
Texas Heart Institute Journal Bicuspid Aortic Valve and Infectious Endocarditis      111

© 2009 by the Texas Heart ® 
Institute, Houston

Impact of Bicuspid  
Aortic Valve on 
Complications and Death
in Infective Endocarditis of Native Aortic Valves

We retrospectively investigated the impact of bicuspid aortic valve on the prognosis of pa-
tients who had definite infective endocarditis of the native aortic valve.

Of 51 patients, a bicuspid aortic valve was present in 22 (43%); the other 29 had tricuspid 
aortic valves. On average, the patients who had bicuspid valves were younger than those 
who had tricuspid valves. Patients with a tricuspid valve had larger left atrial diameters and 
were more likely to have severe mitral regurgitation.

Periannular complications, which we detected in 19 patients (37%), were much more 
common in the patients who had a bicuspid valve (64% vs 17%, P=0.001). The presence 
of a bicuspid valve was the only significant independent predictor of periannular complica-
tions. The in-hospital mortality rate in the bicuspid group was lower than that in the tricuspid 
group; however, this figure did not reach statistical significance (9% vs 24%, P=0.15). In 
multivariate analysis, left atrial diameter was the only independent predictor associated with 
an increased risk of death (hazard ratio, 2.19; 95% confidence interval, 1.1–4.5; P=0.031).

In our study, patients with infective endocarditis in a bicuspid aortic valve were younger 
and had a higher incidence of periannular complications. Although a worse prognosis has 
been reported previously, we found that infective endocarditis in a native bicuspid aortic 
valve is not likely to increase the risk of death in comparison with infective endocarditis in 
native tricuspid aortic valves. (Tex Heart Inst J 2009;36(2):111-6)

B icuspid aortic valve is the most common congenital cardiac malformation, af-
fecting 1% to 2% of the population.1 The incidence of infective endocarditis 
(IE) in the bicuspid aortic valve population ranges from 10% to 30%. Twenty- 

five percent of IE cases occur in a bicuspid aortic valve.2,3

	 Few data exist about IE in persons who have a bicuspid aortic valve, in contrast with 
the large amount of data involving other IE populations. Risk stratification is an im-
portant objective in the evaluation of patients who have IE, especially IE of the aortic 
valve. In patients with IE of the native valve, acute heart failure occurs more frequent-
ly in association with aortic valve infection (29%) than mitral valve infection (20%).4 
In view of these factors, we sought to evaluate the impact of bicuspid aortic valve on 
complications and death related to IE that occurs in a native aortic valve.

Patients and Methods

Selection of Patients for the Study
We reviewed the medical records of 450 consecutive patients who were suspected  
to have active IE and who were admitted to a tertiary hospital from January 2002 
through May 2006. Of those 450 patients, 51 fulfilled the modified Duke’s criteria 
for definite IE of the native aortic valve.5 Demographic, clinical, microbiologic, patho-
logic, and echocardiographic data were collected from the medical records of those 51 
patients. The study was approved by our local ethics committee.

Characteristics of the Patients
Fifty-one patients had definite IE of the native aortic valve. A bicuspid aortic valve was 
present in 22 patients (43%; the “bicuspid group”), and the aortic valves were tricus-
pid in the other 29 patients (57%; the “tricuspid group”). The underlying conditions 
related to IE were bicuspid aortic valve in 22 patients (43%), rheumatic heart disease 
in 12 (24%), degenerative heart disease in 6 (12%), prosthetic mitral valve in 2 (4%), 
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and congenital heart disease in 2 (4%). Seven individ-
uals (13%) had no cardiac abnormality, and all 7 had 
tricuspid aortic valves.
	 No patient had a history of intravenous drug abuse or 
previous endocarditis. Forty-four patients (86%) were 
men, and the median age of the cohort was 39 years 
(range, 9–75 yr). Table I shows the characteristics of the 
51 patients who were included in the study.

Echocardiographic Methods
Echocardiographic examinations in all 51 patients had  
been performed with the use of a VingMed® System 
FiVe cardiac ultrasonographic scanner (GE Ving-
Med® Ultrasound; Horten, Norway). The scanner was 
equipped with a 2.5-MHz transthoracic probe that 
had 2nd-harmonic-imaging capability and with a ro-
tary transesophageal 5-MHz multiplanar probe. All of 
the patients had undergone transthoracic echocardiog-
raphy; 72% had also undergone transesophageal echo-
cardiography (TEE). The TEE had been performed 
(optimally in fasting patients) with the use of topical 
pharyngeal anesthesia and conscious sedation.

Definitions of Terms
Heart failure was defined in accordance with New York 
Heart Association functional class. Early surgery was de-
fined as surgical intervention before a patient’s comple-
tion of a full course of antibiotic therapy. A vegetation 
was defined as a mobile, irregularly shaped, echogenic 
mass that was attached to a valve or to the myocardial 
surface. Abscesses were defined as abnormal echodense 
or echolucent areas within the valvular annulus or peri-
valvular tissue, confirmed by imaging in more than 1 
echocardiographic plane, in the presence of valvular in-
fection.6 When flow was detected in such a cavity, the 
lesion was identif ied as a pseudoaneurysm.7 Valvular 
regurgitations were evaluated semiquantitatively.8,9 On 
2-dimensional images, valvular perforation was defined 
as an interruption of leaf let tissue continuity at a site 
remote from the commissures.10 On color-f low Dop-
pler images, valvular perforation was defined as a high- 
velocity, eccentric, turbulent jet that traversed valve-leaf-
let tissue during systole (mitral valve) or diastole (aortic 
valve).11 A fistula was defined as abnormal communica-
tion between the aorta and the cardiac chambers with 
turbulent systolic and diastolic flow, as determined by 
continuous or color-Doppler mapping.12

Statistical Analysis
Data were analyzed with the use of SPSS for Windows, 
version 11.5 (SPSS Inc.; Chicago, Ill). Continuous vari-
ables were expressed as mean ± SD. Comparisons were 
made using the Student t test, the Mann-Whitney U 
test, the Fisher exact test, or the c2 test, as appropri-
ate. Univariate and multivariate Cox regression analy-
ses were used to determine the independent predictors 

of death and periannular complications. For all analy-
ses, P <0.05 was considered statistically significant.

Results

Microbiologic Characteristics
Bacteria had been isolated from blood cultures in 40 of 
the 51 patients (78%). The causative organisms iden-
tif ied were Staphylococcus aureus (22%), Streptococcus 
viridans (20%), other streptococci (10%), enterococ-
ci (8%), other staphylococci (6%), gram-negative rods 
(6%), and other microorganisms (6%). Eleven patients 
(22%) had negative blood cultures. There were no sta-
tistically signif icant differences in S. aureus infection 
between the bicuspid group and the tricuspid group.

Clinical and Echocardiographic Findings
The patients in our bicuspid group were younger than 
those in our tricuspid group (mean age, 34.1 ± 11.8 vs 
47.4 ± 14.3, P=0.001). All 22 in the bicuspid group were 
men. Of those 22, 2 had aortic stenosis alone, 14 had 
aortic regurgitation alone, and 5 had a combination of 
aortic stenosis and regurgitation. One patient had no 
significant valvular stenosis or regurgitation. No signif-
icant differences were detected in severe aortic regurgi-
tation between the bicuspid and tricuspid groups (73% 
vs 72%, P=0.62). Patients in the tricuspid group had 
larger left atrial diameters and were more likely to have 
severe mitral regurgitation (Table I).
	 Of the 51 patients, 19 (37%) had periannular com-
plications in the aortic ring, including 11 persons with 
nonruptured abscess alone (58%), 4 with pseudoaneu-
rysm alone (21%), 2 with abscess and pseudoaneurysm 
(11%), 1 with abscess and aortocavitary f istula (5%), 
and 1 with aortocavitary fistula alone (5%). Patients in 
the bicuspid group were more likely to have periannular 
complications than were patients in the tricuspid group 
(64% vs 17%, P=0.001). Multivariate Cox regression 
analysis identified the presence of a bicuspid aortic valve 
as the only significant independent predictor of perian-
nular complications (hazard ratio, 4.1; 95% confidence 
interval, 1–17.4; P=0.05) (Table II).

Laboratory Findings
There were no statistically significant differences in lab-
oratory values (serum creatinine, albumin, and C-reac-
tive protein levels, white blood cell count, hemoglobin, 
and erythrocyte sedimentation rate) between the bicus-
pid and tricuspid groups.

Complications and Death
During the in-hospital period, 37 of 51 patients (73%) 
underwent early surgery, all within 28 days after admis-
sion. The median time was 7 days, and the mean in-
terval between clinical presentation of IE and surgery 
was 10 ± 8 days. Early-surgery rates did not differ sig-



Texas Heart Institute Journal Bicuspid Aortic Valve and Infectious Endocarditis      113

nificantly between the bicuspid and tricuspid groups 
(77% vs 69%, P=0.37). Nine patients died during the 
in-hospital period (mortality rate, 18%): 5 from severe 
heart failure, 2 from septic shock, 1 from cerebral hem-
orrhage, and 1 from acute renal failure. Although the in-
hospital mortality rate in the bicuspid group was lower 
than that in the tricuspid group (9% vs 24%), it did 
not reach statistical significance (P=0.15). In multivar-
iate analysis, left atrial diameter was the only indepen-
dent predictor that was associated with an increased risk 
of death (hazard ratio, 2.19; 95% confidence interval, 
1.1–4.5; P=0.031) (Table III).
	 Our analysis showed that patients with IE in a bicus-
pid aortic valve were younger, were more likely to have 
periannular complications, and had a lower incidence 
of in-hospital death than did those with IE in a tricus-
pid aortic valve.

Discussion

Bicuspid aortic valve is associated with significant mor-
bidity and death, especially after the 4th decade of life. 
The progression of stenosis and regurgitation due to cal-
cif ic changes and the sequelae of IE often requires in-
tervention.2,13

	 As a substrate for IE, bicuspid aortic valve is predom-
inantly a complication in children and young adults: 
in persons with a bicuspid aortic valve who are young-
er than 30 years of age, 55% of the deaths are attribut-
able to IE.2 In patients who have a bicuspid aortic valve, 
IE causes 43% to 60% of cases of severe aortic regurgi-
tation—from cusp perforation, in most instances.14-16

	 The histologic abnormality that underlies aortic-
root complications in bicuspid-valve IE is cystic medial 
necrosis, which is characterized by a noninflammatory 
loss of smooth muscle cells, fragmentation of elastic fi-
bers, and mucoid degeneration. In 1 study,17 45% of the 
patients with a bicuspid aortic valve had severe cystic 
medial necrosis, in comparison with only 9% of the pa-
tients who had a tricuspid valve.
	 Few clinical trial data exist regarding IE in patients 
who have a bicuspid aortic valve. Only 1 study, by Lamas 
and Eykyn,18 has concentrated chiefly on such patients, 
wherein the investigators compared bicuspid-valve IE 
with other native-valve IE (including mitral, tricuspid, 
and pulmonary). Their retrospective study included 50 
patients who presented at a single institution from 1970 
through 1998 with IE of a bicuspid aortic valve. The in-
vestigators found a very high rate of complications in 

TABLE I. Characteristics of the 51 Patients with Infective Endocarditis of the Native Aortic Valve, Grouped 
According to Valve Morphology

		  BAV IE	 TAV IE
	 Variables	 (n=22)	 (n=29)	   P Value

Mean clinical characteristics
   Age (yr)	 34.1 ± 11.8	 47.4 ± 14.3	 0.001
   No. men (%)	 22 (100)	 22 (76)	 0.013
   NYHA functional class	 2.3 ± 1	 2.8 ± 0.9	 0.13
   Transfer from other hospital, n (%)	 17 (77)	 20 (69)	 NS

Mean echocardiographic variables
   Left atrial diameter (mm)	 38.7 ± 6.5	 44.5 ± 9.5	 0.017
   LVEDD (mm)	 59.6 ± 10.5	 61.2 ± 7.9	 NS
   LVESD (mm)	 37.9 ± 9.2	 38 ± 9.5	 NS
   Severe aortic regurgitation, n (%)	 16 (73)	 21 (72)	 NS
   Severe mitral regurgitation, n (%)	   2   (9)	 10 (35)	 0.034
   Vegetation length (mm)	 12.9 ± 8	 16 ± 9	 0.19

Mean laboratory findings
   Creatinine (mg/dL)	 1.02 ± 0.3	 1.4 ± 1.1	 0.1
   Albumin (mg/dL)	 3.4 ± 0.5	 3.2 ± 0.5	 0.13
   Hemoglobin (g/dL)	 10.9 ± 1.9	 10.3 ± 2.1	 NS
   HDL-C (mg/dL)	 26.8 ± 10	 27.9 ± 11	 NS
   C-reactive protein (mg/dL)	 13 ± 11.7	 9.6 ± 6	 0.26
   ESR (mm/h)	 66.9 ± 32	 67.5 ± 40	 NS
   White blood cell count (×103/µL)	 11.08 ± 5.7	 13.07 ± 8.2	 NS

Complications, n (%)
   Periannular complications	 14 (64)	   5 (17)	 0.001
   Valvular perforation	   7 (32)	 10 (35)	 NS
   Emboli	   5 (23)	   5 (17)	 NS
   In-hospital death	   2   (9)	   7 (24)	 0.15
 
Data are expressed as mean ± SD or n (%). P <0.05 is considered statistically significant.
 

BAV = bicuspid aortic valve; ESR = erythrocyte sedimentation rate; HDL-C = high-density lipoprotein cholesterol; IE = infective 
endocarditis; LVEDD = left ventricular end-diastolic diameter; LVESD = left ventricular end-systolic diameter; NS = not significant; 
NYHA = New York Heart Association; TAV = tricuspid aortic valve
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those patients within 6 months of hospital admission, 
including heart failure (72%) and periannular abscess 
formation (30%), in comparison with other native-valve 
endocarditis (not only of the aortic valve). Our study fo-
cused distinctly on IE of the native aortic valve, in an at-
tempt to determine the impact of a bicuspid aortic valve 
on complications and death. Our study supports the ob-
servation that patients with IE of a bicuspid aortic valve 
are more likely to experience periannular complications. 
Furthermore, we found the presence of a bicuspid aor-
tic valve to be the only significant independent predic-
tor of periannular complications.
	 The mortality rate in our bicuspid group was lower 
than that in Lamas and Eykyn’s patients (9% vs 14%). 
The mortality rate in our bicuspid group was also lower 
than the given overall mortality rate of IE (9% vs 16%–
25%).3,19-21 As a result of advances in diagnosis, improved 
antimicrobial treatment, earlier detection of complica-
tions via the frequent use of TEE, and the management 
of complications with early surgery, the short-term prog-
nosis for patients with IE in a bicuspid aortic valve may 
be improved over that of past years.
	 Multivariate analysis revealed left atrial diameter as 
the only independent predictor that was associated with 
an increased risk of death in our patients. Although the 

causal pathway between death and increased left atrial 
diameter cannot be determined by our current analysis, 
we offer some possible explanations. Increased left atri-
al size is the result of elevated left atrial pressure and the 
cumulative effect of filling pressures over time,22 which 
are conditions associated with an increased risk of car-
diovascular events, including death.23 During ventricu-
lar diastole, the left atrium is exposed to the pressures 
of the left ventricle. The elevation of filling pressure is 
uniformly found in the presence of symptomatic con-
gestive heart failure. Increased left atrial diameter may 
indicate severe congestive heart failure in patients who 
have IE.

Limitations of the Study
This study was limited by its retrospective nature. All 
study subjects were treated in a single tertiary center, 
which raises the possibility of referral bias.

Conclusions
Our study shows that, despite a higher rate of perian-
nular complications, the short-term mortality rate in 
patients with IE in bicuspid native aortic valves is lower 
than that in patients with IE in native tricuspid aor-
tic valves. Early diagnosis of periannular complications, 

TABLE II. Univariate and Multivariate Relations for Prediction of Periannular Complications

		  	 Univariate Analysis			   Multivariate Analysis	
	 Variable	 HR	 95% CI	 P Value	 HR	 95% CI	 P Value

Age (yr)		  1.01	 0.98–1.04	 0.6	   1.03	 0.99–1.08	 0.12

Sex		  4.0	 0.52–31.1	 0.18	 –	 –	 –

NYHA functional class III–IV	 3.1	 0.9–10.3	 0.07	 –	 –	 –

Transfer from other hospital	 2.3	 0.74–7.4	 0.15	 –	 –	 –

Bicuspid aortic valve	 3.6	 1.2–11.2	 0.028	 4.1	 1.0–17.4	 0.05

Left atrial diameter (mm)	 1.1	 0.53–2.2	 0.83	 –	 –	 –

Left ventricular ejection fraction	 1.05	 0.94–1.16	 0.34	 –	 –	 –

Severe aortic regurgitation	 2.2	 0.76–6.36	 0.15	 –	 –	 –

Severe mitral regurgitation	 1.3	 0.36–4.8	 0.69	 –	 –	 –

Creatinine (mg/dL)	 0.65	 0.19–2.18	 0.48	 –	 –	 –

Albumin (mg/dL)	 0.86	 0.3–2.5	 0.79	 –	 –	 –

Hemoglobin (g/dL)	 1.1	 0.86–1.41	 0.44	 –	 –	 –

Platelets (×103/µL)	 1.0	 1.0–1.0	 0.148	 –	 –	 –

C-reactive protein (mg/dL)	 1.02	 0.97–1.06	 0.37	   0.99	 0.95–1.04	 0.78

Erythrocyte sedimentation rate (mm/hr)	 0.99	 0.98–1.02	 0.93	 1.0	 0.98–1.02	 0.92

White blood cell count (×103/µL)	 1.0	 1.0–1.0	 0.41	 1.0	 1.0–1.0	 0.49

Staphylococcus aureus infection	 1.27	 0.46–3.5	 0.64	   0.84	 0.25–2.85	 0.78

P <0.05 is considered statistically significant.
 

CI = confidence interval; HR = hazard ratio; NYHA = New York Heart Association
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along with early surgery, may have produced these im-
proved outcomes.
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