Prosthesis-patient Mismatch (PPM) is not uncommon with an incidence reported up to 70% after
aortic valve (AV) replacement. Severe forms of PPM are less common (up to 20%); PPM can lead
to increased short- and long-term morbidity and mortality. It is important to discriminate PPM from
other forms of prosthetic valve dysfunction. Sometimes, prosthetic valve degenerative disease may
coexist with PPM. Echocardiography plays an important role in the prevention and diagnosis of
PPM. Preemptive strategies to prevent PPM include insertion of newer generation prosthetic valves
with better hemodynamic characteristics, stentless prosthesis, aortic root enlargement to insert a
larger prosthesis, aortic homograft, and transcutaneous AV implantation. We present an illustrative
case and review the literature on PPM pertinent to anesthesiologists.
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Valve prosthesis-patient mismatch (PPM)

was originally described in 1978 by
Rahimtoola as “when effective orifice
area (EOA) of the prosthetic valve,

after insertion into the patient, is less
than that of a normal human valve.”!!
Based on Rahimtoola’s PPM definition,
the majority of patients with implanted
prosthetic  aortic valves (AVs) will
demonstrate some degree of PPM since
the prosthesis structure (leaflets, sewing
ring, and struts) will introduce some
degree of obstruction to blood flow across
the prosthetic valve. With more insights
from the scientific literature on this
subject, PPM is nowadays recognized by a
spectrum of hemodynamic and functional
derangements when EOA of the implanted
prosthetic valve is too small for the body
size, or more accurately, body surface
area (BSA).”) PPM has been described in
both the mitral and aortic positions and
is known to be associated with inferior
functional recovery, significant reduction
of cardiac index, and higher incidence of
congestive heart failure, cardiac events, and
mortality.>?] One of the major goals of AV
replacement (AVR) is to achieve regression
of left ventricular (LV) hypertrophy and
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improvement of LV performance.**! By
the same token, incomplete regression
of LV hypertrophy following AVR has
been demonstrated to significantly reduce
10-year survival.[*”! Therefore, it is crucial
to avoid PPM, especially in physically
active, younger patients. In this review,
we describe the definition, risk factors,
echocardiographic features, and differential
diagnosis of PPM. We address the effect
of PPM on patient outcomes and present
all available preventive strategies. We also
describe an illustrative case with suspected
post-AVR PPM and attempt to raise the
awareness for the cardiac anesthesiology
community.

A 64-year-old male with a history of obesity,
obstructive sleep apnea, hypertension,
hyperlipidemia, noninsulin-dependent
diabetes mellitus, coronary artery disease
(history of one vessel bypass to obtuse
marginal [OM,] in 2013), and valvular
heart disease (history of #21 mm
bioprosthetic AVR in 2013) presented with
progressive dyspnea and chest pain in
November of 2015. Coronary angiogram
showed 75% left anterior descending artery
stenosis, which then was treated with
drug-eluting stent placement in an outside
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facility. The saphenous vein graft to OM, was found to be
patent at the time of angiography. This patient also had an
echocardiogram following stent placement, which showed
restricted and tethered mitral valve (MV) leaflets causing
severe mitral regurgitation (MR), for which he was referred
to our university medical center. After admission for MV
surgery, a repeat transthoracic echocardiogram (TTE)
was done, which showed elevated AV peak velocity
and elevated AV mean gradient in addition to severe
MR [Figure 1]. The patient was listed for a redo cardiac
surgery to repair/replace the MV and further evaluation
of AV by transesophageal echocardiography (TEE) was
planned under anesthesia. Intraoperative TEE showed
thickened and restricted bioprosthetic AV leaflets with
moderate eccentric aortic incompetence [Video 1].
The AV mean gradient was found to be lower under
anesthesia, and effective AV area was calculated by
continuity equation as 1.3 cm? (valve area indexed to
BSA, known as indexed effective orifice area (iIEOA), was
0.6 cm?/m?) [Figure 2a and b]. The measured dynamic
velocity index was 0.38 and acceleration time was >100 ms,
with a rounded contour for AV ejection waveform. The
aortic annulus measured 21 mm, confirming the patient’s
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Figure 1: Continuous wave Doppler through aortic valve showing increased
peak velocity (>3 m/s), rounded velocity contour, and increased mean
gradients (preoperative transthoracic echocardiography)
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medical records, indicating a 21 mm bioprosthesis
implantation in the AV position during the previous
cardiac surgery. The decision was made to proceed with
AV and MV replacement. Intraoperative surgical findings
confirmed 21 mm bioprosthesis and small aortic root. All
preoperative and intraoperative echocardiographic findings
were given in Table 1. Given the body mass index (BMI) of
34 kg/cm? and BSA of 2.2 cm?, the surgical team felt that
this was a case of PPM. Aortic root enlargement, 23 mm
St. Jude Regent mechanical bileaflet valve implantation for
aortic position, and MV replacement with 25 mm On-X
valve were performed, and the patient was subsequently
successfully weaned from cardiopulmonary bypass (CPB).
Post-CPB, LV ejection fraction was 25%—30%, mean AV
gradient was 16 mmHg, and the iEOA was calculated
as 1.67 cm?*m? [Figure 3]. Moderate right ventricle
dysfunction following separation from CPB improved on
inotropic therapy. The patient did well postoperatively and
was discharged home.

Echocardiographic protocols utilize peak AV velocity,
iEOA, acceleration time, dynamic velocity index, and
jet contour to diagnose PPM in patients with suspected
prosthetic ~ valve  dysfunction (PVD).®  Several
echocardiographic protocols have been described to
differentiate between prosthetic valve disease due to
degenerative changes and PPM [Figure 4]. However, it is
important to recognize that the two pathologies can coexist
in any patient with PVD. Our patient, who had his AV
replaced 2 years before the recent presentation, showed
significant thickening and restriction of the implanted
bioprosthesis on two-dimensional (2D) echocardiographic
examination. iEOA <0.8 cm?m? with dynamic velocity
index >0.25 suggested PPM. However, rounded contour
of AV spectral waveform with acceleration time >100 ms
confirmed the presence of stenotic prosthetic valve disease.
It is important to note that improperly sized valves with
PPM can hasten the development of early degenerative
changes and premature PVD with varying degrees of
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Figure 2: Transesophageal echocardiographic evaluation of aortic valve area using continuity equation and calculation of dynamic velocity index. (a) Aortic
valve gradients and peak velocity by continuous wave Doppler and (b) left ventricular outflow velocity and gradients with pulse wave Doppler
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AV peak AV mean Mitral Aortic Systolic LV function (%)
velocity (m/s) gradient(mmHg) regurgitation regurgitation pulmonary artery
pressure by echo
March 2014 (routine screening 2.53 17 Mild None 46 mmHg 50-55
TTE before total knee
replacement)
November 2015 (TTE during 1.7 6 Severe Severely elevated 40
admission for left anterior
descending artery stent) done
outside university system
January 20, 2016 (immediate 32 28 Moderate to ~ Mild 34 mmHg 42
preoperative TTE) severe
February, 2016 (intraoperative 3 23 Moderate Moderate 16 mmHg 40
prebypass TEE)
February 2016 (postbypass 2.83 16 No perivalve No perivalve 35-40

intraoperative TEE)

leak

TTE: Transthoracic echocardiogram, LV: Left ventricle, AV: Aortic valve
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Figure 3: Continuous wave Doppler through newly implanted mechanical
aortic valve showing mean gradients after cardiopulmonary bypass

prosthetic valve stenosis and regurgitation.'” Therefore,
it is crucial for clinicians to integrate the information
derived from previous records, including annular size and
valve size, with echocardiographic findings and patient
parameters such as BSA at the time of redo cardiac surgery
to prevent recurrence of similar problems in the future.
Our patient presented with a higher BSA compared to
that at his previous surgery, the AV annulus was small
and the previously implanted 21 mm AV bioprosthesis
manifested the stigmata of degenerative valve disease. Our
perioperative and surgical teams concurred the diagnosis of
both PPM and premature PVD and aortic root enlargement;
implantation of 23 mm mechanical AV was performed to
prevent future occurrence of the same problem.

The presence of PPM in post-AVR patients is best assessed
using the iEOA of the prosthetic AV. Based on existing
literature, PPM is defined as none or mild when iEOA of

Normal appearance of prosthetic valve
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|EOA<0.85 cm?/m? Patien.t Prosthesis
. mismatch
Early peak AV velocity jet contour

Increased AV peak
velocity (>3 m/sec)

AT <100 msec

Increased AV Mean

Z Valve abnormalities (calcification, restricted
gradient (> 15 mmHg)

leaflets, prosthetic regurgitation)

Prosthetic valve
stenosis

DVI<0.3
Rounded contour of AV velocity jet

AT >100 msec

Figure 4: Echocardiographic algorithm to differentiate patient-prosthesis
mismatch and prosthetic valve obstructive valve disease from progressive
degeneration

the prosthetic valve is more than 0.85 cm?/m?, moderate
when it is between 0.65 c¢cm*m? and 0.85 cm?m? and
severe when it is less than 0.65 cm?m?2.12! Valve PPM is
not a rare occurrence, as the reported prevalence of PPM
for AV position varies between 19%—70% and 2%—20% for
moderate and severe PPM, respectively.!!!1

The EOA of the prosthetic valve can be calculated using a
simplified continuity equation with the information derived
from Doppler echocardiography and then indexed to BSA
to obtain iEOA.["¥ Postoperative PPM is manifested by an
unacceptably high transvalvular pressure gradient (TPG),
which is mathematically expressed by hydraulic equation. As
shown by hydraulic equation, pressure gradient has a direct
relationship with the square of flow across the valve and an
inverse relationship with square of the valvular orifice area.

TPG = QY/[k6EOA?]

TPG = transvalvular pressure gradient, Q = transvalvular
flow, EOA = effective orifice area.
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Since the relation between the gradient across a stenotic
valve to the valve area is curvilinear, transvalvular
gradients can increase exponentially with decreased
iEOA.I" In other words, a small decrease in i(EOA may
potentially result in a large increase in TPG. Once EOA
of a stenotic valve is reduced to less than 35% of normal,
the gradient rises precipitously.l'”! In Pibarot et al.’s study,
patients with PPM (iEOA <0.85 cm%*m?) and those with
no PPM had a TPG of 22 + 8§ mmHg and 15 + 6 mmHg,
respectively.' The greatest reduction in cardiac index
and increase in TPG are seen in patients with severe PPM
(IEOA <0.65 cm?/m?). TPG can be greatly impacted by
hemodynamics, ventricular function, and other valvular
pathologies. In our patient, measured iEOA was indicative
of severe PPM and the unexpectedly low mean gradients
across the prosthetic valve were attributed to the presence
of severe MR and LV ejection fraction, resulting in low
flow status.

iEOA is a reliable indicator of PPM and it is important to
document iEOA immediately after AVR in the operating
room, and in the postoperative period and reference,
those values for follow-up. As for our patient, we could
not obtain a postoperative iEOA documented following
the first AVR performed in an outside hospital, but our
post-redo-AVR iEOA was calculated as 1.67 cm?m?
Bleiziffer et al.'? in a prospective study predicted PPM in
11.7% (14/119) of AVR patients using intraoperative TEE.
Sixty-five percent of patients (9/14) who were predicted to
develop PPM actually manifested the stigmata of mismatch
during follow-up.

Prediction of postoperative iEOA will help guide the
surgeon’s decision on proper prosthesis size or alternate
procedures (described below) to prevent the development
of PPM. Bleiziffer et all'? studied several methods to
predict post-AVR iEOA in their cohort of 383 patients.
The study compared four different methods. The first used
their hospital database of patients who underwent AVR and
had a follow-up echocardiographic examination 6 months
later to calculate post-AVR iEOA; the second method
used indexed geometric orifice area (IGA); the third
method used commercially available charts from various
sources, including manufacturers; and the fourth method
used iIEOA published in the literature. Indexed IGA used
in the second method is defined as fixed internal diameter
of the valve prosthesis (provided by the manufacturer)
divided by the BSA of the patient. Severe PPM developed
in 24 (6.3%) of the patients. The proportion of patients
predicted to have PPM by the four study methods were as
follows; 22/24 (92%) by method 1, 0/24 (0%) by method
2, 13/22 (56%) by method 3, and 19/22 (86%) by method
4. The second method using IGA performed worse, and
the performance of method 3 varied significantly based
on the chart used. In contrast to iEOA, IGA has not
been shown to have any relationship whatsoever with
postoperative  TPG and hemodynamic improvements.
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According to Koch et al., there is no correlation between
IGA and postoperative recovery and outcomes in patients
undergoing AVR.I'! Furthermore, IGA varies from one
prosthesis to the other and in general, overestimates EOA.
Similarly, values from charts that use in vitro methods
to calculate iEOA will result in higher values (by 10%-—
15%); this must be avoided to prevent undersizing of the
prosthetic valve.!'”]

Joshi et al. investigated the incidence of PPM in an Indian
population (n = 668).l'! The incidence of any PPM was 9%
and severe PPM occurred only in 0.5% of patients. Indexed
aortic annulus size <16 mm/m? was predictive of PPM.
It may be useful to index annulus size to BSA to decide
on the best therapeutic options before AVR. Accurate
estimation of aortic annular diameter is crucial, and 2D
measurements may underestimate annular diameter.?”
Three-dimensional (3D) measurement of the longest annular
diameter using off-line multiplanar reconstruction method
or biplane method should be used to measure aortic annular
diameter.?” da Silva er al.?'! showed that patients who
had 3D TEE measurements of the aortic annulus had a
significantly (P = 0.03) lower incidence of severe PPM
after transcatheter AV implantation (TAVI) when compared
to those who had annulus measured using 2D TTE (0%
with 3D TEE vs. 20% with 2D TTE). While computerized
tomography is the most accurate methodology for
measuring aortic annulus preoperatively before TAVI, 3D
TEE is the most practical method in the operating room
for measurement of annular diameter during surgical
AVR (SAVR).[20-22.23]

Reduction of iEOA to mild and moderate degrees often
leads to no negative symptomatic or hemodynamic impact.
Nevertheless, endothelialization, tissue growth, and pannus
and thrombus formation with time will further decrease the
EOA to produce symptoms. The presence of PPM at the
time of implantation can accelerate structural degeneration
of bioprosthetic valves. We feel that PPM following
the first AVR in our patient led to an early degeneration
of prosthetic AV within a shorter period following
implantation.

Several other factors influence the development and impact
of PPM in any individual patient. The combination of
small aortic annulus and higher BSA in a functionally
active individual should alert the echocardiographer
and surgeon to undertake the necessary steps to prevent
PPM.2#%1 Tt is important to note that an EOA, which is
considered acceptable in a small elderly patient with a
sedentary lifestyle, is often inadequate for a younger active
individual.**?¥! However, the frequency of PPM may be
higher in elderly patients with AS. In contrast to the
larger annuli seen in younger patients presenting with
aortic insufficiency, older patients with AS often present

237



Subramaniam and Nazarnia: Prosthesis-patient mismatch

with annular fibrosis and calcification, resulting in a small
annular size. This in turn will limit the size of the prosthesis
implanted in older patients with AS, predisposing them to
PPM.B8

Other risk factors reported to be associated with PPM
include female gender, hypertension, diabetes, and
elevated serum creatinine.'” The most susceptible
patients include the ones with coronary artery disease
requiring revascularization, depressed LV systolic function,
severe LV hypertrophy, significant diastolic dysfunction,
concomitant MR, and paradoxical low-flow low-gradient
aortic stenosis (PLF-LG AS).?*32 It is also known that
patients with a bioprosthesis have a three-time higher risk
of developing PPM compared to those with mechanical
AVs 1101

PPM can be associated with less improvement in symptoms
and functional class after AVR, worse hemodynamics at
rest and during exercise, less improvement in coronary
flow reserve, less regression of LV hypertrophy,
more frequent postoperative cardiac events, increased
short-term mortality, and ultimately, poor long-term
outcomes.l'"] As far as the impact of PPM on patient
outcomes is concerned, study results are conflicting.
Failure to demonstrate an effect on mortality could be
explained by the low incidence of significant PPM. Few
studies have used IGA and charts from in vitro resources
for iIEOA calculation, which could have contributed to
overestimation of iEOA and wrong classification of patient
groups.*¥! Furthermore, it is very difficult to differentiate
the effects of PPM on patient outcomes from other
coexisting cardiac pathologies (LV systolic dysfunction,
diastolic dysfunction, and PLF-LG AS), as the risk factors
for these pathologies overlap and their impact can be
additive in increasing mortality. The effect of PPM may
also vary according to the patient population studied; PPM
has been shown to have negligible effects on patients of
Asian (Japanese and Indian) descent compared to their
Caucasian counterparts.!*3¢

In this context of the low incidence of significant PPM,
systematic reviews of pooled data were found to be
useful in examining the effects of PPM. These reviews
have consistently shown increased mortality with
significant PPM.[1%3037 A recently published review by
Dayan et al.'"% assessed predictors of PPM and their
association with perioperative and overall mortality.
Data from 382 studies published between 1965 and 2014
were assessed, of which 58 studies (40,381 patients)
were found to be suitable for analysis. PPM was present
in 43% of patients. Perioperative and overall mortality
was increased in patients with severe PPM, whereas
moderate PPM was associated with higher incidence of

perioperative mortality but not overall mortality. The
impact of PPM on mortality was found to be higher in
studies, in which the mean age was <70 years, and also
in studies with a higher number of patients undergoing
combined AVR and coronary revascularization. They
also found that the impact of PPM was less pronounced
in patients with larger BMIs (>28 kg/m?). This is most
likely due to the fact that cardiac output requirement
may not increase in direct proportion to BMI. This could
also be because of different formulae used to calculate
BSA and BMI in those studies. Physiologically, inferior
hemodynamic and symptomatic status of the patients
with diagnosed PPM is attributed to the hemodynamic
consequences of increased afterload to LV output
across the implanted valve, as well as the persistence of
abnormal coronary flow reserve. Persistence of untreated
mitral and tricuspid regurgitation may also contribute to
poor outcomes.

The effect of LV systolic function on PPM and mortality
has been the subject of several studies. Blais et al.®
conducted a prospective study analyzing baseline risk
factors and subsequent short-term mortality in 1265
consecutive patients undergoing AVR between 1992 and
2001. Moderate-to-severe PPM was diagnosed in 38%
of the patients. Thirty-day mortality was 4.6% and PPM
and LV ejection fraction <40% independently predicted
short-term mortality. Risk of mortality was higher
with LV ejection fraction <40% compared to patients
with LV ejection fraction >40% for mild, moderate,
and severe degrees of PPM. In a best evidence paper,
Urso et al.B% reviewed the effect of PPM on 30-day and
short-term mortality and found that moderate PPM was
well tolerated, except for in patients with poor LV function,
but severe PPM was a predictor of overall mortality
irrespective of LV function. Ruel et al.B? reported that
patients with PPM (iEOA <0.85 cm?*m?) after AVR in
the presence of impaired LV function had decreased
late survival and decreased freedom from heart failure
symptoms compared to patients with PPM and normal LV
function. Impaired LV function leads to low gradients in
patients with AS. The impact of PPM on patients (n = 664)
with low-gradient AS was evaluated by Kulik er al.
¥ When compared with patients without low-gradient
AS, patients with low-gradient AS had significantly
lower mortality freedom from congestive heart failure at
10 years and any PPM was independently associated with
increased rates of congestive heart failure and impaired
LV mass regression. Several other authors reported similar
findings in patients with impaired LV function; we can
conclude that it is important to avoid any degree of PPM
in the presence of preoperative impaired LV function. Our
patient had borderline LV function, justifying the strategy
of aortic root enlargement to implant a bigger prosthesis.
Paradoxical low flow aortic stenosis (PLF-AS) is another
factor that has been shown to interact with PPM and affect
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outcomes. PLF-AS is characterized by normal ventricular
function, severe AS, and low stroke volume and gradients.
Mohty et al. studied 677 patients with severe AS; 15% of
them had preoperative PLF-AS and developed PPM after
surgery. Ten-year survival was significantly affected in
patients with PLF-AS and PPM compared with patients
with no PPM or no PLF-AS.B%

The most appropriate way to preempt PPM is to predict it
at the time of surgery and implement a validated strategy.
It is only prudent to avoid moderate-to-severe PPM in
physically active younger individuals and in patients with
systolic dysfunction. It might be reasonable to accept some
degree of PPM to avoid complications of prolonged CPB
in elderly patients with a sedentary lifestyle who have
adequate LV function. Insertion of a small prosthesis also
does not appear to result in PPM in patients with small
body size.

Pibarot and Dumesnil described a stepwise strategy to avoid
PPM in the aortic position.* If the originally intended
prosthesis is projected to cause PPM (i.e., if predicted
postoperative is <0.85 cm?/m?), the surgeon must decide
whether to pursue alternative options or stay the course.
Further decision-making must be based on a calculated
judgment for the individual patient with specific
hemodynamics, physical condition, and lifestyle, taking
into consideration the risk—benefit ratio of revision surgery.
Reference values n5for EOA should be derived from in vivo
echocardiographic studies as described in the previous
sections. These reference values for EOA must be readily
available in the operating room to determine whether the
considered prosthetic valve meets the requirements to avoid
PPM.

Despite the obvious benefits of insertion of stented
bioprosthesis with the lack of requirement for
anticoagulation, the obstructive nature of the stent in
conventional stented bioprosthesis is a major disadvantage
because they lead to a nonphysiological flow pattern,
residual TPG, and ultimately PPM. Alternate options
include a selection of a newer generation bioprosthetic
valve (e.g., St. Jude Trifecta pericardial bioprosthetic valve),
aortic homograft, Ross operation, stentless bioprosthesis,
mechanical prosthesis (i.e., St. Jude Regent mechanical
bileaflet valve), and TAVL.H

In general, the hemodynamic performance of newer
generations of prosthetic valves is better than older
generations, and the supra-annular stented bioprosthesis
has been proven to be superior to the annular ones,
providing a larger iEOA.**] The incidence of PPM with
the newer generation of mechanical valves also appears
to be lower, and they are well tolerated in patients with
small annuli.*># Superior hemodynamic performance

of stentless bioprosthesis can be observed both at
rest and during exercise.*’*8! This is not to overlook
the complexity of inserting stentless valves, which
requires longer CPB and ischemic times and superior
surgical skills. None of these procedures completely
preclude the occurrence of postoperative PPM, as a
considerable number of patients undergoing Freestyle
stentless bioprosthesis implantation following full
root replacement have been diagnosed with mismatch.
The lack of success in these cases might be attributed
to the technical difficulties involving stentless valve
implantation.]

Insertion of a larger prosthesis can be done along
with aortic root enlargement to avoid PPM.B%52
Castro et al® conducted a study including 657
consecutive patients undergoing AVR. In this series of
patients, aortic root enlargement was performed routinely
whenever iEOA was projected to be <0.85 cm?m? The
overall incidence of PPM in Castor’s study was 2.5%.
The authors concluded that aortic root enlargement could
be used to successfully preempt PPM without any increase
in operative risk. Penaranda et al.’* reviewed the records
of 117 octogenarian patients who underwent AVR for AV
pathology. In this study, 87 patients received a 19 mm
prosthetic valve in the aortic position and 30 patients
underwent aortic root enlargement, followed by a 21 mm
prosthetic AV. The study results suggested that aortic root
enlargement in octogenarian patients allows for insertion
of larger prostheses with better hemodynamic performance
and less PPM without any increase in operative morbidity
and mortality. Obviously, undertaking each of these options
or conversely carrying on with the primary planned surgery
must depend on patient’s physical status and the surgeon’s
skill level.

More recently, TAVI has resulted in improved
hemodynamic performance although application of
this intervention is limited to small size devices due to
concerns about vascular access and its related potential
complications. In a randomized study, Pibarot et al.
assessed the incidence of PPM in two groups of patients
undergoing TAVI or SAVR. The results showed that
in patients with severe AS and high surgical risk, PPM
appears to be more frequent and more severe following
SAVR than TAVLEFS Several other studies have shown
that the prevalence of PPM is significantly reduced in
TAVI patients when compared to SAVR.F5¥ This can be
attributed to the lack of a sewing rim in the TAVI device,
resulting in a larger EOA. Nevertheless, in the context
of absent long-term results and evidence of immediate
postprocedural complications of TAVI (paravalvular
leakage, cardiac conduction disturbance, vascular
injury, and annulus rupture), the risks may outweigh
the hemodynamic advantages achieved by transcatheter
intervention.® Hence, the role of TAVI in preventing
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PPM in patients with small aortic root has yet to be
determined with further studies that include a larger
number of patients and longer follow-up periods.

Therefore, in patients undergoing AVR for aortic stenosis,
improvement of hemodynamic performance, as well as
the extent of LV mass regression, is directly related to the
type and size of implanted prosthetic valve. Therefore, for
PPM to be avoided, extreme care is needed when choosing
the most appropriate prosthetic valve, while balancing the
risk—benefit ratio at each step of the procedure.
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