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Systolic Blood Pressure (mean) mmHg

Trends in Hypertension

Systolic blood pressure in mmHg (not esgendardized)
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Blood Pressure Mean: Men

Average systolic in mmHg (not agndardized)

coefficientof
regression(b )
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p<0.05

Average systolic values from 1980 to 2009 from WHO



Male Blood Pressures
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Blood Pressure Mean: Women

Average systolic in mmHg (not agendardized)

coefficientof
regression(b )
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Average systolic values from 1980 to 2009 from WHO



Female Blood Pressures
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Simple Trends in Blood Pressure

o Blood Pressure

coefficient of regression
female against male

1.43 (Cl 1.38.52); p=0.001
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Simple Trends in Blood Pressure

Aif the development is towards higher values of blood pressure
(or negligible in male), female trends are ever so often more rapid

Aif the development is towards lower values of blood pressure, it is
usually more rapid in the female sex

female trends are highly significant
Y countries with largesgender gapd: NI X

Top 2% Burkina Faso towards higher values
Mali
Niger
Nigeria

Top 2% Czech Republic towards lower values
Spain
Estonia
Malta



Physiology: Male and Female with 3 Parameters

PCA - Countries
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Trends in Hypertension: 2016

Nortlinear predictions; Average systolic blood pressure

Add to baseline

of 2009
(in mmHgQ)
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Hypertensive Emergency
Case Decision and Classification
Therapy and Cardiovascular Complications



Hypertensive Emergencies

Aavailable patient cohort study from May 2008 in Kanton Basel (BS, BL) and
Luzern

Ainclusion criteria: blood pressure >18imHg>110mmHg age > 20 y

Adiscriminant analysis, logistic regression, categorical regression, multi
layer perceptrons

Aprimary care questionnaire
X AY | RMRéandGenderdata onBlood pressure, Drugs, Emergency therapy, Fallow
therapy, Cardiovascular risk factavere requested to be answered. Further questions referred
to Accompanying conditiorend theHistory of cardiovascular complications, Cardiovascular
complications within 3 months

Al year followup

X Cardiovascular events, Follay therapy changeanddata on newly describe@ardiovascular
risk factorswere requested to be answered



Hypertension Prevalence in the Elderly

Prevalence
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Age group (approx.) 654

Wolf-Maier et al. (2003); Kearney et al. (2005); Pitsavos et al. (2006) ; eurostat.ec.europa.eu (2008);
National Health and Nutrition Survey of Japan (2006) and WHO



Test: Hypertensive Emergencies and Case Decision

E: Emergency Thera

H: Hospitalization

Dimension 2
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Classification

Emergency

abdominal pain
ataxia

chest pain
confusion
dizziness/vertigo
drops

dyspnoea
headache
incontinence

limb weakness
nausea

pallor

palpitations
pruritus

speech disturbances
sweating

visual disturbances
vomitus

Urgency

abdominal pain
altered mental status
Angst

atactic gait

cold intolerance
dizziness/vertigo
dyspnoea
epiphora

epistaxis

flush

gait disturbances
headache

limb pain

nausea

neck pain
palpitations
pruritus
restlessness
shoulder pain
sweating

tinnitus

tremor

tympanic pressure
visual disturbances

* Does not lead to Emergency or Urgency classification

Hypertensive Emergencies: Symptoms

Asymptomatic*

back pain . ) o
I included in the statistics,

epistaxis yet, do not count as overt symptoms
flush

heartburn

nausea

slightly altered mental status



Differential Diagnosis

_ Vielical conelitions

cardiac

neurologic

traumatic

renal

drugs

endocrine

metabolic
pregnant

psychogenic

acute pulmonary edema with systolic/diastolic dysfunction
malignant hypertension, stroke, aortic dissection

intracranial / subarachnoid hemorrhage, cerebral embolism / stroke, hypertensive
encephalopathy
head trauma

chronic pyelonephritis, renal parenchymal diseases (glomerulonephritis),
renovascular disease
monoamine oxidase inhibitor interactions, cocaine overdose

pheochromocytoma (excess catecholamines), aldosteronism, renin-secreting
tumors, glucocorticoid excess
hypercalcemia

preeclampsia, eclampsia

hyperventilation, Angst, sympathetic hyper-tonus, panic attack

Brennan et al. 2010, Critical Care Study Guide



,Available Patient Cohort” Study

lost to followup
n=26

time course 18.4 months

164 patients

included

8 patients
died

blood pressure
determination
14 months

n= 137



Cardiovascular Differential Diagnosis
Reevaluation

8 Cases were selected
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6: Other
5: Congestive Heart Failure
4: TIA

3: Cerebrovascular Insult
2: Occlusive PAD

1: Coronary Artery Disease
0: None

NoO

Hypertension

Yes
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Hospitalization of Patients

class

Emergency
Emergency
Emergency
Emergency
Emergency
Emergency
Emergency
Emergency
Urgency

Urgency

diagnosis

acute myocardiaihfarction

acute coronarysyndrome

suspected cerebrovascular insult

suspected cerebrovascular insult

suspected cerebrovascular insult

hypertensive encephalopathy

hypertensive encephalopathy

hyponatremia, hypertensive encephalopathy

mesenteric ischemia, bowel obstruction, hyperthyroidism
suspected cerebrovascular insult



Summary of Patient Data

164 patients

sex

age Average

Asymptomatic (n)

Urgency (n)
Emergency (n)

systolic hypertension (n)
diastolic hypertension (n)

sytol./diastol. hypertension (n)

systolic blood pressure Median
diastolic blood pressure Median

hypertension
first observed hypertensive
emergency

f103 me61
70,4 years (21-96)

99
50
15

153
40
29

195 mmHg (145-255)
100 mmHg (60-130)
78,7%

62,2%

number

Emergency

Ssex

Urgency Asymptomatic

Classification



Therapy by Emergency Classes

"] no therapy
s monotherapy
H combination therapy
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number

204

Emergency Urgency Asymptomatic
Class



systolic

diastolic

Blood pressure (mm Hg)

Time-Series
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Cardiovascular Risk Factors
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cumulative risk factors

Sex-Specific Distribution

Factors
m Diabetes mellitus
m renal dysfunction
] physical inactivity
200 W hyperlipidemia
] obesity
B smoking
150
100
50

Sex



Cardiovascular Risk Factors After 1 Year

comparison study start - 1 year
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Accompanying Medical Conditions
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Patients and Frequency
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Afirst hypertensive emergencies occur often with new patients
AWnhite Coat hypertensive patients show fewer symptoms upon examination

Asymptoms correlate with stress, NSAR medication and infects



Neural Network

NEURAL

COMPUTATION

(modified from Baxt 1990)

The network identified 92% of
the patients with acute
myocardial infarction, 96% of
the patients without infarction.
When all patients with the ECG
evidence of infarction were
removed from the cohort, the
network correctly identified
80%



Neural Network

Key Question
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Baxt, 1990

Ahypertension

Agender

Alack of exercise / obesity



Retained Parameters in Logistic Regression
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Dynamic Scaling of Emergency Classes

4,5

3,5

2,5

1,5

0,5

-0,5

- odel: Predictors in
logistic regression

Model: Predictors +

Classification

Symptoms

Separation of U and A requires useSyimptomvariable?

Goodness of lassification

30 %

80 %



Dynamic Scaling of Emergency Classes
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Classification in Hypertensive Emergencies

c 0.29

0.37

0.1

0.0
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Optimized Top 500 Models of 2400

— Syraphe Weight <0

Hidden Layer AF

Hyperbolic tangent 321
Sigmoid 182

Ouput Layer AF

Hyperbolic tangent 83
Identity 93
Sigmoid 37
Softmax 200 4

AUCsx n oy c




Optimized Top 500 Models of 2400
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Mean

E 100.0% +.0%
U 97.7% +1.1%
A 99.6% +0.7%

Total 99.0% +0.6%
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Classification in Discriminant Analysis
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Classification in Discriminant Analysis

history of cardiovascular events : :
] explained variance

of 200

age

symptoms w
—

]

White Coat hypertension

NSAR .
| variance

infection = model 1 1

pain _ = model 2 2

Erogosed CWHOfT . = model 3 3
stress
new patient
hypertension

first hypertensive emergency

sex

0 10 20 30 40 50 60 70 80 90 100



Hypertensive Emergency: Goodness of
Classification

New data on hypertension

Method % Classification Overall Error
1 Neuralnetwork 1,0 (+£0,6%) 5,0 (+£ 2,4%)
2 Discriminantanalysis 10,0
3 CatReg 16,0
4* Logistic regression ¢ 29,9

*Symptomswere notintroduced

The logistic regression was included with absolute values of blood pressure as
a covariateq these results suggested that these could be used and led to 0%
classification error at, however, low statistical significance. Yet, this
furthermore indicates that future emergency schemes or health advice can be
generated and replaced with medical data and binary decisions (>180 mmHg
systolic / >110 mmHg diastolic) on blood pressure, if required, without the
predicted loss of accuracy.



Treatment

Treatment”

Classification

B Emergency
M urgency
O Asymptomatic

507
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Patient Recall?

Quantification
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Drug History and Emergency Therapy

p <0.05

Cardiovascular treatment track

AACE inhibitors in drug history lead to a significantly higher prescription rate of
sedatives

Aprevious treatment with ARB results in frequent emergency treatment with ARB

AARBS in drug history lead to infrequent therapy with ACE inhibitors in hypertensive
emergencies

Apatients receiving ARB in emergency treatment regularly receive ARB in-tgdlow
treatment



Adverse Effects in Therapies

Drugs causing drumduced hypertension and hypertension treatment

Causative drugs

Etiologies of hypertension

Strategies to treat hypertension

NSAIDs

Glycyrrhiza (licorice), therapeutic drugs containing
glycyrrhizin, drugs for digestive disorders, kampo
drugs, supplements, cosmetics

Glucocorticoids

Cyclosporine, tacrolimus

Water/Na retention and vasodilator suppression
through the inhibition of renal prostaglandin
production, attenuation of the antihypertensive
effects of ACE inhibitors/ARBs/B-blockers/
diuretics

Water/Na retention and K reduction through the
enhancement of intrinsic steroid actions related
to the prolongation of the half-life of cortisol
associated with the inhibition of 11B-hydroxy-
lated steroid dehydrogenase

Increases in renin-substrate and erythropoietin
productions and the inhibition of NO production
may be involved in the mechanism, but it
remains to be clarified.

Nephrotoxicity, activation of the sympathetic
nervous system, inhibition of calcineurin,
vascular endothelial cell dysfunction

Dose reduction/discontinuation of NSAIDs, dose elevation of
an antihypertensive drug that has been administered,
Ca channel blockers

Dose reduction/discontinuation of kampo drugs, aldosterone
antagonist

Dose-reduction/discontinuation of glucocorticoids,
Ca channel blockers, ACE inhibitors, ARBs,
B-blockers, diuretics

Ca channel blockers, combination therapy with Ca channel
blockers and ACE inhibitors, diuretics



Therapy: According to Guideline

Combination Therapy

Blood pressure Subgroup Significance p<0.05
reduction

6 hsystolic alltogether yes
1 h systolic E yes

Mono-Therapy

Blood pressure Subgroup Significance p<0.05
reduction

all systolic alltogetheror E, U, A none
all diastolic alltogetheror E, U, A none

Mann-Whitney U Test



systolic
blood pressure

recommendation
lto2h ———

Time-Series

and 2to 6 h—2

diastolic

I
250 I
I
|
I
= o7 !
i 188
181 1
I
m = |||
— a4
50 153]| pr 149 | 15 153 i
E 1
E 2 R I 1
5]
% o 115 I
&
° 102
S 100 i 50 Bofeel | .
m | [2Y] 87 88
(| [ Bl e
74| 83 2] 82
501
o
T T T
Emergency Urgency Asymptomatic

hypertensive emergenc
1h

6 h

12 h

6 days

15 days

3.5 months

14 months



Time-Series: Emergency
Acutely treated patients
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Urgency

Time-Series

Acutely treated patients
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Time-Series: Asymptomatic
Acutely treated patients
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: Emergency

Time-Series

Acutely treated patients

Blood Pressure Diastolic 6h
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Urgency

Time-Series

Acutely treated patients
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IC

: Asymptomati

Time-Series

Acutely treated patients

Blood Pressure Diastolic 6h
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Average of Blood Pressures: Treated Versus
Non-Treated

All emergency classes

Initial 200/ 102 194 / 98
1h 186/ 97 186 /92
6 h 160/ 87 163/ 80

in mmHg



Textbook Guideline

blood pressure* reduction achieved by 280% in 12 hours

Athe acutely treated study population was not ovieeated, one
emergency and three urgency, and no other cases were likely loosing
systolic blood pressure too fast
(not all 6 hour blood pressure values were obtained)

Aat least 16 cases showed systolic blood pressure values of more than
160 mmHg at 6 hours

* Dieterle T, Zeller A, Martina B, Battegay E. Der hypertensive N&tfakis. 2001



Average of Blood Pressures: Treated Versus
Non-Treated

All emergency classes

Treatment

S hiaon | in | 6h
Systolic % above 160 99,0 95,2 55,2
Diastolic % belowl100 40,4 55,4 75,9
in mmHg

No Treatment

S Taon | in | eh
Systolic % above 160 96,7 92,7 44,4
Diastolic % belowl100 43,3 63,4 88,9

in mmHg



Cardiovascular Complications

cardiovascular complications™

number

*n=136

Arrhythmias were not considered as primary events in the following canonical correlation.
They were only included with secondary events if they led to or were followed by death.



Primary Events



Recurrent Hypertensive Crises - Model and
Correlation

Secondary Event

L Sum of Cardinscular Risk Factors
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Pai
o
i . Infect
Recurrent Hypertensive Crises
v Patient NSA
o ©
0.0 lase in body weight
Age
[ ]
5 d Hypert lcompliance
o pertensive crises
_§ OSAS Blood Pressure diastolic
§ o Stress °
E Hiocd Pr:ssure EyEplic C'\l'ilhite C?:at Hypertension
-0.59
Primary Event
®
-1.0 T T T T T T T
-08 -0.6 -0.4 -0.2 0o 0z 0.4 0.6

modelled initial (day 6) blood pressure and risk factors Dimension 1



Perceptrons: Primary Events and Predictors
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Perceptrons: Primary Events and Predictors

Classification

Top 1% 2400 models

1° Event 94.9% +£2.5% 1°Event  40.4% +{26.7%
Total 98.6% +£2.5% Total 91.2% +#2.7%
(+/- SD)

Other 2 selected models

1°Event 100.0% +/0.0%
Total 98.4% +{0.8%

(+/- SD)



Obesity Paradox

Association of All-Cause Mortality
With Overweight and Obesity
Using Standard Body Mass Index Categories

Conclusions and Relevance Relative to normal weight, both obesity (all grades)
and grades 2 and 3 obesity were associated with significantly higher all-cause mor-
tality. Grade 1 obesity overall was not associated with higher mortality, and over-
weight was associated with significantly lower all-cause mortality. The use of pre-
defined standard BMI groupings can facilitate between-study comparisons.

Flegal, K. M., Kit, B. K., Orpana, H., & Graubard, B. I. (2013). Associatton of all
cause mortality with overweight and obesity using standard body mass index
categories: a systematic review and meataalysisJAMA 309(1), 7Xk82.



Perceptrons: Primary Events and Predictors
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Models of Primary Events: Discriminant Analysis

Age p=0.011
Multiple (recurrent) hypertensive crises p=0.004

in stepwise algorithm

(no prior probabilty) set classified 78.2%



Perceptrons: Primary Events and Predictors




Primary Events: Goodness of Classification

Classification

Method Average Overall % Primary Events %
1 neuralnetwork 91,2-98,4 40,4-100,0
2 discriminantanalysis 64,1-84,8 9,1- 63,3
3 logistic regression 88,0- 89,1 9,1- 27,3

n=92



Secondary Events






