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Medical science has witnessed great technological
advances during the last decades affecting
Perinatology in particular. New diagnostic proce-
dures have been incorporated as a compliment to
those presently in use. Better diagnostic methods
have reduced the need for simultaneous tests, which
were uncomfortable and risky for the patient as
well as producing confusing or contradictory results
and increasing medical costs.

Considering the natural human tendency, of be-
lieving more in procedures than in criteria, it may
be beneficial to remember the methodology to be
followed in the evaluation of any diagnostic
procedure.

To make a diagnosis means to corroborate the
existence of a particular morbid state. In clinical
practice, the diagnosis is made through two different
phases. During the first phase, a presumption,
suspicion or hypothesis of the existence of the
disease is esta-blished by ranking clinical signs and
symptoms and their logical association with known
pathologies. The second phase is directed toward
this presumption, suspicion or hypothesis. With
this purpose in mind, discernment is done by:

a) Tests and examinations that, if positive, confirm
the presence of illness, and

b) Tests and examinations that, if negative, rule
out the presence of the illnesses and of similar
symptons.

Due to uses and practices, there is
general consensus in associating the
positive results ofa test with the presence
ofa disease, a negative result with the
absence o fdisease or illness

Qinical information should constitute the basic
pre-requirement in the orientation of what tests
should be indicated and in the interpretation of
results. Therefore, additional information provides
more security and the clinical knowledge increases,
but it is not asubstitute for further diagnostic pro-
cedures.

Development o fa Diagnostic Procedure

In 1947, Yerushalmy was surprised by the distinct
and antagonistic diagnoses made by very experienced
radiologists when studying the same lung X-rays,
and noted that there was no way to measure the
validity or error in these X-rays. With this idea in
miixl, he recorded the diagnoses, and made a follow
up of cases, until he confirmed the presence or
absence of the illness by anatomical pathology
obtained in surgical procedures or in autopsies.
Using this methodology, he established outlines
for evaluating the degree of confidence of the
procedures or diagnostic tests. When doing the
tests or exams, 2 questions arose:

Ifillness ispresent, what is the probability o f the
result being positive?, and

In the absence ofillness, what is the probability
o f the results being negative?

The answer to the first question, determines
sensitivity, and the second question, specificity.

Sensitivity, is the procedure’s capability to give a
correct diagnosis of the disease when it is present
(True Positive or illness).

Specificity, is the procedure’s capability to make a
correct diagnosis in the absence of illness, (True
Negatives or without a specific pathology).

As these conclusions are qualitative, since they
indicate the confirmed presence or absence of a
disease, and/or the Positive or Negative results ofa
diagnostic procedure, double entry tables are used
(decision matrix) for its numerical presentation
(Figure 1).

a) Cases with positive diagnosis in presence of
disease (True Positive).

b) Cases with a positive diagnosis in absence of
the disease (False Positive).
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Figure 1

c) Cases with a negative diagnosis in presence of
disease (False Negatives),

d) Cases with negative diagnosis in the absence of
disease (True Negatives)

Sensitivity is measured by the proportion of indi-
viduals whose results of the procedure were Positive
and their relation to the total number of individuals
who have the disease. It is the analysis of the fiKt
column of the table (vertical position).

Sarsitivity = X100=— X0OO
Total Nurber of M IndividlRls  a+¢

Specificity is measured by the proportion of
individuals with a Negative diagnosis and without
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pathology in relation to the total who do not have
the disease (analysis of the second column of the
table).

True Negatives d

Sensitivity covers Thie Positive
while speciflcity considers True Negatives

The same decision matrix allows for an evaluation
of errors, one way or the other. Therefore, from
the test’s point of view, these are called false
negatives, when the procedure’s results are negative
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but the disease is present. This type of error is
measured through the following:

False
Ve = e, — x100=------x 100

Rate  Total Nurber of lll Incividels  a-fc

In Other words this rate constitutes the complement
to sensitivity to reach 100%. Therefore, it can be
established as follows:

100 - Sensitivity = False Negative Rate

False Positives are those results which are positive,
but there is an absence of disease. This type of
error is measured through the following method:

False False Positives b
RH“\B = s x 100 = -—---- x 100
Rate  Total without pethology b+d

This rate represents the complement of 100%
specificity, therefore, itcan be estimated as follows:

CONFIRMED PATHOLOGY

Figure 2: Ideal Test: SensUibity and Specificity =

pathology)

100% - Specificity = Fabe Positive Rate

The closer to 100% sensitivity and 100% specificity,
the higher the test’s capability to discern those who
are ill from those that are not ill. Except those
cases which are very relevant examples (death
diagnosis through prolonged register olEEG), the
existence of error in either way, must be considered.

Fiffirel illustrates an ideal test inwhich distributions
with and without a pathology do not superimpose
their values. This event rarely occurs for the majority
of tests.

For example, if the interest is to determine the le-
vel of postprandial blood glucose that will differen-
tiate pregnant diabetic mothers from those who
are not diabetics, it is possible to calculate specificity
and sensitivity for different cutting points, according
to the investigator’s convenience.

As seen inFigure 3, choosing level 1, specificity is

closer to 100% (the non diabetics are correctly
separated but the sensitivity is lowbecause a certain

] — N

CONHRMED PATHOLOGY

100% (only correct cases ofpresent or absent

Majority of the Tests: SensUibity and Specficity less than 100%. There are diagnosis errors (false

positive andfalse negatives)
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Figures

proportion escape the diagnosis (there are false
negatives).

Choosing level 3, sensitivity isclose to 100% (prac-
tically all women with diabetes were detected, but
the non diabetics are not well discriminated (low
specificity).

At this stage, the investigator that knows who is
diabetic, determines to his own convenience the
sensitivity and specifidty, selecting the cutting point

As sensitivity is increaseef
specificity is lost and vice-versa,
therefore, both values must
be examined together

To devebp a diagnostic procedure, it is indispensable
to have a final confirmation, without doubt, about
the presence or absence of pathology. This allows

Pap 0

POSTPRANDIAL GLYCEMIA

us to calculate the sensitivity and
specificity. The original investigation
is directed mainly to use the proce-
dure in studying individuals whose
correct diagnosis can finally be
known.

Sensitivity and specificity do

not vary with the prevalence

of illness, but they do with
the cutting point

Practically, diagnostic procedures
are used in a very different manner
than for the purpose forwhich they
are devetopal. Physicians use these
procedures in patients with unknown
diagnosis, and the purpose of per-
forming these tests is to help deter-
mine the probable condition of the
patient. Work isdone under condi-
tions of uncertainty, and these tests
are used to predict the presence or
absence of a disease, so there is al-
ways amargin for error. Inorder to
affirm the presence of an illness or
disease, through a diagnostic proce-
dure, the following facts have to be
taken into consideration:

a)  If the procedure’s results are Positive what
are the probabilities that adisease isreally present?
(that the illness is confirmed)?

b) If the results are Negative, what is the
probability that illness is not really present? (that
the disease is ruled out)?

The same decision matrix already prepared, provides
the answer to both questions, but in this case, the
analysis is done by rows, (horizontally).

Predictive Value o fthe Positive Test (P.V.P.T.)

The probability that illness is present when the
procedure’s result is Positive (analysis of the first
horizontal row) is expressed as the percentage of
truly ill individuals among those that had positive
tests.
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CONFIRMED PATHOLOGY

Result of
THE
Procedure
True Pesitive a
PVPT. = e *100 = - x00
Total Positive Tests a+b

Predictive Value o fthe Negative Test (P.VIAN.T,)

Probability dictates that illness is not present when
the result of the procedure is negative (analysis of
the second row). This is expressed as a percentage
of patients without the pathology in relation to all
the patients that had negative tests.

Error Measurement

It isobserved that there are cases in which the test
indicates the presence of a disease, and there are
other cases inwhich itdoes not, (falsepositive in the
prediction) and cases where the results of test are
negative, but the disease is truly present, (prediction”
false negatives). These errors are measured in the
relations:

False Positive o fa Positive Test (FJ*JN.T.)

Total of Positive Tests

a is the complemeni to 1(10%c ftI™ Predictive
, Valueofthe Positive Test (PyjP,T,f

False Negatives o fthe Negative Test (FIN.T.)

False Negatives to the Negative Test are the indivi-
duals that are sick but were classified by the procedure
as non-ill (c) (analysis of the second horizontal
row) in relation to the total negative tests.

False Negetive
) (€8]
Total (rf Negative Tests

FNNT. N

c+d

Is~com pin™ I~ qf100% qffhi
I Ilbetf)>t|eMQ It:fo«tAnI.

Also, accuracy is used. It is a rate that jointly
considers the correct predictions of the procedure,
positive and negative.

True Positives 9
True Neggtives ad @
Accurecy = x100= I
indvidelswith a+b+c+d
aadwiihovi the pathotog,

This ratio allows a comparison of different pro-
cedures, but its disadvantage is that it grants False
Positives and False Negatives, the same value, and
these errors may have different repercussions in
clinical practice.

It is important to emphasize that the predictive
value of a test and its accuracy are sul»tantially
modified when theprevalence varies.

A high predictive value can be expected with a high
prevalence (e.g. epidemics), with low prevalence
prediction decreases, even though sensitivity and
specificity do not change.

The following example (Figure 5) shows how
prevalence changes the predictive value of a test
(this particular test is characterized by a given
sensitivity and specificity).
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YES NO
+ 40 2 42
- 10 23 33
50 25 75
50
Prevalence .............. X 100 = 67%
5
40
StnslUvHy » — ....— x 100 = 80*
50
23
Specifkity = oo x 100 = 92*
25
PV.P.T. = e X 100 = 95*
42
PVINT. = e X 100 = 70*

Prevalence corresponds to the number
ofill individuab in relation to the
total number o f ""cases” considered.

It is observed that when there is a decrease in the
prevalence, the P.VV.P.T. decreases and the P.V.N.T.
increases. This clearly indicates that one cannot
directly compare the predictive values of the
developed procedures in different prevalence
groups Bayes’ Theorem of conditioned probability
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1 1 1
1 YES 1 NO 1
X - J i, .
1 1
+ 1 40 1 20 1 60
-L- J L.
i 1 i
-1 10 1 230 1 240
-1 i 1
1 1 1
1 50 1 250 1 300
1 1 f
50
Prevalence ............. x 100 = ij%
300
I w0
1 Sensitivity » s x 100 = 807c
Sel
% Specificity « oo, X 1000 = 92%
1 25
I
L
40
PVPT. = X 100 = (7%
60
230
PV.N.T. - a: 100 = 96%
290

permits one to adjust the predictive value of agiven
prevalence of an illness.

Prevalence of llinessx Sersitivity

PVPT=
revalence XSersitivity + (1-Prevalence)(1-Specificity)

SECOND STAGE:
PROCEDURE PROOF

Once the diagnostic procedure has been developed
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in its theoretical phase, it must be tested prospec-
tively. It is important to consider the groups with
different prevalence of the different diseases and
to verify if results are reproducible by other research
groups in other places. This way advantages and
limitations can be known, aswell asstudying relia-
bility and precision under different circumstances
(medical aid complexity, technical personnel quality,
different equipment, etc.).

It isuseful for the procedure tobe replicated by the
same group that developed it, and that there be
exchange of information between the research
groups. A dissemination and extensive use of the
procedure is not advisable, until it has satisfactorily
passed this evaluation phase.

THIRD STAGE: UTILIZATION OF
THE PROCEDURE

With the application of a new diagnostic procedure,
an effort is being made to improve the results
att*butable to mortality and morbidity. The principal
requirement needed is the capability to change the
final results: A correct and timely diagnosis leads
to a more successful intervention.

To evaluate procedures factors that differ from
those used in previous stages, certain elements
must be considered: Infrastructural characteristics,
availability of personnel and equipment that would
allow their feasibility; financial and human costs
(aggressiveness, pain, etc.) and ethical aspects
regarding the distribution of benefits such as is
treatment available for all who need it or only for
those who can pay for it?.

At this evaluation stage, these questions must be
answered:

- Isthe developedprocedure better than theprevious
ones?
- Itis easier, faster, simpler, etc

- Does it improve patient management and
treatment?

- Treatment is more convenient, more specific,
less painful, etc.

- Does itpermit a faster recovery?
- Fewerdays ofillness, less cost, etc.

- Does it contribute to improving the overall health
ofthepopulation ?

PURPOSE OF THE PROCEDURES
OR DIAGNOSTIC TESTS

These tests are specifically used for three purposes:
A) To detect the disease; B) To confirm the disease;
C) To rule it out

A) Disease Detection Tests (SCREENING)

Aneffort ismade to apply the diagnostic procedure
in an apparently healthy population (those who do
not present any symptoms or any evidence of clinical
signs of the illness) to detect cases at their early
stages. Some known examples are the testing for
fasting blood sugar to detect diabetes, or the
Papanicolaou smear to detect genital cancer. High
sensitivity tests are required for screening tests
(that would detect the highest possible number of
ill individuals) which are easy to do, quicker, non
invasive and of lowcost. A certain numberoferrors
or false positives are accepted in the test Thus,
the screening procedures, when positive, always
require other tests to confirm the disease.

The cases with a positive results must not be directly
considered as having the disease. Assessments must
be carried out when confirmatory tests are required,
and these must range from the most simple to the
most complicated.

B) Tests to Cortfirm the Iliness

These are used in situations when there is strong
suspicion of illness. Their purpose is to verify this
suspicion. These procedures are usually more
complicated and aggressive, such as the bronchos-
copy, or the cervical-uterine biopsy, if a neoplasm
is suspected. These tests must be highly specific so
there are practically no false positives. High positive
predictive value is required. In general, these pro-
cedures are costly and are done byspecialists, when
there isacertain diagnostic presumption and when
a further confirmation is desirable in order to perform
risky surgical procedures or aggressive treatments.

Pagt23
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FDOT PHASE

SECOND PHASE THIRD PHASE
DEVELOPMENT T EST UTILIZATION
® Sensitivity Replicated Feasibility
® Specificity Other Places and _
different persons Equipment
Prediction© and G Personnel
Costs

® Efficiency

False O a n d © Ethical Aspects

® Precision

- . Convenience
Exact ® Limitations

INTERVENTION

Final Results Known Final Results Unknown Desire to change the

Final Result

Improvement in the Evolution,

Morbidity, Cost, etc. of the »

Association with
bad results

CUMCALRESEAICTT 45~ ~ “d"EMEtIQNAL

This tnethodology is not restricted necessarily to instrumental or laboratory tests, and can be usedfor any criteria that may he useful
in the identification o fpathological coruUtions. 1 one pretends topredict or to make a prognosis o f the fuvd result of birth, for
example (depression at birth, morbidity or death, etc.), it is essential to abstainfrom interventions that can modify the result during
thefint and second stage. Thismethodology can also be applied to calculate rates (“classifications with the objective o firtstituting
different treatrments according to risk.

THE PROCESS TO RULE OUT DIAGNOSES

Aporopriate toda

Detection tests, of reasorebly high sersitivity; eesy,
nonaggressive and at lowveost. Vany false positives

Directed to
AsnDloretic
People whois nat ill or at a stage of illress ina pre-

dinical or incipient period
SwDrontic retients
Patientswith llinessand synptonrs corresponding toa
cetenmired morbid status. These are found by
suspicious  pethology.
Not ill and SrDxonretic SvrDronaticandwith gues*
ﬁ(rrﬂ_ei_te%t? Petierts ¥\m Similar "Imrﬂﬁ
E}habu existence O is not

te ir?putarm of this %g?gdsmsal\ﬂy
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are accepted The detected cases st be confimred

Confimretionof specificity testsclose to 100%toavoid
felse positives. Positive results indicate illness. It isac-
mptﬁgﬂmtest results originate sone concem, are
eqersive and thet some riskis inplied
Bdusion Test withsersitivitynear 100%toavdd false
regatives. The neggtive cases are consicered as pee
tients thet are ot ill. There nay be concerms about
oonrplicatiors.
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Q  Teststo RuleQuilttmss

The tests used are those in which the Negative
results would rule out the possMfity o f the suspected
illness. Very high sensitivity (almost 100%) is
required, with no false negatives in the test

The majority of these procedures are expensive,
sophisticated or annoying, for example, colon
examination or rectosigmoidoscopy toruleouttbe
presence of colon cancer in patients with rectal
bleeding.

COMBINATION OF TESTS

In practice, more thanone procedure isoften used,
however, this depends on each particular case and
on the availability of tests. In general, the diagnostic
procedure b done by stages. In accordance with
results obtained, other procedures may be indicated.
This is called series or ta/idem testing.

It is infrequent that a single diagnostic test would
accomplish the detection and oonfirmatioo purposes.
A high sensitivity test is used to detect possible
patients and a follow-up is made on cases with
positive results through high specificity tests, thus
avoiding false positives. Results are due to good
judgement and the best timely sequence of tests.

In general, when the serial diagnostic tests are used
for detection purposes, specificity is gained, and
when parallel technique is used (all tests to all
cases) sensitivity is gained.

Currently there isawide proliferation oftests. It is
therefore recommended that for the routine utili-
zation o faprocedure, it's specificity, sensitivity and
predictive value characteristics be studied. Thus, it
is important to know the original tests performed
and the characteristics of the population studied.
Itisalso useful to establish certain standardization
for the logical application of a bettery (ffoup) c/
tesSaccording to the situations presented, whether
it be detection o f the pathology in patients who do
not seem ill, or to confirm or exclude the illness
when there isasuspicion that it does exist In these
cases, less aggressive procedures for the patient
should be selected, and the information obtained
from these procedures should render a higher degree
of security. These selections must not be personal

decisions, but they must be predicted and stan-
dardized by the health team. This practice oontii>utes
to the validity o f the evaluation.

For a better interpretation of the use of this
methodology an exercise is presented.

A ffOup of 163pregnant women with amenorhea
and a single fetus where studied, and the uterine
hei” was measured weekly.

The diagyysis of (hypergyonth) wes
donewhentheevobitumoftheuterineheigshowed
alowprofile (decreaseon theratec ffowthwithone
ormtarevaluesunder thednosenpercentie). Newborms
weredassifiedbytheirneonatalweightcurve, andby
the gestational ege established by CLAJ*, The
classhication ofretardedgrowth was ootamedwhen
theneonate, weighedlessthan die establishedvalue
ofthe 10thpercentile correspondingto its ege,

Ofthel63babiesbom,42hadaconfirmeddiagyiosis
of intra:uterine gyowth delay (IGD) and 121 had
adequate weightfor theirage. When choosing die
discrimiiruttirigpoirit of PIO of uteririe height, dedision
matrixA is constructed. [f P25 is chosenfrom die
same uterine height curnve, matrix B is obtained.

INTRAUTERINE GROWTH DELAY

A Yes No
Less than PIO 2 10 32
Greater or equal than PIO 20 m 131
Total: 42 21 163
Sersitivity * P.V.T. Pofidve =
Specificity s P.VT. Negative*
Prevalence™
INTRAUTERINE GROWTH DELAY
B Yes No
Less than P25 29 27 56
Greater or equal than P25 13 A 107
Total: 42 121 163
Sersitivity ~ P.V.T. Positive
Specificity * Py.T. Negative
Prevalence=

Pap
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Estimate, compare, decipher, and make a decision
of which of the two uterine high percentiles (PIO
or P25) shou Idbe chosen. The solution ispresented
as follows:

EFFICIENCY OF INTRAUTERINE HEIGHT (UH)
IN THE INTRAUTERINE GROWTH DELAY

B
Considering the PIOof UH  Considering the P25

69%
78%

52%
92%

(N%
85%

Sensitivity
Specificity
P.V.T. Positive 52%
P.V.T. Negative 88%

Prevalence ofthe IGD  25.8% 25.8%

With PIO of Uterine Height (U.T.) for age
determination, one of each two cases with intra-
uterine delayed growth can be diagnosed (52%
sensitivity) and affirm, with an 8% error (92% spe-
cificity), that the fetus is not small for its ges-
tational age. The uterine height method is excellent
to separate the unaffected group by its height spe-
cificity. The predictive value of the positive test for
a prevalence of IRG of 25.8% is 69%.
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Considering as a discriminating limit the uterine
height percentfle of 25, sensitivity is improved (69%)
with adecrease of the specificity and ofthe positive
predictive value.
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