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ABSTRACT

Standing awake sheep, weighing between 25 and 35 kg, were exposed to a
simulated altitude of 5,000 m under 20°C room temperature (A group). Other
sheep were exposed to the similar altitude under 0°C room temperature (B
group). For these, some hemodynamic parameters such as pulmonary artery
pressure (Ppa), left atrial pressure (PL,) and right atrial pressure (Pra)
were obtained. In addition, systemic artery pressure (Ps,) and minute car-
diac output (CO) were measured. in B group, 20 hrs of cold exposure pre-
ceded the experimentation. In both A and B groups CO and Ppa increased as
the simulated altitude was elevated. By the pretreatment, the initial
values of CO and Pea, in B became greater than those in A. This tendency
was maintained in each stepwise-elevated level. This was thus reflected in
the increased right ventricular work rate (RVW) of B. Consequently, cold
and low-pressure applied simultaneously potentiated the RVW of B. This
would be considered also as the basis for the right ventricular hypertrophy

of rats found at high altitudes in winter.

. INTRODUCTION
It has been well known that right ventricular hypertrophy develops in
high-altitude residents as well as in animals. The chronic exposure to
hypoxia, including pulmonary hypertension by pulmonary vasoconstriction,
causes right vantricular hypertrophy in a variety of animal species. In

the same way, cold acclimation in animals living at high altitude, was
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known to cause cardiac hypertrophy particularly in the right ventricular
muscles. Elsewhere, Sakai reported that wild mice (dpodemus argenteus)
captured at similar altitudes exhibited heavier cardiac weights in winter
than those in summer. Although the left (LVW) and the right ventricular
weight (RVW) increased simultaneously, the ratio, RVW /LVW became greater
by the environmental stimuli, indicating the right-side hypertrophy(Sakai,
J.Mamm, Soc.Jap. 6,224,1976).

From this, it was revealed that workload of the heart was imposed es~
pecially on the right ventrcle by combined exposures to hypoxia and cold.

In the present study of the sheep, we examined the effects of exposure
to simulated altitudes or simultaneous exposure to cold and simulated alt-

itudes on systemic and pulmonary hemodynamics.

MATERIALS AND METHODS

Sheep weighing 25-35 kg were used. The following procedures were done
aseptically : Silicon tubes (ID 2 mm) were inserted into the left atriumand
the pulmonary artery through a left thoracotomy. An electromagnetic flow
probe was placed around the trunk of the pulmonary artery. The tube and elec-
trodes were fixed togethér at one point of the left chest. The tubes were
inserted also into the thoracic aorta through the left carotid and into
the right atrium through the right jugular vein. After about one week when
the influences of the operational stress seemed to have nearly subsided,
we started two types of experiments in the conscious sheep.

v Exp. A (n=5) : Sheep were exposed stepwise to simulated altitudes, from
650 m to 5,000 m, at a rate of 500 m / 5 min, in a low pressure
chamber under 20°C room temperature.

Exp. B (n=8) : Sheep were exposed to cold (0 + 1°C) during about 20 hrs,
then exposed simultaneously to cold and simulated altitudes.

Left (PLa) and right (Pra) atrial pressures, together with systemic (Psa)
and pﬁlmonary(PPA) arterial pressures, were measured using pressure trans-—
ducers. Cardiac output (CO) was measured by the flowmeter. Heart rate (HR)
was measured using a heart rate fecorder. Systemic (SVR) and pulmonary (PVR)
vascular resistances, right (RVW) and left (LVW) ventricular work rates and
stroke volume (SV) were calculated by (Psa - Pra) / CO, (Ppa - PLa) / CO,
Pra x CO, Psa x CO, and CO / HR, respectively.



RESULTS

The results are summarised in Fig.l -
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Fig.4 ADDITIVE EFFECT OF COLD EXPOSURE AND SIMULATED
ALTITUDE ON MEAN PULMONARY ARTERIAL PRESSURE
(Bpa) IN CONCIOUS SHEEP.




SWVR

(T

300 I /1/1
g A

35

300t
( 2004 .
(mmHg-1/min) RvW
8o} '
1
60
40
] (km)
4
2ol |
L PR 2
.
, 0 0o 10 20 30 40 8500
30 40 50
Time (mia)
Time (min)
mean ¢ SE mean £ SE
e—e :Experimeni A (2021°C,n=5) o~ :Experiment A (2°*|'C.ﬂ:5)
. oo :Experiment B { O £1°C,n=8) e—e:Experiment B ( 0 21"C.a-8)
Fig.5 ADDITIVE EFFECT OF COLD EXPOSURE AND SIMULATED Fig.6 ADDITIVE EFFECT OF COLD EXPOSURE AND SIMULATED
ALTITUDE ON SYSTEMIC VASCULAR RESISTANCE (SVR) ALTITUDE ON LEFT(LVW) AND RIGHT(RVW) VENTRICULAR
AND PULMONARY VASCULAR RESISTANCE(PVR) IN WORK RATES IN CONCIOUS SHEEP,

CONCIOUS SHEEP.

o2s, RYW/LWW

Left Veniricle Right Ventricle

w
o
o

0.20F

2001 L

oo} VLIJ/I . _ o

Increment of Ventricular Work Rate (%)

o 1 2 3 4 5 0 1 2 3 4 8 o 0 20 30 40 50
Altitude (x1000m) Time (min)
+SE maeon + SE
mearj N o—e :Experiment A (2041°C,n=5)
o= :Experiment A (2021°C,n+5) o=c :Experiment B( O 21°C,n*8)
o—o :Experlment B { 0 £1°C,n=8) iExperi '

Fig.7 ADDITIVE EFFECT OF COLD EXPOSURE AND SIMULATED ALTITUDE Fig.8 ADDITIVE EFFECT OF COLD EXPOSURE AND SIMULATED
ON LEFT AND RIGHT VENTRICULAR WORK RATE IN CONCIOUS SHEEP. ALTITUDE ON RATIO OF RIGHT TO LEFT VENTRICULAR
WORK RATES (RVW/LVW). IN CONCIOUS SHEEP.



"8 30 95043l pue ¥ 3o eiep uzamyaq (gpyyd) OUIIBIIIP TESTISTIEISI @ "BIBP IPNITITE 2ATIOAASIT pue (W 0§9) SINTPA TOIUOD udamldq (G0U)d) AoUIIIFFTP TeoTIsFIess:ik
"3uduiIadxa STYI 21033q 51y 0Z 103 (D.0) PIOD 03 pasodxa 21am @ uUswF1adxd JO dIdYs *3S § SULIW I® SINTEA

11072 o LGF 09 ol VIF T'TIL €E59°¢C 77°0% 09 6Lt L TTF %61 0¥ 8yYy N..m« ETT0T L UTFEN 9 0¥ ¢y 000°S

1 T#67€2 ES3 9Ty L 8THT'L6 9°C¥ 6°GC 1670+ [8°% S'E¥ 6°¢€T xC1F 8L P 0F 1Ty 1°€¥8°66 x60F £°ET 9°0F 7'y 005 ‘Y

%0 150722 ) 9v% 86  LI0TF0°88 S TF LT 805 Y8y TeFINe. 6 F891 9L’0¥ 06°¢ 8 7F 1°101 -*m.o« [ 44 9°0F 0y 000'Y

%1 17612 TrFGEE 87679798 1A X1 XA 970 LYy 8°EF 99T 6 ¥ 951 "E0F 68°¢C UEF L7000 87070722 6°0F6°y 00S°'€

%7 1F5°0C eO7F L9897 LFT7GL 0°Z=%'87 67079y TEFIVT 6 FIST 8T 0¥ 79°¢ S'EF 77001 %0 176702 8°0FE"Y 000°€

1% 6°81 #SEFILE 87971769 "¢ 9762 87 0= 67’y 8°Zx 04T AR 2294 SZ°0+85°¢ 8'¢¥ 67701 0°1¥T761 9°0¥8°¢ 00S°C

8°0F 9 L1 SLlEFLBE  GLTLFLT99 [ 94 F YA . Wos LTy 8C¢x T 6 ¥ 161 62°0F79°¢ SEF L7701 6°0F 1°81 903 6°¢ 000°C

0°T%0°(1 GEF €£6E £°LF8°09 L°C3 6’62 .. - 8L°0%0°Y 0°€3 0% , 8 26T 82'0F 0S°¢ £EFI00T LB8°0FT°LI 8°0F L°E 00S°1

,» S°0%7°91 ™mF ot TLFE9S . §TCFL0E .. 9E70% nw..m 0ex9' M 6 Fenl FAVER AR B8'EFZT°00T LS0FE°91 9°0%L°¢ - 0001
8°0%¢°91 e CIFTLE 4097 0°6S «E2FT6C {7°0%78°¢ TE36'% L9 «,mﬂ oL 0FES°E €EF97101 8°0% 8791 L°0%6°¢E 0s9

(g=u) 0 0 13pun apniriTe pajenuis o3 pasodxs : g Jusumriadxy

AN EL *8CFRE L 979F672U *m.H.« s'9Z 05°0%88°Y UEF6'IC L STF89T  L02°0F8Y'¢ 6'WF L6 %7 1¥9°0C 6°0FL°¢€ 000°'S
*81*2°IC * LEFVE L 6TTFS708 xS 1F7° 9 19°0% 85"y L3 L1% 191 *,NN.o« UWE LWFTLE x7'1¥T0C 9°0¥7°C 00S*‘Y
*q.ﬁ«h.ow x EEFSEE *H.Oﬂ L’89 *0°'139°L¢ 0S'0F 9Ly [N A 14 L1+86T 810+ /v'¢E SSFLS6 x6°0% L761 I't+9°¢ 000y
%CT¥6°0C % SCFITE  9°9F9°S9 6 1F L76T 1L70F 68°% 9°¢£¥87CC STRTST L LT°0F 8T 1°S¥%°9% *3 1¥ 6761 TIFEY 005t
6'T+9°81 L1F€8C  ,L0°9+2°CS €hF G7EE 08°0% €8°% 8°¢¥8°12 ST¥ Gyl 7°0F86°C €GF1°9% %2 1F9LL 60¥F8°¢ 000°'€
LA E 2 AL 81 %8LC *m.qﬁ 18y 0°SE U HE 0L°0% 9L°Y 0¥ 0°2¢ 9TF WL = 9T 0¥ 067¢ T9FT°L6 x6°0% 9791 9°0F 7°¢ 005‘Z
S T3E9T 7362 1°932°9% TYELEE 65°0F 8T" Y% 9EF0W 8T+ evl 1207 66°C 1°9¥1°9 2TIF 96T $0¥S°E 000°Z
213676t $#61F 162 SSFE9y €Yr6°2E mn.o« €6°¢ 7E¥ 8T £1F 6ET 92°0F 60°¢ L'SF1°L6 TIFOST £0FEE 005°1
80%9°61 0Z+192 7730707 A2 - .v 16°0F €T°y ey 0T+ 621 %2°0¥08°C 0°'6F 1'% 9°0% "Y1 8°0%Z°¢ 000t
803871 8T 8¢C 9°130°SE 7°T7 679 £5°07 86°¢ L1381 0TF 721 L0°0%65°C L' 916 S0FGElL S0xZ°¢ 059

(5=4) 2,02 13pun apn3y3ie pe3eTnwWis o031 pasodxs : y 3juawiiadxy

s mmww mﬁv_ﬁws (ura/7-Spmm) (U7 Sppam) AWM_NA ) AMWN.._ ) (qE8q/Td)  (urm/s3E3q) (urwyT) £13318 K12318 wnyaje (@)
IPIOTINSA | 9IEd Mo 91ed MM som3sysey . aoumassal amnoa s381 andano Srw3sAs Azeuoung 3371 spratare
3391 03 34sTa  IEMOTIUSA  IBTNADILJUSA 1ETNISEA 1BTNOSEA 0138 2183y Serpien :

30 or3ey 31 sy orm3sg fiuomng (3prm) Eiﬂa uean pegeTnms

d3IHS SNOIISNOI NI J¥NSOdX3 3JANLILIV G3LYINWIS OL SISNOISTY JIWYNAQOWIH  “T 37EvL



CONCLUSION
Both high-altitude humans and animals tend to exhibit some degree of

cardiac hypertrophy especially in th right ventricular muscles. This is
advantageous in maintaining‘ the pulmonary circulation normally and is
considered to be a sort of morphological adaptation to high-altitude
conditions. One of the important;factors for the right ventricular hyper-
trophy would be the increased right ventricular load in the above environ-
mental conditions. So,we attempted to examine the additive effects of cold
and low-pressure on systemic and pulmonary hemodynamics inconscious sheep.

When sheep ﬁere»exppsed to cold (0 + 1°C) during 20 hrs, Pra, Psa, CO,
HR,/LVW, RVW and RVW/LVW were increased significantly.PLa and PVR werenot
altered, and SVR showed a decrease. When they were exposed to simulated
altitudes successively from 650m to 5,000m under room temperature (Exp.A),
Ppa, CO, HR, PVR, LVW, RVW and RVW/LVW were increased as the simulated
altitude was elevated. But, Psa and SV were not altered and SVR showed
a decrease.When they were exposed to coid (O>i 1°C) and simulated altitudes
simultaneously (Exp. B), thé slopes of the lines plotted for the above
parameters‘versus altitude levels were similar to those in Exp.A.However,
the lines for B were located in the higher positions than those for A,
especially as for the data of Pra, GO, RVW and RVW/LVW.

It is thus emphasized that both cold and hypoxia are very important

factors in causing right ventricular hypertrophy at high altitudes.
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