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Abstract 
The continuous flow left ventricular assist device (cf-LVAD) is the life-saving solution for patients with end-stage global heart failure. We 
present the case of a young patient with biventricular dilated cardiomyopathy, who had a cf-LVAD implantation and died as result of progressive 
renal failure. In the first year after implantation, he suffered repeated strokes and episodes of pneumonia with Klebsiella pneumoniae and 
Escherichia coli. The patient had hypertension, which was kept under control with angiotensin-converting enzyme (ACE) inhibitors and 
beta-blockers. After multiple bleeding episodes, the patient died at 21 months after the LVAD implant. At autopsy, parenchymatous brain 
hemorrhage was found to be associated with pulmonary hemorrhages. The unexpected features related to mesangioproliferative and 
extracapillary glomerulonephritis, with focal glomerulosclerosis. The proliferated parietal cells of Bowman’s capsule proved to express 
cluster of differentiation 44 (CD44), whereas remnant podocytes and mesangial cells showed Wilms tumor 1 (WT1) positivity. Since CD44 
might be involved in fibrogenesis, but ACE inhibitors can exert a protective role against glomerular deterioration, we performed a synthesis 
of literature data which enabled us to propose a hypothesis with a potential clinical impact. We conclude that, in patients with LVAD implants, 
high blood pressure and high serum level of angiotensin II, the association between ACE inhibitors and anti-CD44 agents might exert 
glomerular protection and increase the survival time. Experimental studies are necessary to support our hypothesis and to explain the 
mechanism of possible glomerulopathy installed after LVAD implant. 
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 Introduction 
In young males, dilated cardiomyopathy is one of 

the common causes of global heart failure [1–3]. In the 
general population, it was reported a prevalence of 1:2500 
cases and an incidence of 1:18 000 cases per year [1]. 
Without transplantation, cardiogenic shock occurs in half 
of the patients [2, 3]. 

Given the low availability of heart transplantation,  
a good option for these patients is implantation of a left 
ventricular assist device (LVAD), which is commonly 
known as the “artificial heart” [3, 4]. The LVAD is a 
mechanical continuous flow pump (cf-LVAD) that can 
replace the pump function of the left ventricle (LV). It 
can improve systemic perfusion, with further remission of 
heart failure phenomena [4]. The number of implanted 
cases is increasing, but the complications that often occur 
are difficult to treat and are sometimes fatal. It has been 
shown that in LVAD-implanted patients, the survival rate 
is 81% in the first year after implant, 70% after two years, 

60% after three years, and only 48% after four years [4, 5]. 
The high incidence of LVAD-related complications 

is poorly understood. Such complications are registered 
in 60% of patients in the first six months, and up to 80% 
of patients in the first two years [4, 5]. For this reason,  
a non-transplanted patient has a high risk of death after 
a mean period of 20 months after LVAD implantation. 
The mechanism of progressive deterioration is still not 
completely known. 

Aim 

In this paper, we present a representative case of a 
young patient who died 21 months after implantation of a 
cf-LVAD, for dilated cardiomyopathy. The clinical history 
and histopathological autopsy findings are presented in 
detail, along with a review of the literature in the field of 
LVAD-induced glomerular lesions. Based on histological 
and immunohistochemical (IHC) features, a hypothesis 
of the mechanism of LVAD-related glomerulopathy, with 
potential clinical impact, is also presented. 
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 Case presentation 
Signed informed consent of the legal tutors was 

obtained for accessing medical data and publication of 
the scientific details. 

Clinical history 

Four years before the admission described in this paper, 
a 13-year-old male patient, known to have idiopathic 
biventricular dilated cardiomyopathy, was registered in 
our Emergency Institute for Cardiovascular Diseases 
and Transplantation. He was included on the waiting list 
for heart transplantation. After two years, his condition 
worsened and presented the clinical picture of cardiogenic 
shock. At that time, he was urgently hospitalized, intubated 
and ventilated, with extracorporeal membrane oxygenation 
(ECMO) back-up. As the creatinine level was slightly 
elevated, he also needed renal support. A cf-LVAD was 
implanted at another clinic. 

In the early postoperative phase, the pump’s power 
consumption increased. This was an indicator of possible 
pump thrombosis. Unfractionated heparin and systemic 
thrombolysis with tissue plasminogen activator (tPA) 
was carried out. As the pump function did not improve, 
it was replaced with another pump six days after LVAD 
implantation. After another two weeks, a transient stroke 
and mild pancreatitis were diagnosed, without significant 
complications. In the early and late postoperative days, 
several bleeding episodes occurred, one with cardiac 
tamponade, which required reintervention. 

During hospitalization, the patient presented with a 
fever (38°C) and elevated serum levels of C-reactive protein 
(CRP >200 mg/dL; normal range <5 mg/dL). As a sputum 
culture was positive for Klebsiella pneumoniae and coliform 
bacilli, Meropenem and Vancomycin were administrated 
with good results. 

After obtaining normal LVAD function, progressively 
increasing systemic blood pressure required the long-
term administration of Enalapril 20 mg bis in die (BID – 
twice a day) and Bisoprolol 5 mg quaque die (QD – once 
a day). As renal function improved after the LVAD implant, 
there was no need for diuretics at discharge. 

No other significant or uncontrolled events occurred 
in the first year. At 12 months after the LVAD implant, 
the patient suffered two episodes of brain hemorrhage, for 
which he was hospitalized and operated on twice in the 
Clinic of Neurosurgery, without sequelae. In the following 
six months, he had another three small hemorrhagic strokes 
causing hemianopsia, without motor deficit. He also 
showed repeated episodes of kidney decompensation, with 
serum creatinine levels up to 2.7 mg% (normal ranges 
0.6–1.2 mg%). This was kept under control with diuretics. 

The patient neglected to have properly monitored 
coagulation parameters in the ambulatory and did not 
regularly control the blood pressure values. 

Present admission 

Clinical findings 

At 18 months after LVAD implant, the 17-year-old 
normosthenic male was hospitalized with the suspicion 
of acute appendicitis. We noted altered general status, 
intense abdominal pain, headache, dyspnea, and fatigue 
after limited physical effort. On admission, the patient 

was conscious, partially cooperative and without fever. 
Cardio-respiratory function was checked: pump sound 
was detected with cardiac auscultation, there was no 
palpable peripheral pulse, mild peripheral edema, no 
pulmonary crackles. The medium systolic blood pressure 
was 100 mmHg. On palpation of the abdomen, there was 
no muscular defense, but the liver was enlarged. 

The patient was undergoing therapy with anti-
hypertensive medication, which included an angiotensin-
converting enzyme (ACE) inhibitor (Enalapril 20 mg BID) 
and alpha–beta blocker (Carvedilol 12.5 mg BID). Long-
term treatment with an antiaggregant (Aspirin 100 mg QD), 
an anticoagulant [Acenocoumarol QD for international 
normalized ratio (INR) 2–3], a diuretic (Furosemide 40 mg 
QD) and a proton pump inhibitor (Omeprazole 20 mg BID), 
was also declared. 

Laboratory examinations 

On admission, the hematological and serum biochemical 
analyses showed a compensated renal function (creatinine 
– 1.13 mg/dL, creatinine clearance – 98 mL/min, urea – 
36.8 mg%), with mild elevated uric acid (9.81 mg%, with 
normal ranges of 3.5–7.2 mg/dL). Liver enzymes were 
within normal ranges, with serum glutamic–oxaloacetic 
transaminase (GOT) of 9 IU/L (normal ranges 5–34 IU/L) 
and glutamate–pyruvate transaminase (GPT) of 6 IU/L 
(normal value <55 IU/L), same as the value of total 
bilirubin (0.47 mg/dL). 

A slightly high level of serum procalcitonin (1 ng/mL, 
with normal range <0.5 ng/mL), and a normal value of 
lactate dehydrogenase (LDH), respectively 110 mg/dL, 
were also reported. An acute infection was dismissed by 
normal serum level of CRP (5 mg/dL) and total leukocytes, 
which were 6000/μL (normal values 3600–10 000/μL) [6]. 

Coagulation parameters showed a poorly controlled 
risk of hemorrhage, with an INR value of 5.4, under anti-
coagulant treatment (reference for INR: 2–3). This was 
associated with normal platelets (275 000/μL; normal range 
150 000–450 000/μL) and low hemoglobin values (8.6 g/dL; 
normal ranges 11–17 g/dL). 

During hospitalization, the laboratory examinations 
indicated the progressive development of multiple organ 
failure syndrome (MOFS). Two weeks after admission, 
renal failure was proved by the following parameters: 
high creatinine (9.02 mg%); low creatinine clearance 
(10 mL/min; normal reference ranges 107–139 mL/min); 
uremia (235 mg%); hypoproteinemia (plasma proteins: 
5 g/dL; normal values 6.4–8.3 g/dL); low plasma albumin 
(2.2 g/dL; normal values 3.5–5.2 g/dL); high uric acid 
(17.66 mg%). Liver enzymes were kept within normal 
ranges (GOT – 23 IU/L, GPT – 17 IU/L), with progressively 
increasing total bilirubin (2.02 mg/dL) and LDH (222 mg/dL) 
and normal values of leukocytes (9120/μL). Hemoglobin 
decreased to 6.8 g/L. 

The urine test detected hematuria, proteinuria and 
leukocyturia, without detection of nitrites, bilirubin, or 
urobilinogen and without modification of the urine density 
(1.025; normal values 1.005–1.030). 

Imagistic investigations 

On admission, chest X-rays showed no modifications 
of the lungs, a dilated heart and the LVAD in the apex 
of the LV. An electrocardiogram revealed left fascicular 
hemiblock and right bundle branch block, with a heart 
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rate of 80 beats/min (bpm). The echocardiography showed 
dilatation of all ventricular and atrial cavities, with decreased 
ejection fraction (EF) of the LV at 10% (normal value 
>60%). Moderate hypokinetic right ventricle, mitral and 
tricuspid regurgitation was diagnosed, with properly 
working inflow cannula at the apex of the LV. 

Abdominal ultrasound examination detected hepato-
splenomegaly and enlarged kidneys, with increased echo-
genicity of the renal cortex. A pseudo-nodular lesion was 
described at the lower splenic pole, without enlargement of 

the appendix. In the first days, the computed tomography 
(CT) examination of the cranial cavity did not show acute 
parenchymatous lesions but confirmed the patient’s 
history of repeated strokes. Through the 38/33 mm (centro-
central/latero-lateral) right parietal craniotomy orifice, 
minimal extracranial herniation of the brain tissue was 
obvious. Hypodense lesion located at the level of the 
left lentiform nucleus and at the body of the left caudate 
nucleus, was suggestive of a healed ischemic stroke, with 
associated porencephalia (Figure 1, A–C). 

 
Figure 1 – Brain lesions in a patient with LVAD: (A) At CT scan examination, on the trephination orifices, minimum 
extracranial hernias can be observed at the level of right craniectomy (red arrow) and of the drill hole (blue arrow); 
(B) Porencephalic cavities show communications with the lateral ventricles (red arrows) and reactive gliomatosis in 
the body of the caudate nucleus (blue arrow); (C) The mass effect upon ventricles and reactive gliomatosis (red arrows); 
(D) At autopsy, the right cerebral hemisphere parenchymatous hematoma proved to exert mass effect, pushing the 
median line towards the opposite site (arrows); (E) Parenchymatous hemorrhage is associated with multiple diapedesis 
hemorrhage (arrows). CT: Computed tomography; LVAD: Left ventricular assist device. 

During the three months of hospitalization, CT scans 
performed during the seizures revealed new hemorrhagic 
outbreaks. In the last stages, chest X-ray showed diffuse 
veiling of both lung areas, which were treated as a broncho-
pneumonia. 

Diagnosis, therapy, and evolution 

Based on clinical and paraclinical examinations, the 
case was interpreted on admission as decompensated 
right heart failure with poor control of anticoagulation 
parameters in a patient with an LVAD implant. 

To prevent stroke and pump thrombosis in patients 
with LVAD implants, the systolic blood pressure should 
be maintained at a mean value of 70–80 mmHg [7–9]. 
To achieve this, it was necessary to add the calcium 
blocker Amlodipine (10 mg QD) to the ACE inhibitor 
and alpha–beta blocker. The INR values were controlled 
with anticoagulants. Persistent headache with episodes of 
seizures and increased intracranial pressure were treated 
with osmotic diuretics (Mannitol) and neuroprotectors. 

Although an initial improvement was obtained, it 
was followed by the gradual deterioration of the general 
condition of the patient, with increased intensity of the 
headache. Hepato-renal failure occurred at two weeks 
after admission, followed by episodes of hemoptysis 
and worsening of peripheral edema. Blood pressure 

progressively collapsed, with gradual reduction of diuresis, 
up to 500 mL/day, and positive inotropic treatment with 
Dobutamine was needed. 

The LVAD controller indicated low flow alarms. The 
repeated echocardiography revealed significant dilatation 
of the ventricular and atrial cavities, with worsening of the 
right heart failure. Antibiotics, hepatoprotectives, gastro-
protectives and analgesics, at progressively increasing 
doses, completed diuretic treatment on continuous infusion. 

At the final stage, MOFS occurred. Continuous veno-
venous hemofiltration (CVVH) was initiated but, after 
48 hours, the fatal cerebral hemorrhage was diagnosed. 
Death occurred three months after the final admission, 
21 months after the LVAD implant. 

Autopsy findings 

The trephination orifices in the skull, which were 
performed over six months before the final admission, 
were identified in the occipital and temporal areas, with 
mild brain herniation. In the edematous brain parenchyma, 
reactive gliosis was confirmed under the microscope, as 
corresponding to these orifices. In the fronto-parietal 
area, multiple foci of parenchymatous hemorrhages were 
observed, the largest hematoma being 65×45 mm, which 
exerted mass effect over the median line. Multiple diapedesis 
hemorrhages were also seen (Figure 1, D and E). 
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Regarding the heart, the LVAD from the apex of the 
LV did not associate signs of thrombosis or dehiscence. 
Iatrogenic pericardial adherences were identified. The 
heart weight was 882 g, with dilatation of the cavities, 
causing secondary mitral and tricuspid insufficiency. No 
coronarosclerosis or thrombosis of the coronary arteries 
was observed. Histological findings consisted of marked 
fibrosis of the myocardium, along with a focus of septic 
abscess located at the level of the anterior wall of the 
LV (Figure 2, A and B). 

Examination of the lungs and respiratory tract revealed 
bilateral dystelectasia, which was clearly visible on the 
background of a brown parenchyma. Under the microscope, 
disseminated hemorrhages, with siderophages inside the 
alveolar spaces, which were colored in blue with Perls 
Prussian Blue staining, were admixed with neutrophils. 
Acute respiratory distress syndrome (ARDS) was proved 
by the presence of focal hyaline membranes upon alveolar 
septa, as indicators of shock lung (Figure 3, A–F). 
 

 

Figure 2 – Heart aspect at 
autopsy. (A) Macroscopically,  
no dehiscence or thrombosis  
of the LVAD are present, but 
pericardium adherences are 
observed. LVAD is attached  
at the level of the apex of the 

left ventricle. The Dacron  
tube emerging from the  

LVAD forms anastomosis  
with the ascending aorta 
(arrow), and the electric 
alimentation cable (*).  

(B) Histological examination 
shows a myocardial abscess. 

LVAD: Left ventricular  
assist device. 

 
Figure 3 – The aspects of shock lung with severe hemorrhages: (A) Brown hemorrhagic parenchyma, with dystelectasis 
and high friability; (B–E) Lung hemorrhages, with erythrocytes and siderophages, colored in brown with HE (C and D) 
and in blue with the specific histochemical staining for iron (E), admixed with neutrophils; (F) Focal hyaline membranes 
(arrows) indicates an acute respiratory distress syndrome. HE: Hematoxylin–Eosin. 

Centrilobular liver necrosis suggested the diagnosis of 
shock liver. The 380 g spleen showed, on the cut section, 
a 40×20×10 mm triangular, yellowish area, which was 
confirmed under the microscope as a superinfected 
splenic infarction. 

The enlarged kidneys (left – 380 g; right – 355 g) 

showed, on cut section, changes compatible with a diagnosis 
of shock kidney, i.e., medullary hyperemia and a pale, 
ischemic renal cortex. Microscopic analysis confirmed the 
diagnosis of shock kidney. Routine Hematoxylin–Eosin 
(HE) staining also revealed extensive glomerular changes, 
which consisted of an enlarged mesangial area, with focal 
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glomerular sclerosis, highlighted in green with Masson’s 
trichrome staining. Crescentic proliferation of parietal cells 

of Bowman’s capsule was observed, without neutrophils. 
Interstitial nephritis was also documented (Figure 4, A–F). 

 
Figure 4 – Gross aspect and microscopically characteristics of mesangioproliferative glomerulonephritis with extra-
capillary component, at autopsy: (A) Enlarged kidney, with hyperemic medulla, as an indicator of shock kidney;  
(B) Proliferative glomerulonephritis involves almost all of the glomeruli; (C) Mesangial enlargement (*) is accompanied 
by crescentic proliferation of parietal cells of Bowman’s capsule (arrows); (D) A glomerulus with predominance of extra-
capillary proliferation (arrows) is accompanied by interstitial nephritis with mononuclear cells; (E and F) Predominance 
of segmental mesangial glomerulosclerosis (*), which is marked in green with Masson’s trichrome staining (F). 

In paraffin-embedded kidney parenchyma tissue, IHC 
stainings were also performed. We used the cell–cell 
adhesion marker cluster of differentiation (CD) 44 (Dako©, 
Denmark, 1:50 dilution, sodium citrate pH 6 retrieval), 
Wilms’ tumor 1 (WT1) protein antibody (Dako©, Denmark, 

ready-to-use, high pH retrieval) and the stem cells-related 
markers CD133 (Millipore©, Denmark, 1:50 dilution, high 
pH retrieval) and octamer-binding transcription factor-3/4 
(Oct-3/4) (Leica©, UK, 1:50 dilution, high pH retrieval). 
In the affected glomeruli, CD44 proved to mark the 
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proliferated parietal cells, while WT1 positivity was clearly 
seen in the remnant podocytes and the mesangial cells 

(Figure 5, A–D). No positivity for CD133 or Oct-3/4 was 
highlighted. 

 
Figure 5 – Immunohistochemical profile of glomeruli components, in mesangioproliferative glomerulonephritis, with 
extracapillary crescents: (A and B) The WT1 expression is seen in remnant podocytes and mesangial cells (*) but is 
not expressed by proliferated parietal cells of Bowman’s capsule (arrows); (C and D) The CD44 positivity, contrasting 
to WT1, is absent in capillary component (*) but marks the extracapillary crescents (arrows). CD44: Cluster of 
differentiation 44; WT1: Wilms tumor 1. 

Based on the above-mentioned autopsy findings, renal 
failure was explained by a mesangioproliferative glome-
rulonephritis with extracapillary crescents and segmental 
glomerulosclerosis. Repeated hemorrhagic episodes, 
associated with terminal hemorrhagic pneumonia, also 
contributed to progressive degradation of the general 
status. 

 Discussions 
One third of patients with cardiac global heart failure 

also exhibit chronic kidney disease [10–12]. After LVAD 
implantation, improvement of the renal flow is usually 
obtained in the early postoperative phase. At the same 
time, to maintain the life of the of LVAD, it is mandatory 
to have normal renal function. For every 1 mL/min below 
creatinine clearance of 60 mL/min, there is a 1% increase 
in mortality rate [13]. The incidence of acute kidney 
failure is 10% in the first month after implant, 28% in all 
LVAD patients and even higher (up to 56%) in those with 
pre-existing kidney disease [14, 15]. The mechanism of 
renal deterioration after LVAD implant is still unclear. 

Experimental studies on animals with normal kidneys 
prior to LVAD implantation, showed normal renal activity 
in the first 340 days after implant, with increased plasmatic 

renin activity [13]. Despite maintaining functionality, the 
histological changes consisted of arterial wall-smooth 
muscle cells hyperplasia, periarterial inflammatory cell 
infiltration and interstitial nephritis, without reported 
glomerular disorders [13]. 

Extrapolation of these results to humans is uncertain 
since the animals had normal ventricular function, unlike 
the patients requiring LVAD [16]. In our case, mild 
interstitial nephritis was associated with severe glomerular 
lesions, which appeared to be the main problem. It was 
about progressive proliferation of mesangial and parietal 
cells, with focal glomerulosclerosis. 

From a physiopathological perspective, patients with 
LVAD were found to have gradually decreasing serum 
levels of atrial natriuretic peptides, aldosterone, renin, and 
arginine vasopressin [17, 18]. In patients with LVAD 
unloading, increased cardiac load leads to diastolic and 
systolic dysfunction but also increased circulating and 
myocardial tissue level of angiotensin II, who stimulates 
fibroblasts [19]. 

On the other hand, long-term treatment with ACE 
inhibitors, such as in our case, seems to induce reactivation 
of ACE activity [19, 20]. In cardiac insufficiency, the 
renin–angiotensin–aldosterone system is intensely activated 
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and induces vasoconstriction in the efferent arterioles as a 
renal self-regulation mechanism. However, this mechanism 
might become exhausted and maladaptation can induce 
renal deterioration [15, 21]. Maladaptive repair is 
histologically characterized by interstitial nephritis and 
accumulation of the extracellular matrix (ECM) [22–24]. 
Since Kagami et al. (1994) proved that a transforming 
growth factor-beta (TGF-β) related to proliferation of ECM, 
followed by glomerulosclerosis [25], we can suppose 
that, in cases such the one presented in this paper, ACE 
inhibitors are helpful to maintain normal blood pressure, 
but after long-term use, they can exert a negative impact 
upon the renal matrix. TGF-β might play a role in 
remodeling of extracellular collagen matrix and cellular 
transdifferentiation, which might consist of epithelial–
mesenchymal or endothelial–mesenchymal transition, with 
further mesangial matrix enlargement [19, 26], such in our 
case. 

In mesangial cells isolated from healthy renal tissues, 
exogenously added angiotensin II induced sclerotic glome-
rular changes, which were unrelated to the glomerular 
pressure. It was proved that the renin–angiotensin system 
(RAS) stimulates the TGF-β-induced proliferation of the 
ECM [25]. 

WT1 gene proved to play a role in normal functioning 
of the renal podocytes. In conditionally immortalized 
human podocyte cell lines from Alb/TGF-β1 transgenic 
mice, reduced expression of WT1 gene was followed by 
lesion of the podocytes and the appearance of synchronous 
crescentic glomerulonephritis and mesangial sclerosis. 
WT1 expression was downregulated by TGF-β1 before 
the onset of glomerulosclerosis [27]. 

Regarding the CD44, which is a glycoprotein with a 
role in cell–cell adhesion, it was previously reported that, 
in renal maladaptive repair, CD44 expression increases 
in inflammatory kidney disease, being upregulated in 
crescent glomerulonephritis and injured tubules [28]. CD44 
might play a role in the activation of the protein kinase 
R-like endoplasmic reticulum kinase (pERK) cascade, 
with further fibrogenesis. Roeder et al. designed an experi-
mental study, inducing focal segmental glomerulosclerosis 
in CD44 knockout mice and CD44 wildtype mice, and 
they observed that the migration of parietal cells from 
Bowman’s capsule was present to a lesser extent in the 
experimental group (CD44 knockout) than in the control 
group (CD44 wildtype) [29]. This mechanism was also 
described in diabetic nephropathy and the aged kidney 
[29, 30], but we were not able to find any published paper 
to demonstrate that this mechanism works in the same 
way in nephropathy installed after LVAD implantation. 
In line with the aforementioned experiments, our case 
showed diffuse positivity for CD44 in the proliferated 
parietal cells of Bowman’s capsule. Further studies are 
needed to demonstrate whether CD44 positivity might 
be used as a marker for dismal prognosis in LVAD-
implanted patients who develop proliferative nephropathy. 
If this is proved to be the case, blocking of CD44 using 
monoclonal antibodies, such as Bivatuzumab, usually used 
in head and neck cancers, may become a therapeutic tool 
in patients with extracapillary glomerulonephritis [31]. 

While CD44 has a role in the mechanism of glomerular 
fibrogenesis through mutual activation with pERK proteins, 

WT1 acts as a transcription factor involved in glomerulo-
sclerosis and is a marker that indicates a podocytopathy. 
Recent studies have focused on understanding their intricate 
molecular mechanisms and the way that CD44 and WT1 
interact in the process of glomerulosclerosis. The effacement 
of the podocytes, another crucial event in the pathogenesis 
of glomerulopathies, is almost invariably present once the 
process of glomerular fibrosis begins. WT1 proved to be 
a reliable IHC marker for this event. Recent studies have 
demonstrated an increasing expression of the parietal 
cell marker CD44 following WT1-positive podocytes 
injury [29, 32]. It was even hypothesized that the CD44-
positive cells proliferation aims to replace the WT1-
positive injured podocytes. 

Some of the antihypertensive drugs, such as ACE 
inhibitors, not only appear to exert an anti-apoptotic role 
and maintain the structure and function of remnant 
podocytes, but also reduce proliferation of all cell 
populations within the cellular crescent and reduce 
glomerulosclerosis severity [33–36]. It is still unknown 
if administration of these therapeutic agents is able to 
upregulate WT1 or downregulate CD44 [33–35]. It would 
be interesting to find out if once WT1 expression is 
restored, the overexpression of CD44 is diminished. 

In the kidney of our patient, which showed an atypical 
mesangioproliferative and extracapillary form of glome-
rulosclerosis [37], the proliferated parietal cells expressed 
CD44, while WT1 positivity was only seen in podocytes 
and mesangial cells. As renal failure was diagnosed a 
relatively short time after LVAD implantation, we suppose 
that a focal proliferative glomerulonephritis was first induced 
by a systemic infection with Klebsiella pneumoniae and 
coliform bacilli. At that time, ACE inhibitors probably 
exerted a glomerular protective role and maintained a 
relatively good quality of life despite glomerulonephritis. 
In the last phases, when ACE inhibitors were not enough 
to maintain normal blood pressure, probably because 
gradual reactivation of ACE activity occurred [20], the 
uncontrolled crescentic proliferation of CD44 parietal 
cells exerted a supplementary compression of glomerular 
capillary tufts and segmental glomerulosclerosis was 
expanded. If Kagami’s hypothesis is correct, these 
observations should be accompanied by a parallel decrease 
in the number of WT1-positive podocytes through immune 
mechanisms, which might be LVAD-induced. End-
deterioration of the glomeruli function occurred suddenly, 
with an increase in the creatinine serum level, from 1.13 
to 9.2 mg% in only few days (Figure 6). This representative 
case confirmed that glomerulonephritis can be silent and 
can be incidentally diagnosed at autopsy after careful 
histopathological examination [38]. 

With a background of renal deterioration, uremia 
increases the risk of bleeding and can induce brain and 
lung hemorrhages, such as in our case. In patients with 
LVAD, a pump-related dysfunction of von Willebrand 
factor (vWF) can also occur [39], with potential neo-
angiodysplasia, high vascular fragility, brain micro-
hemorrhages and an increase in peripheral vascular 
resistance and blood pressure values [9, 40–45]. As 
bacteremia also increases vascular fragility [42], a mild 
bacterial infection can be the trigger of MOFS in such 
patients. 
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Figure 6 – Potential mechanism of progressive glomerulosclerosis in LVAD recipients. The three triggers of GN are 
infections, LVAD unloading and paradoxical reactivation of ACE, after long-time administration of ACE-i. High serum 
level of angiotensin II and TGF-β are the key elements of glomerulosclerosis cascade. ACE: Angiotensin-converting 
enzyme; ACE-i: ACE inhibitors; CD44: Cluster of differentiation 44; GN: Glomerulonephritis; LVAD: Left ventricular 
assist device; pERK: Protein kinase R-like endoplasmic reticulum kinase; TGF-β: Transforming growth factor-beta; 
WT1: Wilms tumor 1. 

 Conclusions 
In patients with an LVAD implant, the associated 

injuries might involve small vessels, predominantly seen 
in the brain and kidneys. These injuries are not only 
related to increased fragility, but also to a progressively 
installed glomerulosclerosis. It seems to occur as result 
of paradoxically increasing of angiotensin II at both 
circulating and tissue level, especially in myocardium 
and glomeruli. To understand the mechanism of multi-
organ deterioration which becomes irreversible at about 
20 months after LVAD implantation, autopsies are essential. 
In large cohorts, CD44-related crescentic proliferation of 
parietal cells with further glomerulosclerosis is necessary 
to be proved. If they are indeed confirmed, after LVAD 
implant, the risk of remodeling of extracellular collagen 
matrix can be decreased through association of CD44-
targeted molecules and ACE inhibitors. In patients with 
high serum level of angiotensin II, this association might 
decrease the risk of glomerulosclerosis and consequently 
increase the LVAD life. 
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