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Background: In Thailand, the spun microhematocrit method is usually performed using glass microhematocrit tubes even
though broken glass tube during use may result in a risk of injury and blood-borne infection. The main reason is that the
safer product alternatives such as plastic microhematocrit tubes are more expensive. Now, plastic tubes for hematocrit
determination can be produced in Thailand at a much cheaper price. However, precision and accuracy studies are necessary
before being able to use them.

Objective: To compare the accuracy and precision of Thai plastic microhematocrit tubes against the routinely used glass
microhematocrit tubes and imported plastic microhematocrit tubes using spun microhematocrit method.

Materials and Method: One hundred residual EDTA blood samples from the Department of Clinical Pathology, Faculty of
Medicine Siriraj Hospital, Mahidol University, Thailand along with the three level hematology control materials were
measured with spun microhematocrit values using three different types of plastic microhematocrit tubes. This was compared
to the routinely used glass microhematocrit tubes as a gold standard.

Results: The repeated measures one-way ANOVA found no significant difference between the hematocrit values from each
type of tubes with an F(1,99) = 0.667 and p-value = 0.574. Intraclass correlation coefficient(ICC) between four types of
microhematocrit tubes ranged from 0.996-0.998 (p-value < 0.001). Correlation coefficients (r) between four types of
microhematocrit tubes ranged from 0.996-0.998 (p-value < 0.05). Coefficient of variation (CV) for precision of both within
run and between run of Thai plastic microhematocrit tubes ranged from 1.44 to 2.17% compared to 1.39 to 4.01% of the
imported plastic microhematocrit tubes.

Conclusion: The hematocrit values determined by all plastic microhematocrit tubes can be considered relatively equivalent
to those of glass microhematocrit tubes in terms of accuracy and precision. The Thai plastic microhematocrit tubes are
economical and with the cost-benefit over other plastic tubes of about 12 to 16 times. Therefore, the Thai plastic
microhematocrit tubes should be the choice for glass tube replacement.
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The objective of the present study was to
evaluate the plastic microhematocrit tubes produced
from Zigma Biotech, Co., Ltd., Thailand in order to
decide to implement them in Siriraj Hospital. The
personnel that performed the present study were from
the Department of Clinical Pathology, Faculty of
Medicine Siriraj Hospital. The plastic microhematocrit
tubes used in the present study were provided by the
manufacturer for the present study. Besides the supplies
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Hematocrit, also known as packed cell
volume (PCV), is a ratio of packed red blood cell
volume to total blood volume. It is one of the important
hematology parameters for diagnosing, assessing,
and monitoring many conditions such as anemia,
bleeding etc. Hematocrit can be derived from several
techniques or principles. The four most commonly
used methods are 1) spun microhematocrit method,
2) Coulter impedance principle on automatic cell
count analyzers, 3) conductivity method on blood gas
analyzers, and 4) calculation method of hematocrit
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from hemoglobin”. However, the most frequently used
method for bedside management is the spun
microhematocrit method because it is simple to
perform, inexpensive, and require small sample
volume. This method is also recommended by the
Clinical and Laboratory Standards Institute (CLSI)
to be a reference method®. Moreover, the Clinical
Laboratory Improvement Amendments of 1988
(CLIA’ 88) characterizes the spun microhematocrit as
a waived test, which is defined as a simple laboratory
procedure allowing non-laboratory personnel such as
nurses or medical students to perform this procedure
as to render the likelihood of erroneous results
negligible; or pose no reasonable risk of harm to the
patient if the test is performed incorrectly®. As the
results obtained from those operators are acceptable
for accuracy and precision.

Glass microhematocrit tubes have been used
for performing the spun microhematocrit since the first
time this test was done in Thailand®. However, they
are fragile and occasionally cracked when forced into
the sealing clay. It leads to unnecessary occupational
risks such as exposure to blood and infectious micro-
organism. Because they contain more blood than a
needle and can produce a more complicated laceration,
they are a potential to introduce larger inoculums of
microbial particles into the wound. Not only have the
operators taken more risks when inserting the tubes
but also the health workers when cleaning the clay.
All injuries from broken glass microhematocrit tubes
are preventable by substituting it to a safer product
alternative such as mylar wrapped and plastic®.

In 1999, the joint safety advisories from three
organizations: 1) the National Institute for Occupational
Safety and Health (NIOSH) of the Centers for Disease
Control and Prevention (CDC), 2) the Occupational
Safety and Health Administration (OSHA), and 3) the
Food and Drug Administration (FDA) recommended
the use of plastic microhematocrit tubes or mylar
wrapped microhematocrit tubes to minimize the
risk of injury and infection from glass of broken
microhematocrit tubes®. To follow the recommendation
in Thailand, the plastic microhematocrit tubes have to
be imported and they are 10 to 16 times more expensive
than glass tubes.

Fortunately, in 2010, plastic microhematocrit
tubes started to be produced in Thailand by Zigma
Biotech, Co., Ltd., Thailand. Their price is equal to
the price of glass microhematocrit tubes. Since a
laboratory test is considered an important part in the
diagnosis and monitoring of medical treatment, any
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new procedure or equipment must be validated before
being introduced for patient testing to insure that the
values reported will meet clinical expectations with
a desired degree of reliability. Although the spun
hematocrit is characterized as a waived test that has no
recommendations for method validation!?, it is given
equal attention as any other tests to give clinicians
confidence. Therefore, evaluation of the Thai plastic
microhematocrit tubes according to the international
standard of good clinical and laboratory practice is
essential before they are widely used.

The objective in the present study was to
evaluate the accuracy and precision of the plastic
microhematocrit tubes as compared to those of glass
microhematocrit tubes as a gold standard.

Material and Method

The protocol and design were approved by
the Siriraj Ethic Committee before the present study
began. The protocol number was 127/2553 (EC4). To
eliminate an inter-operator variation, all hematocrit
values were measured by only one lab personnel
throughout the present study.

Specimen

One hundred residual venous blood samples
from in-patients and out-patients sent to the Central
Laboratory of the Department of Clinical Pathology,
Faculty of Medicine Siriraj Hospital were used.
They were obtained after all ordered testings were
completed. All specimens were collected into
Vacutainer blood collection tubes anticoagulated with
K,EDTA (Becton Dickinson, Franklin Lakes, NJ,
USA). No personal identifying information of any
sample was recorded. The specimens were excluded
from the study if there were hemolysed, lipemia,
clotted, or if the volume was less than 1 ml.

Microhematocrit tube

Microhematocrit tubes from four manufacturers
with a variety of materials were assessed in the present
study. The characteristics of each tube were shown in
the Table 1.

Accuracy

Accuracy of hematocrit values obtained
from each type of plastic microhematocrit tube was
evaluated by comparing those values with hematocrit
resulted from glass microhematocrit tube. Duplicate
microhematocrit tubes of each type were filled
with each EDTA blood sample until two-thirds full.
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Table 1. Microhematocrit tubes used in this study (all tubes were plain and no anticoagulation)

Tube code Source Item name Specification (mm) Price (baht)

A Zigma Biotech Co., Ltd., Plastic micro- Polystyrene ID 0.90 +0.05 500
Thailand hematocrit tubes Length 75

B Globe Scientific Inc., Plastic micro- Polystyrene ID 0.90 + 0.05 8,000
USA hematocrit tubes Length 75

C Iris Sample Processing, SafeCrit micro- Polycarbonate ID 0.89 6,500
USA hematocrit tubes Length 75

(plastic)

D Vitrex Medical A/S, BRIS micro- Glass ID 1.15+0.05 500

Denmark hematocrit tubes  (Sodalime glass) Length 75

One end of each tube was sealed with Critoseal
(Vitrex Medical A/S, Denmark). Tubes were placed
in the microhematocrit centrifuge (Boeco M-24;
Hettich, Germany) and centrifuged for five minutes
at 12,000 rpms. The hematocrit values was read as
the percentage of whole venous blood volume
occupied by packed red blood cells (RBC) volume
using a Damon/IEC Division Microcapillary Reader.
In reading the hematocrit value, care was placed on
excluding the buffy coat (platelets and leukocytes) and
the measurement was performed within 10 minutes to
avoid merging of the layers®”). The readings of the
two tubes were averaged.

Precision

Precision of three kinds of the plastic micro-
hematocrit tubes were determined using three levels
of quality control materials that have hematocrit
values 17.5%, 36.5%, and 46.5%. To estimate the
within-run imprecision of each plastic microhematocrit
tube, each control material was measured for spun
microhematocrit 20 times. For the between-run
imprecision, each control material was measured for
spun microhematocrit for 20 consecutive days. The
coefficient of variation (CV) was used to analyze the
imprecision of the plastic microhematocrit tubes.

Data analysis

All statistical analyses were performed in
SPSS-PC+ version 13.0. For the accuracy study,
scatterplots of hematocrit values obtained from each
plastic microhematocrit tube were produced against
the values from the glass microhematocrit tubes.
Correlation coefficients(r) and intraclass correlation
coefficients (ICC)!"" with 95% confidence interval
were also calculated to determine their agreement. The
ICC was obtained from mean squares (MS) of the
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two-way random effects model shown in the following
equation.

ICC=__ MSr-MSe
MSr+ (N -1) MSe

MSr is the between target mean square, MSe
is the within target mean square, and N is the number
of type of microhematocrit tubes. A repeated one-way
analysis of variance (ANOVA) was used to determine
whether the hematocrit values from four types of
microhematocrit tubes are statistically significantly
difference.

All analyses in accuracy evaluation were
evaluated for statistical significance with an alpha at
0.05.

Results

From the 100 residual venous blood samples
included in the present study, none was excluded. The
specimens were collected from both newborns (n=23)
and adults (n = 77). The hematocrit values ranged
from 11.0% to 55%.

Accuracy

Comparisons of hematocrit values from each
type of plastic microhematocrit tubes to the glass
microhematocrit tubes by scatterplots and correlation
coefficients(r) are shown in Fig. 1. All scatterplots
show only minimal differing of results among each
plastic and glass tubes. Furthermore, the hematocrits
of the four types of microhematocrit tubes were in
close agreement. All Pearson correlation coefficients
comparing four types of microhematocrit tubes
were statistically significant agreement at p-value
<0.05.

Comparisons of tubes by intraclass correlation
coefficients (ICC) are in Table 2. All comparisons have
ICC close to 1. Agreements of hematocrit values
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Tube A = Plastic Microhematocrit tube from Zigma Biotech
Co., Ltd., Thailand

Tube B = Plastic microhematocrit tube from Globe scientific
Inc., USA

Tube C = Plastic microhematocrit tube from Iris Sample
Processing,USA

Tube D = Glass microhematocrit tube from Vitrex Medical
A/S, Denmark

Fig.1  Correlation of spun hematocrit using 4 different

microhematocrit tubes of different material and
dimension

obtained from four types of microhematocrit tubes by
ICC were statistically significant (p-value < 0.01).

The repeated measures one-way ANOVA was
found no statistically significant difference among
the microhematocrit tubes with an F(1,99) = 0.667,
p-value = 0.574.

Precision

Within-run precisions of Thai polystyrene
tube (tube A) when measurement of level I (17.5%),
level I1 (36.5%), and level 111 (46.5%) control materials
were 2.17%,1.51%, and 1.44% respectively. For those
of imported polystyrene tube (tube B) were 2.87%,
1.50%, and 1.59% while those of imported
polycarbonate tube (tube C) were 1.83%,1.72%,and
1.48% respectively.
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The between-run precisions of tube A when
measurement levels I, I, and III of control materials
were 2.17%,1.78%, and 1.39%. For the between-run
precisions of tube B were 3.55%, 1.60%, and 1.58%
and for those of tube C were 4.01%, 2.34%, and 1.57%
respectively Within-run and between-run precisions
for the plastic microhematocrit tubes A, B, and C when
tested with 3 levels of hematology control materials
are summarized in Table 3.

Discussion

This is the first pre-market study for evaluation
of accuracy and precision of plastic microhematocrit
tube first produced in Thailand. An accuracy of a test
is performed to estimate inaccuracy or systematic
error while the precision is the reproducibility or the
agreement of the measurements of replicate runs of
the same sample. It is the process of determining the
range of random error'?. For accuracy evaluation, the
hematocrit values of 100 patients samples measured
in all plastic microhematocrit tubes were close to the
reference method and to each other. Agreement of all
plastic tubes with the glass tubes was confirmed by
the two statistical evaluations: the ICC and the Pearson
correlation coefficients. Both showed excellent
correlations and statistically significant agreement with
the p-value < 0.05. Additionally, based on repeated
measures one-way ANOVA, the p-value obtained
from spun microhematocrit test was consistent with
no significant difference between the plastic micro-
hematocrit tubes and the glass tubes when testing the
EDTA blood with hematocrit between 11% and 55%.
Since the hematocrit values from four types of
microhematocrit tubes can be considered relatively
equivalent with the ultimate agreement, the results
from all plastic microhematocrit tubes are accurate
and precise enough for hematocrit measurement in
clinical specimen. This indicated similarity of the
different products!-¥,

From the%CYV value for precision study
among three kinds of plastic microhematocrit tubes,
the Thai plastic microhematocrit tubes ranked in the
second place of the within run precision but it was
the first rank of between run precision. In addition,
almost all of its %CV are within 2% which are in
allowable variation range except %CV of level 1
control material, which were slightly higher than 209,
The authors may conclude that the Thai plastic
microhematocrit tube possesses the best of all
precisions in hematocrit values for all control
materials.
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Table 2. Intraclass correlation coefficients of spun hematocrit using 4 different microhematocrit tubes for accuracy

evaluation
Microhematocrit tubes Intraclass correlation coefficients (ICC) 95% confidence interval (95% CI)  p-value
Tube A-Tube D 0.997 0.996-0.998 <0.001
Tube B-Tube D 0.996 0.994-0.997 <0.001
Tube C-Tube D 0.997 0.996-0.998 <0.001
Tube A-Tube B 0.997 0.996-0.998 <0.001
Tube A-Tube C 0.997 0.996-0.998 <0.001
Tube B-Tube C 0.998 0.997-0.998 <0.001

Tube A = Plastic microhematocrit tube from Zigma Biotech Co., Ltd., Thailand
Tube B = Plastic microhematocrit tube from Globe scientific Inc., USA

Tube C = Plastic microhematocrit tube from Iris Sample Processing, USA
Tube D = Glass microhematocrit tube from Vitrex Medical A/S, Denmark

Table 3. Within-run and between-run precision summary of the plastic tube A, B, C for spun microhematocrit

Hematology control material

Within run precision (%CV)

Between run precision (%CV)

Tube A Tube B Tube C Tube A Tube B Tube C
level 1 (17.5%) 2.17 2.87 1.83 2.17 3.55 4.01
level 2 (36.5%) 1.51 1.50 1.72 1.78 1.60 2.34
level 3 (46.5%) 1.44 1.59 1.48 1.39 1.58 1.57

Tube A = Plastic microhematocrit tube from Zigma Biotech Co., Ltd., Thailand
Tube B = Plastic microhematocrit tube from Globe scientific Inc., USA
Tube C = Plastic microhematocrit tube from Iris Sample Processing, USA

There are two drawbacks of the plastic
microhematocrit tubes. First, it is more difficult to fill
blood into the plastic microhematocrit tubes than into
the glass tubes especially when filling with the high
hematocrit level blood. The reason may be that the
plastic microhematocrit tubes have less capillary
effect than the glass microhematocrit tubes!%!”. This
problem should be gradually decreased and overcome
eventually if the operators keep on practicing and get
used to the plastic tubes.

Another disadvantage of the plastic micro-
hematocrit tubes is that the frequencies of blood lost
during centrifugation are much more than the glass
tube. The authors found that there were 7.5% of
Thai plastic microhematocrit tube (tube A) lost
blood during centrifugation compared to 10.6% of
imported polystyrene tube (tube B), 5.3% of imported
polycarbonate tube (tube C), and 3.5% of glass
microhematocrit tube (tube D) (Table 4). Interestingly,
91.1% of all blood lost from microhematocrit
tubes during centrifugation were from the low level
hematocrit value (hematocrit value <35%). The reason
for the second problem may be from the Critoseal. As
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Table 4. The problems of using the microhematocrit tubes

Tube code Degree of difficulty Blood lostduring
for filling blood centrifugation

A Moderate 7.5%

B Moderate 10.6%

C Severe 5.3%

D Mild 3.5%

Tube A = Plastic microhematocrit tube from Zigma Biotech
Co., Ltd., Thailand

Tube B = Plastic microhematocrit tube from Globe scientific
Inc., USA

Tube C = Plastic microhematocrit tube from Iris Sample
Processing, USA

Tube D = Glass microhematocrit tube from Vitrex Medical
A/S, Denmark

the Critoseal is supposed to be specific for the glass
microhematocrit tubes only, an incomplete sealing
function can therefore happen when used with other
materials. If the blood-lost from glass microhematocrit
tubes is considered as 1 time, the blood lost from the
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plastic microhematocrit tubes A, B and C will be
2 times, 3 times, and 1.5 times respectively. It would
be interesting to study further whether or not the
percentage of blood lost would be reduced if the
proper sealant for the plastic microhematocrit tubes
were used.

Limitation of the present study was that the
study design included only EDTA venous blood
specimens. Capillary blood was not investigated.
Additional research of Thai plastic microhematocrit
tubes should be done at the point of care by non-
laboratory personnel to demonstrate whether the
similar results are obtained. Furthermore, the specific
sealant for plastic microhematocrit tubes should be
applied along with this additional work, therefore
the reason of blood lost during centrifugation of the
plastic microhematocrit tubes can more clearly be
summarized.

In conclusion, accuracy and precision of Thai
plastic microhematocrit tubes are comparable to the
glass microhematocrit tubes and virtually equivalent
to the imported microhematocrit plastic tubes. Although
Thai plastic microhematocrit tubes possess more minor
difficulties when using them than the glass tubes, they
offer a safer working standard with a lower cost than
imported tubes. Therefore, Thai plastic microhematocrit
tubes are considered the most cost-effectives. As they
are not inferior to the gold standard, they are appropriate
to be put in practice. However, user training before
glass tube replacement is recommended.

Acknowledgement
The present study was supported by Siriraj
Research Development Fund.

Potential conflicts of interest
None.

Reference
1. Wennecke G. Hematocrit—a review of analytical
methods [database on the Internet]. Radiometer
Medical ApS. 2004 [cited 2010 Apr 10]. Available
from: http://www.heartpumper.com/hematocrit.
html
2. Clinical and Laboratory Standards Institute
(CLSI). Procedure for determining packed cell
volume by the microhematocrit method. Approved
standard - Third edition. CLSI document H7-A3.
Wayne, PA: CLSI; 2000.
3. U.S. Food and Drug Administration. CLIA-
Clinical laboratory improvement amendments-

814

10.

11.

12.

13.

14.

15.

CLIA Waivers [database on the Internet].
2009 [cited 2010 Apr 10]. Available from:
http://www.fda.gov/MedicalDevices/
DeviceRegulationandGuidance/I[VDRegulatory
Assistance/ucm124202.htm

Lesson 2-2 Hematocrit. In: Estridge BH, Reynolds
AP, Walters NJ, editors. Basic clinical laboratory
techniques. 5" ed. Albany, NY: Delmar Publishers;
2007: 125-30.

Aoun H. When a house officer gets AIDS. N Engl
J Med 1989; 321: 693-6.

Jagger J, Hunt EH, Pearson RD. Sharp object
injuries in the hospital: causes and strategies
for prevention. Am J Infect Control 1990; 18:
227-31.

Hudson M, Morgan-Capner P, Wilson M. Potential
hazards with fine bore capillary tubes used by
non-pathology staff. J] Hosp Infect 1994; 28:
323-4.

. Jagger J, Deitchman S. Hazards of glass capillary

tubes to health care workers. JAMA 1998; 280:
31.

. U.S. Food and Drug Administration. Public health

notifications [database on the Internet]. 2010 [cited
2010 Apr 10]. Available from: http://www.fda.gov/
MedicalDevices/Safety/AlertsandNotices/
PublicHealthNotifications/

Charuruks N. Method Validation. 1% ed. Thai
Society of Clinical Pathology. Bangkok; 2009
Donner A, Koval JJ. The estimation of intraclass
correlation in the analysis of family data.
Biometrics 1980; 36: 19-25.

Shrout PE, Fleiss JL. Intraclass correlations: uses
in assessing rater reliability. Psychol Bull 1979;
86: 420-8.

Yaffee RA. Enhancement of reliability analysis:
application of intraclass correlations with SPSS/
Windows v.8 [database on the Internet]. March
11, 1998 [cited 2010 Oct 10]. Available from:
http://www.nyu.edu/its/statistics/Docs/intracls.
html

Pellis L, Franssen-van Hal NL, Burema J, Keijer
J. The intraclass correlation coefficient applied for
evaluation of data correction, labeling methods,
and rectal biopsy sampling in DNA microarray
experiments. Physiol Genomics 2003; 16: 99-106.
Perkins SL. Examination of the blood and bone
marrow. In: Greer JP, Foerster J, Rodgers GM,
Paraskevas F, Glader B, editors. Wintrobe’s
clinical hematology. 12" ed. Phildelphia: Lippincott
Williams & Wilkins; 2009: 3-25.

J Med Assoc Thai Vol. 95 No. 6 2012



16. Fact sheet: Rocket glass and plastic capillary pdf
tubes for fetal blood sampling [database on the 17. Wettability and capillarity. Unit 1: Demos

Internet]. 2010 [cited 2011 Mar 24]. Available [database on the Internet]. 2011 [cited 2011 Mar
from: http://www.rocketmedical.com/pdf/Data 24]. Available from: http://www.biog1105-1106.
sheets/Obstetrics Fetal Medicine/Factsheet%20 org/demos/105/unitl/wettabilityandcapillarity.
Glass%20v%?20Plastic%20Capillary%20Tubes. html

Q =) Q o = Q Q d’ Q
msilsziiulseansmnmsinauvesvaea lulasawlaasanaraaniuanlusznalne
1 rd U a o 4 = a a a U [ o q( A
Ili‘ﬂfy‘l INHAITSIN, UAITAY Zﬂf”ﬂlﬂﬂfﬁfq)ﬁ, INa "b"uﬂJN?ﬁqua, auenNe 8133l

panaa: ludszmalngmsinszavanlnnsalagismsthlditunaoalulasdunlaniaudiunnaen uiiimaenlulas
=) a o/ v T Y a 4’ Vo I~ a 41, o 4’ =) a a
gunlaasaumazuanlddieuaznelmnaanudesdlumslasuinavuazamyels asninvaen lulpsdulansanaiadn
4! s s [} I~ dg/ a =) a a % 4! =) U
Falaeadenimmuns egnlsimuluvazilszmalneannsananvaealulpsaunlansanaiainlaieasaisingnn i
naon lulnsgulansanaaaniniudinindnszma Jaanuanduiissdoalszdunnugnaesuasn nuuaudiiou
o [ 74
11y
Jngifseasd: thevsziiuilszansmmwvesnaen Inlasdunlanianaradnlumsinszavaulansalagismath TuGesniu
4 [} o =) a a d’ a - o =~ a o
gndAeduazuxuevesraean Iulpsalansanaradninanlutszmalngngudumaen lulpsgunlaniauds uazvaen
lulasgnlansanaradniiindioinaedszna
3 ad o = 4’4{ o =) I~ d’ = =) -~ o R d’ T
JaquazIsms: Wuaeanimsiuaeaudy EDTA imaaoinmsiiziaensinrasaaenmvedsiiendiun o a
WodUfuamsnay malywe15IneIAain ABEUNNgmMansAIIIINeILTa NMIINIGsNAa 914U 100 M98 AL
msmvauaumwnNlaiaingl 3 szdy wdaszavanlanialaeismstfudienaealulasgulanianaiadn 3 via
uaznaon lulpsdunlaniaunaedednilu gold standard Tumsinszdvdunlania
= ﬁ’ 1% a I's U o a d’ o =) a
wamsfiny1: luGesnnugndes navinmsuasizianuulssaunyhzavanlaniai laainnaea lulpsaulana
1034 wila 7 laliuandregiieaidy, p = 0.574, dulssansanduriusmelunguvesnaenlulasaunlanian 4 via
Cd v
¢/ luv9 0.996-0.998 (p < 0.001), duilszansandunusveanasalulasdunlanians 4 via ogluyie 0.996-0.998
1 Cd 24
(p < 0.05) drusesanuusuemyTauyszansvesnnuu/silsauna within run uas between run vayvaon lulas
gunlapsanaraannaanlutszinalneagluye 1.44-2.17% luvazimasanmaanmindronmadszmeaimagluya
1.39-4.01%

o a d' o =) a a ;’5 a = o/ ] ) o 3 4
agyl: szAvanlaniaildvinnaealulpasdunlanianaradnia 3 via danugndeduazanuusiuengytimasnun
4’ =) a a =) U =) a a U 1 o :: = I
ilevnnaen lulasaunlansanaiaaninimgnnimaen lulasamlnnsanaraanaindadsznea 12-16 vi daiuduily

naoalulpsalansanaradniinezianldununaealulpsanlnasaudsnnign

J Med Assoc Thai Vol. 95 No. 6 2012 815




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


