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Abstract
Objective: Endoscopic radial artery (RA) harvesting performed concurrently with internal mam-
mary artery (IMA) takedown and endoscopic saphenous vein (SV) harvesting creates a crowded 
and inefficient operating room environment. We assessed the effect of a presternotomy RA har-
vest strategy on surgery time and costs. Methods: A total of 41 patients underwent elective, 
first- time, isolated multivessel on- pump coronary artery bypass grafting including an IMA, RA, and 
SV graft. The first 20 patients (Phase I) underwent endoscopic RA harvesting concurrently with 
IMA takedown and endoscopic SV harvesting after sternotomy, requiring two sets of endoscopic 
harvesting equipment per case, each used by a separate individual. The final 21 patients (Phase II) 
underwent endoscopic RA harvesting during anesthesia line placement, completing the procedure 
before sternotomy, thus requiring only one set of endoscopic harvesting equipment reused by a 
single individual. Results: There were no differences in baseline patient characteristics, number of 
bypasses, duration of SV or RA harvest time, or duration of cardiopulmonary bypass or cross- 
clamp time between the two groups. Total surgery time was reduced by 32 minutes in Phase II (P 
= 0.044). Relative to a total hospital direct cost of 100.00 units, total surgery costs were reduced 
from 29.33 units in Phase I to 25.62 units in Phase II (P = 0.001). No anesthesia- or RA harvest- 
related complications occurred in either group. Conclusions: Endoscopic RA harvesting can be 
safely performed during anesthesia line placement prior to sternotomy. Our simple but innovative 
strategy improves intraoperative workflow, reduces the time and cost of surgery, and advances the 
delivery of high- quality patient care. 
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Central Message
Endoscopic radial 
artery harvesting 
during anesthesia line 
placement prior to 
sternotomy is safe, 
requires only one 
individual to harvest 
both the radial artery 
and saphenous vein 
conduits, permits reuse 
of endoscopic conduit 
harvesting equipment, 
and markedly improves 
intraoperative work-
flow and efficiency, 
altogether resulting in 
shorter and less expen-
sive surgeries.

Introduction
The radial artery (RA) serves as a versatile and durable con-
duit for coronary artery bypass grafting (CABG).1,2 In the con-
text of CABG involving a left internal mammary artery 
(LIMA) graft, RA grafts are associated with similar long- term 
survival and reduced risks of sternal wound infection and 
blood transfusion compared to right internal mammary artery 
(RIMA) grafts,3–5 as well as a lower rate of adverse cardiac 
events and improved long- term patency compared to saphe-
nous vein (SV) grafts.6–8 Thus, the RA is considered by some 
surgeons to be a preferred second conduit for CABG after the 
LIMA.3,9,10

According to a recent systematic review and consensus 
statement by the International Society for Minimally Invasive 
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Cardiothoracic Surgery, endoscopic RA harvesting is recom-
mended over open RA harvesting in order to decrease the risk 
of wound infection, reduce pain, and improve cosmesis and 
patient satisfaction.11 This minimally invasive approach for RA 
harvesting is safe and effective,12 and yields excellent long- 
term patency rates.13,14 In the common setting of multivessel 
CABG involving LIMA takedown and endoscopic SV harvest-
ing,15 however, concomitant endoscopic RA harvesting intro-
duces several practical and logistical issues that may discourage 
the adoption of a multi- arterial CABG strategy involving the 
RA. These include the possible need for three conduit harvest-
ers (i.e., one each for the LIMA, RA, and SV) working simul-
taneously in a crowded operating room (OR) environment, 
additional financial costs accrued for each surgery for the sec-
ond endoscopic conduit harvesting kit and other duplicated 
equipment, potential time delays in the OR due to the need for 
patient repositioning and equipment reorganization after con-
duit harvesting, and additional labor costs. These barriers to 
endoscopic RA harvesting, and therefore RA- CABG, are espe-
cially relevant for surgeons working in resource- limited 
environments.

In this study, we hypothesized that the time and cost required 
to perform multivessel CABG may be reduced significantly by 
completing endoscopic RA harvesting during anesthesia line 
placement prior to sternotomy. We determined that this prester-
notomy RA harvesting strategy is safe, requires only one indi-
vidual to harvest both the RA and SV conduits, permits reuse of 
the endoscopic conduit harvesting equipment, and markedly 
improves OR workflow and efficiency, altogether resulting in 
shorter and less expensive surgeries.

Methods
All patients who underwent CABG including an endoscopi-
cally harvested RA graft, performed by a single surgeon at our 
institution between October 2015 and July 2018, were consid-
ered for inclusion in this retrospective study. In order to mini-
mize potential confounding variables in our time and cost 
analyses, we narrowed our inclusion criteria to focus exclu-
sively on patients undergoing three- or four- vessel on- pump 
CABG including a LIMA or RIMA graft and at least one endo-
scopically harvested SV graft. We additionally excluded any 
patients undergoing nonelective surgery (e.g., urgent or emer-
gent revascularization), redo sternotomy, repeat CABG, mini-
mally invasive or robotic CABG, or CABG with any 
concomitant surgical procedures. The study protocol was 
approved by our Institutional Review Board, and individual 
patient consent was waived due to the retrospective nature of 
the study.

All RA and SV harvest procedures were performed endo-
scopically by physician assistants (PAs) with formal training 
and experience in endoscopic conduit procurement using the 
Vasoview Hemopro System (Maquet, Rastatt, Germany). 
Before December 2016, all RA and SV grafts were harvested 
concurrently with median sternotomy and LIMA/RIMA 

takedown, hereafter designated Phase I. Two PAs, each using a 
separate endoscopic conduit harvesting kit, surgical tray and 
instruments, and video monitor, were required. After December 
2016, all RA grafts were harvested endoscopically during line 
placement after induction of general anesthesia and intubation 
but before median sternotomy, hereafter designated Phase II. 
Saphenous vein harvest in Phase II was performed concurrently 
with median sternotomy and LIMA takedown, as before. As a 
result, a single PA harvested both the RA and SV conduits and 
could reuse all equipment from RA harvesting for SV harvest-
ing. Aside from the timing of RA harvesting and the transition 
from two PAs to one PA in each operation, there were no other 
significant changes in any anesthetic, perfusion, or surgical 
techniques used between Phase I and Phase II, permitting a 
“before and after” group level study design.

For multivessel CABG at our institution, it is routine for our 
anesthesia team to place a peripheral venous line and contralat-
eral radial arterial line and obtain double central venous access 
via an internal jugular vein unilaterally, with or without place-
ment of a pulmonary artery catheter. Transesophageal echocar-
diography is also routinely performed prior to sternum skin 
incision. Harvesting of the LIMA, RIMA, and RA were per-
formed using a pedicled technique, while SV grafts were skele-
tonized. Small branches of all harvested conduits were 
controlled with fine vascular clips. The perfusion strategy in all 
cases involved a single anterograde dose of cold del Nido car-
dioplegia given down the aortic root.16 The left anterior 
descending (LAD) coronary artery was bypassed with a LIMA 
or RIMA in situ graft in all cases, while standard distal and 
proximal aortocoronary suture anastomosis technique was used 
for all RA and SV grafts. No sequential grafts or Y- grafts were 
used. Of note, a specialized incision management system 
(Prevena, San Antonio, TX, United States) was applied after 
skin closure but before leaving the OR in the final four patients 
in Phase I and in all patients of Phase II.

Total surgery time was defined from sternum skin incision to 
sternum skin closed. Total OR time was defined from patient 
arrival in the OR to patient departure from the OR. Conduit 
harvest times were defined from skin incision to when the con-
duit was ready for implantation, not including the time needed 
for wound closure, patient repositioning, and equipment 
reorganization.

The total hospital cost was divided into total OR costs (i.e., 
defined as all surgery-, anesthesia-, and perfusion- related 
costs), as well as total hospital bed costs, total pharmacy costs, 
total laboratory and imaging costs, and other miscellaneous 
costs (e.g., other hospital supplies, respiratory therapy, physical 
therapy, and occupational therapy). The duration of intensive 
care unit (ICU) stay and total hospital stay was determined as 
count data in days.

The primary outcomes of this study are total surgery time 
and total surgery- related costs. The secondary outcomes include 
complications associated with anesthesia line placement and 
RA harvesting, adverse postoperative events, total OR time, 
total OR cost, and total hospital cost. Length of stay, timeline, 
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and cost data followed a non- normal distribution, as verified by 
the Shapiro–Wilk test. Because time and cost data are most 
informative when subtotals may be summated to a final total 
time and cost, the arithmetic mean is the ideal method of pre-
senting these data.17 Therefore, as recommended in the statisti-
cal literature, we performed a nonparametric bootstrap 
procedure to verify the robustness of our results regarding 
timeline and cost data when presented using arithmetic means.17 
The bootstrap procedure involves generating new bootstrap 
datasets containing the same number of patients as in the 
observed Phase I and Phase II datasets, respectively. These 
bootstrap datasets were created by randomly sampling, with 
replacement, from the observed datasets. In total, 1,000 boot-
strap datasets were created. Bootstrap time and cost data were 
analyzed as the difference observed in Phase II relative to Phase 
I across the 1,000 bootstrap datasets. Continuous variables are 
expressed as mean ± standard deviation and compared using a 

two- sample t- test unless otherwise indicated. Categorical data 
are expressed as counts with percentages and analyzed using 
Fisher’s exact test. All statistical analyses were performed 
using Stata version 14.2 (StataCorp LLC., College Station, TX, 
United States). A P- value < 0.05 was considered statistically 
significant.

Results
In total, 41 patients were included in this study. Baseline preop-
erative characteristics, presented in Table 1, were similar 
among patients in Phase I (n = 20) and Phase II (n = 21), includ-
ing age (59.9 and 60.0 years old, respectively), Society of 
Thoracic Surgeons risk score (0.6% and 0.5%, respectively), 
preoperative ejection fraction (59.6% and 56.7%, respectively), 
preoperative creatinine, and history of diabetes, heart failure, 
and prior myocardial infarction.

Table 1. Baseline Preoperative Patient Characteristics.

Preoperative patient characteristics Phase I Phase II P- value

Age (years) 59.9 ± 7.5 60.0 ± 7.1 0.965
Male 19/20 (95.0) 21/21 (100.0) 0.488
Body mass index (kg/m2) 29.7 ± 5.2 28.3 ± 3.6 0.308
Society of Thoracic Surgeons risk score (%) 0.6 ± 0.4 0.5 ± 0.3 0.231
Ejection fraction (%) 59.6 ± 9.4 56.7 ± 12.1 0.401
Creatinine (mg/dL) 0.9 ± 0.2 0.9 ± 0.2 0.800
Diabetes mellitus 12/20 (60.0) 12/21 (57.1) 1.000
Hypertension 19/20 (95.0) 18/21 (85.7) 0.606
Peripheral vascular disease 3/20 (15.0) 0/21 (0.0) 0.107
Cerebrovascular disease 4/20 (20.0) 2/21 (9.5) 0.410
Chronic lung disease 1/20 (5.0) 0/21 (0.0) 0.488
Congestive heart failure 3/20 (15.0) 4/21 (19.0) 1.000
Prior myocardial infarction 4/20 (20.0) 6/21 (28.6) 0.719
Prior percutaneous coronary intervention 4/20 (20.0) 3/21 (14.3) 0.697

Data expressed as mean ± standard deviation or counts (%).

Table 2. Intraoperative Data for Multivessel Coronary Artery Bypass Grafting.

Intraoperative data Phase I Phase II P- value

Total bypass grafts 3.5 ± 0.5 3.5 ± 0.5 0.871
Total saphenous vein grafts 1.4 ± 0.5 1.5 ± 0.5 0.633
Saphenous vein harvest time (min) 62.5 ± 27.3 54.6 ± 20.3 0.351
Radial artery harvest time (min) 55.1 ± 15.5 57.8 ± 18.5 0.646
Radial artery harvest complication 0/20 (0.0) 0/21 (0.0) N/A
Anesthesia complication 0/20 (0.0) 0/21 (0.0) N/A
Cardiopulmonary bypass time (min) 106.1 ± 16.5 101.7 ± 18.3 0.432
Aortic cross- clamp time (min) 83.3 ± 13.7 79.8 ± 12.0 0.397
Total surgery time (min) 287.5 ± 60.1 255.5 ± 34.5 0.044*

Total operating room time (min) 415.3 ± 66.6 380.8 ± 41.4 0.053

Data expressed as mean ± standard deviation or counts (%).
*Statistically significant.
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Intraoperative data are presented in Table 2. The CABG 
operations performed in Phase I and Phase II were similar, 
including total bypasses (3.5 grafts, each) and total SV grafts 
(1.4 grafts vs. 1.5 grafts, respectively). The left RA was har-
vested in 90.0% of cases in Phase I and 90.5% of cases in Phase 
II, while the right RA was harvested in the remainder. One 
patient in Phase I received a RIMA graft to the LAD due to the 
presence of LIMA calcifications. All other Phase I patients 
received a LIMA- LAD graft, and one Phase I patient received 
bilateral LIMA/RIMA grafts. All patients in Phase II received a 
LIMA graft to the LAD. No RIMA grafts were used in Phase II. 
All patients received at least one SV graft.

Comparing Phase I and Phase II, the RA harvest time (55.1 
minutes vs. 57.8 minutes, respectively) and SV harvest time 
(62.5 minutes vs. 54.6 minutes, respectively) were similar 
between the two groups. Cardiopulmonary bypass (CPB) time 
(106.1 minutes vs. 101.7 minutes, respectively) and aortic 
cross- clamp time (83.3 minutes vs. 79.8 minutes, respectively) 
were also similar between the two groups. Total surgery time, 
however, was significantly reduced in Phase II compared to 
Phase I (287.5 minutes vs. 255.5 minutes, P = 0.044). Total OR 
time was also reduced in Phase II compared to Phase I (415.3 
minutes vs. 380.8 minutes, P = 0.053), although this difference 
did not reach statistical significance.

A timeline analysis (Fig. 1) was performed to determine at 
what point in the intraoperative course the time save occurred. 
The mean and median timepoint of each major intraoperative 
event is detailed in supplemental Table S1. Comparing Phases 
I and II, with t = 0 defined as patient arrival in the OR, anesthe-
sia induction (t = 26.0 minutes vs. t = 19.7 minutes, respec-
tively) and median sternotomy (t = 108.2 minutes vs. t = 111.3 
minutes, respectively) occurred at similar timepoints. Radial 
artery harvesting in Phase II began at t = 43.2 minutes and 

ended at t = 100.7 minutes. Conduit harvesting after sternot-
omy was completed at similar timepoints in Phases I and II (t = 
169.2 minutes vs. t = 170.8 minutes, respectively). However, 
the start of CPB was significantly delayed in Phase I compared 
to Phase II (t = 221.7 minutes vs. t = 198.2 minutes, P = 0.029). 
This time difference was subsequently sustained through the 
release of the aortic cross- clamp (t = 308.4 minutes vs. t = 
280.8 minutes, P = 0.020), the end of CPB (t = 327.7 minutes 
vs. t = 299.9 minutes, P = 0.024), and ultimately to the time of 
patient departure from the OR (t = 415.3 minutes vs. t = 380.8 
minutes, P = 0.053). This result indicates that the time save 
occurs between the completion of conduit harvesting and the 
initiation of CPB.

Postoperatively, there were no instances of death, myocar-
dial infarction, or stroke. One patient in Phase I developed 
heart block requiring insertion of a permanent pacemaker sev-
eral days after surgery. One patient in Phase II had poor ventric-
ular function after CPB and required support with an intra- aortic 
balloon pump for 2 days. There were no complications in either 
group related to anesthesia line placement or RA harvesting 
after 30- day follow up. The total length of ICU stay (Phase I: 
median 2.0 [interquartile range 1.0–3.0] days vs. Phase II: 1.0 
[1.0–3.0] days, P = 0.484 by Mann–Whitney test) and the total 
length of hospital stay (Phase I: median 5.5 [interquartile range 
5.0–7.5] days vs. Phase II: 5.0 [5.0–7.0] days, P = 0.450 by 
Mann–Whitney test) did not differ significantly between the 
two groups.

Direct costs data, normalized to an average Phase I total 
hospital direct cost of 100.00 units, are illustrated in Fig. 2, 
with the mean and median cost data detailed in supplemental 
Table S2. Total OR costs, encompassing all surgery-, anesthe-
sia-, and perfusion- related costs, were significantly reduced in 
Phase II compared to Phase I (44.46 units vs. 40.52 units, P = 

Fig. 1. Average intraoperative timeline of multivessel coronary artery bypass grafting. A significant time save occurs during open- chest 
surgery (red blocks) in Phase II compared to Phase I, specifically between the end of conduit harvesting and the start of cardiopulmonary 
bypass. Consequently, total operating room time (black blocks) was also decreased in Phase II compared to Phase I. OR, operating room; 
RA, radial artery; SV, saphenous vein.
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0.002). While total surgery costs were significantly reduced in 
Phase II compared to Phase I (29.33 units vs. 25.62 units, P = 
0.001), anesthesia- and perfusion- related costs were not signifi-
cantly different between the two groups. There was no signifi-
cant difference between Phases I and II in terms of patient 
hospital bed costs, pharmacy costs, laboratory and imaging 
costs, or other miscellaneous costs. Compared to Phase I, the 
average Phase II total hospital cost was reduced by 9.3% (P = 
0.095), with OR cost savings accounting for 42.6% of the 
difference.

Total surgery costs were subdivided into OR time- usage cost 
(i.e., based on total patient time in the OR), the cost of endo-
scopic conduit harvesting equipment, and the cost of all other 
surgical supplies (Fig. 3). Cost savings were primarily due to 
profoundly reduced endoscopic harvesting costs in Phase II 
(6.31 units vs. 3.94 units, P < 0.001), followed closely by a 
strong trend toward reduced OR usage cost in Phase II (18.18 
units vs. 15.98 units, P = 0.058). Of note, there was a small 
increase in the cost of other surgical supplies used in Phase II 
compared to Phase I due to the preferential use of a specialized 
incision management system in Phase II.

A nonparametric bootstrap procedure was performed to val-
idate our results concerning time and costs savings associated 
with a presternotomy RA harvesting strategy. An analysis of 
1,000 bootstrap sample datasets (Table 3) revealed a mean sur-
gery time save of 33.3 minutes (P = 0.028) and mean total OR 
time save of 35.0 minutes (P = 0.046) in Phase II compared to 
Phase I. Relative to a Phase I total hospital direct cost of 100.00 
units, surgery cost savings and total OR cost savings amounted 
to 3.74 units (P < 0.001) and 3.98 units (P = 0.001), respec-
tively, with OR time- usage costs reduced by 2.22 units (P = 
0.040). Total hospital costs were decreased by 9.30 units in 

Phase II compared to Phase I, although this difference did not 
reach statistical significance (P = 0.079).

Discussion
Multi- arterial CABG is considered a superior surgical revascular-
ization strategy for some patients with severe multivessel coro-
nary artery disease.5,6,8,10,18–21 Yet, over 90% of CABG surgeries 
performed in the United States utilize only SV grafts in addition 
to a single arterial LIMA conduit.15 In particular, the RA, which 
has been suggested as a preferred second arterial conduit after the 
LIMA by some surgeons,3,9,10 has declined in use worldwide over 
recent decades and is now included in fewer than 4% to 6% of 
CABGs performed in the United States each year.15,22 Concerns 
of potential graft vasospasm,23,24 reduced patency when bypass-
ing low- grade stenoses due to competitive flow,25–27 age restric-
tions for deriving patient survival benefit,21 and a significant 
learning curve associated with endoscopic RA harvesting tech-
nique,12 have all been cited as potential reasons for why the RA 
remains infrequently utilized in CABG.

Practical and logistical issues regarding the efficiency of 
workflow during surgery, allocation of personnel resources, 
and financial costs, are less frequently discussed but represent 
other important barriers to adopting a multi- arterial RA- CABG 
strategy. In today’s practice environment, most cardiac sur-
geons interested in incorporating a RA conduit would do so in 
the context of LIMA and SV grafting.15 As endoscopic SV and 
RA harvesting are recommended over conventional open con-
duit procurement techniques,11,13,28,29 the traditional intraopera-
tive workflow would involve LIMA takedown, endoscopic SV 
harvesting, and endoscopic RA harvesting all occurring 

Fig. 3. Average surgery- related costs normalized to a Phase I total 
hospital direct cost of 100.00 units. Endoscopic conduit harvesting 
cost and operating room time- usage cost were reduced in Phase 
II compared to Phase I. A small increase in the cost of all other 
surgical supplies was observed in Phase II compared to Phase I due 
to the preferential use of a specialized incision management system 
in Phase II. OR, operating room.

Fig. 2. Average direct costs normalized to a Phase I total hospital 
direct cost of 100.00 units. Surgery costs and total operating room 
costs (encompassing surgery-, anesthesia-, and perfusion- related 
costs) were significantly reduced in Phase II compared to Phase I. 
OR, operating room.
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simultaneously following median sternotomy. As such, three 
individuals may be required for conduit harvesting, creating a 
crowded working environment. Because endoscopic SV and 
RA harvesting both entail a significant learning curve, this 
approach potentially requires an investment of time, money, 
and other resources shunted toward hiring and/or training addi-
tional personnel for conduit harvesting, which may not be fea-
sible in many practice settings. Moreover, devoting an extra 
surgeon or assistant to conduit harvesting who could otherwise 
help with another operation running in parallel results in signif-
icant opportunity costs. Finally, if the SV and RA are simulta-
neously harvested, two sets of endoscopic conduit harvesting 
equipment are used per operation. Because endoscopic harvest 
kits are nonreusable and discarded after every operation, each 
set adds significantly to the cost of surgery.

Our presternotomy RA harvesting strategy directly addresses 
each of the inefficiencies described above. We determined that, 
by harvesting the RA immediately after anesthetic induction 
and intubation, a single individual is able to procure the RA 
during anesthesia line placement and then procure the SV after 
median sternotomy using one endoscopic conduit harvesting 
kit. Therefore, our strategy requires only two conduit harvest-
ers instead of three, saving costs associated with salary or train-
ing (which were not included in the current analysis), and 
permitting an extra individual to assist in a concurrent case to 
increase the overall efficiency of the practice group. Our strat-
egy also only requires one endoscopic conduit harvesting kit to 
be used per operation, saving 8% of surgery- related costs for 
each patient based on this one difference alone.

A more efficient intraoperative workflow afforded by our early 
RA harvesting strategy produced a significant time save of 32 
minutes during surgery that reduced surgery- related costs by an 
additional 7.5%. Based on our timeline analysis, we observed that 
the duration of anesthesia preparation, RA harvesting, SV har-
vesting, CPB time, and aortic cross- clamp time all remained sim-
ilar between Phases I and II, but the duration of surgery from 
sternum skin open to sternum skin closed was significantly 
reduced, specifically between when conduit harvesting was com-
pleted and the start of CPB. We believe that the time needed to 
close the RA harvest site, wrap and tuck the arm, and remove the 

endoscopic tower and other equipment from the surgical assis-
tant’s side of the operating table, all in the setting of a crowded 
environment with concurrent work in the chest and leg, resulted 
in the additional time needed to make this transition. Using our 
new strategy, we observed that all RA harvest- related work can 
frequently be completed in full within the duration of anesthesia 
preparatory time, granting more space at the operating table for 
intrathoracic dissection and cannulation to proceed without any 
delay once LIMA harvesting is complete. Importantly, we 
observed no complications related to anesthesia or RA harvesting 
during our study, indicating that our presternotomy RA harvesting 
strategy improves efficiency and reduces surgical time and cost 
with no additional risk to the patient.

Our study is subject to several limitations. First, our study 
cohort represents a low- risk patient population undergoing iso-
lated multivessel CABG. Therefore, our results may not be 
applicable to patients with high anesthetic or surgical risk, or 
those undergoing redo cardiac surgery or other concomitant 
operations. The single- surgeon “before and after” study design, 
however, helps to demonstrate that our observed time and cost 
savings are not due to significant variations in surgical tech-
nique or patient profile, suggesting that our strategy is generally 
applicable for the elective CABG patient. It is important to note 
that, although the surgeon and all other intraoperative and post-
operative team members involved in this study were highly 
experienced in managing CABG patients, we cannot rule out 
minor undocumented changes in patient management that may 
have developed as the study progressed, thereby potentially 
limiting the comparison of an early cohort versus a subsequent 
one. For example, improved time management in the OR by the 
anesthesia and nursing teams may explain the small time saves 
observed in Phase II between patient arrival in the OR and 
anesthesia induction, and between chest closure and patient 
departure from the OR. These independent efforts on quality 
improvement by nonsurgical teams are fully encouraged but 
may confound the interpretation of our results. Hence, during 
the experimental design of this study, we chose total surgery 
time and total surgery- related costs as the primary outcomes of 
interest, both of which are surgeon- controlled, and which rep-
resent more robust metrics for assessing the benefit of our 

Table 3. Bootstrap Analysis of Time and Cost Data.

Bootstrap analysis of time and cost data Mean savings P- value

Total surgery time saved (min) 33.3 ± 14.9 0.028*

Total operating room time saved (min) 35.0 ± 17.2 0.046*

Total operating room cost units saved 3.98 ± 1.13 0.001*

Surgery cost units saved 3.74 ± 1.04 <0.001*

Operating room time- usage cost units saved 2.22 ± 1.06 0.040*

Total hospital cost units saved 9.30 ± 5.20 0.079

The mean time and cost savings in Phase II relative to Phase I were computed from 1,000 bootstrap sample datasets. All cost data are normalized to a Phase I 
total hospital direct cost of 100.00 units. All time and cost data are presented as mean ± standard deviation.
*Statistically significant.
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technique. Finally, our study sample size was small, but the 
effect size in time and cost savings was large and clearly appar-
ent. Because timeline and cost data followed a skewed distribu-
tion but are most meaningful when presented as arithmetic 
means, we optimized the presentation of our data by perform-
ing a nonparametric bootstrap analysis,17 which validated the 
statistical significance of our results.

Conclusions
Overall, we believe that our presternotomy endoscopic RA har-
vesting strategy represents an intuitive, technically simple, and 
innovative solution that can be easily applied in most practice 
settings, whether rural, community- based, or academic. By 
solving multiple practical and logistical problems associated 
with endoscopic RA harvesting, our strategy improves intraop-
erative workflow, enhances the efficiency of resource utiliza-
tion, reduces the time and cost of surgery, and advances the 
delivery of high- quality patient care.
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