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Anthracycline 
Treatment and 
Ventricular Remodeling
in Left Ventricular Assist Device Patients

Nonischemic cardiomyopathy can complicate antineoplastic therapy and lead to irrevers-
ible heart failure. We evaluated structural changes at the time of left ventricular assist 
device implantation in heart failure patients who had been exposed to anthracycline, and 
we correlated those changes with clinical presentation.

We retrospectively studied left ventricular core samples taken at implantation of the 
HeartMate II left ventricular assist device in 12 heart failure patients (mean age, 46 ± 16 
yr) who had histories of anthracycline exposure. We evaluated those samples for hyper-
trophy, myocytolysis, and fibrosis. Histopathologic findings showed moderate-to-severe 
myocyte hypertrophy, moderate myocytolysis, and perivascular and interstitial fibrosis with 
areas of replacement fibrosis. Ultrastructural studies revealed marked decreases in myo-
fibrils, diffuse mitochondrial swelling, and disorganization of the sarcoplasmic reticulum. 
The interval between anthracycline therapy and heart failure was a mean of 6.8 ± 5.7 years; 
duration of heart failure symptoms, 38 ± 47 months; and duration of device support, 414 
± 266 days. Four patients are continuing on device support, 3 have undergone transplan-
tation, 3 have undergone device explantation, and 2 have died. The time of heart failure 
onset and the duration of symptoms did not correlate with the severity and extent of the 
histopathologic changes.

The histopathologic findings and the clinical course varied in heart failure patients with 
anthracycline exposure. No correlation was observed between anthracycline therapy and 
the development or duration of heart failure symptoms, severity of histopathologic chang-
es, or outcomes. (Tex Heart Inst J 2015;42(2):124-30)

A nthracycline agents, among the most effective of antineoplastic drugs, 
are used to treat many hematologic cancers and solid tumors. However, 
the clinical use of anthracyclines is severely limited by their cardiotoxic-

ity,1 which manifests itself in several forms, ranging from immediate nonspecif ic 
electrocardiographic changes and arrhythmias to the development of a progressive 
dose-dependent cardiomyopathy that evolves into congestive heart failure (HF). An-
thracycline-associated HF is usually refractory to conventional therapy.2 More than 
50% of patients exposed to anthracycline agents will show some degree of cardiac 
dysfunction 10 to 20 years after chemotherapy, and 5% of them will develop overt 
HF.3 Patients with anthracycline cardiomyopathy who develop terminal HF need left 
ventricular assist device (LVAD) support.
 In the present study, we retrospectively examined histopathologic findings in core 
samples of the left ventricle (LV) taken at the time of LVAD implantation in HF 
patients with a history of anthracycline exposure. Specifically, we examined the cor-
relation between anthracycline therapy and the severity of the histopathologic changes 
and outcome. This report presents our findings, in addition to a brief review of HF 
associated with anthracycline exposure.

Patients and Methods

We reviewed the charts of 310 patients with severe HF who underwent implantation 
of a HeartMate II® Left Ventricular Assist System (Thoratec Corporation; Pleasanton, 
Calif ) at the Texas Heart Institute at St. Luke’s Episcopal Hospital between 2003 and 
2011, and we identified those who had a history of anthracycline treatment.
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 We retrospectively examined the demographic char-
acteristics of anthracycline-treated patients, including 
age, sex, race, malignancy diagnosis before anthracy-
cline treatment, time between anthracycline treatment 
and development of HF symptoms, and duration of HF 
before LVAD implantation. Follow-up data included the 
duration of LVAD support, as well as LVAD exchange 
or explantation, heart transplantation, and death.
 Histopathologic analysis comprised a blinded evalua-
tion of the LV core sample excised at the time of LVAD 
implantation or exchange, or of LV tissue obtained at 
heart transplantation or autopsy. All histologic sections 
were stained with hematoxylin and eosin and with Mas-
son’s trichrome. We evaluated the extent and severity 
of the main characteristics of ventricular remodeling, 
including hypertrophy, myocytolysis, and fibrosis (peri-
vascular, interstitial, and replacement).
 To examine the histopathologic changes, we modi-
fied our grading scale to include myocytolysis.4 Histo-
pathologic characteristics were evaluated on a 4-point 
basis ranging from 0 to 3. If no changes were seen, a 
score of 0 was given; focal, mild lesions were given a score 
of 1; multifocal, moderate lesions were given a score of 2; 
and diffuse, severe lesions were given a score of 3. The 
total severity of the combination of hypertrophy and 
total f ibrosis (interstitial/perivascular + replacement) 
was graded by using a scale ranging from 0 to 10. When 
the sum of hypertrophy and total fibrosis was 1 to 3, the 
total score was considered mild; 4 to 7, moderate; and 8 
to 10, severe. We used electron microscopy to examine 
myofibril architecture and preservation, micro-organ-
elles, and the extracellular matrix.
 This study was conducted with the approval of the 
institutional review board at St. Luke’s Episcopal Hos-
pital.

Results

 Patient Characteristics. Of the 310 patients supported 
by the HeartMate II device at our institution from 2003 
through 2011, 12 nonconsecutive patients (9 women 
and 3 men; mean age, 46 ± 16 yr [range, 17–65 yr]) 
had a history of anthracycline treatment. Table I shows 
the patients’ demographic characteristics and the vari-
ous types of cancer for which the patients had under-
gone anthracycline treatment. The mean time from 
anthracycline treatment to the development of HF 
symptoms was 6.8 ± 5.7 years (range, 4 mo–15 yr). The 
cumulative anthracycline dose was not available in all 
cases. The duration of HF before LVAD implantation 
was 38 ± 47 months (range, <1–120 mo). The average 
preimplantation hemodynamic values were as follows: 
cardiac index, 1.9 ± 0.7 L/min/m2; cardiac output, 3 ± 
1.2 L/min; LV ejection fraction, 0.18 ± 0.03; creatinine 
level, 0.8 ± 0.3 mg/dL; and total bilirubin level, 1.5 ± 
1.2 mg/dL.

 Follow-up Evaluation. The mean LVAD support du-
ration was 414 ± 266 days (range, 102–994 d). Four 
patients continued to receive LVAD support, 3 needed 
orthotopic heart transplantation, 2 died, and 3 under-
went LVAD explantation after improvement. One of 
the transplant patients was a 30-year-old woman with a 
history of diffuse large cell lymphoma who underwent 
an exchange from a HeartMate® XVE (after 18 mo of 
support) to a HeartMate II and then underwent heart 
transplantation 2 months later. The 2nd transplant pa-
tient was a 65-year-old woman with a history of breast 
cancer who had HF for 10 years after anthracycline 
treatment; she underwent heart transplantation after 
662 days of LVAD support. The 3rd transplant patient 
was a 62-year-old man with a history of HF after an-
thracycline therapy for Hodgkin lymphoma, who had a 
transplant after 9 months on HeartMate II support. The 
2 nonsurviving patients included a 61-year-old woman 
with a history of gastrointestinal MALToma and 2 years 
of HF, who was supported by the LVAD for 102 days; 
and a 63-year-old woman with a history of breast car-
cinoma, who died of coagulopathic sequelae. Of the 3 
patients who underwent LVAD explantation, one was a 
29-year-old woman who had developed HF symptoms 
15 years after treatment for Hodgkin lymphoma; her 
condition improved substantially with HeartMate II 
support, and the LVAD was removed after 526 days of 
support. She remained in New York Heart Association 

TABLE I. Characteristics of 12 Patients Who Needed 
LVAD Support after Anthracycline Treatment

          Variable Value

Age (yr) 46 ± 16
Female 9 (75) 
Male  3 (25) 
Black  6 (50) 
White  5 (42) 
Hispanic 1 (8)

Diagnosis before anthracycline therapy 
   Breast cancer 3 (25) 
   Lymphoma 8 (67) 
     Hodgkin lymphoma 2 (17) 
     Non-Hodgkin lymphoma 2 (17) 
     Burkitt lymphoma 1 (8) 
     Diffuse large-cell lymphoma 1 (8) 
     T-cell lymphoma 1 (8) 
   Gastrointestinal MALToma 1 (8) 
   Sarcoma 1 (8)

Comorbidities  
   Cerebrovascular accident 2 (17) 
   Diabetes mellitus 1 (8) 
   Hypertension 1 (8) 
   Coronary artery disease 2 (17) 
   Hyperlipidemia 2 (17)
 
LVAD = left ventricular assist device 
 

Values are presented as mean ± SD or as number and percent-
age.
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(NYHA) functional class I for 1,720 days after device 
explantation. The 2nd patient with an explanted device 
was a 47-year-old woman who developed HF after an-
thracycline treatment for breast cancer and was support-
ed by the HeartMate II for 10 months. The 3rd patient 
was a 43-year-old woman with a history of sarcoma who 
was supported by the HeartMate II for 2 months.
 All patients were receiving conventional medical 
therapy for HF, which included β-blockers, angioten-
sin-converting enzyme inhibitors, and angiotensin II 
receptor blockers.
 Histopathologic Findings. Left ventricular core samples 
obtained at the time of LVAD implantation were avail-
able for all 12 patients. In all cases, the histologic sec-
tions showed evidence of ventricular remodeling, with 
moderate cardiomyocyte hypertrophy (8/12 patients), 
moderate myocytolysis (8/12 patients), and variable 
amounts of f ibrosis (Fig. 1 and Table II). Interstitial 
fibrosis was identified in all 12 patients: focal, mild in-

terstitial fibrosis (Grade 1) was observed in 6 patients; 
multifocal, moderate interstitial fibrosis (Grade 2) in 4 
patients; and diffuse, severe interstitial fibrosis (Grade 
3) in 2 patients (Table II). Replacement f ibrosis was 
identif ied in 6 of the 12 patients: mild, focal areas of 
replacement fibrosis (Grade 1) were observed in 2 pa-
tients; multifocal, moderate replacement fibrosis (Grade 
2) was seen in 3 patients; and severe, diffuse replacement 
fibrosis (Grade 3) was observed in 1 patient (Table II). 
The time of onset of HF after anthracycline therapy and 
the duration of HF symptoms did not correlate with 
the severity and extent of cardiomyocyte hypertrophy, 
myocytolysis, or fibrosis (interstitial and replacement).
 When we examined the correlation between histo-
pathologic changes and outcome, we found that the 
pathology scores (the sum of the hypertrophy and total-
f ibrosis scores) were lowest in patients whose clinical 
status improved suff iciently to enable LVAD explan-
tation, whereas the highest pathology scores were seen 
in patients in whom LVAD support had to be main-
tained because of continued impairment of heart func-
tion (Table II). In addition, high pathology scores were 
seen in the patients who underwent transplantation. 
The 2 patients who died during LVAD support had 
intermediate pathology scores (Table II).
 At follow-up evaluation, 4 patients had histopatho-
logic specimens available for examination (explanted 
hearts from 3 patients who received a heart transplant 
and autopsy specimens from a patient who died). In 1 
patient, an autopsy was not performed at our institu-
tion, so we did not include those specimens. All avail-
able specimens showed the same grade of hypertrophy, 
with an increase in total fibrosis, which raised the total 
histopathologic score for remodeling changes (hypertro-
phy + perivascular, interstitial, and replacement fibrosis) 
(Table III).
 Electron-Microscopy Findings. Electron-microscopy 
studies were available for 3 patients. These studies 
showed interruption and loss of myofibrils, changes in 
contraction bands, swelling and degeneration of mito-
chondria, and dilation of the sarcoplasmic reticulum 
(Fig. 2). Ultrastructural changes in cardiomyocyte nu-
clei included membrane irregularities and chromatin 
condensation.

Discussion

In this study of 12 patients with a history of anthracy-
cline and HF who were supported by the HeartMate II, 
we found marked variability in the clinical presentation 
and the histopathologic characteristics of ventricular re-
modeling. All LV core samples showed variable grades 
of cardiomyocyte hypertrophy, myocytolysis, and fibro-
sis—all of which are characteristic features of ventricu-
lar remodeling associated with anthracycline exposure 
but are not specific for anthracycline HF. Myocytolysis, 

Fig. 1  Photomicrographs of left ventricular core tissue.  
A) Histopathologic changes include cardiomyocyte myocytolysis 
and hypertrophy, perivascular and interstitial fibrosis, and focal 
replacement fibrosis with myocyte dropout (H & E, orig. ×10). 
B) At higher magnification, cardiomyocyte cytoplasmic and  
perinuclear vacuolization are seen (H & E, orig. ×40).

A

B
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a characteristic f inding in myocytes of anthracycline-
exposed patients, was observed in all of our patients. It 
was not the most prominent feature but was in all cases 
accompanied by myocyte hypertrophy. We did not find 
a correlation between the severity of histopathologic 
changes and the onset of HF symptoms or the dura-
tion of HF. However, we observed a trend toward more 
severe histopathologic changes (more extensive fibrosis 
and myocyte hypertrophy) in patients who continued 
to receive LVAD support than in patients whose LVAD 
was explanted because their condition had improved.
 Anthracyclines are associated with 3 different forms 
of cardiomyopathy: acute cardiotoxicity, early-onset 

chronic progressive cardiomyopathy, and late-onset 
chronic progressive cardiomyopathy.2,5 Acute cardio-
toxicity occurs in <1% of patients immediately after 
anthracycline infusion and manifests itself as an acute, 
transient decline in myocardial contractility, which is 
usually reversible.6 Early-onset chronic progressive car-
diomyopathy arises within the first year after treatment 
and is seen in 1.6% to 2.1% of patients.7,8 Late-onset 
chronic progressive toxicity occurs at least 1 year after 
completion of anthracycline therapy, is seen in 1.6% to 
5% of patients, and frequently progresses to severe HF.8,9

 Arrhythmias, hypotension, and nonspecif ic ST-T 
electrocardiographic changes are the most frequent 

TABLE II. Ventricular Remodeling: Semiquantitative Histopathologic Examination at LVAD Implantation

         Total Hyper- 
         Fibrosis trophy + 
Pt. Continuing  LVAD   Hyper- I/P Replacement (I/P + Total 
No. LVAD Transplant Explant Death MYO* trophy* Fibrosis* Fibrosis* Replacement)** Fibrosis**

  1 No No No Yes 2 2 1 0 1 3

  2 No Yes No No 2 2 1 0 1 3

  3 No No Yes No 2 1 1 0 1 2

  4 Yes No No No 2 2 1 0 1 3

  5 Yes No No No 3 3 3 2 5 8

  6 Yes No No No 3 3 3 3 6 9

  7 Yes No No No 2 2 2 2 4 6

  8 No Yes No No 2 2 2 2 4 6

  9 No No Yes No 2 1 1 0 1 2

10 No No No Yes 1 2 1 0 1 3

11 No No Yes No 2 2 2 1 3 5

12 No Yes No No 3 2 2 1 3 5
 
I/P = interstitial/perivascular; LVAD = left ventricular assist device; MYO = myocytolysis; Pt = patient 
 

*0 = no changes; 1 = mild changes; 2 = moderate changes; 3 = severe changes 
**0 = no changes; 1–3 = mild changes; 4–7 = moderate changes; 8–10 = severe changes

TABLE III. Ventricular Remodeling: Evaluation at Follow-Up

    Hypertrophy + Total Fibrosis* 

Pt. No. Transplant Death Implant Transplant Autopsy

 1 No Yes 3 — 6

 2 Yes No 3 7 —

 8 Yes No 6 7 —

 10 No Yes** 3 — —

 12 Yes No 5 8 —
 
Pt = patient 
 

*0 = no changes; 1–3 = mild changes; 4–7 = moderate changes; 8–10 = severe changes 
**No autopsy was performed on this patient.
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manifestations of anthracycline-associated cardiotoxic-
ity, and their occurrence increases with the cumulative 
dose of anthracycline. Compared with lower cumula-
tive doses, a cumulative dose higher than 550 mg/m2 is 
associated with a 5-fold increased risk of cardiotoxic-
ity.10-12 Although anthracycline-induced cardiotoxicity 
can persist for years with no clinical symptoms, the 
prognosis is poor after overt HF develops.10 The 2-year 
mortality rate among patients who develop late cardio-
toxicity has been estimated to be as high as 60%, but 
the prognosis can be greatly improved by early detection 
and prompt treatment.13

 Risk factors for anthracycline-induced cardiotoxicity 
include high cumulative doses, higher single doses, age 

(elderly persons and children), female sex, and a history 
of cardiac disease, radiation therapy, or the use of con-
comitant agents with known cardiotoxic effects, such 
as cyclophosphamide, trastuzumab, and paclitaxel.14-17

 Pathophysiology. The pathophysiology of anthracy-
cline-induced cardiomyopathy is incompletely under-
stood. Most evidence shows that myocyte toxicity is 
mediated primarily through the generation of free radi-
cals via increased myocardial oxidative stress and lipid 
peroxidation.18-20 Even in the absence of continued an-
thracycline exposure, depletion of mitochondrial DNA 
occurs, and free radicals accumulate over time, leading 
to the delayed presentation of cardiomyopathy. Intra-
myocardial formation of secondary alcohol metabolites 
might play a key role in promoting the development of 
end-stage HF.21-23 Additional pathogenetic mechanisms 
currently under investigation include apoptosis, iron 
metabolism interference, and calcium dysregulation.24,25

 Pathology. The fundamental lesion of anthracycline 
cardiomyopathy involves the myocyte. The main his-
tologic alterations seen in the myocyte are cytoplasmic 
vacuolization and hypertrophy. In the extracellular 
matrix, a mild increase in interstitial f ibrosis with oc-
casional replacement f ibrosis is seen.10,26,27 Vacuolated 
myocytes, called adria cells, are usually found adjacent 
to areas of f ibrosis. In addition, rare foci of necrotic 
myocytes might be seen. Electron-microscopy studies 
have revealed 2 types of injury: vacuolar degeneration 
and a marked decrease in the number of myofibrils.28 
Myofibrillar loss is characterized by partial or total loss 
of myofibrils and disarray of sarcomere myofibrils.29 In 
vacuolar degeneration, the earliest change is distention 
of the sarcoplasmic reticulum and T tubular system. 
The distended vacuoles swell and eventually coalesce, 
forming large membrane-bound spaces.30-32 As we ob-
served in this study, histologic alterations frequently do 
not correlate with the severity of the disease or the devel-
opment of advanced HF.8,18,33 Because these observations 
apply to a very small number of patients, we cannot 
draw any definitive conclusions about the correlation 
between the histopathologic findings and improvement 
in LV function, or about the correlation between those 
findings and the possibility of explantation.
 Table IV delineates the main characteristics (especial-
ly onset, clinical presentation, drug injury, risk factors, 
and histopathologic features) that differentiate anthra-
cycline-induced cardiotoxicity from other causes of HF.
 LVAD and Recovery. Only a few reports have been 
published about LVAD implantation for severe HF 
due to anthracycline use.34-37 Recovery of ventricular 
function in LVAD patients who have anthracycline-in-
duced cardiomyopathy is rare. Castells and colleagues35 
described the case of a patient with end-stage HF due 
to anthracycline and trastuzumab cardiomyopathy, 
who underwent implantation of an LV axial pump; 
the patient’s condition improved, and the pump was 

Fig. 2  Electron-microscopy images (orig. ×3,000) of left ven-
tricular core sections show A) interruption and loss of myofibrils 
and B) mitochondrial degenerative changes and swelling.
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explanted at 135 days. In addition, Freilich and col-
leagues36 described the case of a 16-year-old girl who 
recovered from doxorubicin-induced cardiomyopathy 
after long-term LVAD support. She had presented in 
severe cardiogenic shock 6 months after chemotherapy 
and had needed LVAD implantation. After the LVAD 
was explanted, the patient survived and continues to 
survive. At the time of publication (28 mo after explan-
tation), she remains alive, in NYHA class I, and on con-
ventional medical therapy for HF. Other authors have 
reported unsuccessful explantation37 or failure to wean 
in this group of patients.34 In our series, the 3 patients 
with LV functional improvement that enabled LVAD 
explantation are progressing satisfactorily: 1 patient un-
derwent transplantation and is doing well, and the other 
2 are in NYHA class I.
 Study Limitations. This study includes a small number 
of patients with a history of anthracycline treatment, 
who are part of our large overall series of LVAD pa-
tients. Because the number of anthracycline recipients 
is so small, we were able to perform only a descriptive 
study of the clinical history and structural remodeling 
changes. Findings in the 3 patients whose LVAD was 
explanted are only observational and do not enable us to 
draw definitive conclusions about the predictive value 
of the histologic or clinical characteristics that would 
indicate better possibilities of recovery. In addition, all 

the patients in this series were terminally ill and were 
referred to us from other institutions; therefore, the cu-
mulative anthracycline doses were unavailable.
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