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Abstract We report three autopsy cases of wide-spread
myocardial necrosis with calcification in pediatric patients
after temporary generalized hypoxia and initially successful
cardiopulmonary resuscitation, but subsequent in-hospital
death. Autopsy and histological workup in all three cases
showed multiple circumscribed calcified and necrotic areas
in progressive stages of organization within the myocar-
dium. We conclude that these macro- and microscopic
autopsy features appear to be related to reperfusion injuries
in children as a consequence of hypoxic-ischemic changes
occurring in the peri- and postresuscitation period.

Keywords Pediatrics - Cardiopulmonary resuscitation -
Hypoxia - Myocardial calcification - Autopsy

Introduction

An imbalance in oxygen supply and demand, e.g., during
cardiac arrest, and generalized hypoxia before cardiopul-
monary resuscitation (CPR) attempts, results in tissue
hypoxia, microvascular dysfunction, and finally tissue
necrosis with organ failure and cell death. Its extent depends
on various factors, e.g., the affected cell/tissue type, the
duration of ischemia, the patient’s age and pre-existing
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diseases. After a prolonged period of ischemia, sufficient
reperfusion may lead to an initial satisfactory performance
of the impaired tissue or organ, but also might cause
reperfusion injuries related to oxidative stress by peroxi-
dation of the membrane phospholipids and resulting in
changes in the permeability of the cell membrane and cell
death [1]. Such hypoxic conditions with subsequent reper-
fusion-related tissue injury contribute to morbidity and
mortality in a considerable range of pathologies. They are
also a major challenge during cardiothoracic, vascular and
general surgery and solid organ transplantation [2].
Generally, cardiac oxidative stress severely compro-
mises the cardiac antioxidant cellular system, causes car-
diac antioxidant cellular system injuries and may result in
oxidative damage such as depletion of nonenzymatic
antioxidants such as glutathione [3]. In particular myo-
cardial reperfusion injuries after cardiac arrest and gen-
eralized hypoxia with subsequent successful CPR have
been widely described and evaluated concerning occur-
rence, pathophysiology and therapeutic options, particu-
larly in adult patients [2, 4-8]. When compared to adults,
children present a different pattern of physiological
response to myocardial ischemia with subsequent reperfu-
sion, e.g., changes in protein expression, known from
cardiac transplantation procedures in pediatric patients or
surgical repair of congenitally malformed hearts in infants
[9-11]. Perioperative myocardial injury due to ischemia
can be the major determinant of postoperative dysfunction
after cardiac surgery, and infants seem to be more vul-
nerable than adults during ischemia [1, 12]. Significant
differences in antioxidant protein levels in newborns
compared with adults have also been demonstrated,
showing that newborn hearts have diminished scavenging
capacity [13]. The immaturity of the infant’s myocardial
metabolic capacity which may affect its ability to respond
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to ischemia might serve as an explanation and promote
unfavorable conditions [1].

We present three pediatric autopsy cases with uncom-
mon cardiac findings in terms of hypoxic-ischemic necrosis
with subsequent wide-spread dystrophic calcification of the
myocardium after generalized hypoxia and initially suc-
cessful CPR. The incidents which required CPR were
survived for weeks and months. Except for temporary
generalized hypoxia and subsequent primarily successful
CPR with return of spontaneous circulation (ROSC), there
were no other common clinical features in the presented
cases that would potentially explain the significant calci-
fications. The myocardial calcifications with subsequent
loss of functional myocardial tissue were possibly con-
tributory, but did not cause death (alone) in these three
cases.

Case 1

A woman gave birth to a female baby in a public restroom.
The mother stated that she had not noticed that she was
pregnant, and the baby was immature. Rescue personnel
were called to the scene, where at first inspection the
emergency physician refused to undertake CPR efforts on
the lifeless and obviously immature baby. Only at the
behest of immediate medical treatment by a rescue tech-
nician was CPR successfully initiated, and the baby was
transported to a Pediatric Intensive Care Unit (PICU).
Cardiocirculatory stability was achieved at admission, but
despite extensive pediatric intensive care support including
inotropics for maintaining blood pressure and loop diuret-
ics, severe complications with multi organ failure devel-
oped. The extremely premature baby died 10 weeks after
birth due to septic complications arising from peritonitis.

Autopsy

As the mother stated that she had not noticed that she was
pregnant, the baby’s probable age was assessed at autopsy
by measurement of the body. The girl’s body length was
measured at 38 cm with a weight of 1,354 g, head cir-
cumference 22 cm and crown-rump length of 26.5 cm,
indicating a birth in about the 5th month of pregnancy with
extreme prematurity. Apart from prolonged surgical and
invasive PICU therapy, external examination of the body
yielded no evidence of external injuries or violence; there
were no fresh or older resuscitation injuries. The heart
(weight 7 g) was fixed before further examination. Con-
sistent with age and immaturity, the brain showed a blurred
corticomedullary boundary. Apart from pulmonary edema
due to long-lasting artificial ventilation, the lungs (left
16 g, right 17 g) were without visible tissue changes.
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Yellowish, partially hardened focal and also confluent tis-
sue changes were centrally located in the spleen (weight
2 g) and in the kidneys (left 16 g, right 16 g). Furthermore,
adrenal hemorrhage and icteric inner vessel wall layers
were also observed. Cause of death was macroscopically
assessed as septic multiple organ failure with extreme
prematurity due to prior purulent peritonitis with laparot-
omy and repair of lacerated colon.

Histology

The heart was regularly developed, and without any con-
genital abnormity. The coronary arteries and valves were
inconspicuous. Especially in the inner two-thirds of the left
ventricular muscle layer, numerous extensive landmap-like
areas with pale myocardial nuclei and partially dissolved
cytoplasm were noted (Fig. 2b). Particularly in the outer
portions there were pronounced flaky calcifications pre-
dominantly associated with necrotic myocardiocytes. The
lungs were immature and showed overinflated areas with
focal reticular interstitial fibrosis (bronchopulmonary dys-
plasia) and aggregated macrophages. In a few small arteries
and capillaries sparse, partially organized and calcified
microthrombi were detected. The mucosa of the larynx and
trachea showed circumscribed necrotic areas extending to
the depth of the submucosa. Focally calcified areas of
necrosis were found in the striated muscles of the larynx,
the hyaline cartilage tissue, and also in the glandular
structures of the mucosa. The liver (weight 53 g) showed
severe acute and subacute congestion with disseminated
necrotic areas. Calcifications were not found. Splenic tissue
presented microscopically extensive, geographical areas of
necrosis with pronounced iron-containing calcifications as
well as a resorptive inflammatory reaction and partly cal-
cified vascular thromboses. The kidneys were regularly
developed and showed a subtotal infarction of approxi-
mately 80 % of the renal tissue with extensive areas of
necrosis with calcifications involving mainly peripheral
parts of the necrotic areas and the tubular lumina, thus
suggesting significant renal impairment prior to death
(which may in turn have led to a not insignificant hormonal
imbalance affecting calcium homeostasis). Focal partly
calcified arterial thrombi were also found. A histological
specimen of retroperitoneal fat tissue showed multiple,
partially calcified fat tissue necrosis.

In summary, the histological report gave no evidence for
any congenital organic abnormality, congenital metabolic
disease or primary intrauterine infection. The child was
expected to have been born in about the Sth month of preg-
nancy. The predominant histological changes were sum-
marized as severe organ damage with secondary extensive
necrosis with focal but marked calcifications in heart, spleen,
kidneys, fatty tissue and also the gastro-intestinal tract,
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suggesting that the necrosis were due to shock-induced
disruption of perfusion immediately after birth. A superin-
fection of the gastro-intestinal tract necrosis with bacteria
and fungi and pronounced chronic purulent inflammation
of mesenteric fatty tissue and peritoneum led to a septic
multiple organ failure which was considered as the final
cause of death with underlying extreme prematurity.

Case 2

A 5-month-old boy was found unconscious by his parents.
They immediately initiated CPR and called emergency
personnel to the scene who continued CPR during trans-
portation to the hospital. On admission to the Emergency
Room (ER), the boy was unconscious, artificially venti-
lated, and pulseless despite own myocardial activity. The
pupils were fixed and non-reactive to light. He was
admitted to PICU where intensive medical care was able to
stabilize the boy’s circulatory system however his poor
neurological condition did not improve. At day 10 after the
incident, brain death was confirmed with formal testing,
and the parents agreed to multiple organ donations (heart,
liver, pancreas, kidneys). Echocardiography showed minor
myocardial wall motion disturbances, however no clear
contraindications for organ donation were identified. Organ
harvesting was performed 10 days after the initial cardiac
arrest. During the organ harvesting surgery the aortic
cannula was placed incorrectly, and the cardioplegic
solution could not be funnelled in an appropriate time-
frame, thus the heart could not be used for transplantation
and was returned to the body.

The boy was reported to have been born after an
uneventful second pregnancy with all antenatal medical
examinations and screening tests being normal. There was
neither a family history of cardiac events nor a medical
history except for a complication-free surgical correction
of an inguinal hernia in the 2nd month of life. Medico-legal
autopsy was ordered by the public prosecutor to clarify the
cause of death and to exclude external violence.

Autopsy

Autopsy of the body (weight 6.7 kg, length 65 cm) con-
firmed multiple organ donations with surgical removal of
heart, liver, kidneys and pancreas, in addition to signs of
prolonged invasive PICU therapy. No fresh or older
resuscitation-related or other injuries were obtained. The
brain (weight 700 g) was remarkably pale and edematous,
and the corticomedullary junction was blurred. All cut
surfaces of the heart (weight 50 g) showed circumscribed
hemorrhagic and calcified necrotic areas between 1.0 and
2.2 cm in diameter (Fig. 1a). All other available organs

were macroscopically unremarkable with no further calci-
fications or hemorrhages. Cause of death was macroscop-
ically assessed as either suspected Sudden Infant Death
Syndrome (SIDS) with cardiac changes associated with
previous cardiac arrest or as sudden cardiac death as a
result of these myocardial changes. Additional toxicologi-
cal and microbiological investigations were unremarkable.

Histology

In the left side of the heart, there were multiple areas with
fresh hemorrhages, necrosis and extensive areas of calci-
fication and—at the edges—intense histiocytic and mac-
rophage infiltrations. The coronary arteries and valves were
slight, and there was no evidence of pre-existing hypoxic,
ischemic or inflammatory myocardial processes. Due to
cardiac arrest most likely in the setting of SIDS, a global

Fig. 1 a (Case 2) and b (Case 3): Macroscopic aspect of excessive
calcified myocardial necrosis with a patchy/stripe-like aspect
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cerebral edema (weight 700 g) with severe nerve cell loss,
compatible with massive hypoxic brain tissue damage, was
identified. The histiocytic and mesenchymal reactions
indicated an age of about 10 days. All other organs studied
were unremarkable. Further diagnostics, e.g., for geneti-
cally determined channelopathies or ultrastructural analy-
ses, were not performed.

Case 3

Two unattended girls (2 and 2.5 years old) broke through
the ice of a lake into the cold water and were rescued a few
minutes after the accident by the supervising kindergarten
teacher. While the 2-year-old girl remained uninjured, the
2.5-year old girl was unconscious. She received immediate
CPR by emergency physicians and was transferred to
hospital. On admission to the ER, the body temperature
was 24.4 °C with cardiocirculatory insufficiency as well as
wide, non-reactive pupils. The girl was moved to PICU and
surgically connected to the heart-lung machine. With
rewarming but persistent neurological deficiency, cerebral
death diagnostics were performed, and the child was pro-
nounced dead 9 days after the incident. Organ donations
were not made. The clinical cause of death was cerebral
death due to hypoxia after near-drowning. There was nei-
ther a family history of cardiac events nor other significant
medical history. Medico-legal autopsy was ordered by the
public prosecutor to clarify the cause of death, to exclude
external violence and to evaluate if the child could have
survived the near-drowning if the kindergarten teachers
would have paid correct attention to the children.

Autopsy

The body was 93 cm tall and weighed 16 kg. Apart from
evidence of prolonged invasive PICU therapy, external
examination of the body yielded no evidence of external
injuries or violence; there were no fresh or older resusci-
tation injuries. Macroscopic autopsy findings revealed
severe brain edema (weight 1,330 g). Shock lungs (left
140 g, right 209 g) were noted with probable early onset of
hepatic necrosis (liver weight 650 g). The heart (not
weighted because of surgically adapted parts of the heart—
lung-apparatus in situ) showed striped, parallel, horizon-
tally arranged, partially confluent beige-colored areas of
pallor between 0.3 and 1.2 cm in diameter in the apical and
basic parts of the anterior wall and also in the entirety of
the posterior wall (Fig. 1b). No marked changes were
observed in the other organs, especially there being no
further calcifications. Cause of death was near-drowning
with subsequent cerebral death. Femoral venous blood
and urine were collected for toxicological analysis, but
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toxicological examinations revealed no specific findings.
Further diagnostics were not carried out.

Histology

The left ventricular anterior and posterior walls showed
large, infarct-like hypoxic-necrotic areas with uniform
partly striped, partly focal and confluent myocardial
necrosis, hypereosinophilia and marked calcification
(Fig. 2a), especially impressive with von Kossa’s staining
(Fig. 3). In semi-thin sections calcification appeared to be
localized intracellularly and also as an extracellular deposit
(Fig. 4). The coronary arteries and valves were unre-
markable. Indicating an underlying event a few days prior,
there was an accentuated histiocytic response (migrating
from peripheral to central), and a lymphohistiocytic reac-
tion extending into the inner sections of the necrotic areas.
In between, remnants of normal myocardium were found.

Fig. 2 a (Case 3) and b (Case 1): Microscopic aspect of calcified
necrosis in the myocardium which appears in large confluent areas
(a) and in the papillary muscles (b). Hematoxylin eosin staining,
original magnification x200
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Fig. 3 (Case 3): Von Kossa’s staining specifically illustrates calcified
tissue within the necrotic myocardium. Original magnification, x200

Fig. 4 (Case 3): In semi-thin-sections, Richardson’s methylene blue
staining x 600, calcification appears to be localized intracellularly
(arrows) and also as an extracellular deposit (star)

There was no evidence of pre-existing hypoxic, ischemic or
inflammatory processes. Further ultrastructural analysis of
the myocardium showed large foci of calcifications within
cardiomyocytes. The calcifications were not linked to
mitochondria. Mitochondrial morphology was unremark-
able; notably no calcification was found (Fig. 5). All other
organs revealed no further calcifications. In accordance with
the macroscopic autopsy findings, death was considered to
have occurred as a direct consequence of the near drowning
incident 9 days prior and subsequent cerebral death.

Discussion

We present three pediatric autopsy cases with wide-spread
dystrophic myocardial calcifications. To the best of our

Fig. 5 (Case 3): Ultrastructural analysis of the myocardium shows
large foci of calcifications (arrows) within cardiomyocoytes. These
are not linked to mitochondria (arrowheads). Mitochondrial mor-
phology is unremarkable; especially no calcification can be detected
in these organelles. Original magnification, x 13,000

knowledge, such findings have not been reported in the
context of primarily successful CPR and indicate that only
a few days of survival after a hypoxic-ischemic condition
are required for formation of such reperfusion injuries in
pediatric patients. The degree of calcification in other
organs apparently depends on the time of survival; the
heart seems to be a primary target. Although cause of death
was not cardiac failure in any of the cases, a connection
between the cardiac autopsy findings and death at any
given point of time may exist. Whereas there might be
alternative etiopathological explanations for the extensive
calcifications (e.g., loop diuretics such as furosemide dur-
ing PICU treatment may lead to calciuresis and profound
nephrocalcinosis in case 1, potential “subclinical myocar-
ditis” may lead to excretion of dystrophin and intracardiac
“scarring,” secondary hyperparathyroidism), all reported
cases have in common that the patients survived hypoxic-
ischemic conditions by CPR but died days, weeks, or
months, later. However, due to longer survival time and
extreme prematurity in case 1, the pathogenetic mechanism
of myocardial calcification in case 1 is possibly not the
same as in the cases 2 and 3.

Generally, in coagulative or liquefactive necrosis there
are calcified areas which are not absorbed or cicatrized:
Infarcted muscular tissues with calcification occurring after
reperfusion have been described, and calcified areas of
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necrosis are well recognized in gynecological and bony
tumors. Further clinical examples are calcifications of ter-
atomas, tuberculous tissue with caseating necrosis, lithopai-
dion (calcification of a dead fetus in utero) and phleboliths
(calcification of venous blood clots). Dystrophic calcifications
are deposits of calcium in necrosis, hemorrhages, and/or with
fibrosis. This pathology is explained by the fact that with
nullified perfusion in the affected tissue, the mitochondrial
adenosinetriphosphate (ATP) synthesis is also inhibited,
leading to cessation of the ATP-dependent calcium transport
via the cell membrane (“swelling necrosis”). If the tissue is
reperfused after a prolonged period of ischemia, Ca*" and
water will then influx into the cell and into the mitochondria
where Ca®™t is intercepted in the mitochondria. Furthermore,
upon reperfusion, essential substrates for the generation of
ATP will influx into the cell, and rapid normalization of the
extracellular pH will occur, creating an H gradient across the
plasma membrane. Thus the Na™/H"-exchange and a Na*-
influx is triggered, instantly activating the surface Na™/Ca*"-
exchanger which absorbs Na™ via excretion but accumulates
Ca**in the cell [1,7]. Beyond that, oxidative stress may result
in cellular alterations including a depression in the activity of
sarcolemmal Ca”*™-pump ATPase and Na™-K'-ATPase
activities. These changes lead to decreased Ca*"-efflux and
increased Ca2+-inﬂux, respectively. Oxidative stress has also
been reported to depress the sarcoplasmic reticulum Ca®'-
pump-ATPase and thus inhibits Ca>"-sequestration from the
cytoplasm in cardiomyocytes [14, 15]. Finally, accumulation
of calcium and phosphate in the mitochondria finally results in
mitochondrial rupture and consecutive calcification of the
whole cytoplasm [16].

Calcified myocardial necrosis in infants have been
reported after birth-related hypoxia, idiopathic arterial cal-
cification and other conditions with decreased perfusion and
reduced oxygen supply due to maternal collagenosis, myo-
carditis, and intrauterine infection [17-21]. Cocaine-induced
vasospastic hypoxia in maternal chronic cocaine abuse, the

“congenital heart block” (auto-immunological process of
maternal Ro/La antibodies that irreversibly damage the
cardiac conduction tissue of the child) and trisomy 13 and
trisomy 21 also predispose to myocardial (papillary) calci-
fications of the child [22-25]. Moreover, myocardial calci-
fications have been seen after cardiac surgery, especially in
infants, and are also ascribed to prolonged ischemic condi-
tions during the surgical procedure; the grade of the resulting
myocardial ischemia-related tissue damage depends on the
length of ischemia. All these differential diagnosis should be
taken into account by the forensic pathologist when con-
fronted with pediatric myocardial calcifications at autopsy.

Pulselessness naturally also represents a state of hypoxia
when initially untreated by CPR—even with sufficient
external cardiac massage a systemic blood pressure of about
30 % of the original systemic blood pressure can be achieved
which then may lead to reperfusion of myocardial tissue and
cardiac action again [26], but this is not to be considered as
continuous satisfactory oxygen supply. Beyond that, studies
have shown that the pediatric heart is more sensitive to
ischemia and reperfusion injury compared with the adult
heart [27-29]. For the etiopathology of the newborn heart’s
greater susceptibility to hypoxia reactive oxygen species,
inflammation, accumulation of metabolic end products, tis-
sue pH, immaturity and apoptosis may be responsible [13].

Myocardial damage following CPR has been reported in
the context of external cardiac massage considered as blunt
chest trauma with possible subsequent immediate or even
later laceration of the myocardium [30, 31]. Calcification
of the myocardium may follow such injuries [32-34], and
ROSC elicits an array of damages to the cell, including
membrane lipid peroxidation, cross-linking and degrada-
tion of proteins, and the nicking of DNA, resulting in the
impairment of cellular integrity and function.

In our cases there was no CPR-related trauma, especially
not to the myocardium. Also pre-existing myocardial dam-
age was not found. All cases have in common that a

Table 1 Patient characteristics

Case Sex Age Survival time Myocardial ~ Other Cause Pre-existing
after initially calcifications calcifications of death diseases
successful
CPR (days)

1 f Newborn 60 Yes Yes Septic Extreme
(extreme multi prematurity
prematurity, organ
20th week of failure
pregnancy)

2 m 5 months 10 Yes No Sudden No

infant
death
syndrome

3 f 2.5 years 9 Yes No Near- No

drowning
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significant time of generalized hypoxia was survived for at
least several days. An overview of circumstantial features is
given in Table 1.In case 1, CPR started after a longer period
of time. In case 2, the incident was not witnessed and
(delayed) CPR was conducted by parents (medical laymen).
In case 3, the incident was not witnessed either and CPR was
also started after a longer period of time. Thus, a significant
time of hypoxia, i.e. several minutes, with relevant hypoxia-
related tissue necrosis and continuous tissue demise, can be
assumed in all three cases. Nonetheless, sufficient cardio-
circulatory performance was regained by CPR, followed by
in-hospital support measures. Calcification of the necrotic
myocardial tissue must have taken place after initial CPR—
there were no indications that the calcified necrosis were pre-
existing, and their histological picture corresponded to the
successful CPR efforts. Since pre-existing pathological
conditions were not present in our cases, we must refer to the
initially pulseless condition with subsequent hypoxia-related
tissue necrosis, CPR and reperfusion thereafter as the cause
for the massive myocardial calcifications. Interestingly,
mitochondrial structures remained intact, at least in case 3.
This doubts the suggested etiopathological pathway of
mitochondrial rupture after ATP depletion with reperfusion
and necessitates alternative paths of origin which are yet
unclear. Despite the myocardial calcifications, none of the
cases showed evidence of myocardial damage in the clinical
course. The amount of calcification as well as its specific
distribution (striped) is astonishing and apparently unique in
infants. Probably this autopsy feature is seen more often than
is published. Together with the insights into the pathophys-
iology, the short time course and the difference compared to
adult pathology, this is worth a reminder.

Key points

1. If survived for a longer period of time (e.g., days/
weeks/months), hypoxic episodes in children may lead
to calcified areas of necrosis from reperfusion injury,
especially in the myocardium.

2. Despite excessive myocardial calcification, mitochon-
drial structures may remain unaltered, despite mito-
chondrial rupture being proposed as an etiopathological
pathway.

3. These myocardial calcifications may not be the direct
cause of death in children after initially successful
resuscitation; in the presented cases, death was caused
by hypoxic-ischemic lesions of other organ systems.

4. After initially successful resuscitation with brain death
pediatric patients should be evaluated carefully with
regard to organ donation, especially with regard to the
heart. This might include diagnostic tests such as
cardiac CT before transplantation.

Acknowledgments We thank Dr. Paul Bedford for his contribution

to the work.

Conflict of interests None.

References

1. Oliveira MS, Floriano EM, Mazin SC, et al. Ischemic myocardial
injuries after cardiac malformation repair in infants may be
associated with oxidative stress mechanisms. Cardiovasc Pathol.
2011;20:43-52.

2. Eltzschig HK, Eckle T. Ischemia and reperfusion—from mech-
anism to translation. Nat Med. 2011;17:1391-401.

3. Cerretani D, Fineschi V, Bello S, et al. Role of oxidative stress in
cocaine-induced cardiotoxicity and cocaine-related death. Curr
Med Chem. 2012;19:5619-23.

4. Bunai Y, Akaza K, Tsujinaka M, et al. Myocardial damage by
resuscitation methods. Legal Med. 2003;5:302-6.

5. Dongé E, Hornydk I, Benko Z, et al. The cardioprotective
potential of hydrogen sulfide in myocardial ischemia/reperfusion
injury. Acta Physiol Hung. 2011;98:369-81.

6. Duan W, Yang Y, Yan J, et al. The effects of curcumin post-
treatment against myocardial ischemia and reperfusion by acti-
vation of the JAK2/STATS3 signaling pathway. Basic Res Cardiol.
2012;107:1-12.

7. Sanada S, Komuro I, Kitakaze M. Pathophysiology of myocardial
reperfusion injury: preconditioning, postconditioning, and trans-
lational aspects of protective measures. Am J Physiol Heart Circ
Physiol. 2011;301:H1723-41.

8. Stegman BM, Newby LK, Hochman JS, et al. Post-myocardial
infarction cardiogenic shock is a systemic illness in need of
systemic treatment: is therapeutic hypothermia one possibility?
Am Coll Cardiol. 2012;59:644-7.

9. Donnelly WH. Ischemic myocardial necrosis and papillary
muscle dysfunction in infants and children. Am J Cardiovasc
Pathol. 1987;1:173-88.

10. Russell GA, Berry PJ. Postmortem audit in a paediatric cardiol-
ogy unit. J Clin Pathol. 1989;42:912-8.

11. Hoshida S, Aoki K, Nishida M, et al. Effects of preconditioning
with ebselen on glutathione metabolism and stress protein
expression. J Pharmacol Exp Ther. 1997;281:1471-5.

12. Wittnich C, Belanger MP, Bandali KS. Newborn hearts are at
greater ‘metabolic risk’ during global ischemia—advantages of
continuous coronary washout. Can J Cardiol. 2007;23:195-200.

13. Cabigas EB, Ding G, Chen T, et al. Age- and chamber-specific
differences in oxidative stress after ischemic injury. Pediatr
Cardiol. 2012;33:322-31.

14. Cerretani D, Riezzo I, Fiaschi Al, et al. Cardiac oxidative stress
determination and myocardial morphology after a single ecstasy
(MDMA) administration in a rat model. Int J Legal Med.
2008;122:461-9.

15. Dhalla NS, Elmoselhi AB, Hata T, et al. Status of myocardial
antioxidants in ischemia-reperfusion injury. Cardiovasc Res.
2000;47:446-56.

16. Riede UN. Storungen der Reizbeantwortung. In: Riede UN,
Werner M, Schaefer HE, editors. Allgemeine und spezielle
Pathologie. 5th ed. Stuttgart: Georg Thieme Publishing; 2004.
p. 117-56.

17. Iglesias-Platas I, del Rio R, Rodriguez X, et al. Two new cases
of idiopathic arterial calcification in the newborn: watch out
for lineal calcifications in plain radiographs. J Pediatr. 2012;
161:767.el.

18. Hamne B, Ranstréom S. Calcification of the heart muscle in
infants. Acta Pathol Microbiol Immunol Scand. 1957;41:111-8.

@ Springer



550

Forensic Sci Med Pathol (2013) 9:543-550

19.

20.

21.

22.

23.

24.

25.

26.

27.

Hermann G III, Haupt GJ, Birkhead NC. Rapid myocardial cal-
cification after cardiac surgery. JAMA. 1963;186:260-1.
Kleiner JP, Way GL, Hamaker WR. Intracardiac calcification in a
child. Chest. 1977;72:517-8.

Simchen MJ, Toi A, Silver M, et al. Fetal cardiac calcifications:
report of four prenatally diagnosed cases and review of the lit-
erature. Ultrasound Obstet Gynecol. 2006;27:325-30.

Chan YF, Sampson A. Massive myocardial calcification in sec-
ond-trimester fetuses: antenatal detection and causes. Ultrasound
Obstet Gynecol. 2005;25:193-6.

Drut R, Drut RM, Greco MA. Massive myocardial calcification in
the perinatal period. Pediatr Dev Pathol. 1998;1:366-74.

Yap TE, Diana D, Herson V, et al. Fetal myocardial calcification
associated with maternal cocaine use. Am J Perinatol. 1994;11:
179-83.

Roberts DJ, Genest D. Cardiac histologic pathology characteristic
of trisomies 13 and 21. Hum Pathol. 1992;23:1130-40.
Delguercio LR, Feins NR, Cohn JD, et al. Comparison of blood
flow during external and internal cardiac massage in man. Cir-
culation. 1965;31:171-80.

Chambers DJ, Braimbridge MV, Hearse DJ. Free radicals and
cardioplegia. Free radical scavengers improve postischemic

@ Springer

28.

29.

30.

31.

32.

33.

34.

function of rat myocardium. Eur J Cardiothorac Surg. 1987;
1:37-45.

de Jong JW, van der Meer P, Nieukoop AS, et al. Xanthine
oxidoreductase activity in perfused hearts of various species,
including humans. Circ Res. 1990;67:770-3.

Parrish MD, Payne A, Fixler DE. Global myocardial ischemia in
the newborn, juvenile and adult isolated isovolumic rabbit heart.
Age-related differences in systolic function, diastolic stiffness,
coronary resistance, myocardial oxygen consumption, and
extracellular pH. Circ Res. 1987;61:609-15.

Buschmann C, Tsokos M. Frequent and rare complications of
resuscitation attempts. Intensive Care Med. 2009;35:397—404.
Buschmann C, Schulz F. Delayed pericardial tamponade after
successful resuscitation. Resuscitation. 2009;80:1328-9.
Edwards BS, Edwards JE. Myocardial disease. In: Edwards BS,
Edwards JE, editors. Pathology of sudden cardiac death—an
illustrated guide. Malden/Oxford/Victoria: Blackwell Publishing;
2006. p. 50-70.

Titus JL, Edwards JE. Calcification in myocardial infarcts. Hum
Pathol. 1989;20:721.

Raggi P. Coronary-calcium screening to improve risk stratifica-
tion in primary prevention. J La State Med Soc. 2002;154:314.



	Calcified myocardial necrosis in pediatric patients after cardiopulmonary resuscitation
	Abstract
	Introduction
	Case 1
	Autopsy
	Histology

	Case 2
	Autopsy
	Histology

	Case 3
	Autopsy
	Histology

	Discussion
	Key points
	Acknowledgments
	References


