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ABSTRACT
Objective: The objective of this study was to report the methodology and 1-year experience of a regional service model of
teleconsultation for planning and treatment of complex thoracoabdominal aortic disease (TAAD).

Methods: Complex TAADs without a feasible conventional surgical repair were prospectively evaluated by vascular sur-
geons of the same public health service (National Health System) located in a huge area of 22,994 km? with 3.7 million
inhabitants and 11 tertiary hospitals. Surgeons evaluated computed tomography scans and clinical details that were
placed on a web platform (Google Drive: Google, Mountain View. Calif) and shared by all surgeons. Patients gave informed
consent for the teleconsultation. The surgeon who submits a case discusses in detail his or her case and proposes a
possible therapeutic strategy. The other surgeons suggest other solutions and options in terms of grafts, techniques, or
access to be used. Computed tomography angiography. angiography, and clinical outcomes of cases are then presented
at the following telemeetings. and a final agreement of the operative strategy is evaluated. Teleconsulitation is performed
using a web conference service {WebConference.com: Avaya Inc, Basking Ridge, NJ) every month. An inter-rater agree-
ment statistic was calculated, and the k value was interpreted according to Altman's criteria for computed tomography
angiography measurements.

Results: The rate of participation was constant (mean number of surgeons, 11; range, 9-15). Twenty-four complex
TAAD cases were discussed for planning and operation duting the study period. The interobservert reliability recorded
was moderate (k = 0.41-0.60) to good (k = 0.61-0.80) for measurements of proximal and distal sealing and very good
(k = 0.81-1) for detection of any target vessel angulation >60 degrees, significant calcification (circumferential). and
thrombus presence (>509%). The concordance for planning and therapeutic strategy among all participants was complete
in16 cases. In one case. the consultation was decisive for creating an innovative therapeutic strategy: in the remaining seven
cases. the strategy proposed by the patient’s surgeon was changed completely after the discussion. Technical success was
the same (100%) if concordance in planning was present initially or not. Overall 6-month mortality was 4%, 0% for those
patients with initial concordance in planning vs 12% for those without initial concordance (P = 33). Surgery was always
performed in a tertiary hospital by local surgeons, and in two cases (8%) external surgeons joined the local surgical team.
Conclusions: Such a regional service of teleconsultation may be of value in standardizing the treatment and derived

costs of complex TAADs in a huge regioh under the same health provider. The shared decision-making strategy may be
of medical-legal value as well. (J Vasc Surg 2018:67:974-83.)

CrossMark

Planning and treatment of complex thoracoabdominal
aortic disease (TAAD), such as complex aortic aneurysms
or type B dissections, is a challenging activity for a

vascular surgeon. The rapid evolution of scientific and
technical knowledge with the demand by surgeons for
easy and full access to high-quality information is an
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important issue as well. in a large region with millions of
inhabitants and different hospitals, there is the need to
offer the same standard level of treatment for complex
TAAD for each patient in all centers. Moreover, vascular
surgeons do need to have the same skills, experience,
and facilities. Teleconsultation can address some of these
concems and can help less experienced surgeons
acquire knowledge and expertise from those more
experienced."™ The aim of this paper was to report the
methodology and 1-year experience of a regional service
model of teleconsultation for planning and treatment of
complex TAAD.

METHODS

Complex TAADs without a feasible conventional surgi-
cal repair were prospectively evaluated by vascular sur-
geons of the same public health service (National
Health System) located in a huge area of 22,994 km?
with 3.7 million inhabitants and 11 tertiary hospitals, 3 of
them university hospitals. In the same region, there are
35 nontertiary hospitals that referred complex TAADs to
the center of excellence. Our group included centers at
which TAAD is currently treated and centers at which it
is not. Only 5 the 11 tertiary centers routinely performed
TAAD repairs. The more experienced surgeons, who led
the telemeetings, had at least 10 years of open and
endovascular complex aortic disease treatment with a
minimum overall caseload of 50 aortic cases each. Endo-
vascular experience required knowledge of fenestrated
and branched endovascular aortic repair. The caseload
per year for TAAD repair for the 11 centers was as follows:
one center performed 45 TAAD endovascular repairs; two
centers performed 40 TAAD endovascular and open re-
pairs: two other centers performed 15 TAAD repairs, and
one center used predominantly open means and the
other predominantly endovascular means. The other six
centers have a caseload of fewer than five cases each
per year. A total of approximately 140 TAADs are per-
formed each year.

Surgeons evaluated computed tomography angiog-
raphy (CTA) scans or angiography and clinical details.
which were placed on a web platform (Google Drive;
Google. Mountain View, Calif) and shared with all sur-
geons (Fig 1). Teleconsultation was performed using a
web conference service (WebConference.com: Avaya
Inc. Basking Ridge. NJ) every month (Fig 2). Radiologic
imaging was uploaded in Digital Imaging and Commu-
nications in Medicine (DICOM) files (at least 3 days before
the meeting), and participants could therefore study CTA
images or angiograms using currently available DICOM
viewer software. The surgeon who submitted a case dis-
cussed it in detail and proposed a possible therapeutic
strategy on a PowerPoint (Microsoft, Redmond. Wash)
presentation uploaded on the web platform (Fig 1). CTA
images with a slice thickness of 1 mm were recon-
structed using either an Aquarius {TeraRecon, San Mateo,
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Calif) or OsiriX {Pixmeo, Geneva, Switzerland) worksta-
tion. Multiplanar, three-dimensional, centerline recon-
structions of the case were performed by the
submitting surgeon. We measured proximal and distal
neck lengths and diameters (considered the sealing
zone), presence of any target vessel angulation >60 de-
grees, significant calcification (circumferential), and
thrombus presence (>50%). These measurements were
then compared with the measurements of other sur-
geons. An inter-rater agreement statistic (k. ie, interob-
server reliability) was calculated, and the k value was
interpreted according to Altman's criteria® Strength of
agreement was considered poor with a k value <0.20,
fair between 0.21 and 0.40. moderate between 0.41 and
0.60, good between 0.61 and 0.80. and very good be-
tween 0.81 and 1.00. The surgeons who participated at
the telemeeting suggested their solutions and options
in terms of grafts, techniques, or access to be used.
Angiographic and clinical outcomes of cases were then
presented at the following telemeetings, and a final
agreement of the operative strategy was evaluated.

The protocol and informed consent were approved by
the Institutional Review Board. Patients gave informed
consent for the teleconsultation. and surgeons had pass-
words to access the Google platform and the web con-
ference service safely.

SPSS version 15.0 software {SPSS Inc. Chicago. il was
used for statistical analysis.

RESULTS

Eleven telemeetings were performed in 2016, and the
rate of participation at the beginning of the year was
an average of 11 surgeons (range, 9-15). At the end of
the first year, an average of two more surgeons had
Jjoined our group. Referral centers had two or three sur-
geons for complex aortic disease treatment {both endo-
vascular and open repairs) who alternately participated
in the telemeetings. Twenty-four complex TAADs, mainly
gortic aneurysms {seven type I and five type IV thora-
coabdominal aneurysms, nine pararenal aortic aneu-
rysms) and three chronic type B aortic dissections, were
discussed for the difficult planning and operation during
the study period. These cases corresponded approxi-
mately to one-sixth of the total amount of TAADs treated
in Tuscany. The concordance for planning and therapeu-
tic strategy among all participants was complete in 16
cases {66%). In one case (4%), the consultation was deci-
sive for creating an innovative therapeutic strategy: in the
remaining seven cases (30%). the strategy proposed by
the patient’s surgeon was changed completely after
the discussion. In general, vascular surgeons performed
the procedure in their own tertiary hospitals (n = 22
[92%]). In the two remaining cases, a surgical team
composed of vascular surgeons from different centers
joined together in one tertiary hospital (where the pa-
tient was recovered initially) because these cases were
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complex and required at least three expert surgeons for
the procedure. The quality of images during teleconsul-
tation was considered more than good and sufficient
to express a medical judgment by the surgeons, who
evaluated the importance of the teleconsultation on a
5-point scale (5, very important: 4, important; 3, moder-
ately important; 2, slightly important; 1, not important).®
A final score of 5 was given. The k values were 054
(95% confidence interval [Cl], 0.36-0.52) and 0.52 (95%
Cl, 0.45-0.69) for proximal neck length (proximal sealing
zone) and diameter, 0.61 (95% Cl, 0.46-0.71) and 0.65
{(95% Cl. 0.55-0.73) for distal neck length (distal sealing
zone) and diameter, 0.95 (95% Cl, 0.94-0.98) for presence
of any target vessel angulation >60 degrees, 0.87 (95% Cl,
0.84-0.93) for significant calcification (circumferential),
and 0.8} (95% Cl. 0.74-0.89) for thrombus presence
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(>50%). Furthermore, patients were divided into two
groups: patients with concordance for planning (group
A: n = 16) and patients without concordance (group B:
n = 8). Group A vs group B k values were 0.62 (85% Cl,
0.49-0.65) vs 0.43 {95% Cl, 035-047; P = .02) and 0.63
(95% CI, 0.48-0.71) vs 0.47 (95% Cl, 0.41-0.55; P = .003)
for proximal neck length and diameter. 0.69 (85% ClI,
0.54-0.73) vs 0.52 (95% Cl. 0.44-0.68; P = .001) and 0.72
(95% ClI, 0.61-0.79) vs 0.58 {95% ClI, 0.44-0.73; P = 42) for
distal neck length and diameter, 0.98 (95% Cl, 0.94-
0.99) vs 0.94 (95% ClI, 0.92-0.98; P = .72) for presence of
any target vessel angulation >60 degrees, 0.93 (95% Cli,
0.86-0.95) vs 0.86 (95% Cl, 0.83-0.93) for significant calci-
fication {circumferential; P = 51), and 0.86 (95% ClI, 0.76-
0.9) vs 0.8 (95% Cl, 0.74-0.88: P = 36) for thrombus pres-
ence (>50%). respectively (Table).
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The outcomes for group A and group B were similar.
Technical success was the same (100%). We recorded
one aorta-related death in group B (overall mortality,
4%; group B mortality, 129 vs 0% in group A; P = 33);
no type | and type lil endoleaks or complications were
recorded within the first 6 months of follow-up in
either group.

The teleconference was evaluated at the end of each
session, and the day after the teleconference, a report
was shared with all surgeons whereby all observations,
clinical decisions, therapeutic strategy. planning, and ac-
tions adopted during interventions were highlighted.
Midterm follow-up was shown for patients who had
completed at least the 6-month follow-up. We report
two cases as exampiles.

Case 1. A 6l-year-old man with a 67-mm type IV
thoracoabdominal aortic aneurysm and a huge com-
mon and internal iliac right aneurysm (65 mm) evolved
from a chronic type B aortic dissection. The patient had
both systemic and anatomic high-risk profiles. He had
coronary artery disease with a recent percutaneous

transluminal coronary angioplasty on dual antiplatelet
therapy. hypertension, and previous right nephrectomy
for cancer. Regarding the anatomic issues, the false
lumen was greater than the true lumen, with residual
lumen at the renal portion of just 13 mm (Fig 3). The
lamella had been present for >10 years and was so hard
that it had to be remodeled in case of an endovascular
treatment. The presence of a huge hypogastric aneurysm
and a large lumbar artery increased the risk of paraplegia
in case of repair. The right renal artery was absent
because of a previous nephrectomy.

The case was discussed and some treatment options
were highlighted: (1) close follow-up: (2) open thoracola-
parotomy with visceral vessel and some lumbar artery
reimplantations, occlusion of the right iliac axis and
huge hypogastric aneurysm. and left to right femoral
crossover: (3) total endovascular solution with a thoracic
graft proximally, then a custom-made cuff produced by
Cook {Cook Medical, Brisbane, Australia) with three
fenestrations (superior mesenteric, celiac trunk, and right
renal artery). a bifurcated graft. and iliac limbs (Excluder:
W. L. Gore & Associates, Flagstaff, Ariz) because of its high
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Table. The « values for overall patients, group A (patients
with concordance for planning). and group B (patients
without concordance for planning

conformability for complete relining of the right iliac
axis and plug embolization of the hypogastric aneu-
rysm; and (4) total endovascular repair with chimney/
parallel grafts using standard devices. The surgical solu-
tion chosen was the third one. The critical issues of
planning were overcome: therefore, paraplegia was not
observed. and the true lumen in the narrowed part of
the aorta of 13 mm was expanded to 18 mm (Fig 4). In
particular, ballooning of the custom-made device was
petformed using a compliant balloon (Reliant: Med-
tronic, Santa Rosa. Calif) to have the maximum achiev-
able expansion of the device at the fevel of the
dissected aorta. Cannulation of the visceral vessels was
possible in all cases, and a balloon-expandable stent
(Advanta V12; Atrium Medical, Hudson, NH) was used.
The &-month follow-up was uneventful. and type II
endoleak was present at the level of aortic carrefour
from a lumbar artery.

Case 2. A 79-year-old man with a 60-mm type IV thor-
acoabdominal aneurysm was treated with use of a
custom-made device graft (JOTEC GmbH, Hechingen,
Germany) with four branches (two inner branches for
superior mesenteric artery and celiac trunk and two
external reversed branches for renal arteries; Fig 5. A and
B). The visceral vessels were stented using Advanta prox-
imally and Viabahn distally to accommodate the
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tortuosity better. The procedure was complicated by a
type Ib endoleak, which was reduced but still persistent
after intraprocedural deployment of a distal cuff and
prolonged balloon inflation (Fig 5, C and D). The case was
presented to discuss the possible solutions of the type Ib
endoleak, considering the distance from the lowest renal
branch and the aortic carrefour of 6.5 cm (Fig 6. A) and the
presence of two grafts (the custom-made 24-mm device
and the 26-mm cuff) at the level of the aorta pre-
carrefour, which was 22 mm in maximum diameter
with a good distal neck length of approximately 20 mm.
The surgeon proposed two possible solutions: (1) place-
ment of a Gore C3 bifurcated graft (W. L. Gore &
Associates)—this option had a 4-cm main body plus a
3-cm ipsilateral limb, a total of 7 cm, which was 1 cm
longer than the distance between the lowermaost renal
artery and the carrefour: this implantation required a
deployment of the graft proximally and a pullback to
accommodate the graft appropriately: and {2) placement
of a unibody bifurcated AFX endovascular aortic aneu-
rysm system (Endologix, Irvine, Calif) with a body length of
60 mm. All the surgeons approved the second solution.
Therefore, endovascular aneurysm repair was performed
using the Endologix AFX device with resolution of the
type Ib endoleak (Fig 6. B-D). As a take-home message of
this case, a 2-cm distal aortic calcified neck should not be
considered long enough for a stable implantation: we
must plan a direct landing in healthy iliac vessels.

DISCUSSION

The model of a regional teleconsultation herein pro-
posed is simple, economically sustainable, and effective
in the decision-making strategy. The preliminary results
of this study show that this kind of model of teleconsulta-
tion may be of value in standardizing the treatment and
derived costs of complex TAADs in a huge region under
the same public health service. The shared decision-
making strategy may be of medical-legal value as well.
In 66% of the cases, there was concordance in planning
and treatment. In the remaining 349, discussion was
important in finalizing the planning of the procedure.
This is not a negligible percentage, and it shows the
need of interaction and discussion amonhg surgeons in
planning and treatment of complex cases. Moreover,
the interobserver reliability observed in this study for
different measurements was not good among the partici-
pating surgeons, especially in the case of neck length or
diameter measurements (proximal and distal sealing
evaluation). A subgroup analysis showed a higher concor-
dance in planning if there was a higher agreement in
measures even if it was not perfect (Table) The main
reason for the not perfect interobserver reliability was
the presence of very challenging aortic anatomies. in
cases of complex anatomies, tortuosity, angulation, calci-
fication. thrombus, and in some cases dissection were
present, and therefore measurements were difficult and
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could not be standardized. To limit this problem. we
recommend making multiple measures in different pro-
Jections, without trusting the centerline measurement
too much. Then, after at least three measurements, the
mean values should be used for planning.

In fact, the literature demonstrated that in case of an
angulated aorta, the operator must adjust the centerline
according to the predicted path in which the main body
will run. These processes require judgment and care of
the operator and can cause interobserver disagree-
ment.”® The lack of concordance in measurements was
the main cause for the 34% initial lack of concordance
in planning. A major point of discussion was which aorta
segment should be considered good in terms of a seal-
ing zone. A successful endovascular procedure relies on
accurate preoperative imaging for proper operative plan-
ning. The not excellent interobserver reliability of
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measurements herein shown may be a warning mes-
sage for possible late failure, such as endoleaks, graft
thrombosis, graft misalignment. and failure to exclude
the aneurysm. The discussion enhanced by teleconsulta-
tion can be of value for better planning and therefore
treatment of such complex aortic diseases and protect
patients from adverse events. Results for group A and
group B were similar, with 100% technical success and
4% 6-month mortality. Telemeetings resulted in
increasing the rate of appropriate planning. All vascular
surgeons attributed great importance to participation
in this meeting. Furthermore, this method has never
been reported for vascular surgery. Telemedicine can
be beneficial to patients in isolated communities and
remote regions. who can receive care from physicians
or specialists far away without having to travel to visit
them>**" Recent developments in technology can
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allow health care professionals in multiple locations to experts in their fields and share best practices more
share information and discuss patient issues as if they easily.*™ We strongly think this is one of the major ac-
were in the same place. Telemedicine can also facilitate complishments of the telemeetings we have created.
medical education by allowing workers to observe Possible downsides of telemedicine include the cost of
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telecommunication and data management equipment
and of technical training for medical personnel who
will employ it® Regarding this issue, this service was
administered by one of the surgeons during his working
time with no adjunctive costs. The costs for the telecon-
sultation program are about €3000 per year, whereas
Google Drive is free. Laptops, tablets, or smartphones
used by attendees for the telemeetings were the same
ones used for hospital or personal activities without
adjunctive costs. Teleconsultation increased interaction
between medical professionals, and patients did not
need to visit different specialists to have a second or third
opinion® An issue is an increased risk that protected
health information might be compromised through

electronic storage or transmission. In addition, potentially
poor guality of transmitted records, such as images or
patient progress reports, and decreased access to rele-
vant clinical information are quality assurance risks that
can compromise the quality and continuity of patient
care for the reporting physician'® This point was over-
come by the storage of all data and CTA images in the
GCoogle drive files. The CTA images were reconstructed
in each center using DICOM software. Other obstacles
to the implementation of telemedicine include unclear
legal regulation for some telemedical practices and the
difficulty of claiming reimbursement from insurers or
government programs in some fields. In our experience
and country, legal issues are waived by the disclosure
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and acceptance of the patients for the teleconsultation.
This program of teleconsultation in fact was approved
by the Tuscan health governor and conforms to our
regional Health National System rules. This could be
different in other countries or states. All patients had a
positive feedback about the possibility of having a sec-
ond or third opinion and more without moving or
paying an extra fee. Anyway. a reimbursement fee
code could be created for the health system if this
kind of medical opinion is thought to be really needed.
Finally, we think that strong opinions of the vascular
community should be created to have a single and
distinguished voice for investments and reimburse-
ments with respect to the government authority. Tele-
meetings reduced the need for patients to travel but
can increase the need for expert surgeons to travel
and concentrate in centers of excellence to increase
the skill and experience of the medical team in treating
complex aortic disease, as occurred in two procedures
(8%) in this preliminary experience.

CONCLUSIONS

A regional service of teleconsultation may be of value in
standardizing the treatment and derived costs of com-
plex TAAAs in a huge region under the same public
health service. Teleconsultation allows surgeons to brief
and debrief complex cases so that parallel multicenter
and multisurgeon knowledge and skill can increase.
The shared decision-making strategy may be of
medical-legal value as well.

The authors would like to thank Nancy Cuff for her
editorial assistance and critical revision.
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APPENDIX.

The Televascolare Toscana Group. Department of
Surdery, Vascular and Endovascular Surgery Unit, Usl
Toscana Centro, "San Giovanni di Dic” Hospital, Florence,
Italy: Emiliano Chisci (founder and coordinator), Stefano
Michelagnoli, Azzurra Guidotti, Filippo Turini, Clara
Pigozzi. Aldo Alberti, Pierfrancesco Frosini. Enrico Bar-
banti, Eugenio Romano. Nicola Troisi; Vascular and
Endovascular Surgery Unit, Department of Medicine,
Surgery and Neurological Sciences, University of Siena,
Siena, ltaly: Gianmarco de Donato, Carlo Setacci:
Vascular Surgery, Department of Cardiothoracic and
Vascular Surgery. Careggi University Teaching Hospital,
University of Florence School of Medicine, Florence, Italy:
Carlo Pratesi, Aaron Fargion; Cardiovascular Department,
Vascular and Endovascular Surgery Unit. "S. Donato"
Hospital, Arezzo, Italy: Leonardo Ercolini, Giorgio Ventor-
uzzo, Guido Bellandi: Vascular Surgery Unit, 5. Maria
della Misericordia Hospital, University of Perugia, Perugia,
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ftaly: Gianbattista Parlani, Giacomo lIsernia. Giocele
Simonte, Massimo Lenti, Fabio Verzini; Vascular Surgery
Unit, Misericordia Hospital, Grosseto, Italy: Mirko Belcas-
tro, Ruggiero Landini, Riccardo Trovato, Giuseppe Galzer-
ano, Alfonso Casalino: Vascular Surgery, Cardiothoracic
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