Layered Procedures in
Hypertensive Emergencies

Dr. Klaus Fiedler
IHAMB, University of Basel, Basel,

Switzerland

2009-2013
with conclusions



Trends in Hypertension

Hypertensive Emergency

Case Decision and Classification

Therapy and Cardiovascular Complications
Primary Events
Secondary Events

Comparison of Primary and Secondary Events in this Study

Conclusions



Systolic Blood Pressure (mean) mmHg

Trends in Hypertension

Systolic blood pressure in mmHg (not age-standardized)
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Blood Pressure Mean: Men

Average systolic in mmHg (not age-standardized)

coefficient of
regression (P)
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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 age-standardized)

coefficient of
regression (P)
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p<0.05

Average systolic values from 1980 to 2009 from WHO



Female Blood Pressures
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Simple Trends in Blood Pressure
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coefficient of regression
female against male

1.43 (Cl 1.36-1.52); p=0.001

betas of linear predictions (male and female) based on raw values from WHO (1980 — 2009)



Simple Trends in Blood Pressure

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

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

female trends are highly significant

= countries with largest gender gaps are...

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

Blood Glucose
Blood Pressure
BMI
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Trends in Hypertension: 2016

Non-linear predictions; Average systolic blood pressure

Add to baseline

of 2009
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Hypertensive Emergency
Case Decision and Classification
Therapy and Cardiovascular Complications



Hypertensive Emergencies

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

* inclusion criteria: blood pressure >180 mmHg/>110 mmHg, age > 20y

* discriminant analysis, logistic regression, categorical regression, multi
layer perceptrons

* primary care questionnaire
... in addition to Age and Gender, data on Blood pressure, Drugs, Emergency therapy, Follow-up
therapy, Cardiovascular risk factors were requested to be answered. Further questions referred
to Accompanying conditions and the History of cardiovascular complications, Cardiovascular
complications within 3 months

* 1 year follow-up

... Cardiovascular events, Follow-up therapy changes and data on newly described Cardiovascular
risk factors were requested to be answered



Hypertension Prevalence in the Elderly

Prevalence
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Age group (approx.) 65-74

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

Modelling of the ,,clinical decision” path
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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
e included in the statistics,

epistaxis yet, do not count as overt symptoms

flush

heartburn

nausea

slightly altered mental status



Differential Diagnhosis

_ 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 follow-up
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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1: Coronary Artery Disease
0: None

Hypertension
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Hospitalization of Patients

class

Emergency
Emergency
Emergency
Emergency
Emergency
Emergency
Emergency
Emergency
Urgency

Urgency

diagnosis

acute myocardial infarction

acute coronary syndrome

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%

Emergency Urgency

Asymptomatic

Classification

sex

om
-+ 3



Therapy by Emergency Classes
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no therapy
= monotherapy
H combination therapy
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Time-Series
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Cardiovascular Risk Factors
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cumulative risk factors

Sex-Specific Distribution

2007

150

1007}

507

Sex

[ [u] [s[o] |

Factors

Diabetes mellitus
renal dysfunction
physical inactivity
hyperlipidemia
obesity

smoking



Cardiovascular Risk Factors After 1 Year

comparison study start - 1 year
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Accompanying Medical Conditions

20

40—
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* n=164



Patients and Frequency

correlative evidence shows...

* first hypertensive emergencies occur often with new patients
* White Coat hypertensive patients show fewer symptoms upon examination

* symptoms 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

“Does the evaluation contain previously inapparent information

that can be used to improve on the diagnostic accuracy of predicting...”
Baxt, 1990

* hypertension
e gender
* lack 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

- Model: Predictors in
logistic regression

Model: Predictors +

Classification

Symptoms

Separation of U and A requires use of Symptom variable?

Goodness of Classification

30 %

80 %



Dynamic Scaling of Emergency Classes

4,5

3,5

2,5

1,5

0,5

-0,5

»The Diagnostic Gap“

- Model: Predictors in
logistic regression

Model: Predictors +

\

\\

\\

V)
Classification

,Structural Equation”
model without parameters

Symptoms

- [Model: Final

Goodness of Classification

30 %

80 %

44 %



Classification in Hypertensive Emergencies

Mean

Model unifying 7 different ,, output functions” counting 2400
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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 290 4

AUCs 20.986




Optimized Top 500 Models of 2400

Model unifying 7 different ,, output functions” - Top 500

Mean

E 100.0% +/-0.0%
U 97.7% +/-1.1%
A 99.6% +/-0.7%

Total 99.0% +/-0.6%

doueriodwi

(+/-SD)
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Classification in Discriminant Analysis
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Classification in Discriminant Analysis

symptoms w

history of cardiovascular events . .
] explained variance
g D of 200

White Coat hypertension

NSAR

S
! variance
infection = model 1

pain = model 2

roposed cut-off - = model 3
b 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 Neural network 1,0 (+/- 0,6%) - 5,0 (+/- 2,4%)
2 Discriminant analysis 10,0
3 CatReg 16,0
4* Logistic regression <29,9

*Symptoms were not introduced

The logistic regression was included with absolute values of blood pressure as
a covariate — 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
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Quantification

Patient Recall?
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Drug History and Emergency Therapy

p <0.05

Cardiovascular treatment track

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

* previous treatment with ARB results in frequent emergency treatment with ARB

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

* patients receiving ARB in emergency treatment regularly receive ARB in follow-up
treatment



Adverse Effects in Therapies

Drugs causing drug-induced 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 Sub-group Significance p<0.05
reduction

6 h systolic alltogether yes
1 h systolic E yes

Mono-Therapy

Blood pressure Sub-group Significance p<0.05
reduction

all systolic alltogether or E, U, A none

all diastolic alltogether or E, U, A none

Mann-Whitney U Test



Time-Series

I
250 I
I
| |
toli I
systolic 200 197 I
blood pressure 188 .
recommendation i
lto2h ————— |—r ‘ I_\
and 2 tO 6 h =) 150 | 160 158 ¥ o1
: | =l
s 7
§ 115 I
g 99/96|
2 100+ —
diaStO“C o 87 88
{ b2
82|
501
o

Emer_lgency

Urgéncy

T
Asymptomatic

hypertensive emergency
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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: 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

Tme  |Teamen  [None
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 20-30% in 1-2 hours

* the acutely treated study population was not over-treated, 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)

* at 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 Notfall. Praxis. 2001



Average of Blood Pressures: Treated Versus
Non-Treated

All emergency classes

Treatment
Systolic % above 160 99,0 95,2 55,2
Diastolic % below 100 40,4 55,4 75,9
in mmHg
No Treatment
Systolic % above 160 96,7 92,7 44,4
Diastolic % below 100 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
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Perceptrons: Primary Events and Predictors

Model unifying 6 different ,, output functions”— 2400
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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). Association of all-
cause mortality with overweight and obesity using standard body mass index
categories: a systematic review and meta-analysis. JAMA, 309(1), 71-82.



Perceptrons: Primary Events and Predictors

Model unifying 6 different ,, output functions”— 2400
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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%
p p y



Perceptrons: Primary Events and Predictors




Primary Events: Goodness of Classification

Classification

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

n=92



Secondary Events



Diastolic Blood Pressure - Model and

Correlation
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New Tentative Guideline for Secondary
Prevention

Non-Linear Blood Pressure Model with CatReg

ot pregression

Age 0.122 0.254
Sex 0.237 0.148
Systolic 0.291 0.034
Diastolic 0.349 0.005
Day 6

R2=0.51



Tentative New Guideline for Secondary
Prevention

Blood Pressure of day 6

Secondary Event
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Comparison of Primary and Secondary Events in this Study



Secondary Versus Primary in 2198 neural
Networks: Classification of 100% versus <90%

Importance

0.154

0.00



Secondary Versus Primary Event in Categorical
Regression

Tendency Primary Event Secondary

Age

Alcoholism

Asthma

Diabetes mellitus

Family History of Cardiovascular Disease

Hyperlipidemia

Hypertension

Lack of Exercise
Non-Compliance

Obesity

OSAS

Renal Insufficiency

Second Hypertensive Emergency
Sex

Smoking

White Coat Hypertension

-2 -1 0 1 2 3
Coefficient Beta

Modalized Family History of Cardiovascular Disease
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Stratification: Risk Ratios

* in patients with hypertensive emergencies history of cardiovascular
events is associated with hyperlipidemia with a RR 3.3 (Cl 1.2-8.9);
p=0.017 (Fisher Exact)

* a history of cardiovascular events is associated with antihypertensive
pretreatment with a RR 4.4 (Cl 1.2-15.8); p=0.024 (Fisher Exact)

» secondary cardiovascular events are associated with smoking with a RR 3.2
(C1 0.8-12.6); p=0.1 (Fisher Exact)

this is relative to healthy cohort patients



Stratified Population: Further Predictions

GLM

-2 IB

3p, '4’71‘//, 4‘9‘% h/’s/k regression
/7@ l’,o /be e . @

S, R Sre ) 9%, coefficient

1//;7 o . S/, o kO@ e
A) pf@f/. OS/O
9%,
’77@%

p 0.016 0.029 0.006 0.049

Model prob. p = 0.005; df 21



Sympathetic Drive

T

pulmonary reflexes stemming from cardiopulmonary volume-sensitive
receptors

vascular arterial chemoreceptors altered in obesity or overweight-
dependent OSAS

metabolic leptin, insulin

renal on angiotensin Il

neuronal

neuronal on subfornical organ and median preoptic nucleus in part via

renal hypothalamus

nutritional/ low sodium intake, alcohol excess

behavioral

Grassi (2009) Assessment of sympathetic cardiovascular drive in human hypertension. Hypertension
Llewellyn et al. (2011) MnPO and SFO drive renal sympathetic nerve activity via a glutamatergic mechanism
within the paraventricular nucleus.* Am J Physiol Regul Integr Comp Physiol



Sympathetic Drive

LANP and BNP

Brain

Volume contraction

{

T Sympathetic activity_r-

—1_( T Renin

;

T Angiotensin |

© Adrenal
. gland

T ADH

l« Na*. H20 !
excretion

T Aldosterone

Koeppen & Stanton: Berne & Levy Physiology

2: Increased secretion
of renin, which results
in higher angiotensin Il
levels

* Neuronal on renal
signalling



Cardiovascular Progression Model from Strata

Mean

3200 models / selection of 1 best predictor

0.259
0.209
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0.10
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Error Bars: 95% ClI

douenodw

1 95.8% +/-4.2%

2 81.2% +/-16.4%
3 26.0% +/-24.2%
4 31.8% +/-31.6%
5 17.5% +/-30.0%
6 8.1%+/-23.8%

Total 78.4% +/-6.8%

Top1l

Total 94.9%



Conclusions



White Coat Hypertension - Model
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Health Ranking: The Ph

Female

Austria

Bosnia and Herzegovina

Blood Glucose
Blood Pressure
BMI
Cholesterol

Switzerland
Rank 121

lower values female

[——

Australia
Kazakhstan
Kuwait
Canada
Bahrain
Greece
Iraq
Azerbaijan
Singapore
Romania

Switzerland

/’mcm Islands
South Africa .

Macedonia

Fiji
Denmark
Netherlands
Lebanon
Syria
Mauritius
Libya
Argentina

Trinidad and Tobago

Albania
Tunisia
Chile
Uruguay
Oman
Egypt
Turkey
Venezuela
Mongolia
Panama
Japan
Suriname
Kyrgyzstan
Swaziland
Malaysia
Morocco
Brazil
Turkmenistan
Papua New Guinea
Iran
Grenada

ysiology According to the

Male

Rank 133

higher physiological
values

Female Risk Ratio for
White Coat Hypertension
2.3

From WHO
Data

lower physiological
values

lower values male



The initial decision was obtained without help: equipment was

corresponding to technical standards in the ambulatory

Primary Care: Decision Path

Anamnestische Kardiovaskulare Komplikationen

2.36

4.62

Geschlecht 2.08

Weisskittelnypertonie |—2:03
3.82
238
4.62
2.36

Neuer Patient 2.0

Anamnestische Symptome

Hospitalisation

Initial Final

Akuttherapie

Model: Red leads to higher
and Green to lower ranking



Cardiovascular Risk Factors: Not Known?

* primary cardiovascular outcome (primary event) in this study cohort
does not positively correlate with the number of risk factors

* secondary cardiovascular outcome and risk factor association is shown
for renal insufficiency and smoking

* neural networks can produce predictions for primary events based on
known cardiovascular risk factors

* causal relationships in these neural networks may end upside down
- reasons are discovered in the obesity and low alcohol consumption

(Hyperplane Extraction Procedures may be found in e.g.
Saad and Wunsch II, Neural Networks 20 (2007), 78)



Study: Results

 primary cardiovascular events after multiple hypertensive emergencies are
elevated to a rate (per year) of 56%

* multiple hypertensive crises are overwhelmingly important in the neural
network prediction

* in models with stratification, white coat hypertension has protective influence
relative to hypertension

* in non-linear models, secondary or higher ranked events might be
prevented by slightly elevated diastolic blood pressure of 90 mmHg and
higher after hypertensive emergencies during 6 days, and systolic values
from 130 — 165 mmHg
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