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Abstract
Aims: We aimed to evaluate possible detrimental effects of transoesophageal echocardiography (TEE) on 
the oesophageal tissue during percutaneous mitral valve repair (PMVR).

Methods and results: From March 2014 to July 2015, 186 patients were treated for severe mitral regur-
gitation with PMVR using the MitraClip system. In 40 patients, oesophago-gastro-duodenoscopy was per-
formed due to symptoms related to the gastrointestinal tract. Based on the procedure duration, patients were 
classified into group 1 (>60 minutes, n=23) or into group 2 (<60 minutes, n=17), respectively. Oesophageal 
lesions (OL) were found in 19 patients (group 1: n=17 vs. group 2: n=2, p<0.0001). We observed a change 
in leucocyte count after the procedure (group 1: +2.00 Gpt/L [SEM±0.48] vs. group 2: +0.54 Gpt/L 
[SEM±0.36], p=0.028). This change was more apparent when comparing patients with OL vs. those with-
out (lesions: +2.65 Gpt/L [SEM±0.56] vs. no lesions: +0.23 Gpt/L [SEM±0.12], p<0.0001).

Conclusions: Prolonged use of TEE during PMVR with a procedure time of longer than 60 minutes 
increases the risk of oesophageal damage. An exceptional rise of leucocyte count after PMVR may raise 
suspicion of new oesophageal damage.
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Abbreviations
ASD atrial septal defect
EGD oesophago-gastro-duodenoscopy
OL oesophageal lesions
LVEF left ventricular ejection fraction
MC MitraClip
MR mitral regurgitation
PMVR percutaneous mitral valve repair
ROC receiver operating characteristic
TEE transoesophageal echocardiography
TIA transient ischaemic attacks
TTE transthoracic echocardiography

Introduction
Mitral valve regurgitation (MR) is the second most common valve 
disease after aortic stenosis requiring surgery1. In patients who are 
not found eligible for surgery, percutaneous mitral valve repair 
(PMVR), using the MitraClip® system (Abbott Vascular, Santa 
Clara, CA, USA), has become an alternative treatment2-5, achiev-
ing improvements in LVEF, functional capacity and quality of 
life6-8. When compared to a conservative approach in treating MR, 
PMVR increases survival2. Although the incidences of mortality 
and morbidity are low4, major complications exist, the foremost 
being bleeding at the puncture site. Also, structural damage, such 
as persistence of an atrial septal defect (ASD) and neurological 
deficits, i.e., transient ischaemic attacks (TIA) or strokes, occur4,9. 

To guide clip positioning, transoesophageal echocardiography 
(TEE) is required10-12. TEE use has been associated with damage to 
the oesophagus, especially when applying high pressure over a long 
period13,14. A potential risk can be assumed from using TEE during 
PMVR, especially as the procedure time of PMVR has been described 
as ranging from 20 to up to 390 minutes2,5,15. The aim of this prospec-
tive registry study is to investigate the possible role of TEE as a cause 
for damage to the oesophagus occurring during PMVR.

Material and methods
STUDY POPULATION
We investigated the data of the prospective Dresdner MitraClip 
registry from March 2014 until July 2015. All patients included 
were treated for symptomatic MR grades 2+ with PMVR. The 
patients were not eligible for cardiac surgery, as assessed by the 
Heart Team, while clip implantation was technically feasible.

Patients were excluded if no oesophago-gastro-duodenos-
copy (EGD) was performed. EGD was ordered at the treat-
ing physician’s discretion. Patients were allocated into groups, 
depending on procedure duration (group 1: >60 minutes, n=23 vs. 
group 2: <60 minutes, n=17) (Figure 1).

All patients gave their written informed consent and the study 
was approved by the local ethics committee (EK 373092013).

PMVR
The details of the procedure have been described previously6,8. In 
short, patients either were sedated or received general anaesthesia. 

The MitraClip (MC) delivery system was advanced to the right 
atrium under fluoroscopic guidance. Puncture of the interatrial 
septum, placement of the guidewire and placement of the clips 
were aided by fluoroscopy and TEE. TEE was performed by an 
experienced cardiologist in 2D and 3D, using iE33 ultrasound 
machines equipped with X7-2t matrix array transducers (Philips 
Medical Systems, Andover, MA, USA). Protective shields for the 
probe were not used.

After clip placement, patients were monitored for at least 
24 hours. EGD was performed depending on symptoms suggest-
ing gastrointestinal origin, e.g., odynophagia, reflux, thoracic pain 
or hoarseness.

STATISTICAL ANALYSIS
Using logistic regression, we calculated the predicted proba-
bility of a lesion occurring, depending on procedural time. The 
chi-square test was used to calculate statistical significance. The 
omnibus test was used to calculate the significance of the coef-
ficients in the model. Nagelkerke’s R² was used to describe the 
strength of association of the model while the Hosmer-Lemeshow 
test was used to assess the goodness of fit of the data to the model. 
The receiver operating characteristic (ROC) curve was created cal-
culating the sensitivity and specificity of the probability of a lesion 
occurring as derived from the model of logistic regression and the 
procedural time elapsed. The significance of all other continuous 
parameters was calculated by the Student’s t-test. Significance was 
assumed with p<0.05, using the two-tailed Student’s t-test, and 
p<0.01 using logistic regression and the chi-square test. Standard 
error of the mean (SEM±) or standard deviation (SD±) is shown, 
where appropriate. Statistical analysis was performed with SPSS, 
Version 20.0 (IBM Corp., Armonk, NY, USA).

Results
CHARACTERISTICS
Of 186 patients treated with PMVR, 40 were examined with EGD 
(Figure 1, Table 1). Symptoms developed within 48 hours after the 

MitraClip performed
n=186

Group 1, tPRC >60 min
Symptoms leading to EGD

n=23

Group 2, tPRC <60 min
Symptoms leading to EGD

n=17

No symptoms
n=146

Lesions
n=17

No lesions
n=6

Lesions
n=2

No lesions
n=15

Figure 1. Patient selection. EGD: oesophago-gastro-duodenoscopy;  
tPRC: procedural time
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onset. There was no difference in symptoms between the groups. 
Also, demographic baseline characteristics did not differ (Table 2).

PROCEDURE
There were significantly more patients receiving multiple clips 
in group 1 (2.35 clips [SEM±0.119] vs. 1.47 clips [SEM±0.125], 
p<0.0001) (Table 3). The mean procedure time of all patients 
was 73 minutes [SEM±6.0 min], with a median of 67 minutes 
[SEM±6, range of 20 min to 184 min). Group 1 showed a signi-
ficantly higher mean procedure time (97 minutes [SEM±7 min; 
n=23] vs. 41 minutes [SEM±3 min; n=17]; p<0.0001).

OESOPHAGEAL LESIONS (OL)
More OL were found in group 1 (17 [73.9%] vs. 2 [11.8%]; 
p<0,0001) (Figure 2A, Table 4). The lesions found were haema-
toma and/or ulcerations, situated from mid oesophagus to the gastric 
level (Table 4, Figure 3). Proton pump inhibitors, i.e., pantopra-
zole 40 mg bid, were sufficient to treat most lesions. In one patient 
in group 1, multiple ulcers, Forrest IIa and Ia, located at the distal 
end of the oesophagus and gastric cardia, had to be clipped to stop 
the bleeding (Figure 3C, Figure 3D). None of the patients required 
blood transfusions. There was no difference in symptoms or previ-
ous PPI therapy when comparing patients with OL to those without 
lesions (Table 5).

We observed no differences in laboratory results between 
groups before the procedure (Table 6). One day after, the leuco-
cyte count in group 1 was slightly higher, without statistical signifi-
cance. However, the change in the leucocyte count (ΔLEU) showed 
a significant statistical difference (+2.00 Gpt/L [SEM±0.48] vs. 
+0.54 Gpt/L [SEM±0.36], p=0.028). When comparing patients with 
OL with patients without, respectively, ΔLEU differed even more 

Table 1. Symptoms leading to EGD.

Group 1 
(n=23)

Group 2 
(n=17)

p-value

Odynophagia 15 (65.2%) 11 (64.7%) 0.559

Reflux 7 (30.4%) 6 (35.3%) 0.470

Thoracic pain 4 (17.4%) 5 (29.4%) 0.388

Hoarseness 3 (13.0%) 3 (17.6%) 0.344

Table 2. Baseline characteristics.

 Group 1 (n=23) Group 2 (n=17) p-value

Mean age 76.87 [SD±7.50] 79.06 [SD±7.09] 0.285

Male 16 10
0.494

Female  7   7

CAD 15 (65.2%) 8 (47.1%) 0.349

Patients with MI 10 (43.5%) 5 (29.4%) 0.822

Functional MR 12 (52.2%) 5 (29.4%) 0.158

Secondary MR 11 (47.8%) 12 (70.6%) 0.158

ICM 8 (34.8%) 5 (29.4%) 0.728

DCM 3 (13.0%) 7 (41.2%) 0.059

AFib/AFlu 21 (43.5%) 12 (58.8%) 0.350

DM 2 7 (56.5%) 9 (58.8%) 0.888

HLP 13 (56.5%) 12 (64.7%) 0.612

PAD 5 (21.7%) 7 (41.2%) 0.194

aHT 14 (56.5%) 12 (70.6%) 0.377

OPD 8 (34.8%) 3 (17.6%) 0.241

CKD 17 (73.9%) 11 (52.9%) 0.178

PPI 7 (30.4%) 6 (35.3%) 0.755

AFib/AFlu: atrial fibrillation/atrial flutter; aHT: arterial hypertension; 
CAD: coronary artery disease; CKD: chronic kidney disease; 
DCM: dilative cardiomyopathy; DM 2: type 2 diabetes mellitus; 
HLP: hyperlipoproteinaemia; ICM: ischaemic cardiomyopathy; 
MI: myocardial infarction; MR: mitral regurgitation; OPD: obstructive 
pulmonary disease; PAD: peripheral artery disease; PPI: therapy with 
a proton pump inhibitor
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Figure 2. Oesophageal lesions depending on procedural time and change in leucocyte count. A) A longer procedural time is associated with 
the occurrence of an OL (p<0.001. Reference line at 60 minutes, dividing groups 1 and 2). B) Higher change in leucocyte count after the 
procedure is associated with the occurrence of an OL (p<0.001. Reference line at ∆ leucocyte count 0.00 Gpt/L).
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(+2.65 Gpt/L [SEM±0.56] vs. +0.23 Gpt/L [SEM±0.12], p<0.0001) 
(Figure 2B, Table 5). In this comparison, the post-interventional 
absolute leucocyte count was also significantly greater in those 
with an OL (10.11 Gpt/L [SEM±0.67] vs. 7.82 Gpt/L [SEM±0.32], 
p=0.003). The rise in leucocytes was driven by a rise in neutrophils.

Neither the overall time patients spent in hospital (tHOA) nor the 
time spent in hospital after the MC procedure (tHPI) was different in 
the two groups (Table 3), or when comparing the patients with an 
OL with those who did not have such a lesion (Table 5).

We hypothesised that the procedural time elapsed (tPRC) is corre-
lated to the formation of an OL. The logistic regression of tPRC showed 
a high significance (p<0.0001), with a good strength of association 
(Nagelkerke’s R²=0.468) and acceptable fit of the data to the model 
(Hosmer-Lemeshow test, p=0.685). The calculated odds ratio for 

the time elapsed was 1.056 (CI: 1.020 to 1.114, p=0.002), showing 
that every minute elapsed increases the probability of the formation 
of an OL (Figure 4A). The ROC showed a good test performance 
of the calculated predicted probability of a lesion occurring and tPRC 
(area under the curve 0.865, p<0.001) (Figure 4B). At 67 minutes, 
we found a high specificity and sensitivity of 0.80 for an OL occur-
ring. Calculating a more practical time frame for the occurrence of 
an OL, we found a corresponding range of tPRC from 62 to 72 min-
utes (sensitivity and specificity of 0.85, respectively) (Figure 4A).

Discussion
OVERVIEW
Percutaneous edge-to-edge mitral valve repair is a safe procedure 
in a high-risk population4. While serious complications directly 
related to the procedure are rare, the role and risks of TEE during 
the procedure have not yet been addressed.

TEE
Considered a safe procedure, TEE is especially valuable in aid-
ing cardiac surgery or interventions, such as atrial fibrillation abla-
tion16-19. While general discomfort during and after the procedure 
is common, serious complications are as rare as 0.18%18,20. Most 
complications can be handled easily and mortality is low, i.e., less 
than 0.01%20,21. 

There are four possible ways in which the oesophagus can be 
injured during TEE. First, during placement of the probe, forceful 
manipulation can damage the mucosa16. In this case, besides dam-
age to the oropharynx, one would expect the damage to be at the 
proximal end of the oesophagus16. In our study, the lesions were 
situated at mid oesophagus to gastric level, making injury by mal-
positioning unlikely. Secondly, damage to the oesophageal wall 
could be directly caused by pressure generated through flexion 
of the probe by the operator14,16, with pressure levels achieved as 
high as 8 kPa13. Thirdly, sandwich compression of the oesophageal 

Table 4. Oesophageal lesions observed.

 
Group 1 
(n=23)

Group 2 
(n=17)

p-value

Oesophageal lesions 17 (73.9%) 2 (11.8%) <0.0001

Ulcer 10 (58.8%) 2 (100.0%)

Haematoma 7 (41.2%) 0 (0.0%)

Percentages of ulcer and haematoma expressed are relative to the 
oesophageal lesions of the corresponding group.

Table 5. Selected variables dependent on presence  
of oesophageal lesion.

Lesion present 
(n=19)

No lesion present 
(n=21)

p-value

pre-PPI therapy 7 [SEM±0.114] 6 [SEM±0.101] 0.588

Odynophagia 12 [SEM±0.114] 14 [SEM±0.105] 0.822

Reflux 6 [SEM±0.110] 7 [SEM±0.105] 0.909

Thoracic pain 4 [SEM±0.096] 5 [SEM±0.095] 0.840

Hoarseness 4 [SEM±0.096] 2 [SEM±0.066] 0.320

tHOA 14.47 [SEM±2.434] 11.52 [SEM±1.684] 0.326

tHPI 10.11 [SEM±0.0] 7 [SEM±0.884] 0.149

LEU pre 7.45 [SEM±0.38] 7.59 [SEM±0.33] 0.784

post 10.11 [SEM±0.67] 7.82 [SEM±0.33] 0.003

∆ + 2.65 [SEM±0.56] + 0.23 [SEM±0.12] <0.0001

∆: mean change. LEU: leucocyte count; post: value after intervention; PPI: proton pump 
inhibitor; pre: value before intervention; tHOA: overall time spent in hospital; tHPI: time spent 
in hospital after intervention

Figure 3. Different oesophageal lesions. A) Haematoma and 
laceration. B) Small ulcer. C) Haematoma and ulcer. D) Cardiac 
ulcer, clipped.

Table 3. Procedure-related data.

 Group 1 (n=23) Group 2 (n=17) p-value

Clips implanted 2.35 [SEM±0.12] 1.47 [SEM±0.13] <0.0001

tPRC 97 [SEM±6.90] 44 [SEM±3.00] <0.0001

tHOA 12.5 [SEM±1.75] 13.5 [SEM±2.53] 0.752

tHPI 8.0 [SEM±1.15] 9.0 [SEM±1.88] 0.597

tHOA: overall time spent in hospital; tHPI: time spent in hospital after 
intervention; tPRC: procedure time
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wall by the TEE probe and the tissues surrounding the oesopha-
gus, such as the aorta, the heart, or the trachea, could also result 
in pressure-related damage to the oesophagus and the tissues 
described. While case reports of damage to the spleen or recur-
rent laryngeal nerve palsy have been described22-24, one would 

generally expect relevant enlargement, displacement or deformi-
ties of the tissues mentioned to cause such damage. In the patients 
of this study, none of these alterations, except for the pronounced 
enlargement of the atria, typical for severe MR, was observed. 
This atrial enlargement could be one possible cause for the higher 
rate of lesions observed, when compared to a large study of 
1,110 patients undergoing atrial fibrillation ablation, in which only 
three events of oesophageal haematoma, making up 0.27% of the 
study population, were attributed to TEE use during ablation. Due 
to the lack of definitive data, this association remains speculative. 
However, in the study mentioned, diagnosis was primarily made 
by CT and only then confirmed by EGD25. Therefore, underdiag-
nosis of oesophageal damage cannot be excluded, as CT might 
miss smaller lesions. Finally, thermal injury to the oesophagus is 
another plausible cause of damage to the oesophageal wall during 
TEE. Of the power needed to generate the images, 75% is con-
verted into heat26. The probes can reach temperatures of 40.0°C 
and above while active. For instance, it has been shown that 
high temperature in the oesophagus during ablation of left atrial 
arrhythmias can cause thermal oesophageal damage in the form 
of ulcerations27. In our study, temperature in the oesophagus was 
registered through the TEE probes used. At temperatures above 
40.0°C, shutdown of the probe was initiated by the TEE machine.

LEUCOCYTE COUNT
We found a significant change of leucocyte count in our patients with 
OL. This finding is consistent with previous observations with leu-
cocytosis as a marker of non-infective causes of inflammation28,29. In 
patients with upper gastrointestinal bleeding, increased leucocytosis 
is common and reflective of the severity of the bleeding episode30. 
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Figure 4. ROC curve and model of logistic regression. A) Model of regression, showing that, with each minute passed, the likelihood of an OL 
occurring increases. Dotted reference line at 67 minutes=80% specificity and sensitivity, each; continuous lines=85% sensitivity (left, 62 min; 
specificity 75%) and 85% specificity (right, 72 min; sensitivity 75%). B) Receiver operating characteristic curve (ROC curve) using elapsed 
procedural time to predict the probability of an OL occurring (area under the curve of 0.865 u2; horizontal reference line at sensitivity of 
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Table 6. Laboratory results.

Group 1 (n=23) Group 2 (n=17) p-value

LEU 
(Gpt/L)

pre 7.35 [SEM±0.32] 7.76 [SEM±0.39] 0.415

post 9.35 [SEM±0.59] 8.30 [SEM±0.48] 0.199

∆ +2.00 [SEM±0.48] +0.54 [SEM±0.36] 0.028

Hb 
(mmol/L)

pre 7.29 [SEM±0.21] 7.30 [SEM±0.31] 0.981

post 6.47 [SEM±0.24] 6.40 [SEM±0.21] 0.832

∆ – 0.82 [SEM±0.18] – 0.90 [SEM±0.17] 0.763

PLT
(Gpt/L)

pre 203.00 [SEM±13.31] 207.12 [SEM±15.97] 0.843

post 174.52 [SEM±10.20] 174.12 [SEM±11.62] 0.979

∆ – 28.48 [SEM±6.92] – 33.00 [SEM±0.38] 0.650

Crea
(μmol/L)

pre 154.40 [SEM±18.89] 131.18 [SEM±9.54] 0.330

post 116.13 [SEM±9.28] 111.94 [SEM±11.02] 0.772

∆ – 38.27 [SEM±10.79] – 19.24 [SEM±6.05] 0.170

GFR
(ml/min)

pre 42.57 [SEM±4.11] 43.41 [SEM±2.83] 0.876

post 53.96 [SEM±4.32] 53.94 [SEM±3.57] 0.998

∆ +11.39 [SEM±2.04] +10.53 [SEM±3.20] 0.814

CrP
(mg/L)

pre 14.81 [SEM±4.42] 15.95 [SEM±4.25] 0.858

post 28.94 [SEM±4.23] 29.66 [SEM±5.89] 0.920

∆ +14.13 [SEM±3.21] +13.71 [SEM±4.49] 0.938

∆: mean change. Crea: creatinine; CrP: C-reactive protein; GFR: glomerular filtration rate; 
Hb: haemoglobin; LEU: leucocyte count; PLT: platelet count; post: value after intervention; 
pre: value before intervention
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Although the mechanisms leading to the OL observed are 
ambiguous, a longer contact time of an active TEE probe to the 
oesophageal wall, causing thermal damage, and shear stress and/
or friction caused by prolonged flexion of the probe seem the most 
likely causes leading to damage of the oesophageal tissue.

Study limitations
Although we present data from a prospective registry, as EGD was 
performed at the physician’s discretion, a selection bias cannot be 
excluded. Such errors might be aggravated by the low number of 
individuals included in the study. As this study was held at one 
centre only, the external validity might be biased. For instance, 
differences in personnel and logistics in general and the experi-
ence of the TEE operator in particular may have caused variations 
in the outcome. However, there were only a limited number of 
highly qualified TEE operators, following the same protocol dur-
ing the procedure.

When compared to the number of patients undergoing EGD 
because of gastrointestinal symptoms (40 over 186; 21.5%), only 
19 patients presented with actual OL. This raises the question as 
to the origin of symptoms in the remaining 21 patients. There are 
multiple explanations: the local anaesthetic used during TEE can 
create discomfort, while the TEE may irritate the oesophagus with-
out causing visible damage. Also, patients under general anaesthesia 
during the procedure may experience malaise caused by orotracheal 
intubation. Interpretation is intricate as patients cannot distinguish 
between symptoms arising from harmless or harmful origins.

Our interpretation of the findings is that a longer procedure 
leads to oesophageal damage due to pressure by prolonged place-
ment of the TEE probe and due to heat by longer imaging time. 
The procedure time recorded is not equal to TEE imaging time 
during the procedure, but shorter, as TEE placement is carried out 
shortly before the procedure begins. Nevertheless, both the pro-
cedure time and the TEE imaging time are closely connected, 
with a longer procedure time relating to a longer TEE imaging 
time. Ideally, one would need a device that exactly measures the 
time in which the TEE probe is active and the time the probe is 
on standby. However, so far, echocardiography machines are not 
programmed to record this or the temperature development or the 
mean temperature reached, but only the present temperature by 
the non-calibrated probe. One might argue that the actual tempera-
ture in the oesophagus would be better measured with a calibrated 
temperature probe. However, the extra probe would not only cause 
more pressure by itself but most likely lead to a more difficult 
operation of the TEE probe, hence increasing the need for more 
flexion of the probe for better image quality and prolonging the 
operation, thus increasing pressure and temperature, promoting 
further damage to the oesophageal wall.

In this study, we only investigated the baseline laboratory results 
and their dynamic to the day after the procedure. While a longer 
timeframe might have shown more changes, the significant rise 
of leucocytes shown in this setting shows the importance of early 
laboratory controls.

As some patients were already receiving PPI before PMVR, 
a bias based on pre-treatment cannot be ruled out. However, the 
preoperative prevalence of PPI treatment was similar in both groups 
and in those with a lesion compared to those without. Patients with 
OL were sufficiently treated with PPI in most of the cases. This 
raises the question as to whether PPI, when administered routinely 
before PMVR, could prevent the formation of OL. This must be 
addressed in a different and adequately powered study.

With the data of this study, one might theorise that OL caused 
by TEE during PMVR only marginally affects the post-proce-
dural outcome, as no blood transfusions were necessary, most of 
the patients only needed PPI and the time patients spent in hospi-
tal was not prolonged. Yet, one must keep in mind that the small 
sample size again might cause a bias, leading to a false sense of 
security.

As mentioned above, EGD was only performed when suspicion 
was raised by symptoms implicating the gastrointestinal tract. 
Given the relation of the time elapsed to the occurrence of OL, 
one might speculate that damage to the oesophagus caused by 
TEE during the procedure is underdiagnosed. On the other hand, 
no EGD was performed directly before the procedure. Therefore, 
unrelated pre-existing OL may have been mistaken for new ones, 
caused by the TEE.

The degree of flexion of the probe cannot be measured, leaving 
the actual damage caused by TEE movement unclear. However, 
early studies made on TEE suggest that even high flexion of the 
probe rarely causes enough pressure to cause relevant damage to 
the oesophagus13. Hence, damage to the oesophagus by high tem-
perature might be more likely.

Conclusions
Oesophageal damage by TEE should be appreciated as a possible 
adverse effect after PMVR, carrying the risk of pain and chest 
discomfort. Relevant bleeds or even oesophageal perforation may 
increase morbidity and mortality. An exceptional rise of leucocyte 
count could be a clue to help in identifying those patients at high-
est risk after PMVR. Larger controlled prospective trials should be 
undertaken to elucidate further the danger of oesophageal damage 
by TEE during PMVR.

Impact on daily practice
Prolonged use of TEE during PMVR increases the risk of 
oesophageal damage. An exceptional rise of leucocyte count 
after PMVR may herald this damage.
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