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Use of surgical augmented intelligence maps can reduce
radiation and improve safety in the endovascular treatment of
complex aortic aneurysms
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Abstract

Objective: The introduction of endovascular procedures has revolutionized the management

of complex aortic aneurysms. Although repair has traditionally required longer operative times
and increased radiation exposure compared with simple endovascular aneurysm repair, the recent
introduction of three-dimensional technology has become an invaluable operative adjunct. Surgical
augmented intelligence (Al) is a rapidly evolving tool initiated at our institution in June 2019. In
our study, we sought to determine whether this technology improved patient and operator safety.

Methods: A retrospective review of patients who had undergone endovascular repair of complex
aortic aneurysms (pararenal, juxtarenal, or thoracoabdominal), type B dissection, or infrarenal
(endoleak, coil placement, or renal angiography with or without intervention) at a tertiary care
center from August 2015 to November 2021 was performed. Patients were stratified according
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to the findings from intelligent maps, which are patient-specific Al tools used in the operating
room in conjunction with real-time fluoroscopic images. The primary outcomes included operative
time, radiation exposure, fluoroscopy time, and contrast use. The secondary outcomes included
30-day postoperative complications and long-term follow-up. Linear regression models were used
to evaluate the association between Al use and the main outcomes.

Results: During the 6-year period, 116 patients were included in the present study, with

no significant differences in the baseline characteristics. Of the 116 patients, 76 (65.5%) had
undergone procedures using Al and 40 (34.5%) had undergone procedures without Al software.
The intraoperative outcomes revealed a significant decrease in radiation exposure (Al group, 1955
mGy; vs non-Al group, 3755 mGy; P=.004), a significant decrease in the fluoroscopy time (Al
group, 55.6 minutes; vs non-Al group, 86.9 minutes; 2= .007), a decrease in the operative time
(Al group, 255 minutes; vs non-Al group, 284 minutes; £=.294), and a significant decrease in
contrast use (Al group, 123 mL; vs non-Al group, 199 mL; £< .0001). No differences were found
in the 30-day and long-term outcomes.

Conclusions: The results from the present study have demonstrated that the use of

Al technology combined with intraoperative imaging can significantly facilitate complex
endovascular aneurysm repair by decreasing the operative time, radiation exposure, fluoroscopy
time, and contrast use. Overall, evolving technology such as Al has improved radiation safety for
both the patient and the entire operating room team. (J Vasc Surg 2023;77:982-90.)

Keywords

Aortic aneurysm; Artificial intelligence; Radiation

Endovascular aortic aneurysm repair (EVAR) had transformed the repair of abdominal aortic
aneurysms (AAAs) and the field of vascular surgery to a minimally invasive practice with
many benefits reported from landmark clinic trials and real-world studies, including lower
30-day mortality, a lower incidence of complications, and a shorter hospital stay.1=> As one
of the great technological advancements in the surgical field, the added risk of radiation
exposure to the operating room team and patient has not always been apparent. Long-term
exposure to radiation has been known to cause malignancies and cardiovascular disease, as
was seen in a cohort of Japanese atomic bomb survivors.8 As EVAR and complex aortic
repairs, such as physician-modified endografts with fenestrations and branches (f/bEVAR),
have become more common, the need to address radiation exposure and develop techniques
to help mitigate the radiation dose per case is increased.

Several studies have documented the relationship between radiation exposure and vascular
surgery. In 2015, a review of ionizing radiation during EVAR found that patient radiation
exposure had greatly increased owing to surveillance computed tomography (CT) scans and
that physician exposure is linked to the number of endovascular repairs performed annually,
although few radiation-related injuries have been reported.” Similarly, a systematic review
of 24 studies found that complex aortic cases resulted in a greater radiation burden and

that education regarding radiation safety was not always a prominent feature of training.8 A
retrospective review of infrarenal EVAR found that the total number of anatomic risk factors,
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such as aneurysm size, neck diameter, angulation, and body mass index (BMI), were the
most important factors related to increased radiation exposure.%10

Chronic low-dose radiation exposure has been studied infrequently. However, in the United
Kingdom, operators who had not worn leg shields during f/bEVAR were found to have

a higher amount of radiation-induced DNA damage.!! The advent of hybrid operating
rooms has introduced a new learning curve for endovascular repair but with the added
benefit of higher quality images, better ergonomics, and greater ease. A retrospective review
comparing hybrid operating rooms and conventional C-arm use did not find any differences
in the radiation parameters, suggesting that surgeon experience is the main factor.12

A paucity of literature and evidence of the factors necessary to decrease radiation exposure
during EVAR or f/bEVAR beyond the standard radiation safety practices are available.
Given the increasing prevalence of complex aortic repair and, therefore, greater radiation
exposure to both the operating room team and the patient, we investigated a technique to
mitigate radiation exposure.1314 We studied a surgical augmented intelligence (Al) tool that
was incorporated into the operating room to aid in three-dimensional (3D) visualization
during complex aortic repair.

This specific Al tool has been used in >3000 cases worldwide. It is a cloud-based platform
to allow for ease of integration into the vascular hybrid operating room. A preoperative
map is created from the patient’s CT scan, and marker rings are placed to identify the
visceral orifices. The map is then superimposed with real-time fluoroscopic images during
surgery. Together, this has allowed for easier identification, cannulation, and, ultimately,
stent placement of visceral vessels. A previous single-institution study found that this tool
can decrease radiation exposure and contrast during fEVAR.1°

METHODS

Study population.

We performed a retrospective study of all patients who had undergone complex aortic
aneurysm (pararenal, juxtarenal, or thoracoabdominal), type B dissection, or infrarenal
(endoleak, coil placement, or renal angiography with or without intervention) repair at a
single institution (University of California, San Diego) from August 2015 to November
2021. The institutional review board approved the present study and waived the requirement
for individual patient consent owing to the de-identified nature of the present study.

The demographic, clinical, and intraoperative data and shortand long-term outcomes were
recorded for each patient. The inclusion criterion was complex aneurysm repair during the
study period. The patients were stratified by the use of Al maps, which are patient-specific
Al tools used in the operating room in conjunction with real-time fluoroscopic images.
The patients were not randomized to either group. Use of the Al tool was instituted in
June 2019 at our hospital and was used almost exclusively since then. For the cases after
2019 for which the software was not used, these had been performed during the transition
period when we were learning how the tool could be implemented for nonfenestrated and
nonbranched cases. The exclusion criteria were patients deemed fit for open repair by the
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attending vascular surgeon and patients aged <18 years because the software requires the
patient to have mature vertebral anatomy.

Measurements and outcomes.

Technology.

A secure database was created using the electronic health records for all patients who

had undergone complex aortic repair at our institution from August 2015 to November
2021. For each patient, the demographic, clinical, operative, and postoperative data were
obtained. The demographic variables included age, sex, race, and medical comorbidities.
The clinical variables included aortic aneurysm size, aneurysm type, symptomatic status,
and procedure type (f/bEVAR, thoracic EVAR, EVAR). The primary outcomes included
the operative time, radiation exposure, fluoroscopy time, and contrast use. The operative
time was measured from the incision to closing, with the complete time measured in
minutes. Radiation exposure was measured in milligrays to represent the air kerma, and
the fluoroscopy time was measured in minutes by the hybrid operating room radiography
machine. The contrast volume was measured in milliliters during operative administration.
The secondary outcomes included 30-day postoperative mortality and complications such
as paraplegia, respiratory failure, stroke, bowel ischemia, and renal failure. The long-term
follow-up data included the aneurysm size at the most recent follow-up, the presence of
an endoleak, reintervention, aneurysm rupture after repair, aneurysm-related mortality, and
allcause mortality.

All surgeons at our institution were trained in the use of this specific Al tool in the
operating room. The tool is a cloud-based integrated solution (Cydar EV Maps, Cambridge,
UK) that generates a patient-specific 3D map of the relevant arterial anatomy based on
bony landmarks and updates in real time to optimize procedure planning and intraoperative
navigation and allows for an assessment of the outcomes. The 3D virtual map can be used
<30 minutes between the CT scan upload and surgery to assist in emergency cases. The
patients in the Al group had undergone preoperative mapping. First, a preoperative CT
scan of the chest, abdomen, and pelvis with intravenous contrast was obtained; however,
this step can also be performed using nonecontrast-enhanced scans. The preoperative CT
scan ideally should have a slice thickness of <1.0 mm, and each vertebra, including the
spinous processes, must be included. Second, the preoperative CT scan was uploaded to

a secure online vault, which identifies the patient by their name, birthdate, and a unique
identifier. Third, a dynamic, patient-specific 3D map was created showing virtual blood
vessels, guidewires, measurements, and markers. The measurements are patient specific at
various points in the aorta, iliac vessels, and branch vessels that are determined and adjusted
by the surgeon. The markers can be used to identify the origin of vessels such as the
mesenteric and arch vessels in the preoperative map.

In the operating room, the preoperative map was loaded and image tracking initiated. Once
fluoroscopy was initiated during the procedure and the lumbar vertebrae were in view,
fluoroscopy was used to link the preoperative map to the current patient position and provide
the overlay. Each time the view changes or wires alter the anatomy, the image tracking
software will automatically readjust. Additionally, the technology will allow the surgeon to

J Vasc Surg. Author manuscript; available in PMC 2023 June 10.
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micro-adjust the location of the vessel markers to the actual angiography imaging findings
when the intraoperative anatomy has been deformed relative to the preoperative anatomy
owing to changes in patient posture or the insertion of devices. Adjusting one vessel will
result in the correction of all other visceral vessels by moving all markers in parallel and,
thus, provides a real-time accurate map at all times. The ability to manually adjust the map
in the operating room to account for deformational changes is one of the unique advantages
of the Cydar Al tool compared with other developing systems?6 (Fig).

Overall, the Al tool creates a combined 3D reconstruction of the patient’s aorta and visceral
vessel origins through a combination of a patient-specific preoperative CT scan and live
intraoperative fluoroscopic images. Traditionally, endovascular suites had to have been
matched with company-specific Al software packages. However, Cydar is unique in that

it can be paired with any currently available fixed endovascular suite hybrid operating room
system or a portable unit such as a C-arm. During the entire study period, all cases were
performed using the same endovascular suite.

Statistical analysis.

RESULTS

Continuous variables were assessed using the Student t test and Wilcoxon rank sum test
and categorical variables using the XZ test of independence. Overall, <5% of our collected
variables had had missing or incomplete data.

Our cohort was divided into two groups according to Al usage during complex aortic repair.
Multiple linear regression was used to compare the outcomes of interest. The final models
were created using a stepwise backward selection with £< .01 on univariate analysis and
including clinically relevant variables. Model fit was assessed by R2. A two-tailed alpha
value of <0.05 was considered statistically significant. All data analyses used R studio,
version R-4.1.0 (Boston, MA).

Study population.

Our cohort included all consecutive patients who had undergone complex aortic aneurysm
repair at a single institution between August 2015 and November 2021, for a final cohort

of 116 patients. Of these patients, 76 (65.5%) had undergone surgery with Al mapping
(WAI) and 40 (34.5%) without Al mapping (WOAI). The mean age of the entire cohort was
73.1 + 11.2 years. Complex repair was further divided into f/bEVAR, complex EVAR for
type B dissection requiring EVAR or visceral vessel aneurysm or stenosis requiring EVAR,
endoleak repair from previous EVAR, and thoracic EVAR (Supplementary Fig 1, online

only).

Baseline characteristics.

In general, the two groups were similar at baseline. The WOAI group was older than
the WAI group (75.5 £ 9.0 years vs 71.9 + 12.0 years), with a greater proportion of

women (22.5% vs 14.5%), chronic kidney disease (32.5% vs 26.5%), hyperlipidemia
(50% vs 43.4%), a history of open AAA repair (5% vs 3.9%), and a history of EVAR

J Vasc Surg. Author manuscript; available in PMC 2023 June 10.
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(37.5% vs 34.2%). The high proportion of patients with previous EVAR was because our
institution is the only high-volume tertiary care center in the area. We receive many patients
from outside hospitals who had undergone EVAR several years prior and had developed
endoleaks requiring f/bEVAR that could not be performed at their current health center.

The WAL group had had a greater history of cardiac disease at baseline, including atrial
fibrillation (19.7% vs 17.5%) and congestive heart failure (17.1% vs 10.0%). Although these
differences were clinically relevant, none were statistically significant. The only statistically
significant difference was in the family history of AAAs (WOAI group, 10%; vs WAI group,
1.3%; P=.029; Table I).

Aneurysm characteristics.

No significant differences were found in aneurysm size, symptomatic status, or rupture
status between the two groups (Table 11). On average, 2.6 visceral vessels had been treated
in the WAI group and 2.3 in the WOAI group (P = .479). Additionally, when the aneurysms
were stratified by type or treatment indication (pararenal, juxtarenal, thoracoabdominal, type
B dissection, thoracic, infrarenal [including endoleak or coil], or other [including visceral
aneurysms or stenosis]), no significant differences were found between the two groups.

PRIMARY OUTCOMES

The univariate analysis results revealed significantly different outcomes for radiation
exposure, fluoroscopy time, and contrast use (Table I11). We found that radiation exposure
for the WAI group was almost one half that for the WOAI group (1955 mGy vs 3755 mGy;
P=.004). Furthermore, the fluoroscopy time was 30 minutes less for the WAI group (55.6
minutes vs 86.9 minutes; £=.008). Contrast use was also less in the WAI group (122 mL
vs 199 mL; £<.0001). Although not statistically significant, a decrease was also found in
the operative time for the WAI group (255 minutes vs 284 minutes; 2= .294). Additionally,
we created a ratio between the radiation dose and BMI and found that even after accounting
for the BMI, a significant reduction remained in the radiation exposure for the WAI group
(65.2 vs 139.7; P=.001). Finally, no significant differences were found in the estimated
blood loss, units of packed red blood cells transfused, or amount of intravenous fluids
administered. Over time, less radiation exposure had occurred, with an emphasis on when
the use of the Al tool had been initiated (Supplementary Fig 2, online only).

Regression model.

The results from the adjusted linear regression models for the primary outcomes are
presented in Table IV. After adjusting for age, sex, race, BMI, coronary artery disease,
smoking status, history of EVAR, aneurysm size before repair, and aneurysm type, we found
a significant decrease in contrast use, radiation exposure, and fluoroscopy time with Al

use. With the Al tool, we found a decrease of 77 mL in the contrast used (P< .0001), a
decrease of 2002 mGy in radiation exposure (P < .0001), and a decrease of 26 minutes in
the fluoroscopy time (P=.007). Although a decrease in operative time had occurred, the
difference was not significant. Overall, the multivariate model indicated that contrast use,
radiation exposure, and fluoroscopy time were decreased with the use of fusion imaging.

J Vasc Surg. Author manuscript; available in PMC 2023 June 10.
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Thirty-day postoperative outcomes.

We found no differences in the incidence of access-site complications, including hematoma,
distal embolus, and pseudoaneurysms, and no differences in the length of stay. Additionally,
no differences were found in the incidence of major complications after complex
endovascular aortic repair, including stroke, bowel ischemia, lower extremity ischemia, renal
failure, new-onset dialysis, and death in the perioperative period (Table V).

Long-term outcomes.

Overall, no differences were found in presence of the endoleak on repeat imaging,
reintervention, aneurysm rupture after repair, changes in aneurysm size from preoperatively
to the most recent follow-up, aneurysm-related mortality, or all-cause mortality
(Supplementary Table, online only). Most of the endoleaks at follow-up were attributed

to type Il endoleaks (WOAI group, 45.5%; vs WAI group, 69.6%), with only one patient in
each group with an endoleak attributable to an aortic side branch or side brancheside branch
attachment. Additionally, none of our patients had experienced aneurysm rupture after repair
or aneurysm-related mortality.

DISCUSSION

The introduction of minimally invasive endovascular repair has revolutionized the field of
vascular surgery. However, minimally invasive endovascular repair has increased the risk of
radiation exposure to the operating team and the patient and the risk of contrast-induced
kidney injury to the patient.1”-19 A study by El-Sayed et al'! was one of the first studies

to find acute DNA damage in operators after branched and fenestrated aortic repair. We
performed a retrospective review of prospectively collected data to study the effects of Al
software incorporated into the operating room on the known risks of endovascular surgery.
Most initial studies of image fusion in the operating room found a decrease in contrast

use, similar to our study; however, in contrast to our study, they did not find a decrease

in radiation levels.20-23 Al technology, specifically the Cydar EV mapping used at our
institution, is an improvement over first-generation 3D mapping because of two major
advances: real-time adjustment using cloud-based technology and deformational adjustment
due to stiff wires and devices. We believe that our significant reduction in radiation exposure
had likely resulted from both the easier identification of the target vessel ostium and manual
adjustment of vessel deformation as the wires and devices were inserted. Additionally, the
Al tool allows operators to perform less digital subtraction angiography because the visceral
orifices have already been identified.

Our study found a significant decrease in both radiation exposure and contrast use in the
WAL group compared with the WOAI group, similar to the findings from small-volume,
single-center reviews from Europe and the United States.24-27 A prospective trial comparing
simple infrarenal EVAR with 44 fusion Al patients and 21 controls found no significant
difference in operating time or fluoroscopy time, with, however, a lower air kerma product
in the fusion group (82 mGy vs 142 mGy in the control group) and overall fewer digital
subtraction angiography runs in the fusion group.24 A similar study of complex EVAR
compared with a previously reported EVAR cohort found that the addition of fusion imaging

J Vasc Surg. Author manuscript; available in PMC 2023 June 10.
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lowered radiation exposure.2> Finally, a study of 30 cases of f/bEVAR using fusion imaging
compared with 30 controls found that fusion imaging was beneficial in terms of procedure
time and contrast volume administered but not the fluoroscopy time.28

A comprehensive literature review in Europe led to reporting standards and
recommendations that all trainees undergo specific radiation safety training to apply the
ALARA (as low as reasonably achievable) principle because of the amount of radiation
exposure they would encounter in practice.2? Previous studies have demonstrated the use of
fusion imaging to assist intraoperatively with the anatomic distortion that occurs between the
preoperative CT scan and the insertion of rigid wires that shift the visceral vessel ostium.30
A study in Canada found that a combination of educational incentives, a slower frame rate,
a lower radiation dose per pulse, and 3D mapping integration decreased the mean dose area
product during interventional and electrophysiology procedures.3! The current strategies

to mitigate the radiation levels have had mixed results in the operating room. The use of
dosimetry badges has not been found to change surgical practice when real-time data on
high radiation doses are conveyed.32

A study of 100 patients with either thoracic aneurysm repair or abdominal aneurysm repair
found that an increase of 10 minutes of treatment caused an increase in 80 Gy cm? in

the dose area product, which is a surrogate measure for the total amount of x-ray energy
delivered to the patient.33 This finding was similar to our study, where we found that our
WOAI cases had required, on average, a 30-minute longer fluoroscopy time, with almost
double the radiation exposure. A meta-analysis in 2021 of 11 studies totaling 1500 patients
found that complex EVAR repair with image fusion had required significantly less contrast
volume, fluoroscopy time, and procedure time compared with the cases without image
fusion.3* This was similar to the findings from our analysis, except that we did not find

a significant difference in the operative time between the WAI and WOAI groups. One
explanation for this was that, overall, the complexity of our cases had increased over time. A
similar meta-analysis of 900 patients across seven studies found a significant decrease only
in the contrast volume for complex aortic repairs with the addition of 3D fusion imaging.3®

Overall, use of the Al tool allowed vascular surgeons to incorporate a patient’s preoperative
CT scan with live intraoperative fluoroscopic images. This allows for easier identification of
small visceral orifices, which, traditionally, have been more difficult to cannulate and require
large amounts of radiation for proper visualization. The use of Cydar EV mapping differs
from that of other currently available technology in that it is cloud based, able to interact
with any hybrid operating room system or portable system, and, finally, that real-time
adjustments of the map can be made in the operating room if deformational changes from
wires or devices has occurred. At our institution, this tool was easy to incorporate for our
four surgeons and has been the most beneficial with the f/bEVAR cases. As previously
stated, we believe this technology can reduce radiation exposure and increase patient and
operator safety because it allows for easier cannulation of the visceral orifices with less
radiation needed for visualization.

J Vasc Surg. Author manuscript; available in PMC 2023 June 10.
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Study limitations.

Our study had several limitations. First, the retrospective nature of the study did not allow
for an accurate assessment of causation. Although our multivariate models attempted to
control for significant confounders, a prospective study or randomized trial should be
considered. Second, we performed the present study with a relatively small sample size

and only at a single institution with vascular surgeons specifically trained and adept at using
the Al software. Further studies should focus on larger sample sizes with more patient and
surgeon variety. Third, future studies could focus on the operative time defined by the use of
Al from wire insertion to the final angiogram to eliminate vessel access and closure times.
Fourth, because the patients were prospectively added to the database with the start of Al

in 2019, one could argue that surgeon experience had increased and the learning curve had
decreased and could have contributed to our outcomes. However, we believe that by 2019
when Al usage was initiated, each surgeon at our institution had already had high-volume
experience in complex aortic work. Finally, our study had a temporal bias. During the
course of our study, most of the WAI procedures had been completed later in our operative
experience. These cases were subjectively more complex and, as an institution, we were
performing more difficult cases in part because we were using fusion imaging assistance.

Overall, during the course of our study, radiation awareness and safety had likely increased,
in addition to the aforementioned technique changes that helped contribute to the decrease in
radiation levels. In terms of the Al software, the Cydar EV maps has one inherent limitation.
The link between the patient’s preoperative map and fluoroscopic images relies on vertebral
body identification. In the case of severe osteoporosis or the presence of spinal hardware,
this could represent a potential limitation. However, to date, such cases have represented
<1% of cases performed.

CONCLUSIONS

As complex endovascular procedures become more common and radiation exposure
increases for both patients and operating room teams, the need for strategies to mitigate
the risks associated with radiation exposure has increased in importance. Our study found
that the use of cloud-based integrated augmented intelligence software in conjunction with
real time fluoroscopic images in the operating room can reduce contrast use, fluoroscopy
time, and radiation exposure compared with similar cases that did not use Al technology.
We believe that this tool can decrease radiation exposure for the entire operative team and
improve radiation safety for vascular surgeons. Further prospective or randomized clinical
trials are needed to confirm our findings.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ARTICLE HIGHLIGHTS
Type of Research: A single-center, retrospective cohort study

Key Findings: In a study of 116 patients, augmented intelligence software,
which incorporates a patient’s preoperative computed tomography scan and
live fluoroscopic images, resulted in a decreased radiation dose (1955 mGy vs
3755 mGy; P=.004), reduced fluoroscopy time (56 minutes vs 87 minutes;
P=.007), and decreased contrast volume (123 mL vs 199 mL; £<.0001) in
complex endovascular aortic repairs.

Take Home Message: Surgical augmented intelligence can reduce the
radiation dose, fluoroscopy time, and contrast volume in complex aortic
repairs.
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Pre Adjustment Rings Adjustment for
Showing Incorrect Graft Position Deformation Post Adjustment

Right Renal and
tery Cannulation Completion Angiogram

Fig.

Cydar EV map showing preadjustment rings showing incorrect graft position (A),
adjustment for deformation (B), after adjustment (C), right renal and celiac artery
cannulation (D), and completion angiogram (E).
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Baseline characteristics

Table I.

Characteristic WAI (n =76; 65.5%) WOAI (n =40; 34.5%) P value
Age, years 71.9+12.0 755%£9.0 .075
BMI, kg/m? 27654 26.1+55 .166
Male sex 65 (85.5) 31(77.5) 277
Hispanic 12 (15.8) 3(7.5) 446
White race 45 (59.2) 28 (70.0) 463
Chronic kidney disease 20 (26.3) 13 (32.5) 101
Atrial fibrillation 17 (22.4) 7(17.5) .538
Congestive heart failure 13 (17.1) 4 (10.0) .304
Peripheral arterial disease 15 (19.7) 7 (17.5) 770
History of CABG or PCI 33 (43.4) 11 (27.5) 093
Type 2 DM 12 (15.8) 5 (12.5) 634
Coronary artery disease 36 (47.4) 17 (42.5) .617
Hyperlipidemia 33(43.4) 20 (50.0) 499
Hypertension 65 (85.5) 33 (82.5) .669
History of aneurysm other than aorta 6(7.9) 2(5.0) .559
History of open aortic repair 3(3.9) 2(5.0 791
History of endovascular repair 26 (34.2) 15 (37.5) 725
Family history of aortic aneurysm 1(1.3) 4 (10.0) .029
History of malignancy 17 (22.4) 10 (25.0) .750
Aspirin use 44 (57.9) 23 (57.5) 967
Clopidogrel use 13 (17.1) 6 (15.0) 771
Statin use 55 (72.4) 26 (65.0) 411
Anticoagulation use 22 (28.9) 6 (15.0) .095

Page 14

BMI, Body mass index; CABG, coronary artery bypass grafting; DM, diabetes mellitus; PC/, percutaneous coronary intervention; WA/, with
augmented intelligence mapping; WOA/, without augmented intelligence mapping.

Data presented as mean + standard deviation or number (%).
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Table I1.
Aneurysm characteristics
Characteristic WAI (n =76; 65.5%) WOAI (n=40; 34.5%) P Value
Aneurysm size, mm 63.3+17.9 66.2+14.9 351
Symptomatic 11 (14.5) 3(7.5) 273
Rupture 2(2.6) 2(5.0) .506
Type of aneurysm .380
Pararenal 27 (36.0) 17 (42.5)
Juxtarenal 3(4.0 1(2.5)
Thoracoabdominal
Type | 3(4.0) 2 (5.0)
Type Il 9 (12.0) 1(2.5)
Type 11 0 2(5.0)
Type IV 4(5.3) 5(12.5)
Type V 6 (8.0) 2(5.0)
Type B dissection 5(6.7) 1(2.5)
Thoracic 1(1.3) 0 (0)
Infrarenal? 13(17.3) 6 (15.0)
Other? 4(5.3) 3(7.5)
Vessels treated, No. 26+17 23+15 479

WA/, With augmented intelligence mapping; WOA/, without augmented intelligence mapping.

Data presented as mean + standard deviation or number (%).
a .
Included endoleak and coil.

b . .
Included visceral aneurysms and stenosis.

1duosnuey Joyiny

1duosnuen Joyiny

J Vasc Surg. Author manuscript; available in PMC 2023 June 10.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Patel et al.

Intraoperative outcomes (univariate analysis)

Table Ill.

Page 16

Outcome

WAI (n = 76; 65.5%)

WOAI (n = 40; 34.5%)

P value

Radiation exposure, mGy
Fluoroscopy time, minutes
Operative time, minutes

Contrast volume, mL

Estimated blood loss, mL

Packed red blood cells transfused, U
Intravenous fluid administered, mL
Spinal drain placement

Arterial line placement

Central line placement

Radiation/BMI ratio

1955 + 1256
55.6 + 39
255 + 109
122 +59

2925+ 4237
04+125

1523.7 + 804.0
11 (14.5)
71(93.4)
20 (26.3)
65.2 + 46.7

3755 * 3638
86.9 + 66
284 + 154
199 + 97

232.3+209.4
0.5+1.04

1816.3 +1047.4
9 (22.5)
39 (97.5)
8(20.0)
139.7 £132.2

.004
.008
.294
<.0001
.308
.758
128
277
.346
450
.001

BMI, Body mass index; WA/, with augmented intelligence mapping; WOA/, without augmented intelligence mapping.

Data presented as mean + standard deviation or number (%).
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Thirty-day outcomes

Table V.

Outcome WAI (n =76; 65.5%) WOAI (n =40; 34.5%) P value
Length of stay 6.4+7.9 6.9+8.6 752
Hematoma 4 (5.3) 0 (0) .140
Pseudoaneurysm 3(3.9) 0 (0) .203
Pneumonia 3(3.9) 3(7.5) 412
Urinary retention 1(1.3) 1(2.6) .641
Urinary tract infection 3(3.9) 3(7.5) 412
Stroke 3(3.9) 0 (0) 203
Renal failure 2(2.6) 0 (0) .301
Dialysis 3(3.9) 0(0) .203
Bowel ischemia 1(1.3) 0 (0) 466
Lower extremity ischemia 1(1.3) 0 (0) 466
Paraplegia 2(2.6) 1(2.6) .966
Death 4(5.3) 0 (0) .140

WA/, With augmented intelligence mapping; WOA/, without augmented intelligence mapping.

Data presented as mean + standard deviation or number (%).
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