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Summary
This study investigated the relationship between the gene coding of the µ-opioid 

receptor (OPRM1) and the susceptibility to opiate drug dependence in Arab popula-
tions. Single nucleotide polymorphisms (SNPs) at the OPRM1 locus in 460 subjects 
were genotyped using the sequenom MassARRAY system (iPLEX GOLD). Of these 
subjects, 220 were male patients at a Jordanian Drug Rehabilitation Centre who met 
the DSM- IV criteria for opiate drug dependence and 240 were healthy male controls 
from an ethnically homogenous Jordanian Arab population. Genotype distributions for 
all 22 SNPs were in Hardy-Weinberg equilibrium (HWE). The SNPs associated with 
drug dependence were rs6912029 (G-172T), rs12205732 (G-1510A) and rs563649 
(G-983A) (p value < 0.05). It has been suggested that OPRM1 is the main target of 
opiates and other drugs and plays an important role in opioid tolerance and depen-
dence. This study is the first to show a genetic association between OPRM1 and drug 
dependence in an Arab population. However, further studies using larger samples and 
different populations are needed to confirm these findings and identify individuals 
with increased risk for dependence.

Keywords: OPRM1, SNP Genotyping, Association, Opiates, Drug Dependence, 
Jordan, Arab.

Introduction
While environmental factors are likely to contribute to drug dependence, suscep-
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tibility is also strongly influenced by genetic factors. Opiate dependent individuals 
have one of the highest levels of genetic variance compared to other illicit drug users 
(Tsuang et al., 1998). There are several gene families implicated in drug addiction. 
Once such family is the opioid receptor gene members (e.g. OPRM1). The endoge-
nous opioid system is considered one of the most important neurobehavioral signal-
ling pathways implicated in drug use (Koob and Simon, 2009). This opioid system 
consists of widely scattered neurons that produce three opioids: beta-endorphin, the 
met- and leu-enkephalins, and the dynorphins. These opioids act as neurotransmitters 
and neuromodulators at three major classes of opioid (µ, δ, κ) receptors and produce 
analgesia. Several studies have implicated the role of the products of opioid receptor 
gene variants in mediating the behavioral and neurochemical properties of opiates 
such as heroin (Gelernter, et al., 2007, Kim, et al., 2009). The endogenous opioid 
system may contribute not only to the development of heroin dependence, but also 
other drugs of abuse such as alcohol, cannabis, cocaine and amphetamines (Goldman, 
et al, 2006; Haile, et al., 2008, Koob and Simon, 2009). Some drugs of abuse can 
cause a euphoric effect through rapidly activating the µ-opioid receptors (MOR). The 
euphoric effects confer reinforcing or rewarding effects of the drug, which constitute 
a key psychomotor mechanism for the development of addiction (Bond et al., 1998). 

Research studies into the genetics of drug dependence have focussed on OPRM1, 
which is the primary target for opiates. Figure 1 shows the opiate drug pathway 
mechanisms where specific targets are highlighted. Specifically, heroin is an opioid 
synthesised from morphine, which in turn is a derivative of the opium poppy. Heroin 
is converted into morphine invivo and activates the three opioid receptors (primarily 
MOR), which modulates several physiological systems including the pain/reward sy-
stems. The OPRM1 gene (6q24-q25; Gene ID: 4988) encodes MOR which is widely 
distributed in the brain (Benyhe et al., 1985, Chen et al., 1993). The OPRM1 receptor 
is a membrane of the G protein-coupled receptor family (Beyer et al., 2004). Over 
300 OPRM1 sequence variants have been identified to date (Hoehe et al., 2000).

Most abundant among the missense variants in exon 1 of OPRM1 is the A118G 
single nucleotide polymorphism (SNP) (Bergen et al., 1997). This polymorphism en-
codes an Asn40Asp amino acid substitution that appears to cause a changing function. 
Bond et al. (1998) reported that β-endorphin has a higher binding affinity (3 fold) 
at the Asp40 mutated receptor than for the receptor encoded by Asn40 (Beyer et al., 
2004). In addition, β-endorphin has more potency at the Asp40 variant in activating 
G protein-coupled inwardly-rectifying potassium channels (GIRKs) compared to the 
receptor encoded by the Asn40 allele (Haile et al., 2008). However, other studies 
reported that the binding affinity or potency of β-endorphin for the variant receptor 
was not found to be different from that for the normal receptor (Beyer et al., 2004). 
A recent meta-analysis reported that the OPRM1 Asn40Asp does not appear to affect 
risk for drug dependence (Arias et al., 2006), but other studies reported that they may 
influence response to opioid antagonist treatment (Naltrexone) of drug dependence 
(Oroszi et al., 2009). The Asp40 allele frequency varies considerably between different 
ethnic backgrounds (Haile, 2008). For example, Asp40 was reported in less than 5% 
of African-Americans (Gelernter et al., 1999) and 16% in European Americans (Zhang 
et al., 2006), but is found in 58% of Asians (Kim et al., 2004).

In the present study, 22 SNPs spanning the coding sequence of the OPRM1 lo-
cus were examined. To our knowledge, no previous study has evaluated a series of 



93Polymorphisms in the µ-Opioid Receptor Gene in Jordanian Arabs, etc.

SNPs that map the full region of the locus from upstream (5’-UTR) to downstream 
(3’-UTR). These SNPs were chosen because they showed the greatest potential to 
distinguish between drug dependent patients and control subjects in previous studies 
(Hoehe et al., 2000). The relationship between the alleles and genotypes of these 22 
SNPs and susceptibility to drug dependence were investigated.

Material and methods
Subject

The study group consisted of 220 unrelated Jordanian Arab males meeting the 
Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) criteria (American 
Psychiatric Association, 1994) for drug dependence (84% opioid, 14% amphetamine and 
4% Alcohol). The majority of these patients (92%) also had nicotine co-dependence. 
Cannabis abuse was common (58%) and 53% were alcoholics. The patients were 
undergoing a voluntary 8 week treatment program at two Jordanian Drug Rehabili-
tation Centers. In addition, 240 controls from an ethnically homogenous Jordanian 
Arab population with no lifetime history of psychosis or mood disorders, alcohol or 
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heroin dependence according to the DSM-IV were recruited from the Blood Bank 
of the King Abdullah Hospital University, Jordan University of Science and Techno-
logy. These controls were frequency matched by age, sex and ethnicity to the case 
subjects. The mean ages (±SD) of the patients and controls were 32.7 ± (8.4) and 31.5 
± (5.6) years, respectively. Approval to study these patients was granted by Human 
Research Ethics Committee of the University of Western Australia (UWA) (Ref No. 
RA/4/1/4344). Each participant gave signed informed consent.

DNA Extraction and Genotyping

Genomic DNA was extracted from whole blood using a Gentra Puregene Kit 
(Qiagen, Valencia, CA, USA). All individuals were genotyped for 22 SNPs within 
the OPRM1 gene (Figure 2) using the sequenom MassARRAY® system (iPLEX 
GOLD) (Sequenom, San Diego, CA, USA). A scatter plot of rs6912029 SNP colored 
according to genotype calls: AA (green), GA (yellow) and GG (blue) and no call 
(red) is shown in Figure 3. 

Statistical Analysis 

Hardy-Weinberg Equilibrium (HWE) was tested to determine if the population 
was fulfilling the HWE at each variant locus. A Person Chi squared test was used 
for genetic association between cases and controls. A p value < 0.05 was considered 
to be statistically significant. All statistical analyses were performed using SPSS sta-
tistical package 19.0 (SPSS Corp., Chicago, Illinois, USA). Bonferroni corrections 
were applied for multiple comparisons.

Results 
The present results were based on 220 opiate drug dependent patients in treatment, 

all who were males of Arab descent. The median age of the patients was 32 (range: 
18 to 58) and 203 patients were smokers (92%). In addition, a control group of 240 
subjects (median age: 35, range: 18 to 62) of an ethnically homogenous Jordanian 
Arab population.
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Sequencing of the 22 OPRM1 SNP genotypes was highly accurate with average 
success rate of 99.6%. Genotype discrepancy average rates across the 22 loci were 
only 0.05% (±0.12%) in the Jordanian Arab samples. No significant deviation from 
Hardy-Weinberg equilibrium was observed in Arab controls and cases. 

Cases and controls were compared for genotype and allele frequencies across the 
22 OPRM1 markers (Table 1). In the Arab population, genotype frequencies at three 
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sites differed significantly between cases and controls. The significant sites were 
rs6912029 (G-172T; p value = 0.04), rs12205732 (G-1510A, p value = 0.04) and 
rs563649 (G-983A, p value = 0.049). Allele frequency comparisons between cases 
and controls were significant at two sites: rs6912029 (G-172T, p value = 0.032, data 
not shown), rs12205732 (G-1510A, p value = 0.032, data not shown). 

Conclusion
In conclusion, conflicting results have been published on the influence of OPRM1 

A118G on the increased risk of drug dependence (Lötsch et al., 2002, Kim et al., 
2004) but other functional SNPs have not been examined in detail. This is the first 
report of an association between the OPRM1 G-172T and G-1510A polymorphisms 
and drug dependence in an Arab population. These results suggest that the OPRM1 
G-172T and G-1510A may play role in drug dependence mechanisms in Middle 
Eastern populations. Currently, these samples are being tested for a possible asso-
ciation of OPRM1 polymorphisms with treatment outcomes. This may lead to more 
accurate matching of individuals to different treatment options and early identification 
of individuals of high risk of relapse. However, our findings require replication in 
both Arab and other ethnic groups to confirm these results and identify individuals 
at increased risk of dependence.
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Introduction 
Most late-onset cases occur in the absence of a first-degree family history of 

breast cancer and are often called “sporadic” cases. Single nucleotide polymorphisms 
(SNPs) may be causally related to breast cancer risk or be indirectly associated with 
breast cancer risk through linkage disequilibrium with a causal sequence variant. 
Risk-associated SNPs will have different frequencies among women with or without 
breast cancer and can be detected using genetic association studies. Recently, several 
genome-wide association studies (GWAS) have identified novel risk alleles for breast 
cancer including those related to FGFR2, TNRC9, MAP3K1, LSP1 genes and other 
locus [1, 2]. Replication in independent population samples is essential for validation 
of the results of any genome-wide association. Since the genetic variants (SNPs) are 
common, they are likely to be shared across different populations with diverse ance-
stry backgrounds. It would be of interest to determine and investigate the potential 
implications of these novel markers revealed by genome-wide association studies to 
predict the “sporadic” breast cancer risk and progression in MENA populations. 

Materials and Methods
Using TaqMan® SNP Genotyping Assays, we characterize the variation of 9 

SNPs (include rs1219648, rs2981582, rs8051542, rs12443621, rs3803662, rs889312, 
rs3817198, rs13387042 and rs13281615) for 520 patients with sporadic breast cancer 
and 360 healthy controls in the Tunisian population. The association between the 
genotypes and breast cancer susceptibility and tumors characteristics was estimated 
by computing odds ratio (OR) and 95% confidence levels from logistic regression 
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Fig. 1

Fig. 2
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Fig. 3

Fig. 4
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Fig. 5

Fig. 6
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analyses. Association of the genetic marker with the rates of breast cancer overall 
survival was assessed using univariate analysis. 

Results
Four out of nine GWAS-breast cancer loci were found to be significantly associated 

with breast cancer in Tunisians: The rs1219648 (OR=1.23, P=0.002) and rs2981582 
(OR=1.33, P=0.003) SNP of FGFR2 gene (Fig. 1&2); the rs8051542 of the TNRC9 
gene (OR=1.43, P=0.0003) (Fig. 3) and the rs889312 of the MAP3K1 gene (OR=1.33, 
P=0.006) (Fig. 4). The FGFR2 G-rs2981582 allele showed a significant association 
with risk of lymph node metastasis (Fig. 5) and reduced overall survival rate (Fig. 6).

Conclusions
Our results for the first time replicated the results of breast cancer GWAS in the 

Arabic population and indicated that some polymorphisms are associated with incre-
ased breast cancer risk and disease progress in the Tunisian population. 
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Summary
microRNAs (miRNAs), non coding RNAs with translational control activity, con-

stitute a new class of possible biomarkers in oncology. They are also emerging as 
new important players in pharmacogenetic studies, but the gold-standard as research 
strategy in this field is not yet defined. This study aimed to design a new method 
to select SNPs potentially involved in miRNA activity. We applied this strategy to 
identify new possible predictive biomarkers for chemoradiotherapy administered in 
neoadjuvant setting in rectal cancer patients. Applying this strategy, we identified 
a new possible genetic biomarker, rs1834306, located in pri-miR100, predictive of 
tumor response. This preliminary result underlines the potential impact of miRNAs 
genetics in treatment personalization.

1. Introduction
microRNAs (miRNAs) are brief non coding RNAs involved in DNA translational 

control. They cover important roles in terms of cellular differentiation and organism 
development1;2, representing a new class of possible predictive and prognostic biomarkers 
and potential targets in oncology3;4;5. Increasing evidences show that polymorphisms 
in microRNAs encoding genes can be used as pharmacogenetic biomarkers in the 
oncologic field. SNPs located in miRNA genes or in their target sequences may alter 
miRNA translational control and so influence mRNA and protein levels1. VEGF and 

mailto:gtoffoli@cro.it
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EGFR expression in tumor tissue has been previously reported to predict tumor response 
to radiotherapy, particularly in rectal cancer treated with neo-adjuvant regimens6; 7 . 

In this study we aimed to define a new in silico research strategy to select SNPs 
potentially involved in miRNAs mediated control of the VEGF and EGFR expression 
in tumor tissue, and to identify new possible predictive biomarkers of neoadjuvant 
chemoradiotherapy in locally advanced rectal cancer patients.

2. patients and methods
2.1 Study design and patients enrolment

A group of 122 locally advanced rectal cancer patients undergoing neo-adjuvant 
chemo-radiotherapy was selected for this study. Neoadjuvant treatment was based 
on chemoradiotherapy. A radiation dose of 45–50.4 Gy (according to the consecutive 
study protocols used in the period time considered for the analysis) was given, with a 
conventional fractionation of 1.8 Gy per day, 5 days a week. Chemotherapy consisted 
of a fluoropyrimidine, mainly 5-fluorouracil. Clinical and demographic characteristics 
of patients are described elsewhere8. We selected 122 patients out of the initial group 
of 277 ones based on homogeneous treatment parameters. The pathological tumour 
response to preoperative therapy was defined as Tumour Regression Grade (TRG)9, 
a parameter based on the presence of residual cancer cells and fibrosis in surgical 
specimens.

2.2 Target and miRNA selection

To predict which miRNAs potentially interact with VEGF and EGFR 3’UTR genetic 
region in silico, we used these free bioinformatic tools: PicTar, miRanda, Patrocles, 
polymiRTS, TargetScanHuman and Microcosm. We selected only miRNAs predicted 
by at least 3 different algorithms. We implemented these results with literature data, 
i.e. with miRNAs effectively targeting the genes of interest on the strength of expe-
rimental evidences.

2.3 Polymorphism selection

The miRNAs encoding genomic regions, extended by 100bp at 5’ and 3’ ends, 
were searched for polymorphisms in dbSNP database. We selected only SNPs with 
MAF≥5% in Caucasians and/or those located in pre-miRNAs or mature miRNAs. 
This list was implemented with miRNAs SNPs previously related with rectal cancer 
treatment response or prognosis. We genotyped 4 SNPs out of the 19 identified. 

Genomic regions codifying for target sequences of miRNAs and their SNPs 
were defined according to Ensembl database. This research was implemented with 
polymiRTS and Microsniper on-line tools. We selected only SNPs with MAF in 
Caucasians ≥5% or located in the proximity of the target sequences. We genotyped 
1 polymorphism out of the 4 selected. The complete list of identified and genotyped 
SNPs is reported in Table1.

2.4 Genotyping assay

Genomic DNA was extracted from peripheral blood using the QiaAmp DNA Mini 
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Kit (Qiagen, Valencia, CA, USA). Pre-designed Taq Man SNP genotyping assays with 
the Applera TaqMan Universal Master mix were used on ABI 7900HT (AB Applied 
Biosystems, Foster City, CA, USA) according to the manufacturer’s instructions. 
Positive controls were included in the analyses. Direct sequencing of some samples 
was performed to confirm the data obtained with TaqMan assays. Direct sequencing 
was accomplished using Big Dye Terminators sequencing kits on a 3130 ABI PRI-
SM sequencer (Applied Biosystem). Details about primers and PCR conditions are 
available on request.

2.5 Statistical analysis

Patients with TRG1–2 were considered good responders, those with TRG3 were 
considered intermediate responders, whereas patients with TRG4–5 were considered 
as non responders8. The association between patients’ genotypes and TRG was te-
sted by univariate Fisher’s exact test using the GraphPad InStat software (GraphPad 
Software, La Jolla, CA, USA). 

Table 1: SNPs localized in miRNA genes and in 3’UTR of the target genes selected in these study; in bold 
SNPs genotyped in DNA samples of patients
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3. results
A new in silico strategy based on the use of free available bioinformatic tools 

and on literature data mining was designed to define SNPs potentially involved in 
miRNA activity. 

This strategy was applied for the study of two genes involved in radiotherapy 
response, EGFR and VEGFa. We identified: 13 SNPs potentially involved in miRNA 
control of VEGFa; 8 SNPs potentially involved in miRNA control of EGFR; and 
2 SNPs already proposed as treatment outcome biomarkers of metastatic colorectal 
cancer patients from literature data. 

Three SNPs involved in VEGFa pathway and the two SNPs identified through 
literature analysis were analyzed in our cohort of patients. Polymorphism rs1834306, 
located in pri-miR100 gene was associated to TRG (TRG1-2 vs TRG4-5). Subjects 
homozygous for the variant G allele have a lower chance of tumor response (TRG≥4) 
compare to those with at least one wild-type allele (AA and AG) (OR=0.344, 
CI=0.1320.898, Pvalue=0.034).

4. conclusions
In this work we defined a new in silico method to select SNPs potentially affec-

ting miRNA activity. The strength of this strategy is to focus on different miRNAs 
selection parameters This method need to be experimentally validated in order to 
confirm its validity.

This exploratory study identified a new possible predictive biomarker in neoadjuvant 
treatment of rectal cancer patients, rs1834306, localized in pri-miR100. This result 
is very compelling because miR100 targets PLK110, that was already related with 
rectal cancer patient response11. Our hypothesis is that this SNP may alter miR100 
maturation or activity and so it indirectly influences PLK1 levels. Functional studies 
are requested. 

Clinical validity and utility of this biomarker will be confirmed on a validation 
group of patients already enrolled. 

These preliminary results underline the potential impact of miRNAs in treatment 
personalization.
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Summary
Since metabolites are the downstream products of gene expression, such a me-

tabolomics platform would provide an instantaneous snapshot of biochemical abun-
dances, and form a more popular tool for the identification of useful biomarkers of 
disease and exposure to xenobiotics; and for the elucidation of biological pathways 
/ molecular mechanisms of pharmacological effect and toxicity. In our studies, we 
have developed a metabolomics platform on neurotransmitters in Oryzias melastigma 
to study complex diseases and effects of xenobiotics on the neuropathways of the 
central nervous system (CNS) in vertebrates. 

Introduction
Because of the intertwined nonlinear and dynamic interactions among large num-

bers of cellular components, such as genes, proteins and metabolites, organisms often 
respond to external stresses and stimuli in complex and unpredictable ways [Nichol-
son & Lindon, 2008]. In order to understand the systemic responses and behaviors 
of a biological entity, an integrative approach to study and model the pathways and 
networks involved in the overall functioning of the entity is needed [Henry et al., 
2003]. Such a system biological approach usually involves the perturbation of the 
biological system and monitors the resulting impacts at the various “omics” levels, 
such as its genomics, proteomics and metabolomics.

The metabolome represents the top level of the “omics” in a biological system 
and is more closely related to the phenotype of the biological entity than its genome 
and proteome (Raamsdonk et al., 2001). Metabolites are the downstream products 
of gene expression. It gives an instantaneous snapshot of biochemical abundances 
or the absolute concentrations of metabolites, and is becoming a more popular tool 
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for pharmacological and toxicological studies to understand the relationship between 
environmental stresses and disease susceptibility; for the identification of useful bio-
markers of disease and exposure to environmental contaminants / toxicants; and for 
the elucidation of biological pathways / molecular mechanisms of pharmacological 
effect and toxicity.

Neurotransmitters are endogenous chemicals that allow the transmission of signals 
from one neuron to the next across synapses. They are also found at the axon endings 
of motor neurons, where they stimulate muscle fibres. They are vital to the functioning 
of the central nervous systems, and the neural-hormonal regulations, of higher animals. 

In our studies, we have developed a metabolomics platform on neurotransmitters 
in Oryzias melastigma to study complex diseases and effects of xenobiotics on the 
neuropathways of the CNS in vertebrates. We envision that it is a convenient tool for 
our further understanding of the neural effects of diseases and the neurotoxic effects 
of xenobiotics to higher mammals, including human beings. 

Materials and methods
An analytical protocol for the quantification of most small molecule neurotransmit-

ters in the brain tissue of Oryzias melastigma using the liquid chromatography tandem 
triple quadrupole mass spectrometer (LC-MS/MS) has already developed. A special 
technique using dansyl chloride for the derivatization of the neurotransmitter analytes 
was adopted. This enabled the improvement of their chargeability, and hence the de-
tection sensitivity of mass spectrometry to achieve detection limits down to picogram 
levels for all the neurotransmitter analytes. With such a high sensitivity, our method 
is able to establish the profiling of neurotransmitters in the brain of each individual 
small fish, Oryzias melastigma. This has greatly enhanced the correlation capability of 
the neurotransmitters metabolome of Oryzias melastigma with any complex diseases, 
external stimuli and environmental stresses.

Results
We have already applied our metabolomic profiling capability for neurotransmitters 

in Oryzias melastigma to study the potential neurotoxicity of selected polybrominated 
flame retardant, namely BDE-47, and have observed the up-regulation of the cataboli-
sm / down-regulation of synthesis of a number of amino acid and monoamine based 
neurotransmitters upon BDE-47 exposure. These results have demonstrated that our 
metabolomic profiling technique for neurotransmitters in the Oryzias melastigma model 
is able to reveal potential impact of xenobiotic to the CNS of vertebrates model. It full 
potential has yet to be explored with any complex diseases and xenobiotic to the CNS. 

Conclusions
We would like to further our study on foodborne exposure of Oryzias melastigma 

to a series of xenobiotics, e.g. psychoactive drugs, anti-cancer drugs and biotoxins, 
with either known or unknown effects on the CNS, as well as on transgenic research 
of developmental, disease causing mutations or genetic transformation. Metabolomic 
profiles of the neurotransmitters in the brain tissues of the control and the treated 
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Oryzias melastigma will be thoroughly determined and correlated with their effect. 
Individual and/or groups of neurotransmitters that have shown special up- or down-
regulation in their synthesis or catabolism will be identified. Their potential to be 
specific biomarkers for these xenobiotics or diseases will be explored.

Besides Oryzias melastigma, application of our metabolomics profiling protocol 
for neurotransmitters on other animal models, such as mammalian models like mice 
and rats, will also be explored. A lot of the neurotransmitters found in Oryzias me-
lastigma are also used in the mammalian CNS. Profiling of these neurotransmitters 
in mammalian CNS may be very useful to neurological studies as well as the deve-
lopment of neuroactive drugs.
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Abstract
Next Generation Sequencing, NGS, reads assembly is used to map the structural 

variations, SVs, and single-nucleotide polymorphisms, SNPs, for members of a family 
which were sequenced in Amsterdam viz., A105A (father), A105B (mother), A105C 
(daughter) and A105D (daughter), when compared to NCBI build 37 human refe-
rence genome (HuRef). Individual diploid genomes were assembled which was then 
analysed for SVs (structural variations) and SNPs (single nucleotide polymorphism) 
determination. SVs of size 1 base-pair to 1000s of base-pairs for A105 family were 
determined comprising of insertions, deletions and inversions with their precise break-
points. A prospective discovery was that the mitochondrial DNA could have paternal 
leakage for inheritance claiming that mitochondrial DNA is not completely maternally 
inherited, which thus proposes that maternal ancestry determination by mitochondrial 
DNA might not be a fool proof hypothesis. At the same time, it is also discovered 
that the mitochondrial DNA is less prone to SVs re-arrangements than SNPs which 
proposes better standards for determining ancestry and age of divergence between 
ethnic races and between different organisms by means of mitochondrial DNA SVs. 
Sex determination of an individual is discovered to be strongly confirmed by means of 
calls of nucleotide bases of SVs to the Y chromosome though it can also be determined 
by SNPs to the Y chromosome and would thereby serve as a more reliable method 
for foetal sex finding than by existing conventional relatively expensive technology, 
given that the cost of sequencing is anticipated to drop further. The SVs and SNPs 
in HLA loci corresponding to MHC domain in humans for chromosome VI of an 
individual would also serve as a medical transformational method for determining the 
success of organ transplant for a patient, and specific immune response to various 
diseases a priori. Comparison of calls of nucleotide bases from SVs and SNPs show 
that the calls of SVs are more specific and are characteristic to an individual than 
the calls for SNPs as changes in SNPs have higher selection pressure. SVs would 
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thus serve as better fingerprint determining mechanism of an individual contributing 
to the variations in phenotypes, traits and drug responses. However, at the same 
time it is also discovered that for the Y-chromosome, the trend reverses with SVs 
having higher selection pressure than the SNPs, which is reflected by the difference 
in levels of SVs and SNPs when determining sex of an individual. Sum of the bases 
of SVs for mitochondrial DNA would serve as a better means to longer time-frame 
ancestry determination and that of the SNPs for shorter time-frame and divergence in 
ancestry. This ancestry determined by mitochondrial DNA might not reflect maternal 
ancestry totally but can be classified as generic ancestry. Sum of the bases of SVs for 
Y-chromosome will serve as a better means to determine longer time-frame paternal 
ancestry determination and that of the SNPs for shorter time-frame and divergence 
in paternal ancestry. 
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Introduction
Technology has been advancing rapidly and the cost associated with it is redu-

cing significantly in the area of sequencing genomes. Standard Sanger sequencing 
technology was used about a decade ago, which was adopted to draft the first human 
genome sequence. Over the years, the technology changed to introduce paired end 
sequences, where the sequence can be determined at either end of a fragment and the 
insert size in between the ends can be roughly known a priory. Though the accuracy 
of this sequence or the base quality is not always reliable, significant lower cost of 
this technology can allow multiple sequencing of the region of interest which is also 
known as the coverage of sequencing, so as to then take the consensus at a region of 
interest to determine the sequence. A higher average coverage is usually preferred, and 
given the various soft-wares we have for analysis or assembly, typically the coverage 
should be above 12x for reasonable reliability. This higher the coverage the more 
reliable the results are, with several researchers round the world conducting analysis 
for coverage more than 20x. The high false discovery rate of structural variation al-
gorithms even in deeply sequenced individual genomes of the order of 30x average 
coverage [1,2] suggests that for lower coverage the problem will be even more to get 
rid of false positives. Nevertheless, the results with coverage as less as 3-5x could 
also have a lot of meaningful results, and could be deployed for several genomes 
population wide analysis at relatively less cost, such as in the 1000 genomes project 
[1]. The 1000 genomes project used the technique of mapping the reads to the refe-
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rence genome, as it would not be possible to obtain any reliable genome assembly 
with an average sequencing coverage of 3-5x. There has been several new tools made 
available which can detect variations without the need for assembling the genome 
for the individual such as those used in the 1000 Genome Project consortium which 
finds great applicability in case the coverage of sequences is low[1]. However, if the 
sequencing coverage is high such as above 12x in average, then there is no reason 
as to why assembling the genome and then mapping to a reference genome to detect 
variations directly should not be the adopted method. Nevertheless, results obtained by 
assembly analysis can be compared for consistency by mapping reads to the reference 
genome approach to see if they both lead to same findings. The findings should then 
be experimentally validated by PCR and other traditional means, if there be time and 
resources, to get an estimate of false positive rates by both the approaches. In this 
article, we share result of the variations detected in a family of four individuals viz., 
father, mother, and two daughters by genome assembly followed by its alignment to 
reference genome approach as presented in poster session at UPCP conference 2012 
at Florence in Italy [24]. 

The overall goal of conducting this research was to look at the pattern of variation 
inheritance and to detect any otherwise abnormal observation which can be a prospec-
tive discovery, which would be helpful in understanding human variation, selection 
pressure and inheritance better for better personalized medical and trait characteristics. 
Genome variations when compared to reference genome have been associated with 
recurrent genomic rearrangements as well as with a variety of diseases, including 
colour blindness, psoriasis, HIV susceptibility, Crohn’s disease and lupus glomeru-
lonephritis [3-8]. There is thus a need of comprehensive catalogue for genotype and 
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phenotype correlation studies [1-8] in particular when the rare or multiple variations 
in gene underlie characteristic or disease susceptibility [9,10]. Microarrays [11-13] and 
sequencing [14-17] reveal that structural variants (SVs) contribution is significant in 
characterizing population [18] and disease [19] characteristics. In particular the HLA 
region in chromosome 6 of an individual which is the MHC region in humans, would 
be interesting in being decoded for the variations, as a lesser difference between two 
individuals could imply stronger success rate of organ transplant. Even otherwise, the 
HLA region variation would give an insight in immunologic responses. However, we 
must be careful with the results that we get when we call for the variations, as any 
difference could represent actual difference between the DNA sources, an assembly 
artefact ( clone-induced or computational ) or alignment error. As the sequencing of 
human genomes now become routine [1], the spectrum of structural variants and copy 
number variants (CNVs) has widened to include much smaller events. The important 
aspect now is to know how genomes vary at large as well as fine scales. The challenge 
now is to understand its effects on human disease, characteristic traits and phylogenetic 
evolutionary clues. Figure A below tries to compile all the various terminology and 
variations in genome architecture when compared to a reference genome as presented 
in the poster session at UPCP conference 2012 at Florence in Italy [25]. 

Materials and Methods
The blood samples of the family were collected in Amsterdam, though they might 

not be individuals who are direct Dutch descent as Amsterdam is a fairly cosmopolitan 
city. In order to keep the identity anonymous further details cannot be provided. To 
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ensure further anonymity while ensuring we do not lose sight of what findings are 
made, we name them as A105A, A105B, A105C and A105D respectively. The DNA 
was extracted and sequenced on Illumina HiSeq sequencer with an average coverage 
of more than 12x across the genome and with the raw read length of 90 bases at 
either ends of the paired-end reads with an average insert size of about 470 bases. It 
would not matter if the sequences are mate-pair or paired-end reads as the difference 
lies more in the wet-bench technique, and as far as the computational tools are con-
cerned it does not matter. As there are many copies of mitochondrial DNA in a cell, 
the sequencing coverage of mitochondrial DNA would be several folds higher than 
12x. The reads were then assembled into respective contigs using ABySS version 
1.3.1 with optimal parameters of kmer size (k) of 49 and minimum reads to make a 
consensus contigs (n) of 3 to yield highest possible N50 value for the contigs ~3000. 
The details of how and why these parameters were chosen as optimum value were 
presented as a poster in UPCP conference 2012 at Florence in Italy[23]. The contigs 
were then scaffolded using ABySS scaffolder version 1.3.1 and SSPACE basic scaffol-
der version 1.2 using default parameters. The assemblies of the four individuals were 
then aligned globally to the NCBI human reference genome, build 37, followed by 
extraction of SVs information of category insertions and deletions only (InDels), and 
single nucleotide polymorphisms (SNPs) on regions of misalignment using Genome-
Break. GenomeBreak is a versatile tool for aligning massive sequences on a parallel 
computing facility in order to fetch the regions of breaks in the alignment [20,21]. 
GenomeBreak plot for the A105A is shown in Figure B where one can graphically 
get estimates of regions of alignments and mis-alignments with the reference genome 
NCBI HuRef build 37. As SSPACE basic version 1.2 does not support any character 
other than A,T,G or C, such as N, while selecting contigs for generating scaffolds, 
the corresponding raw reads were appropriately chopped at the position towards the 
end where most of the Ns started to appear. 

Results and Discussions
Speaking first of the computational aspect of the work, on average it required 

about 140 GB of memory and 49 computing wall-clock hours on an symmetric multi-
processor cluster with 6 computing cores each of capacity 2.6 GHz for generating 
contigs with ABySS. The memory requirement reached a peak of about 50 GB in 
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the alignment stage and about 16 GB in the variation information extraction stage 
on a serial computing resource though these limits can be reduced drastically when 
the codes are run in parallel mode. The total time for the alignment and extraction 
of information on a single computing core of 2.6 GHz capacity came out to about 
85 wall-clock hours, for each individual assembly. Assembly from both ABySS and 
SSPACE for each of the individuals were aligned to reference and relevant information 
extracted to see consistency and discrepancy in downstream results. Given that the 
sequencing technology is expected to improve in the next couple of years not just in 
the length of the reads at either ends but also in terms of quality, future versions of 
assembly soft-wares will provide more reliable assembly to be generated and more 
quickly. It can also be safely assumed looking at the current trend past few years that 
the cost of sequencing would also be drop further, which would imply that sequen-
cing with much higher coverage of up to 40x average would become more a routine 
practice. An important challenge would be requirement of high disk space in order 
to manage data explosion with simply maintaining the raw data or any intermediate 
data and downstream results. In order to save disk space, an interesting approach 
could be to simply store the mis-alignments of the individual genome rather than 
the whole genome. The whole genome raw data and assembly could be put in tape 
which are less expensive and yet can store the data reliably. One important aspect that 
has always been underpinning concern in most bioinformatics software applications 
has been disk I/O and inter-processor communication bandwidth in case using any 
of the tools in parallel mode. Another aspect which is crucial for making prediction 
is the sensitivity and specificity of the algorithm used. Specificity has been kept as 
a preferred choice of the mode of operation of the soft-wares, as then the hypothesis 
which we make from relational comparison has stronger level of confidence. Having 
said that, once these tools and approaches are used for routine application, there is 
no reason why we cannot switch to a sensitive mode of using these tools in order to 
capture more possibilities of variations, though it will obviously be increasing more 
false-positive cases. 

Switching to scientific findings, one clear application of finding the variations in 
an individual is in conducting an organ transplant surgery. If the immunologic respon-
ses after the grafting of an organ from a donor to the receptor are known a-priori to 
conducting the transplant, we can be more predictive of the chances of success of 
the transplantation. The immunologic responses are dictated by the MHC region of 
the genome, which in humans corresponds to the HLA region in chromosome 6. So 



122 Singh Abhishek Narain

in essence if we extract the SVs and SNPs of chromosome 6 of the donor individual 
and compare it with the SVs and SNPs of acceptor patient’s chromosome 6, then it 
can be reasonably proposed that the lower the differences between the two sets of 
SVs and SNPs, the higher the success possibility of organ transplant. However, even 
with these SVs and SNPs a subset could be more crucial to be identical or being 
absent perhaps for the transplantation to be successful. Similarly if we are intere-
sted in any other particular chromosome which has been known of having strongly 
been associated with a particular phenotype or characteristic trait, we can extract the 
SVs and SNPs for the particular chromosome and do a database analysis. Below in 
Figure C is the plot of the sum of the bases of InDels and SNPs for chromosome 
20 of A105 family. It is interesting to see that the sum of the bases of InDels have 
increased in the children when compared to their parents while the levels of SNPs 
remain more or less the same.

Yet there might me situation where we would simply like to know genome-wide 
SVs and SNPs of an individual. Figure D is a plot of the sum of the bases of SVs 
and SNPs respectively for the whole genome determined for A105 family. Here again 
we notice that the children have relatively higher number of bases for SVs than 
their parents, though the levels of SNPs remain more or less the same. This finding 
thus proposes that even in one generation of the offspring, there can be significant 
re-arrangement in the genetic background to produce greater variations in genotype 
and thereby having an effect on phenotypes, and that the children are not an exact 
clone of the set of chromosomes they inherited from either parents as there will be 
significant variation even when simply compared to the chromosomes of the parents 
that they inherited. The changes in SNPs are more restricted than insertions or dele-
tions, and thus SVs serve as a stronger means as a fingerprint and characteristics of 
an individual when analysed genome-wide. 

With the advent of rapid advancement of technology, coupled with decrease in cost 
of sequencing, it will not be long when every individual will carry their genome-chip 
which would be nothing but the set of chromosomal sequences, along with information 
of SVs and SNPs already determined. In fact, this would be a practice which we 
might want to do early in the life of an individual say within a week after his birth. 
Let’s say we take it a step further and obtain the DNA sample from the foetus itself, 
thus being able to do analysis of the baby which is to be born. With the power of 
prediction and integrating it to powerful relational databases we can tell a-priori as to 
what are the chances of the baby to be healthy in general. We would be able to predict 
disease susceptibility of the new born baby as well as characteristics traits a-priori, 
thereby given an opportunity for the mother to decide whether to have the baby or 
not, and if so what all things she should be caring about. We would also be able to 
determine the sex of the baby before it is born, thereby provide an alternative and 
safer means to determine the sex of the baby, without any extra cost, as the genome 
of the baby will be sequenced and analysed anyways. As an example in Figure E 
and Figure F you will see that the calls of bases on Y chromosome of InDels and 
SNPs respectively is far higher for the father than the mother or the two daughters, 
thereby clearly being able to differentiate male from female. It is also observed that 
the difference in the calls of sum of bases for InDels is far higher than the calls 
for the sum of the bases for SNPs, thereby proposing that the former is a stronger 
means to determine the sex of an individual than the latter. This also proposes that 
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contrary to what is observed genome-wide, the SVs have higher selection pressure 
than the SNPs in the Y-chromosome. It is to be noted that though a woman does not 
have a Y-chromosome, yet since Y-chromosome like any other chromosome is prone 
to crossing-over phenomena, there can be other chromosome which have sections of 
Y-chromosome DNA in it, and thus that is reflected in aligning the Y-chromosome to 
the whole genome of a female with successful alignment at certain section, thereby 
enabling extraction of SNPs and SVs around the region aligned. 

As the mitochondrial DNA (mtDNA) is known to have several copies in a cell, 
one would expect far higher coverage of mitochondrial DNA sequence than the rest 
of the genome, such as average of more than 12x in our case. The sequence assem-
bly of mitochondrial DNA thus will have far higher reliability, following which the 
downstream analysis as well. From the already existing knowledge of inheritance 
of mitochondrial DNA, one would expect all the SNPs and SVs successful calls in 
mother to be found in all the children as well, as mitochondrial DNA is known to 
be maternally inherited. This is because mitochondrial DNA material is present in the 
cytosol of a cell and not in the nucleus, and there is lesser possibility for the cytosol 
of the sperm cells to integrate with the cytosol of mother ova and is known to be 
destroyed at fertilization. So for determining maternal inheritance, ones mtDNA is the 
same as his mother’s mtDNA, which is the same as her mother’s mtDNA and so on.

Our findings for A105 family analysis revealed contradicting results. Not all SNPs 
and SVs present in mother were found to be present in the children. In fact, there 
were cases found where a SNP was found to be present in father and a child but 
not in mother. Table A shows the list of SNPs and Table B shows the list of SVs 
in A105 family. This proposes a new discovery that mitochondrial DNA can have 
paternal sources of inheritance as well, though they can also be a result of de-novo 
genetic changes rather than inheritance. Further, comparing Table A and B, it is di-
scovered by observation that mitochondrial DNA is less prone to SVs than SNPs, and 
that can be possibly attributed to the fact that mitochondrial DNA is not exposed to 
the phenomenon of crossing-over of genetic material as is the case with autosomes. 
Further, the ratio of SVs bases calls to the size of genome is significantly less for 
mitochondrial DNA ( of the order of 2.35*10^-4 ) than for the whole genome ( of 
the order of 2.5*10^-3), thereby providing further evidence that structural variations 
in mitochondrial DNA has higher selection pressure than the rest of the genome and 
is thus a more rare event in the mitochondria relative to the rest of genome. This 
ratio remains comparable to the rest of genome when considered for SNPs ( of the 
order of 5.3*10^-4 for mitochondria and of the order of 8.0*10^-4 for whole genome). 

One possible explanation for low possible mutation rates of SVs in Y chromosome 
and mtDNa is that the chance of a recombination event is rarer than autosomes. If 
the SVs was generated through recombination, the mutation rate of the SV on chrY 
and mitochondria would be smaller than that on autosomes. 

Mitochondrial DNA and Y-chromosome DNA has been widely been used to deter-
mine maternal and paternal ancestry respectively, such as in a recent findings for native 
Americans and indigenous Altaians [22]. Based on the discoveries above, it can thus 
be safely concluded that if we continue with ancestry determination by mitochondrial 
DNA, then SVs would serve as better means to determine ancestry for a longer period 
than SNPs, as they are relatively more rare events. At the same time the SNPs of the 
mitochondria would serve as better candidate for the characteristic signature of the 
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individual and can be used to determine ancestry and divergence for a relatively shorter 
period. Having said that, it would still be proposed that given that there is possibility of 
mitochondrial DNA to be inherited by father as well, maternal ancestry determination 
by mtDNA should be rephrased as simply ancestry determination by mtDNA. This 
will also mean that all the analysis which different scientists across the globe have 
been conducting so far assuming mtDNA to be totally maternally inherited will need 
a complete change in the understanding and knowledge generated. As it is confirmed 
that Y-chromosome is completely paternally inherited, ancestry determination by ‘Y 
line tests’ as Y-chromosomes are confirmed to be totally inherited from the father is 
always remain as a good methodology. Further, as observed and stated above, since 
SVs have higher selection pressure than SNPs for the Y-chromosome, the SVs will 
serve as a better means for paternal ancestry determination for a relatively longer 
time-span and the SNPs would serve better candidate to determine paternal ancestry 
and divergence in a relatively shorter time-span. The SNPs of the whole genome can 
also be used for generic ancestry and divergence determination.

Conclusions
This research article improves our understanding of human genetics, variations in 

genome, and inheritance. It provides us with new scopes to fetch relevant information 
and opens door for many newer technologies to be built based on the discoveries. 
Experimental validation by PCR, Sanger sequence and FISH or oligo-FISH can also 
be deployed, as stated earlier, if there be ample time and resources. Apart from using 
assembly mapping to reference genome technique, direct reads mapping to reference 
genome technique can also be carried as supplementary . Though we have made 
these observation for a single family data, it would be highly unlikely that many 
such similar experiments would not converge to same discoveries. In future more 
traditional statistical means for quantifying the reliability of these findings can be 
done when several genomes are being used such as where appropriate p-value. Ne-
vertheless, it would be worthwhile to conduct population and ethnic or caste based 
studies and where possible combine it with authentic historical matrimonial records 
for relational database queries obtaining meaningful results. The discoveries make 
us more equipped with statistical and robust, efficient and relatively less costlier 
means to derive information such as sex determination, or immunologic response to 
disease, or success rate of organ transplant, or susceptibility to diseases and possible 
cure for them. With the advent of diploid genomes been made available in future 
with assemblers being able to generate the diploid assembly too, our understanding 
for genetics and disease will enhance further and thereby enable better and more 
reliable technologies to come in. 
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Abstract
ABySS and SOAPdenovo were chosen for assembling reads of members of a 

family. While ABySS showed better N50 statistics for the contigs and lesser peak 
memory consumption, it was outperformed by SOAPdenovo in terms of wall-time and 
scalability. SSPACE is compared to observe statistics of the scaffolds which shows 
higher N50 value than ABySS scaffolds for the ABySS generated contigs as input, 
though they were lower than SOAPdenovo scaffolds. N50 optimum parameters were 
determined and the assembly of an individual was analyzed. Mitochondrial DNA did 
not show presence of any SV by any of the assembly tools or their combination. 
Three of the combination method suggested no SNPs in mitochondrial DNA while 
one method suggested only 7 SNPs identified suggesting both SVs and SNPs are 
exposed to high selection pressure in mitochondrial DNA. The similarity in the ge-
nomes amongst different individuals can be lesser than 99%.

Introduction
Dideoxynucleotide sequencing of DNA has transformed from what it was in rudi-

mentary stage to a large-scale production enterprise that requires devoted instrumen-
tation, databases, bioinformatics tools and robotics. Appropriate bioinformatics tools 
has been significantly useful in answering our questions about mutation spectrum of 
an organism, from single nucleotide base to large copy number variations. The ability 
to process millions of sequence reads in parallel rather than what it used to be 96 at 
a time sets the next generation sequencing technology more popular. Further, in the 
process of its metamorphosis, the cost per reaction of DNA sequencing has fallen with 
a Moore’s law precision [1] ( ftp://download.intel.com/research/silicon/moorespaper.
pdf). The NGS machines are characterized by higher yield, simpler operations, much 
lower cost per read, many a fold parallel operations but unfortunately shorter read 
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lengths. The sequencing quality by the next generation sequencers, NGS, deteriorates 
beyond certain base length, and to compensate for it, sequencing is done many a fold 
in average for every region of the genome. Next generation sequencers produce shorter 
read lengths (35-250 bp, depending on the platform) than capillary sequencers (650-
800 bp), which also can impact the utility of the data for various applications such as 
de novo assembly and genome re-sequencing. An assembly groups reads into contigs 
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and contigs into scaffolds. The scaffolds define the contig order and orientation and 
the sizes of the gaps between contigs. Typically two pairs of sequences of a DNA 
fragment is sequenced with an approximate estimate of insert size in between. With 
this additional information of approximate insert size in between de novo assembly 
tools are available which can efficiently do genome assembly higher in quality than 
otherwise single end sequences. A recent study was done to evaluate the efficiency on 
a comparative basis for many such assemblers [2]. Assembly tools such as SSAKE 
[3], VCAKE [4], SHARCGS [5], Euler-sr [6], Edena [7], Velvet [8], Celera WGA 
Assembler [9], ABySS [10], and SOAPdenovo [11] were compared for their perfor-
mances. Assembly is usually characterized by statistics including maximum length, 
average length, combined total length and N50. One of the statistical parameter chosen 
to test the quality of the assembly generated is the N50 length value. N50 length is 
the longest length such that at least 50% of all base pairs are contained in contigs 
of this length or larger [12]. Other criteria chosen were the execution time and re-
source utilization in general. With regard to higher N50 value and lesser errors in the 
assembly complemented by other factors we noticed ABySS and SOAPdenovo to be 
more promising and thus decided to evaluate these software tools further. In analyzing 
these tools stronger performance is indicated by higher N50 values, higher sequence 
coverage, lower assembly error rates and lower computational resource consumption. 

Results and Discussions
In an attempt to find the maximum N50 for the contigs generated different k-mer 

values were chosen. It was observed that for any k-mer value, the N50 length for 
the contigs obtained with ABySS was considerably higher than that obtained with 
SOAPdenovo. For A4C individual The optimum N50 length achieved with ABySS 
was about 3000 at the k-mer value of 49. This was far higher than the optimum N50 
obtained with SOAPdenovo of about 1600 at k-mer value of 41. Even further we 
observed that SOAPdenovo execution was halted for k-mer values higher than 31 
many a times for the cluster we worked on which had a maximum of 256 GB me-
mory capacity to be used. Hence for repetitive assembly for stable usage we decided 
to go fo k-mer value of 31 for SOAPdenovo. Figure A shows the plot of N50 length 
versus k-mer value for ABySS and SOAPdenovo. 

ABySS had an additional parameter of overlap which would affect in different 
N50 to be generated. As anticipated as we lower the minimum overlap value, the 
N50 increases as shown in Fig B with a value as high as 4700 for overap threshold 
of only 2 reads. However for reliability purpose a higher overlap will be desired such 
as overlap threshold of 10 reads for which we get the N50 length to be about 3000. 
However for practical purpose such high overlap of 10 would make sense for read 
coverage much higher of about 20 fold or so. For a lower coverage of 12 fold in 
average a threshold of 10 reads would be too conservative and we shall advice for 
going for an overlap of 3 reads to be considered for a part of contig. 

To ensure that the results obtained for A4C individual was reliable we looked for 
consistency with A4A and A4B individuals and were confirmed to see how it gave 
the same results as shown in Fig C and Fig D. 

As A4C and A4D individuals were monozygotic twins, this would mean that if 
the raw read data of both the individuals are taken together for assembly this would 
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comprise a relatively higher coverage of an average of 24 fold as of a single individual 
genome. With this theory in mind we tested for both SOAPdenovo and ABySS for 
their performance improvization with monozygotic twins data together for assembly. 
SOAPdenovo showed only a slight improvement in the combined data in terms of 
N50 length as shown in Fig E. Further it was strange that the N50 length of A4D 
came to be considerably less than A4C. On the other hand for ABySS there was 
considerable increase in N50 length when compared to individual genome assembly 
N50 length as shown in Fig F.

In terms of scalability SOAPdenovo proved to be much faster and more highly 
scalable than ABySS as is shown in Fig G and Fig H.

An independent scaffolder SSPACE [13] is then applied to contigs generated by 
ABySS and SOAPdenovo and not surprizingly, the N50 length for scaffolds for ABySS 
generated contigs were significantly higher as shown in Fig I. 

Scaffolds were also generated by SOAPdenovo independently which had the 
following N50 values as shown in Fig J. Scaffolds using SSPACE were tested for 
monozygotic twin data for ABySS generated contigs which showed improved N50 
length as shown in Fig K.

The assembly generated by each of the methods were then processed by Genome-
Break [14,15] to detect InDels and SNPs. The mitochondrial DNA had none SNPs 
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or InDels detected in 3 of the 4 assembly methods suggesting that there is strong 
resistance to MT DNA changes as shown in the Table A. The detected InDels file 
sizes in the order of gigabytes for the whole genome suggests that the variations in 
individual genomes from each other is likely to be less than 99% contrary to the 
generic knowledge of human genomes being more than 99% similar such as about 
99.5% [16,17,18,19,20] thereby accounting for differences in levels of drug response 
in patients and thus calls for acute need for personalized genomic medicine practice 
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for a healthier society. This number can be precisely calculated for A4C individual 
by summing the bases of InDels and SNPs by each of the method and dividing it by 
the total bases in the reference genome, however a poplutation wide similar study 
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in future can help us reach a more precise percentage. Structural variations apart 
from SNPs and InDels if also accounted for would further add on to the total bases 
differing from the reference genome, and thus implying differences between two 
randomly selected individuals. 

Materials and Methods
Blood samples of a family from Amsterdam were collected, though they might 

not be individuals who are direct Dutch descent as Amsterdam is a fairly cosmopo-
litan city. To keep the identity anonymous we name them as A4A, A4B, A4C and 
A4D respectively. Most of the analysis is done for A4C individual though at times 
supportive examination is done for other individuals as well. The DNA was extracted 
and sequenced on Illumina HiSeq sequencer with an average coverage of more than 
12x across the genome and with the raw read length of 90 bases at either ends of the 
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paired-end reads with an average insert size of about 470 bases. It would not matter 
if the sequences are mate-pair or paired-end reads as the difference lies more in the 
wet-bench technique, and as far as the computational tools are concerned it does not 
matter in utilizing the data. As there are many copies of mitochondrial DNA in a 
cell, the sequencing coverage of mitochondrial DNA would be several folds higher 
than 12x. The ABySS and SOAPdenovo tools versions used in the research [2] were 
1.2.6 and 1.05. We decided to evaluate the latest stable versions of these tool viz., 
1.3.1 for ABySS and 1.05 for SOAPdenovo, to keep up with the pace with which the 
tools are widely being accepted for their latest stable versions. Upto 48 processors 
with computing strength 2.6 GHz each were used which were connected as a shared 
memory architecture cluster and OpenMPI was deployed for running parallel scripts 
with message passing interface (MPI). 

Conclusion
While different software tools exist for genome assembly, each have their own 

merits and demerits in terms of statistics and reliability of the assembly generated apart 
from computationally impotant aspects such as resource utilization and execution time. 
We observe greater performance for ABySS assembler in terms of assembly statistics 
such as N50 length and in lesser memory consumption, but we observe better and 
lesser execution time and good multiprocessor scalability for SOAPdenovo. SSPACE 
serves as a good alternative scaffolding tool for the contigs generated by ABySS and 
SOAPdenovo. The genome assemblies generated as a combination of contigs and 
scaffolds generated by these tools when tested for structural variations gives us new 
insight and knowledge for mitochondrial DNA to exhibit resistance to changes more 
than when compared to rest of genome, a discovery which can have strong impacts 
in ancestry determination and in the area of medical informatics. Greater difference 
between any two individual contrary to what known as only about 0.5% difference 
definitely raises concerns for addressing the needs for a more personalized medicine. 
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Specialised education for personalized 
medicine – why?
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Personalized medicine represents a new approach to disease prevention, primary 
diagnosis and individualized therapy choice. The educational process should cover the 
requirements of all levels across society. Personalized medicine will place significant 
demands on personal understanding, healthcare organization and the economy. The 
educational process should focus on both the non-professional (general) population 
and professionals working in personalized medicine. This process should start with the 
field-related education already implemented at elementary schools in some countries. 
The general population should be provided with sufficient information. The profes-
sional educational process should not only involve universities, but also diagnostic 
and pharmaceutical companies, healthcare providers / insurance companies, commu-
nication media and related non-profit organizations. The educational process should 
be run as a network at national and international levels. It should result in national 
and European guidelines for personalized medicine. This contribution highlights the 
existing and proposed programs for specialized education in personalized medicine 
in the Czech Republic.

Support: This study was supported by projects CZ.1.07/2.3.00/20.0040 and 
CZ.1.07/2.3.00/09.0142
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None of the universities has been currently lecturing on the personalized medicine 

as a subject in the Czech Republic. But an attention has been paid to the education 
of preventive medicine in both pre-gradual and post-gradual studies as demonstrated 
in the table No.1 bellow. 

There are many laboratories in the Czech Republic which have been working with 
the methods of molecular biology and omics methods with experience of scientific 
publications (1-9). Programs of preventive medicine have been using biomarkers. 
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These programs include: Primary and secondary prevention of cardiovascular diseases 
- consensus of 11 professional medical societies of the Czech Republic, Screening of 
Down Syndrome and other birth defects – general concurrent guidelines of Clinical 
Chemistry, Immunoanalytical, Genetic and Gynecology Society, Thyroid function 

Table No. 1:  Preventive medicine education system in the Czech Republic. 
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disorders diagnostics in pregnancy - general concurrent guidelines of Endocrinology, 
Clinical Chemistry, Immunoanalytical Society and General Health Insurer. There are 
two interesting projects related to oncology: Early diagnostics of prostate cancer using 
PSA test – guidelines recommended by Clinical Chemistry and Immunoanalytical 
Society, Section of GPs and General Health Insurer – sponsored by Abbott company 
and early detection of colorectal cancer managed by six professional societies of the 
Czech Medical Society JEP. One of the way to spread the knowledge of the preventive 
and personalized medicine using biomarkers is based on the educational program ESF 
that has started at the end of 2011. The aim of this project is to ensure the targeted 
education of personalized medicine both for general population and for professionals 
working in the health care. In general population the main goal is to explain clearly, 
that genetic methods represent an important tool for basic research and its use for cli-
nical practice has been very limited so far. We plan to focus on three major problems: 
explanation of genetics, genomics and omics methods, explanation of the differences 
between the traditional medicines based on the procedure from symptoms to diagnose 
and personalized medicine that integrates an individual’s genetic and other information 
for the prevention or treatment of complex disorders. Tha last problem will cover the 
explanation of individualized and optimal therapy choice based on the disease course 
and drug tolerance and metabolism by the individuals. This new aspect based on the 
knowledge of the genetic information of the individual patient will enable us to de-
crease side effects of the therapy and to eliminate the lethal complications of the drug 
intolerance. The above mentioned issues will be popularized by the following ways: 

• Lectures cycles for general public and for the all age groups
• Programs in TV and/ radio broadcasting on state or regional level, that wil 

have and educational form and will also include the discussions between the public 
and the medical professionals. 

• Arrticles in the daily newspapers and in popular journals.
The process will explain the basic terms – prevention, prediction and prognosis, 

biomarkers, their characteristics besides the above mentioned main goals of the edu-
cation for the general public. Education of the medical professionals must be targeted 
to al the groups of the workers in the health care system. Education must begin in 
the pre-graduate studies followed by the post-graduate courses. It should be dedicated 
both to the workers in the clinical practice and to the ones working in the research. 
The education process will include very similar topics as for public population but 
it will also include more detailed explanation of genetics , genomics, pharmacogene-
tics, pharmacogenomics, proteomics and metabolism. It should clearly explain these 
methods and their application for the clinical practice. It is necessary to explain the 
benefits of the personalized medicine in contrast to traditional medicine approach. 
They should understand multi-parameter and multi-disciplinary approach that should 
enable to detect the most of the diseases in non-symptomatic period, ie. prior the 
clinical manifestation of the disease.  Pre-graduate education will include genetics 
and omics methods, followed by the personalized medicine principles and late on 
its application for individual medical specializations. It will be used for clinically 
rare diseases particularly. Medical professionals both in clinical practice and in the 
research will be educated in a way that their results will be realized for the clinical 
practice. They should participate on retrospective or prospective epidemiology and 
clinical trials within a national and international cooperation as an outcome of the 
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educational process. One of this type of cooperation network has been already esta-
blished in our institute, that participates on the projects of European Association for 
Preventive, Predictive and Personalized Medicine (EPMA – www.epmanet.eu ). The 
Association is clearly structured in order to reach the possibly best coordination of 
the PPPM-related multifaceted activities over the whole Europe: there are National 
Representatives in all 27 Country-members of the European Union and the Associated-
Countries (e.g. Israel, Serbia, etc.). The group of the National Representatives is the 
key-element in the structure of the Association which consolidates and coordinates the 
EPMA-related activities at the national level closely working with all PPPM-related 
national institutions, units and groups such as Federations of Patients, Universities, 
research units, state and private hospitals, industrial groups, political representatives, 
insurance, etc. The group of National Representatives considers the problems which 
EPMA challenges in realization its objectives in single national health care systems. 
These problems are than reported to the central organs of EPMA in Brussels. “Advi-
sory Boards” of EPMA – the Academic and Industrial ones. The central organs of 
EPMA are leaded by the “Board of Directors.

Our eduýcational projects has benn realized since November 2011. It was initia-
ted by the organization of the conference of personalized medicine in Pilsen. This 
conference was dedicated to the education in the field of personalized medicine and 
particularly to the specialized topics related to the research cooperation, students and 
researchers exchange programs within Europe 
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Summary
Multiplex xMAP analysis is a rapidly developing analytical technology for simul-

taneous measurement of biomarkers in biological material. The application of method 
in many research areas is well documented in many publications, however there are 
only scarce information about analytical performance issues. The advantages and 
drawbacks of the xMAP method are discussed in the following text.

Introduction
Physiological and pathophysiological processes in the organism are not simple and 

distinct events but, on the contrary, very complex networks of processes. Therefore 
biomarkers which are considered indicators of such processes should be investigated 
not only through their absolute levels in biological fluids or tissues but rather in 
relationships with other factors, compounds and pathways. Rapidly developing multi-
plex assays allow to simultaneously measure a wide range of factors which can have 
counteractive effects, and to demonstrate that there is an equilibrium between these 
factors in healthy persons, or that the equilibrium is somehow shifted in pathologic 
conditions. The awareness of the equilibrium or disequilibrium between different 
factors is used mainly for diagnostic purposes or treatment monitoring. The example 
is an assessment of proinflammatory/anti-inflammatory cytokines [1,2], angiogenic/
anti-angiogentic factors [3] or growth/apoptosis factors [4].

Principles of multiplex xMAP assay
xMAP technology is a bead-based microarray coupled with flow cytometry-based 

fluorescence detection. Beads, called also microspheres, are color-dyed to create up 
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to 100 distinct sets, each set is covalently bound to a different binding substance. The 
binding substance can have different form: for protein assay the capture antibody is 
used and the assay reaction is sandwich immunoassay. Another common format of 
xMAP assay involves beads coupled with DNA primers (tags) and is used for nucleic 
acid assays, this format is called xTAG.

Performance characteristics
Multiplex xMAP technology has several obvious advantages: small sample volume, 

less sample handling, high throughput, time and labor cost savings. The method has 
been widely used in research area to study biomarkers in different biological materials 
(blood and its components, urine, saliva, amniotic and seminal fluid, tissue extracts, 
cell cultures, …) of different origin (human, rats, mouse). It has been compared to 
the most widely used analytical method Enzyme-linked Immunosorbent assay (ELI-
SA) and although results of the two method could not been directly compared since 
different antibody pairs were used, there was good correlation and adequate sensitivity 
found for studied analytes.

Pre-analytical issues

Circulating proteins are not only present in wide range of concentrations but also 
their characters and affinities are different and a variety of them should be measured 
in a specific blood part only (serum or plasma). It results in a difficulty in building 
a panel: only proteins of a common concentration range and common material should 
be included in an optimal panel.

The major challenge in building multiplex panels is the availability of high-quality 
capture molecules, e.g. antibodies, and the cross-reactivity among constituents. The 
panels are provided by commercial manufacturers, or there is a possibility to build 
own panels by coating beads with selected capture molecules. Several panels were 
assembled following clinical investigation [5] and meet quite well application pur-
poses, however some panels contain analytes which request different material or 
need different dilution. It results in compromise in sample handling and the results 
obtained are not complete.

There is lack of standardization criteria for pre-analytical phase. Skogstrand [6] 
describes the use of internal standard to improve quality of sample analysis. They also 
discuss several pre-analytical factors which are crucial: viscosity of sample, time of 
blood storage before separation into plasma or serum, different batches or antibodies 
used, working ranges vs. limits of detection or quantification.

According to Butterfield et al. [7], a number of commonly tested candidate bio-
markers showed evidence of unexpected, large variability after long storage time 
(several years). Authors claim that assays performed at different times with different 
kits may not be comparable.

De Jager et al. [8] published prerequisites for cytokine measurement in clinical 
trials, using multiplex immunoassay, as for blood collection tubes, sample storage 
and internal control samples.
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Reproducibility and quality control

There are concerns about the reliability and reproducibility of multiplex assays. 
Analytic challenges include difficulty in optimizing a common format suitable for 
each component of a panel (e.g. capture/detection system, incubation time, material 
used – blood plasma or serum) as well as the variability in reagent lots [9]. Less 
sample handling means lower risk of pre-analytical errors, on the other hand one 
erroneously diluted sample has impact on many results. Selection of a single sample 
dilution factor that enables measurement in physiological ranges for each analyte 
on a panel is often not feasible. Multivariate algorithms for quality control and data 
evaluation are missing and standardization of assays is difficult.

Multiplexing presents additional QC challenges comparing with the uniplex analysis. 
The probability of all assays simultaneously meeting QC specifications is much lower 
than in a uniplex test and it is unclear how to proceed when measurements of one 
or more constituent proteins fall outside control limits. One option is to reject test 
results for all constituents and reanalyze controls and samples, another option is to 
selectively accept data for constituent proteins that passed each QC level [10]. For 
the latter, retesting strategies for rejected protein results are unclear. These QC issues 
must be resolved before the use of protein multiplex tests in clinical laboratories 
become routine.

xMAP in clinical diagnostics?
Despite its widespread use in biomarker discovery and validation, xMAP technology 

remains, outside several exceptions, a method For Research Use Only. These exceptions 
are mainly panels for autoimmune and infectious diseases. There are several reasons 
for relatively slow entry of xMAP assays into clinical decision making:

 – composition of commercially available panels is not optimal (concentrations, 
sample type – serum or plasma,.. 

 – lack of large cohort clinical studies for method validation
 – lack of standardization of pre-analytical phase
 – no available information about reference ranges or cut-off values

Conclusion
Multiplex xMAP assays have a great potential for personalized medicine since 

they enable the relatively easy measurement of multiple biomarkers in a small amount 
of sample. The performance evaluation of xMAP assays has showed several critical 
points to be resolved: limited reproducibility, difficulty to set common assay format 
for all analytes in the panels, lack of complex data evaluation algorithms and lack 
of clinical evaluation through large kohort clinical studies. The usefulness of xMAP 
technology is mainly in biomarker development and validation as this is documented 
by many research papers. 

Manufacturers of xMAP assays follow recent trends and are developing specific 
assays for pharmacogenomics, rare and genetic diseases and so on and FDA or CE 
clarification of other panels are envisaged. The automation systems coupled with 
multiplex analyser have become reality and are waiting for their broader use. Crucial 
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issues are clinical evaluations of panels through large cohort clinical studied. The 
algorithms for complex data management will enable a complex data evaluation. 
Finally, the vision is to enable co-detection of protein-based and nucleic acid-based 
biomarkers which would provide complex information about the specific patient and 
help to treat him or her in an individualized way.
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Summary
EBUS can be performed using either the balloon or direct contact method or 

convex-probe fiber. Those methods are usually selected according to whether the 
object of study is centrally or peripherally situated. 

EBUS using a guide sheath (EBUS-GS) provides the pathway to peripheral pul-
monary lesions. One advantage of EBUS-GS lies in the repeatability of access to the 
bronchial lesion for sampling. Another advantage of EBUS-GS lies in its ability to 
protect against bleeding into proximal bronchus form the biopsy site. 

With the introduction of endobronchial ultrasound-guided transbronchial needle 
aspiration (EBUS-TBNA), diagnosis of lesions such as hilar-mediastinal lesions became 
possible with less invasion. Since EBUS-TBNA can be used not only for cytology 
but also for pathology, it can diagnose not only lung cancer but also sarcoidosis and 
malignant lymphoma. 

EBUS is the essential procedure in the field of thoracic disorders.

Introduction
When lung cancer is suspected on a chest image, bronchoscopy, CT-guided lung 

biopsy and surgical biopsy are performed to conduct a definitive diagnosis. Bron-
choscopy is used most extensively among them. Bronchoscopy dates back to 1897 
when Dr. Killian in Germany used a metal tube to examine the right and left bronchi, 
which was what we call a rigid bronchoscope. Later in 1966, flexible bronchoscopy 
(hereafter, bronchoscopy) was developed by Dr. Ikeda of National Cancer Center, 
which made it possible to perform more detailed examination of peripheral bronchi 
and biopsy and brought about a breakthrough in a definitive diagnosis of lung cancer. 

mailto:tizumo@ncc.go.jp
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Figure 1
Setting an ultrasound probe into a guide sheath.
Leading an ultrasound probe covered with a guide sheath under X-ray fluoroscopy. 
EBUS findings
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 Later, bronchoscopy was made thinner in diameter, resulting in lightening the 
burden of patients. However, the diagnostic yield of the conventional bronchoscopy, 
especially transbronchial lung biopsy under X-ray fluoroscopy, was said to be unsa-
tisfactory level at from 30% to 50%1. 

 Regarding treatment of lung cancer, especially non-small cell lung cancer, it is 
important to examine genetic mutation represented by not only mutant tissue-type but 
also genetic mutation. In order to work it out, it is necessary to improve the diagnostic 
yield of bronchoscopy and to increase the amount of cancer tissue specimen collection. 

 Endobronchial ultrasonography (EBUS) is one of the solutions, and largely comes 
in two kinds. The followings are its clinical usefulness and practical use.

Endobronchial ultrasonography with a guide sheath (EBUS-GS)
X-ray fluoroscopy has been used to confirm whether a biopsy forceps has reached 

at a peripheral lung lesion. This method required putting a patient into a lateral position 
to confirm the anteroposterior position of a forceps and a lesion, and turning the arm of 
an X-ray fluoroscope to confirm the approximate location of a lesion. When the lesion’s 
movement by the operation of a forceps and a brush was confirmed, the forceps and the 
brush were considered to have reached the lesion and the examination was performed 
on the spot. However, this method had a difficulty in identifying the location of unseen 
lesions in mediastinum or the diaphragm and small nodules, as well as inserting a biopsy 
forceps and a brush several times into the same bronchus when bleeding and edema of 
bronchial mucosa occurred after the operation of biopsy or brushing.

 However, EBUS-GS has made it possible to repeatedly perform biopsy and 
bronchial brushing at the same site by leading the GS (*1) to the lesion with a small 
diameter ultrasound probe (*2) inserted to the GS. Then the probe is taken out after 
confirming on EBUS images that the GS has reached to the lesion, and a biopsy 
forceps and a brush are inserted into the remaining GS2 (Figure 1). Our department 
performs EBUS-GS for almost all cases of peripheral lesions, and the diagnostic yield 
has significantly improved at 90% after the introduction of EBUS-GS as compared 
between before and after the introduction of it. 

 But sometimes only cytological diagnosis is performed because tissue samples of 
small lesions or lesions with internal necrosis are difficult to diagnose. Therefore, at 
our department we categorize specimens brushed/washed by a bronchoscope as well 
as those remaining inside the GS into two groups, one of which is preserved for 
cytological diagnosis, another one of which is for examination of genetic mutation in 
EGFR. It is desired that liquid specimen be preserved at minus 80 degrees Celsius for 
examination of genetic mutation in EGFR. But if the situation of a facility does not 
allow doing so, it is considered that it can be preserved at minus 20 degrees Celsius 
in a freezer for about 3 months without interfering with the examination. Also, if it 
needs to be preserved at a room temperature, Buffer AL Lysis Buffer® (Qiagen Co., 
Ltd., Hilden Germany) is used. After centrifugation and removal of the supernatant 
liquid, one ml of AL is to be added to the specimen in order to secure the preservation. 
In this way, it can be preserved for more than one month, and is recommendable to 
choose whichever appropriate according to the equipment of the facility.

 What is important is to collect specimens without fail using EBUS-GS and to 
preserve effectively for diagnosis and future treatment.
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*1: (SG-201C [outer diameter: 2.5mm], SG-200C [outer diameter: 2.0mm], Olym-
pus Co., Ltd., Tokyo, Japan)

*2: (UM-S20-20R [outer diameter: 1.7mm], UM-S20-17S [outer diameter: 1.4mm], 
Olympus)

Endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-
TBNA)

EBUS-TBNA is a surgical technique which has enabled a real time needle biopsy 
for bronchi and peribronchial lesions (*3) and which can be performed using a convex 
scanning type ultrasound bronchoscope (*4) with its insertion tip being at 6.9mm in 
diameter. It is a characteristic endoscope combined with a bronchoscope and ultra-
sound wave, with a viewing angle diagonally forward at 35 degrees. It is equipped 
with ultrasound features such as power Doppler-mode and color Doppler-mode in 
addition to B-mode, all of which have made a safe and secure puncture possible, 
avoiding blood vessels on the puncture root4 (Figure 3). 

Biopsy needles come in two kinds: 22- and 21-gauge aspiration biopsy needles 
(NA-201SX-4022, -4021, Olympus, Figure 4). Our department uses the two kinds 
of needles properly according to the location of a lesion and a presumed disorder. 

EBUS-TBNA is characterized by collecting not only cytological samples but also 

Figure 2 Bronchoscope used in EBUS-TBNA (BF-UC260F, 7.5 MHz, Olympus Co., Ltd., Tokyo, Japan)
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Figure 3 EBUS findings

Figure 4 Specially designed 21 gauge and 22 gauge puncture needles
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tissue samples, and is possible to measure immunostaining and genetic mutation such 
as EGFR. Our department cryopreserves puncture washing liquid at minus 80 degrees 
Celsius, and measures genetic mutation in EGFR using a frozen specimen with regard 
to cases diagnosed only by cytology.

*3: (Operatable even for parts other than lymph nodes if scope insertion is possible.)
*4: (BF-UC260-F-OL8[working channel 2.0 mm]，Figure 2, BF-UC260-FW[working 

channel 2.2 mm]，Olympus)

Conclusion
Forty years have passed since Dr. Shigeto Ikeda invented the bronchoscope. Bron-

choscope is now facing a major technological innovation of EBUS, and is beginning 
to be introduced and implemented at many facilities. From now on, advances in 
bronchoscopic diagnosis using such technologies as virtual bronchoscopic navigation5, 
narrow band imaging (NBI)6, autofluorescence imaging (AFI)7, magnification bron-
chovideoscope8, and endocytoscope9 are expected to contribute to appropriate lung 
cancer treatment and personalized medicine.
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Introduction:
COPD, a common preventable and treatable disease, is characterized by persistent 

airflow limitation that is usually progressive and associated with an enhanced chronic 
inflammatory response in the airways and the lung to noxious particles or gases. This 
chronic airflow limitation is contributed by small airways disease (obstructive bron-
cholitis) and parenchymal destruction with varying degree of contribution in different 
patients. Both airway narrowing and loss of elastic recoil cause expiratory air flow 
limitation in COPD. Emphysema is a form of COPD with abnormal and permanent 
enlargement of the airspaces distal to the terminal bronchioles and is associated with 
destruction of the alveolar walls with loss of elastic recoil resulting in early expira-
tory airway closure and air trapping in distal air spaces. Emphysematous blebs and 
bullae leads to loss of gas exchange surface (increase dead space). Emphysematous 
Hyperinflation press the diaphragm flat and low in position, and overstretch the mu-
scles of respiration with resultant refractory dyspnea due to dynamic hyperinflation 
of the chest wall.

 Air trapping and neuromechanical dissociation, that is, the disparity between 
effort and ventilatory output, are the mechanistic links that are being targeted by 
lung volume reduction (1). Lung volume reduction surgery (LVRS) in patients with 
advanced emphysema with poorly controlled dyspnoea despite optimal medical thera-
pies reduces lung volume by wedge excisions of emphysematous tissue (2). Rational 
of LVRS is that it Reduces mismatch between hyper-inflated lungs & chest cavity, 
restoring outward circumferential pull on bronchioles (increasing elastic recoil) and 
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hence improving expiratory airflow(3). Improve mechanical function & synchrony, of 
diaphragm & intercostal muscle decrease functional residual capacity (FRC), return 
diaphragm to more normal curved configuration, reduce respiratory muscle fatigue (4,5). 

LVRS has been shown to improve pulmonary function, exercise capacity, quality 
of life, and survival in selected patients with heterogeneous emphysema. However, it’s 
a major surgical procedure with potential morbidity and mortality. Minimally invasive 
techniques are emerging to achieve lung volume reduction without open thoracotomy. 

Bronchoscopic lung volume reduction (BLVR) is a general term that refers to any 
of several recently developed endobronchial procedures for treating hyperinflation in 
advanced emphysema. Devices and techniques under study include: 

1.)One-way bronchial valves inserted via fiberoptic bronchoscopy to promote 
atelectasis in emphysematous lung,

2.)Promotion of focal atelectasis and fibrosis by bronchoscopic injection of polymers 
into emphysematous regions of lung (Biologic LVR),

3.) Bronchopulmonary fenestrations to enhance expiratory flow and
4.) Thoracoscopic plication or compression of emphysematous lung.
The goal of all of these procedures is to replicate the benefit of LVRS without 

the trauma, risks, and extended recovery of LVRS. Bronchoscopic valve for LVR 
comprises of insertion of unidirectional valves that allow exit but prevents entry of 
gas to collapse targeted hyper-inflated portions of the lung and reduce overall volume. 

Two Endobronchial Valve (EV) systems are presently under evaluation; both are 
intended primarily for treatment of heterogeneous upper lobe emphysema.

1. Emphasys EV system: (Emphasys Medical (Redwood City, CA) constructed 
from biocompatible materials and is simple to deploy and remove. It has an outer 
cylindrical frame with a circumferential wire mesh, and central lumen that anchors a 
duck bill–shaped one-way valve. Clinical experiences using the Emphasys system in 
over 100 patients have been published to date. This system is also being evaluated in 
the multicenter Emphasys Bronchial Valve for Emphysema Palliation Trial (VENT) 
trial, a randomized, open-label study comparing EV therapy to medical therapy in-
cluded 220 patients with heterogeneous emphysema to receive duckbill endobronchial 
valves and 101 patients to standard medical care. At 6 months, there was a 6%-7% 
difference in FEV1 and 6-minute walk in favor of bronchoscopic lung volume re-
duction. However, short-term morbidity at 90 days was identified in the intervention 
arm with increases in COPD exacerbations and hemoptysis (6).

2. Spiration: (Olympus Inc, Olympus Respiratory America, Redmond, WA, USA) 
is the second EBV system and has an umbrella design in which an elastomer covering 
is stretched over a nitinol wire frame that anchors the device in place. Gas under 
pressure can escape from the lung around the edges of the flexible covering as the 
umbrella-shaped frame partially collapses, but is prevented from flowing in the forward 
direction. The Spiration EV device is deployed into the proximal airway through a 
flexible or rigid bronchoscope using a catheter, and is easy to deploy and remove. 
This system has been tested in pilot studies in over 40 patients, and clinical data are 
available in the form of abstracts and one article. The Spiration system is entering 
clinical testing in a multicenter, randomized, controlled clinical trial.



157Bronchoscopic Valve Lung Volume Reduction: A novel future Technique for severe emphysema

Indication criteria:
•	 Patients with upper lobe predominant severe emphysema (Gr 4) on HRCT 

with at least one main interlobar fissure preserved 
• Age 45-75,
• BMI < 32 kg/m2
• FEV1 < 40% n.v. FEV1/FVC <65 %
• TLC > 120% n.v. RV > 150% n.v.
• Clinically stabilised on less than 15 mg Prednison or ekv.
• PaCO2 < 50mm Hg
• PaO2 > 45 mm Hg
• 6 MWT after physiotherapy (6 weeks) more than 100m
• Nonsmokers at least 3 months prior treatment (negative urine cotinin)
• Informed consent + consent with follow ups
Discussion: In the US VENT study, 321 patients with advanced emphyse-

ma were randomised 2:1 to receive endobronchial valves (220 patients) or 
standard medical care (101 patients). All patients underwent pulmonary re-
habilitation and optimization of medical treatment prior to randomization. 
The results of this study showed a statistically significant improvement in forced 
expiratory volume in one second (FEV1

)(p-0.0005), 6 minute walk test (6MWT) 
p- 0.04) and the St. George’s Respiratory Questionnaire (SGRQ) (p-0.04) for the pa-
tients receiving endobronchial valve (EBV) therapy compared to the controls (6). In 
European arm of the VENT study (EURO-VENT), patients were enrolled and treated 
using the same investigative protocol as that of the U.S. VENT study (data is curren-
tly awaiting publication). The VENT Study confirmed a favourable safety profile for 
EBV therapy, and the primary safety endpoint was met. This positive safety profile 
must be further appreciated in light of the fact that procedural and treatment-related 
events in the acute period following treatment are compared to controls who received 
neither a bronchoscopy nor valve implants.

Hopkinson and colleagues has shown that EV therapy reduces dynamic hype-
rinflation during exercise (7). In a cohort of 19 patients demonstrating that EBV 
therapy reduced dynamic gas trapping (dynamoic Residual volume) and ventilatory 
limitation during cycle ergometry, improves exercise capacity confirming that despite 
the absence of reductions in static lung volumes and spirometry, EBV therapy can 
have beneficial physiological effects.

Recently a large case series of EBV therapy (n=98 patients) demonstrated wide 
variability in therapeutic response (8). Overall, the 98-patient cohort showed small 
improvements in physiological parameters however they failed to meet minimal cli-
nically important difference criteria for FEV1 or Vital Capacity or 6 minute Walk 
distance at 3 month follow-up, most consistent with a subjective improvement in the 
functional (dyspnea scores) and composite (health-related quality of life [HRQOL]) 
outcomes have improved without any meaningful change in objective physiological 
outcome measures. 

These data suggest that EBV therapy is capable of producing initial responses 
similar to that to LVRS in selected cases, but responses are variable, criteria for 
identifying responders are poorly defined, and benefits are often short lived.

However, even in the absence of changes in FEV1, FVC, and RV, these devices 
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can produce physiological benefit by altering regional airflow impedance and reducing 
dynamic hyperinflation. EV systems have proven quite safe in clinical trials. 

Serious procedure-related morbidity such as pneumothorax, pneumonia, or COPD 
exacerbations (mostly occurring in the acute post-treatment period and resolvable with 
standard treatment) has been reported to be 3–17% and average post EBV therapy 
length of stay between 2–4 days. 

EBV treatment is a minimally-invasive procedure with a lower incidence of risks 
and more rapid recovery than surgical lung volume reduction. However till now, BLVR 
remains an experimental procedure and more objective data are needed to determine 
the clinical application of this modality for the benefit of emphysema patients. 

Conclusion: 
Presently, BLVR remains an experimental procedure of unproven benefit however 

the emerging data holds much promise. More objective data are needed to determine 
the clinical utility of each BLVR procedure. Perhaps in future, these endoscopic mo-
dalities can even be used in combination with endobronchial valves targeting disease 
in heterogeneously diseased upper lobes while airway bypass reducing hyperinflation 
in more homogenously affected lower lobes. With future refinement and application, 
the safe therapeutic option of LVR to patients with severe emphysema . 

Case History: M.H. A 66 year old male known case of hypertension & COPD 
(predominantly emphysema), heavy ex-smoker (cigarettes >60 packs year) following 
up in OPD for the management of COPD. He was on very high doses of medicines 
( including combination of long acting β-2 agonists, tiotropium, steroids inhaled and 
oral steroids off and on), with history of frequent hospital admissions for infective 
exacerbations of COPD. He was on domiciliary O2 supplementation. His MRC dys-
pnoea scale was 5 (not able to perform daily activities comfortably without help). 
ABG (on room air) revealed Ph 7.428, PaO2 56 mmHg, PaCO2 39.5 mmHg, SaO2 
85% on room air. 6 Minute Walk Test revealed >6% desaturation of hemoglobin 
(SaO2 at start 92% and at the end of the test 85%, Total distance walked-260 meter 
with frequent stops and test was stopped prematurely because of hypoxia). Spirome-
try revealed FEV1-23.4%(pred), FVC-42.5%(pred), FEV1/FVC ratio: 42.75 % PEF-
43.6%, RV(residual volume) -242%, TLC( total lung capacity)-116%, RV/TLC ratio 
192% suggestive of very severe COPD. His CXR-PA revealed radiological changes 
consistent with COPD predominantly emphysema (Primarily in both lower lobes)
(Figure 1). 2-D echocardiography was unremarkable except for moderate pulmonary 
artery hypertension. Considering the severity and distribution of his disease, history 
of frequent exacerbations & poor quality of life, he was planned for endo-bronchial 
valve (EBV) placement. After informed consent and comprehensive cardiac and me-
dical evaluation the elective procedure was planned under conscious sedation with 
propofol and midazolam with close hemodynamic and oxygenation monitoring. Dia-
gnostic bronchoscopy was done first to check about collateral ventilation by Chartis 
System. The Chartis System is a unique assessment tool that provides precise flow 
and pressure readings at the lobar or segmental level enabling the physician to make 
assessments regarding the level of collateral ventilation, or inter-lobar airflow in the 
lungs because collateral ventilation (CV) can limit the effectiveness of endobronchial 
lung-volume reduction therapy, and is therefore an important predictor of EBV tre-
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atment success. To assess the collateral ventilation, Balloon catheter is inserted using 
2.8 mm bronchoscope, Balloon occludes airway thus preventing direct flow of inspired 
air into that lung segment. Console displays expiratory airflow (orange), inspiratory 
pressure (blue), airway resistance (green) Flow pattern and resistance values are used 
to quantify collateral ventilation in the specific bronchus.(9,10).

We thoroughly inspected the RUL lobe and then we deployed the valve in the 
apical, anterior and finally posterior segment of the right upper lobe. Patient remained 
hemodynamically stable throughout the procedure and post procedure Chest X-ray 

(Figure 1): radiological changes consistent with COPD (predominantly emphysema, Primarily in both lower lobes)

(Figure 2): radiological changes consistent with COPD predominantly bilateral emphysema with area of diffuse 
air trapping with some fibrotic scarring (Primarily in both lower lobes with area of localized hyperinflation 
in right lower lung )
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Figure 3. Photograph showing Endobronchial valve EBV in situ after proper deployment

(Figure 4): Post endobronchial valve placement Chest X-ray showing significant reduction in the lung volumes.
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was done in order to rule out any complication of the procedure. Repeat Chest X-ray 
was done at third day and after 4 weeks (Figure 4) . Post EBV placement (day-3) 
Spirometry showed improvement: FEV1- 26.7% (pred), FVC-54.8% (pred), FEV1/
FVC: 37.78 % RV-238%, TLC-120%, RV/TLC ratio 181%. 
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Abstract: 
Tracheostomies in the intensive care unit (ICU) are generally elective surgical 

procedures performed in already intubated patients requiring prolonged mechanical 
ventilation(1). Traditionally surgical tracheostomy (ST) has been the procedure of 
choice. Recently, Bronchoscopy guided Percutaneous Dilatational Tracheostomy 
(PDT) technique-a bed side procedure done by intensivist is becoming increasingly 
popular. PDT consists of percutaneous needle puncture of the trachea, followed by 
stepwise (Ciaglia technique) or one-stage (Grigg’s technique/ Blue Rhino) dilatation 
and placement of a tracheostomy tube.

Introduction :
Various requirements for the PDT includes following:

Personnel and Equipment:
Minimal personnel requirements include an experienced operator and an assistant 

to handle endotracheal tube and to monitor ventilatory and oxygenation requirements. 
He may also perform bronchoscopic control. All personnel should be proficient in 
airway management. Sedation and analgesic drugs are also required.

In most adult patients, 8mm tracheostomy tube can be used. Two types of PDT 
kits are commercially available for Ciaglia technique-(a) curved dilators (Cook Inc, 
Bloomington, USA) (b) straight dilators (SIMS, Inc, Keene, USA). With both types of 
dilator sets, a flexible tracheostomy tube with a conical tip, is preferred (e g. Shiley 
PERC Mallinckrodt Inc. USA).

A flexible tracheostomy tube with tapered end is provided in the kit for Grigg’s 
technique. (SIMS Portex Ltd. Hythe, UK).
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PDT Technique:
After informed consent, patient should be supine, with the head extended (a pil-

low under the shoulders), properly anaesthetized, sedated and pre oxygenated (FiO2 
=1.0) with vigilant cardiac and oxygenation monitoring. After preparing and draping 
operative area, identification of the thyroid and cricoid cartilage is done. The assistant 
loosens the fixation system of the in-situ endotracheal tube, deflates the cuff and 
changes ventilator settings as required to compensate for air leak. The endotracheal 
tube is then slightly withdrawn (under visualization by flexible bronchoscope or with 
direct laryngoscope) until the tip of the deflated cuff is just below the vocal cords. 
The assistant should hold the tube firmly to prevent inadvertent premature extubation 
and the cuff is reinflated.

After adequate 2% xylocaine infiltration in skin and subcutaneous tissue by 22-24 
G needle, a horizontal incision (1.5 - 2cm) is made above the 1st or 2nd tracheal car-
tilage. With the left hand, operator stabilizes the trachea, a 12- or 15– gauge needle 
is inserted at the anterior midline, between the 2nd or 3rd tracheal ring preferably 
under bronchoscopic observation (12’0 clock position) by an assistant, thus avoiding 
paratracheal needle insertion, injury to the posterior tracheal wall or endotracheal 
tube and cuff damage. During the procedure, the bronchoscope should be inserted 
temporarily, to avoid decreased minute ventilation or hypoxia.

Aspiration of free air bubbles in the syringe confirms the intra tracheal location 
of needle; about 3-5 ml, 2% xylocaine is then injected into the trachea to abolish 
cough reflexes during rest of the procedure. A flexible, guide wire (0.05J) with its 
curve facing the distal trachea is introduced through the needle. The intra-tracheal 
distal orientation of the guide wire is confirmed by the bronchoscope. The needle is 
then withdrawn, and any of the under described techniques can be followed:-

Ciaglia (Progressive Dilation) Technique (2) :
A 8-Fr guiding catheter is introduced into the trachea over the guide-wire. While 

using the curved dilators, dilatation is done over this ‘double guide’ to prevent kin-
king of dilator resulting in tissue trauma. The straight dilators are introduced at an 
angle of 90 degree to the skin and advanced with a rotating movement until a band 
mark is reached. Dilatation is to be started with a 12Fr dilator, positioned accurately 
according to the guiding marks. The whole assembly is advanced as a single unit to 
the skin position mark on the dilator.

Dilators of gradually increasing size are then inserted and removed. For a 8mm 
tracheostomy tube dilatation with 36 Fr dilator is sufficient. Slight over-dilation ensures 
passage of larger tube . The tracheostomy tube with its cuff deflated and lubricated 
is preloaded and positioned on the proper-sized lubricated dilator. The appropriate 
dilator carrying the tracheostomy tube is threaded over the double guide to the proper 
position (guiding marks) and the assembly is inserted as a unit into the trachea up to 
the flange of the tracheostomy tube. After insertion and bronchoscopic visualization of 
the tracheostomy tube, the guide wire, dilator and endotracheal tube is removed. Post 
insertion, Bronchoscopic visualization via the tracheostomy tube confirms the position 
of the tip of the tracheostomy tube and tracheobronchial toilet with suction of blood 
can be done. The tracheostomy tube is secured with tape, and antiseptic dressing is 
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applied to the stoma. Immediately after tracheostomy, ventilator with 100% Fio2 is 
connected to the tracheostomy tube. Whole procedure takes about 5-10 minutes (from 
needle puncture up to the placement of tracheostomy tube).

Grigg’s (Rapid Dilatation) Technique(3) :
Grigg’s (Rapid Dilatation), PDT Kit (SIMS Portex Ltd,) includes guide wire, 

dilators and specially designed Grigg’s dilating forcep. The initial steps of Grigg’s 
technique are same as that of Ciaglia’s technique. Once the guide-wire is introduced 
in to trachea the dilating forcep is threaded over the guidewire and introduced throu-
gh the anterior tracheal interspace (with bronchoscopic confirmation of intratracheal 
position) and opened gently after tilting the handle towards the head of the patient, 
so that the tips lie inside and parallel to the tracheal wall to dilate the tracheostomy 
site, and sufficiently to accept the tracheostomy tube.

The dilatation is done in two steps. In the first step the dilating forcep dilates 
only the pre tracheal tissue with the tips of Grigg’s forceps remaining at right angle 
to the anterior tracheal wall. Then the tips are pushed through the anterior tracheal 
wall. Once the stoma of adequate size is made, the dilating forceps is removed, and 
the selected tracheostomy tube, fitted on a plastic trocar, is slided over the guide-wire 
into the trachea with lubricated and deflated cuff, under bronchoscopic control. The 
trocar and guidewire are removed, the cuff inflated, the endotracheal tube withdrawn 
and the tracheostomy tube is secured.

Although less commonly used, this technique is equally safe and more rapid as 
compared to the Ciaglia technique. It is also cheaper and the Grigg’s forcep can be 
sterilized and reused.

Blue Rhino PDT Techinique: The Blue Rhino dilator is a single, tapered dilator 
loaded on the stylet with the tip resting on the safety ridge. The dilator is moved in 
and out to optimally dilate the tissue between the skin and the tracheal lumen. The 
Blue Rhino dilator is never advanced beyond the point where 40 FR mark disappears 
below the skin level. It has a slippery coating that makes insertion very easy. It is 
softer and less likely to damage the membranous tracheal wall. Since there is only 
a single dilator to pass, insertion is more rapid. After insertion of the dilator the 
sequential steps are the same as that in other techniques.

A chest radiograph after the PDT is mandatory to detect the presence of any 
barotraumas, aspiration atelectasis (e.g. by blood clots) or any other complication 
resulting from the intervention.

We are using an intermediate technique under bronchoscopic supervision of tracheal 
puncture followed by dilatation with 2-3 sized dilators. A mosquito’s forcep is introduced 
followed by grigg’s forcep to dilate the stoma and placement of tracheostomy tube. 
After placement of tracheostomy tube, confirmation of its position and aspiration of 
blood done by bronchoscopic visualization, hence enhancing the safety of procedure.

Indications for PDT:
• Intubated patients requiring prolonged mechanical ventilation
• Tracheo-bronchial toilet,
• Patient’s comfort,
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• Risk of laryngeal injury
• Provide oral feeds /oral hygiene.

Contraindications for PDT

Complications of PDT-

Discussion:
PDT is a bedside tracheostomy technique that consists of percutaneous needle 

puncture of the trachea followed by stepwise or one time dilatation and placement 
of tracheostomy tube. With the advent of modern ICU’s, now a day the chief indica-
tion for tracheostomy is for patients requiring prolonged mechanical ventilation. As 
surgical tracheostomy carries a high risk of perioperative and postoperative morbidity 
there has been consistent inclination towards the development of new less invasive 
technique of tracheostomy.

Since 1950, various percutaneous tracheostomy techniques have been described 
with varying results and complications. PDT as originally described by Shelden et al 
involved a blind cannulation of the trachea with a bladed instrument that holds the 
tracheostomy tube(4). Toy and Weinstein proposed another percutaneous approach using 
Seldinger technique(5). Schachner et al used a specially designed tracheal spreader 
(Respitrach, Sydney, Australia) which is advanced down the wire in the trachea and 
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enlarges the puncture site to insert a tracheostomy tube (6). These techniques have 
failed to achieve wide acceptance because of their inherent risk of false passage and 
tracheal damage.

Ciaglia P. developed a new technique of tracheostomy with serial dilators (2). 
Schachner et al used a dilating forceps over a guide wire in place of serial dilators. 
Later on Griggs et al advocated the use of a modified Kelly forceps over a guide 
wire for the facilitation of stomal dilatation (3).

With the new trend towards performing early tracheostomy and the risk benefits 
analysis of conventional tracheostomy there has been increased use of PDT in modern 
ICU’s. Many large scale, randomized, controlled trials comparing the efficacy, cost, risk 
and complications have favored the use of PDT in ICU’s. However the high rates of 
complications associated with surgical tracheostomy is biased by the fact that these data 
deal with mixed population in the study group. In a large prospective study conducted 
by Boulus et al including 141 cases of PDT (120-bedside, 21-O.T.) the complication 
rates was 11%(16/141) and most complications were easily recognized and did not 
preclude the completion of PDT .The postoperative complication rate was 8% (most 
common being peristomal oozing). They followed patients for an average period of 
36±27 weeks and found only 3 cases of clinically symptomatic tracheal stenosis (7).

Hazard et al reported complication in 45.8 % of operative tracheostomy and 
12.5% of PDT. Delayed stomal healing, subglottic stenosis and cosmetic deformity 
were common after ST (88%) than PDT (22%) (8), whereas Crofts et al found no 
significant difference in the incidence of complication in both groups (9). Leinhardt 
et al in comparative study did not find any difference in complications rates but noted 
that PDT could be performed more quickly and did not require patient’s transport 
to O.T. (10).

Minimal bleeding during the procedure is almost inevitable. Petros et al defined 
minimal, moderate and severe bleeding as blood loss of <50ml, 50-100ml and >100 
ml respectively. Moderate aspiration of blood was defined as occlusion of segmental 
bronchi with blood or coagula without resultant reduction of SpO2, whereas severe 
aspiration was defined as major bronchus occlusion resulting in hypoxia. They found 
that in most cases bleeding stopped by manual compression or by tracheostomy 
cannula. Aspiration of blood was cleared by bronchoscpic suction in their study . 
They found only 3 cases of barotraumas out of 137 cases of PDT and in all cases it 
subsided spontaneously (11).

Peristomal bleeding (2- 6%) was the most frequent postoperative in-hospital 
complication in different studies (2,8,9). Holgaard and coworker encountered minor 
bleeding in PDT (n=6) and ST (n=24) (p<0.01), and stomal infections significantly 
higher in ST group (p<0.01) (12). PDT is superior to ST, as it has a lower overall post 
procedural complication rates. The absence of wound/ stomal infection and minimal 
bleeding in PDT is clinically significant. Minimal bleeding is due to minimal tissue 
disruption and tamponading effect of the tight fit of the dilators and tracheostomy 
tube. Minimal tissue disruption and consequent decreased exposure of raw skin sur-
face is the likely reason for decreased incidence of infection and it may also be the 
reason for the clinically significant more rapid and cosmetically better stomal closure.

Recently, with widespread availability of fibreoptic bronchoscope, many complica-
tions of PDT, related to paratracheal insertion, tracheal wall tear, tracheo-esophagial 
fistula etc. could be prevented. In this method flexible bronchoscope is inserted 
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through endotracheal tube to visualize appropriate site of puncture needle, guide wire, 
dilator and tracheostomy tube, to identify venous circulation on the site of needle 
puncture by transillumination (13), to help prevention of injury to posterior tracheal 
wall and to clean up the blood after tracheostomy either through tracheostomy tube 
or endotracheal tube.

Marrelli and Paual introduced endoscopic guidance while performing PDT (14). 
Winkler et al advocated that the use of flexible bronchoscope during PDT is safe to 
avoid posterior tracheal wall injury (15).

Carlos et al concluded that with bronchoscopic guidance, paratracheal tube inser-
tion, risk of barotraumas and posterior tracheal wall injury could be avoided which 
are more common in PDT as compared to ST. They concluded that the critical point 

Figure 1. Ciaglia progressive Dilator kit with multiple dilators of different size for the sequential dilatation 
of tracheal stoma

Figure 2. Grigg’s Rapid Dilatation including guide wire, dilators and specially designed Grigg’s dilating forcep
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of procedure (i.e. needle and guide wire insertion) could be easily performed under 
bronchoscopic supervision by less experienced surgeon and it can also be used in 
obese, thick cervical tissue and patient with stiff neck (unable to hyperextend the 
neck) which otherwise are contraindications of PDT and they recommended PDT with 
bronchoscopic guidance as a procedure of choice for an ICU patient(16). 

We are also exclusively using bronchoscopic guided technique for PDT and have 
observed no complication pertaining to wrong insertion of tracheostomy tube and, 
after tracheostomy we clear the airway through tracheostomy tube by bronchoscopic 
suction under vision simultaneously.

Kollig et al combined ultrasonography before procedure to avoid injury to thyroid 
gland or subcutaneous vessels and bronchoscopic surveillance during the procedure 
hence enhancing the safety of the procedure and minimizing complications (17). PDT 
can be performed more expeditiously as compared to ST. Hazard et al reported an 
average placement time of 4.3 min (8) while other reported average time 12.8- 15 
minutes (7,11). The cost of PDT has been reported to be less than ST (29 39, 40), 
which is important in today’s cost containment era (cost per PDT - $1753, ST- 
$2604). ST requires, more costly logistics in the O.T. since several departments need 
to cooperate (Anaesthetist/ Surgeon/ operating staff/ O.T. scheduling), which is not 
required in PDT (18). PDT can cut short the time interval between decision making 
and procedure with better results, secured airway and improved ICU utilization with 
consequent aggressive and potentially rapid weaning or earlier transfer of the patient 
in the ward (19).

Because this “swift and simplified” technique is situated in the ‘gray zone’ between 
surgeons and physicians that’s why surgeons frequently argue against PDT performed 
by intensivists, pulmonologists, although intrinsically logical but this implies that no 
cardiologist should perform angioplasty, no pulmonologist should perform tube tho-
racostomy and no gastroenterologist should do endoscopic polypectomy (1). These 
all are myths and anybody who is perfect in handling the emergent complications 

Figure 3: Blue Rhino single, tapered dilator with skin level guide marks for the safety 
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associated with PDT can perform it. PDT does have an operative learning curve based 
on Seldinger technique hence most intensivists could be trained in this procedure. 

Conclusion: PDT is a safe bedside ICU procedure in experienced hands, and may 
– due to its relative simplicity, safety and bedside performance – influence optimal 
airway management strategies in the future. However, a cautionary note is essential; 
the simplicity of a procedure should never lead to its misuse. As surgical colleagues 
say-No surgery is simple, these are only simple-minded surgeons.
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Abstracts:
The paper aims to present in a brief form a realistic image of Alzheimer’s de-

mentia, in Romania and Germany, from the perspective of psychosocial involvement. 
Starting from the premise that dementia is an illness with two victims; the patient 
and the family/belonger, the research focuses on completing an anamnesis on ways 
of assisting persons with dementia, the legislation and the involvement policies in the 
two countries. It requires reconsideration of these patients and their families, throu-
gh personalized involvement, which should go beyond the simple approach of the 
diagnosis, centered on their real needs, and militating also for the distinct through a 
legislative frame and adequate facilities. The results of the study indicate a significant 
difference regarding the ways of assistance, diagnosis and involvement in the case of 
a person with Alzheimer’s dementia and his belongers, at the level of two samples, 
Romanian-German. 

Key words: Alzheimer’s dementia, psychosocial involvement, belongers, depressive 
disorders;

1. Introduction
Nowadays, in Romania all one can read as specialized literature about the Alzhei-

mer’s dementia, approach the medical field, more specifically the medical [1] and 
psychiatric model, so that psychosocial involvement should be imposed in a relatively 
new sector, but which is growing very quickly. 

The purpose of such a research approach is due to the fact that there are many 
stereotypes about the idea that countries like Germany and Austria are much more 
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specialized in the issue of the Alzheimer’s dementia, both in working with people 
with dementia but also with belongers/family. 

At the same time, because of the fact that in Romania, it happens frequently that 
a high proportion of the caregivers, with particular reference to the belonging family 
members are often over 45-55 years, the risk of depression is much higher. Thus, 
when the family is to be found in the position of a caregiver, this determines the way 
of communicating and influences the psychological status of the caregiver. 

While we find out that ”in Romania of the year 1999, maybe 2000, the Alzheimer’s 
dementia type wasn’t even recorded in the nomenclature of diagnoses” [2], it can be 
explained why, psychosocial intervention appeared more lately in such a legitimate 
field in terms of practice. 

The reports made in mental health, revealed that the monitoring made before the 
European Integration did not work only ”on paper’’, and the mighty programs have 
been buried by the indolence of the authorities „...because almost the entire specialized 
literature on psychiatric patients is written from the point of view of a psychiatrist, 
-and the psychiatrist is situated from a social perspective at the opposite side of the 
patients”. [3]

2. The methodology and the results of the research 
2.1. The objectives of the research

With the research carried out in the period of April-July 2011, we decided to realize 
a bidimensional comparison: of the aspects related to Romanian and German culture 
of some factors that may affect the mental health of family persons with Alzheimer’s 
dementia; as well as the existing services in both countries, respectively the level of 
knowledge about the dementia of belongers, specialists and of the community, at the 
level of the group of study. 

In our study we started from the premise that there are significant differences in 
the Romanian and German samples, in the sense that there are significant differen-
ces regarding the support of people with Alzheimer’s dementia in the two countries 
included in the study.

2.2. Particular assumptions:
a.       The knowledge level about the Alzheimer’s dementia is similar in the two 

countries included in the study, Romania and Germany.
b.     There are significant differences regarding the methods of care of the per-

sons with Alzheimer’s dementia and the offered activities, between the two countries 
included in the study, in the sense of the existence of a higher level of development 
in Germany compared to Romania. 

c.       Regarding the affective disorders developed by those who are involved in 
taking care of people with Alzheimer’s dementia, there are significant differences at 
the level of depressive symptomatology in the two studied cultures, in the sense of 
an increased frequency of this type of disorder in the Romanian sample, compared 
to the German. 

d.      There is an inversely proportional relation among the specific symptoms of 
depression of those who are involved in taking care of people with Alzheimer’s dementia 
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and the services provided by the centers of assistance, in the sense of observing lower 
incidences of depressive disorders, when there is a specialized support for families. 

2. 3. Design and variables
Regarding the  general hypthesis, we have mostly a quasi-experimental, unifactorial, 

intersubiective design. On the one hand, the independent variable being the culture 
to which the subjects belong (with two modalities 1. Romania and 2. Germany) and 
the dependent variable: the level of general knowledge about Alzheimer’s dementia; 
alternating with the dependent variable given by the methods of care in case of the 
persons with Alzheimer’s dementia; respectively in the third case, by the level of 
activities offered by the centers of assistance for people with the Alzheimer’s type 
of dementia. 

Respectively, the independent variable: the culture to which the subjects belong 
(with two modalities 1. Romania and 2. Germany) and the dependent variable: the 
level of symptoms specific to the depression of the belongers/ the family of persons 
with Alzheimer’s dementia; and, the same independent variable,  for the dependent 
variable: the level of symptoms specific to depression. 

In case of the general hypothesis, we have also a descriptive design, with the 
following variables: the level of symptoms specific to depression at the belongers/ 
the family of the persons with Alzheimer, the situation of the services of beneficiaries 
for belongers/ family of the persons with the Alzheimer’s dementia, respectively the 
specificity of the activities offered by the centers of care in the case of the persons 
with Alzheimer’s dementia.

2.4. Instruments
To assess the level of depression has been used the Beck Inventory. BDI (Beck 

Depression Inventory). For capturing the investigated issues, within the paper have 
been created 4 questionnaires, one general and three specific for (specialists, belon-
gers, respectively the community). The calculated coefficient for the entire sample of 
subjects showed good internal consistency: 0,8646, for the general questionnaire for 
specialists, respectively to the belongers, the coefficient was 0,7515. The questionnaire 
for highlighting the relationship between the persons with Alzheimer’s dementia and 
the community, coefficient obtained α = 0,8259.

2.5. Methods
Within the practical research have been used the following methods: the method 

of observation, of non-standard discussion, of the survey based on a questionnaire : 
Septimiu Chelcea [4], the psychometric method with the Beck depression scale (A. 
Beck and collaborators, 1996)  and the statistical method (SPSS 10.05.).

2.5. Sample
For the Romanian sample, 137 persons were from the districts Arad,	Timiș	and	

Hunedoara, from which (42%) were of male gender and (58%) female gender; with 
ages between 25 and 72 years, and the German sample was collected from the pro-
vince of Baden-Württemberg, the gender distribution of the subjects was of (41%) of 
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male gender, and (59%) of female gender, representing a number of 128 subiects; 
aged between 28 years and 65 years, with (M= 47,04) years.

3.Presentation of the results 
The inferential processings performed by the parametric student test t for inde-

pendent samples don’t reveal significant differences regarding this aspect. The value 
of t = 0,42 at a threshold p = 0,83 demonstrates that there are general tendencies for 
differences between the two cultures , but these are not statistically significant. The 
descriptive results have found differences in the methods of assistance in the case of 
the people with the Alzheimer’s dementia type between the two studied countries. The 
level of these methods is more pronounced in Germany than in Romania, proved by 
the media services provided by the centers of assistance, m = 47,77. In order to see 
that these differences are statistically significant, we applied the inferential t student 
test for independent samples, the conditions being performed for the applied parametric 
test. The inferential t student student test for independent samples demonstrates that 
these differences are not random, t = 3,04 at a threshold p = 0,00 certifies the fact that 
the number and implicitly the range of services , which are offered by the centers of 
assistance from Germany for people with the Alzheimer’s dementia, is higher than in 
Romania. For a more detailed analysis of the aspects regarding the two countries about 
the assistance of people with the Alzheimer’s dementia, we have further investigated 
the activities, which are offered to people with Alzheimer’s dementia by the centers 
of assistance in the two countries. Similar to the previous procedure, the variables, 
which describe the activities offered by the centers of assistance have been encoded 
in a new variable, the total of activities. The applied inferential parametric test cer-
tifies the statistical significance of these differences, value of t = 2, 35 at a threshold 
p = 0,03 proving that the level of the offered activities offered by the centers from 
Germany is superior to the one offered by the Romanian centers. 

Starting from the premise, that concerning the affective disorders developed by 
the people who supported the people with Alzheimer’s dementia, there are signifi-
cant differences regarding the level of depressive symptomatology between the two 
cultures, in the sense of a higher frequency of this type of disorder at the Romanian 
sample, compared to Germany, in order to test this hypothesis, we have realized the 
descriptive processings of the raw scores obtained at the questionnaire for measuring 
the Beck depression for the entire sample of people, belongers/family in the case of 
people with the Alzheimer’s dementia, without considering the culture, to which they 
belong, Romanian or German. 

According to the frequency chart, the most subjects are below the average performed 
on the entire sample (m = 5,0548). The obtained scores range between a minimum 
of 0 and a maximum of 16, which proves the presence of the symptoms specific to 
depression on the studied group. The dispersion of the results on the entire sample 
is asymmetrical, the median being equal to the average, but the module having the 
value of 0. The standard deviation is 4,4029. In conclusion, it can be said that the 
specific symptoms of depression are present at the group of people, that have in the 
composition of the family, respectively who support people with Alzheimer’s dementia. 
Because we have also created by hypothesis the structure of a comparative study, 
we have also perfomed the descriptive processings of the same variable, the level of 
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the depressive symptoms, separately for the two cultures, Romanian and German ; 
the frequency distribution histograms being presented graphically in Figure (1.The 
distribution of the frequency of raw scores separated on cultures)

According to the frequency histograms, there are tendencies to differences betwe-
en the two cultures regarding the presence of depressive symptoms. The average of 
the scores obtained by the Romanian population sample is higher than the average 
of the German population sample, mR = 6,2250 compared to mG = 3,6364, which 
indicates a stronger presence of the symptoms specific to depression of the Romanian 
population sample. The dispersions are asymmetrical for both sets of results and the 
scores range between a minimum of 0 and a maximum of 16. The standard devia-
tions are almost equal in both samples. To highlight the differences between the two 
cultures regarding the presence of depressive elements at the persons, that have in 
their family or persons with Alzheimer’s dementia, we have performed the U Mann 
Whitney interferential nonparametrical test . The value of U = 407 at a significant 
threshold p = 0,005 demonstrates that these differences are significant from a sta-
tistical point of view. The results of the interferential tests show that the differences 
are not random, the level of the depressive symptoms is higher at the population with 
Romanian culture compared to the German culture.

Regarding the place occupied by each of the activities offered by the centers of 
Alzheimer to belongers/ family, the provided answers establish a hierarchy of each 
type of activities offered by the centers of assistance to their families in the case 
of people with Alzheimer’s dementia, as follows: the Romanian population sample 
ranked on 1st place the activities of medical education of the belongers, on 2nd place 
the activities of legal/ psychological support and support groups for belongers/family, 
with a representation of only one answer of 40 possible answers; the social counseling 
activities had no representation at the Romanian population. In the same context, the 
German population sample, ranked on 1st place the activities of medical education, 
followed by the social, psychological and legal counseling activities,and on the last 
position were the group support activities for belongers/family. In order to perform 
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the statistical processings we have summed up the number of all activities offered 
by the centers of assistance obtaining a new variable, the variable services; with two 
groups of belongers/family: beneficiaries of services from the centers and those who 
do not receive any activities of assistance. For both cultures are differences specific to 
depression being observed. Within both cultures, the average of depressive symptoms 
is higher at the group of belongers, which do not receive assistance from the centers 
of assistance of the people with Alzheimer’s dementia. The inferential nonparametric 
test U Mann Whitney has been used for both cultures. The values of the U coeffi-
cient = 3,50 for Romanian culture and U = 19,0 at significiant thresholds  p = 0,00 
demonstrate that these differences are significant from a statistic point of view. By 
comparing the two samples has been revealed that, most offered services are medical 
services, both for the Romanian population and for the German population. None-
theless, the psychological, legal and social services have a very low representation 
on the Romanian sample by the belongers/family, but are placed on high places at 
the German culture population. 

As a result of the evaluation with the Beck questionnaire , on the entire sample 
of belongers at the level of the two cultures individually, have been pointed out high 
levels of depression at the belongers extracted from the Romanian population. The 
symptoms specific to depression have been as well compared according to the services 
offered by the centers of people with Alzheimer’s dementia in the case of families 
and belongers. The results of the comparisons between the performed averages with 
the inferential test demonstrate significant differences from a statistical point of view 
at both cultures, with other words, the persons who receive services offered by the 
centers of assistance in the case of the Alzheimer’s dementia have fewer depressive 
symptoms than those who don’t receive services, regardless of the culture they belong 
to, Romanian or German. 

3. Conclusions
It has been spoken about an era of „social psychiatry”, in which the patient is 

being observed as a whole, as a „bio-psycho-social” figure [5]. The main  objective 
of psychosocial intervention in the psychiatric sector should aim to restore the in-
dividual at psycho-social-professional, familial level, empowering them for a life as 
independent as possible, related to their capacities and not by encouraging dependency, 
by returning/ relapsing to a medical/institutional addiction. 

According to the RESOLUTION PROPOSAL OF THE EUROPEAN PAR-
LIAMENT regarding a European initiative on Alzheimer’s dementia and other 
dementias (2010/2084(INI)), it has been started from the premise of some gaps 
in the public health policies, on the one hand at macro (European) level, but 
also micro, in the case of the Member States. All these arguments are intended 
to be the preamble to declare dementia as an EU priority in health and to urge 
the Member States to develop national strategies to provide psychosocial services 
and psychosocial support to people with dementia and to their families. The 
prevalence of depression varies much, depending on the methods of diagnosis, 
their location and type.  

 In agreement with the consulted sources, the most increasing prevalence is to 
be found in geriatric hospitals, between 30-50% ”[6] other hospitals, the percentage 
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ranging between 10-45% (PTD-1999, World Psychiatric Association), respectively 
retirement homes, between 20-40% .

Institutions with medical profile, in which people with the Alzheimer’s dementia 
are supported, in Romania, like penitenciaries, are often quoted in specialized lite-
rature as ”total institutions”[7]. (The difference between those two, from the social 
viewpoint is given by the fact that to the system of detention have been proposed 
more ‘’attractive’’ alternatives- such as probation; mainly based on studies undertaken 
for this purpose which were aiming to the ratio of cost-effectivness).

It is the time to search for additional suggestions to support the family because 
there is a relation among the health condition, the support offered and institutionali-
zation. Overstrain is worser when in reality, support in the community means care in 
a family, and this means care done by the daughters of the parents at old age ”[8] or 
in worser cases, by the old and sick life partner. 

To create a network of help for persons with Alzheimer’s dementia and their 
belongers, we should start by knowing the community leaders and then the existing 
services. Organising information meetings for the entire community seems to be very 
constructive. Also knowing the needs of the community, but also the dissemination 
of information could be materialized in such a context. 

It is important to identify the main resource persons, who are open to provide 
assistance; as reported [9] these will be capable to ask later for help. 

At community level, to succeed in the intervention with the family of the person 
with Alzheimer’s dementia, teamwork is required. For this, the objectives must be set 
clearly, so that these should be perceived the same by all team members, otherwise the 
results can be devastating[10]. The existence of a team structure and of the members 
is necessary, to be connected to the objectives, in this sense the main characteristic 
would be unity and the efforts oriented in the same direction. The commitment of 
the entire “team/community” is necessary.

A change at macro social level, requires changes of values, beliefs or behaviour. 
It is necessary to break down barriers such as preconceptions and the development 
of social militarism in accepting this new illness, but with so profound repercussions. 
For this whole approach, commitment and long term effort is needed ! 

Indeed a specific problem raised by the Alzheimer’s dementia, especially in Roma-
nia, represents the late diagnosis. 

Contrary to the expectations, the options of legal counseling and support groups 
for belongers, are missing from the panel of services offered by the centers of care 
in the case of people with Alzheimer’s dementia. In Romania, another concerning 
aspect, which is a result of the research undertaken is due to the fact that significant 
changes are not being observed between the centers, these do not offer differentiated 
professional services and the proposed activity from a qualitative point of view. 

 An urgent need to develop a strategy for dementia in Romania is required, espe-
cially for Alzheimer’s dementia..The current situation of persons with dementia and 
their caregivers is being presented dramatically in Romania, therefore, it’s time to 
taking action NOW.  Regarding this national actions is required, to assure psychosocial 
assistance both for the person with dementia and for the belongers.

Realizing the National Register of Dementia, as it exists also in other states; also 
creating a strategy of intervention at community level with qualified and trained per-
sonnel, on the Alzheimer’s dementia type. An increased level of information (legal, 
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psychosocial aspects, care possibilities, facilities etc.) for families, will allow a growth 
in the decision making autonomy, which allows to protect them and hence reduce the 
risk of marginalization, not to provide the proper treatment etc. ;

Starting from the premise of a higher level of demands, carried to depression at 
the belongers (up to some studies two times larger than among the general popula-
tion), including persons with the Alzheimers dementia type in specialized programs : 
starting with home care, to day centers, will allow the families to relieve some of the 
duties of care and an increased life quality and for them. 
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