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The Effect of Temperature Stress on
Hemodynamics: The Mechanisms of Cold
Angina, Heat Shock, Tachycardia of Fever and
Compensatory Hypertension

Sicaklik Stresinin Hemodinamikler Uzerine Etkisi:
Soguk Anjinasi, Sicak Soku, Atese Bagh Tasikardi ve
Kompensatuvar Hipertansiyonun Mekanizmalari

ABSTRACT Objective: The aim of the study is to investigate the relationships between temperatu-
re, blood viscosity and blood flow rate, heart rate, blood pressure and pulse pressure by using tem-
perature stress of cooling and warming on the blood circulatory system. Material and Methods: The
volunteer and healthy 36 cases were selected using the Simple Random Sampling Method. The
study group remained in a cooled room (15°C) for one hour and then were allowed to warm up
with an electric blanked (100-watt) in the next period of one-hour. At the end of these two peri-
ods, temperatures of arm, leg and axilla, blood pressures, heart rates and blood viscosities of the
subjects were measured immediately. Results: The results showed that there were clinically and sta-
tistically important relationships among blood pressure, heart rate, blood viscosity and pulse pres-
sures during temperature stress of cooling and warming (p= 0.001). However, the pulse pressures
of healthy individuals remained constant despite temperature stress related systolic and diastolic
pressures changed at rest position, which may resulted from circulatory compensation. Conclusi-
on: The system analysis of the data and relationship between the parameters provided explanations
for mechanisms of cold angina, tachycardia of fever, heat shock, hypertension and circulatory bur-
den based on temperature stress and blood viscosity.

Key Words: Blood viscosity; angina pectoris; cold temperature;
hot temperature; vascular resistance

OZET Amag: Calismanin amaci, sicak ve soguk ortamlarda 1s1 stresi uygulayarak, sicaklik, kan vis-
kositesi ve kan akim hizi, kalp hizi, kan basinci ve nabiz basinci arasindaki iligkileri aragtirmaktir.
Gereg ve Yontemler: Saglikli 36 denek rastgele 6rnekleme yontemiyle segilerek aydinlatilmig on-
aylar1 alind1 ve bir saat siireyle 1s1s1 15°C olan ortamda ve daha sonra bir saat elektrikli battaniye
(100-watt) altinda yatarak bekletildiler. Her iki stirenin hemen sonunda deneklerin kol, bacak ve
aksillalarinin sicakliklari, kan basinglari, kalp hizlar1 ve kan viskositeleri 6l¢tildii. Bulgular: Bedeni
sogutmaya ve 1sitmaya bagh stresler sirasinda; kan basinci, kalp hizi, kan viskositesi ve nabiz basing-
lar1 arasinda klinik ve istatistiksel olarak 6nemli iliskiler oldugu belirlendi (p=0.001). Sistolik ve di-
astolik kan basinglar: istirahat pozisyonundaki 1s1 stresi ile degismesine karsilik, muhtemelen
kompanzasyon makenizmalar1 nedeniyle nabiz basinglar sabit kaldi. Sonug: Verilerin sistem anal-
iziyle incelenmesi ve parametreler arasindaki iliskilerin degerlendirilmesi; soguk anjinas, atese bag-
L1 tagikardi, sicak soku, hipertansiyon, sicaklik stresi ve kan viskositesine bagli dolagim yiikiiniin
mekanizmalari ile ilgili agiklamalar saglamugtir.

Anahtar Kelimeler: Kan viskozitesi; anjina pektoris; koroner dolagim;
soguk 1s1; yiiksek 1s1 derecesi; damar direnci
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he major discussed effects of increased temperature on the circula-
tory system are the increased heart rate and vasodilation in the skin
that causes heat loss. At rest, high temperature can markedly incre-
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ases cardiac output and blood flow of the skin.!¢ In
stress of cold environment, peripheric resistance
increases due to the constriction of skin arteries
and increased blood viscosity.” However, cold an-
gina is explained by increased myocardial oxygen
demand, and cold weather hyperventilation can be

used to diagnose of vasospastic angina.”!!

FACTORS AFFECTING BLOOD VISCOSITY AND
HEMODYNAMICS

Viscosity can be defined as resistance of fluid to
flow.”? A common method in determining the vis-
cosity is “the capillary tube viscometer”, and it de-
pends on the measurement of time for free flow of
the fluid due to gravitational force through a ver-
tical tube that has a constant length and volume.
The most commonly defined factors of blood visco-
sity are dehydration, internal viscosity and flexibi-
lity of plasma fibrinogen and protein, deformability
and mass quantity of erythrocyte and flexibility of
leukocytes in the clinical practice.”®'* Blood con-
tents, absorbed nutrients and several drugs affect
blood viscosity which, in turn, changes the blood
pressure and homeostasis at a considerable amo-
unt.'®? A compensatory increase in the common
carotid artery diameter is seen only in the young
control groups but not in the elderly hypertensi-
ves.?3! Therefore, increasing the blood pressure for
compensation is the main physiological way whe-
reas decreasing the viscosity to increase the Q (flow
rate) with hemodilution is a noninvasive way to
rescue the tissue from ischemia for the atheroscle-
rotic region.?627:30:32

The aim of this study is to investigate the rela-
tionships among temperature stress, blood and
plasma viscosity, blood flow rate, heart rate, blood
pressure, and pulse pressure by using a flow chart
of semi closed system analysis to evaluate the re-
sults.

I MATERIAL AND METHODS

The investigation confirms the principles outlined
in the Declaration of Helsinki and local ethical
standards. The informed consents of patients were
collected prior to admission of them into the study.
Thirty-six healthy subjects who had no medical
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complaints and had not taken any medication for
the last ten days were selected for this study using
single random sampling method among different
individuals of same populations. The study group
includes 18 males and 18 females and the mean age
of the population is 34.2 + 4 years.

The vessel diameter, stroke volume and the
hemodynamical parameters are calculated and eva-
luated according to Poiseuille’s equation. L (length
of the vessel), (viscosity), v (flow velocity), a (radi-
us of the vessel), r (distance from the center of the
vessel for a flowing particle), F (initial pressure)
and F), (final pressure at the end of the distance) are
all defined as the variables of that equation
[v=1/4nL (F;-F,) (a’>-?)], from which flow rate (Q)
can be calculated as Q=ma* (F;-F,) /8nL.3*

The limits of temperature stress, case number
and other experimental conditions of the study we-
re planned according to the result of a pilot study
(another 17 cases), but this new study does not co-
ver that old data.

In the morning, after a 12-hour fasting period,
each subject was admitted in a separate room and
asked to rest with standard pyjamas for 20 minutes
at 22°C of room temperature. Subjects were not al-
lowed to smoke, drink, eat, or exert excessive ef-
fort during the period of the study. Their
temperatures of arm, leg, axilla, and BP (blood
pressure) were measured at the end of the 20-mi-
nute rest, and then immediately to measure the
blood viscosity, a 9.9 mL of blood was drawn thro-
ugh a plastic cannula containing 0.1mL (500 IU) of
heparin sodium. Blood pressure was measured with
mercury sphygmomanometer from the right arm
and the right leg, and the temperature was deter-
mined by + 0.1°C sensitive digital electronic “Huger
Model no: SA880SSX-CE” thermometer in axilla,
poplitea and inner side of elbow. Heart rate was re-
corded with a chronometer for a period of one mi-
nute. After that, the subject was taken in to the
experiment room that was constantly cooled to
15°C by an air conditioner for one hour and after
that, all the parameters were measured again im-
mediately. Then, the air conditioner was stopped
and the temperature of those subjects was increased
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with insulator and heater effect of a 100-Watt/h
(86.042 kcal/h) traditional and standard electrical
blanket up to their neck for one hour. Subsequ-
ently, all the parameters were measured again im-
mediately. The experiment room is next to the
clinic laboratory that all viscosity measurements
were done here without any delay.

Blood and plasma viscosity were measured
with a temperature controlled type of a simple ca-

L1517 Free flow times (in

pillary tube viscometer.
seconds) of the samples were considered as the da-
ta instead of the relative viscosity value in statisti-
cal assessments and graphic drawings to achieve
more accurate results and to prevent rounding
down the numbers. The viscosity of the samples
were measured with 37°C and 28°C reciprocal to
initial temperature of axilla and extremities res-
pectively; 25°C and 33°C reciprocal to cooling and
warming temperature of extremities respectively.
In order to make more accurate presentation in the
graphic and statistics, the flow time was used as the
data instead of “the relative viscosity value” calcu-
lated by dividing the flow time of the sample by
the flow time of the distilled water.

The results of the study were analyzed statis-
tically using the Paired Sample t test, Wilcoxon
Sign test, Spearman’s Correlation test and Pearson’s
Correlation test. Figures were drawn with Statisti-
cal Package for Social Scientists 10.0 version.

I RESULTS

Distributions of systolic (SBP) and diastolic blood
pressures (DBP) by cooling and SBP by warming
for the arm are nonparametric, and the others are
parametric. Distilled water free flow times in the
viscometer at different temperatures were 3.8
(25°C), 3.8 (28°C), 3.7 (33°C) and 3.6 (37°C) sec-
onds. Relationship between temperature and blood
pressure in the arm (Figure 1), relationship betwe-
en arm blood pressure and blood viscosity (Figure
2), relationship between heart rate and systolic blo-
od pressure in the arm (Figure 3), and relationship
between pulse rate and blood viscosity increases
with temperature (Figure 4) are represented by
graphics on coordinate systems, and the table.
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FIGURE 1: Relationship between temperature and blood pressure in the arm.
When all systolic and diastolic blood pressure measures of three temperatu-
res (25, 28 and 33 °C) are evaluated together, there is negative correlations
between temperature and systolic (r= -0.238, R%= 0.0566, p= 0.014) or bet-
ween temperature and diastolic pressure (r=-0.389, R?= 0.1514, p= 0.000).
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FIGURE 2: Relationship between arm blood pressure and blood viscosity. For
arm,; if all measured systolic and diastolic pressures and viscosity of blood val-
ues are evaluated together in the same diagram, there are positive correlati-
on between viscosity and systolic pressure (r= 0.090, R?= 0.0427, p= 0.361)
and diastolic pressure (r= 0.468, R?= 0.1516, p= 0.000). Free flow time (sec-
onds) of blood was used as data of blood viscosity in statistical assessments
and the graphic drawings in order to achieve results that are more accurate.

The measured results of the in vivo study are
represented by the prefix of “M” (measured).
When an amount of a compensatory answer was
calculated as an algebraic function of one parame-
ter (viscosity) of Poiseuille’s equation, it is repre-
sented by prefix of “E” (estimated) in the text and
figures.
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FIGURE 3: Relationship between heart rate and systolic blood pressure in the
arm. There are positive correlations between systolic blood pressure and he-
art rate for every temperature groups (for 33 °C, r= 0.374, R?= 0.1397, p=
0.027; for 28 °C, r= 0.508, R*= 0.2578, p= 0.002 and for 25°C, r= 0.410, R*=
0.1683, p= 0.014). And there is a correlation if all measurements of heart ra-
te and pressure are evaluated in a total population within the same diagram
(r=10.283, R?= 0.0803, p=0.003).
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FIGURE 4: . Relationship between pulse rate and blood viscosity increases
with temperature. According to increasing temperature of the arm there are
increasing correlations between pulse rates and blood viscosities which 28°C
of the arm is normal condition of the body and r=0.061 (p= 0.727), and at the
temperature stress of cooling to 25°C, r= 0.031 (p=0.861), and at the warm-
ing to 33°C of the arm r=0.150 (p= 0.389).

I DISCUSSION

Mathematical estimation and evaluations of circu-
latory compensations are performed according to
Poiseuille’s Equation and principle of physiology.
When blood viscosity increases 5.56% due to tem-
perature decrease, blood flow rate decreases as
5.27%, and for the physiological compensation of
this state, a 5.56% of blood pressure increase or
1.36% vasodilatation is needed. If the viscosity (de-
nominator) increases from 100 to 105.56 (5.56%),
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flow rate would decrease from 100 to 91.7%
(100/105.56=0.94.73 and 100%-94.73%=5.27%). If
viscosity h increases 5.56% in the denominator, to
keep the equation constant, multiplier, the pressu-
re (F1-F5) value must be increased with the same
percentage.

When the viscosity increases 5.56% in order
to keep the constant flow rate (Q), the a* value

must increase 5.56% and for the a* the new va-

inital>
lue is calculated as a';,, =1.0556 x a*;;,- From
this,a,,, = 1.056xa,,, =1.0136and using this value, 1.36%
vasodilatation can be found. According to the sa-
me equation, when the blood viscosity decreases
13% due to the temperature increase, a 14.9% blo-
od flow rate increase or 13% decrease in blood
pressure or 3.1% vasoconstriction is needed for the
physiological compensation. When blood viscosity
increases, and the body prefers to keep the pressu-
re constant, compensation would be seen as an in-
creased heart rate. When stroke volume is
constant, the increasing amount of compensatory
heart rate is 13.5% that increases the blood flow ra-
te as 13.5%. The relationships between the para-
meters and system analysis of the data provided
explanations for mechanisms of circulatory com-
pensations could be represented by flow charts ac-
cording to temperature stress of cooling (Figure 5)
and warming (Figure 6).

CHANGING BLOOD PRESSURE AND
HEART RATE WITH TEMPERATURE

The results point out that the observed in vivo
changes and relations of the circulatory parameters
cannot be completely explained by statistical analy-
sis whereas most of them can be estimated in re-
ciprocal relationship of two parameters and via the
equation of hydrodynamics exactly. This is not a
basic conflict for the hypothesis of this study or in-
equality between measured data and mathemati-
cally estimated probability that estimation of each
parameter is based on the changing amount of one
parameter (viscosity) for in vitro study. However,
blood pressure, heart rate, blood viscosity, and the
radius of vessel could change all together due to the
alterations of two parameters (temperature and vis-
cosity) in vivo simultaneously.

Turkiye Klinikleri ] Med Sci 2011;31(2)
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FIGURE 5: Stoichiometric relationships between decreased blood tempera-
ture (from 28°C to 25°C), increased viscosity and compensatory changes of
the blood pressure (BP), blood flow rate, heart rate (HR) and vessel diame-
ter can be shown as a system analysis on the flow chart. Estimated (E) pa-
rameters by Poiseuille’s’ equation are different from the measured (M) results
of the in vivo study that are represented by prefix of E and M respectively
MBV: measured blood viscosity, EBF: estimated blood flow rate, EHR: estimated heart
rate, MHR: measured heart rate, EBP: estimated blood pressure, MBP: measured blo-
od pressure, E: estimated. Estimation of each parameter is based on the changing amo-
unt of only one parameter of the equation. However, same circulatory parameters could
change all together in the body simultaneously.

When the patients were exposed to the tempe-
rature stress of warming, blood viscosity decreased
13% while systolic blood pressure of the arm and
the leg decreased 7.93% and 10.48% respectively.
Besides, the heart rate increased 5.77%. However,
when viscosity reduces 13%, the blood pressure
should reduce 13% for keeping the flow rate cons-
tant according to the Poiseuille’s equation. Skin va-
sodilatation is observed in warm environment
despite decreasing BP compensated by tachycardi-
a partially, and this state can be evaluated that pro-
tection from fever is more important than
hypotension. Exothermic reactions are inhibited by
heat; therefore, tachycardia could not only be cau-
sed by stimulated myocardial metabolism by
warmth, but also a physiological response to incre-
ase the cardiac output and blood pressure.

Turkiye Klinikleri ] Med Sci 2011;31(2)

When the patients were exposed to the tempe-
rature stress of cooling; blood viscosity increased
5.56%, while systolic blood pressure increased
2.14% and 1% for the leg and arm respectively. In
fact, when viscosity increases 5.56%, the blood
pressure at the extremities should increase at the
same rate to keep the Poiseuille’s equation (or Q)
constant. So, the unknown percentage of this
compensation is at least 3.42% (5.56-2.14=3.42)
for blood pressure. Increase in blood viscosity (al-
so increase in total peripheral resistance) due to
cooling is responsible for the rise in blood pressu-
re at the leg at a rate of 4.2% (r=0.207) for systo-
lic phase, and 15% (r=0.389) for the diastolic
phase. To obtain a fate for this unknown part of
the compensation to keep the Q constant with a
simultaneous vasodilatation; 100+3.42=103.42;
a4final=1'0342X34initial; a4fina1=4\/1'034zxanitial =
1.0084 =0.84%, it is found out that 0.84% increa-
se in the radius of the vessel is needed.

TERIFELATUEL STRENS COF WA ERITRG

el e v v [ 3w BT

a1 i i e o | . Wi ik ik

mervemr s Bro b o o 4
eyt 1 e By ket oy R Y
Fmmarilie e - kY
uk L L
Lirtemee srvfardes o r by '\..\.-
I—L 1 "'."\.
e _— \"-..
[E AT FT Com gy sy Y
| A i
Il -
[ —— i s i e e jRHE L DAFS FRR LTTN)
sepsana (0P Oy FRPE T I" ik m i
i
1 il i it il .
+ i Bt s L1
L L | R T ? &
aid A EE T i Hi=dal
ST [ [re— kY f e T
ST B Lo f J
T
ll"I B vy s F WP 0
| 43 s e -
- i
i
1 d 2
[

oy sl b Fond awd e veerd col el b b

FIGURE 6: Stoichiometric relations between increased blood temperature
(from 28°C to 33°C), decreased viscosity and compensatory changes of the
blood pressure (BP), blood flow rate, heart rate (HR) and vessel diameter
can be shown as a system analysis on the flow chart. Estimated (E) para-
meters by Poiseuille’s’ equation are different from the measured (M) results
of the in vivo study that are represented by prefix of E and M respectively.
MBV: measured blood viscosity, EBF: estimated blood flow rate, EHR: estimated heart
rate, MHR: measured heart rate, EBP: estimated blood pressure, MBP: measured blo-
od pressure, E: estimated. Estimation of each parameter is based on the changing amo-
unt of the only one parameter of the equation. However, same circulatory parameters
could change all together in the body simultaneously. The intersections of the arrows are
meaningless.
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CONCEPT OF THE TOTAL PERIPHERAL RESISTANCE

Conventional concept of the circulatory resistance is
expressed as vascular resistance or the pressure drop
divided by the blood flow rate.'® However, according
to Poiseuille’s equation and the results of this study,
the concept of (total) peripheral resistance should be
considered as a common result of vascular resistance,
blood temperature and blood viscosity.

MECHANISM OF CORONARY ANGINA
IN COLD ENVIRONMENT

The results of the study show that when the tem-
perature decreases, blood viscosity increases and
blood flow rate decreases, and to compensate this,
a significant blood pressure increase takes place.
According to the calculations of the study, the ef-
fects of cold weather that the blood temperature
decreases at the arms, legs, face, ears and lungs will
cause cool and viscous blood perfusion, increasing
peripheral resistance and decreasing blood flow ra-
te in vessels. These could provide an additional ex-
planation for the mechanism of coronary angina
seen in cold environment. According to the results
of the study, when it is accepted that temperature
and viscosity relationship is linear between 36.5°C
and 22°C (throughout the 14.5 °C that 36.5-22=
14.5) and the increase of blood viscosity as 29.05%,
only a 1°C decrease of temperature results in 2%
(29.05 /14.5= 2) increase of viscosity and 1.97%
(100/102=0.9803; 100-98.03=1.97) decrease of blo-
od flow rate in coronary vessel. On the other hand,
a 2% increase of systemic peripheral resistance ap-
pears (when viscosity of blood increases 2%), and
2% increase of systemic blood pressure is required
for the compensation of blood flow rate that produ-
ces additional circulatory burden and risk of coro-
nary ischemia. Therefore, circulatory burden based
on temperature and viscosity of blood can be calcu-
lated in clinical practice, and these are the eviden-
ces that coronary angina of cold weather can be
triggered by increasing the viscosity of blood toget-
her with cold vasospasm.

AN ADDITIONAL MECHANISM FOR THE HEAT TRAUMA

Mechanisms of tachycardia and hypotension seen
in hot weather and heat shock are explained by de-
creased “vascular resistance” due to vasodilatati-
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on."? According to the Poiseuille’s equation, when
blood viscosity decreases 13%, the blood pressure
decrease 13% due to decreased peripheral resistan-
ce. For physiological compensation of this state, a
14.9% cardiac output increase is required. As a re-
sult, high temperature related blood viscosity (re-
sistance to flow) decrease must be an important
factor in the mechanism of heat shock, and perfor-
ming a viscosity decreasing therapy (glycerol,
nifedipine, nitroglycerine, isosorbite dinitrate, he-
modilution, decreasing the hematocrit etc.) must
be evaluated carefully during heat shock and the

conditions of decreased peripheral resistance.'">1

MECHANISM OF TACHYCARDIA AND FEVER

According to the Poiseuille’s equation, when blood
viscosity decreases 13% due to temperature incre-
ase (from 28°C to 33°C), blood pressure decreases
13%, and for physiological circulatory compensati-
on, 14.9% of the blood flow rate or cardiac output
increase is needed. If stroke volume is constant,
14.9% increase of cardiac output is needed to in-
crease heart rate by the same proportion as 14.9 %
(Figure 6). A 14.9% increase of 80 heartbeats per
minute is equal to 98.6 beats per minute. This eval-
uation provides an explanation for the mechanism
of temperature dependent tachycardia based on
temperature related change of viscosity.

EFFECT OF TEMPERATURE STRESS ON PULSE PRESSURE

Pulse pressure (difference of systolic pressure from
diastolic pressure) was nearly constant despite of
changing temperature, systolic blood pressure, di-
astolic blood pressure, viscosity and pulse rate
(Table 1). Even though blood viscosity and blood
pressure increased and heart rate decreased in cold
environment, the same parameters changed in the
opposite direction in warm environment. Thus, the
increased heart rate could be a response to the de-
creased peripheral resistance and blood pressure in
warm environment, and inversely, the decreased
heart rate could be a compensatory response to the
increased peripheral resistance and blood pressure
in cold by decreased temperature at rest. However,
this compensatory state of myocardium should not
be confused by decreasing heart rate with the inhi-
bited metabolism in hibernation. Because the long

Turkiye Klinikleri ] Med Sci 2011;31(2)
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TABLE 1: Changing in blood viscosity and circulatory parameters of the body with the temperature stress of
cooling or warming.

Parameter Initial value Effect Result Difference % Significance

Arm temp 30.80 + 1.04 Cooling 26.03 +1.66 1549 | t= 15.080.
p=0.000

Axilla temp 36.12+0.39 Warming 36.48 + 0.32 0.99 t t=-8.078.
p=0.000

Leg temp 30.18 + 0.67 Warming 31.84£0.99 5501 t=-10.38.
p=0.000

Arm DBP 78.71 +8.57 Cooling 80.29 +8.22 201 z= -0.773.
p=0.440

Leg DBP 122,57 +20.45 Cooling 127.109 £ 18.3 3851 t= -1.455.
p=0.155

Arm DBP 78.71+ 857 Warming 7171£9.15 894 2= -3.804.
p=0.000

Leg DBP 122,57 £20.45 Warming 107.29 + 18.04 15721 t=4.489.
p=0.000

Heart rate 68.69 + 9.92 Warming 72.66 £ 10.94 5771 t= -3.497.
p=0.001

Pulse press. leg 70.29 Cooling 69.71 =stable t=0.51.
p=0.881

Pulse press. leg 70.29 Warming 65.42 =stable t=1.301.
p=2.02

Blood viscosity 14.01 £ 1.50 Warming 1219 £0.94 131 t=10.886.
(28°C) (33°C) p=0.000

Effect [increase (1) or decrease ( | )] of temperature change (cooling or warming) on parameters [Temperature °C (Temp.), Systolic (SBP) and diastolic (DBP) blood pressure (mmHg),
Pulse pressure mmHg (Pulse press.), heart rate beat/min, viscosity (flow time/ second)]. Note: The mean of = is approximately stable.

Turkiye Klinikleri ] Med Sci 2011;31(2) 34
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lasting rest position inhibits the metabolism and
the circulation that body goes to sleeping (parasy-
mpathetic dominancy) condition, and the aimed
balance of circulatory compensation could be diffe-
rent in the rest state.

The in vivo “measured blood pressure” incre-
ase (MBP= 1%) is lower than the mathematically
“estimated blood pressure” increase (E=5.56%) for
compensation of blood flow rate decrease by tem-
perature stress of cooling. On the other hand, the in
vivo “measured heart rate” (MHR=11.4%) increase
is higher than mathematically estimated (E=5.72%)
blood pressure increase (Figure 5). Therefore, we
conclude that the in vivo compensations are pro-
vided by the increased blood pressure and heart ra-
te together, and the heart rate increase is the basic
compensatory way in cold weather. However,
compensatory changing amount of vessel radius is
unknown for the in vivo condition that affects the
whole parameters of blood circulation.

When the body temperature increased, decre-
ase in blood pressure (MBP= 7.93%) is lower than
mathematically estimated blood pressure decrease
(E=13%). Similarly, in vivo measured heart rate in-
crease (MHR= 5.77%) is lower than the estimated
heart rate increase (E= 14.9%) by the temperature
stress of warming (Figure 6). We conclude that
changing the amount of blood temperature may be
inefficient by 100 watt/hour electric blanket, and
the in vivo compensation is provided by common
changing of blood pressure, heart rate and vessel
radius. However, compensatory changing amount
of stroke volume and radius of vessels are not
known here. Since the atherosclerotic vessels can-
not vasodilate, it could be proposed that increasing
heart rate and blood pressure become dominant
ways to compensate the circulatory burden when
atherosclerosis grows up in the body.” *37 This
state could be called as the compensatory hyper-
tension of atherosclerosis, but not as the essential
hypertension.

The results (Table 1) also suggest that keeping
pulse pressure constant is more important than the
stability of systolic or diastolic blood pressure for rest-
ing state of healthy people despite temperature stress.
The mathematical evaluation provides additional ev-
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idences. When myocardium works in hypertensive
condition as 190/140 mmHg instead of 120/70mm
Hg, pulse pressures are constant as 50 mmHg but in-
crease of diastolic pressure is one fold and resistance
(R=F;-Fy/Qor R=8nL/ma*) of aorta raises approxima-
tely by one fold (relationship between diastolic pres-
sure and resistance is 1/1). Thus, blood flow rate (Q)
remains stable because of the constant pulse pressu-
re via increasing systolic pressure.

BLOOD VISCOSITY AND HYPERTENSION

According to the calculation above, when blood
viscosity increases 13%, a 13% of blood pressure in-
crease is needed for physiological compensation
that is very important in clinical practice. These
conditions should be evaluated by the data of blo-
od viscosity and pressure, and so the increased blo-
od viscosity could come out as an important factor
for the increased blood pressure and ischemia.’®
The idea that a long lasting period of compensatory
hypertension due to hyperviscosity produces an es-
sential hypertension is not clear yet. However, the-
re is an old idiom that hypertension makes
hypertension.? 333

I CONCLUSION

Temperatures affect the pressure and the parame-
ters of blood circulation in distinctive ratios. How-
ever, the pulse pressure of healthy individuals
remained constant despite temperature stress rela-
ted to the systolic and diastolic changes at rest po-
sition, which may resulted from circulatory
compensation. The concept of total peripheric re-
sistance considered as blood temperature, viscosity
and vascular resistance should be taken into acco-
unt altogether.

We present a new approach to the relations-
hip between the hemodynamical parameters and
suggest that the flow charts and additional expla-
nations given for the mechanisms of cold angina,
tachycardia of fever, heat shock, and concept of to-
tal peripheral resistance should take their places in
the analysis of the hemodynamic control mecha-
nism of the human body and therapeutic process
of atherosclerosis, ischemia, hyperviscosity and hy-
pertension.
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