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METHODOLOGIC ISSUES
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Background: Injuries resulting in admission to hospital provide an important basis for determining pri-
orities, emerging issues, and trends in injury. There are, however, a number of important issues to be
considered in estimating person based injury incidence using such data. Failure to consider these could
result in significant overestimates of incidence and incorrect conclusions about trends.

Aim: To demonstrate the degree to which estimates of the incidence of person based injury requiring
hospital inpatient treatment vary depending on how one operationally defines an injury, and whether
or not day patients, readmissions, and injury due to medical procedures are included.

Method: The source of data for this study was New Zealand's National Minimum Dataset. The primary
analyses were of a dataset of all 1989-98 discharges from public hospital who had an external cause
of injury and poisoning code assigned to them.

Results: The results show that estimates of the incidence of person based injury vary significantly
depending on how one operationally defines an injury, and whether day patients, readmissions, and
injury due to medical procedures are included. Moreover the effects vary significantly by pathology
and over fime.

Conclusions: (1) Those using New Zealand hospital discharge data for determining the incidence of
injury should: (a) select cases which meet the following criteria: principal diagnosis injury only cases,
patients with day stay of one day or more, and first admissions only, (b) note in their reporting that the
measure is an estimate and could be as high as a 3% overestimate. (2) Other countries with similar
data should investigate the merit of adopting a similar approach. (3) That the International Collabora-
tive Effort on Injury Statistics review all diagnoses within International Classification of Diseases 9th and

worldwide as a public health problem, the demand for

quality data to determine priorities, emerging issues,
and trends has increased. For non-fatal injury, those events
which result in inpatient hospital treatment have an
important part to play in this respect since many of them are
serious, both in terms of threat to life and long term disable-
ment, and, as a consequence, incur substantial cost. New Zea-
land is in the fortunate position of having had published
records of injury cases for all public hospital discharges since
1955 and electronic versions of the data since 1974. These data
have been used extensively by the Injury Prevention Research
Unit in producing research aimed at facilitating injury
prevention in New Zealand.' This experience has alerted us to
anumber of important issues that users of similar data should
be aware of in estimating person based injury incidence. As we
will show here, these issues may have a dramatic effect on
estimates of incidence and conclusions about trends.

The aim of this paper is to demonstrate the degree to which
estimates of the incidence of person based injury requiring
hospital inpatient treatment vary depending on how one
operationally defines an injury, and whether or not day
patients, readmissions, and injury due to medical procedures
are included.

ﬁ s injury and its prevention receives increasing recognition

METHODS

The source of data for this study is New Zealand’s National
Minimum Dataset (NMDS) which is maintained by New Zea-
land Health Information Service (NZHIS). This is a single
integrated collection of secondary and tertiary health data,
developed in consultation with health sector representatives,
required at national level for policy formulation, monitoring
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10th revisions with a view to reaching consensus on an operational definition of an injury.

and evaluation of policy implementation, performance moni-
toring and evaluation, health status measurement, and meet-
ing international requirements.

Information about all day patients and inpatients dis-
charged from public hospitals is supplied directly to the NMDS
by hospital based computer systems. The data collected
include information on diagnoses, diagnostic and therapeutic
procedures, as well as demographic information about the
patient/healthcare user (for example, ethnicity, age, sex,
domicile). All discharges with an injury and poisoning
diagnosis have the circumstances of injury coded according to
the external causes of injury and poisoning codes (E codes)
and the nature of injury according to International Classification
of Diseases® or derivatives of it (for example, ICD-9-CM and
ICD-9-CM-A).

In 1992 the vast majority of persons injured and requiring
acute inpatient treatment were admitted to public hospitals.'
While the private sector has played an increasing part in the
delivery of inpatient health services in recent years, the most
recent publication of statistics from NZHIS suggests service
delivery for the acute management of injury requiring
inpatient treatment has remained unchanged.’ Since private
hospitals do not consistently E code discharges we have con-
fined our analyses to public hospital discharges.

Readmission status has been determined using four data
elements available in the NMDS from 1989. These data
elements were: a unique personal identifier (National Health
Index (NHI) number), date of injury, date of admission, and

Abbreviations: NHI, National Health Index; NMDS, National Minimum
Dataset; NZHIS, New Zealand Health Information Service
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Table 1 All discharges with external cause code: principal diagnosis distribution,
1998
Codes Principal diagnosis Frequency (%)
001-139 Infectious and parasitic diseases 568 (0.5)
140-239 Neoplasms 3337 (3.2)
240-279 Endocrine, nutritional, and metabolic disorders 923 (0.9)
280-289 Diseases of the blood and blood forming organs 764 (0.7)
290-319 Mental disorders 1014 (1.0)
320-389 Diseases of the nervous system and sense organs 1418 (1.3)
390-459 Diseases of the circulatory system 6068 (5.7)
460-519 Diseases of the respiratory system 1999 (1.9)
520-579 Diseases of the digestive system 3634 (3.4)
580-629 Diseases of the genitourinary system 1974 (1.9)
630-676 Complications of pregnancy, childbirth 866 (0.8)
680-709 Diseases of the skin and subcutaneous tissue 2774 (2.6)
710-739 Diseases of the musculoskelatal system and connective fissue 4155 (3.9)
740-759 Congenital anomalies 337 (0.3)
760-779 Certain conditions originating in the perinatal period 83 (0.1)
780-799 Symptoms, signs, and ill defined conditions 2566 (2.4)
800-999 Injury and poisoning 67428 (63.7)
VO1-V82 Supplementary classification of other factors 5954 (5.6)
Total 105862 (100.0)

date of discharge. It has been shown previously that
reasonably accurate estimates of readmission status can be
derived by coding all cases with the same NHI number and
date of injury as a case with an earlier date of admission as
readmissions.’ Nevertheless, to allow for incorrect and missing
dates of injury, where two cases are identified with the same
NHI number and one case has a date of admission within one
day of the date of discharge of the other case, the former case
was coded as a readmission.

Since these analyses are concerned with non-fatal injury all
persons who were discharged dead have been excluded.

The theoretical definition of injury is problematic since
there is no scientific basis for a distinction between disease
and injury. Traditionally, however, the term has been used to
refer to damage to the body produced by energy exchanges
that have relatively sudden discernible effects. Damage due to
some chronic low energy exposures (for example, carpal tun-
nel syndrome) are also included by some in their definition of
injury.’

One commonly used operational definition of injury is all
those pathologies included in the injury and poisoning chap-
ter (XVII) of the International Classification of Diseases.” That is
the definition which was used here. However, sometimes offi-
cial published statistics use the supplementary classification
of external causes of injury and poisoning (E codes) to select
cases.’

The introduction to the E codes chapter states that the
classification is provided for the purposes of “...the classifi-
cation of environmental events, circumstances and conditions
as the cause of injury, poisoning and other adverse events” (p
547).” The introduction, however, also states: “Where a code
from this section is applicable, it is intended that it shall be
used in addition to a code from one of the main chapters of the
International Classification of Diseases, Injuries and Causes of
Death, indicating the nature of the condition. Most often, the
nature of the condition will be classifiable to chapter XVII,
Injury, Poisoning and Violence.....".

In New Zealand the latter provision is applied and, as a con-
sequence, there are more cases with external cause code than
have a principal diagnosis of injury. Other countries we have
identified who adopt a similar practice are Australia (J Harri-
son, personal communication), Canada (E Mackenzie, per-
sonal communication), England and Wales (C Sweeting, per-
sonal communication), and the USA (H Weiss, personal
communication). We thus commence our analyses by examin-
ing the effect of selecting cases solely on E codes.
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Figure 1 Trend in rate (age adjusted) of non-injury discharges with
an E code, 1989-98.

Annual population estimates, were obtained from Statistics
New Zealand for the purposes of calculating rates. Where
noted, rates have been age adjusted using the direct method.

RESULTS

Case selection based on external cause rather than
diagnosis

The distribution of E coded New Zealand discharges by princi-
pal diagnosis is given in table 1. The table shows that
non-injury principal diagnoses account for 36% (n=38 434) of
all E coded discharges. Of these, 41% (n=15 735) did not have
an injury diagnosis as a secondary or subsequent diagnosis.
The vast majority (80%) of the 15 735 cases had E codes iden-
tifying iatrogenic factors as the cause (for example, adverse
effects of drugs). Figure 1 shows the utilisation rate of E codes
for non-injury cases increased substantially after 1994.

Principal diagnosis only as the basis for case selection
of injury cases

Several countries, including New Zealand, make provision for
the recording of multiple diagnoses. Thus there would be dis-
charges which have a disease as a principal diagnosis but other
diagnoses as injury (for example, heart attack, fracture of the
lower limb). It could be argued that injury cases should be
selected on the basis of any diagnostic field having an injury
code. This approach is problematic for at least two reasons.
First, in many cases where the injury diagnosis appears in the
second or subsequent diagnosis fields it would be difficult to
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Figure 2 Trends in rates (age adjusted) of injury discharges by
diagnostic order, 1989-98.

determine if the person would have been “admitted” to hospi-
tal if they had only the injury. Secondly, as countries place
increasing emphasis on the costs of health delivery and the
recovery of those costs, the utilisation of multiple diagnostic
codes is likely to increase over time. This is well illustrated in
the New Zealand context.

Figure 2 shows that up until 1994 if one selected injury
cases on the basis that they had a injury diagnosis recorded in
any diagnostic field it would have minimal impact on the esti-
mate of incidence of injury. Thereafter, however, the increasing
use of the second and subsequent diagnostic fields would have
a significant and unstable effect on the incidence estimate.

Given the foregoing the remainder of the results below are
only for those cases where the principal diagnosis was an
injury.

Day patients

Patients whose stay in hospital was less than a day have been
described by NZHIS as day patients. Table 2 shows the distri-
bution of E coded discharges by day patients and inpatients
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Figure 3 Trends in rates (age adjusted) of injury discharges with
various attributes, 1989-98.

(that is, day stay >0) for 1998. Overall day patients accounted
for 18% of the discharges. The effect of excluding day patients
varies according to the E code grouping. At one extreme,
submersion/suffocation/foreign bodies (E960-E969), 39% of
discharges were day patients, and at the other extreme the
comparable figure for “air space and transport accidents”
(E840-E848) was 4%. Figure 3 shows that the number of day
patients per 1000 injury discharges increased steadily from
1989 through to 1993. Thereafter the rates have been relatively
stable at about 169 cases per 1000 injury discharges.

Readmissions

Given that people can be admitted to hospital for the
treatment of injury in both the acute and rehabilitative
phases, it is important to be able to differentiate the two. Fail-
ure to do so could produce a substantial error in the estimate
of person based injury incidence if the dataset being examined
has individuals in it who have a series of readmissions for
ongoing treatment and or rehabilitation (for example, skin
grafts after thermal injury).

Table 2  Distributon of E code group by day patients and inpatients for discharges with principal diagnosis of injury,
1998
E code Description Day patients Inpatients All discharges % Inpatients
800-807  Railway accidents 1 11 12 92
810-819  Motor vehicle traffic accidents 961 5523 6484 85
820-825  Motor vehicle non-traffic accidents 132 952 1084 88
826-829  Other road vehicle accidents 281 1797 2078 86
830-838  Water transport accidents 31 185 216 86
840-845  Air and space transport accidents 3 68 71 96
846-848  Vehicle accidents not elsewhere classifiable 5 38 43 88
850-858  Accidental poisoning by drugs, medicinal substances and 412 859 1271 68
biologicals
860-869  Accidental poisoning by other solid and liquid substances, gases, 218 429 647 66
and vapours
870-876  Misadventures to patients during surgical and medical care 9 81 90 90
878-879  Surgical and medical procedures as the cause of abnormal 1638 9560 11198 85
reaction of patient or later complication without mention of
misadventure at the time of procedure
880-888  Accidental falls 2612 17713 20325 87
890-899  Accidents caused by fire and flames 55 277 332 83
900-909  Accidents due to natural and environmental factors 202 794 996 80
910-915  Accidents caused by submersion, suffocation, and foreign bodies 458 712 1170 61
916-928  Other accidents 3238 11157 14395 78
929 Late effects of accidental injury 26 43 69 62
930-949  Drugs, medicinal and biological substances causing adverse 140 471 611 77
effects in therapeutic use
950-959  Suicide and self inflicted injury 708 2622 3330 79
960-969  Homicide and injury purposely inflicted by other persons 1068 1799 2867 63
970-978  legal intervention 4 11 15 73
980-989  Injury undetermined whether accidentally or purposely inflicted 23 95 118 81
990-999  Injury resulting from operations of war 0 1 1 100
No valid E code 18 58 76 76
800-999  Total 12243 55256 67499 82
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Table 3  Distributon of E code group by readmission status for discharges with principal diagnosis of injury, 1998
Readmission status
E code Description 1st Admission  Readmission  All discharges % 1st admissions
800-807  Railway accidents 10 2 12 83
810-819  Motor vehicle traffic accidents 5881 603 6484 91
820-825  Motor vehicle non-raffic accidents 1010 74 1084 93
826-829  Other road vehicle accidents 1971 107 2078 95
830-838  Water transport accidents 206 10 216 95
840-845  Air and space fransport accidents 62 9 71 87
846-848  Vehicle accidents not elsewhere classifiable 40 3 43 93
850-858  Accidental poisoning by drugs, medicinal substances, and 1244 27 1271 98
biologicals
860-869  Accidental poisoning by other solid and liquid substances, gases, 633 14 647 98
and vapours
870-876  Misadventures to patients during surgical and medical care 69 21 90 77
878-879  Surgical and medical procedures as the cause of abnormal reaction 8568 2630 11198 77
of patient or later complication without mention of misadventure at
the time of procedure
880-888  Accidental falls 19073 1252 20325 94
890-899  Accidents caused by fire and flames 292 40 332 88
900-909  Accidents due to natural and environmental factors 964 32 996 97
910-915  Accidents caused by submersion, suffocation, and foreign bodies 1133 37 1170 97
916-928  Other accidents 13775 620 14395 96
929 Late effects of accidental injury 34 35 69 49
930-949  Drugs, medicinal and biological substances causing adverse effects 596 15 611 98
in therapeutic use
950-959  Suicide and self inflicted injury 3190 140 3330 96
960-969  Homicide and injury purposely inflicted by other persons 2692 175 2867 94
970-978  legal intervention 15 0 15 100
980-989  Injury undetermined whether accidentally or purposely inflicted 109 9 118 92
990-999  Injury resulting from operations of war 1 0 1 100
No valid E code 71 5 76 93
800-999 Total 61639 5860 67499 91

Table 3 shows the distribution of E code by readmission sta-
tus for 1998. Overall 9% of all discharges E coded were
readmissions. The largest contributor (45%) to this effect was
“surgical and medical procedures as the cause of abnormal
reaction of patients or later complication, without mention of
misadventure at the time of procedure” (E878-E879). Late
effects of accidental injury (E929) had the highest percentage
(51%) of readmissions. Figure 3 shows the readmission rate
had declined substantially since 1993.

Injury due to medical procedures

Injury due to: “misadventures to patients during surgical and
medical care” (E870-E876), “surgical and medical procedures
as the cause of abnormal reaction of patients or later compli-
cation, without mention of misadventure at the time of proce-
dure” (E878-E879), and “drugs, medicaments and biological
substances causing adverse effects in therapeutic use” (E930-
E949), traditionally have not been considered the domain of
injury prevention.” Combined (n=11899) these E code
groupings account for 18% of all patients with a principal
diagnosis of injury (table 2). Clearly the inclusion or exclusion
of these events has significant implications for the estimate of
the incidence of injury. Moreover, as fig 3 shows, the rate of
these cases have been increasing over time.

An examination of the injury diagnoses for these three
groups reveals that 93% have a diagnosis in the grouping:
996-999: “complications of surgical and medical care not
elsewhere classified”.

Combined effects

So far we have considered day patients, readmissions, and
injuries due to medical procedures independently of one
another. Table 4 shows the combined effect of selecting first
admissions only and excluding day cases and injuries due to
medical procedures (fully restrictive). Overall the estimate of
the incidence of injury for 1998 is 37% less than it would be if

case selection was based solely on whether a discharge had a
principal diagnosis of injury. Table 4 also shows that the extent
of the reduction varies dramatically by the external cause
being considered.

Figure 4 shows the trends in rates using unrestricted and
restricted criteria.

Incidence, prevalence, and discharges
The total number of discharges each year, after excluding
readmissions, is not a measure of incidence, that is new cases
of injury for that year. As illustrated in fig 5 the total
discharges (A+B) in a reference year will exclude new cases of
injury which were admitted in the reference year but were not
discharged in that year (C). These cases can only be “detected”
once they are discharged. Similarly, the total discharges in the
reference year includes cases admitted before the reference
year but discharged in the reference year (A).

1t should also be noted that the total number of discharges
each year (A+B) is not a measure of prevalence, that is old and
new cases, since as has been demonstrated it does not include
all new cases in the reference year, but also because it does not
include those existing cases where the victim was admitted
before the reference year and discharged after the reference
year (D).

The effects of these various scenarios are illustrated in table
5. Using discharges (A+B) to estimate incidence (B+C) con-
sistently results in an overestimate of between 0.1%-3.1%.

DISCUSSION

The results show that estimates of incidence of injury requir-
ing hospital inpatient treatment in New Zealand will be sub-
stantially inflated if they are based solely on whether a patient
has an E code or not. While almost all injury cases had an E
code, having a E code did not necessarily mean the patient had
an injury.
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Table 4 Distributon of E code group with and without the fully restrictive selection procedure* for discharges with
principal diagnosis of injury, 1998

E code Description Fully restrictive All discharges % Fully restrictive
800-807 Railway accidents 9 12 75
810-819 Motor vehicle traffic accidents 4972 6484 77
820-825 Motor vehicle non-raffic accidents 884 1084 82
826-829 Other road vehicle accidents 1704 2078 82
830-838 Water transport accidents 175 216 81
840-845 Air and space transport accidents 59 71 83
846-848 Vehicle accidents not elsewhere classifiable 35 43 81
850-858 Accidental poisoning by drugs, medicinal substances and 842 1271 66
biologicals
860-869 Accidental poisoning by other solid and liquid substances, 417 647 64
gases, and vapours
870-876 Misadventures to patients during surgical and medical care 0 90 0
878-879 Surgical and medical procedures as the cause of abnormal 0 11198 0
reaction of patient or later complication without mention of
misadventure at the time of procedure
880-888 Accidental falls 16597 20325 82
890-899 Accidents caused by fire and flames 239 332 72
900-909 Accidents due to natural and environmental factors 766 996 77
910-915 ﬁ\cgidents caused by submersion, suffocation, and foreign 682 1170 58
odies
916-928 Other accidents 10665 14395 74
929 Late effects of accidental injury 20 69 29
930-949 Drugs, medicinal and biological substances causing adverse 0 611 0
effects in therapeutic use
950-959 Suicide and self inflicted injury 2499 3330 75
960-969 Homicide and injury purposely inflicted by other persons 1657 2867 58
970-978 Legal intervention 11 15 73
980-989 In]frry Léndetermined whether accidentally or purposely 87 118 74
inflicte
990-999 Injury resulting from operations of war 1 1 100
No valid E code 53 76 70
800-999 Total 42374 67499 63
*1st admission only, excluding day patients, excluding medical procedures.
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Figure 4 Trends in rates (age adjusted) of injury discharges with
and without full restrictions, 1989-98.

Pre-reference years | Reference year Post-reference years

A
—0 1y
—t
-l—C 777777 - 2
D

Figure 5 Alternative admission and discharge date scenarios.

In our analyses we used the operational definition of an
injury as those pathologies included in the injury and poison-
ing chapter (XVII) of the International Classification of Diseases.
Our analysis of diagnoses for those injuries due to medical
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procedures raises questions about this traditional approach.
Ninety three per cent of the relevant E codes had pathologies
in the diagnostic range: “complications of surgical and medi-
cal care not elsewhere classified” (996-999). Reference to
fourth digit classifications for these codes suggests that the
majority are not injury as has been theoretically defined.” A
further 3% were 995: “certain adverse effects not elsewhere
classified”. Smith and others have argued that conditions in
the range 995-999 should be excluded from the definition of
injury for most studies because they have different aetiology
and means of prevention.® In our view, neither is sufficient
grounds for exclusion. Rather the decision should be based on
whether they meet the theoretical definition of injury. Many
would appear not to. Typical of these is 996.0: “mechanical
complication of cardiac device, implant and graft”. There are,
however, some notable exceptions, for example: 997.0:
“central nervous complications (for example, anoxia brain
damage during or resulting from a procedure)”, 998.2:
“accidental puncture or laceration during a procedure”, 998.4:
“foreign body accidentally left during a procedure”.

It has also been pointed out that the converse situation
exists within the International Classification of Diseases, 9th revi-
sion, namely that there are conditions which fall outside the
800-999 range which some would classify as injury.” These
include musculoskeletal conditions related to the knee and
back (717, 718, 724) and certain conditions of the eye (366.2).

We only examined cases that had a principal diagnosis of
injury in the range 800-999. As we have shown in fig 2 this is
critical for interpreting trends in injury. This result serves to
illustrate how susceptible trends in injury may be to changes
in health services management practice. Ideally when
examining trends in injury the choice of indicator should be
minimally susceptible to such effects. One approach would be
to select only those injury cases which meet an anatomical
severity threshold.’
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Table 5 Distribution of cases by injury and discharge year for fully restricted cases discharged, 1989-98
Injured in the Discharged
Discharged in re#erence year, subsequent to
the reference discharged the reference % Overestimate
ear, injured Injured and subsequent to ear and injured from using
efore the discharged in the the reference ‘éefore the Estimated discharges to
reference year  reference year  year (C, up to reference year  incidence Discharges estimate
Reference year  (A) (B) 1998) (D, up to 1998) (B+C) (A+B) incidence
1989 2876 36974 1689 3378 38663 39850 3.1
1990 2326 38568 1753 2741 40321 40894 1.4
1991 2364 37641 1601 2130 39242 40005 1.9
1992 2198 36993 1366 1533 38359 39191 2.2
1993 1910 39858 1258 989 41116 41768 1.6
1994 1901 43157 1093 346 44250 45058 1.8
1995 1334 42503 806 105 43309 43837 1.2
1996 847 41267 721 64 41988 42114 0.3
1997 735 41768 708 50 42476 42503 0.1
1998 758 41567 0 0 41567 42325 1.8
Note: 152 cases discharged in 1993 had an injury year of 1900 and 523 cases discharged in 1994 had no injury year.
These cases have been regarded as injured in their discharge year.

The principal diagnosis field is meant to be used to code the
primary reason the patient was admitted for treatment. How
well this was done for the series we examined is not known.
Moreover there would be cases where it would be difficult to
make such a decision—for example, a patient who had a car-
diac arrest and a major injury.

The results for day patients and readmissions further
underscore the importance of considering the biases in
estimates of incidence which occur when they are not
excluded. The size of the effects for various case selection cri-
teria serve as a significant warning for others producing
country specific estimates and undertaking international
comparisons of the incidence of injury requiring hospital
inpatient treatment.

Our examination of date of injury and date of discharge
serves as warning that users of similar data from other coun-
tries should not assume the number of cases admitted in a
reference year which are not discharged in that year is offset
by the number of cases discharged in the reference year which
were admitted prior to the reference year. As we have shown
for New Zealand the effect is to consistently overestimate
incidence, although the effect is relatively small.

We recommend that:

(1) Those using New Zealand hospital discharge data for
determining the incidence of injury should: (a) select cases
which meet the following criteria: principal diagnosis injury
only cases, patients with day stay of one day or more, and first
admissions only, (b) note in their reporting that the measure
is an estimate and could be as high as a 3% overestimate.

(2) Other countries with similar data should investigate the
merit of adopting a similar approach.

(3) That the International Collaborative Effort on Injury
Statistics review all diagnoses within International Classification
of Diseases 9th and 10th revisions with view to reaching
consensus on an operational definition of an injury.

Finally, it should be noted that our recommendations are
concerned with measuring the incidence of injury. There will
be other circumstances when one may well select cases differ-
ently. For example, including readmissions with first admis-
sions would be appropriate in determining the total burden of

hospital treatment. Similarly, examining car crashes which are
due to disease (for example, fatal heart attack) may provide
useful insight into new opportunities for prevention.
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