
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-

Turkiye Klinikleri J Med Sci 2011;31(2) 341

The Effect of Temperature Stress on
Hemodynamics: The Mechanisms of Cold

Angina, Heat Shock, Tachycardia of Fever and
Compensatory Hypertension

AABBSS  TTRRAACCTT OObbjjeeccttiivvee:: The aim of the study is to in ves ti ga te the re la ti ons hips bet we en tem pe ra tu -
re, blo od vis co sity and blo od flow ra te, he art ra te, blo od pres su re and pul se pres su re by using tem -
pe ra tu re stress of co o ling and war ming on the blo od cir cu la tory system. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::  The
vo lun te er and he althy 36 ca ses we re se lec ted using the Simp le Ran dom Samp ling Met hod. The
study gro up re ma i ned in a co o led ro om (15°C) for one ho ur and then we re al lo wed to warm up
with an elec tric blan ked (100-watt) in the next pe ri od of one-ho ur. At the end of the se two pe ri -
ods, tem pe ra tu res of arm, leg and axil la, blo od pres su res, he art ra tes and blo od vis co si ti es of the
sub jects we re me a su red im me di a tely. RRee  ssuullttss:: The re sults sho wed that the re we re cli ni cally and sta -
tis ti cally im por tant re la ti ons hips among blo od pres su re, he art ra te, blo od vis co sity and pul se pres -
su res du ring tem pe ra tu re stress of co o ling and war ming (p= 0.001). Ho we ver, the pul se pres su res
of he althy in di vi du als re ma i ned cons tant des pi te tem pe ra tu re stress re la ted systo lic and di as to lic
pres su res chan ged at rest po si ti on, which may re sul ted from cir cu la tory com pen sa ti on. CCoonncc  lluu  ssii  --
oonn:: The system analy sis of the da ta and re la ti ons hip bet we en the pa ra me ters pro vi ded exp la na ti ons
for mec ha nisms of cold an gi na, tach ycar di a of fe ver, he at shock, hyper ten si on and cir cu la tory bur -
den ba sed on tem pe ra tu re stress and blo od vis co sity. 

KKeeyy  WWoorrddss:: Blood viscosity; angina pectoris; cold temperature; 
hot temperature; vascular resistance

ÖÖZZEETT AAmmaaçç:: Ça lış ma nın ama cı, sı cak ve so ğuk or tam lar da ısı stre si uy gu la ya rak, sı cak lık, kan vis -
ko si te si ve kan akım hı zı, kalp hı zı, kan ba sın cı ve na bız ba sın cı ara sın da ki iliş ki le ri araş tır mak tır.
GGee  rreeçç  vvee  YYöönn  tteemm  lleerr:: Sağ lık lı 36 de nek rast ge le ör nek le me yön te miy le se çi le rek ay dın la tıl mış on-
ay la rı alın dı ve bir sa at sü rey le ısı sı 15°C olan or tam da ve da ha son ra bir sa at elek trik li bat ta ni ye
(100-watt) al tın da ya ta rak bek le til di ler. Her iki süre nin hemen so nun da de nek le rin kol, ba cak ve
ak sil la la rı nın sı cak lık la rı, kan ba sınç la rı, kalp hız la rı ve kan vis ko si te le ri öl çül dü. BBuull  gguu  llaarr:: Be de ni
so ğut ma ya ve ısıt ma ya bağ lı stres ler sı ra sın da; kan ba sın cı, kalp hı zı, kan vis ko si te si ve na bız ba sınç -
la rı ara sın da kli nik ve is ta tis tik sel ola rak önem li iliş ki ler ol du ğu be lir len di (p=0.001). Sis to lik ve di-
as to lik kan ba sınç la rı isti ra hat po zis yo nun da ki ısı stre si ile de ğiş me si ne kar şı lık, muh te me len
kom pan zas yon ma ke niz ma la rı ne de niy le na bız ba sınç la rı sa bit kal dı. SSoo  nnuuçç:: Ve ri le rin sis tem ana l-
i ziy le in ce len me si ve pa ra met re ler ara sın da ki iliş ki le rin de ğer len di ril me si; so ğuk an ji na sı, ate şe bağ -
lı ta şi kar di, sı cak şoku, hi per tan si yon, sı cak lık stre si ve kan vis ko si te si ne bağ lı do la şım yü kü nün
me ka niz ma la rı ile il gi li açık la ma lar sağlamıştır. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr::  Kan viskozitesi; anjina pektoris; koroner dolaşım; 
soğuk ısı; yüksek ısı derecesi; damar direnci 
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a ses car di ac out put and blo od flow of the skin.1-6 In
stress of cold en vi ron ment, pe rip he ric re sis tan ce
in cre a ses du e to the cons tric ti on of skin ar te ri es
and in cre a sed blo od vis co sity.7 Ho we ver, cold an -
gi na is exp la i ned by in cre a sed myo car di al oxy gen
de mand, and cold we at her hyper ven ti la ti on can be
used to di ag no se of va sos pas tic an gi na.7--11

FAC TORS AF FEC TING BLO OD VIS CO SITY AND 
HE MODY NA MICS 

Vis co sity can be de fi ned as re sis tan ce of flu id to
flow.12 A com mon met hod in de ter mi ning the vis-
co sity is “the ca pil lary tu be vis co me te r”, and it de-
pends on the me a su re ment of ti me for fre e flow of
the flu id du e to gra vi ta ti o nal for ce thro ugh a ver-
ti cal tu be that has a cons tant length and vo lu me.
The most com monly de fi ned fac tors of blo od vis co -
sity are dehy dra ti on, in ter nal vis co sity and fle xi bi -
lity of plas ma fib ri no gen and pro te in, de for ma bi lity
and mass qu an tity of eryt hrocy te and fle xi bi lity of
le u kocy tes in the cli ni cal prac ti ce.13-15 Blo od con-
tents, ab sor bed nut ri ents and se ve ral drugs af fect
blo od vis co sity which, in turn, chan ges the blo od
pres su re and ho me os ta sis at a con si de rab le amo -
unt.16-28 A com pen sa tory in cre a se in the com mon
ca ro tid ar tery di a me ter is se en only in the yo ung
con trol gro ups but not in the el derly hyper ten si -
ves.29-31 The re fo re, in cre a sing the blo od pres su re for
com pen sa ti on is the ma in physi o lo gi cal way whe -
re as dec re a sing the vis co sity to in cre a se the Q (flow
ra te) with he mo di lu ti on is a no nin va si ve way to
res cu e the tis su e from isc he mi a for the at he rosc le -
ro tic re gi on.26,27,30,32

The aim of this study is to in ves ti ga te the re la -
ti ons hips among tem pe ra tu re stress, blo od and
plas ma vis co sity, blo od flow ra te, he art ra te, blo od
pres su re, and pul se pres su re by using a flow chart
of se mi clo sed system analy sis to eva lu a te the re-
sults.

MA TE RIAL AND MET HODS
The in ves ti ga ti on con firms the prin cip les out li ned
in the Dec la ra ti on of Hel sin ki and lo cal et hi cal
stan dards. The in for med con sents of pa ti ents we re
col lec ted pri or to ad mis si on of them in to the study.
Thirty-six he althy sub jects who had no me di cal

comp la ints and had not ta ken any me di ca ti on for
the last ten days we re se lec ted for this study using
sing le ran dom samp ling met hod among dif fe rent
in di vi du als of sa me po pu la ti ons. The study gro up
inc lu des 18 ma les and 18 fe ma les and the me an age
of the po pu la ti on is 34.2 ± 4 ye ars. 

The ves sel di a me ter, stro ke vo lu me and the
he mody na mi cal pa ra me ters are cal cu la ted and eva -
lu a ted ac cor ding to Po i se u il le’s equ a ti on. L (length
of the ves sel), (vis co sity), v (flow ve lo city), a (ra di -
us of the ves sel), r (dis tan ce from the cen ter of the
ves sel for a flo wing par tic le), F1 (ini ti al pres su re)
and F2 (fi nal pres su re at the end of the dis tan ce) are
all de fi ned as the va ri ab les of that equ a ti on
[v=1/4ηL (F1-F2) (a2-r2)], from which flow ra te (Q)
can be cal cu la ted as Q=πa4 (F1-F2) /8ηL.32

The li mits of tem pe ra tu re stress, ca se num ber
and ot her ex pe ri men tal con di ti ons of the study we -
re plan ned ac cor ding to the re sult of a pi lot study
(anot her 17 ca ses), but this new study do es not co -
ver that old da ta. 

In the mor ning, af ter a 12-ho ur fas ting pe ri od,
each sub ject was ad mit ted in a se pa ra te ro om and
as ked to rest with stan dard pyja mas for 20 mi nu tes
at 22°C of ro om tem pe ra tu re. Sub jects we re not al-
lo wed to smo ke, drink, eat, or exert ex ces si ve ef-
fort du ring the pe ri od of the study. The ir
tem pe ra tu res of arm, leg, axil la, and BP (blo od
pres su re) we re me a su red at the end of the 20-mi -
nu te rest, and then im me di a tely to me a su re the
blo od vis co sity, a 9.9 mL of blo od was drawn thro -
ugh a plas tic can nu la con ta i ning 0.1mL (500 IU) of
he pa rin so di um. Blo od pres su re was me a su red with
mer cury sphygmo ma no me ter from the right arm
and the right leg, and the tem pe ra tu re was de ter -
mi ned by ± 0.1°C sen si ti ve di gi tal elec tro nic “Hu ger
Mo del no: SA880SSX-CE ” ther mo me ter in axil la,
pop li te a and in ner si de of el bow. He art ra te was re -
cor ded with a chro no me ter for a pe ri od of one mi -
nu te. Af ter that, the sub ject was ta ken in to the
ex pe ri ment ro om that was cons tantly co o led to
15°C by an air con di ti o ner for one ho ur and af ter
that, all the pa ra me ters we re me a su red aga in im-
me di a tely. Then, the air con di ti o ner was stop ped
and the tem pe ra tu re of tho se sub jects was in cre a sed
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with in su la tor and he a ter ef fect of a 100-Watt/h
(86.042 kcal/h) tra di ti o nal and stan dard elec tri cal
blan ket up to the ir neck for one ho ur. Sub se qu -
ently, all the pa ra me ters we re me a su red aga in im-
me di a tely. The ex pe ri ment ro om is next to the
cli nic la bo ra tory that all vis co sity me a su re ments
we re do ne he re wit ho ut any de lay.

Blo od and plas ma vis co sity we re me a su red
with a tem pe ra tu re con trol led type of a simp le ca -
pil lary tu be vis co me ter.11,15-17 Fre e flow ti mes (in
se conds) of the samp les we re con si de red as the da -
ta ins te ad of the re la ti ve vis co sity va lu e in sta tis ti -
cal as sess ments and grap hic dra wings to ac hi e ve
mo re ac cu ra te re sults and to pre vent ro un ding
down the num bers. The vis co sity of the samp les
we re me a su red with 37°C and 28°C re cip ro cal to
ini ti al tem pe ra tu re of axil la and ex tre mi ti es res -
pec ti vely; 25°C and 33°C re cip ro cal to co o ling and
war ming tem pe ra tu re of ex tre mi ti es res pec ti vely.
In or der to ma ke mo re ac cu ra te pre sen ta ti on in the
grap hic and sta tis tics, the flow ti me was used as the
da ta ins te ad of “the re la ti ve vis co sity va lu e ” cal cu -
la ted by di vi ding the flow ti me of the samp le by
the flow ti me of the dis til led wa ter.

The re sults of the study we re analy zed sta tis -
ti cally using the Pa i red Samp le t test, Wil co xon
Sign test, Spe ar man’s Cor re la ti on test and Pe ar son’s
Cor re la ti on test. Fi gu res we re drawn with Sta tis ti -
cal Pac ka ge for So ci al Sci en tists 10.0 ver si on.

RE SULTS 
Dis tri bu ti ons of systo lic (SBP) and di as to lic blo od
pres su res (DBP) by co o ling and SBP by war ming
for the arm are non pa ra met ric, and the ot hers are
pa ra met ric. Dis til led wa ter fre e flow ti mes in the
vis co me ter at dif fe rent tem pe ra tu res we re 3.8
(25°C), 3.8 (28°C), 3.7 (33°C) and 3.6 (37°C) se c-
onds. Re la ti ons hip bet we en tem pe ra tu re and blo od
pres su re in the arm (Fi gu re 1), re la ti ons hip bet we -
en arm blo od pres su re and blo od vis co sity (Fi gu re
2), re la ti ons hip bet we en he art ra te and systo lic blo -
od pres su re in the arm (Fi gu re 3), and re la ti ons hip
bet we en pul se ra te and blo od vis co sity in cre a ses
with tem pe ra tu re (Fi gu re 4) are rep re sen ted by
grap hics on co or di na te systems, and the tab le.

The me a su red re sults of the in vi vo study are
rep re sen ted by the pre fix of “M” (me a su red).
When an amo unt of a com pen sa tory ans wer was
cal cu la ted as an al geb ra ic func ti on of one pa ra me -
ter (vis co sity) of Po i se u il le’s equ a ti on, it is rep re -
sen ted by pre fix of “E” (es ti ma ted) in the text and
fi gu res.

Turkiye Klinikleri J Med Sci 2011;31(2) 343

Cardiology Çınar et al

FIGURE 1: Re la ti ons hip bet we en tem pe ra tu re and blo od pres su re in the arm.
When all systo lic and di as to lic blo od pres su re me a su res of thre e tem pe ra tu -
res (25, 28 and 33 °C) are eva lu a ted to get her, the re is ne ga ti ve cor re la ti ons
bet we en tem pe ra tu re and systo lic (r= -0.238, R2= 0.0566, p= 0.014) or bet -
we en tem pe ra tu re and di as to lic pres su re (r= -0.389, R2= 0.1514, p= 0.000).

FIGURE 2: Re la ti ons hip bet we en arm blo od pres su re and blo od vis co sity. For
arm; if all me a su red systo lic and di as to lic pres su res and vis co sity of blo od va l-
u es are eva lu a ted to get her in the sa me di ag ram, the re are po si ti ve cor re la ti -
on bet we en vis co sity and systo lic pres su re (r= 0.090, R2= 0.0427, p= 0.361)
and di as to lic pres su re (r= 0.468, R2= 0.1516, p= 0.000). Fre e flow ti me (se c-
onds) of blo od was used as da ta of blo od vis co sity in sta tis ti cal as sess ments
and the grap hic dra wings in or der to ac hi e ve re sults that are mo re ac cu ra te.



DIS CUS SI ON
Mat he ma ti cal es ti ma ti on and eva lu a ti ons of cir cu -
la tory com pen sa ti ons are per for med ac cor ding to
Po i se u il le’s Equ a ti on and prin cip le of physi o logy.
When blo od vis co sity in cre a ses 5.56% du e to tem-
pe ra tu re dec re a se, blo od flow ra te dec re a ses as
5.27%, and for the physi o lo gi cal com pen sa ti on of
this sta te, a 5.56% of blo od pres su re in cre a se or
1.36% va so di la ta ti on is ne e ded. If the vis co sity (de-
no mi na tor) in cre a ses from 100 to 105.56 (5.56%),

flow ra te wo uld dec re a se from 100 to 91.7%
(100/105.56=0.94.73 and 100%-94.73%=5.27%). If
vis co sity h in cre a ses 5.56% in the de no mi na tor, to
ke ep the equ a ti on cons tant, mul tip li er, the pres su -
re (F1-F2) va lu e must be in cre a sed with the sa me
per cen ta ge. 

When the vis co sity in cre a ses 5.56% in or der
to ke ep the cons tant flow ra te (Q), the a4 va lu e
must in cre a se 5.56% and for the a4

ini tal, the new va -
lu e is cal cu la ted as a4

fi nal =1.0556 x a4
ini ti al. From

this, and using this va lu e, 1.36%
va so di la ta ti on can be fo und. Ac cor ding to the sa -
me equ a ti on, when the blo od vis co sity dec re a ses
13% du e to the tem pe ra tu re in cre a se, a 14.9% blo -
od flow ra te in cre a se or 13% dec re a se in blo od
pres su re or 3.1% va so cons tric ti on is ne e ded for the
physi o lo gi cal com pen sa ti on. When blo od vis co sity
in cre a ses, and the body pre fers to ke ep the pres su -
re cons tant, com pen sa ti on wo uld be se en as an in-
cre a sed he art ra te. When stro ke vo lu me is
cons tant, the in cre a sing amo unt of com pen sa tory
he art ra te is 13.5% that in cre a ses the blo od flow ra -
te as 13.5%. The re la ti ons hips bet we en the pa ra -
me ters and system analy sis of the da ta pro vi ded
exp la na ti ons for mec ha nisms of cir cu la tory com-
pen sa ti ons co uld be rep re sen ted by flow charts ac-
cor ding to tem pe ra tu re stress of co o ling (Fi gu re 5)
and war ming (Fi gu re 6).

CHAN GING BLO OD PRES SU RE AND 
HE ART RA TE WITH TEM PE RA TU RE

The re sults po int out that the ob ser ved in vi vo
chan ges and re la ti ons of the cir cu la tory pa ra me ters
can not be comp le tely exp la i ned by sta tis ti cal analy-
sis whe re as most of them can be es ti ma ted in re-
cip ro cal re la ti ons hip of two pa ra me ters and vi a the
equ a ti on of hydrody na mics exactly. This is not a
ba sic conf lict for the hypot he sis of this study or in-
e qu a lity bet we en me a su red da ta and mat he ma ti -
cally es ti ma ted pro ba bi lity that es ti ma ti on of each
pa ra me ter is ba sed on the chan ging amo unt of one
pa ra me ter (vis co sity) for in vit ro study. Ho we ver,
blo od pres su re, he art ra te, blo od vis co sity, and the
ra di us of ves sel co uld chan ge all to get her du e to the
al te ra ti ons of two pa ra me ters (tem pe ra tu re and vis-
co sity) in vi vo si mul ta ne o usly. 
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FIGURE 3: Re la ti ons hip bet we en he art ra te and systo lic blo od pres su re in the
arm. The re are po si ti ve cor re la ti ons bet we en systo lic blo od pres su re and he -
art ra te for every tem pe ra tu re gro ups (for 33 °C, r= 0.374, R2= 0.1397, p=
0.027; for 28 °C, r= 0.508, R2= 0.2578, p= 0.002 and for 25°C, r= 0.410, R2=
0.1683, p= 0.014). And the re is a cor re la ti on if all me a su re ments of he art ra -
te and pres su re are eva lu a ted in a to tal po pu la ti on wit hin the sa me di ag ram
(r= 0.283, R2= 0.0803, p= 0.003).

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).
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When the pa ti ents we re ex po sed to the tem pe -
ra tu re stress of war ming, blo od vis co sity dec re a sed
13% whi le systo lic blo od pres su re of the arm and
the leg dec re a sed 7.93% and 10.48% res pec ti vely.
Be si des, the he art ra te in cre a sed 5.77%. Ho we ver,
when vis co sity re du ces 13%, the blo od pres su re
sho uld re du ce 13% for ke e ping the flow ra te cons -
tant ac cor ding to the Po i se u il le’s equ a ti on. Skin va-
so di la ta ti on is ob ser ved in warm en vi ron ment
des pi te dec re a sing BP com pen sa ted by tach ycar di -
a par ti ally, and this sta te can be eva lu a ted that pro-
tec ti on from fe ver is mo re im por tant than
hypo ten si on. Exot her mic re ac ti ons are in hi bi ted by
he at; the re fo re, tach ycar di a co uld not only be ca u -
sed by sti mu la ted myo car di al me ta bo lism by
warmth, but al so a physi o lo gi cal res pon se to in cre -
a se the car di ac out put and blo od pres su re.

When the pa ti ents we re ex po sed to the tem pe -
ra tu re stress of co o ling; blo od vis co sity in cre a sed
5.56%, whi le systo lic blo od pres su re in cre a sed
2.14% and 1% for the leg and arm res pec ti vely. In
fact, when vis co sity in cre a ses 5.56%, the blo od
pres su re at the ex tre mi ti es sho uld in cre a se at the
sa me ra te to ke ep the Po i se u il le’s equ a ti on (or Q)
cons tant. So, the unk nown per cen ta ge of this
com pen sa ti on is at le ast 3.42% (5.56-2.14=3.42)
for blo od pres su re. In cre a se in blo od vis co sity (al -
so in cre a se in to tal pe rip he ral re sis tan ce) du e to
co o ling is res pon sib le for the ri se in blo od pres su -
re at the leg at a ra te of 4.2% (r=0.207) for systo -
lic pha se, and 15% (r=0.389) for the di as to lic
pha se. To ob ta in a fa te for this unk nown part of
the com pen sa ti on to ke ep the Q cons tant with a
si mul ta ne o us va so di la ta ti on; 100+3.42=103.42;
a4

fi nal=1.0342xa4
ini ti al; a4

fi nal=4√1.0342xa ni ti al =
1.0084 =0.84%, it is fo und out that 0.84% in cre a -
se in the ra di us of the ves sel is ne e ded. 
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FIGURE 5: Sto ic hi o met ric re la ti ons hips bet we en dec re a sed blo od tem pe ra -
tu re (from 28°C to 25°C), in cre a sed vis co sity and com pen sa tory chan ges of
the blo od pres su re (BP), blo od flow ra te, he art ra te (HR) and ves sel di a me -
ter can be shown as a system analy sis on the flow chart. Es ti ma ted (E) pa-
ra me ters by Po i se u il le’s’ equ a ti on are dif fe rent from the me a su red (M) re sults
of the in vi vo study that are rep re sen ted by pre fix of E and M res pec ti vely 
MBV: me a su red blo od vis co sity, EBF: es ti ma ted blo od flow ra te, EHR: es ti ma ted he art

ra te, MHR: me a su red he art ra te, EBP: es ti ma ted blo od pres su re, MBP: me a su red blo -

od pres su re, E: es ti ma ted. Es ti ma ti on of each pa ra me ter is ba sed on the chan ging amo -

unt of only one pa ra me ter of the equ a ti on. Ho we ver, sa me cir cu la tory pa ra me ters co uld

chan ge all to get her in the body si mul ta ne o usly.

FIGURE 6: Sto ic hi o met ric re la ti ons bet we en in cre a sed blo od tem pe ra tu re
(from 28°C to 33°C), dec re a sed vis co sity and com pen sa tory chan ges of the
blo od pres su re (BP), blo od flow ra te, he art ra te (HR) and ves sel di a me ter
can be shown as a system analy sis on the flow chart. Es ti ma ted (E) pa ra -
me ters by Po i se u il le’s’ equ a ti on are dif fe rent from the me a su red (M) re sults
of the in vi vo study that are rep re sen ted by pre fix of  E and M res pec ti vely. 
MBV: me a su red blo od vis co sity, EBF: es ti ma ted blo od flow ra te, EHR: es ti ma ted he art

ra te, MHR: me a su red he art ra te, EBP: es ti ma ted blo od pres su re, MBP: me a su red blo -

od pres su re, E: es ti ma ted. Es ti ma ti on of each pa ra me ter is ba sed on the chan ging amo -

unt of the only one pa ra me ter of the equ a ti on. Ho we ver, sa me cir cu la tory pa ra me ters

co uld chan ge all to get her in the body si mul ta ne o usly. The in ter sec ti ons of the ar rows are

me a ning less.



CON CEPT OF THE TO TAL PE RIP HE RAL RE SIS TAN CE 

Con ven ti o nal con cept of the cir cu la tory re sis tan ce is
ex pres sed as vas cu lar re sis tan ce or the pres su re drop
di vi ded by the blo od flow ra te.10 Ho we ver, ac cor ding
to Po i se u il le’s equ a ti on and the re sults of this study,
the con cept of (to tal) pe rip he ral re sis tan ce sho uld be
con si de red as a com mon re sult of vas cu lar re sis tan ce,
blo od tem pe ra tu re and blo od vis co sity.

MEC HA NISM OF CO RO NARY AN GI NA 
IN COLD EN VIRON MENT 

The re sults of the study show that when the tem-
pe ra tu re dec re a ses, blo od vis co sity in cre a ses and
blo od flow ra te dec re a ses, and to com pen sa te this,
a sig ni fi cant blo od pres su re in cre a se ta kes pla ce.
Ac cor ding to the cal cu la ti ons of the study, the ef-
fects of cold we at her that the blo od tem pe ra tu re
dec re a ses at the arms, legs, fa ce, ears and lungs will
ca u se co ol and vis co us blo od per fu si on, in cre a sing
pe rip he ral re sis tan ce and dec re a sing blo od flow ra -
te in ves sels. The se co uld pro vi de an ad di ti o nal ex-
p la na ti on for the mec ha nism of co ro nary an gi na
se en in cold en vi ron ment. Ac cor ding to the re sults
of the study, when it is ac cep ted that tem pe ra tu re
and vis co sity re la ti ons hip is li ne ar bet we en 36.5°C
and 22°C (thro ug ho ut the 14.5 °C that 36.5-22=
14.5) and the in cre a se of blo od vis co sity as 29.05%,
only a 1°C dec re a se of tem pe ra tu re re sults in 2%
(29.05 /14.5= 2) in cre a se of vis co sity and 1.97%
(100/102= 0.9803; 100-98.03= 1.97) dec re a se of blo -
od flow ra te in co ro nary ves sel. On the ot her hand,
a 2% in cre a se of syste mic pe rip he ral re sis tan ce ap-
pe ars (when vis co sity of blo od in cre a ses 2%), and
2% in cre a se of syste mic blo od pres su re is re qu i red
for the com pen sa ti on of blo od flow ra te that pro du -
ces ad di ti o nal cir cu la tory bur den and risk of co ro -
nary isc he mi a. The re fo re, cir cu la tory bur den ba sed
on tem pe ra tu re and vis co sity of blo od can be cal cu-
la ted in cli ni cal prac ti ce, and the se are the evi den -
ces that co ro nary an gi na of cold we at her can be
trig ge red by in cre a sing the vis co sity of blo od to get -
her with cold va sos pasm.

AN AD DITIO NAL MEC HA NISM FOR THE HE AT TRA U MA 

Mec ha nisms of tach ycar di a and hypo ten si on  se en
in hot we at her and he at shock are exp la i ned by de-
c re a sed “vas cu lar re sis tan ce ” du e to va so di la ta ti -

on.1,2 Ac cor ding to the Po i se u il le’s equ a ti on, when
blo od vis co sity dec re a ses 13%, the blo od pres su re
dec re a se 13% du e to dec re a sed pe rip he ral re sis tan -
ce. For physi o lo gi cal com pen sa ti on of this sta te, a
14.9% car di ac out put in cre a se is re qu i red. As a re-
sult, high tem pe ra tu re re la ted blo od vis co sity (re-
sis tan ce to flow) dec re a se must be an im por tant
fac tor in the mec ha nism of he at shock, and per for -
ming a vis co sity dec re a sing the rapy (glyce rol, 
ni fe di pi ne, nit rogl yce ri ne, iso sor bi te di nit ra te, he-
mo di lu ti on, dec re a sing the he ma toc rit etc.) must
be eva lu a ted ca re fully du ring he at shock and the
con di ti ons of dec re a sed pe rip he ral re sis tan ce.11,15-17 

MEC HA NISM OF TACH YCAR DIA AND FE VER

Ac cor ding to the Po i se u il le’s equ a ti on, when blo od
vis co sity dec re a ses 13% du e to tem pe ra tu re in cre -
a se (from 28°C to 33°C), blo od pres su re dec re a ses
13%, and for physi o lo gi cal cir cu la tory com pen sa ti -
on, 14.9% of the blo od flow ra te or car di ac out put
in cre a se is ne e ded. If stro ke vo lu me is cons tant,
14.9% in cre a se of car di ac out put is ne e ded to in-
cre a se he art ra te by the sa me pro por ti on as 14.9 %
(Fi gu re 6). A 14.9% in cre a se of 80 he art be ats per
mi nu te is equ al to 98.6 be ats per mi nu te. This eva l-
u a ti on pro vi des an exp la na ti on for the mec ha nism
of tem pe ra tu re de pen dent tach ycar di a ba sed on
tem pe ra tu re re la ted chan ge of vis co sity.

EF FECT OF TEM PE RA TU RE STRESS ON PUL SE PRES SU RE 

Pul se pres su re (dif fe ren ce of systo lic pres su re from
di as to lic pres su re) was ne arly cons tant des pi te of
chan ging tem pe ra tu re, systo lic blo od pres su re, di-
as to lic blo od pres su re, vis co sity and pul se ra te
(Tab le 1). Even tho ugh blo od vis co sity and blo od
pres su re in cre a sed and he art ra te dec re a sed in cold
en vi ron ment, the sa me pa ra me ters chan ged in the
op po si te di rec ti on in warm en vi ron ment. Thus, the
in cre a sed he art ra te co uld be a res pon se to the de-
c re a sed pe rip he ral re sis tan ce and blo od pres su re in
warm en vi ron ment, and in ver sely, the dec re a sed
he art ra te co uld be a com pen sa tory res pon se to the
in cre a sed pe rip he ral re sis tan ce and blo od pres su re
in cold by dec re a sed tem pe ra tu re at rest. Ho we ver,
this com pen sa tory sta te of myo car di um sho uld not
be con fu sed by dec re a sing he art ra te with the in hi -
bi ted me ta bo lism in hi ber na ti on. Be ca u se the long
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Parameter  Initial value Effect Result Difference % Significance

Axilla temp. 36.12 ± 0.39 Cooling 35.68 ± 0.5 1 1.22 ↓ t= 6.075. 

p= 0.000

Arm temp 30.80 ± 1.04 Cooling 26.03 ± 1.66 15.49 ↓ t= 15.080. 

p= 0.000

Leg temp 30.18 ± 0.67 Cooling 25.78 ± 1.36 14.58 ↓ t= 19.055.

p= 0.000

Axilla temp 36.12 ± 0.39 Warming 36.48 ± 0.32 0.99 ↑ t= -8.078. 

p= 0.000

Arm temp 30.80 ± 1.04 Warming 32.15 ± 1.18 4.38 ↑ t= -7.017. 

p= 0.000

Leg temp 30.18 ± 0.67 Warming 31.84 ± 0.99 5.50↑ t= -10.38. 

p= 0.000

Arm SBP 116.14 ± 14.96 Cooling 117.14 ± 15.06 1.0↑ z=  -0.387. 

p= 0.698

Arm DBP 78.71 ± 8.57 Cooling 80.29 ± 8.22 2.0↑ z=  -0.773. 

p= 0.440

Leg SBP 192.86 ± 31.28 Cooling 197 ± 33.17 2.14↑ z=  -0.719. 

p= 0.472

Leg DBP 122.57 ± 20.45 Cooling 127.109 ± 18.3 3.85↑ t=  -1.455. 

p= 0.155

Arm SBP 116.14 ± 14.96 Warming 107.86 ± 15.50 7.93↓ z=  -3.600. 

p= 0.000

Arm DBP 78.71 ± 8.57 Warming 71.71 ± 9.15 8.9↓ z=  -3.804.

p= 0.000

Leg SBP 192.86 ± 31.28 Warming 172.71 ± 26.72 10.48 ↓ t= 4.162.

p= 0.000

Leg DBP 122.57 ± 20.45 Warming 107.29 ± 18.04 15.72↓ t= 4.489. 

p= 0.000

Heart rate 68.69 ± 9.92 Cooling 60.86 ± 8.39 11.4↓ t= 7.251. 

p= 0.000

Heart rate 68.69 ± 9.92 Warming 72.66 ± 10.94 5.77↑ t=  -3.497. 

p= 0.001

Pulse press. arm 37.43 Cooling 36.85 ≈stable t= 1.576.

p= 0.124

Pulse press. leg 70.29 Cooling 69.71 ≈stable t= 0.51. 

p= 0.881

Pulse press. arm 37.43 Warming 36.15 ≈stable t= 1.876. 

p= 0.069

Pulse press. leg 70.29 Warming 65.42 ≈stable t= 1.301.

p= 2.02

Blood viscosity 14.01 ± 1.50 Cooling 14.79 ± 1.42 5.56↑. t= -4.208

(28°C) (25 °C) p= 0.000

Blood viscosity 14.01 ± 1.50 Warming 12.19 ± 0.94 13↓ t= 10.886. 

(28°C) (33°C) p= 0.000

TABLE 1: Changing in blood viscosity and circulatory parameters of the body with the temperature stress of
cooling or warming.

Ef fect [in cre a se (↑) or dec re a se (↓)] of tem pe ra tu re chan ge (co o ling or war ming) on pa ra me ters [Tem pe ra tu re °C (Temp.), Systo lic (SBP) and di as to lic (DBP) blo od pres su re (mmHg),
Pul se pres su re mmHg (Pul se press.), he art ra te be at/min, vis co sity (flow ti me/ se cond)]. No te: The me an of ≈ is ap pro xi ma tely stab le.



las ting rest po si ti on in hi bits the me ta bo lism and
the cir cu la ti on that body go es to sle e ping (pa rasy -
mpat he tic do mi nancy) con di ti on, and the ai med
ba lan ce of cir cu la tory com pen sa ti on co uld be dif fe -
rent in the rest sta te.

The in vi vo “me a su red blo od pres su re ” in cre -
a se (MBP= 1%) is lo wer than the mat he ma ti cally
“es ti ma ted blo od pres su re ” in cre a se (E=5.56%) for
com pen sa ti on of blo od flow ra te dec re a se by tem-
pe ra tu re stress of co o ling. On the ot her hand, the in
vi vo “me a su red he art ra te ” (MHR=11.4%) in cre a se
is hig her than mat he ma ti cally es ti ma ted (E=5.72%)
blo od pres su re in cre a se (Fi gu re 5). The re fo re, we
conc lu de that the in vi vo com pen sa ti ons are pro-
vi ded by the in cre a sed blo od pres su re and he art ra -
te to get her, and the he art ra te in cre a se is the ba sic
com pen sa tory way in cold we at her. Ho we ver,
com pen sa tory chan ging amo unt of ves sel ra di us is
unk nown for the in vi vo con di ti on that af fects the
who le pa ra me ters of blo od cir cu la ti on.

When the body tem pe ra tu re in cre a sed, dec re -
a se in blo od pres su re (MBP= 7.93%) is lo wer than
mat he ma ti cally es ti ma ted blo od pres su re dec re a se
(E= 13%). Si mi larly, in vi vo me a su red he art ra te in-
cre a se (MHR= 5.77%) is lo wer than the es ti ma ted
he art ra te in cre a se (E= 14.9%) by the tem pe ra tu re
stress of war ming (Fi gu re 6). We conc lu de that
chan ging the amo unt of blo od tem pe ra tu re may be
inef fi ci ent by 100 watt/ho ur elec tric blan ket, and
the in vi vo com pen sa ti on is pro vi ded by com mon
chan ging of blo od pres su re, he art ra te and ves sel
ra di us. Ho we ver, com pen sa tory chan ging amo unt
of stro ke vo lu me and ra di us of ves sels are not
known he re. Sin ce the at he rosc le ro tic ves sels can-
not va so di la te, it co uld be pro po sed that in cre a sing
he art ra te and blo od pres su re be co me do mi nant
ways to com pen sa te the cir cu la tory bur den when
at he rosc le ro sis grows up in the body.29, 33-37 This
sta te co uld be cal led as the com pen sa tory hyper -
ten si on of at he rosc le ro sis, but not as the es sen ti al
hyper ten si on. 

The re sults (Tab le 1) al so sug gest that ke e ping
pul se pres su re cons tant is mo re im por tant than the
sta bi lity of systo lic or di as to lic blo od pres su re for res t-
ing sta te of he althy pe op le des pi te tem pe ra tu re stress.
The mat he ma ti cal eva lu a ti on pro vi des ad di ti o nal ev-

i den ces. When myo car di um works in hyper ten si ve
con di ti on as 190/140 mmHg ins te ad of 120/70mm
Hg, pul se pres su res are cons tant as 50 mmHg but in-
cre a se of di as to lic pres su re is one fold and re sis tan ce
(R=F1-F2/Q or R=8ηL/πa4) of aor ta ra i ses ap pro xi ma -
tely by one fold (re la ti ons hip bet we en di as to lic pres-
su re and re sis tan ce is 1/1). Thus, blo od flow ra te (Q)
re ma ins stab le be ca u se of the cons tant pul se pres su -
re vi a in cre a sing systo lic pres su re.

BLO OD VIS CO SITY AND HYPER TEN SION

Ac cor ding to the cal cu la ti on abo ve, when blo od
vis co sity in cre a ses 13%, a 13% of blo od pres su re in-
cre a se is ne e ded for physi o lo gi cal com pen sa ti on
that is very im por tant in cli ni cal prac ti ce. The se
con di ti ons sho uld be eva lu a ted by the da ta of blo -
od vis co sity and pres su re, and so the in cre a sed blo -
od vis co sity co uld co me out as an im por tant fac tor
for the in cre a sed blo od pres su re and isc he mi a.15

The ide a that a long las ting pe ri od of com pen sa tory
hyper ten si on du e to hyper vis co sity pro du ces an es-
sen ti al hyper ten si on is not cle ar yet. Ho we ver, the -
re is an old idi om that hyper ten si on ma kes
hyper ten si on.29, 33-36 

CONC LU SI ON
Tem pe ra tu res af fect the pres su re and the pa ra me -
ters of blo od cir cu la ti on in dis tinc ti ve ra ti os. Ho w-
e ver, the pul se pres su re of he althy in di vi du als
re ma i ned cons tant des pi te tem pe ra tu re stress re la -
ted to the systo lic and di as to lic chan ges at rest po-
si ti on, which may re sul ted from cir cu la tory
com pen sa ti on. The con cept of to tal pe rip he ric re-
sis tan ce con si de red as blo od tem pe ra tu re, vis co sity
and vas cu lar re sis tan ce sho uld be ta ken in to ac co -
unt al to get her. 

We pre sent a new ap pro ach to the re la ti ons -
hip bet we en the he mody na mi cal pa ra me ters and
sug gest that the flow charts and ad di ti o nal exp la -
na ti ons gi ven for the mec ha nisms of cold an gi na,
tach ycar di a of fe ver, he at shock, and con cept of to -
tal pe rip he ral re sis tan ce sho uld ta ke the ir pla ces in
the analy sis of the he mody na mic con trol mec ha -
nism of the hu man body and the ra pe u tic pro cess
of at he rosc le ro sis, isc he mi a, hyper vis co sity and hy-
per ten si on. 
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