Evidence-based Medicine (EBM) Tools
Arno Zaritsky, M.D.

This document contains a number of Excel tables to help you calculate various parameters to evaluate the evidence regarding diagnostic tests, treatments and evidence of harm, and to calculate confidence intervals for a set of observations. You can either enter data from an article of interest to calculate the values, or you can use these tables to see what will happen as you change parameters. Only enter data in the fields that already contain values—there are some hidden calculation fields that you will alter if you enter data in those blank cells. If you do this it will invalidate any subsequent results. To restore the tables, exit the document without saving it. This will restore the original document when you reopen it. 

[image: image1.wmf]The first table below helps you see the degree of variation (95% confidence intervals) around a proportion, such as the proportion of patients with an outcome of interest. The latter is often used in prognostic studies. To change the values, double-click on the table. You must have Word 97 and Excel 97 to use these tables. The tables are embedded Excel worksheets. 

Diagnostic Test Interpretation

The next section deals with the evaluation of a diagnostic test. This evaluation uses a standard 2 X 2 table to describe the components of a diagnostic test evaluation. Abbreviations: TP = true positive; FP = false positive; TN = true negative and FN = false negative. 

You can see the effect of likelihood ratios on the probability of a condition being present if you estimate the pretest probability of the disease and enter that value in the right-hand column of data. Alternatively, you can directly enter the pre-test odds ratio if you prefer to think about the likelihood of the disease being present in terms of odds rather than probability. If you don’t know and can’t guess the probability of the condition being present in your patient, you can use the prevalence of the disease in the study population as the pretest probability (this value is calculated for you in the left-hand column).  

The following table uses data from a study evaluating the diagnostic accuracy of various tests for the presence of culture positive urinary tract infection in febrile children. The specific example shows the accuracy of a positive leukocyte esterase (LE) test in 3,394 paired urine samples. The number of children with positive tests and a positive culture are in the upper left cell (TP, cell a). The number of children with a negative test and negative culture are seen in the lower right hand cell (TN, d). The formulas used to calculate various diagnostic test parameters, such as sensitivity, specificity and positive predictive values are also shown. 

To enter new values into this table, double-click the table. This will open up a spreadsheet where you can change the values. Changed values will be saved when you save the table. You can also change the information in the cell describing the type of test. Printing out the table after entering new data would be useful to summarize the results of an article being reviewed for journal club. You can click on the table to select it, then copy the table to the clipboard and paste it into a new document if you don’t want to alter the original table. 

Note that if you estimated the patient’s pretest odds of a urinary tract infection (UTI) as only being 10% (0.1 entered in the first cell in the left-hand column), the high likelihood ratio for this test shows that if the test comes back positive, it increases the probability of a UTI to 0.75 (75%). This may obviously change your likelihood of treating this child while awaiting the urine culture results. 
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Evaluating a Treatment

The next table allows you to enter data from a paper evaluating a treatment, risk exposure or other therapy that is designed to improve outcome. The table calculates the absolute and relative risk reductions, the number needed to treat, and the 95% confidence intervals for these parameters. The control event rate is entered as a decimal value rather than percent. The same is true for the experimental group event rate. Using the data from our study evaluating the ability of ipratropium bromide to reduce the need for hospitalization in children with severe asthma, the control rate for admission was 52.6% and the experimental rate was 37.5%. The number of control patients was 175 and there were 176 children in the treatment group.

As before, to make changes in this table, double click the table. (Note: please don’t enter data into blank cells, they may be used to hide calculation fields that let me calculate the 95% CI). You can modify the study descriptor line to personalize the results. 
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The next table is similar to the one above, but adds rows to allow you to estimate the cost-effectiveness of an intervention. If you know the cost of treatment, then the product of the NNT & treatment cost estimates the cost to prevent one outcome of interest (and shows the 95% confidence intervals for this estimate). 
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What if your treatment increases the rate of a desired outcome, such as an increase in the number of patients surviving out-of-hospital cardiopulmonary resuscitation? The following table allows you to calculate NNT and see the cost effectiveness for studies of this type. In the example, an experimental treatment increases the survival to hospital discharge from 6% to 10% in a study that contained 200 children in each treatment group. Note that even though the relative improvement in outcome represents a 66.7% improvement, the study fails to show that this is a significant improvement since the 95% CI for the absolute risk improvement crosses zero. Moreover, approximately 25 (95% CI: 13 to 400) children would need to receive the experimental intervention to result in one more survivor. If the treatment costs $5,000 and you estimate standard treatment costs as $500, you can see that this is a very expensive intervention. 
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It is also useful to evaluate the potential of harm reported in a study. The following table calculates the absolute risk increase and number needed to harm as well as the appropriate confidence intervals. The example in the following table is based on a case control study where 100 patients with the adverse condition were identified and matched with 100 controls. Ninety (90) patients with the disease were exposed to the treatment (or risk factor) and 10 were not exposed; 45 controls were exposed to the treatment and 55 were not exposed. Since this is a case-control study, the relative odds (similar to odds ratio) is 11 with a 95% confidence interval of 8.9 to 13.1. That is, among those who developed the adverse outcome of interest, they were 11 times more likely to have been exposed to the treatment (or risk factor). [See Jaeschke R. et al. Canadian Medical Association Journal 1995; 152: 351-357. http://www.cma.ca/cmaj/vol-152/0351.htm]

As before, to change the numbers, double-click on the table. 
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Sheet1

				Statistics for EBM

																														(review of paper in JAMA 1998; 279:1736 - acute otitis media metaanalysis)

				TREATMENT EFFECTIVENESS								Calculations				TREATMENT EFFECTIVENESS-Risk Improvement								Calculations						TREATMENT EFFECTIVENESS-odds ratios								Calculations

				Menon paper												CPR Study - rate of hospital survival														AOM short vs. long antibiotic treatment

				Control event rate		0.21						0.035		+95% CI ARR		Control event rate		0.04						0.060		+95% CI ARR				Control event rate - Sx at 8-19 days		0.12						0.026		+95% CI ARR

				Experimental event rate		0.161										Experimental event rate		0.06												Experimental event rate		0.198		(note-different equations for increase in outcome)

				Number in control group		972										Number in control group		100												Number in control group		1569

				Number in experimental group		956										Number in experimental group		100												Number in experimental group		1549

								+95%		-95%										+95%		-95%												+95%		-95%

				Absolute risk reduction		4.9%		8.4%		1.4%						Absolute risk improvement		2.0%		8.0%		-4.0%								Absolute risk increase		7.8%		10.4%		5.2%

				Relative risk reduction		23.3%										Relative risk improvement		50.0%												Relative risk increase		65.0%

				Number needed to treat		20.41		11.96		69.54						Number needed to treat		50.00		12.45		-24.78								Number needed to treat w/10 days of Antibiotic		12.82		9.66		19.06

																Cost of experimental treatment		$10,000.00												Incremental cost of 10 days treatment		$25.00

																Cost of adverse outcome														Cost of adverse outcome

																Cost to prevent one outcome		$500,000.00		$124,459.17		-$247,846.01								Cost to prevent one persistent AOM		$320.51		$241.45		$476.57

				TREATMENT EFFECTIVENESS						Calculations						(Cost of Rx * NNT)														(Cost of Rx * NNT)

				Study descriptors (enter here)																														95% CI

				Control event rate		0.365				0.087				+95% CI ARR																Odds ratio for persistent disease		0.6578947368		1.17		1.98

				Experimental event rate		0.274										TREATMENT EFFECTIVENESS-Cost Effectiveness						Calculations								Pt's expected event rate (PEER)		0.198

				Number in control group		219										Study descriptor														NNT calculated from odds ratio (p. 140 EBM)		17.160866288		0.9322631579		0.0543249474

				Number in experimental group		215										Control event rate		0.526				0.103				+95% CI ARR

				Confidence intervals				+95%		-95%						Experimental event rate		0.375

				Absolute risk reduction		9.1%		17.8%		0.4%						Number in control group		175

				Relative risk reduction		24.9%										Number in experimental group		176

				Number needed to treat		11.0		5.6		269.8						Confidence intervals				+95%		-95%

																Absolute risk improvement		15.1%		25.4%		4.8%

																Relative risk improvement		28.7%

				TREATMENT EFFECTIVENESS								Calculations				Number needed to treat		6.62		3.94		20.79

				Qureshi-severe patients

				Control event rate		0.526						0.117		+95% CI ARR		Cost of experimental treatment		$28.00

				Experimental event rate		0.375										Cost of adverse outcome		$3,100.00

				Number in control group		135										Cost to prevent one outcome		$185.43		$110.28		$582.15

				Number in experimental group		136										(Cost of Rx * NNT)

								+95%		-95%

				Absolute risk reduction		15.1%		26.8%		3.4%

				Relative risk reduction		28.7%

				Number needed to treat		6.623		3.730		29.509
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Sheet1

				Statistics for EBM

																														(review of paper in JAMA 1998; 279:1736 - acute otitis media metaanalysis)

				TREATMENT EFFECTIVENESS								Calculations				TREATMENT EFFECTIVENESS-Risk Improvement						Calculations								TREATMENT EFFECTIVENESS-odds ratios								Calculations

				Menon paper												CPR Study - rate of hospital survival														AOM short vs. long antibiotic treatment

				Control event rate		0.21						0.035		+95% CI ARR		Control event rate		0.06				0.053				+95% CI ARR				Control event rate - Sx at 8-19 days		0.12						0.026		+95% CI ARR

				Experimental event rate		0.161										Experimental event rate		0.1												Experimental event rate		0.198		(note-different equations for increase in outcome)

				Number in control group		972										Number in control group		200												Number in control group		1569

				Number in experimental group		956										Number in experimental group		200												Number in experimental group		1549

								+95%		-95%						Confidence intervals				+95%		-95%												+95%		-95%

				Absolute risk reduction		4.9%		8.4%		1.4%						Absolute risk improvement		4.0%		9.3%		-1.3%								Absolute risk increase		7.8%		10.4%		5.2%

				Relative risk reduction		23.3%										Relative risk improvement		66.7%												Relative risk increase		65.0%

				Number needed to treat		20.41		11.96		69.54						Number needed to treat		25.0		10.7		-76.8								Number needed to treat w/10 days of Antibiotic		12.82		9.66		19.06

																Cost of experimental treatment		$5,000.00												Incremental cost of 10 days treatment		$25.00

																Cost of adverse outcome		$500.00												Cost of adverse outcome

																Cost to prevent one outcome (NNT*cost of expt Rx)		$125,000.00		$53,746.81		-$383,765.87								Cost to prevent one persistent AOM		$320.51		$241.45		$476.57

				TREATMENT EFFECTIVENESS						Calculations																				(Cost of Rx * NNT)

				Study descriptors (enter here)																														95% CI

				Control event rate		0.365				0.087				+95% CI ARR																Odds ratio for persistent disease		0.6578947368		1.17		1.98

				Experimental event rate		0.274										TREATMENT EFFECTIVENESS-Cost Effectiveness						Calculations								Pt's expected event rate (PEER)		0.198

				Number in control group		219										Study descriptor														NNT calculated from odds ratio (p. 140 EBM)		17.160866288		0.9322631579		0.0543249474

				Number in experimental group		215										Control event rate		0.526				0.117				+95% CI ARR

				Confidence intervals				+95%		-95%						Experimental event rate		0.375

				Absolute risk reduction		9.1%		17.8%		0.4%						Number in control group		135

				Relative risk reduction		24.9%										Number in experimental group		136

				Number needed to treat		11.0		5.6		269.8										+95%		-95%

																Absolute risk improvement		15.1%		26.8%		3.4%

																Relative risk improvement		28.7%

				TREATMENT EFFECTIVENESS								Calculations				Number needed to treat		6.62		3.73		29.51

				Qureshi-severe patients

				Control event rate		0.526						0.117		+95% CI ARR		Cost of experimental treatment		$500.00

				Experimental event rate		0.375										Cost of adverse outcome		$10,000.00

				Number in control group		135										Cost to prevent one outcome		$3,311.26		$1,864.89		$14,754.53

				Number in experimental group		136										(Cost of Rx * NNT)

								+95%		-95%

				Absolute risk reduction		15.1%		26.8%		3.4%

				Relative risk reduction		28.7%

				Number needed to treat		6.623		3.730		29.509
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				Analysis of Harm

						Adverse Outcome

								Present (Case)		Absent (Control)		Totals

				Exposed to the treatment		Yes		90		45		135		Risk in treated:		66.7%

						(Cohort)		a		b		a+b

						No		10		55		65		Risk in controls:		15.4%

						(Cohort)		c		d		c+d

								a+c		b+d

						Totals		100		100		200

														calculations

				In randomized trial or cohort study:				-95%		+95%				SE of log (relative risk)		0.297

				Relative risk = [a/(a+b)]/[c/(c+d)]		4.3		2.4		7.8				95% CI for Log(RR)		2.049

				In a case control study:										1.466		0.884

				Relative odds = ad/bc		11.0		13.1		8.9				0.3892494721

				Absolute increase in risk of adverse event (%) (ARI)		51.3%		63.1%		39.4%				0.060405476

				Number needed to harm (NNH) = 1/ARI		2.0		1.6		2.5

				Sensitivity=a/(a+c)		90.0%										Likelihood ratio for a neg test = (1-sens)/spec		0.18

				Specificity=d/(b+d)		55.0%										Pre-test odds = prevalence/(1-prev)		1.00

				Pre-test probability (prevalence) =(a+c)/(a+b+c+d)		50.0%										Post-test odds = pre-test odds * likelihood ratio		2.00

				Positive predictive value=a/(a+b)		66.7%										Post-test probability = post-test odds/(post-test odds + 1)		0.67

				Negative predictive value=d/(c+d)		84.6%

				Likelihood ratio for + test = sens/(1-spec)		2.00

						Diagnostic Test Analysis

								Target Disorder

								Present (Case)		Absent (Control)		Totals

				Diagnostic test result		Positive		474		20		494

						<15		TP    a		b     FP		a+b

						Negative		335		1750		2085

						>15		FN    c		d     TN		c+d

								a+c		b+d

						Totals		809		1770		2579

										Your patient's pretest probability				0.65

				Sensitivity=a/(a+c)		59%				Your patient's pretest odds				1.86

				Specificity=d/(b+d)		99%				Post-test odds = pretest odds X LR+				96.30

				Pre-test probability (prevalence) =(a+c)/(a+b+c+d)		31%				Post-test probability = post-test odds/(PTO+1)				0.99

				Positive predictive value=a/(a+b)		96%

				Negative predictive value=d/(c+d)		84%

				Likelihood ratio for + test = sens/(1-spec)		51.85

				Likelihood ratio for - test = sens/(1-spec)		0.42

				Pre-test odds = prevalence/(1-prevalence)		0.46
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				Analysis of Harm

						Adverse Outcome

								Present (Case)		Absent (Control)		Totals

				Exposed to the treatment		Yes		98		498		596		Risk in treated:		16.4%

						(Cohort)		a		b		a+b

						No		58		550		608		Risk in controls:		9.5%

						(Cohort)		c		d		c+d

								a+c		b+d

						Totals		156		1048		1204

				In randomized trial or cohort study:				-95%		95%				SE of log (relative risk)		0.1553153944		0.544458683

				Relative risk = [a/(a+b)]/[c/(c+d)]		1.72		1.27		2.34				95% CI for Log(RR)		0.8488768561		0.2400405099

				In a case control study:

				Relative odds = ad/bc		1.87

				Absolute increase in risk of adverse event (%) (ARI)		6.90%

				Number needed to harm (NNH) = 1/ARI		14.5

				NNH = [PEER(OR-1) +1]/[PEER(OR-1)*(1-PEER)]

				PEER=patient expected event rate; OR is odds ratio.

				Sensitivity=a/(a+c)		62.8%										Likelihood ratio for a neg test = (1-sens)/spec		0.71

				Specificity=d/(b+d)		52.5%										Pre-test odds = prevalence/(1-prev)		0.15

				Pre-test probability (prevalence) =(a+c)/(a+b+c+d)		13.0%										Post-test odds = pre-test odds * likelihood ratio		0.20

				Positive predictive value=a/(a+b)		16.4%										Post-test probability = post-test odds/(post-test odds + 1)		0.16

				Negative predictive value=d/(c+d)		90.5%

				Likelihood ratio for + test = sens/(1-spec)		1.32

						Diagnostic Test Analysis

								Target Disorder

								Present (Case)		Absent (Control)		Totals

				Diagnostic test result (LE & UTI)		Positive		75		99		174

								TP    a		b     FP		a+b

						Negative		20		3200		3220

								FN    c		d     TN		c+d

								a+c		b+d

						Totals		95		3299		3394

										Your patient's pretest probability				0.1

				Sensitivity=a/(a+c)		79%				Your patient's pretest odds				0.1

				Specificity=d/(b+d)		97%				Post-test odds = pretest odds X LR+				2.9

				Pre-test probability (prevalence) =(a+c)/(a+b+c+d)		3%				Post-test probability = post-test odds/(PTO+1)				0.75

				Positive predictive value=a/(a+b)		43%

				Negative predictive value=d/(c+d)		99%

				Likelihood ratio for + test = sens/(1-spec)		26.31

				Likelihood ratio for - test = (1-sens)/spec		0.22

				Pre-test odds = prevalence/(1-prevalence)		0.03
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				Statistics for EBM

																														(review of paper in JAMA 1998; 279:1736 - acute otitis media metaanalysis)

				TREATMENT EFFECTIVENESS								Calculations				TREATMENT EFFECTIVENESS-Risk Improvement								Calculations						TREATMENT EFFECTIVENESS-odds ratios								Calculations

				Menon paper												CPR Study - rate of hospital survival														AOM short vs. long antibiotic treatment

				Control event rate		0.21						0.035		+95% CI ARR		Control event rate		0.04						0.060		+95% CI ARR				Control event rate - Sx at 8-19 days		0.12						0.026		+95% CI ARR

				Experimental event rate		0.161										Experimental event rate		0.06												Experimental event rate		0.198		(note-different equations for increase in outcome)

				Number in control group		972										Number in control group		100												Number in control group		1569

				Number in experimental group		956										Number in experimental group		100												Number in experimental group		1549

								+95%		-95%										+95%		-95%												+95%		-95%

				Absolute risk reduction		4.9%		8.4%		1.4%						Absolute risk improvement		2.0%		8.0%		-4.0%								Absolute risk increase		7.8%		10.4%		5.2%

				Relative risk reduction		23.3%										Relative risk improvement		50.0%												Relative risk increase		65.0%

				Number needed to treat		20.41		11.96		69.54						Number needed to treat		50.00		12.45		-24.78								Number needed to treat w/10 days of Antibiotic		12.82		9.66		19.06

																Cost of experimental treatment		$10,000.00												Incremental cost of 10 days treatment		$25.00

																Cost of adverse outcome														Cost of adverse outcome

																Cost to prevent one outcome		$500,000.00		$124,459.17		-$247,846.01								Cost to prevent one persistent AOM		$320.51		$241.45		$476.57

				TREATMENT EFFECTIVENESS						Calculations						(Cost of Rx * NNT)														(Cost of Rx * NNT)

				Study descriptors (enter here)																														95% CI

				Control event rate		0.526				0.103				+95% CI ARR																Odds ratio for persistent disease		0.6578947368		1.17		1.98

				Experimental event rate		0.375										TREATMENT EFFECTIVENESS-Risk Reduction								Calculations						Pt's expected event rate (PEER)		0.198

				Number in control group		175										Qureshi Study-Severe group														NNT calculated from odds ratio (p. 140 EBM)		17.160866288		0.9322631579		0.0543249474

				Number in experimental group		176										Control event rate		0.526						0.117		+95% CI ARR

				Confidence intervals				+95%		-95%						Experimental event rate		0.375

				Absolute risk reduction		15.1%		25.4%		4.8%						Number in control group		135

				Relative risk reduction		28.7%										Number in experimental group		136

				Number needed to treat		6.6		3.9		20.8										+95%		-95%

																Absolute risk improvement		15.1%		26.8%		3.4%

																Relative risk improvement		28.7%

				TREATMENT EFFECTIVENESS								Calculations				Number needed to treat		6.62		3.73		29.51

				Qureshi-severe patients

				Control event rate		0.526						0.117		+95% CI ARR		Cost of experimental treatment		$3.00

				Experimental event rate		0.375										Cost of adverse outcome		$3,267.00

				Number in control group		135										Cost to prevent one outcome		$19.87		$11.19		$88.53

				Number in experimental group		136										(Cost of Rx * NNT)

								+95%		-95%

				Absolute risk reduction		15.1%		26.8%		3.4%

				Relative risk reduction		28.7%

				Number needed to treat		6.623		3.730		29.509





Sheet2

		





Sheet3

		






_992330434.xls
Sheet1

				Statistics for EBM

																														(review of paper in JAMA 1998; 279:1736 - acute otitis media metaanalysis)

				TREATMENT EFFECTIVENESS								Calculations				TREATMENT EFFECTIVENESS-Risk Improvement						Calculations								TREATMENT EFFECTIVENESS-odds ratios								Calculations

				Menon paper												CPR Study - rate of hospital survival														AOM short vs. long antibiotic treatment

				Control event rate		0.21						0.035		+95% CI ARR		Control event rate		0.06				0.037				+95% CI ARR				Control event rate - Sx at 8-19 days		0.12						0.026		+95% CI ARR

				Experimental event rate		0.161										Experimental event rate		0.1												Experimental event rate		0.198		(note-different equations for increase in outcome)

				Number in control group		972										Number in control group		400												Number in control group		1569

				Number in experimental group		956										Number in experimental group		400												Number in experimental group		1549

								+95%		-95%										+95%		-95%												+95%		-95%

				Absolute risk reduction		4.9%		8.4%		1.4%						Absolute risk improvement		4.0%		7.7%		0.3%								Absolute risk increase		7.8%		10.4%		5.2%

				Relative risk reduction		23.3%										Relative risk improvement		66.7%												Relative risk increase		65.0%

				Number needed to treat		20.41		11.96		69.54						Number needed to treat		25.00		12.90		399.52								Number needed to treat w/10 days of Antibiotic		12.82		9.66		19.06

																Cost of experimental treatment		$10,000.00												Incremental cost of 10 days treatment		$25.00

																Cost of adverse outcome		$50,000.00												Cost of adverse outcome

																Cost to prevent one outcome		$250,000.00		$129,037.24		$3,995,218.33								Cost to prevent one persistent AOM		$320.51		$241.45		$476.57

				TREATMENT EFFECTIVENESS						Calculations						(Cost of Rx * NNT)														(Cost of Rx * NNT)

				Study descriptors (enter here)																														95% CI

				Control event rate		0.365				0.087				+95% CI ARR																Odds ratio for persistent disease		0.6578947368		1.17		1.98

				Experimental event rate		0.274										TREATMENT EFFECTIVENESS-Cost Effectiveness						Calculations								Pt's expected event rate (PEER)		0.198

				Number in control group		219										Study descriptor														NNT calculated from odds ratio (p. 140 EBM)		17.160866288		0.9322631579		0.0543249474

				Number in experimental group		215										Control event rate		0.526				0.117				+95% CI ARR

				Confidence intervals				+95%		-95%						Experimental event rate		0.375

				Absolute risk reduction		9.1%		17.8%		0.4%						Number in control group		135

				Relative risk reduction		24.9%										Number in experimental group		136

				Number needed to treat		11.0		5.6		269.8										+95%		-95%

																Absolute risk improvement		15.1%		26.8%		3.4%

																Relative risk improvement		28.7%

				TREATMENT EFFECTIVENESS								Calculations				Number needed to treat		6.62		3.73		29.51

				Qureshi-severe patients

				Control event rate		0.526						0.117		+95% CI ARR		Cost of experimental treatment		$500.00

				Experimental event rate		0.375										Cost of adverse outcome		$10,000.00

				Number in control group		135										Cost to prevent one outcome		$3,311.26		$1,864.89		$14,754.53

				Number in experimental group		136										(Cost of Rx * NNT)

								+95%		-95%

				Absolute risk reduction		15.1%		26.8%		3.4%

				Relative risk reduction		28.7%

				Number needed to treat		6.623		3.730		29.509

				Prognosis calculations

										SE calculation

				Febrile children with serious bacterial infection (SBI)						0.0191198326

				Number of patients =		125

				Number with SBI =		6		+95%		-95%

				Proportion with outcome of interest (95% CI):		4.8%		8.5%		1.1%
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