Clinical Decision-Making
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Symptomatologie
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Evidence — Based Medicine

. Formulating the management question to be answered

. Searching the literature and on-line databases for applicable
research data

. Appraising the evidence gathered with regard to its validity and
relevance

. Integrating this appraisal with knowledge about the unique aspects
of the patient (including preferences)
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Evidence — Based Medicine

SELECTED TOOLS FOR FINDING THE EVIDENCE IN EVIDENCE-BASED MEDICINE

Name Description Web Address
Evidence-Based Comprehensive electronic database that combinesand  http://www.ovid.com
Medicine integrates:
Reviews 1. The Cochrane Database of Systematic Reviews

2. ACP Journal Club
3. The Database of Abstracts of Reviews of Effectiveness
Cochrane Library Collection of EBM databases including The Cochrane http://www.cochrane.org
Database of Systematic Reviews—full text articles
reviewing specific health care topics

ACP Journal Club Collection of summaries of original studies and system- http://www.acpjc.org
atic reviews; published bimonthly; all data since 1991
available on Web site, updated yearly

Clinical Evidence Monthly updated directory of concise overviews of http://www.clinicalevidence.com
common clinical interventions
MEDLINE National Library of Medicine database with citations http://www.nlm.nih.gov

back to 1966

Note: ACP, American College of Physicians; EBM, evidence-based medicine.
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Persons tested
Diseased Healthy Total

O
(a 3 SSRm
positive (P) : S S @ 50 a+ b =530 |
Test o ! i
Results @ !
negative (N) | 20' c +d =470
false negatives (FN)
Total a+ c = 500 b + d = 500 a+ b4+ c+ d= 1000
Sensitivity Specificity
= a — % = d = %
a+c i b+d- A

SRR e R e

Four-Fields-Table

Example of a four-fields-table for 1000 anticipated measurement values from a collective of 500
diseased persons and 500 healthy persons. The fields a - d are arranged as given by convention.
The measurement values have been categorized irrespectively of their quantity as positive or ne-
gative according to an anticipated cut off. It is assumed that in diseased persons a true positive
(TP) and in healthy persons a true negative (TN) measurement value will be obtained. Diseasr
persons with negative measurement values are categorized as false negative (FN), healthy per
sons with positive measurement values as false positive (FP). From the proportions of the correct
and incorrect measure-ment values the quality parameters of a test (sensitivity and specificity) car
be calculated as shown in the table.



i Number needed to treat

Mal3 fur absolute Risikoreduktion (ARR), die von einer
Therapie erwartet werden kann.

~Wieviele Patienten missen behandelt werden, um ein
negatives Ereignis (z.B. Tod, Schlaganfall) zu
verhindern."

NNT = 1/ARR



Number needed to treat

Beispiel:

eine Therapie flhrt zu einer Reduktion der Mortalitat von 12 %
(Kontrollarm) auf 8 % (Therapiearm).

— relative Risikoreduktion = 4/12x100 = 33 % Reduktion der
Mortalitat

— absolute Risikoreduktion = 12 % - 8 % = 4 %

— NNT = %2 . 100 = 25

d.h. es mussen 25 Patienten 5 Jahre lang behandelt werden, um
einen Todesfall zu verhindern.



Number needed to treat

Beispiel:

Thrombolysis with Alteplase 3 to 4,5 Hours after Acute Ischemic Stroke
Hacke W, et al. NEJM 2008;359:1317-1329

alteplase: n = 418

placebo: n = 403

Patients with favorable outcome (modified Rankin scale = 0-1)
nach 90 Tagen:

alteplase: 52,4 %

placebo: 45,2 %

odds ratio: 1,32

NNT = 100/(52,4 — 45,2) = 100/7,2 = 13,9 Patienten



Number needed to treat

Trastuzumab in der Behandlung des nicht
metastasierten Mamma-Carcinom

2 OB et
g . = 90, 4% TR,
% ‘__:;;“..‘31.5%
é &0- (N=1679; 193 e'uer:t::j "“-,_- 5 e
E s
a8 -
k=
E 809 pepoool
}:3 Hazard ratie, 0,47
2 s0-
i = = = Kt
a I 2 3 q
Years after Randomization
100 100 100
NNT 3 = = = =112
ARR 904-815 89
100 100 100
NNT 4 6,25

" ARR 897-737 160

Patienten/3 Jahre

Patienten/4 Jahre



Kardiologie

L

95 Placebo:
1845 deaths (8.1%)

Clopidogrel:
1726 deaths (7.5%)

7% (SE 3) proportional risk
reduction (p=.03)

Proportion dead before first discharge, %
(4]
|

0 | ] T |
0 T 14 21 28
Time since randomization, days

Days 0-6 713 14=20 21-28

Mumber of events
Clopidogrel 1403 223 B9 3
Placebo 1487 246 89 23

Source: Fauci A5, Kasper DL, Braunwald E, Hauser SL, Longa DL, Jameszon JL, Loscalza 1t
Harrison's Frinciplas of Internal Medicine, 17th Edition: http:/fwww, accessmedicine.cam

Copyright @ The McGraw-Hill Companies, Inc aAll rights reserved.
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likelihood ratio: ratio of the probability of a given test
result (,positive” or ,negative") in a patient with disease
to the probability of the result in a patient without

disease

for a positiv test: = true-positive rate/false positive
rate

= sensitivity/(1 — specificity)
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MEASURES OF DISEASE PROBABILITY

Pretest probability of disease = probability of disease before test is done.
May use population prevalence of disease or more patient-specific data
to generate this probability estimate.
Posttest probability of disease = probability of disease accounting for both
pretest probability and test results. Also called predictive value of the test.
Bayes’ theorem: Computational version:

Pretest probability X test sensitivity

Pretest probability X test sensitivity +
(1 — pretest probability) X test false-positive rate

Posttest probability =

Example [with a pretest probability of 0.50 and a “positive” diagnostic test
result (test sensitivity = 0.90, test specificity = 0.90)]:

o (0.50)(0.90)
Posttest probability = (0.50)(0.90) + (0.50)(0.10)

= 0.90
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Patient 002
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Beispiel: Diagnostik der coronaren Herzkrankheit

Ergometrie: sensitivity 66 %

specificity 84 %

— likelihood ratio = 0,66/(1-0,84) = 4,1

SPECT myocardial perfusion test:

sensitivity 90 %
specificity 90 %

— likelihood ratio = 0,9/(1-0,9) =9



Clinical Decision-Making

Beispiel: Diagnostik der coronaren Herzkrankheit

Patient mit einem pretest probability fir coronare Herzkrankheit von
10 %

Ergometrie: — posttest probability nach positiver Ergometrie: 30 %

SPECT-myocardial perfusion test:

— posttest probability mit positivem SPECT: 50 %
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ILUIARESE I PREVALENCE OF MYOCARDIAL INFARCTION AND UNSTABLE
ANGINA AMONG SUBSETS OF PATIENTS WITH ACUTE CHEST
DISCOMFORT IN THE EMERGENCY DEPARTMENT '

:

Prevalence
Myocardial Unstable
Finding Infarction, % Angina, %
ST elevation (=1 mm) or Q waves on 79 12
ECG not known to be old
Ischemia or strain on ECG not known 20 41

to be old (ST depression =1 mm or
ischemic T waves)
None of the preceding ECG changes 4 51
but a prior history of angina or
myocardial infarction (history of
heart attack or nitroglycerin use)
None of the preceding ECG changes 2 14
and no prior history of angina or
myocardial infarction (history of
heart attack or nitroglycerin use)

—

Note: ECG, electrocardiogram.
Unpublished data from Brigham and Women's Hospital Chest Pain Study, 1997-1999.



Symptomatologie

TABLE 13-1 DIFFERENTIAL DIAGNOSES OF PATIENTS ADMITTED TO

HOSPITAL WITH ACUTE CHEST DISCOMFORT RULED NOT

MYOCARDIAL INFARCTION
:fagnosis Percent

- Gastroesophageal disease? 42
=3 Gastroesophageal reflux
-§_ Esophageal motility disorders
W-;,.‘Peptic ulcer
. Gallstones
q’ﬁthemic h i
S eart disease
- Chest wall syndromes
Pericarditis
- Pleuritis/pneumonia
~ Pulmonary embolism
LUng cancer
_ Aortic aneurysm
. Aortic stenosis
"f‘erpes Zoster

32
—

31

N
DS a S NND®

-~ “In order of frequency.
.\ m@Urce: P Fruergaard et al: Eur Heart J 17:1028, 1996.



Symptomatologie

Radiation to right arm or shoulder
Radiation to both arms or shoulders

Associated with exertion |

Radiation to left arm
Associated with diaphoresis
Associated with nausea or vomiting

Worse than previous angina
or similar to previous MI

Described as pressure

Inframammary location
Reproducible with palpation
Described as sharp
Described as positicnal

Described as pleuritic

| INCREASED LIKELIHOOD OF AMI

DECREASED LIKELIHOOD OF AMI

0.5 1 1.5 2
Likelihood ratio for AMI

2.5

3

3.5

4.5
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ALGORITHM FOR THE INPUTS IN DYSPNEA PRODUCTION

L Respiratory centers

| Chemoreceptors

Mechanoreceptors

— Metaboreceptors

- | (Respiratory drive)

_ | Sensory cortex Corollary ’
Feedback discharge | Mmotor
Feedforward = Cortex

*| Error Signal i

Ventilatory
i muscles
Dyspnea intensity
and quality
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ALGORITHM FOR DYSPNEA PATHOPHYSIOLOGY

ll Dyspnea .'
\ \
Respiratory (| Cardiovascular
. \
Gas Exchanger Pump Controller Low output Normal output High output
Pulmonary embolism COPD Pregnancy Congestive heart failure Deconditioning Anemia
Pneumonia Asthma Metabolic acidosis Myocardial ischemia Obesity Hyperthyroidism
Interstitial lung disease Kyphoscoliosis Constrictive pericarditis Diastolic dysfunction | | Arteriovenous shunt




Symptomatologie

ALGORITHM FOR THE EVALUATION OF THE PATIENT WITH DYSPNEA

Quality of sensation, timing, positional disposition
Persistent vs. intermittent

Physical Exam

General appearance: Speak in full sentences? Accessory muscles? Color?
Vital Signs: Tachypnea? Pulsus paradoxus? Oximetry-evidence of desaturation?
Chest: Wheezes, rales, thonchi, diminished breath sounds? Hyperinflated?
Cardiac exam: JVP elevated? Precordial impulse? Gallop? Murmur?
Extremities: Edema? Cyanosis?

'

[ At this point, diagnosis may be evident—if not, proceed to further evaluation I

!

Chest radiograph

Assess cardiac size, evidence of CHF
Assess for hyperinflation
Assess for pneumonia, interstitial lung disease, pleural effusions

'

!

Suspect low cardiac output,
myocardial ischemia, or
pulmonary vascular disease

Suspect respiratory pump or gas
exchange abnormality

Suspect high
cardiac output

'

]

'

ECG and echocardiogram to
assess left ventricular
function and pulmonary artery

Pulmonary function testing—if diffusing
capacity reduced, consider CT
angiogram to assess for interstitial lung
disease and pulmonary embolism

Hematocrit,
thyroid function
tests

pressure
:

}

| If diagnosis still uncertain, obtain cardiopulmonary exercise test I
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ALGORITHM ON DEVELOPMENT OF EDEMA

atrial pressure

Central venous and

A Capillary pressure
ATransudation

1 Plasma volume

Interstitial
volume

Edema |

Heart | | Ascites, other effusions, | | Malnutrition, § hepatic AV Ly
p venous or lymphatic synthesis, nephrotic - Renal
failure . fistula p
obstruction syndrome, G.I. loss failure
= ANP Blood volume ¥ Oncotic pressure
, 0 - 1
I
|
I
|
|
[ = e
| Cardiac
| output
I
| | l
A4
Renal | Effective arterial
f—————————
vasoconstriction 1 blood volume 4ADH
|
|
{RPF 1GFR i~ = = 4Renin
’[ﬁltration:] 7
fraction .
‘ : #angotensin I Proximal tubular
Proimal  $GFR/Nephron ' i
I s 4 Aldosterone ——— :
reabsorption |
of Na and H,0 1 ;
L O tDistal tubular ——— Distal H,O
Na reabsorption retention
Renal retention |
of Na and H,0O
4 Plasma volume

. tlntefstitial
4 Transudation — | yolume




erzinsuffizienz

Linksherzinsuffizienz
Dyspnoe und Orthopnoe:
Venendruck nicht erhoht

! Linksherzinsuffizienz bei Zustand nach

des linken Ventrikels (links Systole, rechts
Diastole) zeigt nur geringe Wandbewegung

€ e
AV ed
P %cimn




erzinsuffizienz

ngenstauung un ngenddem kardialer Genese
Bronchus

Ursachen einer aktiven Lungenstauung 1] hen einer p. i L
A\ A
p— 5 e \ /
erhohter Blutstrom in die Lunge  — - Riickstau des vendsen Stroms aus der Lunge i

Beschleunigung
der Umlauf-
geschwindigkeit
des Blutes
(Anémie,
Thyreotoxi-
kose, Beriberi)

erhohtes i
Eliitvoluman Lungenkreislauf Komprassion N

(Schwanger- der Lungen-
schaft) venen

r 2
systemischer
Hypertonie

Coarctatio aortae

Thrombus-
bildung im li.
Vorhof

Mitralstenose

Ductus arteriosus

apertus
< Aortenstenose S Pericarditis
léi'?ks-rechts- Aorteninsuffizienz T constrictiva
unt s s <
(Vorhof- bzw. Mitralinsuffizienz e Amyloidose

Ventrikel-

M i
septumdefekt) yokardschadigung

(Infarkt, Fibrose,
Myokarditis, toxische
bzw. stoffwechsel-

. bedingte Schadigung)

Endokard-
fibroelastose

Linksherzversagen infolge:

J

Y
:ab|ojul S8SSN|JYoINPIRUOWING SBP UOHYNASAO

rechtes Herz

linkes Herz

Korperkreislauf



Echokardiographie

zur Bestimmung der Linksventrikelfunktion

Source: Fauci AS, Kasper DL, Braunwald E, Hauser SL, Longo DL, Jameson JL, Loscalzo J:
Harvison's Principles of Internal Medicine, 17th Edition: http://www.accessmedicine.com

Copyright @ The McGraw-Hill Companies, Inc All rights reserved.



Echokardiographie

zur Bestimmung der Linksventrikelfunktion

Source: Fauci AS, Kasper DL, Braunwald E, Hauser SL, Longo DL, Jameson JL, Loscalzo J:
Harvison's Principles of Internal Medicine, 17th Edition: http:/fwww.accessrmedicine.com

Copyright @ The McGraw-Hill Companies, Inc All rights reserved.



ortenklappenstenose

mittelschwere Stenose

der ubrigen

erworbene (rheumatisch
bedingte) bikuspidale
Aortenklappe

Aortenstenose mit
Verkalkung

angeborene bikuspidale
Aortenklappe

hochgradige Hyper-
trophie des linken
Ventrikels bei
Aortenstenose

y VergréBerung des
inken Ventrikels

n Langsrichtung.
Durch verstarkte
Spannung der
Sehnenfaden wird
vollstandiger
SchluB der Mitral-
klappe verhindert




normale Aortenklappe




normale Aortenklappe




i Aortenklappenstenose (rheumatisch)




i Aortenklappensklerose (sklerotisch)




Prinzipien der Dopplersonographie

Py
P] C VZ= Pz' V2

Py-Pa= Tp (V2 V)
AP =4 (Vo2 - V;2)

AP

Abb. 34

Vi = Vmax vor der Stenose (m/s)

V3 = Vpax In der Stenose (m/s)

p = Dichte des Blutes = 1,06 - 10 kg/m (konstant)
P1 = Druck vor der Stenose (mmHg)

P, = Druck nach der Stenose (mmHg)



Prinzipien der Dopplersonographie

vV m/s

Aortenklappe
AOK ASK

o 1
MOK MSK
Mitralklappe

v

vV m/s

Vimax

Abb. 35 FluBprofile an der Mitral- und Aortenklappe:
normal (grau), Mitralstenose (rot), Aortenstenose (blau),
achte auf Vmax!).

MOK: Mitralklappenoffnungsklick,

MSK: MitralklappenschlieBungsklick,

AOK: Aortenklappenoffnungsklick,

ASK: AortenklappenschlieBungsklick.



* Kontinuitatsgleichung

Az -\,

Abb. 37 Kontinuitatsgleichung A, -V, = A; -V,




Mitralklappenstenose

vV m/s

Vmax

.................

Vmax

y

VvV m/s
4 (V2 + Vo2 + 4V 2)
n

APrean=4 - Vzmean =

[ mmHg ]

Abb. 36 Der mittlere
Druckgradient zeigt als
FluBzeitintegral das
Gesamtverhalten der
Blutstromung wahrend
der ganzen Systole
(blau) oder Diastole
(rot).



* Aortenklappenstenose

Abb. 38 Anwendung
der Kontinuitdts-
gleichung bei der
Aortenstenose.




Aortenklappenstenose

A -V,
Ay

Ay-V,

Querschnittsfldche vor der Stenose, wird in der para-
sternalen Léngsachse (2D) oder 5-K-B gemessen.
Errechnung von A, im LVOT (linksventrikulédrer
Ausflufitrakt) durch Bestimmung des Durchmessers
ca. 1 ecm vor der Aortenklappe

Ay=m-1% d.h A =314 (%)= cm?

Geschwindigkeit vor der Stenose mit dem PW
gemessen (m/s)

Querschnitt in der Stenose (¢cm?)
Geschwindigkeit in der Stenose mit dem CW
gemessen (m/s)

Ag = A1 ® ""j—', (sz)

A; = cm?

Abb. 38 Anwendung
der Kontinuitats-
gleichung bei der
Aortenstenose.




Aortenklappenstenose

EKG

cw

Vimax = 5.2

Abb. 41 DE-Nachweis einer Aortenstenose.

Vmax = 52m/s
Viean = 4.1 m/s
APmax = 4-V2n5= 108 mmHg

Apmean 4. Vzmean= 67 mmHg



Aortenklappenstenose

Abb. 42 CW-DW-Nachweis einer leichten Aortenstenose rechts parasternal,
Daher antegrader BlutfluB.

Vmax=2.5m

Apnmx 4. (2,5) =25 mmHg



Aortenklappenstenose

Dopplersonographische Graduierung bei Aortenstenose
(s.a. Abb. 43 u. 44).

maximaler mittlerer Aortenklappen-
Druckgradient ~ Druckgradient  Offnungsfliche
APpax (mmHg)  APpean (mmHg)  AOF (cm?2)

Schweregrad 1 <67 <41 2,3-14
Schweregrad 11 67-89 41-54 1,3-0,7
Schweregrad III >89 >54 <0,7
B Merke:

1. Stenose muf} kurzstreckig (2—4 mm) sein

2. AOF ~ 0,7 cm?

3.V, (LVOT) ~1m/s



Mitralklappenstenose (rheumatisch)

Aus dem Herzohr in den Vorhof-
innenraum ragender Thrombus

An der Hinterwand des linken
Vorhofs haftender und an
der posteromedialen Mitral-
kommissur anliegender
Thrombus



Mitralklappenstenose

ax
Vmax .= 4,5 m/S

E-Welle

Sinusrhythmus  Vorhofflimmern

MS

Abb. 50 Farb- und CW-dopplerechokardiographischer Nachweis einer Mitralstenose
bei Sinusrhythmus und VH-Flimmern.
Beispiel:  Vmax = 4,5m/s

APrax = 4-(4,5)2 =81 mmHg

Viriiean 3,21 (wird planimetrisch bestimmt).




Mitralklappenstenose

V (m/s)
Vmax M/s
Vi
—
PHT
4 v1 = Vmax
V2

MS

Abb. 51 Mitraloffnungsflache und PHT.

Bei der Pressure-Half-Time handelt es sich um die Zeit, in der
der Spitzengradient (AP, )wihrend der Diastole auf die Hélfte
des Ausgangswertes abfillt.

max

APmax=4",2max 4.V2=

AR - 2 2 Ve
= 4.V, V; ==



Mitralklappenstenose

Graduierung bei Mitralstenose

Grad I

Grad 11

Grad III

Grad IV

subklinische Mitralstenose, NYHA I
Klappenoffnungsfliche > 2,5 cm?

leichigradige Mitralstenose, NYHA II
Klappenoffnungsflache 1,5-2,5 cm?
AP ppean um ca. 5 mmHg

mittelgradige Mitralstenose, NYHA III
Klappenoffnungsflache 1,5-1 cm?

AP, ean um ca. 10 mmHg

— OP-Indikation - !

Klappenéffnungsfliche < 1 cm2, meist <0,7 cm?
— OP-Indikation - !



Tricuspidalklappeninsuffizienz

BP:98/62MMHG

-.—A—- ‘ ‘ e .. T T 100 mm s

Source: Fauci AS, Kasper DL, Braunwald E, Hauser SL, Longo DL, Jameson JL, Loscalzo J:
Harrison's Principles of Internal Medicine, 17th Edition: http://www.accessmedicine.com

Copyright @ The McGraw-Hill Companies, Inc All rights reserved.



Morbus embolicus

Zerebraler
Infarkt

Koronar-
arterien

Aa. mesen-
tericae

"‘“\ Milzinfarkt

|
l
[
Aorten- 3
bifurkation F
|

periphere
Arterien

Niereninfarkt
am oberen
Nierenpol

Bevorzugte reitender
Lokalisation Embolus an
von Emboli der Aorten-
bei bifurkation
Thrombose
im linken
Vorhof




rzinsuffizienz

Rechtsherz-
insuffizienz:
Zyanose, Stauung
der Jugular-
venen, Hepato-
megalie, Aszites,
Odembildung an
abhangigen
Korperpartien,
erhohter Venen-
druck

- 1

Hochgradige Dilatation des rechten Ventrikels
infolge eines Mitralklappenvitiums als Ursache
einer Rechtsinsuffizienz

Peripheres Odem bei Rechtsherz-
insuffizienz. Auf Druck bleibt eine Delle
eine Zeitlang bestehen



Herzinsuffizienz

Periphere Stauung und Odembildung kardialer Genese

Lungen-
kreislauf

W

.4 ©ciBa
Befunde

Ursachen
hoher diasto- A\
lischer Druck ‘
im rechten

Ventrikel

Cor pulmonale

Pulmonalstenose
Mitralstenose

Trikuspidalstenose (Druckerhéhung

’ Trikuspidalinsuffizienz uber den

Lungen-
Pericarditis constrictiva kreislauf)

hoher Druck akute oder chronische Myo- pathologische

karditis (rheumatische u.a. Tachykardien
c:'mc'hlen ‘ ¢ ) Anamie

Amyloidose Thyreotoxikose
Y Beriberi

Endokardfibroelastose
(rechtsseitig)

Vorhof- oder Ventrikelseptumdefekt

Links-rechts-
Shunt linkes Herz

hoher

arteriovend i
Venendruck eriovendse Fisteln

rechtes Herz

hoher
LETTIETS
druck im
Kérperkreis-
lauf

vermehrtes Blutvolumen

Austritt von Serum = zusatzliche
in das Gewebe Blutverdinnung Faktoren bei der
(geringer kolloid- Odementstehung

osmotischer Druck)

Korperkreislauf



Symptomatologie

Syncope
1 ' ' 1
Normal history History, physical Examination Review
and physical exam, ECG reveals medication
examination suggest cardiac orthostatic
disease hypotension
\ ‘
Reflex Echocardiogram, Normal Abnormal
syncope 24-hr Holter neurologic neurologic
monitor, stress test, exam exam
{ other cardiac * ‘
testing as indicated
Tilt testing if Consider Peripheral
severe or postganglionic neuropathy
recurrent autonomic (consider diabetic,
insufficiency nutritional,
amyloid, etc.)

Central nervous
sytem findings
Consider multiple
system atrophy




