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Abstract

Background: Road traffic injuries (RTls) are among the leading causes of mortality in Vietnam. However, mortality
data collection systems in Vietnam in general and for RTls in particular, remain inconsistent and incomplete.
Underlying distributions of external causes and body injuries are not available from routine data collection systems
or from studies till date. This paper presents characteristics, user type pattern, seasonal distribution, and causes of
1,061 deaths attributable to road crashes ascertained from a national sample mortality surveillance system in
Vietnam over a two-year period (2008 and 2009).

Methods: A sample mortality surveillance system was designed for Vietnam, comprising 192 communes in 16
provinces, accounting for approximately 3% of the Vietnamese population. Deaths were identified from
commune level data sources, and followed up by verbal autopsy (VA) based ascertainment of cause of death.
Age-standardised mortality rates from RTls were computed. VA questionnaires were analysed in depth to derive
descriptive characteristics of RTI deaths in the sample.

Results: The age-standardized mortality rates from RTIs were 33.5 and 8.5 per 100,000 for males and females
respectively. Majority of deaths were males (79%). Seventy three percent of all deaths were aged from 15 to

49 years and 58% were motorcycle users. As high as 80% of deaths occurred on the day of injury, 42% occurred
prior to arrival at hospital, and a further 29% occurred on-site. Direct causes of death were identified for 446 deaths
(42%) with head injuries being the most common cause attributable to road traffic injuries overall (79%) and to
motorcycle crashes in particular (78%).

Conclusion: The VA method can provide a useful data source to analyse RTI mortality. The observed considerable
mortality from head injuries among motorcycle users highlights the need to evaluate current practice and
effectiveness of motorcycle helmet use in Vietnam. The high number of deaths occurring on-site or prior to
hospital admission indicates a need for effective pre-hospital first aid services and timely access to emergency
facilities. In the absence of standardised death certification, sustained efforts are needed to strengthen mortality
surveillance sites supplemented by VA to support evidence based monitoring and control of RTI mortality.
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Background

At its current stage of development, Vietnam has a
blend of road users which typically consists of pedes-
trians, bicycles, motorcycles, trucks, minibuses, buses
and cars. Rapid economic growth has been accompanied
by an explosive increase in motorization in Vietnam
with motorcycles often dominating the traffic flow in
mixed road networks. There has been a rapid increase in
the number of traffic injuries and deaths: between 2006
and 2010, the Ministry of Health (MoH) reported 15,000
to 18,000 deaths each year from RTIs [1], compared to
6,394 deaths in 1998 [2]. The average annual road traffic
injury death rate of approximately 18 per 100,000 popu-
lation over the past five years [1] is one of the highest
rates in the Western Pacific region [3]. Males aged from
15 to 49 years constitute the majority of deaths and in-
juries on the road, and transport crashes are the leading
cause of mortality among this age group [4]. While the
poor transport infrastructure and road network continue
to contribute to the traffic injuries and deaths, improved
road conditions, especially on national highways, have
also resulted in high speed traffic, and consequently the
increased frequency of crash and severity of injury. In
addition, physical road safety measures such as appropri-
ate road lane allocation, improvement of surface
conditions, paving of shoulders, and installation of traf-
fic signs, signals and pedestrian crossings remain
inadequate [5].

In attempts to reverse the situation, several policy and
programmatic responses have been implemented. The
most important policy initiative was the promulgation of
the compulsory helmet legislation in December 2007 [6].
In addition, national road safety campaigns have targeted
road safety during special occasions throughout the
country when there is a high volume of traffic. These in-
clude the national traffic safety month conducted in Sep-
tember, and the national road safety campaign around
the Lunar New Year (Tet) in January. Typically, these
campaigns involve an increased presence of traffic police
to foster compliance with traffic regulations and main-
tain order. Communication activities raise public aware-
ness on traffic regulations and road safety measures
during these campaigns [7].

Despite the magnitude of this problem, the data collec-
tion system for RTIs and mortality is inconsistent and in-
complete in Vietnam. The National Traffic Safety
Committee of the Ministry of Transport, and the Ministry
of Police are responsible for recording and providing offi-
cial data on RTTs and mortality. In addition, the MoH col-
lects death records from commune health stations, and
central and provincial hospitals. However, there is great
variation among the different data sources and it is
claimed that official data underestimate the true burden
by at least 30% [3]. For example, one study in Thai
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Nguyen province found that during a five-year period
(2000-2004), 1,373 non-fatal road traffic injuries were
reported by the police, compared to 6,069 cases recorded
in hospitals [8]. In the first six months of 2009, the MoH
reported 68,510 hospitalised RTI cases while the Ministry
of Transport recorded only 5,127 cases [9]. Moreover, the
underlying distribution of mortality such as the mode of
injury, anatomical site(s) of injury, and the primary and
secondary causes of death are not available from the data
collection system nor from existing studies.

Routine, reliable mortality statistics from efficient civil
registration systems are the optimal source for this
detailed information on mortality. However, fully func-
tional civil registration and vital statistics systems are
still to be established in many low and middle income
countries, including Vietnam [10]. As an interim meas-
ure, a sample mortality surveillance system has been
developed in Vietnam, to provide nationally-
representative data on mortality and causes of death
[11]. The system recorded deaths that had occurred in
2008 and 2009, with the probable cause(s) of death
established using verbal autopsy (VA) methods[12]. This
paper presents characteristics, user type pattern, and
cause of 1,061 deaths attributable to RTIs, which were
ascertained from the surveillance sites over this two-year
period, and discusses policy implications for the preven-
tion of road accident mortality in Vietnam.

Methods

Sample mortality surveillance system design

Using a multi-stage cluster sampling technique, a mor-
tality surveillance system was designed for Vietnam, with
a sample of 192 communes in 16 provinces, representing
six socioeconomic regions in Vietnam (Figure 1). The
sample consisted of 668,142 households with an esti-
mated 2,616,056 persons; accounting for approximately
3% of the Vietnamese population. The first stage
involved the random selection of 16 provinces propor-
tional to the size of the province population. The second
stage randomly selected 12 communes from each prov-
ince proportional to the number of households in each
commune. The overall sample was estimated to yield ap-
proximately 11,000 deaths annually, which represents an
optimal target for sample based mortality surveillance in
a population with the age structure and mortality levels
of Vietnam [13].

Data collection and analyses

For each reference year (2008 and 2009), data collection
was accomplished separately. At first, a list of deaths
that occurred between January 1 and December 31 of
each year was compiled from three sources at the com-
mune level: 1) the Commune Health Station (CHS) rec-
ord; 2) the Commune People’s Committee (Justice
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Figure 1 Distribution of communes in the sample mortality
surveillance system in Vietnam.

Department) report; and 3) the report from commune
family planning promoters under the Population and
Family Planning System. Individual records from the dif-
ferent sources were reconciled to generate a unique list
of deaths in each commune during the reference period.
In addition, capture-recapture methods were used to es-
timate the completeness of death recording. These
methods account for the likelihood of events being
missed by all sources [14]. The resultant estimates of
completeness were used to adjust observed age-specific
death rates and compute total mortality indicators for
the sample population, and the detailed methods and
results are described elsewhere [15].

For each identified unique death in a commune,
demographic information of the deceased (age, sex,
marital status, education, occupation, location of resi-
dence) and household address were extracted into a sep-
arate file to help locate the household for subsequent
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VA interviews. Trained paramedical staff from local
CHSs conducted household VA interviews, as described
in detail elsewhere [4]. In brief, the VA questionnaire
used is a Vietnamese adaptation of the standard WHO
questionnaires, and completed questionnaires are
reviewed by trained physicians who assign causes of
death according to the WHO prescribed guidelines [12].
VA has been recognised as a method to ascertain cause
of death in the absence of an efficient vital registration
system. The acceptability and reliability of this method
has been confirmed in previous studies in Vietnam
[4,16] and elsewhere [12,17]. Ethical approval was given
by the Ethics Committee of the Hanoi Medical Univer-
sity, Vietnam.

RTI-related deaths were identified from VA
questionnaire-based interviews. The questionnaire
included question items to capture information on the
date of death (transposed from the lunar calendar), place
of death, survival time, health facility attended prior to
death, and alcohol use before the accident. In addition,
the questionnaire included an open section that
recorded the respondent’s narratives of the circum-
stances and nature of injury and death (e.g., user type,
body position(s) of the injury), complementing the data
collected through structured questions. Trained phys-
ician reviewers applied conventional methods for assign-
ing causes of death from VA [12] adapted to the
Vietnamese context. All causes listed on the VA death
certificate were coded to the International Classification
of Diseases Version 10 (ICD-10). Subsequently, trained
coders applied ICD rules for selection of the underlying
cause of death. All variables from each death certificate,
including the text and codes for all listed causes of
death, were entered into a Microsoft Access database.
Descriptive analyses were performed in STATA version
9.0 to produce frequency tables and figures on the distri-
bution of variables related to deaths. In addition, popula-
tion data by age and sex for the sample communes were
obtained from the Vietnam General Statistics Office for
the calculation of direct age-standardised mortality rates,
using simple spread sheets.

Results

There were 526 deaths from RTIs in 2008, and 535
deaths in 2009, totalling 1,061 deaths over the two-year
period. The median age was 33.0 (32.5 for males and
41.0 for females). The annual crude RTI death rate was
21 (33.7 for males and 8.5 for females) per 100,000
population, and the annual age-standardised mortality
rate was 20.3 (33.5 for males and 8.5 for females) per
100,000 population. The number of deaths fluctuated
throughout the year, and tended to peak in June, and in
December and/or January, which is the time of the Viet-
namese New Year Tet festivities (Figure 2).
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Figure 2 Distribution of deaths (percentage) by month during the year (lunar calendar).

Table 1 shows the demographic characteristics of the
deceased. A disproportionate number of deceased indivi-
duals were males (79%). When age was considered, the
proportional distribution of RTI-related deaths increased
from 3.68% among children below 15 years old to 11%
among the 15-19 year age group, peaked at 29% among
the 20-29 year age group, fell to around 16% among the
30-39 and 40-49 year age groups, before levelling off at
11% among the 50-59 year age group and the elderly.
Aggregately, 73% of the deceased were aged from 15 to
49, the most economically-productive group. Despite the
low median age, 65% of people who died were married.
Although approximately 70% of the sample was from
rural and mountainous areas, there were high propor-
tions performing occupations other than farming
(56%), and having completed primary or secondary edu-
cation (81%).

Table 2 summarises death characteristics with regards
to road user type, survival time, health facility attended
prior to death, place and cause of death. Motorcycle
users (either passengers or drivers) accounted for the
highest percentage of deaths (58%), followed by trans-
port users with no specified vehicle (25%), and pedes-
trians (11%). Deaths among car occupants and bicyclists
only made up 2.5% and 3%, respectively. It should be
noted that young people aged 20-29 years, mostly males,
also disproportionately accounted for 35% of deaths due
to motorcycle crashes. Alcohol use was reported among
approximately one fifth of deaths. Almost half of the vic-
tims (45%) did not present to a health facility before
death, usually because they died at the accident site or
on the way to a health facility. For those that did present
to a health facility, provincial hospitals were most fre-
quently used (by 22% of victims), followed by central
hospitals (12%), and then district hospitals (6%). A

quarter of deaths occurred at the scene of the accident,
17% died on the way to a health facility, totalling 42% of
the deaths happening before reaching a health facility;
and a further 29% of people died at home. Only 29% of
deaths occurred in a health facility, although some
deaths at home may have followed discharge when treat-
ment appeared unlikely to succeed.

With regards to survival time, most (80%) died within
the first day (ranging from 74% among pedal cyclists to
88% among car users) and 44% within the first hour
(ranging from 35% among pedal cyclists to 54% among
car users). Fourteen per cent died in the period from day
one to nine after the accident, and 4% survived for ten
days or longer before dying. When the analysis was
restricted to motorcyclists, 82% died during the first day,
and 48% within the first hour (Table 3). The direct cause
of death was ascertained from 446 deaths (42%); of
these, head injuries were responsible for 79%, followed
by injuries to multiple body regions (9.2%), and injuries
to limb(s) (2.3%). Injuries to other parts of the body
(neck, hip, thigh, abdomen, hand) accounted for 8.7%
and unspecified injuries accounted for 3.6%. It is noted
that head injuries were responsible for 78% of deaths
attributable to motorcycle crashes (not presented in
the table).

In urban areas, a higher proportion of victims were
taken to provincial or central hospitals, where life-saving
emergency care is available, compared to those living in
mountainous and rural areas, who were more likely to
present to the district hospital. Only a small fraction
(4.3%) of victims in mountainous areas was able to reach
a central hospital before death, compared to 13.5% and
15.5% for victims in rural and urban areas, respectively.
Compared to those from rural and urban areas, the pro-
portion of deaths occurring in a health facility was much
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Table 1 Demographic characteristics of the deceased
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complete ascertainment of deaths than hospital-based or

Variable n % a single routine mortality data collection system in Viet-
Sex nam. The finding that only 29% of deaths occurred in a
Male 837 sggo  health facility further confirms that hospital-based mor-
Fermale oa 511;  tality data are incomplete. While the VA method is sub-
Age group ject to recall bias a.nd uncertainties ifl determining ‘Fhe

cause of death, detailed report of medical events or clin-
=D 3 308 jcal presentation, and delineation of treatment is less
-1 e 1112 vital to the identification of external causes of death,
20-29 305 2875 such as injuries, compared to other causes. Many add-
30-39 173 1631 itional details around the injury and death (e.g., road
40 - 49 178 1678  user type, circumstances leading to death, and survival
50 - 59 126 1188 time) that are valuable to cause of death coding and
60+ 122 11.50
Marital status Table 2 Death characteristics
Single 376 3544  Variable n %
Ever-married 685 64.56  Road user type
Occupation Pedestrian 119 11.22
Farmer 323 3044  Cyclist 34 3.20
Non-farming 597 5627 Motorcycle user 614 57.87
Student/children 141 1329 Car occupant 26 245
Education Other/unspecified 268 25.26
<6 years 5 047  Health facility attended
lliterate 117 11.03 None 476 449
Primary school 288 27.14 District 63 59
Secondary school 342 3223 Provincial 233 22
High school 234 2205  Central 126 119
High school + 75 707  Other/unspecified 94 1.9
Residence Don't know/remember 69 6.5
Rural 483 4552 Direct causes (n=446)
Urban 322 30.35 Head 351 78.7
Mountainous 256 24.12  Multiple body regions 41 9.2

Limb 9 2.3
lower for those from mountainous areas, while the pro-  Unspecified 16 36
portion of victims who died on the way to a health facil-  Other 54 87
ity was higher (Table 4). Death place

At home 308 290

. . In a health facility 305 287

Discussion
This study is the first ever attempt to examine mortality On the way to a health facility 175 165
data attributable to road traffic crashes from a national ~ At the accidentsite 273 »7
sample mortality surveillance system in Vietnam. The  Survival time
data collection process involved the use of surveillance <1 hour 467 440
to identify deaths in sampled communes during the 1 hour- <1 day 378 356
reference period from different routine data sources, fol-  1-9 days 145 137
lowed up by the use of household VA interviews to iden- 10 days + 40 38
tify the cause for each death identified from the ot know/remember 31 50

surveillance activity. Though the data were subject to
limitations associated with the use of VA methods, the
available information provides an insight into the pat-
terns of RTIs and associated mortality. The use of mul-
tiple data sources to identify death cases allows for more

Using alcohol before the accident

Yes 205 19.3
No 750 70.7
Don't know 106 9.9
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Table 3 Survival time by user types
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Survival time Pedestrian n(%) Cyclist n(%) Motorbike n(%) Car n(%) Other/Unspecified n(%)
<1 hour 45(37.8) 12(35.3) 292(47.6) 14(53.8) 104(38.8)

Thour - <1 day 48(40.3) 13(38.2) 211(344) 9(34.6) 97(36.2)

1-9 days 19(10.0) 6(17.6) 77(12.5) 3(8.3) 40(14.9)

10 days+ 6(5) 2(5.9) 23(3.8) 0 9(3.4)

Don't remember 1(0.8) 1(2.9) 11(1.8) 0 16(6.0)

targeting intervention efforts can be obtained from the
questionnaire-based interviews being used in the VA
method [18].

The secular trend with the number of deaths reaching
a peak in December and/or January (lunar calendar)
around Tet national holidays is explainable given the
enormously heightened vehicular road wusage and
increased prevalence of drink-driving during this period
[19]. Also, the second peak in deaths in June coincides
with university entrance examinations, and is likely to be
linked to heightened road usage as large numbers of stu-
dents and accompanying relatives travel to the major cit-
ies where academic centres are located. Other studies
have also found summertime to be a time of increased
motorcycle injuries [20,21]. Given these seasonal varia-
tions in road accident mortality, these findings are ex-
tremely relevant for planning road safety interventions
in Vietnam, given the successes in limiting injury mor-
tality during the Christmas and Easter vacation periods
in Western countries [22].

Table 4 Death characteristics by residence

Variable Rural Urban Mountainous
n % n % n %
Health facility
None 217 449 130 404 129 504
District 31 6.4 10 3.1 22 8.6
Province 106 219 79 24.5 48 188
Central 65 135 50 155 11 43
Other 40 83 34 106 20 7.8
Don't know 24 50 19 59 26 10.2
Survival time
<1 hour 215 445 150 466 102 39.8
Thour - <1 day 161 333 97 30.1 120 46.9
1-9 days 66 13.7 50 155 29 13
10 days+ 25 52 10 3.1 5 20
Don't remember 16 33 15 4.7 0 00
Place of death
At home 127 26.3 104 323 77 30.1
In a health facility 149 308 97 30.1 59 230
On the way 74 153 39 121 62 24.2
At the accident site 133 275 82 255 58 227

The distribution of deaths varied greatly among differ-
ent socio-demographic strata. Compared to other age
groups, young males aged 20 to 29 dominated all deaths
and deaths due to motorcycle crashes. Given that unsafe
driving behaviours including speeding and drink-driving
are most prevalent among this group [19], this finding is
not surprising. With approximately three quarters of
deaths occurring among people aged 15 to 49, the most
economically-productive group, the economic loss to the
family and society is high. While the proportion of the
deceased who had post-high school education was al-
most similar to that of the national population (7.0% vs.
7.6%), the proportion who had completed secondary or
high school education was higher than that of the na-
tional population (54.0% vs. 44.5%) [23]. These findings
suggest there is an impact of post-high school education
on the use of safety measures on the road and highlights
the need to improve traffic safety education programs at
the school level.

The short survival times, with high numbers of deaths
occurring at the scene of the accident or before the vic-
tim reached a hospital, particularly in mountainous
areas, are consistent with the severity of RTIs, but also
suggest the absence or failure of first-aid and pre-
hospital stabilisation of patients, with delays in response
time and delayed access to life-saving trauma care. This
finding is reflected in a study in Hanoi that reported
more than half of the injury cases did not receive first
aid at the site, and only 4% were transported to a hos-
pital by ambulance due to the shortage of first aid and
pre-hospital trauma care services at the scene, and the
lack of a communication system linking the accident site
with emergency service centres and health facilities [24].
Furthermore, the majority of the victims bypassed dis-
trict hospitals, which may be closer compared to the
provincial or central hospitals, thereby delaying access to
life-saving services. It is noted that 80% deaths occurred
within the first day, which is higher than in Taiwan
(65%) [25] and India (72%) [26], where motorcycle
deaths also account for a large proportion of the total
road traffic fatalities [27,28]. One previous study indi-
cates that up to 39% of pre-hospital deaths from road
crashes can be prevented, subject to timely access to first
aid or emergency care [29]. As such, many lives could
have been saved if injured people were given pre-
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hospital trauma care and were taken to the hospital in a
timely manner.

The data also provide insight into the impact of the
implementation of mandatory helmet legislation, which
was introduced in December 2007 [6]. Early reports sug-
gested that the law had reduced the prevalence of head
injuries among road accident patients admitted to hos-
pital by 16% after three months [30] and the number of
traffic fatalities by 1,400 cases (8%) after 12 months [31].
Yet, our data suggest that the proportion of motorcy-
clists in traffic fatalities (58%) remained higher than in
some developing countries with similar levels of road ac-
cident mortality [32] and motorcycle use, such as Iran
(12%) [33] and Taiwan (55%) [27,34]. Head injuries were
the leading cause of death among motorbike users, com-
parable to similar statistics in countries with strictly
enforced helmet legislation such as Taiwan (71.0%) [35]
and Singapore (86.7%) [36]. However, these data show a
different pattern compared to the US where head injur-
ies only account for around one third of motorcycle
deaths [37,38]; and helmeted motorcyclists are most
likely to die from the injury to other body parts (i.e., the
thorax) [38]. Though data on helmet use at the time of
injury were not available from our study, observations in
a sample of provinces conducted within 6 months after
launching the helmet law reported average helmet wear-
ing of 96% in motorbike users [39]. However, at the time
of launching the legislation, one study found that 80% of
helmets on the market failed to meet the quality stan-
dards [40]. In summary, the high rates of motorcycle fa-
talities and head injury-related deaths in our data signify
the need to conduct further research to evaluate the ef-
fectiveness of motorcycle helmet use in Vietnam, includ-
ing a qualitative assessment of the issues surrounding
the enforcement of the helmet law.

As with other mortality and cause of death assess-
ments based on sentinel surveillance systems, the data
are not without limitations. Firstly, there could have
been incomplete recording of deaths in the sample
population clusters for the reference time period. We
conducted a detailed assessment of completeness of
death recording using ‘capture-recapture’ methods [14],
and found that our surveillance data capture approxi-
mately 84% of the total estimated deaths in the popula-
tion under surveillance [15]. Our analysis identified that
there was remarkably low variation in the degree of
completeness when assessed across age and sex groups,
ranging from 83-86%. If we were to assume uniform
under-recording of deaths by cause, then our estimated
age-standardized mortality rate from RTIs would be 25
per 100,000 population; which would be 35% higher than
that reported by the MoH (18.5/100,000). However, data
from representative population samples may not be ap-
propriate for assessment of mortality from RTIs, since
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such events may not follow a random distribution in
populations as compared to other causes of death. These
observations indicate the need for additional investiga-
tions into the reasons for incomplete recording, leading
to initiatives for strengthening local death recording
systems.

From the cause of death perspective, the validity of the
VA method is dependent on the relatives’ ability to recall
information and symptoms related to deaths and their
willingness to report this information during the inter-
view. At present, there are no negative cultural associa-
tions with traffic injury-related deaths that would
influence the disclosure of information regarding such
events [41]. Despite this advantage of the VA method
pertaining to injury-related deaths, the nature of bodily
injuries was identified for less than half of the deaths.
Further, there is a possibility that while the deceased
may have suffered multiple injuries, VA respondents
may not have reported complete or accurate information
to determine the specific injury. For example, deaths
may have been attributed to head injury in some
instances when they were actually caused by injury to
other parts of the body (e.g., the thorax or abdomen).
Uncertainties in the distribution of deaths by anatomical
position and biological sequence of the injury, therefore,
remain unresolved.

Alcohol use before the accident was reported for one
fifth of deaths, which is much lower than findings from
previous studies [19,42], and thus the data from this
study may have been an underestimate. This may be be-
cause most respondents were not present at the scene of
the accident, and were therefore unable to identify
whether the deceased had used alcohol or not. Also,
there is a likelihood of respondents suppressing informa-
tion on alcohol consumption in relation to RTI mortality
during VA interviews, due to the concern over stigma.
These aspects require additional qualitative research to
understand cultural sensitivities in specific VA interview
situations. Furthermore, the type of vehicle was unspeci-
fied for a quarter of deaths, so the distribution of deaths
by user type was not entirely accurate. Moreover, be-
cause the data described in this study refer to the date
and place of death (and not of the accident), it was im-
possible to explore the exact seasonal distribution of
crashes. Having said that, given 80% of deaths occurred
in the first day after the accident, seasonal distribution
of deaths provides some indication of the seasonal pat-
tern of crashes over the year. Finally, no information on
the time intervals between the accident and the presence
of first aid or emergency services was recorded, so re-
sponsiveness and quality of pre-hospital trauma care
cannot be evaluated.

Our initial VA methods required the interviewers to
enquire and record most of the above additional
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descriptive information on the nature of injury and cir-
cumstances of the event within the free text narrative
for such deaths. As a result of the above data shortcom-
ings, questionnaires and interviewing protocols should
be modified to capture these important variables in a
thorough and systematic manner, to support future ana-
lysis of the RTI mortality in Vietnam. For example, to
obtain more complete data road user types, direct
closed-ended questions should be used during the inter-
view so that more respondents will be able to recall and
report the type of vehicle involved in the accident. The
questionnaire could also be improved by allocating spe-
cific space to record the anatomical sites of injuries suf-
fered by the victim, as well as to record helmet use
among motorcycle users. However, the revised question-
naire should be first pilot tested for cultural appropriate-
ness before being used to collect data.

Conclusion

Despite the above limitations, the study clearly draws at-
tention to several key policy and program implications.
First, the absence of dependable death certification [43],
particularly in a socio-cultural context where the major-
ity of deaths do not occur in health facilities, means that
policy makers are reliant on data of limited quality,
which is at times contradictory, or at best, not represen-
tative. The uncertainty that surrounds critical areas of
information can undermine much policy action. Positive
policy initiatives such as mandatory helmet legislation
need reliable and consistent data to support ongoing
monitoring and enforcement of such initiatives. Pro-
jected reforms in the Health Information System need to
address standardised death certification, but given the
current context, need the complementary input that
consistent sentinel surveillance can offer.

Second, the evidence presented in this study, com-
bined with concerns already raised around the quality of
available helmets, indicates the need for more detailed
research into the phenomenon of head injury mortality
among motorcyclists. Such research studies could take
the form of a series of case studies that examine per-
sonal attributes such as helmet use, alcohol consumption
and driving experience / skills, but also in addition
examine the mechanical aspects of the accident (e.g., the
quality of the motorcycle used), including an analysis of
speed, road characteristics, and other factors associated
with collisions. Public education to encourage the use of
road safety measures, avoid irresponsible and dangerous
road using behaviours, and promote helmet quality and
correct application of helmets among motorcycle users
is urgently needed. Third, while the enforcement of pre-
ventive measures is a critical first step to ensure the
compliance with proscriptive regulation, to reduce
deaths and injuries on local roads it is vital to empower
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and build the capacity of local communities, so that they
take active roles in identifying and addressing local pro-
blems leading to road traffic collisions.

And fourth, the high proportion of deaths prior to
presentation at a hospital and the pattern of bypassing
district hospitals raise questions around the adequacy of
first aid responses. This indicates the limited availability
of pre-hospital care such as ambulance and acute care
paramedics. Further, this supports popular perceptions
that district hospitals are poorly staffed and resourced
for dealing with severe trauma. What is now necessary is
the establishment of a comprehensive pre-hospital
trauma care system including the development of a
cadre of acute care paramedics, and a network of stra-
tegically located ambulance retrieval vehicles to ensure
provision of first aid such as maintenance of airways and
control of haemorrhage, and timely access to hospital
life-saving care. Efforts are also required to establish the
capacity of district hospitals located close to the fatality
sites in dealing with road traffic related injury. All these
efforts should be made in conjunction with whole of
government strategies that focus on improving the qual-
ity control process of vehicle registration and driver li-
censing to ensure the vehicles used meet the quality
standards and to prevent unsafe use of vehicles, as well
as maintenance of roads and correction of dangerous
hazards. The findings from this study serve as primary
evidence to support planned road traffic accident control
activities in Vietnam.

Abbreviations
RTI: Road Traffic Injury; MoH: Ministry of Health.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

AN conceived research ideas, performed data analysis and drafted the
manuscript with input from all other authors. All authors reviewed and
approved the final version.

Acknowledgements

This study is part of the Vietnam Evidence for Health Policy Project, funded
by Atlantic Philanthropies. The authors would like to thank the research
team from five medical universities in Vietnam: Thai Nguyen, Ha Noi, Hue,
Ho Chi Minh, and Can Tho for their valuable contributions to the conduct of
the study. They would also like to acknowledge the helpful comments of
Professor Peter Barr from School of Population and Public Health, University
of British Columbia, Canada. The authors and affiliation were listed below:
Anh D. Ngo', Chalapati Rao?, Nguyen Phuong Hoa®, Damian G. Hoy*, Khieu
Thi Quynh Trang®, and Peter S. Hill®

'Post-doctoral Research Fellow, Social Epidemiology and Evaluation Research
Group, School of Health Sciences, University of South Australia (Formerly,
Vietnam Evidence For Health Policy Project, School of Population Health,
University of Queensland, Health Strategy and Policy Institute, 138 Giang Vo
Street, Hanoi, Vietnam)

?School of Population Health, University of Queensland, Herston Rd, Herston,
Queensland 4006, Australia, Email: crao@ug.edu.au

3Hanoi Medical University, T Ton That Tung Street, Hanoi, Vietnam, Email:
hoatuber@yahoo.com

“School of Population Health, University of Queensland, Herston Rd, Herston,
Queensland 4006, Australia, Email: d.hoy@ug.edu.au



Ngo et al. BMC Public Health 2012, 12:561
http://www.biomedcentral.com/1471-2458/12/561

°Khieu Thi Quynh Trang: Health Environment Management Agency, Ministry
of Health, 1 Nui Truc Lane, Nui Truc Street, Hanoi, Vietnam, Email:
sep9th80@yahoo.com

5School of Population Health, University of Queensland, Herston Rd, Herston,
Queensland 4006, Australia, Email: peter.hill@sph.ug.edu.au

Author details

'Social Epidemiology and Evaluation Research Group, School of Health
Sciences, University of South Australia, Room P4-23, Playford Building, City
East Campus, Adelaide, SA 5000, Australia (Formerly, Vietnam Evidence For
Health Policy Project, School of Population Health, University of Queensland,
Health Strategy and Policy Institute, 138 Giang Vo Street, Hanoi, Vietnam).
?School of Population Health, University of Queensland, Herston Rd, Herston,
Queensland 4006, Australia. *Hanoi Medical University, 1 Ton That Tung
Street, Hanoi, Vietnam. *Health Environment Management Agency, Ministry
of Health, 1 Nui Truc Lane, Nui Truc Street, Hanoi, Vietnam.

Received: 22 December 2011 Accepted: 11 July 2012
Published: 27 July 2012

References

1. Ministry of Health: Injury mortality statistics. Hanoi: Health Environment
Management Agency, Ministry of Health; 2011.

2. Ministry of Health: Report on Results of IP/SC Implementation in 1998 and half
of the Year 1999. Hanoi: Ministry of Health; 1999.

3. World Health Organization: The facts: Injury and Violence Prevention in
Vietnam. Access July 2011 from: http//www.wpro.who.int/vietnam/sites/
dhp/injury/.

4. Ngo A, Rao C, Hoa N, Adair T, Chuc N: Mortality patterns in Vietnam, 2006:
Findings from a national verbal autopsy survey. BMC Res Notes 2010, 3:78.

5. Hung KV, Huyen LT: Education influence in traffic safety: A case study in
Vietnam. IATSS Res 2011, 34(2):87-93.

6. Hill P, Ngo A, Khuong T, Dao H, Hoang H, Trinh H, Nguyen L, Nguyen P:
Mandatory helmet legislation and the print media in Vietnam. Accid Anal
Prev 2009, 41(4):789-797.

7. Anonymous: The national road safety month: http://www.baomoi.com/
Home/ThoiSu/www.tienphong.vn/Ra-quan-thang-An-toan-giao-thong-2008/
1953717.epi.

8. Van H, Singhasivanon P, Kaewkungwal J, Suriyawongpaisal P, Khai L:
Estimation of non-fatal road traffic injuries in Thai Nguyen, Vietnam
using capture-recapture method. Southeast Asian J Trop Med Public Health
2006, 37(2):405-411.

9. Ngoc L, Nguyen T: Injury surveillance system in Vietnam. Inj Prev 2011,
16(A118):—. doi:10.

10.  Mahapatra P, Shibuya K, Lopez A, Coullare F, Notzon F, Rao C, Szreter S:
Civil registration systems and vital statistics: successes and missed
opportunities. Lancet 2007, 370(9599):1653-1663.

11. Rao C, Osterberger B, Anh T, MacDonald M, Chuc N, Hill P: Compiling
mortality statistics from civil registration systems in Vietnam: the long
road ahead. Bull World Health Organ 2010, 88(1):58-65.

12. World Health Organization: Verbal autopsy standards. Acertaining and
Attributing Cause of Death. Geneva: World Health Organization; 2007.

13. Begg S, Rao C, Lopez A: Design options for sample-based mortality
surveillance. Int J Epidemiol 2005, 34(5):1080-1087.

14.  Chandrasekar C, Deming WE: On a method of estimating birth and death
rates and the extent of registration. J Am Stat Assoc 1949, 44:101-115.

15. Hoa N, Rao C, Hoy D, Hinh N, Chuc N, Ngo D: Mortality measures from
sample-based surveillance: Evidence of the epidemiological transition in
Vietnam. Bull World Health Organ 2012, In press.

16. Huong DL, Minh HV, Byass P: Applying verbal autopsy to determine cause
of death in rural Vietnam. Scand J Public Health 2003, Suppl 62:19-25.

17. Joshi R, Kengne AP, Neal B: Methodological trends in studies based on
verbal autopsies before and after published guidelines. Bull World Health
Organ 2009, 87:678-682.

18. Smith G, Barss P: Unintentional injuries in developing countries: the
epidemiology of a neglected problem. Epidemiol Rev 1991, 13:228-286.

19. Tam NM: Drinking and Driving in Vietnam: Perceptions, risk and cost effective
interventions. Queensland University of Technology, School of Population
Health; 2010.

Page 9 of 9

20. Lin MR, Chang SH, Pai L, Keyl PM: A longitudinal study of risk factors for
motorcycle crashes among junior college students in Taiwan. Accid Anal
Prev 2003, 35(2):243-252.

21. Zambon F, Hasselberg M: Factors affecting the severity of injuries among
young motorcyclists—a Swedish nationwide cohort study. Traffic Inj Prev
2006, 7(2):143-149.

22. Ross H: Britain's christmas crusade against drinking and driving. Alcohol
and Drugs 1987, 48(5):7-12.

23.  Vietnam General Statistics Office: Vietham Population and Housing Census
2009 - Education in Vietnam: An Analysis of Key Indicators. Hanoi: Vietnam
Ministry of Planning and Investment; 2010.

24. Nguyen T, Nguyen T, Morita S, Sakamoto J: Injury and pre-hospital trauma
care in Hanoi, Vietnam. Injury 2008, 39(9):1026-1033.

25, Lai CH, Huang WS, Chang KK, Jeng MC, Doong JL: Using data linkage to
generate 30-day crash-fatality adjustment factors for Taiwan. Accid Anal
Prev 2006, 38(4):696-702.

26.  Sharma B, Harish D, Singh G, Vij K: Patterns of fatal head injury in road
traffic accidents. Bahrain Medical Bulletin 2003, 25(1):22-25.

27. Keng SH: Helmet use and motorcycle fatalities in Taiwan. Accid Anal Prev
2005, 37(2):349-355.

28, World Health Organization: Regional report of Road Safety: the South-east
Asia Region. Geneva: World Health Organization; 2009.

29. Hussan L, Redmond A: Are pre-hospital deaths from accidental injury
preventable? Br Med J 1994, 308:1077-1080.

30. Passmore J, Tu N, Luong M, Chinh N, Nam N: Impact of mandatory
motorcycle helmet wearing legislation on head injuries in Vietnam:
results of a preliminary analysis. Traffic Inj Prev 2010, 11(2):202-206.

31, National Traffic Safety Committee: Report on activities to ensure traffic order
and safety. Hanoi: Ministry of Transport; 2008.

32. Peden M, Scurfield R, Sleet D, Mohan D, Hyder A, Jarawan, Mathers C: World
report on road traffic injury prevention. Geneva: World Health Organization;
2004.

33. Montazeri A: Road-traffic-related mortality in Iran: a descriptive study.
Public Health 2004, 118(2):110-113.

34. Taiwan Police Agency: Police Report. Taipei: Taiwan Ministry of Interior; 2003.

35, Tsai MC, Hemenway D: Effect of the mandatory helmet law in Taiwan. /nj
Prev 1999, 5(4):290-291.

36. Wong E, Leong MK, Anantharaman V, Raman L, Wee KP, Chao TC: Road
traffic accident mortality in Singapore. J Emerg Med 2002,
22(2):139-146.

37. Chao C, Fam K: Traffic accident injuries: a survey of the injured driver,
front-seat passenger and motorcyclists. Acad Med Singapore 1979,
8(2):118-127.

38, Sarkar S, Peek C, Kraus J: Fatal injuries in motorcycle riders according to
helmet use. J Trauma 1995, 38(2):242-245.

39, Passmore J, Lan Huong Nguyen, Nam Phuong Nguyen, Olive J: The
formulation and implementation of a national helmet law: a case study
from Vietnam. Bull World Health Organ 2010, 88:783-787.

40.  Dinh VH, Analysis of road traffic accidents in Vietnam: Road Traffic Injuries
Research Network. Access August 2011 from: http://nuce.academia.edu/
DinhVanHiep/Papers/136569/Analysis_of_road_traffic_accidents_in_Vietnam.

41. Huy TQ, Johansson A, Long NH: Reasons for not reporting deaths: a
qualitative study in rural Vietnam. World Health Popul 2007, 9(1):14-23.

42. Ha N, Quang L, Duc D, Vu N: Current situation of road traffic accidents and
acceptance on helmet and drink-driving laws in Yen Bai, Da Nang, and Binh
Duong provinces Hanoi. Hanoi: World Health Organization; Ministry of
Health; Hanoi School of Public Health; 2008.

43. Rao COB, Anh TD, MacDonald M, Chuc NT, Hill PS: Compiling mortality
statistics from civil registration systems in Vietnam: the long road ahead.
Bull World Health Organ 2010, 88(1):58-65.

doi:10.1186/1471-2458-12-561

Cite this article as: Ngo et al: Road traffic related mortality in Vietnam:
Evidence for policy from a national sample mortality surveillance
system. BMC Public Health 2012 12:561.



http://www.wpro.who.int/vietnam/sites/dhp/injury/
http://www.wpro.who.int/vietnam/sites/dhp/injury/
http://www.baomoi.com/Home/ThoiSu/www.tienphong.vn/Ra-quan-thang-An-toan-giao-thong-2008/1953717.epi
http://www.baomoi.com/Home/ThoiSu/www.tienphong.vn/Ra-quan-thang-An-toan-giao-thong-2008/1953717.epi
http://www.baomoi.com/Home/ThoiSu/www.tienphong.vn/Ra-quan-thang-An-toan-giao-thong-2008/1953717.epi
http://dx.doi.org/10
http://nuce.academia.edu/DinhVanHiep/Papers/136569/Analysis_of_road_traffic_accidents_in_Vietnam
http://nuce.academia.edu/DinhVanHiep/Papers/136569/Analysis_of_road_traffic_accidents_in_Vietnam

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Sample mortality surveillance system design
	Data collection and analyses

	Results
	Discussion
	Conclusion
	Competing interests
	Authors´ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


