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bentall procedure compared to isolated 



Abstract

Background: The Bentall procedure, a technique for composite aortic valve and root replacement has
become the standard operation for aortic root dilatation combined with aortic valve pathology.
Normative echocardiographic gradients for “isolated” St Jude Medical (SJM) aortic valve prostheses
are known. Gradients across a composite aortic graft with a non elastic tube are unknown. The aim
was to compare the maximal transvalvular pressure gradient (TPGmax) across SJM aortic valve
prostheses in patients after Bentall procedure and after isolated aortic valve replacement. (AVR)

Methods: The first echocardiogram after surgery of consecutive patients after AVR with a SJM
prosthesis, or after Bentall procedure were reviewed.

Results: 174 patients with SJM Regent aortic valve prostheses were included; 44 patients after
Bentall procedure, including 22 with Marfan’s syndrome, and 130 patients after isolated AVR. TPGmax

was significantly higher in patients after Bentall procedure compared to patients after isolated AVR
(34 vs. 22 mm Hg; P < 0.001). In univariate analysis age, body surface area (BSA), time to first echo,
beta blocker non use, 23 and 25 mm valve size, effective orifice area indexed, stroke volume and
Bentall procedure were associated with an elevated TPGmax.(P < 0.05). In multivariate analysis BSA (ß
= 13.54, P = 0.04), effective orifice area indexed (ß = 20.87, P = 0.002), stroke volume (ß = 0.14, P =
0.008) and the Bentall procedure (ß = 11.89, P < 0.001) were independently associated with an
elevated TPGmax.

Conclusion: Transvalvular pressure gradients in patients after Bentall procedure were significantly
higher compared to patients after isolated AVR. The significantly lower indexed EOA in the Bentall
group suggests that the conduit attached to the mechanical prosthesis decreases the actual orifice
area. Additionally elevated transvalvular gradients in Bentall patients may be the result of the “non
elastic” properties of the Bentall prosthesis. These findings stress the importance of a baseline
echocardiogram after Bentall procedure as a reference for further clinical follow up.
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Introduction
Composite replacement of the aortic valve and the proximal aorta is a standard operation in patients
with combined aortic dilatation and aortic valve pathology.1 5 The coronary arteries are then
anastomosed to the side of the graft. This technique, first described by Bentall and De Bono in 1968,
has demonstrated excellent long term outcomes and dramatically improved life expectancy.6 10 The
maximal transvalvular pressure gradient (TPGmax) across the aortic valve prosthesis is one of the
major criteria used to evaluate aortic valve function. Previous studies have established normative
values for gradients of the normally functioning isolated St Jude Medical (SJM) aortic valve
prostheses according to valve size.11 13 In the past, we have noticed that patients after a Bentall
procedure have pressure gradients across the prosthetic aortic valve higher than expected. However,
normal values for gradients across a composite aortic graft with a “non elastic” tube remain
unknown. The aim of our study was to compare the maximal transvalvular pressure gradient (TPGmax)
across SJM aortic valve prostheses in patients after Bentall procedure and in patients after an
isolated SJM aortic valve prosthesis.

Methods
Study population 
A retrospective study was performed in all consecutive patients who underwent an aortic valve
replacement at the Academic Medical Centre in Amsterdam between 1995 and 2006. Patients were
retrieved from the thoracic surgery database. The first echocardiogram after surgery was analysed.
Because of the need for uniformity, all patients with a previous Bentall procedure, as well as all
patients with isolated AVR, both with Regent SJM aortic valves were included. However as in patients
with an 23, 25, 27 mm Bentall prothesis a 21, 23 and 25 mm aortic valve prosthesis respectively is
implanted, only isolated AVR patients with 21, 23 and 25 mm valve prosthesis were included.

Echocardiography
Transthoracic echocardiographic images (M mode, two dimensional and Doppler) were obtained
with a 1.6 3.2 MHz transducer (Vivid 7 GE Vingmed, Horton, Norway). LV function was qualitatively
assessed and classified as normal (> 50% ejection fraction), impaired (30 50% ejection fraction) or
poor (<30% ejection fraction). LV wall thickness and LV internal diameters were measured from the
parasternal long axis acoustic window by using 2D echocardiography and M mode. Left LVOT
diameter was based on valve size in each patient. Stroke volume (SV) was calculated by using the
velocity time integral (VTI) and the cross sectional area of the LVOT, which equals valve size. Doppler
velocity gradients across the St. Jude Medical valves were obtained from the apical, suprasternal and
right parasternal positions, the highest gradient was used for further analysis. CW Doppler
echocardiography was performed to obtain the maximal and mean gradient. The TPGmax was
calculated with the modified Bernoulli equation, including the proximal velocity as well as the jet
velocity. We considered the TPGmax assessed by Perin et al as reference values for an appropriate
function of the SJM aortic valves.11 A value more than 1.96 times the standard deviation (SD) above
the mean was defined as pathologically increased. These studies were analysed and reviewed by a
single experienced echocardiographer. The extent of patient prosthesis mismatch was assessed and
defined as an indexed effective orifice area (iEOA) less than 0.85 cm2/m2.14



Transesophageal echocardiography (TEE) measurements were performed, using a multiplane probe
(Vivid 7 GE Vingmed, Horton Norway), and used to rule out valve dysfunction due to pannus and
thrombus. The TEE studies were performed in case of a suspicion of pannus determined at the
discretion of the treating physician, using standard views with particular attention for aortic valve
dysfunction and presence and structure of any mass (pannus) on the valve.15

Cinefluoroscopy was performed with a Philips OM 200 X ray tube, image intensifier and a digital
cardiac imaging (DCI) unit with a 512×512 pixel matrix format. Evaluation of the prostheses was
considered appropriate when the prosthetic tilting disk projection (with the x ray beam parallel to
the valve ring plane and the tilting axis of the disks) was obtained. This view was used to calculate
opening and closing angles.

Data were entered in a SPSS data spreadsheet for data description and analysis. Data were analysed
with the SPSS package V.16.0 (SPSS Inc, Chicago, Illinois, USA). Values of p < 0.05 were considered
significant. Categorical baseline characteristics were expressed as numbers with percentage and
compared using the chi square test. Continuous variables were expressed as mean ± SD.
Comparisons of measurements obtained between the two groups (i.e. Bentall group and Isolated
AVR group) were performed using the two tailed t test for independent samples. Patients were
subdivided according to valve size; 21 mm, 23 mm and 25 mm respectively. However as in patients
with a 23, 25, 27 mm Bentall prothesis a 21, 23 and 25 mm aortic valve prosthesis respectively is
implanted, we compared these Bentall prostheses with AVR patients with a 21, 23 and 25 mm valve
prosthesis. Comparisons between these groups were done by using the one way ANOVA test.
Univariate linear regression analysis was performed to identify clinical variables associated with an
increased TPGmax. The resulting multivariate model was derived by a stepwise algorithm. Multivariate
stepwise regression analyses were performed, using 0.05 as the criterion of significance for entry of
the variables and 0.1 for removal, and used to indentify independent determinants for an increased
TPGmax. Multivariate stepwise regression analyses were performed in both groups separately using
the same criteria as mentioned for multivariate regression previously. To test whether the
association between baseline characteristics and TPGmax differs between the Bentall group and the
isolated AVR group we tested for the interaction between the procedure and the interaction in the
linear regression model in both groups separately.

In this study 174 patients (70% men; 63 ± 14 years) with a SJM aortic valve were included; 44
patients after Bentall procedure (72% men; 48 ± 17 years) including 22 patients with Marfan
syndrome (68% men; 36 ± 12 years). All St Jude prostheses in both the isolated AVR group and the
Bentall group were Regent series. Median time after surgery was 0.77 months (0.1 – 143.1 months)
in the Bentall group, and 0.13 months (0.07 – 23.4 months) in the isolated AVR group. Systolic blood
pressure was significantly lower in the group after Bentall procedure (systolic; 120 vs. 129 mm Hg, P
<0.001, diastolic; 72 vs. 75 mm Hg, P = 0.11). Beta blocker use was comparable for the two groups.
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The LVOT diameter, which equals valve size, was significantly lower in the isolated AVR group. Left
ventricular function was not significantly different in the Bentall group compared to the patients with
an isolated AVR. No significant difference in stroke volume (SV) was found between these groups.
Moreover no significant difference was found in systemic arterial compliance (SV index / (SBP
DBP)), and valvulo arterial impedance (SBP + mean gradient) / SV index)) that reflects the global LV
hemodynamics. Overall, six Bentall patients underwent fluoroscopy, and all six had normal opening
and closing angles. Twelve patients underwent TEE. Suspicion of pannus or thrombus was based on
the relatively large gradient. After TEE and/or fluoroscopy, the suspicion of pannus or thrombus had
been ruled out, as thrombus, pannus or malfunction could not be detected. Patient prosthesis
mismatch was found in three patients after Bentall procedure. Baseline characteristics are depicted
in Table 1. Table 2 describes the pathology for which patients received either isolated AVR or Bentall
procedure.



Table 1. 

 Bentall
(n = 44)

Isolated AVR
(n = 130)

P Value*

 

Age (years)

2)†

TEE

0 0

TPG

TPG

Table 2. 

 
(n = 44)

 
(n = 130)

0

0
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Transvalvular pressure gradients in Bentall versus isolated AVR
The TPGmax was significantly higher in the Bentall group, compared to TPGmax in patients after isolated
AVR (34.3 ± 11.7 vs. 21.7 ± 7.4mmHg, P < 0.001). (Example: Illustration 1 and 2) The TPGmean was also
significantly higher in the Bentall group as compared to the isolated AVR group. (18.4 ± 6.3mmHg vs.
12.2±4.9mmHg, P < 0.001) Significantly more patients had an increased TPGmax (TPGmax 40 mm Hg)
in the Bentall group compared to the isolated AVR group (P < 0.001); twelve patients (27%) after
Bentall procedure versus no patients after isolated AVR. Table 3 shows the TPGmax for all valve sizes
together and for each valve size separately. When comparing both groups, patients after Bentall
procedure had significantly higher gradients compared to patients with an isolated AVR. When
correcting for valve size, we found the TPGmax to be significantly higher in the Bentall group in
patients with a 21 and 23 mm valve. (P < 0.001, and P < 0.001 for 21 and 23 mm valves respectively).
Patients after Bentall procedure including a 25 mm valve had higher gradients, but did not reach
significance possibly due to the small group. (Figure 1,2) Reference values for the TPGmax as assessed
by Sudkamp et al. for isolated SJM valves are depicted in Table 3. According to the total population,
no significant difference in the TPGmax between the different valve sizes was found.

1. Bentall prosthesis 2. Isolated AVR

llustration 1: Transvalvular gradient in a patient after Bentall procedure

Illustration 2: Transvalvular gradient in a patient after isolated AVR
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Figure 1: TPGmax in patients after Bentall procedure compared to patients after isolated AVR.
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Figure 2: TPGmean in patients after Bentall procedure compared to patients after isolated AVR.
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Effective orifice area in in Bentall versus isolated AVR
The effective orifice area and the indexed effective orifice area were significantly smaller in the
Bentall patients as compared to the isolated AVR patients. When correcting for valve size we found
that the EOA was only significantly different in the Bentall 25 mm prosthesis (with AVR 23 mm valve)
as compared to the 23 mm AVR group. (Table 3) The indexed EOA was significantly different in both
the Bentall 23 (with AVR 21 mm) and Bentall 25 mm (with AVR 23 mm) prosthesis as compared to
the isolated AVR 21 mm and isolated AVR 23 mm respectively. The difference between the indexed
EOA was not statistically significant for the Bentall 27 mm prosthesis (with AVR 25 mm valve)
compared to the isolated AVR 25 mm valve, which is possibly due to the small number of patients
that received a Bentall 27 mm prosthesis. (Figure 3 and 4)

Table 3. TPGmax

Valve size Bentall  Isolated AVR  Sudkamp et al.

TPGmax TPGmax TPGmax

n mmHg n mmHg P Value* n mmHg

All sizes 44

45 22

34

EOA EOA EOA 

n (cm²) n (cm²) P Value* n (cm²)

All sizes 44

45 22

34
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Figure 3: EOA in patients after Bentall procedure compared to patients after isolated AVR.
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Figure 4: EOA indexed in patients after Bentall procedure compared to patients after isolated AVR.
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Univariate regression analysis showed that age, body surface area (BSA), time to first echo, beta
blocker non use, 23 and 25 mm valve size, effective orifice area indexed, stroke volume and Bentall
procedure were variables associated with an elevated TPGmax (P < 0.05). Multivariate analysis showed
that BSA, effective orifice area indexed, stroke volume and the Bentall procedure were associated
with an elevated gradient (P < 0.05). (Table 4). Analyzing data with or without BSA did not affect the
results. Marfan’s syndrome was substituted by Bentall procedure because of multicollinearity (all
Marfan patients were Bentall patients). To test whether the association between these variables and
TPGmax differs between the Bentall group and the isolated AVR group, we tested for the interaction
between the procedure and the interaction in the linear regression model. All P values of interaction
tests were > 0.05 therefore there is no significant evidence for a differential association of the clinical
parameters and TPGmax in both groups. Excluding the patients with patient prosthesis mismatch did
not affect our results.



The present study demonstrates that TPGmax in patients after Bentall procedure including a SJM
Regent aortic valve prosthesis is significantly higher compared to TPGmax in patients after an isolated
SJM Regent aortic valve replacement. These data indicate that the normative echocardiographic
gradients as previously described for patients after isolated AVR are not reliable in the clinical
surveillance of patients after Bentall procedure.11;16 12

Previous research has shown that prosthetic heart valves are known for their intrinsic degree
of obstruction and therefore intrinsic gradient.14;17 19 It is known that the TPGmax in normal native
valves is dependent on a variety of factors, such as the cross sectional area of the left ventricular
outflow tract, transvalvular flow, the pressure recovery phenomenon, blood pressure and the
effective orifice area (EOA) of the aortic valve.20;21 It is expected that TPGmax in prosthetic valves is
dependent on similar mechanisms.
In our patient cohort, with non native valves, it is known that the cross sectional area of the outflow
tract is dependent on the selected valve, and its size. Nonetheless, Perin and Sudkamp et al.
found no significant differences in transvalvular gradients among the various valve sizes in patients
with isolated SJM aortic valve prostheses.11 16 Comparing patients after isolated SJM Regent AVR to
patients after Bentall procedure including SJM Regent valves, we found the cross sectional area of
the LVOT, which equals valve size, to be significantly higher in the Bentall group. Multivariate
analyses in both groups revealed however, that valve size was not predictive for increased TPGmax.

Therefore, the current study confirms these data, indicating that factors other than valve size are
responsible for differences in transvalvular gradients in patients with a prosthetic valve.
In the present study, we found that the Doppler measured indexed EOA was significantly lower in the
Bentall group. Corrected for valve size we found that the indexed EOA was significantly lower in both
the Bentall 25 and Bentall 23 prosthesis, however possibly due to the due to the small number of
patients that received a Bentall 27 mm prosthesis this difference was not found in the Bentall 27 mm
prosthesis group. Moreover, we found that the indexed EOA was independently associated with an
increased TPGmax. An important limitation is however, that the EOA was derived from the prosthesis
size, rather then measuring the LVOT diameter, which has been found to have a limited correlation
with in vitro analysis.22 However, these findings indicate that the increased TPGmax in the non elastic
Bentall prosthesis might be caused by the fact that the conduit attached to the mechanical prosthesis
decreases the actual orifice area.

The first explanation however, for our findings might be related to the transvalvular flow
which has been demonstrated to play an important role in transvalvular gradients in patients with
native valves, and is primarily related to stroke volume (SV).21 As we found increased TPGmax in
patients after a Bentall procedure, we compared SV in patients after Bentall procedure to SV in
patients after AVR. Although multivariate analysis revealed that stroke volume was predictive for an
increased TPGmax in our patient cohort, no significant difference was found between SV between
both groups.

A second explanation for our findings is the pressure recovery phenomenon. Recent studies
revealed that pressure recovery can explain “overestimation” catheter gradients by Doppler
echocardiography in bileaflet prosthetic valves.23;24 However, as previously shown, pressure recovery
occurs downstream of the vena contracta and will thus affect the gradients and EOAs measured by
catheter but not those measured by Doppler, which are derived from the maximum velocity
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measured at the vena contracta. However, if Bentall patients have more pressure recovery
(especially due to a smaller downstream chamber: i.e. the aortic conduit), the Doppler gradients and
EOAs of these patients would be similar to those of patients with isolated AVR but their catheter
gradients and EOAs would be significantly lower.23;24 However, in the present study catheter
gradients were not available. Therefore, it remains unclear whether smaller aortic diameters or the
non elastic properties of the Bentall prosthesis induces pressure recovery and is thereby causative
for the higher gradients in the Bentall group.

The third explanation for our findings might be related to blood pressure, which is known to
influence the assessment of the transvalvular gradient in patients with aortic stenosis.25 27 However,
several studies have shown that blood pressure, arterial compliance or vascular resistance does not
directly influence the valvular hemodynamics.24;25;28 Changes in arterial hemodynamics may alter the
LV pump function (due to changes in afterload) and thus the transvalvular flow, which may in turn
modify the gradients and EOAs but this is an indirect effect.29 And in this study, the stroke volume
was similar in Bentall versus isolated AVR. The only valve hemodynamic parameter that is directly
influenced by arterial hemodynamics is the peak to peak gradient measured by catheter, which
decreases when arterial compliance is reduced.25 However, changes in arterial compliance have no
effect on peak gradient (TPGmax in this study) measured by Doppler or catheter.

The fourth explanation for the findings as demonstrated in this study is that the higher
gradients and lower EOAs observed in the Bentall patients are artifactual and are in fact related to
the localized high gradient within the central orifice. This phenomenon should be distinguished from
the pressure recovery phenomenon as discussed above. The latter occurs in all types of valves (native
valves, bioprostheses, and mechanical valves) and is essentially determined by the ratio of the EOA
to the cross section of the ascending aorta. The former is specific to the bileaflet mechanical valves.
Due to the particular configuration of this type of valve, the velocity may be locally higher within the
central orifice than in the lateral orifices and this might cause overestimation of the gradient and
underestimation of EOA by Doppler. One could hypothesize that the attachment of a relatively rigid
conduit to the prosthetic valve may magnify this phenomenon but again the precise mechanism
remains unclear. This would be in contrast with previous studies in which the impact of changes in
downstream resistance and compliance on TPGmax failed to demonstrate any independent impact
of arterial resistance or compliance beyond the effects that these properties have on transvalvular
flow or EOA.24;25;28 The most likely explanation is that the surgical procedure itself created the smaller
EOA, potentially related to technical or surgical issues such as the site for example the site where the
stitches are sewn. However, exact data regarding this mechanism are not available.

This is the first observational study to demonstrate that the TPGmax in patients after Benall
procedure is increased as compared to patients after isolated AVR. Our findings imply that the
conduit attached to the mechanical prosthesis decreases the actual orifice area as compared to the
same type and size of the prosthesis without conduit. As this is the first observation and as the exact
mechanism remains unclear, these data encourage an in vitro project comparing an isolated valve
and a valve conduit, to confirm the in vivo findings as described in this study. These important data
indicate that the normative echocardiographic gradients as described by Sudkamp et al. for patients
after isolated AVR involving an SJM Regent valve, are not reliable in patients after Bentall procedure,
as their baseline values are in any way increased.12;13 This study stresses the importance of a



baseline echocardiogram early after surgery for the follow up of the intrinsic gradient and valve
function in these patients.

Limitations
The results of this study are limited by the retrospective nature of the data collection and the fact
that the cardiologists who did the echo measurements were not blinded to the type of procedure.
However, included patients comprised a representative group, increasing overall applicability of the
presented data. The ASE Guidelines document specifies measurement of the LVOT diameter (as
opposed to using valve size) as the preferred method when assessing aortic prostheses. However, in
our series valve size was used to assess the aortic prostheses. Moreover, this study has been initiated
after an observation of an increased TPGmax across the aortic valve prosthesis in patients after
Bentall procedure as compared to after isolated AVR during routine echocardiographic examinations.
The first step to confirm this observation was a retrospective study of which the data are presented
above. For the future, it will be important to perform an in vitro study to confirm our findings and to
unravel the mechanism.

Conclusion
The transvalvular pressure gradient in patients with a previous Bentall procedure including an SJM
aortic valve is higher compared to patients after an isolated SJM aortic valve replacement. Normative
echocardiographic gradients previously described in patients after AVR are not reliable in patients
after Bentall procedure. The significantly lower indexed EOA in the Bentall group suggests that the
conduit attached to the mechanical prosthesis decreases the actual orifice area. These findings stress
the importance of a baseline echocardiogram after surgery as a reference for further clinical follow
up of aortic valve function in these patients.
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