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Clinical research encompasses epidemiology-based studies, which 
are the basis of the evidence-based medicine and physiological stu-
dies, which are the basis of the “rational”-based medicine. The first 
kind of studies usually implies a simple question (dead or alive?) 
and huge organization work. 
The necessity for enrolling several hundreds of patients, however, 
carries, as side effect, the heterogeneity of the study population. As 
an example under the ARDS definition we enroll patients in which 
the lung recruitability is zero together with patients in whom lung 
recruitability is greater than 50% of the lung parenchyma. In these 
two different kinds of patients we tested the PEEP effect and, not 
surprisingly, we failed to show any significant difference. 
The ARDS Network showed the superiority of 6 versus 12 ml/kg 
ideal body weight ventilation, but we should remember that several 
other studies failed to show any difference in outcome when tidal 
volume was set at 6, 8 or 10 ml/kg. Although “evidence“ requires 
two large studies to be established, the low tidal volume, after a sin-
gle study, has become a dogma. 
According to evidence the PEEP level is indifferent in outcome, but 
no intensive care doctor would use ZEEP. 
The tight glycemic control has been first magnified, then criticized 
and finally disproved. 
In the last 30 years I saw cortison killed and resuscitated several ti-
mes. Therefore, in synthesis, the whole process may be synthesized 
as follows: first we invent a name to define an ambiguous, heteroge-
neous and biologically different reality, as ARDS or sepsis; second, 
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Editorial

we pretend to show that a give maneuver or a given strategy is ef-
fective in syndromes which have been invented by physicians. Far 
more fascinating are, in my opinion, the physiological studies. 
These require more fantasy, imply more sophisticated questions and 
are feasible in a single centre. 
While the outcome studies are a simplistic and sometimes naïf at-
tempt to prolong life through simple interventions, physiological 
studies are our attempt to discover the mechanisms underlying the 
diseases. However whatever research at whatever level is applied in 
a given ICU the worldwide experience show that the quality of care 
of the units rises.
In Italy we have a fantastic participation of the units to research ac-
tivity, ranging from epidemiology to physiology, from observation to 
intervention, from large studies to selected mono-centre activities. 
Overall quality is good but what is impressive is the enthusiasm and 
participation, even without any sponsor or financial support. 
This makes our Country an exception in the general panorama. Re-
cently the scientific journal of our scientific society, Minerva Ane-
stesiologica, was given 1.62 of impact factor. Greater than one of the 
scientific journals of Countries as France and Germany. I hope we 
will continue in such a way.
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tifactorial confounding variables, including 
functional phenomena, pressure recovery 
and prosthesis-patient mismatch. This re-
view article aims to explore in greater depth 
the variety of methods available for assess-
ing and evaluating prosthetic AV function. 
We then consider the causative factors 
which may contribute to high transvalvu-
lar gradients immediately after AVR in an 
attempt to determine whether a physical 
problem with the valve exists, or whether 
the valve is functioning normally.

Value of intraoperative TEE in aortic 
valve surgery
The routine use of intraoperative TEE in 
patients undergoing valve replacement for 
aortic stenosis (AS) has been validated in 
several studies. A retrospective study of 
383 patients with severe AS undergoing 

INTRODUCTION

Intraoperative transesophageal echocar-
diography (TEE) is now used routinely dur-
ing aortic valve replacement (AVR). This 
allows immediate evaluation of a replaced 
or repaired valve and may give vital infor-
mation on surgical and non-surgical com-
plications. Any abnormalities detected may 
require immediate surgical re-intervention. 
It is well recognised that high transvalvu-
lar pressure gradients can be detected im-
mediately after implantation of a prosthetic 
aortic valve (AV) which may be due to mul-

ABSTRACT

Intraoperative transesophageal echocardiography is now used routinely during aortic valve replacement, allow-
ing immediate evaluation of replaced or repaired valves. It is well recognised that high transvalvular pressure 
gradients can be detected immediately after implantation of a prosthetic aortic valve which may be due to mul-
tifactorial confounding variables, including functional phenomena, pressure recovery and prosthesis-patient 
mismatch. This review article explores the variety of methods available for assessing prosthetic aortic valve 
function and considers causative factors which may contribute to high transvalvular gradients in an attempt to 
determine whether a physical problem with the valve exists, or whether the valve is functioning normally. 

Keywords: transesophageal echocardiography, cardiac surgery, aortic valve replacement, prosthetic aortic valve.

High transvalvular pressure gradients 
on intraoperative transesophageal 
echocardiography after aortic valve 
replacement: what does it mean?
A. Parnell1, J. Swanevelder2

1Department of Anaesthesia; 
2Department of Anaesthesia, Glenfield Hospital, University Hospitals of Leicester NHS Trust, United Kingdom
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39tified 79 eligible randomized clinical trials, 
which were included in the final analysis 
(Table 1) (complete references are available 
from the authors for readers).

Study Characteristics
The 79 included trials randomized 6219 
patients (2768 to TIVA and 3451 receiving 
desflurane or sevoflurane in their anesthe-
sia plan). (Table 1) All studies used propo-
fol as the main hypnotic agent in the TIVA 
group. Surgical settings varied across stud-
ies and included vascular, thoracic, orthope-
dic, general, gynecological, urological, ear-
nose-throat, bariatric, ophthalmic, surgery 
and neurosurgery. Nineteen studies were 
conducted in day-surgery settings. All au-
thors administered volatile or intravenous 
anesthetics throughout the procedure. 
Volatile anesthetic dosage varied across 
studies, ranging 0.33-2 MAC in the 609 pa-
tients receiving desflurane and 0.25-2 MAC 
in the 2842 patients receiving sevoflurane. 

All studies had a single-center design, and 
included populations which were too small 
to allow for significant results in clinical 
relevant outcome variables. 
Study quality appraisal showed that most 
studies appeared of suboptimal quality, as 
testified by the common lack of details on 
the method used for randomized sequence 
generation and allocation. Only a hand-
ful of randomized controlled trials (RCTs) 
were of high quality, while many others 
lacked important details to appraise the 
risk of selection, performance, attrition, or 
detection biases.

Quantitative Data Synthesis
No author reported any postoperative myo-
cardial infarction or death among the study 
population, nor any significant cardiac ad-
verse event. No difference in the incidence 
of arrhythmias (81/769 [10.5%] in the 
volatile anesthetics group vs 69/736 [9.4%] 
in the control arm, OR=1.14 [0.80-1.62], p 

Figure 2 - Pooled estimates of incidence of intraoperative arrhythmias.
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for effect=0.48, p for heterogeneity=0.28, 
I2=15.5%) was noted (Figure 2). No other 
cardiac adverse events were reported. Hos-
pital stay was identical between groups 
(WMD 0.01 days [-0.06, 0.07], p for ef-
fect=0.88, p for heterogeneity =0.48, 
I2=0% with 1201 included patients). Post-
operative renal or respiratory failure and 
release of cardiac biomarkers were not re-
ported. 
We attempted to contact all authors twice. 
Nineteen out of eighty authors answered 
our request for additional data, and re-
sponses confirmed that no deaths or myo-
cardial infarctions were observed among 
their patients. When directly interrogated 
as to why they did not include cardiac ad-
verse events in their reports, 16% of au-
thors answered that they were not aware 
of the cardioprotective properties of ha-
logenated anesthetics, 63% that they did 
not observe any adverse event during their 
study and decided not to report it, and 21% 
replied that they did not monitor patients 
for cardiac complications. 

DISCUSSION

We performed a meta-analysis of pooled 
data from several small, underpowered 
studies to demonstrate whether the car-
dioprotective properties of desflurane and 
sevoflurane could decrease the rate of MI 
and death in patients undergoing non-car-
diac surgery. We found that comparison 
between halogenated agents and propofol 
in non-cardiac surgery in terms of cardiac 
morbidity and mortality is, so far, unattain-
able because of lack of published data. Post-
operative mortality and myocardial infarc-
tion rate were either null or non reported in 
all studies included in our meta-analysis. 
Desflurane and sevoflurane have been re-
cently shown to reduce incidence of morbid-
ity and mortality following cardiac surgery: 

a meta-analysis found a 4-fold decrease of 
mortality (0.4% vs 1.6%, p=0.02) and a 
2-fold decrease of myocardial infarctions 
(2.4% vs 5.1%, p=0.008). The authors 
also found advantages in terms of cTn re-
lease, ICU and overall hospital stay, need 
for inotropic support and mechanical ven-
tilation, and one-year major cardiac events. 
Multicentre experiences had previously 
demonstrated that halogenated anesthetics 
reduce cTn release following coronary ar-
tery bypass grafting surgery, (10,11) while 
discordant results exist in valvular surgery 
(12,13) and a pilot study yielded no results 
in patients undergoing stenting procedures 
(14).
Whether these cardioprotective properties 
also exist in noncardiac surgical settings is 
still controversial, owing to the scarce avail-
able data. The use of volatile anesthetics for 
hemodynamically stable patients at risk for 
myocardial ischemia undergoing noncar-
diac surgical procedures has recently been 
recommended as a class of evidence IIA, 
level B, (3) but no prospective or retrospec-
tive study supports this recommendation. 
Previous meta-analyses on volatile and in-
travenous anesthetics in non-cardiac sur-
gery did not investigate clinically relevant 
outcomes, focusing on induction charac-
teristics, (15) postoperative recovery times 
(15,16) and incidence of postoperative nau-
sea and vomiting (PONV) (17-19). Most au-
thors agreed that propofol reduces PONV, 
while awakening and extubation times ap-
pear to be shorter in patients treated with 
halogenated anesthetics. 
We believe that, while it is important to 
ascertain the quality of our daily work in 
terms of patient comfort before, during and 
after surgery, but it is vital to understand 
what tools we have to influence the very 
outcome of our patients. In a recently pub-
lished review, Bassi et al compared the out-
come of patients undergoing one-lung ven-
tilation under either intravenous or inha-



Cardiac protection and volatile anesthetics

41lational anesthesia, and reached our same 
conclusions: it was impossible to conduct a 
meta-analysis because no author reported 
patient outcome. Most studies were of poor 
quality, and this made it impossible to use 
analytical methods in order to reach a solid 
result. 
The observation that volatile anesthetics 
have cardioprotective properties that last 
after their elimination led to the concept 
of pharmacological preconditioning or an-
esthetic preconditioning (20). These proper-
ties are enhanced by their administration 
in the reperfusion phase (4) and seem to 
be related to their timing and modalities 
of administration during cardiac surgery 
(21,22).
All volatile anesthetics induce a dose-de-
pendent decrease in myocardial contractil-
ity and cardiac loading conditions. These 
depressant effects decrease myocardial oxy-
gen demand and may, therefore, have a ben-
eficial role on the myocardial oxygen bal-
ance during myocardial ischemia. Experi-
mental evidence has clearly demonstrated 
that in addition to these indirect protective 
effects, volatile anesthetic agents also have 
direct protective properties against revers-
ible and irreversible ischemic myocardial 
damage. 
These properties have not only been related 
to a direct preconditioning effect but also to 
an effect on the extent of reperfusion in-
jury (23-27). Since the mechanisms that 
lead to anesthetic preconditioning are not 
fully understood yet, it cannot be excluded 
that the protective effects of desflurane and 
sevoflurane that have been observed may 
be due to properties other than precondi-
tioning alone. 

Limitations
Drawbacks of systematic reviews and meta-
analyses are well known (8,9). Particular 
attention should be drawn to the overall 
suboptimal quality of the RCT included. 

The fact that none of the included studies 
encountered any major adverse event sug-
gests that postoperative death and MI were 
both poorly reported and/or adjudicated 
in the analyzed studies. While this may 
weaken the results of our meta-analysis, it 
strengthens our opinion that patient out-
come should never be forgotten in clinical 
studies. 

CONCLUSIONS 
Volatile anesthetics have low costs and 
carry very few risks, and have been dem-
onstrated to reduce morbidity and mortal-
ity following cardiac surgery. In contrast to 
recent guidelines, the results of our study 
cannot support the hypothesis that their 
routine use can reduce perioperative myo-
cardial injury in non-cardiac surgery. The 
fact, however, that no cardiac protection by 
desflurane or sevoflurane could be shown 
in this analysis does not mean that these 
substances do not provide such protection 
in high risk patients undergoing non-cardi-
ac surgery: it does, instead, stress the scarce 
awareness among anesthesiologists that pa-
tient outcome can be affected by our anes-
thetic plan.
Large, multicentre, randomized clinical tri-
als including patients undergoing high-risk 
non-cardiac surgery and reporting data on 
clinically relevant outcomes are needed 
to achieve a demonstration of anesthetic-
induced cardioprotection: this represents a 
difficult task because of the low mortality 
rate in modern surgery, and because of the 
number of interfering factors. 

APPENDIX

Search strategy for PubMed, developed accord-
ing to Biondi-Zoccai et al. (6) (randomized con-
trolled trial[pt] OR controlled clinical trial[pt] 
OR randomized controlled trials[mh] OR random 
allocation[mh] OR double-blind method[mh] OR sin-
gle-blind method[mh] OR clinical trial[pt] OR clini-
cal trials[mh] OR (clinical trial[tw] OR ((singl*[tw] 
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OR doubl*[tw] OR trebl*[tw] OR tripl*[tw]) AND 
(mask*[tw] OR blind[tw])) OR (latin square[tw]) 
OR placebos[mh] OR placebo*[tw] OR random*[tw] 
OR research design[mh:noexp] OR comparative 
study[mh] OR evaluation studies[mh] OR follow-up 
studies[mh] OR prospective studies[mh] OR cross-
over studies[mh] OR control*[tw] OR prospectiv*[tw] 
OR volunteer*[tw]) NOT (animal[mh] NOT 
human[mh]) NOT (comment[pt] OR editorial[pt] 
OR meta-analysis[pt] OR practice-guideline[pt] OR 
review[pt])) AND (desfluran* OR sevofluran* OR 
propofol*) AND (cardiac AND (operation OR inter-
vention OR surgery OR bypass))).

This study was conducted with departmental sources 
and supported in part by “Un cuore per la vita”.
Landoni Giovanni acknowledges receiving speaker fess 
form Abbott, Baxter and Minrad. No other conflict of 
interest exists. 
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New type of left ventricular rupture during redo mitral valve replacement. A case reportCASE REPORT

ABSTRACT

We report the case of a 41 years old woman who presented with massive bleeding after redo mitral valve re-
placement. 
A Left ventricular rupture, different from the three known types of wall rupture was hardly identified and 
controlled with extreme difficulty. 
The patient died eight days postoperatively due to disseminated intravascular coagulopathy. 
Retrospective analysis of the Echocardiographic examination was highly suggestive of abnormal position of the 
previously implanted mitral valve bioprosthesis with left ventricular outflow tract obstruction and weakness of 
the posterior wall of the left ventricular outflow tract.

Keywords: cardiac surgery, mitral surgery, ventricular rupture.
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tral valve replacement (MVR) with a high 
profile bioprosthesis size 31 (we could not 
identify the type and or the manufacturer 
of the bioprosthesis). The echocardiogra-
phy showed abnormal position of the bio-
prosthesis strut, with narrowing of the left 
ventricular outflow tract (LVOT) =1.7 cm 
and a mean systolic gradient of 35 mmHg. 
(Figures 1 and 2). 
The left ventricular (LV) cavity was small-
ish. Intraoperatively, it was noted that 
one of the bioprosthesis struts was press-
ing against the posterior wall of the LVOT. 
Redo MVR with a mechanical valve size 29 
Carbomedics was performed. 
Posterior MV leaflet had to be resected 
because of severe calcification. Ten hours 
postoperatively, before extubation, signifi-
cant bleeding from the chest tubes was asso-
ciated to hemodinamic instability. Surgical 
re-exploration for bleeding was performed 

INTROduCTION

Posterior leaflet and chordae preservation 
prevent left ventricular (LV) rupture and 
preserve LV geometry. 
Age >60 years, reoperation, and resection 
of the posterior leaflet, are significant risk 
factors for posterior LV wall rupture during 
mitral valve replacement (1).

CASE REPORT

We operated a 41 year old female with se-
vere mitral regurgitation 6 years after mi-
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and, although there was significant amount 
of bleeding coming from the area posterior 
to the aortic valve annulus, it was difficult 
to identify the bleeding site. Therefore, car-
diopulmonary bypass was instituted with 
aortic cross clamp and cardioplegia. 
Left atrium was opened and there was no 
problem with the new mechanical mitral 
valve and no tears were identified. The tear 
was in the posterior wall of the LVOT just 
below the left coronary cusp and opposite 
to the intertrigonal area nearer to the left 
fibrous trigone.
It was repaired after completely transecting 
the aorta above the aortic valve for proper 
visualization. 
The tear was repaired with multiple 
pledgeted sutures. The patient was trans-
ferred to intensive care unit in stable con-
dition, but unfortunately died eight days 
after, due to sepsis associated disseminated 
intravascular coagulopathy.

dISCuSSION

“Prevention is better than cure” best ap-
plies in our case report. Position of the 
mitral valve prosthesis is very important 
during MVR, especially if dealing with a 

bioprosthetic valve. As described in litera-
ture, posterior leaflet and chordae preserva-
tion prevents LV rupture and preserve LV 
geometry. There are three known types of 
LV rupture: Type I is located at the atrio-
ventricular groove and remains the most 
common site; Type II occurs at the base of 
the papillary muscles, primarily due to ex-
cessive resection of the posterior papillary 
muscle, with local hemorrhage and rup-
ture; Type III is located between Type I and 
Type II lesions, and is most often related to 
posterior left ventricular wall trauma, due 
to a high profile or large prosthetic valves, 
often in combination with a small left ven-
tricular cavity (1).
To the best of our knowledge, this is the 
first report of a posterior LVOT wall rupture 
after redo MVR. From our point of view, 
this new type of LV rupture may be due 
to the abnormal position of the previously 
implanted mitral valve bioprosthesis strut, 
causing significant thinning and weakness 
to the posterior wall of the LVOT (2). 
We think that the cause of the mitral valve 
improper positioning may be due to over 
preservation of the posterior mitral valve 
leaflet leading to abnormal position of the 
bioprosthesis. New York University expe-
rience to reduce the LV tear during mitral 

Figures 1 and 2
Pre operative echocardiogram showing the bioprosthesis malpositioned with left ventricular outflow tract 
obstruction.
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valve surgery advised avoidance of undue 
traction on the valve leaflets during remov-
al, careful insertion of sutures into the mi-
tral annulus, avoidance of deeper sutures 
that penetrate the ventricular muscle be-
neath the annulus, avoidance of left ven-
tricular vents, avoidance of lifting of the 
apex of the heart once the prosthetic valve 
had been inserted, use of translucent ob-
turators constructed so the position of the 
posterior post of the prosthetic valve could 
be observed before the prosthesis is insert-
ed (3, 4).

CONCluSIONS

Rupture of the left ventricle after MVR is 
an infrequent but serious complication. 
Early diagnosis, resumption of cardiopul-
monary bypass, proper exposure and com-
plete repair of the tear is necessary to have 
a better outcome. 
Endoventricular repair is better than epi-
cardial approach. We advise not to over-

preserve the posterior leaflet at the expense 
of the position or size of the prosthesis and 
or the LVOT.

No conflict of interest exists. 
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angina may not only be in a fixed location 
within a coronary artery but may also shift 
involving different segments of the same 
coronary artery or more than one vessel in 
the same patient (6). 
Even if rare, fluctuating vasospasm in mul-
tiple segments of the coronary vessels may 
be the basis for recurrent and persistent an-
gina. 
Nevertheless, spontaneous multivessel or 
multisegment spasm, mimicking a severe 
obstructive coronary artery disease, has 
been infrequently described (7). This clini-
cal situation may represent a therapeutic 
dilemma, mainly when coronary artery by-
pass grafting is advised.

INTRODUCTION

Coronary spasm represents one of the 
pathophysiological mechanisms of myo-
cardial ischemia, not only in variant an-
gina, but also in ischemic heart disease in 
general, including stable angina, unstable 
angina, acute myocardial infarction and 
sudden death (1-3), and in patients with 
no obstructive coronary artery disease at 
all (4-5). The site of vasospasm leading to 

ABSTRACT

Multivessel or multisegment spasm in patients with known widespread coronary atherosclerotic disease is an 
infrequent occurrence.
We describe a prolonged spasm of both the left main and the left anterior descending artery in a patient with 
chronic effort angina and multivessel coronary artery disease, who previously underwent percutaneous coro-
nary intervention and drug eluting stents implantation. The patient complained of episodes of angina and pal-
pitations, mainly at rest. Exercise stress test resulted positive in therapeutic wash-out. Coronary angiography 
was performed which showed: 80% stenosis in the proximal segment of the Left Main (LM) and the mid Left 
Anterior Descending artery (LAD), 90% stenosis of the Posterior Descending Artery (PDA); there was no 
angiographic evidence of instent restenosis in the previously stented segments. Coronary Artery By-pass Graft 
(CABG) was proposed, but the patient refused surgery. Reperfusion strategy included coronary angioplasty of 
the LM and the LAD. Before the procedure, in the presence of ischemic EKG changes, nitrates were infused in 
the left coronary artery with resolution of both the LM and LAD stenoses. However, intracoronary nitrates in 
the right coronary artery did not resolve the PDA stenosis. The patient underwent angioplasty and stenting of 
the PDA alone.
Selective spasm involving two anatomically different segments is rare. The left main location is critical since it 
can lead to unnecessary coronary artery by-pass. Intracoronary nitrates should be administered before invasive 
strategies are advised.

Keywords: coronary artery disease, coronary spasm; intracoronary nitrates; PCI, CABG.
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