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CLINICAL REPORT
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who presented with severe mitral regurgitation. The patient 
was successfully treated with the TOP-MINI procedure.
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Patients with a history of hematological malignancies are 
considered high-risk candidates for cardiac surgery, and 
represent only 0.38 % of all patients undergoing cardiac 
surgery [1]. For selected patients undergoing curative treat-
ment for a malignancy, or who are in remission, cardiac 
surgery is not contraindicated, but patients who have had 
prior treatment for cancer are at particular risk for car-
diac surgery complications such as bleeding and increased 
susceptibility to infection due to leukopenia [2]. Various 
derangements in the immune system have been described 
in association with cardiopulmonary bypass (CPB) [3].

The transapical off-pump mitral valve intervention with 
NeoChord implantation (TOP-MINI) is a minimally inva-
sive technique which is performed under 2D/3D transesoph-
ageal echocardiography (TEE) guidance and is used on 
selected patients as a safe and effective alternative to open 
surgical repair in patients with mitral leaflet prolapse, flail, 
or chordae rupture [4, 5]. The case reported here is of severe 
mitral regurgitation (MR) due to bileaflet mitral valve (MV) 
disease, which was treated with the TOP-MINI procedure in 
a patient with non-Hodgkin’s lymphoma (NHL).

Case report

A 78-year-old male with NHL was admitted to our hospi-
tal with the complaint of breathlessness on minor exertion 

Abstract Elderly patients with severe hematological 
malignancies may require cardiac surgery. The combined 
impact of cardiopulmonary bypass (CPB) and surgical 
trauma is a potent inflammatory activator and is increased 
by intraoperative and postoperative complications. To avoid 
the adverse effects of CPB, minimally invasive off-pump 
techniques may be used in these patients. The transapical 
off-pump mitral valve intervention with NeoChord implan-
tation (TOP-MINI) is a minimally invasive technique for 
mitral valve repair, which makes it possible to avoid the 
risks of CPB in selected patients, such as elderly, cancer or 
immunosuppressive patients. We report here the case of a 
78-year-old male with B-cell non-Hodgkin’s lymphoma, 
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[New York Heart Association (NYHA) class III]. The 
anamnesis revealed hypertension and B-cell NHL, which 
had been diagnosed 3 years earlier. Chemo-radiotherapy 
had been terminated 6 months previously because of old 
age and comorbidity.

Transthoracic echocardiography (TTE) and TEE showed 
a severe MR with posterior leaflet prolapse (eccentric jet) 
(Fig. 1) [left ventricular end diastolic diameter (LVEDD) 
46 mm, left ventricular end systolic diameter (LVESD) 
30 mm, left ventricular ejection fraction (LVEF) 65 %, 
left atrial diameter (LAD) 50 mm]. Coronary angiography 
showed normal coronaries.

In the operating room, standard monitoring included 
invasive blood pressure, five-lead electrocardiography, 
pulse oximetry, end-tidal CO2, bispectral index, diuresis 
and body core temperature. External defibrillating pads 
were applied before the surgical drape placement. Left 
sided ultrasound-assisted thoracic paravertebral block 
(TPVB) was applied at T3–T6 levels before induction of 
anesthesia. After TPVB, the patient was placed in a supine 
position with the left upper trunk elevated. After the induc-
tion of anesthesia, the patient was tracheally intubated with 
a 37 F right-sided double-lumen endotracheal tube. Anes-
thesia was maintained with 50 % air and 5–6 % desflurane 
in oxygen with positive pressure ventilation in a circle 
system. Before the thoracotomy was performed, one lung 
ventilation (OLV) was initiated and ventilator settings were 
adjusted to keep peak pressure below 25 cmH2O.

A left anterolateral mini-thoracotomy was performed 
in the 5th intercostal space. A dose of 100 IU/kg hepa-
rin was given to achieve an activated clotting time of at 
least 300 s. The NeoChord DS1000 (NeoChord, Inc., Eden 
Praire, MN) device which was loaded with expanded pol-
ytetrafluoroethylene (ePTFE) suture was pushed forward 

towards the MV under 2D X-plane imaging [mid-esoph-
ageal long-axis (ME LAX) and mitral commissure (MC) 
views] (Fig. 2) TEE guidance through an apical ventricu-
lotomy. After the device was inserted through the MV 
into the left atrium, the echocardiographic imaging was 
switched to full online 3D and the device was shifted 
towards the prolapsing segment under 3D TEE imaging 
(Fig. 3). The prolapsing segment of the posterior leaf-
let was grasped with the instrument’s jaws, and was con-
firmed on the 4-fiberoptic monitor when the lights turned 
from red to white. The neochord was implanted and the 
device was retracted. Under 2D ME LAX TEE color Dop-
pler, the neochord was properly tensioned to achieve a 
correct MV function (Fig. 4). A total of 3 neochords were 
implanted in the same way.

Fig. 1  Preoperative 2D and color Doppler transesophageal echocar-
diography

Fig. 2  Multi-plane imaging (X-plane) of mitral valve. Position of the 
device during the insertion

Fig. 3  3D transesophageal echocardiography of mitral valve with the 
NeoChord device
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During the procedure, the central venous pressure was 
maintained above 10 mmHg with crystalloids or col-
loids and the mean arterial pressure was maintained above 
60 mmHg. A cell-saver was used for continuous auto-
transfusion for efficient blood salvage and 620 ml of blood 
was salvaged. Homologous blood transfusion and inotropic 
support was not used during the procedure. Sudden hemo-
dynamic deterioration and serious arrhythmias were not 
observed during the procedure. The procedural time was 
140 min (skin to skin) and no complication occurred.

After surgery, the patient was transferred to the intensive 
care unit (ICU).

The patient was transferred from ICU to the cardiovas-
cular surgery ward at the postoperative 20th h and was dis-
charged on the postoperative 5th day.

Discussion

Malignancies of the hematopoietic system such as chronic 
lymphocytic leukemia and lymphoma mainly affect elderly 
patients. Similarly, the incidence of cardiac disease is 
increased in elderly patients. For example, the prevalence 
of MR increases from 2.4 % in patients aged 60–69 years 
to 11.2 % in patients aged 70–83 years [6]. The opera-
tive risk of patients with malignant hematological disor-
ders is increased, as this may include coagulation defects, 
changes in blood viscosity, immune suppression and 
bone marrow insufficiency [7]. Surgical trauma and CPB 
have the potential risk of increasing hematological prob-
lems because the immune systems in these patients are 
depressed [8]. There have been limited studies about the 
influence of hematopoietic disorders and their treatment 
on the results of cardiac surgery. In a study by Sommer 

et al. of 56 patients, it was indicated that the results of 
cardiac surgery in patients with a history of a malignant 
hematologic disorder were acceptable but a higher com-
plication and mortality rate could be expected [9]. Guler 
et al. reported that cardiac surgery in patients with hema-
tological malignancies could be performed with acceptable 
early postoperative outcomes [10]. Similar results were 
also stated in studies by Fecher and Potapov [1, 11]. Kucu-
karslan et al. prospectively compared 98 patients who had 
undergone coronary artery bypass surgery (CABG) with 
malignancy in remission and without any malignancy and 
reported that CABG in patients with comorbid malignancy 
was as safe as in other patients [12].

Avoidance of CPB in cardiac surgery with the use of off-
pump techniques may reduce some of the risks. Brandon 
et al. reported that the off-pump coronary artery bypass 
(OPCAB) strategy was safe and reliable in very high-risk 
patients, reducing multi-organ failure [13].

The advantages of TOP-MINI are the avoidance of 
sternotomy and the risks of CPB, in addition to improved 
patient satisfaction and cosmesis. After a left anterolateral 
mini-thoracotomy, the apex of the left ventricle is gently 
palpated with a finger to determine the access site under 
2D TEE monitoring multiplane imaging (X-plane) at 0° 
and 90°. A NeoChord DS1000 device loaded with ePTFE 
suture is inserted in the left ventricle (LV) and advanced 
towards the flailing segment of the prolapsed MV leaf-
let under the X-plane imaging (ME LAX and MC views). 
After the device is inserted through the MV into the left 
atrium, the device is shifted towards the prolapsing segment 
under 3D transechocardiographic imaging. The flailing seg-
ment is grasped by the jaws of the device, a neochord is 
implanted and the device is removed from the heart. The 
neochord is tensioned until MR is significantly reduced 
under 2D TEE imaging color Doppler. The correct amount 
of stretched neochord is fixed by passing a pledget over the 
ventriculotomy. If an additional neochord is required, the 
procedure is repeated [14]. Although no long-term results 
of the TOP-MINI procedure have been published, the early 
results have been seen to be favorable [15, 16].

The TOP-MINI procedure necessitates complex anes-
thetic management. 2D and 3D TEE guidance is used in all 
stages (device insertion, leaflet grasping, tension, evalua-
tion of result) of the procedure. OLV, fluid administration, 
avoidance of hypothermia and pain management are the 
basis for anesthetic management [17].

During the entire procedure, the anesthesiologist must 
be prepared for sudden hemodynamic deterioration, which 
may require blood transfusion, inotropic support or emer-
gency CPB. When the device enters the LV through the 
transapical ventriculotomy, excessive blood leakage may 
occur if the apical purse-strings are not tightened well, and 
this results in hemodynamic deterioration. A plastic pocket 

Fig. 4  Color Doppler after neochord implantation (no residual regur-
gitation)
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is attached under the site of the skin incision to collect 
blood loss. Excessive blood loss is gathered by a cell-saver 
system.

Arrhythmias occur due to movement of the device inside 
the heart and they are usually temporary. Serious arrhyth-
mias such as ventricular fibrillation may be observed dur-
ing the procedure. Because the small incision of the thor-
acotomy limits the use of internal cardiac defibrillation 
paddles, external defibrillator pads must be applied before 
the surgical drape placement.

In conclusion, hematological malignancies such as 
chronic lymphocytic leukemia and lymphoma with cardiac 
surgery are commonly seen in elderly patients. The use of 
minimally invasive techniques can be attempted to avoid 
the undesirable impact of CPB in these patients. TOP-MINI 
can be used as an alternative method in this patient group.
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