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Abstract
Translating risk estimates derived from epidemiologic study into evidence of causality for a
particular patient is problematic. The difficulty of this process is not unique to the medical
context; rather, courts are also challenged with the task of using risk estimates to infer
evidence of cause in particular cases. Thus, an examination of how this is done in a legal
context might provide insight into when and how it is appropriate to use risk information
as evidence of cause in a medical context. A careful study of the case of Goodman v.
Viljoen, a medical malpractice suit litigated in the Ontario Superior Court of Justice in
2011, reveals different approaches to how risk information is used as or might be considered
a substitute for evidence of causation, and the pitfalls associated with these approaches.
Achieving statistical thresholds, specifically minimizing the probability of falsely rejecting
the null hypothesis, and exceeding a relative risk of 2, plays a significant role in establishing
causality of the particular in the legal setting. However, providing a reasonable explanation
or establishing “biological plausibility” of the causal association also seems important, and
(to some) may even take precedent over statistical thresholds for a given context.

Introduction

The process of translating estimates of risk derived from clinical
study to claims of causality for a particular patient poses a consid-
erable problem in the practice of medicine. While it may be the
case that claims of causality are unlikely to be confirmed with
certainty, clinical application of a particular therapy is predicated
on the belief that where it is used a specified health outcome can
be achieved. That is, there is some expectation (by both the
physician and patient) that the patient will (likely) avoid a disease
or have his or her symptoms minimized or eliminated, making the
perceived relationship between the therapy and outcome ‘effectively
causal’. However, this begs the question as to under what
circumstances one can reasonably consider information derived from
clinical study as functional evidence of causality in individual cases.
To determine where and how risk estimates might provide

evidence of cause in a clinical context, it is prudent to determine
how the claim that some factor is a cause of some health outcome
is understood. Rothman and colleagues define cause as "an event,
condition, or characteristic that preceded the disease onset and
that, had the event, condition, or characteristic been different in a
specified way, the disease either would not have occurred at all or
would not have occurred until some later time" [1; p.6]. Epidemiol-
ogy studies, including clinical trials, estimate the relative frequency
of some outcome given the presence or absence of some risk factor

(usually a clinical intervention, such as a medical therapy). Thus,
epidemiology studies do not directly address the issue of causality
(either at the population or individual level); rather, the relative
difference in risk is used to imply that were the risk factor not present
(i.e. event, condition, or characteristic were different), the outcome
(i.e. disease) would not have occurred. As such, consumers of these
studies are left to translate this relative difference in risk into
evidence of cause for a particular context, in some cases at their
own peril (as we propose to show in the following).

Epidemiology does not provide definitive instruction on how to
best use risk information as evidence of cause, most notably in
translating risk estimates at the population level to claims of cause
for a particular patient. This situation is not unique to the medical
context. For example, courts are often challenged with establishing
cause in a particular case on the basis of risk information derived
from scientific study. The burden of the plaintiff is to establish that
were it not for the actions of the defendant, the outcome in
question would not have occurred. This is known as the ‘but for’
test (i.e. sine qua non), and is the underlying principle of the law of
torts [2,3]. This task parallels that of epidemiologists in establishing
cause, as outlined in the definition by Rothman et al., presented
earlier. However, where causation cannot be definitely established,
the ‘but for’ test is considered to be ‘unworkable’. In such
circumstances it is the task of the plaintiff to establish that the
defendant materially contributed to the occurrence of the outcome
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in question [2]. Again, one can see an intriguing (but perhaps spuri-
ous) parallel to the task of the physician in establishing the benefit of
a specified therapy (i.e. risk information from the clinical trial as
evidence that the therapy will materially contribute to attaining
the desired health state in the patient). Thus, an examination of
the process of how risk information is translated into evidence
of cause in a legal context might provide insight into when and
how it is appropriate to do so, and illustrate conceptual challenges
regarding both what constitutes evidence of cause, and how to
interpret findings from epidemiologic study. This will be achieved
through the examination of the case in Goodman v. Viljoen [4],
where it was successfully argued that ‘but for’ the actions of
the physician of the plaintiff, a specified harm to the plaintiff
would have been avoided or reduced in severity. The relevant de-
tails of this case are as follows:
In August 1995, Mrs Goodman was admitted to hospital for

premature rupture of membranes and subsequent preterm twin
birth. The children would later be diagnosed with cerebral palsy
(CP). The plaintiff alleged that had she (i.e. Mrs Goodman)
received proper advice and assessment from her physician 2 days
earlier, she would have been admitted to hospital at that time and
would have benefited from a full course of antenatal corticosteroids
(ACS). Currently a standard of care in cases where there is risk
premature birth or that such is imminent, ACS is administered in
order to reduce the risk of neonatal death, respiratory distress
syndrome, and intraventricular haemorrhage [5]. Some studies seem
to indicate that neurodevelopment, specifically the avoidance of
developmental delay and CP, might benefit from ACS [6]. The
position of the defence was that ACS would not have prevented or
reduced the severity of CP in Mrs Goodman’s children, as the
evidence from clinical science (available at the time of trial) did
not support the claim of a causal association between ACS and the
incidence/severity of CP. The ruling of the judge was in favour of
the plaintiff.1

It is not our purpose here to settle the debate over the veracity
of a causal association between ACS and CP, nor is it our
intention to question if the defendant was indeed negligent in
his actions or responsible for the outcome. These are interesting
questions for further examination elsewhere. Rather, our goal is
to critically appraise the clinical research with respect to what
extent this information can be interpreted as evidence for or
against a causal association between ACS and CP; at face value,
does this evidence help to settle the matter of a causal associa-
tion between ACS and CP? We will orient our examination
around three distinct questions that were relevant to the assess-
ment of causality in the Goodman trial, which we will address
to in order:
1 Is ACS (or lack of its administration) a contributing cause of

CP?

2 If ACS is administered2 in an individual case, is it more
probable than not that cerebral palsy will be avoided?

3 If cerebral palsy is not avoided after administration of ACS,
does the administration of ACS reduce its severity?

Question 1: Is ACS (or lack of it administration) a contrib-
uting cause of cerebral palsy?

The plaintiff in Goodman argued that CP occurred because ACS
was not administered (~ACS). Data acquired from a systematic
review and meta-analysis of five randomized clinical trials
demonstrates that ACS does not entail that CP would be avoided
(~CP) [7,8]. In a combined sample of 490 women admitted to
hospital for premature labour and administered ACS, 4.08%
(20/490) of them gave birth to a child diagnosed with CP. This
data is presented in Table 1. Assuming ACS was administered
correctly, CP was correctly diagnosed, and the trial participants
reflect the general population of interest, this data implies that
CP has causes not always addressed by ACS. It was observed
in the systematic review that 6.76% (28/414) of children born
premature to women, who were not administered with ACS,
were diagnosed with CP. Thus, the probability of CP given
~ACS is approximately 0.07. In other words, it is quite unlikely
one will be born with CP even when ACS is not administered.
This is a weak position from which to make claim causality.
However, this is not to say that failure to administer ACS does

not contribute to the occurrence of CP. Assuming each study in the
review was effective in eliminating systematic differences in
confounding variables between groups (i.e. through randomization
and blinding), there is an absolute difference of 2.68% (6.76%–4.08%)
in the rate of CP that can reasonably be attributed to ACS. In other
words, a fraction of the CP cases in the ~ACS group would likely
have been avoided had ACS been administered, and thus, failure
to provide ACS could be seen as contributing to the occurrence of
those cases.
What has been suggested so far is a reduction in CP risk in the

sample population that can be attributed to ACS.3 This does not
necessarily mean that we can expect the same results in the general
population. It is possible that the randomization process failed to
balance the groups on some important characteristics related to
CP, and/or what was observed was due to a sampling error, such

1The judge’s ruling was as follows: ‘Both Drs Barrett and Perlman,
exercising their clinical judgement and expertise, considering the statistical
evidence, answered unequivocally that it is more likely than not that had
the twins received a full course of steroids, they would not have suffered
the injuries they did, or the magnitude of those injuries would have been
reduced. I agree with this conclusion. It is supported by the statistical and
medical evidence and the common sense inferences that flow therefrom. I
therefore find that the plaintiffs have established on a balance of probabil-
ities that the defendant’s negligence caused the CP from which they now
suffer’ ([4]; p.32, paragraph 207).

2In the case of Goodman v. Viljoen [4], ACS was administered. What is at
issue is the plaintiff’s claim that the timeliness of injection was insufficient
to gain the full benefit of the therapy. Therefore, I will assume that ACS
was not administered for the purpose of this paper.

Table 1 Cases of cerebral palsy with respect to antenatal corticosteroid
therapy

CP ~CP Total Risk

~ACS 28 386 414 0.068
ACS 20 470 490 0.041
Total 48 856 904 0.053

Data adapted from Cochrane review of clinical trials by Roberts et al.,
2006 [8]. Relative risk = 1.66 (0.068/0.041).
ACS, antenatal corticosteroids; CP, cerebral palsy.

3See Broadbent (2013) [10] for further discussion on this interpretation of
epidemiologic measures of causal association.
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that the participants in these studies were not representative of the
whole population of children born premature. Inferential statistics
can provide us some guidance in these matters.
Let us start by assuming there is no true difference between

those who receive ACS and those who do not with respect to the
proportion of children born with CP. We will call this our ‘null’
hypothesis. We can calculate the probability that we would
observe a given distribution or one more extreme, or find a difference
in the absolute risk of ≥2.68% in our sample in the event that the null
hypothesis is indeed true. If the probability was sufficiently low, it
would give us grounds to reject the null hypothesis, implying that
the difference we observed can be inferred to the whole population.
Using statistical methods typical of clinical medicine research (i.e.
chi-square test), the probability was calculated at 6.5% (i.e.
P=0.065).
What should we make of this probability? The convention in

clinical medicine research is to reject the null hypothesis when
the calculated probability is less than 5% (i.e. P< 0.05). Thus,
from the perspective of clinical medicine research, there is no
reason to believe that ACS has an effect on reducing the risk of
CP. Despite the observed 2.68% absolute increase in risk, whether
or not (and to what extent) ~ACS is a contributing cause of CP is
inconclusive. There is a caveat to this interpretation. Because
frequentist statistical methods, such as those described earlier,
seeks to minimize error in the interpretation of study outcomes
over the long run, it is possible that we may (1) incorrectly reject
the null hypothesis when it is indeed true or (2) fail to reject the
null hypothesis when it is indeed false. One cannot know for
certain with any particular study if either of these errors has
occurred, limiting our ability to conclude anything definitive with
respect to the relationship between the variables in question from
any single study. What we do know is that over the course of many
studies this approach will rarely let us down as a general rule of
interpretation.
Failing to meet the statistical burden of a causal association in

epidemiologic study, which traditionally relies on a frequentist
statistics, the plaintiff in Goodman took the unprecedented step
in Canadian judicial context of adopting a Bayesian approach to
interpreting trial data. Bayesian calculation seeks to determine
the probability of some outcome (in this case, the relationship
between CP and ACS) given some observation (in this case, the
data from the systematic review). This approach invokes putative
prior knowledge of the probability of the outcome, upgrading or
downgrading this probability as new information is considered.
Using the Bayesian approach, the plaintiff’s expert witness
calculated a 90% probability of a reduction in the risk of CP had
ACS been administered, based on the clinical study data. In other
words, this witness contended that it is highly likely that ACS
contributes to reducing the occurrence of CP. This is not to say
the ~ACS is a cause of CP, but rather that ~ACS is a contributing
factor in its occurrence.
Both quantifying the prior probability and interpreting the

assigned posterior probability are subjective, again limiting our
ability to definitively identify ACS as a contributing cause of CP.
Unlike in the frequentist method of hypothesis testing, Bayesian
calculations do not provide guidance on how to interpret the
posterior probability when it is short of 100% (or equal to 0%). It
is noteworthy to mention that Bayesian analyses are uncommon in
clinical trials or in the assessments of pharmaco-epidemiologic data.

Furthermore, as the use of Bayesian analyses in court decisions is
also rare, we believe that its use in the case of Goodman warrants
careful consideration [9]. We will further discuss how differences
in frequentist and Bayesian statistical inferences impact clinical
decision-making in the context of Goodman (below).

Question 2: If ACS is administered in an individual case, is
it more probable than not that cerebral palsy will be
avoided?

Let us assume that ~ACS is a contributing cause of CP. That is, we
will assume that the sample data presented in Table 1 is indeed rep-
resentative of the whole population of children born premature. We
are now challenged with demonstrating that it is more probable than
not that CP would have been avoided had ACS been administered.
In a legal context, specifically where more than one agent can cause
the outcome in question, the standard of evidence is to establish that
the ‘balance of probabilities’ favours one agent over another. That
is, given ‘state A’ over ‘state B’, it is more probable than not that
‘outcome X’ would be avoided [10,11]. This equates to >50% of
the combined risk attributed to the source (e.g. state A) in question,
or in statistical terms, a relative risk (RR) of >2.

The risk of CP in the ~ACS sample population was estimated at
6.76%. As it is the case that for every 93 children born premature
and without CP, there are only seven children born premature and
with CP, one could argue that it is more probable than not that CP
would have been avoided even if ACS had not been administered.
That aside, the court’s interest was ascertaining the probability that
this particular case of CP was due to ~ACS rather than some other
factor. In order to state that it is more probable that cerebral palsy
would have been avoided, one must demonstrate that the risk at-
tributable to ~ACS was greater than the risk from other sources.

The data acquired from the systematic review seems to imply
that this is not the case. As we mentioned in the previous section,
only a fraction of the cerebral palsy cases in the ~ACS sample
population would likely have been avoided had ACS been admin-
istered – the 2.68% absolute risk attributed to ~ACS use is less
than the 4.08% absolute risk that we are led to believe is indepen-
dent of ACS therapy. In statistical terms, this equates to a RR of
CP for ~ACS (compared with ACS) of 1.66 (i.e. we expect 2/3
more CP cases in the ~ACS population) – well below the RR
threshold of 2 required by the ‘balance of probabilities’ criteria
to claim someone is materially responsible in a legal context.4

Looking at the problem another way, consider a population of
10 000 children born premature. If none of their mothers were
administered ACS, one could estimate that 676 of these children
will develop CP. Assuming ACS is effective in reducing the risk
of CP, our estimate is that 268 of the 676 CP cases would have
been avoided had ACS been administered (Group A), leaving a

4The 66% increased risk is not statistically significant using the frequentist
approach, as mentioned in the previous section. Thus, we cannot be sure
that there is an increased risk, or that the magnitude of increase is as calcu-
lated (assuming the risk is in fact higher for ~ACS). The argument that it is
not the case that it is more probable than not that cerebral palsy would have
been avoided is made on the assumption that the estimated increased risk is
factual. If we believe that there is no effect of ACS on cerebral palsy, then
it is unnecessary to argue that it is more probable than not that cerebral
palsy would have been avoided, as it would not be possible that those in
the ACS group could have a reduced risk as a result of ACS administration.
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balance of 408 cases where CP would not have been avoided had
ACS been administered (Group B). For it to be more probable than
not that CP would have been avoided had ACS been administered,
the probability that a randomly chosen individual with CP in this
population is from Group A must be greater than the probability
he or she is from Group B. This is not the case here – an individual
has a better chance of being from Group B than Group A.
Using the Bayesian approach, the plaintiff’s expert witness

calculated the risk of CP increases in the order of 70% where
ACS is not administered. Again, considering our population of
10 000 children born premature, if we assume a base rate of 408
cases of CP had ACS been administered, the 70% increase in risk
would mean an additional 281 cases had ACS been denied. From
the Bayesian perspective, it is slightly more probable that that a ran-
domly chosen individual with CP would have come from the group
that could have benefited from ACS, when compared with that es-
timate using the frequentist approach. However, as was the case
using the frequentist analysis, it is still more likely that such an in-
dividual would have come from the group where CP would not
have been avoided. Thus, there is no statistical support for the claim
that it is more probable than not that cerebral palsy would have been
avoided had ACS been administered, based on the data provided in
the systematic review of clinical trials and irrespective of the statis-
tical methodology (frequentist or Bayesian) to which one subscribes.

Question 3: If cerebral palsy is not avoided after adminis-
tration of ACS, does the administration of ACS reduce its
severity?

It is not our purpose to challenge the validity of the plaintiff’s di-
agnosis of CP. However, an examination of whether or not ACS
would have reduced the severity of CP does require some
understanding of what CP is, how it is diagnosed and what it is that
could be reduced in severity. Historically, the term ‘cerebral palsy’
has been used to describe a wide range of permanent disorders
related to neurodevelopment and neuromuscular control of move-
ment and posture. Although attempts have been made to sharpen
the clinical definition of this condition, the general agreement
among experts is (1) CP represents a condition with significant
heterogeneity of aetiology and types and severity of impairments
and (2) CP is ‘essentially a clinical formulation based on phenom-
enology’ [12; p.9]. We will base our discussion on the definition
provided by an international panel of experts on CP, as follows:

Cerebral palsy (CP) describes a group of permanent disorders of
the development of movement and posture, causing activity
limitation, that are attributed to non-progressive disturbances
that occurred in the developing fetal or infant brain. The motor
disorders of cerebral palsy are often accompanied by
disturbances of sensation, perception, cognition,
communication, and behaviour, by epilepsy, and by secondary
musculoskeletal problems. [12; p.9].

The virtue of this definition is comprehensive in the range of
issues encompassed by cerebral palsy, but it is nevertheless quite
vague in many respects. For example, it is not clear how one mea-
sures a disorder of movement and posture independent of its pur-
ported manifestations (i.e. activity limitations). It is conceptually
difficult to attribute the cause of some effect to a particular entity

if that entity cannot be measured independently of the effect. It
is also not clear to what extent movement and posture abnormali-
ties must limit activity in order to be classified as CP. The authors
of this passage provide reference to theWorld Health Organization’s
definition of activity limitation as ‘difficulties an individual may
have in executing activities’. While this meaning of activity limita-
tion is more precise, it is still not clear as to how one determines
‘difficulty’ in ‘executing activities’. What constitutes ‘difficulty?’
How is ‘difficulty’ measured? Which activities are relevant? As no
objective scale or criteria to determine if an individual has CP is
available, the assessment of such requires judgement by a physician.
Each physician will have some threshold by which he or she deems
activity limitation as clinically relevant, and attributable to a
congenital, permanent, and non-progressive movement and posture
disorder. That is, there is a line of demarcation that separates a diag-
nosis of CP from a subclinical manifestation of symptoms. Those in
the latter group would not be diagnosed with CP, and thus, would be
classified as not having CP in clinical trials that use a dichotomous
outcome (yes vs. no) for the disease, such as the trials described
earlier. The same could be said about the disturbances of sensation,
perception, cognition, communication and behaviour that may or
may not accompany the primary activity limitation, although their
occurrence is not required for a diagnosis of CP. Where these
‘cofactors’ are important to our examination will relate to how one
determines a reduction in severity as a result of ACS.
The favoured method for evaluating the effect of ACS on reduc-

ing CP severity is a prospective clinical study, preferably a ran-
domized controlled trial. One would compare the severity of CP
in children born by mothers who did not receive ACS with that
among those born by mothers who did receive ACS. One could
measure disease severity using a scale, such as the Gross Motor
Function Classification System [13,14]. However, it is not clear
how one integrates changes in the cofactors when evaluating
reduced severity, as these factors are not part of the scale. For
example, one could imagine a scenario where the ACS group shows
an overall improvement in activity limitation, but has a higher prev-
alence of each cofactor. Unfortunately, the medical literature does
not offer empirical support for the position that CP severity would
be reduced, as no such study has been reported in the context of
ACS. The studies that examined the relationship between ACS and
CP focused specifically on the prevalence of its diagnosis (as judged
by the authors of each study), rather than its severity.
Despite the lack of empirical support for an observed direct effect

on severity by ACS, it was nonetheless argued by the plaintiff’s ex-
pert witnesses to be the case. The argument is made as follows: (1)
CP is a condition that exists on a continuum, (2) steroids act to stabi-
lize cell membranes, making them more resilient to damage, (3) it is
accepted in the literature that ACS will reduce the severity of respi-
ratory disease, chronic lung disease and other short term outcomes
and (4) improvement on these outcomes, coupled with more resilient
cell structures, reduces the risk of known risk factors for CP, such as
intraventricular haemorrhage and periventricular leukomalacia,5

therefore, (5) as infants born to mothers receiving ACS on average
show reduced severity in those negative health outcomes that have
been the target of previous clinical investigation, and as such infants

5It is noteworthy that neither of these conditions was present in the plain-
tiff’s children.
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are generally in better health (relative to ~ACS infants), there is no
reason to believe that CP symptoms would not improve as well.
The presented position is strengthened by the fact that it also provides
an explanation for why CP is shown to be less likely to occur when
ACS is administered (i.e. it provides biological plausibility to the sug-
gestion that the administration of ACS has efficacy with respect to
diminishing the risk of CP [15]), but note that the inference is poten-
tially biased, as there are no objective criteria to rule out some other,
perhaps equally plausible explanation (e.g. the relationship between
ACS and cerebral palsy is stochastic in nature – that is, risk is unre-
lated to disease severity6).
The model we choose to explain how ACS affects CP has

significant implications on what support we have for the belief that
severity of the disorder would be reduced in the event that it was
not avoided. Let us assume that among those diagnosed with CP
(had ACS not been administered), a measure of the disorder sever-
ity follows a normal distribution (Fig. 1). That is, there are few
individuals showing low or high severity, and a large frequency
of individuals showing moderate levels of severity. At the extreme
low end of the distribution is the threshold for clinical significance
(i.e. the point at which, above, one is diagnosed with CP and be-
low, CP is deemed absent). If we believe that ACS reduces the se-
verity of CP (the opinion of the plaintiff’s expert witness), one
would expect a shift in this distribution in the direction towards

the threshold for clinical significance (Fig. 2). Using this model,
those on the low end of the distribution of severity would be
‘cured’ of the disorder had ACS been administered (explaining
the risk reduction due to ACS), and all other individuals would
see their severity reduced in a linear fashion. An alternative model
might posit that the mechanism that reduces the probability of CP
in an infant is independent of the mechanism that determines the
severity of the disorder. There is no expectation that ACS should
influence both of these mechanisms. Thus, the probability that
CP would be avoided given ACS is equal for all individuals on
the severity distribution, causing a ‘flattening of the curve’ (Fig. 3).
Using the alternative model, CP would be avoided in some
individuals, whereas all the other individuals would not realize
any changes in the severity of the disorder. In the absence of
empirical data, any number of additional models is also plausible.
For example, those on the extreme high end of the distribution might
see a reduction in severity, with diminishing reductions as one
moves towards the threshold (a non-linear relationship), or somewill
see a reduction in severity, whereas others will not, etc.What matters
in the context of the legal case we are examining here is that the
probability any individual would be from the group where CPwould
be avoided or severity reduced exceeds that where CP is not avoided
or severity is not reduced. Only the model advanced by the plaintiff’s
expert witness guarantees this is the case.

What this case teaches us about when risk estimates are
‘evidence’ of causality

The Goodman case raises the issue of whether or not information
of risk can substitute for evidence of causation [9]. Most notable is
the extent to which the probabilistic association between an event
(failure to administer ACS in a timely manner) and an outcome
(CP) is evidence that had the event not occurred in the described
scenario the outcome certainly would not have occurred. The
debate in the case presented here primarily centred on statistical
thresholds –minimizing the probability of falsely rejecting the null
hypothesis, and achieving a RR> 2. Thus, it seems that achieving
these statistical thresholds to some extent plays a role in establish-
ing causality of the particular. Thresholds play an important part in
determining evidence of causality in clinical medicine as well,
specifically with respect to achieving a P< 0.05. However, the
burden of a RR> 2 is not part of the determination of evidence
(of effectiveness or causality) in a clinical setting, in part because
the effects of many therapies or contributions of individual factors
on some outcome are often small.

6It is possible that the mechanism that promotes the risk of cerebral palsy is
independent of the severity of the disease in the event that it occurs. That is,
reduced risk does not entail reduced severity. For example, the probability
that cancer may occur as a result of exposure to ionizing radiation is
thought to increase as the radiation dose to the tissue increases, and yet,
the severity of that cancer is not necessarily related to the radiation dose
(e.g. [17]).

Figure 1 Theoretical distribution of cerebral palsy severity.

Figure 2 Shift in the distribution if cerebral palsy severity is reduced
equally for all infants.

Figure 3 Potential change in the distribution if the probability of avoiding
cerebral palsy is the same for all infants.
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While much of the debate in Goodman focused on translating
statistical risk from a trial population to an individual case, and
establishing that statistical thresholds were met, it was noted by
the judge that this is not the only important factor in determining
causality:

This statistical information is of course just one piece of
evidence the court must consider in determining the issue of
causation. Statistics represent generalizations and not the
particular circumstances of a given case. At best, they are
numbers which are dependent on the underlying data and the
limits of scientific knowledge. Context, human experience and
interpretation are required if statistics are to have any real
meaning. ([4]; p.32, paragraph 206).

Recognizing that thresholds were not met, the plaintiff’s expert
witnesses invoked mechanistic arguments to show that the
purported connection between the exposure and outcome was
plausible – a strategy that seemed to convince some of the trial’s
key stakeholders. Again, we see some similarity with the clinical
medicine community – what Hill (and others in the epidemiology
community) would describe as ‘biological plausibility’ [1,15] is an
important consideration in determining if risk estimates are
evidence of causality in clinical medicine settings. Another important
consideration in both the legal and clinical medicine contexts is that
the data is acquired using a high qualitymethodology (e.g. randomized
controlled trials).7

On the basis of the presented legal case, the process of translating
risk information from a population to evidence of causation for an
individual appears to require that (1) a statistical association between
the exposure and outcome meets some pre-specified threshold(s)
(e.g. RR> 2 and the probability of a spurious result is sufficiently
low), (2) data on population level risk is acquired using high quality
research methods and (3) a plausible mechanism for why the
exposure causes the outcome be established. Compare this with the
standard model of prediction in medicine, as described by Fuller
and Flores [16], which illustrates how physicians translate risk infor-
mation from a population to individuals for purposes of therapeutic
decisions and prognosis. The ‘Risk Generalization-Particularization
Model’ is a two-step process, whereby the physician generalizes a
study population derived risk measure to a target population contain-
ing the patient of interest, and then transforms this risk measure to
yield a probability of benefit for a particular patient from the target
population [16]. On the most basic level, both processes permit the
assumption that what is established at the population level is true
for the individual (a simple approach to translating risk). A notable
difference is that the Risk Generalization-Particularization Model
does not explicitly consider risk thresholds, such as the balance of
probabilities principle (i.e. RR> 2) in tort cases; rather risks are
translated using the same process, irrespective of their observed

magnitude. This is due to the fact that (1) therapeutic effects and
the contribution of a particular exposure on outcomes are quite small,
and thus, RR> 2 is often not observed and (2) whether or not a
RR> 2 threshold ismet is not informative in predicting the probability
that the exposure will cause the outcome (for this one would use the
risk difference, rather than the RR). With respect to the second issue,
consider a circumstance where the base risk is extremely low
(e.g. 1/million). Evenwhere the risk would slightlymore than double
(i.e. RR> 2), there would be no appreciable change in (perceived)
risk to the individual (i.e. risk of 1/million → 2/million) such that
management decisions with respect to care would likely change,
especially considering other factors (e.g. side effects and financial
burden). Whereas in the medical context, the RR> 2 would likely
have no bearing on the choice of management, any party or agent
responsible for raising this risk (despite it size in absolute terms)
would be liable in a legal context under the principle that the balance
of probabilities was met, and thus, it would be established that the
party or agent materially contributed to the occurrence of the
outcome in question.
Even if it were shown that an increase in risk was established,

one cannot definitely state that the individual is at the same risk,
or that the occurrence of the outcome was even attributable to
the established risk factor. Rothman and colleagues [1] recognize
both that the cause of any negative health outcome is multifaceted,
and that the occurrence of a particular risk factor is itself not
sufficient; rather, there is a minimal set of conditions that must
be met in order for a specified outcome to occur. For example,
the fact that CP was present in a number of children whether or
not ACS was administered suggests there are causes or conditions
that must be met for CP to occur beyond ACS administration. Trial
evidence does not provide information on this minimal set of
conditions, and Bayesian calculations are no substitute for this
lack of information. At best, trial evidence can provide us with
information that some exposure is associated with the outcome,
but this does not itself guarantee that where that exposure is present,
the outcome will occur. The case presented here demonstrates some
of the pitfalls that arise when one attempts to fill in knowledge ‘gaps’
related to the unknown conditions. Ultimately, personal values may
be the arbiter of which information takes precedence in establishing
causality in a given context, as was evident in how the plaintiff
and defendant each gave primacy to different features of the
presented data.
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