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Immunohistochemistry of the chondroitin sulfate
epitope in various normal human tissues of fresh
cadavers
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Objective The purpose of this study was to reveal the expression trend of the WF6 epitope in
various normal human tissues.

Methods Ten types of tissue samples from the brain, adipose, skeletal muscle, tendon, liver, car-
tilage, cardiac muscle, lung, nerve, and, skin were used in this study. They were obtained from five
fresh cadavers aged 20-70 years and stained with H and E for their general morphology. In addition,
expression of the WF6 epitope was examined using immuno localization.

Results The results demonstrated that WF6 epitope expression in the ten tissues can be catego-
rized into three levels, with the highest being found in the brain, skeletal muscle, cartilage, cardiac
muscle and skin tissues. A moderate level was found in the adipose, liver, lung and nerve tissues,
and the lowest level was found in the tendon tissue.

Conclusion The WFG6 epitope was expressed at different levels in all of the various normal tissues.
This reflects the important role of this biomolecule for all cells, which may be beneficial for further
study in pathological tissues. Chiang Mai Medical Journal 2016;55(1):1-7.
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Introduction

Chondroitin sulfate (CS) is a component of
proteoglycans (PGs) or glycosaminoglycans
(GAGs) that are predominantly in the extracel-
lular matrix (ECM) and plasma membrane of
various human tissues!'. It consists of glucu-
ronic acid and N-acetylgalactosamine, which
is involved in many important biological func-
tions, inflammation, coagulation, enzymatic

activity, apoptosis and the stem cell niche®?,
The WF6 epitope is part of CS, which is recog-
nized by the WF6 monoclonal antibody (mAb
WEF6)P. The altered metabolism of the ECM in
some diseases indicates that expression of the
CS epitope is increased in conditions such as
osteoarthritis® and ovarian carcinoma!”, but is
quite rare in normal human tissues. Therefore,
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the objective of this study was to reveal the
baseline tendency of WF6 expression in normal
human tissues.

Materials and methods

The tissue samples were obtained from five fresh
cadavers aged 20-70 years old at the Gross Labora-
tory of Anatomy Department, Faculty of Medicine,
Chiang Mai University. They were obtained for this
study from normal areas of the following ten sources:
the brain, adipose, skeletal muscle, tendon, liver,
cartilage, cardiac muscle, lung, nerve and skin, with
no mass, abscess or trauma. In order to confirm tissue
normality, sections were stained with H and E and
viewed under a microscope. The study was approved
by the Ethics Committee from the Faculty of Medicine,
Chang Mai University, on 1 February 2011, no. 042/2011.

For tissue preparation, the samples were cut into
1x1x0.5 cm portions, then fixed with 4% paraformal-
dehyde in PBS buffer, pH 7.4 at 4 °C overnight. The
tissues were washed 3x10 minutes in the same buffer.
Subsequently, each sample was dehydrated with etha-
nol in a series of 50, 70, 80, 90, and 95% at 4 °C for
15 minutes before infiltrating in paraffin. The samples
were cut at 5 um thickness for paraffin sections.

Hematoxylin and Eosin Staining (H&E): The paraffin
sections were deparaffinized 3x10 minutes in xylene,
and rehydrated through a graded series of ethanol
(3x3 minutes in 100%, 2x1 minute in 95%, 1x3 minutes
in 80%, 1x3 minutes in 70%, and 1x3 minutes in
50%) before washing in distilled water for one minute.
Tissue sections were stained in Mayer’s hematoxylin
solution for 10 minutes and washed in distilled water
before counterstaining in Eosin-phloxine solution for 3
minutes. The sections were then rehydrated through a
series of ethanol (1x2 minutes in 50%, 1x3 minutes in
70%, 1x1 minutes in 95% and 3x1 minutes in 100%),
cleared 3x10 minutes in xylene, mounted with xylene-
based mounting medium, viewed under light micros-
copy (Nikon Eclipse E200) and photographed using
a Nikon DS-Fi 1, Program NIS Element, and Imaging
software version 2.31.

Immunolocalization for the WF6 Epitope: The
paraffin sections were dewaxed, hydrated and then re-
hydrated in PBS buffer before treating with 0.3% (v/v)
H202 in absolute methanol for 30 minutes in order to
remove endogenous peroxidase activity. The sections
were blocked with 3% (w/v) BSA for 15 minutes and
then incubated with primary antibody (epitope WF6
1:500) diluted in PBS containing 1% (w/v) BSA (37 ° C,
60 minutes). The WF6 mAb was constructed and
patented by Prof. Dr. Prachya Kongtawelert et al at the

Biochemistry Department, Faculty of Medicine, Chiang
Mai University. The sections were washed after incu-
bation 3 times with 0.1% (w/v) BSA in PBS before in-
cubating with specific secondary antibody conjugated
with peroxidase (37 °C, 60 minutes). Subsequently,
they were washed 3 times with 1% (w/v) BSA in PBS.
For negative control sections, the primary antibody
was omitted and incubated in the dilution buffer. The
reaction sites were then visualized by conventional
diaminobenzidine (DAB)-H,O, reaction. The reaction
was stopped by rinsing well with distilled water, then
mounted and covered with cover slips. Finally, the
samples were observed under light microscopy magni-
fication using objective lens x ocular lens, 10%10 Nikon
Eclipse E200, with photographs taken by the Nikon
DS-Fi 1, Program NIS Element. The antigen-antibody
reaction was evaluated from the brown color of the
whole area of each photograph. The scoring levels
of immunoreactive intensity were classified from the
density of brown color into weak, moderate and strong
expression.

Results

The H&E staining of various normal tissue
characteristics are shown as follows: brain,
adipose, skeletal muscle (Figure 1A, 1B, 1C,
respectively), tendon, liver, cartilage (Figures
2A, 2B, 2C, respectively), cardiac muscle, lung,
nerve and skin (Figures 3A, 3B, 3C and 3D,
respectively).

The immunohistochemistry of WF6 epi-
topes of various normal tissues was positive,
as represented by the brown color in the brain,
adipose, skeletal muscle (Figures 1D, 1E, 1F,
respectively), tendon, liver, cartilage (Figures
2D, 2E, 2F, respectively), cardiac muscle, lung,
nerve and skin (Figures 3E, 3F, 3G and 3H,
respectively). A strong level was expressed
specifically around the chondrocytes in the
cartilage (Figure 2F), blood vessels of the lung
(Figures 3F) and epidermis of the skin (Figure
3H), as indicated by arrows, but this was not
observed in the negative control groups. The
tissues with a strong (+++) level of WF6 ex-
pression were from the brain, skeletal muscle,
cartilage, cardiac muscle and skin. Those with
a moderate (++) level were from the adipose,
liver, lung and nerve, and one tissue with a
weak level was from the tendon. Additionally,
the WF6 epitope was expressed at different
levels in all tissue types (Table 1).
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Discussion

Chondroitin sulfate (CS) proteoglycans are
major components of the cartilage and many
connective tissues. However, CS chains have
structural variability and their biological func-
tions are not well understood. Generated WF6
monoclonal antibodies (mAbs) recognize spe-
cific features of CS chains or the epitopel®. The
structure of the two octasaccharides, AD-C-C-
C and AC-C-A-D [A = GIcUAB1-3GalNAc(4-O-
sulfate), C = GIcUAB1-3GalNAc (6-O-sulfate),
D = GIcUA (2-O-sulfate)B1-3GalNAc(6-Osul-
fate), AC = A4,5HexUAa1-3GalNAc (6-O-
sulfate), and AD = A4,5HexUA(2-O-sulfate)
a1-3GalNAc(6-O-sulfate)] was recognized by
a WF6 monoclonal antibody®!.

In this study, results of the WF6 epitope
being detected by the WF6 monoclonal anti-
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body demonstrated that the WF6 epitope was
expressed in all of the ten normal human tis-
sues samples from the brain, adipose, skeletal
muscle, tendon, liver, cartilage, cardiac mus-
cle, lung, nerve and skin. This correlated with
previous studies, indicating that CS was found
in various human and other mammal tis-
suesl'®®l. Cells synthesize CS within the Golgi
apparatus!'-'3. After synthesis, proteoglycans
(PGs) are transported from the Golgi appara-
tus before being sent to the plasma membrane
or intracellular organelles, or secreted to the
ECM!"3. Different WF6 epitope levels of CS
may reflect the ability to synthesize CS in ac-
tive stage cells in each tissue. This study noted
a high WF6 epitope level in the ECM around
the chondrocytes, which may have the ability
to synthesize CS, as described in a previous

Skeleton muscle

Figure 1. H&E staining showing normal morphology of the brain, adipose and skeletal muscle (A, B, and C, re-
spectively). The brown color represents a positive expression for the WF6 epitope of CS, which was found in the
ECM and plasma membrane of the brain, adipose and skeletal muscle (D, E, and F, respectively). There was no

signal in any of the negative controls (G, H, and I).
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Figure 2. H&E staining indicating normal morphology of the tendon, liver and cartilage (A, B, and C, respectively).
The brown color represents a positive expression for the WF6 epitope of CS, which was found in ECM and plasma
membrane of the tendon and liver (D and E, respectively), with a strong expression in the cartilage around the
lacunae (see arrows in F). There was no signal in any of the negative controls. (G, H, and I).

study!™. Many studies have reported that CS
is significant in the process of cell division and
development of the nervous systeml'®8]
Astrocytes synthesize CS in culture medium!'”,
This study found that the WF6 epitope had
the highest level in the brain, which might be
reflected in the nerve cells, or glia cells that
can synthesize CS. Likewise, expression of
the WF6 epitope was found to be highest in
the epidermis, sebaceous gland and hair (data
not shown)® '8 This may reflect from prolifera-
tion of epithelial cells in the stratum basale
layer and stratum spinosum of the epidermis
as well as active cells of the sebaceous gland
and hair. In addition, the WF6 epitope of CS
expression was at a high level in blood ves-
sels that may reflect from CS accumulation in

the blood, or secretion from endothelial cells,
which correlated to a study by Fine JD et al,
1988. Their findings suggested that circula-
tion or accumulation of CS in serum might be
reflected in the high level of WF6 epitope in
the serum of patients with more CS produc-
tion. The changes in ECM metabolism caused
an increase in WF6 serum in early rheumatoid
arthritis (RA), ovarian cancer and neurological
diseasel'®520,

The findings of this study showed that the
WF6 epitope was expressed at different levels
in all of the normal human tissue samples. This
reflects the important role of this biomolecule
for cells, which may be beneficial for further
study in pathological tissues.
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Figure 3. H&E staining demonstrating the normal morphology of the cardiac muscle, lung, nerve and skin (A, B,
C and D, respectively). The brown color represents a positive expression for the WF6 epitope of CS, which was
found in ECM and plasma membrane of the cardiac muscle, lung, nerve and skin (E, F, G and H, respectively). Ad-
ditionally, a strong expression was noted in the blood vessels (see arrows in F) and basale layers of the epidermis
(arrows in H). There was no signal in any of the negative controls. (I, J, Kand L).

Table 1. Expression of the WF6 epitope of chondroitin
sulfate in various human tissues

Level of WF6 epitope Tissues
expression

Strong (+++) Brain
Skeletal muscle
Cartilage
Cardiac muscle
Skin

Moderate ( ++) Adipose
Liver
Lung
Nerve

Weak (+) Tendon
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Using popular epidemiology to empower community residing
around integrate refinery petrochemical complex (IRPC)
industrial zones, Rayong Province, Thailand

Chanthip Intawong, Naiyana Phankote, and Manusdaw Naewpana

Occupational Medicine Department, Rayong Hospital

Objective This study aims at using Popular Epidemiology to empower community residing
around IRPC Industrial zone to conduct health surveillance at Choeng Noen and Taphong Sub-
district, Meuang District, Rayong Province, Thailand, during March to May 2014 and March to
September 2015.

Methods The action research among using popular epidemiology to empower community was
as followed: community leaders and health volunteers met with the participation of Sub-district
Administrative Organization (SAO) and primary health care team in the area. After community
meeting they prepared information such as a community map, patients’ name, address and dis-
ease diagnosed, equipment used for making a map and community survey. Diseases of interest
were cancer and asthma, and questionnaire was designed accordingly. During community survey,
we recorded the location of risk areas and patients using symbols on the map immediately. We
made the focus group discussion for cluster analysis of patients associated with the risk factors
and wind direction after survey. Then, we provided after action review and reflected on using
Population Epidemiology tool for health effects assessment and planning in the future.

Results The eastern and southwestern regions of Choeng Noen Sub-district were closed to IRPC
petrochemical industry zone. Patients in the community sometimes get chemical odors. There
were a gas station, auto repairing shop, rest area for garbage trucks and ice making plant. We
visited 3 asthma and 9 cancer patients. The east of Taphong sub-district was next to the IRPC
petrochemical industry zone as well. There were a petrol station, garbage store and landfill
and auto painting shop. We visited 11 cases of asthma and 9 cases of cancer. We analyzed the
clusters of patients and found that the patients scattered around the IRPC industrial zone. How-
ever, it is unable to conclude that cancer and asthma were caused by air pollution from volatile
organic compounds. We found many types of cancer not specific to exposure to Volatile organic
compounds (VOCs) in the ambient air and insufficient number of cases. It is interesting to provide
long-term surveillance. The community has learned about participation in community health
analysis by using popular epidemiology.

Conclusion The use of Popular Epidemiology to empower community requires cooperation
between the communities, health care workers and SAOQ’s support in order to be achieved and
sustained. The communities proposed to expand using Popular Epidemiology to other areas
around industrial complex for community health surveillance and evaluation. Chiang Mai Medi-
cal Journal 2016;55(1):9-15.

Keywords: popular epidemiology, empower community, petrochemical industrial zones
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curve (c-index 0.80, 95% confidence interval
0.71-0.87)

A51991 2. MTIATIERANULNUEIUDS Pediatric Index of Mortality 2 (PIM2) scores

18 Hosmer-Lemeshow goodness-of-fit test (n=320)

Risk interval (PIM2 scores) Observed Expected Observed Expected Total
(n=282) (n=38) (n=30)
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10-20% 132 130.9 4 5.1 136

>20% 98 100.1 12 9.9 110

Hosmer-Lemeshow Chi-square = 6.40 (df = 2), p = 0.59
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Mortality observed (38 patients) = 11.87%
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=0.55
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Evaluation of Mortality Risk Prediction Using Pediatric Index of
Mortality 2 in Pediatric Intensive Care Unit at Chiang Mai
University Hospital

Kraiwan Kaphan, Sukanlaya Intaboonma, Warunee Janamnuay, Supanee Muangcom,
Chisanucha Chaisuwan, Sommai Thepyayon, Patcharaporn Ontakhrai, and
Supattra Sarnkhao

Nursing Service Division, Chiang Mai University Hospital, Faculty of Medicine, Chiang Mai

University

Objective To validate the performance of Pediatric Index of Mortality 2 (PIM2) and the
quality of care in Pediatric Intensive Care Unit (PICU).

Methods This is a prospective study conducted in PICU of Chiang Mai University Hospi-
tal. One hundred and twenty patients, age from 1 day to 15 years old, admitted to PICU
between 2 November 2012 and 31 August 2013, were recruited. The PIM2 scoring system
was used. Discrimination power was analyzed by area under the receiver operating charac-
teristic curve (AUC), calibration was analyzed by Hosmer-Lemeshow goodness-of-fit test.
Quality of care in PICU was evaluated by Standardized Mortality Ratio (SMR).

Result Fifty eight point four percent of the patients were male and 56.30% were less
than 3 years old. Respiratory illness was the most common diagnosis on admission
(30.30%). Sixty four point seven percent of this patients received mechanical ventila-
tory support during their stay in PICU. The predicted mortality according to the PIM2
score ranged from 0.01% to 98.57% with a mean of 21.63% and 38 cases (11.87%)
died. Discrimination between survival and death assessed by the AUC was 0.80 [95%
confidence interval (Cl) 0.71-0.87] resulting from the calculation of the PIM2 score
4.05%. Calibration according to the Hosmer-Lemeshow goodness-of-fit test showed a
Chi-square value of 6.40 (df = 2), p = 0.59. The SMR for the whole population was 0.55 (95%
Cl 0.04-1.06).

Conclusion PIM2 showed good discriminatory power and good calibration as well as
quality of care of the PICU Chiang Mai Medical Journal 2016;55(1):17-25.

Keywords: Pediatric Index of Mortality 2, PICU
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A19197 1. Anade drudeauuannsgu wasseiuaziuuvesdadeninaronnunsedlunisimeeanain
Tssmeua iun - aanmmsaeuneudminganlsameuialaeneIua nsUszaunIsauaneudmineuas
AnunsaulunsTmientsmeIuia (n=130)

ns¥uiveenguiieg nauBE1e (n=130)
ALRAY duleauu SEAU
UINIFIU
ANUNSDUNDUDBNINLSINYIUNG 8.59 1.46 JEAUEN
AUAIMUNTDUNILNAUTY nSouSovay 98.47 lundeusovay 1.53
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AuAsansatunisuideym 9.10 3.00 JEAUGS
AuaLAavIInsiasunsatuayy 8.74 1.79 JEAUEN
AAMNNSEBUNBUTIMUNERINITINEIUE 8.58 1.49 JEAUES
MuULlaSau 8.38 1.55 JEAUAS
AUTNYEN1TEDY 8.77 1.49 JEAUE
mMsUsganumsguanaudmiig 437 0.53 FEIUES
AuseLilosudaya 4.27 58 JEAUEN
ANUABLLBIAIUNITINNTS 3.99 81 ST
ANusailasnuANduTuSTEnIEUIEuAY 4.46 55 JEAUEN
YAINTFUAIN

a13199 2. AnuduiiusszninedadedudUae Toua ong e wagdszaunmsalnisdisunssnwdennuidu
Jroin waztadumunsnsunissnwlulsmetuia town nsnasunsisunssnwlulsaneiunaaie
91 srarnaUsulsangIuIa fuanunsed Tlun1ssnuigeanainlsanetuia (n=130)

Ja9y Anunsaulun1sIvLIgeanaNISIMEIUIa

Pearson’s  Sig.(2-tailed) seAUAIY

Correlation FAUNUD

UademugUoe

918 .084 342 #in

LIF .054 542 AN

Uszaunisalnisinsumssnwmsieanudulieiy 043 631 AN
Ja38AIunIsKISUNIS AW

ANFINBHUNNTRNSUNTS N LS INeUNaa 19T 087 324 @in

syurnaIuaulsaNeIuIa .000 997 N
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msUszaumMsglanaudmiean
lsswe1una 4167 <.001 syaulIuna
PR LB RITLHE! 438%x <.001 Uunan
ANFBLLBIAIUNITIANTS 352%xx <.001 Uunang
ABLlIUANNFNTUSTE e 294%%x <.001 i
LATUARINTHUNIN
% < 001
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A19197 4. HANSAUMALUTNENSANALAENTIATIEINITANRENYAMLUUTUABY

Std.error of Change statistics
o saa Adjusted
YAVDIRNINYINTUNN R Rsquare the esti- R square F Sig. F
R square
mate change change change
AUANNNTERUARUT MUY 439 193 146 1.338 047 4.096 000

29NMNSINYIUA

1Y

AAUN 1 ASIVFDUANUFUNUSIT I EUTEIINFLUTDaTEN UMWY AL

Model Sum of Squares d, Mean square F Sig.
Regression 51.393 7 7.342 4.096 .000°
Residual 215.090 120 1.792

Total 266.483 127

o

° - SNw oo o ' P ) a £ o -
A10UN 2 ATIVFDUANUNUYAIAYUDIATAIN warduUsyansluaunts femns1ei 5

Understandardized Standardized
Model Coefficients Coefficients t Sig.
B Std.error Beta
(Constant) 3.981 1.242 3.206 .001%**
AMATNNTHBUNBUTINUIN 0.331 094 334 3523 .001%**

Tsanenuia

¥*p <.001; a, AL = 3.981

AN5199 5. ANEANFUNUSVRINILUTNEINTAING 1 AIUTIINNTIRIUTNENNTAl 7 F Auswdsinade

ANAsT/Fanennsal b Std.error Beta t  p-value
F’hmﬁl 3.981 1.242 3.206 .000%***
Uadeenueny 21 010 183 2103 .037
Yaduaune 1.94 43 65 762 488
Yadumulseaunisalnisinsunissnm 248 554 038 444 658
Ja98A1UNITINUNUNSIISUNNTSNWIa 1IN 388 286 114 1359 177
Yaduaussuznaiusulsswe v 043 073 051 590 556
Tadgaununinnisaeuneudmhenlsme s 331 094 334 3523 .000%**
Tadeinumsuszanunisguanoudming 291 261 105 1112 268

R= .439 SE est = 1.338 F=4.096
R2=.193 ol = 3.981

% < 001
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Predicting factors of readiness for hospital discharge among
hospitalized cancer patients receiving chemotherapy at Maharaj
Nakorn Chiang Mai hospital

Panadda Suwan, Smakom Boonyong, Puttachat Somana, Ubon Bourchum,
Busarapan Yotchai, Nittaya Sunpakaew, and Nongnuch Bunyoo

Nursing Service Division, Chiang Mai University Hospital, Faculty of Medicine, Chiang Mai
University

Objective The purpose of this correlation predictive study were to examine the readi-
ness for hospital discharge in patient receiving chemotherapy at Maharaj Nakorn Chiang
Mai hospital.

Methods The sample comprised 130 patients receiving chemotherapy at Maharaj Nakron
Chiang Mai. Data collection was performed December 2014 to February 2015. The re-
search instruments were demographic questionnaire, (The Quality of Discharge Teaching
Scale (QDTS), The Care Coordination Scale: CCS and The Readiness for Hospital Discharge
Scale: RHDS. The data were statically analyzed using descriptive statistics, Pearson’s prod-
uct moment correlation, and stepwise multiple regression

Results The study revealed that the sample had high level of readiness for hospital dis-
charge (mean =8.59, SD. =1.46), good Quality of Discharge Teaching (mean =8.58 , SD. =
1.49) and good The Readiness for Hospital Discharge (mean =4.37, SD. =0.53). There was
a significantly positive relationship between readiness for Hospital Discharge and Quality
of Discharge Teaching ,with the Correlation coefficients of (p < 0.001) respectively. Readi-
ness for hospital discharge accounted for the variance explained in Quality of Discharge
Teaching 19.3% (p < 0.001).

Conclusion The study results have implications for nurses and other healthcare provid-
ers in regards to the development of readiness for hospital discharge intervention and
promotion of the Quality of Discharge Teaching. In addition, the results provide patients
with adequate information that could enhance their readiness for hospital discharge and
continuing care. Chiang Mai Medical Journal 2016;55(1):27-40.

Keywords: the readiness for hospital discharge, the Care Coordination Scale, Quality of
Discharge Teaching, patient receiving chemotherapy




Review article

Deep vein thrombosis and pulmonary embolism in

neurosurgical patients
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Deep vein thrombosis (DVT) is a common complication reported in the neurosurgical population.
Some cases of DVT are followed by pulmonary embolism (PE), which can be a serious cause of
morbidity and mortality in the postoperative period. Significant risk factors of DVT development in
patients undergoing intracranial surgery have been reported. Therefore, screening methods for
early detection, measures of prophylaxis and DVT treatment have been proposed and utilized
widely. However, the controversy remains over whether a single method or combination of phar-
macological and mechanical methods is more effective in preventing DVT, while minimizing sur-

gical bleeding, which is a serious problem for neurosurgeons.

2016;55(1):41-8.
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Introduction

Deep vein thrombosis (DVT) and pulmo-
nary embolism (PE) are included in venous
thromboembolism (VTE)" and should be of
concern because they can result in postopera-
tive morbidity and mortality!?. Significant risk
factors of VTE development in patients under-
going intracranial surgery have been docu-
mented. Nevertheless, there is neither a
standard guideline in the prevention of DVT or
PE in neurosurgery nor a general protocol in
the management of early postoperative DVT
or PE after craniotomy!?. Perhaps, the risk of
intracranial hemorrhage (ICH) following hepa-
rin prophylaxis for preventing VTE is not fully
verified®.

Keywords: deep vein thrombosis, pulmonary embolism, venous thromboembolism,

Incidence

Generally, isolated DVT is not a life-threat-
ening event. Nevertheless, its incidence in the
neurosurgical population is high at 19-50%"°..
While only 1.5-5% of patients with DVT de-
velop PE, the fatality rate of PE is high at 9 to
50%™“°. In adult patients undergoing cranioto-
my for brain tumors, the incidence of DVT and
PE in the perioperative period is 2-17%3¢7
and 1.4-1.8%, respectively!”®. The VTE rates
are similar in patients undergoing both clip-
ping and coiling cerebral aneurysm, in which
the overall rates of VTE (DVT or PE), DVT,
and PE are 4.4%, 3.5%, and 1.2%, respec-
tively®. It is difficult to interpret reported ar-
ticles because there is no standard definition
for DVT (e.g., clinically silent or manifested) or

Address correspondence to: Ananchanok Saringcarinkul M.D. Department of Anesthesiology, Faculty of Medicine,Chiang
Mai University, Chiang Mai 50200 Thailand. E-mail: Ananchanok.S@cmu.ac.th

Received: January 19, 2016, Accepted: March 21, 2016.



42 Chiang Mai Med J 2016;55(1):41-8.

differences in screening methods®. A major
challenge is comparing rates across studies,
due to the number of various factors!'® of
which the technique of DVT screening, such
as light-emitting diode (LED), increased the
rate of DVT to 6.3% over time from 2009 to
2010; whereas PE rates were relatively sta-
ble®. The incidence of DVT was reported to
be as high as 72% when using more sensitive
screening methods, such as 125I-fibrinogen-
uptake tests!'l. Nevertheless, the clinical inci-
dence of DVT ranges up to 32%!"2.

Diagnosis

Diagnosis of DVT and PE is generally
unreliable when using clinical examination
alonel'> Radiologic examination plays a
potential role in confirming and localizing the
site of DVT and occurrence of PE. Doppler
venous ultrasound may be sufficiently accu-
rate in detecting asymptomatic VTE prior to
clinical manifestation. Doppler ultrasound is a
noninvasive diagnostic tool, but less sensitive
when compared to contrast venography!'®'71.

In general, venography and MRI are not or-
dered routinely.

Of the varied screening and diagnostic
methods ordered in each neurosurgical center,
some institutions use only LED to screen
patients with leg swelling and pain, whereas
other hospitals perform routine screening
studies in all patients or only those at high
risk®1819  However, studies using contrast
venography and 125l fibrinogen reported
higher rates of DVT than those using LED#2021],
Duplex scan; a combination of traditional and
Doppler ultrasound, offers sensitivity and
specificity of over 90% in the diagnosis of DVT,
especially for proximal DVT?2221, |In 1995, Well
et al developed a clinical model for predicting
deep vein thrombosis?l. The clinical parame-
ter checklist was divided into major and minor
points. The probability of DVT was classified
into 3 groups of high, moderate, and low
(Table 1). Several years later, the original Well
clinical model for predicting the probability of
DVT® was simplified, as shown in Table 2.

Computed tomography (CT) PE protocols
were recommended for patients with clinical

Table 1. Clinical model for predicting pretest probability of deep vein thrombosis

Clinical parameter checklists

Clinical probability

Major points

- Active cancer (treatment ongoing or within previ-
ous 6 months or palliative care)
Paralysis, paresis, or recent immobilization of
the lower extremities
Recently bed-ridden >3 days and/or major
surgery within 4 weeks
Localized tenderness distributed along the deep
venous system
Thigh and calf swelling (should be measured)
Calf swelling 3 cm > symptomless side (meas
ured 10 cm below tibial tuberosity)
Strong family history of DVT (22 first degree
relatives with history of DVT)

Minor points

- History of recent trauma (=60 days) to the symp-
tomatic leg

- Pitting edema; symptomatic leg only

- Dilated superficial veins (non-varicose) in symp-
tomatic leg only

- Hospitalization within previous 6 months

- Erythema

High
>3 major points and no alternative diagnosis
22 major points and 2 minor points no alternative
diagnosis
Low
1 major point+ =2 minor points+ has an alternative
diagnosis
1 major point+ =1 minor point+ no alternative diag-
nosis
0 major points+ =3 minor points+ has an alternative
diagnosis
0 major points+ =2 minor points+ no alternative di-
agnosis

Moderate
All other combinations
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Table 2. Simplified clinical model for assessment of deep vein thrombosis

Clinical variables Score
Active cancer (treatment ongoing or within previous 6 months or palliative care) 1
Paralysis, paresis, or recent plaster immobilization of the lower extremities 1
Recently bedridden for 3 days or more, or major surgery within the previous 12 weeks requiring 1
general or regional anesthesia
Localized tenderness distributed along the deep venous system 1
Entire leg swelling 1
Calf swelling at least 3 cm larger than that on the asymptomatic leg (measured 10 cm below 1
the tibial tuberosity)
Pitting oedema confined to the symptomatic leg 1
Collateral superficial veins (nonvaricose) 1
Previously documented DVT 1
Alternative diagnosis less likely than DVT diagnosis -2

Original score

< 0 points = low

0-2 points = intermediate
> 2 points = high

Dichotomized score
<1 =DVT unlikely
22 = DVT likely

symptoms and signs such as shortness of
breath, chest pain, tachypnea, tachycardia,
and/or oxygen desaturation®. Ventilation—per-
fusion scans had been investigated before
2002 to confirm PE diagnosis!'?. Clinical cri-
teria were developed from either the Wells or
revised Geneva rule for identifying “likely” or
“unlikely” PE patients?® (Table 3).

Associated factors

Multiple risk factors for DVT were reported
in neurosurgical operations. Surgery on the
brain could release thromboplastin tissue
and activate coagulation cascade, due to the
highest concentration of thromboplastin in the
brain?"28  Patients undergoing craniotomy for
malignancy, traumatic brain injury, old age,
obesity, history of thromboembolic events,
lengthy surgical procedure and massive surgi-
cal blood loss are reported to be at increased
risk of postoperative DVTU!":29-331,

Kimmel et al concluded that patients who
had undergone craniotomies for tumor re-
moval were at higher risk of VTE than those
with non-neoplastic indications!'?. High-grade
gliomas and meningiomas were reported to be
associated with increased risk of postoperative
DVT and/or PE®'2. Some studies speculated

that malignant gliomas induces hypercoagula-
bility secondary to secretion of prothrombotic
factors from tumor cellst32343%1 Patients with
ICH had 4-times higher rates of DVT and PE
than those with acute ischemic strokef¢37.
Among the various risk factors analyzed, im-
mobilization of more than 3 hours in a postop-
erative period is found to be highly significant
for development of VTEE.

Kshettry et al reported that VTE was as-
sociated with an increased risk of pulmonary/
cardiac, infectious, ventriculostomy and va-
sospasm complications with an odds risk (OR)
of 2.8, 2.8,1.8 and 1.3, respectively, in aneu-
rysmal subarachnoid hemorrhage patientst.
VTE patients with an OR of 3.3 also stayed
longer in hospital. Nevertheless, VTE could
be a consequence of poor neurological status,
medical complications, and prolonged hospital
course.

Prophylaxis and treatment

Both mechanical and pharmacological
measures such as application of sequential
compression stockings, postoperative early
mobilization, and prophylactic administration
of low-molecular weight heparins have been
recommended in order to prevent DVT® 1819
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Table 3. Clinical variables considered for predicting the probability of PE

The Wells rule Modified Geneva rule
Clinical variables Points  Clinical variables Points
Signs or symptoms of DVT 3 Age 2 65 years old 1
Alternative diagnosis less likely than 3 Previous DVT or PE 3
PE diagnosis Surgery or fracture within 1 month 2
Heart rate > 100 bpm 1.5 Active malignancy 2
Immobilization/ surgery within previous 4 1.5 Unilateral lower limb pain 3
weeks. Pain or deep palpitation of the lower limb 4
Prior history of DVT or PE 1.5 and unilateral edema
Hemoptysis 1 Hemoptysis 0
Active cancer 1 Heart rate 75-94 bpm 3
Heart rate = 95 bpm 5
Traditional Modified
> 6.0 = high < 3 points = low
2.0-6.0 = moderate 4-10 points = intermediate
<2.0=low > 10 points = high
Simplified Simplified
> 4 = PE likely < 2 = PE unlikely

<4 = PE unlikely

and reduce general postoperative thromboem-
bolic events and neurological surgeries®. In a
reported craniotomy series, the incidence of
DVT and PE was higher in patients who had not
received prophylactic methods!?3°40, Prophy-
laxis starts in the preoperative period and
significantly decreases the incidence of VTE,
especially in the high risk group. A meta-anal-
ysis in 2011 revealed that heparin prophylaxis
had significantly reduced the risk of sympto-
matic and asymptomatic VTE in relative terms
by 42% in patients undergoing neurosurgery.
However, it increased the risk of ICH relatively
by 48% and doubled the risk of minor hemor-
rhage with statistical significance®!. Previous
multiple randomized control trials®'"42 and
meta-analyses*'*3 provided no definitive evi-
dence of the overall safety of heparin products
in craniotomy patients. Currently, there are no
standard recommendations for an anticoagu-
lant drug, its dosage or timing of administra-
tion®l. Hence, the value of a routine chemical
VTE prophylaxis remains in doubt. The guide-
lines of the American College of Chest Physi-
cians recently recommended heparin for use
in clinical practice in patients at very high risk
(risk > 10%) of intracranial malignancy, and so
on4, However, the level of evidence is low in

supporting this recommendation (Grade 2 c).

Up to 13% of patients with intracranial
hemorrhage reported clinically evident VTE,
which usually occurs within 2 and 7 days of
hospitalization, and carries a high risk of fatal-
ity because of PE®5#7, Regarding the high in-
cidence of VTE, the patients concerned might
benefit from a pharmacological prophylaxis.
In a large nationwide registry, Prabhakaren
et al*dl observed that prophylactic anticoagula-
tion was given in less than 20% of ICH patients,
in which less than half had a pharmacological
VTE prophylaxis within 2 days after ICH onset.
Currently, there are no large randomized clini-
cal trials of a pharmacological DVT prophy-
laxis in ICH patients®*®!. For prevention of VTE
in ICH patients, the American Heart Associa-
tion/American Stroke Association guidelines
(2007) recommend a low-dose of unfraction-
ated heparin (UFH) or low-molecular weight
heparin, initiated within the first to fourth day
after the onset of ICH, or immediately after the
cessation of active bleeding. (Class llb, level
of evidence B)i“849],

A comprehensive, multimodality approach
to VTE prophylaxis was shown to maximize
efficacy and safety. The study of Goldhaber et
al'" showed that in 150 patients enoxaparin at
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40 mg/day or UFH 5,000 U bid, combined with
progressive compression stockings, inter-
mittent pneumatic compression, and pre-
discharge surveillance of venous ultrasonog-
raphy of the legs, led to a significantly low
overall symptomatic VTE rate of zero, and
asymptomatic DVT rate of 9.3%. Some previ-
ous trials supported a multimodality approach
of VTE prophylaxis. Agnelli et al® used con-
trast venography for DVT detection in crani-
otomy patients, and reported a rate of 32%
and 17% with mechanical prophylaxis and the
addition of enoxaparin, respectively. However,
the symptomatic DVT rate was only 6% in the
former group and 1% in the latter.

Though heparin lowered the VTE rate re-
markably, hemorrhagic complications follow-
ing either heparin or enoxaparin prophylaxis
were reported clinically®®. Danish et al con-
cluded that benefit of the VTE pharmacologi-
cal prophylaxis outweighed the hemorrhagic
risk only when the incidence of PE approached
1.4%, owing to the reported incidence of asso-
ciated ICH®!.
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