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Abstract

Background—The association between long-term mortality and aortic atheroma in cardiac 

surgical patients has not been comprehensively investigated. In this study we determine the 

relationship between grade of atheroma and the risk of long-term mortality in a retrospective 

cohort of over 20,000 patients undergoing cardiac surgery over a 20 - year period.

Methods—We included 22,304 consecutive intraoperative transesophageal and epiaortic 

ultrasound examinations performed at Brigham and Women’s Hospital between 1995 and 2014, 

with long-term follow-up. The extent of atheromatous disease recorded in each examination was 

used for analysis. Mortality data was obtained from our institution’s data registry. Mortality 

analyses were done using Cox proportional hazard regression models with follow-up as a time 

scale. We repeated the analysis in a subgroup of 14,728 patients with more detailed demographics, 

including postoperative stroke, queried from the institutional Society of Thoracic Surgeons 

database.

Results—A total of 7,722 mortality events and 872 stroke events occurred. Patients with 

atheromatous disease demonstrated a significant increase in mortality across all grades of severity, 

both for the ascending and descending aorta. This relationship remained unchanged after adjusting 
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for additional covariates. Adjustments for postoperative stroke resulted in only minimal 

attenuation in the risk of postoperative mortality related to aortic atheroma.

Conclusions—Aortic atheromatous disease of any grade in the ascending and descending aorta 

is a significant long-term risk of long-term, all-cause mortality in cardiac surgery patients. This 

association remains independent of other conventional risk factors, and is not related to 

postoperative cerebrovascular accidents.

Thoracic aortic atheroma is associated with increased risk of postoperative complications 

after cardiac surgery. (1-5) In a study of 189 patients undergoing multivessel coronary artery 

bypass grafting (CABG) surgery, 45.5% of patients with severe atheromatous disease in the 

descending aorta sustained strokes in the first week following surgery, compared to patients 

with no disease or mild disease who experienced no strokes.(4) Furthermore, significant 

aortic atheroma burden has been associated with a nearly five-fold increase in 

neuropsychological dysfunction, and is an independent risk factor for renal dysfunction in 

the first week after cardiac surgery.(1,6)

Patients with a history of stroke and thoracic aortic atheromatous disease have increased 

mortality and an increased rate of embolic events when compared to those with no 

atheromatous disease.(7) Ascending aortic atherosclerosis is also associated with a 1.5 fold 

increase in mortality over a three year period.(2) However, these studies were lacking in 

patient number and duration of follow-up, were limited to the ascending aorta, or were 

deficient in the quality of the assessment of aortic disease. Furthermore, the association 

between long-term mortality and aortic atheroma has not been comprehensively investigated.

Therefore, we examined the relationship between grade of aortic atheromatous disease and 

long-term mortality in a retrospective cohort of over 20,000 patients undergoing cardiac 

surgery at a single center over a 19-year period. We hypothesized that given the large 

number of patients we would be able to identify an association with long-term mortality 

even at lower grades of atheromatous severity, and that this would be independent of 

cerebrovascular events or other comorbidities.

Material and Methods

Study Population

In our analysis we included 22,304 consecutive intraoperative cardiac ultrasound 

examinations performed at the Brigham and Women’s Hospital between 1995 and 2014. The 

study population consisted of all cardiac surgical patients who had undergone intraoperative 

epiaortic ultrasound examinations (EPI) and/or transesophageal echocardiography (TEE). 

The study and the retrospective review of the patients’ medical records were approved by the 

Partners Healthcare Institutional Review Board.

Data Collection

All patients received standard medical care. Baseline demographics, comorbidities, and 

imaging data were recorded and stored in an encrypted online database. The extent of 

ascending and descending thoracic aorta atheromatous disease was graded as none, mild, 
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moderate, or severe by National Board of Echocardiography certified anesthesiologists using 

a modified version of the Kronzon scale.(8,9) Specifically, mild atheroma was defined as 

localized atherosclerotic thickening less than 3mm, moderate atheroma as atherosclerotic 

thickening between 3 and 5 mm, and severe atheroma as atherosclerotic thickening greater 

than 5 mm or the presence of mobile plaque. Patients without atheroma grading data were 

excluded from the study. For a discrepancy between the EPI and TEE, the more severe grade 

was chosen.

Endpoint

The primary endpoint was defined as all-cause mortality. Operative records from our 

departmental TEE database were matched with the Partners Healthcare System Research 

Patient Data Registry to obtain mortality data, which is updated from the National Death 

Index.

Subgroup analysis

We repeated the analysis in a subgroup of 14,728 patients with more detailed demographics 

queried from the institutional Society of Thoracic Surgeons database. Additional variables 

include body mass index, race, smoking history, history of diabetes, hypertension, 

hyperlipidemia, peripheral vascular disease, creatinine, and urgency of operation.

Statistical analysis

Statistical analyses were performed in R 3.1.1 (https://www.r-project.org) using the 

“survival” package. Kaplan-Meier survival curves were compared using a two-sided non-

parametric log-rank test. Univariate analyses were initially performed to examine the 

association between potential predictors and outcomes, followed by a multivariate model 

including all potential predictors. Mortality analyses were performed using Cox proportional 

hazard regression models with follow-up as a time scale. We repeated the analysis in a 

subgroup of 14,728 patients with more detailed demographics queried form the institutional 

Society of Thoracic Surgeons database, to further control for variables that were not in our 

original database but might be associated with an increase in mortality.

In the subgroup analysis, we were also interested in the effect of atheroma on mortality risk 

that is not related to cerebrovascular accident (CVA). Thus a control direct effect model was 

performed, including CVA as a variable in the multivariate Cox model under the assumption 

that after adjusting for other covariates, no unobserved confounding remained for the joint 

effects of atheroma and CVA on mortality. We also assumed that atheroma did not confound 

the relationship between CVA and mortality. The proportional hazards assumption was 

validated by a goodness-of-test based on scaled Schoenfeld residuals.(10) We stratified by 

variables for which the proportional hazards assumption did not hold. For all analyses, a 

two-sided p value <0.05 was considered statistically significant.

Results

The average years of follow-up was 6.6 years (a total of 146,767 person years). 7,722 

mortality events and 872 CVA events occurred. Of the 22,304 patients with complete 
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information on atheromatous disease and follow-up data, more than 50% had a diseased 

ascending aorta and over 70% had a diseased descending aorta. The number of patients with 

moderate and severe disease was much higher in the descending than the ascending aorta 

(34% versus 14%). Demographic and preoperative data are shown in Table 1.

Univariate analysis

Univariate predictors of long-term, all-cause mortality are listed in Table 2. Patients with 

atheromatous disease demonstrated a significant increase in mortality across all grades of 

severity, both for the ascending and descending aorta (Table 2). The Kaplan-Meier curves 

differentiated between all grades of atheroma in the ascending aorta (Figure 1a) and the 

descending aorta (Figure 1b) (P<0.001). The significant association was apparent early, with 

an increase throughout follow-up. In addition, other significant univariate predictors of 

mortality are age, left and right ventricular function, the type of surgery performed, race, 

urgent or emergent surgery, past smoking history, diabetes, hyperlipidemia, hypertension, 

increased creatinine value, peripheral vascular disease and postoperative CVA (table 2).

Cox proportional regression

In multivariate Cox Proportional Regression analyses, the association between moderate and 

severe ascending and descending atheromatous disease and mortality remained strong after 

adjusting for other predictors (Table 3). We observed an incremental increase in the risk of 

death beginning with mild disease, compared to normal aorta. Age, left ventricular and right 

ventricular function, urgent surgery status, past smoking history, increasing creatinine value, 

diabetes, hypertension, peripheral vascular disease, and postoperative CVA were also 

significantly and independently associated with all-cause mortality. As a matter of fact, the 

hazard ratio of severe atheromatous disease (1.89 for the ascending and 2.2 for the 

descending aorta) was greater than any other included variable, in the complete dataset as 

well as the subgroup analysis. Thus, in the subgroup the risk of dying as a result of having 

moderate or severe atheromatous disease is greater than having urgent surgery, diabetes, or 

peripheral vascular disease.

Subgroup analysis

In the subgroup analysis of 14,728 patients, aortic atheroma continued to be an independent 

risk factor for postoperative mortality with hazard ratios that were very similar to the 

complete dataset after adjusting for additional covariates (Table 4). The addition of 

postoperative CVA to the cox regression model as an independent variable resulted in only 

minimal attenuation in the risk of postoperative mortality related to aortic atheroma (Table 

5).

Comment

The presence of significant aortic atheromatous disease has been associated with collateral 

cardiovascular disease in ambulatory patients, and short-term adverse postoperative 

outcomes in cardiac surgical patients. (1-3,11) The results of this investigation now 

demonstrate a robust relationship between grade of aortic atheroma and long-term mortality 

in a retrospective cohort of over 20,000 patients at a single center. While patients with high-
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grade aortic atheromatous disease had the greatest increase in mortality, patients with mild 

disease also showed a significant increase in mortality. This relationship remained even after 

controlling for patient demographics, comorbidities, and known confounders. Furthermore, 

previous studies were often limited to the ascending aorta while we were able to show an 

equally strong effect in the ascending and descending aorta.

The mechanism by which aortic atheroma confers an increased risk of mortality has not 

been definitively established. Atheroma is believed to be a rich source of cerebral emboli 

following surgical manipulation of the atherosclerotic aorta. (3,4) Blauth and colleagues 

reported that a significant percentage of patients who died following cardiac surgery had 

evidence at autopsy of atheroembolism of multiple organs.(12) These investigators observed 

that atheroembolic events occurred in 37% of patients with severe atheromatous disease of 

the ascending aorta, but in only 2% of patients without significant disease. In our analysis, 

mortality risk was independent of whether patients had a postoperative stroke, suggesting 

that other mechanisms may be involved. In addition, as can be seen in the Kaplan-Meier 

curves, the majority of deaths cannot be attributed to the perioperative period.

Alternatively, the presence of atheroma in the thoracic aorta may be a hallmark of severe 

systemic cardiovascular disease.(8) Aortic plaque is associated with increased inflammatory 

markers and elevated levels of homocysteine and prothrombin, and increased aortic wall 

thickness assessed by multidetector computed tomography predicts coronary artery disease 

severity; over ninety percent of patients with thoracic aorta calcification also present with 

coronary artery plaque. (11,13) Hypertension, DM, PVD, and a history of stroke are also 

correlated with advanced aortic atheromatous disease.(4) It may be that atheromatous burden 

is a surrogate marker for a multitude of variables both caused by the disease process (HTN, 

renal disease, PVD, CAD), and also the severity of disease. However, after controlling for 

comorbidities associated with systemic vascular disease (HTN, HLD, PVD, CVA), aortic 

atheroma continued to be an independent risk factor for mortality in our patient population.

More comprehensive analysis of aortic atherosclerotic disease may provide insight into the 

relationship between atheroma grade and cause of death. Previous studies have suggested 

that the location and characteristics of atherosclerotic disease may impact postoperative 

stroke and mortality. In a review of 921 patients undergoing CABG surgery, van der Linden 

et al. found that location of atheroma in the middle-lateral segment of the ascending aorta is 

an independent predictive factor for postoperative stroke (RR 26.2).(14) Ferrari et al. found 

that patients with mobile aortic atheroma had increased mortality when compared to patients 

with non-mobile atheromatous disease.(15) Atherosclerotic load in major vessel beds is 

associated with an increased risk of death.(16) When comparing atheromatous disease in the 

coronary arteries, aortic arch, extracranial carotid arteries, and intracranial carotid, Bos. et al 

found that aortic arch atherosclerosis was found to be associated with the greatest increase in 

mortality.

The authors postulate that given its central location in the arterial system, aortic arch 

atherosclerosis represents a better reflection of the total burden of atherosclerosis.(16) 

Nonetheless, we found an equally strong association between the ascending and descending 

aortic atheroma and risk of mortality.
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It is well established that adjustments in surgical technique, such as minimizing aortic 

manipulation and adjustment of cross clamp position when atheroma is present, can decrease 

the incidence of perioperative stroke.(17) Further research is warranted to determine whether 

patients found to have atheromatous disease on intraoperative TEE may benefit from further 

modification of surgical plan and surgical technique. In a casematched comparative study of 

patients with severe atheromatous disease, Sharony et al. found that off-pump coronary 

artery bypass technique was associated with lower morbidity and mortality when compared 

to coronary artery bypass.(18) Demaria et al. have found that off-pump coronary artery 

bypass technique was associated with less operative mortality and strokes in octogenarians 

then conventional CABG under CBP.(19) Patients with high grade atheroma may benefit 

from adjustment of surgical plan.

Limitations

Observational, retrospective studies are susceptible to limitations associated with potential 

inconsistency in data collection, the lack of prospectively delineated definitions of predictors 

and outcomes, and missing data. Data in our study was collected using departmental and 

institutional databases that have been validated historically for accuracy and consistency. 

Furthermore, the data was collected by experienced, National Board of Echocardiography 

certified cardiac anesthesiologists who specifically adhered to published, guideline 

recommended criteria for grading aortic atheroma using simple measurements of atheroma 

thickness that are highly reproducible. [4]

Quality of echo technology, and practice patterns of echocardiography, evolved over the 20 

year period of the study. It is possible that the relatively poorer quality of echo in the early 

period of this study could have affected the grading of atheroma relative to the later part of 

the study. Patients in the earlier years of our study who only received TEE and not epiaortic 

ultrasound exams may have had under-reporting of atheroma in the aortic arch and 

ascending aorta due to limited visualization with the TEE probe. However, multiple studies 

indicated that there is a good correlation between atheromatous disease in the three aortic 

segments.(8,20) In addition, despite decreased ability to image the aortic arch and ascending 

aorta with the TEE probe, the interobserver variability within these segments was similar to 

that of the better visualized descending aorta.(8)

Another limitation is that we could not adjust for surgical practice patterns with respect to 

how surgical technique was modified in response to the presence of atheromatous disease 

found on intraoperative ultrasound exams. It is possible that changes in surgical planning, 

such as modifying cross clamp location, modified aortic crossclamp time, aortic 

endarterectomy, and circulatory arrest with retrograde cerebral perfusion, improved 

outcomes and led to an underestimation of the effect of atherosclerosis on mortality.

Mortality data was obtained through the research patient data registry, which is updated from 

the national death index. Another limitation is that this database did not provide information 

about cause of death, or allow for the ability to differentiate between cardiovascular and 

non-cardiovascular mortality. Finally, the inclusion of over 20,000 patients in this 

investigation not only contributes to the robust strength of the results, but also represents the 

largest published series on this topic from a single center.
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Conclusions

Aortic atheromatous disease of any grade is a significant risk factor of all-cause, longterm 

mortality in cardiac surgical patients. This association remains independent of other 

conventional risk factors, and is not related to postoperative cerebral vascular accidents. 

Further research is warranted to elucidate whether direct mechanisms are responsible for the 

observed increase in postoperative mortality, or if atheromatous disease serves as a marker 

for systemic cardiovascular disease.
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Figure 1. 
Kaplan Meier Curves showing percent survival in relation to aortic atheroma grade in the 

ascending (A) and descending (B) aorta. (P<0.001), Grade 0 - No atheroma Grade 1 - Mild 

atheroma Grade 3 - Moderate atheroma Grade 4 - Severe Atheroma
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Table 1

Demographic Information and Baseline Characteristics

Characteristics Total cohort

Number of subjects (22,304)

 Mean age at the time of surgery (SD) 66.4 (13.5)

 Mean BMI, N=14,728, (SD) 28.3 (6.1)

 Male 14333 (64.3%)

Past Medical History (N= 14,728)

 Past smoker 6844 (46.5%)

 Present smoker 1203 (8.2%)

 Diabetes 3844 (26.1%)

 HLD 10522 (71.4%)

 HTN 10237 (69.5%)

 PVD 2031 (13.8%)

 Creatinine, N= 14,720, (SD) 1.2 (0.8)

Grade of LV Dysfunction (N=18,568)

 None 11488 (61.9%)

 Mild 2988(16.1%)

 Moderate 2297 (12.4%)

 Severe 1795 (9.7%)

Grade of RV Dysfunction (N=18,461)

 None 15350 (83.1%)

 Mild 2031 (11%)

 Moderate 792 (4.3%)

 Severe 288 (1.6%)

Urgency of Surgery (N= 14,728)

Elective surgery 9718 (66%)

Emergent surgery 289 (2%)

Urgent surgery 4721 (32.1%)

History of Postoperative CVA (N=14,728) 872 (5.9%)

Grade of Atheroma Ascending (N=19,191)

None 8465 (44.1%)

Mild 7844 (40.9%)

Moderate 2282 (11.9%)

Severe 600 (3.1%)

Grade of Atheroma Descending (N=18176)

None 4446 (24.5%)

Mild 7414 (40.8%)

Moderate 4505 (24.8%)

Severe 1811 (10%)

LV – left ventricle, RV – right ventricle, HLD- hyperlipidemia, HTN – hypertension, PVD – peripheral vascular disease, BMI – body mass index, 
CVA – cerebrovascular accident
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Table 5

Grade of atheroma and mortality, further adjusted for cerebrovascular accident

ASCENDING AORTA DESCENDING AORTA

VARIABLE Categories Hazard Ratio (95% CI) P-value Hazard Ratio (95% CI) P-value

GRADE

Mild 1.11 (0.99 to 1.25) 0.08 1.34 (1.12 to 1.61) .002

Moderate 1.35 (1.16 to 1.57) <.001 1.63 (1.35 to 1.97) <.001

Severe 1.80 (1.44 to 2.25) <.001 1.98 (1.61 to 2.44) <.001

Shown are the hazard ratios for atheroma in the ascending and descending aorta from the regression model in Table 4, when further adjusted for 
CVA. Minimal attenuation is noted.
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