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OUR EXPERIENCES WITH B CELL CLONALITY ANALYSIS USING 
MULTIPLEX PCR AMPLIFICATION IN PARAFFIN-EMBEDDED TISSUE

Stanek L1, Lisova S1, Tvrdik D.1

1Institute of Pathology, 1st Faculty of Medicine, Charles University and General Faculty Hospital in Prague, Czech
Republic

A b s t r a c t

The clonal determination of B-cell lymphoproliferative diseases by immunoglobulin heavy chain (IgH)  rearran-
gement by polymerase chain reaction (PCR) is widely used. In this study we report our experiences with B cell clo-
nality analysis using multiplex PCR amplification followed by heteroduplex analysis, which was found to be essen-
tial for the efficient resolution of monoclonal bands within polyclonal backgrounds, in formalin-fixed paraffin-
embedded tissue.

Key words: monoclonality, PCR,  IgH, paraffin-embedded tissue,  heteroduplex 

INTRODUCTION

Clonality analysis of B cells using polymerase chain reaction (PCR) amplification of
immunoglobulin genes has become an important tool for the diagnosis of problematical
B cell lymphoproliferative diseases (1). Valuable diagnostic information is also provided
by immunohistochemical techniques, especially the analysis of immunoglobulin (Ig)
kappa and lambda light chains in B-cell proliferations (2). Molecular analysis of immu-
noglobulin gene rearrangements by Southern blotting has also proven useful in the diag-
nosis of B-cell neoplasms (3) althougth PCR is replacing more cumbersome hybridisation
techniques.

The Ig gene contains many different variable (V), diversity (D), and joining (J) gene seg-
ments, which are rearranged during early lymphoid differentiation (4). The V-D-J rearran-
gement are mediated via the recombinase enzyme complex which recognizes and cutt the
DNA at the recombination signal sequences, which are located downstream of the V gene
segments, on both sides of the D gene segments, and upstream of the J gene segments (van
Dongen 2003). The many different combinations of V, D, and J gene segments resulted in
combinatorial repertoire, which is estimated to be 2x106 for Ig molecules (5) that are unique
in both length and sequence. Therefore, it is difficult to employ a single primer set to target
all of the conserved flanking regions around V-J rearrangement and multiplex PCR reacti-
ons, which target several FR regions, which are required to identify the majority of clonal
rearrangements.   

The Ig heavy (IgH) chain gene has been the preferred target because most B cell tumors
have rearranged IgH genes (6), (7). However, a large proportion of B cell tumors (up to 30%
depending on lymphoma type and grade) are not amenable to amplification of IgH because
of the loss of target sequences or alteration as a result of somatic hypermutation (7).
Therefore some authors (8) advise combined IgH and IgG gene rearrangement analysis
which improved sensitivity from 66% to 85%.

In this study we describe our experiences with B cell clonality analysis using multiplex
PCR amplification of IgH followed by heteroduplex analysis in paraffin-embedded tissue. 
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MATERIAL AND METHODS

Patient and tumor samples
This study included 25 patients surgically treated for lymphoproliferative diseases at the

General Faculty Hospital (Prague, Czech Republic). Immediately after the surgical removal,
the tumor specimens were frozen in liquid nitrogen and used directly for molecular analy-
sis or they were formalin-fixed, paraffin-embedded for later use. Diagnosis was based on the
standard histopathological criteria according to WHO classification (9), (10) from the histo-
logical point of view, it was mostly MCL, FL and DLBCL lyphomas with additional immu-
nohistochemistry a panel of antibodies including CD3 1:50, CD7 1:50, CD8 1:25, CD20
1:100, CD23 1:50 (Dako) and cyclin D1, BCL6 and BCL2 (manual processing), CD4 1:20,
CD5 1:50, CD15 1:40, CD30 1:80 (Roche) (robotic processing Ventana), according previous
work (11), (12).    

Deparaffinizing slides
The blocks of formalin-fixed, paraffin embedded tissue were cut using a microtom, and 9

paraffin slides (20 m thick) were placed directly into a sterile microfuge tube. Then 0.5 ml
of xylen was added, after which the specimens were mixed for 5 minutes and centrifuged
for 5 minutes in a microfuge tube. The xylen was removed and added again to remove resi-
dual paraffin. After centrifugation, the tissue was washed twice in 0.6 ml of 100% ethanol
and centrifuged again. The tissue was dried by heating at 45°C for 3 minutes.

DNA isolation
DNA was extracted by using QIAamp DNA Mini Kit (Qiagen) according to the manufactu-

rer protocol. This kit is based on the technology, which combines the selective binding pro-
perties of silica-gel-based membranes with the speed of microspin technology. After the end
of the procedure, the DNA was stored at -20°C.

PCR analysis
PCR analysis was performed by using IdentiClone IGH gene clonality assay (InVivoScribe

Technologies) which is based on the BIOMED-2 international study (5). This kit includes six
master mixes. The IGH Tube A, B, and C master mixes target the framework 1, 2, and 3 wit-
hin the variable region, and the joining region of immunoglobuline heavy chain locus. The
IGH Tube D and E master mixes target the diversity and joining regions, respectively.
Finally, the control size ladder master mix, targets multiple genes and generates a series of
amplicons of 96, 199, 299, 399, and 608 bp to ensure the quality and quantity of the input
DNA. The complete list of primer sets (originally described in van Dongen et al. 2003) inc-
luding their sequences, annealing temperatures, and PCR product sizes are presented in
Table I.

PCR conditions were : initial denaturation at 95°C for 7 minutes, followed by 35 cycles
with the program of denaturation at 95°C for 45 seconds, annealing at 60°C for 45 seconds,
and extension at 72 °C for 90 seconds. The reaction was accomplished with a final extensi-
on at 72°C for 10 minutes. 

Heteroduplex analysis
For heteroduplex analysis, PCR products were denatured at 94ºC for 5 minutes and sub-

sequently cooled at 4ºC for 60 minutes to induce homo and/or heteroduplexes. Briefly, the
duplexes were immediately loaded on a 6% non-denaturing polyacrylamide gel in 0.5 Tris-
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Boric acid-EDTA (TBE) buffer, and run at room temperature. The visualization of products
was made by SYBR Safe DNA gel stain (Invitrogen, Molecular Probes) and PCR ethidium
bromid (Top-Bio, s.r.o.)

FACS analysis
A cell suspension of lymph node cells was prepared under aseptic conditions by mecha-

nical disaggregation through tissue grinder. Samples were lysed with the hypotonic soluti-
on of NH4Cl and washed  in PBS containing 1% bovine serum albumin and 0.2% sodium
azide (PBSA). Cell suspensions (5x106/ml) were incubated with flurochrome-conjugated
monoclonal antibodies (MoAbs) 10 μL at room temperature in the dark for 15 minutes, then
washed once in PBSA. After centrifugation, the cell pellet was resuspended in PBS with 1%
paraformaldehyde. All antibodies were obtained from Beckman Coulter (Fullerton, CA,
USA). MoAbs used for three-colour flowcytometric analysis (FITC- fluorescein isothiocyana-
te, PE- phycoerythrin,  PC5- phycoerythrin-cyanin 5.1): anti-CD3-PC5 (clone UCHT1), anti-
CD4-FITC (clone 13B8.2),  anti-CD5-PE (clone BL1a), anti CD-8-PE (clone B9-11), anti-
CD10-FITC (clone ALB1), anti-CD11c-PE (clone BU15), anti-CD14-PE (clone RMO52),  anti-
CD19-PC5 (clone J4.119), anti-CD20-FITC (clone B9E9), anti-CD20-PE (clone B9E9), anti-
CD22-PE (clone SJ10.1H11), anti-CD23-FITC (clone 9P25), anti-CD38-FITC (clone T16),
anti-CD38-PE (clone LS198-4-3), anti-CD43-FITC (clone DFT1), anti-CD45-FITC (clone
J.33), anti-CD71-PE (cloneYDJ1.2.2),  anti-CD79a-PE (clone HM47), anti-CD79b-PE (clone
CB3-1), anti-FMC-7-FITC (clone FMC7), anti-kappa-FITC (polyclonal), anti-lambda-PE
(polyclonal), appropriate isotype immunoglobulin controls (Beckman Coulter).  Samples
were analyzed by a FACSCalibur flow cytometer (Becton Dickinson, San Jose, CA, USA) cali-
brated with CaliBRITE TM beads and AutoCOMP TM software (version 4.2). FACS results
were obtained with CELLQuestTM software, version 3.3 (Becton Dickinson). Isotype-mat-
ched negative controls were used in all the assays to determine positive from negative cells.
Expression of  antigens was evaluated on the neoplastic cells by gating B lymphocytes
(CD19+) on CD19 versus side scatter (SSC) dotplot. Positive expression ≥ 20% B- cells was
used as cut-off. Cases were classified as monoclonal using Ig-  and Ig-  light-chain ratio.
The ratio ( / ) is greater than 4:1 in case clone kappa. The ratio ( / ) is greater than 2:1 in
case clone lambda.

FACS analysis
In each case, we initially analysed the percentage of tumor cells in each sample by FACS.

In order to determine sensitivity of the method, we chose tumors with different percentages
of tumor cells ( Table I). 
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RESULTS
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Table 1. List of primers used for PCR analysis. Specific annealing temperature (Ta) of each primer and the size
of expected PCR products are listed below.

IGH Tube

A

B

C

D

E

F

Gene segment

VH1-FR1
VH2-FR1
VH3-FR1
VH4-FR1
VH5-FR1
VH6-FR1

JH
VH1-FR2
VH2-FR2
VH3-FR2
VH4-FR2
VH5-FR2
VH6-FR2
VH7-FR2

JH
VH1-FR3
VH2-FR3
VH3-FR3
VH4-FR3
VH5-FR3
VH6-FR3
VH7-FR3

JH
DH1
DH2
DH3
DH4
DH5
DH6
JH

DH7
JH

AF4 exon 3

AF4 exon 11

PLZF exon 1

RAG1 exon 2

TBXAS1 exon 9

Primer

sense
sense
sense
sense
sense
sense

antisense
sense
sense
sense
sense
sense
sense
sense

antisense
sense
sense
sense
sense
sense
sense
sense

antisense
sense
sense
sense
sense
sense
sense

antisense
sense

antisense
sense

antisense
sense

antisense
sense

antisense
sense

antisense
sense

antisense

Sequence (5’ to 3’ )

GGCCTCAGTGAAGGTCTCCTGCAAG
GTCTGGTCCTACGCTGGTGAAACCC
CTGGGGGGTCCCTGAGACTCTCCTG
CTTCGGAGACCCTGTCCCTCACCTG
CGGGGAGTCTCTGAAGATCTCCTGT
TCGCAGACCCTCTCACTCACCTGTG

CTTACCTGAGGAGACGGTGACC
CTGGGTGCGACAGGCCCCTGGACAA
TGGATCCGTCAGCCCCCAGGGAAGG

GGTCCGCCAGGCTCCAGGGAA
TGGATCCGCCAGCCCCCAGGGAAGG
GGGTGCGCCAGATGCCCGGGAAAGG
TGGATCAGGCAGTCCCCATCGAGAG
TTGGGTGCGACAGGCCCCTGGACAA

CTTACCTGAGGAGACGGTGACC
TGGAGCTGAGCAGCCTGAGATCTGA
CAATGACCAACATGGACCCTGTGGA
TCTGCAAATGAACAGCCTGAGAGCC
GAGCTCTGTGACCGCCGCGGACACG
CAGCACCGCCTACCTGCAGTGGAGC
GTTCTCCCTGCAGCTGAACTCTGTG
CAGCACGGCATATCTGCAGATCAG
CTTACCTGAGGAGACGGTGACC

GGCGGAATGTGTGCAGGC
GCACTGGGCTCAGAGTCCTCT
GTGGCCCTGGGAATATAAAA
AGATCCCCAGGACGCAGCA

CAGGGGGACACTGTGCATGT
TGACCCCAGCAAGGGAAGG

CTTACCTGAGGAGACGGTGACC
CACAGGCCCCCTACCAGC

CTTACCTGAGGAGACGGTGACC
GGAGCAGCATICCATCCAGC
ACTCCATGGGCCGGACATAA
CCGCAGCAAGCAACGAACC
GCTTTCCTCTGGCGGCTCC

TGCGATGTGGTCATCATGGTG
CGTGTCATTGTCGTCTGAGGC
TGTTGACTCGATCCACCCCA

TGAGCTGCAAGTTTGGCTGAA
GCCCGACATTCTGCAAGTCC
GGTGTTGCCGGGAAGGGTT

PCR product
(in bp)

310-360

250-295

100-170

110-290
390-420

100-130

608
399
299
199
96

Ta
(°C)

60

maketa 14/1_MAKETA  7/1  5/22/14  1:43 PM  Stránka 8



A C T A  M E D I C A  M A R T I N I A N A  2 0 1 4   14 / 1 9

Table 2. Summary of clinico-pathologic and molecular findings
The abbreviations used are : MCL – mantle cell lymphoma, FL – follicular lymphoma, CLL – chronic lymphocytic
leukemia, DLBCL – diffuse large B-cell lymphoma, MALT- Mucosa Associated Lymphoid Tissue, N/A – not avai-
lable, FFPE – formalin-fixed paraffin-embedded

Samp
le no.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Diagnosis

reactive lymph node

reactive lymph node

MCL

MCL

MCL

MCL

FL

MCL

MCL

CLL

DLBCL

DLBCL

½ FL ½ DLBCL

FL

FL

CLL

DLBCL

MALT

DLBCL

MALT

FL

FL

MCL

DLBCL

MALT

%
tumor
cells

0

0

86

86

63

63

56

31

31

29

24

24

13

N/A

N/A

12

16

81

53

22

58

47

28

32

46

Processing of
the sample

frozen tissue

FFPE

frozen tissue

FFPE

frozen tissue

FFPE

frozen tissue

frozen tissue

FFPE

FFPE

FFPE

FFPE

FFPE

frozen tissue

FFPE

FFPE

FFPE

FFPE

frozen tissue

FFPE

FFPE

FFPE

frozen tissue

FFPE

FFPE

VH-
FR1/JH

-

-

+

+

+

+

-

+

+

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

VH-
FR2/JH

-

-

+

+

-

-

-

+

+

-

-

+

-

-

-

+

+

-

+

+

-

-

+

-

+

VH-
FR3/JH

-

-

+

+

+

+

-

+

+

+

+

-

-

+

-

-

-

-

-

-

+

+

-

-

-

DH1-
6/JH

-

-

-

-

+

-

+

-

-

-

-

+

-

+

+

-

-

+

-

-

-

-

-

+

-

DH7/JH

-

-

-

-

-

-

+

-

-

-

-

-

-

-

+

-

-

-

-

-

-

-

-

IGH gene rearrangement
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PCR analysis of IGH rearrangements
In order to determine the correct quality of PCR amplification, we briefly analysed the pre-

sence of the control genes in each sample. We found the presence of the 608, 399, 299, 199
and 96 base pairs PCR product corresponding to the human AF4 gene exon 3 and 11, pro-
myelocytic leukemia zinc-finger gene (PLZF), recombination activating gene (RAG1) and
tromboxane synthase gene (TBXAS1), respectively (Fig.1,2). Because smaller PCR fragments
are preferentially amplified and DNA may be degraded in paraffin-embedded material, it is
not unusual for the 608 bp fragment to have a diminished signal or to be missing entirely. 

A C T A  M E D I C A  M A R T I N I A N A  2 0 1 4   14 / 110

Fig. 1.  PCR analysis of IGH rear-
rangement – polyclonal pattern
DNA was extracted from sample
no. 1. The analysis showed typical
heteroduplex smears. 

Fig. 2. PCR analysis of IGH rear-
rangement – monoclonal pattern
DNA was extracted from sample
no. 3. The analysis showed typical
homoduplex bands within the
valid size range. 
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We then analysed the presence of IGH rearrangements in reactive lymph nodes. We found
no product or a clearly distinguishable smear without any band at the position of homodu-
plexes (Figure 1). We interpreted these negative results as : Negative for the detection of clo-
nal immunoglobuline heavy chain gene rearrangements.

Finally, we analysed the presence of IGH rearrangements in the tumors (Figure 2). After
heteroduplex PCR analysis with VHFR1/JH primers, a monoclonal pattern of one discrete
band within the expected size range (310-360 bp) was seen in 6 of 13 (46.2 %) of the cases
of lymphoma using both fresh frozen and formalin-fixed paraffin-embedded tissue. The
remaining 7 cases gave rise to a smear of products. Following amplification with VHFR2/JH
primers one discrete band within the expected size range (250-295 bp) was seen in 5 of 13
(38.5 %) of the cases. After VHFR3/JH amplification we found one discrete band within the
expected size range (100-170 bp) in 9 of 13 (69.2 %) of the cases.  PCR amplifications for the
DH/JH  junction showed one or two discrete bands within the expected size range (110-290
and/or 390-420, 100-130 bp)  in 7 of 26 (26.9 %) of the cases.  

In the remaining case, which contained only 13% tumor cells, no monoclonal bands were
seen, which suggests the detection limit of this method.

In some cases, bands additional to the monoclonal homoduplex band could be seen
(Figure 2). Such bands were located at a size higher than 500 bp, and so did not complica-
te the interpretation of the clonal bands. In addition, we did not observe any differences in
the monoclonal pattern in the case of using formalin-fixed paraffin-embedded tissue when
compared to the fresh frozen tissue, which indicated that the primers amplified a small
amplicon (up to 400 bp) in order to be able to use formalin-fixed paraffin-embedded mate-
rial, which often provided poor quality of extracted DNA.

In all the cases, when one or two prominent positive bands within the valid size range
were seen, we interpreted these results as : Positive for the detection of clonal immunoglo-
buline heavy chain gene rearrangements consistent with the presence of clonal cell popu-
lation. 

DISCUSSION

The characterization of immunoglobulin (Ig) gene rearrangement has become an impor-
tant step in the diagnosis of B-cell malignancies. Strategies for the amplification of Ig heavy
chain genes have been described in a series of reports  (1), (6), (7), (13), but they have not
become well established, especially for the amplification of formalin-fixed paraffin-embed-
ded material in which the DNA may be highly degraded. There are a few pitfalls in the suc-
cessful amplification and interpretation of the results.

Firstly, there are false-positive results due to the background generated by the amplifica-
tion of rearranged Ig genes in polyclonal cell populations. Several techniques solved this
problem including e.g. direct sequencing of PCR products (14), gene scanning (5) and hete-
roduplex analysis (15).  Among these methods, heteroduplex analysis is a simple, fast, and
cheap method for the analysis of PCR products in case of a rearranged Ig gene. In hetero-
duplex analysis, PCR products are denatured at high temperature and subsequently rena-
tured to induce homo- or heteroduplex formation which is essential for the efficient resolu-
tion of monoclonal bands within polyclonal backgrounds. 

The second problem is false-negative results due to improper annealing of primers and/or
the presence of somatic hypermutation. However, the novel BIOMED-2 multiplex PCR met-
hod for detecting B- and T-cell clonality was demonstrated to be a very reliable assay (5). In
general, the analysis was performed with optimized DNA probes for the IGH locus. 

Another problem which may have affected the results of PCR amplification is the input
material. In general, fresh frozen tissue is considered to be the ideal sample for the extrac-
tion of DNA. However, fresh frozen material is not always available because the majority of
diagnostic biopsies submitted for PCR analysis constitute formalin-fixed paraffin-embedded
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tissue. DNA extracted from formalin-fixed paraffin-embedded material is often of poor qua-
lity. The integrity of DNA extracted from paraffin-embedded samples and its amplification
by PCR are affected by a number of factors such as the thickness of tissue, fixative type,
fixative time, DNA extraction procedures, and the coextraction of PCR inhibitors
(16),(17),(18),(19),(20). The integrity of DNA fragments extracted from paraffin-embedded
samples also depends on the length of time the blocks have been stored before analysis with
the best results usually obtained from blocks less than 2 years old, while blocks over 15
years old tend to yield extremely degraded fragments (21).  This problem can be solved by
designing of the primers which amplified the small amplicon - up to 400 bp (22). 

In conclusion, B cell clonality analysis using the BIOMED-2 multiplex PCR amplification
method (van Dongen et al. 2003) followed by heteroduplex analysis is a valuable diagnostic
aid for B cell lymphoproliferative diseases. 
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A b s t r a c t 

Under the present investigation Actinomycetes were isolated from the soils of Myristica swamps of southern
Western Ghats and the antagonistic activity against different human bacterial pathogens was evaluated. Results
of the present study revealed that Actinomycetes population in the soils of Myristica swamp was spatially and sea-
sonally varied. Actinomycetes load was varied from 24×104 to 71×103, from 129×103 to 40×103 and from 31×104 to
84×103 in post monsoon, monsoon and pre monsoon respectively. A total of 23 Actinomycetes strains belonging to
six genera were isolated from swamp soils. Identification of the isolates showed that most of the isolates belonged
to the genus Streptomyces (11), followed by Nocardia (6), Micromonospora (3), Pseudonocardia (1),
Streptosporangium (1), and Nocardiopsis (1). Antagonistic studies revealed that 91.3% of Actinomycete isolates were
active against one or more tested pathogens, of that 56.52% exhibited activity against Gram negative and 86.95%
showed activity against Gram positive bacteria. 39.13% isolates were active against all the bacterial pathogens
selected and its inhibition zone diameter was also high. 69.5% of Actinomycetes were exhibited antibacterial activ-
ity against Listeria followed by Bacillus cereus (65.21%), Staphylococcus (60.86%), Vibrio cholera (52.17%),
Salmonella (52.17%) and E. coli (39.13%). The results indicate that the Myristica swamp soils of Southern Western
Ghats might be a remarkable reserve of Actinomycetes with potential antagonistic activity. 

Key words: Myristica swamp, Soil, Actinomycetes, Pathogens, Antibacterial Activity

INTRODUCTION

Actinomycetes are aerobic, gram-positive bacteria. They are one of the main group of soil
population and are very widely distributed (Kuster, 1968). Actinomycetes have typical biolo-
gical aspects such as mycelial forms of growth that accumulates in sporulation. Diversity
and load of Actinomycetes in a particular soil would be very much influenced by soil tem-
perature, soil type, soil pH, organic matter content, vegetation, aeration, moisture content
etc. Based on several studies among bacteria, the Actinomycetes are striking as antibiotic
producers, making three quarters of all known products; the Streptomyces are especially
productive (Saadoun and Gharaibeh, 2003). Many of our best known and most valuable
antibiotics are produced from Actinomycetes and these include novobiocin, amphotericin,
vancomycin, neomycin, gentamycin, chloramphenicol, tetracycline, erythromycin, nystatin,
etc. (Oskay et al. 2004). 

According to the World Health Organization (WHO), over-usage and the inappropriate and
indiscriminate uses of antibiotics have led to the establishment of antibiotic resistance in
various bacterial pathogens. Currently, the drug - resistant strains of pathogen come out
more rapidly than the rate of invention of new drugs and antibiotics. Rising numbers of
antibiotic unresponsive infectious disease agents tackle patients globally [Levy, 2002;
Livermore, 2003]. So, we require to isolating and monitoring more and more Actinomycetes
from different sources in hope to discover new Actinomycetes strains that can create anti-
biotics that have not been discovered so far and active against drug - resistant pathogens.
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Hence, there is a renewed attention in discovering novel classes of antibiotics that have dif-
ferent mechanisms of action (Spizek and Tichy, 1995; Barsby et al. 2001). 

Myristica swamps were first reported by Krishnamoorthy (1960) from the Kerala region of
South Western Ghats. These swamps were found in the valleys of Shendurney,
Kulathupuzha and Anchal forest ranges in the southern Western Ghats. The distinctive
characteristic of the Myristica swamps is the abundance of trees belonging to the family
Myristicaceae. It has been projected in the previous studies (Chandran et al. 1999;
Varghese, 1992) that the Myristica swamps require particular non biotic environment such
as flat bottomed or gently sloping valleys in between heavily forested hills of evergreen
forests, deep soil in the adjoining hills with rock below which will allow water to be stored
above the rock layer, slow seepage of water from the side hills into the valley throughout the
year, heavy annual rainfall averaging 3000 mm and temperature ranging from 20 to 30° C.
Hence these swamps are highly restricted in distribution. There is no published literature
on the diversity and antibiotic potential of Actinomycetes in the soils of Myristica Swamps.
Therefore the present study is aimed at isolating Actinomycetes from the soil samples of
Myristica swamps and ascertains their antibacterial properties.

MATERIAL AND METHODS

Locale of the study: Shendurney Wildlife Sanctuary, Southern parts of  Western Ghats
lies between 8°50’N - 8°55’N latitude and 77°5’E - 77°15’E longitude in Kollam District,
Kerala, India.  Most of the land in this area is covered by evergreen forest and patches of
Myristica swamps and the annual rainfall is 320cm. The mean temperature in summer and
winter are 35°C and 16°C respectively. For the present study we selected 4 sites in Myristica
Swamps for soil collection.

Sample Collection: Soil samples were collected from prefixed four sites (MS1 – MS4) of
Myristica swamp at a depth of 15 to 20cm from the surface. Each of the sampling sites, sub-
samples of soils were collected from different spot, joint as one and homogenized so as to
get representative samples. Sampling was carried out through post-monsoon, pre-monsoon
and monsoon seasons.  Collection was carried out by a spade that was carefully cleaned
and disinfected between sampling so as to avoid cross-contamination. 

Isolation, Enumeration and maintenance of Actinomycete: Standard serial dilution
plate technique was used for the isolation and enumeration of Actinomycetes. Ten grams of
soil was transferred to 90ml sterile distilled water and stirred vigorously. Different aqueous
dilutions, 10-1 to 10-5 of the suspensions were prepared and spread plated on Kusters Agar.
Nystatin (50 g/ml) or Amphotericin (75 g/ml) and Streptomycin (25 g/ml) were added to the
isolation media in order to prevent fungal and bacterial contamination respectively.  The
plates were incubated at room temperature for 2 to 3 weeks. After incubation Actinomycetes
colonies were counted and the load of Actinomycetes was expressed as number of colony
forming units (CFU) per gram of soil. After counting, separate colonies were streaked on to
Kusters Agar plates and incubated at room temperature for 4-6 days to obtain pure cultu-
res.

Identif ication of Actinomycetes: Actinomycete isolates which are maintained as pure
cultures on Kusters Agar were characterized by morphological tests as per Bergeys Manual
of Determinative Bacteriology (Holt et al. 1994) and physiological tests (Gordon, 1967). The
morphology of Actinomycetes strains was examined using slide culture technique (Holt et al.
1994). Sterile cover slips were placed at an angle in the Actinomycetes growth medium
(Kusters Agar) and the mycelia adhering to cover slips were transferred to a slide and exa-
mined at 40x and 100x magnification using a light microscope (Olympus CH 20i).
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Assessment of antagonistic activity: Young cultures of the selected pathogens (Bacillus
cereus, Staphylococcus, Listeria, Vibrio cholera, Salmonella and E. coli) were prepared in
nutrient broth. A lawn culture of different pathogens were prepared by swabbing young cul-
ture (16-18 h) in glycerol yeast agar and waited for 15 minutes to absorb the culture to the
medium. Agar wells (3 mm diameter) were punched in the plates using a sterile gel punc-
ture. Thirty microlitres of a four day old culture of Actinomycetes strains in broth was pipet-
ted in to the wells and plates were incubated for 24 h at room temperature. After incubati-
on, zone of inhibition around the wells were recorded in mm.

RESULTS AND DISCUSSION

Spatial and seasonal variation of Actinomycetes population: Actinomycetes population
in the soils of Myristica swamp showed spatial and seasonal variations. Actinomycetes load was
17×103 - 40×102, 113×102 - 30×102 and 21×103 - 73×102 in post monsoon, monsoon and pre
monsoon respectively (Table 1 and Fig. 1). Load of Actinomycetes population was lesser in mon-
soon season possibly due to struggle for nutrients with plants. Protozoan predation of microor-
ganisms also decreases the number (Bhatt and Pandya, 2006). Actinomycetes population was
high in pre monsoon followed by post monsoon and monsoon seasons.  Result showed that
Actinomycetes were mostly vigorous through pre monsoon season due to enhanced soil tem-
perature, which might favour the microbial activity. In our previous studies (Varghese et al.
2012a, 2012b) in shola and grassland soils of tropical montane forest of Southern Western
Ghats also reported that the load of Actinomycetes was high during pre monsoon season.
Spatial variation of Actinomycetes in a particular soil was mainly attributed to soil temperature,
soil type, soil pH, organic matter content, cultivation, aeration, moisture content etc.
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Table 1 Load of Actinomycetes population in Myristica swamps soils during the study period

Sampling sites

MS1
MS2
MS3
MS4

Post Monsoon

17×103

40×102

42×102

47×102

Monsoon

113×102

49×102

30×102

37×102

Pre monsoon

21×103

91×102

73×102

86×102

Fig. 1 Generic diversity of Actinomycetes in Myristica swamp soils
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Diversity of Actinomycetes: Characterization of actinomycetes isolates revealed that out
of twenty-three isolates collected, most of the isolates belonged to the genus Streptomyces
(11), Nocardia (6), Micromonospora (3), Pseudonocardia (1), Streptosporangium (1), and
Nocardiopsis (1), (Fig. 1).  In our earlier studies (Varghese et al. 2012a, 2012b) reported most
of the genera identified during this study from the shola and grassland soils of southern
Western Ghats. Different Actinomycete genera were reported from the soils of rainforests of
Singapore, among which Streptomyces, Micromonospora, Actinoplanes, Actinomadura,
Nonomuria, Nocardia and Streptosporangium were the most abundant (Wang et al. 1999).
Balagurunathan et al. (1996) reported many of the genera identified during this study from
south Indian soil.

Antibacterial potential of Actinomycetes: Antibacterial studies revealed that 91.3% of
Actinomycete isolates were active against one or more tested pathogens, of that 56.52%
exhibited activity against Gram negative and 86.95% showed activity against Gram positive
bacteria. 39.13% Isolates were active against all the pathogens selected and its inhibition
zone diameter was also high. 69.5% of Actinomycetes were exhibited antibacterial activity
against Listeria followed by Bacillus cereus (65.21%), Staphylococcus (60.86%), Vibrio chole-
ra (52.17%), Salmonella (52.17%) and E. coli (39.13%). Diameter of inhibition zone (mm)
against test microorganisms are presented in Table 2 and the percentage of antibacterial
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Table 2 Antibacterial activity exhibited by actinomycete isolates

Isolate 
No.

Ms1
Ms2
Ms 3
Ms 4
Ms 5
Ms 6
Ms 7
Ms 8
Ms 9
Ms 10
Ms 11
Ms 12
Ms 13
Ms 14
Ms 15
Ms 16
Ms 17
Ms 18
Ms 19
Ms 20
Ms 21
Ms 22
Ms 23

Listeria

21
16
24
0
11
19
0
15
28
0
18
23
31
12
0
0
30
0
29
14
0
27
31

Vibrio 
cholera

17
0
25
0
0
0
0
26
19
11
21
15
21
0
0
0
24
0
17
0
0
13
24

Bacillus
cereus

19
11
21
13
0
16
0
0
23
0
22
18
29
0
0
0
32
11
24
0
13
26
28

Staphylococcus
aureus

24
0
19
0
0
21
0
17
22
0
14
28
33
14
0
11
29
0
23
0
0
18
27

Salmonella
typhi

12
0
19
0
0
0
0
21
29
0
12
21
31
0
0
0
16
0
31
0
11
16
31

E. 
coli

22
0
32
0
0
0
0
0
28
0
21
27
21
0
0
0
0
0
23
0
0
17
20

Diameter of inhibition zone (mm) against test microorganisms
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activity exhibited by actinomycete isolates are presented in Figure 2. Antibacterial activity
studies revealed that majority of the isolates were active against Gram positive bacteria than
Gram negative bacteria. In several earlier reports (Sahin, 2002; Thakur et al. 2007;
Varghese et al. 2012a; 2012b), high percentage of activity was exhibited against Gram pos-
itive bacteria while Gram negative bacteria were less inhibited. The reason for different sen-
sitivity of Gram positive and Gram positive could be ascribed to the morphological differ-
ences between these organisms. Gram negative bacteria have an outer polysaccharide mem-
brane carrying the structural lipo polysaccharide components. This makes the cell wall of
Gram negative bacteria impermeable to certain solutes, whereas the Gram positive bacteria
have only an outer peptidoglycan layer which is not an effective permeability barrier. This
makes Gram positive bacteria more sensitive to antibiotics produced by Actinomycetes
(Moncheva et al. 2002). Most of the isolates were also not active against E. coli. The present
result about E. coli is in tune with the previous reports (Anansiriwattana et al. 2006; Oskay
et al. 2004).

CONCLUSIONS

Load of Actinomycetes in the Myristica Swamp soils were 17×103 - 40×102, 113×102 -
30×102 and 21×103 - 73×102 in post monsoon, monsoon and pre monsoon respectively.  Most
of the actinomycetes isolates belonged to the genus Streptomyces, Nocardia,
Micromonospora, Pseudonocardia, Streptosporangium, and Nocardiopsis.  Antibacterial stu-
dies revealed that 91.3% of Actinomycete isolates were active against one or more tested
pathogens, of that 56.52% exhibited activity against Gram negative and 86.95% showed
activity against Gram positive bacteria. Soils of Myristica swamps of southern Western
Ghats have excellent diversity of Actinomycetes population with potential antagonistic activ-
ity against human pathogens. New antibiotics are a thrust area; the extraction of antibac-
terial substances from Actinomycetes of Myristica swamp soils assumes importance.
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Fig. 2 Percentages of antibacterial activity exhibited by Actinomycete isolates from Myristica swamp
soils against specific pathogens
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VENTILATOR „CHIRANA AURA V“  IN TWO MODELS OF NEONATAL
ACUTE LUNG INJURY – A PILOT STUDY
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A b s t r a c t

In severe respiratory insufficiency, neonatal and pediatric patients should be ventilated artificially by a ventila-
tor. Aim of this experimental study was to evaluate whether the newly developed ventilator Chirana Aura V may
effectively ventilate the lungs of animals with two different models of acute lung injury: acute respiratory distress
syndrome (ARDS) induced by repetitive saline lavage and meconium aspiration syndrome (MAS) induced by intra-
tracheal instillation of neonatal meconium.

The experiments were performed on 10 adult rabbits (New Zealand white). In ARDS group (n=5), the lungs were
repetitively lavaged with saline (30 ml/kg) until partial pressure of oxygen (PaO2) in arterial blood was under 26.7
kPa at inspiratory fraction of oxygen FiO2=1.0. In MAS group (n=5), animals were instilled 4 ml/kg of suspension
of human meconium (25 mg/ml). When the model of acute lung injury was developed, animals were ventilated for
additional 2 hours with pressure control ventilation (PCV) regime by ventilator Chirana Aura V. Ventilatory param-
eters, blood gases, acid-base balance, end-tidal CO2, O2 saturation of hemoglobin, oxygenation indexes, ventilation
efficiency index, dynamic lung compliance, and right-to-left pulmonary shunts were measured and calculated in
regular time intervals. In both experimental groups, used ventilatory settings provided acceptable gas exchange
within the period of observation. Thus, the results indicate that ventilator Chirana Aura V might be suitable for
ventilation of animal models of acute lung injury. However, further pre-clinical investigation is needed before its
use may be recommended in neonatal and/or pediatric patients with acute lung injury.

Key words: acute respiratory distress syndrome, meconium aspiration syndrome, respiratory insufficiency,
mechanical ventilation, pressure control ventilation

INTRODUCTION

Acute respiratory distress syndrome (ARDS) is a life-threatening situation, which may ori-
ginate as a consequence of various diseases. It is characterized by diffuse alveolar injury
due to inflammation, lung edema and ventilation-perfusion mismatch, finally leading to
worsened lung compliance and hypoxemia (1-3). The so called Berlin Definition has recent-
ly considered 3 categories of ARDS according to the severity of hypoxemia: mild (with
PaO2/FiO2 26.7-40 kPa), moderate (PaO2/FiO2 13.3-26.7 kPa) and severe (PaO2/FiO2 less
than 13.3 kPa) (4).

In an acute phase of ARDS, injury of alveolar epithelial and endothelial cells occurs, with
subsequent leak of proteinaceous liquid into the alveoli. Detachment of alveolar cells type
I leads not only to lung edema formation, but loss of barrier function predisposes to higher
risk of bacteriaemia and sepsis. Damage of pneumocytes type II worsens the synthesis and
metabolism of pulmonary surfactant, what results in higher surface tension in the alveoli
and their subsequent collapse. Histopathologically, diffuse alveolar injury with massive
infiltration of neutrophils, alveolar hemorrhage and generation of hyaline membranes may
be found. Due to on-going inflammation, increased production of pro-inflammatory sub-
stances, such as cytokines (IL-1beta, IL-6, IL-8, TNFalpha), proteases, reactive oxygen spe-
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cies, or matrix-metaloproteinases further deteriorate the lung tissue damage. Acute phase
is followed by fibroproliferative phase, with fibrosis, neovascularization and recovery (1-3). 

Similar pathological changes may be observed also in meconium aspiration syndrome
(MAS). However, respiratory insufficiency is caused by perinatal aspiration of the first sto-
ols of the newborn – meconium. Aspirated meconium causes airway obstruction, with fin-
ding of hypoxemia, hypercarbia and acidosis in the laboratory investigation. In addition,
due to a content of highly deleterious substances, such as gastrointestinal enzymes inclu-
ding phospholipase A2, bilirubin, cholesterol, free fatty acids etc., movement of meconium
distally into the alveolar compartment causes surfactant dysfunction, neutrophil-derived
inflammation, pulmonary vaso- and bronchoconstriction, and lung edema (5).

In the treatment of both ARDS and MAS, artificial ventilation and various pharmacologi-
cal medicaments including exogenous surfactant, pulmonary vasodilators and anti-inflam-
matory agents are used (1-3, 5). Considering the injury of lung parenchyma and surfactant
dysfunction, „small-volume“ ventilation strategies are preferred, with tidal volumes around
6 ml/kg b.w. and appropriate end-expiratory pressure (PEEP). However, up to now there is
no consensus on tidal volumes, frequency of ventilation, or ventilatory pressures in various
types of artificial ventilation (1, 6-9).

Goal of this pilot study was to evaluate whether the newly developed ventilator Chirana
Aura V may be perspectively used also for ventilation of the neonatal and pediatric patients.
For this purpose, experimental models of two most frequent causes of neonatal respiratory
insufficiency (ARDS and MAS) were prepared. Changes in ventilatory parameters, blood
gases and indexes of gas exchange were monitored within 2 hours of pressure control ven-
tilation (PCV) regime after experimental induction of these models to detect whether this
type of ventilator may keep the adequate gas exchange in animals with the body weight  and
tidal volumes corresponding to those in the newborns.

METHODS

Design of experiments was approved by the local Ethics Committee of Jessenius Faculty
of Medicine and National Veterinary Board. 

Adult rabbits (New Zealand white) of 2.9±0.3 kg body weight (b.w.) were anesthetized with
intramuscular ketamine (20 mg/kg b.w.; Narketan, Vétoquinol, UK) and xylazine (5 mg/kg
b.w.; Xylariem, Riemser, Germany), followed by intravenous infusion of ketamine (20
mg/kg/h). Tracheotomy was performed and catheters were inserted into a femoral artery
and right atrium for sampling the blood, and into a femoral vein to administer anesthetics.
Animals were then paralyzed with pipecuronium bromide (0.3 mg/kg b.w./30 min; Arduan,
Gedeon Richter, Hungary) and subjected to a PCV mode by ventilator Chirana Aura
V (Chirana, Slovakia). 

Model of acute respiratory distress syndrome (ARDS)
From the beginning of the study, all animals were ventilated with a frequency of 40/min,

fraction of inspired oxygen (FiO2) of 1.0, inspiration time (Ti) 45%, peak inspiratory pressu-
re (Ppc) of about 1.6 kPa to keep a tidal volume (VT) between 6-9 ml/kg b.w. and positive
end-expiratory pressure (PEEP) of 0.5 kPa. 

After 15 min of stabilization, respiratory parameters were recorded and blood gases were
analyzed by combined hematology analyzer (RapidLab 348, Siemens, Germany). Then, rab-
bit lungs were repetitively lavaged with saline (0.9% NaCl, 37 ºC, 30 ml/kg), so that saline
was administered by syringe homogenously into right and left lungs during positioning of
the animal and immediately suctioned by a suction device. After 2 min of stabilization, the
lavage procedure was repeated. Lavage was performed 10-12 times, until PaO2 decreases to
<20 kPa in FiO2 1.0 in 2 measurements at 5 and 15 min after the lavage. From the moment
of full-filled criteria of respiratory insufficiency (i.e. induction of ARDS), animals were ven-
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tilated for additional 2 hours of PCV with subsequent settings: frequency 40/min, FiO2 1.0, PEEP
0.5 kPa, Ppc 1.8-2.3 kPa according to the actual value of expired CO2 and blood gases. Blood
gases and respiratory parameters were recorded at 0.5, 1, and 2 hours after creating the model
of ARDS. At the end of experiments, animals were sacrificed by an overdose of anesthetics.

Model of meconium aspiration syndrome (MAS)
Materials: Meconium was collected from healthy term neonates, lyophilized and stored at

-20 °C. Before use, meconium was suspended in 0.9% NaCl at a concentration of 25 mg/ml. 
At the beginning of the study, all animals were ventilated with a frequency of 40/min, FiO2

0.21, Ti 45%, peak inspiratory pressure (Ppc) of about 1.6 kPa to keep a tidal volume (VT)
between 6-9 ml/kg b.w. and minimum positive end-expiratory pressure (PEEP) of 0.1 kPa
at this stage of experiment. 

After 15 min of stabilization, respiratory parameters were recorded and blood gases were
analyzed (RapidLab 348, Siemens, Germany). Then, rabbits were intratracheally adminis-
tered 4 ml/kg b.w. of meconium suspension (25 mg/ml). From this moment on, animals
were ventilated with PCV mode using FiO2 1.0, PEEP 0.5 kPa and Ppc 2.1-2.4 kPa according
to the actual value of expired CO2 and blood gases. From the moment of full-filled criteria
of respiratory insufficiency (i.e. induction of MAS), animals were ventilated for additional 2
hours with the mentioned ventilator settings. Blood gases and respiratory parameters were
recorded at 0.5, 1, and 2 hours after creating the model of MAS. At the end of experiments,
animals were sacrificed by an overdose of anesthetics.

Measurement and calculation of parameters
Ventilatory parameters, such as Ppc, VT, Paw (airway pressure), PEEP, mean pressure

(MAP), MV (minute ventilation), ventilation frequency (f), fraction of inspired oxygen (FiO2),
and expired CO2 were continuously measured and displayed on the screen of ventilator.
Partial pressures of O2, CO2, pH, and saturation of hemoglobin by oxygen (SatO2) in the
arterial and mixed venous blood were measured by combined analyzer (RapidLab 348,
Siemens, Germany).

Cdyn (dynamic lung compliance) was expressed as a ratio between VT and airway pressu-
re gradient (Paw-PEEP). Oxygenation index (OI) was calculated as: OI=[(MAP x FiO2) x
100]/PaO2. Index PaO2/FiO2 was calculated as [(PaO2/FiO2) x 100]. Ventilation efficiency
index (VEI) was calculated as: VEI= 3800/[(Paw-PEEP) x ventilation frequency x PaCO2].

Right-to-left pulmonary shunts (RLS) were calculated by a computer program using the
Fick equation: (CcO2-CaO2)/(CcO2-CvO2) x 100, where CcO2, CaO2 and CvO2 are concentra-
tions of oxygen in pulmonary capillaries, arterial and mixed blood. CcO2 was calculated by
using PAO2 (alveolar partial pressure of oxygen) from the equation: PAO2=(PB-PH2O) x (FiO2-
PaCO2) x [FiO2 + (1-FiO2)/R], where PB is barometric pressure and PH2O the pressure of
water vapour. Respiratory exchange ratio (R) was assumed to be 0.8 and the current value
of hemoglobin necessary for calculating the oxygen concentration in the blood was measu-
red by combined analyzer (RapidLab 348, Siemens, Germany). 

Statistics
For data analysis, statistical package SYSTAT for Windows was used. Within-group diffe-

rences were evaluated by Wilcoxon test. A value of P<0.05 was considered statistically sig-
nificant. Data are expressed as means±SEM.

RESULTS

Repetitive lung lavage with saline in the ARDS group and intratracheal instillation of
meconium suspension in the MAS group caused significant decrease in Cdyn, PaO2,
PaO2/FiO2, SatO2, arterial pH, and VEI and increase in OI and RLS in comparison with ini-
tial values (all P<0.05, Tables 1 and 2). 
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In the ARDS group, early after induction of ARDS model values of PaCO2 and expired CO2
were significantly higher than initial values (both P<0.05), then gradually lowered to accep-
table values (Table 1). 

According to the on-going worsening the lung functions, ventilatory parameters (particu-
larly the ventilatory pressures) were changed, if necessary, to supply adequate gas exchan-
ge (Tables 1 and 2). Ppc firstly increased non-significantly vs. initial values (P=0.066 for
comparison After ARDS/After MAS vs. Before ARDS/Before MAS), later significantly in the
ARDS group (P=0.042 for comparison 30 min vs. Before ARDS), while in the MAS group
increase in Ppc in 30 min vs. initial values was borderly non-significant (P=0.059). In the
MAS group, significant increases in Paw, MAP and PEEP vs. initial values were observed, as
well (Tables 1 and 2).
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Table 1. Ventilatory parameters, blood gases and indexes of gas exchange in the ARDS group.

VT (ml/kg)

f/min

Ppc (kPa)

PEEP (kPa)

Paw (kPa)

MAP (kPa)

MV (l/min)

pHa

PaCO2 (kPa)

Expir CO2 (%)

PaO2 (kPa)

FiO2 (%)

PaO2/FiO2

OI

SatO2 (%)

RLS (%)

VEI 

Cdyn (ml/kPa)

Before ARDS

7.65±0.71

40.0±0.0

1.56±0.04

0.50±0.00

2.20±0.08

1.20±0.00

0.88±0.07

7.40±0.03

5.80±0.80

2.70±0.18

67.29±6.11

100±0

67.29±6.11

1.86±0.22

99.84±0.04

5.78±1.39

8.07±1.13

14.34±0.80

After ARDS

7.11±0.94

40.0±0.0

1.82±0.08

0.50±0.00

2.30±0.15

1.22±0.04

0.82±0.09

7.01±0.03*

9.33±1.06*

5.24±0.81*

17.80±2.62*

100±0

17.80±2.62*

7.45±1.05*

96.64±0.88*

32.7±6.88*

5.91±0.28*

11.87±0.52*

30 min

7.38±0.81

40.00±0.0

1.90±0.06*

0.50±0.00

2.44±0.12

1.28±0.04

0.86±0.08

7.15±0.05

8.04±0.73

5.14±0.71

14.21±1.04

100±0

14.21±1.04

9.20±0.71

95.64±0.82

33.08±5.45

6.18±0.40

11.45±0.58

1 hour

8.29±1.02

41.3±1.3

2.08±0.08

0.50±0.00

2.68±0.12

1.33±0.03

0.98±0.06

7.17±0.05

8.14±1.24

4.63±0.24

12.56±0.93

100±0

12.56±0.93

10.67±0.54

94.73±0.84

30.46±3.41

5.59±0.81

11.33±0.61

2 hours

8.54±0.47

41.3±1.3

2.15±0.09

0.50±0.00

2.80±0.17

1.38±0.05

1.13±0.10

7.17±0.02

6.80±0.51

4.15±0.33

11.77±1.37

100±0

11.77±1.37

12.06±1.15

92.70±2.31

26.94±3.67

6.06±0.54

11.32±0.57

Abbreviations: VT: tidal volume, f/min: frequency of ventilation/min, Ppc: peak inspirato-
ry pressure, PEEP: positive end-expiratory pressure, Paw: airway pressure, MAP: mean air-
way pressure, MV: minute ventilation, pHa: arterial pH, PaCO2: arterial partial pressure of
carbon dioxide, Expir CO2: expired CO2, PaO2: partial pressure of oxygen, FiO2: fraction of
inspired oxygen, OI: oxygenation index, SatO2: saturation of hemoglobin by oxygen, RLS:
right-to-left pulmonary shunts, VEI: ventilation efficiency index, Cdyn: dynamic lung com-
pliance. *P<0.05 for comparison with initial values (Before ARDS). Data are expressed as
means±SEM.
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Abbreviations: VT: tidal volume, f/min: frequency of ventilation/min, Ppc: peak inspirato-
ry pressure, PEEP: positive end-expiratory pressure, Paw: airway pressure, MAP: mean air-
way pressure, MV: minute ventilation, pHa: arterial pH, PaCO2: arterial partial pressure of
carbon dioxide, Expir CO2: expired CO2, PaO2: partial pressure of oxygen, FiO2: fraction of
inspired oxygen, OI: oxygenation index, SatO2: saturation of hemoglobin by oxygen, RLS:
right-to-left pulmonary shunts, VEI: ventilation efficiency index, Cdyn: dynamic lung com-
pliance. *P<0.05 for comparison with initial values (Before MAS). Data are expressed as
means±SEM.

DISCUSSION

Acute respiratory distress syndrome (ARDS) and meconium aspiration syndrome (MAS)
are syndromes characterized by severe lung injury, which cause acute hypoxemia requiring
high concentrations of oxygen and high levels of positive end-expiratory pressure. Clinically,
the mentioned syndromes are represented by severe ventilation-perfusion mismatch that
leads to significant respiratory hypoxemic failure (1-3).
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Table 2. Ventilatory parameters, blood gases and indexes of gas exchange in the MAS group.

VT (ml/kg)

f/min

Ppc (kPa)

PEEP (kPa)

Paw (kPa)

MAP (kPa)

MV (l/min)

pHa

PaCO2 (kPa)

Expir CO2 (%)

PaO2 (kPa)

FiO2 (%)

PaO2/FiO2

OI

SatO2 (%)

RLS (%)

VEI 

Cdyn (ml/kPa)

Before MAS

8.90±0.31

40.0±0.0

1.60±0.06

0.10±0.00

1.94±0.13

0.86±0.04

0.94±0.09

7.44±0.01

6.06±0.28

3.44±0.40

9.99±0.78

21±0

47.57±3.70

1.84±0.14

94.82±0.94

6.83±2.05

8.71±0.49

13.96±0.27

After MAS

8.78±0.57

40.0±0.0

2.14±0.16

0.50±0.00*

2.86±0.02*

1.40±0.00*

1.04±0.05

7.27±0.04*

6.57±0.76

4.14±0.39

7.68±0.32*

40±0*

19.21±0.81

7.34±0.32*

86.74±1.74*

18.52±1.50*

6.48±0.77*

10.50±0.48*

30 min

9.85±0.43

40.0±0.0

2.35±0.05

0.50±0.00

2.88±0.08

1.43±0.03

1.10±0.06

7.24±0.06

6.28±0.55

3.38±0.50

8.00±0.33

40±0

19.20±0.83

7.16±0.30

86.20±1.06

18.5±81.57

6.57±0.70

10.91±0.37

1 hour

8.42±0.81

42.5±2.5

2.30±0.08

0.50±0.00

2.90±0.11

1.38±0.05

1.05±0.16

7.17±0.03

5.88±0.37

3.83±0.30

7.22±0.65

40±0

18.04±1.63

7.78±0.62

78.18±3.24

21.93±3.44

6.47±0.40

9.95±1.07

2 hours

8.79±1.02

40.0±0.0

2.43±0.07

0.50±0.00

2.97±0.12

1.43±0.03

1.00±0.12

7.06±0.03

5.60±0.67

3.57±0.33

7.74±0.14

41.7±1.7

18.62±0.75

7.41±0.20

77.33±2.65

18.02±1.13

7.04±0.60

10.38±1.38
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Respiratory support practice in the neonatal intensive care continues to evolve rapidly.
New modalities and techniques have become available for infant with respiratory insuffi-
ciency over the past decade (10-12). However, mechanical ventilation can induce lung
injury, particularly in premature and diseased lungs. There is increasing evidence that high
peak inspiratory pressures and repetitive end-expiratory collapse are major determinants of
lung injury (13). Ventilatory strategies that limit high inflation pressures and prevent end-
expiratory collapse have been designed as lung-protective mechanical ventilation (14, 15).

Conventional mechanical ventilation is referred as a form of assisted ventilation in which
the delivered gas volumes approach physiological tidal volumes, and the patterns of breath-
ing attempt to mimic physiological breathing (12). During pressure-limited time-cycled ven-
tilation mode, peak inspiratory pressure is set and, during inspiration, gas is delivered to
achieve the target pressure (16).

In this study, pressure control ventilation (PCV) was used for ventilation of animals with
experimentally-induced acute lung injury. As recently published, volume-controlled ventila-
tion (VCV) is superior to PCV in several aspects (17). However, VCV and PCV are not differ-
ent ventilatory modes, but are different control variables within a mode. VCV offers the safe-
ty of a pre-set tidal volume and minute ventilation but requires the clinician to appropri-
ately set the inspiratory flow, flow waveform, and inspiratory time. During VCV, airway pres-
sure increases in response to reduced compliance, increased resistance, or active exhala-
tion and may increase the risk of ventilator-induced lung injury. PCV, by design, limits the
maximum airway pressure delivered to the lung, but may result in variable tidal and minute
volume. During PCV the clinician should titrate the inspiratory pressure to the measured
tidal volume, but the inspiratory flow and flow waveform are determined by the ventilator
as it attempts to maintain a square inspiratory pressure profile (18). Thus, advantage of
PCV is a lower peak airway pressure, but disadvantage is that tidal volume delivery increas-
es and decreases with changes of patient’s compliance (18, 19).

Intensive care ventilator Chirana Aura V (Chirana, Slovakia) is a modern device for artifi-
cial ventilation of lungs. It was designed for adults, children and infants from 500 g b.w.
Chirana Aura V has many advantages for ventilation of patients. It ensures minute ventila-
tion from 0.1 l/min, with respiratory rates 4-180/minute and tidal volumes 3-2000 ml.
Inspiration-to-expiration (I:E) ratio for mandatory breaths can be set in the range of 1:4-4:1
and PEEP in a range of 0 to 25 Pa x 100. In addition to pressure control ventilation, Chirana
Aura V ventilator provides many other ventilation modes, such as volume control assisted
(or synchronized intermittent mandatory ventilation, SIMV-in) conventional mechanical
ventilation (CMV), support regimes, such as pressure support (PS), airway pressure release
ventilation (APRV, or BIPAP), 2-level ventilation+PS, multi-level ventilation (MLV), continu-
ous positive airway pressure (CPAP) etc.), and has some advanced features, e.g. Sigh (deep
breath), or Leakage, spontaneous CPAP, apnoea ventilation automatically embedded in each
mode or non-invasive ventilation (NIV) suitable for non-invasive pressure modes, etc.

In this pilot study, a basic ventilator mode PCV was used. Despite serious decrease in lung
compliance and worsened gas exchange observed within 30 min after induction of the mod-
els of ARDS and MAS, we were able to keep relatively stable values of Cdyn, gradually low-
ering arterial partial pressure CO2 and expired CO2 and rather acceptable oxygenation with-
in 2 hours of observation. Importantly, animals survived the period of observation without
administration of any treatment, which may potentially improve the lung functions. In addi-
tion, PCV ventilation was well-tolerated by all animals, i.e. no serious hypotension or other
cardiovascular changes were observed. 

Considering our preliminary results, ventilator Chirana Aura V can be used for ventila-
tion of laboratory animals with acute lung injury. However, further pre-clinical investigation
is warranted, including testing of appropriate ventilator settings and potential side effects,
before the use of new ventilator may be recommended for neonatal and/or pediatric
patients.
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COMPLICATIONS OF TRANSRECTAL PROSTATE BIOPSY 
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A b s t r a c t

Objective: The aim of our study is to evaluate complications in patients who underwent a Transrectal
Ultrasound Guided Prostate Biopsy (TRUS BP) at the Department of Urology of JFM CU and UHM in 2007-2008
and at the Department of Urology in Bojnice Hospital in 2009-2012.

Methodology, disclosures: In our study, patients with positive digital rectal examination (DRE) and/or with hig-
her prostate specific antigen (PSA) levels (>4 ng/ml) are included. We excluded patients with PSA levels greater
than 50ng/ml, as well as patients with less than 8 biopsy cores. The number of examined patients fulfilling the
criteria was 474. An average age of them was 66.3 years (SD±8.3years). As an antibacterial prophylaxis, the
patients were given fluoroquinolons in a dose of 500mg twice a day during a 3-day course of antibiotics, while the
first dose was given one day before the procedure. In high risk patients, we used a single intramuscular dose of
gentamycin 160mg right before the procedure followed by fluoroquinolons for the next five days.

Results: The most severe complication was vasovagal reaction, which occurred in 9 (1.9%) cases. Haematuria
occurred in 122 (25.7%) cases up to 3 days and  in 10 (2.1%) patients up to 7 days. Six patients (1.3%) required
hospital admission for severe haematuria. Dysuria occurred in 71 patients (15%). Rectal bleeding occurred in 90
(19%) cases with an average 2 days of bleeding, from which 7 patients were admitted to hospital and administered
haemostyptics. From the mentioned count, 2 (0.4%) patients underwent a rectal tamponade and one (0.2%) patient
with arterial bleeding underwent an arterial ligation of a stricken artery. Haemospermia occurred in 71 (15%)
cases. 23 (4.9%) patients suffered fever above 38°C, within whom in 7 (1.5%) cases was microscopicaly proven uri-
nary tract infection requiring hospitalisation lasting 7 days on average. Sepsis occurred in 3 (0.6%) patients, symp-
tomatic bacterial prostatitis in 6 (1.2%) cases and urinary retention occurred in one (0.2%) patient. There was not
any significant higher amount of complications in between 8-core and 10-core biopsy (P=0.26), not even in betwe-
en 8-core and 12-core biopsy (P=0.32). 

Conclusion: TRUS PB is a safe procedure with quite a low risk of complications. An important moment  is a close
monitoring right after the procedure. The most of the complications may persist for around two weeks and are trea-
ted conservatively without persistent effects. Prophylaxis with broad spectrum antibiotics may provide an adequa-
te coverage and lowers the risk of infectious complications.

Key words: prostate biopsy, prostate cancer, complications, transrectal ultrasound

INTRODUCTION

TRUS PB is a basic and most common method in prostate cancer (PC) evaluation and
diagnostics. The PSA levels (1) and DRE have a key role in an early diagnostics of the pro-
state cancer. Patients with a higher PSA levels and/or with suspicious findings on DRE are
recommended the ultrasound guided biopsy. It is an invasive diagnostic procedure with
a risk of infectious and other complications. PB can cause bacterial prostatitis, symptoma-
tic urinary tract infection, fever, chills, as well as sepsis (2). Aerobic or anaerobic organisms
may be introduced when performing the transrectal biopsy, the most common being
Escherichia coli (3). Thus the use of broad spectrum antibiotics lowers the risk of infectious
complications. Currently fluoroquinolones for three days are the antibiotics of choice in
TRUS guided prostate biopsy (4).

In general we may say, that TRUS PB is a safe method and very well tolerated by patients.
A mild haematuria, haematospermia, as well as transient rectal bleeding occur often, so
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that we may consider them as a result of procedure more than as an complication (5).
Severe complications include urosepsis, severe rectal bleeding and haematuria requiring
endoscopic treatment.  It is recommended to check on the patient for a while right after the
biopsy to prevent the severe rectal bleeding or significant haematuria.

MATERIAL AND METHODS

The study includes patients examined at the Department of Urology UHM in 2007-2008
and at the Department of Urology in Bojnice Hospital in 2009-2012, who were indicated for
PB for positive DRE and/or higher PSA levels (>4 ng/ml). We excluded patients with PSA
levels greater than 50ng/ml, as well as patients with less than 8 biopsy cores. The number
of examined patients fulfilling the criteria was 474, while 186 (39.2%) were examined in
Bojnice and 288 (60.8%) were examined in Martin. An average age of them was 66.3 ± 8.3
(SD) years.

We took, at least, 8 biopsy cores (Fig. 1a) from the peripheral zone at the prostate volume
up to 40ml (62 patients – 13.1%), 10 biopsy cores (Fig. 1b) at the volume up to 60ml (296
patients – 62.4%) and 12 biopsy cores (Fig. 1c) at the prostate volume above 60ml (116
patients – 24.5%).
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Fig. 1a Example biopsy                    Fig 1b. Example biopsy              Fig. 1c. Example biopsy 
locations in a 8-core PB                    locations in a 10-core PB              locations in a 12-core PB

Technique
DRE, as well as TRUS were provided by experienced senior urologists. TRUS examination

in Bojnice was provided with Bruel – Kjaer Flex focus (Dennmark) and in UTH in Martin
with Siemens Sonoline Adara (Germany) ultrasound devices. The biopsy was performed
with a spring-driven needle core biopsy device – Magnum biopty gun 2.2 with a needle of
18G. The lenght of biopsy cores was 22mm on average. Every patient was carefully monito-
red at the department for 2 hours after the procedure. One week before the procedure, the
NSAIDs and salicylates were discontinued and warfarine bypassed by low molecular hepa-
rines followed by the prothrombine time test. Urine culture was taken in patients with the
Foley cathether and in case of positivity, followed by the broad spectral antibiotics use prior
to the PB. We did not use the local anesthesia. Neither enema nor glycerine cion were used.
Every patient was fully informed and signed the informed consent prior to the procedure.

Antibiotic prophylaxis
Quinolones (ciprofloxacin 500mg twice a day orally) were used one day before the proce-

dure followed by their intake the next two days. In high risk patients (endocarditis, valvu-
lar protheses, diabetes mellitus), a single dose of gentamycin 160mg intramuscular was
added, followed by five days cover of fluoroquinolones.
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RESULTS

Prostate cancer was diagnosed in 233 (49.2%) cases out of 474 patients. Those, in whom
PC was biopsy-verified, were older, an average age was 68.2 ± 8.5 (SD) years and had lower
prostate volume (median = 33ml) in comparison to the age of those with negative PC finding
64.5 (SD 7.7) years and higher prostate volume (median = 40ml).

In 9 (1.9%) patients, a vasovagal reaction with bradycardia and hypotension occurred within
30 minutes after the biopsy and usually subsides up to 30 minutes spontaneously. Haematuria
lasting up to 3 days occurred in 122 (25.7%) patients, up to 7 days in 10 (2.1%) cases. In 6
(1.3%) cases acute hospital admission was required and followed by administration of haemo-
styptics. Cathethrisation was required in one (0.2%) case. Rectal bleeding occurred in 90 (19%)
patients with a history of  days bleeding on average. Seven (1.5%) out of those were admitted to
the department and administered haemostyptic therapy,  two (0.4%) patients underwent acute
rectal tamponade. One (0.2%) patient required endoscopic suture of a bleeding artery in a gene-
ral anaesthesia. Haematospermia was reported in 71 (15%) cases. Dysuric disorders were
reported in 71 (15%) cases. Fever above 38°C occurred in 23 (4.9%) patients and in 7 (1.5%) out
of those urinary tract infection was proven  microscopically (3x Enterococcus faecalis a 4x
Escherichia coli), which required hospitalisation up to 7 days on average. Septicaemia was
reported in 3 (0.6%) cases and required parenteral antibiotic cover. Symptomatic bacterial pro-
statitis was reported in 6 (1.2%) cases. In 3 (0.6%) of those an epicystostomy was provided and
the therapy included antibiotics and alphablockers use. One (0.2%) case of urinary retention
occurred. There was not a report of an epididymitis in our study.

The complications which followed TRUS PB are summarized in Table 1. The complications
requiring hospitalisation are in Table 2).
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Table 2. Complications of TRUS PB requiring hospital admission  (n = 474 patients)

Table 1. Complications following TRUS prostate biopsy  (n = 474 patients)

Complication

Vasovagal reaction up to 30 min.

Haematuria up to 3 days 

up to 7 days

Haematospermia

Rectal bleeding

Dysuria

Fever above 38°C

Acute bacterial prostatitis

Acute urinary retention

Patient count (%)

9 (1.9%)

122 (25.7%)

10  (2.1%)

71 (15%)

90 (19%)

71 (15%)

23 (4.9%)

6 (1.2%)

1 (0.2%)

Complicaton

Severe haematuria

Severe rectal bleeding

Fever / urosepsis

Surgical intervention

Blood transfusion

Patient count (%)

6 (1.3%)

7 (1.5%)

7 (1.5%)

1 (0.2%)

1 (0.2%)
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We have not reported any statistically significant higher occurrence of complications in
between 8-core and 10-core biopsy (P=0.26), not even in between 8-core and 12-core biop-
sy (P=0.32).

DISCUSSION

Transrectal ultrasound-guided prostate biopsy is a safe and well-tolerated outpatient pro-
cedure. Nevertheless, it can be associated with early and late onset complications, which
can be minor or severe, sometimes requiring hospital admission. 

The early complications include procedural discomfort, transient rectal bleeding, haema-
turia as well as vasovagal syncope.  Late onset complications include fever, dysuria, hae-
matospermia and haematuria. In some series, TRUS PB is associated with a rate up to 80%
of minor complications (5).

These results correspond with our case-study, in which 378 (79.7%) out of 474 patients
mild complications occurred. Every patient must understand the potential complications of
the procedure and  discussed and assesed by a senior urologist.

The most frequent noted complication of TRUS-guided PB is bleeding, followed by the uri-
nary tract infection. The infectious complications include symptomatic bacterial prostatitis,
symptomatic urinary tract infection and urosepsis. Asymptomatic bacteriuria is not consi-
dered an infectious complication as long as it resolves itself spontaneously without any anti-
biotic use. Bleeding is the most common complication described in world case-studies. It
occures in 4-74% cases of TRUS-guided PB, including the rectal bleeding  in 2-40%, hae-
matospermia in 15 up to 78% cases (5,6,7,8,9).  Most of the cases do not require any sur-
gical intervention and subside spontaneously.  In our study, haematuria subsided sponta-
neously within three days, which corresponds with the world cases. In 6 (1.2%) cases, the
haemostyptics were used to arrest the bleeding. In one (0.2%) case of the acute urinary
retention a Foley cathether was inserted.

Likewise, Javorka et al. (9) evaluated sextant PB  with prophylactic antibiotics cover
(Ciprofloxacine 250mg) in 303 case-reports. Haematuria was reported in 31% cases, acute
rectal bleeding in 21%, dysuria in 18%, haematospermia in 15% and fever in 6% cases. The
bleeding, usually,  subsided within 7 days, which is longer than in our case-study, in which
it resolved itself among most of the patients (74.3%) within three days despite more biopsy
cores.

In one patient of our case-study, the surgical treatment of bleeding was provided right
after the biopsy procedure, which was not reported in above mentioned case-studies.

Table 3. shows the list of complications of PB mentioned in world case-studies. It is obvi-
ous, that the complication rate is very different in all the cases. The complication rate in our
case-study corresponds with the world reports.

The relation between the number of biopsy cores and the complication rate was closely
studied worldwide. The authors have not detected any statistically significant difference of
increased complication rate respecting the increased number of cores (5,16,17). We conclu-
de the same results in our case-study, respectively. We have not reported any statistically
significant higher occurrence of complications in between 8-core and 10-core biopsy
(P=0.26), not even in between 8-core and 12-core biopsy (P=0.32).

The periprocedural antibiotic prophylaxis intends to reduce the risk of  local and sys-
temic infectious complications. Alike in other procedures, it is prefarable to use a short-
term regimen. These decrease the risk of side-effect of the antibiotics, bacterial resistan-
ce as well as the allergic reactions. It is prefarable to use antibiotics which are not admi-
nistered in the common infection treatment. Extended antibiotic cover for more than 3
days has not proven any significant decrease of the infectious complications in compari-
son to the short-term regimen. The high risk patients with diabetes mellitus, immuno-
suppressed, with the history of bacterial prostatitis, recurrent urinary tract infections or
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long-term cathethrised patients are exceptions. In these cases, the risk of infectious com-
plications is significantly higher and antibiotic cover is provided for 5 days at least. For
the urinary tract, the fluoroquinolones are the the most appropriate and efficacious.
These maintain high efficacy, sufficient serum and tissue concentration without the need
of redosing. They are rarely associated with allergic reactions and are not likely to pro-
mote bacterial resistance or side effects (18). In our group of patients, likewise in the other
authors , cover of fluoroquinolones lasted 3 days, followed by the minimal amount of
infectious complications (7.6%).

The prebioptis antibiotic prophylaxis include one- or three-day regimen (19,20).  Aron et
al. (21) published a comparative study, which revealed significantly lower incidence of infec-
tious complications in patients covered by ciprofloxacine than in placebo. Very similar
results were reported in one- or three-day regimen. Larsson et al. (22) revealed the high effi-
cacy of 2 doses of ciprofloxacine 750mg combined with metronidazole 400mg. Infectious
complications occurred in only 4.7% out of 289 patients. Scheaffer et al. (23) evaluated one-
day and three-day slow-release ciprofloxacine cover. The 3-day regimen achieved signifi-
cantly better results. Three-day antibiotic ciprofloxacine cover (2x500mg  one day prior the
procedure, followed by 2 days after the procedure), recommended by EAU Guidlines 2013
(4), is used in our departments respectively. The incidence of infectious complications in our
group is relatively low and is comparable with other case-studies. It is obvious from the
above mentioned, that the antibacterial propfylaxis is effective in preventing  the incidence
of infectious complications following TRUS-guided PB.

CONCLUSIONS

Transrectal ultrasound-guided punch prostate biopsy with standard minimum 10 core
samples is a precise and reliable method of obtaining tissues of the gland to be examined
microscopically for the presence of cancer. It is a safe procedure with a relative low risk of
complications when the adequate periprocedural care is provided. The most important is
a close monitoring  right after the procedure. Most complications are treated conservative-
ly without any persistant effects. The antibiotic prophylaxis is necessary since it lowers the
risk of infectious complications.
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Table 3. Complications percentage given by biopsy session, irrespective of  the number of cores, in
world

Complication/Author

Haematuria

Haematospermia

Fever above 38°C

Dysuria

Rectal bleeding

Acute bacterial prostatitis

Acute urinary retention

Epididymitis

Peyromaure
et al.(10) 

(n=275)

74.4%

78.3%

3.7%

-

-

1.2%

-

-

Collins 
et al.(11)

(n=89)

58%

29%

4%

7%

37%

-

-

1%

Kirkels 
et  al.(12) 

(n=1687)

24%

45%

4%

-

2%

-

-

-

Kreutzer 
et al.(13) 

(n=140)

55.6%

-

3.4%

29.9%

-

-

-

-

Zisman 
et al.(14) 

(n=98)

58%

51%

5%

-

40%

-

4.5%

-

Pushkar
a Govorov (15)

(n=612)

35.9%

27.1%

-

-

13%

3.6%

1.5%

1.1%

Javorka 
et al.(9)

(n=200)

31%

15%

6%

18%

21%

-

-

-

Cech   
et al. 
(n=474)

27.8%

15%

4.9%

15%

19%

1.2%

0.2%

0
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MINIMAL ACCESS SPINAL TECHNOLOGIES (MAST) 
FUSION PROCEDURES FOR THE TREATMENT 

OF THE DEGENERATIVE LUMBAR SPINE
(A PART OF MULTICENTRAL PROSPECTIVE STUDY)

Khoshab AH1, Durny P1,  Kolarovszki  B2.

1 Department of Neurosurgery, Central Military Hospital, Ružomberok, Slovakia
2 Clinic of Neurosurgery, Jessenius Faculty of Medicine in Martin, Comenius University in Bratislava, University

Hospital Martin, Slovakia

A b s t r a c t

A prospective multicentral observational study of minimally invasive fusion to treat degenerative lumbar disor-
ders, and to report outcomes of one or two level minimally invasive posterior lumbar interbody fusion (MLIF) for
degenerative lumbar disorders in a multi-center 1-year prospective study. We prospectively studied a group of 32
patients, mostly female 24 ( 75% female ), and 8 males ( 25%). They underwent minimally invasive transforaminal
lumbar interbody fusion (mTLIF), 21 of them monosegmental and 11 bisegmental. Patients demographics, intra-
operative data  and complications were recorded. Time to first ambulation, time to study-defined recovery, surgi-
cal duration, blood loss, fluoroscopy time and adverse events were recorded. Visual analogue scale (VAS) of back
and legs pain, Oswestry disability index (ODI) and health-related questionnaire (EQ-5D) were assessed preopera-
tively and at defined time points through 12 months postoperatively. Mean surgical duration, blood loss and
intraoperative fluoroscopy time were 125 vs.175 minutes, 150 vs. 170 ml, and 105 vs. 145 seconds in one- and two-
level segments, respectively. Mean preoperative VAS back (6.5) and VAS leg (7.9) scores dropped significantly
(p<0.0001) to 3.5 (2.6) and 2.1 (2.0) at discharge (6 weeks). At the end, this is the largest prospective multi-center
observational study of MLIF to date, following routine local standard of practice and, MLIF demonstrated favou-
rable clinical results with early and sustained improvement in patient reported outcomes and low major periope-
rative morbidity.

Key words: Degenerative disc disease, minimally invasive posterior lumbar interbody fusion, transforaminal
lumbar interbody fusion

Abbreviations:

ALIF Anterior Lumbar Interbody Fusion
DDD Degenrative Disc Disease
MAST Minimal Access Spinal Technologie
MLIF Minimally Invasive Lumbar Interbody Fusion
MTLIF Minimally Transforaminal Lumbar Interbody Fusion
ODI Oswestry Disability Index
PLIF Posterior Lumbar Interbody Fusion
TLIF Transforaminal Lumbar Interbody Fusion
VAS Visual Analog Scale

INTRODUCTION

Instrumented lumbar fusion is the gold standard for the management of lumbar degene-
rative disc disease (DDD) and it is usually done through an open procedure, which involves
an excessive intraoperative dissection [17] and retraction of the paraspinal musculature lea-
ding, in a short term basis, to a prolonged recovery time from the surgery [1]. 
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The open approach is frequently associated with the significant blood loss and need of
transfusion, produces the majority of the perioperative pain, increases hospital stay and the
chances of infection and delays the return to normal activities and to work [1, 2]. In a long
term basis, the open procedure leads to denervation, atrophy and loss of the muscles inde-
pendent function, resulting in an increased risk of fusion disease, a term that has been coi-
ned to describe its occurrence [6, 11, 12]. 

Over the past decades minimal invasive surgery is gaining popularity in the treatment of
DDD [19]. The minimally invasive spinal (MIS) surgery was developed as a potential soluti-
on to the above mentioned problems by reducing the amount of iatrogenic soft tissue inju-
ry while reaching the same traditional goals of the open procedures. Besides minimizing the
long term effects of exposure-related muscle injury [11, 12], minimally invasive lumbar fusi-
on techniques hold the promise of immediate short-term advantages [14, 15]. 

The minimally invasive access requires a surgical corridor targeted on the disease which
is accomplished by using a series of tubular muscle dilators allowing a clear intraoperative
visualization to perform these procedures together with the parallel use of image guided
percutaneous insertion of pedicle screws and instrumentation. 

METHODS

32 patients participated in this study at our department, were those that have indication
for a single or double level instrumented lumbar fusion for the treatment of the degenerati-
ve lumbar spinal pathologies causing back pain and/or leg pain. 

Approximately 200 patients from 19 centers located in Europe, Australia and Canada were
enrolled over a period of 12 months. From June 2011 to June 2012, in our neurosurgical
unit we were prospectively studied a cohort of 32 patients (24 females, 8 males) with the
mean age of 53 years who fulfilled the inclusion criteria at the primary consultation, were
included in the study. 

Schedule for patient follow-up visits were after surgery at 4 weeks (± 2 weeks), 3 months
(± 1 month), 6 months (± 1 month) and 12 months (± 2 month). Preoperative data included
registration of patient demographics which contain visit date, sex of patients, weight and
height with calculating of body mass index (BMI), work status, medical history which inc-
lude approximately duration of symptoms that resulted in the planned surgery, how long
the patient has been treated with the conservative care and has the patient had any previ-
ous lumbar spine surgery(ies). 

Only microdiscectomy was allowed to be included. Patients examined whether they had
any neurological deficit or either pre-existing medical conditions relevant to the study. The
average and types of pain medications which were taken before and after surgery were also
documented. Imaging performed for diagnostic reasons includes X-ray (native & dynamic)
and MRI scans. 

The main reason for surgery were divided into the back pain, legs pain with or without
neurologic dysfunction and neurologic claudications as it is shown in graph below. The
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main pathology(ies) at the level to be operated were spondylolisthesis (degenerative, isth-
mic), stenosis either central or foraminal and disc pathology (disc height reduction, disc
herniation).

If another level going (only 2 levels included) to be treated, the same questions were fulfilled.

RESULTS

From June 2011, until June 2012 we prospectively studied group of 32 patients mostly
female 24 ( 75% female ), and 8 males  with mean age 53 years, mean BMI 26, and mean
duration of symptoms were 15 month. 

They underwent mTLIF (Fig.1), 21 of them monosegemental and 11 bisegemental.
Segments which mostly were treated were L4/5 and L5/Sl, only 4 patients underwent sur-
gery at L3/4. Patients were indicated for surgery mostly for the leg pain (53%), back pain
(25%) and neurogenic claudication (22%). They were treated for degenerative pathologies
mostly disc pathology (72%) with or without spinal stenosis, and or (28%) spondylolistheis.
22% of patients had previous decompression surgery at the target level.
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Fig. 1 Perioperative illustration of mTLIF using MAST tubular distractors. 
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Mean surgical duration, blood loss and intraoperative fluoroscopy time were 125 vs.175
minutes, 150 vs. 170 ml, and 105 vs. 145 seconds in one- and two-level cases, respectively.
(Table 1)
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Table 1. Intraoperative blood loss, fluoroscopy time and surgical duration

Blood loss 

Duration of surgery 

Intraoperative f louro-time 

One level

150 ml

125 min.

105 sec.

Two levels

170 ml

175 min.

145 sec.

Table 2. Preoperative and follow up questionairies results (NE-Not Evaluated)

VAS (back)

VAS (leg)

ODI (%)

EQ5D

Preop.

6.5

7.9

58

51.5

Postop.

3.5

2.6

NE

NE

6 weeks

2.6

2.0

36.5

68

12 month

2.2

2.0

22

72.1

The mean time to the first ambulation was 1.5 days, and time to study-defined recovery
was 3.0 days. Mean preoperative VAS back (6.5) and VAS leg (7.9) scores dropped signifi-
cantly (p<.0001) to 3.5 (2.6) and 2.1 (2.0) at discharge (6 weeks).All of patients were avai-
lable at follow-up schedules. One-level surgery occurred at L4-5 or L5-S1 in 66% and two-
level surgery at L4-S1 in 34%.VAS improvement was sustained between 6 weeks and final
follow-up at 12 months. Preoperative ODI (58) and EQ5D (51.5) changed to 36.5 (22) and
68.6 (72.1) at 4 weeks. (12 months) (p<.0001). 56% of patients were working at the baseli-
ne , the rest were not working either because of spine problem or were at maternal holidays,
or were pensioners. From above 18 patients, 67% return to their works at 6 month follow
up and rest of them which were mostly elderly had to find part - time jobs. In the 12 month
follow up, a total of 1 adverse events in 2 patients (6%) were attributed to the hardware
(screw breakage), no deep surgical site infections or other complication were seen. (Table 2)

DISCUSSION

Our study presents outcome and complication rates after mTLIF surgery from june 2011
to 2012 in the Central Military hospital, Ružomberok, Slovakia, as a part of multi-center
study. At the end of the study, 225 patients were available at 12 months. VAS improvement
was sustained between 4 weeks and final follow-up at 12 months. Preoperative ODI (45.5)
and EQ5D VAS (52.9) changed to 34.5 (23.2) and 65.4 (70.1) at 4 weeks (12 months)
(p<0.0001).In the 4-week time window, a total of 39 adverse events in 32 patients (12.7%)
were attributed to surgery, approach or device; no deep surgical site infections and one revi-
sion surgery were observed. The experience with the minimally invasive lumbar fusion pro-
cedures are documented in the medical literature. Foley et al [4] in a review article conclu-
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ded that the preliminary clinical results (of ALIF, TLIF and PLIF) suggest that minimally
invasive lumbar fusion will have a beneficial impact on the care of patients with spinal
disorders. Because the techniques are new and evolving, studies with long-term follow-up
will be necessary to validate its success and support their potential benefits. Park and Foley
[14] describe a technique for minimally invasive TLIF that permits the surgeon to reduce
spondylolisthesis percutaneously. The results in 40 consecutive patients who underwent
minimally invasive TLIF for symptomatic spondylolisthesis utilizing this approach were
reviewed. The authors conclude that minimally invasive TLIF for symptomatic spondyloli-
sthesis appears to be an effective surgical option with results that compare favorably to open
procedures. Schizas et al [19] published their TLIF initial experience both with minimally
invasive and open procedures in 36 patients, 18 in each group with an average follow-up of
22 and 24 months, respectively. Clinical outcome was assessed using the VAS and the
Oswestry disability index. There was no difference in length of surgery between the two
groups. The minimally invasive TLIF group resulted in a significant reduction of blood loss
and had a shorter length of hospital stay.No difference was observed in postoperative pain,
initial analgesia consumption, VAS or ODI between the groups. Three pseudoarthroses were
observed in the minimally invasive TLIF group however, not statistically significant. A stee-
per learning effect was observed for the minimally invasive TLIF group. O’Toole et al [13]
published a retrospective review of prospectively collected databases of 1274 consecutive
patients that underwent 1338 minimally invasive spinal surgeries performed by the aut-
hors. The postoperative infection rates were 0.74% for instrumented arthrodesis and 0.22%
for the entire cohort series. Their findings suggest that minimally invasive techniques redu-
ce postoperative wound infections by as much as 10-fold compared with other large, modern
series of open spinal surgery in the literature. Although the published literature shows evi-
dence of the benefits of the minimally invasive lumbar fusion procedures over the traditio-
nal open technique the results do not allow a final conclusion due to the lack of data from
a sufficient number of patients.

CONCLUSIONS

It was the largest prospective multi-central observational study of MLIF to date, following
routine local standard of practice. MLIF demonstrated favourable clinical results with early
and sustained improvement in patient reported outcomes and low major perioperative mor-
bidity.

Based on our results and clinical experiences we can put forward the following conclusions:
1. Mininvasive fusion surgery is muscle friendly surgery which is preventing the postopera-

tive fusion disease.
2. In polymorbid and obese patients MLIF reduces the blood loss and major complications

which is sometimes crucial and life saving for the patient.
3. Less hospital stay, analgesic usage and early comeback to the previous work.
4. Fluoroscopy time is depending on the learning curve of the surgeon and could minimize

in the era of 3D imaging and navigation.
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