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Diagnosis of idiopathic pulmonary fibrosis: Current issues
Rajendra Prasad1,*, Nikhil Gupta2, Abhijeet Singh1, Pawan Gupta1
1
2

Department of Respiratory Medicine, Vallabhbhai Patel Chest Institute, University of Delhi, Delhi, India;
Department of Internal Medicine, Era Medical College, Lucknow, India.

Summary

Idiopathic pulmonary fibrosis (IPF) accounts for the majority of lung diseases classified
as idiopathic interstitial pneumonia (IIP). It is considered to be lethal because prognosis
is very poor and far worse than other types of IIP. An early and accurate diagnosis of IPF
is critical. The diagnostic process is complex and requires a multidisciplinary approach
involving a pulmonologist, radiologist and pathologist.
Keywords: Idiopathic pulmonary fibrosis, idiopathic interstitial pneumonia, diagnosis

1. Introduction
Idiopathic interstitial pneumonia (IIP) makes up a
heterogeneous group of diseases. The most common
and most lethal type of IIP is idiopathic pulmonary
fibrosis (IPF) that accounts for 55% of lung diseases
classified as IIP (1-3). Louis Hamman and Arnold Rich
published a paper describing diffuse interstitial fibrosis
of the lung in 1944 (4). They described thickening of
the alveolar interstitium and an area of dense fibrotic
scar tissue within the lung. Liebow and Carrington
heralded the modern era of interstitial lung disease
histo-pathology with the notion that IIP could be split
into separate pathological subtypes in 1969 (5). In 2002,
a panel of experts sponsored jointly by the American
Thoracic Society (ATS) and the European Respiratory
Society (ERS) released an official statement for
the purpose of providing a new and comprehensive
classification of IIP that considered all clinical,
radiographic and pathological features (1). In the recent
revision of the IIP classification, IPF is classified under
major IIP and has been sub-categorized under chronic
fibrosing interstitial pneumonias. The alternative
terminology "cryptogenic fibrosing alveolitis" has been
eliminated, leaving IPF as the sole clinical term for this
diagnosis (6). The prognosis for individuals with IPF is
poor, far worse than nonspecific interstitial pneumonia
and other IIP, with a 5 years survival rate that is worse
*Address correspondence to:
Dr. Rajendra Prasad, Department of Respiratory Medicine,
Vallabhbhai Patel Chest Institute, University of Delhi, Delhi,
India.
E-mail: rprasadkgmc@gmail.com; rprasaddirvpci@gmail.com

than several types of cancer (7,8). An early and accurate
diagnosis of IPF is critical. Diagnosis of IPF requires
precision and a multidisciplinary approach involving
pulmonologists, radiologists and pathologists (2). This
article aims to review the current issues in the diagnosis
of IPF.
2. Definition
IPF is defined as a specific form of chronic, progressive
fibrosing interstitial pneumonia characterized by
idiopathic origin, occurrence primarily in older adults,
exclusively pulmonary involvement and pattern
of Usual Interstitial Pneumonia (UIP) proven by
histopathology and/or radiology. The confirmation
of diagnosis of IPF requires the exclusion of other
idiopathic interstitial pneumonias (IIP's) and interstitial
lung disease associated with environment exposure,
drugs, or systemic disease (9-11).
3. Diagnosis
3.1. Clinical Features
The diagnosis of IPF should be suspected in those adult
patients with older age typically in the sixth and seventh
decades. Its occurrence is rare in less than fifty years
of age provided there could be manifestation of overt
features of an underlying connective tissue disease that
was sub-clinical at the time of IPF diagnosis. (18,19).
The clinical features commonly associated with IPF
are unexplained chronic exertional dyspnea, dry cough,
bibasilar end-inspiratory crackles also known as Velcro
crackles, and finger clubbing (found in 60% of cases).
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(12-17). IPF is more common in men than women
and the majority of patients have a history of cigarette
smoking (10-15).
3.2. Radiological Features
The revised guidelines identify the high-resolution
computed tomography (HRCT) features of IPF as
UIP, possible UIP and inconsistent with UIP patterns
(2). The features of a classical UIP pattern on HRCT
require i) the presence of sub-pleural abnormalities with
lower lobe predominance ii) reticular abnormality, iii)
honeycombing with or without traction bronchiectasis
and iv) exclusion of other features inconsistent with
UIP pattern (upper or middle lobe predominance,
peribronchovascular involvement, extensive ground
glass abnormality, profuse micronodules, discrete
multiple cysts other than honeycombing, extensive
mosaic pattern and/or air trapping, or sub-pleural
or basal consolidation (20-22). The presence of
honeycombing with or without traction bronchiectasis
can make then the diagnosis difficult using HRCT
alone. Further workup is required for diagnosis if HRCT
scan is showing features of possible and/or inconsistent
UIP patterns (2). The revised IPF guidelines emphasize
the analysis of HRCT. However, the major problem in
clinical practice is the classification of patients with
a predominantly basal and sub-pleural distribution
of reticular abnormalities typical of IPF, but without
honeycombing on HRCT. The current guidelines have
been unfortunate in categorizing those patients with IPF
having traction bronchiectasis, co-existing emphysema
and fibrosis (23), and/or those above 60 years of age (24).
Further expertise is needed in distinguishing typical and
atypical HRCT appearances of IPF, as there is significant
inter-observer variation among clinicians (25). Expert
interpretation of HRCT data and the identification of
honeycombing are important landmarks for radiological
diagnosis of IPF (26).
3.3. Histopathological features
The diagnosis of definite IPF is uncertain in at least
one-third of cases by HRCT thorax alone (27,28). It
is recommended currently that a surgical lung biopsy
should be performed when the diagnosis of definite
IPF is uncertain even with HRCT thorax (2). The
histopathological pattern of UIP is characteristically
inhomogeneous, bilateral, involving lower lobes,
predominantly sub-pleural occurrence and patchy
in appearance (2). For the definitive diagnosis of
UIP, features are i) marked fibrosis with or without
honeycombing in a predominantly sub-pleural/
paraseptal distribution, ii) patchy parenchymal fibrosis
and iii) presence of fibroblast foci. Probable UIP pattern
includes i) evidence of marked fibrosis with or without
honeycombing, ii) absence of either patchy involvement

or fibroblastic foci, but not both iii) absence of features
against a diagnosis of UIP suggesting an alternative
diagnosis iv) honeycombing changes only. Criteria for
possible UIP pattern are i) patchy or diffuse parenchymal
fibrosis with or without interstitial inflammation, ii)
absence of other criteria for UIP, iii) absence of features
against a diagnosis of UIP. Features not supporting
UIP pattern are i) hyaline membrane, ii) organizing
pneumonia, iii) granulomas, iv) marked interstitial
inflammatory cells, v) predominantly airway centered
changes, vi) other features suggestive of an alternative
diagnosis.
3.4. Other investigations
3.4.1. Bronchoalveolar lavage (BAL)
The most important application of BAL is to increase
the index of suspicion for alternative disorders in
patients with suspected IPF. When evaluating such
individuals, BAL is useful in excluding other conditions,
especially Chronic Hypersensitivity Pneumonitis (HP),
for which a diagnosis is suggested by lymphocytosis
> 40% (2). Current evidence recommends that BAL
cellular analysis should not be performed routinely in
the diagnostic evaluation of a majority of patients with
IPF as there is unclear evidence regarding diagnostic
specificity (2).
3.4.2. Transbronchial lung biopsy (TBB)
Transbronchial lung biopsy (TBB) has been shown to
be useful in establishment of diagnosis of diseases with
predominantly bronchocentric involvement such as
sarcoidosis that can mimic IPF by having a UIP pattern
on HRCT in rare instances (26,29-30). The sensitivity
and specificity are unknown for TBB in diagnosis of IPF
even when the UIP pattern is demonstrated in biopsy
material (2,31). Therefore, TBB is recommended in a
minority of individuals (2).
3.4.3. Serology
Serological testing for connective tissues diseases
is now considered to be part of routine diagnostic
workup of IPF in most patients whether manifestation
of connective tissue disorders exist or not. Serological
evaluation includes predominantly rheumatoid factor
(RF), anti-cyclic citrullinated peptide (anti-CCP) and
anti-nuclear antibody titer (ANA) but other serological
tests such as anti-synthetase antibodies (e.g. Jo-1),
creatine kinase and aldolase, Sjogren's antibodies (SSA, SS-B), and scleroderma antibodies (Scl-70, PM-1)
can be indicated in appropriate clinical cases. Careful
screening is required for exclusion of other connective
tissues disorders with these clinical features such as
arthritis, Raynaud's phenomenon, skin changes, abnormal
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esophageal motility before commitment of diagnosis of
IPF as few patients can have mildly positive antinuclear
antibody titer and/or rheumatoid factor levels without any
other clinical features of connective tissue. In the absence
of additional serologic or clinical evidence to support
a connective tissue diagnosis, the diagnosis of IPF is
appropriate. Serial serologic and clinical evaluation
monitoring is essential for subsequently confirming the
development of a connective tissue disease associated
ILD thereby requiring revision of the diagnosis (2).

67

Identification of biomarkers has been an area of new
research interest for diagnosis of IPF. They may be useful
to identify patients at high risk of progression of disease
apart from diagnosis. These biomarkers are estimated
in serum as well as BAL. High levels of epithelial
or macrophage-related proteins such as SP-A, SP-D,
KL-6 (Krebs von den Lungen-6), CCL18 (chemokine
ligand-18), and MMP-7 (matrix metalloproteinase-7) are
found in IPF patients distinguishing from other IIP's (3237). Further validation is required for their associations
in the near future.

or smoking related lung damage can make diagnosis
of IPF difficult in patients with disease duration of ≥ 3
months. Similarly, the presence of crackles may not be
evident for establishment of diagnosis of IPF.
The diagnostic guideline published in 2000 for
IPF was later updated in 2011 by an international
collaboration of the ATS and ERS, as well as the
Japanese Respiratory Society (JRS) and the Latin
American Thoracic Association (ALAT) in view of
consideration of these limitations and recently gained
importance of the multi-disciplinary approach of
radiology and pathology subsets. (2) The diagnostic
criteria were revised and are summarized: i) Exclusion of
other known causes of ILD (domestic and occupational
environmental exposure, connective tissue disease and
drug toxicities) as mentioned before; ii) the presence of
a definite UIP pattern on the HRCT scans in individuals
not requiring further confirmation of diagnosis by SLB;
and iii) the lack of definite UIP pattern and presence
of other patterns on the HRCT scan requiring further
confirmation by SLB. It can be stated that the presence
of a classical UIP pattern on the HRCT scans is sufficient
for the diagnosis of IPF in an appropriate clinical setting
without SLB.

4. Evolution of diagnosis of IPF over the years

5. Conclusion

The diagnosis of IPF was established on the basis of the
presence of all four major criteria and three out of four
minor criteria over the decade that was the era before
surgical lung biopsy (SLB) gained much importance
(1,9). The four major criteria were i) exclusion of other
known cause of ILD, such as medication exposure,
environmental or occupational exposure and connective
tissue disorders; ii) abnormal spirometric findings such
as reduced forced vital capacity, with an increased ratio
of forced expiratory volume in 1 second/forced vital
capacity (evidence of restrictive pattern) and impaired
gas exchange parameters including increased alveolararterial oxygen tension difference with rest or exercise
or decreased diffusing capacity of the lung for carbon
monoxide; iii) Bilateral reticular abnormalities with
basal predominance and minimal ground glassing on
HRCT thorax scan; and iv) TBB or BAL showing
inconclusive findings to support diagnosis. The four
minor criteria were i) age of onset more than 50
years, ii) insidious onset of otherwise unexplained
dyspnea, iii) duration of illness of more than 3 months,
and iv) dry or ''velcro'' bibasilar, inspiratory crackle.
However, this set of framed criteria is observed to
have significant limitations particularly concerning
the four minor criteria. The early diagnosis of IPF can
be missed in that subset of patients less than 50 years.
Further, some IPF patients may initially present with
acute symptomatic exacerbations rather than having
insidious onset. Moreover, occurrence of co-morbid
factors such as pre-existing pulmonary fibrosis and/

An early and accurate diagnosis of IPF is critical. The
clinician has to rely on clinical, laboratory, radiologic,
and/or pathologic data for establishment of diagnosis
of this disease. An adult with unexplained exertional
dyspnea with cough, bibasilar inspiratory crackles
and clubbing in the presence of classical UIP pattern
on HRCT is sufficient for the diagnosis of IPF. Other
investigation like BAL, TBB and serological study
should not be performed in the diagnostic evaluation
of IPF in the majority of individuals but may be
appropriate for a minority. A multidisciplinary approach
is the mainstay to improve the diagnostic yield of IPF
early and accurately.

3.4.4. Biomarkers
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Summary

Behcet's disease (BD) is a chronic inflammatory disorder, with vasculitis underlying the
pathophysiology of its multisystemic effects. Venous pathology and thrombotic complications
are hallmarks of BD. However, it has been increasingly recognised that cardiac involvement
and arterial complications are also important aspects of the course of the disease. Cardiac
lesions include pericarditis, endocarditis, intracardiac thrombosis, myocardial infarction,
endomyocardial fibrosis, and myocardial aneurysm. Treatment of cardiovascular involvement
in BD is largely empirical, and is aimed towards suppressing the vasculitis. The most
challenging aspect seems to be the treatment of arterial aneurysms and thromboses due
to the associated risk of bleeding. When the prognosis of cardiac involvement in BD is not
good, recovery can be achieved through oral anticoagulation, immunosuppressive therapy,
and colchicine use. In this review, we summarise the cardiovascular involvement, different
manifestations, and treatment of BD.
Keywords: Behcet's disease, cardiac manifestations, treatment

1. Introduction
Behcet's Disease was named BD or Behcet's syndrome
when it was first described by Turkish physician Hulusi
Behcet in 1937 (1). BD involves widespread vasculitis
with recurrent oral and genital ulcers and ocular
symptoms as well as musculoskeletal, neurological,
cardiac, pulmonary, and gastrointestinal system
(GIS) involvement. The underlying pathology is an
inflammatory response in the arteries and veins. The
prognosis varies from patient to patient. Some patients
manifest only skin and mucosal lesions, while others may
manifest life-threatening central nervous system (CNS)
and GIS involvement and pulmonary artery aneurysms
(2,3). Cardiac involvement in BD is also referred to as
cardiac BD. Cardiac involvement may occur in the form
of intracardiac thrombus, endocarditis, myocarditis,
pericarditis, endomyocardial fibrosis, coronary arteritis,
myocardial infarction, and valvular disease (4). Recently,
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some studies have demonstrated that subclinical left
ventricular dysfunction in BD progresses at an early
stage (5,6). Based on this background, in this review,
we summarise the cardiovascular involvement and its
manifestations in BD.
2. Epidemiology and pathogenesis
BD mostly affects ethnic groups of Mediterranean and
East Asian origin that have historically settled along the
historic Silk Road route regions. The prevalence of the
disease is 80-370/100,000 in Turkey, whereas it is 1320/100,000 in Japan, Korea, Iran, Iraq, and Saudi Arabia
(7). In Europe, the estimated prevalence differs based
on latitude, with higher prevalences in the south (8).
Regional distribution not only affects prevalence, but also
affects severity of the disease and organ involvement.
For example, it has been reported that GIS involvement
in Turkey is 5%, whereas it is 50% in Japan (9). The
gene frequency of human leukocyte antigen (HLA)-B51,
which is thought to play a key role in BD pathogenesis,
is higher among those living along the Silk Road route
than those living in other parts of the world (8). The
disease is generally seen in the 3rd and 4th decades; it
is rare for the disease to occur during adolescence or
after the age of 40. BD is seen more commonly among
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Table 1. International Study Group diagnostic criteria for the classification of Behcet's syndrome
●
●
●
●
●

Recurrent oral ulceration: minor aphthous, major aphthous, or herpetiform ulceration observed by physician or patient recurring at least
three times in a 12-month period
Plus two of the following:
Recurrent genital ulceration: aphthous ulceration or scarring observed by physician or patient
Eye lesions: anterior uveitis, posterior uveitis, or cells in vitreous on slit lamp examination, or retinal vasculitis observed by ophthalmologist.
Skin lesions: erythema nodosum observed by physician or patient, pseudofolliculitis, papulopustular lesions, or acneiform nodules observed
by physician in post-adolescent patients not on corticosteroid treatment.
Positive pathergy test: read by physician at 24–48 h (findings applicable only in absence of other clinical explanations).

the family members of those who contract the disease
in adolescence, yet the complications are fewer. The
prevalence in males and females differs according to the
region. In countries of the Middle East, the disease is
seen more among males, whereas it is seen more among
females in the countries of North Europe and the United
States (2,10).
The aetiology of BD has yet to be determined.
Viral, bacterial, genetic, environmental, toxic, and
immune factors all have been proposed to play roles
in its pathogenesis (11). The basic histopathological
sign of BD is vasculitis in large, medium, and small
veins. Lymphocytes, monocytes, and dense neutrophil
infiltrations are evident in the lesions. It has been shown
that antigenic peptides from strains of streptococcus and
Escherichia coli can stimulate T cells from BD patients
to produce higher quantities of interleukin (IL)-6 and
interferon (IFN)-γ, respectively, compared to controls
(12).
In recent years, there have been numerous findings
about BD being an autoinflammatory disease rather than
an autoimmune disease. Hypergammaglobulinemia and
female dominance, seen in classic autoimmune diseases,
are not observed in BD. BD typically has a more severe
course in males. The serious complications of vascular
disease, CNS disease, and pulmonary disease occur more
often in males (13).
Today, the most accepted view about BD pathogenesis
is an increased response of the innate and acquired
immune systems against environmental antigens and
autoantigens in addition to a genetic predisposition (13).
The presence of anti-lymphocyte and anti-cardiolipin
antibodies has been reported in BD (14), and they are
used in the diagnosis of the disease. The fact that BD is
seen more in some ethnic groups and has intrafamilial
prevalence implicates the role of genetic mechanisms in
its pathogenesis. The most discussed genetic indicator
is HLA-B51, a subclass of HLA class I. HLA-B51 has
been identified as the gene with the strongest association
with BD (7). The proportion of people who suffer from
cardiac involvement is not entirely clear; in previous
studies, it was identified in 7-46% of patients (15,16).
3. Diagnostic Criteria
Due to the lack of specific clinical and laboratory
diagnostic tests, several sets of diagnostic criteria

have been proposed. Of these, the criteria of the BD
Committee of Japan (1987, revised in 2003) (17)
and the International Study Group for BD (1990)
(18) (Table 1) are relatively well validated and used
worldwide. Based on the International Study Group
for BD criteria, diagnosis requires the presence of
recurrent oral ulceration plus at least two other criteria
(recurrent genital ulceration, ocular signs, skin lesions,
positive pathergy test). The Japanese criteria include
major (oral ulcers, skin lesions, including subcutaneous
thrombophlebitis and cutaneous hypersensitivity, eye
lesions, genital ulcers or scars) and minor criteria
(arthritis, gastrointestinal lesions, epididymitis, vascular
lesions, central nervous system complications). For a
definite diagnosis, the presence of four major criteria is
required.
Both sets of criteria lack an appreciation of the
importance of various venous and arterial lesions, and
thromboembolic complications, frequently reported as
part of the initial, oligosymptomatic, or classical overt
clinical presentation of BD. Diagnostic uncertainties
also include the issue of cardiac involvement. Perhaps
a diagnosis of cardio BD in young subjects originating
from countries along the Silk Road route should be
considered even in cases when the major (classical)
criteria, such as oral ulcerations or a positive pathergy
test, are absent. In these cases, a detailed analysis of
the heart and large vessels structures and functions by
echocardiography, magnetic resonance imaging (MRI),
computed tomography (CT), and appropriate follow-up
will be required.
4. Cardiac involvement in BD
The morphological basis of the systemic manifestations
in BD, including cardiovascular involvement, is
vasculitis (19). More specifically, some pathologists
consider perivascular structures as the main target
of T lymphocyte-mediated immune reactions, and
perivasculitis as an essential part of the vasculopathy in
BD (20,21). The venous and arterial wall lesions attract
cytokinergic and neutrophilic reactions. Activated
neutrophils cause destructive effects by excessive
production of superoxide anion radicals and lysosomal
enzymes. Neutrophilic infiltration and advanced
vascular wall destruction with aneurysm formation
cause local blood flow abnormalities. Endothelial
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dysfunction, release of von Willebrand factor, platelet
activation, enhanced thrombin and fibrin generation,
antithrombin deficiency, and impaired fibrinolysis close
the pathological chain of enhanced thrombocoagulation
associated with vasculitis (perivasculitis) in BD (22,23).
Cardiovascular involvement in BD is estimated
to range from 7% to 46%. In the disease, vasculitis
lesions that may affect veins and arteries of all sizes are
present. It has been reported that venous involvement is
29%, and arterial involvement varies from 8% to 18%
(24). Endovascular and perivascular inflammation may
result in stenosis, thrombus, and aneurysms. The typical
form of arterial involvement manifests as a real or false
aneurysm. The frequency of vascular involvement was
reportedly 14.3% in 2,319 cases, and was significantly
higher in males. The most commonly seen complication
was superficial vein thrombosis, followed by deep
vein thrombosis (25). Blockage of the superior and
inferior vena cavae, Budd-Chiari syndrome (hepatic
vein thrombosis), and dural sinus thrombosis are other
vascular complications (26). In arterial involvement,
which is less common than venous involvement, the
carotid, pulmonary, aorta, iliac, femoral, and popliteal
arteries are more commonly affected. Although less
frequently, the renal arteries may also be involved. The
prognosis of patients with arterial involvement is poor,
with death rates of 13.5% in those with arterial lesions,
especially when the pulmonary artery and thoracic aorta
are involved (27).
Coronary aneurysms may be seen during angiography
procedures in patients with BD. Some of these
aneurysms are asymptomatic, whereas others manifest
with acute coronary syndrome (28,29). These aneurysms
are isolable, and most are evident together with coronary
stenosis and are sometimes seen together with several
arterial aneurysms (30,31). Sinus Valsalva aneurysms
and aortitis are the most frequently reported cardiac
complications, with BD particularly involving the root of
the aorta (31-33). Sinus Valsalva aneurysms may be seen
alone or with other sinus aneurysms, and may lead to
acute or chronic aortic failure.
BD frequently leads to aneurysmal dilation of
pulmonary arteries (34,35). Such pulmonary arterial
involvement shows high mortality and morbidity.
Aneurysms caused by the involvement of large proximal
branches of pulmonary arteries often occur and are
initially symptomatic with hemoptysis. Hemoptysis
due to pulmonary arterial aneurysms (PAA) should be
differentiated from pulmonary emboli. Anticoagulant and
fibrinolytic treatments given, based on a presumption of
pulmonary emboli, may result in the death of patients
with aneurysms (36). The diagnosis is confirmed
by pulmonary angiography and CT. In the study by
Ma et al.(26), Bentall operations in BD (aortic valve
replacement + ascending aorta replacement) were
performed more frequently than in a normal population,
and aortic valve separations were seen more frequently

among these cases (37-39).
Heart involvement in BD may progress as
endocarditis, myocarditis, pericarditis, intracardiac
thrombosis, endomyocardial fibrosis, and valve diseases.
Pericardial involvement has been reported as the most
common manifestation of cardiac involvement in
some series (15,40). The clinical presentation may be
acute pericarditis, hemorrhagic pericardial tamponade,
constrictive pericarditis, recurrent pericarditis, or even
just a small, asymptomatic pericardial effusion (41,42).
Endomyocardial involvement typically manifests as
endomyocardial fibrosis on the right and/or left side of
the heart (15,43-45).
Interatrial septum aneurysm, mitral valve prolapse,
and mitral failure are rarely seen (46). Intracardiac
thrombus is generally one of the serious cardiac
complications, and may be one of the first findings
of the disease with pulmonary emboli, or may cause
cerebral emboli by passing through the patent foramen
ovale. Often, the right ventricle is involved, but it has
been demonstrated that the left ventricle can also be
involved (47-49). In the study by Geri et al. (46), 807
BD cases aged 30 years on average were examined,
and significantly more heart pathologies were found
at a rate of 6% compared to the normal population. Of
the heart conditions, 38% were pericarditis, 26% were
endocarditis, 19% were intracardiac thrombus, 17%
were myocardial infarcts, 7% were endomyocardial
fibrosis, and 2% were myocardial aneurysm. Among
the group with no heart involvement, which was a
majority of the patients, BD was detected in the deep
and superficial veins at a rate of 59%.
A component of BD is cardiomyopathy, which can
be ischemic, non ischemic, or inflammatory in nature.
Clinically, it can manifest as systolic or diastolic heart
failure, or in a more subtle way, as asymptomatic
systolic or diastolic dysfunction (50,51). In a study
performed in our clinic, 30 BD patients were evaluated
by conventional and tissue Doppler parameters. The
parameters included peak early diastolic (E) velocity
and deceleration time of early diastolic flow (DT), mitral
annular early diastolic (Em), and late diastolic (Am)
velocities, which were impaired in the early stages of
the disease. The strain and strain rate values that showed
left ventricular systolic and diastolic function were
significantly decreased in the patient group compared to
the healthy controls (5). In a similar study by Yağmur et
al. (6), meaningful decreases were found in regional and
mean longitudinal strain values in the early period in BD
cases, but increases were seen in NT proBNP values.
5. Prognosis
BD is a chronic and inflammatory disease and shows
relapses and remissions. Among young people and
males, its progress may be more severe. As age
advances, remissions lengthen and the severity of
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relapses reduces. Among factors that affect BD
morbidity, ethnicity, geographic, and genetic features
have been most emphasised (52). The prognosis of
mucocutaneous involvement in BD is generally good.
Ocular involvement, which starts during the early years
of the disease, is the most important cause of morbidity,
whereas vascular involvement represents the most
important cause of mortality. Neurological involvement
is progressive among most patients, and is sometimes
fatal. Annual mortality in BD varies between 2% and
4%. The most common causes of mortality are rupture
of vascular aneurysms, intestinal ulcer perforations, and
MSS involvement. PAAs and Budd-Chiari syndrome
are associated with higher mortality rates. Overall
survival in BD patients with cardiac involvement is
poorer than in those without (47).
6. Treatment of BD with Cardiac Involvement
Because the aetiopathogenesis of BD is unknown,
there is no specific treatment. Treatment of BD is
still based on a low level of evidence (i.e., expert
opinions) (53). The aim of the treatment is to correct
the symptoms, and to prevent the disease from causing
permanent organ damage by repressing inflammation.
Pharmacological agents used for the treatment of
BS include corticosteroids, colchicine, azathioprine,
and tumour necrosis factor-α inhibitors, among
others. Pericarditis has always been treated with
aspirin and immunosuppressive agents (40). In the
setting of tamponade, emergency pericardiosynthesis
may be necessary (41). Thrombus management is
determined based on the mobility of the thrombus. If
the thrombosis seems relatively immobile and is not
susceptible to emboli, acetylsalicylic acid, warfarin,
corticosteroids, and immunosuppressive agents may
be used. However, more mobile thrombuses should
be treated with thrombolytic agents (48,54). Acute
myocardial infarction can be treated with percutaneous
coronary intervention or surgical revascularisation (46).
Myocardial involvement is almost always associated
with endomyocarditis. Endomyocardial fibrosis in
some cases has been cured with corticosteroids,
colchicine, or immunosuppressive agents (46,55).
High-dose prednisolone and azathioprine can be used,
along with the routine treatment of cardiac failure,
and in some patients, cardiac function has improved
with these medications (50). The presence of PAA is
associated with higher mortality rates (56). Prognosis
in these patients becomes better with early diagnosis
and intense immunosuppressive treatment (56,57).
Transcatheter embolectomy has also proven beneficial
(34,35,58). Oral anticoagulants and antiplatelets are
often used to treat thromboembolic complications
in BD. However, antithrombotic therapy should be
administered cautiously, given the proneness of BD
patients to bleedings, particularly from symptomatic
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or asymptomatic pulmonary aneurysms. Overall
survival in BD patients with cardiac involvement is
poorer than in those without. Complete remission of
cardiac involvement has been associated with the use of
immunosuppressants, colchicine, and anticoagulants.
7. Conclusions
BD is a disease with multi-organ involvement and
thus shows signs and symptoms in many systems.
The main cardiac features of BD include pericarditis,
myocardial (diastolic and/or systolic) dysfunction,
valvular, coronary (thrombosis, aneurysms, rupture), and
intracardiac thrombus. Several cardiac manifestations
may coincide in one patient. Cardiologists should
always bear in mind the potential threats of symptomatic
cardiovascular involvement in BD and consider
diagnostic measures (echocardiography, CT, MRI) for
its timely detection. The prognosis of cardiac lesions is
poorer than that of lesions in others organs involved in
BD, but anticoagulation, immunosuppressant agents,
and colchicine seem to improve the prognosis of cardiac
manifestations in BD.
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Summary

Epidemiological information of hereditary spherocytosis in China is slight. This systematic
review summarizes the number of cases of hereditary spherocytosis reported in China
Biology Medicine disc from 1978 to 2013. In total, 2,043 cases were reported in the past
36 years. We describe its distribution from time and space. We also estimate the literature
reported prevalence of hereditary spherocytosis by DisMod-II software, overall prevalence
in China was estimated to be: 1.27 cases per 100,000 people in males and 1.49 cases per
100,000 people in females. All results suggest a stronger network of diagnosis and treatment
including all levels of hospitals should be created to improve healthcare for hereditary
spherocytosis and even other rare diseases in the future, meanwhile we can obtain more
useful information for orphan drug designation purposes and make public health decisions
regarding such diseases through the use of the burden of disease models.
Keywords: Hereditary spherocytosis, Bibliographic study, DisMod-II, China

1. Introduction
Hereditary spherocytosis refers to a group of
heterogeneous inherited anemias that are characterized
by anemia, jaundice, and splenomegaly. The clinical
situation of the disease is often most severe during
the first year of life, and most newborns have severe
anemia, although it is improved after the first year of
life. Jaundice is the first clinical situation in newborns,
with severe anemia developing during the first few
days after birth. Splenomegaly is a frequently observed
feature (1). The age of onset and severity of the disease
vary considerably. Splenectomy is the first choice of
treatment in some patients with symptomatic anemia as it
eliminates the necessity of repeated transfusions. Recent
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evidence is emerging that splenectomy may have adverse
vascular long term consequences, and whether patients
should undergo splenectomy is controversial (2,3).
Hereditary spherocytosis is reported worldwide and
is the most common hereditary anemia in individuals
from northern Europe and northern America (4-10).
The prevalence of the disease is around 1 in 5,000
to 1 in 2,000 in the above two areas. The prevalence
of hereditary spherocytosis in people of other ethnic
backgrounds is unknown, but it is much less common.
As a kind of rare disease, there is no exact prevalence
of hereditary spherocytosis in China. Although China
is also actively promoting regulation of rare diseases,
the diseases have not been covered by the national
health system. However, there are still no official data
on "the prevalence of hereditary spherocytosis and the
number of cases". So a crucial step is to collect data
on hereditary spherocytosis in China. We searched the
reported literature or cases in hospitals to obtain the data
collection from China.
This study systematically reviewed hereditary
spherocytosis reported in the Chinese biomedical
literature published over the past 36 years from January
1978 to December 2013 and analyzed the current state
and treatment of hereditary spherocytosis in China.

www.irdrjournal.com

Intractable & Rare Diseases Research. 2015; 4(2):76-81.
This study also estimated the rough literature reported
prevalence of hereditary spherocytosis in China.
2. Methods
2.1. Data collection
2.1.1. The literature data
We searched the literature related to hereditary
spherocytosis from China Biology Medicine disc
(CBMdisc) (http://www.sinomed.ac.cn/) that covered
articles since January 1978 to December 2013. The
CBM database is the largest Chinese biomedical
bibliographic database, it includes more than 1,600
kinds of biomedical journals, conference papers and
compilations published in Chinese, and includes
7,875,309 literature citations prior to 2013.
Chinese terms and English terms describing
hereditary spherocytosis were used to search for
publications in the CBM database (11). English terms
for hereditary spherocytosis were included because most
Chinese biomedical publications contain an English
abstract. We collected literature related to clinical data,
diagnostic information and laboratory data searched in
the CBM database. Cases of hereditary spherocytosis
with a confirmed diagnosis were included. For each
study included, informed consent for publication was
obtained from the patient. Patient medical information
was carefully compared for series of reports by the
same authors or institutions, and redundant cases were
excluded.
2.1.2. Other data
The World Health Organization (WHO) and Harvard
University designed DisMod-II software to calculate the
burden of diseases. The software was used to estimate
the prevalence of a simple disease model with four
possible kinds of data, namely: incidence; mortality
of the disease; all other mortality and remission. The
model permits calculation of prevalence at a certain
age of remission, the mortality and incidence in the age
interval (12).
The mortality of hereditary spherocytosis was
selected from CDC WONDER (Centers for Disease
Control and Prevention Wide-Ranging Online Data for
Epidemiologic Research) (http://wonder.cdc.gov/). The
CDC WONDER is the nation's primary data repository
for health statistics of the United States, which covers
the CDC site data and statistical information service.
Through the system, users can retrieve the morbidity
and public health data including, scientific research
data, survey data, health statistical data, laboratory
information and so on (13).
All other mortality was collected from the national
disease surveillance system death surveillance data sets
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2011 which was written by Chinese Center for Disease
Control and Prevention that summarizes the national
disease surveillance systems (DSPs) 2011 round of
population and mortality data (14).
The structure of the general population of China was
obtained by the sixth national population census of the
People's Republic of China, which was published in the
National Bureau of Statistics of the People's Republic
of China in 2010 (15). It is an agency within the State
Council of the People's Republic of China charged
with the collection and publication of statistics related
to the economy, population and society of the People's
Republic of China at national and local levels.
2.2. Statistical analysis
2.2.1. The literature data
SPSS 21.0 was used to input and manage data, it was
corrected in accordance with the original data when
there was abnormal data or missing values. Descriptive
statistical analysis was used for the frequency
distribution analysis and description of the data
characteristics. Charts were drawn with SPSS and Excel.
A map with shades of color reflecting the number of
hereditary spherocytosis cases in each city was created
with ArcMap 10.0.
2.2.2. Prevalence of hereditary spherocytosis
We selected year 2011 for calculation purposes as this
was the latest year for which all other mortality data
of China were available. The patients of hereditary
spherocytosis were selected from the literature data in
2011, then we used the number of patients from 2011
and the structure of the general population of China to
calculate incidence. All data were classified by gender
and age group because of the requirements of DisModII software.
The Multiple Cause of Death database contains
mortality and population counts for all USA counties
from 1999 to 2013. We extracted deaths from hereditary
spherocytosis of 15 years data, then calculated the
average mortality which were broken down by gender
and age group.
Hereditary spherocytosis is the only congenital
hemolytic anemia for which a splenectomy proves
consistently beneficial. Recent evidence is emerging
that there may be adverse long term vascular
consequences of splenectomy, whether patients should
undergo splenectomy is controversial and splenectomy
does not eradicate birth defects. So remission was
assumed to be zero.
Finally, the model was constructed using hereditary
spherocytosis mortality data in USA, and remission.
All other mortality was also introduced into the model,
along with the national disease surveillance system
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Table 1. Estimated prevalence and incidence of hereditary spherocytosis by age group, based on incidence in Chinese
literature reported and mortality from USA
Mortality&

Age group
<1
1-4
5-14
15-24
25-34
35-44
45-54
55-64
65-74
75-84
85+
Total
* Remission

Input(×100,000)*					Output(×100,000)
Incidence

Prevalence

Incidence

Males

Females

Males

Females

Males

Females

Males

Females

0.0131
0.0000
0.0006
0.0003
0.0010
0.0006
0.0019
0.0004
0.0000
0.0063
0.0343
0.0011

0.0069
0.0000
0.0003
0.0010
0.0003
0.0003
0.0012
0.0020
0.0031
0.0052
0.0059
0.0011

0.0804
0.0298
0.0457
0.0026
0.0000
0.0016
0.0011
0.0000
0.0000
0.0000
0.0000
NA

0.1423
0.0320
0.0432
0.0027
0.0020
0.0008
0.0033
0.0000
0.0000
0.0000
0.0000
NA

0.0179
0.1089
0.3900
0.5715
0.6121
0.6387
0.4583
0.3646
3.1813
11.0010
86.3382
1.2669

0.0188
0.1141
0.3947
0.5697
0.5964
0.6117
0.6279
1.2525
5.5225
14.3372
22.7439
1.4862

0.0359
0.0377
0.0364
0.0052
0.0045
0.0024
0.0014
0.3828
0.3501
2.5060
4.8329
0.1508

0.0377
0.0390
0.0354
0.0049
0.0025
0.0015
0.0037
0.2031
0.7011
0.8380
0.6042
0.0993

input (assumed to be zero). & Mortality in USA.

death surveillance data sets 2011 of China. Then the
ensuing estimates of prevalence were shown by age
group and gender.
3. Results
373 reports were searched in CBM database, 297
reports were qualified for inclusion according to
our criteria. A total of 2,043 cases of hereditary
spherocytosis were reported in the literature. As shown
in Figure 1, the number of patients with hereditary
spherocytosis reported each year in the CBM database,
after 1994 is significantly higher than a few years
ago. 71% of the cases were diagnosed at a university
hospital, 22% were diagnosed at a municipal hospital,
4% were diagnosed at a provincial hospital, and the
remainder (3%) was diagnosed at hospitals on country
level or even from smaller communities (Figure 2). The
geographic distribution of reported patients is shown in
Figure 3. From the map view, more cases were reported
in the South and East of China, which have a higher
population density and better medical services than
other areas. Shandong, Beijing, Liaoning, Hebei and
Shanghai ranked among the top 5 provinces or province
level municipalities where disorders were reported. In
Xizang, Qinghai and Guizhou only a few cases were
reported.
In 2011, the number of cases was 114 reported
from CBM database, the male: female ratio was 1.04:1.
According to the sixth national population census of
the people's republic of China, Chinese population
totaled 1,332,810,869, with a breakdown by sex of
682,329,104 males and 650,481,765 females. In 2011,
overall literature reported prevalence of hereditary
spherocytosis in China was estimated to be: 1.27
cases per 100,000 people in males and 1.49 cases per
100,000 people in females (Table 1). From the table we
found that the model estimated incidence of hereditary
spherocytosis was high before the age of 15 and after

Figure 1. Case numbers of hereditary spherocytosis
reported in Chinese biomedical publications from 1978
to 2013. The number of hereditary spherocytosis cases has
increased significantly after 1994, and in the last 10 years there
are 979 cases that accounted for nearly 1/2 of the reported
numbers.

Figure 2. Hospital distribution of reported cases of
hereditary spherocytosis in Chinese biomedical Publications.
71% of the cases were diagnosed at a university hospital, 22%
at a municipal hospital, 4% at a provincial hospital, and the
remainder (3%) was diagnosed at hospitals on country level or
even from smaller communities.

the age of 55. We also estimated that China has 8,644
males and 9,667 females hereditary spherocytosis
sufferers (Figure 4). The prevalence calculated from
national and literature data by the DisMod-II software
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Figure 3. Geographic distribution of reported cases of
hereditary spherocytosis in Chinese biomedical publications.
More cases were reported in the South and East of China,
Shandong, Beijing, Liaoning, Hebei and Shanghai ranked among
the top 5 provinces or province level municipalities where cases
were reported. Xizang, Qinghai and Guizhou only a few cases
were reported.

Figure 4. Estimation of hereditary spherocytosis
prevalent cases by gender and age groups in China. China
was estimated to have 8,644 males and 9,667 females of
hereditary spherocytosis sufferers according to the number of
hereditary spherocytosis cases reported in Chinese biomedical
publications.

is shown in Figure 5. The model estimates an increase
with age but with a slower pace, after 65 years cases
increase suddenly and at ages > 85 years the estimates
reach a maximum.
4. Discussion
Hereditary spherocytosis is a rare disease, there is no
cure for hereditary spherocytosis caused by genetic
defect, and thus the focus of current management is
to limit the severity of the disease. Treatment options
include: splenectomy and partial splenectomy, even
cholecystectomy. Splenectomy is the most effective
way of treatment and will be of benefit in all people
with severe as well as some people with moderate
hereditary spherocytosis, but is not usually necessary
in mild cases. Recent evidence demonstrates that
splenectomy for hereditary spherocytosis is safe in the
short term, studies showed no deaths and infrequent
complications in 1,657 children (16). The disadvantages
of splenectomy are large trauma and significant
immunity decline. Partial splenectomy applied to the
young, yields low immunity, and splenectomy might
cause serious infection of patients who may relapse
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Figure 5. Estimated prevalence of hereditary spherocytosis
by gender and age groups in China. Model estimates increase
with age but at a slower pace, after 65 years increases suddenly
and at ages > 85 years the estimates reach a maximum.

again. Investigators finished a follow-up of 10 years
and found that 7.5% cases needed a total splenectomy
again (17).
From the results of publications in CBM database,
the number of hereditary spherocytosis cases increased
significantly after 1994, and in the last 10 years there
were 979 cases that accounted for nearly 1/2 of the
reported numbers. This situation is because general
healthcare has improved rapidly and people pay more
attention to medical problems caused by rare diseases in
China. Cases were more frequently reported around the
Bohai area which contains Beijing, Shandong, Liaoning
and Hebei. We noted that more university hospitals and
blood institutes are in these provinces. Also cases were
more reported in large cities instead of areas with a larger
population but a relatively lower level of development
such as Guizhou and Sichuan Provinces and even Xizang
found no reported cases. Country level hospitals and
below represent more than 70% of the medical resources
in China, but only 3% of the cases of hereditary
spherocytosis were diagnosed by these hospitals. There
are also some disparities between university hospitals
and provincial and municipal hospitals. So, countries
should pay more attention to reform health care and
improve the level of medical technology of country
level hospitals and below. At the same time, a stronger
network of diagnosis and treatment including all levels
of hospitals should be created to improve healthcare for
hereditary spherocytosis and other rare diseases in the
future.
Although hereditary spherocytosis is encountered
worldwide, its prevalence in other groups (excluding
northern European and northern American groups) has
not been clearly established. Currently, there is no case
registration system for most rare diseases in China, so
there is very little information on the epidemiology of
hereditary spherocytosis. To our knowledge, a systematic
survey of the literature was being performed in order
to provide an estimated prevalence of rare diseases or
the reported number of published cases in Europe. The
prevalence of hereditary spherocytosis was 1/5,000 in
Europe which was published on orphanet (the portal for
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rare diseases and orphan drugs) in May 2014 (18).
DisMod-II was designed as a system to assist in
the burden of disease models in the 1990s, and in a
few exceptional cases, to estimate disease prevalence
(19-21). DisMod-II has seven kinds of possible input
variables: incidence, remission, case fatality rate,
mortality, prevalence, duration and relative risk of death.
In general, three input variables are needed to calculate
the other four variables and the age of onset. When there
are less than three available variables, we can use expert
judgment to obtain additional information. The greatest
source of error may be from using information that has a
lack of data or a small sample size that represents large
groups. But the model is fairly robust, it will reasonably
allow an estimate of the prevalence, which is comparable
with figures reported by published studies. Traditional
prevalence studies require more time to collect and
calculate data, and only allow input of the number of
cases and time or incidence and duration. Nevertheless,
DisMod-II permits modelling of variability situations,
such as entering different models of remission, incidence
and case fatality rate. DisMod-II should be the most
effective way to estimate the prevalence of rare diseases.
The model is based on the assumption that incidence
and mortality are in a steady state, but it is dependent
on the incidence and mortality from the past as well
as the present (22). The incidence of hereditary
spherocytosis was collected and calculated from
CBM database reported in 2011, although it would
not represent all cases. The mortality of hereditary
spherocytosis was selected from CDC WONDER and
was an average mortality between 1999 and 2013 in
USA. In conclusion, our analysis suggests that previous
estimates of prevalence, based on smaller datasets,
have underestimated the prevalence of hereditary
spherocytosis in China. In the future, we can collect more
information from medical record registration systems in
hospitals to estimate an accurate prevalence.
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Summary

Bronchopulmonary Dysplasia (BPD) is a rare chronic lung disease and one of the most
difficult complications to treat in premature infants. With the progress at the medical
treatment level, an increasing number of BPD premature infants are born, meanwhile, they
would be at an increasing risk for numerous complications and rehospitalization because
BPD affects many vital organ systems. The pathogenesis of BPD is clearly multifactorial. As
the prognosis is closely connected with the severity of BPD, early diagnosis and treatment
are of great help to control the development of BPD. This article focuses on risk factors that
could influence the severity of BPD in order to provide a reliable basis for early diagnosis,
treatment, and better patient assessment.
Keywords: Bronchopulmonary dysplasia, preterm infants, risk factors

1. Introduction
Bronchopulmonary dysplasia (BPD) is a rare chronic
lung disease in premature infants resulting from oxygen
and mechanical ventilation that was first described
by Northway et al. in 1967 (1). BPD has become
one of the thorniest issues in the neonatal intensive
care unit (NICU) and the main cause of chronic
respiratory diseases of infants due to auxiliary oxygen
for a long time, a high mortality rate, survivors with
high reactive airway disease, feeding difficulties and
growth retardation. Children with BPD need long-term
dependence on oxygen which, easily causes repeated
infection of the lung and even leads to physical and
intellectual developmental disorders. BPD seriously
affects the survival rate and living quality of premature
infants and, it brings a heavy burden to the family
and society. The reported incidence of BPD was quite
different in various studies. Possible reasons were
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differences in clinical definitions (2), demographics
of patient populations and management strategies
used across studies (3). There are about 3,000 ~ 7,000
newborns suffering from BPD in America every year
(4), however, the morbidity is not clear in China. Many
questions about the etiology and pathogenesis of BPD
still remain in spite of a mountain of extensive research
that has been done which aimed at identifying risk
factors of BPD and planning preventative therapies
(5). The foremost predictor for BPD development is
prematurity, yet many other factors may contribute.
In order to study the risk factors which could
influence the severity of BPD in premature infants
and provide reliable bases for effective prevention
and control measures, this research conducted a
retrospective analysis concerning the clinical data and
inspection results interrelated information of 47 cases. In
addition, we also hope to develop better practices in the
management of newborns with BPD in the future.
2. Methods
2.1. Objects
These cases were selected from the rare diseases
database which was established through the pilot project
launched by China (6). There were 51 BPD infants
registered in the database in total from 1st January
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2012 to 31st November 2014. Term infants, cases with
congenital anomalies, metabolic or neuromuscular
diseases were excluded. Finally, this study consisted of
47 premature infants who were diagnosed with BPD
and registered in the database from 2012 to 2014. There
were 33 baby boys (70%) and 14 baby girls (30%). All
cases corresponded with the BPD diagnosis standard
which was formulated by American National Child
Health and Human Development Institute (NICHD) in
2000 (7). A total of 28 (59%) infants had mild BPD,
13 (28%) moderate BPD, and 6 (13%) with severe
BPD. The classification standard of severity was also
formulated by NICHD (7). Database records included
antenatal, natal, and postnatal features together with the
laboratory findings of the infants.
2.2. Data processing and analysis
SPSS 17.0 was used to input and manage data. Repeated
cases have been excluded. Enumeration data was
analyzed by chi-square test (Fischer's exact probability
test) and measurement data was analyzed by variance
analysis. The 95% confidence interval (CI) and p value
were acquired by single factor analysis. In this study, we
also used the classification of BPD as dependent variable
and all factors with significant associations emerging
from the univariate analysis as independent variables
to conduct an ordinal logistic regression analysis. The
difference was statistically significant when p < 0.05.
Charts were then drawn with SPSS and Excel.
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3. Results
3.1. Antenatal features
As shown in Table 1, the differences were statistically
significant when the pregnant mothers had
chorioamnionitis and history of abnormal pregnancy.
Repeated abortion history, placenta previa, placental
abruption, polyhydramnios, oligohydramnios, edemahypertension-proteinuria syndrome, etc were included in
the abnormal pregnancy group.
3.2. Natal features
Statistical analysis results showed that the smaller the
gestational age and the lower the birth weight are, the
higher the severity. The results displayed that multiple
births didn't have statistical significance despite three
sets of twins that suffered from BPD. In the meantime,
gender, delivery mode and intrauterine infection
pneumonia didn't influence the severity of BPD
according to the value of p. All the natal features are
shown in Table 2.
3.3. Postnatal characteristics
Abnormal coagulation function, cholestasis, NRDS
and acidosis could affect the severity of BPD among
postnatal factors while severity of anemia, HIE, disorders
of glucose metabolism and hypoproteinemia were not

Table 1. Conditions of mothers during pregnancies
Factors
Maternal age
≤ 30 years old
31 ~ 42 years old
Premature rupture of membranes
Chorioamnionitis
Prenatal hormone application
Pregnancy complications
History of abnormal pregnancy

Mild BPD n (%)
19 (68)
9 (32)
10 (36)
7 (25)
4 (14)
15 (54)
6 (21)

Moderate BPD n (%)
10 (77)
3 (23)
4 (31)
8 (62)
4 (31)
7 (54)
6 (46)

Severe BPD n (%)

p

5 (83)
1 (17)
2 (33)
4 (67)
2 (33)
5 (83)
5 (83)

0.720
0.720
1.000
0.025
0.265
0.446
0.009

Severe BPD n (%)

p

Table 2. Conditions after the births of infants
Factors
Gestational age
< 28 weeks
28 ~ 31 weeks
32 ~ 35 + 3 weeks
Birth weight
< 1000 g
1000 ~ 1499 g
1500 ~ 1999 g
2000 ~ 2015 g
Multiple births
Baby girl
Delivery mode
Eutocia
Cesarean section
Intrauterine infection pneumonia

Mild BPD n (%)

Moderate BPD n (%)

2 (7)
21 (75)
5 (18)

1 (8)
10 (77)
2 (15)

5 (83)
1 (17)
0

0
21 (75)
4 (14)
3 (11)
8 (29)
7 (25)

4 (31)
6 (46)
3 (23)
0
2 (15)
3 (23)

1 (17)
3 (50)
2 (33)
0
2 (33)
4 (67)

14 (50)
14 (50)
8 (29)

8 (62)
5 (38)
1 (8)

4 (67)
2 (33)
0
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0.025
0.626
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Table 3. Clinical manifestations concerning infants in the duration of hospital stay
Mild BPD n (%)

Clinical manifestation
Anemia
Mild
Moderate
Severe
HIE
Disorders of glucose metabolism
Hypoproteinemia
Abnormal coagulation function
Cholestasis
PDA
Patent foramen ovale
NRDS
Acidosis

Moderate BPD n (%)

0
4 (67)
2 (33)
6 (100)
4 (67)
2 (33)
4 (67)
4 (67)
2 (40)
3 (60)
6 (100)
6 (100)

5 (39)
6 (46)
2 (15)
10 (77)
6 (46)
3 (23)
4 (31)
4 (31)
2 (22)
5 (56)
4 (31)
12 (92)

5 (18)
17 (61)
6 (21)
23 (82)
15 (54)
13 (46)
1 (4)
3 (11)
10 (77)
8 (62)
12 (43)
17 (61)

p

Severe BPD n (%)

0.407
0.555
0.704
0.394
0.001
0.012
0.040
1.000
0.012
0.041

HIE, hypoxic-ischemic encephalopathy; PDA, patent ductus arteriosus; NRDS, neonatal respiratory distress syndrome.

Table 4. Ordered logistic regression analysis concerning influence factors of BPD
Clinical manifestation
Chorioamnionitis
Abnormal pregnancy
Abnormal coagulation function
Cholestasis
Gestational age
Birth weight
*Regression

b*

Standard error

3.224
1.825
2.697
2.481
3.441
12.523

0.983
0.912
1.078
1.002
1.410
2.293

Wald
10.761
4.005
6.262
6.136
5.953
29.856

p
0.001
0.045
0.012
0.013
0.015
0.0004

OR
25.128
6.203
14.835
11.953
31.218
274580.567

95% CI
1.298-5.150
0.038-3.613
0.585-4.809
0.518-4.445
0.677-6.204
8.031-17.051

coefficient.

influence factors with statistical significance (Table
3). There were 13 mild, 9 moderate and 5 severe cases
taken electrocardiographic examinations in total. In the
echocardiography results, patent ductus arteriosus could
influence severity compared with patent foramen ovale
after statistical verification.
3.4. Ordered logistic regression analysis about influence
factors of BPD
Through single factor analysis, 9 factors had statistical
significance including: chorioamnionitis, history of
abnormal pregnancy, gestational age, birth weight,
abnormal coagulation function, cholestasis, NRDS,
acidosis and patent ductus arteriosus. In this study,
only 27 patients accepted vascular ultrasonography
and valid data was too small. Because it didn't meet
the conditions of ordered logistic regression analysis,
the factor was excluded. By means of ordered logistic
regression analysis, chorioamnionitis, history of
abnormal pregnancy, abnormal coagulation function,
and cholestasis were independent factors which could
influence the severity of BPD (Table 4).
4. Discussion
After nearly 5 decades since the first description of BPD
by Northway, its epidemiology, clinical presentation
and pathogenesis have changed. BPD was a chronic
lung disease associated with premature birth and still

lacked effective prevention and treatment (9). The
etiology and pathogenesis were still unclear and most
scholars believed that the occurrence and development
of BPD were associated with premature birth, inhalation
of high concentrations of oxygen, long duration of
mechanical ventilation and infection (10). Immature lung
development at an early gestational age and light weight
infants were the most basic factors for the occurrence
of BPD (11-15). This study also showed BPD was more
serious when the gestational age was earlier and birth
weight was lower owing to immature lung development
and respiratory function.
Our study showed that there is a relationship between
the severity of BPD and PDA. The incidence of heart
failure, pulmonary edema, etc. increased in BPD infants
with PDA. It was due to PDA could also significantly
increase blood circulation in lung tissue, probability of
edema and infection of lung tissue. PDA and BPD may
be a cause and effect relationship. Some researchers
came to the same conclusion (16). Respiratory distress
syndrome (RDS) is a common cause of morbidity and
mortality related to premature birth and most infants
who develop BPD initially suffer from acute RDS
(17). Infants with RDS may easily have acidosis due to
adverse pulmonary ventilation. The present study shows,
as we expected, that RDS and acidosis are associated
with the severity of BPD.
Chorioamnionitis was an independent risk factor in
our study. When pregnant women have chorioamnionitis,
the expression levels of the proinflammatory cytokines
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increased significantly which could also cause a fetal
pulmonary inflammatory reaction or even systemic
inflammatory response syndrome. Pulmonary edema,
abnormal deposition of fibrin and a decrease of the
biological activity of pulmonary surfactant were caused
by the pathological process. Inflammatory cytokines in
amniotic fluid get into the fetal lung when the mother
has chorioamnionitis and caused lung inflammation and
injury. The injury continued development after birth and
the infants finally developed BPD (18).
Our findings indicated that women with a history of
abnormal pregnancy (abortion, stillbirth and premature
birth) was another risk factor which could influence the
severity of BPD. Some scholars believed that pregnant
women with an abnormal childbearing history was a
potential risk factor for BPD (19), but yet no studies
showed that abnormal pregnancy was an independent risk
factor for the severity of BPD. The endometrium cannot
fully repair itself in the short term and a cervical mucus
embolism that was erased during the operation could
lead bacteria easily into the uterine cavity. A common
complication is uterine cervical lesions after abortion and
pregnant women are prone to premature birth when they
have a subsequent pregnancy because the cervix function
is not complete. On the other hand, the endometrial
myometrial interface was damaged during the artificial
abortion and the placental circulation was disordered
which could cause placental insufficiency. Finally, these
reasons lead to fetal intrauterine hypoxia, slow growth,
premature birth and even stillbirth.
Blood vessels are more vulnerable and coagulation
factors are deficient in premature infants. Most
premature infants had asphyxia when they were born
and the function of the organ and adaptability were
weaker compared with term infants which could cause
pulmonary, intracranial hemorrhage, etc. Therefore,
asphyxia could easily cause disorder of blood coagulation
function. The development of reticular endothelial
structure is imperfect in prematurities. The structure
could release tissue factors when the tissue was damaged
which was able to initiate the coagulation process. This
could further reduce coagulation factors. The situation
is more likely to happen when newborns have asphyxia.
This is a vicious cycle because hypoxia could accelerate
the progress of shock. Therefore, premature infants with
abnormal coagulation function and were more commonly
applied with mechanical ventilation could further
promote the occurrence of BPD. The analytic results in
our study also showed abnormal coagulation function
was one of the risk factors which could influence the
severity of BPD.
We found that cholestasis could influence the
severity of BPD, yet no other research has made the
same point. Cholestasis means bile acid, bilirubin, etc
accumulate in the body. A number of studies supported
that severe toxicity reactions occurred in the lungs
when the concentration of cholic acid increased (20,21).
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Sepulveda found that cholic acid in high concentrations
could constrict blood vessels (22) which would lead to a
decrease in pulmonary blood flow and even pulmonary
hypoxia. Some researchers figured that cholic acid may
cause lung damage through hindering the synthesis
of pulmonary surfactant and cause an inflammatory
reaction (20,23). These above researches explained how
cholestasis could injure the development of the lung
which may even cause the occurrence of BPD.
5. Conclusion
Due to an improvement in the survival of ELBW
infants, BPD has been increasing over the past several
decades. Because BPD arises from multiple pathogenic
processes in the preterm lung which probably cause
various results, various aspects of care need meticulous
assessment. It originates from the interaction of
multiple factors that could injure the immature lung,
and for exactly that reason, preventions must be
developed on the basis of all the factors implicated in
its pathogenesis. The more serious the illness is, the
worse the prognosis. Severe BPD could even influence
the brain or other vital organs in the long term process.
Therefore, we can actively take preventive measures to
control disease development according to potential risk
factors in the clinical performance.
Our data showed that the most relevant risk factors
that could influence the severity of BPD were low
birth weight, early gestational age, chorioamnionitis,
childbearing history, cholestasis and abnormal
coagulation function. Comprehending the case history,
especially whether the mother had chorioamnionitis or
an abnormal pregnancy history, and careful examination
were vital. Mothers who have had abortions many
times may give birth to severe BPD infants to a greater
extent. The birth of premature infants with low birth
weight and early gestational age are more likely to
develop severe BPD (24). Paying close observation to
the appearance of cholestasis and abnormal coagulation
function could control and prevent the progress of
the severity of BPD. It is needed that all NICUs keep
making efforts to know better practices, decrease risk
factors and contribute to the prevention of BPD.
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Summary

The rs7903146 and rs13266634 polymorphisms in the TCF7L2 and SLC30A8 genes,
respectively, have been reported to be associated with type 2 diabetes. However, little is known
about the association of these polymorphisms with post-transplant diabetes mellitus (PTDM).
To study this linkage, we determined a distribution of allele and genotype frequencies in Asian
Indians. 42 PTDM and 98 non-PTDM subjects were recruited. Polymerase chain reactionrestriction fragment length polymorphism (PCR-RFLP) analysis was performed to detect
for rs7903146 and rs13266634 polymorphisms. The clinical details and statistical analysis for
PTDM and non-PTDM subjects were recorded. Our results observed higher frequencies of
the minor alleles in rs7903146 and rs13266634 polymorphisms in the PTDM group compared
to the non-PTDM subjects. The allele frequencies also found to be significantly associated
with PTDM (rs7903146: T vs C: OR-2.6; (95%CI: 1.2-5.6); p = 0.01; rs13266634: T vs C:
OR-2.0; (95%CI: 1.1-3.4); p = 0.01). These findings suggest that rs7903146 and rs13266634
polymorphisms are associated with PTDM in the Asian Indian population despite a relatively
small study group.
Keywords: PTDM, non-PTDM, rs7903146, TCF7L2, rs13266634, SLC30A8 and Asian Indians

1. Introduction
New onset diabetes after transplant (NODAT), or Posttransplant diabetes mellitus (PTDM), has become a
common complication in renal transplant (RT) subjects
(1). Tacrolimus (FK506, Tac) and cyclosporine A (CsA)
are immunosuppressive drugs commonly used in the
treatment after organ transplantation (2). Both PTDM
and type 2 diabetes mellitus (T2DM) are multifactorial
metabolic disorders (3). T2DM is a chronic disease,
characterized by insulin resistance and impaired insulin
secretion from pancreatic β-cells (4). PTDM incidence
has been increasing dramatically throughout the globe,
in parallel to T2DM (5). The pathophysiology of PTDM
*Address correspondence to:
Dr. Pragna Rao, Department of Biochemistry, Kasturba
Medical College, Manipal University, SH 65, Madhav Nagar,
Manipal, Karnataka 576104, India.
E-mail: drpragnarao@gmail.com

is characterized by a drug-induced deficiency in insulin
secretion, rather than deteriorating of insulin resistance
over time (6).
The appearance of family history of diabetes in
predicting PTDM is still query and the relation for
the risk factors of PTDM in the general population
both from a common mechanistic viewpoint and from
a practical viewpoint is unclear (7).Genome-wide
studies have identified diabetes susceptibility loci on
chromosomes 10q25.3 and 8q24.11, where transcription
factor 7 like 2 (TCF7L2) and solute carrier member 3
zinc transporter member 8 (SLC30A8) genes are located
(3). Earlier studies at the same genetic polymorphisms
(TCF7L2-rs7903146 and SLC30A8-rs13266634) in
PTDM subjects (8,9). Similar to T2DM, PTDM is
a polygenic disease, and inconsistencies in genetic
associations have been reported. In many of these
studies, hypotheses were originated based on previously
reported genetic associations of the predisposition to
T2DM in general population, however no clear rationale
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Table 1. Details of the selection of snips for this study
Gene

region

Chr Region

SNP

rs No.

Forward Primer

Reverse Primer

Band Size

Enzyme

TCF7L2

Intron 3

10q25

C>T

rs7903146

Exon 8

8q24.11

C>T

rs13266634

GTGAAGTGCCC
AAGCTTCTC
TGGCCTGTCAAAT
TTGGGAA

C: 158/30 bp
T: 188 bp
C: 176/80 bp
T: 256 bp

RsaI

SLC30A8

ACAATTAGAGAGCTA
AGCACTTTTTAGGTA
GAAGTTGGAGTCA
GAGCAGTC

was provided for the selection of the investigated
genetic variants. Therefore, a well-defined candidategene approach is attractive, because it lowers the
number of research hypotheses and reduces a chance of
finding false genetic associations (10). Here we studied
the association of rs7903146 (TCF7L2) and rs13266634
(SLC30A8) gene polymorphisms with the risk of
developing PTDM after RT in Asian Indian population.
2. Materials and Methods
2.1. Patient enrolment
The study was carried out in Kamineni Hospitals,
Hyderabad, India. First, the signed informed consent
was obtained from the patients during the recruitment.
In total, 140 subjects were recruited. Inclusion and
exclusion criteria for selection of subjects were defined
previously (3). Recruited subjects had undergone renal
transplant and on immunosuppressive therapy for more
than 3 months. Among them, 42 subjects developed
PTDM and 98 were remained as euglycemic subjects,
termed non-PTDM as per the American Diabetes
Association. Patient information was documented, and
the blood was collected to perform polymorphism.
2.2. DNA and PCR-RFLP analysis
Two mL of the peripheral blood were collected in
tubes containing EDTA. Genomic DNA was extracted
using a salting-out technique (11). Polymerase chain
reaction-restriction fragment length polymorphism
(PCR-RFLP) assay was performed to detect rs7903146
and rs13266634 variations in TCF7L2 and SLC30A8
genes. The details of the selected primers, restriction
enzymes, and band sizes for digested and undigested
PCR products are shown in Table 1. Primers were
synthesized by Bio-serve technologies limited,
Hyderabad, India. Genotyping was performed using
a 25-µL-reaction mix using the Bangalore Genei kit
(Bangalore Genei Pvt. Ltd., Bangalore, Karnataka,
India), and Applied Biosystems thermal cycler machine
(Life Technologies, Carlsbad, CA, USA). RsaI
(GT^AC) enzyme was used to detect the rs7903146
polymorphism and HpaII (C^CGG) enzyme for
rs13266634 polymorphism. The protocol for PCRRFLP analysis was described previously (3). The
digested PCR products were separated by 3.5% agarose
gel electrophoresis.

HpaII

2.3. Statistical analysis
Genotype and allele frequencies were calculated using
gene-counting method. Assessment of PTDM and nonPTDM parameters with alleles was performed using
chi-square and Student's t tests. The difference in the
occurrence of TCF7L2-rs7903146 and SLC30A8rs13266634 genotypes in the PTDM and non-PTDM
subjects was evaluated with the chi-square test. The
odds ratios and 95% confidence intervals were used
in order to determine the relative risks. Data on
PTDM and non-PTDM individuals were statistically
evaluated using the Openepi software. Hardy-Weinberg
Equilibrium (HWE) was tested using the chi-square test
with one degree of freedom. p < 0.05 was considered
statistically significant.
3. Results
3.1. Clinical investigation
Current study has enrolled 140 subjects. Among the
subjects, 42 had a case of PTDM, and 98 were nonPTDM controls. The clinical details of the PTDM and
non-PTDM subjects are presented in Table 2. When we
performed the t-test between PTDM and non-PTDM
subjects, gender, weight, subjects with cyclosporine
drugs (i.e. CsA, Tac) and along with the dosage were
found statistically significant (p < 0.05).
3.2. Genotypes and allele distribution
Genotype distribution of TCF7L2 (rs7903146) and
SLC30A8 (rs13266634) polymorphisms in cases and
control subjects were in accordance with the HWE. The
allele and genotype distribution in the PTDM and nonPTDM subjects are shown in Table 3. The distribution
of rs7903146 genotype in PTDM subjects is 31% CC,
42.8% CT and 26.2% TT, while the non-PTDM group
consists of 45.9% CC, 33.7% CT and 12.2% TT. The
C and T allele frequencies in PTDM are 0.52% and
0.48%, and non-PTDM subjects are 0.75% and 0.25%,
respectively. The genotype and allele frequencies were
found to be significantly associated when we compared
PTDM and non-PTDM subjects (for T vs C: OR-2.6;
(95%CI: 1.2-5.6); p = 0.01 and for CT vs CC: OR-2.7;
(95%CI: 1.5-4.6); p = 0.0001). Simultaneously, the
dominant model also positive associated i.e. CT + TT vs
CC: (OR-2.9; (95%CI: 1.3-6.4); p = 0.006). The PTDM
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Table 2. Baseline characteristics for PTDM and non-PTDM subjects
S. No.

Characteristics

1
2

Males/Females
Age
a) Males (Mean ± S.D.)
b) Females (Mean ± S.D.)
Weight
a) Males (Mean ± S.D.)
b) Females (Mean ± S.D.)
a) On CsA therapy
b) On Tac therapy
a) CsA Dose (mg)
b) Tac Dose (mg)
a) C2 levels (ng/mL) CsA
b) Trough levels (ng/mL) Tac
a) C2 levels/dose of CsA
b) Trough levels/dose of Tac

3
4
5
6
7

PTDM (n = 42)

non-PTDM (n = 98)

p Value

30/12

75/23

0.001

39.39 ± 12.12
40.01 ± 11.63

39.55 ± 10.58
39.26 ± 10.87

0.27
0.58

62.73±15.81
61.71 ± 16.93
22
20
163.88 ± 57.4
3.15 ± 1.24
750 ± 299.03
9.55 ± 3.38
5.24 ± 2.59
3.62 ± 1.96

66.03 ± 12.73
65.49 ± 13.68
58
40
201.29 ± 76.86
3.11 ± 1.62
1024.8 ± 353.42
8.0 ± 3.32
5.52 ± 1.97
2.98 ± 1.49

0.08
0.09
0.01
0.02
0.03
0.05
0.23
0.86
0.02
0.02

Table 3. Genotype and Allele frequencies for rs7903146 and rs13266634 polymorphisms with T2DM and PTDM subjects
with their specific control subjects
Genotypes/ Alleles

PTDM cases (n = 42)

Non-PTDM (n = 98)

OR (95% CI)

TCF7L2
CC
CT
TT
CT + TT
C
T

13 (31%)
18 (42.8%)
11 (26.2%)
29 (69%)
44 (0.52)
40 (0.48)

57 (45.9%)
33 (33.7%)
8 (12.2%)
41 (54.1%)
147 (0.75)
49 (0.25)

Reference
2.7 (1.5, 4.6)
3.1 (1.4, 6.6)
2.9 (1.3, 6.4)
Reference
2.6 (1.2, 5.6)

SLC30A8
CC
CT
TT
CT + TT
C
T

16 (38.1%)
20 (47.6%)
6 (14.3%)
26 (61.9%)
52 (0.62)
32 (0.38)

59 (60.2%)
32 (32.6%)
7 (7.1%)
39 (39.7%)
150 (0.76)
46 (0.23)

Reference
2.3 (1.0, 5.0)
3.1 (0.9, 10.7)
2.4 (1.1, 5.1)
Reference
2.0 (1.1, 3.4)

group consists of 38.1% CC, 47.6% CT and 14.3%
TT genotypes in rs13266634 polymorphism, and nonPTDM group consists of 60.2% CC, 32.6% CT and 7.1%
TT genotypes. The PTDM group consists of 0.62% of C
and 0.38% of T alleles, while the non-PTDM consists of
0.76% C alleles and 0.24% of T alleles. The dominant
model, genotype and allele frequencies were significantly
associated with PTDM and non-PTDM subjects, i.e. for
CT + TT vs CC: OR-2.4; (95%CI: 1.1-5.1); p = 0.01; T
vs C: OR-2.0; (95%CI: 1.1-3.4); p = 0.01 and for CT vs
CC: OR-2.3; (95%CI: 1.0-5.0); p = 0.03).
3.3. Distribution between calcineurin inhibitors dosage
in PTDM and non-PTDM subjects
The genotype distribution was studied in PTDM and
non-PTDM subjects who received treatments with CsA
and Tac. Calculations of genotype and allele frequencies
were performed using odds ratio and 95% confidence
intervals, and are shown in Table 4. Treatment with CsA
was significantly associated with rs7903146 genotypes
in PTDM and non-PTDM subjects (T vs C: OR-3.3
(95%CI: 1.5-6.9); p = 0.001 and CT + TT vs CC: OR-

χ2

13.8
8.6
7.3

p Value

0.0001
0.003
0.006

6.2

0.01

4.4
3.5
5.7

0.03
0.06
0.01

6.2

0.01

4.3 (95%CI: 1.4-12.8); p = 0.005). However, none of
the rs7903146 genotypes were significantly associated
with Tac treatment in rs7903146 polymorphism (T vs
C: OR-2.1 (95%CI: 0.9-4.6); p = 0.05 and CT + TT
vs CC: OR-2.0 (95%CI: 0.6-6.2); p = 0.20). There
was no association of treatment with CsA or Tac and
rs13266634 polymorphism in both PTDM and nonPTDM subjects (p > 0.05).
4. Discussion
Currently, India is the second populous country in the
World, after China. A high prevalence of endogamy and
relatively low admixture distinguishes Asian Indians
from most of other populations presently used in genetic
studies (12). Life style and pharmacological intervention
are important in prevention of diabetes in high-risk
patients. Family history and genetic information
are the practical tools in the identification of highrisk subjects (13). In the present study, we inspected
the positive association of TCF7L2 (rs7903146) and
SLC30A8 (rs13266634) polymorphisms with PTDM in
Asian Indians. Allele and genotype frequencies were
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Table 4. Genotype distribution between CsA and Tac dosage in PTDM and non-PTDM subjects
Genotypes

CsA (n = 80)

Tac (n = 60)

PTDM
(n = 22)

non-PTDM
(n = 58)

OR (95% CI)

rs7903146
CC
CT
TT
CT + TT
C
T

6 (27.3%)
11 (50%)
5 (22.7%)
16 (72.7%)
23 (0.52)
21 (0.48)

36 (62%)
19 (32.8%)
3 (5.1%)
22 (37.9%)
91 (0.78)
25 (0.24)

Reference
3.4 (1.1-10.8)
10 (1.8-53.2)
4.3 (1.4-12.8)
Reference
3.3 (1.5-6.9)

rs13266634
CC
CT
TT
CT + TT
C
T

9 (40.9%)
9 (40.9%)
4 (18.2%)
13 (59.1%)
27 (0.61)
17 (0.39)

35 (60.3%)
19 (32.8%)
4 (6.9%)
23 (39.7%)
89 (0.77)
27 (0.23)

Reference
2.3 (1.0, 5.0)
3.1 (0.9, 10.7)
2.4 (1.1, 5.1)
Reference
2.0 (1.1, 3.4)

p Value

0.02
0.002
0.005
0.001

0.26
0.07
0.11
0.05

significantly associated with both polymorphisms (p
< 0.05). This is a preliminary study, and our data is
in accordance with earlier studies in other ethnicities
looking at rs7903146 polymorphism (8,14), but not
the rs13266634 polymorphism in PTDM subjects (9).
The molecular mechanism underlying the progression
of diabetes in PTDM is not fully understood (15).
There are different forms of diabetes, such as type
1 diabetes mellitus (latent autoimmune diabetes of
adults), T2DM, gestational diabetes, PTDM/NODAT,
maturity onset diabetes of the young. These types have
been ascribed to genetic defects in β-cell function
or insulin action, endocrinopathies, diseases of the
exocrine pancreas, and drug- or chemical induced and
transient diabetes. However, there is no consensus on
molecular diagnosis and screening in identification of
diabetes patients. Current diagnosis and screening are
based on biochemical analysis of coagulated blood
serum (4). The results of the present study reveal that
there is an association between TCF7L2 and SLC30A8
gene polymorphisms in PTDM in Asian Indians. In
the previous study we have shown this association
with PTDM compared to normal controls. We found a
significant association of PTDM with both the alleles
and genotypes (p < 0.05) (14). Present study was
carried out comparing PTDM and non-PTDM subjects.
Several studies have observed at T2DM
susceptibility loci. For instance, the associations were
established between PTDM and genetic mutations
(16) and T2DM genetic polymorphisms, such as
PPARG, POR, IGFBP2, ADIPONECTIN, KCNQ1,
CALPAIN, and INTERLEUKIN genes (8,10,17-20).
Few genetic polymorphisms appeared as negative
association, such as SLC30A8, IGFBP2, HHEX,
CDKN2A/B, PPARG, KCNJ11, and TCF7L2 (9,21).
Our studies showed positive association towards
rs7903146 and rs13266634 polymorphisms and not
in accordance with the prior studies carried out in

PTDM
(n = 20)

non-PTDM
(n = 40)

OR (95% CI)

7 (35%)
7 (35%)
6 (30%)
13 (65%)
21 (52.5)
19 (47.5)

21 (52.5%)
14 (35%)
5 (12.5%)
19 (47.5%)
56 (0.70)
24 (0.30)

Reference
1.5 (0.4-5.2)
3.6 (0.8-15.5)
2.0 (0.6-6.2)
Reference
2.1 (0.9-4.6)

7 (35%)
11 (55%)
2 (10%)
13 (65%)
25 (62.5)
15 (37.5)

24 (60%)
13 (32.5%)
3 (7.5%)
16 (40%)
61 (0.76)
19 (0.24)

Reference
2.9 (0.9-9.2)
2.2 (0.3-16.5)
2.7 (0.9-8.4)
Reference
1.9 (0.8-4.3)

p Value

0.52
0.07
0.20
0.05

0.06
0.40
0.06
0.11

PTDM subjects in different ethnicities (9,15,21). The
associations of diabetic diseases with rs7903146 and
rs13266634 polymorphisms have been carried in
Indian population (14,22-29). Our results showed the
positive association between rs7903146 polymorphism
and T2DM (submitted for publication) and GDM
(unpublished). We also showed a varying association of
rs13266634 polymorphism with T2DM (submitted for
publication), and a significant association with GDM
(unpublished). Meta-Analysis studies showed positive
and negative associations of rs7903146 and rs13266634
polymorphisms and T2DM (13,22,30).
Earlier genetic studies have suggested the
involvement of multiple genes in the pathogenesis
of T2DM (13). GWAS studies identified hundred,
thousands to million single nucleotide polymorphisms
(SNPs) in various genes. Among them, TCF7L2 and
SLC30A8 have been identified on 10q25.3 and 8q24.11
chromosomes containing rs7903146 and rs13266634
polymorphisms in intron 3 and exon 8 regions,
respectively. These polymorphisms in the genes have
been shown to be associated with impaired β-cell
function (31-32). Sequence variations in introns or
exons may affect the correct processing of the mRNA
by disrupting the splice site or altering the secondary
structure of the mRNA. Therefore, intronic variations
can cause a blockage of translation and decrease in
the protein expression levels (33). The initial GWAS
reports discovered the diabetic genes in T2DM patients
in Iceland and French populations (34,35). TCF7L2 is a
key component of the Wnt signaling pathway involved
in the regulation of pancreatic β-cell proliferation,
differentiation and insulin secretion, which regulates
glucose metabolism, and rs7903146 polymorphism may
operate via impaired glucagon-like peptide 1 secretion,
stimulated more by fat than by carbohydrate ingestion.
Association between TCF7L2 variants and T2DM is
supported by several prospective mechanisms, such
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as decreased β-cell mass, liver insulin resistance, and
altered chromatin state in 'T' allele carriers (22,36). The
rs13266634 is an amino acid substitution (TryptophanArginine) polymorphism most commonly associated
with T2DM. The C325T missense variant is present
in SLC30A8 gene, product of which belongs to zinc
transporter family involved in Insulin secretion (25).
It plays a major role in transporting zinc from the
cytoplasm to intracellular insulin-containing vesicles
for insulin maturation, storage, and secretion from
pancreatic β-cells (37). Zinc plays an important role
in all processes of insulin trafficking, i.e. synthesis,
storage, and secretion (14). Previous studies showed no
association of rs13266634 polymorphism with PTDM
in different ethnicities (9,15,21), as well with T2DM
in Indian population (25,28). Chauhan et al., (27) and
our earlier study (14) showed a positive association of
rs13266634 polymorphism with PTDM. These results
are consisted with our current finding in PTDM and
non-PTDM. The results from the same population
may vary due to the small sample size. Therefore,
we calculated the power value of each analysis, and
found it to be 76% and 78%. Thus, we are confident
that our results are reliable. Transplant recipients on
immunosuppressive therapy are at a particularly high
risk of developing PTDM, which is a major adverse
effect of immunosuppressive drugs used in the RT
patients. The diabetogenicity of calcineurin inhibitors
such as CsA and Tac have enabled this treatment to
obtain its current place to demonstrate in humans
to be mediated through suppression of pancreatic
insulin secretion (38). These drugs are used to prevent
rejection in patients with organ transplant. The role of
immunosuppressive agents is to suppress the synthesis
of DNA containing the blueprint of genetic information.
The major limitation of our current study was a
lack of the information about glucose values, clinical
data, selected the single SNP from each gene and
small sample size. In conclusion, diabetes risk alleles
in TCF7L2 (rs7903146) and SLC30A8 (rs13266634)
are associated with PTDM subjects in Asian Indians,
despite a relatively small study group. PTDM is an
important health issue, and it is important to find
biomarkers that can predict the risk of developing
PTDM (16). Our findings could be used in finding and
treatment of the high-risk renal transplant subjects with
immunosuppressive drugs. Future experimental and
mechanistic studies with a larger sample size, accurate
clinical data in different ethnicities are warranted.
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Summary

The aims of this study were to review our therapy and outcome for meconium peritonitis
(MP) patients, and to clarify predictors of postoperative morbidity and mortality. We
retrospectively reviewed a total 15 patients with MP who received surgical intervention at
our institute from December 1990 to November 2012. Diagnosis of MP was confirmed by
operative findings. We analyzed the relationship between outcome and patients' factors
including patients' characteristics, prenatal diagnosis, type of MP, general condition,
and surgical procedure. There was no relationship between outcome and the following
factors: gender, gestational age, body weight at birth, delivery type, Apgar score, prenatal
diagnosis, types and causes of MP, and surgical procedure. However, the preoperative
presence of circulation deficiency and serum CRP values were statistically significant
predictors of outcome in our MP patients. Prenatal diagnosis is essential for the first step of
perinatal therapy for MP. Surgical strategy should be selected according to the information
of prenatal diagnosis. Early surgical procedures to reduce systemic and abdominal
inflammation just after birth may improve the outcome of severe MP cases.
Keywords: Meconium peritonitis, prenatal diagnosis, surgery

1. Introduction
Meconium peritonitis (MP) is an aseptic chemical
peritonitis, which results from perforation of the gut
in utero (1). Possible causes and pathogenesis of MP
include ischemia in the mesentery, volvulus, intestinal
atresia, meconium plugs, internal hernia, Hirschsprung's
disease, colon atresia, torsion of a fallopian tube cyst,
and cystic fibrosis (1-7). It can have a wide range of
presentations and is classified into 3 types as follows:
generalized, cystic, and fibroadhesive types (1). Fifty
years ago, the mortality rate of MP was reported as
approximately 70% (8). Recently, the survival rate for
MP increased to over 90% (9). This improvement is the
result of an advance in fetal diagnostic techniques and
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proper management including surgical procedures and
intensive care after birth (2,10,11).
All cases of MP have the same etiology; perforation
of the intestine in utero and intraperitoneal inflammation
by subsequent spillage of meconium. The differences
among disease types depend on the timing of gut
perforation during pregnancy. Meconium is clearly a
strong pro-inflammatory mediator as evidenced by in
vitro stimulation and clinical disease (12-14). In animal
models, procoagulant activity and tumor necrosis factor-α
(TNF-α) production by macrophages are significantly
increased in response to meconium stimulation (15).
Several studies have evaluated the predicting
factors for patients' outcome, such as the accuracy or
sonographic features of prenatal diagnosis, type of
MP at operation, and the patient's general condition
(2,10,16-18). Generally, preoperative systemic
inflammatory status and poor preoperative condition
increase postoperative morbidity and mortality in adult
patients (19). However, there has been no clarification
on the relationship between US findings and systemic
inflammatory status in the fetus or neonate with MP.
In this study, we reviewed the therapy and outcome
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for MP at our institute, and analyzed the prenatal US
examination, postnatal patient's condition, and surgical
outcome.
2. Patients and Methods
We retrospectively reviewed a total 15 patients with
MP who received surgical intervention at the neonatal
pediatric surgical unit of the Perinatal and Maternal
Care Center in Mie University Hospital, Mie, Japan.
Diagnosis of MP was confirmed by operative findings.
MP was divided into 3 types as follows: generalized
(G type), cystic (C type), and fibroadhesive type (F
type) (1). We reviewed clinical course of our patients
with MP, and analyzed predictors of outcome. Eleven
of 15 patients received prenatal US examination by
gynecologists. Typical findings such as dilated bowel,
fetal ascites, pseudocyst and polyhydramnios just before
delivery were evaluated in this study. Polyhydramnios
is defined as an amniotic fluid index > 24 cm.
After birth, patients were transferred to the neonatal
intensive care unit in the PMCC and evaluated by
neonatologists and pediatric surgeons. Some patients
received intensive care including cardio-pulmonary
support. Our surgical strategy for MP is a two- or threestage approach with abdominal drainage or temporary
enterostomy and elective reconstruction of intestinal
continuity (stoma closure) according to the cases. The
two-stage approach consists of enterostomy and elective
stoma closure. The three-stage approach consists of the
abdominal drainage procedure, enterostomy and elective
stoma closure. Abdominal drainage was performed
using a Penrose drain or catheterization under regional
or general anesthesia. Recently, the first choice for
cystic type MP was abdominal decompression by
catheterization closed drainage.
All patients were investigated after obtaining the
parent's or guardian's informed consent to participate
in this study. This study was approved by the Mie
University Graduate School of Medicine Ethics Review
Board.
All statistical analyses were performed using
StatView software (version 5; Abacus Concepts,
Berkeley, CA, USA). The results were expressed as
median or means ± standard deviation (S.D.). The
Mann-Whitney U test and Chi-square test were used for
comparisons among unpaired groups. P values of less
than 0.05 were considered statistically significant.
3. Results
The patients' characteristics are shown in Table 1.
The 15 patients consisted of 9 males and 6 female
babies. Four of 15 patients without prenatal diagnosis
were referred to our institute if abdominal distension,
bilious vomiting, or pneumoperitoneum was noted after
birth. In 11 of 15 patients, prenatal diagnosis using

Table 1. Patients' Characteristics
Patients
Gender (M:F)
Gestational age* (weeks and days)
Body weight at birth* (g)
Delivery type (NVD: CS)
Apgar score at 1 min*
Admission day after birth*
Operation day after birth*
Prenatal diagnosis (yes: no)
Polyhydramnios
Bowel dilatation
Ascites
Pseudocyst
Type of MP; G/C/F
Cause of MP; V/IA/CA
Follow up period* (months)

15
9:6
36 (31w3d-39w5d)
2992 (1770-3600)
9:6
6 (2-10)
1 (1-3)
1 (1-3)
11:4
11 (26-35w)
8 (26-35w)
5 (31-33w)
2 (35w)
3/4/8
7/7/1
76 (4-264)

Median; NVD, normal vaginal delivery; CS, caesarian section; MP,
meconium peritonitis; G, generalized; C, cystic; F, fibroadhesive; V,
volvulus; IA, intestinal atresia; CA, colon atresia.
*

ultrasonography (US) was made from 26 to 35 weeks
of gestational age. Polyhydramnios was detected in
11 patients, bowel dilatation in 8 patients, ascites in 5
patients, and pseudocyst in 2 patients. MP consisted
of 3 G types, 4 C types, and 8 F types. Causes of MP
consisted of intestinal atresia in 7 patients, volvulus
in 7 patients, and colon atresia in 1 patient. No
associated anomaly was found in this series. None of
the patients had cystic fibrosis because of the hereditary
characteristics of Japanese. The median follow up
period was 76 months (range, from 4 to 264 months).
At the first surgical procedure, enterostomy was
performed in 9 patients, drainage by laparotomy
or catheter in 3 patients, and enterostomy after
decompression in 3 patients according to postnatal
US or intraoperative findings. After the 1st procedure,
5 morbidities (33.3%) occurred including wound
infection in 1 patient, intestinal fistula in 1 patient,
abdominal abscess in 1 patient, cerebral hemorrhage
due to disseminated intravascular coagulation (DIC)
in 1 patient, and sepsis in 1 patient. After the 2 nd
procedure, 13 patients had intact survival, 1 patient had
cerebral palsy, and 1 patient died due to multiple organ
failure (MOF).
In order to clarify prognostic factors, we examined
the relationship between prognosis and several factors.
We divided 15 patients into 2 groups according to the
occurrence of morbidity after the 1st procedure; Group
A without morbidity or Group B with morbidity (Table
2). There were no differences in types and causes of
MP between Groups A and B. Surgical procedures had
no relationship with patients' morbidities after the 1st
procedure. In the preoperative condition, there were no
differences between the groups for gender, gestational
age, body weight at birth, delivery type, Apgar score,
and prenatal diagnosis. However, there was a significant
difference between the groups for preoperative presence
of circulation deficiency and serum CRP values (Group
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Table 2. Patients characteristics with or without morbidities
Items
Gender (M:F)
Gestational age (weeks)
Body weight at birth (g)
Delivery type (NVD: CS)
Apgar score at 1 min
Admission day after birth
Operation day after birth
Prenatal diagnosis (yes: no)
Preoperative condition
Circulation failure (yes: no)
Base excess of BGA
CRP values (mg/dL)
Ascites culture (positive: negative)
Type of MP; G/C/F
Cause of MP;V/IA/CA
Surgical procedure (E/EAD/D)
Follow up period* (months)

Group A (n = 10) (without morbidity)

Group B (n = 5) (with morbidity)

P value

5:5
36.3 ± 1.6
3025 ± 292
6:4
6.4 ± 2.2
1.1 ± 0.3
1.3 ± 0.7
8:2

4:01
35.7 ± 2.8
2746 ± 593
3:2
6.3 ± 3.8
1.6 ± 0.9
1.6 ± 0.9
3:2

n.s.
n.s
n.s
n.s
n.s
n.s
n.s
n.s

0:10
-6.7 ± 2.9
0.95 ± 1.0
0:10
2/3/5
5/5/0
6/2/2
92 (13-233)

3†:2
-5.4 ± 1.8
6.7 ± 5.9
1‡:4
1/1/3
2/2/1
3/1/1
76 (12-264)

0.006
n.s
0.027
n.s
n.s
n.s
n.s
n.s

Median. The Mann-Whitney U test and Chi square test were used for analysis. † hypotension 2 and persistent pulmonary hypertension 1, ‡ E. coli
and K. oxytoca. NVD, normal vaginal delivery; CS, caesarean section; MP, meconium peritonitis; G, generalized; C, cystic; F, fibroadhesive; V,
volvulus; IA, intestinal atresia; CA, colon atresia; BGA, blood gas analysis; CRP, C-reactive protein; E, enterostomy; EAD, enterostomy after
decompression; D, drainage.
*

discharge). After the patient's general condition was
stabilized by intensive care with nitric oxide inhalation
and Prostaglandin E1 administration, tube enterostomy
was created under general anesthesia several hours
later. After 2 weeks later, she received stoma closure
operation with easy adhesiolysis and postoperative
course was uneventful without wound infection and she
is presently in good health.
4. Discussion

Figure 1. Serial changes in perioperative serum CRP values
in Groups A and B after the 1st surgical procedure at our
institute. Preoperative serum CRP values were significantly
different between groups A and B (p = 0.0272).

A, p = 0.0062 and Group B, p = 0.0272, respectively).
Figure 1 shows serial changes in perioperative serum
CRP values. General inflammation in Group A patients
was more severe than Group B patients during the
perioperative period. Preoperative serum CRP values
were significantly different between Groups A and B (p
= 0.0272).
We present here an important case with Giant cystic
type MP caused by intestinal volvulus had persistent
pulmonary hypertension and systemic inflammatory
syndrome preoperatively in Group B (Figure 2).
After elective caesarean section (CS) because of nonreassuring fetal status with circulation deficiency, we
immediately performed abdominal decompression
by closed drainage catheterization (240 mL bilious

Possible causes and pathogenesis of MP include
ischemia in the mesentery, volvulus, intestinal atresia,
meconium plugs, internal hernia, Hirschsprung's
disease, colon atresia, torsion of a fallopian tube cyst,
cystic fibrosis and others (1-7). In this study, the most
common causes of MP were intestinal atresia (47%)
and volvulus (47%). This finding differs from other
reports from Asian countries. Nam et al. (9) reported
31 MP patients who had intestinal atresia in 14 patients
(45%), volvulus in 2 patients (6%), and uncertain ileal
perforation in 10 patients (32%). Kamata et al. (20)
reported 20 MP patients who had intestinal atresia in 18
patients (90%) and meconium ileus in 2 patients (10%).
In our study, we also didn't find any cases of cystic
fibrosis because of their rarity in Asian countries. MP
can have a wide range of disease causes and clinical
presentations. It is important to understand that patients
in each clinical study for MP may have a different
background compared with other studies elsewhere.
In our study, prenatal diagnosis was made in 73%
of patients. The US findings with suspected MP were
polyhydramnios (100%), bowel dilatation (53%),
ascites (33%), and pseudocyst (13%). Several studies
have assessed the accuracy of prenatal US examination
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Figure 2. We present here an important case with Giant cystic type MP caused by intestinal volvulus had persistent
pulmonary hypertension and systemic inflammatory syndrome preoperatively. After elective caesarean section (CS) because
of non-reassuring fetal status with circulation deficiency, we immediately performed abdominal decompression by closed
drainage catheterization (a, b, c). After the patient's general condition was stabilized by intensive care with nitric oxide inhalation
and Prostaglandin E1 administration, tube enterostomy was performed under general anesthesia several hours later (d, e). After
2 weeks later, she received stoma closure operation with easy adhesiolysis (f) and postoperative course was uneventful without
wound infection.

for diagnosing meconium peritonitis and predicting
patients' outcomes (2,16,18). Previous reports have
also demonstrated the relationship between the type
of MP and patients' outcome (9,11,20,21). The present
study did not show a significant relationship between
prenatal diagnosis or types of MP and patients' outcome.
A few case reports have recommended early surgical
management including abdominal decompression to
babies with suspected C type MP (1,12,22). We also
recommend the surgical strategy combined with cyst
drainage decompression followed by enterostomy just
after birth and elective surgery at a later date for C type
MP. The postnatal surgical procedure is dependent on the
patients' clinical presentation and general condition.
Our surgical strategy is a two-stage approach
with temporary enterostomy or drainage and delayed
reconstruction of intestinal continuity. Nam et al. (9)
reported that primary resection and anastomosis of the
involved intestinal segment was carried out in 70%
of MP patients they experienced, with an excellent
morbidity rate of 2.4%. The present study demonstrated
that there is no relation between surgical procedure and
outcome. However, the first surgical approach after
birth should be selected for complete drainage and
prevention of bacterial infection.
Meconium is a complex mixture of bile salts, cell
debris, and proteins. Spillage of these constituents
has been shown to activate immune cells including
macrophages (23,24). Macrophages infiltrate into
the peritoneum and participate in a range of cellular

functions, including phagocytosis, release of chemical
mediators, and antibody-dependent cell-mediated
cytotoxicity (25). Experimental animal studies have
demonstrated that TNF-α production by macrophages
is significantly increased in response to meconium
stimulation (15). Exaggerated production of chemical
mediators including TNF-α enhances fibrin deposition
and severe intra-abdominal adhesion, resulting in short
bowel syndrome due to massive bowel resection or
poly-surgery. Moreover, if sealing of the perforation
does not take place, huge abdominal cyst formation and
progressive pro-inflammatory cytokine reaction with
ascites collection may cause fetal cardiac insufficiency,
non-reassuring fetal status, preterm labor, and a poor
general condition of the infant after birth.
In this study, we demonstrated that postnatal
circulation deficiency and serum CRP values are
predicting factors for morbidities and mortalities of MP
patients. Shyu et al. (18) also demonstrated that persistent
ascites and postnatal persistent pulmonary hypertension
of newborns significantly correlate with neonatal
mortality. The present study also demonstrated that
fetuses with a severe systemic inflammatory status were
likely to receive Caesarean section due to non-reassuring
fetal status or require intensive care due to cardiopulmonary insufficiency after birth. Moreover, they
had a high morbidity rate after postnatal clinical course
compared with fetuses with no inflammatory status.
In order to improve the critical condition of patients,
surgical intervention in utero such as fetal paracentesis
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may be beneficial by reducing intraabdominal pressure
and removing inflammatory debris and cytokines (26,27).
In conclusion, prenatal diagnosis is essential for
the first step of perinatal therapy for MP. Timing
of delivery and fetal intervention according to fetal
conditions should be discussed with gynecologists,
neonatologists, and neonatal pediatric surgeons in
perinatal and maternal care centers. The surgical
strategy should be selected according to the information
of prenatal diagnosis. Proper surgical procedures for
reducing systemic and abdominal inflammation after
birth may improve the outcome of severe MP cases.
References
1.
2.

3.

4.
5.
6.
7.
8.
9.
10.
11.

12.

13.

14.

15.

16.

17.

Lorimer WS Jr, Ellis DG. Meconium peritonitis. Surgery.
1966; 60:470-475.
Chan KL, Tang MH, Tse HY, Tang RY, Tam PK.
Meconium peritonitis: Prenatal diagnosis, postnatal
management and outcome. Prenat Diagn. 2005; 25:676682.
Hamada T, Hirose R, Kosaka T, Taniguchi K, Noguchi M,
Kihara T, Egashira M, Tagawa M, Miura K, Masuzaki
H, Tajima Y, Hayashi T, Kanematsu T. Giant cystic
meconium peritonitis associated with a cloacal anomaly:
Case report. J Pediatr Surg. 2008; 43:E21-23.
Reynolds E, Douglass B, Bleacher J. Meconium
peritonitis. J Perinatol. 2000; 20:193-195.
Bendel WJ Jr, Michel ML Jr. Meconium peritonitis;
review of the literature and report of a case with survival
after surgery. Surgery. 1953; 34:321-333.
Heydenrych JJ, Marcus PB. Meconium granulomas of
the tunica vaginalis. J Urol. 1976; 115:596-598.
Agrawala G, Predanic M, Perni SC, Chasen ST. Isolated
fetal ascites caused by bowel perforation due to colonic
atresia. J Matern Fetal Neonatal Med. 2005; 17:291-294.
Payne RM, Nielsen AM. Meconium peritonitis. Am
Surg. 1962; 28:224-231.
Nam SH, Kim SC, Kim DY, Kim AR, Kim KS, Pi SY,
Won HS, Kim IK. Experience with meconium peritonitis.
J Pediatr Surg. 2007; 42:1822-1825.
Tseng JJ, Chou MM, Ho ES. Meconium peritonitis
in utero: Prenatal sonographic findings and clinical
implications. J Chin Med Assoc. 2003; 66:355-359.
Kuroda T, Kitano Y, Honna T, Sago H, Hayashi S, Saeki
M. Prenatal diagnosis and management of abdominal
diseases in pediatric surgery. J Pediatr Surg. 2004;
39:1819-1822.
Tanaka K, Hashizume K, Kawarasaki H, Iwanaka
T, Tsuchida Y. Elective surgery for cystic meconium
peritonitis: Report of two cases. J Pediatr Surg. 1993;
28:960-961.
Agerty HA, Ziserman AJ, Schollenberger CL. A case
of perforation of the ileum in a newborn infant with

18.

19.

20.
21.
22.

23.
24.

25.
26.
27.

97

operation and recovery. The Journal of Pediatrics. J
Pediatr. 1943; 22:233-238.
Andrassy RJ, Nirgiotis JG. Meconium disease of
infancy: Meconium ileus, meconium plug syndrome, and
meconium peritonitis. (Holder RM, Ashcraft KW, eds):
Pediatric Surgery. Philadelphia, PA, Saunders, USA,
1993, pp. 338-339.
Lally KP, Mehall JR, Xue H, Thompson J. Meconium
stimulate a pro-inflammatory response in peritoneal
macrophages: Implications for meconium peritonitis. J
Pediatr Surg. 1999; 34:214-217.
Zangheri G, Andreani M, Ciriello E, Urban G, Incerti
M, Vergani P. Fetal intra-abdominal calcifications
from meconium peritonitis: Sonographic predictors of
postnatal surgery. Prenat Diagn. 2007; 27:960-963.
Eckoldt F, Heling KS, Woderich R, Kraft S, Bollmann
R, Mau H. Meconium peritonitis and pseudo-cyst
formation: Prenatal diagnosis and post-natal course.
Prenat Diagn. 2003; 23:904-908.
Shyu MK, Shih JC, Lee CN, Hwa HL, Chow SN, Hsieh
FJ. Correlation of prenatal ultrasound and postnatal
outcome in meconium peritonitis. Fetal Diagn Ther. 2003;
18:255-261.
Uchida K, Miki C, Urata H, Kusunoki M. Serum
concentration of hepatocyte growth factor predicts
perioperative surgical stress in children. Eur J Surg. 2001;
167:97-101.
Kamata S, Nose K, Ishikawa S, Usui N, Sawai T,
Kitayama Y, Okuyama H, Imura K, Okada A. Meconium
peritonitis in utero. Pediatr Surg Int. 2000; 16:377-379.
Cerise EJ, Whitehead W. Meconium peritonitis. Am Surg.
1969; 35:389-392.
Pelizzo G, Codrich D, Zennaro F, Dell'oste C, Maso G,
D'Ottavio G, Schleef J. Prenatal detection of the cystic
form of meconium peritonitis: No issues for delayed
postnatal surgery. Pediatr Surg Int. 2008; 24:1061-1065.
Shyu MK, Chen CD, Hsieh FJ, Yau KI, Lin GJ, Lee ML.
Intrauterine intervention in a case of recurrent meconium
peritonitis. Prenat Diagn. 1994; 14:993-995.
Rubin BK, Tomkiewicz RP, Patrinos ME, Easa D.
The surface and transport properties of meconium and
reconstituted meconium solutions. Pediar Res. 1996;
40:834-838.
Ramin KD, Leveno KJ, Kelly MA, Carmody TJ. Amniotic
fluid meconium: A fetal environmental hazard. Obstet
Gynecol. 1996; 87:181-184.
Topley N, Mackenzie RK, Williams JD. Macrophages and
mesothelial cells in bacterial peritonitis. Immunobiology.
1996; 195:563-573.
Okawa T, Soeda S, Watanabe T, Sato K, Sato A. Repeated
paracentesis in a fetus with meconium peritonitis with
massive ascites: A case report. Fetal Diagn Ther. 2008;
24:99-102.
(Received March 20, 2015; Revised March 26, 2015;
Accepted April 3, 2015;)

www.irdrjournal.com

98

Intractable & Rare Diseases Research. 2015; 4(2):98-104.

Original Article

DOI: 10.5582/irdr.2015.01010

Functional recovery after acute intravenous administration of
human umbilical cord mesenchymal stem cells in rats with cerebral
ischemia-reperfusion injury
Dongmei Li1, Min Zhang1,*, Qiuhua Zhang2, Yue Wang1, Xuxia Song1, Qiuling Zhang3
1

Department of Neurology, Qingdao Municipal Hospital, Qingdao, Shandong, China;
Department of Rehabilitation, Shuangshan Hospital of the Zibo Mining Group, Zibo, Shangdong, China;
3
Department of Physiology, Taishan Medical College, Taian, Shandong, China.
2

Summary

Cell therapy is a potential approach for treatment of strokes. Mesenchymal stem cells (MSCs)
are a potential cell source for clinical use because they are safe and easy to obtain. A peptide
solution can promote neural regeneration. Previously, such a solution was stereotactically
injected into the brain of rats with cerebral infarction, resulting in improvement in the
animal's neurological function and reduction in the infarction volume, but the injury was
relatively severe. The current study established a rat model of cerebral ischemia-reperfusion
(I/R) injury. MSCs isolated from Wharton's jelly of human umbilical cords (HUMSCs)
were injected intravenously immediately after cerebral I/R injury(3 × 106 cells per rat).
Twenty-four h and 14 d after surgery, animal behavior was evaluated using the Rogers test
and infarct lesion volume was evaluated by 2,3,5-triphenyltetrazolium chloride staining.
Fourteen d after surgery, brain tissues were collected at 14 d to study migration/implantation
of HUMSCs, cellular proliferation, neural regeneration and astrocyte activation. Compared
to cerebral I/R injury alone, HUMSC treatment improved function at 14 d after surgery,
with no reduction in infarct volume or migration or implantation of cells into the damaged
brain areas. Nevertheless, 14 d after surgery, HUMSC administration increased cellular
proliferation and the level of neurofilament 200 level and decreased the level of glial fibrillary
acidic protein. After cerebral I/R injury, acute intravenous administration of HUMSCs could
promote recovery by activating endogenous neural regeneration and inhibiting astrocyte
activation, without migration and implantation directly into lesions.
Keywords: Cerebral ischemia-reperfusion, human umbilical cord mesenchymal stem cell, cellular
proliferation, neural regeneration, astrocyte activation, neurofilament protein 200, glial fibrillary
acidic protein

1. Introduction
Stroke is a major cause of death and disability in
adults worldwide. Despite decades of intense research,
current treatments for acute ischemia stroke are far
from optimal (1). Ischemia stroke triggers a cascade
of pathophysiological events, including excitotoxicity,
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Dr. Min Zhang, Department of Neurology, Qingdao Municipal
Hospital, Qingdao, No.1, Jiaozhou Road, 266011 Qingdao,
Shandong, China.
E-mail: dongmeili1999@126.com

oxidative stress, apoptosis and inflammation (2). In
addition, neural regeneration, synaptogenesis, astrocyte
activation and angiogenesis are stimulated within the
brain post-stroke (3,4); however, neural regeneration
is markedly reduced in the aged rodent brain (5). In
recent years, experimental studies and clinical trials
have indicated that cell-based therapiesoffer promise as
a stroke treatment.
One of the main challenges is to identify the best
source of stem cells for use after stroke. Transplantation
of stem cells from fetal tissues and progenitor cells
from bone marrow and human umbilical cord blood
has promoted neuronal survival, tissue repair, and, most
importantly, recovery after experimental stroke (6).
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However, limited sources of stem and progenitor cells
as well as ethical and safety concerns associated with
the use of embryonic stem cells have spurred a search
for alternative stem cell sources for stroke treatment.
Mesenchymal stem cells (MSCs) have emerged as
a leading candidate source for stroke management;
MSCs are easily obtained from a range of tissues (7),
can be rapidly expanded in vitro while maintaining
their potential to differentiate into multiple tissues,
and are immune-privileged, with reduced risk of
rejection (8). MSCs isolated from Wharton's jelly of
human umbilical cords (HUMSCs) can escape immune
surveillance possibly because of the absence of the major
histocompatibility complex II antigen and co-stimulatory
surface antigens CD40, CD80, and CD86 (9,10).
Originally, thinking was that stem cells had to
be placed within the damaged sites of the brain after
ischemia to promote recovery. In many studies,
different routes have been tested, including intrastriatal
(11), intracerebral (12), intraventricular (13), and
intrathecal by lumbar puncture (14). However, these
techniques raise the possibility of additional trauma
from transplantation surgery and are often impractical
for patients with clinically serious conditions. Recent
studies have demonstrated that cell-based therapy is not
intended to replace damaged cells but rather to remodel
the central nervous system by promoting neuroplasticity,
angiogenesis, and immunomodulation (15,16).
The optimal timing for the administration of
stem cells to treat cerebral ischemia is another main
challenge. Because of the time needed to prepare
autologous stem cells after an unexpected stroke, such
cells can only be administered several weeks later,
and previous studies have focused on post-acutephase intervention (16,17). Promising experimental
animal data suggest that early stem cell administration
can interrupt the initiation of the very beginning of
the ischemic cascade (15). Despite several reports of
the treatment of experimental cerebral ischemia with
bone-marrow-derived MSCs (BM-MSCs) and adipose
tissue-derived MSCs (AD-MSCs) in the acute phase
(18,19), there are no reports of the acute intravenous
administration of HUMSCs to treat cerebral ischemia.
Here, an established rat model of middle cerebral
artery occlusion (MCAO) was used to investigate
the potential therapeutic effects of acute intravenous
administration of HUMSCs on cerebral ischemiareperfusion (I/R) injury.

99

54 Sprague Dawley pathogen-free rats of both sexes
weighing 250-300 g and 12-14 weeks old were provided
by the Experimental Animal Center of Shandong
Provincial University of Traditional Chinese Medicine
(License No. SCXK [Lu] 2005-0015). Rats were
housed at 24 ± 3°C in 40% to 70% relative humidity
under a 12-h light-dark illumination cycle and had
free access to food and water. Experimental protocols
were in accordance with Guidance Suggestions for the
Care and Use of Laboratory Animals, formulated by
the Ministry of Science and Technology of the People's
Republic of China.
2.2. Human umbilical cords
Human umbilical cords were obtained from full-term
deliveries with informed consent from parents after
caesarian section. The procedure for collecting tissues
was approved by the ethics committee of the Second
Hospital of Shandong University.
2.3. HUMSC isolation and in vitro culture
Isolation and culture of HUMSCs were as described.
After arteries and veins were removed, the remaining
tissue, Wharton's jelly, was cut into 0.5-1 cm3 pieces
and suspended in Dulbecco's modified Eagle's lowglucose media (DMEM-LG; Gibco, USA) containing
10% fetal bovine serum (FBS; Gibco, USA), 100 mg/
mL penicillin, and 100 mg/mL streptomycin. The tissue
was left undisturbed for 7 days in a 37°C humidified
incubator with 5% CO2 to allow cells to migrate from
the explants. Culture medium was replaced every 3
days. The cells were passaged through use of a 0.25%
trypsin-EDTA solution when cells reached 80% to 90%
confluence. The identification of HUMSCs by flow
cytometry was as previously described. The cells used
in this study were positive for CD73, CD90, and CD105
but negative for CD34, CD45, and HLA-DR, which is
consistent with the characteristics of HUMSCs.
2.4. Animal groups

2. Materials and Methods

The rats were randomly assigned to 3 groups for
treatment (n = 18 animals each): sham-surgery without
cerebral I/R injury and infusion of phosphate-buffered
saline (PBS) via the tail vein; cerebral I/R injury
induced by MCAO and reperfusion and infusion of
PBS via the tail vein; and MCAO and reperfusion and
infusion of HUMSC via the tail vein.

2.1. Animals

2.5. Preparation of a model of cerebral I/Rinjury

A randomized, controlled animal experiment was
performed at the Experimental Animal Center and
Neurobiology Laboratory of Taishan Medical College,
China from September 2012 to June 2013. In total,

As previously described, rats were anesthetized with an
intraperitoneal injection of 10% (w/v) chloral hydrate
(350 mg/kg; Boster, Wuhan, China). A 2-cm incision
was made in the middle of the neck line, separating the
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right carotid artery, as well as the internal and external
carotid communicating arteries. Through a small incision
to the external carotid artery, a previously selected plug
thread was inserted from the right external carotid artery
into the right internal carotid artery to a depth of 18.0
± 0.5 mm (beginning with the common carotid artery
bifurcation); the thread was maintained for 2 h and then
removed to restore blood flow to the common carotid
and internal carotid arteries. Body temperature was
maintained at 37 ± 0.5°C with a heating lamp linked to
a rectal thermometer during all phases of the surgery.
Under anesthesia, rats in the sham surgery group only
had the common carotid artery, internal carotid artery,
and external carotid artery exposed.

(TTC) solution at 37˚C for 30 min. Stained slides were
washed in PBS for 5 min and immersed overnight in
4% paraformaldehyde. Unstained areas were defined as
infarcted tissue, and normal tissue was stained red. The
total infarct volume was the sum of the infarcted areas in
the 6 sections and was a percentage of cerebral ischemic
volume in the hemisphere ipsilateralto the lesion.
2.10. Histological staining

All animals were functionally evaluated 24 h and 14
d after surgery usingthe Rogers scale: 0, no deficit; 1,
failure to extend left forepaw; 2, decreased grip of the
left forelimb when the tail is pulled; 3, spontaneous
movement in all directions, contralateral circling if
pulled; 4, circling or walking to the left; 5, movement
only when stimulated; 6, unresponsive to stimulation;
and 7, dead.

Fourteen d after surgery, 6 animals from each group
were used for histological staining. Rats were deeply
anesthetized with chloral hydrate, then cardiac
perfused immediately with ice-cold PBS and 4%
paraformaldehyde in 0.1 M PBS (pH 7.4) after functional
evaluation. Brains were excised and post-fixed overnight
at 4°C and then incubated in 30% sucrose at 4°C until
equilibration (5 mice per group). Coronal sections 10
μm thick were prepared using of a freezing microtome
(LEICA CM1850; Germany) and were stored at -20°C.
Immunohistochemistry was performed as described.
Brain sections were treated with 2 M HCL for 30 min
at 37.0°C. Sections were washed in PBS, blocked in
PBS containing 0.4% Triton X-100 (Sigma) and 5%
goat serum (Jackson ImmunoResearch Lab) for 1 h, and
then incubated with the primary antibody at 4°C: rabbit
monoclonal anti-HuN (Chemicon, 1:300),overnight
at 4°C to analyze the migration and implantation of
HUMSCs in rat brains or rabbit anti-BrdU (1:500,
Sigma) to detect cellular proliferation in brains. Sections
were then exposed to biotinylated goat anti-rabbit IgG
(1:200) at room temperature for 10 min, followed by
exposure to biotin-streptavidin-alkaline phosphatase at
room temperature for 10 min.
Immunofluorescence was performed as described
to detect neural regeneration and astrocyte activation.
Sections underwent double staining with mouse antineurofilament 200 (NF200) monoclonal antibody (1:100,
Abnova; a marker of neural regeneration) followed by
goat anti-mouse Alexa Fluor 488 (1: 750, Molecular
Probes, Invitrogen) and rabbit anti-BrdU (1:500, Sigma)
and then goat anti-rabbit Alexa Fluor 594 (1:750,
Molecular Probes, Invitrogen). Sections were stained
with mouse anti-glial fibrillary acid protein (GFAP)
monoclonal antibody (1:400, Chemicon; a marker of
astrocyte activation) followed by goat anti-mouse Alexa
Fluor 488. Finally, sections were coverslipped with
medium for fluorescence (Vector Labs) and viewed
usingfluorescence microscopy (Olympus, Japan).

2.9. Measurement of cerebral infarct volume

2.11. Statistical analysis

Twenty-four h and 14 d after surgery, cerebral infarct
volume was measured in 6 animals from each group.
Rats were decapitated, their brains were rapidly removed
and cut into 6 2-mm-thick coronal sections, and sections
were stained with 2% 2,3,5-triphenyltetrazolium chloride

All data are expressed as mean ± S.D. Differences
were analyzed using analysis variance (ANOVA) and
the Student's t-test in SPSS 16.0 for Windows (SPSS
Inc., Chicago, IL, USA). p value < 0.05 was considered
statistically significant.

2.6. Cell administration
A HUMSC suspension or PBS was injected via the tail
vein at the onset of reperfusion. Before the injection, the
cell suspension was washed with PBS 3 times to remove
serum. Intravenous injections of 3 × 106 HUMSCs in
600 μL saline were administered via the tail vein over
4 min. Cerebral I/R injury was induced in animals with
MCAO and reperfusion, but animals only received an
equal volume of PBS at that time. Cerebral I/R injury
was not induced in sham-operated animals, and animals
received an injection of PBS via the tail vein. Shamoperated animals and animals with cerebral I/R injury
both received an equal volume of PBS without HUMSCs
over 4 min.
2.7. BrdU incorporation
All animals were given 50 mg/kg of daily intraperitoneal
5-bromo-2'-deoxyuridine (BrdU, Sigma-Aldrich) on
days 4 to 7 after cerebral I/R injury . This administration
protocol was based on previous reports of proliferation
peaking 4 to 10 days after injury.
2.8. Functional evaluation
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3. Results
3.1. Intravenous administration of HUMSCs improved
functional recovery after cerebral I/R injury
Animals were clinically evaluated 24 h and 14 d after
surgery using the Rogers score. Sham-operated rats did
not display a functional deficit 24 h or 14 d after surgery.
Twenty-four h after surgery, the Rogers score did not
differ for rats treated with HUMSCs and untreated rats
with cerebral I/R injury (p = 0.307; Figure 1A), but 14
d after surgery, rats treated with HUMSCs had better
functional recovery than did untrreated rats with cerebral
I/R injury (p = 0.016).
3.2. Infarct size after cerebral I/R injury did not change
after intravenous HUMSC administration
TTC staining was used to evaluate Infarct lesions 24 h
and 14 d after the experimental procedure. by Staining
revealed that brains from sham-operated rats had no
(A)
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lesions. Both rats treated with HUMSCs and untreated
rats with cerebral I/R injury had fewer lesions 14 d after
the procedure than they did 24 h afterwards. There were
no differences in the number of lesions in the 2 groups
at either time (p = 0.801 and p = 0.626, respectively,
Figure 1B).
3.3. Intravenous administration of HUMSCs did not
lead to migration or implantation of HUMSCs
Migration and implantation of HUMSCs was studied
using immunohistochemistry with anti-human nuclear
antigen (HuN) antibody. Staining was not evident in
brain sections from sham-operated rats and untreated
rats with cerebral I/R injury. However, brain sections
from rats treated with HUMSCs displayed neither
migration nor implantation at 14 d after treatment (data
not shown).
3.4. Intravenous administration of HUMSC increased
cellular proliferation after cerebral I/R injury
Cellular proliferation was detected with BrdU
immunohistochemical staining of rat brain sections.
Brain sections from sham-operated rats had only a few
BrdU-positive cells (Figure 1C). Brain sections from rats
treated with HUMSCs had a greater number of BrdUpositive cells in both the subventricular zone (SVZ; p <
0.001) and striatum (p = 0.001) than did untreated rats
with cerebral I/R injury 14 d after the procedure.

(B)

(C)

3.5. Intravenous administration of HUMSCs increased
endogenous neural regeneration after cerebral I/R injury

Figure 1. (A), Intravenous administration of HUMSCs
improved functional recovery after cerebral I/R injury.
Animals were clinically evaluated 24 h and 14 d after surgery
using the Rogers score. Sham-operated rats did not display a
functional deficit 24 h and 14 d after surgery. Twenty-four h
after surgery, the Rogers score did not differ for rats treated
with HUMSCs and untreated rats with cerebral I/R injury
(p = 0.307),but 14d after surgery rats treated with HUMSCs
had better functional recovery than did untreated rats with
cerebral I/R injury(p = 0.016). (B), Infarct size after cerebral
I/R injury did not change after intravenous HUMSC
administration. TTC staining was used to evaluate infarct
lesions24 h and 14 d after the experimental procedure, This
staining revealed that brains from sham-operated rats had no
lesions. Both rats treated with HUMSCs and untreated rats
with cerebral I/R injury had fewer lesions 14d than 24h after
the prodedure, and the number of lesions in the two groups did
not differ at either time(p = 0.801 and p = 0.626,respectively).
(C), Intravenous administration of HUMSC increased
cellular proliferation after cerebral I/R injury. Cellular
proliferation was detected with BrdU immunohistochemical
staining of rat brain sections. Brain sections from shamoperated rats had only a few BrdU-positive cells. Fourteen d
after surgery, brain sections from rats treated with HUMSCs
had a greater number of BrdU-positive cells in both the
subventricular zone (SVZ; p < 0.001) and striatum (p = 0.001)
than did untreated rats with cerebral I/R injury.

Since there was no migration and implantation of
HUMSCs in rats treated with HUMSCs, endogenous
neural regeneration was studied in brain sections 14 d
after the procedure using immunofluorescence double
staining with neurofilament 200 (NF200) and BrdU
(Figure 2). Cells double-stained with NF200 and BrdU
were not evident in brain sections from sham-operated
rats. Cell double-stained with NF200 and BrdU were
evident in the SVZ but not in the striatum of brain
sections from untreated rats with cerebral I/R injury. As
expected, cells double-stained with NF200 and BrdU
were evident in both the SVZ and striatum of brains
from rats treated with HUMSCs.
3.6. Intravenous administration of HUMSCs attenuated
astrocyte activation after cerebral I/R injury
GFAP was used as an immunofluorescence marker of
astrocyte activation in the striatum of rats (Figure 2).
Rats with cerebral I/R injury had a greater number of
GFAP-positive cells than did sham-operated rats and
rats treated with HUMSCs had fewer GFAP- positive
cells than did untreated rats with cerebral I/R injury.
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Figure 2. Intravenous administration of HUMSCs increased endogenous neural regeneration after cerebral I/R injury. Since
there was no migration and implantation of HUMSCs in rats treated with HUMSCs, endogenous neural regeneration was studied
using immunofluorescence double staining with neurofilament 200 (NF200) and BrdU in brain sections 14 d after surgery. Cells
double-stained with NF200 and BrdU were not evident in brains sections from sham-operated rats. Cells double-stained with NF200
and BrdU were evident in the SVZ but not in the striatum of brain sections from untreated rats with cerebral I/R injury. As expected,
neuronal cells double-stained with NF200 and BrdU were evident in both the SVZ and striatum of brains from rats treated with
HUMSCs. Intravenous administration of HUMSCs attenuated astrocyte activation after cerebral I/R injury. Glial fibrillary
acidic protein (GFAP) was used as an immunofluorescence marker of astrocyte activation in the striatum of rats. Untreated rats with
cerebral I/R injury had a greater number of GFAP-positive cells than did sham-operated rats and rats treated with HUMSCs had
fewer GFAP-positive cells than did untreated rats with cerebral I/R injury.

4. Discussion
This study investigated the effects of acute intravenous
administration of HUMSCs in rats 24 h and 14 d after
cerebral I/R injury. The treatment significantly improved
functional recovery but did not reduce the infarct volume
or cause migration or implantation of HUMSCs in
damaged brain areas. Animals receiving HUMSCs had
increased cell proliferation, a higher level of NF200 (a
marker of neural regeneration), as well as a reduced level
of GFAP (a marker of astrocyte activation) in the brain
14 d after cerebral I/R injury. A point worth noting is
that acute intravenous administration of HUMSCs might
have clinical implications for translation to human trials.
In a recent study of permanent MCAO in rats, the
authors reported efficient functional recovery with
intravenous administration of AD-MSCs and BMMSCs (18). In the current study, the functional scores
14 d after cerebral I/R injury improved significantly
with intravenous administration of HUMSCs. Twentyfour h and 14 d after cerebral I/R injury, there were no
differences in TTC staining in rats treated with HUMSCs

and untreated rats with cerebral I/R injury. HUMSCs
administered intravenously did not migrate to or implant
in the brain according to immunohistochemistry.
Therefore, stem cells might not need to migrate and graft
onto the lesion site for a positive functional result because
of the paracrine effects of MSCs (20). This favorable
outcome could be a consequence of the secretion
of several growth factors that may act to enhance
endogenous repair mechanisms normally activated in
the brain after stroke. Such repair mechanisms include
endogenous neural regeneration, synaptogenesis,
astrocyte inactivation and immunomodulation (21,22).
Compared to cerebral I/R injury alone, intravenous
administration of HUMSCs increased cellular
proliferation in the SVZ and striatum of brains 14
d after cerebral I/R injury. The current results agree
with those of previous studies reporting increases in
cellular proliferation after AD-MSC and BM-MSC
administration (18,23). In line with earlier studies, a
later study found that, compared to infarction alone,
administration of MSCs promoted cellular proliferation
in SVZ and cell differentiation into neuroblasts in peri-
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infarct areas (24).
After a stroke, neuroblasts generated in the SVZ
migrate to the ischemic boundary zone (IBZ) and actively
interact with the microenvironment to reach the ischemic
striatum individually or in chains. After migration, SVZderived neuroblasts differentiate into mature neurons
in the IBZ (3). Levels of NF expression increase 7 d
after focal cerebral ischemia in the IBZ (25). A small
number of studies have documented increased neural
regeneration in the SVZ or IBZ with transplantation
of non-neuronal cells in rodents after stroke (26). The
present study, noted significantly increased levels of
NF200 in the SVZ after cerebral I/R injury and in both
the SVZ and striatum following HUMSC administration
14 d after surgery, so neural regeneration after ischemia
was enhanced by intravenous HUMSC administration.
Brain tissue repair is a dynamic ongoing process
involving reactive astrocytes, microglia, and
oligodendrocytes after stroke injury. In the early stage
of cerebral ischemic injury, activated astrocytes have
a protective effect on brain tissue by inactivating
glutamate-mediated excitotoxicity and oxidative stress.
However, astrocytes are then involved in hindering
axonal regeneration because of glial scar formation.
GFAP is commonly used as a marker of astrogliosis
and astrocyte activation in several conditions involving
cerebral ischemia (27). In the current study, significantly
increased levels of GFAP were noted in the striatum
after cerebral I/R injury, and these levels then decreased
with intravenous administration of HUMSCs. This
finding agrees with the results of previous studies using
other types of MSCs (16,18).
Inthe current study, acute intravenous administration
of HUMSCs following cerebral I/R injury promoted
recovery with neural regeneration and astrocyte
inactivation and no migration or implantation of cells
into lesions. Future studies are needed to determine the
cell fate after intravenous administration of HUMSCs,
the mechanism of action for HUMSCs, and the optimal
dose to avoid undesired adverse reactions.
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Summary

Abdominal pregnancy is an extremely rare form of ectopic pregnancy, mostly occurring
secondarily after tubal rupture or abortion with secondary implantation anywhere in the
peritoneal cavity. Massive intra-abdominal hemorrhage is a life threatening complication
associated with secondary abdominal pregnancy. Various methods and techniques have
been reported in the literature for controlling hemorrhage. Here, we report a case of
massive intraperitoneal haemorrhage following placental removal controlled by abdominal
packing and review the literature for diagnostic and management challenges.
Keywords: Abdominal pregnancy, abdominal packing, intraperitoneal packing

1. Introduction
Abdominal pregnancy is a rare form ectopic pregnancy
occurring in 1 in 10,000 live births to 1 in 30,000 (1).
It could be either primary or secondary with the latter
being more common. Secondary abdominal pregnancy
occurs following a tubal abortion or rupture with
secondary implantation in the peritoneal cavity. Primary
ectopic pregnancy is diagnosed with studdiford criteria
which specifies that both tubes and ovaries should
be normal with no tuboperitoneal fistula and an early
pregnancy implanted on peritoneal surface which makes
the possibility of secondary abdominal pregnancy a
rare possibility (2). The main complication of ectopic
pregnancy is life threatening hemorrhage. Here, we
discuss a case of secondary abdominal pregnancy with
profuse intraperitoneal haemorrhage.
2. Case Report
A 28 year lady G2P1LO presented to emergency room
with ammenorrhoea for 3 months, lower abdomen
pain and bleeding per vaginum for past 7 hours. On
examination patient was pale, pulse 120/min, thready
and hypovolemic, blood pressure was 90/60 mm Hg. On
abdominal examination, there was distention, rigidity
and rebound tenderness. On vaginal examination the
*Address correspondence to:
Dr. Shipra Kunwar, Era's lucknow Medical College, Obstetrics
and Gynaecology, Lucknow-226008, India.
E-mail: shipra.kunwar@gmail.com

uterus was normal in size with fullness in all fornices
and tenderness in right adenexa. No adnexal lump was
present. Urine pregnancy test was positive. Transvaginal
Ultrasonography (Figure 1) showed a sac in right
adnexa consisting of a 12 weeks old fetus with positive
cardiac activity and a collection in the pelvis and
abdomen. An empty uterus was seen separately. She
was taken up for immediate laparotomy as a suspected
case of ruptured ectopic pregnancy in view of her
hemodynamic instability. On laparotomy, there was
haemoperitoneum, approximately 1.7 litres of blood was
drained from abdominal cavity with a live pregnancy
within a gestational sac lying in the abdominal cavity.
The placenta was found attached to the posterior surface
of uterus and posterior leaf of right broad ligament and
the peritoneum overlying the ureter (Figure 2). The right
tube was distorted, enlarged, edematous and hyperemic
with a hole in the mesosalpinx. Right salpingectomy
was done as the right tube was distorted and damaged, to
prevent recurrence. The placenta was partially separated
and its complete removal triggered profuse bleeding
from the placental bed ,with very friable tissue overlying
the peritoneum covering the ureter. Hemostatic sutures
were taken to control bleeding from posterior surface
of the broad ligament. However bleeding from the
peritoneum overlying the ureter continued and a
decision to pack the area with ribbon gauze was taken.
The packing was limited to posterior surface of uterus
and pouch of Douglas. One end of the ribbon gauze was
taken out abdominally through the abdominal wound.
An abdominal drain was inserted. The opposite fallopian
tube and ovary were normal. Patient was transfused 4
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Figure 1. Ultrasound picture showing live extrauterine
pregnancy.

Figure 2. Per-operative finding of fetus lying in peritoneal
cavity.

units of packed cells and 2 units’ fresh frozen plasma
and put on antibiotics.
Pack was removed after 48 hours without any
complications. Abdominal drain was removed on third
post-operative day. Patient improved and was discharged
on sixth post-operative day after stitch removal.
However, patient follow up was lost because she failed
to report to the outpatient clinic after six weeks.
3. Discussion
Ectopic pregnancy has an average incidence of 1%,
however, it accounts for 3-4% of pregnancy related
deaths (3). Abdominal pregnancy is rarer and more
dangerous with an incidence varying from one per
10,000 births to 1 in 30,000 (1). Abdominal pregnancy is
difficult to diagnose and poses a serious risk of morbidity
and mortality to the mother and the baby. Maternal
mortality ranges between 0 and 30 percent (4). While
the perinatal mortality ranges from 40 to 95 percent (5).
Clinical diagnosis may be suspected from abdominal
pain, vaginal bleeding, adnexal mass, gastrointestinal
symptoms, tenderness and in later stages as abnormal
lie, superficially palpable fetal parts, painful fetal
movements, failed induction of labor and intrauterine

fetal death (6-9).
Ultrasound and MRI are helpful in diagnosis
when we have a high index of clinical suspicion. The
demonstration of an empty uterus adjacent to the bladder,
absence of myometrium around the fetus, unusual
fetal lie, poor definition of the placenta, and relative
oligohydramnios have been described on USG (10,11).
Factors such as maternal hemodynamic status, fetal
congenital abnormality, fetal viability, gestational age at
presentation, and the availability of neonatal facilities
should be considered while managing abdominal
pregnancies (12). When presenting at an early gestational
age the management is laparotomy for removal of the
pregnancy because of risk of hemorrhage and association
with a much higher incidence of congenital anomalies.
With advanced pregnancy when the fetus is at the
borderline limits of viability we are faced with the
dilemma of continuing the pregnancy at the risk of severe
hemorrhage in the mother leading to increased maternal
mortality and morbidity versus terminating the pregnancy
by elective, well planned laparotomy. It has been reported
that if the fetus is surrounded by a normal volume of
amniotic fluid, fetal outcome is good and careful wait
and watch may be considered until fetal maturity (4). The
central controversy in managing abdominal pregnancies
is regarding management of the placenta and controlling
hemorrhage from the placental bed following placental
separation without damage to vital organs like the
bowel and is the main clinical challenge (13). Various
methods to control hemorrhage have been suggested in
the literature. With a confirmed diagnosis of abdominal
pregnancy giving pre-operative methotrexate to reduce
blood loss at the time of surgery has been suggested
(14). Others have preferred leaving the placenta behind
(15). But this practice is accompanied by serious risks
like secondary hemorrhage, sepsis, failure of lactation,
disseminated coagulation, fistulae formation and bowel
obstruction due to adhesions (6, 16,17).
Use of post-operative methotrexate for involution
of placenta is controversial (18). Selective embolization
of placental bed has also been reported in the literature
(19). In our patient none of the above procedures were
possible because the general condition of the patient
was very low at the time of presentation, and profuse
bleeding from the bed was continuing. Our institution
does not have the facility for embolisation. We resorted
to abdominal packing with a successful outcome. One
of the main reasons for using abdominal packing in this
patient was the friability of the tissue in the placental
bed area overlying the ureter with risk of ureteric
injury. Abdominal packing has been used effectively
for uncontrolled hemorhage following caesarean
hysterectomy for morbidly adherent placenta (20)
massive hemorrhage during gynecological cancer surgery
(21) and for post-partum hemorrhage (22). However,
we found no case wherein it has been used to control
hemorrhage in secondary abdominal pregnancy. Various
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types of packs have been described in the literature with
the earliest reported being the Logothetopoulos pack (23)
others being dry laparotomy packs (23), transcutaneous
placement of an inflated condom over a 22 fr catheter
(24) or ribbon gauze within a penrose drain (25). Various
complications described include a re-laparotomy for
removal of pack, post-operative febrile morbidity, sepsis,
small bowel obstruction, but no long term complications
have been reported.
Intra-abdominal packing proved to be an effective
method for controlling hemorrhage and achieving
hemostasis in our case.
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Summary

Takotsubo cardiomyopathy (TC) or left ventricular apical ballooning syndrome is typically
characterized by reversible systolic dysfunction of the apical- and mid-segments of the left
ventricle. Symptoms are precipitated by intense emotional or physical stress, in the absence
of obstructive coronary artery lesions. The most common presentation of TC is a transient
left ventricular apical ballooning. However, recent case reports have described various
patterns of TC associated with distinct regional left ventricular wall motion abnormalities.
One of very rare these variants, referred to as a "mid-ventricular" type, is characterized
by akinesis with or without ballooning of the mid-ventricular segment, together with a
hyperdynamic base and apex. Using left ventriculography we describe an atypical form
of TC with transient, focal mid-ventricular ballooning of the anterior segment, followed
by complete resolution of ballooning, as observed by cardiac magnetic resonance (CMR)
imaging.
Keywords: Atypical form of takotsubo cardiomyopathy, mid-ventricular anterior ballooning,
diagnosis

1. Introduction
Takotsubo cardiomyopathy (TC) was first described
by Japanese physicians in 1991 (1). It is generally
characterized by transient systolic dysfunction
precipitated by a stressful event, in the absence of
obstructive coronary artery lesions. For this reason
TC is also known as "stress-induced" or "brokenheart" syndrome. Diagnoses of TC are becoming more
common, likely due to an increase in the awareness
of interactions between critical brain activity and the
heart. The most common presentation of TC is an
apical ballooning pattern; however, several recent
case reports have described variants of TC that present
with differing patterns (2-4). These atypical forms
are associated with distinct regional left ventricular
wall motion abnormalities. Left ventriculography and
CMR imaging is uniquely suited for the evaluation of
patients with TC and its variants. Using these imaging
*Address correspondence to:
Dr. Selami Demirelli, Department of Cardiology, Erzurum
Education and Research Hospital, Erzurum, Turkey.
E-mail: demirelli23@yahoo.com

techniques we present a case of atypical TC that fulfills
all current diagnostic criteria for TC, excluding the
classical contractile LV pattern.
2. Case Report
A 59-year-old female patient with a history of
hypertension and dyslipidemia was admitted to the
emergency department with retrosternal chest pain after
learning of her son's death. Initial physical examination
of the patient was normal. Arterial blood pressure was
130/80 mmHg with a heart rate of 80 beats per minute.
Her first electrocardiogram (ECG) recording in the
emergency room demonstrated normal sinus rhythm
with T-wave inversion on leads V1-V4. Laboratory
findings indicated a significantly elevated serum level
of troponin I and CKMB (troponin I, 2.44 mcg/L and
CKMB, 57.1 U/L, normal values < 0.1 mcg/L and <
25 U/L, respectively). Transthoracic echocardiography
identified a regional wall motion abnormality. Akinesia
was detected in the mid-anterior segment, with a 45%
left ventricular ejection fraction. Due to the clinical
presentation of symptoms an emergency coronary
angiography was performed on the patient. Cardiac
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catheterization and angiography revealed no significant
coronary artery disease and coronary artery spasm
provocation tests were negative. Left ventriculography
demonstrated akinesis of the mid-ventricular anterior
segment with ballooning and a hyperdynamic base and
apex (Figure 1). The patient was treated with aspirin,
statins, beta-blockers and angiotensin-converting
enzyme inhibitor and was discharged in stable condition
on the third day. Four weeks following discharge CMR
imaging was performed on the patient. We found a
complete lack of ballooning together with an absence
of scaring and no abnormalities with regards to wall
motion (Figure 2).
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Figure 1. Left ventriculography demonstrated akinesis of
the mid-ventricular anterior segment with ballooning and a
hyperdynamic base and apex.

3. Discussion
Takotsubo cardiomyopathy is typically characterized
by reversible systolic dysfunction of the apical and
mid-segments of the left ventricle, in the absence of
obstructive coronary artery lesions. Clinical symptoms
of TC mimic those of acute coronary syndrome
(ACS), the most common of which are chest pain and
dyspnea. The patient may also present with hypotension
secondary to decreased stroke volume. Cardiac arrest,
syncope and arrhythmias, with or without a prolonged
QT interval, have also been described (5,6). Transient
heart failure is the most common clinical complication,
although the prognosis is generally favorable despite
limited published data chronicling long-term patient
outcome.
The majority of TC patients present with dynamic
ECG changes and precordial ST segment elevation or
diffuse T-wave inversions. These changes are typically
associated with a modest rise in the level of serum
cardiac enzymes. Wall motion abnormalities and
functional mitral regurgitation are evaluated in patents
using echocardiography, whereas coronary angiography
is considered the gold standard to differentiate TC from
ACS. The pathophysiology of TC is currently unclear;
however, several theories have been proposed recently.
A role for catecholamines in triggering TC appears
feasible as high levels of circulating catecholamine
can cause cardiotoxicity and coronary artery spasms,
resulting in myocardial stunning (7,8). Low estrogen
levels have also been implicated. It is known that
estrogen provides cardioprotection in premenopausal
females by downregulating beta-1 adrenoceptors.
Accordingly, estrogen supplementation might protect
postmenopausal females against the development of
TC (8).
Diagnosis criteria for TC, as proposed by the Mayo
Clinic, relate primarily to wall motion abnormalities,
such as transient hypokinesis, akinesis, or dyskinesis
of the LV mid segments, with or without apical
involvement. These regional wall motion abnormalities
extend beyond a single epicardial vascular distribution
(9). Several novel variants of TC have been described

Figure 2. After four weeks cardiac magnetic resonance
imaging showed complete lack of ballooning together with
an absence of scaring and no abnormalities with regards to
wall motion.

recently; however, "typical" TC remains the pattern
observed most frequently. Atypical forms are
associated with distinct regional left ventricular wall
motion abnormalities, although reverse or inverted
TC, midventricular type and biventricular (right and
left ventricular) ballooning group have also been
described (2-4). In reverse or inverted TC, the apex
is hyperdynamic and the base is akinetic (2). Midventricular type is characterized by akinesis with or
without ballooning of the mid-ventricular segment
together with a hyperdynamic base and apex (3).
Other variants described include akinesis of various
left ventricle and right ventricle segments (4). In this
case report we describe an atypical form of TC with
transient, focal mid-ventricular anterior-segment
ballooning.
Our report raises the intriguing question of why
apical segments are predisposed to stunning, compared
to the base, in patients with TC. Several potential
explanations can be considered. First, the apex may
be more responsive to adrenergic stimulation or
demonstrate an increased density of catecholaminesensitive receptors. Second, the apex is structurally
vulnerable. It possesses a relatively limited elasticity
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reserve and can easily become ischemic as a
consequence of limited coronary vasculature (10).
Interestingly, a recent case report identified different
variants of typical and atypical forms in the same
patient (11). Variation between individuals with
regard to the local release of catecholamines or in the
distribution of autonomic innervation of the LV wall
may therefore contribute to the observation of different
variants.
Coronary angiography is considered the gold standard
for the diagnosis of TC. Left ventriculography is used to
identify abnormalities in wall motion and is therefore key
in differentiating the variants. CMR imaging is uniquely
suited for the evaluation of patients with TC. Critically, it
provides markers to identify reversible versus irreversible
injury, which are important criteria when confirming
a diagnosis of TC and excluding similar acute cardiac
diseases, superficially ACS or myocarditis (12). In our
case CMR imaging was utilized to demonstrate the
reversibility of systolic LV dysfunction after the acute
phase.
4. Conclusion
Several novel variants of TC have been described in
recent case reports. Our case illustrates an unusual
presentation of takotsubo cardiomyopathy. Coronary
angiography and left ventriculography are considered
the gold standard for the diagnosis of TC and its
differentiation from ACS. Together with CMR imaging
these methods are also effective at distinguishing
between typical and atypical forms of TC. The
pathophysiological mechanisms driving distinct LV wall
motion abnormalities in different variants of TC remain
unclear. Therefore, additional studies are warranted to
investigate the role of genetic susceptibility and patient
predisposition to physical and emotional stress in
development of this disease.
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Summary

Progeria is a rare genetic disease that manifests with progressive symptoms eventually
leading to death. The only current treatment protocol of such patients is symptom based.
However, recent trials are testing potential and promising drugs to treat the underlying
genetic mutation and increase life expectancy of such patients.
Keywords: Progeria, Cure, farnesyltransferase inhibitors

Progeria or Hutchinson-Gilford progeria syndrome
(HGPS) is a very rare and fatal premature genetic
disease belonging to the group of progeroid syndromes.
Having an incidence of 1 per 8 million live births, the
disease manifests with symptoms of accelerated aging
among children, eventually leading to death at an early
age. HGPS is caused by mutation of the LMNA gene
that produces farnesylated abnormal Lamin A protein,
Progerin. Physiologically, LMNA gene encodes for a
pre-structural protein prelamin A that provisionally
attaches to the nuclear rim on farnesylation with a
functional group. Once attached, the farnesyl group is
eliminated from prelamin A forming the protein Lamin
A which in turn forms the nuclear lamina. However
in HGPS, a point mutation of LMNA gene causes
the fanesyl functional group to become permanently
attached to prelamin A preventing further modification
to Lamin A. Accumulation of "Progerin" on the nuclear
rim disintegrates structural support of nuclear lamina
and disorganizes nuclear processes like DNA and RNA
synthesis (1). No specific treatment is available so far
with management aiming only to control complications
(especially cardiovascular problems).
Current preclinical studies have revealed quite
promising results for farnesyltransferase inhibitors (FTIs)
and other potential drugs for treatment of this disease.
Initially developed as a target drug for an oncogenic

RAS gene, FTIs have shown to block the enzyme
responsible for the farnesylation step on prelamin A in
HGPS children. Although not curing the pathological
cause, inhibition of this step averts buildup of Progerin
on the nuclear rim preventing further progress of the
disease among children (2). Frequency of clinical
strokes, headaches, and other complications were greatly
reduced improving the lifespan of children in a trial
(2). In another trial, Wang et al. demonstrated reversing
nucleus abnormalities in HGPS transgenic mice using
FTIs or statins (Pravastatin and Zoledronate) by blocking
farnesylation. Also, positive outcomes showing reversal
of the disease for in-vivo cultured cells derived from
humans were noted in the study (3). Ibrahim et al. recent
preclinical study has further helped us find another
solution for HGPS. By inhibiting isoprenylcysteine
methylation (responsible for accumulation of Progerin),
normal cellular processes were reported in transgenic
mice and human cells (4). However, inhibition only
prevented further progression of HGPS.
Although there is still no approved drug for treatment
of HGPS by the Food and Drug Administration, these
trials are offering a glimpse of something big for HGPS
treatment in the future. There is a long way to finding
a cure but there is no doubt that such outcomes have a
massive potential of helping us find one.
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