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Background: Rigid plate fixation (RPF) is the cornerstone in managing fractures and osteotomies except
for sternotomy, where most cardiac surgeons continue to use wire cerclage (WC). Results of a multicenter
randomized trial evaluating sternal healing, sternal complications, patient reported outcome measures
(PROMs), and costs after sternotomy closure with RPF or WC are summarized here.
Methods: Twelve US centers randomized 236 patients to either RPF (n=116) or WC (n=120). The
primary endpoint, sternal healing at 6 months, was evaluated by a core laboratory using computed
tomography and a validated 6-point scale (greater scores represent greater healing). Secondary endpoints
assessed through 6 months included sternal complications and PROMs. Costs from the time of sternal
closure through 90 days and 6 months were analyzed by a health economic core laboratory.
Results: RPF compared to WC resulted in better sternal healing scores at 3 (2.6±1.1 vs. 1.8±1.0; P<0.0001)
and 6 months (3.8±1.0 vs. 3.3±1.1; P=0.0007) and higher sternal union rates at 3 [41% (42/103) vs. 16%
(16/102); P<0.0001] and 6 months [80% (81/101) vs. 67% (67/100); P=0.03]. There were fewer sternal
complications with RPF through 6 months [0% (0/116) vs. 5% (6/120); P=0.03] and a trend towards fewer
sternal wound infections [0% (0/116) vs. 4.2% (5/120); P=0.06]. All PROMs including sternal pain, upper
extremity function (UEF), and quality-of-life scores were numerically better in RPF patients compared to
WC patients at all follow-up time points. Although RPF was associated with a trend toward higher index
hospitalization costs, a trend towards lower follow-up costs resulted in total costs that were $1,888 less at
90 days in RPF patients compared to WC patients (95% CI: −$8,889 to $4,273; P=0.52) and $1,646 less at
6 months (95% CI: –$9,127 to $4,706; P=0.61).
Conclusions: Sternotomy closure with RPF resulted in significantly better sternal healing, fewer sternal
complications, improved PROMs and was cost neutral through 90 days and 6 months compared to WC.
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Introduction
Median sternotomy is the most common osteotomy and is
performed annually in the United States in over 500,000
patients (1). While rigid plate fixation (RPF) remains the
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cornerstone in managing osteotomies and fractures in order
to prevent nonunion, reduce complications, and improve
patient outcomes, most cardiac surgeons continue to use
wire cerclage (WC) for sternotomy closure (2).
Although wires are effective at sternal approximation,
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they do not provide rigid fixation and are inadequate at
preventing sternal movement following surgery (3-8). While
studies have shown that RPF improves sternal stability and
healing and reduces sternal complication rates compared
with WC, adoption of RPF by cardiac surgeons has been
limited by the perception that outcomes with WC are
adequate and their initial cost is low compared to RPF (9-14).
This article summarizes the previously reported results
from a prospective, randomized, single-blinded, multicenter
trial that compared RPF to WC (9,15). The primary
endpoint of the study was to evaluate sternal healing
using computed tomography (CT) comparing RPF to
WC at 6 months. Secondary endpoints included sternal
complications and patient reported outcomes including
pain, upper extremity function (UEF), and quality of
life (QOL). Additionally, healthcare related costs were
examined using a 90-day global bundle and out to 180 days.
Methods
Patients
This trial enrolled 236 patients undergoing cardiac surgery
at 12 US centers between March 2013 and June 2015 (9).
Institutional review board approval was obtained along
with informed consent from each patient. This study
was sponsored by Zimmer Biomet (Jacksonville, FL) and
registered on clinicaltrials.gov (NCT01783483).
Patients undergoing elective cardiac surgery via a median
sternotomy who were admitted to the hospital within 24
hours of surgery were eligible for enrollment. Exclusion
criteria included a BMI ≥40, severe COPD, active infection,
NYHA Class IV heart failure, dialysis dependent renal
failure, chronic steroid/narcotics use, the use of nonresorbable hemostatic agents (i.e., bone wax) or any intraoperative condition that would require or preclude the use
of either WC or RPF (e.g., poor bone quality, bleeding,
surgical complications, or off-midline sternotomies).
Patients were randomized at the time of sternal closure
to either RPF or WC in a 1:1 ratio. Patients were blinded
to the method of sternal closure, with blinding efficacy
assessed at each follow-up interval.
Sternotomy closure technique
The technique for RPF (SternaLock Blu, Zimmer Biomet,
Jacksonville, FL) with important caveats is illustrated in
Figure 1 and has been previously reported (9,12,16). Briefly,
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the sternal halves were reduced with three wires, muscle/
fascia was elevated off the sternum at the location of plate
placement, and plates are contoured as needed to rest flush
with the sternum (Figure 1A,B,C). Self-drilling cancellous
screws of appropriate length to engage the anterior and
posterior sternal cortex were selected and locked into the
plates (Figure 1D) with one plate on the manubrium and
two plates on the sternal body (Figure 1E). If emergent reentry is required, standard wire cutters can be used to cut
the cross sections of the plates spanning the sternotomy
(Figure 1F). In patients randomized to WC, a minimum of
6 wires was pre-specified; however, the wiring configuration
was per surgeon preference.
Data collection
Sternal healing was determined by a radiology core
laboratory (University of Chicago, Chicago, IL) using CT
and a validated method that has been described previously
(Figure 2) (9,12,17). Briefly, axial CT slices from five a
priori-defined anatomic locations were selected by a core
laboratory radiologist. To preserve blinding, one core
laboratory radiologist attempted to select CT slices that
did not reveal which method of closure was used, then two
additional radiologists independently scored each location
using a 6-point scale (greater scores represent greater
healing and sternal union was pre-specified and defined
as a mean score of ≥3) (9,12,17). Sternal complications
were defined as any adverse event related to the sternal
closure and tracked through 6 months, and included deep
or superficial wound infections as defined by the Society of
Thoracic Surgeons (STS).
Postoperative sternal pain was evaluated daily during the
index hospital admission and at 3 weeks, 6 weeks, 3 months,
and 6 months using a 10-point numerical rating pain scale.
Pain intensity was evaluated at rest, then following forced
coughing and ranked from 0 to 10 (0 was no pain and 10
representing the worst possible pain). A postoperative
pain management protocol was utilized by all centers for
both arms of the study, which included patient-controlled
analgesics followed by oral hydrocodone/acetaminophen.
QOL (SF-36 v2, QualityMetric, Lincoln, RI) and UEF
were evaluated at baseline, discharge, 3 weeks, 6 weeks,
3 months, and 6 months. The SF-36 measures functional
status and wellbeing from the patient’s perspective and
includes two summary scores: (I) a physical component score
which measures physical functioning, bodily pain, general
health, and limitations due to physical problems, and (II) a
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mental component score which measures limitations due to
emotional problems, social functioning, vitality, and mental
health. The scores are scaled such that the US population
mean is 50 with a standard deviation of 10 (higher scores
indicate better status). UEF was assessed using the upper
extremity functional index (UEFI) which is a validated 20item questionnaire used for quantifying UEF in performing
normal daily activities in patients with musculoskeletal
problems (18). Respondents rate their difficulty in
performing upper extremity activities using a 5-point scale (0
to 4), with lower scores representing greater difficulty.
A health economic core laboratory (Saint Luke’s Mid
America Heart Institute, David J. Cohen, MD) performed
the economic analysis using methods similar to those applied
to drug-eluting coronary stents and transcatheter versus
surgical aortic valve replacement (19-21). Analysis of total
healthcare costs (not charges) from the time of sternal closure
through 6-month follow-up was pre-specified. Additional
post hoc analysis of healthcare costs in the context of a
90-day global episodic payment model was also performed.
Statistical analysis

D

F

Figure 1 The technique for rigid plate fixation involves first
reducing the sternal halves with three wires. Muscle/fascia is
elevated off the sternum at the location of plate placement and
plates are contoured (A) as needed to rest flush with the sternum
(B,C). Self-drilling cancellous screws of appropriate length to
engage the anterior and posterior sternal cortex (D) are selected
with one plate on the manubrium and two plates on the sternal
body (E). Should emergent re-entry be required, the sections of
the plate spanning the sternotomy can be easily cut with standard
wire cutters (F).
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Analysis was on an intent-to-treat basis and pre-specified.
The primary endpoint, mean CT scan sternal healing score
at 6 months, was evaluated with a mixed model for repeated
measures (MMRM, SAS Proc Mixed, Version 9.4; SAS
Institute, Inc., Cary, NC). Analysis of sternal healing scores
was completed after adjusting for 15 baseline covariates (BMI,
age, smoking, peripheral artery disease, chronic lung disease,
sex, race, hypertension, cerebrovascular disease, diabetes,
previous sternotomy, CABG, valve, operating room time,
and closure time). Multiple linear regression with backward
stepwise regression using the same 15 covariates was used
to determine independent risk factors for reduced sternal
healing scores at 3 and 6 months. In order to determine
the potential impact of sternal healing on PROMs, the
relationship between mean CT scan sternal healing score
and postoperative sternal pain was evaluated using logistic
regression (15). Exact logistic regression was used to
determine the variables predictive of sternal complications
and infections. Covariates considered included method of
closure (RPF or WC) and known risk factors for sternal
complications including diabetes, renal failure, smoking
status, chronic obstructive pulmonary disease (COPD),
previous sternotomy, bilateral internal mammary artery
(BIMA), age, sex, and body mass index (BMI). Continuous
data, including scores for PROMs, were summarized and
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A

Locations

B

Scale
0 Nonunion

1 Indeterminate

Signs suggesting
2 minimal or early
healing

3 Mild synthesis

4 Moderate synthesis

5 Complete synthesis

Figure 2 Computed tomography methodology for evaluating the primary endpoint, sternal healing. Five axial sections were selected from a
priori-defined anatomic locations (A) and then scored independently by 2 radiologists via a 6-point scale (B).

presented as a mean ± standard deviation and compared using
t-tests. Categorical data, including complication rates and
the percentage of patients without sternal pain or functional
limitations, are summarized as a number (%) and compared
using two-sided Fisher’s exact tests.
Healthcare costs from the time of sternal closure through
90 days and 6 months follow-up are described as mean values
and were compared using non-parametric bootstrapping
(1,000 replicates) (22). For patients with incomplete followup, measures of resource utilization and cost were imputed
for the missing time period based on their daily rates during
the immediately previous time period.
Results
Demographic data
Enrollment included 236 patients randomized to RPF
(n=116) or WC (n=120). Groups were similar with respect
to baseline characteristics, preoperative/intraoperative risk
factors for sternal complications, and surgical procedures
performed (Table 1). Patient follow-up and blinding at
6 months was 88% (203/231) and 77% (152/198),
respectively, and is detailed in Table 2. In patients randomized
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to WC, a mean of 7.8±0.8 wires per patient was utilized.
Sternal healing
RPF resulted in significantly better CT derived sternal
healing scores compared to WC at both 3 (2.6±1.1 vs.
1.8±1.0; P<0.0001) and 6 months (3.8±1.0 vs. 3.3±1.1;
P=0.0007). In addition, RPF compared to WC resulted in
greater rates of sternal union at 3 months [41% (42/103) vs.
16% (16/102); P<0.0001] and 6 months [80% (81/101) vs.
67% (67/100); P=0.03].
Patient demographics independently associated with
reduced sternal healing scores at both 3 and 6 months
included increased age (per 10 years), increasing BMI
(per 5 kg/m 2), and current smoking (Tables 3,4). After
risk adjustment for these factors, RPF (versus WC) was
associated with an increase in sternal healing scores at both 3
months (0.68; 95% CI: 0.41–0.95: P<0.0001) and 6 months
(0.47; 95% CI: 0.19–0.75: P=0.001).
Sternal complications
Sternal complications through 6 months occurred
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Table 1 Patient demographics, risk factors for sternal complications, and intraoperative variables
Variable

Rigid plate fixation

Wire cerclage

P value

Mean age (yrs)

65.3±13.0

65.7±11.4

0.78

Male

86 (74.1%)

91 (75.8%)

0.76

Height (cm)

172.2±9.8

172.7±9.9

0.65

Weight (kg)

85.6±17.6

88.2±16.5

0.23

BMI

28.8±4.7

29.4±4.6

0.28

Race (Caucasian)

103 (88.8%)

103 (85.8%)

0.48

Hypertension

86 (74.1%)

83 (69.2%)

0.40

Peripheral artery disease

12 (10.3%)

5 (4.2%)

0.07

Cerebrovascular disease

10 (8.6%)

7 (5.8%)

0.41

Diabetes

35 (30.2%)

44 (36.7%)

0.29

BMI ≥33

26 (22.4%)

29 (24.2%)

0.75

Chronic lung disease

22 (19.0%)

22 (18.3%)

0.58

Current tobacco use

14 (12.1%)

10 (8.3%)

0.34

Renal failure

0 (0%)

2 (1.7%)

0.16

BIMA

7 (6.0%)

4 (3.3%)

0.37

Previous sternotomy

8 (6.9%)

5 (4.2%)

0.36

Isolated CABG

56 (48.3%)

57 (47.9%)

0.95

Isolated valve

33 (28.4%)

33 (27.7%)

0.90

CABG/valve

25 (21.6%)

28 (23.5%)

0.72

Mean bypass grafts (No.)

2.7±1.1

2.9±1.1

0.45

Operative time (hrs)

5.6±1.8

5.6±1.4

0.98

Sternal closure time (min)

18.9±9.0

16.3±9.3

0.03

Demographics

Risk factors for sternal complications

Intraoperative variables

BMI, body mass index; BIMA, bilateral internal mammary artery; CABG, coronary artery bypass graft.

Table 2 Patient follow-up and blinding
Follow-up interval

Rigid plate fixation

Wire cerclage

Overall

Patient blinding maintained

3 weeks

97% (111/114)

93% (110/118)

95% (221/232)

83% (179/215)

6 weeks

96% (110/114)

98% (116/118)

97% (226/232)

82% (185/226)

3 months

90% (103/114)

92% (108/117)

91% (211/231)

80% (171/213)

6 months

90% (102/114)

86% (101/117)

88% (203/231)

77% (152/198)

Note: patient follow-up excludes deaths. A total of 2 patients died in the rigid plate fixation group and 3 patients died in the wire cerclage
group.

© Annals of Cardiothoracic Surgery. All rights reserved.

www.annalscts.com

Ann Cardiothorac Surg 2018;7(5):611-620

Allen et al. Rigid plate fixation sternotomy closure

616
Table 3 Results of computed tomography scan assessment of sternal healing
3 months

6 months

Sternal healing

Rigid plate fixation
(n=103)

Wire cerclage
(n=102)

P value

Rigid plate fixation
(n=101)

Wire cerclage
(n=100)

P value

Sternal healing score

2.6±1.1

1.8±1.0

<0.0001

3.8±1.0

3.3±1.1

0.0007

Sternal union rate

40.8% (42/103)

15.7% (16/102)

<0.0001

80.2% (81/101)

67.0% (67/100)

0.03

Table 4 Predictors of sternal healing scores
1

1

3 months regression

2

Covariates

Rigid plate fixation

6 months regression

Effect ± SE

P value

95% CI

Effect ± SE

P value

95% CI

0.79±0.14

<0.0001

0.52 to 1.07

0.45±0.14

0.002

0.17 to 0.73

2

Higher BMI (per 5 kg/m )

−0.20±0.07

0.008

−0.35 to −0.05

−0.28±0.08

<0.001

−0.43 to −0.13

Older age (per 10 years)

−0.15±0.06

0.012

−0.26 to −0.03

−0.20±0.06

0.001

−0.32 to −0.09

Current smoker

−0.62±0.26

0.021

−1.13 to −0.10

−0.63±0.25

0.014

−1.13 to −0.13

1

2

Notes: , backwards stepwise regression with P<0.05 to stay; , the following were also included in the initial models but were sequentially
removed as not incrementally significant (P>0.05) in both models at both time points by the backwards stepwise procedures: peripheral
artery disease, chronic lung disease, male gender, race, or time (hours), hypertension, cerebrovascular disease, diabetes, previous
sternotomy, CABG, valve, and closure time (minutes). Diabetes was closely correlated with higher BMI. BMI, body mass index; CABG,
coronary artery bypass graft.

significantly less in patients randomized to RPF compared
to WC [0% (0/116) vs. 5% (6/120); P=0.03], with a trend
towards fewer sternal wound infections [0% (0/116) vs. 4.2%
(5/120); P=0.06]. Half of all reported sternal complications
in this series occurred beyond the traditional 30-day
reporting period. The in-hospital/30-day DSWI rate was
0% (0/116) with RPF compared with 1.7% (2/120) with
WC. Sternal complications in the WC group resulted
in six readmissions between postoperative day 8 and 169
and resulted in an additional 94 days of hospital stay, 11
reoperations, and one death.
Sternal closure with WC was the only predictor of
sternal complications [odds ratio (OR), 11.5; P=0.02] and
sternal wound infections (OR, 10.7; P=0.03). Although BMI
was not an independent predictor of sternal complications,
there was a trend with increasing BMI for both increased
sternal complications (OR 1.2 per unit increase BMI;
P=0.10) and wound infections (OR 1.2 per unit increase
BMI; P=0.07) in the WC group (Figure 3).
Patient reported outcome measures
Pain scores both at rest and after forced coughing were
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numerically lower (i.e., less pain) with RPF compared to
WC at each follow-up timepoint. More patients in the
RPF group reported no sternal pain at rest at both 6 weeks
(P=0.02) and 3 months (P=0.03) and no sternal pain after
forced coughing at 3 weeks (P=0.001) and 6 weeks (P=0.005)
compared to WC patients. Logistic regression analysis
demonstrated a significant correlation between better
sternal healing and reduced postoperative pain (Figure 4).
For each unit of increase in the patient’s CT scan healing
score, the odds of being pain free increased by 60% both at
rest (OR =1.6; 95% CI: 1.2–2.2; P=0.002) and after forced
coughing (OR =1.6; CI: 1.2–2.2; P=0.0007).
QOL physical and mental component summary
scores were numerically higher (i.e., better) with RPF
at all follow-up time points with significant differences
in favor of RPF for the physical component score at
6 weeks (mean difference =2.6 points; P=0.03) and for the
mental component score at 3 weeks (mean difference =3.0;
P=0.03) and 6 months (mean difference =2.5; P=0.04).
Mean scores on the UEFI were numerically better after RPF
compared with WC at all measured time points; however,
the differences were only statistically significant at 6 weeks
(67.6±14.5 vs. 62.0±17.1; P=0.02). In contrast, the probability
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of a patient reporting no difficulty with UEF was significantly
better with RPF at all follow-up time points (Table 5).

0.2
0.18

Wire cerclage sternal infection probability

0.16

Wire cerclage sternal complication probability

Probability

0.14

Health economic endpoints

0.12
0.1
0.08
0.06
0.04
0.02
0

20

25

30
35
BMI (kg/m2)

40

45

Figure 3 Wire cerclage predicted probability of a sternal
complication and infection with increasing body mass index.

100
Resting pain
Coughing pain

Patients with no sternal pain (%)

80

60

Initial hospital costs assessed from the time of sternal
closure through discharge trended higher with RPF ($2,800/
patient higher; P=0.11), driven primarily by the initial cost
of sternal plates and screws. Following discharge, however,
healthcare costs trended lower with RPF compared to WC
through 90 days ($4,700/patient lower; P=0.06) and 180
days ($4,500/patient lower; P=0.14). The cost reduction
during follow-up with RPF patients was driven by fewer
sternal complications, fewer readmissions, and fewer days in
rehabilitation hospitals and skilled nursing facilities. Total
healthcare costs are detailed in Table 6 and were $1,888
less at 90 days in RPF patients compared to WC patients
($29,179 vs. $31,067; 95% CI: –$8,889 to $4,273; P=0.52)
and $1,646 less at 6 months ($32,439 vs. $34,085; 95% CI:
–$9,127 to $4,706; P=0.61).
Discussion

40

20

0
No to minimal
healing

Minimal to
moderate healing

Moderate to
complete healing

Figure 4 The percentage of patients free of sternal pain as a
function of healing. Computed tomography scores were aggregated
to represent no to minimal healing (scores from 0 to 2), minimal to
moderate healing (2 to 4), and moderate to complete healing (4 to 5).

Table 5 Proportion of upper extremity functional index (UEFI)
scores indicating patients had no difficulty with using their upper
extremities
Follow-up interval

Rigid plate
fixation (%)

Wire cerclage
(%)

P value

3 weeks

49.6

39.9

<0.0005

6 weeks

69.8

58.8

<0.0005

3 months

82.0

77.8

0.004

6 months

85.4

81.6

0.006
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In a multicenter, prospective, randomized controlled trial,
RPF when compared to WC, resulted in significantly better
sternal healing by CT at 3 months (2.6±1.1 vs. 1.8±1.0;
P<0.0001) and 6 months (3.8±1.0 vs. 3.3±1.1; P=0.0007) and
significantly fewer sternal complications at 6 months [0%
(0/116) vs. 5% (6/120); P=0.03] (9). Additional secondary
endpoints from this RCT demonstrated that RPF also
significantly reduced postoperative pain, improved UEF,
and improved QOL scores at several time points during
the 6-month follow-up period (15). When healthcare costs
were analyzed through 90 and 180 days follow up, these
important patient benefits were achieved with no additional
cost to the healthcare system (9,15).
Successful fracture management relies on bony
approximation, compression, and stabilization for proper
bone healing to occur. Although WC provides lateral
reduction during sternotomy closure, it fails to provide
adequate stabilization to optimize sternal healing (6,12,23).
Biomechanical studies have demonstrated that regardless
of wiring technique, RPF provides superior stability (4,5,8).
Raman and colleagues evaluated sternal healing with CT in
a prospective RCT comparing WC with a first-generation
RPF system (SternaLock, Zimmer Biomet, Jacksonville, FL)
and demonstrated better sternal healing with RPF (12). We
confirmed these findings using the same CT methodology
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Table 6 Index hospitalization, follow-up, and total aggregate costs at 90 days and 6 months
Analysis interval

RPF (costs/patient)

WC (costs/patient)

RPF – WC difference per patient
(95% CI)

Bootstrap
P value

Index hospitalization costs

$23,437±$12,421

$20,574±$14,102

$2,863 (–$681, $6,103)

0.11

90 days follow-up costs

$5,742±$15,148

$10,493±$24,625

−$4,751 (−$10,289, $312)

0.06

Total 90 days costs

$29,179±$21,016

$31,067±$28,562

−$1,888 (−$8,889, $4,273)

0.52

6 months follow-up costs

$9,002±$18,041

$13,511±$27,449

−$4,509 (−$10,870, $1,207)

0.14

Total 6 months costs

$32,439±$24,124

$34,085±$30,916

−$1,646 (−$9,127, $4,706)

0.61

RPF, rigid plate fixation; WC, wire cerclage.

with a second-generation RPF system and further correlated
this radiographic endpoint with the more clinically
meaningful endpoint of fewer sternal complications.
Sternal complication rates after cardiac surgery, which
include superficial and deep infections, range from 0.7%
to 11.1% (24-30). These studies, which include both
prospective and retrospectively collected data, encompass
variable lengths of follow-up ranging from 30 days to
1 year. Databases that track outcomes only to 30 days (such
as that kept by the STS) are likely to underreport sternal
complication rates, leading to the current perception held
by many cardiac surgeons that sternal complication rates
are low and that WC is adequate. In a prospective study
involving more than 7,000 patients, Allen and colleagues
reported that the median time to diagnose a DSWI/
bacteremia infection after cardiac surgery was postoperative
day 40, which was beyond the typical 30-day reporting
period (31). Consistent with previous studies, we reported
an overall sternal complication rate after WC through
6 months of 5% (2.5% at 30 days), which included a
6-month DSWI rate of 2.5% (1.7% at 30 days), with no
sternal complications reported in the RPF group. These
sternal complications represent significant morbidity and
cost despite being relatively uncommon events. In this
study, the average cost for rehospitalization for a sternal
complication was $45,532 and comparable with the $62,000
cost reported by Lazar and colleagues (27). The use of RPF
mitigated traditional risk factors for sternal complications,
with WC being the only independent predictor of both
sternal complications and infections. The use of enhanced
sternal stabilization to potentially reduce the risk of sternal
infections, particularly in high-risk patients, recently was
recognized by the STS Practice Guidelines and an expert
consensus by Lazar and colleagues, where it was given a
Level IIB recommendation (27,32).
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While sternal complications are of unquestioned clinical
relevance, PROMs such as the ability to resume normal
activities following surgery and postoperative pain are
increasingly scrutinized by payors. RPF provides earlier and
better sternal stability compared to WC, which independent
of bone healing, leads to significant improvements in
PROMs. These improvements were seen during the first
3 months after surgery when the number of patients with
sternal union is limited (41% of RPF patients vs. 16% of
WC patients; P<0.0001), suggesting that the immediate
postoperative stability provided by RPF plays an important
role in mitigating sternal pain and improving UEF (9).
There is increasing interest in episode payment models
(EPM) for cardiac surgery in the United States whereby
hospitals are responsible for the cost over longer time periods.
In 2015, Congress passed the Medicare Access and Children’s
Health Insurance Program Reauthorization Act (MACRA)
and established alternative payment models (APMs) and
the Merit-based Incentive Payment System (MIPS). In
the proposed 90-day bundle for isolated CABGs, hospitals
that meet quality and cost targets would benefit financially,
whereas those that failed would be penalized (33). Under
such payment models, the use of RPF would be highly
favored, given the improvements in clinical outcomes
that were achieved without an increase in 90-day or
6-month cost. Important lessons can be learned from early
participants in bundled payment models. Engelman noted
that incorporating protocols or treatments that reduce
readmissions and effectively reduce post-acute disposition
to extended care facilities were the two biggest variables
in affecting a positive margin in their bundle (34). The use
of RPF in this trial resulted in a trend towards reducing
readmission rates and less time spent in rehabilitation
hospitals and skilled nursing facilities.
There are several limitations to the current study.
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One limitation was the inability to consistently blind the
radiologists reading the CT scans as to treatment group
allocation. Attempts were made to minimize bias by having
one radiologist select CT slices that did not reveal the
method of sternal closure. Another limitation was the
11.4% (27/236) lost to follow-up rate at 6 months. Despite
this, the primary endpoint remained appropriately powered
and positive with a sample size calculation that allowed for
an 18% attrition rate. While this study (like most RCT’s)
was not sufficiently powered for the secondary endpoints,
the consistent improvements in these outcomes with
RPF compared to WC at each follow-up are supportive.
Finally, whether the positive results from this study can be
generalized to other RPF systems is unknown. Only two
RCTs comparing RPF to WC have been done to date, and
since both studies used first (12) and second-generation
devices (9,15) from the same manufacturer, conclusions on
the class effect of RPF systems cannot be made.
In conclusion, in a prospective, randomized, multicenter
trial, sternotomy closure using RPF compared to WC
resulted in improved sternal healing, fewer sternal
complications, and improved PROMs while remaining
cost neutral at both 3 and 6 months follow up (9,15).
Economically dominant technology, like RPF, that
improves outcomes without increasing costs will become
increasingly important as the focus of healthcare shifts from
the index admission/30-day period to a global episodic
payment model.
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