Applying Evidence Workbook 1 (with answers)

The aim of the session is to promote understanding of how the principles of clinical epidemiology can be used to provide quality health care to individuals and populations and develop skills in applying simple statistics to a real world situations.  It’s designed for GP trainees.   I believe most of the answers and working out detailed below are correct but please let me know if you think otherwise (nickprice@doctors.org.uk ).
 Secondary aims are to help you pass the AKT and to help you learn more about the H1N1 pandemic.

The H1N1 pandemic  will be used by way of an example. Currently there is limited information and evidence. I have therefore used some data that is real, other data is estimated or ‘guestimated’ and should be thought of as only being illustrative at best this will be in italics.
Section A - Early background epidemiology – making sense of the potential implication of the pandemic.
In March and April 2009, an outbreak of respiratory illnesses was first noted in Mexico, which was eventually identified as being related to H1N1 influenza A [1]. The outbreak spread rapidly to the United States, Canada, and throughout the world as a result of airline travel [9]. http://www.uptodate.com/home/content/topic.do?topicKey=pulm_inf/18836
Initially there were media reports of 1000 cases of influenza, with 150 deaths in Mexico.

1) What was the apparent case fatality rate?

Case-fatality rate—Usually expressed as the percentage of persons diagnosed as having a specified disease who die as a result of that illness within a given period. This term is most frequently applied to a specific outbreak of acute disease in which all patients have been followed for an adequate period of time to include all attributable deaths. The case-fatality rate must be clearly differentiated from the mortality rate (q.v.). (Synonyms: fatality rate, fatality percent-age, case-fatality ratio) 
http://www.ph.ucla.edu/epi/bioter/anthapha_def_a.html
Case Fatality Rate = No of deaths / no. of cases = 150/1000 = 0.15 or 15%.
Previous planning documents estimated that a future pandemic with this type of virus would infect 25 – 35%. The National framework recognises the possibility of an attack rate of 50% in a single-wave pandemic.    http://www.rcgp.org.uk/PDF/GP_Guidance.pdf
2) Calculate how many people in a practice of 10,000 patients would be infected in the worst case scenario here.

Assumption is that 50% of total population will get H1N1.

50%  of 10000 = 5000 patients. Or if you are easily confused by %, then I suggest putting everything as decimals and sticking with it. i.e. 50% is 50/100 = 0.5.
3) How many, based on these assumptions, would die?

No of fatalities = no of cases x case fatality rate.

Case fatality rate of 15% (0.15) , 5000 cases = total fatality for a practice = 5000x15%/100 = 750 deaths / 10000 population.
Or as decimals 0.15 of 5000. i.e. 5000 x 0.15 = 750 / 10000
4) There are 60 GPRs on Bradford VTS – using the same assumptions as above how many of you would die?

50% contracting, with 15 % case fatality = 7.5% fatality rate in general population = 0.075x60 = 4.5 dead GPRs in Bradford.

The idea of asking this question, is to get you used to simple sums and also to get an idea of what a given fatality rate might feel like.

In the United States, as of July 24, 2009, over 43,000 confirmed cases had been reported from 55 states and territories, but reporting of case counts has since been discontinued [14]. The majority of cases in the US have been mild, although some patients have required hospitalization and some deaths have occurred [14,15]. As of August 20, 2009, 7983 patients in the US have required hospitalization and 522 patients have died [16].

5) Estimate the approximate case fatality rate from this data.
522/43000 x 100% = 1.2%

6) Is this likely to be an underestimate or an over estimate of the case fatality rate? 

Over –estimate. 

7) Why?
Under reporting bias of mild cases, reduces the total number of confirmed (the denominator) whilst probably less likely to under report those who died of H1N1.
Also the 43000 was up to 24th July,, but the deaths were until 20th Aug. However this is the data I could find

8) Calculate the approximate reported hospitalisation rate.
7983/43000 = 19%
Again, will be an over estimate for the same reasons as above.
As of August 13, 2009, there have been over 182,166 laboratory-confirmed cases of pandemic H1N1 influenza A worldwide, including 1799 deaths [60]. In Mexico, 119 of 10,262 laboratory-confirmed cases have been fatal [12]. Most of these deaths were related to respiratory failure resulting from severe pneumonia with multifocal infiltrates and acute respiratory distress syndrome [44]. In addition to respiratory failure, renal or multiorgan failure occurred in 24 percent of cases in Mexico. As of August 20, 2009, 522 deaths have been reported in the United States [16]. In Argentina, 60 of 2485 cases have been fatal [12]. A few fatal cases have occurred in other countries. The World Health Organization and United States Centers for Disease Control and Prevention ceased closely tracking the number of cases in July 2009 [10,16].

9) Estimate the international case fatality rate base on this data.
1799/ 182166 = approx 1%

10) Assuming an incidence of 25% in the next wave of the pandemic, calculate the number of deaths a practice of 10000 patients might expect, assuming management is similar to the first wave and hence a similar case fatality rate.

25% of 10000 will get H1N1. = 2500. 1% would die. = 25 deaths.

11) What is the risk of death in the total population from H1N1 based on this data / assumptions?

Risk of death = incidence x case fatality rate = 0.25 x 0.01 = 0.0025 or 0.25% or 2.5 per 1000 or 1 in 400 however else it might be expressed.
12) What chance one GPR on Bradford VTS would die?

60 x 0.0025 = 0.15. Or 15%
Or 1/ 0.15 = 6  i.e. a 1 in 6 chance one of the 60 GPRs would die. 

The point is that there are lots of different ways of expressing risk. This is all just considering absolute risk of death, but expressed as a risk ratio (1 in 0.0025), a % (0.25%), rate / 1000 (2.5/1000), risk per 60 population. Confusing for you, what about your patients? 
I think the evidence says that you should phrase things roughly like this:

‘I have a 1000 patients, it looks like there will be about 2 that will die from this.’ 
In fact the estimate of case fatality rate is given as 0.1% on the NPCi website and I could not find it out on the HPA website, although it might be possible to work it out from the weekly reports. From the European Centre for Disease Control, the cumulative total of confirmed cases in the UK is given as 13471, with 78 deaths as of 18th Sept 2009, 
http://ecdc.europa.eu/en/healthtopics/Pages/Influenza_A(H1N1)_Outbreak_Table.aspx
This would suggest a fatality rate amongst confirmed cases in the UK of 0.58%. However we stopped testing all suspect cases back in July/August so again this will be an overestimate. 
Going with the 0.1% case fatality rate this is 0.001 or 1 in a 1000. I would say to patients. ‘I have a 1000 patients, it looks like, on average there will be about 1 of my patients will die from this.’

13) List some potential sources or causes of bias in calculating this.
SECTION B - Managing this in Primary Care.

A patient rings you up and has symptoms of fever (temp >38), muscle pains, slight cough and nausea. They have phoned the flu line and been issued a voucher for Tamiflu.  Is it going to do more harm than good doctor?

14) What do you need to know to answer this question rigorously?

Population – age, risk factors for serious complications etc.

Intervention – the question is about Tamiflu. 
Condition – Assume this is H1N1, but how reliable is the algorithm? What is the chance he has an influenza that Tamiflu would be active against? 
Outcome – what is it you want to achieve? (Death, serious complications e.g. pneumonia, reduced time off work, risk of transmission to others??). Risk of harm to patients (e.g. making them feel worse with vomiting), risk of developing anti-viral resistance??, risk to you / colleagues if you see them?, risk of missing a different serious diagnosis?)
· what is the outcome the patient wants to achieve?

The patient in question is Molly Sue Ure-Butt, a 7 year old girl you have met before. She has moderately severe asthma with 2 exacerbations in the last year relating to URTIs, prescribed steroids. Currently her asthma is well controlled, no change in PFR. Her mother is a professor of Biochemistry in Leeds and her father is a lawyer, specialising in Medico-legal work.

Fortunately you read all those emails from the RCGP Chair, and clocked the fact that there are patient decision aids on NPCi. You agree that you would check this out and ring her mother back in 10 mins, giving you a chance to look at. 
http://www.npci.org.uk/therapeutics/infect/commonintro/patient_decision_aids/patient_decision_aid_atrisk_child.php - follow link. I note that there are similar decision aids for different populations.
15) Which of the following best describes NPC

a) A subsidiary of Roche pharmaceuticals, accountable to shareholders for maximising profits

b) A government subsidised organisation that is accountable to DoH

c) A charity accountable to patients that support it

d) An academic organisation that gains funding from a variety of sources.

Answer b)

16) Place the following in order of most reliable to least reliable in terms of producing objective, unbiased publications.

a) British Hypertension Society

b) NICE

c) NPC

d) Cochrane Collaboration

e) DoH

f) University dept commissioned to do RCTs.

Debatable but I would go for d) c) b) f) e) a) on the basis of bias relating to funding and accountability. 
17) What best describes the quality of evidence used to create the decision tool in relation to this hierarchy of evidence:

a) Well conducted MA of several, similar, large, well designed RCTs

b) Large well designed RCT

c) Meta analysis of smaller RCTs

d) Case control and cohort studies

e) Case reports and case series

f) Consensus from expert panels

g) I think
Probably d) – they refer to ‘observational studies’, considered small RCTs but these did not show benefit.

18) Which of the following are significant limitations in the application of this decision tool with your patient?
a) Publication bias

b) Generalisability of findings from studies on seasonal influenza to H1N1

c) Generalisability of patient subgroup in study to your patient in terms of demography and pre-existing health status.

d) Quality of evidence available to design decision tool

b) d). Can’t tell about a) but as a relatively recent drug, any trials should have been registered, and therefore followed through to avoid negative publication bias i.e. the risk that studies have been conducted, but not shown positive findings and less likely to be published.
c) seems OK to me, as I chose a case that seemed to fit this decision aid i.e. an at risk child in terms of having moderate asthma.

From the data presented in relation to respiratory illness (RI) other than pneumonia – Calculate:

19) Absolute Risk of developing RI without Rx.

Absolute risk (AR) ‘The probability that an individual will experience the specified outcome during a specified period. It lies in the range 0 to 1, or is expressed as a percentage. In contrast to common usage, the word "risk" may refer to adverse events (such as myocardial infarction) or desirable events (such as cure).’ http://clinicalevidence.bmj.com/ceweb/resources/glossary.jsp
AR = No with the condition (RI)/ Population (At risk children with seasonal flu)  323 / 1000 = 0.323 or 32.3%

20) Absolute risk of developing RI with Rx.

281 / 1000 = 0.281 or 28.1%
21) Absolute risk reduction (ARR) in developing RI from taking Oseltamivir (Tamiflu)

This is risk difference i.e. a take away sum. Or Control Event Rate (CER) – Experimental Event Rate (EER)
ARR = CER – EER

323/1000 -281/1000 = 42/1000 = 0.042 or 4.2%.
22) Relative risk reduction (RRR) in developing RI from taking Oseltamivir.

RRR is the reduction in risk / baseline risk. Or 
RRR = (CER – EER) / CER 
 = (323-281) / 323 = 42/323 = 0.13 or 13%.

For a worked example see - http://en.wikipedia.org/wiki/Relative_risk_reduction
23) Calculate the Number Needed to Treat (NNT) to prevent 1 RI.
Or how many people do I need to treat to prevent one RI? 
I know that if I treat 1000 patients I will prevent 42 getting a RI. So to prevent 42 RIs I will need to treat 1000 patients. So to prevent 1 RI I will need to treat 1000/42 = 24.
NNT = 1 / ARR. = 1/0.042 = 24

Definition From http://clinicalevidence.bmj.com/ceweb/resources/glossary.jsp#RRR
Number needed to treat (NNT) - One measure of treatment effectiveness. It is the average number of people who need to be treated with a specific intervention for a given period of time to prevent one additional adverse outcome or achieve one additional beneficial outcome. NNT can be calculated as 1/ARR . In Clinical Evidence, NNTs are usually rounded upwards. 

1. NNTs are easy to interpret, but they can only be applied at a given level of baseline risk 

2. How do we calculate NNTs from meta-analysis data? The odds ratio (OR) (and 95% CI) with the AR in the control group can be used to generate absolute risk (AR) in the intervention group and from there to the NNT. This is a better measure than using the pooled data, which only uses trial size (not variance) and does not weight results (e.g. by trial quality). As people can not be treated as fractions, we round NNTs up and numbers needed to harm (NNHs) down to the largest absolute figure. This provides a conservative estimate of effect (it is most inaccurate for small numbers) 

3. NNTs should only be provided for significant effects because of the difficulty of interpreting the confidence intervals for non-significant results. Non-significant confidence intervals go from an NNT to an NNH by crossing infinity rather than zero 
Note a good idea to get a feel for NNTs to make sure you get the decimal point in the right place. E.g. ARR of 1% = NNT of 100, ARR of 10% = NNT of 10. Note usually NNTs need to specify a duration of treatment e.g. Number of people who need to receive treatment for x period of time to prevent one event e.g. with statins. Here this an acute illness, so I have left it off, but assumes a single course or treatment. This would be different if you were considering prophylaxis however.
I also note that it is questionable to use this, as if you look at the Technical note on the NPC decision aid, you will see that the Hazard Ratio was given as 0.87(95%CI of 0.77-0.97). This basically means there is a 1 in 20 chance that true HR could be 0.97 where a HR of 1.00 would mean no difference. 

24) Does any of this answer your questions or the question the patient posed at the beginning of this section?

No – I don’t think so.
25) Now calculate the AR of hospitalisation without Rx from the data given in this decision aid.

AR = 16 / 1000 or 1.6% or 0.016.

26) What is the absolute risk reduction (ARR) in hospital admissions associated taking oseltamvir from this data on seasonal flu?

ARR = CER –EER = 16-8/1000 = 8/1000 or 0.8% or 0.008.

27) What is the NNT?

1/0.008 = 125. 

28) What is the RRR in hospital admissions? 

I think of relative risk reduction as the difference the treatment made (Control Rate minus Experimental Rate) as a proportion of the Control or baseline rate.

RRR = CER – EER / CER = 16-8/16 = 50% or 0.5. Mmm – interesting....

The following is probably confusing, but people asked for definitions!

More definitions from clinicalevidence.bmj.com: 

Relative risk (RR): The number of times more likely (RR > 1) or less likely (RR < 1) an event is to happen in one group compared with another. It is the ratio of the absolute risk (AR) for each group. It is analogous to the odds ratio (OR) when events are rare. 

We define relative risk as the absolute risk (AR) in the intervention group divided by the AR in the control group. It is to be distinguished from odds ratio (OR) which is the ratio of events over non-events in the intervention group over the ratio of events over non-events in the control group. In the USA, odds ratios are sometimes known as rate ratios or relative risks.

Relative risk increase (RRI)

The proportional increase in risk between experimental and control participants in a trial.

Relative risk reduction (RRR)

The proportional reduction in risk between experimental and control participants in a trial. It is the complement of the relative risk (1-RR).

29) Now look again at the data next to Q4 on hospital admission rates from the data from the US:

 In the United States, as of July 24, 2009, over 43,000 confirmed cases had been reported from 55 states and territories, but reporting of case counts has since been discontinued [14]. The majority of cases in the US have been mild, although some patients have required hospitalization and some deaths have occurred [14,15]. As of August 20, 2009, 7983 patients in the US have required hospitalization and 522 patients have died [16].

30) Calculate the AR of hospital admission in this population.

7983/43000 = approx 8000/40000 = 8/40 = 20% or 18.6%

31) Assuming this hospital admission rate applies to the next wave of H1N1 and oseltamvir has a similar RRR in H1N1 what will happen to the ARR and the NNT with this condition?

ARR = AR x RRR 
(Or from the above RRR = (CER – EER) / EER and ARR = CER – EER, so RRR = ARR/EER, so ARR = RRR x EER (or AR).)
= 18.6% x 0.5 = 9.3% or 0.186 x 0.5 = 0.093.

NNT = 1 / ARR = 1/ 0.093 = 10.8

32) And what are the harms? What is the AR of vomiting without Rx.

Given as 67/ 1000.

33) The AR of vomiting with oseltamivir + seasonal flu?

(67+50) / 1000 = 117 / 1000 or 11.7%

34) The absolute risk increase (ARI) of vomiting with oseltamivir with influenza. (H1N1 seems to have a higher incidence of associated vomiting than with seasonal flu)

ARI given as 50 / 1000 or 0.05
35) Number of patients you need to treat to cause an extra case of vomiting i.e. number needed to harm (NNH)

NNH = 1 / ARI = 1/0.05 = 20.

36) Relative risk of vomiting with oseltamivir.

RRR = (CER – EER) / CER or RRI = ARI/CER 

= 67-117/67 = - 50/67 = - 75 % i.e. an increase of 75% - not likely to feature in the promotional material! 

37) If, say 30% of children with H1N1, without Rx, then what happens to the NNH for vomiting with Rx?

ARI = AR x RRI so 0.3 x 0.75 = 0.225 or 22.5%. So 22.5% more children will vomit if they take oseltamivir. That is in addition to the 30% we think will vomit anyway. So, if this is the case 52.5% ( or 0.525) will vomit if they have H1N1 and take oseltamivir or 1 in 2.

However the NNH, should probably be the number that you have to treat to cause an EXTRA child to vomit because of the Rx.
NNH = 1 / ARI = 1/0.225 =  4 (approx).  

38) Now explain this to your patient!!!
See also: http://www.dtb.bmj.com/cgi/pdf_extract/47/9/97
This should be free to access from a PCT ? hospital computer, otherwise you need an Athens password.
NeLM news service on this : A discussion on whether the increasing disquiet about the widespread use of oseltamivir to tackle the H1N1swine flu pandemic in the UK is justified.  They comment on the various objectives of this strategy and then discuss the lack of available evidence for use of the drug in a pandemic situation, and the potential problems of widespread use (viral resistance, adverse effects, cost, disruption to the NHS, depletion of antiviral stocks).  They also discuss how undue emphasis on oseltamivir has resulted in potential loss of emphasis on standard hygiene measures, and ‘fostered the dangerous practice of assuming any febrile illness is flu requiring oseltamivir, thereby delaying diagnosis of other infectious diseases’.  They conclude that ‘the risk benefit analysis of the policy on oseltamivir deserved more open and balanced public discussion. On this measure, at least, the policy has failed and should be reviewed urgently.’

39) What is your view on this?

If you have time – do a debate supporting DoH policy and one opposing it.
Dr Nick Price, Training Programme Director (Bradford), www.bradfordvts.co.uk 

