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CLINICAL INFORMATION

A  67-year-old male patient presented to emergency department 
with worsening altered mental status and fever. Computerized 

tomography (CT) of  head found patient with multiple basal ganglia 
infarcts with high suspicion for septic emboli as sources for stroke. 
Blood cultures and lumbar puncture obtained and the patient was 
found to have Streptococcus pneumonia meningitis. A two-dimensional 
(2D) transthoracic echocardiogram (TTE) demonstrated severe 
aortic regurgitation and flail leaflet with an ejection fraction of  
70%. Cardiology and cardiothoracic surgery were consulted for 
the valvulopathy in conjunction with elevated troponins, bactere-
mia, and bacterial meningitis. A transesophageal echocardiogram 
(TEE) showed a perforation of  the right coronary cusp resulting 
in severe aortic regurgitation (Figures 1A and 1B), a reversal of  
flow into the thoracic aorta due to the severe aortic regurgitation 
and reduction in ejection fraction from the time the TTE was per-
formed. His hospital course was further complicated with new-
onset of  atrial fibrillation. Three-dimensional (3D) TEE provided 
an exceptional understanding of  the changing size and shape of  
the perforation of  the cusp with the cardiac cycle (Figures 1C and 
1D). While there are methods to assess the regurgitant orifice area 
by the 2D echo to determine the severity of  aortic regurgitation, 
the 3D data clearly shows that the regurgitant orifice is a highly 
dynamic structure with the change in shape and size influenced by 
systole and diastole. A perforated cusp is a major structural abnor-
mality and carries with it severe regurgitation. While 3D imaging 
in our case may not have altered the management of  the patient, it 
did enhance the understanding of  the pathology from an imaging 
perspective and challenges the 2D echo-derived assumption of  a 
fixed regurgitant orifice. The patient was placed on intravenous 
(IV) antibiotic therapy with good response with repeat negative 

blood cultures. Patient was deemed high-risk for a surgical proce-
dure but his risk of  mortality remained high without aortic valve 
procedure. He subsequently underwent aortic valve replacement 
using a 23 mm mechanical valve, left atrial appendage closure and 
debridement of  abscess found under the right coronary cusp. He 
had a difficult recovery post-operatively with weaning off  the ven-
tilator, but eventually improved.

Figure 1. A: 2D TEE of the Left Ventricular Outflow Tract View Showing Perforation of the 
Right Coronary Cusp; B: Severe, Eccentric, Anteriorly Directed Aortic Regurgitant Jet by Color 
Flow Interrogation; C: 3D TEE Image of the Short Axis View of the Aortic Valve with Perforation 
of the Right Coronary Cusp of the Aortic Valve During Systole. D:  3D TEE Image of the Short 
Axis View of the Aortic Valve with Perforation of the Right Coronary Cusp of the Aortic Valve 
During Diastole.

LCC-Left Coronary Cusp; RCC-Right Coronary Cusp; NCC-Non-Coronary Cusp;
TEE-Transesophageal Echocardiogram

http://dx.doi.org/10.17140/HROJ-7-152


Heart Res Open J. 2020; 7(1): 1-2. doi: 10.17140/HROJ-7-152

Ganji M et al

 Echocardiography has been pivotal in the diagnosis of  
aortic valve pathology in our patients. Although perforation of  a 
leaflet can be diagnosed by 2D echocardiogram, 3D echo enables 
the recognition of  pathology more precisely with respect to loca-
tion and extent. Indeed, 3D TEE has been reported to diagnose 
valvular perforations that could not be diagnosed using a 2D echo.1 
As 3D echo can obtain larger data sets, the relationship of  pathol-
ogy to surrounding structures is better visualized.2 Cardiac CT or 
magnetic resonance imaging (MRI) could be used as modalities for 
identifying the cardiac pathology, but cannot be used as a real-time 
option in the operating room (OR). Transesophageal modality is 
the widely used modalities bedside as well as in OR to assess and 
help manage interventions in real-time.3
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• Transthoracic echocardiogram and transesophageal echocardi- 
  ogram are two modalities that are used in diagnosis and guida- 
   nce of  therapy in infective endocarditis.

• Transthoracic echocardiogram and transesophageal echocardi- 
  ogram sensitivity based on meta-analysis depicts 62% and 92%  
  respectively in detecting vegetation on native valves in case of   
   endocarditis.4

• 3D TEE provides high spatial resolution due its close proximity 
   to the cardiac structures.5 
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INTRODUCTION

This case outlines a 74-year-old male with ischemic cardiomy-
opathy with a left ventricular ejection fraction of  35% with 

history of  cardiac resynchronization therapy-defibrillator (CRT-D) 
implantation. He presented with a new drop in functional New 
York Heart Association (NYHA) heart failure classification, which 
continued to worsen despite attempts at coronary revascularization 
and initiation of  milrinone therapy. Later hospitalization revealed a 
change in QRS morphology. Further device interrogation revealed 
that the patient was losing left ventricle (LV) capture with deep 
inspiration in a supine position. After replacement of  the patient’s 
LV lead, the patient had significant improvement in NYHA func-
tional status, and was transitioned to oral heart failure medications.

CASE REPORT

A 74-year-old male with a past medical history significant for 
coronary artery disease status post coronary artery bypass graft 
(CABG) in the late 1990s, ischemic cardiomyopathy with an ejec-
tion fraction of  35%. A CRT-D Model 3231 (St. Jude Medical, Lit-

tle Canada, Minnesota, USA) was placed in 2011 at our institution 
consisting of  a right atrial (model 1999), right ventricular (model 7-

ABSTRACT

This case report illustrates a challenging case of  worsening heart failure in a previously well-compensated patient with unclear 
etiology. Further workup revealed the patient’s cardiac resynchronization therapy-defibrillator (CRT-D) left ventricle (LV) lead was 
losing capture during positional changes. This case demonstrates the importance of  device optimization, as well as electrocardio-
gram (ECG) monitoring to elucidate possible causes of  acute systolic heart failure.

Keywords
Cardiac resynchronization; cardiac resynchronization therapy (CRT); Systolic heart failure; Lead positioning;
Advanced heart failure.

Figure 1. Lateral Chest X-ray Revealing Biventricular Device Lead Placement
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122Q), and a left ventricular bipolar lead (model 1156T) placed in 
a posterior-lateral position (Figure 1). Optimal programming and 
delays were unchanged since implant and provided 94% to 96% 
biventricular (Bi-V) pacing, and the patient was noted to have a 
4-6% PVC burden. Of  note, the lead capture thresholds for the 
LV lead remained consistent between 1.75-2.25 V @ 1.5 ms at all 
subsequent device checks post-implant. The LV output was pro-
grammed at 3.5V and remained thru the duration of  follow-up.

 The most recent echocardiogram prior to his visit the 
clinic revealed an ejection fraction of  35%, moderate mitral re-
gurgitation, and grossly normal appearing aortic, pulmonic and 
tricuspid valves. There was no evidence of  elevated pulmonary 
artery systolic pressures. Nuclear viability testing with thalium-201 
revealed a large area of  inferior infarction with evidence of  viabil-
ity in the inferolateral wall.

 The patient presented 1/2017 to the cardiology clinic 
with significant symptoms of  dyspnea on exertion. His NYHA 
functional class dropped from class I to IV. Due to his symptoms 
over the course of  the year he underwent multiple testing includ-
ing left heart catheterization, device interrogation, imaging and ex-
tensive lab work. Lab work showed normal hemoglobin, chronic 
kidney disease (CKD) stage III with a baseline creatinine of  1.5, 
and an elevated brain naturietic peptide (BNP). 

 His initial left heart catheterization revealed multiple 
obstructive lesions that were thought to be contributing to his 
symptoms. The patient underwent percutaneous intervention to 
his large first obtuse marginal coronary artery (OM 1) branch after 
instantaneous flow reserve (IFR) testing confirmed significance of  
this lesion. Due to refractory symptoms approximately 3-months 
post-procedure, the patient was taken back to the catheterization 
lab to attempt revascularization of  the left circumflex chronic total 
occlusion which was unsuccessful. He did undergo percutaneous 
coronary intervention (PCI) to his proximal left anterior descend-
ing coronary artery (LAD) as there were significant left to right 
collaterals supplying the right posterior descending artery.

 Despite multiple coronary interventions, he continued to 
have a drop in his NYHA functional class. Given his reduced ejec-
tion fraction, functional status, and appropriate functioning of  his 
CRT-D, he eventually underwent right heart catheterization which 
revealed a cardiac index of  1.49 and a cardiac output of  3.27 based 
on Fick calculation. At this point the patient was initiated on mil-
rinone and had significant improvement in his NYHA functional 
class, from IV to I.

 We initiated evaluation for advanced heart failure thera-
pies, given his response to milrinone and he was classified as in-
termacs.3 Due to his age he was being evaluated for destination 
therapy left ventricular assist device. During this process he had 
another non-heart failure related admission where telemetry re-
vealed sparse changes in QRS morphology which led to an 12 lead 
electrocardiogram (ECG) capturing the phenomenon (Figure 2). 
Re-interrogation of  the device showed 94% Bi-V pacing as before 
and a consistent LV capture threshold of  2.25 Volts @ 1.5 ms in 
an right ventricle (RV) ring to RV coil configuration which was the 
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Table 1. Hematology and Serum Chemistries Drawn in Working 
up the Patient’s Shortness of Breath

Hematology

WBC                                                5.2 k/mm3

BC                                                  4.29 M/mm3

Hgb 11.6 gm/dL

Hct 34.4%

MCV 80.3 fl

MCH 27.0 pg

MCHC 33.6 g/dL

RDW 14.8%

Plt Count 271 K/mm3

MPV 7.0 fl

Neut% 68.3%

Lymph % 18.3%

Mono % 8.2%

Eos % 0.2 K/mm3

 Baso% 0.1K/mm3

Chemistry

Sodium 141 mmol/L

Potassium 4.1 mmol/L

Chloride 104 mmol/L

CarbonDioxide 30 mmol/L

AnionGap 7

BUN 30 mg/dL

Creatinine 1.5 mg/dL

EstimatedGFR 45

Glucose 151

Hemoglobin A1C 5.4%

Lactate 0.9 mmol/L

Magnesium 2.1 mg/dL

Total Creatine Kinase 138 IU/L

Troponin I 0.02 ng/mL

B-Natriuretic Peptide 176 pg/mL

TSH 2.90 uIU/mL

Figure 2. 12-Lead ECG Demonstrating QRS Morphology Change
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programmed vector, as well as a 4.5 Volts @ 1.5 ms in the RV tip to 
configurations. Upon having the patient perform isometric move-
ments no ECG changes were noted. Upon deep inspiration in the 
supine position, it was noted on telemetry that there was a distinct 
morphology change. At that time, an LV only pacing was initiated 
in a temporary mode and it was revealed that capture was lost upon 
inspiration in a supine position even with the output at 6 Volts. The 
patient subsequently underwent a LV lead revision and his original 
bipolar lead placed from 2011 was removed and was upgraded to a 
model Quartet 1458Q (St. Jude Medical, Little Canada, Minnesota, 
USA) quadrapolar lead successfully placed into the same branch 
and position and programmed to an M3-M2 pacing vector. A new 
model 3369-40 pulse generator was utilized and capture assessed 
in all positions including supine and with deep breathing and dem-
onstrated no intermittent loss of  capture, assuring CRT therapy 
on a more consistent basis and accurate percentages reported by 
the device. Eventually the patient was weaned off  of  milrinone 
successfully, and remains on oral heart failure therapies with reso-
lution in a majority of  his symptoms (Table 1).

DISCUSSION

Congestive heart failure (CHF) is the one of  the most common 
discharge diagnosis in the United States. Approximately 5.7 mil-
lion adults in the United States currently have CHF of  which 55 
percent have heart failure with preserved ejection and the other 55 
percent have heart failure with reduced ejection fraction.1 There 
is significant morbidity, mortality, and cost-associated with diag-
nosis of  heart failure. CRT along with guideline directed medical 
therapy has become the cornerstone of  treatment of  heart fail-
ure and has reduced the incidence of  adverse outcomes. CRT is 
known to reduce risk of  death and heart failure events in patients 
with reduced ejection fraction and wide QRS compared to use of  
implantable cardiac defibrillator (ICD) alone.2 Unfortunately, de-
spite these advances, approximately 5% of  all heart failure patients 
progress to end stage heart failure or advanced heart failure. The 
term advanced heart failure or end stage heart failure encompasses 
all patients who remain symptomatic and have refractory heart 
failure despite maximally tolerated pharmacotherapy and CRT im-
plantation. Currently, the estimated number of  American patients 
affected by advanced heart failure is 5.8 million.3 Once the patient 
is determined to have advanced heart failure, treatment options 
include heart transplantation or left ventricular assist device de-
pending on comorbidities and age.

 Our patient enjoyed NYHA class one symptoms for many 
years due to CRT and guideline directed medical therapy (GDMT). 
Once he started having symptoms, his device interrogation consis-
tently showed a pacing percentage of  94-96% and adequate pacing 
margins. However, given his refractory symptoms, drop in ejection 
fraction over time and ECG in Figure 1, we hypothesized this pa-
tient may have had a substantial reduction in effective biventricu-
lar pacing. We confirmed this as the patient lost LV capture with 
ambulation on telemetry and deep inspiration. This resulted as the 
lead would reposition and mimic right ventricular pacing. Given his 
symptoms prior to and after repositioning the lead the burden of  
ineffective pacing was substantial and also correlated with a drop 
in his ejection fraction. Hays et al4 reported in a >30,000 patient 

analysis from the aliskiren trial in type 2 diabetes using cardio-renal 
endpoints (ALTITUDE) study that both symptoms and event-
driven outcomes are continuously influenced by the percentage of  
biventricular pacing. In their analysis, in addition to improvement 
in symptoms, increased percentages of  pacing was associated with 
a significant reduction in mortality.

 Right ventricular pacing is known to induce electrical and 
mechanical dyssynchrony and can precipitate advanced heart fail-
ure if  left untreated resulting in increased mortality. In an article 
by Kiehl et al5 found that pacemaker induced cardiomyopathy had 
an incidence of  approximately 12.3% in patients with preserved 
pre-implant ejection fractions. They also reported that a right ven-
tricular pacing burden over 20% was strongly associated with de-
velopment of  pacemaker induced cardiomyopathy. Furthermore, 
the BLOCK-HF6 trial studied patients with pre-existing congestive 
heart failure with high degree heart block and randomized them 
to receive either dual chamber device or a biventricular device. 
After 3-years of  follow-up the biventricular pacing group had a 
7% absolute risk reduction in death, urgent heart failure care and 
adverse LV remodeling compared with right ventricular pacing. In 
this case, although the percent of  biventricular pacing reported by 
the device seemed acceptable, the effective Bi-V pacing was not 
adequate and this patient developed right ventricle pacing cardio-
myopathy which eventually precipitated advanced heart failure and 
the patient became intermacs 3 on milrinone.

 Although calculating the percentage loss of  LV capture 
which may have inadvertently caused right ventricular only pac-
ing, this phenomenon may account for some non-response seen in 
clinical practice which has been shown to range from 25-30%. Our 
patient who already had a reduced ejection fraction perhaps could 
not tolerate the frequent right ventricular pacing induced dyssyn-
chrony. The above case details the importance of  addressing every 
therapeutic option for advanced heart failure patients and optimiz-
ing them fully. Recognizing left ventricular lead displacement may 
be difficult, but can ultimately make the difference in outcomes 
as outlined above in this patient. Ultimately, the patient’s outcome 
was favorable and they remain on optimal medical therapy with a 
drastic reduction in heart failure symptoms since our intervention 
on the CRT-D system, with few heart failure admissions.

 To our knowledge this is the first reported case of  ad-
vanced heart failure precipitated by left ventricular lead positioning 
resulting in ineffective pacing and worsening cardiomyopathy. Our 
case also highlights the importance of  optimization of  CRT prior 
to proceeding with advanced heart failure therapies for refractory 
heart failure symptoms. Ultimately the patient’s outcome was fa-
vorable and they remain on optimal medical therapy with a drastic 
reduction in heart failure symptoms.

CONCLUSION

Given the patient’s QRS morphology change demonstrated on 
hospital telemetry, Holter monitoring is a reasonable consider-
ation. This may have shown the same QRS morphology change 
(widening of  the QRS consistent with RV apical pacing), suggest-
ing the possible need for LV lead revision. Additionally, with the 
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emergence of  multi-point LV pacing and device programming 
should account for patient positional changes. CRT devices remain 
an important intervention in advanced heart failure practice, and 
optimal settings are certainly key to their successful therapy.
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INTRODUCTION

Giant cell myocarditis (GCM) is an uncommon entity. It is a 
rare condition, and is usually described as a disease that is 

rapidly progressive and frequently fatal. Idiopathic GCM was first 
described by Salty kow in1905, at autopsy and, most, if  not all 
cases of  GCM between 1905 and up to the mid-1980’s, were diag-
nosed at autopsy.1,2 It is a histologic diagnosis and it is character-
ized by a mixed inflammatory cell infiltrate within the myocardium, 
predominantly composed of  lymphocytes, along with plasma cells, 
eosinophils and fewer neutrophils, Multinucleated giant cells are 
additionally present, as is cardiomyocyte necrosis.2-4 Sometimes, 
there may be poorly formed granulomas. The histologic changes 
of  GCM mainly affects the ventricles.

 Historically, GCM and cardiac sarcoidosis (first described 
by Bernstein in 1929) were not properly differentiated, as both pre-
sented similarly, and could result in a myocarditis characterized by 
giant cells and granulomas.2,5 Nevertheless, they have since been 

established as two distinct clinicopathologic entities with signifi-
cant differences in presentation, histologic features, and progno-
sis.2 The underlying aetiology of  giant cell myocarditis is unknown 
but it is thought to be mediated by T-lymphocytes.2,3

 The incidence of  GCM has been reported to range from 
0.007 to 0.051% (predominantly autopsy data) and mainly occurs 
in young to middle aged individuals.2-4,6 However, it is likely that 
the true incidence of  GCM has been underestimated, given that 
autopsy rates have decreased worldwide and are not routinely per-
formed on most individuals, and, hence, patients dying of  GCM 
may not undergo autopsy.7 Here we describe an undiagnosed case 
of  GCM in a 71-year-old man.

CASE REPORT

This 71-year-old man had a clinical history of  hypertension with 
heart failure (duration unknown) and was maintained on diuretics. 
He presented to a rural hospital with a two-day history of  difficulty 

ABSTRACT

Giant cell myocarditis is a rare condition first described in 1905. It has a reported incidence range from 0.007% to 0.051%. It af-
fects female and male individuals, equally, and usually occurs in young and middle-aged persons. The underlying aetiology of  giant 
cell myocarditis is unknown but it is thought to be mediated by T-lymphocytes. Diagnosis is made via histological examination of  
myocardial tissue and is characterized by a mixed inflammatory cell infiltrate with multinucleated giant cells and cardiomyocyte 
necrosis, predominantly affecting the ventricles. The following report describes a rare case of  giant cell myocarditis in a 71-year-
old man with a history of  hypertension and heart failure, who died while waiting to be seen in the emergency department. Autopsy 
findings revealed an enlarged, dilated heart with histologic features in keeping with giant cell myocarditis, along with features of  
heart failure. Diagnosis of  giant cell myocarditis is less common in the elderly age group, possibly due to a less severe disease 
process in this age group and it may be misdiagnosed because older individuals may have other cardiovascular diseases (CVDs).
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breathing. He had a long waiting time in the emergency room (>7 
hours), and while waiting to be seen, he collapsed and struck his 
head on the wall. He was assessed as being in cardiac arrest. Car-
diopulmonary resuscitation was commenced but was unsuccessful 
and he was pronounced dead after 1-hour of  resuscitative efforts. 
At autopsy, the body was that of  an elderly man, with an oval, red, 
12×7 cm haematoma on the centre of  the forehead. There were no 
underlying skull fractures. There was no evidence of  meningeal or 
intraparenchymal cerebral haemorrhage. He had an enlarged heart 
that was dilated, and weighed 500 g, with left ventricular wall thick-
ness of  1 cm. The cut-surface of  the left ventricle was somewhat 
salmon pink and firm (Figure 1). The heart had the usual anatomic 
arrangement of  chambers and great vessels and the coronary arter-
ies were patent. He had bilateral pleural effusions and multiorgan 
congestion, consistent with heart failure. 

 Histologic examination of  the decedent’s heart revealed 
chronic, mixed, inflammatory cell infiltrate involving the outer half  
of  the myocardium, which was associated with extensive, circum-
ferential fibrosis (Figure 2). The inflammatory cell infiltrate was 
composed predominately of  lymphocytes and multinucleated giant

cells, in the absence of  granulomas (Figures 3a and 3b). There was 
reparative cardiomyocyte hypertrophy. Special stains including go-
mori methenamine silver and Congo red stains, were negative (Fig-
ures 4a, 4b and 5). The overall histologic features were in keeping 
with giant cell myocarditis. 

 Histology of  the lungs revealed fibrosis of  the visceral 
pleura, an organizing micro-thrombus, moderate vascular conges-
tion and pulmonary oedema. There was chronic passive congestion 
of  the liver. There was no evidence of  end-organ-kidney changes 
of  hypertension. 
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Figure 1. Cross Section of the Left Ventricle of the Heart Depicting Concentric 
Fibrosis of the Wall. The Fibrous Tissue is Grey-White in Colour (black arrows).
The Left Ventricular Cavity is also Dilated

Figure 2. Chronic Myocarditis with Involvement of the Outer Half of the 
Myocardium, Associated with Extensive Fibrosis (black stars). There are Intact 
Nyocardiocytes in between the Fibrous Tissue (40x)

Figure 3a. Chronic Inflammatory Cell Infiltrate Composed of Lymphocytes 
(orangestar) and Multinucleated Giant Cells (grey arrows) (100x)

Figure 3b. Chronic Inflammatory Cell Infiltrate Composed of Lymphocytes 
(orange star) and Multinucleated Giant Cells (grey arrow) (200x)

Figure 4a. Negative Congo Red Stain of Myocardium (100x)
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DISCUSSION

Giant cell myocarditis is a rare condition, the underlying aetiology 
is unknown, but, it is thought to be mediated by T-lymphocytes.2,3 
It is reported to be associated with other autoimmune diseases 
(e.g. Hashimoto’s thyroiditis, myasthenia gravis, orbital myositis) 
and tumours of  immune cells (e.g. lymphoma), in approximately 
20% of  cases, suggesting that autoimmunity may play a role in its 
development.2,3 There is no male to female discordance as it affects 
male and female individuals in equal numbers. It can affect indi-
viduals of  any age, although, the majority of  cases occur in young 
or middle-aged adults (median age 42-years).6 However, it could 
be proposed that the relative infrequency of  reported cases in the 
elderly could be partially attributed to a less fulminant course of  
the disease in this age group, in addition to a decreased level of  sus-
picion in these persons who may often have other cardiovascular 
diseases.8 The latter could be the proposed reason as to why such 
a diagnosis might not have been made, clinically, in the decedent in 
the current case report.

 GCM usually affects the ventricles of  the heart and di-
agnosis is made via light microscopy (histology). It ischaracterized 
by a mixed myocardial inflammatory cell infiltrate, predominantly 
within the ventricles and composed of  lymphocytes along with 

plasma cells, eosinophils, fewer neutrophils and multinucleated gi-
ant cells. Cardiomyocyte necrosis is also present and poorly formed 
granulomas, may be seen.2

 Diagnosis is made via endomyocardial biopsies (usually), 
or occasionally by wedge biopsies; but, even in experienced cen-
tres, more than 4 in 10 cases may be missed after endomyocar-
dial biopsies have been performed and diagnosis is made only at 
autopsy or after examination of  a cardiac explant.2,8,9 These false 
negative findings may be due to the patchy nature of  the inflam-
matory disease, previous treatment of  other entities, thereby mask-
ing the findings of  GCM, or inadequate sampling.2 Also, sampling 
may not reveal the multinucleated giant cells, and a misdiagnosis 
of  lymphocytic myocarditis might be made instead. Furthermore, 
there are other myocardial pathologic entities that are associated 
with giant cells, and these entities will need to be ruled out, prior 
to establishing a diagnosis of  GCM. Such differential diagnoses 
include infectious diseases, systemic granulomatous processes, and 
foreign body giant cell reaction granulomatous diseases.2 They can 
be ruled out by using histologic ancillary stains such as silver or 
Ziehl–Neelsen special stains, if  granulomatous inflammation is 
seen. Masson’s trichrome or Movat pentachrome special stains can 
be used to highlight interstitial fibrosis, myocyte disarray, and ne-
crosis. Iron stain in male and postmenopausal female patients can 
be performed to rule out a potentially treatable iron storage dis-
ease. Congo red stain may be performed to rule out cardiac amyloi-
dosis, which often occurs in the elderly. Polymerase chain reaction 
(PCR), if  available, could be attempted to detect viral genomes, in 
chronic lymphocytic myocarditis.2

 As previously mentioned, a misdiagnosis of  chronic lym-
phocytic myocarditis may be made instead of  GCM, histologically. 
However, the clinical course of  chronic lymphocytic myocarditis is 
more variable with individuals presenting with asymptomatic elec-
trocardiographic or echocardiographic abnormalities or with acute 
myocardial infarction-like syndrome, overt congestive heart failure, 
cardiogenic shock, and death, while the clinical course of  GCM 
on the other hand is usually characterized by rapidly progressive 
congestive heart failure, frequently associated with ventricular ar-
rhythmia.2,10 Most patients with GCM (≥75%) present with rapid-
onset congestive heart failure, but other presenting symptoms and 
signs include refractory ventricular tachycardia, complete heart 
block and acute myocardial infarction.2,3,8,9,11,12 Sudden death is a 
less common presentation. 

 According to most medical literature, the median sur-
vival time is ~3 months, without immunosuppressive therapy.13 
Therefore, once the diagnosis has been made, individuals can be 
treated with immunosuppressive therapy inclusive of  cyclosporin, 
to help improve long-term survival, but the effects are short-lived 
and most persons die as a result of  cardiac failure or arrhythmia. 
Cardiac transplantation is proposed, therefore, as the treatment of  
choice. However, even then, there is the possibility of  fatal disease 
recurrence following cardiac transplantation (~25% of  cases), thus 
the efficacy of  cardiac transplantation has been questioned.2-4,11

 Newer medical literature has shown that GCM is not al-
ways rapidly progressive and fatal, even in the absence of  immune 
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Figure 4b. Negative Congo red Stain of Myocardium (100x)

Figure 5. Negative Silver Stain of Myocardium (100x)
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suppression or transplantation. Instead, individuals with GCM may 
present clinically with an atrial variant and this atrial form has a less 
fulminant course. Also, individuals with GCM maybe disguised/
misdiagnosed for years as having a monosymptomatic heart block 
or dilated cardiomyopathy.2,14,15 Transplant-free survival, well be-
yond 15-years of  diagnosis, has also been reported.6 Ekström et al 
showed that there were stand-alone factors that could determine 
persons survivability, even without immunosuppressive therapy.13 
They showed that the severity of  myocardial injury, and to a lesser 
degree, cardiac dysfunction at presentation, constituted the key 
predictors of  transplant-free cardiac survival in GCM.13

CONCLUSION

Giant cell myocarditis is an uncommon clinical disease, which 
has been classically described as a rapidly progressive disease 
with a high mortality. Its underlying aetiology is unknown, but it 
is believed to be mediated by T-lymphocytes. Although it is not 
a histologically challenging diagnosis, the clinical diagnosis is not 
commonly made or entertained. Unfortunately, most cases are di-
agnosed at autopsy or after cardiac transplantation. Therefore, it 
is important that clinicians always keep giant cell myocarditis as 
a potential differential diagnosis when patients present with rap-
idly progressive congestive heart failure, especially when associated 
with ventricular arrhythmia. Also, where possible, endomyocardial 
biopsies of  the atria should be included, along with the usual bi-
opsies of  the ventricles, as there can be an atrial variant of  this 
disorder, which has a less fulminant course.
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INTRODUCTION

Chagas disease is a tropical illness caused by the intracellular 
protozoa Trypanosoma cruzi (T. cruzi). The infection comprises 

an acute phase that often is non-symptomatic or oligosymptomatic, 
but in some cases courses with systemic symptoms, such as periph-
eral edema, pericardial tamponade, acute myocarditis, arrhythmias, 
and death. The chronic phase typically appears 10-30-year after in-
fection, showing clinical manifestations in approximately one-third 
of  infected patients. The main symptomatology during the chronic 
phase ranges from malignant arrhythmias, flutter/atrial fibrillation, 
stroke, cardiac remodeling, heart failure to a disability, and death.

 Sudden death is the main cause of  fatality in Chagas dis-
ease. Malignant ventricular arrhythmias in chagasic patients’ have 
a worse prognosis than other cardiac etiologies,1 probably because 
of  the multiplicity of  factors implied in arrhythmogenesis in Cha-
gas disease. In general terms, fibrotic scars are the principal source 
of  arrhythmogenic substrates by disturbances in conduction and 
generation of  reentry circuits.2 In such sense, left ventricular (LV) 
inferolateral scar is the main anatomical source of  sustained ven-
tricular tachycardia reentrant circuits.3 On the other hand, vascular 
disturbances and the endothelin-1 and of  thromboxane A2 associ-
ated vascular spasm may generate tissular hypoxia and functional 
alterations in action potential conduction.4,5 

ABSTRACT
Background
Sudden death is the principal cause of  fatality in Chagas disease, afflicting to non-symptomatic patients younger than 50-years. For 
this, sudden death associated with chagasic malignant arrhythmias is underdiagnosed and their pathophysiological basis is poorly 
understood.
Aims
In this sense, this work aimed to analyze the histopathological alterations in cardiac structures specialized in the generation/
conduction of  action potential in an anatomopathological case of  non-diagnosed sudden death living in a Chagasic endemic area. 
Methods
The donor was a woman, 62-year-old, which ingressed without vital signs to the emergency room of  “Antonio María Pineda” 
hospital, without any apparent antecedents of  cardiac disease. The gross examination was normal, with no external evidence of  
structural/ischemic disease. 
Results
Microscopic examination revealed nodal like cell depopulation, microvascular disturbances, chronic myocarditis with mononu-
clear and mast cell infiltrate plus extracellular matrix reaction, and profuse damage of  neural structures placed in nodal region. 
Amastigote nest of  Trypanosoma cruzi (T. cruzi) was detected.
Conclusion
These findings suggest a complex association among parasite persistence, sinus disease, micro-ischemia foci, and neural inflam-
mation in the genesis of  malignant arrhythmias of  Chagas disease despite the absence of  structural disease or massive necrosis.  
It is important to perform a protocol of  examination for no explained sudden death cases in chagasic endemic countries, to avoid 
misdiagnosed of  sudden death associated with Chagas disease.
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 Besides, cardiac inflammation due to local immune re-
sponse may predispose to arrhythmias beyond to tissue destruc-
tion and/or scar formation. Our team reported Interleukin-2 (IL-
2) and IL-10 as a predisponent factor for sudden death in chagasic 
patients in patients with minimal structural cardiac pathology.6 
Additionally, autonomous nervous system disfunction, estimated 
by heart rate variability parameters, strongly correlated with adi-
ponectin, tumor necrosis factor (TNF), and IL-6 levels, suggesting 
that inflammatory status may influence cardiac rhythm regulation.7 
In this same line of  thought, several reports reinforce the role of  
autonomic dysfunction in sudden death risk in Chagasic patients. 
For example, impairment in baroreflex sensitivity correlates with 
the density and complexity of  ventricle arrhythmias,8 and adren-
ergic or cholinergic antibodies with G-protein coupled membrane 
receptor activity may be present in the sera of  chagasic patients 
and contribute to arrhythmias appearance.9

 Despite advances in the comprehension of  pathophys-
iology of  Chagas disease, particularly in the topic of  malignant 
arrhythmias, sudden death is a phenomenon poorly documented, 
and very probably underdiagnosed, especially in the last years due, 
among other factors, to the relative scarcity of  specialized au-
topsies for addressing cardiac conduction structures in patients 
with reported sudden death. In this line of  thought, the present 
anatomopathological report aims to describe the possible causes 
associated with cardiac nodal/conduction tissue in post-mortem 
histopathological examination in a sudden death case suspected of  
Chagas disease.

MATERIALS AND METHODS

Macroscopic Characterization

The entire heart pice was obtained from the anatomical museum of  
Lisandro Alvarado University Medical Faculty. The donor patient 
was a woman, 62-year-old, which ingress to the emergency service 
of  “Antonio María Pineda” Hospital (Barquisimeto,Venezuela) 
without vital signs product of  a sudden syncope. Non-previous 
clinical antecedents were available. The heart weighed 225 g and 
no signs of  myocardial infarct/scars were detected at the gross 
examination.

Sinus Node Dissection and Nodal Cell Identifications

The sinus node was dissected following previous reports. Briefly, 
dissection was performed with a longitudinal incision between su-
perior and inferior cava venous insertion at right atria (2×1 cm), 
with crista marginalis and sinus node artery (branch of  the right 
coronary artery) as the reference point (Figure 1).10,11 For identifica-
tion of  sinus node región, attending previous histological descrip-
tions, nodal resident cells were described. Pacemaker cells (P cells), 
showed star/pyramidal morphology and organization in clusters. 
T-type cells were defined as transitional and immature myoid cells 
and, finally, fibroblast-like cells with long bipolar extensions.12 

Histopathological Analysis 

Myocardial tissue was surveyed for detecting histopathological 
damage. Thin sections (5 µm) were stained with periodic shiff  acid 
(PAS), Masson, and routine hematoxylin and eosin (H&E) staining. 
Samples were taken from the nodal area, right atrium, and right 
ventricle. To explore differential causes of  sudden death, foci of  
coagulative necrosis suggestive of  myocardial ischemia, as well as an 
intracoronary thrombus and viral inclusion bodies, were discarded. 
Following the Dallas criteria, myocarditis requires an inflammatory 
infiltrate and associated myocyte necrosis or damage not charac-
teristic of  an ischemic event. Borderline myocarditis requires a less 
intense inflammatory infiltrate and no light microscopic evidence 
of  myocyte destruction.13 Additionally, inflammatory cells were 
counted by the 40X power field, and the presence of  inclusions 
compatible with Trypanosoma cruzi (T. cruzi) was carefully analyzed 
with 40-100X power magnification. Masson Trichromic staining 
was performed for evaluating extracellular matrix reaction and/or 
muscular fibers replacement by connective tissue.

 Some especial structures were particularly studied. Myo-
cardial vessel integrity was evaluated considering endothelium in-
tegrity and presence of  inflammatory cells and or exudate in the in-
travascular space or the perivascular area. Intramural ganglia were 
identified, particularly in peri-nodal area, and structural integrity 
and presence of  parasite/inflammatory cells were assessed.

Ethical Statement

Heart samples from human donors and data collecting were ap-
proved by the ethical committee of  Lisandro Alvarado Medical 
Faculty, according to the Helsinki protocol for human ethics. 

RESULTS AND DISCUSSION

One of  the main characteristics of  chronic Chagas disease is nodal 
dysfunction. To address this, the histological morphology of  sinus 
node cells in a suspected case of  Chagas disease was analyzed. In 
this case, despite relative lacking of  clinical information, the ante-
cedent of  sudden death without apparent cardiac disease was the 
first motive that guides us to perform this study. As was referred to 
in the introduction, sudden death non associated with a structural 
disease, especially in patients of  middle age, is the first cause of  
death in Chagas disease. In such sense, this case was a very valuable 
opportunity to identify a non-diagnosed case of  chagasic associ-
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Figure 1. Macroscopic View of the Nodal Cardiac Area Dissection

The left panel shows a dorsal view of the heart base, with blacks arrows pointing 
cava vein insertion and nodal area aboutthe cava vein. The right panel has the 
same dorsal view, with the crista terminalis inside of the right atrium.
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ated sudden death (amastigote nest was identified) and perform 
a systematic analysis of  possible structural causes associated with 
malignant arrhythmias. 

 In the first place, pyramidal-shaped cells were identified 
as alongside nodal region dissected (Figure 2). Remarkably, cells 
were grouped in small (4-10 cells) and widely spread clusters, sur-
rounded by connective tissue and without contact with internodal 
tracts, which plausibly may affect the diffusion of  the action poten-
tial in the atrium. 

 Atrial fibrillation (AF) is the most common supraven-
tricular arrhythmia in chagasic patients. Some authors estimates 
than 5% of  electrocardiographic tracings of  patients with chronic 
Chagas disease.14 AF can lead to anatomical and electrophysiologi-
cal remodeling in both atria, including the region of  the sinoatrial 
node. Changes including atrial fibrosis, altered calcium channel 
metabolism and transformed gene expression have been demon-
strated in patients with AF and sinus node dysfunction.15 It is a 
topic with particular importance, due to the development of  atrial 
fibrillation is a predictor and an important risk factor for stroke, 
independent of  LV function.16 Besides, in experimental models, 
our team has demonstrated overexpression of  hyperpolarization-
activated cyclic nucleotide-gated (HCN) channel protein in acute 
Chagas disease, reinforcing the idea that cardiac remodeling may 
affect sinus node functionality and influences on cardiac arrhyth-
mias.17 Although the present study is only base on morphological 
evidence of  sinus node damage is, to our best knowledge, one of  
the few attempts to describe the damage of  nodal cells in a cha-
gasic related sudden death anatomopathological report. Further 
studies with immunohistochemical markers should be performed 
to assess this issue in a more precise fashion. 

 A remarkable vascular affection was detected during the 
histopathological examination. Perivascular inflammatory infiltrate 
was registered in muscular coronary vessels alongside working 
myocardium, closely related to cardiac fiber degeneration (Figure 
3). Additionally, images of  mononuclear cells compatible with the 
inflammatory rolling process and consequent endothelial reaction 
(Figure 3). These microscopical changes may be involved in the 
increased sudden death risk in chagasic patients. In experimental 
infection models, platelet aggregates, forming transient occlusive 
thrombi, were detected in small epicardial and intramyocardial ves-

sels, direct evidence of  microcirculatory disease associated with 
necrosis focus.4 The release of  vasoconstrictor substances, such 
as thromboxane A2 (TXA2) and platelet-activating factor (PAF) 
by macrophages, which are the predominant inflammatory cells, 
was proposed to cause transient ischemia and myocytolytic ne-
crosis.18 Although the micro-ischemic focus is not able itself  of  
causing extensive and life-threatening myocardial necrosis, it is a 
plausible attribute to this phenomenon pro-arrhythmogenic prop-
erties. Structural myocardial abnormalities, such as foci of  inflam-
mation, areas of  fibrosis, ventricular dilation, and akinetic or dys-
kinetic areas, generate a unidirectional block and slow conduction 
in circumscribed ventricular regions, essential for the appearance 
of  reentrant ventricular arrhythmias, which are the main triggering 
factor of  sudden death in chronic Chagas’ heart disease.19 In this 
sense, slow conduction generated by micro-ischemic focus may be 
one important mechanism associated with the appearance of  ma-
lignant and sudden death. 

 Wide neural depopulation and nervous fiber degenera-
tion were observed in the histopathological study of  the nodal and 
perinodal area. Mononuclear lining inflammatory infiltrates, neuro-
nal loss, and cytoplasmatic degenerative changes and nervous fiber 
disorganization and interfibrillar infiltrate were the main histologi-
cal alterations reported (Figure 4). The coexistence of  denervated 
and hyperinnervated areas in the diseased myocardium could result 
in increased electrophysiological heterogeneity during sympathetic 
activation and may lead to ventricular arrhythmia and sudden car-
diac death.20 Additionally, abnormal heart rate kinetics and sympa-
thetic innervation defects have been shown to precede ventricular 
tachycardia in congenital heart disease (CHD) patients. Moreover, 
autoimmune disturbances may be linked with the generation of  au-
toantibodies against adrenergic and muscarinic cardiac receptors,9 
adding pro-arrhythmogenic substrates to merely structural altera-
tions in cardiac neural structures. All of  these pieces of  evidence 
allow establishing the importance of  the cardiac nervous system in 
the pathophysiology of  sudden death in Chagas disease. 
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Figure 2. Histological Pattern of Nodal Like Cells in a Post-Mortem Diagnosed 
Chagas Disease

Left, Masson trichromic staining of a cluster of pyramidal cells, morphologically 
compatible with “P” (pale) pacemaker cells. Right, a cluster of P cells inserted in 
the root of the superior cava vein. In both cases, scarcity and disconnection of 
nodal P cells cluster are noted. Magnification 100X.

Figure 3. Vascular Morphological Alterations of Myocardial Vessels

Upper left. Myocardial arteriolar vessel. Extensive mononuclear perivascular 
infiltrate, intravascular fibrinous exudate (black arrow), and degenerative 
changes in the surrounding muscular fibers. Upper right and lower left. 
Arteriolar vessel with inflammatory cells lining endothelial layer. Lower right. 
Endothelial reactivity (black arrow) in the intima of a medium coronary artery. 
Magnification 100x. 
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 Inflammatory infiltrate was a common finding on the 
pieces of  myocardium studied. Mononuclear cells were the prin-
cipal inflammatory cells detected in the myocardium, often associ-
ated with intensive intercellular matrix reaction (Figura 5), Inflam-
mation showed a multi-focal pattern, with the focus observed with 
>10 cells/40X fields. Remarkably, mastocyte like cells (Figure 5, 
arrows) were seen in myocardial interstitium slides micrograph. 

 Inflammatory markers mediators may be involved in 
arrhythmogenesis and sudden death in chagasic patients. Several 
works postulate the association of  inflammatory markers and sud-
den death. C-reactive protein (CRP), a universal and unspecific in-
flammatory marker, was reported as a predictor of  sudden death in 
otherwise healthy patients.21 It is particularly true regarding supra-
ventricular arrhythmias, which also may be associated with sudden 
death. There was a vast literature linking AF and the inflammatory 

biomarkers, not only CRP but also hs-CRP, fibrinogen, IL-1, IL-2, 
IL-6, IL-8, TNF-a, serum amyloid A and monocyte chemoattrac-
tant protein.22 In the case of  ventricular arrhythmias, as we stated 
before, our team found that IL-10 and IL-2 were the most predic-
tive variable for sudden death risk in chronic chagasic patients.6 
We found in this report an important extension of  mononuclear 
infiltrate that, interestingly, not always was related to fiber necro-
sis, which leads to speculate the possibility of  pro-arrhythmogenic 
stimuli beyond structural inflammatory damage. 

 On the other hand, mast cells were observed in the mi-
croscopic slides. Mast cells principally survey the microenviron-
ment and respond to stimuli via expression of  Pattern Recognition 
Receptors (PRRs) that detect Pathogen and Damage-Associated 
Molecular Patterns (PAMPs and DAMPs).23 These cells are located 
in sites throughout the body, including the heart24 and have a pleth-
ora of  functions reflected in the secretion of  histamine, TNF, pro-
teases, lysosomal enzymes (β-hexosaminidase), biogenic amines 
(histamine, serotonin, dopamine), cytokines (TNF, interleukin 
(IL)-4, IL-5), and growth factors (stem cell factor (SCF) and basic 
fibroblast growth factor (bFGF) among others.25 Mast cells have 
been involved in cardiac fibrosis remodeling in response to isch-
emia,25 although this still matters of  debate. Notwithstanding, the 
presence of  mast cells in the context of  profuse interstitial matrix 
reaction and vascular alterations could be following this proposal. 
Interestingly, in an ex vivo model, mast cells coming from chagasic 
hearts were associated with profuse interstitial fibrosis,26 and mast 
cell density and fibrosis in the tongue muscles correlated with car-
diac fibrosis in human autopsies of  chagasic patients.27 This pro-
fibrotic property may favor arrhythmogenic focus, in conjunction 
with ischemic changes related to microvascular alterations and, in 
consequence, be involved in chagasic sudden death. 

 Finally, scarce images compatible with intracellular amas-
tigotes were found in the slice observed (Figure 6). In anatomo-
pathological studies, the parasite load observed was proportion-
ally higher in heart tissues from patients with the cardiac form,28 
although other reports of  sudden death failed to find parasite nest 
in cardiac tissue.29 

 In this study, we observed chronic myocarditis, without 
evidence of  thrombotic disease, which afflicted microvasculature 
and nervous nodal tracts. Nodal-like cells were also scarce and 
widely spread by the nodal region. Chronic chagasic cardiomyopa-

14 Original Research | Volume 7 | Number 1|

Figure 5. Intracardiac Ganglia Degeneration of Sudden Death is Probably 
Associated with Chagas Disease

Upper: At right, mononuclear infiltrate (black arrow) in the vicinity of intracardiac 
ganglia placed on the nodal región. Center. Degeneration and inflammatory 
infiltrate in an atrial nervous plexus. Right. Degenerative changes in intramural 
cardiac ganglia are linked to peri-neuronal inflammatory infiltrate. In a higher 
magnification (bottom, left, and center) mononuclear cells infiltrate inside of 
cardiac ganglia, generating neuronal death. Finally, at lower magnification, 
massive infiltration can be detailed, with matrix disorganization in the proximal 

región of cardiac ganglia. Blacks arrows. Magnification 40X 

Figure 6. Intracellular Inclusions Compatible with Amastigotes of Trypanosoma 
Cruzi in Peri-Nodal Area

Left, Masson trichromic staining of connective tissue. Arrows points rounded 
intracellular inclusions. Right, intracellular matrix positive to Masson trichromic 
staining, it can be appreciated a macrophage with cytoplasmic inclusions. 
Magnification 100x. 

Figure 4. Inflammatory Pattern Alongside Cardiac Tissue of Sudden Death Is 
Probably Associated With Chagas Disease

Upper and lower left. Mononuclear infiltrates are associated with muscular 
fiber degeneration and extracellular matrix reaction. Magnification 10 and 40x 
respectively. Upper and lower right. Plasmocyticinfiltrates detail, rounded cells 
with acidophilic cytoplasm and granules. Magnification 100x.
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thy mixes arrhythmogenic mechanisms normally observed in dif-
ferent kinds of  cardiac pathologies, such as arrhythmogenic, isch-
emic, and structural cardiomyopathy. Additionally, it is necessary 
to keep in mind the fact that 1) unexpected sudden death normally 
afflicts younger patients (30-50-years-old) otherwise non-symp-
tomatic30 2) Heart may be grossly normal or only slighted altered,19 
making very difficult the identification of  patients under sudden 
death risk. Taken together, these data strongly suggest the associa-
tion of  sudden death in Chagasic patients with non-evident struc-
tural changes in otherwise healthy patients. These changes, in fact, 
often are chronic and associated with long-lasting pathophysiology, 
making very necessary the instauration of  serological controls in 
potentially exposed population and a complete cardiological valo-
rization and following to positive 

CONCLUSION

In conclusion, we performed a specific histopathological study 
of  specialized cardiac structures more susceptible to be altered in 
an anatomopathological case of  sudden death non-initially diag-
nosed as Chagas disease. We concluded that nodal depopulation, 
microvascular changes, neural degeneration, and amastigote nest 
presence may be unapparent changes potentially associated with 
malignant arrhythmias. Due to the scarcity of  anatomopathologi-
cal studies in sudden death cases, it is important to set the basis for 
performing protocols to examine anatomical structures involved 
in the genesis of  malignant arrhythmias and avoid unregister of  
sudden death associated with chagas disease and, additionally, the 
most exhaustive correlation among pre-morten clinical data and 
post-mortem findings should be performed in further studies in 
sudden death cases. Last but not least, this study was the oppor-
tunity to revise inconjunct the different mechanisms of  sudden 
death and improve the comprehension of  malignant arrhythmias 
pathophysiology.
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