patients treated with SternaLock Blu experienced reduced resource utilization.
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Improved Quality of Life
Methodology
Patients’ quality of life was evaluated using the Short Form 36 item questionnaire (Quality Metric, SF-36 v2). The SF-36 measures functional health
and well-being from the patient’s perspective using two components, a physical score and a mental score. SF-36 component scores are calculated on
a scale of 0 to 100 where higher scores indicate less disability.

Physical component scores (PCS) measure:
• Physical functioning
• Bodily pain
• General health perceptions
• Role-physical

Mental component scores (MCS) measure:
• Role-emotional
• Social functioning
• Vitality
• Mental health

Results
SF-36 scores tended to be improved in SternaLock Blu patients compared to wire cerclage patients for both the physical and mental
components (Figure 9). Significant improvements were seen at 3 weeks, 6 weeks, and 6 months in SternaLock Blu patients.

PCS improvement at 6 weeks was
driven by higher scores in:
• Bodily pain
• Physical functioning

MCS improvements at 3 weeks and 6 months
were driven by higher scores in:
• Role-emotional
• Social functioning
• Vitality

Conclusion
Patients treated with SternaLock Blu demonstrated improvements in their quality of life when compared to wire cerclage patients.
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Improved Quality of Life

SF-36 PCS

NO DISABILITY

100

Quality of Life Physical Component
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Figure 9. SternaLock Blu patients experienced improvements in their quality of life when compared to patients treated with wire cerclage.
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Faster Recovery
The environment of cardiac surgery is changing, surgeons are operating on increasingly complex patient groups and reimbursement models are
dictating stricter payment structures that emphasize the importance of patient outcomes. A shift from fee-for-service to an episode payment model
will provide a single payment for the care of a patient over a specified period of time. This shift will increase the length of time that clinical outcomes
are followed and reported. As such, patient recovery will be an important focus in the new healthcare environment where patient care will be
managed for longer periods.
Over six months (Figure 10), SternaLock Blu patients experienced improvements in:
•
•
•
•
•

Sternal healing
Sternal complications
Pain
Upper extremity function
Quality of life

Improving stability is a key factor to improving sternal healing which can reduce the risk of sternal complications and lead to improved patient recovery.

Significant Improvements in Patient Recovery with SternaLock Blu
Upper Extremity Function
Pain at Rest

Sternal Complications

Pain After Coughing

Pain After Coughing

Sternal Healing

Sternal Healing

Quality of Life

Quality of Life

Pain at Rest

Quality of Life

3 Weeks

6 Weeks

3 Months

6 Months

Figure 10. Patients treated with SternaLock Blu reported significant improvements in clinical outcomes.

Patients treated with SternaLock Blu experienced a faster rate of recovery with significant improvements in healing, complications, pain, upper
extremity function, and quality of life.
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Healing Predicts Outcomes
Methodology
Logistic regression was used to determine if radiographic sternal healing and patient reported pain have a relationship. Sternal bone healing CT scores
were correlated with the probability of being pain free at 6 months, where a patient reporting a pain score of 0 was classified as having “no pain,” and a
patient with a score of 1-10 was classified as having “pain.” Regressions were calculated for pain at rest and pain after forced coughing.
Results
The probability of being pain free at rest and after coughing was significantly correlated with sternal healing (Figure 11). The odds of being pain free
increased by 60% for each unit increase in CT scan score for both conditions. As sternal healing improved from indeterminate (score of 1) to complete
synthesis (score of 5), the probability of being free of sternal pain:
• Increased from 45% to 86% after coughing
• Increased from 52% to 88% at rest
Sternal stability provided by SternaLock Blu improves healing that, in turn, predicts the clinical endpoint sternal pain.
Conclusion
Improved healing with SternaLock Blu increases the chance of being pain free.

Correlation Between Sternal Healing and Pain
100

Probability
Being
Pain
Probability ofofBeing
Pain
FreeFree
(%) (%)

100
80
80
60
60

40
40

20
20

At rest (p=0.002, OR=1.6; 95% CI .1.2-2.2)
After coughing (p=0.0007, OR=1.6; 95% CI 1.2-2.2)

0
0

1
No Healing
No Healing

2

3
CT Score

4

5
Healing
Healing

Figure 11. Patients treated with SternaLock Blu had higher CT scores that were associated with greater probability of being free of sternal pain.
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Proven Cost Savings
Methodology
In order to compare the cost of SternaLock Blu to wire cerclage in the context of an episode payment model, detailed medical resource utilization and
hospital billing data were collected for all patients through 90 days. Index hospitalization costs were restricted to those between the time of sternal
closure and discharge. Follow-up costs included any costs associated with readmissions, reoperations, and outpatient resource utilization including
rehabilitation hospitals and nursing facilities. Methods used for analysis were similar to those used to evaluate the cost effectiveness of drug-eluting
stents and transcatheter aortic valve replacement.
Results
Index hospitalization, follow-up, and aggregate 90-day costs are shown in Table 2. Initial hospital costs tended to be higher with SternaLock Blu
than with wire cercalge, driven by the cost of sternal plates and screws. After discharge, there was a trend toward lower costs in patients treated
with SternaLock Blu compared with wire cerclage. This was primarily related to reduced readmission costs, reduced sternal complication costs, and
reduced outpatient resource utilization costs in the SternaLock Blu group. Overall, a $1,888 90-day cost savings was realized in patients treated
with SternaLock Blu.
Wire Cerclage Sternal Complications
Sternal wound infections were a major cost driver of follow-up costs in wire cerclage patients. Five patients (4.2%) presented with sternal wound
infections through 90 days (Figure 12). While each of these complications resulted in a readmission and/or reoperation, 91% of the $275,643
total cost related to complications was attributed to the patients with deep sternal wound infections (Figure 13). These deep sternal wound
infections resulted in an average of:
•
•
•
•

$83,933 ± $71,398 additional costs
1.3 ± 0.6 readmissions
2.7 ± 1.5 reoperations
27.7 ± 23.5 additional days of hospitalization

No sternal complications were seen in SternaLock Blu patients.
Conclusion
SternaLock Blu is an economically dominant solution, improving outcomes with a 90-day total cost savings.

1. Allen KA, Thourani VH, Naka Y, Grubb KG, Grehan J, Patel N, Guy TS, Landolfo K, Gerdisch M, Bonnell M, Cohen DJ. Randomized, multi-center trial comparing sternotomy closure with rigid plate fixation to wire cerclage.
J Thoracic and Cardiovascular Surgery 2016; doi: 10.1016. 2. Hatcher, B. A cadaveric, biomechanical analysis of sternal fixation systems. Biomet Microfixation Internal White Paper, 2010. BMF00-3250 • 3. Nishimura,
Takashi, et al. “Sternalock plating system for elderly post-sternotomy patients.” Journal of Artificial Organs 17.3 (2014): 288. • 4. CR 0712S (Clinical Study Report) SternaLock Blu Study, 2014-15, an evaluation of rigid
plate fixation in supporting bone healing: a prospective, multi-center trial of 236 total patients undergoing full midline sternotomy. 5. CR 0712E (Economic Study Report) SternaLock Blu Study, 2014-15, an evaluation of
rigid fixation in supporting bone healing; a prospective, multi-center trial of 236 total patients undergoing full midline sternotomy.
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Proven Cost Savings
Table 2. A 90-day total cost savings was realized in patients treated with SternaLock Blu.
STERNALOCK® BLU
COSTS

WIRE CERCLAGE
COSTS

DIFFERENCE
(SL - WIRES)

BOOTSTRAP
P-value

Total Index Hospitalization Costs

$23,437 ± $12,421

$20,574 ± $14,102

$2,863

0.1

Total Follow-up Costs

$5,742 ± $15,148

$10,493 ± $24,625

-$4,751

0.06

Total 90-Day Costs

$29,179 ± $21,016

$31,067 ± $28,562

-$1,888

0.5

5
3

90-day DSWI

2

Within
30 Days

$275,643

90-day Wire Cerclage
Sternal Wound Infections

1

>30 Days

Total Cost of Wire Cerclage Sternal Complications
Through 90 Days

2

SSWI 9%
$23,844

90-day SSWI

1

Within
30 Days

1

DSWI 91%
$251,799

>30 Days

Figure 12. Wire cerclage patients developed five sternal wound
infections within 90 days.

Figure 13. Deep sternal wound infections accounted for 91% of the
total cost of wire cerclage complications

Conclusion
Compared to wire cerclage, rigid plate fixation with SternaLock Blu resulted in:
Improved sternal healing
Faster recovery of upper extremity function

Fewer sternal complications

Improved patient quality of life

Improved outcomes with a 90-day total cost savings
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