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Abstract
Background: A relation between the left ventricular assist device inflow can-
nula (IC) malposition and pump thrombus has been reported. This study aimed 
to investigate if the pump position, derived from chest X-rays in HeartMate 3 
(HM3) patients, correlates with neurological dysfunction (ND), ischemic stroke 
(IS), hemorrhagic stroke (HS) and survival.
Methods: This analysis was performed on routinely acquired X-rays of 42 patients 
implanted with a HM3 between 2014 and 2017. Device position was quantified in 
patients with and without ND from frontal and lateral X-rays characterizing the 
IC and pump in relation to spine, diaphragm or horizontal line. The primary end-
point was freedom from stroke and survival one-year after HM3 implantation 
stratified by pump position.
Results: The analysis of X-rays, 33.5 (41.0) days postoperative, revealed a signif-
icant smaller IC angle of HM3 patients with ND versus no ND (0.1° ± 14.0° vs. 
12.9° ± 10.1°, p = 0.005). Additionally, the IC angle in the frontal view, IS: 4.1 (20.9)° 
versus no IS: 13.8 (7.5)°, p = 0.004 was significantly smaller for HM3 patients with 
IS. Using receiver operating characteristics derived cut-off, IC angle <10° provided 
75% sensitivity and 100% specificity (C-statistic = 0.85) for predicting IS. Stratified 
by IC angle, freedom from IS at 12 months was 100% (>10°) and 60% (<10°) respec-
tively (p = 0.002). No significant differences were found in any end-point between 
patients with and without HS. One-year survival was significantly higher in patients 
with IC angle >10° versus <10° (100% vs. 71.8%, p = 0.012).
Conclusions: IC malposition derived from standard chest X-rays serves as a risk 
factor for ND, IS and worse survival in HM3 patients.
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1   |   INTRODUCTION

With advancements in device technology and improve-
ments in patient selection and care, the average survival 
time for patients with permanent mechanical circulatory 
support is approaching 5  years.1 However, long-term 
success of this therapy is compromised by a consider-
able number of adverse events,2 with stroke being one 
of the most feared complications.3 Although the risk of 
pump thrombosis is reduced in patients with HeartMate 
3 (HM3; Abbott Inc., Chicago, IL, USA) compared with 
contemporary technologies4 and the long-term stroke 
incidence is 3.3 times lower compared to the HeartMate 
II (HM3: 0.04 vs. HeartMate II: 0.13 events per patient-
year), the occurrence of stroke of any type (ischemic 
stroke [IS] or hemorrhagic stroke [HS]) or any functional 
severity (disabling and non-disabling) is predictive of 
poor clinical outcome.5

Inflow cannula (IC) alignment has been identified 
as an important device-specific risk factor for specific 
adverse events and also for patient prognosis.6–8 For ex-
ample, device positioning (pocket depth9–11 and IC an-
gle7,11–14) was identified as an risk factor for GI bleeding15 
for HeartMate II (Abbott Inc., Chicago, IL, USA) patients. 
Whereas clinical data on the effect of pump position for 
centrifugal VADs are scarce, clinical evidence suggests 
an effect of pump position on pump thrombosis, compro-
mised unloading and GI bleeding in HVAD (Medtronic 
Inc., Minneapolis, MN, USA) patients.8,16,17

Recently, it has been shown that correlations exist 
between computer tomography (CT) angles and radio-
graphs17; therefore, assessment and identification of 
pump position related risk factors can be easily accom-
plished by routine chest radiographs.18 Even though, only 
two reports among HM3 patients linked death and heart 
failure readmission19 or composite adverse events20 to 
pump position.

The present study was performed to determine if the 
IC position derived from standard chest X-rays can predict 
strokes and worse survival in HM3 patients.

2   |   METHODS

2.1  |  Study population

Fifty-seven consecutive patients undergoing HM3 LVAD 
implantation from June 2014 to December 2017 were in-
cluded in this retrospective, singe-center analysis. Two 
surgeons performed all LVAD implantations with “sew-
then-core” technique of the sewing ring at the anatomical 
apex. Freedom from any stroke and survival were fol-
lowed for one year after implantation. The study protocol 
(EK Nr: 1769/2018, waiver of informed consent) was ap-
proved by the Institutional Review Board.

2.2  |  X-ray measurements

Posterior-anterior (PA) and lateral (LAT) chest X-rays 
were retrospectively collected and measured by an inde-
pendent expert who was blinded to the clinical outcomes 
at the time of analysis. DICOM data were imported with 
ImageJ21 and geometric measurements were performed in 
both PA and LAT projections (Figure 1). The first stand-
ing X-ray was used for analysis, and X-rays were checked 
for postural inconsistencies by verifying for alignment of 
the spine with the vertical axis, symmetric position of the 
clavicular heads and symmetric arm posture. Pump depth 
(distance between the dome of the right hemi diaphragm 
and the bottom of the pump body), projected IC length 
and IC angle (angle of the IC against a horizontal refer-
ence line) were analyzed similarly to previously reported 
data.8,19 Additionally, elliptical approximations of the 
IC tip and the area of the projected pump body includ-
ing the short and long elliptical axis,17 were evaluated in 
both projections. In the PA X-rays, the horizontal line was 
checked for possible rotation of the patient and corrected 
if necessary (>1° rotation) by defining it perpendicular 
to the spline. In cases where the IC was not visible and 
hidden behind the pump body, these values could not 
be evaluated, but the IC visibility was noted. In addition, 

F I G U R E  1   Definition of X-ray 
measurements. HM3, HeartMate 3; LAT, 
lateral; PA, postero-anterior [Color figure 
can be viewed at wileyonlinelibrary.com]
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significantly different pump position parameters of con-
trol versus IS or HS patients in the first standing X-rays 
were analyzed 6 and 12 months after implantation to as-
sess possible positional changes.

2.3  |  Follow-up

In all patients, anticoagulation was initiated postopera-
tively with heparin with a goal activated partial throm-
boplastin time (aPTT) of 45–50 s for 24 h and gradually 
increased to maintain a target aPTT of 55–65 s. Then pa-
tients were transitioned to an oral anticoagulation regime 
with a vitamin K antagonist (phenprocoumon) after re-
moval of the chest tubes (INR target range 2.0–2.5) and, 
if no contraindication existed, on the third postoperative 
day (POD) antiplatelet therapy with 100 mg aspirin was 
started. During the one-year follow-up, data including 
deaths or heart transplants and freedom from IS, HS or 
any neurological dysfunction (ND) (= IS, HS or transient 
ischemic attack), as defined by the Interagency Registry 
for Mechanical Circulatory Support were collected.22 IS or 
HS were diagnosed as any new, temporary or permanent, 
focal or global ND ascertained by a standard neurological 
history and examination administered by a neurologist or 
other qualified physician and documented with appropri-
ate diagnostic tests and consultation note; or an abnormal-
ity identified by surveillance neuroimaging (CT scan).22

2.4  |  Study design

The primary endpoint in this study was the influence of 
pump position parameters on the freedom from any stroke 
and survival one-year after HM3 implantation. Secondary 
endpoints were the descriptive analysis of pump positions 
in patients with and without IS or HS during the follow-
up period.

2.5  |  Statistical analysis

Statistical analyses were performed with SPSS for Windows 
Release 26.0.0 (IBM, NY, USA). Descriptive statistics are 
presented as mean ± standard deviation (SD) for con-
tinuous variables and number (percentage) for categorical 
variables. Where continuous variables were non-normally 
distributed, data is presented as median and interquar-
tile range (IQR). Normal distribution was assessed by the 
Shapiro–Wilk test. Fisher's exact test was used to assess 
for statistical significance of categorical variables, depend-
ing on the normal distribution student t-test or Mann–
Whitney U test for independent continuous variables. A 

repeated-measures analysis of variance was performed for 
normally distributed longitudinal pump position (from first 
standing to 6 and 12 months after implantation); F-values 
are reported. If Mauchly's test indicated that the assumption 
of sphericity was violated, Greenhouse–Geisser-corrected 
values were used. Nonparametric longitudinal pump po-
sition was assessed with the Friedman test, and post hoc 
analyses with Wilcoxon signed-rank tests were performed 
using a Bonferroni correction. Time-to-event analysis was 
performed by using Kaplan–Meier curves with p-values 
reported using the log-rank test. Patient follow-up was 
censored when patients underwent heart transplantation, 
device explantation or expired. A receiver operating charac-
teristics (ROC) curve analysis to assess the ability of pump 
position parameters from X-rays to predict the occurrence 
of stroke was performed together with the area under the 
curve. Statistical significance was set at p < 0.05.

3   |   RESULTS

3.1  |  Patient characteristics

Of 57 patients who received HM3 LVAD implantation, 15 
patients had to be excluded due to early death or heart 
transplantation before the first standing X-rays (n = 10) 
or poor image quality (n  =  5), and 42 patients were in-
cluded in the study cohort. 23.8% received a VAD as 
bridge to transplant, 40.5% as destination therapy and 
35.7% as bridge to candidacy. Mean age of the patients was 
62.5 ± 8.5 years, body mass index was 28.4 ± 5.2 kg/m2 
and 7.1% were female. Baseline demographics and comor-
bidities are shown in Table 1.

3.2  |  X-ray pump position parameters

Depending on the postoperative course, the average 
POD of the first standing X-ray was 33.5 (41.0)  days 
(Table  1). In the PA projection the average pump area 
was 1040.9 ± 552.2 mm2, IC area 162.2 ± 92.9 mm2, IC 
angle 10.9 (11.4)°, and pump depth 31.4 ± 20.3 mm. In the 
LAT projection median pump area was 2583.4 (1074.8) 
mm2 and mean IC area 239.4 ± 52.9 mm2 and IC angle 
2.1° ± 14.6°. In addition, the proportion with a non-visible 
IC (Figure 1, right) in LAT X-rays was 67.6%.

3.3  |  Pump position and effect on 
stroke and clinical outcomes

Of the pump position parameters measured, the IC angle 
in PA view was significantly different between patients 
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with any ND (n = 12) versus no ND (n = 30) (0.1° ± 14.0° 
vs. 12.9° ± 10.1°, p = 0.005).

When stratified by IS (Table 2), the IC angle in the PA 
view was significantly smaller for patients with IS: 4.1 
(20.9)° versus no IS: 13.8 (7.5)°, p = 0.004, and did not 
change over time in any period: F(2,4) = 0.28, p = 0.77 
(see Table S1). An example of PA X-rays of two patients 
without (IC angle 10.8°) and with IS (IC angle 0.2°) is 
presented in Figure 2. Pump area and depth, short and 
long diameter as well as IC area and projected IC length 
did not show significant differences in patients with 
and without IS in PA X-rays. Only one of the IS patients 
had a visible IC in the LAT X-ray, so the average sagittal 
IC area, projected length and angle were not assessed 
(Table 2).

With ROC curve analysis (Figure 3), an IC angle <10° 
assessed in PA X-rays provided 75% sensitivity and 100% 
specificity (C-statistic = 0.85) as the optimal cut-off to dif-
ferentiate the risk of meeting the primary endpoint of this 
study (IS one-year after HM3 implantation). Stratified by 
IC angle, freedom from any IS up to 12 months after HM3 
implantation was 100% (>10°) and 60.0% (<10°) respec-
tively (p = 0.002, Figure 4A). The one-year survival rate 
was 100% (IC angle >10°) and 71.8% (IC angle <10°), re-
spectively (p = 0.012, Figure 4B). Baseline characteristics 
and laboratory parameters were not statistically different 
between patients with an IC angle of less than or more 
than 10° and are summarized in the supplementary on-
line data, Table S2. Invasive hemodynamic measurements 
were available in twenty-eight patients (Table S2). Patients 
with IC angle <10° had significantly higher (p  = 0.02) 
central venous pressure (CVP) and numerically higher 
pulmonary capillary wedge pressure (PCWP), but not sig-
nificantly (p = 0.23).

Stratification of the cohort by HS, did not show signifi-
cant differences in patients with and without HS in any X-
ray parameter, although in PA view the IC angle indicated 
a trend toward smaller values in patients with HS: 8.8 
(32.3)° versus no HS: 12.8 (9.9)°, p = 0.08. On LAT X-rays, 
the proportion of patients with visible IC (57.1%) was also 
comparable in the HS and no HS cohort (26.7%, p = 0.18).

4   |   DISCUSSION

Although there is general consensus that the IC of LVADs 
should be positioned parallel to the septal wall in the di-
rection of the mitral valve13,23 in order to maintain a neu-
tral intraventricular septum position,24 it remains unclear 
whether the device position specifically for the HM3 is a 
modifiable risk factor for stroke. Suboptimal pump posi-
tion may be associated with left ventricular flow fields 
that foster intraventricular thrombus formation.8,23,25 

T A B L E  1   Baseline demographics and device position 
parameters

n (%), median (IQR) or mean ± SD
HeartMate 3 study 
cohort (n = 42)

Patient characteristics
Sex (female) 3 (7.1)
Age at implant (years) 62.5 ± 8.5
BMI (kg/m2) 28.4 ± 5.2
INTERMACS level

1 8 (19.0)
2 4 (9.5)
3 7 (16.7)
4–7 23 (54.8)

Cardiomyopathy
Ischemic 23 (54.8)
Dilated 19 (45.2)

Strategy
Destination therapy 17 (40.5)
Bridge to transplantation 10 (23.8)
Bridge to candidacy 15 (35.7)

Implantation technique, minimal 
invasive

10 (23.8)

Intraoperative bypass support
HLM 40 (95.2)
Off pump 2 (4.8)

Prae ECLS 8 (19.0)
Stroke history 9 (22.0)
Diabetes 14 (35.0)
Hypertension 22 (56.4)
Atrial fibrillation 25 (61.0)

Device position parameters
POD first standing X-ray (days) 33.5 (41.0)
Posteroanterior measurements

Pump area (mm2) 1040.9 ± 552.2
Short diameter (mm) 24.1 ± 12.9
Long diameter (mm) 55.3 ± 1.4
IC area (mm2) 162.2 ± 92.9
IC length (mm2) 63.7 ± 3.2
IC angle (°) 10.9 (11.4)
Pump depth (mm) 31.4 ± 20.3

Lateral measurements
Pump area (mm2) 2583.4 (1074.8)
Short diameter (mm) 55.8 (20.3)
Long diameter (mm) 58.5 ± 2.5
IC area (mm2) 239.4 ± 52.9
IC length (mm2) 66.4 ± 2.1
IC angle (°) 2.1 ± 14.6

Abbreviations: BMI, body mass index; ECLS, extracorporeal life support; 
HLM, heart lung machine; IC, inflow cannula; INTERMACS, Interagency 
Registry for Mechanically Assisted Circulatory Support; LVAD, left 
ventricular assist device; POD, postoperative day.



      |  1153HM3 PUMP POSITION AS A RISK FOR STROKE

Although several experimental25 and computational26,27 
studies have identified relationships between flow and 
thromboembolic complications the mechanistic relation-
ship remains unclear and needs further investigation. 
Pump and IC malposition potentially leads to a vicious 
circle of flow changes, creation of stagnation zones with 
subsequent thrombus deposition, pannus formation at 
the IC and suction events followed by low pump flow 
with elevated residence time of blood particles.27,28 All 
of this can ultimately lead to the formation of a throm-
bus intraventricular,29 pre-, intra-, or post-LVAD, which 

can detach and contribute to the development of stroke. 
Clinical radiographs are standard for regular outpatient 
follow-up and, compared with CT scans, are more cost-
effective with a lower radiation dose and no contrast expo-
sure. As recently reported,15 X-rays are a simple method 
to identify patients with pump malposition, as several ra-
diographic parameters correlate well with the deviation 
of the IC to the mitral valve in the three-chamber view of 
CT scans.

The key findings of this study, which examines the rela-
tionship between HM3 pump position, stroke, and survival, 

T A B L E  2   Device position parameters stratified by ischemic stroke and intracranial hemorrhage

Device position parameters median (IQR) or 
mean ± SD Ischemic stroke (n = 8) No ischemic stroke (n = 34) p-value

Posteroanterior measurements

Pump area (mm2) 944.8 ± 530.3 1066.7 ± 565.3 0.61

Short diameter (mm) 21.9 ± 12.5 24.7 ± 13.2 0.61

Long diameter (mm) 55.4 ± 1.6 55.3 ± 1.3 0.87

IC area (mm2) 143.6 ± 85.2 130.9 ± 71.9 0.54

IC length (mm2) 62.4 ± 2.5 63.5 ± 4.0 0.57

IC angle (°) 4.1 (20.9) 13.8 (7.5) 0.004

Pump depth (mm) 25.1 ± 18.5 32.9 ± 20.7 0.34

Lateral measurements

Pump area (mm2) 2458.9 (1050.5) 2624.5 (1076.1) 0.55

Short diameter (mm) 55.6 (19.6) 56.1 (20.3) 0.84

Long diameter (mm) 56.7 ± 2.5 58.7 ± 2.5 0.13

IC area (mm2) – 241.8 ± 54.88 –

IC length (mm2) – 66.7 ± 1.9 –

IC angle (°) – 2.5 ± 15.3 –

Device position parameters median (IQR) 
or mean ± SD

Intracranial hemorrhage 
(n = 9)

No intracranial hemorrhage 
(n = 33) p-value

Posteroanterior measurements

Pump area (mm2) 1040.3 ± 565.8 1043 ± 535.6 0.99

Short diameter (mm) 24.0 ± 13.2 24.4 ± 12.9 0.95

Long diameter (mm) 55.1 ± 1.8 55.3 ± 1.3 0.65

IC area (mm2) 162.1 ± 90.6 162.2 ± 95.0 0.99

IC length (mm2) 63.1 (4.0) 64.7 (2.7) 0.35

IC angle (°) 8.8 (32.3) 12.8 (9.9) 0.08

Pump depth (mm) 27.2 ± 19.9 32.5 ± 20.6 0.49

Lateral measurements

Pump area (mm2) 2050.5 (1183.9) 2626.4 (1004.3) 0.19

Short diameter (mm) 45.0 (21.8) 56.3 (18.2) 0.26

Long diameter (mm) 56.9 ± 2.6 58.8 ± 2.4 0.07

IC area (mm2) 260.8 ± 55.6 228.6 ± 51.8 0.35

IC length (mm2) 65.7 ± 2.4 66.7 ± 2.0 0.49

IC angle (°) −7.9 ± 9.2 7.1 ± 14.6 0.09

Abbreviation: IC, inflow cannula.
Significant p < 0.05 are indicated in bold.
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are (a) smaller IC angle in patients with IS and any ND, (b) 
a small IC angle (<10°) is a significant predictor of IS after 
HM3 implantation, and (c) the major clinical implication of 
risk stratification as early as one month after HM3 implan-
tation based solely on the IC angle determined by X-rays.

The potential clinical impact of IC angle determined 
by X-rays, has been suspected by Imamura et al.19 who 
reported—on the other end—that larger coronal angles 
(CCA >28°) as a significant predictor of death or heart 
failure readmission. A well-positioned pump is expected 
to result in improved hemodynamics with better unload-
ing and reduced right ventricular function.19 However, 
these large reported values (median CCA of 40°) were 
not found in our entire cohort with a median IC angle 
of 10.9 (11.4)°. Therefore, combining these findings and 
the results of our study, an IC angle range between 10° 
to 28° seems optimal for excellent clinical outcomes with 
the HM3. Further studies are warranted to identify and 

test possible risk-adapted medical therapies to improve 
outcomes in patients with pump malposition, which was 
beyond the scope of this work.

Previously reported preoperative risk factors for 
stroke30 such as female gender (IC angle <10°: 13.3% vs. IC 
angle >10°: 5%, p = 0.56) and type of cardiomyopathy (IC 
angle <10°: 53.3% ischemic vs. IC angle >10°: 60% isch-
emic, p = 0.48), did not differ between patients with IC 
angle less or more than 10° (Table S2). Interestingly, nu-
merically more patients (p = 0.10) with an IC angle >10° 
had a history of stroke (31.6% vs. IC angle <10°: 6.7%). 
Although stroke history has been previously reported as a 
risk factor for stroke during LVAD support31 one would ex-
pect a higher rate of stroke in these patients, but since the 
opposite trend was observed, proper pump position seems 
to be more relevant than stroke prior to implantation.

As demonstrated by Imamura et al.8,19 IC position plays 
also an important role in enabling cardiac unloading and 
achieving optimal hemodynamics, consequently also our 
results indicate improved hemodynamics in patients with 
an IC angle >10°, as determined by invasively measured 
CVP (10.9 ± 2.4 mm Hg vs. IC angle <10°: 13.1 ± 2.8 mm 
Hg, p = 0.02) and numerically lower PCWP.

Similarly to the results of Shih et al.,20 in the longitudi-
nal sub-group analysis (n = 23), IC angle did not change 
significantly in any period (χ2(2) = 0.09, p = 0.96) (Table 
S1), highlighting the clinical implication of risk stratifica-
tion already at the first standing X-ray after HM3 implan-
tation based on the IC angle only.

Because pump position alone may not be the only risk 
factor in LVAD patients, other factors must also be con-
sidered, but these were not primarily investigated in this 
study. In any case, the development of stroke is multifac-
torial, and in pump types other than HM3, infection,32 
inadequate anticoagulation,33 or pump thrombosis17 have 
been described as additional risk factors. On the day of 
stroke (POD 178.6 ± 164.5), mean arterial blood pressure 
(78.9  ±  9.7  mm Hg) and LDH (285.5  ±  47.7 U/L) were 
within normal range, and IS patients (n = 8) had elevated 
systemic inflammatory parameters, but only 12.5% had 
previous sub-therapeutic anticoagulation one week before 
the event (Table S3), and all IS patients received 100 mg 
of aspirin daily without prior change in antiplatelet 

F I G U R E  2   Example of postero-
anterior chest X-rays of patients without 
(left) and with ischemic stroke (right). IC 
angle, inflow cannula angle [Color figure 
can be viewed at wileyonlinelibrary.com]

F I G U R E  3   Receiver operator characteristics of inflow cannula 
angle for predicting ischemic stroke one-year after HeartMate 3 
implantation. AUC, area under the curve; HM3, HeartMate 3; IC 
angle, inflow cannula angle; ROC, receiver operator characteristics 
[Color figure can be viewed at wileyonlinelibrary.com]
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medication. These findings support recent evidence of 
synergistic effects of platelet activation mediated by shear 
forces and inflammatory activation of endothelial cells, 
which may explain endothelial cell-platelet adhesion and 
the prothrombotic function of platelets as a potential con-
tributor to intraventricular thrombosis,29 and point to a 
small contribution of aspirin to protect against thrombo-
embolic events with HM3 support.34,35

Further, pump malposition as a potential contributing 
factor in the development of hemorrhagic events was not 
confirmed, as no significant differences between patients 
with and without HS were found in any X-ray parameter. 
Although the mean IC angle in PA projection was lower 
in patients with versus without HS 8.8 (32.3)° versus 12.8 
(9.9)°, it did not reach statistical significance (p = 0.08). 
IC visibility was used as a simple parameter to identify an-
terior or posterior pump rotation in the LAT X-rays, and 
showed a trend of higher proportion of patients with a vis-
ible IC (57.1%) in those who suffered from HS versus no 
HS (26.7%, p = 0.18). This trend may be explained at least 
partially by the nature of their clinical interconnection, IS 

being oftentimes a predecessor of a hemorrhagic event.36 
Also in our analysis of the any ND cohort, 5 patients with 
HS suffered from IS beforehand. Thus a clear-cut separa-
tion and differentiation can be difficult, but overall, the 
increased risk of IS in patients with pump malposition (IC 
angle <10°) might be explained by deposition of thrombus 
material due to close wall washout and ingestion.37

Finally, the current one-size-fits-all surgical approach 
could be replaced by a personalized LVAD implant strat-
egy28 based on careful assessment of the individual pa-
tient's left ventricular geometry (heart sizes), intrathoracic 
anatomy, and the interplay between both for optimal IC 
positioning.38,39 Although optimal cannulation seems clear 
and logical, it is often influenced by these patient-specific 
differences, therefore, various surgical techniques includ-
ing pre- and peri-operative planning of the coring site by 
CT40 and (3D)-TEE41 also including virtual planning and 
3D-printing,39,42 insertion of a needle at the appropriate 
cannulation site,43 and creation of a pouch similar to an 
abdominal pocket44 as well as the use of exoskeletons ap-
pear promising.38 Whether surgical access via a median 

F I G U R E  4   Freedom from ischemic 
stroke (top) and clinical outcomes 
(bottom) stratified by inflow cannula 
angle one-year after HeartMate 3 
implantation. HM3, HeartMate 3; IC 
angle, inflow cannula angle [Color figure 
can be viewed at wileyonlinelibrary.com]
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sternotomy or minimal invasive approaches for HM3 im-
plantation can have an impact on the IC angle and thus ul-
timately on the risk of stroke needs further analysis. Based 
on the results of our study, no preference for a strategy 
could be found, as the proportion of patients implanted via 
a median sternotomy (75.0% vs. 76.5%, p = 0.93) was com-
parable in both patients with and without IS.

Our study has limitations, including its retrospective 
design, the limitation of excluding patients because they 
did not reach the appropriate postoperative time points 
because of death or heart transplantation. Furthermore, 
data analysis was limited to analysis to patients from a sin-
gle center and, in particular, the rather small sample size 
may have been another confounding factor, and therefore 
a larger, prospective randomized control study should pro-
vide a more detailed description of pump malposition as 
risk factor for stroke than was possible in this study.

In conclusion, X-rays show significantly smaller HM3 
IC angle in patients with IS and any ND. A small IC angle 
(<10°) identified from X-rays serves as a risk factor of IS 
and worse survival after HM3 implantation.
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