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A recent study from our laboratory dem- 
onstrated that acute, generalized plasma 
electrolyte abnormalities were associated 
with changes in mean, systolic and diastolic 
blood pressures in the dog (1, 2 ) .  Hypo- 
osmolarity, hypomagnesemia, hypokalemia, 
hypercalcemia, and alkalosis, singly or in 
various combinations, produced increases in 
systemic blood pressures. The greatest in- 
crease occurred when these abnormalities 
were produced simultaneously. However, the 
most striking and the most significant blood 
pressure change occurred during the com- 
bination of hyperkalemia, hypermagnesemia, 
hyperosmolarity, hypocalcemia and acidosis 
( 1) .  In this situation, mean blood pressure 
fell 19% during the combined abnormali- 
ties; the response was enhanced to a 35% 
pressure decrease when the same abnormali- 
ties were created in dogs with their neuro- 
logical barostatic system rendered inop- 
erable ( 3 ) .  

The mechanism of the altered blood pres- 
sure could be through alterations of either 
or b t h  of the two direct determinants of 
arterial blood pressure, viz, cardiac output 
or total peripheral resistance. 

It is well established that local, small, 
acute plasma electrolyte abnormalities* alter 
vascular resistance in most organs studied 
(4-9), and, as shown by Mellander's group 
( 10) , hyperosmolarity is a particularly po- 
tent dilator in intact and isolated vascular 
smooth muscle. Resistance changes are en- 
hanced when two or more ionic abnormali- 
ties are created simultaneously in isolated 
organs (8). It is also well known that acute, 
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local electrolyte abnormalities affect my+ 
cardial contractile force (1 1-1 6, ) .  

The present study was undertaken to de- 
termine the involvement of total peripheral 
resistance in the arterial blood pressure 
responses during single and multiple plasma 
electrolyte abnormalities in the intact dog. 
Experiments were also carried out in mi- 
mals whose neurological barostatic mecha- 
nisms were rendered inoperable, thus allow- 
ing demonstration of any effects of the 
abnormalities on total peripheral resistance 
without the influence of compensatory re- 
actions mediated through the autonomic 
nervous system. 

Materials and Methods. A total of 129 
experiments was completed in 102 adult 
mongrel dogs of both sexes weighing an 
average of 15 kg (range 13-20 kg). All 
animals were anesthetized with 30 mg/kg 
sodium pentobarbital and anticoagulated 
with 5 mg/kg sodium heparin. Depth of 
anesthesia was maintained by giving small, 
supplemental doses of sodium pentobarbital 
whenever a conjunctival reflex appeared. No 
more than three experimental procedures 
were carried out in any animal of this group. 

The experimental setup has been de- 
scribed in detail previously ( 17). Following 
establishment of artificial respiration with a 
Harvard constant volume respirator, the 
chest was opened in the fourth or fifth inter- 
costal space on the left side. The pericardium 
was incised and the azygos vein ligated. In 
35 experiments, the superior and inferior 
vena cavae were cannulated with large bore, 
low resistance Tygon tubing near their en- 
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trance to the heart. Total systemic venous 
return (VR) flowed by gravity into a low- 
ered 500 cc plastic reservoir (situated in a 
water bath maintained at 38°C) and was 
returned to the cannulated right atrium with 
a pressure independent Sigmamotor pump. 
This extracorporeal system was primed with 
approximately 500 cc of heparinized fresh 
whole blood from a donor dog. 

In another 94 experiments, the right 
atrium was cannulated so that all the blood 
from the superior and inferior vena cavae 
and azygous vein flowed by gravity into the 
previously described extracorporeal circuit. 
The blood was returned to the ligated and 
cannulated pulmonary artery by means of a 
pressure independent Harvard Apparatus 
Piston Pump. 

In all experiments, cardiac inflow was 
held constant with the inflow pump, hence, 
changes in arterial pressure directly re- 
flected changes in total peripheral resistance. 

Mean systemic arterial blood pressure was 
recorded from a cannulated femoral artery 
using a Statham pressure transducer con- 
nected to a Sanborn direct writing recorder. 
Cardiac frequency was recorded with stand- 
ard electrocardiographic leads connected to 
a Sanborn Cardio-Tach preamplifier. Total 
peripheral resistance was calculated by di- 
viding the appropriate mean arterial blood 
pressure by the respective steady-state ve- 

nous return. A femoral vein was cannulated 
(PE 240) for administration of sodium 
pentobarbital and heparin as required. Ar- 
terial blood samples for laboratory analysis 
were taken before, during and after each 
infusion. Plasma electrolyte concentrations 
were determined as follows: [Mgz+] and 
[Ca2+] by atomic absorption spectrophotom- 
etry (Perkin Elmer, Model 290B) ; [K+] and 
"a+] by flame photometry (Beckman, 
Model 105). Plasma osmolality was deter- 
mined with an advanced osmometer (freez- 
ing point depression). Arterial blood he- 
matocrit and pH were measured with a 
microhematocrit centrifuge and Astrup ex- 
panded scale pH meter, respectively. 

The desired single plasma electrolyte 
changes were induced by a 5 min infusion 
of the solutions shown in Table I. Predicted 
plasma electrolyte changes and other pa- 
rameters are also shown. Infusion was into 
the tubing upstream to the blood inflow 
pump. 

Similar single and multiple electrolyte 
abnormalities were created in spinally 
blocked dogs (6-8 cc procaine hydrochlo- 
ride exchanged for cerebrospinal fluid intra- 
thecally via the cisterna magna). An addi- 
tional 8 experiments were carried out in 
spinally blocked dogs in which plasma [K+] 
and [Mg2+] were elevated simultaneously. 
Infusion of equal volumes of isotonic KCl 

TABLE I.  Summary of Procedures Utilized. 

Osmolarity Volume Total volume Predicted plasma 
infused cc change Procedure Solution mOsm/l cclmin 

1 NaCl 

2 NaCl 

3 KCI 

4 MgCI, 

5 NaCl 

KCI 
6 MgCh 

KCl 

NaCl 
MgC& 7 

300 

300 

298 

299 

1710 

300 
300 

300 
300 

1710 

1.91 9.55 

11.46 57.30 

1.91 9.55 

1.91 9.55 

7.64 38.20 

1.91 
1.91 19.10 
3.82 
- 

1.91 
1.91 
7.64 

11.46 

57.30 
- 

None 

None 

TK+ 

TOsmolarity 

TK+, TMg2+ 
TOsmolari ty 
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and MgCl, at a total rate of 3.82 cc/min 
raised plasma [K+] and [Mg2+] to similar 
levels as occurred when hyperkalemia or 
hypermagnesemia were singly induced. Fol- 
lowing all spinal blockade procedures, a 
continuous infusion of approximately 10 y /  
min (range 2-20 y/min) of norepinephrine 
(levarterenol) was required to maintain an 
arterial blood pressure corresponding to the 
“preblocked” level. 

Five minute saline control infusions at 
1.91 cc/min or 11.46 cc/min in both intact 
and spinally blocked dogs were employed 
to ascertain the effects of hypervolemia and 
dilution on the measured parameters. 

All data were subjected to a Student’s t 
statistical procedure modified for paired 
replicate analysis, thereby allowing each ex- 
perimental animal to serve as its own con- 
trol. A P value of less than 0.05 was con- 
sidered significant. Also, an in-groups paired 
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analysis of 2 variants was employed to de- 
termine significance values for the resistance 
changes observed in the spinally blocked 
animal series. 

Results. Figure 1 shows the average total 
peripheral resistance results of all. experi- 
ments completed in this study. The left side 
shows data from the intact dogs and the 
right side shows data from spinally anesthe- 
tized (procainized) dogs. The absolute level 
of starting resistance was not statistically 
different in the two series ( P  > 0.05). 

In the “unblocked” intact dogs, hyper- 
osmolality and the combination of hyper- 
kalemia, hypermagnesemia and hyperosmo- 
lality caused significant decreases in total 
peripheral resistance (TPR) of 6% and 
11%, respectively ( P  < 0.05). The de- 
crease in TPR caused by the multiple elec- 
trolyte abnormalities was significantly greater 
than the change caused by hyperosmolality 
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FIG. 1. Summary of responses of all groups expressed as percent change in total peripheral 
resistance (TPR) from control at the fifth minute of electrolyte solution infusion; left side 
shows intact dog series; right side shows spinally anesthetized (procainized) dog series; n u -  
bers in parentheses refer to number of experiments; * = P < 0.05. 
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FIG. 2. Tracing of an experiment from the intact dog series showing cardiovascular effects 
of a five minute infusion of electrolyte solutions which created hyperkalemia, hyper- 
magnesemia, hyperosmolarity and decreased pH. ABP = arterial blood pressure, HR = heart 
rate, Hct = hematocrit, Osm = osmolarity. 

alone ( P  < 0.05 ) . Hyperkalemia, hyper- 
magnesemia or NaCl infusion (control) 
produced no significant change in calculated 
TPR ( P  > 0.05). 

In the "spinally blocked" dogs, increasing 
plasma [Mg2+] produced a significant fall in 
TPR of 14% when compared to its iso- 
volemic NaCl control infusion ( P  < 0.05). 
Similarly, increasing plasma [K+] and [Mg2+] 
produced a 15% decrease in TPR when 
compared to the 1.91 cc/min isotonic NaCl 
control infusion ( P  < 0.05). The percent 
change in TPR due to singly increasing 
plasma [K+] or [Mg2+], or due to simultane- 
ous increases in [K+] and [Mg2+] were not 

significantly different from one another 
( P  > 0.05). Increasing plasma osmolality 
caused a decrease in TPR of 15% when 
compared to the 11.46 cc/min isotonic 
NaCl control infusion ( P  < 0.05). Increas- 
ing plasma [K+], [Mg2+], and osmolality 
simultaneously caused a significant decrease 
in TPR of 22% when compared to the 
11.46 cc/min saline control infusion ( P  < 
0.05). This change was significantly differ- 
ent from the percent change in TPR caused 
by single electrolyte abnormalities of hyper- 
kalemia, hypermagnesemia or hyperosmo- 
lality or the combination of hyperkalemia 
and hypermagnesemia ( P  < 0.05). 
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FIG. 3. Tracing of an experiment from the spinally anesthetized (procainized) dog series 
showing cardiovascular effects of a five minute infusion of electrolyte solutions which created 
hyperkalemia, hypermagnesemia, hyperosmolarity and decreased pH. ABP = arterial blood 
pressure, HR = heart rate, Hct = hematocrit, Osm = osmolarity. 
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Figure 2 shows a representative tracing 
of one experiment in which the simultaneous 
abnormalities created were hyperkalemia 
( + 0.5 mEy/l) , hypermagnesemia ( + 1.66 
mEq/l) , hyperosmolality ( + 20 mOsm/l) 
and decreased pH (-0.04 units). Hemato- 
crit fell from 39% to 37% and plasma 
sodium concentration rose 12 mEq/l. Asso- 
ciated with these abnormalities was a de- 
crease in mean arterial blood pressure of 
10 mm Hg by the fifth minute of infusion. 
Calculated total peripheral resistance de- 
creased 0.008 mm Hg/ml/min by the sec- 
ond minute of infusion and remained de- 
pressed throughout the infusion. Heart rate 
was unaffected. 

Figure 3 shows a representative tracing of 
one experiment in a spinally anesthetized 
dog. The abnormalities created were hyper- 
kalemia (+  0.35 mEq/l), hypermagnesemia 
( + 1.37 mEq/l) , hypernatremia ( + 13 
mEq/l) and hyperosmolality ( + 18 mOsm/ 
1). Blood pH and hematocrit decreased 0.05 
units and 4% (from 49% to 45%), re- 
spectively, during the infusion. Associated 
with these abnormalities was a progressive 
decrease in mean arterial blood pressure of 
25 mm Hg by the end of the infusion. In 
this experiment, calculated total peripheral 
resistance progressively decreased to a maxi- 
mum of 0.022 mm Hg/ml/min during the 
infusion. 

Table I1 presents all of the data collected 
from each experimental procedure utilized 
in this study. Average changes in the de- 
noted hemodynamic and measured blood 
parameters before (C), during ( I )  and 
after (PI) each procedure are shown. Analy- 
sis of electrolyte data shows that the pre- 
dicted plasma changes were created in each 
instance. Note that the experimental pro- 
cedures completed in the intact dogs directly 
precede their identical counterpart procedure 
carried out in spinally anesthetized (pro- 
cainized) dogs. 

Discussion. These studies show that 
acutely induced, generalized hyperosmo- 
lality and the combination of hyperkalemia, 
hypermagnesemia and hyperosmolality pro- 
duces a fall in mean arterial blood pressure 
which is due to a decrease in total peripheral 
resistance, since cardiac inflow was held 
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constant. These studies also indicate that 
mean arterial blood pressure changes in 
response to single and multiple electrolyte 
and osmolar abnormalities are partially 
masked by the neurological barostatic 
system. 

Our study shows that generalized acute 
electrolyte and osmolar abnormalities can 
alter total peripheral resistance, as predicted 
from studies in isolated organs (4-10) and 
provides a mechanism responsible for at 
least part of the blood pressure changes 
seen in earlier studies from our laboratory 
(1, 2). However, our study gives little addi- 
tional information concerning mechanisms 
responsible for the observed decreases in 
total peripheral resistance. 

While the falls in resistance occur during 
isotonic KC1 or MgCl, infusion apparently 
result from active dilation of vascular smooth 
muscle, resistance decreases associated with 
hyperosmolarity is more likely due to a com- 
bination of active and passive factors (18, 
19). Hypertonic plasma results in loss of 
vascular smooth muscle water, shrinkage, 
and an increase in vessel caliber ( 10) as 
well as a decrease in blood viscosity due to 
hemodilution, both of which decrease re- 
sistance (10, 18, 19). On the other hand, 
hyperosmolarity causes an increase in blood 
viscosity by altering red blood cell deforma- 
bility (20), which would tend to increase 
resistance, although the significance of the 
increase on vascular resistance is question- 
able (20). Additionally, these changes ap- 
pear to be of relatively minor importance 
and the major change in resistance during 
hyperosmolarity is said to be dependent 
upon active change in vessel caliber, par- 
ticularly during the steady-state (1 8, 19). 

The current study supports the hypothesis 
that the fall in arterial blood pressure seen 
in intact dogs during hyperosmolality and 
the combined abnormalities of hyperkalemia, 
hypermagnesemia and hyperosmolality ( 1 ) 
is, in part, due to a decrease in total periph- 
eral resistance. This does not, however, rule 
out that in the intact animal, cardiac output 
may also contribute to the fall in arterial 
blood pressure. These results also indicate 
that arterial blood pressure changes in re- 
sponse to single and multiple electrolyte 

abnormalities may be partially masked be- 
cause of .operable compensatory systems 
such as the neurologic barostatic mechanism. 

Summary. The effects of electrolyte and 
water abnormalities on total peripheral re- 
sistance (TPR) were studied in anesthetized 
dogs. Cardiac input was maintained constant 
by means of a pump. A 5 min intranvenous 
(IV) infusion of isotonic KCl ( N  = 11) or 
MgC1, ( N  = 11) solution at 1.91 cc/min 
increased plasma [K+] by 0.64 mEq/l and 
increased [Mg2*] by 1.83 mEq/ 1. These ab- 
normalities did not significantly alter TPR. 
A 5 min infusion of hypertonic saline solu- 
tion at 7.64 cc/min increased plasma 
osmolality (Osm) 20 mOsm/l ( N  = 10). 
TRP decreased an average of 5 %  ( P  < 
0.05 ) . Simultaneously increasing plasma 
[K"], [Mg2+], and Osm ( N  = 10) 0.4 
mEq/l, 1.95 mEq/l, and 22 mOsm/l re- 
spectively, produced a decrease in TPR of 
11% (P < 0.05). Identical experiments 
were carried out in spinally anesthetized 
( procainized) dogs. Singly increasing plasma 
[K+] ( N  = lo), [Mg2+] ( N  = 10) or simul- 
taneously increasing plasma [Ki] and [Mg2+] 
( N  = S ) ,  produced significant decreases 
in TPR. Hypersomolality ( N  = 11 ) and the 
combination of hyperkalemia, hypermag- 
nesemia and hyperosmolality ( N  = 10) 
produced significantly greater decreases in 
TPR than seen in spinally intact animals. 
Appropriate control solutions were infused 
for intact ( N  = 18)  and spinally anesthe- 
tized ( N  = 20) dog experiments. These 
data strongly suggest that part of the fall in 
arterial blood pressure seen in intact 
dogs during various acutely produced elec- 
trolyte and water abnormalities is due, at 
least in part, to a fall in TPR. They also 
indicate that ABP responses in intact dogs 
during various single electrolyte abnormal- 
ities may be masked because of operable 
neurologic barostatic mechanisms. 
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