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= Abstract=

Effects of Hypovolemic Hypotension on Cardiopulmonary

Functions and Acid-Base Balance
Won Young Sou, * M.D., Sung Haing Lee,* M.D.

Studies of cardiopulmonary function and acid-base balance were performed on 29 dogs during
control period, during oligemic hypotension and following return of blood to the animals. Intravenous
morphine and local anesthesia were used.

Fifteen of the 29 animals survived the complete experiment. The 14 animals that failed to survive
the experimental period died between 15 to 90 minutes after the onset of bleeding.

The results were as follows.

1. The heart rate increased after the onset of bleeding and failed to return to control level
following reinfusion. Stroke volume decreased markedly after Dbleeding and failed to recover after
return of blood from the reservoir. Cardiac output also decreased during oligemic hypotension
and was maintained at this level after re-infusion.

Total peripheral resistance decreased significantly immediately after bleeding, however it increased
soon over the pre-bleeding level. Central venous pressure decreased after the onset of bleeding and
remained at lower level for the rest of the experimental period. Arterial blood pressure, down to
40-45 mmHg by acute hemorrhage, was elevated near to control leval. Left ventricular work
decreased tremendously during oligemic hypoteusion and failed to return to control level with the
re-infusion of blood.

Hematocrit value showed no significant decrease after bleeding and increased after re-infusion.
Hemoglobin decreased after the onset of bleeding and recovered to control value after re-infusion.

2. The respiratory rate fell repidly after bleeding from 124 to 29 and remained at this lower level
for the remainder of the experiment. The tidal volume increased after bleeding and was maintained
at this level for the remainder of the experiment. The respiratory minute volume showed no
signiflicant changes throughout the experimental period.

Oxygen consumption fell lightly in all animals during oligemic hypotension and returned to normal
levels following re-infusion.

Arterial oxygen content and arterial oxygen saturation decreased following bleeding and the values
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returned to normal levels after the return of blood from the reservoir The arterio-venous oxygen

difference increased after the onset of bleeding. It failed to return to normal values following

re-infusion.

Arterial Pco: decreaced in all animals after the beginning of the bleeding. Partial pressure of Co:

continued to fall until re-infusion, after which the values returned toward normal.

Animals became acidotic. The pH fell to lower level following bleeding.

Lactic acid and lactate:

pyruvate ratio also increased during same period. Arterial pH and lactic acid failed to return to

control value and lactate: pyruvate ratio increased more after re-infusion.

Sodium bicarbonate decreased after bleeding and returned to control value following re-infusion.
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Table 1.

Cardiac Function

Control Time After Bleeding Time After Reinfusion
Variable — 15min. ‘ 90min. 15min. I 90miu.
MeantSE | MeantS.E. | MeantS.E. | MeantS.E. | Mean4S.E.
Heart Rate 99 5.1 | 205t 7.3 | 204" 61 | 158** 57 | 160 6.1
Stroke Volume, ml 31.9 4.5 ‘ 6.2"* 0.4 6. 2%* 0.5 13.0 0.8 12.8 0.7
Cardiac Index, 1/min. /M? 4.34 0.52 | 1.54** 0.14 2.05** 0.53 2.54 0.53 ‘\ 2.38 0.35
Arterial pressure, mm. Hg | 142 2.5 ‘| 42%* 1.4 53**** 1.9 | 122%* 2.4 | 102 2.6
Total Peripheral Resist- 3269.2 453.4 | 1468.2%* 255 5587.7 327.5 | 5150.8%% 133.6 | 4422.9 147.4
ance, dyne-cm-sec™® ‘
Central Venous Pressure, 16.4 4.0 —28** 15.2 —28%* 0.3 -7 3.4 —6 4.7
cm. H,0 |
Left Ventricular Work ‘ 11.5 2.6 ! 0.99** 0.1 2.00 0.5 | 4.4 1.1 i 8.7 0.7
kg. m/min. /m?® } 1‘ ‘ ‘
¥ p<0.01
Table 2. Hemoglobin and Hematocrit
Control Time After Bleeding Time After Reinfusion
Variable 15min. | 90min 15min. ‘ 90min.
MeantS,E. | pean+ts. E. | MeantS.E. | MeantS.E. | MeantS.E.
Hemoglobin, gm?% 13.5 0.3 11.5%* 0.4 12.0 0.4 13.0 0.5 | 13.0 0.6
Hematocrit, % 39 1.5 38 1.8 40.5 1.8 43.5* 1.9 43 1.1
* p<0.05 ** P<0.01
Table 3. Ventilation and Respiratory Gases
i Control ’ Time After Bleeding ‘ Time After Reinfusion
Variable L —*4\ 15min. ‘ 90min. l‘ 15min. 90min.
Mean:S. E. ’ Mean+S. E. & Mean+S. E. “ Mean=+S. E. Mean=+S. E.
Respiratory Rate o124 23 | 64 19 | 29%* 2 27 4 | 29 3
Tidal Volume, ml 120 20 100** 20 290** 10 | 260 20 230 20
Minute Ventilation 1/min. 543 0.49 4.31 0.41 537 0.43 5.18% 0.22 4.8  0.33
Oxygen Saturation % 76. 4 3.3 71.1 2.3 74.5 4.2 | &0 3.0 74.1 5.3
( Artery \ 14. 8 0.84 13.6 0.61 14.4 0.94 16.1* 0.79 15.1 1.07
Oxyen Content
Vol. % | Vein 10.6 0.92 2.8 0.43 1.8 0.32 7.7 0.81 5.5 0.84
A-V O Difference, Vol. % 4.6 0.6 10. 8% 0.7 12. 7 0.9 7.9%* 1.1 9.5 0.9
Oxygen Consumption 1 1.5 0.1 1.2 0.1 1.1 0.1 1.4 0.2 1.5 0.1
|
*P<0.05, ** P<0.01
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Fig. 1. The average values of various parameters
of cardiac function in 15 dogs during control,
during oligemic hypotension and following
re-infusion. Circle indictes statistical signi-
ficance when compared with control values.
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P <0.05, black triangle: P <{0.01).
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Table 4. Acid-Base Balance

Tlme After Bleedmg

Time After Remfuuxon

Control o - ~ P
Variable —— 15mm QOmm 15min 90min.
Mean$. E. Mean®S. E Mean+S E. l Mean+S. E. 1 Mean-+S. E.
pH 73 0.04 | 727 0.06] 7.14* 0.05| 7.21* 004 | 728 0.05
Pco;, mmHg 30.9 1.6 23. 6** 1. 64 ‘ 21. 9¥* ] 32 7.2%%  1.45 | 30.4%* 2.57
Latate, mg% 171 1.6 341 2.8 | 50.6%F \41 5 46 |2r.2** 3.4
Excess Lactate, mg% | 10.0 2.9 | 23.5%* 4 1122 4.9 7.9** 31
Pyruvate, mg% 1 0.52 0.08 } 0.73 0.12 | 0.82 0.14 ' 0.79 0.13 0.55**  0.11
Lactate: pyruvate 34.9 5.07 l 89. 03 21. 52*) 97. 94 24.21 \ 65.82 15.30 .103.85 24.01
Bicarbonate, mEq. /L. . 15.9 0.42 | 11.7** 0.54 i 8. 6% 0. 65 ‘ 10.7 0.60 | 13.1%* 0.78
Excess Base, mEq. /L. ? —8.4 0.61 |—12.3** 0.66 ;—17 6%* 1. 12 '“15 2 1 02 "~1l-5** 1.34
* p<0.05, ** P <001
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