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Abstract

OBJECTIVES: Patients with left ventricular assist devices may experience external obstruction of the outflow graft through a gelatinous
substance within the bend relief (BR; a stiff tube graft guiding the outflow graft). Preventative strategies have been missing. Having faced
this problem, we decided to fenestrate the BR to avoid outflow graft obstruction (OGO).

METHODS: Since December 2010, 167 patients underwent left ventricular assist device implantation using HeartMate II or 3. BR fenestra-
tion was introduced on July 2018 (108 patients before, 59 after the introduction of BR fenestration). Follow-up computed tomography
scans were obtained from all patients and were screened for OGO by 3 independent investigators. Results were correlated with log file his-
tory, echocardiographic and clinical outcomes.
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RESULTS: Demographic data were comparable between groups, with mostly male patients. Patients with BR fenestration were older [63
(standard deviation (SD):10.6) vs 58 (SD: 10.7) years] and had shorter support duration [494 (SD: 383) vs 951 (SD: 875) days]. OGO was ob-
served in 5 patients and occurred only in patients without fenestration. Importantly, it occurred late on postoperative Days 412, 462, 1043,
1184 and 1506. Three patients are still asymptomatic. Surgical revision was required in the other 2 patients for pump thrombosis or con-
tinuous low flow. One of them died 36 days after revision due to right heart failure.

CONCLUSIONS: Our results suggest that fenestration of the BR may be a preventative strategy to avoid external OGO. OGO occurred late,
which suggests a careful long-term follow-up.
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ABBREVIATIONS

BR Bend relief
CT Computed tomography
LVAD Left ventricular assist devices
OGO Outflow graft obstruction
SD Standard deviation

INTRODUCTION

Not long ago, a rare pattern of outflow graft obstruction (OGO)
inside the bend relief (BR) of left ventricular assist devices (LVAD)
was described [1, 2]. The compression was found to be caused by
a gelatinous substance between the outflow graft and the BR,
which is thought to be due to ‘plasma sweating’ of the graft. OGO
patients may be asymptomatic or present with variable symp-
toms including haemolysis, low flow alarms and heart failure.
While the clinical impact of OGO is not fully understood, it can
lead to life-threatening complications by progressive decrease of
pump flow over time [3], leading to recurrent heart failure and
potentially increasing the risk of pump thrombosis.

There are now a growing number of reports on OGO in the lit-
erature [4–6]. Various treatment strategies, such as surgical revi-
sion [1, 4] or interventional treatment with balloon intervention
and/or stent implantation, have been reported [2, 5]. However,
no preventative strategy has been suggested, yet.

Beginning in 2018, we fenestrated the BR of the HeartMate 3
during LVAD implantation, in order to reduce (or ideally prevent)
the possibility of OGO formation as OGO has not been detected
with the grid-like structured BR. We here compare our patients
with fenestrated BR to earlier patients who were implanted with-
out fenestration and report the results.

PATIENTS AND METHODS

Ethical statement

Our institutional review board (ethics committee, Friedrich-
Schiller-Universität Jena, Jena Germany) approved the data for
research and waived the need for individual informed consent
(reference number: 2021-22368).

Patients

We retrospectively analysed all patients (n = 167) who underwent
LVAD implantation with HeartMate II and 3 devices in our de-
partment between December 2010 and January 2022. In July
2018, we introduced a BR fenestration strategy, where we use a

hole punch to create permeability as illustrated in Fig. 1. All
HeartMate II and 3 patients, with or without fenestrated BR, were
included in the analysis. Demographic characteristics, preopera-
tive risk factors, intraoperative data, perioperative complications
and outcomes were analysed.

All LVAD patients were seen for follow-up in the course of rou-
tine clinical visits (in stable patients 3–5 times per year) including
analysis of LVAD log file history, echocardiographic and clinical
data as well as regular angio computed tomography (CT) scans.
The last one was 1 month for data lock. All patients underwent
regular angio CT scans, there were no missing data. For all
patients, the length of follow-up was 779 (771) days and ranged
from 0 to 10 years. In the event of a patient’s death, the date
of death was communicated to us by the emergency physician
or the treating hospital. OGO was defined as an external
compression of the outflow graft lumen inside the BR of >_20% at
its maximal point of reduction of the grafts’ predetermined
cross-sectional area (assessed by CT scan). CT scans were indepen-
dently screened by 2 ventricular assist device (VAD) surgeons and
reviewed by an experienced radiologist. OGO was differentiated
from thrombus when Hounsfield units were below 40 Hounsfield
units (as the gelatinous substance has a lower absorption quality).

The surgical technique used for LVAD implantation was per-
formed in all cases according to our standard operating proce-
dure, except for the BR fenestration. Briefly, sternotomy was the
standard approach (except in 6 cases) with pump implantation to
the apex of the left ventricle and outflow graft anastomosis to the
ascending aorta. The BR was fenestrated in a standardized man-
ner (Fig. 1 and Video 1). Fenestration was performed at 3 sides

Figure 1: Photograph of our standardized fenestration of the bend relief.
Fenestration was performed at 3 sides with 6 holes in each line using a 4.8 mm
conventional punch (Medtronic).
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with 6 holes in each line using a 4.8 mm conventional punch
(Medtronic, Dublin, Ireland). Additional cardiac procedures (e.g.
valve surgery, coronary bypass grafting, left atrial appendage clo-
sure, aortic surgery, extracorporeal life support (ECLS) explanta-
tion) were performed as indicated [6]. Pericardium was closed in
all cases with native or bovine pericardium. Postoperative antico-
agulation was performed as recommended [6], initially with hep-
arin and later with oral anticoagulation (Phenprocoumon) and
antiplatelet (in most cases Aspirin, alternatively Clopidogrel)
therapy.

Statistics

Standard descriptive statistics were used to summarize the
patients’ characteristics [e.g. categorical: absolute and relative fre-
quencies/continuous: mean (standard deviation)]. The Kaplan–
Meier method and competing risk analyses (applying the model
by Fine&Gray) were used to analyse time-to-event data on sur-
vival and to estimate the cumulative incidence of OGO over time
in the presence of competing risks (death, heart transplantation,
LVAD exchange or decommissioning; supplementary material).
Comparisons between the groups were performed using chi-
squared or Fisher’s exact tests for nominal data types or
Wilcoxon–Mann–Whitney tests for continuous, metric data types.
All reported P-values of this exploratory study are 2-sided and
not corrected for multiple comparisons. All statistical analyses
were done with SPSS 27.0 (IBM, Armonk, New York, USA).

RESULTS

Table 1 shows the preoperative patient characteristics of the en-
tire cohort separated into those with and those without BR fenes-
tration. In the group without fenestrated BR (n = 108), 44%
(n = 46) received HeartMate II and 37% (n = 60) HeartMate 3. In
the group with fenestrated BR (n = 59), all patients received a
HeartMate 3 device. Demographic data were comparable be-
tween the 2 groups. Most patients were male. Patients in the fen-
estrated BR group were older and suffered more often from
ischaemic cardiomyopathy compared to those without fenestra-
tion. INTERMACS profiles were comparable among the 2 groups
with the vast majority of patients in Class 1 and 2. One out of 6
patients received LVAD implantation from veno-arterial extracor-
poreal membrane oxygenation. Since we introduced the fenes-
tration strategy in 2018, patients without fenestration had longer

LVAD support times [951 (standard deviation: 875) vs 494 (stan-
dard deviation: 383) in the fenestrated group]. With the advent of
the HeartMate 3, we no longer implanted HeartMate II.
Therefore, only the group without BR fenestration contained
HeartMate II patients. However, the BR is identical in both sys-
tems. Our surgical approach was through sternotomy in the ma-
jority of patients and the outflow graft anastomosis was always
performed at the ascending aorta. About one-quarter of patients
received LVAD implantation as redo procedure. Concomitant tri-
cuspid valve repair was the most frequent additional procedure.

OGO occurred in 5 patients having received HeartMate II
(n = 2) and HeartMate 3 (n = 3). Figure 2 shows a CT image of
OGO illustrating the compression of the outflow graft inside the
BR. Figure 3 shows an intraoperative picture of one of the 2
patients who were reoperated for OGO. The image shows the ge-
latinous substance pressing on the outflow graft inside the BR.

Figure 4 shows Kaplan–Meier estimates of survival free from
OGO for both groups. All OGOs occurred in the group without
BR fenestration. The first OGO was diagnosed on postoperative
Day 412. At this time, 45 patients were still at risk in the fenes-
trated group, but no OGO was detected. The other four OGOs
were diagnosed on postoperative Days 462, 1043, 1184 and
1506. In the fenestrated group, there has been no observation of
OGO thus far.

Table 2 shows the patient characteristics and outcomes of the
five OGO patients. Patients were between 25 and 77 years old at
time of LVAD implantation. These patients were implanted by 3
different surgeons. All patients were male and all suffered from
dilated cardiomyopathy. OGO was detected by our routine CT
scans. The degree of outflow graft obstruction ranged from 20%
to 85%. In 3 patients, OGO was localized as short obstruction
close to the pump. In the other 2 patients, it extended along the
full length of the BR. Surgical revision was required in the 2
HeartMate II patients. Indication for reoperation was haemolysis
and pump thrombosis in one and continuous low flow and wors-
ening heart failure in the other. In both patients, the BR was in-
cised and the outflow graft decompressed (Fig. 3). The first
required a pump exchange due to concomitant pump thrombo-
sis. This patient had a complicated course characterized by right
heart failure and died on postoperative Day 36. The 3 OGO
patients who did not receive surgery are still asymptomatic and
are ongoing with regular follow-up. In one patient, the gelatinous
substance that caused the compression was further examined.
Histological assessment revealed fibrinoid like tissue.

DISCUSSION

We demonstrate in this analysis that fenestration of the BR may
be a preventative strategy to avoid external outflow graft ob-
struction. OGO occurred late, which suggests a careful long-term
follow-up.

OGO within the BR has initially been described in 2014 [1].
Since then, several centres have confirmed this observation [2, 3,
7, 8]. ‘Sweating’ of plasmatic components of the bloodstream has
been suggested as mechanism for the gelatinous substance accu-
mulating underneath the BR leading to a tamponade-type com-
pression of the outflow graft [1]. While this suggestion appears
plausible and is consistent with the macroscopic findings in the
operating room (see Fig. 3), the time points of OGO detection
may challenge this suggested mechanism. The earliest OGO de-
tection in our patient cohort was on Day 412 after LVAD

Video 1: Video illustrating how to fenestrate the bend relief with a conven-
tional 4.8 mm punch (Medtronic) at 3 sides with 6 holes in each line.

M
EC

H
A

N
IC

A
L

C
IR

C
U

LA
TO

R
Y

SU
P

P
O

R
T

3G. Färber et al. / Interactive CardioVascular and Thoracic Surgery

https://academic.oup.com/icvts/article-lookup/doi/10.1093/icvts/ivac149#supplementary-data


implantation and the latest about 4 years after LVAD implanta-
tion. However, in former days (before our first OGO cases), our
follow-up did not consist of regular angio CT scan. CT scan was
performed as the first patients became symptomatic, respec-
tively, pump alarms occurred which could not be assessed by
echo. This might explain the late detection of our first OGOs in
the 2 HeartMate II patients. With these first cases of OGO, we
adopted our follow-up protocol accordingly to regular CT scan

Table 1: Perioperative patient characteristics

Without fenestration (n = 108) Fenestrated bend relief (n = 59) P-value

Age [years] 58 (10.7) 63 (10.6) 0.002
Male 95 (88%) 48 (81%) 0.245
ICM/DCM 43 (40%)/57 (60%) 35 (59%)/24 (41%) 0.280
INTERMACS

1 24 (22%) 16 (27%) 0.776
2 17 (16%) 11 (19%)
3 37 (34%) 20 (34%)
4 30 (28%) 12 (23%)

Bridged with va-ECMO 18 (17%) 8 (14%) 0.966
DT/BTT 46 (43%)/40 (37%) 28 (47%)/11 (19%) 0.037
HMII/HM3 48 (44%)/60 (56%) none/59 (100%) <0.001
Redo surgery 29 (27%) 14 (24%) 0.647
Full sternotomy 102 (94%) 59 (100%) 0.088
Outflow graft anastomosis Ascending aorta, all cases Ascending aorta, all cases
Concomitant procedures

Tricuspid valve 62 (57%) 32 (54%) 0.519
Aortic valve 6 (6%) 11 (19%) 0.008
ASD/PFO closure 16 (15%) 5 (8%) 0.201
Temporary RVAD 8 (7%) 5 (8%) 0.849
LAA closure 2 (1.9%) 1 (21.7%) 1.000
CABG 3 (2.7%) 2 (3.4%) 1.000

Support duration 951 (875) days (1–10 years) 494 (383) days (0–4 years) 0.022
OGO 5 (4.6%) none 0.163

Data are mean (standard deviation) or n (% of total).
ASD: atrial septal defect; BTT: bridge to transplant; CABG: coronary artery bypass grafting; DCM: dilatative cardiomyopathy; DT: destination therapy; HM 3:
HeartMate 3TM (Abbott); HM II: HeartMate IITM (Abbott); ICM: ischaemic cardiomyopathy; INTERMACS: Interagency Registry for Mechanically Assisted
Circulatory Support; LAA: left atrial appendage; PFO: patent foramen ovale; RVAD: right ventricular assist device; va-ECMO: veno-arterial extracorporeal mem-
brane oxygenation.

Figure 2: Computed tomography angiogram of the outflow graft of a patient
with outflow graft obstruction, showing compression of the outflow graft
within the entire bend relief.

Figure 3: Intraoperative picture of the incised bend relief during reoperation
for a patient with a compressed outflow graft obstruction. Note the jelly-like
substance under the bend relief on top of the Dacron graft.
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which will probably lead to earlier detection in the future.
Previous reports mostly described OGO in the second year of
LVAD support [3]. However, time to OGO also varies in other
reports with a wide range from 1 month to up to 5 years [3, 4].
This range may also be influenced by the fact that serial angio CT
scans were also not routine in other centres. If sweating through
the outflow graft is responsible for this observation, one may ex-
pect an earlier clinical appearance. Since detection occurred
much later, one must assume that a chronic leakage problem
exists and patients should be followed accordingly. We have
therefore introduced yearly CT scans for our patients into our
routine follow-up.

Interestingly, all observations were made in HeartMate devices.
This is an important recognition because the HeartMate 3 is cur-
rently the leading available LVAD. The HVAD, as its biggest com-
petitor, has recently been taken off the market. It is possible that
OGO with other devices has not been published, yet. However, it
is also possible that the stiff BR fully covering the outflow graft of
the HeartMate devices may pose a risk specific to this device be-
cause the HeartMate BR is not permeable. We started the fenes-
tration in 2018 as 3 of our ongoing LVAD patients presented with
OGO at that time. Simultaneous to our experience increasing evi-
dence for this type of VAD-related complication has been

presented and published [3]. As OGO has not been described for
LVADs with a grid-like designed BR (e.g. HVAD), we decided to
fenestrate the HeartMate BR with the rationale to prevent accu-
mulation of gelatinous mass within it and have not observed any
OGO since. However, since OGO occurred late in our patients,
we also still follow up all patients with fenestrated BR. Since 45 of
the 59 patients with fenestration already exceeded the time on
LVAD support at which the first OGO was detected in the other
group, we are hopeful that our fenestration may be a permanent
solution. However, longer follow-up is required.

In any case, to the best of our knowledge, this is the first report
presenting results for a preventative strategy. All previous publi-
cations have focused on the diagnosis and management of
patients with OGO [2, 4, 7, 9]. Surgical revision is an option for
patients with clinical symptoms and different surgical or inter-
ventional approaches may be applied [2, 4, 7, 9]. Our patients re-
ceived surgical revisions either for low pump flow and heart
failure or for OGO associated with pump thrombosis. The latter
case having received pump exchange and OGO relief prototypi-
cally illustrates the associated risks of this diagnosis, since the pa-
tient died 36 days after surgery due to right heart failure. So far,
OGO incidence has been described with 3.6–4% of the implanted
LVADs [10], but its true prevalence might be underestimated. As
thousands of LVADs are implanted worldwide per year [11, 12],
preventative strategies are urgently needed. We consider our
data a first step into this important direction.

Limitations

Our study is limited by its retrospective nature and the fact that
there is only a historical control group with heterogeneous char-
acteristics (differences in age, device type and support duration).
It is a single-centre study with a limited number of patients and
events. There is only a mid-term follow-up in the fenestrated
group so it is possible that OGO can also occur later in this group
despite fenestration. The results can therefore only be taken as
hypothesis generating and require confirmation in a multicentre
setting as a randomized trial to further assess the mechanisms of
OGO and its prevention. Thus, the here presented results should
be considered preliminary.

Figure 4: Kaplan–Meier estimates of survival free from outflow graft obstruc-
tion in left ventricular assist device patients with or without fenestration of the
bend relief.

Table 2: Patient characteristics and outcomes of the 5 outflow graft obstruction patients

Patient 1 2 3 4 5

Age [years]a 25 77 61 71 58
Sex Male Male Male Male Male
Aethiology DCM DCM DCM DCM DCM
Indication BTT DT BTT DT BTT
INTERMACS 1 4 3 3 1
HeartMate II II 3 3 3
OGO

Onset [day] 1184 1506 462 1043 412
Degree 60% 85% 50% 20% 65%
Location Close to the pump Full-length beneath BR Full-length beneath BR Close to the pump Close to the pump
Therapy Reoperation Reoperation None None None
Symptoms Haemolysis None None None None

Outcome Death (pod 36) Ongoing (2864 daysb) Ongoing (2206 daysb) Ongoing (2052 daysb) Ongoing (1767 daysb)
aAge at time of LVAD implantation.
bSince implantation.
BR: bend relief; BTT: bridge to transplantation; DCM: dilatative cardiomyopathy; DT: destination therapy; ICM: ischaemic cardiomyopathy; INTERMACS:
Interagency Registry for Mechanically Assisted Circulatory Support; OGO: outflow graft obstruction; pod: postoperative day.
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CONCLUSION

Our results suggest that fenestration of the BR may be a preven-
tative strategy to avoid external outflow graft obstruction.
Outflow graft obstruction occurred late, which suggests a careful
long-term follow-up.

SUPPLEMENTARY MATERIAL

Supplementary material is available at ICVTS online.
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