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Introduction
This fifth article in the evidence-based medicine (EBM) series integrates the first three
steps of EBM introduced previously (asking an answerable question, searching the
literature, critical evaluation of the literature) into a fourth step that applies valid evidence
discerned in those steps to medical decision-making. Integration of EBM with medical
decision-making constitutes the foundation of what has been termed evidence-based
practice (EBP). By definition, EBP is the integration of best research evidence with pa-
tient values and clinical circumstances to make clinical decisions. (1) Developing an
EBP involves conscientious decision-making based on evidence combined with knowledge
of patient characteristics, situations, and preferences, and requires three additional tasks:

● Define the problem
● Identify a rational differential diagnosis
● Develop an action plan

This contribution to the EBM series applies previously introduced components from
the EBM tool box to convert a problem presented by a patient into a set of rational
diagnoses. Additional tools are used for judicious selection of diagnostic testing that
prioritizes the diagnoses effectively. Finally, methodology that allows the choice of a
definitive action plan is described so a clear decision point can be reached confidently, once
a single working diagnosis is given priority. A case referred by an otolaryngologist for
preoperative clearance illustrates these points.

A 4-year-old girl scheduled for tonsilloadenoidectomy has a history of chronic rhinitis,
pharyngitis, and recurrent epistaxis. Family history reveals a grandfather who has type I
von Willebrand disease (vWb). Physical examination of the girl reveals multiple bruises in
various stages of resolution.

Step 1: Define the Problem
The question posed by the surgeon is, “Can you clear this patient for surgery?” The process
of defining a problem begins by rephrasing the surgeon’s question into a question whose
answer facilitates achievement of the real goal, which is to minimize surgical risk. The best
initial problem-defining EBM question becomes, “What is the likelihood that this girl has
vWb as the cause of her recurrent epistaxis?”

Step 2: Identify a Rational Differential Diagnosis
The search term “differential diagnosis” is used to filter the
numerous publications that address the topic of “recurrent
epistaxis.” A relevant article by Sandoval and associates (2)
that presents the data summarized in the Table is found by
using this search method. The validity of this article, based
on critical evaluation relevant to the patient, is excellent and
meets all criteria from the Users’ Guide summarized in a
previous article in this series. (3)

This differential diagnosis is refined further by asking,
“Do this patient’s family history and physical findings
uniquely influence the differential diagnosis before any lab-
oratory testing is done?” A clinical manifestations search
leads to a highly relevant article containing a strong validity
score written by Nosek-Cenkowska and colleagues. (4) Their
data allow the calculation of likelihood ratios (LRs), which
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suggest a nearly 20-fold increased likelihood of this
patient having vWb because of her history of recurrent
epistaxis (LR!1.5), positive family history (LR!1.8),
and multiple bruises (LR!7.2) (1.5"1.8"7.2!19).
LRs were detailed earlier in this series. (3) The accompa-
nying tutorial (Fig. 1) illustrates their application to this
case. The 19% chance of having vWb reported in the
differential diagnosis article, which pertains to a general
pediatric patient population, is increased to 82% based on
this specific patient’s circumstances, as derived from the
Nosek-Cenkowska article (Fig. 1).

Step 3: Develop an Action Plan
The action plan evolves from additional refinement of
the differential diagnosis. The exhaustive consideration
of all possible differential diagnoses for a particular clin-
ical problem would result in a “possibilistic” approach
that requires the patient to undergo unnecessary testing.
(5) The list can be trimmed to a probabilistic priority by
finding one leading “working” diagnosis and a limited
number of prognostic active alternative conditions that

could result in serious consequences if
left undiagnosed and untreated. Rare
or less serious pragmatic alternative
diagnoses are addressed only if the
more probabilistic or prognostic
alternative diagnoses become less
likely as the action plan unfolds.

The working diagnosis in the
illustrative case is vWb (82%); no
coagulopathy is the active alternative
(8%), with platelet aggregation dis-
order, thrombocytopenia, and factor
deficiencies each representing about
2% of the refined differential diag-

noses, thus becoming pragmatic alternatives at this point
in the decision-making process.

The action plan is directed to categorize pretest dif-
ferential diagnoses to a point where medical decision-
making is optimized. Tests having LRs from 1 to 5 only
minimally increase the probability of a diagnosis signifi-
cantly. Test LRs of 5 to 10 are more valuable, and when
greater than 10, are extremely valuable at increasing
disease probability significantly. Similarly, a negative test
LR applied to an active alternative diagnosis has little
effect in diminishing disease probability when the ratio is
between 0.5 and 1, a moderate effect occurs between
0.5 and 0.2, and a marked effect occurs at less than 0.2.
The relationships among a working diagnosis, active
alternative diagnoses, pragmatic diagnoses, and the in-
fluence of diagnostic testing on the action plan are illus-
trated in Figure 2.

A literature search for diagnostic testing for this case
finds a high validity assessment of platelet aggregation
in screening for vWb by Favaloro and associates. (6)
These authors compared platelet factor analyzers (PFAs)

using adenosine diphosphate- (ADP)
and epinephrine- (Epi) coated car-
tridges for ruling out vWb based on
their high sensitivities. Their data pro-
vide a #LR!8.2 and $LR!0.26 for
PFA:ADP, with a #LR!3.14 and
$LR!0.05 for PFA:Epi. The priority
set for our case in moving along the
action plan is to look for testing that is
relevant to the working diagnosis be-
cause there is no reason to pursue a test
for the active alternative of no coagu-
lopathy and because the remaining
pragmatic diagnoses are at such a low
probability that testing for these op-
tions is impractical.

Tutorial: Working with Probability and Likelihood Ratios
Probability/(1$Probability)!odds; from our example,

0.19/(1$0.19)!0.23

Likelihood ratios, which reflect odds, can be applied directly to pretest
odds as follows:

0.23Pre-test odds"1.5LR Recurrent Epistaxis"1.8LR Family Hx

"7.2LR Multiple Bruises!4.5Pre-test odds Revised

Odds/(1#Odds)!Probability; from our example,
4.5/(1#4.5)!0.82 or 82%

Figure 1. Working with probability and likelihood ratios.

Table. Differential Diagnosis of Epistaxis, All
Children

Differential Diagnoses
% of Entire
Group

95% Confidence
Intervals

No coagulopathy 67 57 to 77
von Willebrand disease 19 13 to 26
Platelet aggregation disorder 6 3 to 9
Thrombocytopenia 4 2 to 6
Factor deficiencies 4 2 to 6

Data from Sandoval et al. (2)
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At what point is the decision to take action on a
working diagnosis met? The goal now is to move to a
point where an action threshold (to order a test or
recommend treatment) is crossed. Action thresholds vary
and depend on disease severity and the benefit or risk
(cost) of the intervention. Consider the working diagno-
sis of the life-threatening disease acute lymphocytic leu-
kemia, in which highly toxic chemotherapy is chosen to
induce a remission. The ideal “rule in” threshold must be
achieved to beyond a 95% chance of disease because the
risk associated with therapy is very high relative to the
chance of inducing a remission.

At times, an action plan to “rule out” an active alter-
native diagnosis takes priority, in which case the goal is to
choose testing that, if achieving negative results, would
strongly diminish the chance of that disorder being
present. The process again depends on the time frame in
which a decision must be made and the seriousness of the
illness. Ideally, a point at which harm from therapy is
higher than risk of the disease itself shifts the action plan
back toward prioritizing the working diagnosis. This is
the approach used to treat the “febrile infant without a
source” with intravenous antibiotic therapy because
there is a 10% chance of the severe consequence of sepsis
being present until blood cultures are read as negative at
48 hours, at which point this active alternative diagnosis
falls to a point well below 5%.

Defining a point at which a positive outcome prevails
validates a rational action plan. Ideally, treatment thresh-
olds validate a critical decision-making point. Treatment
threshold identifies the point at which the benefit of
treatment outweighs the risk of harm (cost) based on the
relationship (7):

Treatment threshold!1/([Benefit/Cost]#1)

In considering our case, weighing
the risk of hemorrhage versus the harm
of inducing hyponatremia by recom-
mending preoperative desmopressin,
which is a therapy used to prevent
bleeding in patients who have vWb, is
the final task that must be addressed in
this decision. An article by Derkey and
colleagues (8) was found by using a
prognostic literature search to address
this concern. The authors reported a
20% decrease in bleeding in patients
treated with desmopressin, with a 25%
occurrence of hyponatremia observed
in the treatment group. Results using
the previously cited equation gives a

1/([0.20/0.25]#1)!56% treatment threshold. There-
fore, if the probability of vWb is greater than 56%, the
benefit of preventing operative hemorrhage outweighs the
risk of hyponatremia associated with desmopressin therapy.

Referring back to the diagnostic testing question, the
decision as to which test should be ordered now can be
determined clearly. Figure 3 provides a graphic and
direct comparison of how separate starting points for
pretest likelihood of disease are affected by the outcome
of positive or negative test results. This figure also places
into perspective many aspects of decision-making that
otherwise would be based on gestalt. Placing the entire
spectrum of action plan components from Figure 2 into
a clear scheme for decision-making is the rationale be-
hind the “Gestaltogram” in Figure 3, which maps these
results graphically.

The goal mapped out in Figure 3 is to move the
working diagnosis across a decision point, represented by
the solid treatment threshold line at 56% for both sets of
patients. For our patient, who has a positive family his-
tory and clinical findings, the starting point is a probabil-
ity of 82% (represented by the placement of the vertical
bar within the spectrum of likelihood). The PFA:Epi test
is the only test of value to a patient who has a high
likelihood of having vWb. A negative result decreases the
vWb posttest probability below the treatment threshold,
thereby supporting the choice not to use desmopressin.
Note that a negative PFA:ADP test result does not bring
the probability of disease below the treatment threshold,
resulting in useless testing because desmopressin still
would be chosen, whether the test result was positive or
negative. There are better tests than PDA:Epi to “rule
in” vWb (discussed in a following section), but this test

Figure 2. Evidence-based practice approach toward action plan development.
Dx!diagnosis, Rx!treatment, LR!likelihood ratio.

quality improvement evidence-based medicine

Pediatrics in Review Vol.30 No.8 August 2009 319

 by Rachel Boykan on November 9, 2011http://pedsinreview.aappublications.org/Downloaded from 

http://pedsinreview.aappublications.org/


has a higher sensitivity than PFA:ADP testing when
seeking to diminish the likelihood of disease to a point
where risk becomes greater than benefit.

The patient identified in Figure 3 as the “average
patient” who does not have a highly suggestive family
history or physical findings suggesting a coagulopathy
has a 19% starting probability of having vWb. In this
situation, a test having a high sensitivity for ruling out a
disease is less helpful than a test that is more specific for

ruling in the disease. For a patient who
has this lower pretest probability of
coagulopathy, a positive PFA:ADP
test result still has value in affecting
decision-making toward crossing a
treatment threshold, at least until the
ultimate diagnosis of vWb disease can
be made with additional testing.

Applying Evidence-based
Medicine Tools
This article expands on the EBM tool-
box concept introduced previously in
this series by combining tools from the
Research Evidence drawer with the
Medical Decision-making drawer (Fig.
4) to produce an optimal, evidence-
based action plan for this clinical sce-
nario. Medical decision-making tools
provide dynamic actions that rely on a
dial centering on LRs. This dial ratch-
ets diagnostic probabilities toward a
decision-making goal identified by
the physician. The Gestaltogram tool
maps the results. Typically set goals con-
sist of: 1) passing a treatment threshold,

2) ruling in a disease, and 3) ruling out a disease.
The clinical goal in using EBM tools for our patient is

to optimize a surgical outcome using this EBP applica-
tion by crossing a decision-making threshold that sup-
ports the use of desmopressin. The clear choice is to
order PFA:Epi, which was reported positive for this
patient, thus definitively establishing the diagnosis of
vWb. By following this logical approach, the correct
testing was done, and excessive, wasteful testing was

avoided.
Having the correct diagnosis leads

to therapeutic decisions. The rec-
ommendation made to the surgeon is
that preoperative desmopressin would
benefit this patient, albeit with close
serum electrolyte monitoring for the
25% chance of developing hyponatre-
mia. Application of the concept of
treatment threshold!1/([Benefit/
Cost]#1) provides a high level of val-
idation to the axiom of “first do no
harm.” Physicians may not be able to
achieve 100% perfect results, but we
do have the ability to minimize harm
as much as possible.

Figure 3. ”Gestaltogram” of tests based on risk for von Willebrand disease.
PFA!platelet factor analyzer, ADP!adenosine diphosphate, Epi!epinephrine.

Figure 4. The EBM toolbox and the medical decision-making drawer. LR!likelihood
ratio, B!benefit, C!cost (harm).
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A Generalized Evidence-based Practice
Plan for Pediatric Patients Who Have
Recurrent Epistaxis
The original approach to the case was launched by the
pertinent answerable question at the time of presenta-
tion, “What is the likelihood that this girl has vWb as the
cause of her recurrent epistaxis?” This question was
germane to helping the surgeon achieve the best possible
clinical outcome, using a prognostic EBP approach. Be-
cause an answer was needed quickly, with the patient
scheduled for surgery soon, the direct, focused pathway
described in the first part of this article was appropriate to
obtain the answer in a more timely fashion than could be
accomplished by a more comprehensive, time-consuming
process.

Going beyond this specific clinical example, the con-
sideration of epistaxis can evolve into a more global
question: “What is the expected likelihood of a patient
who has recurrent epistaxis being afflicted with a pediat-
ric coagulopathy, as defined by a best EBP diagnostic
evaluation designed to rule in or rule out disease?”
Answering such a question involves the tasks of defining
an appropriate differential diagnosis and formulating
an action plan by applying EBM tools. The definitive
EBP evaluation illustrated in Figure 5, which focuses on
the causes of coagulopathy in a patient presenting with
recurrent epistaxis, can be achieved through additional
diagnostic testing evidence, as discussed by Acosta and
associates (9) and Tosetto and colleagues. (10)

Note that the percentages for disorders in the first
horizontal line of the algorithm, which evaluates children
who have recurrent epistaxis, are lower than those appli-
cable to a patient who has the additional findings of a
family history of vWb and bruises. They are higher than
the numbers in the Table, which examines all children
who have epistaxis. The element of recurrence intro-
duces an LR of 1.5, which is used to modify the
percentages in Figure 5.

Note also that the evaluation depicted in Figure 5 is
more comprehensive than the approach taken to answer
the surgeon’s inquiry requesting a specific answer in a
shorter time. The order of performing the tests listed in
the algorithm is determined by considerations of avail-
ability, cost, and diagnostic efficacy as well as the desire to
exclude more serious conditions. For example, pro-
thrombin time (PT)/partial thromboplastin time (PTT)
testing is both sensitive and inexpensive and if yielding
negative results, makes the likelihood of a factor defi-
ciency (FD) so low (1%) that the costly specific test for
FD is not needed at this point.

Positive PT/PTT testing would result in an enhanced
likelihood of an FD, combining information in the
Acosta article with that from the original articles on
differential diagnosis and clinical manifestations. This
change in perspective launches definitive testing, based
on the PT/PTT pattern observed. This recommendation
provides evidence-based consistency to the diagnostic
approach to bleeding disorders recently reported in an

article on bleeding disorders. (11)
After testing for FD renders a neg-

ative result, focus shifts to vWb be-
cause this specific disorder has such a
high likelihood of being diagnosed at
this stage of the evaluation. If test-
ing reveals a negative von Willebrand
panel, the diagnostic focus shifts to-
ward platelet dysfunction. In this
evidence-based practice plan, goals
are set to rule out or rule in each
condition in the differential diagnosis
that might apply to patients who ap-
pear to have a high likelihood of hav-
ing a coagulopathy.

Conclusions
Would relying on intuition have re-
sulted in the same surgical plan or di-
agnostic evaluation of a coagulopathy
as the EBP approach that was applied
to this patient? EBM provides tools to

Figure 5. EBP plan for evaluating recurrent epistaxis. Likelihood ratios used in
calculating PT/PTT on the differential diagnosis are from Acosta et al (9) and factor
activity, VWb, and bleeding time effects on the differential diagnosis are from Tosetto
et al (10). Resulting differential diagnoses are proportionally readjusted to equal
100% following calculation of LR effects. FD!factor deficiency, vWb!von Wille-
brand, Plat Abnl!platelet abnormality, PT!prothrombin time, PTT!activated partial
thromboplastin time.
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minimize bias, not just in the critical evaluation of data,
but also in how this information is integrated into
decision-making components of an EBP. Bias is inherent
in using even the best medical evidence. Practice bias has
been shown to influence experienced clinical faculty to
make optimal medical decisions only 47% of the time.
(12)

A highly valid article that focuses on the differential
diagnosis provides a starting point for launching a clinical
investigation, but inclusion criteria may need to be re-
fined to match a situation unique to an individual patient.
Integration of quality evidence from articles focusing on
clinical manifestations, as with this patient, provided a
more relevant starting point. Clinical bias by the gener-
alist physician not seeing many cases of vWb may inter-
fere with appreciation of a relevant family history and the
finding of multiple bruises, which together increase the
chances of coagulopathy by fourfold from 19% to 82%.
EBM incorporated into an EBP plan shifts a focus of
relying heavily on test results toward relying more on our
clinical expertise–a refreshing perspective.

This EBP approach also had a significant impact on
choosing the most appropriate test for diagnosing this
specific patient. Different tests are pertinent to different
clinical situations. As demonstrated in Figure 3, PFA:
ADP testing, as recommended by the authors, is more
applicable to a patient who is at lower risk for having
disease, but this specific testing would not have allowed
the clinician to make a definitive decision in the unique
patient who has a family history of vWb and multiple
bruises found on physical examination. This understand-
ing illustrates the fundamental difference between prac-
ticing “medicine that is evidence-based,” which applies
results coming from a diverse patient population, and the
EBM approach, which applies EBP methods to optimize
decision-making for an individual patient. Using EBM

tools to construct an EBP takes medical decision-making
in new and challenging directions. It has been the intent
of this entire series to make this important task easier and
more user friendly for the clinician.
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to alkali supplementation, children
may develop chronic renal failure.
Initial evaluation, management, and
follow-up planning routinely involve
consultation with a pediatric nephrol-
ogist.

Lessons for the Clinician

● The presence of a nonanion gap
metabolic acidosis in the context of

growth failure should alert the cli-
nician to the possibility of net body
loss of bicarbonate, either in the GI
tract or the renal tubule.

● Although RTA is rare, a clinical
history of growth failure in associ-
ation with analysis of serum elec-
trolytes, urine pH, and urine anion
gap can direct the clinician to the
appropriate diagnosis.

● Compliance with prescribed alkali

supplementation is important to
prevent long-term complications,
including renal failure.

(Christina Bourland, MD, UTSW
Medical Center, Children’s Medical
Center of Dallas, Dallas, Tex.)

To view Suggested Reading lists
for these cases, visit pedsinreview.
aappublications.org and click on
Index of Suspicion.

Clarification
In the article by Onady on evidence-based medicine in the August 2009 issue (Pediatrics
in Review. 2009;30:317–324), an example is used that involves a hematologic condition.
The clinical example presented and the references used in the discussion are meant to
illustrate the application principles of evidence-based medicine for an individual patient at
a moment of time requiring urgent and sound medical decision-making. That example,
using a specific case, was not intended to be part of a clinical guideline. Readers should use
the article to understand principles of evidence-based medicine. However, because infor-
mation has been updated since this case was analyzed, the reader should not apply the
material to direct care of individual patients. Clinicians wishing to find more in-depth
information on von Willebrand disease are referred to the NCH Guidelines at: http://
www.guideline.gov/summary/summary.aspx?doc_id!12275&nbr!006357&string!
von"AND"Willebrand"AND"disease.

In the quiz that follows the article on bronchiolitis in the October issue (Pediatr Rev.
2009;30:395), answer D in question 6 reads, in the print edition, “Identify febrile infants
#30 days of age who are at low risk for serious bacterial infection and may not need empiric
antibiotics.” That answer is correct, and there is a typographical error in the online edition,
which reads “$30 days.”

index of suspicion

Pediatrics in Review Vol.30 No.12 December 2009 485

 by Rachel Boykan on November 9, 2011http://pedsinreview.aappublications.org/Downloaded from 

http://www.guideline.gov/summary/summary.aspx?doc_id=12275&nbr=006357&string=von+AND+Willebrand+AND+disease
http://www.guideline.gov/summary/summary.aspx?doc_id=12275&nbr=006357&string=von+AND+Willebrand+AND+disease
http://www.guideline.gov/summary/summary.aspx?doc_id=12275&nbr=006357&string=von+AND+Willebrand+AND+disease
http://pedsinreview.aappublications.org/

