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ABSTRACT
ADULT PEDESTRIAN TRAFFIC TRAUMA IN CAPE TOWN
WITH SPECIAL REFERENCE TO THE ROLE OF ALCOHOL

Margaret Mary Peden
National Trauma Research Programme, Medical Research Council
PO Box 19070, Tygerberg, 7505
January 1997

This research is a prospective, descriptive survey of adult pedestrian injuries in
Cape Town. It profiles ‘at risk’ pedestrians and describes their injuries, injury
severity and outcome. The role which alcohol plays in these collisions is
threaded through the thesis. Since no study of this nature has been done in
South Africa, it provides baseline data on the epidemiology, alcohol-relatedness,
clinical presentation and prevention of adult pedestrian collisions in the
metropole.

Data were collected prospectively on all injured pedestrians who presented
consecutively, within six hours of being injured, to the Trauma Unit of Groote
Schuur Hospital over a nine week period in 1993. Data were also gathered
retrospectively from the state mortuary on all pedestrians who died before
reaching hospital during the same time period. A total of 227 patients were
included in the study. Data gathered included demographics, physiological
response to injury, anatomical nature and severity of injuries as well as progress
and outcome. |njuries were assessed and scored using the Abbreviated Injury
Score (1990 revision) and the New Injury Severity Score. Alcohol consumption
was assessed using four measures, viz. self-evaluation, clinical assessment,
breath alcohol analysis and blood alcohol concentration (BAC). Data were
analysed using SAS version 6.

The study recorded a very high incidence of alcohol intoxication among injured
pedestrians in Cape Town. This is highly suggestive of a causal link. One
hundred and forty-one patients (62.1%) were found to have positive BACs; more
than 40% had BACs in excess of 0.20 g/100ml. BAC positive pedestrians were
found to have more severe injuries, to require longer hospitalisation periods and
to need more complex management. They consequently cost more to treat than
their sober counterparts.

The comparison between the four methods of alcohol assessment revealed that
self-evaluation and clinical assessment were poor screening tools. Breath
alcohol analysis, using a Lion Alcolmeter S-D2, had a high degree of accuracy
when compared to the BAC, which remains the ‘gold standard’. It is therefore
recommended that all traffic trauma patients be subjected to breath analysis.

The study also generated recommendations for the prevention of pedestrian
collisions. These address pre-crash, crash and post-crash factors. Control of
drunken driving and walking, as well as road safety education, particularly to
pedestrians, are key issues. However, there remains a need for improved road
engineering and better monitoring of the roadworthiness of vehicles.

This thesis highlights the severity of alcohol-related pedestrian injuries and
the importance of preventative strategies.



GLOSSARY

The following abbreviations have been used throughout this thesis, both in text
as well as figures and tables.

ABS Anti-lock Braking System

Al Anatomic Index

AIDS Acquired Immune Deficiency Syndrome

AlS Abbreviated Injury Scale

AlIS 90 Abbreviated Injury Scale, 1990 Revision

ANC African National Congress

AQOD Alcohol and Other Drugs

APACHEII Acute Physiology and Chronic Health Evaluation il
ASCOT A Severity Characterization of Trauma

ATLS Advanced Trauma Life Support

AUDIT Alcohol Use Disorder Test

BAC Blood Alcohol Concentration

BAC +ve Positive Blood Alcohol Concentration, i.e. >0.01 g/100ml
BAC -ve Zero Blood Alcohol Concentration

BrAC Breath Alcohol Concentration

BP Blood Pressure

CAGE Alcohol use scale

CAIS Condensed Abbreviated Injury Scale

CDT Carbohydrate-deficient transferrin

CERSA Centre for Epidemiological Research in Southern Africa
Cl Confidence Interval

CMS Cape Metropolitan Study

CRAMS CRAMS Scale

CRIS Comprehensive Injury Scale

CSIR The Council for Scientific and Industrial Research
CT Computerised Tomography

DALY Disability Adjusted Life Years

DEF DEFinitive Methodology

Df Degrees of freedom

DOA Dead on arrival

DSM-IV Diagnostic Statistical Manual of Mental Disorders, Forth Edition
DT Delirium Tremens

DTS Directorate of Traffic Safety

ED Emergency Department

FCI Functional Capacity Index

g/100 mi grams per 100 millilitre

GCS Glasgow Coma Scale

GGT Gamma-glutamyltransferase

GSH Groote Schuur Hospital

HICDA-8 Hospital International Classification of Diseases, 8th Revision
HPT Haemopneumothorax

ICU intensive Care Unit
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ICD-10
s

IQR
ISS
km/hr
LDV
MAIS
MAST
MCV
METRO
MISS
MRC
MTOS

NISS
NTRP
OPD
OR

PRE
Ps
PTS
QALY
RDP
RI
RISS
RR
RTA
RTS
SA
SANCA

SAS
SBP
SD
SMAST
TS
TRISS
T-RTS
ucT
UK
USA
WHO

International Classification of Diseases
International Classification of Diseases, 10th Edition
injury Impairment Scale

Inter-quartile range

Injury Severity Score

Kilometre per hour

Light delivery vehicle or ‘Bakkie’
Maximum Abbreviated Injury Scale
Michigan Alcohol Screening Test

Mean Corpuscular Volume

Medical Emergency Transport and Rescue Organisation
Modified Injury Severity Scale

Medical Research Council

Major Trauma Outcome Study

The overall number of the sample

A sub-set of the sample

New Injury Severity Score

National Trauma Research Programme
Out Patients’ Department

Odds Ratio

Probability

PREliminary Method

Probability of survival

Paediatric Trauma Score

Quality of Adjusted Life Years
Reconstruction and Development Programme
Respiratory Index

Rural Injury Surveillance Study
Respiratory rate

Road Traffic Accident

Revised Trauma Score

South Africa

South African National Council on Alcoholism and
Dependence

Statistical Analysis System

Systolic Blood Pressure

Standard Deviation

Short Michigan Alcohol Screening Test
Trauma Score

Trauma Score - Injury Severity Score
Triage Revised Trauma Score
University of Cape Town

United Kingdom

United States of America

World Health Organisation
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TERMINOLOGY

POPULATION GROUP

The Population Registration Act of 1950 created population groups in South
Africa which were bounded not by natural groupings but by unscientific factors
such as appearance, descent, language and behaviour (Wilson & Ramphele,
1989). The Act attempted to “define the undefinable” (Suzman, 1960), which was
evidenced by the fact that it was amended 15 times between 1956 and 1986.
Nevertheless, this classification system was the “corner-stone on which
segregation and inequality in South Africa” were built (West & Boonzaier,
1989:185).

Since the Act was repealed in 1991 there has been much debate among
scientists on whether or not to continue using the terms Asian, Black, Coloured
and White. The fact of the matter is that for centuries social, economic and
political institutions were structured on a racial basis. The Act also had a
significant socio-economic impact on the lives of many South Africans influencing
where they lived, who they married, what education and heaith care they
received, what occupations were open to them and what income they received.
Because of what has gone before, at this point in time it is still impossible to
describe the daily reality for millions of South Africans in any other way (WHO,
1983) and the terms remain useful in identifying groups at risk “... so that
appropriate diagnostic, remedial or prophylactic strategies can be devised” (N.C.
Lee, 1989:184). The use of these groupings in this thesis does not, however,
imply that the author endorses or agrees with these racist terms.

viii



CONTENTS

Page
Declaration i
Dedication ii
Acknowledgements iii
Abstract v
Glossary Vi
Terminology viii
List of figures Xix
List of tables XXii
Appendices XXV
CHAPTER ONE:
WHY A STUDY ON PEDESTRIAN TRAFFIC TRAUMA?
1.1 Introduction 1
1.2 The Magnitude of Pedestrian Traffic Trauma in SA 3
1.3 The Alcohol - Pedestrian Relationship 4
1.4 The Rationale for this Prospective Study 7
1.5 The Research Question and Aims of the Study 8
1.6 The Structure of this Thesis 9
1.6.1 Thesis Objectives 9
1.6.2 The Presentation of the Thesis 9
1.7 Chapter Summary 11
CHAPTER TWO:
AN EPIDEMIOLOGICAL BASIS FOR TRAFFIC TRAUMA PREVENTION
21 Introduction 12
2.2 ‘Accident’ Versus Injury 13
2.3 Frameworks for Describing Traffic Trauma 14
2.3.1  Accident Proneness 14
2.3.2 The Epidemiological Triad 15
2.3.3 The ‘Haddon Matrix’ 17

2.4 Chapter Summary 20



CHAPTER THREE:
TRAFFIC TRAUMA WORLDWIDE

3.1 Introduction

3.2 The Magnitude of Vehicular Trauma Globally
3.3 The Global Magnitude of Pedestrian Trauma
3.4 The Role of Alcohol in Pedestrian Collisions
3.5 Where Pedestrian Collisions Occur

3.6 When Pedestrian Collisions Occur

3.7 Vehicles Involved in Pedestrian Collisions
3.8 Age and Gender

3.9 Population Group

3.10 Socio-economic Status

3.11  Injuries Sustained by Pedestrians

3.12 The Management of Injured Pedestrians
3.13 The Outcome from Pedestrian Collisions
3.14 The Cost of Vehicular Trauma

3.15 Chapter Summary

CHAPTER FOUR:

TRAFFIC TRAUMA IN CAPE TOWN

4.1
4.2
43

4.4

Introduction
Alcohol Misuse in South Africa
Vehicular Trauma in South Africa
4.3.1 Introduction
4.3.2 The Magnitude of the Problem
4.3.3 The Role of Alcoho!
4.3.3.1 Uninjured Road-users
4.3.3.2 Fatally Injured Road-users
4.3.3.3 Non-fatally Injured Road-users
Pedestrian Traffic Trauma in South Africa
4.4.1 Introduction
4.4.2 The Magnitude of the Problem
443 The Role of Alcohol

21
21
24
27
30
31
32
34
35
36
37
39
40
41
43

44
45
49
49
49
50
50
51
52
54
54
54
56



4.5 Vehicular Trauma in Cape Town
4.5.1 Introduction
4.5.2 The Magnitude of the Problem
4.5.3 The Role of Alcohol
4.6 Pedestrian Traffic Trauma in Cape Town
4.6.1 Introduction
46.2 Available Data Sources
4.6.2.1 City of Cape Town, Traffic Department Data
46.2.2 The Cape Metropolitan Study Data
46.3 Limitations of Available Data
4.7 The Cost of Pedestrian Traffic Trauma
4.8 Concluding Remarks
49 Chapter Summary
CHAPTER FIVE:
METHODOLOGY
5.1 Introduction
5.2 Study Design
5.3 Criteria for Patient Selection
5.3.1 Inclusion Criteria
5.3.2 Exclusion Criteria
54 Sampling Procedures
55 Sample Size
56 Time Frame of the Study
57 The Setting
58 Collection of Data

5.8.1 The Research Questionnaires

5.8.2 Injury Severity Scoring
5.8.2.1 The Abbreviated Injury Score
5.8.2.2 The New Injury Severity Score
5.8.2.3 The Revised Trauma Score
5.8.2.4 TRISS Methodology

57
57
57
58
60
60
61
61
64
66
67
69
70

71
71
72
72
74
74
74
75
76
77
78
79
79
79
80
80



5.8.3 Alcohol Assessment
5.8.3.1 Self-evaluation
5.8.3.2 Clinical Assessment
5.8.3.3 Breath Alcohol Analysis
5.8.3.4 Blood Alcohol Analysis

5.9 Field Workers

5.10 Ethical Considerations

5.11  The Pilot Study

5.12 Data Processing and Analysis
5.13 Chapter Summary

CHAPTER SIX:

81
81
81
82
83
84
85
86
87
88

A DEMOGRAPHIC PROFILE OF INJURED PEDESTRIANS IN CAPE TOWN

6.1

6.2

6.3

6.4

6.5
6.6

6.7

6.8

6.9

Introduction

6.1.1 Presentation of Data

Alcohol Intoxication

Gender

Age

Population Group

Socio-economic Status

6.6.1 Place of Residence

6.6.2 Occupation

6.6.3 Income

Where Pedestrian Collisions Occurred
6.7.1 Type of Road where Collision Occurred
6.7.2 Road where Collision Occurred
6.7.3 Suburb where Collision Occurred
When Pedestrian Collisions took Place
6.8.1 Time of Collision

6.8.2 Day of Collision

6.8.3 Weather Conditions

Type of Vehicle Involved in Collisions

Xii

89
90
90
92
93
97
98
98
100
101
102
102
103
104
106
106
107
110
110



6.10

6.11

Discussion
6.10.1 Precrash Host Factors
6.10.1.1 Gender
6.10.1.2 Age
6.10.1.3 Population Group
6.10.1.4 Socio-economic Status
6.10.2 Precrash Agent Factors
6.10.2.1 Vehicle involved
6.10.2.2 Weather Conditions
6.10.3 Precrash Environmental Factors
6.10.3.1 Road where Collision Occurred
6.10.3.2 Suburb where Collision Occurred
6.10.3.3 Time of Collision
6.10.3.4 Day of Collision
Chapter Summary

CHAPTER SEVEN:
INJURY SCORING METHODS

71
7.2

7.3

7.4

7.5

Introduction

Scores Based on Anatomic Site

7.2.1 The Abbreviated Injury Scale
7.2.2 The Injury Severity Score
7.2.3 The Anatomic Index

7.2.4 The New Injury Severity Score
Physiological Scores

7.3.1 The Glasgow Coma Scale
7.3.2 The Triage Index

7.3.3 The Trauma Score

7.3.4 The Revised Trauma Score

7.3.5 Acute Physiology & Chronic Health Evaluation ||

Combination Scores

741 TRISS

7.4.2 A Severity Characterization of Trauma
Measuring Disability

xiii

111
112
112
113
114
114
115
115
116
117
117
17
117
118
119

120
122
122
125
128
129
129
130
131
131
132
135
136
136
142
144



7.6 Concluding Remarks

7.7 Chapter Summary

CHAPTER EIGHT:

INJURIES SUSTAINED BY PEDESTRIANS

8.1 Introduction

8.2 Hospital Pedestrians

8.2.1 Introduction

8.2.2 The Number of Lesions Sustained

8.2.2.1
8.2.2.2

Pedestrians with Polytrauma

Pedestrians with Single System Trauma

8.2.3 Type Of Injury by Body Region

8.2.3.1
8.23.2
8.233
8.23.4
8.2.3.5
8.2.3.6
8.2.3.7

Head Injuries

Facial Injuries

Spinal Column Injuries
Thoracic Injuries
Abdominal Injuries
Upper Limb Injuries

Pelvis and lLower Limb Injuries

8.2.4 The Severity of Injuries Sustained

8.2.4.1
8.2.4.2
8.243

Introduction
ISS versus NISS

The Severity of Injuries Sustained by
Hospital Pedestrians

8.3 Mortuary Pedestrians

8.3.1 Introduction

8.3.2 Cause of Death

8.3.3 The Type of Injury by Body Region

8.3.3.1
8.3.3.2
8.3.3.3
8.3.3.4
8.3.3.5

Head Injuries

Facial Injuries

Spinal Column Injuries
Thoracic Injuries

Abdominal Injuries

145
146

147
148
148
149
149
150
151
152
155
157
159
162
165
167
170
170
170

172
174
174
174
175
176
177
177
178
179



8.3.3.6 Upper Limb Injuries
8.3.3.7 Pelvis and Lower Limb Injuries
8.3.4 Injury Severity in Mortuary Pedestrians
8.4 Discussion
8.4.1 Injuries Sustained by Hospital Pedestrians
8.4.2 Injuries Sustained by Mortuary Pedestrians
8.4.3 Injury Severity
8.5 Chapter Summary

CHAPTER NINE:
THE MANAGEMENT OF INJURED PEDESTRIANS

9.1 Introduction
9.2 The Body's Response to Injury
9.2.1 Introduction
9.2.2 Salient Indicators
9.2.21 Systolic Blood Pressure
9.2.2.2 Respiratory Rate
9.2.2.3 The Glasgow Coma Scale
9.2.3 The Revised Trauma Score
9.2.4 Probability of Survival
9.3 The Management of Injured Pedestrians
8.3.1 Introduction
9.3.2 Time Delay to Hospital Treatment
9.3.3 Level of Care Required
9.3.4 Length of Hospital Stay
9.3.5 Interventions Required
9.3.5.1 Surgery
9.3.5.2 Standard X-rays
9.3.5.3 CT Scan
9.3.5.4 Blood Transfusion
9.3.6 Disposal from Hospital after Ward/ICU Admission
9.4 Resultant Disability in Hospital Pedestrians
9.4.1 Introduction

9.4.2 Clinical Judgement of Disability

xv

181
182
183
183
185
187
188
189

190
190
190
191
191
193
195
197
199
201
201
202
202
206
207
208
209
210
211
213
213
213
214



9.5

9.6

9.7

9.4.3 The Injury Impairment Scale
The Costs Incurred by Pedestrians
9.5.1 Treatment Costs
9.5.2 Composite Costs
Discussion
9.6.1 Postcrash Host Factors
9.6.1.1 The Body's Response to Injury
9.6.1.2 Probability of Survival
9.6.1.3 Management of Injured Pedestrians
9.6.1.4 Resultant Disability in Injured Pedestrians
9.6.2 Postcrash Environmental Factors
9.6.2.1 Time Delay to Treatment
9.6.2.2 Trauma Facility Audit
9.6.2.3 Cost of Treating Injured Pedestrians
Chapter Summary

CHAPTER TEN:
ALCOHOL ASSESSMENT IN TRAUMA PATIENTS

10.1
10.2
10.3

10.4

Introduction
Definition of Alcohol Terms
The Routine Assessment of Alcohol in Injured Patients
10.3.1 The Risk of Injury
10.3.2 Complication of Assessment and Management
10.3.3 Underlying Chronic Diseases
10.3.4 Trauma Recidivism
10.3.5 Trauma Outcome
10.3.6 Why Routine Alcohol Screening is not Undertaken
Methods of Assessing Alcohol Intoxication
10.4.1 Biological Markers of Aicohol
10.4.1.1 Blood Alcohol Analysis
10.4.1.2 Breath Alcohol Analysis
10.4.1.3 Biological Markers of Chronic Alcohol Use

216
217
217
220
221
221
221
223
223
225
226
226
227
228
229

230
231
233
233
234
237
237
238
239
240
240
241
241
243



10.4.2 Screening Questionnaires

244

10.4.2.1 Assessing Acute Alcohol Intoxication 244
10.4.2.2 Assessing Chronic Alcohol Consumption 246
10.4.3 Clinical Assessment of Alcohol Intoxication 248
10.5 Concluding Remarks 250
10.6 Chapter Summary 251
CHAPTER ELEVEN:
A COMPARISON OF FOUR METHODS OF ALCOHOL ASSESSMENT IN
INJURED PEDESTRIANS
11.1  Introduction 252
11.2  Blood Alcohol Analysis 253
11.3  Self-evaluation of Alcohol Intoxication 254
11.3.1 Acknowiedgement of Alcohol Consumption 254
11.3.2 The Amount of Alcohol Consumed 255
11.3.3 The Type of Alcoholic Beverage Consumed 258
11.4  Clinical Assessment of Alcohol Intoxication 259
11.5 Breath Alcohol Analysis 263
11.5.1 Introduction 263
11.5.2 Substituting Breath Alcohol for Blood Alcohol 265
11.5.2.1 Correlation Analysis 265
11.5.2.2 Strength of Agreement 268
11.6  Breath Analysis in a Legal Setting 272
11.7 Discussion 275
11.7.1 Alcohol Assessment in a Clinical Setting 275
11.7.1.1 Self-evaluation 276
11.7.1.2 Clinical Assessment 276
11.7.1.3 Breath Alcohol Analysis 277
11.7.2 The Use of Breath Analysis in a Legal Setting 278
11.8 Chapter Summary 280



CHAPTER TWELVE:
CONCLUSIONS AND RECOMMENDATIONS

12.1  Introduction
12.2  Conclusions
12.3 Recommendations
12.3.1 Introduction
12.3.2 Addressing the Pedestrian Catastrophe in SA
12.3.2.1 Precrash Factors
12.3.2.2 Crash Factors
12.3.2.3 Postcrash Factors
12.3.3 Addressing Per Capita Alcohol Consumption in SA
12.4  Overcoming Barriers to Injury Prevention in SA

12.5 Final Remarks

REFERENCES

APPENDICES

XViii

281
281
285
285
285
286
290
291
293
294
296

297

330



Fig.

1.1

1.2
4.1
4.2

43
5.1
5.2
6.1
6.2
6.3
6.4
6.5

6.6
6.7
6.8
8.1
8.2
8.3
8.4
8.5
8.6
8.7
8.8
8.9

8.10

8.11

LIST OF FIGURES

Legend

The Older and Grayson model depicting basic stages in street
crossing

Relative risk of being involved in a pedestrian collision
Traffic fatalities in the City of Cape Town municipal area (1993)

Proportion of fatally injured road-users with BAC levels
>0.08 g/100ml (City of Cape Town municipal area, 1993)

Pedestrian collisions in Cape Town by age group (1993)
Drainage area for Groote Schuur Hospital

The modified Lion Alcolmeter S-D2

BAC levels for all pedestrians (N=227)

Age distribution for all pedestrians (N=227)

Map indicating place of residence of pedestrians
Occupational status of all pedestrians (N=227)

Map indicating the suburbs where numerous pedestrian
collisions occurred

Time of collision for all pedestrians (n=206)

Day of collision for all pedestrians (N=227)

Type of vehicle involved in collisions (N=227)

Injuries sustained by Hospital Pedestrians (n=196)

Body regions injured in singie system trauma (n=106)
Head lesions by AIS in Hospital Pedestrians (n=118)
Facial lesions by AIS in Hospital Pedestrians (n=62)
Spinal column lesions by AIS in Hospital Pedestrians (n=22)
Thoracic lesions by AIS in Hospital Pedestrians (n=28)
Abdominal lesions by AIS in Hospital Pedestrians (n=24)
Upper limb lesions by AIS in Hospital Pedestrians (n=54)

Sides affected in upper limb injuries in Hospital Pedestrians
(n=52)

Pelvis and Lower limb lesions by AIS in Hospital Pedestrians
(n=232)

Sides affected in lower limb injuries in Hospital Pedestrians
(n=138)

xix

Page

58

59
62
76
82
91
94
99
100

105
106
108
111
148
151
163
156
158
160
163
165

166

168

168



Fig.

8.12
8.13
8.14
8.15
8.16
8.17

9.1

9.2
9.3
9.4
9.5

9.6
9.7
9.8

9.9

9.10
9.11
1.1

11.2
1.3
11.4
11.5

11.6

11.7

11.8

11.9

Legend Page

NISS ratings in Hospital Pedestrians (n=196) 172
NISS ranges by BAC group in Hospital Pedestrians (n=196) 174
Head lesions by AIS in Mortuary Pedestrians (n=31) 176
Thoracic lesions by AlS in Mortuary Pedestrians (n=37) 179
Abdominal lesions by AIS in Mortuary Pedestrians (n=26) 180
Pelvis and lower limb iesions by AIS in Mortuary Pedestrians

(n=35) 182
Systolic blood pressure versus NISS in Hospital Pedestrians

(n=196) 192
Respiratory rate versus NISS in Hospital Pedestrians (n=196) 194
GCS versus NISS in Hospital Pedestrians (n=196) 196
Unweighted RTS ratings in Hospital Pedestrians (n=196) 198
PRE chart for pedestrians admitted to hospital wards or ICUs or

who died soon after reaching hospital (n=139) 199
Delay to treatment in Hospital pedestrians (n=196) 202
Level of care received by Hospital Pedestrians (n=196) 203
Pyramid indicating the proportion of Hospital Pedestrians who

had BAC levels >0.08 g/100ml (n=196) 205
Interventions required by Hospital Pedestrians (n=196) 207
Number of body regions x-rayed in Hospital Pedestrians 210
Units of blood required by Hospital Pedestrians (n=196) 212
BAC categorised according to ‘mild’, ‘moderate’ and ‘severe’

intoxication (n=196) 253
Pedestrian’s assessment of their alcohol state (n=196) 254
Self-evaluation of level of intoxication by BAC (n=196) 257
Type of alcoholic beverage consumed by pedestrians (n=92) 258

Distribution of alcohol levels in all patients by breath and blood
(n=196) 263

Overall correlation between breath and biood alcohol in all
pedestrians (n=196) 266

Correlation between breath and blood alcohol in co-operative
pedestrians only (n=130) 266

Correlation between breath and blood alcohol in unco-operative
pedestrians only (n=45) 267

Correlation between breath and blood alcochol in ventilated
pedestrians only (n=21) 267



Fig.

11.10

11.11

11.12

11.13

11.14
12.1

Legend

Difference against mean for aicohol data in all pedestrians
(n=196)

Difference against mean for alcohol data in co-operative
pedestrians only (n=130)

Difference against mean for alcohol data in unco-operative
pedestrians only (n=45)

Difference against mean for alcohol data in ventilated
pedestrians only (n=21)

Obtaining a BAC level from a BrAC result

Prevention of pedestrian collisions within the framework of the
‘Haddon Matrix’

Page

269

270

271

271
274

286



LIST OF TABLES

Table Legend

2.1
2.2
3.1
3.2
3.3
4.1
4.2
4.3
4.4
4.5

4.6

4.7

4.8

4.9

6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8
6.9
6.10
6.11
6.12
6.13

The ‘Haddon Matrix’

Energy damage and ten counter-measure strategies
Overall road death rates per 100 million km travelled
Pedestrians as a proportion of road traffic deaths
Pedestrian alcohol-relatedness studies

Deaths in SA, 1984 - Lost potential years of life

Collisions and injuries per province (1993)

Contributing factors identified in 1 584 collisions (1981-1986)

National statistics for pedestrians (1989-1993)

Distribution of BAC levels according to population group of the

driver

Pedestrian fatalities in Cape Town by population group

(1991-1993)

Pedestrian actions involved in traffic trauma in Cape Town

(1991-1993)

BAC levels in fatally injured pedestrians, Cape Town
(1992-1993)

Composite costs for pedestrian collisions in the City of Cape

Town municipal area (1993)

BAC levels by injury category (N=227)

Mean BAC results by injury category (N=227)
Gender by BAC (N=227)

Age by injury category (N=227)

Age by BAC (N=227)

Age by mean BAC (N=227)

Age by gender (N=227)

Population group by injury category (N=227)
Population group by age (N=227)
Occupational status by injury category (N=227)
Occupational status by BAC (N=227)

Place of injury by injury category (n=217)

Roads on which many pedestrian collisions occurred

XX

Page

18
19
23
25
28
45
50

54

59

63

63

64

68
91
92
93
94
95
96
96
97
98
101
101
102
103



Table

6.14
6.15
6.16
6.17
6.18
7.1
7.2
7.3
7.4
8.1
8.2
8.3
8.4
8.5
8.6
8.7
8.8
8.9
8.10
8.11
8.12
8.13
8.14
8.15
8.16

8.17
8.18
8.19
8.20
9.1

Legend

Time of collision by injury category (n=206)

Time of collision by BAC (n=206)

Day of collision by BAC (N=227)

Day and time of collision by BAC (n=206)

Weather conditions by injury category (N=227)

Some trauma scoring systems in current use

The Revised Trauma Score

TRISS methodology

Profile components in ASCOT

Injuries sustained by Hospital Pedestrians by body region
Head lesions sustained by Hospital Pedestrians

Facial lesions sustained by Hospital Pedestrians

Spinal column lesions sustained by Hospital Pedestrians
Thoracic lesions sustained by Hospital Pedestrians
Abdominal lesions sustained by Hospital Pedestrians
Upper limb lesions sustained by Hospital Pedestrians
Pelvis and Lower limb lesions sustained by Hospital Pedestrians
ISS versus NISS in Hospital Pedestrians (n=196)

ISS versus NISS according to body region injured

NISS by age group in Hospital Pedestrians (n=196)

NISS by level of care required in Hospital Pedestrians (n=196)
Causes of death in Mortuary Pedestrians (n=31)

Injuries sustained by Mortuary Pedestrians (n=31)

Head lesions sustained by Mortuary Pedestrians

Level of Spinal column lesions sustained by Mortuary
Pedestrians

Thoracic lesions sustained by Mortuary Pedestrians
Abdominal lesions sustained by Mortuary Pedestrians

Upper limb lesions sustained by Mortuary Pedestrians

Pelvis and Lower limb lesions sustained by Mortuary Pedestrians

Systolic blood pressure in Hospital Pedestrians (n=196)

Page

107
107
109
109
110
121
133
137
142
149
152
155
157
160
162
165
167
171
171
172
173
175
175
176

178
178
180
181
182
191



Table Legend Page

9.2 Mean systolic blood pressure in polytrauma pedestrians by body

region injured 192
9.3 Spontaneous respiratory rate in Hospital Pedestrians (n=196) 193
9.4 Glasgow Coma Scale in Hospital Pedestrians (n=196) 195
9.5 GCS in polytrauma pedestrians by body region injured (n=90) 197
9.6 ‘M’ statistic calculation for Hospital Pedestrians 201
9.7 Placement by BAC in Hospital Pedestrians (n=196) 204
9.8 Level of care required by mean BAC (n=196) 205
9.9 Average days spent in hospital (n=135) 206
8.10 Length of hospital stay in polytrauma pedestrians by body region

injured (n=90) 206
9.11  Surgery required in polytrauma pedestrians (n=56) 209
9.12 Blood required in polytrauma pedestrians by probable cause

(n=29) 212
9.13 Physical impairment and functional disability incurred by

surviving pedestrians (n=186) 215
9.14 |IS by BAC in surviving pedestrians (n=186) 217
9.15 Fee structure used to deduce treatment costs (in 1993 rands) 218
8.16 Medical costs of managing pedestrians (N=227) 219
9.17 Composite costs for pedestrians (N=227) 220
10.1  The effects of alcohol on the body 234

10.2 Clinical categories of alcohol intoxication and corresponding
blood alcohol levels 249

11.1  Characteristics of self-evaluation responders versus non-

responders 255
11.2  Self-evaluation of level of intoxication versus BAC level 256
11.3  Rapid clinical assessment for alcohol intoxication 259
11.4  The accuracy of rapid clinical assessment parameters 260
11.5  Detailed clinical assessment for alcohol intoxication 261
11.6  The accuracy of detailed clinical assessment parameters 262
11.7 Mean BrAC according to patient’s ability to co-operate 264
11.8  Sensitivity and specificity of breath analysis using 0.08 g/100mi

as the cut-off point 273
11.9  Linear regression analysis in co-operative patients (n=130) 274



APPENDICES

Appendix Title Page
A Research questionnaire for Hospital Pedestrians 330
B Research questionnaire for Mortuary Pedestrians 332
Cc Guidelines for field workers 333
D Ethical consent 336
E Bristol-Myers Squibb Award 337
F Letter of commendation from Dr Leonard Evans (General

Motors, Michigan, USA) 338



CHAPTER ONE

WHY A STUDY ON PEDESTRIAN TRAFFIC TRAUMA?

"Pedestrian deaths and injunes have become a normal
occurrence in the South African way of life - something we hear
about every day, but believe we have little or no control over!”
(Directorate of Traffic Safety, 1992:8)

1.1 INTRODUCTION

Walking is probably the most commonly used and certainly the most widely
available mode of personal transport in South Africa. The popularity of walking
is reflected in two senses. It is often the only transport mode used for a trip but
it is also a common link with other modes of transport since nearly all vehicular
travel involves walking at some stage. Despite this, relatively littie is known about
walking as a mode of transport and even less is known about pedestrian

collisions and safety issues.

Although alcohol is linked with most types of road crashes, particular emphasis
has been placed on ‘drinking and driving’ in South Africa over the past decades.
However, since pedestrians constitute 45% of all traffic related deaths in this
country (Directorate of Traffic Safety, 1992), the focus on drivers has done littie,

if anything, to reduce the overall traffic death rate.

International studies seem to indicate that adult pedestrians with more than
0.10 g/100mI of alcohol in their blood are usually accountable for their own
injuries, whereas their sober counterparts are usually the innocent victims of
traffic trauma initiated by the motorist (Kliger & Sporty, 1993; J.A. Waller, 1972).
Although this statement is probably true, in South Africa there is only anecdotal

evidence to support it (Directorate of Traffic Safety 1990a, 1992).



Furthermore, road traffic trauma in South Africa is arguably one of this country’s
most serious and preventable community health problems. Our road death rate
of 11.7 per 100 million kilometres travelied is one of the highest in the world and
our pedestrian traffic trauma death rate is surpassed only by Ethiopia

(International Road Federation, 1991).

The epidemiology of paediatric pedestrian morbidity and mortality appears to
have been fairly adequately addressed locally (Bass, Albertyn & Melis, 1992;
Bass, Albertyn & Melis, 1995; Cumpsty & Howes, 1985; Cywes, 1990a; Cywes,
Kibel, Bass et al., 1990b; Fowler, 1991; Kibel, Joubert & Bradshaw, 1990a;
Knobel, De Villiers, Parry et al., 1984), but that of adult pedestrian morbidity
appears to have been largely overlooked. Only fatal pedestrian collisions appear
to have been addressed (Odendaal, 1969; Ribbens, 1989). This has led to the
formulation of prevention and control strategies based either on mortality data
alone or on intemational models, both approaches of which are less than optimal
(Bradbury, 1991; Irwin, Patterson & Rutherford, 1983; Jehle & Cottington, 1988;
Wyss, Rivier, Gujer et al., 1990).

Research into injured adult pedestrians in South Africa is thus long overdue.

This study was therefore undertaken to describe the epidemiology, clinical course
and outcome of injured adult pedestrians in Cape Town. It furthermore defines
the role that alcohol plays in these collisions and suggests an accurate method
of assessing alcohol intoxication in such patients. This data will provide a
baseline for the design and implementation of specific preventive and control

measures and will highlight areas which require further investigation.



1.2 THE MAGNITUDE OF PEDESTRIAN TRAFFIC TRAUMA IN SA

In the USA pedestrian deaths are the second largest category of motor vehicle-
related fatalities (the first being occupants) and account for 14% of all traffic-
related deaths (Centers for Disease Control, 1993). This is a sharp contrast to the
situation in South Africa, where pedestrian deaths are the largest category of
traffic-related fatalities, accounting for between 45% and 55% of all traffic-related
deaths annually, i.e. around 4 500 deaths per year (Directorate of Traffic Safety,
1993a). in Cape Town, the situation is appreciably worse than nationally. Here
pedestrians account for approximately 66% of all traffic-related deaths (City of

Cape Town, Traffic Department, 1992).

The pedestrian problem in South Africa is a multifaceted one. Rapid
urbanisation, poor facilities for pedestrians, poor traffic education and a lack of
effective law enforcement are compounded by the fact that, for a large
percentage of our population, walking is the cheapest and most convenient
means of transportation. A substantial increase in the number of vehicles on our
roads, particularly in urban areas, over the last decade or two has not improved

the situation.

Although in some circumstances pedestrian collisions may be attributed to the
reckless or negligent behaviour of vehicle drivers, in many cases pedestrians are
not blameless. Drinking and walking, reckless behaviour and not being visually
conspicuous at night are particular problems. The saying “don’t give a pedestrian
a choice between a safe or convenient crossing because he will surely choose
the latter” still holds true - many pedestrians in South Africa take the shortest
route, even if this involves crossing a highway. The influence of alcohol is not
well described, but it is thought to resuilt in pedestrians being less likely to look
before they walk, to misjudge the speed of oncoming traffic or to take chances -

often with fatal consequences.



1.3 THE ALCOHOL - PEDESTRIAN RELATIONSHIP

The intoxicated pedestrian presents one of the oldest road safety hazards, yet
comparatively little research has been done in this field, particularly in South

Africa.

Alcohol appears to play a significant role in most traffic trauma in South Africa
(Van der Spuy, 1991a). It has been found to be an attributable factor in non-fataily
injured drivers (Van Kralingen, Whittaker, Van der Spuy et al., 1991), fatally
injured drivers (City of Cape Town, Traffic Department, 1992; 1993) and fatally
injured pedestrians (Van der Spuy, 1993). However, no local data is available on

the relationship between alcohol and non-fatally injured pedestrians.

There are three tasks which a pedestrian has to perform in order to safely cross
a road. The first is a sensory task of perception; the second, a mental task
involving judgement and decision-making; while the third is the actual task of
physical performance (Nel, 1979). According to Older and Grayson (1974) there
are six basic stages in crossing a street and these are depicted in the model

below (Figure 1.1).

In the real world it is possible that some of these stages may be left out,
combined or repeated before the task is eventually completed. However, omitting
any of the stages compromises a pedestrian’s performance and can increase the

probability of a collision.



STAGE

Location 1
— selection
2
r Observation
3
[— Pre-crossing }_' Perception
Road Time
crossing — selection
4
— Judgement
| Decision 5
— Crossing

Figure 1.1 : The Older and Grayson model depicting basic stages in street crossing

Alcohol affects people in different ways. In the stage of mild intoxication a person
usually feels good and may be euphoric. The emotional responses are
exaggerated but physically the person feels relaxed. As the concentration of
alcohol in the blood stream increases, mental clouding occurs. There are also
alterations in thought processes and judgement becomes impaired. At high
Blood Alcohol Concentration (BAC) levels most people have a feeling of
increased power and ability but in reality their mental and physical efficiency are
markedly reduced. At BAC levels in excess of 0.1 g/100ml most people tend to
have a staggering gait, speech is slurred and simple physical movements are
clumsily executed. At a BAC level of 0.2 g/100m| most people require help in

walking.



It is therefore obvious that at relatively low BAC levels the task of crossing a road
and walking in general becomes affected. In fact, as can be seen in Figure 1.2,
the relative risk of a pedestrian being involved in a coliision is four to five times
the normal at a BAC level of 0.16 g/100ml and rises exponentially thereafter

(Clayton, Booth & McCartny, 1977).

Relative pedestrian collision involvement
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Figure 1.2 : Relative risk of being involved in a pedestrian collision

Once a pedestrian collision has occurred and a patient presents to hospital it is
essential to find out whether he/she is intoxicated since a considerable number
of these patients have significantly raised BAC levels which may complicate their
diagnosis, particularly if they have a concurrent head injury. In these cases it is
important to know not only whether alcohol is present in the blood but also to

what degree.

Since 1973 it has been a statutory offence to drive a vehicle in South Africa with
a BAC equal to or greater than 0.08 g/100ml. This, together with stricter law
enforcement and significant ‘don't drink and drive’ campaigns, has had some
effect in reducing the problem of drunken driving. But because of the high

proportion of pedestrians involved in traffic trauma and the possibility that the



pedestrian, the driver or both may be intoxicated at the time of the coliision,
addressing the problem among drivers alone will have little impact on reducing

the overall number of traffic-related injuries and deaths in South Africa.

Alcohol is thus an important determinant for the likelihood of a motor vehicle
colliding with a pedestrian (or vice versa) and also influences the outcome of
pedestrians injured in traffic trauma. Studies in the USA indicate that intoxicated
pedestrians are prone to suffer severe injuries and subsequently require long
hospitalisation (Jurkovich, Rivara, Gurney et al., 1992; Jurkovich, Rivara, Gurney
et al., 1993). Acute intoxication also appears to alter the initial assessment of the
patient, resulting in more, and often unnecessary, invasive diagnostic and
therapeutic procedures being performed (Jurkovich et al., 1992). Consequently
these patients place a greater economic burden on the State as well as a
significant demand on hospital and health care resources. For instance, it was
estimated that pedestrian deaths alone annually cost the State and the taxpayer
approximately R1 109.3 million in the early 1990s (Directorate of Traffic Safety,

1992).

It is therefore imperative that the pedestrian problem be addressed so that
prevention and control strategies may be aimed at both the driver and the

pedestrian.

14 THE RATIONALE FOR THIS PROSPECTIVE STUDY

The present study is the first specifically designed survey of its kind to address
the relationship between alcohol and non-fatally injured pedestrians in South
Africa. In the past the Directorate of Traffic Safety (Odendaal, 1969) and the

Centre for Scientific and Industrial Research (Ribbens, 1986; 1989) have



conducted retrospective studies based on mortality data. These studies lacked
basic data on injured patients, inciuding the type of injury sustained, the severity

of the injury, the role of alcohol and the costs of treatment.

Two recent studies by the National Trauma Research Programme (NTRP), viz.
The Cape Metropolitan Study (CMS) (National Trauma Research Programme,
1990) and the Rural Injury Surveillance Study (RISS) (De Wet, Van der Spuy,
Abrahams et al., 1994), revealed that alcohol played a significant role in
pedestrian injuries. However, both these studies were limited because only
clinical judgement was employed to assess alcohol intoxication and therefore the
results are an underestimate of the true incidence. The CMS showed that 33.2%
of non-fatally injured pedestrians were intoxicated, while RISS found that 39.9%
of such patients were intoxicated. Although these results give some indication of
the role which alcohol plays, the present study has the advantage of being
prospective, controlled and of using objective instruments to assess alcohol

intoxication.

1.5 THE RESEARCH QUESTION AND AIMS OF THE STUDY

The primary research question was: Does alcohol play a role in adult pedestrian

traffic trauma in Cape Town?

The study had a number of aims, including:

to profile the injured adult pedestrian involved in traffic trauma;

u to describe the nature and severity of the injuries sustained by patients;

n to assess the incidence of alcohol intoxication in pedestrians involved in
collisions; and

= to offer suggestions for the control of these collisions.



A subsidiary aim of the study was to assess the accuracy of a modified Lion
Alcolmeter S-D2 breath analysis apparatus against the gold standard of BAC

measured by means of gas chromatography.

The overall objective of the study was thus to obtain practical data on injured
adult pedestrians so that priorities for future research and preventive strategies

may be formulated in order to address this significant public health problem.

1.6 THE STRUCTURE OF THIS THESIS

1.6.1 THESIS OBJECTIVES

The principal objective of this thesis is that it may be used as an epidemiological

database on non-fatal adult pedestrian injuries in South Africa.

It furthermore aims to report, succinctly and in a ‘user friendly’ manner, the
descriptive data collected during the study as well as to provide additional
background information which will contribute to the interpretation and
understanding of the results. It also attempts to clarify the role which alcohol
plays in non-fatal adult pedestrian traffic trauma and to offer some potential

solutions to this problem, as well as identifying priorities for future research.

1.6.2 THE PRESENTATION OF THE THESIS

The next three chapters will present an extensive literature review. Chapter Two
looks at the epidemiological basis for traffic trauma prevention and describes the
‘Haddon Matrix’ (Haddon, 1972), the model on which this thesis is based, in some

depth. Chapter Three is devoted to reviewing the international literature on traffic

9



trauma, with particular reference to adult pedestrian traffic trauma and the role
of alcohol, with the intention of comparing the results to those obtained in the
present study. Literature from both developed and developing countries is

reviewed, although the latter is scant.

The fourth chapter is a more specific literature review of traffic trauma in South
Africa. Some previous research done on the topic of pedestrian collisions in
Cape Town (largely paediatric) is introduced and data from available sources in

Cape Town are presented and their limitations are defined.

Chapter Five discusses the research methodology and study design for this

investigation.

The results are presented within the framework of the ‘Haddon Matrix’ (Haddon,
1972). Precrash factors such as alcohol intoxication, patient demographics,

where and when the collision occurred, etc. are addressed in Chapter Six.

Chapter Seven presents a comprehensive discussion of commonly used methods
of injury severity assessment and coding. The strengths and weaknesses of
selected assessment tools and their applicability to the South African setting are

discussed.

Crash factors such as injuries and injury severity are addressed in Chapter Eight,
followed by postcrash factors, such as management, disability and rehabilitation,
as well as the medical costs incurred by injured pedestrians, in Chapter Nine.

Each of these chapters of results includes a discussion section.

10



The subsequent two chapters are devoted to fulfilling the subsidiary aim of the
study, which was to assess the accuracy of the Lion Alcolmeter S-D2 (Lion
Laboratories Ltd) as an alcohol assessment tool. Chapter Ten presents an
overview of the literature on selected alcohol assessment tools, while Chapter
Eleven presents the results of the four methods of assessing alcohol intoxication
used in this study. The latter chapter concludes with a section on the usefulness
of the Lion Alcolmeter S-D2 as an adjunct to clinical assessment and makes

some recommendations for its regular use in trauma care.
Chapter Twelve concludes the thesis by discussing the significant risk factors for
adult pedestrians identified in this study and makes suggestions for appropriate

prevention and control strategies. A brief section is included to indicate how data

obtained from this study has already been implemented in prevention strategies.

1.7 CHAPTER SUMMARY

This chapter outlines the need for baseline data on adult pedestrian traffic trauma
in Cape Town and the rationale for this prospective study on the role of alcohol

in these collisions.

It also outlines the objectives and organisation of this thesis.

1



CHAPTER TWO

AN EPIDEMIOLOGICAL BASIS FOR
TRAFFIC TRAUMA PREVENTION

"... If some responsible member of the medical profession
had gone out in 1910 and asked a very simple question
conceming one of the early automobile crashes - not what
caused the crash, but what caused the injuries - we would
have had the ability to prevent at least 300,000 driver
deaths in the years that followed.” (Haddon, quoted in
Baker, 1987:345).

2.1 INTRODUCTION

As long ago as 1949 Gordon noted that injuries were equally susceptible to
epidemiological approaches since ‘accidents’ as a health problem of populations
conformed to the “... same biologic laws as did disease processes and regularly
evidence[d] comparable behavior" (Gordon, 1949:504). And yet it was not until
the mid 1980's that this approach was impiemented in some countries (Baker,

1983).

South Africa lagged somewhat behind countries like the USA, UK and Sweden
with regard to applying epidemiological principles to injuries. It was not until 1987
that local epidemiology per sé had developed to the stage where a Centre for
Epidemiological Research in Southern Africa (CERSA) at the Medical Research
Council (MRC) became established. One of the first projects undertaken by
CERSA was to define the causes of morbidity and mortality in South Africa. This
study showed that 36% of the potential years of life lost due to premature deaths
in peopie aged 1 - 64 years were due to non-natural causes, and that non-natural

causes of death ranked second overall to circulatory diseases (Bradshaw, Botha,

12



Joubert et al., 1987). As a result of these startling figures the National Trauma

Research Programme (NTRP) was launched by the MRC later that same year.

2.2 ‘ACCIDENT’ VERSUS INJURY

One of the reasons for the worldwide delay in acknowledging the role that
epidemiology plays in the description, and thus the control, of injuries was a lack
of consensus on the cause of injuries and, in fact, on the use of the word

‘accident’ per sé.

The word ‘accident’ implies, according to the Oxford English Dictionary, that an
event is without apparent cause, is unexpected, is unforeseen and therefore "...
outside a person's control" (Alexander, 1949:357). It conveys “... a mixture of
ideas: injury, property loss, unexpected events, and unintended results” (Loimer,
Dr iur & Guarnieri, 1996:106). Furthermore the word ‘accident’ has biblical
connotations, i.e. an act of God. One such example comes from Exodus 21:12-
13 which states “Anyone who hits a man so hard he dies shali surely be put to
deal. But if it is accidental - an act of God - and not intentional, then | will appoint

a place where he can run and get protection” (The Living Bible, 1971).

‘Accidents’ are, in the true sense of the word, quite rare. Unintentional injuries,
or the more correct but unfamiliar word ‘non-intentional’ injuries (M. Klein & Van

der Walt, 1985:657), have identifiable causes and are thus preventabie.

With this concept in mind, it becomes obvious that unintentional injuries are a
public health problem amenable to scientific research-based strategies
(Wigglesworth, 1977). Although the word ‘injury’ was proposed in order to ...

replace the ambivalent, misleading anachronism 'accident™ (Doege, 1978:509),

13



the continued use of the word ‘accident’ has hampered the progress of injury
prevention because it induces an attitude of acceptance and complacency
(Greensher, 1984). According to Evans (1993:1438) “more precise terminology

would help doctors to reduce harm” .

2.3 FRAMEWORKS FOR DESCRIBING TRAFFIC TRAUMA

2.31 ACCIDENT PRONENESS

Injuries have traditionally been seen as a behavioural problem, rather than as a
public health problem. This probably relates to the fact that for many years injury

data was kept by police departments and not by health systems.

Behavioural scientists suggested that there are certain personality traits which
lead to accident proneness or "the tendency of a person to become frequently
involved in accidents in any situation, ... this tendency ..., being due to some

mental attribute of the person concerned" (Sampson, 1971:913).

Studies by these behavioural scientists showed that accident prone children, as
opposed to other children, had significantly different E scores on the Eysenck
Personality Inventory, indicating a high degree of extroversion (Viney, 1971) as
well as a tendency to be daring, impulsive, poorly disciplined, attention-seeking

and aggressive (Manheimer & Mellinger, 1967: Mellinger & Manheimer, 1967).

Similar studies conducted in adults indicated that so called accident prone adults
tended to be impulsive, governed by short-term goals and resentful of authority.
They were said to be "like juvenile delinquents, but that, instead of broken bones,

broken laws resulted” (Viney, 1971:917).

14



This theory of accident proneness was advanced in an attempt to identify
potential ‘accident’ victims before the ‘accident’ happened, so that these
individuals could be protected and placed in low-hazard work areas. However, a
study using this methodology showed that when accident prone truck drivers were
moved to lower hazard occupations, they continued to spend as much time off
work by tending to have more ‘accidents’ at home (Haddon, Suchman & Kiein,

1964).

Although the theory of accident proneness per sé has been disputed by many
researchers (Froggatt, 1961; Froggatt & Smiley, 1964; Gheselli & Brown, 1955),
it is clear that some individuals are more at risk of injury than others and that
human behaviour is an important aspect in injury causation (Haddon & Baker,

1981).

We now know that accident proneness is not a permanent but rather a transient
phenomenon (Ferguson 1975, cited in Wigglesworth, 1977) and therefore to
place emphasis on this concept would be wrong since it is “... both irrelevant and

fruitless" (Wigglesworth, 1977:250).

Despite much debate about its relevance, accident proneness continues to be
cited in the literature (D. Klein, 1980) and this has, to some degree, retarded the

development of injury epidemiology as a multivariate phenomenon.

2.3.2 THE EPIDEMIOLOGICAL TRIAD

The idea that epidemiological principles could be adequately applied to the study
of injuries arose out of experience in World War [I. Trench foot was found to be

a major problem among thousands of men and was a cause of disability and loss

15



of personnel power. Initially the cold weather was thought to be the cause - about
which little could be done. However, it soon became apparent that there were
other factors involved, such as the terrain through which troops walked, the
management of troops and foot hygiene. On further investigation of the causes
of trench foot it was found that some related to host factors, some to the agent,
and some were associated with the environment. Preventative strategies were
thus devised by determining the specific factors contributing to the injury (Gordon,

1949).

This example showed that injuries could be described within the framework of the
epidemiological triad (host, agent and environment) and that, like most diseases,
injuries have definite patterns and non-random characteristics. The causes of

injuries may therefore be seen to arise out of these three factors.

The disadvantage of utilising this framework is that there is sometimes a failure
to distinguish the mechanism of the injury from the agent, i.e. the mechanism is
often incorrectly labelled as the cause. In reality the mechanism of an injury is the
process by which the epidemiological triad interacts in order to produce a result;

it is not the cause of the injury.

As a result of the inconsistencies in the epidemiological triad, Haddon (1972)
refined the framework and this became known as the ‘Haddon Matrix’. This new
epidemiological framework is most useful when analysing traffic-related injuries

but may be used for other types of injuries as well.

16



2.3.3 THE ‘HADDON MATRIX’

William Haddon, the inaugural head of the Road Safety Agency in the USA,
developed the 'Haddon Matrix' (Haddon, 1972), which in its simplest form has two
dimensions. The first is related to the chronology of events, the second to the

epidemiological triad.

The first dimension is based on the fact that injuries "... are preceded by
processes that naturally divide into three stages" (Haddon, 1980:417): the ‘pre-
event', ‘event’ and ‘postevent’ phases. For motor vehicle related collisions these

phases are relabelled ‘precrash’, ‘crash’ and ‘postcrash’.

The precrash phase includes those events which determine whether or not a
collision will occur, e.g. an intoxicated pedestrian, a vehicle with deficient brakes,

or inadequate road lighting.

The crash phase includes factors which determine whether or not an injury will
occur during the crash, and, if it does, how severe these injuries will be, e.g. a
very old pedestrian with osteoporosis, a heavy speeding vehicle, or a patient

striking a barrier as he falls.

The postcrash phase determines the consequences of the injury, e.g. the delayed
control of haemorrhage after the collision or delayed transportation to an

appropriate hospital. This phase also includes rehabilitation.

The second dimension of the matrix is based on the epidemiological triad, i.e.
‘host’, ‘agent’ and ‘environment’. For motor vehicle related collisions these were
relabelled ‘host’, ‘vehicle’ and ‘environment’. The latter, i.e the environment, is

sometimes subdivided into ‘physical’ and ‘sociocultural’.

17



The combination of these two dimensions results a nine-cell matrix (Table 2.1).

Table 2.1 : The ‘Haddon Matrix’

Factors
Phases
Human Vehicle Environment
Precrash Alcohol intoxication Brakes, tyres Laws related to alcohol
Fatigue Centre of gravity and driving
Experience & Jack-knife Visibility of hazards
judgement tendency Road curvature,
Driver vision Ease of control gradient & surface
Distance travelled Load weight Intersections, access
Speed capability control
Speed limits
Crash Seat belt use Speed at impact Speed limits
Age Vehicle size Recovery area
Sex Restraints Guard rails
Osteoporosis (airbag) Median barriers
Hardness & Roadside
sharpness of embankments
contact surfaces
Load
containment
Postcrash Age Fuel system Emergency
Physical condition integrity communication &
transport systems
Distance to & quality of

Adapted from Table 16.1 (Baker, O'Neill, Ginsburg et al. 1992:213)

medical services
Rehabilitation
programmes

This matrix provides a means to identify the following factors, cell by cell:

previous and future resource allocation and the efficacy of each,

available and required research, and

prevention strategies and priorities in terms of their costs and effects on

injury outcome (Haddon, 1980).
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Following the development of the ‘Haddon Matrix’, Haddon went on to develop a
logical sequence of ten strategies for reducing human and economic losses
resulting from injuries or "from energy which is transferred in such ways and
amounts, and at such rapid rates, that inanimate or animate structures are
damaged" (Haddon, 1973). These strategies were first published in a paper
entitied "On the Escape of Tigers" (Haddon, 1970) and are summarised in Table

2.2.

Table 2.2 : Energy damage and ten counter-measure strategies

1.  To prevent the creation of the hazard in the first place.

2.  To reduce the amount of hazard brought into being.

3. To prevent the release of the hazard that already exists.

4.  To modify the rate or spatial distribution of release of the hazard from its
source.

5. To separate, in time or space, the hazard and that which is to be protected.

6. To separate the hazard and that which is to be protected by interposition of
a material barrier.

7.  To modify relevant basic qualities of the hazard.

8.  To make what is to be protected more resistant to damage from the hazard.

9.  To begin to counter the damage already done by the environmental hazard.

10. To stabilise, repair, and rehabilitate the object of the damage.

Adapted from Haddon, 1980:418

These ten strategies, together with the ‘Haddon Matrix’, are guidelines to aid in
the identification and selection of methods which may be implemented in order

to reduce a given phenomenon.

Pedestrian collisions, the ensuing injuries and how they may be prevented can

be described in terms of the 'Haddon Matrix'. It is within this framework that this

thesis is based.
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For many years, all preventative interventions in traffic trauma were focused on
the precrash phase and particularly on efforts to change behaviours, e.g. drinking
and driving. Although this intervention cannot be overilooked, many studies have
indicated that behaviour modification is usually only transient (Robertson, 1992;
Wigglesworth, 1977). A more balanced approach would therefore be to aim at
changing events in the precrash, crash and postcrash phases and not to focus

only on behaviours.

Using this framework, pedestrian injuries may be addressed by Educating drivers
and pedestrians in an attempt to change faulty behaviours, Enforcing road laws
and improving or changing Environmental factors - the three Es. Passive
prevention, or interventions which reduce damage irrespective of any voluntary
action on the part of the human, also "... show greater promise of reducing

highway losses" (Wigglesworth, 1977:249).

24 CHAPTER SUMMARY

This chapter describes the historical development of an appropriate
epidemiological framework for injury description, with particular reference to traffic
related incidents. It discusses the concepts of accident proneness, the
epidemiological triad and the ‘Haddon Matrix'. It also briefly addresses the
controversial usage of the word 'accident’ which has, to some degree, retarded
injury prevention and control strategies in the past. Data illustrating these
epidemiological concepts, from both international and local studies, will be

discussed in the following two chapters.
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CHAPTER THREE

TRAFFIC TRAUMA WORLDWIDE

"Whenever alcohol and transportation meet there is conflict”
(Borkenstein, Trubitt & Lease, 1963 cited in L.S. Smith, 1979a).

3.1 INTRODUCTION

In most countries in the world motor vehicle crashes are endemic and are the
leading cause of non-natural deaths, particularly in people younger than 65 years.
Each year more than half a million people die in motor vehicle crashes and about
15 million people are injured (Chorba, 1991). Pedestrian injuries and deaths in
developing countries appear to be disproportionately high, probably due to rapid
motorisation and urbanisation. This was highlighted in the World Bank’s report
of 1993 which emphasised the importance of traffic-related morbidity and
mortality in developing countries: 74% of all traffic deaths occur in such countries

(World Bank, 1993).

3.2 THE MAGNITUDE OF VEHICULAR TRAUMA GLOBALLY

In the USA motor vehicle collisions cause more deaths in people aged 1-75
years than any other injury-producing event and they are the leading cause of
death for people aged 1 - 34 years. In the age group 5 - 19 years, more than
one-fifth of deaths from all causes are caused by motor vehicle collisions (Baker
et al., 1992). Of the 6.5 million motor vehicle collisions reported in the USA in

1990, 28% resulted in minor or moderate injuries and 6% in severe or fatal
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injuries. In the USA "at current mortality rates, a baby born today has roughly 1

chance in 70 of ultimately dying in a traffic crash" (Graham, 1993:515).

In the UK, while motor vehicle collisions are the fourth leading cause of death,
they are the leading cause of premature death and account for the greatest

number of potential years of life lost (Glucksman, 1994).

In Australia the importance of road crashes, both fatal and non-fatal, have been
well documented. Over 60% of all unintentional deaths in Victoria in 1991 were
traffic related, of which 21% were pedestrians (Henderson, 1992). Furthermore,
studies in Adelaide and Sydney have shown that pedestrian traffic collisions are
the most common cause of traumatic death in children (Hill, West, Abraham et

al., 1993).

In Canada, injuries rank third (after circulatory disease and cancer) as a cause
of overall mortality, and are the primary cause of potential years of life lost. They
are the main cause of death before the age of 40 years. Motor vehicle collisions
injure or kill approximately 280 000 Canadians every year. The number of deaths
from motor vehicle collisions in Canada "is tantamount to the decimation of an
entire population of a large village by an epidemic that could have been foreseen
and, to a great extent, prevented. This sad reality, despite the horror it entails,

hardly raises an eyebrow” (Chapdelaine & Rochette, 1990:91).

Although data is readily available for developed countries, obtaining reliable motor
vehicle collision data from developing countries’ is problematic (Odero & Zwi,
1996). The incomplete databases are probably the result of a lack of funding and

organisation as well as the fact that "the data-capture systems of many

1 Defined by the World Bank as "... those countries with an annual per capita gross
national product of less than US$ 2,500, based on 1986 figures...” (cited in G.S.
Smith & Barss, 1991:230).
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developing countries are inadequate" (Hutchinson, 1987:9). Data on road death
rates worldwide (Table 3.1) seem to indicate that most developing countries have

more of a problem than developed countries.

Table 3.1 : Overall road death rates per 100 million km travelled

COUNTRY RATE
per 100 million km travelled
Korea 45.0
Kenya 39.0
Morocco 20.0
Iraq 136
South Africa 11.7
Brazil 11.0
Spain 6.8
Portugal 6.6
Hong Kong 40
ltaly 20
Japan 1.9
Britain 1.7
Denmark 1.7
Finland 1.6
USA 1.3
Ethiopia 0.4*

Ethiopia has a very low rate because they have very few vehicles on their roads.

Adapted from the International Road Federation, 1991

According to Balogun & Abereoje (1992) the incidence of road traffic collisions in
most developing countries is becoming a ‘social scourge’, although the exact
magnitude of the problem in these countries is not known. Siddique & Abengowe
(1979) suggest, however, that it is safe to speculate that road traffic collisions in

developing countries are a major cause of both mortality and morbidity.

In Saudi Arabia, for example, there have been "massive strides in road
construction and a subsequent increase in the number of motor vehicles and road
traffic accidents" (Shanks, Ansarni & Al-Kalai, 1994). In the early 1970s there were
only about 150 000 registered vehicles in this country, today there are more than

5 million. Consequently the number of road traffic collisions has risen from
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17 743 collisions and 2 871 deaths in 1979 to 35 799 collisions and 23 697
deaths in 1989 (Arab News, cited in Shanks et al., 1994). There has thus been
an increase in the proportion of road traffic deaths from 16.2% in 1979 to 66.2%

in 1989.

3.3 THE GLOBAL MAGNITUDE OF PEDESTRIAN TRAUMA

The previous section has indicated that motor vehicle collisions in general remain
a problem in both developing and developed countries. The proportion of
pedestrians involved in these motor vehicle collisions does, however, differ from
country to country depending of the level of motorisation and urbanisation
(Shanks et al., 1994). Despite this it has been said that worldwide "three per cent
of adults will be involved as pedestrians in a road traffic accident (RTA) at some
point in their life and almost one-third will report a 'near-miss"' (Todd & Walker,

quoted in Bradbury, 1991:132).

The proportion of traffic trauma cases who are injured as pedestrians in
developed and developing countries ranges from 11% in the Netherlands to 91%

in Ethiopia (Table 3.2).
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Table 3.2 : Pedestrians as a proportion of road traffic deaths

COUNTRY YEAR % PEDESTRIANS AUTHOR

Developing countries

Bangladesh (Dhaka) 1987 60 Hutchinson, 1987

Ethiopia 1987 91 Dessie & Larson, 1991

Hong Kong 1984 61 Hutchinson, 1887

India (Delhi) 1995 42 Mohan, 1992

Indonesia 1980 23 Mohan, 1992

Israel 1584 45 Hutchinson, 1987

Kenya 1990 42 Odero, 1995

Kuwait 1987 58 Jadaan & Bener, 1993

Libya (Tripoli) 1987 66 Mohan, 1992

Maiawi 1977 40 Hutchinson, 1987

Nigeria 1992 28 Balogun & Abereoje, 1992

Saudi Arabia (Jeddah) 1985 44 Jadaan & Bener, 1993

South Africa 1993 45 Directorate of Traffic
Safety, 1993a

Taiwan 1987 30 S.Lee, Lui, Chang et al.
1990

Thailand 1987 47 Mohan, 1992

Zambia 1977 40 Hutchinson, 1987

Developed countries

Australia 1990 18 Holubowycz, 1995

Canada (Quebec) 1990 19 Chapdelaine & Rochette,
1992

France 1991 13 Pearce, 1992

Greece 1991 24 Pearce, 1992

Japan 1984 28 Hutchinson, 1987

Netherlands 1991 11 Pearce, 1992

New Zealand 1984 18 Hutchinson, 1987

United Kingdom 1991 33 Pearce, 1992

USA 1987 14 Center for Disease
Control, 1993

West Germany 1991 18 Pearce, 1992
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According to Baker et al. (1992) pedestrian deaths are the second largest
category of vehicle deaths in the USA and include almost half of all deaths for
ages three to nine years and more than a quarter for ages 75 and older. In 1988
almost 7 000 people died as a result of pedestrian collisions in the USA,
representing about one-seventh of all traffic-related deaths. Non-fatal pedestrian
collisions account for 3% of all traffic related trauma in the USA (Centers for

Disease Control, 1993).

In most developing African nations there appears to be a large proportion of
financial resources being diverted to the importation of vehicles and the
construction of new roads. However, the health impact of these transitions has
not been well documented and "... motor vehicle injuries have not figured
prominently in the past as a priority public health problem" (Dessie & Larson,
1991). However, it is anticipated that, as the number of vehicles in African
countries increases, motor vehicle injuries will become an important public health
problem requiring preventive interventions structured on baseline knowledge of
their occurrence, distribution and causative factors. In a study done in Addis
Ababa, Ethiopia, Dessie & Larson (1991) found disturbingly high motor vehicle
injury rates despite the low number of registered vehicles. When they adjusted
for the number of registered vehicles, the road collision fatality rate was 10 to 20
times higher than rates reported in developed countries, but similar to those

reported in other African countries.

In Saudi Arabia, from 1974 to 1985, there was a 2.5 fold increase in pedestrian
collisions and they have become a serious public health problem (Jadaan &
Bener, 1993:157). In the whole of Saudi Arabia, in both urban and rural areas,
pedestrians constitute 17.4% of all motor vehicle collisions but in Jeddah they
account for 34.2%, reflecting the increased impact of pedestrian collisions in
urban areas. In Kuwait pedestrians accounted for 57.9% of all fatal road traffic

collisions in 1987 (ibid).
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3.4 THE ROLE OF ALCOHOL IN PEDESTRIAN COLLISIONS

Alcohol appears to play a significant role in the precrash, crash and postcrash
phases of pedestrian collisions. As early as 1907 an editorial in the Lancet called
attention to the problem of alcohol and road traffic collisions (cited in Glucksman,
1994:77). Since then, alcohol has become one of the most important single
causes of road traffic collisions which result in injury or death because "as the
BAC rises, the chances of any form of accident also rise" (Lowenfels & Miller,

1984:1056).

Alcohol-related collisions tend to be more serious than collisions in which alcohol
is not involved (Glucksman, 1994; Raffle, 1989). Alcohol has been found to be
contributory in 10% of collisions which result in slight injuries, approximately 25%
of collisions which result in serious injury and nearly 50% of fatal crashes
(Glucksman, 1994). Furthermore, about 65% of single vehicle fatal crashes,
such as pedestrian collisions, are alcohol-related. In fact, according to Irwin et
al. (1983), pedestrians who have been drinking are three to four times more likely

to be involved in a collision than their sober counterparts.

There appears to be a downward trend in alcohol-related collisions in the USA,
viz. from 51% in 1979 to 41% in 1990 (Zobeck, Grant, Stinson et al., 1994) but

this does not appear to be the case in most developing countries.

Various studies on the relationship between alcohol intoxication and pedestrian

mortality and morbidity have indicated an alarmingly high association in this

category of road-user (Table 3.3).
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Table 3.3 : Pedestrian alcohol-relatedness studies

CITY, COUNTRY % BAC + AUTHOR
Morbidity studies
Baltimore, USA 24 Soderstrom, Trifillis, Shankar et al., 1988
Belfast, Ireland 36 Irwin et al., 1983
California, USA 57 Kliger & Sporty, 1993
Edinburgh, Scotland 16 Bradbury, 1991
Glasgow, Scotland 43 Galloway & Patel, 1988
Harborview, USA 32 Rivara, Jurkovich, Gurney et al., 1993a
Lausanne, Switzerland 42 Wyss, Rivier, Gujer et al., 1990
Pittsburgh, USA 30 Jehle & Cottington, 1988
Taipei, Taiwan 19 Wu, Yang, Chou et al., 1991
Tuscon, USA 65 Brainard, Slauterbeck, Benjamin et al., 1989
Vancouver, Canada 30 Vestrup & Reid, 1989
Mortality studies
Dade county, USA 22 Copeland, 1991
Jerusalem, Israel 13 Richter, Meltzer, Bloch et al., 1986
Lusaka, Zambia 32 Patel & Bhagwatt, 1977
Manhattan, USA 74 Haddon, Valien, McCarroll et al., 1961
New Mexico, USA o1 Gallaher, Fleming, Berger et al., 1992
Ontario, Canada 12 Lane, McClafferty & Nowak, 1994
Port Moresby, Papua S0 Sinhu, Sengupta & Purohit, 1981

New Guinea
Vermont, USA 40 J.A Waller, 1972
Warrington, UK 21 Teanby, Gorman & Boot, 1993a

Combination studies

Oxford, UK 9 Atkins, Turner, Duthie et al., 1988

Although there are large differences between the designs, and hence biases, a
meta-analysis of the morbidity studies cited in Table 3.3 indicated an average
alcohol incidence of 35.8%, while that of the mortality studies indicated an
average alcohol incidence of 43.9%. The only outlier in the studies cited was a

combination mortality and morbidity study conducted in Oxford, UK, which
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indicated an apparent absence of alcohol use. The authors conceded, however,
that this may have been due to "the inexact and incomplete methods that we

used to assess alcohol consumption” (Atkins et al., 1988).

Although it has been found that adult pedestrians with more than 0.10 g/100ml
of alcohol in their blood are usually accountable for their own injuries while their
sober counterparts are usually the innocent victims of traffic trauma initiated by
the motorist (Kliger & Sporty, 1993; J. A. Waller, 1972), the pedestrian may not
be the only person intoxicated at the time of the collision. In most instances both
parties involved in pedestrian collisions are not routinely tested for alcohol. if this
were to be done, the contribution of alcohol to pedestrian fatalities would
undoubtedly be even greater (Baker, Robertson & O'Neiil, 1974a) but no two-

party studies could be found in the literature to validate this hypothesis.

Emergency room studies have indicated that between 9% and 39% of all trauma
patients are intoxicated at the time of iinjury and that alcohol has an "important
impact on the medical care these people require" (Adams, Magruder-Habib,

Trued et al., 1992).

Alcohol complicates the management of trauma patients because many
misconceptions stili linger, such as: alcohol protects people from serious injury;
there are good legal reasons for not doing the biood alcohol concentration in a
patient; most people injured after consuming alcohol are social drinkers; and the
most appropriate way to avoid the delirium tremens in an alcoholic who has been

hospitalised with trauma is to provide them with alcohol (J.A. Waller, 1990).
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3.5 WHERE PEDESTRIAN COLLISIONS OCCUR

In the USA one-fifth of all collisions that kill adult pedestrians occur at
intersections, compared with less than one-tenth in the case of children under the
age of five years. Pedestrian collisions also appear to be predominantly an urban
problem since "six out of seven injuries and three out of four deaths occur in

urban areas" (Baker et al., 1992:272).

In the United Kingdom most pedestrian collisions occur in built up areas (68%)

on single carriageway roads with speed limits of 48 kph (Atkins et al., 1988).

A different pattern is evident in developing countries. In Saudi Arabia more than
70% of pedestrian fatalities occur while pedestrians are crossing roads at points
other than formal road-crossings (Jadaan & Bener, 1993). Similarly, in Nigeria,
such "impromptu pedestrian crossing of the highway" is the most frequent cause

of pedestrian collisions (Balogun & Abereoje, 1992).

In Addis Ababa, Ethiopia, although only 52% of the roads are paved, nearly all
(99.3%) the pedestrian collisions occur on these roads. Furthermore, 86.6% of
collisions occur while pedestrians are crossing these tarred roads (Dessie &
Larson, 1991). As with many large African urban communities, Addis Ababa
shares the characteristics of overcrowding, inadequate road construction and a
poorly educated population with regard to basic road safety. These factors,
compounded by the lack of pedestrian sidewalks and other engineering
advancements tend to force large numbers of pedestrians onto the roads and

thereby greatly increase their collision risk.
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3.6 WHEN PEDESTRIAN COLLISIONS OCCUR

Although most studies have shown that pedestrian collisions tend to be spaced
reasonably evenly throughout the week (Atkins et al., 1988; Haddon et al., 1961;
Teanby et al., 1993a), one study in the UK indicated a clustering of pedestrian
collisions over the weekend, with substantial proportions occurring at night
(Galloway & Patel, 1988). The highest incidence of fatal pedestrian collisions in

the USA appears to be about an hour after sunset (Baker et al., 1992).

Many studies have indicated an increased occurrence of non-fatal pedestrian
collisions correlating with high traffic volumes in the late afternoons and early
evenings (Atkins et al., 1988; Teanby et al., 1993a; Vestrup & Reid, 1989; Wyss
et al,, 1990). Haddon et al. (1961), however, found that 73% of fatal injuries
occurred in the 12 hour period from 15h00 to 03h00 and that 51% of these
occurred in the six hours preceding midnight. He found a low incidence between
06h00 and 09h00, suggesting that exposure to large volumes of traffic is not

necessarily a determinant of the occurrence of these collisions.

Many of the studies reviewed showed a clustering of collisions after dark
(Brainard et al., 1989; Fisher, 1967; Galloway & Patel, 1988; Hall & Fisher, 1972;
Kliger & Sporty, 1993), particularly where alcohol was related. Richter et al.
(1986:273) found that 59% of all pedestrians admitted to a hospital in Israel
between 22h00 and 05h00 had BAC ievels over 0.05 g/100mi and that during this
time frame "the risk for BAC > 0.05 was 5.8 fold greater that for the rest of the

day".

Bradbury (1991) confirmed this trend by indicating that those patients who were
BAC positive were more likely to be admitted in the ‘social’ hours of the late

evening or early moming. Jehle & Cottington (1988) found that not only were 93%
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of collisions alcohol-related if they occurred between 18h00 and 06h00, but that

64.4% of collisions which occurred over the weekend were also alcohol related.

Not surprisingly in developed countries, it appears as though pedestrians who are
injured during the daylight hours tend more often than not to be women (Galloway

& Patel, 1988), elderly (Atkins et al., 1988) or sober (Kliger & Sporty, 1993).

In Addis Ababa most motor vehicle injuries (77%) are sustained during the
daytime, with 49.7% occurring between 06h01 and 12h00 and 31.3% between
12h01 and 18h00. A possible explanation for this clustering of collisions during
the day is that there are more students and workers on the roads at these times
of the day and that there was a curfew in effect from 24h00 to 05h00 for the

duration of the study (Dessie & Larson, 1991).

The weather appears to play little or no role in the causation of pedestrian
collisions, both fatal and non-fatal (Atkins et al., 1988; Haddon et al., 1961;
Teanby et al., 1993a; Vestrup & Reid, 1989). However, there may well be fewer
pedestrians walking on the roadside in inclement weather, so that the risk per unit

of exposure may well be higher in the rain, but this would be difficult to prove.

3.7 VEHICLES INVOLVED IN PEDESTRIAN COLLISIONS

Motor cars, since they are the most frequent type of vehicle on the roads, are
consistently found to be implicated in the majority of pedestrian collisions (Atkins
et al., 1988; Galloway & Patel, 1988; Teanby et al., 1993a; Vestrup & Reid,

1989).
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Vehicle size and design are major factors in pedestrian collisions. "The dynamics
of the collision depend on many factors, including the vehicle's shape, speed at
impact, braking action, contact point, and the height of the pedestrian relative to
the bumper and the front of the hood" (Baker et al., 1992:276). A pedestrian may
be ‘run over’ especially if a child, but the more serious injuries arise as a result
of the pedestrian being ‘run under’ and being thrown onto the hood or top of the

car (MacKay, 1994).

The speed of vehicles involved in pedestrian impacts is a major determinant of
the severity and outcome of injury (Lerer & Volpe, 1992a). This is reflected in the
much higher ratio of deaths to injuries in areas where the speed limits are higher
(Baker et al., 1992). A study performed by Zivot & Di Maio (1993) indicated that
the amputation of a limb, transection of the torso or atlanto-occipital dislocation
is associated with pedestrian collisions in which the vehicle involved was

travelling at more than 55 miles per hour at the time of the impact.

A study conducted by Hall & Fisher (1972) in Sydney found that the pedestrian
fatality rate increased 18-fold when the outcome at an impact speed of 20 mph

was compared with that of an impact speed of 60 mph.

A recent study conducted by McLean, Anderson, Farmer et al. (1996) has shown
that a reduction of 5 km/hr in vehicle travelling speed could be expected to result
in a 30% reduction in fatal pedestrian collisions because the distance it takes to

stop is proportional to the square of the initial speed.
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3.8 AGE AND GENDER

The majority of studies indicate that injured pedestrians are mostly males
(Kingma, 1994). In fact, males were between two to three times more likely to
be involved in pedestrian collisions than females. This male preponderance was
also found to be exaggerated in BAC positive patients (Bradbury, 1991, Jehle &
Cottington, 1988). Only one study, conducted in Canada, differed considerably.
Here pedestrians involved in collisions were found to be predominantly female
(54.0%) and these females were generally older than the males, viz. 56.3 years

versus 43 years, respectively (Vestrup & Reid, 1989).

In the USA, the highest pedestrian death rates are seen in the elderly, with lower
peaks for children and teenagers (Baker et al., 1992). This biphasic trend has
also been reported by Lane et al. (1994) and Hall & Fisher (1972). Other studies,
particularly those in Australia, have found a very high rate of pedestrian collisions
in adults over the age of 50 years (Hill et al., 1993; Hossack, 1975; Teanby et al.,

1993a) with less significant peaks for children and teenagers.

A triphasic age distribution showing a large peak at 15 - 20 years, with smaller
peaks at O - 5 years and 70 - 75 years, was identified by Atkins et al. (1988) in the
UK. This is in contrast to the classic J-shaped distribution most often seen in
fatal pedestrian collisions in the USA, where preschool children have the highest
incidence, 15 - 34 year olds have the lowest incidence and then there is a large,

progressive increase in subsequent decades (Haddon et al., 1961).

Developing countries tend to show a different pattern. In Nigeria, the highest
proportion of deaths were among males aged between 22 and 31 years. Males
also had a three times higher risk of traffic collisions than female pedestrians

(Siddique & Abengowe, 1979). Similarly, in Addis Ababa, the incidence rates for
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both genders was found to be highest in the 20 to 29 and 50 to 64 year age
groups (Dessie & Larson, 1991). Only one study in a developed country showed
a similar pattern. Young adults, aged 20 to 29 years, intoxicated and almost
exclusively male, were found to be a particular high-risk group by Bradbury

(1991).

Furthermore, in developing countries, motor vehicle collisions injuring mailes in
the economically active age group are considered to be the third most important

cause of death after tuberculosis and AIDS (Séderlund & Zwi, 1995).

It is generally accepted that, as the age of the pedestrian increases, so too does
the risk of collision involvement (Haddon et al., 1961; Hill et al., 1993) and
mortality (Brainard et al., 1989; Hall & Fisher, 1972; Lane et al., 1994) as well as
the need for long-term specialised care (Brainard et al., 1989; Vestrup & Reid,

1989).

3.9 POPULATION GROUP

There appears to be little consensus in the literature with regard to race and
pedestrian collisions. One study indicated that there was a higher incidence of
pedestrian fatalities in minority populations in the USA (Centers for Disease
Control, 1991). It was suggested that this was possibly due to the large
proportion of Afro-American people living in rural areas, having limited access to
emergency transportation and being exposed to roadways which do not have
designated pedestrian areas. In addition, pedestrians who were injured in rural
locations were often struck by cars travelling at higher speeds, thus increasing

the likelihood of death (Mueller, Rivara & Bergman, 1988).
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However, another study, conducted in the USA, showed that non-fatal pedestrian
collisions were more frequent in rural blacks while fatal pedestrian collisions were

more common in whites living in urban areas (Capan, Miller & Turndorf, 1990).

An |sraeli study found that Christians had the highest risk for fatal pedestrian
injuries, followed by Moslems, and that Jews (12.6%) had the lowest risk (Richter

et al., 1986).

Kliger & Sporty (1993) found virtually no difference between Caucasians (49%)
and Hispanics (45%), other than the fact that the latter were more likely to be
intoxicated at the time of the collision. A study in New Mexico has, however,
indicated that there was a high incidence of pedestrian fatalities among the native

American population (Gallaher et al., 1992).

3.10 SOCIO-ECONOMIC STATUS

The socio-economic status of a patient is probably more of a risk factor for
pedestrian collisions than population group. In the USA it is well documented that
residents of low-income areas, both black and white, have higher overall injury
rates (Baker, 1987). In fact, for motor vehicle occupants, the death rate is 2.7
times higher for residents of low-income areas than for those in higher income

areas (ibid) and pedestrian collisions follow a similar pattern.

Poor urban communities, in particular, tend to show higher rates of non-fatal
pedestrian injuries, probably because of the higher traffic densities, greater
population densities, fewer altematives for street play and poorer traffic education
(Graham, 1993). On the other hand, fatal pedestrian collisions tend to occur

more frequently in rural communities. Mueller et al. (1988) suggest that there are
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proportionally more pedestrian deaths in rural areas because rural victims do not

receive emergency care as rapidly as those injured in urban areas.

It therefore appears that there is a clear correlation in the time that elapses
between the collision and the commencement of medical treatment and the
outcome. Pedestrians, wherever they are injured, therefore need to be
transported to hospital as quickly as possible since "the shorter the rescue time

the better the results" (Shanks et al., 1994:31).

3.11 INJURIES SUSTAINED BY PEDESTRIANS

Pedestrians are particularly vuinerable to severe injury because of the inherent
physical disparity between them and motor vehicles and because of their relative
lack of adequate protection. Pedestrians are usually more severely injured than
any other category of road-user as a result of these disparities (Wyss et al., 1990)
and there is a direct correlation between the severity of injuries sustained and the

weight of the vehicle concerned (Atkins et al., 1988).

In general “... pedestrian motor vehicle accident victims place a significant
demand on hospital and health care resources. Pedestrian victims represent a
... lethal category of motor vehicle trauma. They are characterized by multi-
system injury with concomitant high 1SS and mortality rates, particularly in the

periaccident period" (Brainard et al., 1989:137).

On average, it has been found that pedestrians sustain at least two injuries (Hall
& Fisher, 1972; Hill et al., 1993; Wyss et al., 1990). These injuries are most likely

to be to the limbs, particularly the lower limbs (Burgess, Poka, Brumback et al.,
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1987) and the head (Atkins et al., 1988; Hall & Fisher, 1972; Hill et al., 1993;
Vestrup & Reid, 1989) - head injuries usually being caused by a secondary
impact. Hossack (1975) found that nearly all fatally injured pedestrians had a
lower extremity fracture from the primary impact and 70% had a major head

injury, the result of the secondary impact.

In 1965, Farley described a triad of skull, pelvis and extremity fractures in
pedestrians injured in vehicular collisions. The only subsequent confirmation of
this triad has been by Waddell & Drucker (1971) who found that pedestrians were
initially stuck by the leading edge of a vehicle, usually the bumper, which
produced a knee injury, followed by a hip/pelvis injury caused by the hood of the
vehicle and then a head injury as a result of the pedestrian's head hitting either

the ground or the hood of the vehicle.

Fractures, particularly to the lower limbs or pelvis, appear to be very common
among pedestrians although many also sustain visceral lesions (Balogun &
Abereoje, 1992; Brainard et al., 1989; Brainard, Slauterbeck & Benjamin, 1992;
Wyss et al., 1990). The commonest sites for fractures appear to be tibia-fibula,
pelvis and femur (Brainard et al., 1989; Burgess et al., 1987). Furthermore, there
is evidence of an ipsilateral dyad (same side fracture to both fower and upper

limb) in some studies Brainard et al. (1992).

Multiple injuries, or polytrauma, appear to be common (Dessie & Larson, 1991).
In a study conducted by Hill et al. (1993), 20% of injured pedestrians requiring
hospitalisation had an ISS greater than 15. Furthermore, 40% of injured
pedestrians in this study had at least two injuries - 28% had three or more
injuries. A common pattern among the multiple injured patients appeared to be

the triad of head, chest and lower limb injury.
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3.12 THE MANAGEMENT OF INJURED PEDESTRIANS

Not only do pedestrians generally have a higher risk of severe injury or death than
an occupant of a motor car, but they are also more likely to be admitted to a
hospital ward (Atkins et al., 1988). Generally, "... pedestrians place proportionally
greater immediate and lasting demands on the health resources in that they are
more frequently fatally or seriously injured, are transported to hospital with greater
urgency, and more often require diagnostic radiology and inpatient care"

(Galloway & Patel, 1988:297).

In a study in Lausanne, Switzerland, 63% of pedestrians required hospital
admission in comparison to 36% of drivers. The average length of stay for all
motor vehicle collision patients was 23 days, while for pedestrians specifically it
was 30.3 days (Wyss et al., 1990). Hill et al. (1993) found that the median
hospital stay for pedestrians with ISS >15 was 21 days (range 11 - 75 days),
including a median of three days in an Intensive Care Unit (ICU) (range 0-26

days).

In another study, 85.2% of injured pedestrians required hospitalisation, of whom
69% were sent to an ICU and of these 47% required ventilatory support. Among
patients who required hospitalisation the average length of hospital stay was 11

days (Brainard et al., 1989).

Alcohol consumption appears to complicate the management of pedestrians
involved in traffic trauma in more than one way. Studies have shown that the
intoxicated pedestrian is more likely to suffer severe injuries (Bradbury, 1991;
Jehle & Cottington, 1988) and subsequently require longer hospitalisation (Jehle
& Cottington, 1988). Acute intoxication has also been shown to alter the patient's

initial assessment since "alcohol and head injury commonly co-exist in pedestrian
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victims ..." (Vestrup & Reid, 1988:744). This often results in more, sometimes
unnecessary, invasive diagnostic and therapeutic procedures being performed

(Jurkovich et al., 1992).

3.13 THE OUTCOME FROM PEDESTRIAN COLLISIONS

According to Morris, MacKenzie & Edelstein (1990) the outcome following a
traffic-related injury is related to four variables: host factors, the injury severity,

the time delay to definitive treatment, and the quality of care received.

If outcome is measured by admission rates and death ratios, injured pedestrians
have a higher overall risk of adverse outcome than any other category of road-

user (Barancik, Chatterjee, Greene-Cradden et al., 1986).

Due to the nature and severity of injuries, many pedestrians require post-acute
management. Vestrup & Reid (1988) found that 12.5% of surviving pedestrians
required placement in long-term care facilities. The mean age of the patients

requiring long term care was 68.4 years and their mean ISS was 16.1.

Many pedestrians appear to be left with some degree of disability. In Nigeria, of
the 353 hospitalised patients, 12.2% died in the wards while the remaining 87.8%
had some functional disability for which they received treatment such as
physiotherapy before being discharged (Balogun & Abereoje, 1992). In Saudi
Arabia, 24% of motor vehicle collision patients still had some degree of disability
at six months and 23% of patients had still not retumed to work at one year

(Shanks et al., 1994).
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The cause of death in injured pedestrians appears to be predominantly due to
severe head or cardiothoracic injuries (Atkins et al., 1988; Brainard et al., 1989,
Sevitt, 1973). Mortality rates for injured pedestrians range from 5% (Atkins et al.,

1988) to 22% (Brainard et al., 1992).

No consensus regarding the effect of alcohol intoxication on the outcome of
motor vehicle trauma could be found in the literature. In a study by Soderstrom
& Eastham (1987a) alcohol use prior to trauma was found to have no effect on
survival, while in another study alcohol intoxication appeared to be associated
with an increased chance of survival (Ward, Flynn, Miller et al., 1982). On the
other hand, P.F. Waller, Stewart, Hansen et al. (1986) found that the intoxicated
driver was more likely to die from his injuries. Probably the most comprehensive
study on alcohol and outcome was conducted by Jurkovich et al. (1993). This
study demonstrated that patients with evidence of chronic alcohol abuse were at
a substantially higher risk of complications, particularly infection, but that there
was no effect on mortality, either at the scene of the collision or after hospital

admission.

3.14 THE COST OF VEHICULAR TRAUMA

There has been considerable focus in recent years on the costs associated with
disease and injury. Consistent throughout ali the work is the finding that injuries

rank among the costliest of all conditions (MacKenzie, Shapiro & Siegel, 1988).

In the USA the annual cost of motor vehicle-related injuries is estimated to be
approximately $333 billion (Miller, 1993a), approximately half of which results
from indirect costs (such as pain and suffering, lost work, etc), while the other half

respresents the direct cost of crashes (Milier, Luchter & Brinkman, 1989).
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Alcohol-related collisions in the USA account for “... over one-third of all motor

vehicle crash costs” (Miller & Blincoe, 1994:591).

In Canada the total cost resulting from motor vehicle collisions in Quebec alone
amounted to nearly $2 million in 1990 (Chapdelaine & Rochette, 1990). In the
United Kingdom the total costs to society of road traffic collisions in 1989 was
estimated to be £6360 million, £5040 million of which was due to collisions in
which injuries had occurred and the rest to collisions with vehicle damage only

(Raffle, 1991).

As a result of the severity of pedestrian injuries, the length of hospitalisation and
the management required by these patients, they place a greater demand on
hospital and health care resources than other categories of injured road-users
and consequently put a significant economic burden on the State (Brainard et al.,
1989). An Australian study found that the mean hospital costs for pedestrians
were significantly higher than for any other road-user category (Hendrie &

Rosman, 1994).

One USA study on injured pedestrians indicated that the average treatment costs
were $16 900 per patient (Brainard et al., 1989). But treatment costs are only the
tip of the iceberg. Other major cost factors include emergency services, property
or vehicle damage, lost productivity (Miller, Pindus & Douglass, 1993b) and other
hidden costs which cannot be adequately transcribed into fiscal amounts, such
as pain and suffering, post traumatic stress, anxiety and rehabilitation, as well as
the emotional burden suffered by the family. Generally speaking "the socio-

economic effects are therefore enormous” (Shanks et al., 1994:32).
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3.15 CHAPTER SUMMARY

This chapter quantifies the worldwide extent of vehicular trauma, and pedestrian
trauma in particular. A profile of the adult pedestrian in both developing and
developed countries is presented. The role which alcohol plays in these collisions

is discussed with regard to incidence, injury severity, management and outcome.

The following chapter will review the South African vehicular and pedestrian

statistics and present some results from the available data sources for pedestrian

collisions in Cape Town and discuss their limitations.
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CHAPTER FOUR

TRAFFIC TRAUMA IN CAPE TOWN

"The undue camage on our roads is well known" (Van der
Spuy & De Wet, 1991b:61).

4.1 INTRODUCTION

South Africa is undergoing major demographic transition as it slowly moves from
a developing to a developed country, bringing with it a slow, but progressive,
reduction in infant mortality rate, an increased life expectancy, better access to
health care and the control of tuberculosis, malnutrition, infections and parasitic
conditions. But unfortunately, as technological advances and urbanisation occur,
there is a concomitant increase in the trauma rates per capita, which precipitates
a disproportionate demand for trauma services and "... indications are that only
AIDS will compete with it as the potential No. 1 community health hazard over the

next few decades" (Van der Spuy & De Wet, 1991b:61).

Non-natural causes of death in South Africa represent just over 16% of all deaths
(Bradshaw et al., 1987) - three times the global average of 5.2% (World Health
Organisation, 1987). When compared with the USA, where injuries rank fourth as
a cause of overall mortality (Baker et al., 1992), non-natural causes of death in
South Africa rank second to circulatory disease such as cardiac conditions,
vascular diseases and strokes (Bradshaw et al., 1987). Furthermore, childhood
injury mortality rates are between 1.5 and 3.8 times higher in South Africa than

the USA, depending on the age and population group (Kibel et al., 1990a).

The most devastating effect of trauma in South Africa is, however, that it
selectively kills young, economically active adults, predominantly males, whose

fatalities outnumber those of females 3:1.
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In 1984 it was estimated that premature deaths accounted for the loss of some
2.43 million potential years of life (Bradshaw et al., 1987) and that non-natural
causes of death (36%) were the single largest category, followed by parasitic and

infective diseases (15.9%) and circulatory diseases (Table 4.1).

Table 4.1 : Deaths in SA, 1984 - Lost potential years of life

CAUSE OF DEATH PERCENTAGE
Non-natural 36.0
Parasitic/infective 15.9
Circulatory 9.4
Respiratory 8.8
Tumours 6.0

Adapted from Bradshaw et al., 1987

But mortality data represent only one side of the spectrum. Disability due to
trauma, temporary or permanent, results in vast additional person-power losses

to the country (Van der Spuy & De Wet, 1991b).

4.2 ALCOHOL MISUSE IN SOUTH AFRICA

It is well known that South Africa has one of the highest per capita alcohol
consumptions in the world (Cooper, Schwar & Smith, 1979) and that ".. drinking
of alcoholic beverages is fast becoming one of South Africa's most serious
problems... with a high number of alcohol-related deaths and injuries being

reported” (Parry, Tibbs, Cummins et al., 1994a:43).

Alcohol misuse appears to be particularly problematic in males, black South
Africans, migrant workers, road users, patients with tuberculosis and the youth

(McCabe,1982; Parry, 1994b). A meta-analysis of studies assessing problem
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drinking among urban black South Africans has revealed a consistent pattern of
high risk drinking in 29% to 37% of males and 25% of females (Parry et al.,
1994a). Alcohol misuse appears to be particularly problematic in ‘informal
setttement’ areas and townships (Rocha-Silva, 1994). In some such areas
“research shows that there is one shebeen' to every five homes..." (Gumede,
1986:19). Many of the residents in ‘informal settlements’ see alcohol as a means
of income generation and as a way to help them cope with the problems of daily

living (Parry, 1994c).

Alcohol misuse, and binge drinking in particular, has also been identified as
problematic in adolescents and young adults in Cape Town. A study conducted
on 7 340 high school students in the Cape Peninsula found that 27% of boys and
15% of girls had had five or more alcoholic drinks on one or more occasion in the
two weeks preceding the study (Flisher, Ziervogel, Chalton et al., 1993a).
Nkhoma & Maforah (1994) found that 74.7% of students living in a University of
Cape Town (UCT) residence were alcohol drinkers and only 25.4% were non-
drinkers. Furthermore, 50% of the males in their sample were identified as

‘moderate’ to ‘heavy’ alcohol drinkers (Nkhoma & Maforah, 1994.57).

Alcohol misuse has been indentified in both the national health plan for South
Africa, drawn up by the African National Congress (ANC), and the Reconstruction
and Development Programme (RDP) as a priority issue and both recognise the
need for the development of prevention programmes. The ANC document states
that "the use and abuse of tobacco and alcohol products causes a major disease
burden on all South Africans, more especially lower income groups, and therefore

imposes considerable health care costs" (African National Congress, 1994).

1 A shebeen is an unlicenced bar often found in informal settlements in South
Africa.

46



The cost of alcohol misuse imposes a heavy burden on the South African
economy. The costs are borne "... not only by misusing individuals, but by their
families, the community, industry, and ultimately society as a whole" (Tibbs,
Parry, Goosen et al., 1994:2). It was estimated, in 1986, that the total cost of
alcohol misuse in South Africa amounted to R1,178 billion a year (Langley, 1986).
A press report from the South African National Council on Alcoholism and Drug
Dependence (SANCA) in June 1994 estimated that the economic burden had
risen to R5 billion a year (Cape Times, 1994). This estimate has, however, been
severely criticised as being based on speculation. Medical care is the single
largest contributor to the core costs of alcohol misuse in most countries (National

Institute on Alcohol Abuse and Alcoholism, 1991).

But the relationship between alcohol and trauma in South Africa is a disturbing

one.

The Cape Metropolitan Study found that 60.7% of fatally injured trauma victims
in the Cape Town metropolitan area had BAC levels at or over 0.08 g/100ml (Van

der Spuy, Peden & Strydom, 1995).

A consecutive sample of 80 patients admitted to the trauma unit of Baragwanath
Hospital on a Saturday night in 1990 showed 48.8% to be intoxicated on blood
alcohol anaiysis. The authors stressed that, since levels were only done on
Saturday nights, this proportion was probably not representative (Butchart, Nell,

Yach et al., 1991).

In a recent study conducted by the MRC’s Urbanisation and Health Programme
it was found that experienced pathologists and trauma surgeons in South Africa
estimate that over half of all trauma-related injuries and deaths from motor
vehicle collisions and interpersonal violence, for persons 14-60 years of age, are
directly attributable to alcohol use and misuse (Parry, Tibbs, Van der Spuy et al.,
1996a).
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A study by La Grange (1991) in the Pretoria area confirmed that alcohol was a
significant factor in trauma epidemiology and that there was an increase in its

incidence with urbanisation.

A number of studies on sub-categories of trauma have also been conducted.

In 1964 a study showed that 36% of fatal vehicular collision victims were alcohol
positive, with 50.5% of those 18 years and older being BAC positive (Le Roux &

Smith, 1964).

Lerer (1992b) assessed 216 female homicide victims admitted to the Salt River
State Mortuary in Cape Town between January 1990 and July 1991. He found

that 56% had BACs of 0.1 g/100ml or higher.

A retrospective analysis of 948 medico-legal postmortems over a 5 year period
found that 52.5% of cases tested positive for alcohol. The BACs ranged between
0.008 - 0.48 g/100ml with a mean of 0.142 g/100ml. This study further showed
that 41.3% of 293 cases of vehicular deaths were alcohol-related, with a mean

BAC of 0.147 g/100ml (Loftus & Dada, 1992).

A study conducted at Tygerberg Hospital by Miller & Van Rensburg (1986),
indicated that 77% of assault and vehicular injuries were associated with alcohol
misuse. This is a particularly high percentage, which suggests that the

methodology may have been biased towards finding alcohol positive results.
A study by Davis & Smith (1982), conducted between 1979 and 1981, found that

50% of 223 victims of drowning over the age of 15 years had BACs of

0.1 g/100ml or higher.
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These studies highlight the concern that "... alcohol misuse may well come to be
recognised as one of the most significant public health concerns facing the New

South Africa over the next few years" (Parry, 1994c:2).

4.3 VEHICULAR TRAUMA IN SOUTH AFRICA

4.3.1 INTRODUCTION

"South African roads are a major disaster area, and the annual mortality and
morbidity figures are a national disgrace" (N.C. Lee 1990:1). Although the
reasons for this state of affairs are multifactorial, and may include the poor
enforcement of existing traffic laws due to staff shortages in the traffic
departments or the lack of adequate training programmes for drivers, one of the

major factors appears to be alcohol abuse.

4.3.2 THE MAGNITUDE OF THE PROBLEM

As was mentioned on page 2, the road traffic death rate in South Africa is 11.7
per 100 million kilometres travelled (Intermational Road Federation, 1991).
Although this rate is substantially higher than in most developed countries, it is
not dissimilar to that in many developing countries, such as Morocco, Kenya and

Brazil (see Table 3.1, p23).

Although there appeared to be a downward trend in fatal road traffic collisions in
South Africa in the early years of this decade, viz. an 8.7% decrease from 1991
to 1992, and a 6.5% decrease from 1992 to 1993, the 1993 to 1994 figures
indicate a relapse (an increase of 4.9%). Road traffic collisions still account for

approximately 28 deaths per day.
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In 1993 nearly half a million collisions occurred in South Africa. More than 9 000
people were killed, more than 33 000 seriously injured and nearly 85 000 slightly

injured (Directorate of Traffic Safety, 1994a) (Table 4.2).

Table 4.2 : Collisions and injuries per province (1993)

COLLISIONS CASUALTIES
PROVINCE TOTAL | Deaths  Serious Slight TOTAL
Injuries Injuries
Western Cape 73569 1262 3365 15903 20530
Eastern Cape 26 357 660 2076 6 573 9 309
Northern Cape 6 266 266 806 1952 3024
Free State 23 380 899 2548 6 126 9573
KwaZulu/Natal 77 033 1984 6 200 15798 23 982
North-West 13274 577 1500 3021 5098
Gauteng 180 454 2151 11 423 27 109 40 683
Eastern Transvaal 18 418 994 2814 4 847 8 655
Northern Transvaal 13 977 652 2652 3490 6 794
TOTAL 432728 9 445 33 384 84819 127 648

Adapted from the Directorate of Traffic Safety, 1994a

4.3.3 THE ROLE OF ALCOHOL

As shown in Section 4.2 alcohol plays a significant role in most trauma in South
Africa. However, the role which it plays in motor vehicle trauma is particularly

disturbing and it is an area where much preventative action could be directed.

4.3.3.1 Uninjured road-users

Multicentric, random surveys have been done annually for the Directorate of
Traffic Safety (DTS) since 1975. These surveys are conducted between the hours
of 17h30 and 19h00 on pedestrians and between 20h00 and 24h00 on drivers.

Since 1980 these surveys have consistently shown that approximately 13% of
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adult pedestrians (uninjured, walking on the side of the road) and 7% of drivers
(uninjured, stopped at road blocks) have BACs of 0.08 g/100mi or more (De
Jager, 1986; 1988). The figures for 1995 were 16% for pedestrians and 7% for

drivers (personal communication, J. Van der Spuy, NTRP, 28 December 1996).

4.3.3.2 Fatally injured road-users

A study was conducted in 1983 on 1 679 fatally injured drivers and pedestrians,
16 years and oider, of whom 60.1% were pedestrians and 39.9% were drivers.
Blood alcohol testing was performed on only 793 (<50%) of the cases. Almost
two-thirds (62.9%) of those tested were found to have positive BAC levels and
56.9% had BAC levels > 0.08 g/100ml. Of those with positive BACs, 33.9% had
levels > 0.26 g/100ml. When drivers and pedestrians were assessed separately,
52.2% of drivers and 60.4% of pedestrians had BAC levels > 0.08 g/100ml. This
study also showed that 64.7% of collisions occurred in urban areas, mainly at
night, and that 59.9% of collisions occurred during the weekends. Although there
was a significant alcohol-relatedness in fatal motor vehicle collisions, there was
selection bias in this study because not all cases were tested for alcohol. It was
clear, however, that the greatest number of persons involved in fatal collisions
and who have positive alcohol levels were black pedestrians and that their BAC

levels were substantially higher than the legal limit for drivers (Pieterse, 1984).

Another, somewhat limited, study was done on 2 434 fatally injured drivers and
pedestrians who had medico-legal post mortems performed in Johannesburg,
Cape Town, Pretoria, Durban and Bloemfontein in 1987. In 28.7% of cases BAC
levels were not documented and in a further 42.4% of cases it was not possible
to ascertain whether the person had been dniving or was a pedestrian. With these

limitations taken into account, 50.6% of the 316 drivers and 64.4% of the 946
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pedestrians who were tested had BAC levels which were over the legal limit for
drivers. Furthermore, approximately 31.4% of all cases tested had BAC levels at

or above 0.26 g/100ml (Pieterse, 1988).

4.3.3.3 Non-fatally injured road-users

A study conducted at the Johannesburg General Hospital in 1977 on 115 patients
admitted to hospital after a motor vehicle collision found that 37% of the drivers
were alcohol positive, 31% having BAC levels of 0.08 g/100ml or more (Myers,

Taljaard & Penman, 1977).

In a similar study conducted at Groote Schuur Hospital (GSH) over a 6-month
period in 1987 on 285 injured drivers, 107 (37.5%) were found to be aicohol
positive and 83 (29.1%) had BACs of 0.08 g/100ml or higher (Van Kralingen et
al., 1991). Of these 84 drivers, formal blood sampling was requested by the
investigating officers in only 6 instances (7%). This represents a 93% undercall

for BAC sampling in drivers subsequently proven to have illegal BAC levels.

Although the above two prospective studies were done ten years apart and in
different cities they showed similar results, i.e. approximately 30% of drivers
injured in motor vehicle collisions and arriving alive at a hospital had BAC levels

of 0.08 g/100ml or higher.

The National Accident Pilot Study was conducted by the DTS between July 1981
and December 1985 on 1 667 people injured in motor vehicle collisions in order
to identify the contributing factors involved in these collisions (Pienaar & Upton,
1986). The methodology employed in this study was, however, severely flawed
since only 45.7% of cases were interviewed at the site of the collision. The

others were interviewed some days after the collision. As a result of these
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limitations it is not suprising that only 3.2% of collisions were attributed to alcohol
(Table 4.3). Furthermore, alcohol was only documented as attributable if all the
other human factors had been eliminated. With such gross methodological errors
it is not suprising that the authors cautioned that the results should only be seen

in the context of the study and could not be used for any other practical purpose.

Table 4.3 : Contributing factors identified in 1 584 collisions (1981-1986)

Contributing Factor

Inattentiveness/thoughtlessness 30.5%
High speed 16.5%
Reckless/negligent driving 18.0%
Incompetent driving 6.5%
Alcohol or drug intoxication 3.2%
Weather 3.0%
Road surface 2.9%
Vehicle factors 2.4%

Adapted from Pienaar & Upton, 1986

A recent study was conducted by Hedden & Wannenburg (1994) on all patients
(drivers, passengers and pedestrians) involved in a motor vehicle collision and
who presented to Addington Hospital, Durban, between 7 February and 16
September 1992. This prospective study assessed 530 patients for alcohol
intoxication and marijuana use at the time of presentation to the hospital. The
results indicated that 51.7% of all the patients had BAC levels >0.08 g/100ml,
35.1% had traces of marijuana in their urine and 18.5% were positive for both

substances.

In overview it can therefore be said that the majority of the studies conducted in
South Africa on the role of alcohol in traffic trauma have been retrospective,
based on mortality data or flawed by selection bias and therefore cast doubt on
the reliability of the data. Nevertheless, it is clear that alcohol plays a significant

role in vehicular trauma in South Africa.
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4.4 PEDESTRIAN TRAFFIC TRAUMA IN SOUTH AFRICA

441 INTRODUCTION

According to Van der Spuy (1983:2) “The hallmark of South Africa’s disturbingly
high traffic injury and mortality rates is the high pedestrian component".
Unfortunately this viewpoint is not shared by most people, possibly because
“Pedestrian deaths and injuries have become a normal occurrence in the South
African way of life - something we hear about every day, but believe we have little
or no control over!" (Directorate of Traffic Safety, 1992:8). But solutions can be
found. The first step, however, is to accurately quantify the problem and describe

its epidemiology.

44.2 THE MAGNITUDE OF THE PROBLEM

Pedestrians account for approximately 45% of the overall number of traffic
fatalities in South Africa (Directorate of Traffic Safety, 1990b). That means that
every year approximately 4 500 pedestrians are killed and a further 26 000 are
injured on South African roads - about 12 pedestrians killed and 71 injured per

day (Table 4.4).

Table 4.4 : National statistics for pedestrians (1989-1993)

YEAR DEATHS SERIOUS LIGHT TOTAL
INJURIES* INJURIES**

1989 5118 9 374 19 124 33 616

1890 4 985 9 374 19 967 34 326

1991 4 897 10 249 19 636 34 782

1992 4 437 9079 18 684 32 200

1993# 4115 9 555 19 479 33 149

* Serious injuries = requiring hospital admission
** Light injuries = treated on an out-patient basis (no admission required)
Adapted from the Directorate of Traffic Safety, 1993a
# Personal communication, Mrs Van Vuuren, Directorate of Traffic Safety, 29 March 1995
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in South Africa, road traffic injuries are the single most important cause of
morbidity and mortality in children over the age of four years. Pedestrians
collisions account for 46% of all these traffic-related injuries and results in 25%

of the potential years of life lost (Bass et al., 1995).

Most pedestrian deaths in South Africa occur in the urban rather than rural areas
(66.1% versus 33.9%). Black males aged between 20 and 34 years and living in
urban areas appear to be the most at-risk group (Ribbens, 1989) and this
situation does not appear to be improving. In the last two decades the proportion
of the national pedestrian death toll occurring among black people has risen from
38.4% to 45.2%, while for white people it has dropped from 3.8% to 1.1%

(Directorate of Traffic Safety, 1990b).

Only about one-third of the total number of fatal pedestrian collisions occur in the
rural areas of South Africa but the injuries sustained by these pedestrians are
appreciably worse (Ribbens, 1986). This is possibly related to the fact that many
rural pedestrians are injured on open roads where cars travel at high speeds
(2120 km/hr) and the lighting is poor. This latter problem was reconfirmed by
Ribbens in 1989 when he again found that although 80% of all pedestrian
collisions occur between midday and midnight, significantly more fatal collisions

occur after dark.

One of the earliest studies to profile some aspects of pedestrian traffic trauma in
South Africa was conducted by Odendaal (1969). This study showed that black
South Africans accounted for two-thirds of all pedestrian collisions and that there
was an over-representation of young people in the sample, i.e. 70% of all
pedestrians injured were under the age of 30 years and more than 50% were less

than 20 years of age.
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Most pedestrians were injured while crossing a road and in 26% of such collisions
there was a pedestrian crossing within 30.5 m of the crash scene. Furthermore,
in 48% of the collsions pedestrians were in a hurry to get to their destination and
therfore crossed the road at a convenient rather than a safe place. This latter

finding was corroborated by Ribbens (1985).

Odendaal (1969) found that pedestrians were to blame for the collision in many
cases. Most pedestrains had minimal education and displayed inadequate
knowledge of road safety principles. Futhermore, human factors such as poor
visual acuity (13%), distractions (35%), preoccupation (26%), alcohol (13%), poor
reflexes (35%) and limited road experience (30%) were found to be predisposing

factors.

A recent study on the risk-taking behaviours of 7 340 Cape Peninsula high school
students indicated that 7.4% had been injured in a pedestrian collision in the year
prior to the study (Flisher, Ziervogel, Chalton et al., 1993b). These results are
considerably higher than that reported by Todd & Waller (cited in Bradbury, 1991),
who estimated that 3% of adults worldwide would be involved in a pedestrian

collision some time in their life.

443 THE ROLE OF ALCOHOL

No national data is available on the relationship between aicohol intoxication and

pedestrian collisions but sentinel mortality studies suggest that the incidence is

very high.
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4.5 VEHICULAR TRAUMA IN CAPE TOWN

451 INTRODUCTION

With the launching of the RDP for the new South Africa it has been
recommended that "provincial governments... play a much bigger role in
promoting traffic safety by establishing a structure which accommodates all
functional areas to coordinate and integrate activities" (Directorate of Traffic
Safety, 1994a:1). Within the Western Cape our first necessity was to define the

magnitude of the problem and then to define appropriate prevention strategies.

4.5.2 THE MAGNITUDE OF THE PROBLEM

In 1993, in the Western Cape, there were 1 262 people fatally injured, 3 365
seriously injured and 15 903 slightly injured in motor vehicle collisions. There
were a further 73 569 collisions which did not result in any human injuries

(Directorate of Traffic Safety, 1994a).

The Cape Metropolitan Study, conducted by the MRC’s National Trauma
Research Programme in 1990, found that traffic collisions in Cape Town
accounted for 10.4% of all non-fatal injuries and 38.4% of all fatal injuries (Van

der Spuy et al., 1995).

According the City of Cape Town, Traffic Department (1992), 299 people died as
a result of traffic collisions in the Cape Town municipal area during 1992. Of
these 299 cases, 50 (16.7%) were drivers, 32 (10.7%) were passengers, 206
(68.8%) were pedestrians and 11 (3.8%) were pedal cyclists (City of Cape Town,
Traffic Department, 1992). Data for 1993 on 284 fatally injured traffic cases,
indicates that the proportions in the different traffic-users categories remain fairly

constant (Figure 4.1) (City of Cape Town, Traffic Department, 1993).

57



Pedestrians 63.7%

Drivers 16.9%

Passengers 16.9% Pedal Cyclists 2.56%

Figure 4.1 : Traffic fatalities in the City of Cape Town municipal area
(1993)

4.5.3 THE ROLE OF ALCOHOL

In South Africa BAC levels are routinely performed by the State mortuary on all
cases over the age of 15 who require a medico-legal postmortem (this includes
all cases killed in motor vehicle collisions) and who died within six hours of their
collision (personal communication, H. Scholtz, Department of Forensic Medicine,
UCT, 20 January 1995). As a result, the incidence of alcohol intoxication among

fatally injured road-users is fairly well documented.

In the City of Cape Town municipal area there were 284 people killed in traffic
collisions in 1993. Blood alcohol levels were available on 210 of these 284
cases. Just over half of these cases (51.2%) had BAC levels > 0.08 g/100ml.
Further analysis (Figure 4.2) showed that just over one-third of drivers and
passengers, nearly two-thirds of pedestrians and a quarter of pedal cyclists had
BAC levels > 0.08 g/100mi at the time of their death (City of Cape Town, Traffic
Department, 1993).
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Figure 4.2 : Proportion of fatally injured road-users with BAC levels
20.08 g/100ml (City of Cape Town municpal area, 1993)

The incidence of alcohol intoxication in non-fatal motor vehicle collisions is less
well documented. A prospective study conducted at GSH trauma unit in 1987
indicated that 29.1% of 285 injured drivers had BAC levels of 0.08 g/100mi or
above. The mean BAC for these patients was 0.19 g/100mi (Van Kralingen et al.,

1991). Black drivers had the highest incidence of intoxication at the time of their

collision, i.e. 37.1% had levels of > 0.08 g/100ml (Table 4.5).

Table 4.5: Distribution of BAC levels according to population group of
the driver

RACE BAC in g/100ml TOTAL | Proportion (%)
with BACs
>0.08 g/100ml

Zero 0.01-0.07 0.08+
Asian 5 0 0 5 0
Black 19 3 13 35 37.1
Coloured 105 11 44 160 27.5
White 49 10 26 85 30.6
TOTAL 178 24 83 285 29.1

Adapted from Van Kralingen et al., 1991
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Muller & Van Rensburg (1986) reported that 77% of patients injured in traffic
collisions or assaults, who presented to Tygerberg Hospital trauma unit, had
positive BAC levels with a mean BAC of 0.212 g/100ml (range 0.01-0.492).
However, only 27% of this sample were traffic-related injures - the other 73%
were assault victims. The authors did not indicate what proportion of the traffic-
related injuries were BAC positive; however, they did record an alarmingly high

mean alcohol level (0.196 g/100ml) for young pedestrians.

Resuits from the Cape Metropolitan Study showed that 24.5% of all traffic-related
injuries in Cape Town in 1990 were alcohol-related (Van der Spuy et al., 1995).
These results were, however, a conservative estimate since no objective
measures were used, i.e. alcohol-relatedness was based on clinical judgement
only. Of the ftraffic deaths, more than 50% of cases had BAC levels of

> 0.08 g/100ml.

4.6 PEDESTRIAN TRAFFIC TRAUMA IN CAPE TOWN

4.6.1 INTRODUCTION

In the Cape Town metropolitan area there appears to be a disproportionately high
number of pedestrians killed in comparison to the national average, viz. 64%-69%

versus 45%, respectively.

A substantial number of these pedestrian collisions in Cape Town involve children
under the age of 15 years. De Villiers, Jacobs, Parry et al. (1984) found that
more than half of all non-natural deaths in children younger than 15 years were
transport related, while Kibel (1990b) found that 31% of all childhood deaths were
the results of traffic collisions. The majority of children involved in traffic collisions

are pedestrians (Bass et al., 1992; 1995; De Villiers et al., 1984; Fowler, 1991).
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This paediatric pedestrian problem in Cape Town appears to have been fairly well
addressed. Fowler (1991) wrote a doctoral thesis on the topic and both she and
Bass et al. (1992; 1995) have offered some suggestions for prevention and

control of the problem.

The adult non-fatal pedestrian problem in Cape Town has, until now, not been
researched in detail. Although it has been hypothesised that the reasons for the
high incidence of adult pedestrian collisions in Cape Town may be linked to the

high rates of alcohol abuse in the city, no accurate prospective data are available.

4.6.2 AVAILABLE DATA SOURCES

4.6.2.1 City of Cape Town, Traffic Department Data

The only data which are routinely collected on pedestrian collisions in Cape Town
are on the ‘Accident Form’ which is completed by the Traffic or Police Officer at
the scene of the coliision. This information is, however, often incomplete because
of the circumstances of the collisions or the severity of the patient’s injuries.
Furthermore, collisions where there is minimal damage to the vehicle and/or little
or no injuries to the pedestrian are often not reported and thus ‘Accident Forms’
are not completed. Despite these limitations, this data is the only available which
gives an indication of the pedestrian problem in the City of Cape Town municipal

area on a yearly basis.

As previously indicated in Section 4.5.2 for 1992 and 1993, approximately 65%

of all traffic fatalities in Cape Town were pedestrians.
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In 1993 there were 2 781 pedestrians involved in collisions, of whom 6.6% were
killed, 10.2% were seriously injured, 67.9% were slightly injured and 15.3% were
not injured, although there was damage to the motor vehicle (City of Cape Town,

Traffic Department, 1993).

NUMBER

0-4 5-10 11-17 18-25 26-35 36-45 46-55 56-65 66+

AGE RANGES (in years)

Figure 4.3 : Pedestrian collisions in Cape Town by age group (1993)

Although a lot of children younger than 18 years are involved in pedestrian
collisions (Figure 4.3), there are also substantial numbers of adults, particularly

between the ages of 18 and 45 years, involved in these collisions.

When one looks at absolute numbers of pedestrians injured in Cape Town, the
majority are male and coloured (Table 4.6). However, when these figures are
expressed as rates for the population of Cape Town?, black pedestrians are the

most at risk group.

2 According to the 1991 Population Census, the population profile of Cape
Town was: 47.9% coloured, 27.9% black, 24.2% white and 0.01% Asian.
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Table 4.6 : Pedestrian fatalities in Cape Town by population group
(1991-1993)

RACE 1991 1992 1993
White 14 ( 7.0%) 13 (6.3%) 9( 4.9%)
Coloured 104 (51.7%) 93 (45.4%) 109 (59.6%)
Asian 1( 0.5%) 1( 0.5%) 0( 0.0%)
Black 63 (31.3%) 78 (38.0%) 52 (28.4%)
Unknown 19 ( 9.5%) 20 ( 9.8%) 13( 7.1%)

Adapted from the City of Cape Town, Traffic Department, 1992; 1993

The largest group of pedestrians were injured or killed crossing the road
‘elsewhere’, i.e. not at an intersection or pedestrian crossing (Table 4.7). Walking
on the roadway and not on the sidewalk also appears to be problematic although
there are less pedestrians injured walking with their back to the traffic than was

expected.

Table 4.7 : Pedestrian actions involved in traffic trauma in Cape Town
(1991-1993)

ACTION 1991 1992 1993
Crossing street
At crossing 232 228 252
At pedestrian crossing 84 84 85
Elsewhere 1538 1338 1145
Walking in roadway
Facing traffic 230 214 285
Back to traffic 116 155 179
Stand/play in roadway 129 160 170
Stand/play on sidewalk 172 167 208
Unknown 154 312 457
TOTAL 2 655 2 658 2781

Adapted from the City of Cape Town, Traffic Department, 1992; 1993

In addition, alcohol intoxication appears to play a significant role in the causation
of fatal pedestrian collisions in Cape Town. In 1992, of the 206 pedestrians killed,
120 were tested for alcohol; of these 88 (73.3%) had BACs >0.08 g/100mi and

32 (26.7%) had levels of 0.08 g/100ml or less (Table 4.8). Of the 86 cases in
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which BAC levels were not documented, 37 were children. The others were
probably not tested because they had died more than six hours after their collision

(City of Cape Town, Traffic Department, 1992).

Similarly in 1993, 114 of the 181 pedestrians killed were tested for alcohol.
Seventy cases (61.4%) had BACs >0.08 g/100ml and 44 (38.6%) had levels of
0.08 g/100mi or less (Table 4.8). Of the 67 cases not tested, 41 were children
(City of Cape Town, Traffic Department, 1993). For both 1992 and 1993 the

proportion of pedestrians with BAC levels >0.20 g/100ml was disturbingly high.

Table 4.8 : BAC levels in fatally injured pedestrians, Cape Town (1992-1993)

BLOOD ALCOHOL CONCENTRATION (g/100ml)

YEAR 0.00-0.08* 0.09-0.20 0.21-0.30 0.31+ TOTAL

1992 32(26.7%) 14 (11.7%) 26 (21.7%) 48 (40.0%) 120
1993 44 (38.6%)  21(18.4%) 29 (25.4%) 20 (17.5%) 114

* Unfortunately the traffic department data does not indicate how many cases had zero
BAC levels. Also the conventional cut-off point, i.e. 0.07 g/100ml is not used.

Adapted from the City of Cape Town, Traffic Department, 1992; 1993

4.6.2.2 The Cape Metropolitan Study Data

The 1990 Cape Metropolitan Study was a comprehensive, predominantly
prospective, survey of trauma in the Cape Town Metropolitan area (National
Trauma Research Programme, 1990). It covered all facilities (primary, secondary
and tertiary) treating trauma in both the private and State sectors in the greater
Cape Town. Both fatal and non-fatal injuries were included. Data were collected
on 8 493 first-time attenders. These raw data were extrapolated to an annual

case-load of 248 843 trauma cases for the Cape Town Metropolitan area.
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There were 26 804 (extrapolated) traffic-related injuries, which made up 10.8%
of the total annual case load. This equates to an annual traffic injury rate for the
metropole of 1 072/100 000 over an estimated 2.5 million population, or 73.4
traffic-related injuries per day. Of these patients, 32.2% were pedestrians, 34.6%
were passengers and 31.4% were drivers/riders. In 1.7% the road-user category

was undetermined (ibid).

Alcohol was clinically assessed to be present in 23.5% of all non-fatally injured
road-users. In fatally injured road users, 59.7% had positive BAC levels, with

35.7% having levels of 0.2 g/100mi (ibid).

Out of the total of 26 804 road-users injured or killed on Cape Town roads in
1990, 8 673 were pedestrians. Of these 54.9% were coloured, 37.9% black and
7.2% white. Males formed 68% of the case load. The age distribution showed a

bi-phasic trend, i.e. a peak at 5 - 9 years and again at 20 -29 years (ibid).

More than half (56.8%) of the pedestrians were injured at night (18h00 - 24h00)
and a further 8.3% between midnight and 8h00. Sixty percent of collisions
occurred on Fridays, Saturdays or Sundays, with Saturdays (24.1%) being the
most frequent day of occurrence. The vast majority of pedestrians were injured
by motor cars (82.4%) but 7.8% were struck by minibus taxis , 5.3% by bicycles

and a further 2.8% by trains (ibid).

Alcohol was clinically assessed to be present in 33.2% of non-fatally injured
pedestrians. In fatally injured pedestrians 67% had positive BAC levels with
nearly haif (47.7%) having levels of >0.2 g/100ml. The mean BAC level for all
fatally injured pedestrians was 0.16 g/100ml; for those with positive BAC levels

the mean was 0.24 g/100mi (range 0.01-0.4 g/100ml) (ibid).
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Lesions to the lower limbs and head injuries were the most common injuries
sustained by pedestrians. Generally, injuries were more severe than those seen
in general trauma patients, i.e. 22% of pedestrians had an Injury Severity Score
(ISS) of >10. Just less than half (47.6%) of injured pedestrians required in-patient
admission to hospital for the management of their injuries - 5.1% required
admission to an ICU. The overall mortality rate for pedestrians in this study was

8.8% (ibid).

4.6.3 LIMITATIONS OF AVAILABLE DATA

The data from the City of Cape Town, Traffic Department and the Cape
Metropolitan Study are limited for a number of reasons, predominantly related to

methodology or the measures used to assess alcohol intoxication.

Data from the City of Cape Town, Traffic Department are valuable in that they

indicate a trend. However:

n they only represent data for the City of Cape Town municipal area;

] they do not document all pedestrian collisions but this under-reporting of
traffic collisions is an international problem (Raffle, 1991; Teanby, 1992);

n the ‘Accident Formy’ is not designed to capture salient data on injuries, injury
severity and management;

m  the ‘Accident Form’ is often poorly completed; and

n alcohol relatedness is not indicated in non-fatally injured pedestrians
although the BAC level of fatal cases is subsequently determined and

documented.
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Data obtained from the CMS is probably the most comprehensive information on
pedestrian collisions available for the Cape Town area. Unfortunately no
objective measures were used to assess alcohol intoxication in non-fatally injured
pedestrians nor were all the injuries sustained by pedestrians or their
management documented. These therefore could not be accurately related to the
level of alcohol intoxication, i.e. a correlation between injury severity and the level

of alcohol intoxication could not be computed for non-fatally injured patients.

The most methodologically sound study design would be to sample all facilities
in the Cape Metropole prospectively and do breath alcohol levels on all injured
pedestrians and then combine this with the retrospective analysis of all cases
admitted to the two mortuaries in Cape Town during the same time period. Ideally
all drivers involved in the collisions should also be sampled in order to obtain a
true reflection of alcohol relatedness. This type of study, although feasible, would

be both lengthy and costly.

4.7 THE COST OF PEDESTRIAN TRAFFIC TRAUMA

According to Fouracre & Jacobs (1976) traffic collisions in less developed
countries are estimated to cost the country between 1% and 2% of the gross

domestic product annually.

An estimate of the unit cost of road traffic collisions in South Africa for 1991 was
calculated by De Haan (1992). A gross output methodology was used to assess
the sum of real resource costs which occur as a result of road traffic collisions,
together with the victims' loss of future eamings. The composite costs included
(1) the value of lost output, (2) property damage, (3) pain, suffering and loss of
amenities of life, (4) medical costs, (5) administrative costs, (6) legal costs and

(7) miscellaneous costs, including the value of lost time and towing costs.

67



The values obtained for the unit cost of each road traffic collision (in 1991 rands)
were: R184 604 for each collision resulting in a fatal injury, R48 455 for each
collision resulting in a serious injury, R13 796 for each collision resulting in a
slight injury and R9 754 for each collision where there was damage to the vehicle
only. Taking the inflation rate for 1992 (at 13.9%) and 1993 (at 9.7%) into account
(South African Reserve Bank, 1995) and the cost of the total number of vehicular
collisions for 1993 (Directorate of Traffic Safety, 1993a) was approximately R30

million per day.

The composite costs for pedestrian collisions only in 1993 amounted to nearly
R2.3 million per day. If these unit costs are utilised for the pedestrian collisions
in the Cape Town city municipal area, pedestrian collisions cost approximately

R100 000 a day in 1993, or R36.5 million for that year (Table 4.9).

Table 4.9: Composite costs for pedestrian collisions in the City of Cape
Town municipal area (1993)

TYPE UNITCOST NUMBER# PERYEAR PER DAY

(in rands) (R millions) (R thousands)
Fatal 102 498 183 18.757 51.254
Serious Injury 32757 283 9.270 25.380
Light injury 4257 1889 8.042 22.016
No injuries, vehicle 922 426 0.383 1.076

damage only

TOTAL 2781 36.462 99.726

After De Haan, 1992
# City of Cape Town, Traffic Department, 1993

Although the immediate and medium term costs of motor vehicle collisions can
be disastrous to the victims and their families, many of whom come from lower
socio-economic groups (Kibel et al., 1990a), the majority of these costs are borne

by the State and the taxpayer (Directorate of Traffic Safety, 1992).
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A study conducted by the National Trauma Research Programme in 1990 on 120
patients who required ward or ICU admission at GSH for traffic-related
orthopaedic injuries (49.1% of whom were pedestrians) found that only 5.5% of
the medical costs were recovered from the patients. "This results in a great

financial shortfall for Groote Schuur Hospital" (Abrahams, 1993:4).

Although there is a Multilateral Motor Vehicle Accident Fund in South Africa from
which patients injured in motor vehicle collisions can claim for the costs incurred
by them, the public awareness of this third party claim procedure is poor
(Grobbelaar, Albertyn & Bass, 1992). To further compound this problem, until the
Medical Scheme Act was amended recently, medical aid societies were not liable
for the medical costs incurred in a motor vehicle collision until the claim had been

rejected by the third-party insurer (N.C. Lee, 1986).

According to Mr Eric Wise, former Director of the Directorate of Traffic Safety in
South Africa, the money spent on vehicular trauma "... could have been spent on
essential services such as medical and educational services" (Directorate of
Traffic Safety, 1993b:7). He added that it was time for the community at large to
decide whether these vehicular collisions and costs were a realistic price to pay
for the privilege of optimal mobility or, if not, to initiate an appropriate action plan

" ... to create a safety conscious culture"” (ibid).

4.8 CONCLUDING REMARKS

It is quite clear from the data presented that "There are three elements to the
equation of pedestrian traffic trauma: the motorist and the vehicle, the road and
road conditions and then the pedestrian [and that] our probiem will not be solved
by concentrating on the first component, giving some attention to the second and

ignoring the third" (Van der Spuy, 1993:2).
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Pedestrian safety in South Africa will require a multidisciplinary approach if the
objective of reducing the number of fatal and non-fatal collisions is to be
achieved. It will be essential to address simultaneously the inadequate road
environment, the human failures and the inadequate law enforcement

(Directorate of Traffic Safety, 1994b).

4.9 CHAPTER SUMMARY

This chapter has presented South African and Cape Town data on traffic trauma
and, in particular, pedestrian traffic trauma. Some previous research on the
alcohol-relatedness of traffic trauma is presented and the limitations of those
studies outlined. The chapter concludes with a brief discussion on the estimated

cost of pedestrian traffic trauma in South Africa.
The following chapter will present the methodology used in the prospective study

on the relationship between alcohol intoxication and adult pedestrian traffic

trauma in Cape Town.
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CHAPTER FIVE

METHODOLOGY

"the medical examiners have custody of one of the keys, the hospitals
have the other - and the answers will not fall into place until both keys
are put to use"” (Baker, 1971:892).

5.1 INTRODUCTION

This prospective study was designed in order to address the limitations of the
Cape Metropolitan Study with regard to the objective measurement of alcohol
intoxication in injured pedestrians. Although there are inherent limitations in the
methodology chosen, to the author's knowledge it is the first prospective study of
its kind in sub-Saharan Africa and therefore gives objective baseline data where

previously there was a deficit.

5.2 STUDY DESIGN

The study was essentially a prospective, descriptive survey of adult pedestrians
who arrived alive at Trauma Unit, Groote Schuur Hospital, over a nine week
period in 1993 (hereafter referred to as Hospital Pedestrians). In addition, data
on ‘dead on arrival’ pedestrians was extracted from the records kept by the
Department of Forensic Medicine at Salt River Mortuary, for the same time frame
as the prospective study (hereafter referred to as Mortuary Pedestrians). These
Mortuary pedestrians were matched with the Hospital pedestrians in the
prospective section of the study in order to prevent an over-representation of the
former (see 5.3.1). Mortality data was included since it forms an essential
component in the epidemiological description of adult pedestrian injuries (Baker,

1971).
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The study was a collaborate effort between the Department of Forensic Medicine
at the University of Cape Town, the National Trauma Research Programme of the

Medical Research Council, and the Trauma Unit at Groote Schuur Hospital.

The study did not attempt to quantify the total incidence of adult pedestrian traffic
trauma in Cape Town (since this had already been achieved by the Cape
Metropolitan Study), but rather to describe the extent of the problem as identified
by a large tertiary hospital and State pathology department, with particular

reference to the incidence of alcohol intoxication.

The study design was chosen because it was simple, valid, easy to repeat and
was performed on a very low budget, hence making it possible to be repeated in

a number of centres, particularly in developing countries.

5.3 CRITERIA FOR PATIENT SELECTION

All injured pedestrians who arrived alive at hospital were entered into the study
as they presented to the Trauma Unit over a nine week period in 1993. Certain

inclusion and exclusion criteria were applied, which are outlined below.

5.3.1 INCLUSION CRITERIA

The following inclusion criteria were applied for Hospital pedestrians.

. Patients had to be at least thirteen years old.
Children younger than thirteen years of age are seen at a nearby
paediatric hospital. Furthermore, a substantial amount of research has
already been done on paediatric pedestrian collisions (Bass et al., 1992;

Fowler 1991).
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The injury-to-presentation time was limited to six hours.

Alcohol is generally metabolised by the body within six hours of ingestion
(Cooper et al.,, 1979), although it can take up to 24 hours. It is
questionable whether traces of alcohol consumed many hours before a
pedestrian collision can be said to be causative.

Collisions must have occurred in the GSH drainage area (see map on
p76). No patients referred from hospitals outside the GSH area or from
rural towns near Cape Town were included.

Informed consent was required from all patients who were entered into
the study. Consent was obtained from the legal guardian in the case of
a child under the age of eighteen years. Patients who were unable to
give consent, e.g. unconscious patients, were only included if blood was

required for other diagnostic purposes (see 5.10).

The following inclusion criteria were applied to Mortuary pedestrians.

Cases had to be at least thirteen years old.

Each Mortuary pedestrian had to be matched with at least one hospital
patient with regard to the place of injury since Salt River Mortuary
receives cases from outside the Groote Schuur Hospital drainage area.
In order to prevent or minimise an overcount of fatally injured pedestrians
this matching strategy was employed.

Only pedestrians who died at the site of their collision or in the pre-
hospital phase were included as Mortuary pedestrians. Patients who died
while in GSH were included as Hospital pedestrians.

Only pedestrians injured fatally during the identical time frame as the
prospective section of the study were included.

All cases required documentation of BAC. Alcohol sampling is not
performed in cases where six or more hours has elapsed between their

collision and death since these BAC levels would not reflect their alcohol
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state at the time of the injury. These cases, as well as those for whom

BAC results were not available, were excluded.

5.3.2 EXCLUSION CRITERIA

The same exclusion criteria were applied to both Hospital and Mortuary
pedestrians, i.e. injuries sustained by collisions with trains or bicycles. These
types of pedestrian collisions were excluded because their epidemiology, injury

profiles and preventive strategies are different to those involving motor vehicles.

5.4 SAMPLING PROCEDURES

All injured adult pedestrians who arrived alive at the Trauma Unit during a nine
week period in 1993 and who fulfilled the inclusion criteria were included (see
5.6). All ‘dead on arrival’ pedestrians who fulfilled the inclusion criteria were

identified from the register at the Salt River Mortuary.

5.5 SAMPLE SIZE

A pilot study performed over a weekend in March 1993 indicated that

approximately 200 patients would be obtained in a two month period.

A total of 201 Hospital pedestrians were prospectively identified in the main study

but five patients did not meet the inclusion criteria. Therefore 196 injured patients

were included in the prospective section of the study.
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On retrospective analysis of Trauma Unit's patient register, 205 pedestrians had
presented to the hospital. It transpired that four patients had been inadvertently
omitted from the study due to either clerical errors, e.g. the patient was incorrectly
identified as a passenger, or because the mechanism of injury was not known at
the time of presentation, e.g. an unknown, unconscious patient who was found

injured on the side of the road.

The Hospital pedestrians included in this study therefore represent 95.6% of the
total number of adult pedestrians seen at the Trauma Unit during the nine week

study period.
Thirty-five Mortuary pedestrians were identified from the records at Salt River
Mortuary. However, four cases did not have BAC levels documented and were

thus excluded from the study (see 5.4).

The total sample size was 227, i.e. 196 Hospital and 31 Mortuary pedestrians.

5.6 TIME FRAME OF THE STUDY

Data was captured during a total of nine weeks: from 7h00 on 2 May 1993 to
6h59 on 16 May 1993 and from 7h00 on 30 May 1993 to 6h59 to 18 July 1993.
it was necessary to split the nine week data capture period into two periods due

to an unforeseen iliness in the researcher and the unavailability of field workers.
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The Trauma Unit at GSH sees about 30 000 patients annually, of whom
approximately 17% have been involved in a traffic collision. Pedestrians on
average account for 40% of all traffic-related injuries and therefore represent
about 7% of the total number of patients seen in this unit (personal
communication, J.D. Knottenbelt, Head: Trauma Unit, GSH, November 1994).
The study sample may therefore not fully reflect the profiles of all pedestrians

injured in the metropole.

Retrospective data was gathered from the State Pathology facility situated in Salt
River, Cape Town. This mortuary handles cases requiring medico-legal
postmortem examinations from all State and private facilities in the southern part
of the Cape metropole. The Tygerberg mortuary deals with cases from the

northern suburbs.

5.8 COLLECTION OF DATA

A number of research instruments were used to collect data in order to measure

the key variables in the study. The instruments were:

u two research questionnaires;
[ ] injury severity scoring; and
] four methods of alcohol assessment, viz. self-evaluation, clinical

assessment, breath alcohol analysis and blood alcohol analysis.

Each of these instruments, the procedures involved and why they were chosen

for the study are briefly described in the foliowing sub-sections.
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5.8.1 THE RESEARCH QUESTIONNAIRES

The research questionnaires were constructed by the researcher based on
questionnaires used for similar international studies, but adjusted for the South
African context. Advice concerning the acceptability, accuracy and reliability of
the questionnaire was sought from an epidemiologist and a statistician at the

Medical Research Council.

Two separate questionnaires were designed, i.e. one for Hospital pedestrians

(Appendix A) and one for Mortuary pedestrians (Appendix B).

The questionnaires were separately piloted during March 1993, whereafter the
necessary adjustments were made. Field workers were included in the piloting
of these questionnaires and inter-researcher validity and reliability was assessed

and ensured.

The data obtained by means of the questionnaires included the following:

= patient demographics, i.e. ‘who’
u collision demographics, i.e. ‘where’, ‘when’, ‘how’
u alcohol assessment

self-evaluation
clinical assessment

breath alcohol

blood alcohol
u physiological response to injury
n anatomical nature and severity of injuries
u progress and outcome
n crude cost analysis
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5.8.2 INJURY SEVERITY SCORING

Several well known and reliable scoring methods were employed in order to code
injuries, assess the severity of injuries and document the physiological response

to the injuries sustained.

5.8.2.1 The Abbreviated Injury Score

The Abbreviated Injury Score (AIS) codes the severity of anatomical injuries (see
Ch 7, p122). The 1990 version of the AlIS was used and a maximum of six
injuries were coded for patients with multiple injuries (both Hospital and Mortuary

Pedestrians).

This scoring system was chosen in preference to the International Classification
of Disease (ICD) codes because the AIS was designed specifically for blunt
injuries (such as those sustained in motor vehicle collisions) and it is the scoring
system most frequently used by trauma researchers. This system wouid
therefore facilitate the comparison of results obtained in this study with those of

international studies and it is the system already in use at GSH.

5.8.2.2 The New Injury Severity Score

The Injury Severity Score (ISS) was initially used to calculate the overall injury

severity in pedestrians with multiple injuries. This score is attained by adding

together the squares of the three highest AIS scores in three different body

regions.
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The New Injury Severity Score (NISS) was, however, developed in late 1995.
This score is attained by adding together the squares of the three highest AIS
scores, irrespective of body region, and has been found to be superior to the ISS

(Osler, Baker & Long, 1996).

Both scoring systems were used and a comparison made (see Ch 8).

5.8.2.3 The Revised Trauma Score

The Revised Trauma Score (RTS) provides an estimate of the physiological
derangement incurred by patients as a result of their injuries. The score is
obtained by assessing respiratory rate, systolic blood pressure and the level of

consciousness (see Ch 7, p132).

In this study, patients who were intubated and ventilated at the time of their
assessment were given a respiratory rate code of 1. Although another method
of scoring ventilated patients has been suggested, i.e. substituting the motor
component of the Glasgow Coma Scale (Offner, Jurkovich, Gurney et al., 1992),
it was felt that the standard method was probably as accurate as, and definitely
less complicated than, the latter. Furthermore, the suggested alternative has yet

to be validated on large cohorts.

58.2.4  TRISS Methodology

TRISS methodology provides an estimate of the probability of survival as a resuit
of the injury incurred (see Ch 7, p136). TRISS was therefore calculated for

Hospital pedestrians only.
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TRISS was used since it can identify ‘unexpected’ survivors and ‘unexpected’

deaths in a study cohort and can thus serve as a trauma audit.

5.8.3 ALCOHOL ASSESSMENT

5.8.3.1 Self-evaluation

Each Hospital pedestrian was questioned regarding his/her intake of alcohol,

including the quantity and type of alcohol consumed. Patients unable to talk were

excluded from this assessment.

5.8.3.2 Clinical Assessment

The clinical assessment of patients was divided into two, viz. a rapid assessment

and a detailed assessment.

The rapid assessment included the following parameters:

] the smell of alcohol;
| siurring of speech; and
. inappropriate behaviour.

The detailed clinical assessment involved the following parameters which have

been found to be useful in the evaluation of aicohol! intoxication:

u nystagmus on |ateral gaze;
= pupil size; and
u pupil reaction to light.

These three parameters were chosen since they were quick and easy to conduct

and required the least possible effort on the part of the patient.
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