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a b s t r a c t

“Don’t worry, it’s more dangerous driving here than having the anaesthetic”. This statement may be
reassuring, but it isn’t true. Despite its falsehood, it is often quoted as it evokes a visceral response that
suggests the procedure is low risk.

Communicating risks and probabilities to our patients is an everyday occurrence for clinicians - but are
we correctly understood? Are we over-reliant on numerical expressions of risk? Could comparative
examples of probabilities aid the understanding of risk?

In this article the communication of numerical probability in healthcare is examined and a table of
commonly used probabilities aims to improve understanding by converting numerical expressions into
more tangible, real-world, examples.

To allay a patient’s fear of awareness it is perhaps reassuring to know that you are more likely to guess
my four-digit bank personal identification number first time than experience awareness during a general
anaesthetic. Conversely, and providing much less reassurance, taking ten trips into space with NASA is
safer, in terms of 30-day mortality, than an emergency laparotomy in the UK.

Clinicians are invited to trial this method for communicating probability, in carefully chosen cir-
cumstances, and read the cues and outcomes from the communication that follows.

© 2019 Elsevier Ltd. All rights reserved.
“Don’t worry, it’s more dangerous driving here than having the
anaesthetic”. There it is again, overheard in a busy day surgery unit.
I’ve even said it myself. I thought it was true. But is it? As with all
things, it depends. Which car you drive, the distance, your driving
skills, the driving conditions, your physical health, the skills of your
surgeon/anaesthetist, the procedure itself, whether your anaes-
thetist had breakfast [1] and the human factors of the team could all
influence the risk a patient is exposed to on a given day.

To test this statement, we will first set the parameters. The
procedure will be elective day case surgery on a healthy adult free
from comorbidity and therefore a model American Society of
Anaesthetists (ASA) grade 1 patient [2]. For this patient, is it truly
safer on the table than at the wheel of a car driving to the hospital?

The calculated risk of dying whilst driving to the hospital (in the
UK):

In 2015, 247,700,000,000miles were travelled in amotor vehicle
in the UK, with 754 fatalities [3]. Therefore, statistically speaking
(though this is a very simplified model), every 328,514,589 miles
travelled in a car leads to a death, giving a crude per mile
probability of 0.000000003. This translates into a 3 in a billion
chance of dying if you drive 1 mile. Let’s say you drive 10 miles,
because you need to pick up your Aunt Mary who’s going to drive
you home after your operation. 3 in 1 billion becomes 3 in 100
million, or 1 in 33 million.

Maybe Aunt Mary loves motorcycles and insists you collect her
by motorcycle. In the UK there have been 365 deaths in 2.8 billion
miles travelled by motorcycle [3]. This converts to a 1.3 in 1 million
chance of dying on the same journey to hospital.

The reported change of dying from an elective ASA grade 1
general anaesthetic varies between publications. The risk originates
predominantly from airway catastrophe and rare adverse drug re-
actions. It is probably in the region of 1 in 100,000 [4e7]. It turns
out that driving a car to the hospital, in terms of the chance of
dying, is over 300 times safer than having an elective general
anaesthetic.

It should be noted that with emergency surgery comes a sig-
nificant increase in risk. In truth this is a combination of risks from
the anaesthetic, the procedure itself, the presenting pathology and
the postoperative risks. Combining all of these gives an average 30-
day mortality following an emergency laparotomy in the UK of
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approximately 15% [8,9]. The probability of mortality for a given
procedure, or factoring in a known comorbidity, can be estimated
using scoring systems such as the P-POSSUM [10]. Though appli-
cation to individual cases was certainly not their intended use, and
use in this manner has its shortcomings, it is nonetheless
commonplace in clinical practice.

We often express numbers and probabilities, sometimes plati-
tudes, to patients. But how successful is this? Are we often
misunderstood? After all, 50% of patients (and physicians) under-
stand numbers less well than average. For further proof of the poor
understanding of probability amongst humans the Monty Hall
problem [11] is a greatly exasperating example that will leave you
wondering howon earth it works: if a TV show host gives you three
closed doors and a prize behind only one door, you choose a door
Table 1
Probabilities, medical risks and equally probable real-world comparators.

Probability Medical example

75% Chance of dying if, during a stay in ITU, you suffer >3 organ failure at
point [20].

50% Historical chance of dying if your abdominal aortic aneurysm ruptures
modern figures have improved to 27e35% 30-day mortality [8,23].
Chance of having schizophrenia if your identical twin does (48%) [24]

25% Chance of headache after lumbar puncture (varies with patient group
technique and needle size, but approximates to 20e25%) [25].
In-hospital mortality if in acute kidney injury (AKI) stage 2 (creatinine
greater than baseline) (25.6%). In AKI stage 3 the figure is 33% [26,27]

15% Chance that a 60 year old male who smokes 15 cigarettes per day will h
myocardial infarction or stroke in the next 10 years [28].

10% Chance of dying if you were admitted to HDU/ITU with influenza duri
winter
2016-17 [29].
30-day mortality from ST-elevation myocardial infarction in the UK is
approximately 8% [30].

5% Chance of dying in 30 days if a saddle pulmonary embolus (PE) is foun
CT pulmonary angiography [32,33] (crucially this excludes a significan
group with fatal pulmonary emboli presenting as sudden death in the
community and those too unstable for CTPA) [33,34].
Chance of arterial puncture in central line placement [35].

2.5% 30-day mortality following non-ST elevation MI. Datasets quite variab
depending upon source: 2.5e3% appears to be a fair approximation [36e

1.5% Chance of having a child with trisomy 21 as a 41 year old mother [39
Chance of pneumothorax from permanent pacemaker insertion (varia
between centres at 0.5% - 5%, with a mean of approx. 1.5%) [41].

1% Chance of cardiac perforation from atrial fibrillation ablation [44].
0.5%
1 in 200

Risk of agranulocytosis with carbimazole [46].

1 in 300 Chance of becoming HIV positive after a needlestick injury from an H
positive patient [47].

1 in 1000 Bowel perforation from colonoscopy [48].
Cardiac tamponade after percutaneous coronary intervention [49].
Endophthalmitis after cataracts surgery [50,51].

1 in 2500 Approximate chance, per year, of having a deep vein thrombosis or PE
25e35 year old woman (without the oral contraceptive pill, with the O
is three times higher) [52e54].

1 in 5000 If a young adult catches chickenpox, this is the chance of dying from t
infection [55].
Chance of can’t intubate, can’t ventilate scenario during general anaest
induction [56,57].

1 in 10,000 Chance of dying from a flexible bronchoscopy [59,60].
Approximate chance of anaphylaxis during anaesthesia [61,62].

1 in 20,000 Risk of accidental awareness during a general anaesthetic [63].

1 in 100,000 Approximate risk of malignant hyperthermia during a general anaesth
[65].

1 in a million Probability of anaphylaxis following vaccination [70].

1 in 20 million Chance of disseminated encephalomyelitis after flu vaccination [72].
1 in 50 million Chance of contracting “airport malaria” (from a stowaway mosquito; 1

cases in 30 years) during a delayed transit through London Heathrow
Airport (grossly approximated) [74,75].
then the host opens another door to reveal no prize, and asks you if
you want to stick to your choice or twist e what do you say?
[spoiler alert: you should twist]. If that hasn’t cooked your noodle
then try the conjunction fallacy [12]: you notice a foundation year 2
doctor, who you know loves animals, has started cycling to work in
ethically-sourced clothing and is losing weight - which is more
probable: that they have taken up distance running or taken up
distance running and become a vegan? [It’s the former, as the
probability of two events occurring in “conjunction”, i.e. their
probabilities multiplied, is always less than the probability of either
one occurring alone]. Both of these examples provide frustrating
food for thought on the unnatural nature of probability and howwe
can all be hoodwinked.

In light of this, what is the best method for expressing
Real-world equivalent

any After the iceberg collision, the chance of dying during the sinking of the
Titanic (68%) [21].

[22],

.

As likely as not. A coin toss.

,

2-3x
.

Chance of guessing a coin toss correctly twice in a row.

ave a On the standard dice layout, the chance of rolling a six is 16.67%.

ng Probability of matching two numbers on the UK lottery (9.7%) [31].

d on
t

If you bet on two numbers on a European roulette wheel, the chance you
will win is 5.4% (each number has a 1/37 or 2.7% chance of the ball landing
on it).

le
38].

Chance of randomly guessing the winner of the Grand National (40
runners).
Chance of winning £25 by matching three numbers on the lottery (slightly
under 2%).
Chance of rolling two sixes with two dice (2.8%).

,40].
ble

Chance of having twins (either monozygotic or dizygotic) [42].
Chance of dying per journey into space with NASA (14 deaths from 848
person-flights) [43].
Chance of dying if trying to summit Mt. Everest [45].
Chance of rolling three dice and getting three sixes first time (1 in 216).

IV 1 in 336: the chance of randomly guessing correctly the top three finishers,
in the correct order, in an 8-horse race.
Randomly guessing the combination to a three bezel padlock correctly on
the first attempt (if each bezel contains nought to nine inclusive).

as a
CP it

Chance of guessing someone’s bank PIN (personal identification number) if
you have four random attempts.
Chance of matching four numbers in the UK lottery is approx. 1 in 2000

he

hesia

Lifetime risk of dying in a plane crash if you fly twice a week for 4 decades
[58] (for airlines based in the EU). [Risk of death per flight is 1 in 17 million].

Randomly guessing someone’s bank PIN first time.

Lifetime risk of death or serious injury from a shark attack if you live in
Australia [64].

etic Chance of dying in a first parachute jump [66].
Risk of sudden death during a marathon [67e69].
Correctly guessing the six digits of someone’s home phone number.
Chance of dying from one day of skiing/snowboarding [71].
Chance of being killed by lightning this year [73].

4 UK Full jackpot win on the lottery (numbers selected from 1 to 59 since 2015).
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probabilities or risks to patients [13]? For some patients numerical
probability can be safely used, but for others different formats (or a
combination of formats) may well improve understanding [14,15].
Could medical communication and understanding of risk be
improved by relative arguments [16]? For example the oft-quoted
(though largely unverified) “you are more likely to be killed by a
falling coconut than by a shark” e induces a more visceral feeling
that shark attacks are vanishingly rare when compared with the
(actually true in terms of global averages) statement that you have a
1/4,000,000 lifetime probability of being killed by a shark [17]. This
is perhaps an opportune time to state that, if you live in Oxfordshire
- a landlocked county in the United Kingdom - and have never
crossed the hallowed county border, your probability of being killed
by a live shark is zero. If you’re a Californian surfing instructor your
risk is significantly higher. All of the figures in this article are
generated from simplified models or averages based upon certain
populations. Individualisation of risk estimates would be the ideal
e a combination of the patient’s comorbidities, ASA grade, age,
procedure, seniority of operator or whether the procedure is un-
dertaken out of hours could all potentially factor into a more ac-
curate estimate. In addition, if local data is available for the centre
in question or the operating surgeon regarding risks/complications/
outcomes following a given procedure then these local estimates
are more likely to be a fair representation of the risk that particular
patient is going to encounter. Despite the many factors that can
influence risk, more often than not the best available data is a
published average, often from a subpopulation with limited
comparability to the patient in question. The simplification of all
these elements into population averages does compromise accu-
racy. As the eminent statistician George Box rightly said “all models
are wrong, but some are useful”.

Numerical probabilities are often stated in medical literature or
quoted to patients. Can these probabilities be converted to a more
tangible format to aid communicationwith patients and facilitate a
greater understanding?

Table 1 provides a grounding in reality for commonly used
probabilities. I hope that it will, in the right circumstances, provide
a more real-life understanding to patients when a given risk or
probability is to be communicated. These examples could also
facilitate a more rounded understanding of risk for clinicians in
training.

Many of the real-world equivalent risks described are based in
gaming or betting or refer to events that are within the public
consciousness. 70% of the UK population play the lottery regularly
[18], 20% place a bet on the grand national horse race each year and
over a billion people worldwide have played the boardgame Mo-
nopoly® [19] and therefore have a feeling for the outcome of two
dice when rolled. By drawing on pre-existing experience of out-
comes we can replace numerical probabilities with a more innate
comprehension of the possibilities that may occur.

Some of the real-world equivalent descriptions are highly
emotive, and that is part of the power in their usage. The mere
mention of the Titanic must be handled sensitively and should be
deployed only in very carefully chosen circumstances. It does,
however, successfully represent the idea of grave danger and a very
likely negative outcome, but also one where there were some
survivors. Conversely, mentioning a roulette wheel or a horse race
could be deemed flippant when faced with a very unwell patient.
Other patients, for a variety of reasons, may abhor gambling or
games of chance. To succeed, communication must always be
placed within its cultural context and tailored to the individual. The
examples chosen from the table are no exception. To facilitate this
the table is not necessarily to be read with each row in isolation.
Making relative statements such as x is more/less likely than y al-
lows more appropriate comparators to be utilised from other rows.
I discussed this topic in a seminar recently - at the end, between
two slumbering colleagues, someone’s hand lingered gingerly in
the air at the back of the room: “a probability is grand, but what you
do with that number will ultimately be emotional rather than
mathematical”. They were, and still are, absolutely right. Humans
are emotional creatures. To some a 1% chance of pulmonary em-
bolism is reassurance to head out on their holidays and never think
about it again. To others 1% is staggeringly high, they update their
will and begin reflecting on which song to play as the procession
exits their funeral. Managing these emotions is a complex business,
and I do not profess to be an expert. I once tried to tackle a patient’s
excessive flippancy towards his emergency operation by telling him
that his operationwasmore dangerous than 15 trips up Everest. It is
fair to say this method can be too successful.

This article provides an approach to risk communication.
Effective communication is not a single method or a protocol, it is
knowing your patient, reading their responses and other cues and
adapting to optimise the flow of information, and emotion, in both
directions. I invite clinicians to try this approach, try expressing the
risk of awareness in a general anaesthetic not as 1 in 20,000 but as,
“you are more likely to guess my bank PIN than experience
awareness during a general anaesthetic”. Read the cues in your
patient following this, the relaxation in their muscles and the hint
of a smile. This method chooses to move towards examples that
many in the UK have experience of and away frompurely numerical
communication. The comparator of a bank PIN also associates with
security and safety as well as informing the patient, in a more
tangible way, that the risk is very low indeed.

What’s in a number? Quite a lot it turns out. True communica-
tion is the message received rather than the message transmitted.
Expressing probability using real-world equivalents could help us
all to communicate more effectively.
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