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Idiopathic pulmonary fibrosis in East Asian

Changbo Sun, Yanbin Sun, Hui Shen, Chunlu Yang, Shun Xu*

Department of Thoracic Surgery, First Hospital of China Medical University, Shenyang, China.

Summary

Idiopathic pulmonary fibrosis (IPF) is a rare lung disease with a prognosis that can be worse
than that of many cancers. Recent studies have improved our understanding of IPF and new
treatment options have become available. However, most studies are conducted predominantly
in Western countries while few are conducted in East Asian countries. The distribution,
effectiveness of treatment, and prognosis for IPF differ among Westerners and East Asians,
but whether the heterogeneity of IPF in East Asians is the result of ethnic differences and
geographic variability is unclear. This study highlights the current prevalence of IPF and
its characteristics in the East Asian population and it provides valuable information to
understand the current clinical status of patients with IPF in light of recent advances in its
diagnosis and treatment.

Keywords: 1diopathic pulmonary fibrosis, East Asian population, heterogeneity, diagnosis,

treatment

1. Introduction

Idiopathic pulmonary fibrosis (IPF) is a rare, chronic,
progressive, and irreversible lung disease with no
specific cause and pathophysiological mechanism. Most
patients are males over the age of 60 and most patients
have a history of smoking. IPF is the most common
and severe form of usual interstitial pneumonia (UIP).
Median survival is estimated to be 3 to 5 years from the
time of diagnosis (/). Over the past few years, several
medications have demonstrated the ability to slow the
progression of this devastating disease, but there is no
effective treatment for the disease itself (2). For now,
lung transplantation seems to be the sole option for
selected patients with advanced IPF (3).

Since the ATS/ERS/JRS/ALAT guidelines on the
diagnosis and management of IPF were published in
2011, new data from major clinical studies, particularly
with regard to epidemiology, and from clinical trials
have been released from several Western countries.
Only a few recent studies focused on East Asians. The

Released online in J-STAGE as advance publication April 30,
2017.
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distribution, effectiveness of treatment, and prognosis
for IPF differ among Westerners and East Asians, but
whether the heterogeneity of IPF in East Asians is the
result of ethnic differences and geographic variability
is unclear. To date, no systematic study has reviewed
the prevalence and clinical course of IPF in the East
Asian population. The current study has discussed the
features and management of IPF in Chinese, Japanese,
and Korean patients as a whole since those populations
have a similar ethnicity. The aim of this study was to
describe the current state of IPF in East Asia as well as
recent advances in its diagnosis and treatment.

2. Epidemiology

IPF is a disease that affects the elderly and is more
prevalent in males. The true incidence and prevalence
of IPF have not been accurately determined because
of the lack of a uniform definition, diagnostic criteria,
and differences in methodologies and populations in
previous studies (4). However, the 2001 ATS/ERS
consensus statement offers an opportunity for more
precise epidemiologic studies. Generally, the prevalence
and incidence of IPF are higher in American studies than
in European and Asian studies (5,6). Whether this is due
to true differences in geography and ethnicity or simply
due to methodological differences in the way the studies
were conducted is unclear.

Data from the US indicate that IPF has a prevalence
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between 14 and 28 cases per 100,000 population. The
annual estimated incidence in the US is between 6.8
and 8.8 cases per 100,000 population. IPF-related
morbidity and mortality is higher in men and increases
progressively with age (5). A study from South Korea
in 2011-2012 indicated that the incidence of IPF
was 1.7/100,000, based on the new ATS/ERS/JRS/
ALAT statement published in 2011. There was an
overall increase in morbidity and mortality in those
years. Longevity, regular medical examinations, and
increasing use of CT might contribute to changes in the
epidemiology of IPF (7). An epidemiological survey in
Japan from 2003 to 2007 indicated that the prevalence
and cumulative incidence of IPF was 10.0 and 2.23 per
100,000 population, respectively, with 72.7% of cases
involving males and an increase in frequency with age

(8.
3. Risk factors

Although IPF is a condition of unknown origin.
Exposure to risk factors such as cigarette smoking,
environmental factors, and microbial agents as well as
genetic factors and gastroesophageal reflux have been
found to increase the risk of developing the disease
according to different studies (9).

4. Diagnosis
4.1. Clinical Presentation

IPF primarily occurs between 60 and 70 years of age
and the clinical symptoms of IPF are nonspecific. In
the early stages, IPF clinically presents as progressive
exertional dyspnea with a dry cough. In lung
auscultation, bilateral inspiratory crackles ("Velcro
crackles") at the lung base are characteristic and
appear early in the disease. Finger clubbing is present
in less than 50% of cases. Cyanosis and signs of right
ventricular failure occur in the advanced stage with
respiratory insufficiency, and precapillary pulmonary
hypertension is often present, particularly if emphysema
is associated with IPF. The disease progresses towards
chronic restrictive respiratory failure and death (7).

4.2. Pulmonary function tests

Pulmonary function is usually evaluated with
systematic tests when diagnosing IPF. The index of
spirometry typically reveals restrictive ventilatory
dysfunction with a reduced forced vital capacity (FVC)
and total lung capacity (TLC) reflecting reduced
lung function; the extent of the decrease is useful in
quantifying the severity of disease and predicting
outcome. Diffusing capacity for carbon monoxide
(DLCO) almost invariably decreases due to both a
contraction of the pulmonary capillary volume and

ventilation and perfusion mismatching. The decline
in DLCO may appear in the early or middle stages of
IPF as the only functional abnormality. Resting arterial
oxygen saturation is usually normal, but pulmonary
function tests performed during exercise, such as a
6-min walk test (6MWT), reveal a reduced exercise
capacity with increased alveolar-arterial oxygen tension
difference and oxygen desaturation.

4.3. Biomarkers

There are no specific laboratory abnormalities in
patients with IPF. Lung diseases with a specific
etiology need to be systematically ruled out and
extra-pulmonary signs and biomarkers need to be
examined to eliminate connective tissue diseases
(CTD) before IPF is diagnosed. Inflammatory and
potential disease—associated biomarkers such as blood
cell count, C-reactive protein, antinuclear antibodies,
rheumatoid factor, and precipitin should be measured.
Bronchoalveolar lavage is non-specific in patients with
IPF and is characterized by the presence of macrophages
and neutrophils with or without eosinophils. A
bronchoalveolar lavage may be warranted and crucial
to ruling out other diseases. Ohshimo et al. found that a
high proportion of lymphocytes in the lavage fluid (more
than 30%) tends not to indicate IPF (10).

4.4. Radiology

HRCT is an essential component to the diagnosis of
IPF. The ATS/ERS/JRS/ALAT 2011 guidelines have
assigned a primary diagnostic role to high-resolution
computed tomography (HRCT) (/). Radiological criteria
for IPF are classified into three categories: a UIP pattern,
a possible UIP pattern, and a pattern inconsistent with
UIP. On HRCT, UIP is characterized by the presence
of reticular opacities, which are often associated with
traction bronchiectasis. Honeycombing is a sufficient
and persuasive sign of a definite UIP pattern on HRCT.
Honeycombing on HRCT appears as clustered cystic
airspaces 3-10 mm in diameter and is located below
the pleura with well-defined walls (Figure 1). The
distribution of UIP on HRCT is characteristically basal
and peripheral, although it is often patchy (/7).

4.5. Surgical lung biopsy

An HRCT and histopathologic correlate for IPF is
UIP. If UIP is definitively diagnosed based on typical
manifestations on HRCT, a surgical lung biopsy is not
necessary. A video-assisted surgical lung biopsy after
careful evaluation of the operative risk is required to
confirm the diagnosis if the imaging features are not
characteristic. In some cases, multidisciplinary team
must consult to reach a definite diagnosis when HRCT
findings are inconsistent with findings from a surgical
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Figure 1. Chest computed tomography (CT) scans from patients with idiopathic pulmonary fibrosis (IPF). (A) A typical
radiological pattern of usual interstitial pneumonia with subpleural honeycombing in the costophrenic angle in Patient A.
Based on CT images from Patient B (B) and Patient C (C), there is a familial cluster of IPF in two brothers age 50 and age 52,

respectively.

lung biopsy (7).
5. Treatment
5.1. Pharmacological treatment

For many years, there were no effective treatments
of IPF until two agents, pirfenidone and nintedanib,
demonstrated the ability to slow the progression of the
disease according to recent clinical trials.

Pirfenidone is an oral antifibrotic agent that inhibits
the TGF-f pathway. The first multicenter, double-blind,
placebo-controlled phase III randomized controlled
trial of pirfenidone in IPF, which was conducted in 275
Japanese patients with well-defined IPF over 52 weeks,
indicated that pirfenidone 1,800 mg/day slowed the
decline in vital capacity (70 mL) and it may increase the
PFS time. Photosensitivity was a major adverse event in
that trial, though it was mild in most of the patients (/2).

Nintedanib is an intracellular inhibitor that targets
multiple tyrosine kinases, including PDGF, VEGF,
and FGF. A randomized, double-blind, phase 3 trial to
evaluate the efficacy and safety of 150 mg of nintedanib
twice daily in comparison to a placebo was conducted
over 52 weeks in a total of 1,066 patients with IPF.
Nintedanib reduced the decline in FVC (125 ml FVC
decline), which is consistent with slowing of the disease
progression. There were no differences in DLCO
measurements or in the distance walked in 6 minutes.
Nintedanib use was frequently associated with diarrhea,
which led to discontinuation of the study medication in
less than 5% of patients (/3). Patients who completed
the trial were able to receive nintedanib in an open-label
extension trial. In patients with a baseline FVC < 50%
and > 50% predicted at the start of the extension trial,
the absolute mean change in FVC from the baseline to
week 48 was —62.3 and —87.9 mL, respectively (n = 24
and n = 558, respectively). The decline in FVC in both
subgroups by baseline FVC % predicted was similar to

that in an earlier trial, suggesting that nintedanib may
have a similar effect on disease progression in patients
with advanced disease as in less advanced disease (/4).

The decline in FVC was significantly slower
in patients treated with pirfenidone or nintedanib
compared to a placebo. Both pirfenidone and nintedanib
were recommended for treatment of IPF in an update
of an Official ATS/ERS/JRS/ALAT Clinical Practice
Guideline in 2015 after a comprehensive analysis of a
series of clinical trials involving these two medications
(2). Furthermore, the FDA also has approved both
pirfenidone and nintedanib for the treatment of IPF.

However, which drug is superior as the first-line
therapy for IPF is still unclear. A recent systematic
review that indirectly compared both treatments
based on network meta-analysis reported that the two
treatments had a beneficial effect; nintedanib appears
to have superior benefit on FVC, but mortality did not
differ significantly with nintedanib and pirfenidone
(15). A superior first-line therapy for IPF has yet to be
determined based on clinical efficacy. Furthermore, the
two drugs cause slightly different adverse reactions.
Gastrointestinal and skin-related events were more
common in the pirfenidone group, whereas diarrhea and
liver dysfunction were more common in the nintedanib
group. The choice of pirfenidone or nintedanib for IPF
should be individualized based on these results.

5.2. Lung transplantation

Lung transplantation is now a widely accepted
treatment option for the management of a wide range of
chronic end-stage lung disorders. Given the progressive
and incurable nature of IPF, lung transplantation is
commonly suggested as the most effective treatment for
patients with moderate to severe IPF (/6).

IPF accounts for the largest group of patients on the
transplant list and median survival post-transplantation
among patients with IPF is estimated to be 4.5 years.
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Post-transplant survival is lower for patients with IPF
than for patients with other pre-transplant conditions,
with a 5-year survival rate of about 50% internationally
(17). According to data from the International Society
for Heart and Lung Transplantation (ISHLT) on lung
transplants received by patients with IPF, bilateral lung
transplantation has been increasingly performed at
most facilities because it provided a better long-term
survival than single lung transplantation (/8). A pooled
survival analysis of three observational studies revealed
no differences between patients who received single
versus bilateral lung transplantation. The improved
survival of bilateral lung transplantation over single lung
transplantation may be the result of selection bias (/).

In East Asia, a shortage of lung donors is a key
problem that has yet to be resolved because of the
difficulty in accepting the concept of brain death and
strict laws.

A systematic review in Japan reported that lung
transplantation was performed in 464 patients at 9
lung transplant centers in Japan between 1998 and
2015. Cadaveric lung transplantation was performed
in 283 patients (61%) and living-donor lobar lung
transplantation was performed in 181 patients (39%).
The upper age limit in Japan is stricter due to the severe
shortage of cadaveric donors. Candidates should be
under the age of 55 for bilateral lung transplantation and
under the age of 60 for single lung transplantation when
registered with the Japan Organ Transplant Network
waiting list. Single lung transplantation has been
chosen more often than bilateral lung transplantation to
maximize the number of transplants by sharing scarce
donors, with a donor/recipient ratio approaching 80%.
Over the past several years, living-donor lobar lung
transplantation has been performed extensively as a
life-saving procedure for critically ill patients in Japan
because of the long average waiting time, which is
more than 800 days for a cadaveric lung. There was no
significant difference in survival between patients who
underwent single lung transplantation and those who
underwent bilateral lung transplantation (/9).

A retrospective review of a total lung transplant
database from a medical facility in China indicated that
IPF accounts for 47% of all lung transplants. Single lung
transplantation accounted for 72% of transplants. The
proportion of bilateral lung transplants is consistently
low (less than 30% of all procedures), and this proportion
is much lower than that noted in the ISHLT Registry (20).

Based on evidence of favorable long-term survival in
patients with IPF who have received a lung transplant,
current statements recommend that patients with
progressive IPF and limited diffusion capacity should be
evaluated early for lung transplantation (/). International
recommendations specify that transplantation should be
considered in patients younger than age 65 if their DLCO
is less than 39% predicted and FVC has decreased by
more than 10% over 6 months of follow-up (21).

6. Complications and comorbidities
6.1. Acute exacerbation

Acute exacerbation of IPF (AE-IPF) is a life-threatening
event with no identified cause. In a large retrospective
study, the 1-year and 3-year incidence of AE-IPF was
as high as 14.2% and 20.7%, respectively. The presence
of AE-IPF results in a poor prognosis, with mortality
exceeding 60% during hospitalization and 90% within 6
months of discharge (22). A study in Japan reported that
acute exacerbation is the most frequent cause of death
in up to 40% of patients with IPF (8).

AE-IPF is characterized by acute (less than 30 days)
worsening of dyspnea with new opacities, and ground-
glass opacities in particular, on HRCT after ruling out
specific causes such as infection, pulmonary embolism,
and left heart failure. High-dose steroid treatment is
recommended for AE-IPF, but evidence of its efficacy
is lacking. Bronchoalveolar lavage may be warranted
to rule out pulmonary infection before starting steroid
therapy if the patient's condition allows it. Antibiotic
treatment depends on the clinical status of the patient
or the results of a bronchoalveolar lavage. Mechanical
ventilation may be needed in spite of the difficulty of
weaning from patients (/,3).

6.2. Pulmonary hypertension

Pulmonary hypertension is present in less than 10%
of patients with IPF at the time of diagnosis and in 30-
45% during evaluation prior to lung transplantation.
Pulmonary hypertension is associated with increased
mortality, dyspnea and hypoxemia, decreased exercise
capacity and DLCO, and a risk of acute exacerbation.
Doppler echocardiography is the first-line noninvasive
examination to diagnose pulmonary hypertension, but it
has low positive and negative predictive values. Whether
right heart catheterization is indicated for a patient with
IPF patient should be decided at specialized facilities (3).
Currently, there is no specific treatment recommended
for pulmonary hypertension in patients with IPF. Further
evidence is needed to make a clinical decision (2).

6.3. Gastro-esophageal reflux

Abnormal gastroesophageal reflux (GER), either
symptomatic or asymptomatic, has been noted in more
than 90% of patients with IPF (23). GER is a risk factor
for aspiration and microaspiration, which may play a
significant role in the pathogenesis of IPF (24). Antiacid
treatments such as proton pump inhibitors (PPIs) or
histamine-2 blocker receptor antagonists (H2RAs)
may decrease the risk of microaspiration-associated
lung injury or damage. Two retrospective studies
have indicated that pulmonary function and oxygen
requirements stabilized with medical and surgical
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management of GER (25,26). The updated Official ATS/
ERS/JRS/ALAT Clinical Practice Guideline recommends
regular antiacid treatment for patients with IPF (2).

6.4. Lung cancer

The risk of lung cancer increases in patients with IPF.
Compared to the risk of lung cancer in the general
population, patients with IPF have a 7-fold higher
incidence of lung cancer (27). The prevalence of lung
cancer in patients with IPF is between 4.4% and 9.8%
(28), and a retrospective study reported that the 10-
year risk of developing lung cancer was 55% (29). A
prospective study of complications among patients with
IPF in Japan reported that the prevalence of lung cancer
was 3.1% (30). The physician in charge of follow-up
should be made aware of the frequent occurrence of lung
cancer in patients definitively diagnosed with IPF (3).
Management of lung cancer including surgical resection,
radiation therapy, and chemotherapy is hampered by IPF
and by the risk of acute respiratory failure and/or acute
exacerbation associated with treatment of cancer.

7. Pulmonary rehabilitation and palliative treatment

Pulmonary rehabilitation consists of aerobic conditioning,
strength and flexibility training, educational lectures,
nutritional advice, and psychosocial support. In a
study in Japan, a rehabilitation group had marked
improvement in their 6-minute walking distance and
their total score for health-related quality of life (37).
Although only a few studies have investigated the

27 year

effects of pulmonary rehabilitation on patients with IPF,
pulmonary rehabilitation seems to be beneficial with
respect to exercise capacity and quality of life in patients
with IPF (32).

Dyspnea and coughing are the main symptoms of
progressive disease, reducing the quality of life for
patients and hampering treatment. Supplemental oxygen
alleviates symptoms, and particularly dyspnea on
exertion. Despite the lack of properly designed studies,
oxygen supplementation is currently recommended by
international guidelines (/). Treatment of coughing in
IPF is problematic, and particularly so in the later stages
of the disease. For the patients with a dry cough that
is not alleviated by codeine, transient, low-dose oral
corticosteroid therapy is an option for patients with IPF,
but the efficacy and tolerance of this therapy should be
monitored (3).

8. Prognosis

Currently, IPF remains an incurable disease with
varying rates of progression and a poor prognosis.
Several clinical phenotypes of IPF have been described,
including slow progression in patients with a history
of worsening dyspnea and/or a dry cough lasting for
months to years and rapid progression (referred to
accelerated IPF) characterized by shortened survival
(Figure 2) (33,34). Indices such as symptoms, respiratory
function, and imaging are used to evaluate the clinical
progression and outcome of IPF. Studies are underway
to determine the heterogeneity of the disease (35). A
prognostic staging system named after the GAP score

3 year 4t year

st year
Onset of IPF
Onset of symptoms [\
Diagnosis  |--------\c--------- g
AE
Rapid progression
Death

Sub-clinical Period

Pre-diagnosis Period

Post-diagnosis Period

Normal progression

Slow progression

Figure 2. The disease course of idiopathic pulmonary fibrosis (IPF) varies. Predicting the exact phenotype in individuals is
difficult. The disease progresses rapidly in some patients, slowly in some patients, and normally in other patients experience. Some
patients may experience acute exacerbation (AE) of IPF in an unpredictable stage.
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risk prediction model has been developed for IPF and it
has been validated in three large, geographically distinct
cohorts of patients (36). The GAP score risk prediction
model is a feasible and useful marker that includes four
factors: gender (G), age (A), and two lung physiologic
(P) variables (FVC and DLCO). Improvement in
pulmonary function as a result of pharmacologic and
non-pharmacologic therapies is crucial to improving the
prognosis for patients with IPF because gender and age
are non-modifiable variables.

The clinical course of IPF is highly variable and
unpredictable in individuals. Different patterns of IPF
progression may determine survival time and the cause
of death. In a Japanese study, a total of 328 patients
(59.3% of those patients had IPF) died from various
causes. Among patients with IPF, the most common
cause of death was an acute exacerbation of the disease
(40% of events), followed by lung cancer (11%),
pneumonia (7%), and cardiovascular diseases (3%).
The percentage of patients with acute exacerbation
was higher than that in American studies, which may
suggest an ethnic difference between East Asian and
Western populations (8).

9. Conclusion

IPF is a rare and intractable respiratory disease with a
poor prognosis. The incidence of that disease, the rate
of lung transplants, and mortality rates and causes of
death differ between East Asians and Westerners. These
differences may be the result of ethnic and geographical
factors. Regional studies and trials should be conducted
to accurately diagnose and treat IPF. Since the East Asian
population is rapidly aging, the prevalence and incidence
of IPF will presumably increase in the near future. Thus,
more effective therapies need to be developed to improve
survival from this devastating disease. This development
must come from advanced and collaborative clinical and
basic scientific research. Although East Asians accounts
for 1/4 of the world's population, patients with IPF are
less likely to receive a lung transplant due to national
shortages in lung donors. As in European countries,
coordination and collaboration among networks
should be promoted in East Asia to facilitate more lung
transplants.
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Summary

Aortic intramural hemorrhage (IMH) is one of the disease processes that comprise the
spectrum of acute aortic syndrome (AAS) with clinical manifestations and a mortality rate
similar to those of classic aortic dissection (AD). However, IMH should be considered as a
distinct disease entity rather than a precursor to classic dissection because of differences
in their pathology, etiology, natural history, and imaging findings. Multidetector computed
tomography (CT) is recommended as the first-line diagnostic imaging modality for IMH,
but transesophageal echocardiography (TEE) and magnetic resonance imaging (MRI) are
also helpful. There is still debate over the appropriate treatment of IMH. Medical treatment
of type B IMH appears effective and safe, while surgical treatment is recommended for type
A IMH. Thoracic endovascular aortic repair (TEVAR) is a promising treatment for selected

patients, and more clinical evidence needs to be assembled.

Keywords: Aortic intramural hemorrhage, pathology, imaging, treatment

1. Introduction

Aortic intramural hemorrhage (IMH), characterized
by the absence of an intimal tear and thus of flow
communication between the true and false lumen, is
one of the disease processes that comprise the spectrum
of acute aortic syndrome (AAS). IMH was first
described by Krukenberg in 1920 as "aortic dissection
(AD) without an intimal tear" (/). IMH is a hemorrhage
into the medial layer and can propagate longitudinally
or circumferentially, but it does not rupture into the
lumen. IMH presents with symptoms similar to those
of classic (typical) AD and may have similar morbidity
and mortality rates (2,3), but the pathologic differences
between IMH and AD are well established (Figure 1).
IMH has a lower morbidity, but some aspects of IMH
are still a mystery.
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2. IMH: A precursor to classic dissection or a distinct
disease entity?

It's reported that IMH progressed to AD in 12-47%
patients (4). IMH is associated with a clinical profile
and prognosis similar to those of classic dissection, and
the same treatment strategy was recommended for both
IMH and AD (5,6). IMH was assumed to be a hyperacute
stage of AD and a precursor to classic dissection, but in
fact the pathology, etiology, and natural history of IMH
and AD differ considerably (Table 1).

The location of an IMH within the media is quite
different from AD. The distinguishing feature of IMH is
its exterior location within the media near the adventitia,
whereas AD extends into the media in closer proximity
to the intima (7). Data from the International Registry
of Acute Aortic Dissection (IRAD) have revealed that
IMH tends to involve the descending aorta (42% type
A IMH and 58% type B), in contrast to classic AD,
which principally involves the ascending aorta (73%
type A AD and 27% type B) (§). A similar conclusion
was reached by Song ef al. (9). The average age of
patients presenting with intramural hematoma ranged
from 58 to 71 years (median age: 68 years) (2,8,10-15),
which is much older than the average of patients with
classic AD (median age: 61 years) (/6). The prevalence
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Figure 1. Pathogenesis of acute aortic syndromes.
Table 1. Differences between aortic IMH and AD
Items IMH AD
Pathology

Intimal flap absent present

Communication between the true and false lumen absent present

Location within the media exterior interior

Descending aorta involvement more less
Epidemiology

Mean age (y) 68 61

Prevalence of Marfan syndrome lower higher
Clinical manifestation

Aortic regurgitation less more

Pulse deficits less more

Pericardial effusions more less

Cardiac tamponade more less
Natural history

Complete resorption high rate very low rate

AD, aortic dissection; IMH, intramural hemorrhage.

of Marfan syndrome is significantly lower in patients
with intramural hematoma (9). Symptoms of chest
pain, frequently severe and abrupt, are noted in most
patients with IMH or AD. Unlike patients with classic
AD, patients with type A IMH are less likely to present
with aortic regurgitation, and patients with IMH are
less likely to present with pulse deficits (&). Pericardial
effusions or cardiac tamponade are more likely to occur
in patients with type A IMH than in those with type A
AD (21% vs. 9%) (3,17). There are marked differences
in the natural remodeling process in AD and IMH when
medically treated (/8,19). Without surgical intervention,
the most common and expected remodeling process
in AD is a persistent double-channel aorta with the
frequent development of aortic aneurysm as a result of
uninterrupted flow communication between the true and
false lumen through an intimal tear. In IMH, a high rate
of complete resorption of the initial aortic pathology is
observed in imaging follow-up, which is unimaginable
in AD.

All of this evidence supports the conjecture that

IMH is a distinct disease entity rather than a precursor to
classic dissection.

3. Epidemiology: Does IMH vary geographically and
among ethnic groups?

AAS is rare, occurring in 2 to 3.5 per 100,000 person-
years, and IMH varies widely as a form of AAS (20-22).
In early studies, the incidence of IMH as a form of AAS
appeared to differ geographically. South Korean and
Japanese studies reported that its incidence generally
ranged from 22.9% to 53% (3,18,23,24), whereas
Western studies reported a lower incidence of 5.7-
10% (8,10,21). This discrepancy may be due to ethnic
or geographical differences. In addition, the lack of a
uniform definition of IMH, as well as different methods
of evaluation and treatment algorithms, may also
account for this discrepancy. Moreover, most studies
on IMH from Japan and South Korea are based on data
from a few centers rather than an overall nationwide
database, so the potential for publication bias should
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also be seriously considered. However, recent studies
from China and South Korea have cast some doubt
on this conclusion. Data from 1,812 patients at 19
large hospitals in China indicated that the incidence of
IMH was 4.7% (25), while Cho et al. in South Korea
reported an incidence of 10.7% (26). These rates seem
to roughly coincide with the reported incidence in
the West. Thus, there may be no geographic or ethnic
variability in IMH.

4. Pathology: Due to rupture of the vasa vasorum or
a micro intimal tear?

Early studies did not find a typical intimal tear or
flow communication between the true and false
lumen through the tear in patients with IMH, so the
hemorrhage may be the result of a rupture of the
vasa vasorum, a contention which is substantiated
by computed tomography (CT) and transesophageal
echocardiography (TEE) findings (27,28). However,
there is little direct clinical or experimental evidence
to substantiate this contention. Crescentic aortic wall
thickening mimicking an intramural hemorrhage has
been reported due to iatrogenic injury such as coronary
angioplasty (29) or insertion of a balloon pump (30).
Recent studies using more sensitive imaging modalities
have identified intimal tears in many cases of IMH (31-
34). Moreover, Park et al. (33) and Uchida et al. (31)
found a small intimal communication at the time of
surgery.

All of these findings indicate that IMH may
originate from small intimal tears rather than a rupture
of the vasa vasorum. Thus, the ACC/AHA guideline
states that "When the term IMH is used strictly, no
intimal defect such as a tear or an ulcer is present.
But in practice, the term is used loosely to mean a
thrombosed false lumen regardless of a small defect"
(35). In Japan, IMH is referred to as "thrombosed-type
aortic dissection" (3/). As imaging sensitivity improves,
the rate at which very small intimal tears are detected
will continue to increase. If this occurs, the incidence of
"true IMH" as has been reported may decline. In actual
clinical practice, IMH should mainly be diagnosed
based on imaging findings if surgical inspection or
autopsy cannot be performed.

5. Imaging: Which modality to choose?

IMH is diagnosed based on imaging. Contemporary
imaging modalities, such as magnetic resonance
imaging (MRI), CT, and TEE are used to diagnose
IMH. Each has its advantages and limitations in clinical
practice.

51.CT

Because of its widespread availability, high spatial

resolution, rapid examination time, and complete
anatomic evaluation of the thoracoabdominal aorta
and major branch vessels, CT scan is the most
common diagnostic modality with which to diagnose
IMH (22,36), with a negative predictive value of
approximately 100% (37). The hallmark non-contrast
multidetector CT (MDCT) finding of IMH is eccentric
crescent-shaped thickening of the aortic wall with high
attenuation (60—80 HU) (indicative of blood products),
which extends in a longitudinal fashion (5,38-40). The
thickened wall is typically > 7 mm and doesn't enhance
following contrast medium injection. IMH is classified
using the Stanford classification. IMH is Stanford type
A if eccentric (crescent-shaped) to circumferential
thickening and brightness of the aortic wall are
observed in the ascending aorta on unenhanced CT
images, and all other forms are classified as Stanford
type B (8). MDCT with a systematically delayed phase
and millimeter-thin slices can increase the rate at which
intimal anomalies are detected (4/). Some CT imaging
finding may be related to the poor prognosis of IMH,
such as intimal erosion measuring > 10 mm (47), ulcer-
like projections (ULPs; also referred to as intimal
erosions) (34,41-45), an aortic diameter (with different
cutoff, > 50 mm (46), > 48 mm (47), > 41 mm (48)),
and an intramural hematoma thickness > 10 to 11 mm
(4,41,44,45,49).

52.TEE

2D Transthoracic echocardiography (TTE) is not
recommended for diagnosis of IMH (22); IMH can
be detected and monitored with TEE but not with
aortography (27,50). TEE has a sensitivity of 96.5-
100% and a specificity of 91-98.5% in the diagnosis
of IMH(/2,16). TEE is superior to other imaging
modalities because it allows direct observation of the
aortic intima, and flow communication can be depicted
with the Doppler technique. TEE is widely available,
portable, convenient, fast, and it is exceptional at
depicting pericardial effusion, the presence, degree,
and mechanism(s) of aortic regurgitation, and LV
function, which is important for unstable patients.
Moreover, TEE can also be used in the operating room,
facilitating early detection of IMH as well as possible
complications (5/). One characteristic TEE finding of
IMH is the presence of an "echo-free space or echo-
lucent area" within the thickened aortic wall (22). There
is no Doppler evidence of communication between
the hematoma and the true lumen, but there may be
some color Doppler flow within the hematoma (22,52).
Although TEE requires esophageal intubation, images
are acquired at the bedside and can immediately be
interpreted. In a limited number of patients, contrast
injection helps to reveal direct flow communication
through the microtear into the echo-free space (9).
The main disadvantage of TEE is the "blind spot" of
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Table 2. Reported outcomes for treatment of intramural hemorrhage (IMH)

Medical Open Surgery TEVAR
ftems Patient Mortality Mortality Ref. Patient Mortality Mortality Ref. Patient Mortality Mortality — Ref.
NO.  1(%)" 2(%)" NO. 1(%) 2(%)" NO. 1(%) 2%
Country
China 13-25 0-32 0-8 (13,14,69) 9 222 / (69) 6-23 (13,14)
Japan 17-50 4-23.5 14 (23,46) 10-165 0.9-16.7 0.9-25.1 (7,11,23,31, / / / /
46,47,70)
South Korea 18-150  0-7.1 0-12.7 (3,18,19,2¢, 4-16 0-33.3  0-6.7 (3,1826,72) / / / /
48,71,72)
IRAD 40-90 3.8-7.8 10 (821) 14-59 23.7-429  27.1 821) 2-5 0 (821)
Italy 94 6.4 (73) 5 0 / (73) 7 0 / (73)
France / / / / / / / / 15-15 0 0-25  (74,75)
Sweden / / / / / / / / 7 28.5 / (76)
Germany MR / / / / / / / / 18 5.6 / (75)
Austria / / / / / / / / 8 0 0 (32)
Canada / / / / / / / / 4-10 0 25 (77)
USA / / / / / / / / 6-44  4.5-16.7 / (42,60)
Argentina 21 19 0 ) 6 17 / 2)
Classification
Type A/B 13-150  0-23.5 / (8,14,21,23, 4-34 0-6.3 6.3 (23,26,46)  6-44 0-5.6 0 (14,60,
26,46,71,72) 74,75)
Type A 9-85 4.3-40 11.8-40 (38182123, 2-165  0-42.9 0-27.1 (3,7,8,11,18, 4-8 0 0-25 (32,74,
69,71,72) 21,23,31,47, 77)
69,70,72)
Type B 6-107  0-19 0-11.7 (2,13,19,21,23, 1-32 0-20 0-40 (282372, 2-23 0-28.5 0 (81321,
48,71-73) 73) 42,73-76,
78)

"Mortality in hospital; " Mortality during follow-up. Germany MR: Germany Multicenter Registry.

the distal ascending aorta and proximal arch because
of interposition of the air-filled trachea and the main
bronchus (22,53). A further disadvantage is that TEE
may also cause upper gastrointestinal injuries (54).

5.3. MRI

MRI has a sensitivity of approximately 100% in the
diagnosis of IMH, and MRI has the advantage of a very
high signal to-noise ratio and a high contrast resolution
with the ability to characterize the vascular wall far
better than CT or TEE. However, MRI is less frequently
used because of its relative lack of availability and
longer scan time in comparison to CT (55). MRI is
able to diagnose intramural bleeding in the acute phase
(< 7days) because the hematoma shows an isointense
signal (black) on T1-weighted images (blood appears
black) and a hyperintense signal (bright white) on
T2-weighted images (blood appears white) (22). In
contrast, a chronic IMH (> 7 days) on T1-weighted
images appears hyperintense (bright) as the hematoma
evolves and degenerates, whereas a chronic IMH on
T2-weighted images is less intense than an acute IMH
(55,56). MRI can also be useful in follow-up. Ma et al.
(57) reported a 6-year follow-up of a spontaneous IMH
with a cardiovascular magnetic resonance examination.

5.4. Recommendation

In conclusion, CT is recommended as the first-line

diagnostic imaging modality for IMH, particularly in
the emergency room. TEE can be available at bedside
or in the operating room. When findings on CT or TEE
are equivocal, MRI may prove helpful.

6. Treatment: Medical treatment or surgical
intervention, open surgery or thoracic endovascular
aortic repair (TEVAR)?

IMH is a potentially lethal condition with a mortality
of 24% (36% with type A IMH and 12% with type B)
(58). Studies have reported that the mortality of IMH is
similar to that of classic AD (8,18,21). Twenty years of
experience in Japan indicated that the 30-day mortality
rate was 6% with emergent open surgery and 4% with
supportive medial therapy; the actuarial survival rate of
all patients was 96.3% at 1 year, 94.3% at 5 years, and
89.5% at 10 years (46). Medical treatment may alleviate
an IMH by decreasing the hematoma thickness (59).
All patients with IMH should receive initial medical
therapy to control pain and blood pressure (level I,
grade C) (36). TEVAR is safe and effective in treating
IMH and also contributes to ideal remodeling of the
affected aorta (60,61).

Overall consensus regarding a treatment strategy
has yet to be reached. Medical therapy is recommended
more often in Asia (62) , while surgical treatment is
recommended more often in Europe and the US (35,36).
The clinical outcomes for treatment of IMH are shown
in Table 2, and differences due to geography and
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Stanford classification are evident.

The management of IMH depends on the clinical
status of the patient and Stanford classification.
Management will be difficult if one of the following
aspects is present: persistence of chest pain despite
medical treatment, hemodynamic instability, signs
of an aortic rupture (periaortic hemorrhage), depth
of ULP > 10 mm, maximum aortic diameter > 55
mm, or a rapid increase in the aortic diameter during
hospitalization (63).

6.1. ipe B

The mortality rate for initial medical treatment of
type B IMH is 0-19% in hospital and 0-11.7% during
follow-up (Table 2). The mean mortality rate related
to aortic events was 5.4% within 3 years (63). Patients
diagnosed with type B IMH were initially treated
medically with beta blockers and other antihypertensive
therapies. A study has reported a mortality rate of 8%
for medical treatment and that type B IMH has a better
prognosis without surgical intervention (58). Open
surgical treatment of type B IMH results in a mortality
rate of 0-20% in hospital and a mortality rate of 0-40%
during follow-up (Table 2). The mean mortality rate is
23.2% within 3 years (63). TEVAR is an effective and
promising way to manage IMH because it is relatively
less invasive and causes fewer complication (/3). A
study on TEVAR has noted a mortality rate of 0-28.5%
in hospital and a mean mortality rate of 7.1% within
3 years (63). Although TEVAR causes complication
similar to those noted in other aortic diseases, endoleaks
might occur more frequently when using TEVAR to
treat an acute IMH (64,65).

Initial medical treatment is recommended for type
B IMH with no complications (35,36). If comorbidities
are present with type B IMH, the European Society
of Cardiology (ESC) (36) and Mussa et al. (16)
recommend TEVAR, but the 2010 ACCF/AHA/AATS/
ACR/ASA/SCA/SCAI/SIR/STS/SVM Guidelines
recommend surgery without distinguishing between
open surgery and TEVAR (35).

6.2. Type A

The optimal initial treatment strategy for type A IMH
may still be individualized. A study has reported a
high mortality rate for type A IMH in hospital (26.6
%) and a higher rate for medical treatment (40%) than
for surgical treatment (24.1%) (8). A study in Japan
indicated that 47.2% (17/36) of patients with type
A IMH who received medical treatment also needed
surgery. Urgent surgical repair is not necessary for all
patients with type A IMH to achieve favorable surgical
outcomes with careful follow-up using imaging (/7).
The mortality rate for initial medical treatment of type
A IMH ranges from 4.3% to 40% in hospital and 11.8-

40% during follow-up. Initial medical treatment and
timed surgical therapy seem to be associated with a
higher early mortality rate in patients with type A IMH,
although the mortality rates did not differ significantly
(14.4% vs. 10.1%, p = 0.36) (66). However, another
study in Japan reported that medical treatment and
timed surgical therapy resulted in no aortic dissection-
related mortality and no aortic dissection-related events
in patients who underwent surgical repair with a mean
follow-up of 24.3 months (67). This suggests that type
A IMH is more likely to progress, regardless of the
diameter of the aorta, and, thus that prompt surgical
repair should be performed (6,68). However, Uzuka et
al. (67) recommended that emergency or urgent surgery
not be considered for a hemodynamically stable patient
unless the diameter of the ascending aortic was > 50
mm or the thickness of the thrombosed false lumen was
> 10 mm. The mortality rate for open surgical treatment
of type A IMH was 0-42.9% in hospital and 0-27.1%
during follow-up (Table 2). The clinical use of TEVAR
in selected patients with type A IMH resulted in good
clinical outcomes (Table 2). This procedure offers low
morbidity and mortality rates, representing a feasible
therapeutic option especially for elderly patients with
comorbidities.

Open surgery is recommended for type A IMH
with comorbidities (/6,35,36). Management of type A
IMH with no comorbidities has yet to be determined,
although Mussa et al. (16) recommended medical
treatment.

7. Conclusion

IMH is one of the disease processes that comprise the
spectrum of AAS with clinical manifestations and a
mortality rate similar to those of classic AD. However,
IMH should be considered as a distinct disease entity
rather than a precursor to classic dissection. Imaging
and surgical findings have revealed that a micro intimal
tear may be the cause of IMH. IMH appeared to vary
geographically and among ethnic groups, but recent
studies have called that conclusion into question.
MDCT is recommended as the first-line diagnostic
imaging modality for IMH, while TEE and MRI are
also helpful. There is still debate over the treatment
for IMH. Medical treatment seems to be effective
and safe for type B IMH, while surgical treatment is
recommended for type A IMH. TEVAR is a promising
treatment for selected patients, and more clinical
evidence needs to be assembled.
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Summary

Cardiomyopathy associated with dystrophinopathies [Duchenne muscular dystrophy
(DMD), Becker muscular dystrophy (BMD), X-linked dilated cardiomyopathy (XL-dCM)
and cardiomyopathy of Duchenne/Becker (DMD/BMD) carriers] is an increasing recognized
manifestation of these neuromuscular disorders and notably contributes to their morbidity
and mortality. Dystrophinopathic cardiomyopathy (DCM) is the result of the dystrophin
protein deficiency at the myocardium level, parallel to the deficiency occurring at the
skeletal muscle level. It begins as a "presymptomatic" stage in the first decade of life and
evolves in a stepwise manner toward pictures of overt cardiomyopathy (hypertrophic stage,
arrhythmogenic stage and dilated cardiomyopathy). The final stage caused by the extensive
loss of cardiomyocytes results in an irreversible cardiac failure, characterized by frequent
episodes of acute congestive heart failure (CHF), despite a correct pharmacological treatment.
The picture of a severe dilated cardiomyopathy with intractable heart failure is typical of
BMD, XL-dCM and cardiomyopathy of DMD/BMD carriers, while it is less frequently
observed in patients with DMD. Heart transplantation (HT) is the only curative therapy for
patients with dystrophinopathic end-stage heart failure who remain symptomatic despite
an optimal medical therapy. However, no definitive figures exist in literature concerning
the number of patients with DCM transplanted, and their outcome. This overview is to
summarize the clinical outcomes so far published on the topic, to report the personal series
of dystrophinopathic patients receiving heart transplantation and finally to provide evidence
that heart transplantation is a safe and effective treatment for selected patients with end-stage
DCM.

Keywords: Cardiomyopathy, Duchenne muscular dystrophy, Becker muscular dystrophy, X-linked
dilated cardiomyopathy, Duchenne/Becker carrier's cardiomyopathy

1. Introduction

Dystrophin provides the connection between a large
complex of glycoproteins called the dystrophin-

Dystrophinopathies are X-linked muscle disorders
caused by mutations in the dystrophin gene, located
at Xp21, that encodes for the sarcolemmal protein
dystrophin, virtually present in all tissues, but most
abundant in skeletal muscle cells and heart (/-3).

Released online in J-STAGE as advance publication May 22,
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associated glycoprotein complex (DAG) on the muscle
cell membrane and the intracellular actin filaments,
that transmit forces generated by the sarcomere
contraction to the extracellular matrix (4,5). Absence,
reduced levels or abnormal structure of dystrophin
lead to membrane fragility, making muscle fibres
more prone to injury during contraction (6). As muscle
disease progresses, muscle repair cannot adequately
compensate for damage, leading to necrosis of skeletal
and cardiac myocytes and the progressive replacement
by fibro-fatty tissue (7-15). Dystrophinopathies
include four different clinical presentations: Duchenne
muscular dystrophy (DMD), the more severe form,
Becker muscular dystrophy (BMD), the more benign
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Figure 1. Flow-chart showing the evolution of dystrophinopathic cardiomyopathy.

form, the X-linked dilated cardiomyopathy (XL-dCM)
(8) and the cardiomyopathy of DMD/BMD carriers.

Duchenne muscular dystrophy (DMD, OMIM
310200) is the most common muscle disorder in infancy,
affecting 1 in 3.500 male newborns (9). It is the most
severe form of dystrophinopathy, caused by the complete
absence of the dystrophin protein at both skeletal and
cardiac muscle level. Becker muscular dystrophy
(BMD, OMIM 300376) is the milder dystrophinopathy
affecting 1 in 18.450 males (9). Symptoms typically
begin between ages 3 and 21, with a mean age of onset
of 11 years. The disease is usually caused by "in frame"
mutations able to produce a certain amount of dystrophin
(16). BMD, unlike Duchenne-type muscular dystrophy, is
characterized by a slow progression of muscle weakness
so that in many patients the independent activity is
maintained until late adulthood.

XL-dCM, first described in 1993 by Towbin (/7),
is a rare cardiomyopathy caused by mutations in the
5" end of the dystrophin gene that lead to the absence
of the M-isoform of dystrophin only in the heart (/7).
The preserved skeletal muscle strength increases
cardiac demands, leading to dilated cardiomyopathy
(18). The clinical picture is characterized by the onset
of congestive heart failure (CHF) in young men with a
mean age of 15-30, with a rapid fatal evolution within
2 years from the onset, although older patients can also
be affected.

The majority of DMD and BMD female carriers
are asymptomatic; however, few of them may show
muscle symptoms (8,/6) such as mild muscle weakness
and elevated serum CK, while a larger part present
cardiomyopathy (20-25). The onset of symptoms in
DMD/BMD carriers may have several causes, the most
frequent of them represented by a skewed X-chromosome
inactivation (XCI) (26-28).

The above mentioned clinical presentations arise from
different pathogenic conditions with consequent variable
degrees of skeletal muscle and cardiac involvement.
Cardiac death usually occurs from ventricular
dysfunction and dilated cardiomyopathy, that represents

the end-stage of dystrophinopathic cardiomyopathy
(DCM) (10-11,29-30). DCM is constantly progressive
and evolves in a stage-wise manner, passing from a
presymptomatic condition to dilated cardiomyopathy
through a number of pathophysiologically distinct stages
(10,11) (Figure 1).

In brief, the presymptomatic stage is followed by
a stage in which the myocardial fibrosis is limited to
few foci (spotty or focal fibrosis), often inducing a
compensatory hypertrophy of the surrounding areas
still expressing dystrophin, with consequent regional
heterogeneity of repolarization that can favor the
onset of arrhythmias. Later, the confluence of these
areas determines a widespread diffuse fibrosis leading
to dilated cardiomyopathy, a stage characterized by
ventricle enlargement, tinning of ventricular walls, and
reduced left ejection fraction. Dilated cardiomyopathy
in turn evolves toward the stage of heart failure (HF).
The first episodes of HF are usually responsive to
pharmacological treatment; subsequently, HF evolves
towards the stage of intractable HF not amenable
to adequate drug treatment. Therefore heart failure
represents an important contributor to mortality in
these patients (9,10) for which the heart transplantation
(HT) remains the ultimate intervention to preserve
life. However, despite the high incidence of end-stage
DCM in patients with dystrophinopathies, there is a
reluctance to perform heart transplantation in these
patients due to the paucity of donors and the concerns
that the accompanying myopathy will limit the benefits
obtained through the HT.

Furthermore no definitive figures exist in literature
about the number of patients with DCM transplanted
and their outcome, nor clear indications in the current
guidelines considering heart transplantation as an
option for dystrophinopathic patients with end-stage
heart failure.

This overview aims to i) report the so far published
frequencies of heart transplantation in patients with
DCM and related clinical outcomes; ii) report the
personal series of dystrophinopathic patients who
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received HT and iii) provide evidence that HT is a safe
and effective treatment for selected patients with end-
stage DCM.

2. Heart transplantation in patients with dystro-
phinopathic cardiomyopathy

2.1. Review of the literature

Inherited myopathies in patients with secondary end-
stage cardiomyopathies have always been considered
a relative contraindication for cardiac transplantation.
High operative risk related to muscle impairment and
potential graft involvement secondary to the underlying
myopathy have been the two main reasons implicated in
the poor prognosis. For these reasons, HT has not been
considered an appropriate treatment option for DMD
patients with drug-resistant dilated cardiomyopathy,
because of pulmonary function and skeletal muscles
impairment (37). The literature contains only two
isolated reports of successful heart transplantation in
these patients (3/,32). Cripe et al. (31) reported the
case of a 14-year-old DMD patient with severe dilated
cardiomyopathy, but preserved pulmonary function
who underwent a successful cardiac transplantation
surviving four years later. Rees et al. (32) described
HT in 3 patients with DMD with a mean duration
of follow-up of 40 months. All the patients tolerated
immunosuppression, had no complications in post-
operative intubation and were able to be rehabilitated,
suggesting that cardiac transplantation can be
successfully performed in DMD patients presenting a
severe cardiomyopathy, preserved pulmonary function,
and a discrete muscle function. Recently, Amodeo
et al. (33) explored at the Bambino Gesu Children's
Hospital in Rome, the use of left ventricular assist
devices (LVAD-Jarvik 2000) as destination therapy in 7
DMD patients, as an alternative treatment for selected
end-stage heart failure in DMD. All patients survived
to hospital discharge and resumed previous activities;
however data about their long-term outcomes remain
limited.

Likewise, few cases of HT in patients with Becker
muscular dystrophy have been so far reported in
literature (34-39), though heart failure is the most
frequent cause of death in these patients. In fact
patients with BMD seem to pay the advantage of a
prolonged ambulation with a higher occurrence of heart
involvement and dilated cardiomyopathy, that represents
the major cause of their morbidity and mortality (/9,40-
43). Some dystrophin mutations have been correlated to
an increased incidence of severe cardiomyopathy (3) in
these patients in which the presence of cardiomyopathy
dramatically reduces the life expectancy, otherwise only
slightly limited compared to normal subjects (44). Wu
et al. (34) reported the results of a retrospective review
of the Cardiac Transplant Research Database, a multi-

institutional registry of 29 transplant centres in the
United States, in the period 1990-2005. In their review
- the largest study describing the long-term outcomes
of cardiac transplantation in patients with BMD with
a follow-up period extending more than 10 years - the
post-transplant cardiac outcomes of 15 BMD patients
were compared with those of 275 non-muscular
dystrophy patients with non-ischemic cardiomyopathy,
matched for age, body mass index, gender, and race.
The survival rate in BMD patients was similar to
that of controls at 1 year (8§89% vs. 91%; p = 0.5) and
5 years (83% vs. 78%; p = 0.5). The differences in
rates of cumulative infection, rejection, or allograft
vasculopathy between the 2 groups were not significant
(p = 0.5 for all comparisons).

Ruiz-Cano et al. (35) described a Spanish single-
centre experience with HT in 3 BMD patients with
a mean follow-up duration of 57.4 months. Both
intra-operative and post-operative course of these
individuals did not show higher complication rates than
other patients. All recipients experienced successful
rehabilitation; no evidence of graft dysfunction was
detected during the follow-up. All patients were alive
at the time of the study, and in good performance. The
AA concluded that HT for patients with BMD end-stage
cardiomyopathy is not associated with a poorer prognosis
when there is a mild degree of muscular impairment.

Casazza et al. (36), reported the case of a successful
cardiac transplantation because of a severe and rapidly
progressive dilated cardiomyopathy complicated by
terminal heart failure in a BMD patient with a mild
muscle impairment. Unfortunately, no data about the
long-term prognosis of this patient have been reported.
Patan¢ et al. (37) described a 27-year-old BMD
patient with end-stage dilated cardiomyopathy and
CHF who was fairly well, one year after a successful
transplantation. Melacini et al. (38) reported the
case of a 24-years-old BMD patient, with end-stage
dilated cardiomyopathy and moderate myopathy, who
successfully underwent heart transplantation. The
patient received triple immunosuppressive therapy
consisting of azathioprine, cyclosporineA (CyA) and
prednisone in the post-operative period.

Steger et al. (39) extrapolated 4 patients (1.19 %)
affected by end-stage cardiomyopathy related to
inherited myopathies from a large cohort of 335 patients
undergoing HT at the Innsbruck Medical University,
between January 1994 and December 2011. Three of
them had BMD, and 1- female- was affected by limb-
girdle muscular dystrophy; the mean age of patients
was 38.5 years (range 16-56) and the post-operative
follow-up period was on average 68.5 months (range
16-139). All patients had an uneventful immediate post-
operative course. One of them (BMD) died 16 months
after the HT because of pulmonary embolism and right
heart failure, and one 11 years after HT because of
myocardial and cerebral infarction following tricuspid
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Table 1. Patients' clinical characteristics

Patient Diagnosis Dystrophin Gene Gender Age at diagnosis CK (U/L) pre HT Ageat HT ~ NYHA class Follow-up
Defect (years) (years) at HT (months)

1 BMD del ex. 45-49 M 15 1152 34 v 153

2 BMD del ex. 45-49 M 17 1263 33 v 121

3 BMD del ex 3-4 M 29 856 27 v 174

4 XL-dCM del promoter M 22 320 27 v 131

Mean + SD 20+6.2 897.8 +£421.7 30.2+3.8 v 144.7+£23.6

BMD: Becker's muscular dystrophy; CK: creatinkinase; HT: heart transplantation; M: male; XL-dCM: X-linked dilated cardiomyopathy.

valve replacement. The remaining 2 patients were in
good general condition without progression of the
muscle disease, for the entire period of the study. The
AA concluded that HT may increase the quality of life
and life expectancy in selected patients suffering from
end-stage heart failure due to inherited benign muscular
dystrophies. These data seem to disclaim the long-
held belief that patients with muscular dystrophy and
advanced stages of cardiomyopathy may have worse
outcomes after HT compared with patients without it.

To date there is only one report on HT in patients
with XL-dCM (45). Out of 4 patients (mean age 24,
4 years; range 16-31) who were heart transplanted
in the period August 1989 - January 2000, only one
died suddenly at 66 months of follow-up. At the time
of heart transplantation all patients were in NYHA
functional class IV. After 44 months of FU on average
(range 22-66) all the patients were fine and in NYHA
functional class I, stressing the concept that HT should
be the first choice option for patients with XL-dCM
and preserved muscle function, for whom myocardial
end-stage disease and serious rhythm disturbances are
severely disabling and life-threatening (46).

Very few cardiac transplantation case reports have
been so far reported in cardiological manifesting DMD
carriers (47,48) for whom once again the only hope
for survival remains heart transplantation. Melacini
et al. (47) reported the first case of successful HT
in a symptomatic DMD carrier, with severe dilated
cardiomyopathy, showing a deletion of exons 50-
52. Davies et al. (48) reported the case of a 25-year-
old DMD carrier who during the third trimester of
her pregnancy developed a severe cardiac failure and
performed successful heart transplantation, after 311
days of mechanical circulatory support.

2.2. Personal series

Among 55 patients affected by dystrophin related end-
stage cardiomyopathy followed in our division in
the last 15 years, 4 of them (7.2%) underwent heart
transplantation. Three of them had Becker's muscular
dystrophy and the fourth was affected by XL-dCM. The
clinical characteristics of the patients are summarised in
Table 1.

After transplantation, all patients received triple

drug immunosuppressive therapy with cyclosporine,
everolimus and steroids. High-dose steroid therapy
was withdrawn within 12 months following HT in all
patients.

Becker Cases: Cases 1 and 2 were diagnosed as
BMD at the age of 15 and 17 years respectively, when
they complained of mild muscle weakness, associated
with increased serum creatin-kinase (CK) levels
(mean values 6.3 times the maximum normal values).
Molecular investigation confirmed the diagnosis,
showing a deletion of exons 45-49 in dystrophin gene
in both cases.

At the age of 31 years, both developed dilated
cardiomyopathy that required orthotopic HT in the
following few years, performed at the age of 34 years in
case 1, and at the age of 33 years in case 2 (Figure 2A).

At the time of transplant pre-evaluation, both
patients had very mild muscular impairment and
no respiratory involvement. The intra-operative
and early post-operative courses did not reveal any
complications; mechanical ventilation was withdrawn
within 10 hours following surgery. Both patients had
a successful functional rehabilitation reaching a good
performance status. Case 1, nine months following
HT, experienced mild signs of laboratory rejection,
promptly resolved by the immunosuppressive therapy
optimization. Case 2 showed, in the last 2 years, a
slight progressive worsening of kidney function related
to immunosuppressive therapy (serum creatinine value
of 2.6 mg/dL; CrCl 40.96 mL/min; stage III of renal
failure), which required cyclosporine dose reduction.
To date, more than 10 years following HT, no evidence
of graft dysfunction was detected (Figure 2B), while
a very slow progression of the pre-existing muscular
impairment was observed. Both patients continue to
have a good quality of life.

Case 3 was initially diagnosed as idiopathic dilated
cardiomyopathy, complicated by terminal heart failure.
He required 2 years later an orthotopic HT. The early
post-surgical period was uneventful. Two years after
HT, the patient was addressed to our division for muscle
weakness at lower limbs and increased serum CK values.
Based on clinical evaluation and molecular investigation
(presence of a deletion of exons 3 and 4 in dystrophin
gene), a diagnosis of BMD was made. Seven years after
HT, the patient showed clinical and echocardiographic
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Figure 2. (A) Echocardiography (M-mode scan and apical view of the left ventricle) in the BMD patient (case 2). To be
noted: the enlargement of the left atrium (systolic dimension = 48 mm) and the marked left ventricular dilatation (end diastolic
diameter = 72 mm); the hypokinesis of the interventricular septum and the virtually absent motion of the left ventricular posterior
wall. (B) Echocardiography in the same patient 10 years after heart transplantation. The M-mode scan and the apical view of the
left ventricle show normal chamber diameters and ventricular systolic function.

evidence of acute graft dysfunction, and a reduction
(< 35%) of left ventricular ejection fraction (LVEF).
The replacement of everolimus with mycophenolate
mofetil produced a progressive improvement of patient's
condition and of echocardiographic parameters (LVEF:
50%). Twelve years later, he developed an acute
complete (3rd degree) atrio-ventricular block requiring
a pacemaker implantation; after two years a new heart
transplant was indicated, for evidence of clinical and
echocardiographic graft rejection (LVEF 25%). However,
the transplant was not performed as the patient died
suddenly during sleep, before performing it.

Case 4: The patient was addressed to our department
for signs and symptoms of low cardiac output, history
of reduced exercise tolerance and exertional dyspnea.
At the first examination, no muscle and respiratory
weakness were noted, while CK values were increased.
The patient underwent both muscle and endomyocardial
biopsies, who showed the absence of the dystrophin
staining with the antibody anti-NH2 terminal domain
only at the cardiac level, not in the muscle. The
dystrophin staining was instead normal at both cardiac
and muscle level with the antibodies anti-ROD and
anti-COOH domains. A diagnosis of X-linked dilated
cardiomyopathy was made and the patient treated

accordingly.

During the following years an intractable
congestive heart failure required HT, performed at the
age of 27 years. The early post-operative course was
uncomplicated; mechanical ventilation was withdrawn
within the following 24 hours. The patient returned to
work and till now he continues to have a good exercise
tolerance and quality of life.

3. Discussion

The long-term clinical outcomes of cardiac
transplantation in patients with dystrophinopathic
cardiomyopathy properly selected, seem to be similar to
that of a matched cohort of patients undergoing HT for
idiopathic dilated cardiomyopathy, by analysing the few
evidence available in literature.

However, special care and consideration are
necessary during the peri-operative and post-operative
period to avoid life-threatening complications and
the progression of the primary disease. Among
them, an intensive neuromyological observation is
necessary in order to i) adequately adapt the dosage of
immunosuppressants to avoid the onset of a secondary
myopathy and the occurrence of rhabdomyolysis due
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to the toxic affect of cyclosporine and i7) to limit the
post-operative complications and the progression of the
primary muscle disease. In fact the combined use of
cyclosporine and lipid-lowering agent, such as statins
and gemfibrozil, could be toxic for muscle cells (49).

Also in our experience, HT remains the treatment
of choice for patients with advanced DCM and poor
muscle impairment. No other treatment option such as
medical therapy or electrical and/or mechanical devices,
can compete with HT long-term results, particularly
when compared with the natural course of end-stage
heart failure. Even the fear of a possible heart rejection
is limited - at least for patients suffering from BMD,
XL-dCM and relative carriers - because the presence of
some dystrophin makes it very unlikely the production
of antibodies against the dystrophin-deleted-region. As
a consequence, a more favourable prognosis may be
expected in these subjects.

Given for that a special attention should be given
to the extent of skeletal myopathy, respiratory muscle
involvement and survival in these patients, however
it's time that cardiac surgeons overcome the reluctance
to heart transplant patients with dystrophinopathic
cardiomyopathy, due to the supposed reduced life
expectancy. The long-term prognosis in these patients in
fact is closely related to the possibility to be transplanted.
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Summary

Hepatolithiasis is highly prevalent in Asia but rare in Western countries. However, the

incidence of hepatolithiasis may be increasing in Western countries due to the increased
rate of immigration from areas where hepatolithiasis is prevalent. There are many non-
surgical treatments for hepatolithiasis, but surgical management remains the best curative
treatment for some cases of hepatolithiasis. Surgical treatments can remove biliary stones
and relieve stricture of the bile ducts. This review describes the indications for and the
outcomes of surgical treatment of hepatolithiasis, including liver resection and liver

transplantation.
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1. Introduction

The incidence of hepatolithiasis varies. It is highly
prevalent in parts of Asia, such as China, Japan, and
South Korea, with a reported incidence between 3.1%
and 21.2% (I-3). However, hepatolithiasis is rare in
Western countries, with an incidence of about 1% (2,4).
The mechanism by which hepatolithiasis develops has
yet to be fully elucidated. Studies have suggested that
cholestasis, cholangitis, an anatomical abnormality of
the bile ducts, abnormal bile metabolism, malnutrition,
and low socio-economic status are risk factors for
hepatolithiasis (5,6). The incidence of hepatolithiasis
may decrease in areas where the condition is prevalent
because people in those areas have adopted a Western
diet. A Japanese nationwide survey reported that the
relative prevalence of hepatolithiasis was 4.1% in
the years from 1970-1977, 3.0% in the years from
1975-1984, 2.3% in the years from 1985-1988, 2.2%
in the years from 1989-1992, and 1.7% in the years
from 1993-1995 (6,7). However, the incidence of
hepatolithiasis may be increasing in Western countries
due to the increasing rate of immigration from areas
where hepatolithiasis is prevalent.
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2. Surgical treatments

According to Japanese nationwide surveys over a period
of 40 years, the primary treatments of hepatolithiasis
in the 1970s were cholecystectomy with stone removal
and insertion of a T-tube. Surgery was used for primary
management of hepatolithiasis until 1998. However,
its use later decreased (76.6% in 1998; 52.4% in 2006;
33.3% in 2011, including surgical and non-surgical
treatment) (7). In contrast, use of nonsurgical treatments,
including endoscopic retrograde cholangiography and
percutaneous transhepatic cholangioscopic lithotomy,
has markedly increased. However, endoscopic retrograde
cholangiography with stone removal results in more
residual or recurrent stones than surgery does (7).

3. Indications for hepatectomy

Studies have reported that hepatectomy is indicated for
treatment of hepatolithiasis in the following instances:
(i) unilobar hepatolithiasis, and particularly that on
the left; (i7) atrophy or severe fibrosis of the affected
liver segments or lobe; (iii) presence of a liver abscess;
(iv) cholangiocarcinoma; and (v) multiple intrahepatic
stones causing marked biliary stricture or dilation (§-
12).

In China, Dong proposed a system for classification
(Table 1) of hepatolithiasis (/3). Dong also proposed
corresponding treatments for different classes of
hepatolithiasis (/3). Dong suggested that patients
with type I or type IIb hepatolithiasis are the best
candidates for hepatectomy, whereas patients with type
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Table 1. Dong's classification of hepatolithiasis

Type Definition or content

Type I Localized stones: unilobar or bilobar

Type II Diffusely distributed stones
Ila Without hepatic atrophy; no stricture of the intrahepatic bile ducts
1Ib Atrophy limited in segment or/and stricture of the intrahepatic bile ducts.
Ilc With biliary cirrhosis and portal hypertension

Additional Type E Extrahepatic stones

Ea Normal sphincter of Oddi
Eb Relaxation of the sphincter of Oddi.
Ec Stricture of the sphincter of Oddi.

IIc hepatolithiasis should undergo liver transplantation
(13). Moreover, a hepaticojejunostomy should also be
performed to treat "Eb" and "Ec" hepatolithiasis (/3).

4. Outcomes of hepatectomy for treatment of
hepatolithiasis

Chen et al. (10) reported outcomes for 103 consecutive
patients with hepatolithiasis who underwent a
hepatectomy between 1989 and 2001. Ninety percent
of those patients had immediate stone clearance,
and 98% had final stone clearance after subsequent
choledochoscopic lithotomy via a T-tube tract or
cutaneous stoma (/0). Twenty-eight percent of the 103
patients suffered postoperative complications and 2%
died (/0). Uenishi et al. (14) reported outcomes for
86 patients who underwent a hepatectomy from 1998
to 2012. Seventy-six patients (88%) had immediate
stone clearance whereas 82 patients (95%) had final
stone clearance (/4). Li et al. (15) reported outcomes
for 718 patients who underwent a hepatectomy. The
immediate stone clearance rate was 93.5% for patients
with unilateral hepatolithiasis and 71.1% for patients
with bilateral hepatolithiasis. The final clearance rate
was 99.3% for patients with unilateral hepatolithiasis
and 90.2% for patients with bilateral hepatolithiasis
(15). The mortality rate for hepatectomy was 0.4%
(15). Yang et al. reported that the immediate stone
clearance rate was 81.5% after bilateral hepatectomy
and 65.9% after unilateral hepatectomy while the final
clearance rate was 85.2% after bilateral hepatectomy
and 81.7% after unilateral hepatectomy (/6). Liver
resection can also be performed on some patients with
complex hepatolithiasis. Dong et al. reported outcomes
for 12 patients with complex hepatolithiasis who
underwent a subtotal hepatectomy (/7). After surgery,
one patient died from acute purulent cholangitis (/7).
The remaining 11 patients recovered without recurrent
cholangitis (/7).

Some techniques may improve the effectiveness
with which hepatectomy treats hepatolithiasis.
Fang et al. (18) suggested that hepatectomy for
bilateral hepatolithiasis based on three-dimensional

reconstruction resulted in a higher rate of stone
clearance than conventional treatment. Both immediate
(96.1% versus 81%) and final clearance rates (100%
versus 90.5%) were improved by use of three-
dimensional reconstruction (/8). Guan ef al. also
reported similar results (/9). Jarufe ef al. (20) suggested
that anatomical hepatectomy may reduce the incidence
of postoperative complications and postoperative
recurrence for patients with hepatolithiasis. A study by
Jiang et al. (21) suggested that anatomical hepatectomy
for treatment of hepatolithiasis was associated with
fewer residual stones, fewer infections, and a lower
incidence of bile leakage.

5. Laparoscopic hepatectomy for treatment of
hepatolithiasis

Laparoscopic hepatectomy is a minimally invasive
treatment for hepatolithiasis. Laparoscopic treatments
may result in satisfactory outcomes for select patients
with hepatolithiasis. Lai et al. (22) reported outcomes
for 55 consecutive patients with hepatolithiasis who
underwent a laparoscopic hepatectomy or bile duct
exploration. The immediate stone clearance rate was
90.9% and the final stone clearance rate was 94.5% (22).
During the follow-up period, only 3 patients suffered
from recurrence (22). Ye et al. (23) reported outcomes
for 36 patients who underwent a purely laparoscopic left
hemihepatectomy for hepatolithiasis. Residual stones
were noted in only 2 patients (23). Stones recurred
after surgery in 2 patients (23). Namgoong et al. (24)
compared the outcomes of laparoscopic versus open
left hemihepatectomy for treatment of hepatolithiasis.
Laparoscopic hepatectomy was associated with a
longer operating time, briefer hospitalization, a lower
postoperative morbidity, and a higher stone clearance
rate (24). Ye et al. also noted similar results (25).
However, Jin et al. (26) suggested that laparoscopic and
open hepatectomy resulted in a similar operating time,
duration of postoperative hospitalization, postoperative
morbidity, rate of residual stones, and rate of recurrent
stones. Recently, a systemic review and meta-analysis by
Peng et al. (27) suggested that patients who underwent
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a laparoscopic hepatectomy had significantly fewer
intraoperative transfusions and overall complications
and a significantly briefer duration of hospitalization.
However, laparoscopic and open hepatectomy had a
similar operating time and resulted in a similar rate of
residual and recurrent stones.

6. Factors associated with postoperative recurrence

Many risk factors are associated with the postoperative
recurrence of stones. Li ef al. (15) found that bilateral
stones and limited resection of the liver (i.e. not all
segments affected by stones were resected) were
two independent risk factors for the postoperative
recurrence of stones. A study of surgical and non-
surgical treatment of hepatolithiasis suggested that non-
surgical treatment, biliary cirrhosis, residual stones, and
strictures were risk factors for the recurrence of stones
(28). In a study of patients with hepatolithiasis in whom
stones were merely removed, Cheung et al. suggested
that bilateral stones, strictures, and atrophy were related
to the postoperative recurrence of stones (29).

7. Liver transplantation for treatment of hepatolithiasis

Liver transplantation is an effective treatment for terminal
hepatolithiasis. According to Dong's classification, liver
transplantation should be undergone by patients with type
IIc hepatolithiasis. In 2002, Strong et al. reported 4 liver
transplants to treat hepatolithiasis (30). All patients had
satisfactory outcomes after liver transplantation. Tang et
al. reported a case of a patient with hepatolithiasis and
situs inversus who underwent liver transplantation (37).
The patient survived as of a 40-month follow-up. Chen et
al. reported outcomes for 15 patients with hepatolithiasis
who underwent liver transplantation (32). Two of
those patients had cholangiocarcinoma. After liver
transplantation, the 1-year survival rate was 100% and
the 5-year survival rate was 73%. Although studies have
suggested that liver transplantation results in satisfactory
outcomes for patients with hepatolithiasis, no study has
examined this point in a large sample.
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Immunosuppressive medication is not associated with surgical site
infection after surgery for intractable ulcerative colitis in children
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Summary

Pediatric ulcerative colitis (UC) sometimes progresses to an intractable condition for medical
therapy. The surgical management of UC is challenging because of difficult procedures and
frequent infectious complications. The aim of this study was to survey surgical procedures and
infectious complications in pediatric patients with UC in Japan and to assess the relationship
between preoperatively administered immunosuppressive drugs and postoperative surgical
site infection (SSI). A survey of pediatric patients treated from 2000 to 2012 was sent to 683
facilities nationwide. Secondary questionnaires were sent to physicians who followed up
patients with UC who had undergone surgery with the aim of assessing the relationships
between postoperative SSI and selected preoperative patient characteristics, disease severity,
medications, and operative procedures. Data for 136 patients (77 boys and 59 girls) were
assessed. Median age at surgery was 14.1 years (range: 2.4-18.9 years). Surgery was performed
in one stage in 35 cases, two stages in 57 cases, and three stages in 44 cases. SSI occurred in
36/136 patients (26%). According to multiple logistic regression analysis, there were statistically
significant associations between SSI and staged surgery (three/one, OR: 6.7, 95% CI: 2.1-25.5,
p = 0.0007; three/two, OR: 3.4, 95% CI: 1.4-8.6, p = 0.0069) and female sex (OR: 2.3, 95%
CI: 1.0-5.4, p = 0.0434). Preoperative medications and incidence of SSI were not significantly
associated. Preoperative immunosuppressive medication does not affect the incidence of
SSI. Three-stage surgery and female sex are independent predictors of development of
postoperative SSIs in pediatric patients with UC.
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Released online in J-STAGE as advance publication April 16, *Address correspondence to:

2017.

Dr. Keiichi Uchida, Department of Gastrointestinal and
Pediatric Surgery, Mie University Graduate School of
Medicine, 2-174 Edobashi, Tsu, Mie 514-8507, Japan.

E-mail: ucchie@clin.medic.mie-u.ac.jp

www.irdrjournal.com



107 Intractable & Rare Diseases Research. 2017, 6(2):106-113.

1. Introduction

Inflammatory bowel diseases (IBDs), a group of chronic
inflammatory gastrointestinal disorders, include Crohn
disease and ulcerative colitis (UC). In recent years, the
incidence of IBD has increased markedly in both adults
and children. IBD's onset during childhood is in 20-30%
of patients and this condition is characterized by extensive
intestinal involvement and rapid early progression. IBD is
more severe in children than in adults (/).

Colectomy is uncommonly performed for pediatric UC;
rates have remained stable from 1983 to 2009. However,
the rates of in-hospital postoperative complications have
increased, particularly in patients undergoing emergency
colectomy (2,3). Such complications reportedly occur
in 25% of cases, gastro-intestinal (13%) and infectious
(9.3%) complications being the most common (2).
Independent predictors of postoperative complications
were identified in these studies and it was concluded that
optimizing timing of colectomy may reduce postoperative
complications in pediatric patients with UC. Knod et al. (4)
have reported that colectomy with ileoanal anastomosis
does not have a greater incidence of complications in
young children (< 11-years-old) with UC than in older
patients and achieves a good postoperative quality of life
and stool patterns.

Generally, patients with UC undergoing elective
colectomy have high rates of surgical site infection (SSI),
specifically deep and organ/space infections (5). Uchino
et al. (6) have also demonstrated that, in surgical patients
with clean-contaminated wounds, IBD is an independent
risk factor for incisional SSI.

Recently, immunomodulators and biologics that
affect patients' immune systems have been increasingly
used to treat steroid-dependent and -resistant pediatric
UC. A European Crohn's and Colitis Organisation paper
has stated that preoperative thiopurines do not increase
the risk of postoperative complications in adult patients
(7). Additionally, there does not appear to be a higher
rate of postoperative complications after colectomy for
UC performed immediately following or in the medium
term after the use of cyclosporine. Two studies have
demonstrated that previous exposure to azathioprine/6-
mercaptopurine does not affect the rates of short term
and late postoperative complications after pouch surgery
for UC (8,9). However, there are few studies concerning
the relationship between preoperative drugs and post-
colectomy infectious complications in children.

The aim of this study was to survey surgical
procedures and postoperative infectious complications
in patients with pediatric UC in Japan and to assess the
relationship between preoperatively administered drugs
and postoperative SSI.

2. Materials and Methods

This study was a retrospective analysis of data from

multiple institutions in Japan. A national survey of
immunomodulators and biologics used in pediatric
patients with IBD (aged < 17 years at diagnosis) between
2000 and 2012 was sent to 683 facilities treating pediatric
patients with IBD in Japan from December 2012 to
March 2013 (10). All participating physicians followed
the Japanese diagnostic criteria for Crohn disease and UC
(11). These diagnostic criteria are substantially the same
as the Port criteria published by the IBD working group
of the European Society for Paediatric Gastroenterology,
Hepatology and Nutrition (/2). This primary survey
assessed the total number of pediatric patients with
IBD, the number treated with immunomodulators and
biologics, and the number who underwent surgery.

Secondary questionnaires were sent to physicians
who followed up patients with UC who had undergone
surgery, the purpose being to assess the following
factors: selected patient characteristics, severity of UC,
preoperative medications, operative procedure, and
SSI. Patient characteristics assessed included sex, age
at disease onset, age at surgery, preoperative duration of
disease, indications for surgery, and preoperative blood
analysis data including serum albumin, hemoglobin and
C-reactive protein (CRP) concentrations.

Clinical severity of disease was evaluated according
to the Pediatric Ulcerative Colitis Activity Index
(PUCALI) (/3) and Japanese disease severity criteria as
established by the Research Committee on Inflammatory
Bowel Disease of the Ministry of Health and Welfare
in Japan in 1994 (/7). Extent of disease at surgery was
evaluated according to the Montreal classification of UC
as E1 (ulcerative proctitis), E2 (left-sided UC), and E3
(extensive UC) (/4).

Preoperative medical therapy assessed included
systemic prednisolone (PDN), 5-aminosalicylates,
azathioprine (AZA), cyclosporine A (CYA), tacrolimus
(TAC), infliximab (IFX), and apheresis therapy. Patients'
records were reviewed if any of these therapies had
been used within 90 and 30 days prior to the first-stage
operation. The dosage of PDN administered during
the month before surgery was also calculated. Serum
trough levels of TAC, CYA, and IFX and 6-thioguanine
nucleotide concentrations in patients receiving AZA were
not monitored.

Generally, operative procedures for UC both adults
and children were classified as one-, two-, or three-
stage procedures to complete total proctocolectomy with
ileal J-pouch anal anastomosis (IPAA). The one-stage
procedure is total proctocolectomy with IPAA without a
diversion stoma. The two-stage procedure includes total
proctocolectomy with IPAA and creation of diversion
ileostomy in the first stage and closure of the ileostomy
in the second stage. The three-stage procedure includes
subtotal colectomy with creation of a diversion ileostomy
and mucus fistula of the sigmoid colon or rectal
stump in the first stage. In the second stage, remnant
proctocolectomy and IPAA with recreation of diversion
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ileostomy are performed. Finally, the ileostomy is closed
in the third stage.

SSI was defined according to the definition of the
Centers for Disease Control and Prevention as infections
occurring within 30 days after surgery (/5). All patients
were followed up for a minimum of 30 days after the
final stage of their procedures. SSI, including incisional
wound infection (I-SSI), and/or organ/space infection
(OS-SSI), was evaluated. Anastomotic leaks and
abscesses (OS-SSI) were diagnosed by contrast imaging,
computed tomography, or intraoperative findings (16).

The relationships between preoperative factors,
including administered drugs, and incidence of
postoperative SSI occurrence after first stage operations
on pediatric patients with UC was assessed in this study.

The data were analyzed by the y? and Mann-Whitney
U tests and by multiple logistic regression analysis using
the JMP version 7 software program (SAS Institute, Cary,
NC, USA). A p value of less than 0.05 was considered to
be statistically significant.

This study was approved by the institutional ethical
committees of Juntendo University and all participating
institutions.

3. Results

In the primary survey, 1,617 pediatric patients with UC
were enrolled from 1 January 2000 to 31 December
2012. Data for 146 patients who had undergone surgery
were collected via secondary questionnaires that were
sent to the physicians who were following them up.
Finally, we were able to assess 136 patients (77 boys and
59 girls), 10 of these patients being excluded because of
incomplete data concerning surgery, medications, and
SSI.

Table 1 shows the study of patients' baseline
characteristics. Median age at disease onset was 12.0
years (range 0.3-17.7 years), median age at surgery
14.1 years (range: 2.4-18.9), and median preoperative
duration of disease 679 days (range 16-3,611 days).
Median preoperative serum albumin, hemoglobin, and
CRP concentrations were 3.2 g/dL (range: 1.4-4.8 g/dL),
10.6 g/dL (range: 4.9-17.5 g/dL), and 0.33 g/dL (range:
0.0-16.11 g/dL), respectively. As to preoperative disease
activity, median PUCALI score was 45 (range: 0-85).
According to Japanese criteria of disease severity, 12%
of patients had mild disease, 40% moderate, and 45%
severe. According to the Montreal classification, 96% of
patients had E3 disease (extensive UC).

Indications for surgery, which overlapped each other
in this study, are listed in Table 2. The most frequent
indications for surgery were intractable disease caused by
resistance to medications, including steroid dependency
and steroid resistance, in 77 % of patients. The next most
frequent indications were poor quality of life in 23%,
adverse effects of drugs in 12%, massive bleeding in
11%, and growth retardation in 9%.

Table 1. Baseline patients' characteristics

Characteristics

Gender (Feale/Male) 59/77

Age at disease onset (years old) 12.0 (0.3-17.7)
Age at operation (years old) 14.1 (2.4-18.9)
Preoperative disease duration (days) 679 (16-3611)

Preoperative serum albumin (g/dL)
Preoperative serum hemoglobin (g/dL)
Preoperative serum CRP (mg/dL)

3.2(1.4-4.8)
10.6 (4.9-17.5)
0.33 (0-16.11)

PUCAI 45 (0-85)
Japanese disease severity criteria
Mild 16 (12%)
Moderate 55 (40%)
Severe 61 (45%)
unknown 4 (3%)
Montreal classification of UC
E1 (ulcerative proctitis) 0 (0%)

E2 (left-sided UC)
E3 (extensive UC)
unknown

1(1%)
131 (96%)
4 (3%)

CRP, creactive protein; PUCALI, pediatric ulcerative colitis activity
index; UC, ulcerative colitis. Data was shown by median (range).

Table 2. Operative indications

Indication for operation n %
Perforation 4 3
Massive bleeding 16 11
Toxic Megacolon 6 4
Colon cancer 0 0
Fluminant disease 4 3
Growth Retardation 13 9
Intractable disease 109 77
Lower QOL 33 23
Drug side effect 17 12
Extra-intestinal complications 2 1

Table 3 shows the surgical procedures and
relevant patient characteristics, including preoperative
medications and laboratory data. Thirty-five patients
had undergone one-stage surgery, 57 two-stage surgery,
and 44 three-stage surgery. Patients who had undergone
three-stage surgery had a significantly shorter duration
of preoperative disease than those in the other groups (p
= 0.0147); their more severe conditions being reflected
by the necessity for more complex surgery (p < 0.0001),
worse PUCALI scores at surgery (p < 0.0001), lower
preoperative albumin (p < 0.0001) and hemoglobin
concentrations (p = 0.0059), and higher preoperative
CRP concentrations (p < 0.0001). Preoperative
medications varied by group and institution. In particular,
few patients in this study received IFX.

SSI developed in 36/136 patients (26%) (Table 4).
[-SSI occurred in 28/136 patients (21%) and OS-SSI in
16/136 patients (12%). SSI occurred in 11% of patients
who had undergone one-stage surgery, comprising
I-SST in 9% and OS-SSI in 9%; in 19% patients who
had undergone two-stage surgery, comprising I-SSI in
13% and OS-SSI in 12%; and in 48% patients who had

www.irdrjournal.com



109 Intractable & Rare Diseases Research. 2017, 6(2):106-113.

Table 3. Patients' characteristics among operative procedures

Items Two Three p value
girls : boys 14:21 21:35 24:20 0.2055
Age at disease onset (years old) 11.4+3.6 11.4+3.1 11.1+5.0 0.7996
Severity at onset (mild/moderate/severe) 3/21/8 5/23/20 4/16/20

PUCALI at disease onset 52.5+254 53.4+21.5 62.2+21.2 0.3496
Disease extent at onset (rectum/left side/total colitis) 0/4/30 3/5/41 1/6/35

Age at operation (years old) 14.0+2.7 13.8+2.6 13.1+3.6 0.8278
Preoperative disease duration (days) 951.6 + 782 873.2+635.7 657.1 +834.1 0.0147
Severity at operation (mild/moderate/severe) 3/22/10 11/26/16 2/8/34 <0.0001
PUCALI at operation 38.9+20.5 39.5+258 69.0+21.6 <0.0001
Disease extent at operation (E1/E2/E3) 0/1/33 0/1/54 0/1/43 0.5627
Preoperative serum albumin (g/dL) 3.7£0.8 3.7£0.6 2.7+0.8 <0.0001
Preoperative serum hemoglobin (g/dL) 11.5+23 11.2+23 9.7+22 0.0059
Preoperative serum CRP (mg/dL) 1.9+3.7 0.8+2.2 4.0+45 <0.0001
Preoperative 90 SASA (y/n) 3172 53/4 28/11 0.0064
Preoperative 90 PDN (y/n) 32/2 42/15 32/7 0.0344
Preoperative 90 APT (y/n) 13/19 15/42 8/31 0.1665
Preoperative 90 AZA (y/n) 11/21 30/27 8/31 0.0047
Preoperative 90 TAC (y/n) 3/29 17/40 5/34 0.0277
Preoperative 90 CYA (y/n) 3/29 13/44 10/29 0.1589
Preoperative 90 IFX (y/n) 1/31 9/48 1/38 0.0288
Preoperative 30 5ASA (y/n) 30/3 49/8 26/16 0.003
Preoperative 30 PDN (y/n) 3173 39/18 38/6 0.0131
Preoperative 30 APT (y/n) 9/23 8/49 13/29 0.0935
Preoperative 30 AZA (y/n) 12/20 24/33 7/35 0.0179
Preoperative 30 TAC (y/n) 4/28 13/44 6/36 0.3762
Preoperative 30 CYA (y/n) 3/29 12/45 9/33 0.2805
Preoperative 30 IFX (y/n) 1/31 1/56 1/41 0.9182
EsPDN(g) 633.5+751.0 663.7 £ 1004.7 838.2+839.4 0.87
EsPDN(g)/BW (kg) 147+15.9 21.84349 22.0+£22.5 0.1586

CRP; creactive protein, PUCALI pediatric ulcerative colitis activity index, SASA; 5-aminosalicylates, PDN; prednisolone, APT; apheresis therapy,
AZA; azathioprine, TAC; tacrolimus, CYA; cyclosporine A, IFX; infliximab, y; yes, n; no, EsPDN; estimated PDN administered dose during
Imonth before operation, BW; body weight. Data was shown by mean + standard deviation.

Table 4. SSI occurrence among operative procedures

Items Total (136)  One (35) Two (57) Three (44)
SSI 36 (26%) 4 (11%) 11(19%) 21 (48%)
I-SSI 28 (21%) 3 (9%) 8 (13%) 17 (35%)
OS-SSI 16 (12%) 3 (9%) 7 (12%) 6 (14%)

SSI; surgical site infection, I-SSI; incisional wound infection, OS-
SSI; organ/space infection.

undergone three-stage surgery, comprising I-SSI in 35%
and OS-SSI in 14%.

Table 5 shows the relationships between development
of SSI after first stage operations and selected factors.
SSI occurred significantly more frequently in girls
than boys (p = 0.012). Neither disease severity nor
preoperative medications were significantly associated
with development of SSI. There was a statistically
significant relationship between staged surgery and
development of SSI (p = 0.0004).

Table 6 shows the results of multiple logistic
regression analysis. Staged surgery (three/one, OR: 6.7,
95% CI: 2.1-25.5, p = 0.0007; three/two, OR: 3.4, 95%
CI: 1.4-8.6, p = 0.0069) and female sex (OR: 2.3, 95%
CI: 1.0-5.4, p = 0.0434) were statistically significant
predictors of development of SSI in pediatric patients
with UC. Staged surgery was the sole statistically

significant risk factor for I-SSI, (three/one, OR: 6.5, 95%
CI: 1.9-30.2, p = 0.0021; three/two, OR: 3.6, 95% CI:
1.4-9.9, p = 0.0091); however, no predictors of OS-SSI,
such as anastomotic leakage or intraperitoneal abscess,
were identified in this study.

4. Discussion

The major findings of this study were that female sex
and three-stage surgery are independent predictors of
development of SSI after surgery for UC in pediatric
patients. Three-stage surgery was an independent
predictor of development of [-SSI occurrence; female
sex was not. No predictors of OS-SSI were identified.
Preoperative medications, including 5-ASA, AZA, TAC,
and CYA, did not significantly affect the incidence of
SSI.

SSI is the most frequent complication of colorectal
surgery. In adult colorectal surgery, dirty or contaminated
surgery, open ileostomy or colostomy placement,
emergency surgery, and multiple procedures are
reportedly associated with increased risk of SSI (17,18).
Segal et al. (19) reported that risk factors for I-SSI and
OS-SSI differ in patients who undergo colon resection.

The surgical management for UC is challenging
because the procedure of IPAA is difficult; additionally,
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Table 5. The relationship between SSI occurrence and several factors in patients who received first stage operation

Items SSI (+) SSI (-) p value
girls : boys 22:14 37:63 0.0125
Age at disease onset (years old) 11.4+43 11.3+3.7 0.6570
Severity at onset (mild/moderate/severe) 2/15/16 6/49/32 0.5065
PUCALI at disease onset 58.3 +26.2 54.9+20.3 0.5956
Disease extent at onset (rectum/left side/total colitis) 36674 4/10/78 0.2459
Age at operation (years old) 13.9+22 13.5+32 0.7962
Preoperative disease duration (days) 864.9 + 980.6 811.0 = 642.9 0.4544
Severity at operation (mild/moderate/severe) 5/14/16 12/41/44 0.9492
PUCAL at operation 53.7+28.6 45.0 +26.1 0.1828
Disease extent at operation (E1/E2/E3) 0/0/35 1/2/95 0.3952
Preoperative serum albumin (g/dL) 32+0.8 34+09 0.1087
Preoperative serum hemoglobin (g/dL) 104 +2.7 11.0+2.2 0.1998
Preoperative serum CRP (mg/dL) 24+4.0 1.9+3.5 0.0927
Preoperative 90 SASA (y/n) 27/6 85/12 0.4716
Preoperative 90 PDN (y/n) 26/7 80/17 0.6412
Preoperative 90 APT (y/n) 9/24 27/68 0.8992
Preoperative 90 AZA (y/n) 12/21 37/58 0.7921
Preoperative 90 TAC (y/n) 6/27 19/76 0.8194
Preoperative 90 CYA (y/n) 6/27 20/75 0.7216
Preoperative 90 IFX (y/n) 1/32 10/85 0.1453
Preoperative 30 SASA (y/n) 25/9 80/18 0.3226
Preoperative 30 PDN (y/n) 29/7 79/20 0.9223
Preoperative 30 APT (y/n) 8/26 21/76 0.8211
Preoperative 30 AZA (y/n) 9/25 32/65 0.4761
Preoperative 30 TAC (y/n) 6/28 17/80 0.9872
Preoperative 30 CYA (y/n) 5/29 21/76 0.3706
Preoperative 30 IFX (y/n) 0/34 3/94 0.1764
EsPDN(g) 843.5 +869.9 652.0+915.9 0.0917
EsPDN(g) / BW (kg) 24.84+29.4 18.6 +27.3 0.1800
Stage operation (one/two/three) 4/11/21 31/46/23 0.0004

SSI; surgical site infection, CRP; creactive protein, PUCAI; pediatric ulcerative colitis activity index, SASA; 5-aminosalicylates, PDN;
prednisolone, APT; apheresis therapy, AZA; azathioprine, TAC; tacrolimus, CYA; cyclosporine A, IFX; infliximab, y; yes, n; no, EsSPDN;
estimated PDN administered dose during Imonth before operation, BW; body weight. Data was shown by mean + standard deviation.

Table 6. Multiple logistic regression analysis

Chi square Multiple logistic regression analysis
Items
p value OR 95% CI p value
SSI
female 0.0141 two/one 2.3 1.0-5.4 0.0434
staged operation 0.0004 three/one 2 0.6-7.7 0.272
three/two 6.7 2.1-25.5 0.0007
3.4 1.4-8.6 0.0069
I-SSI
female 0.0460 0.132
staged operation 0.0012 two/one 1.8 0.5-8.9 0.3888
three/one 6.5 1.9-30.2 0.0021
three/two 3.6 1.4-9.9 0.0091
OS-SSI
none

SSI; surgical site infection, I-SSI; incisional wound infection, OS-SSI; organ/space infection.

patients with UC tend to be in poorer condition than
patients with other colorectal diseases requiring
surgery because of infection or contamination, pro-
inflammatory factors characteristic of UC, anemia and
malnutrition, and immunosuppression, including that
induced by immunosuppressive medication. Patients
with UC undergoing elective colectomy reportedly have

significantly higher rates of SSI, especially OS-SSI (35,6).
Araki et al. (20) have reported that poor general physical
status is a significant independent risk factor for OS-SSI
in adult patients with UC. In a comparison of colorectal
surgery for colorectal cancer versus IBD in patients with
clean-contaminated wounds, IBD was shown to be an
independent risk factor for I-SSI (6).
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In this study, surgery for UC was performed in
one stage in 35 cases, two stages in 57 cases, and
three stages in 44 cases. We found three-stage surgery
to be a statistically significant independent predictor
of SSI, likely because of risk factors such as dirty or
contaminated surgery, creation of ileostomies, and the
characteristically poor condition of patients requiring
three-stage surgery compared with that of those requiring
only one- or two- stage surgery.

We found that female sex is a predictor of SSI, as
shown by two other studies (/7,21) of colorectal surgery
for adult patients. In contrast, Morikane et al. (18) found
an association between male sex and increased risk of
SSI in adult patients undergoing colorectal surgery. The
reasons for SSI being more common in female than male
patients in three of these four studies is unclear; however,
Pedroso-Fernandez et al. (17) proposed in a personal
communication that the procedure for extracting the
resected tissue and size of incision may differ in female
patients for cosmetic reasons.

Until ten years ago, high total PDN doses were
administered before surgery and this was strongly
associated with incidence of SSI in patients with UC,
especially in Japanese institutes (22-25). Use of non-
steroid drugs, including immunomodulators and anti-
tumor necrosis factor, has recently been increasing
in pediatric patients with a hopeful future, though
corticosteroids remain the main drug for inducing
remission of UC. If the medications used instead of
PDN for treating UC have immunosuppressive effects
that may lead to infectious complications, such drugs
could increase the incidence of surgical complications.
Thus far, several studies have concluded that there is
no relationship between preoperatively administered
medications and postoperative SSI in pediatric patients
with UC (25-29). Regarding use of immunomodulators,
preoperative exposure to thioprines or calcineurin
inhibitors is reportedly not associated with increased
postoperative complications in pediatric patients with
UC who undergo colectomy (27,29). Patton et al.
(28) found that preoperative IFX was not associated
with postoperative complications in pediatric patients
with UC. However, Kennedy et al. (26) reported that
postoperative small bowel obstruction occurred more
frequently in children who had been treated with IFX
prior to proctocolectomy than in those who had not;
however, this relationship is unclear. Because too few
patients in our study had received IFX, our results did
not allow us to draw a conclusion about any relationship
between preoperative IFX administration and SSI
occurrence.

This study has some limitations. Three-stage surgery
was selected for pediatric patients with perforation, toxic
megacolon, and IBD-unclassified whereas selection of
one- or two-stage surgery was dependent on the policy
and judgement within each surgical institute and the
obtaining of informed consent for proposed procedures.

Additionally, precautions taken to prevent SSI, surgical
indications and procedures, and length and positions
of incisions differed between the surgical institutes.
Concerning the relationship between preoperatively
administered medications and SSI, we did not monitor
6-thioguanine nucleotide concentrations in patients
receiving AZA (30) or trough serum con/ss in those
receiving TAC (37), CYA (32), or IFX (33) in this study;
we therefore could not investigate the relationship
between serum concentrations of drugs and postoperative
infectious complications.

In conclusion, three-stage surgery is an independent
predictor of development of SSI after surgery in pediatric
patients with UC. In this study, preoperative medication,
including 5-ASA, AZA, TAC, and CYA, did not affect
the overall incidence of SSI, or that of I-SSI or OS-SSI.
An immediate correct diagnosis, appropriate medical
therapy without using high total doses of PDN, optimal
timing of surgery, and avoidance of three-stage surgery
may result in better surgical outcomes and quality of life.
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in two brothers in China
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Summary

Dent disease is an X-linked recessive proximal tubular disorder that affects mostly male

patients in childhood or early adult life, caused by mutations in CLCN5 (Dent disease 1)
or OCRL (Dent disease 2) genes, respectively. It presents mainly with hypercalciuria, low-
molecular-weight proteinuria, nephrocalcinosis and progressive renal failure. We report
here the same CLCN5 mutation but different phenotypes in two Chinese brothers, and
speculate on the possible reasons for the variability of the genotype-phenotype correlations.

Keywords: Dent disease, CLCNJ5, phenotpye, China

1. Introduction

Dent disease (OMIM #300009) is a rare X-linked
renal proximal tubulopathy clinically defined by low
molecular weight proteinuria (LMWP) associated with
hypercalciuria and/or its complications (nephrocalcinosis
or nephrolithiasis) and progressive renal failure. Dent
disease may also be associated with aminoaciduria,
phosphaturia, glycosuria, uricosuria, kaliuresis,
hematuria, impaired urinary acidification, and rickets
or osteomalacia (/,2). According to the differences in
phenotype, it is divided into two groups, Dent disease 1
(OMIM #300008), which is caused by mutations of the
CLCNS5 genes located in chromosome Xp 11.22, and
Dent disease 2 (OMIM#300555), which is caused by
mutations in OCRL genes localized on chromosome Xq
25 (3). Overall, 60% of individuals with Dent disease
are found to have a CLCN5 mutation, 15% have an
OCRL mutation, and in the remaining 25% a mutation
cannot be identified (4). The prevalence of Dent disease
is unknown and it may be underdiagnosed. Dent disease
mainly affects males, whereas female carriers may show
a milder phenotype (5,6). Patients are usually diagnosed
in childhood or in young adult years. LMWP is the most
consistent feature, occurring in 99% of affected male
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patients. Proteinuria is usually subnephrotic but may
reach a nephrotic level (2,7,8).

Fanconi syndrome (FS) is a generalized dysfunction
of the renal proximal tubules leading to excessive urinary
wasting of amino acids, glucose, phosphate, uric acid,
bicarbonate, and other solutes. The patients develop
failure to thrive, polyuria, polydipsia, dehydration, and
rickets in children, and osteoporosis and osteomalacia
in adults. The patients also manifest renal salt wasting,
hypokalemia, metabolic acidosis, hypercalciuria,
and LMWP. The causes of FS are divided into three
main categories; hereditary, acquired, and exogenous
substances (9,10).

The effects of Dent disease 1 are variable both within
and between affected families (/7). It is well known that
a CLCNS5 mutation could be a rare cause of inherited
forms of induced Fanconi syndrome (/2-16). Moreover,
a considerable intra and between familial variability in
disease severity has been observed and no genotype-
phenotype correlation has been described (1,17).

We report here two brothers with the same CLCNS
mutation but different phenotypes, the elder was
consistent with Fanconi syndrome while the younger
was consistent with Dent disecase. We speculate on
the possible reasons for the variability of genotype-
phenotype correlations.

2. Materials and Methods
2.1. Participants

This work was carried out with human research ethics
approval from the Peking University First Hospital

www.irdrjournal.com
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and followed the guidelines of the 2000 Declaration
of Helsinki and the Declaration of Istanbul 2008. All
patients and their family members gave their consent
for inclusion in this study.

2.2. Methods

Genomic DNA was extracted from the peripheral blood
of the patients and their parents. Genetic analysis was
performed in the Genetics laboratory of Biotechnology
companies in China, using "the hereditary renal
tubular disease" which covers about 50 genes strongly
correlated with this disorder.

The expected segregation of putative mutations
was confirmed in families, whenever possible, and
their absence was confirmed in SNPs databases of
common benign variants (http://exac.broadinstitute.
org/, http://www.ncbi.nlm.nih.gov/projects/SNP/), and
http://'www. 1000genomes.org/. Human Splicing Finder
(http://www.umd.be/HSF/) and Mutation tasting (http.//
mutationtaster.org/) were used for analysis on splicing
mutations and other mutations, respectively.

2.3. Case presentation

Case 1: A 10.9-years boy (Birth date 29/10, 2004)
was hospitalized to our hospital (14/08, 2015) with
a complaint of proteinuria for 5.3 years, polydipsia
and polyuria for 4 years. He was found to present
with proteinuria (78 mg/kg) but without edema,
hypoalbuminemia and hypercholesterolemia 5.3 years
ago (28/05, 2010), renal biopsy was done in a local
hospital. Immunofluorescence (IM) was negative.
The light microscope (LM) showed 13 glomeruli with
podocyte swelling, minimal proliferation of mescenteric
cells and matrix, segmental glomeruli base membrane
thickening, tubular atrophy (15%) and interstitial fibrosis.
Electron microscopy (EM) found no obvious abnormal
podocytes, except for tubular atrophy and interstitial
fibrosis. With a presumptive diagnosis of minimal change
disease (MCD), he was treated as nephrotic syndrome
with a full steroid dose for 4 weeks, then combined
with cyclophosphamide (CTX) for 7 doses (one dose
per month), but no apparent change of his proteinuria
(55~83 mg/kg) was seen. Further investigation revealed
a normal creatine (29.4 umol/L), an estimated glomerular
filtration rate (eGFR) of 125 mL/min/1.73 m’, serum
albumin level 46 mg/L, cholesterol 4.18 mmol/L,
autoimmune profile including C3 and C4 compliments
within normal range; Urine protein 64 mg/kg, urine al-
microglobin 161 mg/L, urine microalbumin 64 mg/L,
LMWP 61.3%, hypophosphatemia (0.62~0.89 mmol/
L), hypokalemia (2.9~3.2 mmol/L), acidosis (HCO;-
15.6~20.7 mmol/L), hypomagnesemia (0.75~0.84 mmol/
L), hypochloremia (91.8~95.4 mmol/L), aminoaciduria
and rickets, but no hypercalciuria (0.05~0.08 mmol/
kg/24 h). Renal ultra-sonography showed no obvious

abnormality. He was diagnosed with Fanconi syndrome,
treated initially with oral potassium citrate (2 mmol/kg/d)
and sodium bicarbonate (3 mmol/kg/d), but the therapy
was discontinued and no regular monitoring was carried
out. Polydipsia and polyuria appeared 4 years ago, and
intermittent apyretic tetanus appeared two years ago.

At admission, his height was 110 cm, weight was
21 kg, both below the 1st centile. Investigation in our
hospital revealed a normal creatine (54.2 umol/L) and
estimated glomerular filtration rate (¢GFR) of 102 mL/
min/1.73 m’, serum albumin level 46 mg/L, cholesterol
4.12 mmol/L, urine protein 44~94 mg/kg, urine al-
microglobin 161~186 mg/L, urine microalbumin 70~124
mg/L, LMWP 63.7%, hypokalemia (1.76 mmol/L),
hypomagnesemia (0.76 mmol/L), hypophosphatemia
(0.57 mmol/L), hypochloremia (91.3 mmol/L),
hyposthenuria (specific gravity 1.005~1.008),
aminoaciduria and rickets, but without acidosis
(HCO;- 23.6 mmol/L) and still no hypercalciuria
(0.11 mmol/kg/24h). Renal ultra-sonography showed
nephrocalcinosis. He fulfilled the criteria for Fanconi
syndrome. Because his brother also had low-molecular-
weight proteinuria (see Case 2), hereditary renal tubular
disease was suspected. See Table 1, 2, and 3.

Case 2: A 2.3-years boy (Birth date 13/04, 2013)
was hospitalized in our hospital (17/08, 2015) with a
complaint of proteinuria for 8 months. He was found to
present with proteinuria (2+ ~ 3+) but without edema,
hypoalbuminemia and hypercholesterolemia about 8
months ago (28/12, 2014). There was no proteinuria
change and other signs after observation for 8 months.

At admission, his height was 88 cm, weight was
12 kg. Investigation in our hospital revealed a normal
creatine (25.8 umol/L) and estimated glomerular
filtration rate (¢GFR) of 116 mL/min/1.73 m’, serum
albumin level 50 mg/L, cholesterol 3.26 mmol/L, urine
protein 85~98 mg/kg, urine al-microglobin 413~708
mg/L, urine microalbumin 318~470 mg/L, LMWP
56%, hypercalciuria (0.23~0.25 mmol/kg/24 h, urine
calcium to creatine = 0.26 g/g) and aminoaciduria, but
without any other electrolyte disturbances and rickets.
Renal ultra-sonography showed no abnormality. He was
suspected for Dent disease, and also hereditary renal
tubular disease same as his elder brother (see Case 1).
See Table 1, 2, and 3.

3. Results and Discussion

Our two brothers both presented with a nephrotic
level of LMWP and aminoaciduria, the elder brother
also had polydipsia, polyuria, nephrocalcinosis,
hypophosphatemia, hypokalemia, acidosis,
hyposthenuria and rickets but without hypercalciuria,
while the younger brother also had hypercalciuria but
without other symptoms, they fulfilled the diagnostic
criteria of Fanconi syndrome and Dent disease,
respectively. Genetic analysis showed they both carried
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Table 1. General information of the two brothers

Items Case 1 Case 2
Gender Male Male
Onset age 5.6 years 1.7 years
Diagnosis age 10.9 years 2.3 years
Body weight 21 kg 12 kg
Body height 110 cm 88 cm
Chief complaint Proteinuria, polydipsia and polyuria Proteinuria
Table 2. Clinical characters of the two brothers

Items Case 1 Case 2
Proteinuria Yes Yes
Hypercalciuria No Yes
Hematuria No No
Aminoaciduria Yes Yes
Nephrocalcinosis Yes No

Renal function Normal Normal
Renal biopsy MCD Not Done
CLCNS5 mutation ¢.731C>T, p.S244L ¢.731C>T, p.S244L

Others

Hypophosphatemia, hypokalemia, acidosis, hyposthenuria and rickets None

Table 3. Laboratory data of the two brothers

Items Case 1 Case 2
Alb (g/L) 50+2 50+1
UPE (mg/kg/24h) 68 £ 16 99 + 10
alMG (mg/L) 174 £ 13 535+98
MA (mg/L) 101 £21 394 + 86
olMG/MA 1.7+ 0.6 14+0.1
LMWP (%) 523+9.1 55.9+4.5
UC/Ucr 0.11 £ 0.05 0.26 +0.08
UCE (mmol/kg/24h) 0.07 £0.02 0.25+0.02

Alb: Albumin; UPE: Urinary protein excretion; a1 MG: al-
microglobinuria; MA: Microalbuminuria; LMWP: Low molecular
weight proteinuria; UC: Urine calcium; Ucr: Urine creatinine; UCE:
Urine calcium excretion.

the homozygous mutation ¢.731C>T (p.S244L) in exon
7 in the CLCNS gene, transmitted from their mother.
The mother carried the same mutation but father was
normal. Mother showed no proteinuria, hematuria,
hypercalciuria, nephrolithiasis or nephrocalcinosis, and
her renal function was normal. No variations were found
in inherited Fanconi syndrome related genes in both
cases, such as OCRLI, COQ2, CNTS, GALTI, ALDOB,
SLC2A42, SLC5A42, ATP7B, or NDUFAF6. The mutation
has been reported (20,21).

Case 1 was treated continuously with potassium
citrate (2~3 mmol/kg/d) and a mixture of phosphate
(disodium hydrogen phosphate and sodium dihydrogen
phosphate, 3~5 mmol/kg/d), with a follow up of
10 months, his electrolyte disturbance recovered
and remained normal. Case 2 was treated with
hydrochlorothiazide (1 mg/kg/d) and potassium citrate
(2~3 mmol/kg/d), with a follow up of 10 months, his
urine calcium decreased and remained 0.08~0.09 mmol/
kg/d, but with no change of urine protein (58~89 mg/
kg/d).

Fanconi syndrome represents a generalized
dysfunction of the proximal tubular resorption of
glucose, phosphate, bicarbonate and amino acids in
the kidney. Dent disease is one form of inherited renal
Fanconi syndrome (/4). It was confusing why the same
CLCNS5 mutation in our two brothers induced different
phenotypes.

First, the course of disease maybe had some effects.
The elder brother was 5.6 years old while the younger
brother was only 1.7 years old when proteinuria was
found. As a genetic disease, the LMWP of Dent disease
should be presented after birth, it is well known that
persistent proteinuria itself is a damaging factor for
the renal system. For example, polydipsia, polyuria
and hyposthenuria appeared in the younger brother
a year after the finding of proteinuria. It was similar
to another report of Dent disease in China. Jian et al.
reported four cases of Dent disease, three of which
were diagnosed Fanconi syndrome aged 12, 10 and
8 years old, respectively (/5). We suggested that the
renal tubulopathy might be worsening as the course
progresses, but this needs further observation, especially
for our younger brother. However, Hodgin et al. also
reported two Dent disease brothers both presenting as
partial Fanconi syndrome, 6 years old and 4 years old,
respectively (/2), which suggested excepting the course
of disease, there might be other factors influencing the
phenotype of Dent disease.

Second, the genotype maybe had some effects on
phenotype. As a rare hereditary renal tubular disorder,
there are no genotype-phenotype correlations because
various mutations are associated with different clinical
phenotypes, even within the same family (22). The
mutation ¢.731C>T (p.S244L) has been previously
reported, the missense mutation occurs within
transmembrane domains, and none of the cases presented
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as Fanconi syndrome (20,21). Our two brothers have the
same mutation but presented a different phenotype, one
Dent disease while the other Fanconi syndrome. There
was no mutation found on other Fanconi syndrome
related genes in the elder brother, and it seemed that
the genotype could not explain the variance. However,
because the younger brother is perhaps too young, his
phenotype should be monitored to see if any changes
take place when he reaches his elder brother's age. A
considerable intrafamilial variability in disease severity
has been observed. Dent disease patients have a variable
phenotype ranging from renal Fanconi syndrome with
or without rickets to the association of LMWP and
hypercalciuria (with or without nephrocalcinosis or
nephrolithiasis) (/7). The severity of renal disease varies
greatly among individuals within a family, and there is
no relationship between the degree of LMW proteinuria
and the severity of chronic kidney disease (CKD) or
hypercalciuria (/7).

Third, the renal pathology may have some effects
on the phenotype. Renal biopsy of our elder brother
showed no obvious abnormality on podocytes, except
tubular atrophy (15%) and interstitial fibrosis. Also, he
had no history of drugs used which might damage the
renal tubule and interstitium. However, it was a pity
that our younger brother did not have a renal biopsy,
and therefore the severity of his tubular atrophy was
unknown. There was a report on renal pathology and
renal function, which showed that higher percentages
of globally sclerotic glomeruli, foot process effacement,
and interstitial inflammation were associated with a
lower estimate of glomerular filtration rate (¢eGFR) at
biopsy, whereas foot process effacement was associated
with steeper annual eGFR decline (23). However, no
correlation between phenotype and tubular atrophy has
been reported in Dent disease.

Finally, how CLCN5 mutations can cause a lot of
clinical manifestations is not very clear. As a vesicular
chloride/proton exchanger, it has been proposed that
CLC-5 allows maximal acidification of the endosome
by providing an electrical shunt to dissipate the
positive charge created by the proton-ATPase pump.
LMWP are freely filtered by the glomerulus and
reabsorbed by the proximal tubular epithelium. Thus,
the LMWP seen with CLC-5 dysfunction, results from
impaired proximal tubular endocytosis. Consequent
abnormalities in membrane recycling could explain
other defects in proximal tubular function such as
phosphaturia, aminoaciduria, and glycosuria. However,
the mechanisms of hypercalciuria and nephrocalcinosis
remain unclear. It is known that in patients with proven
CLCNS5 mutations, as many as 30% do not demonstrate
hypercalciuria on repeated urine analysis, even though
some of these do exhibit nephrocalcinosis, such as our
elder brother, who had nephrocalcinosis but without
hypercalciuria (24). It is hypothesized that the functional
loss of CIC-5 is essentially reflected by manifestations of

proximal tubular dysfunction and may contribute to the
genesis of kidney stones in different ways, reflecting its
involvement in specific tubular functions (25).

In conclusion, we report two brothers in China
with the same CLCN5 mutation of S244L but different
phenotypes, one presented with a nephrotic level
of LMWP, aminoaciduria, polydipsia, polyuria,
nephrocalcinosis, hypophosphatemia, hypokalemia,
acidosis, hyposthenuria and rickets but without
hypercalciuria, while the other presented with a nephrotic
level of LMWP, hypercalciuria and aminoaciduria, they
fulfilled the diagnosis criteria of Fanconi syndrome and
Dent disease, respectively. The possible reasons for the
variability of genotype-phenotype correlations remain
unclear.
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Summary

Mucopolysaccharidosis IV A, better known as Morquio-A syndrome, is a rare condition with
severe skeletal and multiorgan involvement. Sometimes is not easy to differentiate from other
skeletal dysplasias. Prior to definitive diagnosis, patients have been delayed or misdiagnosis
due to lack of knowledge of local physicians about this disease. The aim of this study is to
compare the age of onset of clinical manifestations, age of diagnosis, as seen by the parent
or primary caregiver and compare this age with other population reports worldwide. Self-
administered questionnaires were conducted to the primary caregiver of confirmed patients,
collecting information about the onset of symptoms, age, previous diagnoses and biological
variables (age, gender, sex). Data from 50 patients, 23 men and 27 women was obtained. Mean
age at definitive diagnosis was 5.6 years, age at onset of signs or symptoms was 4.14 years
starting with pigeon chest deformity, valgus knees at 4.5 years, stiff hands and increasing
mobility of wrists to the 5.8 years, followed by limitation to lift shoulders to 7.1 years. In 78%
of patients the diagnosis was by a geneticist. First and subsequent observed clinical changes
were orthopedic, starting as early as 4.4 years as noted by parents. Rise of suspicious may
delay 16 months' average to definitive diagnosis based on other multi-systemic findings. The
most frequent specialist aid in diagnosis is a clinical geneticist followed by orthopedic surgeon.
The diagnosis of Morquio-A disease in Mexico is as early as reports from other centers.

Keywords: Morquio-A syndrome, diagnosis, Mexico, delay diagnosis, height, dwarphism,

skeletal dysplasia, orphan disease

1. Introduction

Mucopolysaccharidoses IV A, better known as
Morquio-A syndrome, is a rare disease that represents
one of the multi-organic and progressive diseases with
the most severe musculoskeletal system involvement
(1,2). It has a wide clinical spectrum, that may not be
easy to recognize from other non-systemic skeletal
dysplasias, which represents a challenge in diagnosis
in young patients (3,4). This condition has progressive
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multisystem dysfunction and impaired functional
capacity. Skeletal abnormalities may be first line
clinical findings to aid in diagnosis (/,5,6).

Since Morquio-A patients have not primary
neurological involvement (/,2,4,5), an early detection,
as well as early treatment could prevent the severe
functional impairment seen on these patients,
improving outcomes and extending their autonomy
(2,7-9). Generally, before definitive diagnosis, patients
are delayed or misdiagnosed due the lack of knowledge
about the disease (/0,11).

International series describe a widespread amount of
skeletal manifestations such as short trunk and neck, hip
and knee dysplasia, spinal abnormalities, pigeon chest,
among other less frequent characteristics (/2,13). Early
onset findings are kyphosis, scoliosis, growth retardation
and altered gait (4, /4). The vast majority of papers detail
clinical features but only few mention the age of onset.
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Knowing average time of features may help raise clinical
suspicion of the disorder at early time (5,15,16).

We made this research trying to compare age of
diagnosis versus age of onset of evident clinical signs
as observed from the parents of Morquio-A patients
in Mexico. To describe time delay in diagnosis since
the first manifestation until definite diagnosis. This
work may help guide the intervention in improving
suspicion and early detection of Morquio-A syndrome
in our population as well as in other similar Hispanic
communities.

2. Materials and Methods

During the first Mexican Morquio-A meeting, a self-
administered questionnaire was given to caregivers
and patients with this syndrome. All of them have
had diagnosis confirmation through determination of
deficient enzymatic activity in leukocytes or fibroblasts.
The patients were enrolled by accepting an informed
consent and agreement of confidentiality. They were all
informed about the reaching of the present study.

The questionnaire consisted in open questions about
biological variables (age, gender, height) as well as age at
diagnosis, concomitant and familial diseases. Questions
about first symptoms and clinical features of the disease
were dichotomic in order to avoid to forget any major or
minor joint, followed to blank spaces to write down kind
of alteration and the age it was noticed. Other questions
referred with time of suspicion, health care provider in

charge of suspicious and age at diagnosis were open
blank spaces.

All data were collect in electronic datasheets to group
similar answers and findings. All answers and results
are described and analyzed with measures of central
tendency.

3. Results and Discussion

We received full answered questionnaires from 50
patients or first relatives, all of them had enzymatic
activity confirmation of Morquio-A syndrome; 23
were of male gender (46%) and 27 females (54%).
Phenotypically all correspond to non-attenuated form of
the disease. Mutational analyses of all patients were not
possible, so it was not included on this study.

3.1. Height and weight

Mean age of the patients in present study was 15.3 years
(range 3.1 to 41 years). The mean height of patients
studied is 99 cm (ranging from 60 to 140 cm; n = 47),
and mean weight of 20.4 kg (10 to 49 kg; n = 48).

Excluding the younger patients, the final height of
adult Morquio-A patients is 87 cm (94 to 125 cm) and
final adult weight of 24.5 kg (10 to 49 kg) with a body
mass index average of 22.08 (range 10.0 to 34.02 kg/m’).
This data is only from patients older than 18 years and
excluding both the tallest and shortest patients (n = 15)
(Figure 1).

Heigth vs Age in Mexican Morquio-A patients.
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Figure 1. Height according age in Morquio-A patients. Notice all of them are between 90 and 110 cm. Most patients reach

final height during second decade of life.
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Figure 2. Clinical features of Morquio-A patients. (A), Progressive inability to raise arms upperhead and full extend elbows,
pigeon chest and relative short neck; (B), Wrist, elbow and hand deformations; (C), Severe genu valgus. Personal archive files.
Patient and guardian consent was obtained prior attachment of present clinical images.

3.2. Definitive diagnosis

Mean age at definite diagnosis was 5.6 years, ranging
from 1 month to 15 years in all patients in this cohort (n
= 50). Eighteen patients had a positive familiar history
of Morquio-A syndrome (9 siblings and 9 cousins or
other relatives). In patients with brothers affected with
Morquio-A, the diagnosis was made at mean 5.5 years
old (from one month to 15 years); and in patients with
relatives other than sibs, diagnosis was made at mean
5.8 years (from 1 year to 15 years). In the remain (n =
32) patients without family history, diagnosis was made
between 18 months and 14 years (mean 4.6 years).

For earliest diagnosis, two patients were diagnosed
before one year of life: at age of one and nine months,
respectively. Both had one sibling affected as a source
of clinical suspicion.

Ten patients had different previous misdiagnoses
before Morquio-A confirmation: among them skeletal
dysplasia (n = 4), achondroplasia (n = 2), Ehlers-Danlos
syndrome (n = 1), Sotos syndrome (n = 1), scoliosis (n
= 1) and chronic bronchitis (z = 1). Eleven patients did
not respond (22%) and more than half of the patients
did not have a previous presumptive diagnosis (58%, n
=29) (Figure 2).

Definitive diagnosis of Morquio-A was achieved
by a genetic specialist in 78% of patients (n = 39), 8%
by an orthopedic surgeon (n = 4), by the neurologist
(n = 1) and by endocrinologist (n = 1). Five patients
(10%) did not remember the doctor who gave them
the accurate diagnosis. Most of the patients (28%, n =
14) were not referred for assessment by any specialist,
32% (n = 16) did not answer and 40% (n = 20) had
a referral for specialized assessment from pediatrics,

physical therapist or family doctor. We did not have
the mutational analysis of these patients, so clinico-
mutational correlation was not possible to achieve.

3.3. Clinical manifestations

First clinical syndromic manifestation observed by
parents and patients was progressive deformity in
the chest (pigeon chest) starting from 8 months to 9
years (mean of 4.14 years; n = 34), followed by valgus
knees between 1.6 and 13 years (mean 4.5 years; n =
37). Progressive deformity, weakness or functional
limitation in wrists ranged from 1 to 13 years (average
5.8 years; n = 29), limitation or progressive inability to
raise overhead shoulders was noticed since the 2 until
20 years (mean 7.1 years; n = 16).

Before a known accurate diagnosis, seven
patients had surgical procedure history (14%), three
for umbilical hernia repair, two for neurosurgical
stabilization in cervical spine, one for ear nose and
throat and one for orthopedic knee procedure. Other 19
patients had surgery after the Morquio-A diagnosis. The
remaining 24 patients (48%) had no history of surgery.

Since this syndrome has not any primary neurological
involvement (/7), the earlier abnormal signs in our
population were seen around 4 years old and described as
pigeon chest or thoracic deformities (including triangular
cifosis, widened chest and thoracic asymmetry), however
this is not corresponding with Bhattacharya, who
describes this first manifestation evident as early as 6 to
12 months (/7).

The second relevant finding to make parents search
for medical advice was mayor joint involvement as seen
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in knee valgus and limitation to lift shoulders upper head
and finally, small joint affection with wrist deformity and
functional worsen hand function towards 5 or 6 years.

All patients in this population belong to the so-
called severe phenotype, with all similar physical
features that make an early diagnosis possible. unlike
patients with the attenuated phenotype, in whom the
diagnosis is more difficult and thus delayed.

None of the parents mentioned as an early sign the
growth delay, although this is showed in all patients
since the 4 years old (/8), but as shown on the record,
this was the parent or patient perspective, not the
medical course, and all patients showed short stature at
mature age.

The most evident clinical features of this syndrome
are orthopedic type (/4), nonetheless in only one patient
the diagnosis was suspected due a non-skeletal feature
(chronic bronchitis).

Diagnosis was made almost one year earlier
on patients without family history of the disease,
compared to those with positive familiar history (4.6
years vs. 5.5 years, respectively). We don't have a
clear explanation for this, but the hypothesis is that
similar phenotype observed among family members is
responsible for not raising suspect of the syndrome in
affected individuals.

These early signs found in our population, are
considered the most common in all population reports,
regardless of the type of mutation of the patient, and
this is consistent with world literature (/9). All these
Hispanic patients share ethnic characteristics which
may be regionally oriented than other populations
around the globe. Is the need to early diagnose these
patients in order to avoid clinical deterioration and
worst surgery outcomes (20).

In conclusion, according to our results, the main
suspected data for this disease are of the orthopedic
type, drawing attention before the first four years,
with thoracic deformity and knee valgus, followed for
limitation to raise the arms above the shoulder level.
Any of these alterations will merit assessment by the
physician, who needs to have the suspected diagnosis
or reference to the specialist to assist in the earliest
detection. We consider that diagnosis of Morquio-A
syndrome in Mexico is as early in childhood as in other
world centers. Further studies are needed to determine
the most frequent errors as well as delays in diagnosis,
which help diagnose patients and prevent complications
arising from delayed treatment.
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Summary

We present a middle aged pregnant woman who developed signs and symptoms of acute

liver failure and was found to have herpes simplex virus hepatitis. Patient had an emergent
delivery and was started on antiviral therapy, but unfortunately due to the severity of her
liver failure, she passed away. The importance of reporting this case is to emphasize on the
importance of considering herpes simplex infection in pregnant women who present with
acute liver failure, and the importance of early administration of antiviral therapy.

Keywords: Herpes simplex hepatitis, acute liver failure, hepatitis in pregnancy

1. Introduction

Pregnant women are at increased risk for herpes
simplex virus (HSV) hepatitis, particularly in the third
trimester of pregnancy (/). Hepatitis can result from
acute or latent infection with either HSV serotype 1 or
serotype 2. Approximately half of cases lack typical
HSV mucocutaneous lesions and the disease can arise
in patients with no known history of genital or oral
HSV infections. The differential diagnosis for HSV
hepatitis is quite broad and includes acute fatty liver of
pregnancy, severe preeclampsia/Hemolysis Elevated
Liver enzymes and Low Platelets (HELLP) syndrome,
other viral infections, and exogenous exposures,
including drug reactions (2). Possible distinguishing
clinical characteristics include markedly elevated liver
enzymes with normal bilirubin and coagulopathy (2-
4). The first adult case of hepatic dysfunction due to
herpes virus was reported in 1969 by Flewett et al. (5).
Although considered rare, herpes hepatitis is a fatal
condition if not considered early with a mortality rate
of 74.4% in the general population (6). To the best
of our knowledge, 36 cases of HSV hepatitis during
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pregnancy have been reported, although those with
autopsy examination remains outstanding (2,3,5-14) .
We present a case with autopsy examination findings of
fatal herpes simplex hepatitis.

2. Case Report

A 41-year old woman with no significant past medical
history was 30-weeks pregnant when she presented to
an outside hospital with a two-day history of cough,
nausea and vomiting. She sought medical attention
(day 1) and her urinalysis showed trace leukocyte
esterase so she was treated initially for possible urinary
tract infection versus upper respiratory infection
with amoxicillin. Laboratory testing also revealed
mildly elevated aspartate aminotransaminase (AST)
and alanine aminotransaminas (ALT) (90 and 61 U/
L, respectively). By day 5 the patient's AST and
ALT increased to 5,652 and 1,559 U/L, respectively.
Additionally, her serum creatinine increased to
3.2 mg/dL, hemoglobin decreased to 8.9 gm/dL,
platelets decreased to 129,000/mm’, and International
Normalized Ratio (INR) increased to 2.3, all from
normal baseline.

On day 6, she became acutely encephalopathic
(grade 3) with tachycardia (120 beats per minute) and
tachypnea (30 breaths per minute). Plasma ammonia
was elevated at 102 pmol/L. Workup for acute liver
failure included laboratory testing for hepatitis A
(IgM and RNA), B (surface antigen, core antibody
IgM and IgG and DNA), and C (surface antibody and
RNA), Epstein-Barr virus (EBV), cytomegalovirus
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Figure 1. The clinical course of the case. The case with acute liver failure due to HSV developed rapidly progressive clinical
deterioration despite empiric administration of acyclovir and passed away (: time of death).

(CMYV), and parvovirus serologies, all of which were
negative. Therefore, she was transferred to a tertiary
center for further management on that day. She was
taken on arrival for emergent Cesarean section with no
intraoperative complications noted and she delivered a
male infant. She remained intubated postoperatively;
continuous renal replacement (CRRT) was initiated
for acidosis, hyperkalemia, and other electrolyte
abnormalities.

Laboratory testing were repeated and revealed
markedly elevated AST and ALT (7,161 U/L and 2,176
U/L, respectively), as well as elevated bilirubin (1.8
mg/dL total bilirubin, 1.7 mg/dL direct bilirubin),
alkaline phosphatase (ALP, 370 U/L) and gamma-
glutamyltransferase (GGT, 46 U/L). Serum creatinine
was elevated at 3.4 mg/dL. Differential diagnosis of
acute liver failure were reconsidered and included:
Acute fatty liver of pregnancy, acute viral hepatitis,
autoimmune hepatitis, Wilson's disease and Hemolysis
Elevated Liver Enzymes and Low platelets (HELLP)
syndrome. Serologies for infectious etiologies were
again obtained, this time including HEV and HSV.
Patient was started on empiric acyclovir (450 mg
q12hours, intravenously).

On Day 7, HSV RNA was detected in blood obtained
on day 6. Her postoperative course was complicated
by significant vaginal bleeding with hemodynamic
instability requiring pressor support. Bleeding could
not be controlled by tamponade of the cervix and
massive blood transfusion protocol was started. She
underwent bilateral uterine artery embolization by
interventional radiology but bleeding continued. Liver

transplantation (LT) and hysterectomy were considered
but unfortunately due to rapidly progressive clinical
deterioration with a clear evidence of disseminated
intravascular coagulopathy (DIC) from liver failure,
she had cardiac arrest. Cardiopulmonary resuscitation
was started but despite maximal resuscitative efforts,
restoration of spontaneous circulation was never
achieved. After discussion with family, resuscitation
was stopped and patient was declared dead. The clinical
course of the case is summeraized in Figure 1.

Autopsy examination of the liver revealed pale,
punctate lesions diffusely scattered throughout the
parenchyma. Microscopically, these lesions corresponded
to non-zonal foci of hepatocyte necrosis with minimal
associated inflammation. Ringing the necrotic areas were
hepatocytes showing distinct HSV viral cytopathic effect.
Immunohistochemistry performed on liver sections for
HSV-1 was positive. The adrenal glands also showed
scattered foci of punctate necrosis and HSV-1 positivity
by immunohistochemistry. No mucocutaneous lesions
were identified, and there was no other evidence of
visceral organ involvement (Figures 2A, B and C).

3. Discussion

HSV hepeatitis is a rare, frequently fulminant disease
that typically affects immunocompromised patients
including pregnant women (/5). Clinical presentation
of fever with abdominal pain and hepatic dysfunction
in a pregnant woman should prompt immediate
consideration of herpes hepatitis and work up should be
initiated to exclude other common causes like HELLP
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Figure 2. The autopsy findings. (A) The cut surface of the
liver demonstrated innumerable 2-4 mm cream colored, soft
nodules; (B) On histopathology, these proved to represent
foci of geographic necrosis, highlighted here with an HSV
immunostain; (C) High power photomicrograph demonstrates
two hepatocytes with typical HSV cytopathic effect (arrows)
characterized by multinucleation, margination (i.e., peripheral
displacement) of chromatin, and ground-glass nuclei.

and acute fatty liver of pregnancy (3). Unfortunately
signs and symptoms are non-specific and can be vague,
and the gold standard for diagnosis is liver biopsy
with histopathology, electron microscopy, and viral
culture. Pathognomic findings include: hemorrhagic
necrosis and enlarged ground glass nuclei with
marginalized chromatin (/5). However, liver biopsy in
this setting (especially due to maternal coagulopathy)
is a significant risk of adverse events related to
bleeding. Thus the histopathological findings obtained
from autopsy examinations still remain outstanding.
Development of alternative diagnostic modalities are
desired (3).

Although the efficacy of antiviral therapy has not
been proven in randomized controlled trial, intravenous
acyclovir — a synthetic guanosine analogue- has been
used for treating herpesviruses. Those have different
degrees of susceptibility to acyclovir, with HSV type 1
(HSV-1) being most susceptible, followed by HSV type
2 (HSV-2) and VZV, and to a lesser extent Epstein-Barr
virus (EBV). In cases of resistance, the use of foscarnet
had been advised (/6).

Despite supportive care and administration of
antiviral therapy to the most susceptible genotype
(HSV-1), our patient's condition continued to deteriorate
with multi-organ failure that led to her death. The
immunosuppressive effects of pregnancy make pregnant
women infected by HSV at risk of disseminated disease
(4). The prognosis was initially reported to be poor
(39% mortality rate) in 1999, but the more recently,
from 2000, it seemed to be improving (9% mortality
rate amoung 11 cases) (3). Treatment of acute liver
failure due to HSV infection include antiviral therapy
and LT, and in one report therapeutic plasma exchange
(17). Norvell et al. (6) conducted a retrospective
analysis on 134 patients with HSV hepatitis including
32 (23%) pregnant women. The following variables
were statistically associated with need for LT or death
compared to spontaneous recovery: age > 40 year old,
male gender, coagulopathy, any immunocompromised
state, encephalopathy, ALT > 5,000 U/L, platelet
count < 75,000 U and lack of acyclovir treatment.
A total of 7 patients underwent LT and 3 of them
survived at one year. In our case, despite the effort of
a multidisciplinary team, the fast progression of events
and rapid worsening of clinical status in the presence
of dissiminated intravascular coagulopathy made
transplant a difficult option to pursue. Acyclovir was
given in our case, but only after her presentation to our
center, which was 6 days after the onset of symptoms.

In conclusion, herpes hepatitis is a fatal condition,
and should be considered in all pregnant patients
with concern for evolving hepatic failure and
early administration of antiviral therapy should be
considered.
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Summary

A 7-month-old boy presented with gastrointestinal disturbance, mild neurologic deficit of
the left lower extremity and levo-scoliosis of the thoracic spine. Magnetic resonance imaging
demonstrated a large intramedullary lesion involving the thoracic spine, from level T1 to T11.
Histologic analysis showed a glial tumor with fibrillary processes arranged in radial pattern
around mucoid fibrovascular cores with a high proliferative index (focally up to 80%) and
prominent vascular endothelial hyperplasia. These findings were consistent with an anaplastic
myxopapillary ependymoma. Subtotal resection was performed via a T3-T10 laminoplasty. A
ventricular shunt was placed, and the patient subsequently received chemoradiation therapy.
To date, this is the second case of a myxopapillary ependymoma with high-grade anaplastic

features and the first case in an infant reported in the literature.

Keywords: Myxopapillary ependymoma, anaplasia, infant

1. Introduction

Myxopapillary ependymoma is considered a lower-
grade variant of ependymoma with fibrillary cells
arranged in a papillary configuration around a mucoid
fibro-vascular cores (/). Of those patients affected by
this lesion, typically 66% are males, with an average
age of incidence of 36 years, although the age range of
presentation can be between 6 and 82 years. Patients
usually present with low-back pain, often with a long
progressive course. Nerve impingement is rare and can
be indolent due to the lesion's typically slow growth (2).

Myxopapillary ependymomas mostly occur in the
area of the conus medullaris, cauda equina and filum
terminale of the spinal cord. They are the most common
intramedullary lesion of this region (/-3). Imaging
typically shows a well-circumscribed neoplasm that
may have cystic or hemorrhagic features. In the instance
of hemorrhagic change, cauda equina syndrome may be
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the presenting feature (4).

Although the World Health Organization classifies
conventional ependymomas as grade II lesions due to
the obstructive symptoms that manifest from occlusion
of cerebrospinal fluid flow in the ventricles leading
to hydrocephalus with injury to the peri-ventricular
brain parenchyma, myxopapillary ependymomas are
considered as grade I lesions with their slow growth,
high rate of total resections and the relatively low rate
of serious sequelae. The survival rate is 98.4% for those
patients who have had either a total or subtotal resection.
Adjuvant radiotherapy improves progression-free
survival (3,5). Anaplastic myxopapillary ependymomas
are featured by high grade histopathological changes
such as increased mitotic activity, necrosis, vascular
endothelial hyperplasia. These tumors are clinically more
aggressive.

2. Case Report
2.1. Clinical history

A 7-month-old boy was initially seen by his primary
care provider for concern of stool impaction. X-ray at
that time showed levo-scoliosis (curvature of the spine
to the left) of the thoracic spine. The patient was treated
symptomatically and discharged home. Two months
later, his mother noticed decrease movement, stiffness,
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asymmetry and episodes of discoloration of the left
lower extremity. MRI showed an intramedullary solid
and cystic tumor extending from T1-T11 (Figure 1),

Figure 1. Magnetic Resonance Imaging, T2-weighted, of
the thoracic spine lesion extending from level T1 to T11.

with associated edema involving the cervico-medullary
junction to L1. The patient's condition rapidly worsened
with bilateral paralysis and loss of sensation of the
lower extremities. A subtotal resection was performed
with laminoplasty of T3-T10. Ventricular drainage was
initially placed to treat hydrocephalus. This was later
revised to a ventriculo-peritoneal shunt. The patient's
subsequent course was complicated only by a self-
resolved episode of metapneumonia infection. The
patient was discharged after one month in the pediatric
intensive care unit. At that time, he had regained
only limited movement and sensation of the lower
extremities. Chemotherapy and radiation therapy were
initiated at an outside hospital.

2.2. Histopathology

Examination of the lesion using hematoxylin and eosin
staining showed a well-vascularized glial lesion with
fibrillary processes. There was mucoid degeneration
around the vasculature. The fibrillary processes were
seen extending through the peri-vascular mucoid matrix
and contacting the outer wall of the blood vessels.
Vascular endothelial proliferation was observed (Figure
2A). Immunohistologically, the tumor was positive
for glial fibrillary acid protein (GFAP) indicative
of a glial origin (Figure 2B). Epithelial membrane
antigen (EMA) was focally positive, highlighting
ependymal cells ringing vasculature. These neoplastic
cells also focally expressed pan-cytokeratin, which is
a common feature of myxopapillary ependymomas

Figure 2. The morphological pattern and immunohistochemical profiles. (A) The lesion demonstrated regions of mucoid
degeneration with fibrillary glial processes extending from vascular walls. Focal vascular endothelial proliferation was seen. H&E,
200x. (B) The lesion demonstrated glial fibrillary acid protein (GFAP) positivity. ( C) The lesion demonstrated pan-cytokeratin
(PAN-CK) staining. (D) Mucoid matrix was highlighted by Alcian Blue. (E) Ki-67 immunostaining demonstrated an increased
proliferative index. (F) CD31 immunostaining demonstrated endothelial proliferation.
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(Figure 2C). The mucoid component of the lesion
was clearly visualized using both alcian blue and
periodic acid Schiff staining (Figure 2D). Proliferative
index measured by Ki-67 immunohistochemistry
was very high and focally reached 80% (Figure 2E).
CD31 immunohistochemistry confirmed the vascular
endothelial proliferation (Figure 2F). The morphological
pattern and immunohistochemical profile are consistent
with anaplastic myxopapillary ependymoma (6).

3. Discussion

Anaplastic features include increased mitosis, necrosis
and vascular endothelial hyperplasia (/). Up to this time,
there has only been one prior report of these findings
in a myxopapillary ependymoma (7). That prior case
occurred in a 15-year-old boy and extended from T12 to
L2. The tumor had extensive necrosis and glomeruloid
vascular proliferation, the later characteristic being
consistent with the case presented in our report. The
proliferative index was lower (10.1%) than our case,
but significantly higher than would be expected in a
conventional myxopapillary ependymoma. It is worth
to note that myxopapillary ependymoma is typically
seen in the region of conus medullaris, cauda equina
and filum terminale. Interestingly, both tumors in the
previously reported case and our case are located in the
thoracic and lumbar regions of spinal cord. Both patients
are children. Whether this higher spinal cord location
and the young age of patients are the unique features of
anaplastic myxopapillary ependymoma remains unclear
and requires more cases for further study.

Recent genetic analysis of myxopapillary
ependymomas found that these lesions are characterized
by genome-wide polyploidy, often among several
chromosomes (/,8). The excellent outcomes of
subtotal resection are often attributed to this significant
genetic instability. The specific familial, epigenetic
or environmental cause predisposing to anaplastic
transformation of this lesion has not been identified.
Genetic studies could not be fully carried out in this
case due to financial concerns of the family.

Myxopapillary ependymomas can present with
spine deformation clinically. Levo-scoliosis is common
in the lumbar spine, but its occurrence in the thoracic
spine is an early indicator of a thoracic spinal cord
neoplasm (9). Early recognition of levo-scoliosis in
the thoracic region could potential spare patients from
severe neurological sequelae, particularly for pediatric
patients.

In general, gross total resection is the best predictive
factor of outcomes for conventional myxopapillary
ependymoma. These lesions can be difficult to resect
completely and recurrences are common following
subtotal resection. Distant spinal metastases were found
in 9.3% of patients and brain metastases in 6% of
patients (/0-13). Patient age (increased risk with younger

age), lack of adjuvant radiotherapy and subtotal resection
were the strongest factors predisposing to spread of
the lesion (). Expression of endothelial growth factor
receptor (EGFR) has been cited as a possible biomarker
of recurrence (/4).

This report documents a case of anaplastic
myxopapillary ependymoma and is contributory to
understanding this rare neoplasm.
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Summary

Phosphoglycerate kinase (PGK) deficiency affects three different organs: red blood cells

(RBC), the central nervous system, and muscles. Next-generation sequencing identified a
hemizygous PGKI mutation (p.V217I) in a 16-year-old Japanese male patient presenting
with intellectual disability and episodes of muscle weakness of unknown etiology. Enzymatic
analysis demonstrated slightly lower RBC-PGK activity and compensatory increases of
other glycolysis enzymes. This is the first PGKI mutation found through next-generation

sequencing.

Keywords: Phosphoglycerate kinase 1 gene (PGK1), novel mutation, PGK deficiency, intellectual

disability, muscle involvement

1. Introduction

Phosphoglycerate kinase (PGK) deficiency is a rare
cause of congenital hemolytic anemia (/). Mutations in
the phosphoglycerate kinase 1 gene (PGK]/) result in an
X-linked recessive disorder (MIM #311800) involving
three tissues: red blood cells (RBC), the central nervous
system (CNS), and muscles (2). Variable symptoms
have been observed, for example, chronic anemia,
exercise-intolerant myopathy, muscle weakness,
cramping, myalgia, myoglobinuria, and intellectual
disability (3).

Here, we report a rare patient with a PGK I mutation
associated with only CNS and muscular symptoms.

2. Case Report
A 16-year-old Japanese male patient with no family

history of neuromuscular or blood-cell disorders was
born uneventfully at 41 weeks of gestation, weighing

Released online in J-STAGE as advance publication May 24,
2017.
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3,460 g. Since early infancy, his development was
delayed: head control at 7 months, sitting at 13 months,
crawling and standing with support at 17 months, and
walking independently at 29 months of age. Hence, he
was referred to our hospital. Neurological examination
showed no finding of muscular involvement,
and routine laboratory examinations revealed no
abnormalities.

He suffered epileptic seizures starting at 20 months
of age. By 35 months, he exhibited recurrent attacks,
2-3 times per month, of transient hemiplegia, with
or without tonic stiffness of the unilateral extremity,
and nystagmus occurring during sleep. These attacks
alternated between the two sides of the extremities.
Interictal electroencephalogram (EEG) showed only
mild, diffuse, background abnormality. Combinatorial
use of antiepileptic drugs has controlled the attacks since
6 years of age.

At 7 years, the patient was examined by the modified
Binet Intelligence Scales test, revealing an intelligence
quotient (IQ) of 30. Brain magnetic resonance imaging
showed nonspecific, mild, cerebral and cerebellar
atrophy.

At 16 years, the patient developed recurrent peculiar
episodes, characterized by sudden, early morning onset
of muscle weakness lasting 1-2 hours. There were no
trigger events, such as exercise, before the episodes.
During the episodes, he was unable to sit or stand and
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Figure 1. Results of next-generation sequencing. (A) Filtering steps and the number of filtered variants are shown in inverted
pyramids. (B) The Integrative Genomics Viewer (IGV) shows the identified PGK/ variant in 100% of reads. (C) The affected
codon is conserved among species. (D) A schematic representation of glycolysis and the results of the enzymatic activities in this

patient. Many enzymes other than PGK show increased levels.

Table 1. Summary of the previously reported mutations and its organ involvements

Anemia CNS symptoms Muscle involvement RBC residual activity

Items Nucleotide change Protein change
Noel et al. (2006) c.140T>A p.147N
Ramirez-Bajo ez al. (2011) c.140T>A p.I47N
Maeda and Yoshida (1991) ¢.266T>C p.L89P
Tsujino ef al. (1994) c.417+1G>T splicing
Fujii et al. (1992) c473G>T p.G158V
Cohen-Sola et al. (1994) c491A>T p.D164V
Turner et al. (1995) c491A>T p.D164V
Flanagan et al. (2006) c.491A>T p.-D164V
Yoshida et al. (1995) c.571 573del p-K191del
Fujii and Yoshida (1980) c.617G>C p-R206P
Svaasandet et al. (2007) €.639C>T p-G213G (splicing?)
Present patient c.649G>A p-V2171
Hamano et al. (2000) ¢706_709del frameshift
Ookawara et al. (1996) c.755A>C p-E252A
Coppens et al. (2016) ¢.756+3A>G splicing
Shirakawa et al. (2006) ¢.756+5G>A splicing
Sugie et al. (1989) c.758T>C p.1253T
Fujii et al. (1981) c.796G>A p.-V266I*
Fujii et al. (1980) c.802G>A p.D268N
Valentin et al. (1998) c.854A>T p.D285V
Rosa et al. (1982) c.943G>A p.D315N
Cohen-Sola et al. (1994) c.943G>A p.D315N
Maeda et al. (1992) c.946T>C p.C316R
Noel et al. (2006) ¢.959G>A p-S320N
Yoshida et al. (1972) c.1055C>A p.T352N
Morimoto et al. (2003) ¢.1060G>C p.A354P
Fermo et al. (2012) c.1112T>A p.I371K
Sotiriou ef al. (2010) c.1132A>C p.T378P
Spiegel et al. (2009) c.1132A>C p.T378P
Tamai et al. (2014) c.1180A>G p.T394A

+ - 5.9-10.4%
+ - 20%
+
+

+ o+ o+

0.7%
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*; It may be a misdescription in original manuscript, suggested by Beutler (2006).

he had difficulty responding to our verbal commands.
He had a dull facial appearance with ptosis. EEG
taken during the episodes indicated a slight slowing of
background activity, similar to that in periodic paralysis;
however, levels of creatine kinase and electrolyte were
unremarkable.

This study was performed in accordance with the
declaration of Helsinki and was approved by the ethics
committee of Tokyo Women's Medical University.
After receiving informed consent, we obtained blood
samples from the patient and his parents and extracted
genomic DNA for sequence analysis. Next-generation
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sequencing (NGS) was performed using the TruSight
One v1.0 sequencing panel (Illumina, San Diego, CA)
(4). After annotation using GATK, 7390 variants were
obtained. Those variants were filtered by Variant Studio
software (Illumina) (Figure 1A). Next, synonymous
variants, variants more than 1% in global population
frequency, variants registered in the dsSNP database,
and variants registered in the Human Genetic Variation
Database (HGVD) (http://www.genome.med.kyoto-u.
ac.jp/SnpDB), which is the database provided from
Kyoto University in Japan (5), were removed. Finally,
variants with de novo origin or inherited in accordance
with a Mendelian inheritance trait were selected.

Table 2. Results of prediction scores

SIFT score 0.08
SIFT pred T
Polyphen2 HDIV_score 0.61
Polyphen2 HDIV_pred p*
Polyphen2 HVAR_score 0.347
Polyphen2 HVAR pred B
LRT score 0
LRT pred D"
MutationTaster score 1
MutationTaster _pred D"
MutationAssessor_score 1.67
MutationAssessor pred L
FATHMM _score -3.28
FATHMM_pred D"
RadialSVM_score 0.462
RadialSVM_pred D"
LR_score 0.743
LR pred D"
VEST3_score 0.571
CADD_raw 3.712
CADD _phred 18.85 "
GERP-++ RS 432
phyloP46way_placental 1.064
phyloP100way vertebrate 9.756
SiPhy 29way_logOdds 13.55

T, tolerate; P, possibly damaging; B, benign; L, low; *, damaging is
suggested.

Table 3. Results of the enzymatic activities

As a result, a hemizygous single nucleotide variant,
NM 000291.3(PGK1):c.649G>A [NP_000282.1:p.
Val217Ile] on the X-chromosome, was retained in
association with X-linked recessive inheritance. This
variant has never been reported previously (Table 1). The
predicted functional importance scores were calculated
using wWANNOVAR (http://wannovar.usc.edu/). As
shown in Table 2, many scores indicated that this
variant would be damaging to the encoded protein. The
identified variant was checked visually by Integrative
Genomics Viewer (IGV; http://www.broadinstitute.org/
igv/) (Figure 1B) and was verified by Sanger sequencing
(data not shown). The mother of the patient was
confirmed as an obligate carrier. The affected codon was
conserved among species (Figure 1C).

Routine laboratory test values from the proband
did not indicate hemolysis: hemoglobin, 16.7 g/
dL; reticulocyte, 0.7%; total bilirubin, 0.2 mg/dL;
haptoglobin, 180 mg/dL. However, the screening test
for hemolytic anemia revealed RBC-PGK activity as
194 TU/gHb (normal range: 214-249 TU/gHb [mean +
SD]), suggesting slightly lower activity in this patient.
In comparison with previously reported patients with
PGK deficiency, the decreased level of PGK activity in
this patient was not so severe (Table 1). Unexpectedly,
other enzymatic activities related to glycolysis were
mildly increased (Table 3). For clarity, these findings
are depicted in a schematic representation of glycolysis
(Figure 1D). From these results, we considered that
mildly elevated activities of glycolytic enzymes other
than PGK might suggest compensation for the decreased
PGK activity in this patient.

3. Discussion
Generally, patients with PGK deficiency show clinical

symptoms in any of three organs including RBC,
muscles, and the CNS. Major symptoms are chronic

Items Standard (mean + SD) Reference Patient Evaluation
Hexokinase (HK) 1.08~1.46 1.44 2.08 1
Glucose phosphate isomerase (GPI) 57.2~70.3 65.1 70.7 1
Phosphofructokinase (PFK) 14.1~20.0 20.0 22.9 1
Aldolase (ALD) 2.62~6.30 3.08 3.89
Triosephosphate isomerase (TPI) 1,052~1,567 1,353 1,238
Phosphoglycerate kinase (PGK) 214~249 246 194 |
Enolase (ENOL) 3.89~6.30 5.62 6.01

Pyruvate kinase (PK) 13.0~19.8 144 24 1
Glucose-6-phosphate dehydrogenase (G6PD) 7.61~9.81 7.00 8.88
6-Phosphogluconate dehydrogenase (6PGD) 9.00~10.70 8.92 9.78

Glutathione peroxidase (GSH-Px) 37.2~51.4 40.3 42.1

Adenylate kinase (AK) 165~307 285 319 1
Adenosine deaminase (ADA) 0.87~1.59 0.59 0.94
Acetylcholineesterase (Ach-E) 28.6~42.7 33.7 36.1

Pyrimidine 5'-nucleotidase (P5SN) (CMPase)* 6.90~10.8 11.9 11.7 i
Pyrimidine 5'-nucleotidase (PSN) (UMPase)* 9.75~15.5 15.4 15.0

units = [U/gHb (*, pmole Pi liberated/hr/gHb)
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anemia (followed by recurrent hemoglobinuria caused
by rhabdomyolysis), intellectual disability, and seizures
(/). In Table 1, previously reported PGKI mutations
are summarized (/-3,6-27). Some patients exhibited
symptoms only in the CNS and the muscles, but not
in the RBC (24). In particular, a few patients showed
neurological symptoms similar to those in the present
patient, such as hemiplegic migraines (20,27,28),
although the details of the clinical manifestations appear
to be different. Dysfunction of some glycolytic enzymes
other than PGK impairs not only for RBC but also for
the CNS (29,30). The CNS may not tolerate minor
glycolysis dysfunction better than the RBC, because the
CNS requires substantial energy compared to RBC.

Usually, patients with anemia or myoglobinuria are
suspected to exhibit PGK deficiency, and are referred
for examination of PGK activities and PGK/ mutations.
However, this patient had no clinical symptoms
to suggest PGK deficiency; instead, he presented
with neurological symptoms, mimicking alternating
hemiplegia and later periodic paralysis. Episodes of
dullness were considered the consequence of muscular
involvement. Hence, this patient was referred for exome
sequencing based on neurological impairments rather
than for hemolytic anemia, one of the key symptoms of
PGK deficiency. Therefore, similar patients with mildly
impaired PGK activities, who show no sign of hemolysis
and presenting only CNS and muscle symptoms, might
be underdiagnosed.

Recently, a PGK heterozygous carrier mother was
reported to show parkinsonism, although she showed
normal PKG activity (37). In the future, the disease
characteristics associated with PGK/ mutations may
expand as more patients with similar CNS symptoms
are identified. On the other hand, this patient may still
possess an unidentified etiology for his pathology. To
confirm the association between mild reduction of PGK
activity and neurological impairment, more patients need
to be identified.

In this study, a new PGK/ variant was identified.
This is the first case of a PGK/ variant discovery through
next-generation sequencing.
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Summary

An 18-year-old gentleman with a history of recurrent tonsillitis presented to the emergency
room complaining of worsening sore throat. He was found to have a peritonisillar
abscess, and imaging revealed a non-occlusive left internal jugular vein thrombosis.
Lemierre's syndrome is a rare, potentially fatal condition characterized by internal
jugular vein thrombosis with septicemia following an acute oropharyngeal infection. While
anticoagulation is the mainstay of treatment of deep venous thromboembolism (DVT) and
pulmonary embolism (PE), the use of therapy is controversial in septic thrombophlebitis.
This is counterintuitive since a common reported complication is pulmonary emboli. Early
in the course of thrombophlebitis, while the thrombus is firmly attached, antibiotics may be
all that is necessary to treat the condition.

Keywords: Lemierre's syndrome, Fusobacterium necrophorum, postanginal septicemia, septic

thrombophlebitis

1. Introduction

Lemierre's syndrome is a rare, potentially fatal condition
characterized by internal jugular vein (IJV) thrombosis
with septicemia following an acute oropharyngeal
infection. Lemierre's syndrome (LS) has been termed
the "forgotten disease" due to the unfamiliarity of
many physicians with this syndrome because of its
rarity, with less than one case per million occurring in
the general population (7). LS is typically associated
with a gram-negative retropharyngeal abscesses
leading to septic metastasis to the vasculature of the
head and neck (2). The most commonly associated
organism is Fusobacterium necrophorum, a gram-
negative, anaerobic rod-shaped bacterium that is part
of the normal oral flora (3). Other associated bacterium
include Streptococcal species such as Streptococcus
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pyogenes (1), Eikenella corrodens (4), and Bacteroides
species (5). The venous thrombosis associated with
this syndrome is secondary to endothelial dysfunction
caused by inflammatory factors from the local infection
and can be treated with antibiotics alone, often without
the need for anticoagulation therapy. We report a
case of Lemierre's syndrome in an 18-year-old male
adolescent who developed a left internal jugular vein
thrombosis following an acute oropharyngeal infection.
The patient was successfully managed with incision and
drainage (I&D) of the developing peritonsillar abscess
in conjunction with intravenous (IV) antibiotics.

2. Case Report

An 18-year-old gentleman with a history of recurrent
tonsillitis presented to the emergency room complaining
of worsening sore throat. Three days prior he was
diagnosed with pharyngitis in the outpatient setting where
he was prescribed oral amoxicillin and clindamycin.
However, his symptoms continued to progress, including
dysphagia, odynophagia, change of voice, and difficulty
managing secretions, though without concurrent dyspnea.

The patient had no known drug allergies and was
not taking any other home medications. His past
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medical history was significant for recurrent tonsillitis,
tonsilloliths, and a left sided peritonsillar abscess
treated with 1&D approximately 5 years prior.

On physical exam, vital signs were temperature
98.7°F, blood pressure 122/73 mm Hg, heart rate
111 bpm, respiratory rate 18 bpm, and 98% oxygen
saturation on room air. He was in no acute distress
without wheezing, stridor or signs of respiratory
distress. There was left peritonsillar swelling, fullness
and mild tenderness with right shift of the uvula. The
hypopharynx and larynx could not be visualized. He
also had mild tenderness near the left jaw angle that was
exacerbated by turning his head to the left. The neck
was nontender to palpation without lymphadenopathy.
The remainder of the exam was otherwise benign.

Initial labs were significant for a leukocytosis of
16.6 x 10’ cell/uL. A rapid strep and monospot test

Figure 1. Computed tomography image of the neck:
Left-sided peritonsillar phelgmon with associated reactive
adenopathy. Note the left internal jugular vein, with an area of
limited opacification, concerning for possible thrombosis.

DIST 1V

were both negative. A computed tomography (CT)
scan of the neck revealed a left-sided peritonisillar
phelgmon with a 9 mm fluid collection suspicious
for a developing abscess. It also demonstrated a left-
sided internal jugular vein abnormality, concerning for
thrombosis (Figure 1). Doppler ultrasound of the neck
confirmed a nonocclusive thrombus in the left internal
jugular vein (IJV). (Figures 2A and 2B)

The patient was admitted with the diagnosis of sepsis
secondary to left sided peritonsillar abscess complicated
with left IJV thrombosis, with microorganism not yet
determined. Cultures were drawn and he was started
empirically on broad spectrum IV antibiotics with
vancomycin and ampicillin/sulbactam. In addition,
solumedrol was also administered and ENT was
consulted. At that time the question arose whether
to start the patient on anticoagulation therapy for
the thrombus. The decision was made to hold off on
anticoagulation therapy and re-evaluate the thrombus
following surgery.

The patient was taken to the operating room for
I&D of the peritonsillar abscess and approximately
10 cc of pus was aspirated. He was continued on
broad spectrum IV antibiotics and reported immediate
clinical improvement postoperatively. On hospital
day three his leukocytosis was improving and a repeat
ultrasound of the neck showed very minimal residual
thrombosis of the left internal jugular vein. Gram
stain of the aspirated fluid demonstrated 2+ WBCs,
2+ gram positive cocci in pairs and chains, and 1+
gram positive rods, with few mixed anaerobic flora.
Although speciation and sensitivities were unavailable,
the antibiotics were de-escalated to ceftriaxone and
metronidazole. A peripherally inserted central venous
catheter (PICC) line was placed for the patient to
continue IV antibiotics in the outpatient setting in order
to complete a 2-week course. He was advised to follow
up with ENT for interval tonsillectomy in 4-6 weeks to
prevent recurrence.

INVERT___AC 60,
Y |-

Figure 2. Ultrasound of the neck: (A), intraluminal echogenic filling defect within the distal left jugular vein which was non-
compressible, consistent with a non-occlusive thrombus. (B), repeat ultrasound after the initiation of therapy demonstrating very

minimal residual thrombosis of the distal IJV.
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3. Discussion

Suppurative thrombophlebitis of the internal jugular
vein (IJV) is a venous thrombosis due to the infectious
involvement of the carotid sheath vessels with bacteria
and is seen in association with intravenous catheters or
with certain deep neck infections (9). It was initially
described in 1936 by Andre Lemierre as postanginal
septicemia but has also been referred to as Lemierre's
Syndrome. Lemierre's syndrome is described as a rare,
potentially fatal condition characterized by internal
jugular vein thrombosis with septicemia following
an acute oropharyngeal infection. The infectious
involvement of the carotid sheath vessels can arise
from the normal oropharyngeal flora, most notably
Fusobacterium necrophorum, but other organisms
have also been implicated. It has a propensity to
affect young healthy adults, with a mean age of 20
years, often occurring within one week of onset of
pharyngitis (5). Incidence is between 0.6 and 2.3 per
million with a mortality rate between 4% and 18%
(6). Septic pulmonary emboli are a common sequelea,
reported in as high as 97% of cases (3,7,8). This may
lead to hypoxemia and empyema among other potential
consequences.

Lemierre's syndrome was once fatal, but the
incidence has drastically decreased due to the wide
spread use of antibiotics. This decrease has led to
Lemierre's syndrome often being referred to as "the
forgotten disease" due to its rarity and unfamiliarity
among physicians. However, there may be a resurgence
in Lemierre's related to recent restriction of antibiotic
use for upper respiratory tract infections which are
frequently presumed to be viral in etiology (9).

One should suspect IJV thrombophlebitis in a
patient with pharyngitis whose symptoms do not
resolve within 3-5 days, a rapidly worsening course,
unilateral neck swelling, and systemic symptoms with
persistent fever or bacteremia. Early recognition is vital
to prevent sepsis and death, yet the diagnosis is often
delayed because of the indolent course and obscurity
of the syndrome. The diagnosis was previously made
with blood cultures showing F. necrophorum. However,
appropriate imaging findings utilizing CT can precede
blood culture results (/0). A CT scan of the neck with
contrast is the most useful study to detect internal
jugular vein thrombosis (7). Due to the frequency of
pulmonary emboli that accompanies this condition, a
CT scan of the chest is often performed. Furthermore,
ultrasonography is also useful to evaluate for jugular
vein thrombosis and can be used to assess for thrombus
extension (7). In addition, microbiologic diagnosis
may be performed with blood cultures or cultures from
purulent material expressed from the site.

Prior to antibiotics, the treatment for Lemierre's
was primarily surgical ligation and excision. Today,
the treatment, similar to other forms of septic

thrombophlebitis, involves removing the foci of
infection, such as with catheter removal or incision and
drainage of an abscess, prompt antibiotic administration,
and a consideration for possible anticoagulation (7).
Since beta lactamase production has been identified
in some Fusobacterium species, empiric antibiotic
selection should include a beta lactamase resistant beta
lactam, such as ampicillin-sulbactam (/7).

While anticoagulation is the mainstay of treatment of
deep venous thromboembolism (DVT) and pulmonary
embolism (PE), the use of therapy is controversial
in septic thrombophlebitis. Despite the potential life
threatening complications mentioned in the literature,
the role of anticoagulation is not recommended in
the absence of extension of the thrombus (/2). In
general, the mechanism of the circulatory disturbance
in a particular thrombotic disease process should be
understood prior to the initiation of anticoagulation
therapy. We know that Virchow's triad describes that
a thrombus formation can be due to venous stasis,
a hypercoagulable state, and endothelial injury. The
accepted mechanism of Lemierre's is that certain deep
neck infections in predisposed individuals by a strain of
bacteria producing endotoxins and hemagglutinin leading
to further invasion, endothelial inflammation, platelet
aggregation, and a suppurative thrombophlebitis. Early
in the course of thrombophlebitis, while the thrombus is
firmly attached, antibiotics may be all that is necessary to
treat the condition.

There are various complex mechanisms leading to
such thrombotic events. Perhaps further studies can
elucidate the most appropriate management of these
thrombotic events, possibly not requiring anticoagulation
to improve clinical outcomes in patients. Clinicians
should suspect jugular vein suppurative thrombophlebitis
in patients with pharyngitis, septic pulmonary emboli,
and persistent fever despite antimicrobial therapy.
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Summary

We present here a systemic lupus erythematosus (SLE) related biochemically silent

pancreatitis which was assessed via computed tomography in a 35-year-old woman. A patient
with a twelve-year history of SLE presented with exacerbation of symptoms of the basic
disease, with SLE Disease Activity Index > 15. She was referred to inpatient care. Dosage
of corticosteroid and azathioprine for SLE was increased; subclinically and biochemically
silent pancreatitis had developed, and was not diagnosed within an appropriate time. On
the 15th hospital day, the patient died due to multisystem organ failure, which was defined
as a consequence of clinically and biochemically silent pancreatitis in systemic lupus

erythematosus.

Keywords: Pancreatitis, systemic lupus erythematosus, pancreatic enzymes, computed tomography

1. Introduction

Systemic lupus erythematosus (also known as lupus or
SLE) is a chronic inflammatory disease that can affect
various parts of the body. The cause of lupus is not well
understood; it is an autoimmune condition, meaning
that the body's immune system attacks its own tissues
as if they are foreign. Virtually every system and organ
can be affected by SLE. The gastrointestinal tract is one
of the most commonly affected systems in SLE, and
the incidence of gastrointestinal manifestations may
be underestimated clinically because some of these are
indistinct and may not have abdominal symptoms (/,2).
About 160 cases of SLE related acute pancreatitis
have been reported in the literature (2). The main
causes of pancreatitis are mechanical obstructions of the
pancreatic duct and toxic metabolites such as alcohol
intake and certain drugs. However, a number of patients
develop "idiopathic" pancreatitis, in which no aetiology
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other than SLE itself can be identified. The involvement
of the pancreas in SLE is rare; elevated serum amylase
and lipase are the most commonly detected biochemical
abnormalities. Other biochemical abnormalities
include hypertriglyceridemia, hypocalcaemia,
hypoalbuminemia, abnormal liver function tests and
elevated serum creatinine. The exact pathogenic
mechanisms of SLE related pancreatitis are not clear,
but are probably mediated by immune complex-induced
microangiitis (2-4).

The aim of this work is to report on an SLE related
clinically and biochemically silent pancreatitis, which
was assessed via diagnostic imaging in a 35-year-old
woman.

2. Case Report

A 35-year-old woman with a 12-year history of SLE
presented because of exacerbation of symptoms of the
basic disease such us joint pain, headache, myositis,
rash, efc. (SLE Disease Activity Index > 15). She was
referred to inpatient care.

She had no history of other disease or surgery. In the
last twelve years treatment had been based mostly on
azathioprine (50 mg/day) and corticosteroids (20 mg/
day).

The patient had been well until seven days before
admission, when fatigue and malaise developed. On
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Table 1. Complete blood count, laboratory analysis and serology during hospital stay

Items On admission 4" day 9" day 13" day
Hemoglobin 12-15 g/dL 8.1 7.4 9.1 8.3
Hematocrit 36-47% 28 26 33 24
Mean corpuscular volume 80-100 fL 71 67 76 68
Red Blood Cells 4.2 -5.4 million/mcL 3.1 2.7 3.8 2.8
White blood cells 4-10 x 10°/L 12.6 13.4 15.9 15.4
Neutrophils (%) 76 79 84 86
Lymphocytes (%) 14 12 11 11
Monocytes (%) 7.5 6.9 4 2
Platelets 150-400 x 10%/L 112 99 88 75
Erythrocyte sedimentation rate in first hour 60 105 120
C-reactive protein < 0.5 mg/dL 75 98 120 177
International normalizedratio 0.9-1.2 1.1

Glucose 4.1-6.1 mmol/L 5.5 59 6.3 7.6
Urea nitrogen 2.9-7.1 mmol/L 10.30 12.90 14.8 10.5
Creatinine 61.9-115 pmol/L 290 330.7 462 295
Triglycerides < 2.82 mmol/L 1.7 1.6 1.5
Total cholesterol 3-5.5 mmol/L 5.1 5.0 52
Sodium 135-145 mmol/L 144 149 140
Potassium 3.5-5 mmol/L 54 5.7 6.6 55
Total calcium 2-2.6 mmol/L 2.26 2.12 1.79 1.37
Phosphate 0.8-1.5 mmol/L 1.2

pH 7.35-7.45 7.39 7.41 7.41 7.44
Bicarbonate 18-22 mmol/L 34 40 41 49
Total protein 60-80 g/L 64 55
Albumin 35-50 g/L 31 24
Aspartateaminotransferase 5-30 U/L 38 60 110
Alanineaminotransferase 5-30 U/L 61 75 158
Gammaglutamyltransferase 6-50 U/L 35 49 68
Alkalinephosphatase 50-100 U/L 68 94 115
Amylase 30-125 U/L 70 95 120
Lipase 10-150 U/L 90 148
Total bilirubin: 2-20 umol/L 17.8 25
Direct bilirubin: 0-6 pmol/L 5 9
Antinuclear antibodies positive
Lactatedehydrogenase 60-160 U/L 390 378 420 385
Urine mL/day 900 800 450

Figure 1. Computed tomography scans (A), (B), (C) show enlarged pancreas with irregular echogenicity and fluid
collection (white arrows), (C) scan shows slightly dilated pancreatic duct (black arrow).

examination she felt feverish. Temperature was 37.8°C,
blood pressure 110/70 mmHg, pulse 90 beats per
minute and respiratory rate 16 breaths per minute. She
was alert and oriented.

Physical examination showed swollen joints (elbow,
wrist, knee), facies and skin rash. There were no
meaningful symptoms from the chest and abdominal
organs. Complete blood count (CBC), laboratory analysis
and serology markers on admission and during hospital
stays are shown in Table 1.

Initially, imaging assessment via real-time
sonography of abdominal organs (pancreas, liver,
gallbladder, spleen, both kidneys) and chest X-ray
showed normal appearance.

Within the next few days, besides increased doses
of azathioprine (150 mg/day) and corticosteroids (60
mg/day) for SLE, the patient underwent ciprofloxacin
(1 g/day), pantoprazole (40 mg/day), NSAID and
physiological solution (500 mL/day for the first three
days). On the eighth day two units of packed red cells
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were transfused. Over this time, she had oral intake of
food and drugs.

During inpatient care, the general aspect of the patient
worsened, and renal failure significantly increased with
mild general swelling. On the 11th hospital day, due to
renal failure, the patient was referred to haemodialysis
via central venous catheter (CVK), and a control chest
X-ray showed the appropriate position of the catheter
in the superior cava vein. On the same day, real-time
sonography showed an enlarged pancreas with irregular
morphology and dilated pancreatic duct, which was
additionally confirmed by computed tomography (CT) -
Figure 1. A day later, pancreatic enzymes remained in the
referral range.

On the 15th hospital day, the patient died due to
multisystem organ failure, defined as a consequence of
clinically and biochemically silent pancreatitis in SLE.

3. Discussion

The diagnosis of acute pancreatitis is based on clinical
presentation, laboratory tests where serum amylase and/
or lipase are more than three times the upper limit of
normal, and CT scan findings. It is difficult to assess
the disease due to the lack of accurate and uniformly
accepted definitions of disease severity and commonly
encountered complications of acute pancreatitis (5).

The incidence of SLE-related pancreatitis may be
underestimated, because cases of subclinical pancreatitis
with elevated pancreatic enzymes but no symptoms are
not diagnosed or reported (2).

In SLE-related pancreatitis, approximately 90% have
abdominal pain, almost 75% of patients have nausea and
vomiting, and about 50% have fever (2,4,06).

During 12 days of inpatient care, our patient did not
have or did not report abdominal or epigastric pain; there
was no vomiting, and throughout this time she had an
oral intake.

In SLE related pancreatitis, increased values for
serum amylase and lipase are the most commonly
detected (2,6). Normal serum amylase levels have been
reported in some cases of acute pancreatitis, but serum
lipase levels are usually elevated. Normal serum lipase
in the setting of acute pancreatitis is an extremely rare
occurrence. A literature review by Shah et al. found only
two case reports of clinical and radiological evidence of
acute pancreatitis with a normal serum lipase level (7).

In our case, both pancreatic enzymes, amylase and
lipase, remained within normal limits during the hospital
stay.

Additional biochemical abnormalities in SLE
related pancreatitis include hypoalbuminemia in 78%,
abnormal liver function tests in 65% and elevated
serum creatinine 44% (2,4). Biochemical values for
albumin, serum creatinine, liver function tests, efc. are
presented in Table 1.

Pascual-Ramos et al. (8) reported that the SLE

disease activity index was significantly increased in
patients with idiopathic pancreatitis. Their study ruled
out the assumption that corticosteroids and azathioprine
could cause SLE related pancreatitis. Our patient was
admitted in the active phase of the basic disease, and
the dosage of corticosteroid and azathioprine for SLE
was increased. Abnormalities in CBC are also common:
anaemia, leukopenia, and thrombocytopenia are
relatively common (81%, 59%, and 48% respectively),
while leukocytosis is infrequent (only 15%) (4). In our
case she had a CBC all the time with severe anemia and
thrombocytopenia; leukocytosis existed during inpatient
care, and non-specific inflammatory parameters such
as C-reactive protein and erythrocyte sedimentation
rate were also elevated. Based on imaging assessment
of the pancreatic disorder and high SLE disease
activity in addition to anemia, thrombocytopenia,
hypoalbuminemia, abnormal liver function test and
elevated serum creatinine; SLE related pancreatitis had
developed, and unfortunately was not diagnosed within
an appropriate time.

The high mortality rate in SLE pancreatitis is
associated with severe disease activity, thrombocytopenia
and acute renal failure (3,4,6). Due to clinically
significant renal failure, our patient was referred to
haemodialysis treatment via CVK. On the same day,
CT revealed enlarged and irregular morphology of the
pancreas, and four days later she died due to multisystem
organ damage.

Our case showed an SLE related biochemically silent
pancreatitis with normal serum lipase and amylase,
which was mainly diagnosed via contrast enhanced CT.
There are no cases in the recent literature which describe
SLE related pancreatitis with normal levels of serum
lipase and amylase.

In conclusion, although uncommon, acute pancreatitis
should be considered in the differential diagnosis of
abdominal pain in SLE patients. Mechanical obstruction
(most frequently a result of choledocholithiasis) and
toxic-metabolic actiologies (secondary to alcohol intake,
certain drugs, hypocalcaemia or hypertriglyceridemia)
should be ruled out. The early diagnosis of acute
pancreatitis in SLE patients, especially those with
abdominal pain, and appropriate treatment, is beneficial
for a better therapeutic outcome in the majority
of patients. Acute pancreatitis can have a variable
presentation, and physicians caring for patients who
are presented to the hospital with epigastric pain should
be aware despite normal amylase and lipase levels.
In appropriate clinical conditions, further imaging
modalities such as CT scans may be helpful.
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Summary

This case report describes a case of Sturge-Weber syndrome reported for unilateral gingival

enlargement and bleeding from gingiva in maxillary left region. Initial treatment in the form
of scaling and root planing was done but recurrence was observed after one year of follow
up. Instead of performing conventional surgery, an alternative conservative treatment was
planned in the form of cryotherapy with the help of closed nitrous oxide probe. Seeing the
satisfactory results obtained, cryotherapy can be suggested as an atraumatic, bloodless and
effective chair side procedure for treating vascular gingival enlargement.

Keywords: Cryotherapy, hemorrhage, nitrous oxide, gingival enlargement, Sturge-Weber syndrome

1. Introduction

Sturge-Weber syndrome, a rare neurocutaneous disorder
belongs to the group of neuroectodermal development
anomalies called "phakomatosis" and is characterized
by venous angiomas of leptomeninges over the cerebral
cortex with ipsilateral angiomatous lesions of face,
skull, jaws, and oral soft tissues (/). Facial lesions
known as port wine stains include rosy-purple nevus
flammeus lesions that are sharply demarcated, usually
flat and occur unilaterally. Intraorally, angiomatosis
on buccal mucosa and lips may present as purplish-red
discoloration, which may involve soft palate, tongue,
floor of mouth, and gingiva. Gingival lesions range
from slight vascular enlargement to large growths.
Treatment modalities for vascular gingival
enlargements include conscientious observation, radiation
therapy, steroids, antimetabolites, sclerosing solutions
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and surgical removal of gingival overgrowth with
electro-surgery or laser (2). Cryotherapy has been used
in treatment of keratotic, hyperplastic, granulomatous,
vascular, pigmented and salivary gland lesions (3).
However, an established protocol and description of the
procedure for diffuse vascular gingival enlargement is
lacking in dental literature.

This case report describes the treatment of vascular
gingival enlargement with cryotherapy and discusses
the intricacies involved in management of oral
manifestations of Struge-Weber syndrome.

2. Case Report

A 12-year-old female patient was referred to Department
of Periodontics with swelling in left side posterior
region and spontaneous bleeding from gums for last
three years. Medical history revealed that she was
suffering from Sturge-Weber syndrome and was on
antiepileptic drug (phenytoin sodium) from age of six
months. This drug was changed to sodium valproate
since last two years. Extraoral examination revealed
presence of port wine stains, facial asymmetry due to
hemihypertrophy of left side of face and increase in
nasal bridge width (Figure 1A). Intraorally bright red
discoloration of alveolar mucosa and enlargement of
gingiva was observed in maxillary left region from
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Figure 1. Clinical photographs. (A) Extraoral photograph
showing facial asymmetry, portwine stains on the left side
of face and increase in nasal bridge width; (B) Preoperative
intraoral view showing gingival enlargement in maxillary left
region and bright red discoloration of alveolar mucosa; (C)
Normal contralateral side.

Figure 2. Panoramic radiographic and computed
tomographic images. (A) Panormic radiograph showing
no alveolar bone loss with respect to involved segment; (B)
Computed tomographic scan showing hemiatropy of left
cerebral hemisphere along with calcifications; (C) Normal
tomographic findings on right side.

central incisor to second molar (Figure 1B). Enlarged
gingiva covering more than one third of tooth structure
extending from first premolar to second molar teeth
was reddish pink, soft in consistency, non-tender and
blanched on pressure. Gingiva and alveolar mucosa was
normal on contralateral side (Figure 1C).

Radiographs showed no alveolar bone loss with
respect to involved segment (Figure 2A). The complete
hemogram was within normal limits. Computed
tomography scan done in early childhood revealed
subcortical gyriform calcification in left frontal lobe
with prominent adjacent sulci representing mild cortical
atrophy (Figures 2B and 2C).

A thorough plaque control regimen (scaling, root
planing, oral hygiene instructions) was initiated to
minimize gingival inflammation. After one month,
gingival enlargement had decreased marginally and
no bleeding was reported. After one year recurrence
of gingival enlargement was observed in maxillary
left region (Figure 3A). Cryotherapy, a non-invasive
treatment option was planned as the conventional
surgical intervention could not be carried out because

Figure 3: Clinical photographs and Cryotherapy apparatus.
(A) Recurrence of gingival enlargement after one year of oral
prophylaxis; (B) Cryotherapy apparatus showing nitrous oxide
cryogun and cylinder; (C) Use of nitrous oxide cryoprobe to
treat the gingival enlargement; (D) Complete resolution of
gingival enlargement after one year of cryotherapy.

of risk of hemorrhage and patient's reluctance. The
procedure was carried out, under topical anesthesia (2%
lignocaine hydrochloride gel), using a closed nitrous
oxide probe (Figure 3B) with a freezing cycle of 30
seconds and then thawing for 1 minute. This process
was repeated twice with overlapping freezes (Figure
30).

No postoperative pain and complications were seen
on second day. Re-epithelialization of the lesion occurred
at seventh day of follow up with remarkable regression
of gingival enlargement. Complete regeneration and
regression of enlargement was observed after one month.
Resolution of pseudo-pockets was noticed and no
recurrence of gingival enlargement was found after one
year of follow up (Figure 3D).

3. Discussion

Dental rehabilitation of patients with Sturge-Weber
syndrome is a complex process requiring initial
conservative management and later surgical intervention.
However, this has to be exercised with caution because
the tissues may bleed profusely intraoperatively and
postoperatively.

Cryotherapy is a method of lesion destruction
through ischemic necrosis of the target tissue induced
by rapid freezing in situ. This type of tissue destruction
helps in bloodless field of surgery and is useful in
treating vascular gingival enlargement. The basic
technique involves rapid cooling, slow thawing and
repetition of the freezing process to maximize tissue
destruction (4). Most tissues freeze at -2.2°C, and
tissue death occurs at a temperature of -20°C (9).
Liquid nitrogen (-191°C), nitrous oxide (-80°C), and
carbon dioxide (-79°C) are commonly used cryogens.
The available cryotherapy apparatus is classified
into open and closed systems. Open systems involve
direct application of cryogenic fluid (usually liquid
nitrogen) to the lesion with a cotton swab or spray.
In closed systems the tissue is frozen by a cryoprobe
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(6-10). Closed probe technique is useful as direct
contact between cryogen and the tissue allows a more
controlled and profound depth of freezing.

These probes follow the principles of Joule-
Thompson expansion which enable substances to
undergo a drop in temperature when moved from high
pressure area to low pressure area. When nitrous oxide
is released from high pressure inside the cryoprobe
to the lower pressure cryotip, the drop in temperature
allows freezing of the tissues to occur (6,/0). Current
protocols suggest for most benign mucosal lesions a 1-2
minute freeze/thaw cycle, for premalignant/malignant
lesions three 2 minute freeze/thaw cycles and for
smaller lesions, shorter freeze cycles (20-30 seconds)
using a cryoprobe are adequate (6,10).

Ichingolo et al. compared traditional surgery,
electro surgery, CO, and neodymium-doped yttrium
aluminium garnet (Nd: YAG) laser in treating gingival
hyperplasia in Sturge-Weber syndrome and found
most encouraging results with Nd:Yag laser (/7).
In present case, cryotherapy was chosen because of
its advantage of providing better hemostatic control
which considerably reduced the surgical time along
with faster and easier tissue healing as opposed to
slow and complex healing in case of traditional scalpel
surgery. After therapy, no pain was reported because
of blockage of neural transmission to the area and
there was absence of secondary infection. Through our
observations, we have found cryotherapy as an effective
conservative method of management of vascular
malformations. In conclusion seeing the satisfactory
results obtained, cryotherapy can be suggested as
an atraumatic, bloodless, economical and effective
chair side procedure for treating gingival enlargement
without resorting to knife surgery in patients suffering
from Sturge-Weber syndrome.
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Summary

China has the world's largest population of people with rare diseases. However, defining

rare diseases remains a challenge in China. Over the past few decades, several definitions
have been proposed but they have yet to be agreed to by all stakeholders. To overcome this
impasse, a list of several rare diseases has recently been created. This rare disease list might
be used in place of a prevalence-based definition, especially in healthcare policy-making.
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China's concept of rare diseases was first sketched out
by the radiologists Drs. Gui Lin and Chenglin Wang in
the early 1980s, at nearly the same time that the Orphan
Drug Act was passed in the United States (/). In the
1980s, advanced medical equipment, and computed
tomography (CT) and magnetic resonance imaging
(MRI) in particular, began to arrive in China, and many
cases of rare diseases were identified and reported for
the first time by hospitals across the country. However,
the definition of rare diseases was not considered at the
time.

With China's rapid social and economic
development over the past decade, rare diseases have
become a major issue once again. Given China's
massive population, the widespread view is that China
has the largest population of people affected by rare
diseases, and now is the time to look for healthcare
solutions to rare diseases. A growing chorus of voices
is calling for legislation on rare diseases and orphan
drugs in line with the model in the United States
and elsewhere (2). Since legislation would need to
specifically identify its scope, the definition of rare
diseases has surfaced once again.

Over the past decade, the most widely used
definition for rare diseases in China has been the
WHO's definition of a rare disease, i.e. a disease
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with an incidence of 0.65-1%o. However, the validity
of the WHO's definition has recently been called
into question. Definitions of rare disease from other
countries and organization such as the United States
and Europe Union have consistently been used as a
reference. However, these definitions have a relatively
broad scope. For example, some cancers with a low
prevalence such as ovarian cancer and some rare
diseases listed by Orphanet were not regarded as
rare diseases by most doctors in Shandong Province,
China, according to a previous survey by the current
authors (3).

At a seminar conducted by the Genetics Branch
of the Chinese Medical Association on May 17, 2010,
experts mainly in the field of medical genetics suggested
that rare diseases in China be defined as "disorders with
a prevalence less than 1/500,000 or with an incidence
less than 1/10,000 among newborns" (4). This definition
sets a threshold lower than all currently established
definitions in use worldwide, thus excluding most
recognized rare disorders. As a result, this definition of
rare diseases has not been agreed to by all stakeholders,
and especially patient organizations.

Most definitions of rare diseases are prevalence-
based. Because of the lack of epidemiological data
on rare diseases in China, deducing the population
threshold that defines rare diseases is difficult. In 2015,
the current authors proposed a bottom-up approach to
define rare diseases in China. This strategy depends not
on prevalence but on the minimum number of patients
needed for industry to make a reasonable profit on
an innovative drug (5). The current authors proffered
300,000 to 500,000 cases as a reference threshold with
which to define rare diseases in China. This proposal
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linked the concept of rare diseases with orphan drugs,
so it is highly useful in terms of Chinese policy-
making on rare diseases. However, this definition has
several limitations since the level of Chinese R&D on
innovative drugs cannot be accurately determined.

Supporting evidence for both international and
domestic definitions of rare diseases is lacking in China,
so reaching a consensus has been difficult. Most recently,
some stakeholders began to deviate from a prevalence-
based definition and listing rare diseases instead. A year
ago, the City of Shanghai drafted a list of rare diseases
that include 58 typical rare disorders; most are extremely
rare but can be treated with corresponding orphan drugs.
In September 2016, a patients' organization proposed
another list of rare diseases that included 147 disorders.
These efforts stay away from the prevalence threshold
and the concept of defining all rare diseases at one time
but prioritize the need to identify treatable disorders,
which are more amenable to policy-making.

Improvement in healthcare for rare diseases has
become a national effort. Last year, China established
a committee to formulate medical strategies for rare
diseases. An official definition of rare disease will
presumably be discussed and proposed in the near
future.
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Summary

Cystic fibrosis is deemed to be uncommon in India. The presentation is usually in the

childhood although more cases are now being recognized in adolescence and adulthood.
We report a case of an adolescent male who had been treated for recurrent pulmonary
infections and received anti-tubercular therapy for a possible diagnosis of sputum negative
pulmonary tuberculosis and was evaluated for steatorrhea. The presence of pancreatic
exocrine insufficiency along with pancreatic lipomatosis suggested the diagnosis of cystic

fibrosis.

Keywords: Cystic fibrosis, bronchiectasis, pancreatic exocrine insufficiency, steatorrhea,

endoscopic ultrasound

Cystic fibrosis is a multisystem disorder characterized
by recurrent pulmonary infections, pancreatic exocrine
insufficiency and is usually diagnosed in young age.
It is an inherited disorder and the age and manner of
presentation vary depending on the severity of defect
in the cystic fibrosis gene. Since a large number of
mutations have been reported the clinical presentation
is extremely variable (/). We report about an 18 year
old male who had been treated as sputum negative
tuberculosis elsewhere and presented to us with
steatorrhea prompting evaluation for cystic fibrosis.

An 18-year old male had been symptomatic for
recurrent episodes of cough associated with mucoid
expectoration and occasional hemoptysis for 7 years. He
had been treated with multiple courses of antibiotics and
had received 6-month therapy for a suspected diagnosis
of sputum negative pulmonary tuberculosis elsewhere.
For the past 6 months, he had noticed an increased
bulk of his stools and passage of oily stools. This was
associated with significant loss of weight (6 kg) and
had developed temporal hollowing suggesting fat
malabsorption. He denied any history of abdominal pain.
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To avoid steatorrhea, he had reduced the intake of fat
in his meals. His body mass index was 15.6 kg/m’. The
patient's younger sibling had died of an undiagnosed
respiratory illness at 4 years of age. His parents were
asymptomatic and did not report any respiratory illness.
His fecal elastase levels were done for the possibility of
pancreatic exocrine insufficiency and were 53 (normal
> 200 pg/g of stool). His abdominal and chest computed
tomography revealed a hypo-attenuating pancreas
(Figure 1A) consistent with complete pancreatic
lipomatosis and evidence of bronchiectasis (Figure
1B). Endoscopic ultrasound confirmed the presence
of diffusely hyperechoic pancreas consistent with
pancreatic lipomatosis (Figure 1C). The sweat chloride
levels were elevated at 79 mmol/L. This was repeated

Figure 1. (A), CT abdomen showing pancreatic lipomatosis;
(B), CT chest showing bronchiectasis; (C), Endoscopic
ultrasound showing hyperechoic pancreas.
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Table 1. Showing results of diagnostic investigations

Feature Investigation

Findings

Pancreatic involvement Computed tomography
Endoscopic ultrasound

Fecal elastase

Pulmonary Involvement Chest X Ray
Computed tomography
Basis of diagnosis Bronchiectasis

Pancreatic hypoattenuation
Hyperechoic pancreas
Low levels

Bronchiectasis
Bronchiectasis

Pancreatic exocrine insufficiency

Elevated sweat chloride

Pulmonary disease in sibling

after one month and the levels were still elevated.
Therefore, a diagnosis of cystic fibrosis with pulmonary
and pancreatic involvement with pancreatic lipomatosis
was made. The patient was started on pancreatic
enzyme supplementation along with twice daily proton
pump inhibitor. The patient reported improvement in
steatorrhea and at 3 months of follow-up reported a gain
of 4 kg of his weight. He has been advised to continue
follow-up for his pancreatic insufficiency

Cystic fibrosis, although reported as case reports,
is believed to be uncommon in India (2). Given the
high prevalence of pulmonary tuberculosis, it is not
unexpected that cystic fibrosis may be confused
with pulmonary tuberculosis especially with an
adolescent presentation and absence of other organ
system involvement as in our case. The appearance
of steatorrhea directed the evaluation to pancreatic
pathology and brought to light the diagnosis in a patient
who had evidence of underlying bronchiectasis (Table 1).

Interestingly, the patient also had complete pancreatic
lipomatosis which by itself is uncommon and is
variously described as pancreatic lipomatosis or steatosis
or adipose atrophy. The fatty replacement may involve
a part of the pancreas or may be total, as in the present
case (3). While in adults the causes may include diabetes
mellitus, insulin resistance, obesity, chronic pancreatitis,
pancreatic ductal obstruction due to stone or malignancy,
in younger age group certain hereditary conditions like

cystic fibrosis and Shwachman-Diamond syndrome may
be responsible (4). Although the entity is uncommon,
in patients with cystic fibrosis the presence of complete
pancreatic lipomatosis and partial lipomatosis has been
reported to be as high as 41% and 19% in one report
(5). To conclude, the presence of pulmonary symptoms
and bronchiectasis along with pancreatic exocrine
insufficiency must prompt evaluation for cystic fibrosis.
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presentation. All figures and tables must be
referred to in the text.

Discussion: The data should be interpreted
concisely without repeating material already
presented in the Results section. Speculation
is permissible, but it must be well-founded,
and discussion of the wider implications
of the findings is encouraged. Conclusions
derived from the study should be included in
this section.

Acknowledgments: All funding sources
should be credited in the Acknowledgments
section. In addition, people who contributed
to the work but who do not meet the criteria
for authors should be listed along with their
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References: References should be numbered
in the order in which they appear in the
text. Citing of unpublished results, personal

communications, conference abstracts,
and theses in the reference list is not
recommended but these sources may be
mentioned in the text. In the reference list,
cite the names of all authors when there
are fifteen or fewer authors; if there are
sixteen or more authors, list the first three
followed by et al. Names of journals should
be abbreviated in the style used in PubMed.
Authors are responsible for the accuracy of
the references. Examples are given below:

Example 1 (Sample journal reference):
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WF, Kokudo N. Novel aminopeptidase N
(APN/CD13) inhibitor 24F can suppress
invasion of hepatocellular carcinoma cells as
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Tables: All tables should be prepared in
Microsoft Word or Excel and should be
arranged at the end of the manuscript after
the References section. Please note that tables
should not in image format. All tables should
have a concise title and should be numbered
consecutively with Arabic numerals. If
necessary, additional information should be
given below the table.

Figure Legend: The figure legend should
be typed on a separate page of the main
manuscript and should include a short title
and explanation. The legend should be
concise but comprehensive and should be
understood without referring to the text.
Symbols used in figures must be explained.

Figure Preparation: All figures should be
clear and cited in numerical order in the text.
Figures must fit a one- or two-column format
on the journal page: 8.3 cm (3.3 in.) wide for
a single column, 17.3 cm (6.8 in.) wide for
a double column; maximum height: 24.0 cm
(9.5 in.). Please make sure that artwork files
are in an acceptable format (TIFF or JPEG) at
minimum resolution (600 dpi for illustrations,
graphs, and annotated artwork, and 300 dpi
for micrographs and photographs). Please
provide all figures as separate files. Please
note that low-resolution images are one of
the leading causes of article resubmission
and schedule delays. All color figures will be
reproduced in full color in the online edition
of the journal at no cost to authors.

Units and Symbols: Units and symbols
conforming to the International System of
Units (SI) should be used for physicochemical
quantities. Solidus notation (e.g. mg/kg, mg/
mL, mol/mm*/min) should be used. Please
refer to the SI Guide www.bipm.org/en/si/ for
standard units.

Supplemental data: Supplemental data
might be useful for supporting and enhancing
your scientific research and Intractable
& Rare Diseases Research accepts the
submission of these materials which
will be only published online alongside
the electronic version of your article.
Supplemental files (figures, tables, and other
text materials) should be prepared according
to the above guidelines, numbered in Arabic
numerals (e.g., Figure S1, Figure S2, and
Table S1, Table S2) and referred to in the
text. All figures and tables should have titles
and legends. All figure legends, tables and
supplemental text materials should be placed
at the end of the paper. Please note all of
these supplemental data should be provided
at the time of initial submission and note that
the editors reserve the right to limit the size
and length of Supplemental Data.

5. Submission Checklist

The Submission Checklist will be useful
during the final checking of a manuscript
prior to sending it to Intractable & Rare
Discases Research for review. Please
visit Download Centre and download the
Submission Checklist file.

6. Online submission

Manuscripts should be submitted to
Intractable & Rare Diseases Research
online at http://www.irdrjournal.com. The
manuscript file should be smaller than 5
MB in size. If for any reason you are unable
to submit a file online, please contact
the Editorial Office by e-mail at office@
irdrjournal.com
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