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portable cautery device, which may not be avail-
able in a primary care office. Instead, the time-
honored approach is to heat the end of an unfolded
paper clip in a flame and to use that metal to
burn through the nail into the hematoma.

Jeffrey L. Kaufman, M.D.

Baystate Vascular Services
Springfield, MA 01107

THE AUTHORS REPLY: Although we recognize, as
Trautinger points out, that the pathobiology of sun-
burns may not be typical of most thermal burns,
one of the most common causes of first-degree
burns is sunburn. Thus, topical diclofenac sodium
may be of use for many patients with first-degree
burns. There is also evidence that other topical non-
steroidal antiinflammatory agents may be of benefit
for thermal injuries. For example, a study of sec-
ond-degree burns in adult sheep showed that top-
ically applied ibuprofen decreased both local edema
and prostanoid production in the burn tissue.
We agree that all efforts should be made to re-
duce the risk of bacterial cross-contamination be-
tween patients and wounds. Previous studies have
shown that white-coat sleeves often contain patho-

genic bacteria such as Staphylococcus aureus.?3 In
these studies, a significant proportion of subjects
laundered their coats only at monthly intervals.
No study has shown contamination of white coats
that were properly washed and changed on a daily
basis. However, we agree with Guyot et al. that the
use of clean short sleeves, as well as proper hand
washing and gloves, should be encouraged.

Finally, as noted by Kaufman, in the absence of
a portable cautery device, the end of an unfolded
paper clip, heated in a flame, may be used to drain
a subungual hematoma. Although we too have
used this method in the past, in our experience
it is now often difficult to find an alcohol lamp,
let alone a match to light it.

Adam J. Singer, M.D.
Alexander B. Dagum, M.D.

Stony Brook University
Stony Brook, NY 11794
adam.singer@stonybrook.edu
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Triglyceride Deposit Cardiomyovasculopathy

TO THE EDITOR: A 41-year-old man was admitted
to our hospital with ventricular tachycardia in 2003.
Biopsy specimens obtained from the right ventri-
cle showed neutral lipid deposition in cardiomyo-
cytes. In 2004, the patient had catecholamine-
dependent congestive heart failure, and a left
ventricular assist system was implanted. Skeletal-
muscle atrophy in the arms became evident, and
staining of biopsy specimens with oil red O
showed droplets of predominantly type I fibers
(Fig. 1A). Levels of plasma lipids and carnitine
were normal.

In June 2007, the patient underwent cardiac
transplantation. Microscopical examination of the
explanted heart revealed numerous vacuoles that
stained positive for oil red O in the cytoplasm of
cardiomyocytes (Fig. 1B). The triglyceride content
in the left ventricles was markedly increased, as
compared with that in three control subjects with-
out heart disease (data not shown). The patient’s

coronary arteries showed diffuse intimal thicken-
ing and fibroatheromatous lesions. Vacuoles were
observed in the cytoplasm of endothelial cells, in
the smooth-muscle cells in the media of the cor-
onary arteries (Fig. 1C), and in the foam cells in
the intima. Cells that were positive for oil red O
staining were seen in the endothelium, intima
(Fig. 1C, upper inset), and media (Fig. 1C, lower
inset). Surprisingly, the triglyceride content (Fig.
1D), but not the cholesterol content (Fig. 1E), in
the patient’s atherosclerotic coronary arteries was
much higher than that in two control subjects and
in two patients with ischemic cardiomyopathy.
To determine the molecular mechanism for this
triglyceride deposition, we sequenced the adipose
triglyceride lipase gene (ATGL, also known as
PNPLA2), which encodes an essential intracellular
triglyceride lipase.* The patient was homozygous
for a point mutation in exon 7 of ATGL (c.865C-T;
p-GIn289X), which is identical to a mutation re-
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Figure 1. Oil Red O Staining of Biopsy Specimens from the Patient and Measures of Triglycerides and Cholesterol.

Panel A shows a biopsy specimen obtained from the patient’s atrophied arm, with droplets of predominantly type |
fibers. The scale bar represents 40 ym. Panel B shows numerous vacuoles in the cytoplasm of cardiomyocytes in
the myocardium of the explanted heart after the patient underwent cardiac transplantation. The scale bar represents
50 pm. Panel C shows a histologic section of a coronary artery from the explanted heart. Neutral lipids have accu-
mulated in the endothelium, intima (1), and media (M). The insets show endothelial cells (upper inset, arrow) and
smooth-muscle cells (lower inset) in the media that are filled with stained lipid. The scale bar represents 50 ym. The
letter A denotes adventitia. Also shown dre the triglyceride content (Panel D) and cholesterol content (Panel E) of
coronary-artery specimens from the patient, from two subjects with ischemic cardiomyopathy (ICM1 and ICM2),
and from two control subjects who died from noncardiac diseases. The T bars represent standard deviations.
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ported by Fischer et al.? in a patient with mild
myopathy.

The atherosclerotic lesion that we observed in
this patient was unusual® because the accumu-
lated lipid was triglyceride rather than cholesterol,
lipid-laden cells were distributed through all layers
of the arterial wall, and the patient had normal
plasma triglyceride levels. These phenotypes may
result from the mutation in ATGL.*
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Emergence of Extensive Drug Resistance during Treatment
for Multidrug-Resistant Tuberculosis

TO THE EDITOR: We report the development of
fluoroquinolone-resistant tuberculosis and exten-
sively drug-resistant tuberculosis during second-
line treatment for multidrug-resistant tuberculo-
sis in Karakalpakstan, Uzbekistan. Eighty-seven
patients were treated with a regimen containing
at least five drugs to which the infecting strain
was presumed to be susceptible, according to rec-
ommendations from the World Health Organi-
zation.? We performed drug-susceptibility testing
and DNA fingerprinting on Mycobacterium tuber-
culosis isolates collected at baseline and during
treatment.

None of the 87 patients had ofloxacin resis-
tance at baseline, yet ofloxacin resistance devel-
oped during treatment in 18 patients (21%), and
10 patients (11%) were classified as having exten-
sively drug-resistant tuberculosis.? Only 5 (28%)
of the 18 patients with ofloxacin resistance were
successfully treated. Isolates from 13 patients had
identical DNA fingerprints throughout treatment,
probably reflecting the induction and amplifica-
tion of ofloxacin resistance. A mixed infection,
with two strains at baseline, was found in one
patient, whereas the isolates obtained from four
patients during treatment had DNA fingerprints
that differed from those of the baseline isolates,
indicating potential reinfection (Fig. 1).

Among the 13 patients with identical strains
at baseline and during treatment, second-line re-
sistance and a severe clinical condition at baseline
were significantly associated with the develop-
ment of ofloxacin resistance on univariate analy-
sis (P=0.002 and P=0.03, respectively) (see the
Supplementary Appendix, available with the full
text of this letter at www.nejm.org). Both factors
remained significantly associated with fluoroquin-
olone resistance in a multivariate model (P=0.007
and P=0.03, respectively). Interestingly, 9 of the
13 patients were infected with a multidrug-resis-
tant tuberculosis clone that is highly prevalent in
this region, suggesting a higher propensity of par-
ticular strains to acquire resistance. A reduction
in population diversity caused by clonal expansion
of particular multidrug-resistant strains also ren-
ders strain differentiation based on IS6110 finger-
prints more difficult. Thus, some of the presumed
amplification might represent reinfection with
a fluoroquinolone-resistant variant of the same
strain.

This study shows that exogenous reinfection
with extensively drug-resistant M. tuberculosis strains
may occur during second-line treatment of multi-
drug-resistant tuberculosis. The reinfecting strains
from three patients showed DNA fingerprint pat-
terns and resistance profiles that were identical to
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A Novel Clinical Entity: Triglyceride Deposit Cardiomyovasculopathy
— Implications and Perspectives from “Obesity of the Heart”

Ken-ichi Hirano

Department of Cardiovascular Medicine, Graduate School of Medicine, Osaka University, Osaka, Japan

Heart diseases, including atherosclerotic cardiovascular disease and congestive heart failure, are major
life-threatening disorders in most countries. Cholesterol is a vital causal factor and focus of research
into heart diseases, but the involvement of triglycerides remains unclear. We recently reported a
unique patient suffering from severe congestive heart failure and needing cardiac transplantation.
Massive accumulation of triglycerides was observed in coronary atherosclerotic lesions as well as in
the myocardium, while plasma triglyceride levels were normal. We suggested that this phenotype was
a novel clinical entity and named it “Triglyceride deposit cardiomyovasculopathy”, or simply “Obesity
of the heart”. The patient was identified as homozygous for a genetic mutation in the adipose tri-
glyceride lipase, an essential molecule for hydrolysis of intracellular triglycerides. The present paper
deals with what we can learn from this single case and discusses its implications for research and clin-

ical medicine related to heart diseases.

J Atheroscler Thromb, 2009; 16:702-705.

Key words; Adipose triglyceride lipase, Atherosclerosis, Cardiac transplantation, Congestive heart failure,
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Cholesterol has been a principal focus of heart
disease research during the last 50 years. The Framing-
ham heart study, which started in 1960, reported that
plasma cholesterol levels were a strong predictor for
coronary heart disease”. In the 1970s, Brown and
Goldstein clarified the molecular mechanism for famil-
ial hypercholesterolemia (FH) and indentified the low
density lipoprotein (LDL) receptor as the molecule
responsible for FH?. In the same decade, Endo ez 2/.
discovered fungal metabolites with hypocholesterol-
emic activities”, which were the prototype of what are
currently called “statins”. Recently, clinical studies with
“power statins” showed that almost half of all cardiac
vascular events and deaths can be prevented with these
kinds of drugs?¥. Recent reports seem to indicate that
statins may be effective for non-ischemic as well as
ischemic congestive heart failure®.

In contrast to cholesterol, the involvement of tri-
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glycerides (TG) in heart diseases has remained ambig-
uous. In spite of their best efforts, it has been difficule
for researchers to obtain direct proof of an associa-
tion between plasma TG levels and coronary heart
disease® ?. Before the Framingham heart study and
the aforementioned two major discoveries of LDL
receptors and statins, pathologists had reported that
the human aorta and coronary arteries contained sub-
stantial amounts of TG, comparable to cholesterol® ?;
however, it seems that the big cholesterol “wave” swept
TG away from the heart to the adipose tissue.

TG is synthesized from glycerol and fatty acids
and hydrolyzed by intracellular lipases (i.e., adipose
triglyceride lipases (ATGL)) and extracellular lipases
(i.e., lipoprotein lipases)'?. Adipocytes take up long-
chain fatty acid (LCFA), synthesize TG, and store them
in cytoplasmic lipid droplets as a major energy source
for the whole body. When required, TG is hydrolyzed
by lipases and LCFA is delivered through the blood-
stream to oxidative tissues, such as the heart and some
skeletal muscles. The heart, which must beat approx-
imately one hundred thousand times a day, prefers
LCFA to produce adenosine triphosphate (ATP) via
mitochondrial B-oxidation in order to achieve maxi-
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Fig.1. (A) A schematic presentation of triglyceride deposit cardiomyovasculopathy,
showing primary and secondary causes which induce TG accumulation in both
myocardium and coronary arteries. (B} Regulatory facrors of intracellular TG

content.

TG is stored in cytoplasmic lipid droplets. Cellular TG contents may be regulated by
catabolism or hydrolysis of intracellular TG as well as by substrate supply, such as LCFA
of TG from the bloodstream. LPL: lipoprotein lipase; ATGL: adipose triglyceride lipase;

LCFA: long-chain fatry acid.

mum contractility'”. Under normal conditions, lipid
droplets containing TG are therefore hardly observed
in the heart.

We recently reported a unique patient suffering
from congestive heart failure and eventually needing
cardiac transplantation. This patient’s coronary arter-
ies and myocardium showed massive TG accumula-
tion even though plasma TG levels were normal. Car-
diomyocytes and all layers in the coronary arteries
were filled with TG-containing lipid droplets. The
patient was identified as homozygous for a genetic
mutation in the adipose triglyceride lipase (ATGL),
which is an essential molecule for hydrolysis of intra-
cellular TG'?. We suggested that this phenotype was a
novel clinical entity and named it “Triglyceride deposit
cardiomyovasculopathy (TGCV)” or simply “Obesity
of the Heart” (Fig.1A). It is interesting that the
phenotype of TGCV is very similar to that of ATGL
knockout mice generated by Zechner et 4/.'.

What can we learn from this single case of “Obe-

sity of the Hear(”?

1. We need to be aware of the presence of a sub-
stantial amount of TG in human arteries.

2. It is difficult to differentiate TG from choles-
teryl ester by using conventional Oil red O or Sudan
IV staining methods. For example, Oil red O-positive
lipids in arteries may not always be cholesteryl esters,
but rather TG.

3. As mentioned earlier, it seems difficult to prove
a direct association between plasma TG levels and cor-
onary heart disease. We need to consider that tissue
TG content may depend on intracellular catabolism
(hydrolysis) of TG mediated by lipases (ATGL etc)
rather than on a supply from substrates such as LCFA
from plasma (Fig. 1B).

4. The frequency of TGCV phenotype occur-
rence may be higher in Japan. Since the 1980s, cases
of Jordan’s anomaly have been reported in Japan in
which patients suffered from cardiomyopathy asso-
ciated with neutral lipid deposition, although their
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molecular basis was not identified'*'®. More recently,
it was reported that patients with ATGL mutation had
severe heart disease'”'®, but without mention of TG
deposition in coronary arteries.

Possible implications for research and clinical
medicine:

1. Elucidation of pathophysiology of TGCV

2. Investigation of the initiation and progtession
of atherosclerosis in TGCV, particularly focusing on
the difference between atherosclerosis in TGCV and
classical atherosclerosis, described by Ross et 2/.' 2.

3. Determination of the relevance of TGCV phe-
notype. For this purpose, a population with a high
prevalence of TGCV needs to be found.

4. Identification of primary and secondary causes
of TGCV

5. Development or laboratory test or other meth-
od for easy evaluation of tissue TG accumulation.

6. Examination of the relationship beeween TG
deposition in the heart and acute coronary syndrome.

Medical science has seen novel hypotheses put
forward and breakthroughs achieved, such as those for
FH? and Tangier disease®”, as a result of patient-ori-
ented research®. “Cholesterol and atherosclerosis”
seem to be close to the goal, whereas “Inflammation
and atherosclerosis” are the subject of heated discus-
sion®. This single reported case may indicase that this
is a suitable time to ask whether “TG” comes back
from adipose tissue to the heart.
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