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Background. Severe left ventricular (LV) hypertrophy
ncreases risk for adverse outcome after aortic valve
eplacement. Whether LV geometry influences mortality
isk after aortic valve replacement is unclear. And,
hether LV mass or relative wall thickness (RWT) better
redicts risk for adverse postoperative outcomes is un-
nown. The purpose of this investigation was to examine

he influence of LV geometry and LV hypertrophy on
orbidity and in-hospital mortality after aortic valve

eplacement, and to determine whether LV mass or RWT
ad better prognostic ability.
Methods. Between January 1996 and June 2004, 5,083

atients underwent aortic valve replacement. Preopera-
ive echocardiographic data was used to calculate LV

ass and RWT. Left ventricular geometry was classified
nto one of four categories on the basis of LV mass
ndexed to body height and RWT: (1) concentric hyper-
rophy, (2) eccentric hypertrophy, (3) concentric remodeling,
nd (4) normal. Postoperative mortality and multisystem

orbidities of patients with concentric geometries were
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ompared to patients with nonconcentric geometries by
ropensity and logistic regression modeling. Also, prog-
ostic ability of RWT and LV mass was compared.
Results. Nine hundred sixty-four patients with concen-

ric geometry were propensity-matched to 964 patients
ith nonconcentric geometry. In-hospital mortality (38

3.9%] versus 18 [1.9%]; p � 0.007), cardiac morbidity (33
3.4%] versus 17 [1.8%]; p � 0.022), and prolonged intu-
ation (85 [8.8%] versus 58 [6.0%]; p � 0.019) were higher

n patients with concentric versus nonconcentric geome-
ry. Increasing RWT, not LV mass, was associated with
dverse outcomes.
Conclusions. Concentric geometries are associated with

ncreased risk for in-hospital mortality after aortic valve
eplacement. Increased RWT is associated with adverse
utcomes. Preoperative risk stratification should include
ssessments of LV hypertrophy and LV geometry.

(Ann Thorac Surg 2008;85:2030 –9)

© 2008 by The Society of Thoracic Surgeons
ncreases in myocardial mass and alterations in left
ventricular geometry (LV) help limit systolic wall

tress and preserve ejection fraction in response to ven-
ricular pressure or volume overload. Although limiting
all stress, LV hypertrophy (LVH) is a pathologic condi-

ion associated with increasing myocardial connective
issue and fibrosis [1]. Left ventricular geometry may be
lassified into the following structurally determined cat-
gories based on LV mass and relative wall thickness
RWT): (1) concentric hypertrophy, (2) eccentric hyper-
rophy, (3) concentric remodeling, and (4) normal
eometry [2].
The development of LVH in hypertensive patients is

ssociated with adverse long-term outcomes, including
yocardial infarction, congestive heart failure, stroke,

nd death [3]—and may be the most important prognos-
ic indicator of long-term survival [1, 4]. Increased LV

ccepted for publication Feb 25, 2008.

ddress correspondence to Dr Duncan, Department of Cardiothoracic
ass in uncomplicated hypertensive patients is a reliable
redictor for long-term fatal cardiovascular events, inde-
endently of arterial pressure, the presence of coronary
rtery disease, and other risk factors [3–5]. The geometry
f the left ventricle further stratifies risk, with concentric
VH heralding poor outcome [1, 3]. Concentric LVH in
ypertensive patients is associated with a twofold in-
rease in cardiovascular deaths compared with patients
ith eccentric hypertrophy [3]. Furthermore, medically

reated hypertensive patients with persistent concentric
VH are at highest risk of cardiovascular morbidity and
ortality compared with patients with eccentric LVH,

ven with similar values of LV mass index [6].
Severe LVH is also a risk factor for adverse outcome

n surgical patients after aortic valve replacement
urgery (AVR), including higher in-hospital mortality
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7–9] and more frequent postoperative complications,
uch as congestive heart failure, low-output syndrome,
espiratory failure, renal insufficiency, and atrial and
entricular arrhythmias [8]. Although LV geometry
nfluences outcomes in the nonoperative setting, the
nfluence of type of LV geometry on outcomes in
urgical patients remains unclear. Although some re-
orts conclude that concentric LVH in patients with
ortic stenosis increases risk for adverse outcome after
VR [7, 10], others reported no difference with wall

hickness-to-radius ratio measurements on post-AVR
utcomes [11]. Furthermore, eccentric ventricular hy-
ertrophy is thought to increase risk for adverse out-
ome because of its association with congestive heart
ailure, ventricular arrhythmias [12], and depressed LV
unctional response to stress [13]. Thus, the extent to
hich type of ventricular geometry influences out-

omes after AVR remains unclear.
Various measures of LVH severity, including increas-

ng RWT [7, 10], which denotes LV concentric remodel-
ng, and increased LV mass [8, 9], have been used to
xamine the influence of LVH on outcomes in patients
fter AVR. Increased RWT was associated with increased
ortality in patients undergoing AVR [7, 10], whereas

ther reports found increased LV mass to predict adverse
utcomes [8, 9]. Whether increased LV mass or RWT best

dentifies increased perioperative risk in patients having
VR has yet to be determined.
Risk stratification of patients who require AVR may be

mproved by more complete preoperative assessment of
V geometry and identification of which LVH descriptor
est predicts adverse outcomes. Furthermore, timing of
urgical correction may be improved by attention to
pecific measures of LVH. We therefore tested the hy-
othesis that in-hospital mortality after AVR is greater in
atients with concentric geometries than in those with
onconcentric geometries. In addition, we compared the
bility of RWT versus LV mass to predict increased risk
f mortality in patients after AVR.

atients and Methods

atient Population and Clinical Data Collection
atient data were obtained from the Cardiothoracic An-
sthesia Patient Registry of the Department of Cardio-
horacic Anesthesia and from the Cardiovascular Infor-

ation Registry of the Department of Thoracic and
ardiovascular Surgery at the Cleveland Clinic using
ethods that have been reported previously [14]. Be-

ween January 1996 and June 2004, 5,083 patients under-
ent AVR with or without concomitant procedures. All

linical data were collected daily, concurrent with patient
are, by experienced and specifically trained research
ersonnel. Data that did not conform within a range of
xpected results was rejected and reevaluated. The use of
he registries for research purposes was approved by the
nstitutional review board. The institutional review board
ranted a waiver of the need for individual patient

onsent for this investigation. a
Outcome variables as described by Higgins and col-
eagues [14] included (1) mortality (all-cause in-hospital

ortality); (2) cardiac morbidity defined as a combination
f postoperative myocardial infarction or low cardiac
utput with a requirement for intraaortic balloon pump,
entricular assist device, or extracorporeal membrane
xygenation (Postoperative myocardial infarction was
efined by specific electrocardiographic findings consis-

ent with myocardial infarction [15] with a creatine phos-
hokinase myocardial band of at least 50 IU or aspartate
minotransferase level of at least 80 U/L. Low cardiac
utput was defined as a cardiac index less than 1.8
· min�1 · m�2 despite adequate fluid replacement and

igh-dose inotropic agents for more than 4 hours.); (3)
eurologic morbidity defined as new postoperative focal
eficit (aphasia, decrease in limb function, or hemipare-
is confirmed by clinical findings or computed tomo-
raphic scan) or global neurologic deficit (diffuse enceph-
lopathy with greater than 24 hours of severely altered
ental status, or failure to awaken postoperatively); (4)

rolonged intubation defined as a requirement for me-
hanical ventilation or endotracheal intubation of greater
han 72 hours; (5) renal morbidity defined as postopera-
ive anuria or oliguria (urine output less than 400 mL/24
ours) or institution of renal dialysis or ultrafiltration; (6)

nfection morbidity, including culture-proven pneumo-
ia, mediastinitis, wound infection, or septicemia with
ppropriate clinical findings; and (7) overall morbidity
efined as the incidence of one or more of the above
orbidities, including death, since early death precludes

bservation of morbidity.

chocardiographic Methods
chocardiographic indices were obtained from the Adult
chocardiography Laboratory Database at the Cleveland
linic. Studies were performed using commercially
vailable echocardiographic imaging systems equipped
ith 3.0- to 3.5-MHz transducers with M-mode, two-
imensional, pulsed, continuous, and color-flow Doppler
apabilities. Correct orientation of imaging planes and
easurements of LV internal dimension and septal and

osterior wall thicknesses were measured at end-
iastole, according to the American Society of Echocar-
iography recommendations [16]. The parasternal long-axis
nd short-axis views were used to record two-
imensional and M-mode recordings of the LV internal
iameter and wall thickness at, or just below, the tips of

he mitral leaflets. When optimal perpendicular orienta-
ion of the LV M-mode to the ultrasound beam could not
e obtained, correctly oriented two-dimensional linear
imensions were made by the American Society of Echo-
ardiography leading-edge convention.

Left ventricular mass was calculated according to the
ethods described by Devereux and Reichek [17]:
LV mass � 1.04 [(LVID � VST � PWT)3 � (LVID)3] � 13.6
here LVID is left ventricular internal dimension, VST is

eft ventricular septal thickness, and PWT is left ventricular
osterior wall thickness. Left ventricular mass indexed to
eight (g/m) was used to normalize LV mass measurements

ccording to body size since adjustment by body surface
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rea may not recognize obesity-related hypertrophy. Upper
imits of normal for LV mass was defined as 143 g/m for

en and 102 g/m for women, corresponding to two stan-
ard deviations above the mean values for LV mass in a
ealthy reference group [2, 18]. Relative wall thickness was
alculated as RWT � PWT/ (0.5) LVID, and RWT of 0.45 or
ess was considered normal.

Left ventricular geometry was classified into one of the
ollowing four mutually exclusive groups on the basis of
V geometry: (1) concentric hypertrophy (increased LV
ass and increased RWT); (2) eccentric hypertrophy

increased LV mass and normal RWT); (3) concentric
emodeling (normal LV mass with increased RWT); and
4) normal geometry (normal LV mass and normal RWT).
tandard methods were used to calculate LV ejection

raction [19].

tatistical Methods
he SAS 8.2 software (SAS Institute Inc, Cary, NC)
tatistical software was used for statistical analysis. Re-
ults are expressed as mean � standard deviation, me-
ian (25th, 75th percentiles), and frequencies as percent-
ges. Differences between two groups were assessed by
he Student’s t test or Wilcoxon rank-sum test for contin-
ous variables and �2 or Fisher’s exact test for categorical
ata as appropriate; analysis of variance was performed

or comparison among multiple groups. Transformation
as made as needed to meet the linearity assumptions

or logistic regression analysis. A probability value of less
han 0.05 was used as the significant criterion for each
omparison.

nivariate and Propensity Matching
atients with concentric geometries (concentric hypertro-
hy and concentric remodeling) were compared with
atients with nonconcentric geometries (eccentric hyper-

rophy or normal geometry). Before propensity matching
parsimonious explanatory model was developed

hereby variables found to be significantly associated
ith concentric geometry were identified. Confounding

ariables were balanced in the two groups with propen-
ity analysis [20]. A propensity score was calculated for
ach patient from a logistic model that included 48
ariables listed in Tables 1 and 2. Patients with missing
ariables necessary for calculation of the propensity
core were excluded from this analysis. No interaction
erms were used. The C statistic for the propensity model
as 0.768.
Patients with concentric geometries were compared
ith patients with normal geometry. Confounding vari-

bles were balanced in the two groups with propensity
nalysis. A propensity score was calculated for each
atient from a logistic model that included 48 variables

isted in Tables 1 and 2. The C statistic for the propensity
odel was 0.773.
For both of the above propensity analyses, patients
ere 1:1 matched on propensity scores with greedy
atching techniques [22]. Morbidity and mortality out-

omes were compared between matched pairs with �2,

isher’s exact, and Wilcoxon rank-sum tests. b
ogistic Regression
ogistic regression models were used to examine the
elationship between LV geometry and mortality. In
ddition, further logistic regression analyses evaluated
he relationship between RWT and LV mass on postop-
rative morbidity and mortality. Stepwise-selection lo-
istic regression models were built from bootstrapping
he data 1,000 times using the same 48 potential con-
ounding variables as in the propensity analysis, but
xcluding the variable of interest, which differed in each
nalysis (LV geometry, RWT, or LV mass to height ratio).

bagging algorithm was used to summarize the results.
inal logistic regression models for outcomes were built
y using confounding variables that appeared in 50% of
ll models from the bootstrap procedure, then adding the
ariable of interest (LV geometry, RWT, or LV mass).
esults were analyzed with SAS 8.2 software (SAS Insti-

ute Inc).

esults

isk Profiles
ive thousand eighty-three patients were categorized

nto one of four groups (concentric geometry, n � 3,046
59.9%] concentric remodeling, n � 398 [7.8%]; eccentric
ypertrophy, n � 1,441 [28.3%]; normal geometry, n �
98 [3.9%]). Baseline and operative characteristics for
atients categorized into concentric versus nonconcentric
eometry (concentric, n � 3,444; nonconcentric, n �
,639) undergoing AVR are found in Tables 3 and 4. Mean
WT for patients with concentric hypertrophy, concen-

ric remodeling, eccentric hypertrophy, and normal ge-
metry was (mean � standard deviation) 0.61 � 0.14, 0.64

0.19, 0.37 � 0.06, and 0.37 � 0.06, respectively. Left
entricular mass for patients with concentric hypertro-
hy, concentric remodeling, eccentric hypertrophy, and
ormal geometry was (mean � standard deviation) 209 �
5, 110 � 23, 224 � 73, and 111 � 23 g/m, respectively.
atients with concentric geometry were more likely to be

emale and older, and to have a history of hypertension,
iabetes mellitus, carotid artery disease, or stroke, and
ave a better preserved left ventricular function and a

arger aortic transvalvular gradient. Severe aortic insuf-
ciency, mitral insufficiency, congestive heart failure,
yocardial infarction, cardiogenic shock, and previous

ardiac surgery were more prevalent among patients
ith nonconcentric LV geometry. Additional periopera-

ive variables, baseline laboratory values, and surgical
rocedures were significantly different between groups
s described in Tables 3 and 4.

utcomes: All Patients
nivariate analysis for all patients demonstrated higher
ortality in patients with concentric geometry compared
ith those with nonconcentric geometry (110 of 3,444

3.2%] versus 30 of 1,639 [1.8%], respectively; p � 0.006).
nivariate analysis demonstrated that unmatched pa-

ients with concentric geometry had similar cardiac mor-

idity (69 [2.0%] versus 32 [2.0%]; p � 0.90), prolonged
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able 1. Categorical Baseline and Operative Characteristics for the Propensity-Matched Patient Populationa

Categorical Variable
Concentric Geometry

(n � 964)
Nonconcentric Geometry

(n � 964) p Value

ale sex 632 (65.6%) 649 (67.3%) 0.41
linical history
Hypertension 561 (58.2%) 564 (58.5%) 0.89
Congestive heart failure 437 (45.3%) 437 (45.3%) 0.99
Myocardial infarction 247 (25.6%) 248 (25.7%) 0.96
Cardiogenic shock 1 (0.1%) 2 (0.2%) 0.99
Left main disease 26 (2.7%) 24 (2.5%) 0.77
Left ventricular function 0.09

Normal (EF �0.60) 370 (38.4%) 377 (39.1%)
Mild dysfunction (EF 0.50–0.59) 205 (21.3%) 219 (22.7%)
Mild–moderate dysfunction (EF 0.46–0.49) 9 (0.9%) 21 (2.2%)
Moderate dysfunction (EF 0.41–0.45) 87 (9.0%) 72 (7.5%)
Moderate–severe dysfunction (EF 0.35–0.40) 73 (7.6%) 54 (5.6%)
Severe dysfunction (EF �0.35) 220 (22.8%) 221 (22.9%)

Pulmonary hypertension 154 (16.0%) 150 (15.6%) 0.80
Chronic obstructive pulmonary disease 107 (11.1%) 106 (11.0%) 0.94
Smoking 517 (53.6%) 528 (54.8%) 0.62
Diabetes mellitus 0.92

Insulin-dependent 68 (7.1%) 69 (7.2%)
Non–insulin-dependent 106 (11.0%) 108 (11.2%)
Diet-controlled 26 (2.7%) 31 (3.2%)

Carotid artery disease 174 (18.1%) 176 (18.3%) 0.91
Stroke 64 (6.6%) 68 (7.1%) 0.72
Peripheral vascular disease 106 (11.0%) 126 (13.1%) 0.16
Renal failure requiring dialysis 17 (1.8%) 19 (2.0%) 0.74
ew York Heart Association class 0.72
I 111 (11.5%) 125 (13.0%)
II 521 (54.1%) 511 (53.0%)
III 250 (25.9) 240 (24.9%)
IV 82 (8.5%) 88 (9.1%)

revious cardiovascular surgery history
Previous cardiac surgery 313 (32.5%) 335 (34.8%) 0.29
Carotid surgery 41 (4.3%) 52 (5.4%) 0.24
Major vascular (other than carotid) procedure 33 (3.4%) 44 (4.6%) 0.20

everity of aortic valve insufficiency 0.62
None 312 (32.4%) 338 (35.1%)
1� 209 (21.7%) 191 (19.8%)
2� 189 (19.6%) 183 (19.0%)
3� 175 (18.2%) 165 (17.1%)
4� 79 (8.2%) 87 (9.0%)
itral insufficiency (�3�) 169 (17.5%) 163 (16.9%) 0.72

erioperative factors
Emergency procedure 6 (0.6%) 5 (0.5%) 0.76
Preoperative use of intraaortic balloon pump 4 (0.4%) 3 (0.3%) 0.99
Inotropic drug requirement before cardiopulmonary bypass 4 (0.4%) 3 (0.3%) 0.99
Packed red blood cell transfusion 537 (55.7%) 543 (56.3%) 0.78
Blood component therapyb 183 (19.0%) 185 (19.2%) 0.91
ortic valve replacement procedure
Valve type 0.97

Bioprosthesis 713 (74.0%) 717 (74.4%)
Mechanical 143 (14.8%) 142 (14.7%)
Allograft 108 (11.2%) 105 (10.9%)
Aortic annulus enlargement 15 (1.6%) 18 (1.9%) 0.60
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ntubation (266 [7.7%] versus 111 [6.8%]; p � 0.23), renal
orbidity (84 [2.4%] versus 33 [2.0%]; p � 0.34), neuro-

ogic morbidity (119 [3.5%] versus 41 [2.5%]; p � 0.069),
erious infection (151 [4.4%] versus 61 [3.7%]; p � 0.27),
nd overall morbidity (361 [10.5%] versus 158 [9.6%]; p �
.35) compared with patients with nonconcentric geom-
try, respectively.

utcomes: Propensity-Matched Patients
sing the variables listed in Tables 1 and 2, 964 (28.0%)
atients with concentric geometry (concentric LVH, n �
69; concentric remodeling, n � 95) were propensity
atched to 964 (58.8%) nonconcentric geometry (eccen-

ric LVH, n � 824; normal, n � 140) patients. Propensity
atching resulted in a similar distribution of baseline

nd operative variables (Tables 1, 2). Mortality was sig-
ificantly higher in patients with concentric geometry
ompared with those with nonconcentric geometry (38
3.9%] versus 18 [1.9%]; p � 0.007). Cardiac morbidity (33

able 1. Continued

Categorical Variable

oncomitant cardiac surgical procedures
Coronary artery bypass grafting
Left internal mammary artery graft
Right internal mammary artery graft
Saphenous vein graft
Mitral valve replacement
Mitral valve repair
Pulmonic valve repair or replacement
Tricuspid valve repair or replacement
Maze procedure
Myomectomy
Aortic surgery

Results are shown as number (%). b Blood component therapy refer

F � ejection fraction.

able 2. Continuous Baseline and Operative Characteristics fo

Continuous Variables
Conc

emographics
Age (y)
Body surface area (m2) 1

reoperative laboratory values
Hematocrit (%) 40
Serum creatinine (mg/dL) 1
Serum albumin (g/dL) 4
Serum bilirubin (mg/dL) 0

erioperative variables
Preoperative mean gradient across aortic valve
Aortic cross-clamp time (min)
Indexed orifice area (cm2/m2)b 1

b
Results are shown as median (25th, 75th percentiles). Indexed orifice are
nternal orifice diameter assuming a circular orifice shape divided by patient’s
3.4%] versus 17 [1.8%]; p � 0.022) and prolonged intu-
ation (85 [8.8%] versus 58 [6.0%]; p � 0.019) were also
igher in patients with concentric geometry. Renal, neu-
ologic, infection, and overall morbidity did not differ
ignificantly in patients with concentric and nonconcen-
ric geometries (Table 5).

Patients with concentric geometries were compared
ith patients with normal geometries. One hundred

orty-nine patients with normal geometry were propen-
ity matched to 149 patients with concentric geometries.
eurologic morbidity was higher in patients with con-

entric geometry (9 [6.0%] versus 2 [1.3%]; p � 0.032].
ortality (8 [5.4%] versus 4 [2.7%]; p � 0.24), cardiac
orbidity (6 [4.0%] versus 2 [1.3%]; p � 0.28), and

rolonged intubation (18 [12.1%] versus 9 [6.0%]; p �
.069) were higher in patients with concentric geometry,
ut did not reach statistical significance. Renal, infection,
nd overall morbidity were not different between two
roups.

oncentric Geometry
(n � 964)

Nonconcentric Geometry
(n � 964) p Value

470 (48.8%) 466 (48.3%) 0.86
190 (19.7%) 197 (20.4%) 0.69

9 (0.93%) 12 (1.2%) 0.51
416 (43.2%) 404 (41.9%) 0.58
125 (13.0%) 122 (12.7%) 0.84
118 (12.2%) 114 (11.8%) 0.78

0 (0%) 0 (0%) . . .
87 (9.0%) 89 (9.2%) 0.87
24 (2.5%) 26 (2.7%) 0.77
7 (0.7%) 6 (0.6%) 0.78

80 (8.3%) 85 (8.8%) 0.68

he administration of fresh-frozen plasma, platelets, or cryoprecipitate.

e Propensity-Matched Patient Populationa

c Geometry
964)

Nonconcentric Geometry
(n � 964) p Value

, 77) 70 (59, 77) 0.85
7, 2.1) 1.9 (1.7, 2.1) 0.87

.8, 42.9) 40.0 (36.7, 42.7) 0.59
9, 1.3) 1.0 (0.9, 1.3) 0.60
8, 4.4) 4.1 (3.8, 4.4) 0.90
5, 0.9) 0.6 (0.5, 0.9) 0.40

, 47) 34 (23, 46) 0.16
, 109) 84 (61, 108) 0.74

6, 2.1) 1.8 (1.6, 2.1) 0.53

2 2
C

s to t
r th

entri
(n �

70 (58
.9 (1.

.2 (36

.0 (0.

.2 (3.

.6 (0.

35 (24
84 (62
.8 (1.
a (cm /m ) of the implanted aortic valve was calculated from prosthesis
body surface area [21].
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able 3. A Comparison of Baseline and Operative Characteristics for the Unmatched Patient Population Undergoing Aortic
alve Replacement With or Without Concomitant Proceduresa

Categorical Variable
Concentric Geometry

(n � 3,444)
Nonconcentric Geometry

(n � 1,639) p Value

ale sex 2,071 (60.1%) 1,147 (70.0%) �0.001
linical history
Hypertension 2,188 (63.5%) 923 (56.3%) �0.001
Congestive heart failure 1,216 (35.3%) 721 (44.0%) �0.001
Myocardial infarction 602 (17.5%) 388 (23.7%) �0.001
Cardiogenic shock 2 (0.1%) 5 (0.3%) 0.039
Left main disease 82 (2.4%) 33 (2.0%) 0.41
Left ventricular function �0.001

Normal (EF �0.60) 1,965 (57.1%) 572 (34.9%)
Mild dysfunction (EF 0.50–0.59) 853 (24.8%) 392 (23.9%)
Mild–moderate dysfunction (EF 0.46–0.49) 29 (0.8%) 30 (1.8%)
Moderate dysfunction (EF 0.41–0.45) 163 (4.7%) 137 (8.4%)
Moderate–severe dysfunction (EF 0.35–0.40) 124 (3.6%) 102 (6.2%)
Severe dysfunction (EF �0.35) 310 (9.0%) 406 (24.8%)

Pulmonary hypertension 493 (14.3%) 242 (14.8%) 0.67
Chronic obstructive pulmonary disease 361 (10.5%) 161 (9.8%) 0.47
Smoking 1,864 (54.1%) 855 (52.2%) 0.19
Diabetes mellitus 0.003

Insulin-dependent 232 (6.7%) 89 (5.4%)
Non–insulin-dependent 390 (11.3%) 148 (9.0%)
Diet-controlled 103 (3.0%) 35 (2.1%)

Carotid artery disease 661 (19.2%) 221 (13.5%) �0.001
Stroke 289 (8.4%) 109 (6.7%) 0.031
Peripheral vascular disease 442 (12.8%) 184 (11.2%) 0.10
Renal failure requiring dialysis 51 (1.5%) 29 (1.8%) 0.44
ew York Heart Association class 0.025
I 509 (14.9%) 262 (16.1%)
II 1847 (54.0%) 849 (52.2%)
III 838 (24.5%) 375 (23.0%)
IV 227 (6.6%) 142 (8.7%)

revious cardiovascular surgery history
Previous cardiac surgery 879 (25.5%) 518 (31.6%) �0.001
Carotid surgery 162 (4.7%) 68 (4.2%) 0.37
Major vascular (other than carotid) procedure 150 (4.4%) 63 (3.8%) 0.39

everity of aortic valve insufficiency �0.001
None 1336 (38.8%) 413 (25.2%)
1� 783 (22.7%) 243 (14.8%)
2� 666 (19.3%) 284 (17.3%)
3� 463 (13.4%) 384 (23.4%)
4� 196 (5.7%) 315 (19.2%)
itral insufficiency (�3�) 376 (10.9%) 346 (21.1%) �0.001

erioperative factors
Emergency procedure 13 (0.4%) 19 (1.2%) 0.001
Preoperative use of intraaortic balloon pump 11 (0.3%) 8 (0.5%) 0.36
Inotropic drug requirement before cardiopulmonary bypass 13 (0.4%) 16 (1.0%) 0.008
Packed red blood cell transfusion 1980 (57.5%) 844 (51.5%) �0.001
Blood component therapyb 625 (18.2%) 330 (20.1%) 0.090
ortic valve replacement procedure
Valve type �0.001

Bioprosthesis 2782 (80.8%) 1086 (66.3%)
Mechanical 344 (10.0%) 257 (15.7%)
Allograft 318 (9.2%) 296 (18.1%)
Aortic annulus enlargement 79 (2.3%) 24 (1.5%) 0.050
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utcomes: Logistic Regression
ecause the propensity analysis matched only 38% of the
atient population (964 patients in each group of the total
,083 patients), logistic regression modeling was per-
ormed to adjust for confounding variables (listed in
ables 1 and 2) to compare outcomes in all patients. In
ddition, logistic regression techniques were able to
ompare each type of geometry individually. After ad-
ustment for confounding variables, LV wall geometry

as associated with an increased mortality risk (p �
.009). Concentric hypertrophy increased risk of mortal-
ty compared with eccentric hypertrophy (odds ratio
OR], 1.98; 95% confidence interval [CI], 1.21 to 3.20) and
oncentric remodeling increased risk of mortality com-
ared with eccentric hypertrophy (OR, 3.23; 95% CI, 1.56

o 6.67). Risk of mortality was similar between patients
ith concentric hypertrophy and patients with concentric

able 3. Continued

Categorical Variable

oncomitant cardiac surgical procedures
Coronary artery bypass grafting
Left internal mammary artery graft
Right internal mammary artery graft
Saphenous vein graft
Mitral valve replacement
Mitral valve repair
Pulmonic valve repair or replacement
Tricuspid valve repair or replacement
Maze procedure
Myomectomy
Aortic surgery

Results are shown as number (%). b Blood component therapy refer

F � ejection fraction.

able 4. A Comparison of Baseline and Operative Characteris

Continuous Variables

Conce

N (2

emographics
Age (y) 3,444
Body surface area (m2) 3,444

reoperative laboratory values
Hematocrit (%) 3,444
Serum creatinine (mg/dL) 3,444
Serum albumin (g/dL) 3,320
Serum bilirubin (mg/dL) 3,318

erioperative variables
Preoperative mean gradient across aortic valve 3,159
Aortic cross-clamp time (min) 3,444
Indexed orifice area (cm2/m2)b 3,399

b
Results are shown as median (25th, 75th percentiles). Indexed orifice are
nternal orifice diameter assuming a circular orifice shape divided by patient’s
emodeling (OR, 0.62; 95% CI, 0.34 to 1.13). Eccentric
ypertrophy versus normal (OR, 0.69; 95% CI, 0.24 to
.99), concentric hypertrophy versus normal (OR, 1.36;
5% CI, 0.50 to 3.68), and concentric remodeling versus
ormal (OR, 2.21; 95% CI, 0.72 to 6.77) were not signifi-
antly different.

Relative wall thickness, but not LV mass, was associ-
ted with increased mortality, cardiac, renal, neurologic,
nd overall morbidity (Table 6).

omment

his investigation finds evidence to suggest that preop-
rative LV geometry influences outcome after AVR sur-
ery. Patients with concentric hypertrophy and concen-
ric remodeling had worse outcomes than patients with
onconcentric LV geometry. Further, increased RWT, not

oncentric Geometry
(n � 3,444)

Nonconcentric Geometry
(n � 1,639) p Value

1649 (47.9%) 678 (41.4%) �0.001
798 (23.2%) 286 (17.5%) �0.001
41 (1.2%) 22 (1.3%) 0.65

1390 (40.4%) 580 (35.4%) �0.001
339 (9.8%) 210 (12.8%) 0.001
232 (6.7%) 267 (16.3%) �0.001

0 (0%) 3 (0.2%) 0.033
240 (7.0%) 149 (9.1%) 0.008
106 (3.1%) 54 (3.3%) 0.68
89 (2.6%) 9 (0.6%) �0.001

351 (10.2%) 193 (11.8%) 0.088

he administration of fresh-frozen plasma, platelets, or cryoprecipitate.

for Unmatched Patientsa

Geometry Nonconcentric Geometry

p Value
Median
5th percentiles) N

Median
(25th, 75th percentiles)

2 (63, 78) 1,639 67 (53, 75) �0.001
9 (1.7, 2.1) 1,639 1.9 (1.7, 2.1) �0.001

0 (36.6, 42.8) 1,639 40.1 (36.8, 42.9) 0.14
0 (0.8, 1.2) 1,639 1.0 (0.9, 1.2) �0.001
1 (3.8, 4.4) 1,593 4.2 (3.9, 4.4) 0.30
6 (0.4, 0.8) 1,594 0.7 (0.5, 0.9) �0.001

3 (31, 55) 1,195 31 (21, 44) �0.001
0 (59, 106) 1,639 87 (64, 111) �0.001
8 (1.6, 2.1) 1,603 1.9 (1.6, 2.2) �0.001

2 2
C

s to t
tics

ntric

5th, 7

7
1.

40.
1.
4.
0.

4
8

1.
a (cm /m ) of the implanted aortic valve was calculated from prosthesis
body surface area [21].
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ncreased LV mass, was associated with an increased risk
f early death after AVR surgery.
Propensity modeling was used in our investigation to

ompare postoperative outcomes in patients by type of
V geometry. For the purpose of the propensity analysis,

dichotomous variable describing LV geometry was
reated such that patients were labeled as either concen-
ric geometry or nonconcentric geometry. To form a
ichotomous variable, patients with eccentric hypertro-
hy and normal geometry were combined into a single
roup. This technique allowed us to compare concentric
eometry with all other geometries, and we found that
atients with concentric geometries had an increased risk

or early mortality after AVR. Further, logistic regression
echniques were performed, which compared individual
eometries and their association with adverse outcomes.
he results from both analyses were consistent in that
atients with concentric LVH and concentric remodeling
ere at increased risk for mortality compared with ec-

entric hypertrophy.
This analysis compared outcomes related to ventricu-

ar geometry, rather than type of aortic valve disease. The
easons for this comparison include the fact that other
onditions (eg, other valvular disease, previous myocar-
ial infarction, hypertension, and neurohormonal fac-

able 5. Postoperative Morbidity and Mortality Outcomes for

Variables
Concentric Geometry

(n � 964)

ortality 38 (3.9%)
orbidity
Cardiac 33 (3.4%)
Prolonged intubation 85 (8.8%)
Renal failure 33 (3.4%)
Neurologic 31 (3.2%)
Infection 49 (5.1%)
Overall 116 (12.0%)

Results are presented as number (%) and (95% confidence intervals).

I � confidence interval; OR � odds ratio.

able 6. In-Hospital Postoperative Mortality and Morbidities
assa

Outcome

Increasing Relative Wa

OR (95% CI)

ortality 1.3 (1.1, 1.6)
orbidity
Cardiac 1.4 (1.1, 1.6)
Prolonged intubation 1.1 (1.0, 1.3)
Renal failure 1.3 (1.0, 1.5)
Neurologic 1.2 (1.0, 1.4)
Infection 1.1 (1.0, 1.3)
Overall 1.1 (1.0, 1.3)

Results are presented as odds ratio (95% confidence intervals). b Pe
I � confidence interval; OR � odds ratio.
ors) in addition to type of aortic valvular disease con-
ribute to ventricular remodeling and the development of
oncentric versus eccentric geometries. Certainly, more
han 30% of patients with aortic stenosis have been found
o have eccentric (rather than concentric) hypertrophy
23]. Thus, our objective was to evaluate the relationship
etween concentric LV geometry and outcomes after
ardiac surgery rather than a comparison of aortic steno-
is versus aortic insufficiency.

Outcomes were also compared between patients with
oncentric geometry and those with normal geometry.
owever, the number of patients with normal geometry
as small—only 3.9% of patients with aortic valve dis-

ase have normal geometries. Our findings were consis-
ent with our initial analysis: mortality, cardiac morbidity,
nd prolonged intubation in patients with concentric
eometry were more than twice that of patients with
ormal geometry. However, because of the small sample
ize with normal geometry, this analysis lacked power to
nd a difference, and statistical significance was not
chieved. It is also possible that some patients with
ormal geometry may have experienced acute aortic
alvular dysfunction related to endocarditis or aortic
issection, before the development of chronic LV remod-
ling. These events may have increased risk for postop-

Propensity-Matched Pairsa

nconcentric Geometry
(n � 964) OR (95% CI) p Value

18 (1.9%) 2.2 (1.2, 3.8) 0.007

17 (1.8%) 2.0 (1.1, 3.6) 0.022
58 (6.0%) 1.5 (1.1, 2.1) 0.019
21 (2.2%) 1.6 (0.9, 2.8) 0.098
28 (2.9%) 1.1 (0.7, 1.9) 0.69
34 (3.5%) 1.5 (0.9, 2.3) 0.092
93 (9.7%) 1.3 (1.0, 1.7) 0.092

ted to Increasing Relative Wall Thickness or Left Ventricular

icknessb Increasing LV Massc

p Value OR (95% CI) p Value

0.004 1.0 (0.8, 1.3) 0.99

0.002 1.0 (0.7, 1.4) 0.96
0.20 1.2 (0.9, 1.4) 0.18
0.027 1.1 (0.8, 1.4) 0.63
0.045 1.0 (0.7, 1.2) 0.66
0.13 0.9 (0.7, 1.1) 0.21
0.038 1.0 (0.8, 1.1) 0.59

nit increase. c Per 100 g/m increase.
the
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rative complications in patients with normal geometries
nd resulted in a smaller difference in outcomes. Because
ur investigation indexed LV mass to height, rather than
o body surface area, obesity was less likely to underrec-
gnize increased LV mass and falsely classify patients
ith LVH as normal LV mass [2, 18].
Our findings are consistent with other studies showing

he association of LVH with adverse outcome after AVR
urgery, including higher in-hospital mortality and mor-
idity [7–9]. Various descriptors of LVH severity have
een used in other reports. As in our study, Orsinelli and
ssociates [7] and Bech-Hanssen and coworkers [10]
eported that patients with increased RWT and concen-
ric hypertrophy were at increased risk of early postop-
rative mortality after AVR, although their investigations
ncluded only patients with aortic stenosis. In addition,
urigemma and colleagues [24] reported that specific
chocardiographic findings in patients, including more-
ronounced hypertrophy, smaller cavities, and higher
jection fractions, were associated with increased post-
perative mortality. These reports are in agreement with
ur findings that RWT predicts adverse outcome after
VR.
In contrast, other investigations used LV mass index,

ather than RWT, to assess severity of LVH and evaluate
ts influence on outcomes after AVR [8, 9]. In contrast to
ur findings, Mehta and associates [8] reported that

ncreased LV mass index was associated with adverse
utcome after AVR with low cardiac output syndrome
eing the most common mode of death. Although Fuster
nd coworkers [9] reported that LV mass index was a
redictor of early mortality and morbidity after AVR,
onsiderably higher cutoff points were used to define
ncreased LV mass (277 g/m2 in males, 251 g/m2 in
emales). Although cumulative mortality was increas-
ngly higher for LV mass index values around 180 g/m2,
atients with mild to moderate increase (cutoff points of
34 g/m2 in males, 110 g/m2 in females) in LV mass did
ot have an increase in mortality [9]. The cutoff points of

ncreased LV mass in our investigation were at conven-
ional levels [2, 18]. Thus, many of the patients that were
lassified as increased LV mass in our investigation
ould not have fit criteria for increased LV mass accord-

ng to Fuster and colleagues [9]. Therefore, our results,
hich find that increased LV mass, conventionally de-
ned, does not predict mortality after AVR do not con-

radict Fuster and coworkers [9]. Further study by Fuster
nd associates [25] found that severely increased LV
ass index was associated with mortality only in patients
ith low LV ejection fraction. Consistent with this theory,
ilavetz and colleagues [11] did not find that the degree

f LVH, conventionally defined, influenced postoperative
utcome after AVR.
An increased risk for early mortality in patients with

oncentric LV geometries undergoing AVR may be re-
ated to postoperative hemodynamic abnormalities, myo-
ardial ischemia, and diastolic dysfunction. Patients with
oncentric LVH may be particularly susceptible to hemo-
ynamic abnormalities in the immediate postoperative

eriod as a result of the acute afterload reduction related
o the removal of a stenotic aortic valve in addition to a
tiff, noncompliant ventricle with impaired diastolic fill-
ng. Furthermore, an underfilled hypertrophied LV could
e susceptible to dynamic LV outflow tract obstruction
uring systole [24]. Patients with concentric LVH are also
t increased risk for preoperative myocardial ischemia as
consequence of structural alterations of the intramyo-

ardial coronary vasculature, increased coronary resis-
ance [26], coronary flow abnormalities [27], insufficient
rowth of coronary arteries relative to the degree of
ypertrophied myocardial mass, and impaired subendo-
ardial blood flow owing to increases in LV end-diastolic
ressure. Further, myocardial oxygen demand is in-
reased because of increased myocardial mass and
igher wall tension, although myocardial efficiency is
ecreased [28] as increased interstitial fibrosis in the
ypertrophied ventricle increases oxygen consumption,
ithout contributing to LV minute work. Intraopera-

ively, patients with severe LVH are also at increased risk
or suboptimal myocardial protection related to car-
ioplegic techniques [29], which may result in increased
isk for development of myocardial dysfunction or ar-
hythmias. Diastolic dysfunction associated with concen-
ric LVH [30] may also increase risk for adverse postop-
rative outcome. The presence of LVH amplifies the
iastolic dysfunction that occurs with ischemia and
eperfusion [31], which may further compromise cardiac
utput. These many factors may explain the increase in
isk for adverse outcome in patients with concentric
eometries after AVR.

tudy Limitations
ecause of its retrospective nature, the clinical data on

he patients may be incomplete, and some determinants
f outcome may not have been captured. Clinical care
as not standardized; thus, selection bias and effects of
nmeasured confounding variables cannot be excluded.
dditionally, results from a single academic institution
ay not apply elsewhere because patient characteristics

nd care protocols will differ at least to some extent.
owever, a large, consecutive series from a single insti-

ution involving patients undergoing the same operation
lso reduces variability, thus making it easy to identify
utcome patterns.

onclusions
his investigation suggests that patients with concentric
ypertrophy and concentric remodeling have worse out-
omes than those with nonconcentric geometries. In-
reasing RWT, but not increasing LV mass, is associated
ith increased risk of early postoperative death. Further

tudies are required to address whether postoperative
utcomes could be improved by AVR before a significant

ncrease in RWT occurs.
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