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Abstract: Background and aim: Ventricular assist devices (VAD) have become an established therapy for patients
with end-stage heart failure. The two main reasons for this development are the shortage of appropriate donor
organs and the increasing number of patients waiting for heart transplantation (HTX). Furthermore, the enormous
advances in the technical equipment and the rising clinical experience have improved the implantation technique,
the durability and the long-term patient outcomes. Methods: We reviewed all cases of left ventricular assist device
(LVAD) implantation at our Erlangen Heart Center during January 2000-July 2013. The main aim of this study was
to analyze the underlying pathology from the cardiac apex removed during the implantation. From all patients, we
created a follow-up, analyzed the pathological features with the clinical diagnoses and described the overall out-
come. Results: VAD implantation was performed in 266 cases at our center in the last 13 years (2.2% of the total of
12254 cardiac surgical operations in that period). From these patients, 223 underwent LVAD or biventricular (BVAD)
implantation; the remaining received a right (RVAD) implantation. The most frequent underlying clinical diagnoses
were dilated (n = 84, 37.7%, DCM) or ischemic (n = 61, 27.4%, ICM) cardiomyopathy. The pathological findings in the
apex biopsy were generally non-specific and showed variable interstitial myocardial fibrosis with evidence of fibre
loss, fatty degeneration and variable irregular atrophy of muscle fibres, consistent with dilated and ischemic cardio-
myopathies as the most frequent causes of heart failure in these patients. Only a few cases showed other specific
features such as myocarditis and AL-amyloidosis. Conclusions: Pathological findings in cardiac apex removed during
LVAD implantation are rather non-specific and they generally reflect the late stage or consequences of chronic myo-
cardial damage in cases of dilated or ischemic cardiomyopathies. Variable patchy chronic inflammatory changes
may be observed in cardiomyopathies as a non-specific reaction caused by myocardial fiber damage and should not
lead to misinterpretation as evidence of myocarditis or revision of original diagnosis.
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hand and the increasing number of patients
waiting for heart transplantation (HTX) on the
other hand [3, 4]. Furthermore, the enormous
advances in the technical equipment and the
rising clinical experience have improved the
implantation technique, the durability and the

Introduction

A variety of acute and chronic myocardial dis-
eases are well known to persist causing chronic
heart disease that may ultimately result in end-
stage heart failure. While heart transplantation

(HTX) represents the ultimate option for cure of
these patients who developed end-stage heart
disease, left ventricular assist devices (LVAD)
have emerged as an established therapy for
patients with end-stage heart failure [1, 2]. The
two main reasons for this development are the
shortage of appropriate donor organs on one

long-term patient outcomes [5, 6].

During implementation of LVAD, the apex of the
heart is usually removed because the inflow
cannula would insert in the ventricle through
the apex. The blood flows through this cannula
into the LVAD and from there through an outflow
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Figure 1. Cardiac Surgery at the University of Erlangen between January
2000 and July 2013. CABG = Coronary Artery Bypass Grafting; VP = Valve
Procedures; TAVI = Transcatheter Aortic Valve Implantation; AS = Aortic
Surgery; VAD = Ventricular Assist Device; HTX = Heart Transplantation;

Patients and methods

All patients who underwent VAD
implantation from January 2000
to July 2013 at the Center for
Cardiac Surgery, University Hos-
pital of Erlangen, Germany, have
been included in this retrospec-
tive analysis. These were 266
cases (2.2%) of all 12254 con-
secutive open heart procedures
performed during the same peri-
od at our department (Figure 1).
From these terminal heart fail-
ure patients 223 underwent
LVAD or BVAD (biventricular) imp-
lantation, the remaining 43 pa-
tients’ received RVAD (right) imp-

AOCS = Any Other Cardiac Surgery.
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Figure 2. Distribution of the 223 implanted Left Ventricular Assist Devices
(LVAD) at he University of Erlangen between January 2000 and July 2013.

TAH = Total Artificial Heart.

cannula to the patient’s aorta, i.e. the left ven-
tricle relieved by this pump system. Although
histopathological evaluation of cardiac apex in
these circumstances might represent a useful
adjunct for further assessment of prognosis
and planning of treatment strategies for pati-
ents on an individual base, there are only very
limited data on this aspect in the clinical and
pathological cardiology literature [7, 8]. To our
knowledge, only two studies have analysed this
in more details [9, 10].

The aim of the current study was to evaluate
and review the histopathological findings in car-
diac apices removed during LVAD implantation
in a series of 266 patients treated at our center
during the last 13 years to correlate histopatho-
logical findings with clinical diagnoses.
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lantation. From all LVAD and
BVAD patients, we created a fol-
low-up, reviewed and analyzed
the pathological findings and
correlated them with the clinical
diagnoses and described the
overall outcome.

There are many different LVAD
types used worldwide. Here in
Erlangen we implanted 8 differ-
ent LVAD during the above men-
tioned study period (Figure 2).
The most important differentia-
tion is the localization of the
LVAD, i.e. either extracorporeal
or intracorporeal in the pericar-
dium. EXCOR® and MEDOS®
are extracorporeal assist devic-
es, whereas the remaining
LVAD’s are intracorporeal systems (INCOR®,
HeartWare®, Ventracor®, Total Artificial
Heart® (TAH), Deltastream® and Novacor®).

The surgical technique for the implantation of
the different LVAD types is similar and varies
only in few particular features among the differ-
ent companies. Figure 3 shows a typical imp-
lantation procedure. First, the apex of the
impaired left ventricle will be removed and
send to the pathology for further histological
investigations (Figure 3A). Then, the inflow can-
nula would insert through this hole into the left
ventricle and fixed via a felt ring suture (Figure
3B). Afterwards, the inflow cannula will be con-
nected with the LVAD, and then connected with
the outflow cannula, which inserts into the
ascending aorta via a small felt ring suture
(Figure 3C).
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Figure 3. Distribution of the underlying reasons for the LVAD implantation. AMI = Acute
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cardiac diseases (n

Ischemic Cardiomyopathy; MCM = Metabolic Cardiomyopathy; MVD = Mitral Valve Dis- = 21, 9.4%, oth-

ease; PC = Post-Surgery-Cardiomyopathy; PCC = Post-Chemotherapy Cardiomyopathy;

RCM = Restrictive Cardiomyopathy.

Patient characteristics are summarized in Table
1. Notably, the majority of the 223 recovered
patients were men (n = 191; 85.7%), whereas
there was no gender specific significance con-
cerning age, body mass index, EuroScore, creat-
inine or bilirubin values (Table 1). Furthermore,
there were no significant differences between
the underlying causes for terminal heart failure
concerning the patient characteristics.

All VAD-patients were routinely followed up at
the heart failure and transplantation outpatient
clinic, University Hospital Erlangen. After ini-
tial hospital stay for the implantation, patients
were seen on a routine protocol for VAD justifi-
cation and coagulation controls or in cases with
clinically suspected VAD dysfunction. To these
routine investigations belongs a transthoracic
echocardiogram (TTE), a conventional chest x-
ray in two planes and a complete blood screen-
ing as well as readout of the stored data of the
VAD.

Results

General patient’s characteristics, clinical diag-
noses and types of LVAD

The distribution of underlying reasons for termi-

nal heart failure and subsequent LVAD implan-
tation is demonstrated in Figure 4. Assist devic-
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ers). The latter 21
cases are further
detailed in Figure
4: amyloidosis (n = 1, 0.4%), aortic valve dis-
ease (n = 3, 1.3%), hypertrophic obstructive
cardiomyopathy (n = 1, 0.4%), metabolic cardio-
myopathy (n = 2, 0.9%), mitral valve disease (n
=6, 2.7%), post-surgery-cardiomyopathy (n = 5,
2.2%), post-chemotherapy cardiomyopathy (n =
1, 0.4%), restrictive cardiomyopathy (n = 1,
0.4%) and tumor (n = 1, 0.4%).

Patient follow-up data is summarized in Table
2. There were no gender specific significant dif-
ference concerning the LVAD duration, the 30
days lethality, the one year lethality, the per-
centage of heart transplantations and the on-
going LVAD percentage. Notably, the LVAD dura-
tion varied greatly between 0.5 and 1304 days,
i.e. less than one day and more than 3 and half
years. Additionally, there were no statistically
significant differences between the follow-up
characteristics and the underlying causes for
the LVAD implantation (Table 2).

Histopathological findings

The pathological findings in the apex biopsy
were generally non-specific. Variable interstitial
myocardial fibrosis, either with reticular intersti-
tial patterns or with prominent subendocardial
and perivascular accentuation was seen in a
majority of cases, irrespective of the underlying
cause of cardiomyopathy (ischemic or dilated).
A frequent finding common to most cases was

Int J Clin Exp Pathol 2014;7(9):5549-5556
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Table 1.Patients characteristics

Patient Characteristics AMI CHD DCM ICM Myocarditis ~ Others
(n=47) (n=D5) (n=84) (n=61) (n=D5) (n=21)
male/female 39/8 3/2 70/14 56/5 2/3 12/9
Age male (mean + SD) 59.9+11.0 89+146 529+125 59.9+87 7.7+50 48.7+16.3
Age female (mean + SD) 556+121 75+32 31.4+290 57.3+181 41.2+116 482+215

Body Mass Index (BMI) male (mean + SD) 276+34 19.0+na. 283+56 276+40 270fna. 243+36
Body Mass Index (BMI) female (mean + SD) 28.8+5.3 18.0+tn.a. 226+49 26.8+6.8 27.0+36 242+6.2

EuroScore additive male (mean + SD) 288+53 6.7+29 9.1+34 75+3.2 5.0+ 0.0 8.8+3.4
EuroScore additive female (mean * SD) 11.0+39 45+21 6.7+25 12.6+3.2 7.7+15 9.4+26
Creatinine [mg/dI] male (mean + SD) 1.4+0.7 06+06 18+0.9 1.3+0.4 21+24 1.2+0.3
Creatinine [mg/dl] female (mean + SD) 1.3+09 06+na. 0905 1.2+04 1.7+0.8 1.4+0.8
Bilirubin [mg/dI] male (mean + SD) 09+04 0.6 £ n.a. 2.7+1.7 1.3+0.8 n.a. 1.6+1.3
Bilirubin [mg/dl] female (mean + SD) 14+1.4 n.a. 1.8+1.8 12+1.1 0.7+04 19+28

AMI = Acute Myocardial infarction; CHD = Congenital Heart Defect; DCM = Dilative Cardiomyopathy; ICM = Ischemic Cardiomyopathy.

Figure 4. A: Intraoperative photograph showing the apex of the left ventricle, usually removed for the inflow cannula
and then send for further histopathological examination. B: The inflow cannula was inserted into the left ventricle. C:
This cannula was connected with the LVAD, then connected with the outflow cannula and inserted into the ascend-
ing aorta, finally.

the presence of variable fibre loss, occasionally Discussion

associated with fatty degeneration and vari-

able usually patchy mononuclear inflammatory In this study, we reviewed our experience with
infiltrates (Figure 5A-C). The cardiomyocytes cardiac diseases underlying the indications for
showed prominent irregular hypertrophy of VAD implantation and also reviewed pathologi-
muscle fibres, consistent with late features of cal findings reported in surgical biopsies of the
dilated and ischemic cardiomyopathies as the cardiac apex removed during VAD implantation
most frequent causes of heart failure in these in patients receiving either left (LVAD) or biven-

tricular (BVAD) devices. To our knowledge, data
on the pathology of cardiac apex are sparse
with only two previous studies dealing with this
aspect in more details [9, 10]. In most cases,
studies with left ventricular mechanical sup-
port described the properties and complica-
tions of such assist devises either as bridge to
transplantation, as definitive therapy or as a
bridge to recovery [11-16].

patients. Only a few cases showed other spe-
cific features such as myocarditis and AL-
amyloidosis (Figure 6A-C). Mural thrombi were
also seen in several cases representing sec-
ondary events. Cases with ischemic cardiomy-
opathy featured significant narrowing and trans-
mural fibrosis of the apex thus reflecting aneu-
rysmal dilatation of the apex as a consequence
of old infarction scars.
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Table 2. Follow-up during LVAD assistance Patients characteristics

Follow-up AMI CHD DCM ICM Myocarditis Others
(n=47) (n=05) (n=84) (n=61) (n=05) (n=21)
male/female 39/8 3/2 70/14 56/5 2/3 12/9
LVAD duration (days) male [mean (range)] 160.6 (0.5-848) 34.0(8-84) 193.0 (0.5-925) 206.8 (0.5-1304) 104.5 (85-124) 125.2(2-590)
LVAD duration (days) female [mean (range)] 94.5 (1-252) 15.0 (4-26) 389.4 (3-1012) 60.8 (2-258) 134.3 (7-385) 6.4 (0.5-20)
30 days Lethality male (n/% of subgroup) 21/53.8 2/66.7 25/35.7 24/42.9 0/0 9/75.0
30 days Lethality female (n/% of subgroup) 3/37.5 2/100 3/21.4 3/60.0 2/66.7 9/100
1 year Lethality male (n/% of subgroup) 26/66.7 3/100 38/54.3 32/57.1 0/0 9/75.0
1 year Lethality female (n/% of subgroup) 6/75.0 2/100 4/28.6 4/80.0 2/66.7 9/100
Heart transplantation male (n/% of subgroup) 4/10.3 0/0 18/25.7 12/21.4 0/0 1/8.3
Heart transplantation female (n/% of subgroup) 0/0 0/0 3/21.4 0/0 1/33.3 0/0
On-going LVAD male (n/% of subgroup) 5/12.8 0/0 6/8.6 8/14.3 0/0 1/8.3
On-going LVAD female (n/% of subgroup) 1/12.5 0/0 4/28.6 1/20.0 0/0 0/0

AMI = Acute Myocardial infarction; CHD = Congenital Heart Defect; DCM = Dilative Cardiomyopathy; ICM = Ischemic Cardiomyopathy.
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Figure 5. Example of apex pathology in dilated (A) and ischemic (B, C) cardiomyopathy showed variable interstitial
fibrosis with occasional reactive mononuclear cell aggregates (C) and myofibre hypertrophy.

Figure 6. A: Case of cardiac failure due to AL-amyloidosis (immunostaining for light chain). B: A case of myocarditis
showed increased mononuclear inflammatory cells between muscle fibres. C: severe eosinophilic myocarditis.

Our results showed generally non-specific his-
topathological findings in the apex biopsy.
Indeed, this is not unexpected as histopatho-
logical findings in dilated and ischemic cardio-
myopathies as the most frequent indications
for LVAD implantation are generally non-specif-
ic. Furthermore, the chronic nature of end-
stage cardiac disease and the lengthy period
prior to implantation significantly impact the
histopathological findings, i.e. secondary and
nonspecific histopathological features com-
mon to a variety of diseases having in common
chronic myocardial fibre damage are seen in a
majority of cases. Thus, histological picture is
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dominated by chronic fibre damage or fibre
loss, associated with secondary compensatory
myocardial hypertrophy which is usually dispro-
portional and very irregular in distribution.
These changes are accompanied by varying
degree of interstitial fibrosis with frequent sub-
endocardial and perivascular accentuation, all
are common sequelae of chronic myocardial
damage.

Cases with specific etiology were rather uncom-
mon and constituted 21 cases only (9.4%). In
some of these cases, the specific etiology can
still be recognized in the apex biopsy such as in

Int J Clin Exp Pathol 2014;7(9):5549-5556
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cases of amyloidosis. However, some cases
with viral myocarditis may not feature specific
findings based on the duration between the dis-
ease activity that caused cardiac failure and
the time of implantation. Diagnosis in such
cases was mainly clinical and/or on the basis of
myocardial biopsy during the active stage of the
disease. On the other hand, several cases of
cardiomyopathies with extensive interstitial
fibrosis showed reactive patchy mononuclear
inflammatory infiltrates, probably as a conse-
quence of active fibre loss due to ischemic or
other pathogenetic mechanisms associated
with the underlying cardiomyopathies. These
findings might on occasion be mistaken for
active myocarditis thus leading to the errone-
ous revision of the initial diagnosis. This finding
should therefore be considered in all cases
with end-stage heart disease, particularly in
cases of ischemic cardiomyopathies. Corre-
lation with clinical finings is thus mandatory to
avoid erroneous revised diagnosis of an inflam-
matory disease.

Recent studies pointed out the remodeling
capacity of cardiomyocytes of chronically failing
hearts in response to VAD implantation [17,
18]. At a translational level, these studies have
compared the pre- and post-VAD cardiomyo-
cytes with regard to functional contractility and
gene expression profiling.

In conclusion, once being considered of no spe-
cific pathological interest, cardiac apices remo-
ved during LVAD transplantation would be of
particular interest for future studies on the dif-
ferent molecular aspects comparing functional
status and properties of end-stage failing and
regenerating heart muscle fibres. Accordingly,
it would be mandatory to cryopreserve parts of
the apex biopsy for future molecular and trans-
lational studies.
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