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Eligibility for Minimally Invasive Coronary Artery Bypass
Examination of Epicardial Adipose Tissue Using

Computed Tomography

AQ1 Kate E. M. Dillon, MSc,* Marjorie JohAQ2 nson, PhD,* Ian L. Chan, MD,† and Bob B. Kiaii, MD‡

Objective: A variable that necessitates conversion to a conventional
full-sternotomy coronary artery bypass procedure from a robotic-
assisted endoscopic single-vessel small thoracotomy is the inability to
visualize the left anterior descending coronary artery within the sur-
rounding epicardial adipose tissue using the endoscopic camera. The
purpose of this study was to determine whether anatomical properties
of the epicardial adipose tissue examined using preoperative computed
tomography (CT) images are able to predict and thus reduce the need
for intraoperative conversion based on effective preoperative exclu-
sion criteria.
Methods: Retrospective analysis of patient preoperative CTangiography
scans from both converted (n = 17) and successful robotic-assisted
(n = 17) procedures was performed. Where possible, measurements of
epicardial adipose tissue were acquired from axial slices, at the most
accessible segment of the left anterior descending coronary artery.
Results: Results indicate that patients who successfully underwent the
endoscopic single-vessel small thoracotomy procedure (meanAQ3 ± SD
depth, 4.9 ± 1.9 mm) had significantly less epicardial adipose tissue
(38%, P = 0.002) overlying the vessel toward the lateral chest wall than
those who were converted to the full-sternotomy approach intraopera-
tively (mean ± SD depth, 7.9 ± 3.2 mm). Using this as a retrospective
exclusion criterion reduces the conversion rate for this group by 47%,
while maintaining a high specificity (94%). No significant differences
exist between the two groups with respect to the remaining epicardial
adipose tissue measurements or body mass index.
Conclusions: The addition of CT angiography measurements of the
epicardial adipose tissue overlying the left anterior descending coronary

artery may enhance preoperative surgical planning for this procedure,
thereby reducing the instances of procedural changes.

Key Words: Preoperative selection, Endo-SVST, Computed
tomography angiography, Epicardial adipose tissue.

(Innovations 2017;12:00–00)

The robotic-assisted endoscopic single-vessel small thoracot-
omy (endo-SVST) coronary artery bypass graft procedure

has shown promising short-term results, with reports of reduc-
tion in surgical morbidity and recovery time, higher quality of
life scores, and favorable angiographic follow-up with left inter-
nal thoracic and left anterior descending (LAD) coronary artery
patency, comparable with the traditional CABG AQ6approach.1–4

Although the endo-SVST procedure confers many bene-
fits, the preoperative planning required for suitable patient selec-
tion remains a limitation of this procedure. Reliable preoperative
diagnostic assessments are required to reduce the likelihood of
unsuccessful endo-SVST procedures, where success is defined
as the ability to complete the procedure endoscopically.5 Con-
version to a full-sternotomy approach is an undesirable outcome
for these procedures. It is important to reduce the number of
conversions required intraoperatively so as to reduce the overall
operative time and cost, while managing patient quality of life
and distress.

Preoperative analysis of patients' anatomical and anthro-
pometric parameters has shown promise in its ability to deter-
mine the likelihood of success for the endoscopic procedure.
Trejos et al1 (2010) found, using a comparison analysis with ret-
rospective data, that they could reduce the conversion rate based
on an analysis of the lateral distance from the LAD to the ster-
num and the transverse dimension in females. Similarly, Escoto
et al5 (2014) demonstrated that patient anatomical parameters,
such as chest dimensions, and the location of the LAD relative
to the chest wall, can help predict the success of the procedure
because of space constraints of the robotic instruments. Further-
more, preoperative anatomical considerations assessed using
computed tomography (CT) scans have also been implemented
in predicting operative times for robotic totally endoscopic cor-
onary artery bypass (TECAB) procedures. Anatomical mea-
surements, such as subcutaneous adipose tissue at certain
thoracic levels, pericardial fat pad thickness, thoracic ratio, as
well as the distance between lateral heart border and the chest
wall in beating heart TECAB can help predict intraoperative
timing, while providing surgeons with insight into potential
technical challenges.6
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Many of the factors that contribute to the need to convert
have been addressed, leading to better patient selection. How-
ever, one of the variables, which still necessitates conversion,
is the inability to visualize the target LAD vessel because it is
buried too deeply underneath the surrounding epicardial adipose
tissue.1,5 Data obtained from studies concerning intraoperative
conversions from minimally invasive CABG procedures to a
full-sternotomy approach suggest that the inability to visualize
the LAD underneath the epicardial adipose tissue intraopera-
tively presents substantial difficulties to the successful comple-
tion of the initial endoscopic procedure.1,5 Because surgeons
lack tactile feedback in minimally invasive approaches, the ori-
entation and correct identification of target vessels are more
challenging and the epicardial adipose tissue covering the
LAD therefore presents an intraoperative concern.7 The inability
to visualize this target vessel presents risks for continuing robot-
ically, because of the chance of damaging the underlying myo-
cardium in a beating heart procedure without the use of
cardioplegia. Therefore, the conversion to a full-sternotomy ap-
proach is required.

The epicardial adipose tissue that is obscuring the target
vessel is typically localized in the atrioventricular and interven-
tricular grooves of the heart.8 The reported extent of this visceral
epicardial adipose tissue is variable, and conflicting views have
been expressed regarding its correlation with body mass index
(BMI) and waist circumference.9,10

This study aims to enhance the preoperative examination
of the thickness of epicardial adipose tissue covering the LAD
and by improving patient selection criteria reduce the need for
costly, lengthy, and distressing intraoperative conversions.

METHODS

Subject Data
The selected subjects were those who underwent mini-

mally invasive endo-SVST procedures performed at a single in-
stitution between 2007 and 2015. Retrospective analysis of
patient preoperative CT angiography scans from both converted
(n = 17) and successful robotic-assisted (n = 17) endo-SVST left
internal thoracic to LAD procedures using the da Vinci Surgical
Robot (Intuitive Surgical, Sunnyvale, CA USA) was obtained,
with approval from HSREB 107796. Procedures classified as
converted were those initially attempted as minimally invasive
endo-SVST procedures but were then converted intraoperatively
to a full-sternotomy bypass as a result of a buried LAD. Inacces-
sible vessels were classified by the principal surgeon, who has
more than 15 years of experience with this procedure. The deci-
sion to convert to a full sternotomy intraoperatively from a min-
imally invasive endo-SVST approach was made on the basis of
increased epicardial adipose tissue after the pericardium was in-
cised and the anterior surface of the heart inspected. The second
group of participants were selected from the repository of suc-
cessful procedures where epicardial adipose was classified intra-
operatively as “moderately thick,” to match, where possible,
those in the converted group on the basis of sex and age. Patient
age, sex, height, and weight were obtained at the time of the pro-
cedure and were used to match subjects between groups and cal-
culate patient BMI (T1 Table 1).

Preoperative CT Angiography
Gated CT angiography performed with 16 or more detec-

tors made it possible to measure, accurately in the axial plane,
the epicardial adipose, specifically surrounding the main coro-
nary arteries including the LAD, using the parietal pericardium
as the outermost limit for these measurements.8 Because of its
higher spatial resolution, CT is a more accurate quantification
method for adipose tissue when compared with ultrasound and
magnetic resonance imagin AQ7g. Computed tomography enables
the visualization of the fibrous pericardium, thus allowing for
precise measurements to be made.11 The intraepicardial path
of the LAD is also more readily assessed using CT scans than
angiography because of the ability to accurately assess the sur-
rounding structures and their relationships, rather than the ves-
sels on their own.7

Preoperative imaging is conducted before all endo-SVST
procedures for preoperative planning and eligibility assessment
at this institution. Images were obtained from the selected pa-
tients and, where possible, scans were cardiac gated and taken
in a 30-degree right lateral decubitus position, mimicking intra-
operative conditions. The CT scans were taken using a 64-slice
multidetector CT scanner with a 0.35-second rotation time
(Lightspeed VCT; GE Medical Systems, Milwaukee, WI USA).
Images were taken using radiographic contrast injected intrave-
nously (Isovue 370; Bracco Imaging Canada, Anjou, Quebec,
Canada) during the arterial phase. Patient scans were anonymized
using DICOM Anonymizer PRO (NeoLogica AQ8), and measure-
ments were made using 3D Slicer 4.4.0 software.12

Body Mass Index and Total Thickness of Epicardial
Adipose Tissue in the Anterior Interventricular Sulcus

Although visceral adipose tissue, a classification, which
includes epicardial adipose tissue,13 is more reliably assessed
using measurements of waist circumference, a BMI of greater
than or equal to 30 kg/m2 is an appropriate substitute determi-
nant of abdominal obesity when waist circumference is unavail-
able.11 Patient body mass indices were calculated by using
patient mass (kilogram) and height (meter) taken before the
procedure. Measurements of the total thickness of the epicar-
dial adipose were performed in the anterior interventricular
sulcus at the most accessible segment of the LAD between
the third and fifth anterior intercostal spaces. Where possible
these measurements were made in the fourth intercostal space,
though when the vessel was inaccessible, measurements were
made underneath the fifth rib, or in the upper fifth intercostal

TABLE 1. Demographics of Groups

Converted Robotic-Assisted

n 17 17
Age, y 64.8 ± 10.2 66.3 ± 7.6
Female:male 2:15 4:13
Height, m 1.70 ± 0.10 1.66 ± 0.11
Weight, kg 93.1 ± 15.5 81.9 ± 14.4
BMI, kg/m2 31.2 ± 4.6 29.5 ± 3.8

Data are presented as mean ± SD, unless otherwise indicated.

BMI, body mass index.
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space, and were noted. The epicardial adipose thickness mea-
surement was made from the deepest portion of the anterior in-
terventricular sulcus from the myocardium to intersect the
fibrous pericardium perpendicularly (F1 Fig. 1A).

Measurements of Epicardial Adipose Overlying
the Left Anterior Descending Coronary Artery

Three measurements describing the thickness of adipose
tissue overlying the LAD were made. The first was made from
the anterior aspect of the LAD toward the anterior chest wall to
the pericardium (F2 Fig. 2A), the second measurement was made
from the lateral aspect of the LAD toward the lateral chest wall
to the pericardium (Fig. 2B), and the final measurement bisected
the previous two measurements from the LAD toward the
pericardium (Fig. 2C). These measurements were chosen for their
reproducibility and their characterization of the field of view of
the endoscopic camera used during the endo-SVST procedure.

Statistical Analysis
Data were analyzed using SPSS Software Version 22

(IBM Corporation, Armonk, NY USA, 2013). Normality was
assessed using a Shapiro-Wilk test, and if the datawere normally
distributed, a Student independent t test was used to assess dif-
ferences between groups. When the assumptions for normality
were not met, a Mann-WhitneyU test was performed. A P value
of less than 0.05 was considered significant. Intrarater reliability
was assessed by intraclass correlation coefficient. Correlation
was assessed using Pearson correlation coefficient.

RESULTS

Body Mass Index and Thickness of Epicardial
Adipose Tissue

The mean ± SD BMIs did not seem to differ significantly
between the robotic-assisted (29.5 ± 3.8 kg/m2, n = 17) and

FIGURE 1. Characterization of the relationship between epicardial adipose tissue and BMI. A, Measurement of the total thickness of
epicardial adipose tissue. B, Comparison of mean ± SD of the total thickness of epicardial adipose in the interventricular sulcus in converted
(n = 17) and robotic-assisted (n = 17) groups. C, Comparison of distributions around the mean ± SD of BMI for converted (n = 17) and
robotic-assisted (n = 17) groups because they relate to the World Health Organization obesity index (30 kg/m2). D, Correlation of the
thickness of epicardial adipose in the anterior interventricular sulcus measured on CT images to BMI (n = 34) (P = 0.06).
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converted groups (31.2 ± 4.6 kg/m2, n = 17) with both groups
showing a similar spread around the clinical obesity index defined
by the World Health Organization, a BMI of 30 kg/m2 (Fig. 1C).
There were no differences found between the means of successful
robotic-assisted (8.0 ± 2.7 mm, n = 17) and converted groups
(10.2 ± 3.8 mm, n = 17) with respect to the thickness of
epicardial adipose in the anterior interventricular sulcus at the
fourth anterior intercostal space; however, the converted group
did seem to trend toward increased total epicardial adipose
thickness (Fig. 1B). These data also suggest that a moderate,
but nonsignificant, positive correlation (R = 0.32, P = 0.06,
n = 34) exists between BMI and the total thickness of
epicardial adipose tissue in the anterior interventricular sulcus
(Fig. 1D) as determined by Pearson correlation coefficient.

Epicardial Adipose Thickness Over the LAD
Measurements of the thickness of epicardial adipose tis-

sue overlying the LAD demonstrated that significant differences
(P < 0.05) exist between the robotic-assisted (4.9 ± 1.9 mm,
n = 17) and converted (7.9 ± 3.2 mm, n = 17) groups on the
basis of the thickness of epicardial adipose tissue found in the
measurement toward the lateral chest wall (Fig. 2B). Although
no significant differences exist between groups based on
measurements of epicardial adipose overlying the LAD in the
bisecting or anterior measurements, a trend seems to emerge in
these participants, where increased thickness of epicardial adipose
is seen in the converted groups. In the bisecting measurement
(Fig. 2C), converted participants (3.9 ± 2.2 mm, n = 17) seem to
have greater thickness of epicardial adipose overlying the LAD

than successful robotic-assisted participants (2.8 ± 1.0 mm, n =
17). The anterior measurement (Fig. 2A) also showed a similar
trend in which converted participants (5.0 ± 2.9 mm, n = 17)
seemed to have increased thickness of adipose compared with
the robotic-assisted group (4.2 ± 1.8 mm, n = 17).

DISCUSSION
These findings suggest that BMI alone cannot account

for the need to convert to a full-sternotomy approach on the
basis of a buried LAD, and therefore, a simple examination
of BMI is not sufficient to exclude a patient from the mini-
mally invasive surgery. This procedure may impart additional
benefits to this subpopulation because researchers have found
associations with increased risk for sternal wound complica-
tions in patients with a BMI value greater than 30 kg/m2

who undergo traditional full-sternotomy procedures.13 Previous
studies have examined the association between higher BMI
(30 kg/m2) and overall outcomes in minimally invasive coronary
artery bypass procedures and have observed that patients with
higher BMI seemed to undergo longer operating times and phy-
sicians may have increased difficulty in land marking, port
placement, and robot maneuverability. However, intraopera-
tively, there was no increase in complication rate resulting in
conversions to a full sternotomy in patients with a BMI value
greater than 30 kg/m2; in addition, no differences in postopera-
tive outcomes were apparent with postoperative complication
rates remaining low.14 Furthermore, in this population of pa-
tients who are susceptible to sternal wound complications, there
were no reported port or thoracotomy incision site infections or

FIGURE 2. Measurements and comparisons of the mean ± SD of the thickness of epicardial adipose tissue overlying the LAD coronary
artery in converted (n = 17) and robotic-assisted (n = 17) patients. A, Thickness of adipose tissue overlying the LAD toward the
anterior chest wall. B, Thickness of adipose tissue overlying the LAD toward the lateral chest wall. C, Thickness of adipose tissue
overlying the LAD bisecting A and B. *P = 0.002.
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complications, which would suggest an added benefit for this
subpopulation over full-sternotomy procedures.14

Although the association between epicardial adipose tis-
sue and BMI did not offer a robust screening tool, in the current
study, themeasurement of the thickness of the epicardial adipose
obscuring the LAD may provide additional preoperative insight
into the patient's eligibility for the endo-SVST procedure. These
data suggest that a transverse thickness of adipose overlying
the LAD of 7.9 ± 3.2 mm indicates a greater likelihood for intra-
operative conversion to a full sternotomy. Other measurements
of the epicardial adipose overlying the LAD also showed trends
toward increased thickness in the converted group when com-
pared with the robotic-assisted group, although these differences
were not significant. Using the information gained from this ret-
rospective analysis, it is possible to assess the risk of conversion
on the basis of this newly established parameter. By adding this
to existing measurements performed preoperatively, this inclu-
sion has the potential to reduce the number of intraoperative
conversions for patients with an increased amount of epicardial
adipose tissue in the anterior interventricular groove around the
target vessel.

This preoperative assessment is also used as a means of
deciding a patient's suitability to undergo a TECAB approach.
If the preoperative assessment of the epicardial adipose tissue
on CT scan determines that the patient is more suitable to un-
dergo TECAB, because the LAD is more accessible with endo-
scopic exposure, then the patient will be selected to undergo
TECAB. However, these patients with significant epicardial ad-
ipose making the LAD inaccessible generally had this finding
throughout the long segment of the LAD, making these patients
also unsuitable for TECAB procedures.

When the mean, 7.9 mm, for the converted group is used
as the exclusion criterion, the sensitivity of the transverse mea-
surement within this sample is 47%, whereas the specificity is
94% (F3 Fig. 3B). This high specificity allows for the maximum
number of prospective patients to benefit from the reduced
morbidity associated with the robotic-assisted approach while
also reducing conversions associated with this intraoperative
complication by 47%.

Future Directions
Based on the results of this study, future directions will

aim to further test the proposed eligibility criteria. The newly
implemented preoperative CTmeasurements of the epicardial ad-
ipose tissue described in this study will be performed prospec-
tively on upcoming endo-SVST cases preoperatively. The aim
of these future studies will be to evaluate the benefits of the pro-
posed measurements in a clinical setting, outside of our current
retrospective sample group before they are implemented into rou-
tine practice. With an increase in the number of cases performed,
new data can be amassed to continue to improve and narrow the
sensitivity of this particular exclusion criterion.

CONCLUSIONS
The results of this study indicate that additional measure-

ments made specifically of the thickness of epicardial adipose
over the LAD coronary artery toward the lateral chest wall at
the fourth or fifth anterior intercostal space have the potential
to reduce conversions from robotic-assisted to full-sternotomy
procedures intraoperatively by 47% within a retrospective study
group when this measurement is performed as part of the preop-
erative analysis of patient CT scans. This epicardial adipose ex-
clusion criterion is highly specific, with moderate sensitivity,
ensuring that patients who are eligible for the robotic-assisted
procedure are not being erroneously excluded, allowing them to
benefit from the reduced morbidity associated with the minimally
invasive approach. Further research is required to ascertain the va-
lidity of these measurements outside of this study group.

LIMITATIONS
The limitations of this study include the low sample size,

which limits the analyses available and the conclusions that can
be drawn from the data set. We hope to address this limitation by
performing a prospective analysis of our proposed measure-
ments to ensure the efficacy of these exclusion criteria within
the clinical population, before implementing it in routine preop-
erative analyses.

In addition, the variability seen in individual patient
anatomy can lead to increased variability in the anatomical

FIGURE 3. Retrospective decision matrix regarding conversions, with exclusion criterion defined as the mean of the converted group,
7.9 mm in the measure of the thickness of epicardial adipose tissue over the LAD toward the lateral chest wall (Fig. 2B)
of converted (n = 17) and robotic-assisted (n = 17) groups.
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measurements, which is most likely because of the interob-
server inconsistencies in the recognition of the measurement
boundaries and the variability in placement of the cursor
when performing measurements.11 However, because two-
dimensional measurements remain the clinical standard until
further advances in imaging techniques become readily avail-
able and can decrease the time, training, cost, and efficacy re-
quired for these preoperative measurements to be performed,
the methods proposed in this study continue to be relevant
to current preoperative analyses of patient CT scans. With the
addition of the current CT protocol at our institution, which in-
cludes anatomical measurements made preoperatively, the num-
ber of intraoperative conversions has been reduced and therefore
has provided a useful tool for eligibility assessment.
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CLINICAL PERSPECTIVE
This is an interesting study in which the authors performed a retrospective analysis of preoperative computed tomography angi-
ography scans from successful robotic-assisted endoscopic single-vessel small thoracotomy (SVST) procedures (n = 17) and
compared those with 17 patients who underwent attempted SVST but required conversion to median sternotomy. Their results
indicated that the patients who successfully underwent the SVST procedure have significantly less epicardial adipose tissue
(P = 0.0002) overlying the vessel toward the lateral chest wall than those whowere converted to full sternotomy. If they used
the mean depth of epicardial fat of 7.9 mm in the group, which required conversion as an exclusion criterion, they would have
reduced the conversion rate by 47% while maintaining a high specificity (94%).
This observation may be helpful in prospectively identifying patients who are poor candidates for an endoscopic procedure.
Clearly, the limitations of this study were its retrospective analysis and small sample size. The authors are planning to prospectively
evaluate the sensitivity and specificity of this exclusion criterion in future studies, which will better define its clinical utility.
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