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Introduction

There has been a steady progression in cardiac surgery toward 
minimally invasive cardiac surgery (MICS) operations with the 
development of more advanced instrumentation and a corre-
sponding expansion in surgical indications.1 Accompanying 
this rapid proliferation is an increased dependence on aug-
mented venous drainage techniques during cardiopulmonary 
bypass (CPB).2 The amount of venous drainage during CPB is 
determined by the patient’s blood volume, the force of gravity, 
and the resistance of the venous circuit.3 Venous circuit resis-
tance comes from the venous cannulas, the venous line, and the 
connectors.3 The venous cannulas are typically the narrowest 
component of the CPB venous system, and they are thus an 

important determinant for venous drainage.3 Although poor 
drainage is a concern, excessive drainage may also be a 
problem.3 Consequently, a new cannula (smart canula®; 
Smartcanula LLC, Lausanne, Switzerland) was developed that 
can change shape in situ and therefore may improve venous 
drainage.1,4 Clinical experience with this virtually wall-less 
venous cannula,5–8 as well as its safety and superiority, has 
already been shown in in vivo animal and human and in vitro 
bench experiments.1,8–12 Equally important in every CPB cir-
cuit is the damage to blood cells. This damage may potentially 
be increased by vacuum-assisted venous drainage (VAVD), 
because of the negative pressure within the circuit and because 
of the turbulence generated at the tip of the venous cannula.13 

1131534 INVXXX10.1177/15569845221131534InnovationsVan Praet et al.
research-article2022

Single-Center Experience With a Self-
Expandable Venous Cannula During Minimally 
Invasive Cardiac Surgery

Karel M. Van Praet1,2, MD, Markus Kofler1,2, MD, MSc, Alexander Meyer1,3, MD, 
Simon H. Sündermann1,2,4, MD, Matthias Hommel5, MD, MBA, Volkmar Falk1,2,4,6, MD, 
and Jörg Kempfert1,2, MD

Abstract
Objective: Venous drainage is often problematic in minimally invasive cardiac surgery (MICS). 
Here, we describe our experience with a self-expandable stent cannula designed to optimize 
venous drainage. Methods: The smart canula® was used in 58 consecutive patients undergoing 
MICS for mitral valve disease (n = 40), left atrial myxoma (n = 3), left ventricular outflow 
tract obstruction (n = 1), and aortic valve replacement via a right anterior minithoracotomy 
(n = 14) procedures. The venous cannula was placed under transesophageal echocardiography 
guidance to reach the superior vena cava. Vacuum-assisted venous drainage (between −20 and 
−35 mm Hg) was used to reach a target flow index of 2.2 L/min/m² at a core temperature of 
34 °C using a goal-directed perfusion strategy aimed at a minimum DO2 of 272 mL/min/m2. 
Cardiopulmonary bypass (CPB) parameters were recorded, and hemolysis-related parameters 
were analyzed on postoperative days 1 to 7. Results: Mean body surface area and median 
body mass index were 1.9 ± 0.2 m2 and 25.2 (23.4, 30.2) kg/m2. Mean CPB and median cross-
clamping times were 107.7 ± 24.4 min and 64.5 (53, 75.8) min, and median CPB flow during 
cardioplegic arrest was 4 (3.6, 4.2) L/min (median cardiac index 2.1 [2, 2.2] L/min/m²). Venous 
drainage was considered sufficient by the surgeon in all cases, and insertion and removal 
were uncomplicated. Mean SvO2 during CPB was 80.2% ± 5.5%, and median peak lactate 
was 10 (8, 14) mg/dL, indicating sufficient perfusion. Mean venous negative drainage pressure 
during cross-clamping was 27.2 ± 12.3 mm Hg. Platelets dropped by 73.6 ± 37.5 K/µL, lactate 
dehydrogenase rose by 81.5 (44.3, 140.8) U/L, and leukocytes rose by 3.4 (2.2, 7.2) K/µL 
on postoperative day 1. Conclusions: The venous smart canula® allows for optimal venous 
drainage at low negative drainage pressures, facilitating sufficient perfusion in MICS.
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Central Message
The application of 
the self-expanding 
stent-like smart 
canula® is safe, 
effective, and 
facilitates good 
venous drainage 
during MICS. The use 
of the smart canula® 
does not result in 
different hemolytic 
blood profiles as 
compared with 
findings described in 
the literature.
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However, some studies suggest that VAVD does not increase 
blood trauma or hemolysis.13–15 In this feasibility study, we aim 
to report our clinical experience with a single femoral self-
expandable metallic stent cannula for VAVD during CPB in 
MICS at our institution.

Methods

Clinical Data

We retrospectively analyzed data from 58 patients who under-
went MICS at our institution. Regarding hemolysis, a standard 
battery of blood samples was taken for hematology (leuko-
cytes, red blood cells [RBCs], and thrombocytes) and chemis-
try (lactate dehydrogenase [LDH] and lactate), before CPB 
and postoperatively on days 1 through 7 after cessation of 
CPB.

Patients’ informed consent was obtained according to the 
IJMCE recommendations. The corresponding local ethics com-
mittee approved the present study, which complies with the 
Declaration of Helsinki (ethics approval No. EA4/041/21).

Surgical Technique

Endoscopic minimally invasive mitral valve repair/replacement 
surgery through right lateral minithoracotomy. After success-
ful anesthesia with a single-lumen endotracheal intubation, 
the arterial cannula (Fem-FlexTM Femoral Arterial Can-
nula, Edwards Lifesciences, Irvine, CA, USA) and venous 
cannula (smart canula®) were inserted into the femoral 
artery and the femoral vein, respectively, after the right 
groin was incised. The size of the venous cannula was deter-
mined according to the size of the patient. For patients mea-
suring <1.65 m, the short canula (680 mm) was used, and 
for patients measuring >1.65 m, the longer smart canula® 
(730 mm) was used. It was emphasized that the tip of the 
femoral venous cannula should be inserted into the superior 
vena cava (SVC), which was performed under the guidance 
of transesophageal echocardiography (TEE) ultrasound. 
Video footage from previously published work from the 
authors in the Journal of Visualized Surgery illustrates how 

the venous cannula works.16 After the establishment of the 
CPB, a right lateral minithoracotomy (RLMT) was per-
formed through the fourth intercostal space. For aortic 
cross-clamping, the endoballoon technique with the Thru-
Port IntraClude™ Intra-Aortic Occlusion Device (Edwards 
Lifesciences) was used. Before the incision of the left 
atrium, the CPB was started, and CO2 was introduced into 
the right hemithorax.

Minimally invasive surgical aortic valve replacement through right 
anterio-lateral minithoracotomy. After successful anesthesia 
with double-lumen endotracheal intubation, the arterial can-
nula (Fem-Flex™ Femoral Arterial Cannula; Edwards Life-
sciences) and venous smart canula® were inserted peripherally 
into the left femoral artery and the right femoral vein, respec-
tively. The size of the venous cannula was determined accord-
ing to the height of the patient. It was emphasized that the top 
of the femoral venous cannula should be inserted into the SVC, 
which was performed under the guidance of TEE ultrasound. 
After establishing CPB, MICS surgical aortic valve replace-
ment (SAVR) right anterio-lateral minithoracotomy (RALT) 
was performed through the second or third intercostal space. 
For aortic cross-clamping, an external transthoracic Chitwood–
DeBakey clamp was used. Before the incision of the ascending 
aorta, CPB was started, and CO2 was introduced into the surgi-
cal incision.

smart canula®

As described by Mueller et al.,3 the smart canula® is basically 
a spring with a mesh configuration (Fig. 1). Its proximal part is 
covered with plastic to avoid any blood leak at the introduction 
site and to allow connection to the venous line. In the clinical 
setting, 2 different lengths are available, namely, 680 mm and 
730 mm. For the insertion, a semirigid obturator or mandrel is 
placed in the lumen of the cannula (“low-profile” configura-
tion). The cannula is then stretched over the obturator. The 
obturator as well as the tip of the cannula are perforated to 
allow the passage of a guidewire if the Seldinger technique is 
required. Once in place, the obturator is removed, allowing the 
expansion of the spring within the recipient vein. Because of its 
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memory, the smart canula® expands and provides an unsur-
passed lumen. The mesh configuration of the cannula, once 
deployed, is illustrated in Figure 1. The maximal cross-sec-
tional diameter of the tested cannula in its expanded configura-
tion is 14 mm. The cannula is removed from its recipient vein 
by simply pulling on its proximal part. With the traction, the 
cannula will adopt a collapsed configuration because its mesh 
structure confers a spring effect.

CPB Setup and Strategy During Minimally Invasive 
Mitral Valve Surgery and SAVR RALT

CPB was performed using standardized open systems includ-
ing a hard-shell reservoir and roller pumps based on a Stöckert 
S5 console (LivaNova, London, UK). All circuits were primed 
with 1,000 mL of crystalloid solution with the addition of 
15,000 IU of heparin. Blood from cardiotomy suction and vent-
ing was filtered and retransfused via the venous reservoir. 
Instead of an arterial filter, a dynamic bubble trap (Kardialgut 
GmbH, Axtbrunn, Germany) was used in the arterial line. 

Venous drainage was assisted using a Jostra Vacuum controller 
(Maquet Getinge Group, Rastatt, Germany) trying not to exceed 
a negative pressure of 20 to 35 mm Hg according to the amount 
of blood in the right atrium and surgical exposure. Perfusion 
strategy included the principles of goal-directed perfusion 
with the aim not to fall below a DO2 of 272 mL/min/m2.17 In 
this clinical study, CPB flow was precalculated on an index of 
2.2 L/min/m² and adjusted based on oxygen-delivery (DO2) 
guidance at a body temperature of 34 °C. Myocardial protec-
tion was achieved with the pressure-controlled application 
of cold crystalloid Bretschneider cardioplegia (Custodiol®; 
Dr. Franz Köhler Chemie GmbH, Bensheim, Germany). 
Anticoagulation with a target activated clotting time of 480 s 
was conducted by using the hemostasis management system 
HMS Plus (Medtronic, Dublin, Ireland) regarding the individ-
ual patient’s response to heparin.

Data Analysis

Categorical variables are presented as absolute numbers with 
corresponding percentages. The Shapiro–Wilk test was used to 

Fig. 1. (a) (b) The smart canula® stretched over a semirigid obturator, ready for insertion. (c) Insertion of the stretched smart canula® into 
the right atrium and SVC under transesophageal echocardiography guidance. (d) (e) The smart canula® in its expanded configuration as it lies 
within the recipient vein. (f) Tip of the expanded smart canula® reaching the SVC. SVC, superior vena cava.
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test for normal distribution of the variables. Normally distrib-
uted continuous variables are presented as mean with standard 
deviation. Continuous variables that were not normally distrib-
uted are presented as median with interquartile range (IQR; 
25th percentile, 75th percentile). The article is limited to 
descriptive statistics without group comparisons. The statistical 
analyses were performed with IBM SPSS Statistics, Version 
27.0 (IBM Corp. Armonk, NY, USA).

Results

Forty-four patients received MICS RLMT either for mitral 
valve (MV) disease (n = 40), left atrial (LA) myxoma extir-
pation (n = 3), or surgical treatment of left ventricular out-
flow tract obstruction (n = 1). The remaining symptomatic 14 
patients underwent MICS SAVR RALT. In the latter group, 
13 patients had moderate to severe isolated aortic stenosis, 
and 1 patient had severe isolated aortic regurgitation.

Details concerning the distribution of patient demographic 
variables are shown in Table 1. The overall mean age was 61.9 
± 13.5 years, and 69% of the patients were male. The median 
European System for Cardiac Operative Risk Evaluation 
(EuroSCORE) II and Society of Thoracic Surgeons predicted 
risk of mortality score for the overall patient cohort was 1.78% 
(1%, 3.2%) and 0.99% (0.74%, 1.55%), respectively.

Three patients had undergone prior cardiac procedures 
(transcatheter edge-to-edge repair, coronary artery bypass 
grafting, reoccurrence of mitral regurgitation after surgical MV 
repair failure due to endocarditis). One patient with isolated 
severe mitral stenosis and 2 patients who presented with com-
bined MV disease received MV replacement with a bioprosthe-
sis. Two patients presenting with active MV infectious 
endocarditis consequently received MV replacement with a 
bioprosthesis as depicted in Table 2. MV disease from 36 
patients from the MICS RLMT cohort (n = 44) was judged 
“likely” repairable by the multidisciplinary team according to 
the example targets for surgical outcomes in repair of MV pro-
lapse published by Chambers et al.18 Our consecutive mitral 
repair rate was 35 of 36 (97.2%). One patient who was judged 
repairable presented with complex combined MV disease, yet 
after 1 repair attempt (annuloplasty, premeasured neochordal 
loops, cleft closure), moderate residual mitral regurgitation was 
still present. Therefore, the decision was made intraoperatively 
to replace the valve.

Regarding the MICS RLMT cohort (n = 44), 13 patients 
(29.5%) had additional cryoablation (LA Cox maze IV lesion 
set) for paroxysmal atrial fibrillation, and 2 patients (4.5%) 
underwent concomitant surgical patent foramen ovale closure. 
For 20 cases (34.5%), the 680 mm venous cannula was used, 
and for the remaining 38 cases (65.5%), the longer 730 mm 
venous cannula was used (Table 2). Median CPB flow and car-
diac index during cardioplegic arrest was 4 (3.6, 4.2) L/min and 
2.1 (2, 2.2) L/min/m² for the overall cohort. Mean venous nega-
tive drainage pressure during cardioplegic arrest was 27.2 ± 
12.3 mm Hg. Mean central venous oxygen saturation (SvO2) 
and median peak-lactate during CPB was 80.2% ± 5.5% and 

Table 1. Patient Characteristics.

Variable
Overall patient 

cohort (N = 58)

MICS RLMT 44 (75.9)
 Mitral valve disease 40 (69.0)
 Left atrial myxoma 3 (5.2)
 LVOTO 1 (1.7)
SAVR RALT 14 (24.1)
Age, years 61.9 ± 13.5
Male sex 40 (69.0)
Logistic EuroSCORE I 4.97 (4.3, 6.5)
EuroSCORE II 1.78 (1, 3.2)
STS PROM, % 0.99 (0.74, 1.55)
BMI, kg/m² 25.2 (23.4, 30.2)
BSA, m² 1.9 ± 0.2
Chronic lung disease 3 (5.2)
Renal impairment
 On dialysis 0
 Moderately impaired (50–85 mL/min) 2 (3.4)
 Severely impaired (<50 mL/min) 1 (1.7)
Left ventricular function, %
 >50 54 (93.1)
 31–50 4 (6.9)
 21–30 0
 ≤20 0
Mitral regurgitation
 None/trace 17 (29.3)
 Mild 1 (1.7)
 Moderate 2 (3.4)
 Severe 38 (65.5)
Mitral stenosis
 None/trace 40 (69.0)
 Mild 1 (1.7)
 Moderate 2 (3.4)
 Severe 1 (1.7)
Aortic regurgitation
 None/trace 12 (20.7)
 Mild 4 (6.9)
 Moderate 0
 Severe 1 (1.7)
Aortic stenosis
 None/trace 0
 Mild 1 (1.7)
 Moderate 1 (1.7)
 Severe 12 (20.7)
Diabetes on insulin 2 (3.4)
Active endocarditis 2 (3.4)
Previous cardiac surgery 3 (5.2)
Atrial fibrillation
 Paroxysmal 11 (19.0)
 Persistent 2 (3.4)
 Permanent 0
NYHA class
 I 0
 II 30 (51.7)
 III 25 (43.1)
 IV 3 (5.2)

Abbreviations: BMI, body mass index; BSA, body surface area; EuroSCORE, European 
System for Cardiac Operative Risk Evaluation; LVOTO, left ventricular outflow 
tract obstruction; MICS, minimally invasive cardiac surgery; NYHA, New York 
Heart Association; RALT, right anterio-lateral minithoracotomy; RLMT, right lateral 
minithoracotomy; SAVR, surgical aortic valve replacement; STS PROM, Society of 
Thoracic Surgeons predicted risk of mortality.
Data presented as median (IQR), mean ± SD, or n (%).
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Table 2. Intraoperative Outcomes.

Variable
Overall patient 

cohort (N = 58)a

Venous cannula length
 680 mm 20 (34.5)
 730 mm 38 (65.5)
CPB time, min 107.7 ± 24.4
Cross-clamp time, min 64.5 (53, 75.8)
Reperfusion time, min 13 (10.3, 19)
Cross-clamp method
 Transthoracic 14 (24.1)
 Endoaortic balloon occlusion 44 (75.1)
Visualization
 2D video-assisted direct vision 14 (24.1)
 3D fully endoscopically 44 (75.1)
Actual valve procedure
 Repair 36 (62.1)
 Replacement 18 (31.0)
Mitral valve repair rateb 35/36 (97.2)
Mitral valve repair attempts
 1 attempt 34/36 (94.4)
 2 attempts 2/36 (5.6)
Valve repair surgery  
 PML neochords 28/35 (80.0)
 Leaflet cleft closure 14/35 (40.0)
 Isolated ring annuloplasty 8/35 (22.9)
 AML neochords 6/35 (17.1)
 Leaflet triangular resection 2/35 (5.7)
 Edge-to-edge (Alfieri stitch) 0/35
Concomitant surgery
 Cryoablation (LA Cox maze IV lesion set) 13 (22.4)
 PFO closure 2 (3.4)
 LAA occlusion 0
Mean CPB flow during cardioplegic arrest, L/min 4 (3.6, 4.2)
Mean CI during cardioplegic arrest, L/min/m² 2.1 (2, 2.2)
Mean peak-lactate during CPB, mg/dL 10 (8, 14)
Mean lactate during cardioplegic arrest, mg/dL 8.1 (5.8, 10.2)
SvO2 during CPB, % 80.2 ± 5.5
Mean venous negative drainage pressure during 

cardioplegic arrest, mm Hg
27.2 ± 12.3

Abbreviations: AML, anterior mitral leaflet; CI, cardiac index; CPB, cardiopulmonary 
bypass; LAA, left atrial appendage; MICS, minimally invasive cardiac surgery; PML, 
posterior mitral leaflet; RALT, right anterio-lateral minithoracotomy; RLMT, right 
lateral minithoracotomy; SAVR, surgical aortic valve replacement; SvO2, mixed venous 
oxygen saturation.
Data are presented as median (IQR), mean ± SD, or n (%).
aMICS RLMT (n = 44): mitral valve disease (n = 40), left atrial myxoma (n = 3), and left 
ventricular outflow tract obstruction (n = 1); SAVR RALT (n = 14).
bWhen judged “likely” repairable (n = 36) by a multidisciplinary team.

10 (8, 14) mg/dL, respectively. Median lactate during cardio-
plegic arrest was 8.1 (5.8, 10.2) mg/dL. Further details regard-
ing intraoperative outcome are reported in Table 2.

As shown in Table 3, median mechanical ventilation time 
for the overall study population was 510 (370, 868) min. Mean 
platelet count dropped by 73.6 ± 37.5 K/µL, median LDH 
count rose by 81.5 (44.3, 140.8) U/L, and median leukocytes 
rose by 3.4 (2.2, 7.2) K/µL on postoperative day (POD) 1. 
During the postoperative course, 1 minor stroke was observed 
(1.7%). More details concerning the postoperative outcomes of 
the overall cohort are reported in Table 3.

Figure 2 shows leukocyte, RBC, platelet, and LDH counts 
on blood samples from the day before surgery and POD 1 to 7. 
Median leukocyte counts, after a transient rise on POD 1 (3.4 
[2.2, 7.2] K/µL), exhibited a gradual decrease from POD 1 to 6 
(Fig. 2a). Median RBC count exhibited a gradual decrease 
from the preoperative day until POD 6 (Fig. 2b). Mean platelet 
counts showed a slight drop on POD 1 (73.6 ± 37.5 K/µL), 
followed by a gradual decrease from POD 1 until POD 4. As 
of POD 5 to 7, median platelet counts gradually rose again 
(Fig. 2c). Periprocedural changes in median free LDH counts 
are illustrated in Figure 2d. Median LDH exhibited a slight rise 
on POD 1 (81.5 [44.3, 140.8] U/L), followed by a plateau from 
POD 1 to 5.

Discussion

The incision for MICS is generally small and located in the 
right lateral chest, making it difficult to expose an optimal sur-
gical field. In the surgical procedures described in this article, 
no cannula entered through the incision, which facilitated the 
operation. Furthermore, satisfactory venous drainage was 
achieved using the smart canula® for VAVD drainage. This 
drainage technique guaranteed that the surgeon could operate 
successfully in a comfortable environment. In our series, there 
were no complications related to this technique, and our results 
concerning CPB time, cross-clamp time, CPB flow, lactate, and 
cardiac index during cardioplegic arrest as well as SvO2 and 
peak lactate during CPB showed that the application of the 
smart canula® for venous drainage was safe and effective in 
MICS RLMT and MICS SAVR RALT surgery and that arterial 
perfusion was sufficient.

There is no real consensus on the hemolytic effects of 
VAVD,19 and in our study, there were no specific medical mea-
sures taken by means of antihemolytic drug administration. In 
an experiment on calves perfused for 6 h, Mueller et al.13 failed 
to demonstrate any increased trauma to blood cells compared 
with standard gravity drainage.19 Hemolysis was assessed on 
plasma-free hemoglobin and LDH blood levels.13,19 These 
results were obtained with negative pressures between –35 and 
–60 mm Hg without precision on gravity contribution (i.e., 
higher than the one recommended in clinical settings).13 These 
results are in line with those obtained by Randall et al.19,20 In 
addition, Pohlmann et al.21 demonstrated that hemolysis does 
not occur with negative pressure alone (up to −600 mm Hg), 
although it occurs with simultaneous air involvement and nega-
tive pressure. The cardiotomy suction reservoir has been found 
to be a major source of hemolysis, particulate, and gaseous 
microemboli, as well as fat globule formation, cellular aggre-
gation, and platelet injury and loss.22 A major contributor to 
these adverse effects is the amount of air that is aspirated along 
with the blood.22 The severe trauma caused by air entrapment 
in cardiotomy suction has been explained by some by the fact 
that air has a much lower viscosity than blood. Therefore, air 
flows at a much higher velocity than the blood when subjected 
to the same applied force.22 This causes turbulence and high 
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shear stresses that injure both RBCs and platelets.22,23 In a clini-
cal setting, Shin et al.14 showed that CPB incorporating VAVD 
is feasible and effective in MICS without adversely affecting 
hemolysis because it enables a good operative field to be 
obtained by allowing the use of small cannulae, which can be 
inserted percutaneously through peripheral vessels.14

Trauma to blood produced by mechanical stress and surface 
interactions, as seen in CPB, may produce profound hemato-
logic changes.24 These include an immediate drop in circulat-
ing leukocytes and platelets.24 Erythrocyte fragility increases, 
and hemolysis follows.24 In their extended study of leukocyte 
trauma to higher shear stresses in whole blood samples, Dewitz 
et al.24 were able to show a decrease in leukocyte count after 
stress exposure. Nguyen et al.25 showed that cardiac operations 
with miniaturized CPB were associated with attenuation of 
proinflammatory intracellular signaling responses in leuko-
cytes, measured by reactive oxygen species and activation of 
p38-MAPK, compared with operations using conventional 
CPB. Their summary of perioperative changes in leukocyte 
count as a clinical measurement shows a similar perioperative 
profile compared with our findings (Fig. 2a) with a transient 
rise on POD 1 followed by a gradual decrease until POD 4. 
However, the effects of cardioplegic arrest on proinflammatory 
leukocyte signaling and different modalities of cardiac inter-
ventions, such as valvular operations, are still unknown.25 Yet, 
the leukocyte-specific effects shown in the trial conducted 
by Nguyen et al.25 may apply to other noncoronary cardiac 
surgical scenarios, like our study, for example. Mathews and 

Sistino20 explained that when RBCs are exposed to strong shear 
forces,26 such as negative pressure during blood salvaging,27–29 
or when blood contacts CPB devices,28,30 damage to RBCs pro-
duces an increase in RBC fragility, a drop in perioperative 
whole blood erythrocyte count, and eventually hemolysis. Cirri 
et al.31 found that hemolysis indicators are constantly higher 
when VAVD is used (compared with kinetic-assisted venous 
drainage) and that it causes damage to the erythrocytes. In their 
study, they had the vacuum regulator preset at −20 mm Hg.31 
In our series, venous drainage was assisted using a Jostra 
Vacuum controller (Maquet Getinge Group, Rastatt, Germany) 
trying not to exceed a negative pressure of 20 to 35 mm Hg. 
Eventually, our mean venous negative drainage pressure 
required during cardioplegic arrest for the overall patient 
cohort was 27.2 ± 12.3 mm Hg. However, the perioperative 
changes in RBC count, as depicted in Figure 2b, are in line 
with the perioperative whole blood RBC counts reported by 
Cirri et al.31

The use of LDH has also been advocated for the detection 
of significant hemolysis.32 It is unknown what threshold of 
LDH value should be set to differentiate low levels of hemo-
lysis reflecting normal pump operation from abnormal levels 
of hemolysis reflecting device thrombosis.32 In general, an 
increase in LDH levels after the use of CPB is a normal 
finding.32

Although their values were corrected for hematocrit and 
normalized by prebypass values, Mueller et al.13 were able to 
show that after CPB, platelets exhibited a slight drop after 1 h. 
After this initial transient drop, platelet levels further increased 
to reach a plateau after 5 h of CPB.13 On POD 7, platelets had 
increased to prebypass levels.13 Our perioperative platelet 
counts exhibited similar findings.

Limitations

This descriptive study was retrospective in nature rather than 
comparative, its study cohort was inhomogeneous, and we had 
a relatively small sample size. Also, hemolysis is best assessed 
by blood sample variables such as plasma free hemoglobin and 
plasma haptoglobin. Unfortunately, during the patients’ post-
operative course, we did not routinely order these parameters 
during blood sample chemistry assessment.

Conclusions

The application of the self-expanding stent-like smart canula® 
is safe, effective, and reliable and simplified the procedure in 
minimally invasive MV and aortic valve surgery. Drainage 
capacity is optimized, as the smart canula® takes advantage of 
the full size of the recipient vein. Moreover, because this can-
nula acts as a spring within the vein, the latter is maintained 
wide open by the cannula itself, thereby limiting the venous 
collapse phenomenon. The use of the smart canula® does not 
result in different hemolytic blood profiles as compared with 
findings described in the literature.

Table 3. Postoperative Outcomes.

Variable
Overall patient  

cohort (N = 58)a

Ventilation time, min 510 (370, 868)
Platelet drop on POD 1, K/µL 73.6 ± 37.5
LDH rise on POD 1, U/L 81.5 (44.3, 140.8)
Leukocyte rise on POD 1, K/µL 3.4 (2.2, 7.2)
Hemodialysis 0
Acute renal failure 0
Respiratory failure 0
Stroke 1 (1.7)
Rethoracotomy for bleeding 2 (3.4)
New onset atrial fibrillation 2 (3.4)
Perioperative pacemaker implantation 0
ICU stay, days 1 (1, 2.8)
Hospital stay, days 5 (4, 6.3)
In-hospital mortality 0
RBC transfusion 13 (22)
Platelet transfusion 11 (19)

Abbreviations: ICU, intensive care unit; LDH, lactate dehydrogenase; MICS, 
minimally invasive cardiac surgery; POD, postoperative day; RALT, right 
anterio-lateral minithoracotomy; RBC, red blood cell; RLMT, right lateral 
minithoracotomy; SAVR, surgical aortic valve replacement.
Data are presented as median (IQR), mean ± SD, or n (%).
aMICS RLMT (n = 44): MV disease (n = 40), left atrial myxoma (n = 3), and 
LVOTO (n = 1); SAVR RALT (n = 14).
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