Example name Guidelines for cardiac arrest

Effect size Odds ratio

Analysis type Basic analysis with between-studies variance
Version Long

Synopsis

This analysis includes nine studies where patients were randomized to be treated for cardiac arrest
based on either old guidelines or new guidelines. Outcome was survival (being alive), and we focused on
the odds ratio as the effect size.

We use this example to show

e How to enter data from 2x2 tables

e How to get a sense of the weight assigned to each study
o How the study weights are affected by the model

How to perform a sensitivity analysis

How to perform a cumulative analysis

How to interpret statistics for heterogeneity

How to create a high-resolution plot

To open a CMA file > Download and Save file | Start CMA | Open file from within CMA

Download CMA file for computers that use a period to indicate decimals
Download CMA file for computers that use a comma to indicate decimals

Download this PDF
Download data in Excel
Download trial of CMA
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http://www.meta-analysis.com/downloads/Guidelines%20for%20cardiac%20arrest.pdf
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http://www.meta-analysis.com/downloads/Guidelines%20for%20cardiac%20arrest.xls
http://www.meta-analysis.com/downloads/Guidelines%20for%20cardiac%20arrest.xls
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Start the program

e Select the option [Start a blank spreadsheet]
e Click [Ok]

E‘ Comprehensive meta analysis - [Data]

File Edit Format View [nsert Identify Tools Computational options Analyses Help

-

Runanayses + % O @B @ S| ¥ |B@ F—'="E[ B w -V >+ v |4 U D

E ‘ C ‘ D ‘ E F ‘ G | H | | | J | K ‘ L | ] ‘ N

5. Welcome ==

‘What would you like to do?

il =T P |

" Stant a blank spraadshest
P g PR L 1

~ Open an existing file

" Import data from anather program

FU) PO Y 0% NP R I P S ) ) P PR (S
A w3~ m ;e wim = o oo~ oo e w ) =
-

29 [ Show this dialog when | start the program

0 Dlose
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Click Insert > Column for > Study names

El Comprehensive meta analysis - [Data]

File Edit Format EiEWhnsert Identify Tools Computational options Analyses Help
Run anayses + % [ Mm N+ E Y
2 Subgroups within study
A B I‘ Blenkc column Comparison names H ! ! K L M N
Il Copy of selected column
A I Outcome names
2 *— Blank row ) -
—— Time point names
3 Y= Blank rows
L4 Copy of selected row(s) %3 Effect size data
|5 — Moderator variable
£ Y= study I
|7
|8
|9

The screen should look like this

E‘ Comprehensive meta analysis - [Data]
File Edit Format View Insert Identify Tools Computational options Analyses Help
Rup snayses s EH Sy mi A —=E 3w -V >+ vt 2@
Study name B ‘ C ‘ u} ‘ E ‘ F G H ‘ | ‘ J ‘ K ‘ L | &} ‘ N
-
2
3
|4
5
L
7
8
9

Click Insert > Column for > Effect size data

Comprehensive meta analysis - [Data]

File Edit Format Eiew|lnsert Identify Tools Computational options Analyses Help

s + % D) it NI s s oV ®)

R 'I Blank column Subgroups within study

_ N
Cemparison names

Copy of selected column

5 Outcome names
— Blank row

o Tirme point names
= Blank rows

Copy of selected row(s) @m
Meoderator variable
|

Y= Study

00|-4|m|m|4:-|w||\3|—t
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The program displays this wizard

Select [Show all 100 formats]
Click [Next]

Select [Comparison of two groups...]
Click [Next]

Drill down to
Dichotomous (number of events)

Unmatched groups, prospective ...
Events and sample size in each group

© www.Meta-Analysis.com

-

B Insert columns for effect size data

Welcome

" Show commaon formats only
@ Show all 100 formats

-
By Insert columns for effect size data

If you have alieady computed the effect size [such as the
standardized mean difference or the Log odds ratio] for
each study, you may enter this information directly.

Or, vou may provide summany data (such az the number of
events of the means and standard deviations), and the
program will compute the effect size autamatically

Use thiz wizard ta specify the type of data you plan to
enter, and the program will create the required colurnns.

The program allows you to enter effect size data in maore
than one format. You will create one set of effect size
columns now, and may add additional sets at any time:

Types of studies included

options ta be displayed on the nest panel

change the selection.

Comparizon of two groups, time-points,
of exposures fincludes corelations)

in one group &t one time-poink

o
r E stimate of means, proportions or rates
" Generic point estimates

&

Generic paint estimates, log scale

B9 Insert columns for effect size data

On this panel, select the lpe of studies to be included in
thiz meta analyziz. This controls the types of data entiy

[ unsure, select the first option, which is appropriate for
most analyzes. You will be able to return to this panel and

Click on the icons to select the data entry format

Q Two groups or carrelation
E@ Dichotomaus [number of events)
m Unmatched groups, prospective (e.q., controlled trials, cohart studies)
W Events and sample size in each gioup |
|£] Mon-events and sample size in each group
@ Eventz and non-events in each group
@ Event rate and sample size in each group
@ Chi-squared and tatal sample size
Q Matched groups, prospective (e.q., crossowver bials or pre-post designs)
@ Unrnatched graups, retrospective [2.9.. case control studies]
Q Computed effect sizes
@ Continuous [meansz]
@ Canelation
@ Rates [events by person years]
@ Survival [time to event)

Guidelines for cardiac arrest
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The program displays this wizard
Enter the following labels into the wizard

e First group > New

e Second group > Old

e Name for events > Alive

e Name for non-events > Dead

Click [Ok] and the program will copy the names into the grid

@ Comprehensive meta analysis - [Data]

Eile Edit Format View Insert Identify Tools Cemputational options Analyses Help
Run analyses - 4z - = 3 T == S e b+ ]8R @

Mew Hew old ald Log adds

Studyname §| spe | TowN | e | Taaln |[Dddrat | g

Std En Wariance J K. L I M

’
3 [y Group names | S e

11 Group names for cohort or prospective st ﬂa

17 Narne for first group [e.g.. Treated) Mew
14 Narne for second group [e.g . Control) Old

17 Binary outcome in cohort or prospectlive studies

é -
19 Name for events [e.q., Dead] Alive
20 Narne for non-events [e.g., Alive] Dead

2 Cancel  [£7Epph 3] ok |
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Rather than enter the data directly into CMA we will copy the data from Excel

e Switch to Excel and open the file “Guidelines for cardiac arrest”
e Highlight the rows and columns as shown, and press CTRL-C to copy to clipboard

EEH9~™-|= Guidelines for cardiac arrest.xlsx - Microsoft Excel
Home Insert Page Layout Formulas Data Review View Acrobat
3 *C”t Calibri 11 A A == @ S Wrap Text General - ij‘ ﬁﬁ _l_;}ﬂl
Paste A conrT B 7 EEE=|EE @M - v 9 <0 .00 Condi;onal Format  Cell
- < Format Painter S eroe & Center . B R af Formatting = as Table = Styles =
Clipboard F] Font Fl Alignment Fl Mumber El Styles
| s12 - £ |
A B C D E F G H 1 ] K L M

1 Study New Alive NewN  OldAlive OldN

2 Steinmetz, 2008 41 226 21 193

3 Sayre, 2009 96 1021 40 660

4 Olasveengen, 2009 63 482 46 435

5 Robinson, 2010 20 170 18 162

6 |Hinchey, 2010 47 410 18 425

7 Hung, 2010 30 430 47 463

8 |Aufderheide,2010 211 1605 166 1641

9 |Bigham, 2011 177 2725 294 5054

10 |Lick, 2011 48 247 | 106

11
|

13

14
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Switch back to CMA

e Click in Cell Study name -1
e Press [CTRL-V] to paste the data into CMA Click here
e Stretch the columns as needed for the text to be fully visible

|E| Comprehensive meta analysis - [Data]

File Edit Format View Insert Identify Tools Cornputational optiops—#falyses Help
Runanal}rses"%\DDﬁn & 4 Bk 3| '—"'=|"E Jo.gfo'gﬁ = \Ir_)"'\/l:‘ %l El @
Study name ez Total M A%Lde TDDt;?N Odds ratio Lo[gaﬁodds Std Err Wariance J K L ] M
1 Mewdlive NewN  Oldalive OlAN
2| Steinmetz, 2008 41 226 1 193 1.815 0.596 0.288 0.083
3| Sayre, 2009 96 1021 40 EE0 1.603 0.475 0195 0.033
4| Olagveengen, 2009 B3 482 46 435 1.272 0.240 0.206 0.043
5/ Robinson, 2010 20 170 18 162 1.067 0.065 0.345 0119
B Hinchey, 2010 47 410 18 425 2928 1.074 0.286 n.os2
7| Hung, 2010 30 430 47 463 0.664 -0.410 0.244 0.080
8| Aufderheide,2010 21 1605 166 1641 1.245 0.296 01 nma
9| Bigham, 2011 177 2725 294 5054 1125 0118 0.098 0.o10
10] Lick, 2011 48 247 9 106 2600 0.955 0.384 0147
11
12
13
14

Since we’ve copied the row with the titles, we can check to ensure that all columns are being used as
intended. The column that had been “New Alive” is now called “New Alive”. Similarly, all other columns
are labeled correctly.

Note that the program has computed the odds ratio for all studies and displayed this (as well as the log
odds ratio, its standard error and variance) in the yellow columns.
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Now, we can remove the first row

Click here
e Click in the first row to select it
e Click Edit > Delete row and confirm
@ Comprehensive meta analysis - [Data]
File | Edit Format View Insert Identify Tools Computational options Analyses Hel
Run: %= Bookmark data S 4 BRE-=E M L2+ ] 82 @®
ew Old Old . g odds .
T EE S tal M Hlive Total i | Ddds rat;o/ i Std Err Warance J K L 1] M
il ) N Olddlive DIdN |
7|52 CapeEsEin EisE | s 21 193 1815 059 0.288 0.083
3 Copy with header 1021 40 BE0 1.609 0.475 0195 0038
4 Copy entire grid 482 46 435 1.272 0240 0206 0043
5 170 18 162 1.067 0085 0345 01139
g B Paste CV 1 gy 18 425 2928 1.074 0.286 0.082
7| % cut Clex | 430 47 463 0G4 0410 0244 0080
a ~ 1605 166 1641 1.345 029 oo 0oz
g & Delete Del | 7o 294 5054 1125 CRRL: 0.098 0.010
10 247 9 106 2600 0955 0384 0147
11 Delete study
12 Delete column
13
14 Edit group names
15
16
17
18
13

The screen should look like this

Comprehensive meta analysis - [Data]

File Edit Format View Insert Identify Tools Computational options Analyses Help

Runanayses + 2 D2 HEH & 4 | BBR E ="'="S 8923~ L2+ ] 23 @

Study name Elﬁ:: TEteaTqN A%t'je TDDtljcliN Odds ratio Lorgaﬁgds StdEm Wariance J K L &1 M
1| Steinmetz, 2008 41 228 21 193 1.815 0.596 0.2a8 0.0a3
2| Sayre, 2009 96 1021 40 EEO 1.609 0.475 0.195 0.038
3| Olazveengen, 20039 63 452 46 435 1.272 0.240 0.206 0.043
4] Robinzon, 20010 20 170 18 162 1.067 0.065 0.345 0113
5/ Hinchey, 2010 47 410 18 425 2.928 1.074 0.286 n.0g2
6| Hung, 2010 30 430 47 463 0.664 -0.410 0.244 0.060
7| Aufderheide, 2010 21 1605 166 1641 1.345 0.296 0110 ooz
8| Bigham, 2011 177 2725 23 5054 1.125 0118 0.033 0010
9| Lick, 2011 48 247 9 106 2600 0.955 0.384 0147

10
11
12
13
14

We've followed the convention of putting the treated (new guidelines) group before the control (old
guidelines). When we do this, if (a) the treated group does better and (b) the outcome is something
good (being alive) the odds ratio will be greater than 1.0.

To check that things are working as planned let’s use the last study. The proportion surviving is roughly
20% (48/247) in the New group and around 10% (9/106) in the Old group. The odds ratio (2.600) is
indeed greater than 1. In the analysis, odds ratio greater than 1 should be labeled “Favors New” while
odds ratios less than 1 should be labeled “Favors Old”. We need to apply these labels manually.
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At this point we should save the file

e Click File > Save As ...

|E| Comprehensive meta analysis - [C:\Users\Michael\Dropbox\Workshops 2\Guidelines for cardiac arrest\Guidelines for cardiac arrest.cmal

File Edit Format View Insert Identify Tools Computational options Analyses Help

D New.. EIEF I T TR
Qpen. ) Hi=g L TEteaTVN A%Lde Tth:?N Odds ratio Lo[gaﬁodds Std Err Yariance J K
Opening screen wizard
4 226 21 193 1.815 0.596 0.288 0.083
LRBCE % 1021 40 £60 1.609 0475 0195 0.038
B save Ctrl+5 | B3 482 48 435 1.272 0.240 0.208 0.043
20 170 18 162 1.067 0.065 0.345 0119
M 47 10 18 125 2928 1.074 0.286 0.0sz2
& Print... |+P | 30 430 47 463 0.664 0.410 0.244 0.060
M Print setup... wn 1605 166 1641 1.345 0.296 0110 nmz2
177 2725 294 5054 1128 0118 0.098 o.oa
Exit 43 247 9 106 2600 0.955 0.384 0147
10
11
12
13
14
15

Note that the file name is now in the header.

e [Save] will over-write the prior version of this file without warning
e [Save As...] will allow you to save the file with a new name

@ Comprehensive meta analysis - [C\Users\Michael\Dropbox\Workshops 2\Guidelines for cardiac arrest\Guidelines for cardiac arrest.cma]

File Edit Format View Insert Identify Tools Computational options Analyses Help

Runanalyses + % D2 EHEH & & BRA S '-'="E 808 -2+ ]2 @D

Study name ':li‘: TEtEaTvN ﬂ%{fde TDDt;?N Odds ratio Lo[gaﬁodds StdEm Wariance J K

1| Steinmetz, 2008 41 226 21 193 1.815 0.596 0.283 0.033
2| Sayre, 2009 96 1021 40 =) 1.609 0.475 0195 0.038
3| Olagveengen, 2003 B3 452 46 435 1.272 0.240 0.206 0.043
4| Robinzon, 2010 20 170 18 182 1.067 0.085 0.245 0119
5| Hinchey, 2010 47 410 18 425 2923 1.074 0.286 0.0g2
6| Hung, 2010 30 430 47 463 0.664 -0.410 0.244 0.080
7| Aufderheide, 2010 21 1605 166 1641 1.345 0.296 0110 ooma2
8| Bigham, 2011 177 2725 294 5054 1.125 0118 0.098 0.o10
3| Lick. 2011 43 247 | 106 2.600 0.955 0.354 0147

10

11

12

13

14

By default the program displays the odds ratio.
This is what we want to use in the analysis, so no modification is needed.

e To run the analysis, click [Run analysis]

© www.Meta-Analysis.com Guidelines for cardiac arrest
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This is the basic analysis screen

Stretch the Study name column so the full name displays

Initially, the program displays the fixed-effect analysis. This is indicated by the tab at the bottom and
the label in the plot.

Comprehensive meta analysis - [Analysis] =SHACE X
File Edit Format View Cemputational options Analyses Help
4+ Data entry 13 Next table :{— High resolution plot % Selectby ... | -+ Effect measure: Odds ratio - IE‘ I:‘ EE TT j- E :E
todel Study name Odds ratio and 5% CI
Odds rati C||Ck and drag oo 010 1.00 10.00 100.00

Steinmetz, 2003 1.8 —
Sayre, 2009 1.6 ——
Olasveengen, 1.272 0.249 1.908 1164 0244 -+
Robinson, 2010 1.067 0.542 2098 0187 0852 e
Hinchey, 2010 2928 1.670 5132 3750 0.000 —
Hung, 2010 0.664 0412 1.07 -1.680 0033 —
Aufderheide, 2010 1.345 1.084 1.669 2688 0.007 I~
Bigham, 2011 1128 0.929 1.364 1198 0232 =
Lick, 2011 2.600 1.225 5515 2428 oma —_—

Fized 1.293 1.153 1.451 4.335 0.000 +

Fighdom | Both models
One study removed Curulative analysis Calculations
© www.Meta-Analysis.com Guidelines for cardiac arrest — 11—
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Click [Both models]

The program displays results for both the fixed-effect and the random-effects analysis.

Comprehensive meta analysis - [Analysis] = | B ||
File Edit Format Yiew Cemputational cptions Analyses Help
4+ Data entry +34 Mext table } High resolution piot | [Bh Selectby ... | 4 Effect measure: Odds ratio A IE‘ I:‘ EE TT :{- E F| & @
Madel Study name Statistics for each study Odds ratio and 95% CI
Odds ratio | Lower limit | Upper imit | 2 alue palue 0.01 010 1.00 1000 100.00
Steinmetz, 2008 1815 1.0: 3198 2067 0034 ——
Sawe, 2003 1.609 1.097 2358 2435 0ms ——
Olasveengen, 1.272 0.849 1.905 1.164 0244 T—
Fiobinson, 2010 1.067 0.542 2038 0187 0852 i
Hinchey, 2010 2928 1.E70 8132 3750 0.000 —
Hung, 2010 0664 0412 1.0A -1.680 0053 —
Aufderheide, 2010 1.345 1.024 1.669 2688 0007 I~
Bigham, 2011 1125 0.323 1.364 1136 0232 -
Wk 2011 2.600 1.225 5515 2433 0ms3 —_—
Fixed 1.293 1.153 1.451 4395 0.000 +
R andom 1.389 1.104 1.748 2804 0.005 =+

Fised | Rand

Basic stats

Cumulative analysiz Calculations

The fact that the two results are not identical tells us that the weights are different, which means that
the effect size varies from study to study. (This means that T?, the estimate of between-study variance
in true effects is non-zero. It is not a test of statistical significance).

The confidence interval is wider for random-effects than for fixed-effects. This will always be the case
when T2 is non-zero.

The random-effects estimate of the effect size is slightly stronger (further from 1.0) than the fixed-effect
estimate. The FE and RE estimates will almost always differ from each other when T2 is non-zero, but

the difference can be in either direction.

In any event, the random-effects model is a better fit for the way the studies were sampled, and
therefore that is the model we will use in the analysis.
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e Click Random on the tab at the bottom

The plot now displays the random-effects analysis alone.

Comprehensive meta analysis - [Analysis] | =SHACE X
File Edit Format View Computational options Analyses Help
+ Data entry 13 Mext table :{— High resolution plot % Selectby ... | = Effect measure: Odds ratio - IE‘ I:‘ EE TT j- E :E t @
todel Study name Statiztics for each study Odds ratio and 95% CI
Odds ratio | Lower limit | Upper limit | Z-alue palue 0.0 010 1.00 10.00 100.00
Steinmetz, 2008 1815 1.031 3195 2067 0.039 ——
Sapre, 2003 1.609 1.097 2358 2438 0ms ——
Olasveengen, 1.272 0,245 1.4908 1164 0244 T
Fobinson, 2010 1.067 0.542 2038 0187 0852 —
Hinchey, 2010 2928 1.670 5132 3750 0.000 —
Hung. 2010 0.664 0412 1.071 -1.680 0.033 —+
Aufderheide, 2010 1.345 1.084 1.669 2688 0007 I~
Bigharn, 2011 1128 0.9249 1.364 1198 0232 -
ck, 2011 2.600 1.225 5515 2433 0ms3 —_—
Fandomn 1.389 1.104 1.748 2804 0.005 ~+

oth models

ttudy removed Cumulative analysiz Calculations

A quick view of the plot suggests the following

=  Almost all studies suggest an advantage for the new guidelines over the old

= |n most studies this effect falls in the range of 1.067 to 2.928, though the Cl for single studies
extend well beyond that range. One study suggests that the old guidelines did better, but the
effect is not statistically significant.

=  The summary effect is 1.389 with a Cl of 1.104 to 1.748. Thus, the mean effect is likely in the
clinically important range.

= The summary effect has a Z-value 2.804 and a p-value of 0.005. Thus we can reject the null
hypotheses that the true odds ratio is 1.0.

= |t's clear from the plot that there is variation in the observed effects. It also looks like the
observed variation exceeds the amount that we would expect to see based solely on within-
study sampling error. For example, the Cl for the Hinchey study has little (if any) overlap with
the Cl for the summary effect.

=  We also know that there must be some true between-study variance in the sample, by virtue of
the fact that the RE estimate is different than the FE estimate.

= To have a closer look at this variance we turn to the next table.
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Click [Next table]

Fiandom

<

Basic stats

Fixed | Random | Both models

Click here
Comprehensive meta analysis - [Anaw =N X

Eile Edit Formg w al options  Analyses Help
+ Data entry 3 Next table - High resolution plot | [gh Selectby .. | =+ Effect measure: Odds ratio B ETIEFE F| 2 @

Model Effect size and 95% interval Test of null (2-Tail) Heterogeneity Tau-squared

Mumber Point Lower Upper Tau Standard
Model Studies estimate limit Timit Z-value  P-value Q-value df[R) P-value I-squared Squared Error VYariance Tau
Fixed 9 1.293 1153 1.451 4.395 0.000 24015 g 0.002 EBE.667 0.07 0.063 0.004 0.267

9 1389 1104 1.748 2.804 0.oos

One study remaved Cumulative analysis Calculstions

The statistics at the left duplicate those we saw on the prior screen.

© www.Meta-Analysis.com

Under the random-effects model the odds ratio is 1.389 with a 95% confidence interval of 1.104
to 1.748. The test of the null (that the true risk ratio is 1.0) yields a Z-value of 2.804 and a
corresponding p-value of 0.005.

The statistics at the upper right relate to the dispersion of effect sizes across studies.

The Q-value is 24.015 with df=8 and p=0.002. Q reflects the distance of each study from the
mean effect (weighted, squared, and summed over all studies). Q is always computed using FE
weights (which is the reason it is displayed on the “Fixed” row, but applies to both FE and RE
analyses.

If all studies actually shared the same true effect size, the expected value of Q would be equal to
df (which is 8). Here, Q exceeds that value, and exceeds it by enough that the difference is
probably not due to chance. The p-value of 0.002 allows us to reject the null hypothesis that all
studies share the same true effect size, and conclude that the true effect size actually varies
from study to study.

T2 is the estimate of the between-study variance in true effects. This estimate is 0.071. T is the
estimate of the between-study standard deviation in true effects. This estimate is 0.267. Note
that these values are in log units. Therefore, to use these estimates to compute confidence
intervals or prediction intervals we would need to convert all values into log units, perform the
computations, and convert the values back into odds ratios. (This is handled automatically by
the program.)

The variance in effect sizes includes both sampling error and variance in the true effect size from
study to study. The /? value is 66.687, which tell is that about two-thirds of the observed
variance in effect sizes reflects differences in true effect sizes. This means that if each of the
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studies had a huge sample size (so that the observed effect closely mirrored the true effect size
for that study’s population) the observed effects would fall closer to each other than they do
now, but would not align exactly. The variance of the observed effects would drop by about a
third.

Click [Next table] to return to this screen
It’s always important to see how much each study contributed to the summary effect. For example, if
the summary effect was dominated by one or two studies, we would want to be aware of this and

consider if it affects the generalizability of the results.

e C(Click the [Weights] button on the toolbar to display the relative weight assigned to each study.

Comprehensive meta analysis - [Analysis] = | B |
File Edit Formabe ik hoptions  Analyses Help
+ Data entry 3 Next table H] High resolution plot | [g Selectby .. -+ Effect measure: Odds ratio B ETIEE X ¢t @
Model m Statistics for each study (Odds ratio and 95% CI “weight [Flandam)
Odds ratio | Lower imit | Upper imit | Z-%alue palug 001 010 1.00 10.00 100.00 Relative weight

Steinmetz, 2008 1815 1.0 3195 2.067 0.033 jh=u] |
Sayre, 2003 1.609 1.097 2358 2435 0ms 12571
Olasveengen, 1272 0.843 1.905 1.164 0.244 12060
Robingon, 2010 1.067 0.542 2098 0,187 0.852 1221
Hinchey, 2010 2928 1.670 5132 3.750 0.000 29%1
Hung, 2010 0.664 0412 1.071 -1.680 0033 10511
Aufderheide, 2010 1345 1.004 1.669 2668 0.007 1643 0
Bigham, 2011 1125 0.528 1.364 1196 0.232 17000
Lick, 2011 2800 1225 5515 2489 0mz 6291

Randam 1.389 1.104 1.748 2.804 0.005

Fi Both modsls
Badic stats | Onelbtudy removed Cumulative analysis | Calculations

We can see that the relative weights ranged from a low of 3.29% to a high of 17.00%. So, no single
study dominated the analysis. Five studies have relative weights in the range of 10% to 17% while the
remaining four have weights in the range of 6% to 9%.
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Do any studies appear to be outliers?
e  Click the residual button on the toolbar to display the Residual column.
One study has a standardized residual of +2.00 while another has a standardized residual of -2.16. We

may want to have a closer look at these and their impact on the analysis. It’s likely that they offset each
other’s impact on the mean effect, while increasing the estimate of between-study variance.

Comprehensive meta analysis - [Analysis] SAREE X
Eile Edit Format View Computational options Analyses Help
+ Data entry £+ Next table b High resolution plot | [ Selectby .. =+ Effect measure: Odds ratio -EC|ETT=H | * 3]
iodel Study name Statistics for each study Odds ratio and 95% CI FRiesidual (Random|
Odds ratio | Lower imit | Upper imit | Z-4alue p*alue om o010 1.00 10.00 100.00 Std Residual
Steinmetz, 2008 1815 1.031 3195 2.067 0.033 07 [ ]
Sayre, 2003 1609 1.097 2358 2435 0.015 0.8 [ ]
Olasveengen, 1.272 0.843 1.905 1.164 0.244 0.28 1
Rabinson, 2010 1.067 0.542 2098 n.1er 0.852 063 [ |
Hinchey, 2010 2928 1.670 5132 3.750 0.000 2.00 [ |
Hung, 2010 0.664 0412 1.071 -1.660 0.093 216
Aufderheide. 2010 1.345 1.084 1.669 2.668 0.0o7 01z |
Bighar, 2011 1125 0.928 1.364 1.19% 023z 0.8z [ ]
Lick, 2011 2600 1225 5515 2.489 0013 139 [ ]
Random 1.383 1.104 1.748 2.604 0.005

Fized | Random | Bothmodsls

{Basic statsi| (One studyremoved | Cumulative analpsis | Caloulations
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We might wonder how the summary effect would have shifted if any one study had been excluded from
the analysis. To address this question we can run the analysis eight times, each time with a single study
excluded.

The program allows us to run these eight analyses in one step.

e Click [One study removed] at the bottom.

Comprehensive meta analysis - [Analysis] = | Bl |5
Eile Edit Format View Computational options Analyses Help
+ Data entry £+ Next table b High resolution plot | [ Selectby .. =+ Effect measure: Odds ratio B E S| @
iodel Study name Statistics with study removed Odds ratio [35% C1] with study removed
Faint Lower imit | Upper limit | Z-Walue p*alue om o010 1.00 10.00 100.00
Steinmetz, 2008 1.354 1.061 1728 2.440 0.015
Sayre, 2003 1.365 1.057 1762 2387 0017
Olasveengen, 1414 1.083 1.834 2.604 0.009 —
Rabinson, 2010 1422 1112 1.817 281 0.005 —
Hinchey, 2010 1.281 1.046 1.569 2.393 ooz
Hung, 2010 1.487 1.208 1.635 3702 0.000 -+
Aufderheide. 2010 1416 1.098 1.694 2341 0019
Bighar, 2011 1.453 1105 1.926 2.661 0.008 ——
Lick, 2011 1.330 1.099 1.670 2.430 0014
Random 1.383 1.104 1.748 2.604 0.005 —+

Fized Ha jom'

Basic slats || One study removed |  fumulative anapsis | Caloulations

The program displays this screen. The yellow line at the bottom is the analysis with all eight studies.
The first row is what the yellow line would look like if the first study was excluded from the analysis.
The second row is what the yellow line would look like if the second study was excluded from the
analysis. And so on.

It seems that the effect size would remain pretty-much unchanged if any one study was removed —in
other words, the conclusions are not dependent on any single study. The summary effect is an odds
ratio of 1.389. If we remove any one study the effect size stays in the range of 1.281 to 1.489, which is
probably not a clinically important difference.

For those concerned about significance tests, the p-value with all studies is 0.005, and it stays at < 0.02
with any single study removed.
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We might wonder how the weight of the evidence has shifted over time. In other words, what would a
meta-analysis have shown if we had performed it after the first study, after the first two studies, and so
on.

To run this analysis we need to ensure that the studies are sorted by year on the data-entry screen. In
this case, they are, and so we can proceed.

e Click [Cumulative analysis] on the bottom
e C(lick the tool for relative weights on the menu

The program displays this screen

Comprehensive meta analysis - [Analysis] = | Bl |5
Eile Edit Format View Computational options Analyses Help
+ Data entry 3 Next table - High resolution plot | [gh Selectby .. | =+ Effect measure: Odds ratio BICETT=E ||t @
iodel Study name Cumulative statistics Cumulative odds ratio [95% Cl) ‘weight [Fandom]
Paint Lower limit | Upper limit |~ 24 alue palue om 010 1.00 1000 100.00 Relative weight
Steinmetz, 2008 1815 1.031 3195 2.067 0.033 Ren) |
Sayre, 2003 1E71 1217 2294 3175 o.om — 2145l
Olasveengen, 1.508 1174 1933 3217 o.om —-+ 3354
Ruobinson, 2010 1.445 1144 1.826 3.083 0.002 — 40.76 [l
Hinchey, 2010 1627 1.204 2193 3163 0.002 — 43.72
Hung, 2010 1358 0352 2055 1.707 0.08g 60.23 [
Aufderheide 2010 138 1.043 1.833 2.251 0024 7672 I
Bigham, 2011 1.330 1.093 1.670 2.450 0014 3271 I
Lick, 2011 1.383 1104 1.748 2.804 0.005 —+ 100.00 [
FRandom 1.383 1.104 1.748 2.804 0.005 —+

Fised | Random

Basic stats Ore study removd | Cumulative analysis | Calcllstions

The risk ratio would have been estimated at 1.815 after the one study, at 1.671 after two studies, and at
1.506 after three studies. From that point on, the estimate is pretty stable to the end.

While the estimate of the effect size changes little beyond the first three studies, the confidence interval
narrows with each additional study, which means that we have a more precise estimate of the effect
size. It also means that the p-value moves closer to zero.

This does not mean that the additional studies were unimportant. They may have provided important
information about the robustness of the effect. They did provide information about other outcomes
(not reported here).

Please note that the cumulative analysis shown here is intended only as a look-back. It would be a very
bad idea to repeat a meta-analysis every time a new study was added to the literature, with the goal of
stopping when the p-value hits 0.05. If the goal is to repeat the analysis every time a study is added,
then adjustments must be made to the p-value and confidence interval.
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e Click [Basic stats] to return to this screen
e  Click [Both models] to display both Fixed-effect and Random-effects estimates
e C(Click [Weights] to display the relative weights assigned under both models

Comprehensive meta analysis - [Analysis] = | B |
File Edit Format View Computational options Analyses Help
+ Data entry 3 Next table T High resolution plot | [g Selectby ..  —+ Effect measure: Odds ratio -EICETT=E Xt @
adel Study name Statistics for each study Odds ratio and 95% CI ‘wieight [Fixed) ‘weight (R andam)
Odds ratio | Lower imit | Upper imit | Z-%alue palug 001 010 1.00 10.00 100.00 Relative weight Relative weight
Steinmetz, 2008 1.815 1.031 3195 2.067 0.039 412 ganl
Sayre, 2009 1609 1.097 2398 2435 001s 8991 125711
Olasveengen, 1.272 0.649 1.905 1.164 0.244 a0l 12080
Rakinson, 2010 1.067 0.542 2098 n.1er 0.852 288 7221
Hinchey, 2010 2928 1.670 5132 3.750 0.000 418 6.96 1
Hung, 2010 0.664 0412 1.071 -1.660 0.093 5761 10511
Aufderheide, 2010 1.345 1.084 1.669 2.668 0.0o7 2619 16490
Bigham, 2011 1125 0.928 1.364 119 023z 351 17000
Lick, 2011 2600 12258 5515 2.489 003 233 6291
Fixed 1.292 1183 1.451 4.395 0.000
Random 1.389 1.104 1748 2.804 0.005

I {Both models’

Basic stats Cumulative analysis Calculations

As noted earlier, we use the random-effects model because it matches the way the studies were
sampled. (As it happens, the test of homogeneity also yielded a p-value of 0.002, which tells us that the
fixed-effect model is empirically false. However, we would have selected random-effects even if this p-
value was not statistically significant).

In that context, this screen is presented purely for instructional purposes, to show how the weights
affect the model.

The plot shows that the odds ratio moves slightly to the right (a larger effect, since we are working with
values above 1.0) when we move from fixed-effect weights to random-effects weights. The columns
with the weights show why this happens. The Bigham study happens to have an unusually small effect
size relative to the others. This study also happens to have a large sample size. Under the FE model this
study gets 35% of the weight, and pulls the summary effect to the left. Under the RE model this study
gets only 17% of the weight. It still pulls the summary effect to the left, but not as much. The weight for
other studies shifts as well, with the overall impact of the shifts being for the RE estimate to be slightly
higher.
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Next, we want to create a high-resolution plot.

When we click [Hi-Res], the screen will be recreated in a high-resolution plot. Therefore, before moving
to that screen we need to determine which columns to include (or exclude). The basic idea is to exclude
as many columns as possible, to ensure maximum clarity on the plot.

e Click [Weights] to hide the weights. In the high-res version these will be reflected in the size of
each study.
e Click [Random] at the bottom.

Right-click anywhere in the section called [Statistics for each study]

The program opens a wizard as shown here Right-click here

e Check the boxes for odds-ratio and p-value
e Uncheck all other boxes

e Click Ok
@ Comprehensive meta analysis - [Analysis]
File Edit Format View Computational options Analyses Help
+ Data entry 3 Next table “*- High resolution piot | [ghy Selectby ... -+ Effect measure;Gdds ratio -EILIEETTEE |t @
Model Study name Statigtics for each study 0dds ratio and 95% Cl
Odds ratio | Lower limit | Upper lmit | Z-Value 0.m oio0 1.00 10.00 100.00
Steinmetz, 2008 1.615 1.031 3195 2.067
Sayre, 2009 1.609 1.097 2358 2435 ——
Olazvesngen, 1.272 0.845 1.905 1
Rahbinsan, 2010 1.067 0542 2.098 0187 0862
Hinchey, 2010 2928 1.670 5132 3.750 0.000 —
Hung, 2070 0.664 0nz 1071 -1.E80 0.093 .
Aufderheide, 2010 1.345 1.084 1.EE9 2688 0.007 B Customize display @
Bigharn, 2011 1125 0.528 1.364 1196 0232
Lick, 2011 2600 1.225 5515 2489 0ms Show Decimals  Alignment
Random 1.389 1.104 1.748 2.804 0.005
W &l columns in this block - -
M Odds ratio Auto x| |Auto hd
[~ Standard enor Auto x| |Auto hd
[T Wariance Aubo x| |Auto hd
[~ Lover limit duto | |Auto -
[ Upper limit Ao+ | |Auto -
[T ZValue Autn v| |Auto -
¥ pVale Autn v | |Auta -
Cancel Apply | Ok ‘
\
Fised | Random | Bath models
Basic stats One study remaved Curnulative analysis Calculations
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e C(Click the tool for Hi-res plot

@ Comprehensive meta analysis - [Analysis]

File Edit Format View Computationaagd Honal Kl
4 Data entry 13 Mext table :{— High resolution plot % Selfctby ... | =+ Effect measure: Odds ratio = |E| |:|
Model Study name Statistics W Odds ratio and 95% CI
Oddzratio | pWalue 001 010 1.00 10.00 100.00
Steinmetz, 2008 1815 nn3
Sayre, 2003 1.609 nms
Olasveengen, 1.272 0.244
Robirson, 2070 1.067 0852
Hinchey, 2010 2828 oo
Hung, 2010 0664 nnaz
Aufderheide, 2010 1.345 n.oo7
Bigharn, 2011 1125 nzaz
Lick, 2011 2800 nma
Random 1.383 0.005
Fized | Random | Both models
Basic stats One shudy removed Curnulative analysis Calculations:
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e  On this screen click [Reset all]
e The screen should look like this

[5F] Comprehensive meta analysis - [Analysis] =R
File Edit Format View Computational options Colors Help [r—
+ Data entry + Retumto table | Zf- High resolution piot %Eﬁfng‘-.onesze "m Propoffional % Rmal‘ lepage - ColorMode { ~ (i)

Meta Analysis

0dds ratio and 95% Cl

Steinmetz, 2008
Sayre, 2009
Olasveengen, 2009
Robinson, 2010
Hinchey, 2010
Hung, 2010
Aufderheide, 2010
Bigham, 2011
Lick, 2011

0.01 0.1 10 100

Favours A Favours B

At this point we can allocate more or less space to each element of the plot

e Right click on the forest plot
e Select [Spacing and forest plot width]

5] Comprehensive meta analysis - [Analysis] [E=atan X

File Edit Format View Computational options Colors Help

+ Data entry 4+ Return to table |1— High resolution piot [ [7] [ = rea L] I Q‘ . Onesize | Proportional X Resetal | Wholepage  + ColorMode ¢ = (i}

Meta Analysis

_Odds ratio and 95% I Right-click here

Steinmetz, 2008
Sayre, 2009 | ]
QOlasveengen, 2009
Robinson, 2010

Hinchey, 2010 E 3

Hung, 2010 - 'B® Copyto clipboard as WMF
Aufderheide, 2010

Bigham, 2011 - Study and summary symbols
Lick, 2011 23 Spacing and forest plot width
Labels

= Line thickness

e setscale »

0.01 0.1

Favours A Favours B
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If using Windows 7 you may need to drag the bottom edge of this (and other) toolbars to make

it fully visible.
e Select [Right buffer] and then [Remove]
This removes the space to the right of the forest plot (we don’t need it since we have no

columns to the right of the forest plot)

[3f] Comprehensive meta analysis - [Analysis]

File Edit Format View Computational options Colors Help

+ Return to table \}H»gnresomnnpm %E‘E+|ﬁ T |;|| ™. Onesize | Proportional X Resetall | Whole page = ColorMode { =+ (i}

+ Dataentry

Meta Analysis

0dds ratio and 95% CI

Steinmetz, 2008
]

Flow spacing | Colunn spacing | Forest plot widh | Left bufer | Right bufer |J [

ung,
Aufderheide, 2010
Bigham, 2011
Lick, 2011

*

0.01 0.1 1 10 100

Favours A Favours B

e C(Click [Forest plot width]
e (Click the ™ button. This will increase the width of the plot section.
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[7f] Comprehensive meta analysis - [Analysis] &
P lysi lysi

File Edit Format View Computational options Colors Help

+ Data entry + Return to table ‘}H»ghresﬂlmnpm "N E|-—|; = |;|| ™ Onesize g Proportional X Resetall Wholepage - Color Mode & - LE)

Meta Analysis

0dds ratio and 95% Cl

Steinmetz, 2008

!—Y—lJ 3
Fow spacing | Column spacing | Forest plot width | Left buffer | Right bulfer

Hung, 2010
Aufderheide, 2010
Bigham, 2011
Lick, 2011

0.01 0.1

Favours A Favours B
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Right-click on the words “Favours A” or “Favours B” to open a dialog
Change these to “Favors Old” and “Favors New”

Click [Apply]

Click on [Font]

Click ™ to increase the font size

[3] Comprehensive meta analysis - [Analysis]

File Edit Format View Computationaloptions Colors Help

4 Data entry High resolution plot = 11 oy ™. Onesize "y Proportional X Resetal | Whole page
E3 BOF k=0 =

4+ Return to table

~ Color Mode ¢ = ()

Meta Analysis

0dds ratio and 95% Cl

Steinmetz, 2008
Sayre, 2009
Olasveengen, 2009
Robinson, 2010

]

 Favous 0d Favours New Apaly

Test | Font

Lick, 2011

0.1 10

Favours Old Favours New

e Right-click on the title
o Set the title to “New vs. Old Guidelines for Cardiac Arrest” | Click [Apply]
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5] Comprehensive meta analysis - [Analysis] | | (5 ]

File Edit Format View Computational options Colors Help

+ Data entry + Return to table ‘}H»ghrmnhjlmnplm %EE‘ - L] I |;H g Onesize | Proportional ¥ Resetall | Wholepage = ColorMode & - LI}

New vs. Old Guidelines for Cardiac Arrest

_0dds ratio and 85% €1

[ Mew vs. DId Guidelnes for Carddac & Apply

Text | Fort | Line under headsr

Steinmetz, 2008
Sayre, 2009
Olasveengen, 2009
Robinson, 2010
Hinchey, 2010
Hung, 2010
Aufderheide, 2010
Bigham, 2011
Lick, 2011 ——

+

0.1 1 10

Favours Old Favours New

e Click Format > Footer

e Enter the text “Random-effects analysis”

o Depress the check-box at the left of this toolbar

e Adjust the font

[ Comprehensive meta snalysis - [Analysis] || O ]
File Edit Format View Computational aptions Colars Help ‘
+ Data entry + Retumntotable | - High resolution plot (g [T] ] = v [0 22 Q‘ . Onesize | Proportional X Resetall | Wholepage = ColorMode { + (i}
New vs. Old Guidelines for Cardiac Arrest
Study name Odds ratio and 95% CI
[ Frandomeiferts anabsis r;m:loz[;gzoos
gen, 2009
Teut | Fort | Line abave footer nson, 2010
Hinchey, 2010
Hung, 2010
Aufderheide, 2010
Bigham, 2011
Lick, 2011
0.1 10 100
Favours Old Favours New

Random-effects analysis

[ )

e Click Color for Slides
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[f] Comprehensive meta analysis - [Analysis]

[E=micE x|

File Edit Format View Computational options Colors Help
+ Data entry + Returntotable | - High resolution piot [3 [] ] = v L] 72 [C]| ™a Onesize | Proportional ¥ Rese;ll Whole page  ~ lnlmfur sides (- (£}

——

New vs. Old Guidelines for Cardiac Arrest
Study name 0dds ratio and 95% CI

p-Value

Steinmetz, 2008 - 0.039
Sayre, 2009 .609 0.015
Olasveengen, 2009 Wi 0.244
Robinson, 2010 g 0.852
Hinchey, 2010 .9 0.000
Hung, 2010 X 0.093
Aufderheide, 2010 5 0.007
Bigham, 2011 . i}

Lick, 2011 . 0.013

0.1 10 100

Favours Old Favours New

Random-effects analysis

Right-click on the title
Click Font | Click the Color button
Select a color | Click Ok
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e Right-click on the plot
e Select Line thickness

[] Comprehensive meta analysis - [Analysis] [
File Edit Format View Computational options Colors Help
+ Data entry + Returnto table | - High resouution piot [34 7] (5] = ven L] = [[]| ™a Onesize “m Proportional X Resstal | Wholepage  * Colors forsides ¢ v L)
New vs. Old Guidelines for Cardiac Arrest
Study name 0dds ratio and 95% CI
p-Value
Steinmetz, 2008 .81° 0.039
Sayre, 2009 .609 0.013
Olasveengen, 2009 . 0.244
Robinson, 2010 d 0.852
Hinchey, 2010 -9 0.000 Copy to clipboard as WMF
Hung, 2010 4 0.093 Set scale
Aufderheide,2010 - 0.007 Study and summary symbols
Bigham, 2011 125 0.232 Spacing and forest plot width
Lick, 2011 d 0.013 Labels
0.005
Favours Old Favours New
Random-effects analysis
Select Scale Anchors and increase the size. This ensures that the vertical lines will be visible in
PowerPoint.
[ Comprehensive meta analysis - [Analysis] (=Nl

File Edit Format View Computational options Colors Help

+ Data entry + Returntotable | 3 High resolution plot [ [7] [F5] = w#n [0\ 2 (O] | ™a Onesize " Proportional X Resetall | Whole page = Colors for sides ¢ = (i}

New vs. Old Guidelines for Cardiac Arrest

Study name Odds ratio and 95% CI

p-Value

Steinmetz, 2008 0.039

Sayre, 2009 0.015

Olasveengen, 2009 0.244

Robinson, 2010 0.852

Hinchey, 2010 0.000

Hung, 2010 0.093

Aufderheide, 2010 1 0.007

Bigham, 2011 0.232

lina #hirlnace 0.013
17170507 reset 0.005

Confidencs intervals | Scale anchors . 0.1 10 100
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Click File > Export to PowerPoint

[F Comprehensive meta analysis - [Analysis] o | [

File Edit Format View Computational options Colors Help
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 Retum to table New vs. Old Guidelines for Cardiac Arrest
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p-Value
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Robinson, 2010 3 0.852
Hinchey, 2010 2.92 0.000
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Depending on which version of PowerPoint you’re using, you may need to stretch the plot to cover the
full slide
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Summary

This analysis includes nine studies where patients were randomized to be treated for cardiac arrest
based on either old guidelines or new guidelines. Outcome was survival (being alive), and we used the
odds ratio as the effect size.

Do the guidelines affect the likelihood of survival?

The mean odds ratio is 1.389, which means that being assigned to the newer guidelines resulted in a
higher chance of surviving.

These studies were sampled from a universe of possible studies defined by certain inclusion/exclusion
rules as outlined in the full paper. The confidence interval for the odds ratio is 1.104 to 1.748, which tell
us that the mean odds ratio in the universe of studies could fall anywhere in this range. This range does
not include an odds ratio of 1.0, which tells us that the mean odds ratio is probably not 1.0.

Similarly, the Z-value for testing the null hypothesis (that the mean odds ratio is 1.0) is 2.004, with a
corresponding p-value of 0.005. We can reject the null that the likelihood of survival is the same in both
groups, and conclude that the likelihood of survival is higher in the new-guidelines group.

Does the effect size vary across studies?

The observed effect size varies somewhat from study to study, but a certain amount of variation is
expected due to sampling error. We need to determine if the observed variation falls within the range
that can be attributed to sampling error (in which case there is no evidence of variation in true effects),
or if it exceeds that range.

The Q-statistic provides a test of the null hypothesis that all studies in the analysis share a common
effect size. If all studies shared the same effect size, the expected value of Q would be equal to the
degrees of freedom (the number of studies minus 1).

The Q-value is 24.015 with 8 degrees of freedom and the corresponding p-value is 0.002. Thus, we can
reject the null hypothesis that the true odds ratio is the same in all studies, and all the variation in
observed effects is due to sampling error.

The /? statistic tells us what proportion of the observed variance reflects differences in true effect sizes
rather than sampling error. F?is 66.689, which means that about two-thirds of the observed variance
reflects variance in true effects. Put another way, if we could plot the true effects rather than the
observed effects, the variance of the new plot would shrink by about a third.

T2 is the variance of true effect sizes (in log units). Here, T?is 0.071 in log units. T is the standard
deviation of true effects (in log units). Here, Tis 0.267 in log units.
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