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A Retrospective Chart Review 
Assessing Adherence to 

Surveillance Imaging 
Recommendations for Thoracic 

Aortic Dilation/Aneurysm 

A Retrospective Chart Review 
Assessing Adherence to 

Surveillance Imaging 
Recommendations for Thoracic 

Aortic Dilation/Aneurysm 

Thoracic Aortic 
Aneurysm/Dilation (n=30)

Study 
Population

(n=200)

598Female

25102Male

45-9418-95Age (Range)

6760Age (Mean)

Patient Population
• 200 patient visits at a single primary care clinic
• 18+ years old

Chart Review
• Most recent echo, CT chest, CTCA, and/or CMR reviewed
• Did they receive appropriate follow-up imaging

Results
• Aorta sizes ranged between 3.5-4.5 cm
• 30 individuals with dilated aorta
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A Retrospective Chart Review 
Assessing Adherence to 

Surveillance Imaging 
Recommendations for Thoracic 

Aortic Dilation/Aneurysm 

19 of the 30 patients (63%) were overdue 
for surveillance imaging
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Kamiar, Ali & Alitter, Qusai & Condor Capcha, Jose Manuel & Saad, Ali & Webster, Keith & Shehadeh, Lina. (2023). Ascending aortic aneurysm 
and histopathology in Alport syndrome: a case report. BMC Nephrology. 24. 10.1186/s12882-023-03345-5. 

Thoracic Aortic Aneurysm: ≥ 4.5 cm Thoracic Aortic Aneurysm: ≥ 4.5 cm 

Pros & Cons
• Enhanced communication

• 4.0 is too low to label “dilation”

Thoracic Aortic Dilation: 4.0 – 4.4 cmThoracic Aortic Dilation: 4.0 – 4.4 cm
• Aligns better with surgical 

guidelines

• Alarming to patients

10

Arterial aneurysm –
dilated to at least 

1.5X expected 
normal diameter

Arterial aneurysm –
dilated to at least 

1.5X expected 
normal diameter

Normal Vessel Arterial Aneurysm

Does this work for the aortic root? 

40 yo man
Average aortic root diameter 3.5 cm

≥ 1.5X = 5.25 cm

https://med.emory.edu/education/vme/AorticCenterPatientEd/procedures/aorticroot.html
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201 patients with BAV undergoing AVR 

Baseline aorta:
Normal (<4.0) in 57%
Mildly dilated (4.0 - 4.4) in 32%
Moderately dilated (4.5 - 4.9) in 11%

10-15 years of follow up (98% of patients)

Baseline aortic diameter 4.5-4.9 cm had 
significantly increased risk of dissection or sudden 
death compared to those with diameters < 4.5 cm 
(p < 0.001) 

Borger et al, 2004, American Association for Thoracic Surgery.

10-15 year freedom from ascending 
aorta-related complications was:

• 86% in the <4.0 cm group
• 81% in the 4.0-4.4 cm group
• 43% in the 4.5-4.9 cm group

10-15 year freedom from ascending 
aorta-related complications was:

• 86% in the <4.0 cm group
• 81% in the 4.0-4.4 cm group
• 43% in the 4.5-4.9 cm group

12

Plotted a distribution curve of 
ascending aortic size

Relative to a control aortic diameter:
- 4.0-4.4 cm conferred 89-fold    risk* dissection

- ≥ 4.5 cm conferred 6,000-fold     risk

3,573 subjects

Paruchuri et al, 2015, International Journal of Cardiovascular Medicine 

Mean age 60.7 years
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Paruchuri et al, 2015, International Journal of Cardiovascular Medicine 

14

What about indexing? 

The Z-Score

Cross-Sectional 
Area/Height 

Ratio

Aortic Size 
Index

Aortic Height 
Index
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15

Z =  (-μ )
 The Z-

Score

Cross-Sectional 
Area/Height 

Ratio

Aortic Size 
Index

Aortic Height 
Index

Z-Score Challenges
• Variability in population 

• BSA calculation inconsistency

• Limited data on normal adult Z score progression

• Lack of outcome-based data for Z scores in acute 

aortic syndromes

16

410 patients

Low Risk (4%/year) < 2.75 cm/m2

Moderate Risk (8%/year) 2.75- 4.24 cm/m2

High Risk (20%/year)  > 4.25 cm/m2

Increasing ASI was a significant predictor of 
increasing rates of rupture, dissection or death.

The Z-Score

Cross-Sectional 
Area/Height 

Ratio

Aortic 
Size 

Index
Aortic Height 

Index
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The Z-Score

Cross-Sectional 
Area/Height 

Ratio

Aortic Size 
Index

Aortic 
Height 
Index 780 patients

AHIs average associated risk of complications: 
4% risk/year: ≤2.43
7% risk/year: 2.44 - 3.17
12% risk/year: 3.21 - 4.06
18% risk/year: ≥4.1

Aortic diameter/height ratio showed similar 
performance as diameter/BSA ratio

18

The Z-Score

Cross-Sectional 
Area/Height Ratio

Aortic Size 
Index

Aortic Height 
Index

17
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Assessed timeliness of follow up imaging with 
echo, cardiac CT or MRI 

01

02

03

Adherence to Follow-up 
Imaging Recommendations for 

Thoracic Aortic 
Dilation/Aneurysm

Adherence to Follow-up 
Imaging Recommendations for 

Thoracic Aortic 
Dilation/Aneurysm

Thoracic aortic dilation or aneurysm first 
identified on echocardiogram from 2018-2023

Assess demographics, clinical characteristics, 
ordering provider

Preliminary Data

20

85% Male

15% Female

% 
(N =21,000)

Comorbidities

73%HTN

45%Reduced EF/CHF

24%DM

19%CVD

13%MI

13%COPD

13%Mod + valve disease

10%Stroke

N= 21,100

19
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43% adherence 
among 21,100 

patients

Non-Adherence
N=12,074

Adherence
N=9,026

Age Group

1,299 (11%)451 (5%)< 50
5,939 (49%)3,790 (42%)50-70
4,836 (40%)4,836 (53%)>70

Non-AdherenceAdherenceGender

10,390 (58%)7,609 (42%)Male 
N= 17,999

1,684 (54%)1,417 (46%)Female
N=3,101

64% non adherence

59% non adherence

53% non adherence

22

P-valueOther 
Provider

N= 13,072

Cardiology/CV 
Surgery
N=7,880 

<0.0015,154 (39%)3,798 (48%)Adhered, N (%)

Adherence by Ordering Specialty 

Cardiology/CV Surg
38%

Primary Care
54%

Ordering Specialty 

Neurology
EM

Heme/Onc
Pulm

0.03% GI 

ID
Nephro

Critical 
Care/Hospitalist 
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N= 11,174N= 21,100
85% Male

15% Female

84% Male

16% Female

% 
(N =11,174)

Comorbidities

66%HTN

19%DM

17%CVD

10%Stroke

9%COPD

24

Subgroup Analysis

Not IdealNot Ideal
34% 

adherence 
among 
11,174 

patients

34% 
adherence 

among 
11,174 

patients

66% non-
adherence
66% non-

adherence

Non-Adherence
N=12,074

Non-Adherence-
Subgroup
N= 11,174

Age Group

1,299 (11%)< 50
5,939 (49%)50-70
4,836 (40%)>70

64% non adherence

59% non adherence

53% non adherence

71% non adherence

67% non adherence

64% non adherence
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Changes to Echo Reporting
• Aortic dilation = 2SD beyond expected
• Expected normal diameters
• Aortic height index

- < 2.4 Low risk
-2.4-3.1 Moderate risk
-3.2-4.06 High risk 
->5: Surgical

Aorta-Management
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Retrospective analysis

• Implementation of echo report changes
• Algorithm for PCPs
• Present to primary care docs

Prospective study

Next Steps

32

Management of Aortic Disease is a Multidisciplinary 
Collaboration

Cardiology CV Surgery

31

32
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Management of Aortic Disease is a Multidisciplinary 
Collaboration

Cardiology CV Surgery

f

Patient

Patient’s 
FamilyPCP

Echo Lab

Echocardio-
grapher

Nurses

Imaging 
Techs

Palliative 
Care

Vascular CT/MRI 

34

Thank 
you!
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HeartMate 3 Pump Thrombosis: 
Expect The Unexpected

Rohit Masih, MD
Advanced Heart Failure & Transplant Cardiology Fellow

Minneapolis Heart Institute
12/9/2024

•I have no disclosures
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• 56-year-old male with a history of CAD s/p PCI of LAD, 
left circumflex, and RCA, ICM with an LVEF of 25 to 
30% complicated by CS 

• Underwent subsequent LVAD implantation with 
HeartMate III (HM3) in February 2024

• Presented to the ED in August 2024 with c/o shortness of 
breath, chest pressure and associated weight gain

• On presentation, hemodynamically stable with MAP in 60-
70s, HR 98 bpm and afebrile 

WHITE BLOOD COUNT      21.9
HEMOGLOBIN               13.9
HEMATOCRIT               41.6
PLATELET COUNT           220

SODIUM 138
POTASSIUM 4.0
CHLORIDE 106
CO2,TOTAL 18
ANION GAP 14
GLUCOSE 129
CALCIUM 9.1
BUN 17
CREATININE 1.48

ALT (SGPT) 18
AST (SGOT) 26
BILIRUBIN,TOTAL 1.2
BILIRUBIN,DIRECT 0.4 
BILIRUBIN,INDIRECT 0.8
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PRO-BNP 12,397 pg/mL

LACTATE 2.8 mmol/L

02:11 03:58 10:05 11:43
TROPONIN T HS 28 77 765 1,036

39
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• Heartmate 3 at 5800 RPM, cannula flow not well visualized, 
no high velocity signals

• Severely reduced global systolic function with an estimated 
EF of 10-20%

• Severely increased LV size; LVID(d) 7.1 cm 
• Right ventricular cavity size is not well visualized, global 

systolic RV function is severely reduced
• The mitral valve is sclerotic, trace mitral regurgitation
• Moderate tricuspid regurgitation
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• Appropriately positioned HM3 LVAD
• No obstruction of the inflow cannula
• Outflow graft is widely patent
• Severely reduced biventricular systolic 

function
• Aortic valve is over-sewn and does not 

open 

Tang, P et al. The Annals of thoracic 
surgery, 110(4), 1259–1264
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Tang, P et al. The Annals of thoracic 
surgery, 110(4), 1259–1264

The Society of Thoracic Surgeons Intermacs 
2020 Annual Report. The Annals of thoracic 
surgery, 111(3), 778–792
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The Society of Thoracic Surgeons Intermacs 
2020 Annual Report. The Annals of thoracic 
surgery, 111(3), 778–792

• Large blood flow gaps to improve hemocompatibility

• Textured blood contacting surfaces

• Centrifugal flow

• The magnetically levitated rotor
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https://www.cardiovascular.abbott/us/en/hcp/p
roducts/heart-failure/left-ventricular-assist-
devices/heartmate-3.html

Sheikh, F et al. HeartMate® II continuous-
flow left ventricular assist system. Expert 
review of medical devices, 8(1), 11–21
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Left Ventricular Assist Devices: A Primer for the Non-
Mechanical Circulatory Support Provider. Journal of clinical 
medicine, 11(9), 2575.

Two-Year Outcomes with a Magnetically Levitated Cardiac 
Pump in Heart Failure. The New England journal of medicine, 
378(15), 1386–1395
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Mehra MR et al. Five-Year Outcomes in Patients With 
Fully Magnetically Levitated vs Axial-Flow Left 
Ventricular Assist Devices in the MOMENTUM 3 
Randomized Trial. JAMA. 2022;328(12):1233–1242. 

• In view of left ventricle (LV) dilation with symptoms concerning for 
CS, a right heart catheterization (RHC) was pursued to evaluate 
hemodynamics.

• LVAD at 5800 RPMs gave a flow of 2.6L, pulsatility index of 3.6
➢ RA 11
➢ RV 56/3 (11)
➢ PA 61/28 (38)
➢ PCWP 18
➢ TPG 20 
➢ Fick CO of 3.02 L/m and CI of 1.44 L/min/m²
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• LVAD speed ramped up to 6000 RPMs, 
flow remained unchanged and estimated CO 
decreased to 2.86 L/m and CI of 
1.36L/min/m²
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Labrada, L. et al. The Journal of Heart and Lung 
Transplantation, Volume 40, Issue 4, S496
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• Important to be vigilant regarding this potential complication and early 
intervention

• Increase in LV diameter without evidence of outflow graft obstruction on 
imaging, should raise suspicion and warrants detailed evaluation of the LVAD 
log files

• Particularly, in patients with an oversewn aortic valve, one should expect rapid 
decompensation and VA-ECMO can be used to bridge these patients through 
HM3 exchange
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