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I?JTRODUCTION 

It is the purpose of this paper to draw added attention to 

an electrolyte abnormality commonly seen in surgical patients. 

namely, an alkalosis characterized bys 

a. elevation of the serum bicarbonate
b. diminution of the serum potassium
c. diminution of the·serum chloride with

normal or increased output of chloride
in the urine in spite of low serum
values.

� surgical patient subject to excessive electrolyte de

ficiencies, regardless of etiolog y, may be a candidate for this 

metabolic abnornality. 

Recent. investigations have drawn particular at tention to 

the importance of the potassium ion in electrolyte balance, and 

more specifically. its role in alka.losia. Since the low potassium 

syndrome is so often observed in surgical patients, this paper 

is written for an analysis of the great accumulation of literature 

on this subject. To obtain this purpose, current articles and 

medical journals were reviewed. 



NOID4AL POTASSIUM METABOLISM 

Potassium is the chief basic ion (cation) of the cells, its ooncentra

tion being variously estimated between 140-160 milliequivalents per liter 

of cell water. Sodium is the chief cation in the extracellular spaces, 

and normally potassium exists here in a concentration of only 4.0-5.5 

milliequivalents per liter (roughly 16-21 milligrams per cent). The 

total potassium content of the adult body is about 4000 milliequivalents 

(160 grams) of which only 70 milliequivalents is in the extracellular 
l 

fluids. These figures provide a ratio of approximately 59:l and accent 

the extremely high concentration of this cation within the cell as com

pared with its concentration in the extracellular fluid. Between the two 

compartments, there must be maintained ionic, osmolar, and aoid-base 

equilibria. 

There has been no adequate explanation of how and why the tissue 

cells acquire and maintain so much higher a concentration of potassium 

t han that of the serum or interstitial fluid, but there is norn:ally an 

equilibrium maintained between the low extracellular concentration and 

the high cellular concentration. This equilibrium is unstable in opposi-

tion to osmotic forces which tend to equalize the concentrations. Hoffman 

believes this unstable equilibrium is being maintained by the oxidative 

energy of the cells, thus in conditions of cellular anoxia, potassium 

would go out of the cells into the extraoellular fluids. This phenomenon 

might thus account for the rise in serum potassium concentration with 

exercise and in agonal states; it would also explain the progressive 

transfer of red cell potassium to plasma in stored blood. 
2 

Weller, however, states that the equilibrium in the body between 

~-
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the cellular potassium and the extracellular potassium is actually the 

resultant of a constant dynamic interchange of potassium between the two 

compartments. In his experiments, by using radioactive potassium as a 

tracer, it was demonstrated that the potassium of the red blood cell is 

constantly being exchanged with the potassium of the plasma., and that all 

of the red blood cell potassium is exchangeable. The red blood cell ex

changes potassium at a relatively slow rate (1.6% per hour), but cells of 

other tissues have been shown to exchange their potassium with greater 

rapidity. Radioactive potassium requires fifteen hours before reaching 
l 

equilibrium with cellular potassium. 

Potassium enters the cells when certain structures are being formed. 

Since glycogen is deposited with about 0.36 millimols of potassium per 
~ 

gram of glycogen, a rough calculation of this factor can be made. In 

3 
muscle, about 3 millimols of potassium is found for each gram of nitrogen. 

Although nitrogen can be stored, at least for short periods, without 

potassium, nitrogen storage eventually demands increases in intracellular 

potassium. (There is some evidence that testesterone produces accumulation 

of body protein that ma.y lead to a low serum potassium concentration. 

In order for potassium to pass from the plasma, where it exists in 

a lcw concentration, into the cell, where it is present in a high concen

tration, energy must be expended. There is considerable evidence that 

this energy is derived from the metabolism of glucose, showing that t he 

metabolism of the two are cl osely related. Human erythrocytes utilize 

one millimol of glucose for each millitnol of potassium that enter; the 

2 
cells and lose potassium if their supply of glucose is exhausted. 

Apparently this is due at first to an increase in the amount of potassium 
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leaving the cell, however, later tha amount of potassium entering the 

cell becomes reduced. 

Conversely, potassium is also necessary for the cellular metabolism 

of glucose, being specifically required for some enzytna.tically controlled 
2 

reaction in the carbohydrate cycle. If insulin is present, not only does 

more potassium move into the muscle cells, but also more glucose is 

utilized by the cells. Probably the metabolism of glucose provides 

energy by supplying high energy phosphate bonds to a reaction which directly 

controls the transfer of potassium. 

By means of this energy transfer mechanism, potassium metabolism may 

be related to those series of chemical reactions involving acetylcholine 

metabolism. Permeability of nerve membranes to ions is increased by the 

action of acetylcholine. Huxnan erythrocytes, when incubated in the 

presence of high concentration of choline esterase inhibitors, lose 

potassium. The inhibition of the fonnation of acetylcholine is also 

possibly related to cellular potassium metabolism. The potassium ion 

concentration is also of importance in controlling the rates of formation 

and breakdown of acetylcholine. It is possible not only that the cellular 

potassium ion concentration may control the r ates of these reactions, but 

also that thes e reactions may control the cellular potassium ion concen

tration. 

Aey apparent interference with this chain of reaction at one ormore 

of the following three points causes alterations in cellular potassium 

matabolism~ 

1--glucose metabolism 
2--acetylcholine formation 
3--acetyloholine breakdown 

-4-



The concentration of potassium in the extracellular compartment is 

clearly the result of how much of this element comes in and how much goes 

out. Potassium can enter the extracellular oomparttnent in bvo ways-

either by way of the gut (absorption of i~ested potassium), or by emerging 

from the cells. This ion can leave the extracellular space by entering 

the cells or by excretion in the urine (only in severe diarrhea are sig

nificant amounts of potassium lost in stools). Deficiencies nay also 

occur by loss of gastric juice, such as occurs in excessive vomiting or 

prolonged gastric suction since gastric juice contains potassium in con-
4 

centration two-five fold greater than the plasma concentration. Howard 

and Carey have found tnis true in patients with and without free hydro

chloric acid. 

The source of potassium is chiefly dietary and the avers.be adult 

ingests 70-100 rnilliequivalents (2.7 Gm. to 4 Gm.) daily. Normal~y 
5 

almost all ingested potassium is absorbed, and after a meal rich in potas-

sium the serum potassium level rises slightly but soon returns to norma.l 
1, 

for in the healthy adult none of this potassium intake is stored but 

instead is excreted in the urine. Rarely more than 10% of dietary potas-
5 

sium is found in the stools. 
6 

Darrow and his co-workers confirmed previous evidence that there 

exists a reciprocal relationship be'b.veen sodium and potassium in muscles, 

that is, whenever lnllscle potassium was lowered, there was a corresponding 

increase in the sodium content. They also found in their rats that when

ever a decrease in muscle potassium of more than 10% was present, there 

was invariably a significant lowering of the concentration of potassium 

in the serum. Analysis of the serum and niuscles of rats have also shONn 

that, under certain circumstances, the concentration of bicarbonate in 
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serwn varies directly with intracellular sodium and inversely with 

muscle potassium. (Since cell membranes are considered permeable to 

sodium and potassium, high bicarbonate in serum must either facilitate 

the transfer of potassium out of cells or increase entrance of sodium). 

They pointed out that in their experimental animals there existed a 

high degree of correlation between the concentration of bicarbonate and 

chl oride in the serum. and the muscle content ofsodium and potassium. 

High serum bicarbonate and low serum chloride invariably accompanied low 

muscle potassium and high muscle sodium whether the latter state had been 

induced by low potassium diet, desoxycortioosterone, or adlllinistration of 

sodium salts. It was etuphasized by Darrow and co-workers that these pre

dictable relationships ,...ere found to apply only after biological equili

brium had been reached, a term implying that renal function was being 

nortnally carried out. 
7 

Earle et al reported in their studies that in general th•re was a 

reciprocal relation between sodium and potassium balance as the potassium 

intake was varied; this suggests that sodium moves into the cells as they are 

depleted of potassium. As the cells are repleted with potassium on a 

high intake, the sodium moves out into the extracellular fluid and sub

sequently is excreted by the kidney. The converse 1 however
1 

does not 

appear to hold. Potassium balance is not affected by sodium intake 

even though considerable sodium depletion may be present. This is not 

surprising in view of the chiefly extraoellular position of sodium and 

the relatively unimportant contribution of potassium to the total osmotic 

pattern of the extraoellular compartment. Chloride balance appeared to 

be related to the sum of the sodium and potassium balance in that 

chloride was retained when base was retained and vice versa. 
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Laboratory tests are probably of greater aid to the surgeon in 

the preoperative preparation of the patient than in any other circum

stance. If the patient has been vomiting or has been on a low oral 

intake for several days, there !llay be a deficiency in electrolytes 

including, particularly, sodium, chloride, and potassium. Fortunately, 

tests for these electrolytes are accurate when performed correctly. No 

!llajor operation should be performed on any patient with vomiting or 

decreased oral intake without first obtaining data on the plasm level 

of these ions. It must be emphasized that the determination of sodium 

chl oride as a single test is misleading; an accurate estimation of true 

values can be obtained only by a te st for each ion individually. 

It is clear that changes in the acid-base equilibrium involve 

alterations in the intracellular as well as extracellular fluids. 

In general, the normal reaction of the blood cannot be maintained 

without a suitable relation between the body contents of sodium, 

potassium, chloride, and water. (Although other factors such as the 
. 

buffers and the balance of phosphate a.re involved, the body content of 

sodium, potassium, chloride, and water describes the main features for 

nany purposes). Ir the circulatory and renal functions are adequate, 

some sort of adjustment will be achieved, particularly if sufficient 

water is available. However, at present, it is not possible to define 

the relation between the acid-base equilibrium and tissue composition 

when multiple disturbances involving body water, sodium, potassium 

and chloride occur. It is certain that the serum bicarbonate concentration 

does not predict the intracellular composition under these conditions. 

However, a deficit of one of the ions, sodium, potassium, or chloride will 

tend to reach an adjustment if sufficient water and the other ions are avail

able and the circulatory and renal functions permit adequate renal excretion. 
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ROLE OF THE KIDNEY IN MAINTAINING POTASSIUM 

CONCEN TAATION OF THE BODY FLUIDS 

The regulation of body potassium through renal function is just 

beginning to receive the attention it deserves. The kidney is the 

principal means of potassium excretion in the norml adult, although 

srrall amounts may be e xcreted in the sweat and feces. As has been 

mentioned, normlly less than 10% of ingested potassium is found in the 

stools and a considerably lesser amount in the sweat. Thus, since 

little or no ingested potassium is nornally stored and since more than 

90% is excreted by the kidneys, balance is maintained in the normal 

adult by the simple functions of renal filtration and of renal reabsorp

tion. Data on ability of the kidney to conserve potassium is meager, 

but isolated observations lead one to assume that the normal kidney can 

produce urine which contains potassium at no greater concentration than 

that of the serum. 

1n the nonna.l adult economy almost the same quantity of potassium is 
4 

excreted in the urine as has been ingested. In most types of renal insuf-

ficiency, as long as urinary volume is maintained, the capacity to excrete 

potassium remains adequate to cover the requirements, and clinically 

significant deviations from t he normal concentration of potassium in the 

serum do not occur unless unusually heavy loads are thrown on the mechanism 

such as administration of potassium salts. 

The concentration of bicarbonate in serum is dependent on the amount 

of base (cations) available to form bicarbonate at the particular carbon

dioxide tension with the particular amounts of blood electrolyte. (The 

changes in base available to form bicarbonate in the body as a whole are 
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• 

adequately defined by balance of sodium plus potassium minus chloride). 

The base available to form bicarbon ~te is regulate d by the kidneys. The 

kidneys have the ability to oontrol the aoid-base equilibrium of the blood 
8 

by regulating the acidity of the urine. This function demnds adequate 

circulation and sufficient water and electrolyte. 

Several theories explain the control of acid-base balance by the 

kidneys. Ace ordi ng to one 

of hydrogen ions for other 

theory, an acid urine is produced by exchange 
8 

cations. The same observations can be equally 
~ 

well explained by the effeot of removal of carbonate and bicarbonate on 

the pH of the remaining constituents of the glomerular filtrate. The 

kidneys form amm.onium, which my be substituted for other cations, and 

thereby save sodium and potassium, which would otherwise be necessary for 

the excretion of large amounts of anions. This mechanism takes twelve 

or more hours to come into full activity. The failure to reabsorb 

bicarbonate from the glomerular filtrate explains the excretion of an 

alkaline urine. It is noteworthy that fornation of an alkaline urine 

fails to occur when there is a considerable deficit of electrolyte. 
9 

Berliner and his co-workers hav e attempted to clarify the nature of 

the relationship between acidification of the urine and potassium e xcretion 

and have indicated that there is competition between hydrogen and potassium 

ions at some common point in their secretory pathway. The fact that 

elimination of hydrogen ions secreted into the urine (by inhibition of 

carbonic anhydrase) leads to the increased secretion of potassium by the 

renal tubules is in accord with the concept that there is competition 

between hydrogen and potassium ions for some component of the ion exchange 

mechanism whereby sodium is reabsorbed in the distal tubules. For example, 

in the presence of acidosis one would expect that a greater share of the 
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exchabge would be given over to hydrogen ion secretion at the expense 

of potassium secretion and retention of potassium might be expected. 

When t he changes in potassium are primary, exactly the converse effects would 

be anticipated. In the presence of alkal osis of the body fluids, ex-

change of potassium for sodium rather than of hydrogen for sodium would be 

favored. 
~ 

It has been shown in balance experiments that the administration of 

potassium salts increases the potassium content of cells and it may be 

presumed that the renal tubule cells participate in t'ij~• process. Wben 
' 

potassium concentration in the renal tubule cells is elevated, the exchange 

of potassium for sodium would be favored, that of hydrogen for sodium 

suppressed and an alkaline urine would be produced. The loss of base 

that excretion of an alkaline urine implies would lead to the production 

of acidosis. On the other hand, when the body is depleted of potassium, 

the normal balance between potassium and hydrogen ions is tipped in favor 

of the latter and an aoid urine isproduced despite the alkalosis which 

results. Recognizing a competition between potassium and hydrogen ions, 

these contingencies may reasonably be predicted and are in accord with 
9 

experimental and clinical observations. Thus an excess of aoid is 

excreted when body potassium is de pleted and a relative retention of 

potassium occurs in the presence of acidosis. Evidence that such changes 

in renal excretion actually occur can be adduced from the observations 

that administration of potassium salts leads to the production of an 

alkaline urine and acidosis or the body fluid while depletion of potassium 

has been found to be assooiated with the production or an acid urine in the 

face of marked increase in plasma pH and bicarbonate. 
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The kidneys can excrete more potassium than can be accounted for by 

the glomerular filtrate, aJ1d1 though some potassium is always present in 

the urine, the concentration may be less than that of the plasm.a.. It has 

been demonstrated that secretion of potassium ions by the renal tubules 

is required to account for the potassium excretion which may be induced 

by rapid rates of potassium administration by hypertonic solutions and 

that this secretory process is one of ion exchange, potassium ions within 

the cells of the distal tubule being exchanged for sodium ionsfrom the 
9 • ~ 10 

tubular lumen. In experiments on dogs, Mudge et al have observed potassium 

• clearances greater than the simultaneously determined filtration rates, and 

interpreted as evidence that all of the potassium excreted in the urine 

cannot be accounted for by the filtration-reabsorption theory alone, but 

that tubular secretion of potassium also occurs. Excretion of potassium 

by the tubule cells is not solely dependent on theplasma potassium level, 
7 

urine flow, or filtration rate. Glomerular filtration rate, but not the 
7 

other . renal functions, seem to vary directly with the potassium intake. 

In normal subjects under usual conditions the amount of potassium 

excreted in the urine represents less than 15% of the amount filtered at 

the glomeruli, and rarely exceeds 20%. ~ost of the filtered potassium, 

therefore, is reabsorbed by the tubules • 

Patients with nephritis and reduced glomerular filtration rates 

tend to excrete in the urine abnormally high percentage of filtered 

potassium. Such an excretion is essential if potassium balance and a 

normal potassium concentration in the bod y fluids are to be main'lli.ined 

in the presence of unchanged intake and reduced filtration rate. Under 

condit i ons of low potassium intake as much as So% of the potassi um filtered 
7 

at the g~omeruli has appeared in the urine (normal less than 20%). 
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It has been shown recently that alkalosis per se can cause reduction 

in renal function which may require a number of months to return to 

normal. 

It is not clear whether the salt-retaining hormone of the adrenal 

cortex increases the excretion of potassium by a direct effect on the 

renal tubules or whether potassium excretion is augmented indirectly when 

sodium excretion is decreased. All the final regulations of the kidneys 

are inadequate when circulation is impaired or renal disease develops. 

In the production of a marked potassium deficiency in surgical patients, 

the importance of the continued renal excretion of potassium in the presence 
12 

of hypopotassemia has been well emphasized by Tarail and Elkinton. In 

their patients, the concentration of potassium was never lower in the 
31 

urine tba.n in the serum. arks found this to be true on observing ten 

surgical patients studied during a period of hypopotassenu.a. Apparently 

the renal tubules have a miniml rate of excretion of potassium and will 
12 

not reabsorb potassium against a concentration gradient. In fact, as has 

been previously pointed out, experiments have shO?rn that the renal tubules 
10 

ma.y secrete potassium. Thus, unlike sodium, potassium is excreted by the 

kidney during an existing deficiency; for this reason it can be seen that 

the clinician receives little help from the patient's body in the correction 

of a deficiency. llfa.ssive infusions of saline or glucose are important 

factors in potassium loss; sodium replaces potassium in this process, 

giving rise to edema. Losses may be sage in dehydration because the 
13 

kidney preferentially secretes potassiu~ instead of sodium. Potassium 

losses after major operations are large and are greatest during the 

first tv,enty-four hour period, partly because of the high nitrogen loss 

during this period. 
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From the foregoing discussio ns, it can be seen that both the 

kidney and cell mss play important roles in the normal homeostasis or 

extracellular potassium (the blood and tissue cells contributing 

potassium to maintain plasm. concentration). But there are limits to 

the capacity of these homeostatic mechanisms, as will be seen later. 

, 

,, 
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ABNORMAL POTASSIUM METABOLISM 

HYPOKA,LIEMIA 

It was forrueily believed that the cell membranes were impermeable 

to sodium, potassium, and other electrolytes; however, ideas on this 

subject have been sharply modified in the last few years and have proved 

~his postulate to be erroneous. This new knowledge has provided a 

physiologic background which enables the physician to better urderstand

ing of the clinical physiology of potassium and to better therapy of 

dehydration. 

Actual serum potassium concentration is determined by a balance 

of all factors operating at the moment, the equilibrium between cellular. 

and extracellular potassium constantly being interfered with by a number 

of events which serve temporarily to raise or lower unduly the concentratim 
l 

of serum potassium. It has been previously pointed out that the transfer 

of potassium between the extracellular components is relatively rapid 

while its transfer through the cell membrane is slow as COIJ4'ared to the 
14 

transfer of water. Moore demonstrated this slow permeability of the cell 

membrane by the injection of radioactive potassium and found that a 

period of fifteen hours was required before radioactive potassium 

reached an equilibrium with cellular potassium. By co~arison he found 

that when heavy water was injected an equilibrium with total body water 

was reached in two hours. 

There are many factors which tend to decrease serum potassium levels. 

Those of greatest interest to the surgeon in post-operative patients are: 

l. decreased potassium intake 
2. increased extracellular fluid volume by potassium-free fluids 
3. vomiting or diarrhea 
4. alka.losis 
5. increased renal excretion of potassium which may occur in 

diuresis, acidosis, or adrenal cortical hyperactivity. 
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There are other contributing factors, for it is highly probably that 

anesthesia and operative trauna, are, in part, responsible for the 

sustained high potassium output in patients. (On the other hand, de

creased output of potassium and nitrogen in the older patients, especially 

true of elderly women, naybe indicative of decreased protein synthesis 

as a primry difficulty, and therefore poorer stores for the catabolism 
15 

incident to fasting). Hemorrhage, shock, dehydration, and glycogenolysis 

are ather contributing factors. 

The most important of the several factors which interfere with cellular 

and extracellular potassium balance follow. 

1. Starvation 

:, ,Ii.;. ·~ 

It has been previously mentioned that following a meal rich in 

potassium, the serum potassium may rise slightly but none is stored 

and the serum level r~turns to normal as the ingested potassium is 
12 

e xcreted by the kidneys. In gastrointestinal di sease potassium may 

be lost not only because of losses through vomiting and diarrhea but 

• 
also because normal ingestion of potassium may be prevented • Mean-

while, the kidneys continue to excrete potassium in spite of reduced 

storage levels. 

.,,.-.;. 

The production of potas s ium deficiency is dependent on greater 

output than intake. 1t should be understood that deficiency of 

potassium refers to greater loss of potassium t han other cellular 

constituents. In the und ,-,rnourished, starved, or debilitated patient, 

catabolism of the cells occurs, that is, the body "burns itself for 

fuel~ If potassium and nitrogen are excreted in the proportions found 

in the cells, the remaining tissues may have essentially normal 

composition. This causes serious undernutrition but not deficiency of 
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potassium, however. Balance studies made preoperatively and post-
16 

operatively on surgical patients by Randall and his coworkers have 

shown that the potassium losses were f rom two to three tin:es higher 

t han would be anticipated by nitrogen loss, and therefore, t his 

potassium came from intact cells. Loss of potassium in excess of the 

a mount expected from loss of nitrogen is presumptive evidence of 

intracellular potassium deficit, and has been observed during the 
17 

immediate postoperative period by several others. Such losses may occur 

from dietary deprivation. Also there seems to be a general correlation 

between the severity of the operation and the magnitude of t he 

potassium loss. 

Since the kidney and stools always contain potassium, diets low 

in potassium result in deficiency of this ion. Most foods contain 

adequate amounts of potassium, therefore, parenteral feeding is the 

chief means of nutrition that is likely to cause deficiency in 

patients. 

This state of chronic intracellular potassium deficit is often 

seen in surgical patients. A starved patient who has lost five killo

grams of muscle tissue needs, among other t hings, about 600 milliequiva-
14 

lents to rebuild it. (But t he concept that one can make him rebuild 

this tissue simply by givi ng him the building blocks through an intra

venous needle is in radical need of revision. This tissue will not 

be rebuilt unless the endocrine stimulus for synthesis of tissue is 

present). 

Cellular breakdown which occurs in starvation, trauma, and disease 

res ults in t he :release of potassium from the destroyed cells. This 

release often occurs at a rate greater t han that at which it can be 
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removed by excretion or by transfer to other ceils, in which case 
18 

hyperpotassemia results. For every gram of nitrogen broken down 

in such conditions. about 2.4 grams of potassium is released. 

Chronic intracellular potassium deficit on the basis of 

starvation seldom coexists with a low plasma potassium concentration. 

Most patients suffering from slow starvation maintain a nornal extra

cellular concentration of intracellular electrolytes despite the fact 

(at least at the outset) the loss of potassium exceeds the loss of 

14 
nitrogen. 

2. INFUSION OF POTASSIUM-FREE FLUIDS 

• 

The malnutrition of' the surgical patient t'lfly be aggravated by 

infusion of potassium-free fluids in the treatment of dehydration. 
19 

This results in a rapid lowering of serum potassium concentration by: 

1. the dilution of the extracellular fluid 
2. the transfer of water from cells to the extracellular 

# fl uid in an attempt to lower the osmotic pres sure 
of the latter 

3. the increased renal excretion of potassium accompanying 
t he excretion of urine. 

20 ~ 
Stewart and Rourke proved that prolonged therapy with daily infusions 

21 
of glucose and saline produce potassium deficits. Gamble showed in 

a patient with dai ly urine potassium excretion of approximately 60 

milliequivalents per 24 hours. when 20 Gm sodium chloride were given 

daily. the urine excretion of potassium rose to approximately 

90 milliequivalents per 24 hours and promptly fell to 40 milliequivalents 

per 24 hours when sodium chloride was once again withheld. When ammonium 

chloride was ingested, the urinary excretion of potassium rose to 

130 milliequivalents per 24 hours. Thus to preserve the nonnal total 

ionic concentration , removal of intracellular electrolyte occurred. In 

order to keep the total milliosmols around 310 to 315 milliosmols per 

liter, potassium necessarily leaves when sodium is added. 
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Changes in intracellular potassium may occur without detectable 

changes in intracellular sodium, although there is usually a reciprocal 

relationship between intracellular sodium and potassium. Under abnormal 

conditions as much as one-half of the intracellular potassium may be 

8 
replaced by about two-thirds of the equivalent amount of sodium. 

It will be seen that deficit of chloride and deficit of potassium 

tend to produce the same changes in both extra cellular and intra

cellular fluids. At biologic equilibrium, a deficit of one of these 

ions tends to lead to deficit of the other. 

The hypothesis that the excretion rate of a 

proportional to load is untenable in the case of 

substance is ordinarily 
22 

surgical patients. 
• 

The normal kidney is able to concentrate sodium chloride ta.ken orally 

to the extent of 0.29 to -.33 milliequivalents per milliliter. In 

spite of heavy salt loads, no patient approximates this value . 

The concentration of potassium in serum ma.y decrease fairly 

rapidly owing to factors not involving the external balance. When 

this occurs, the decrease in serum concentration may be attributed to 

increase in extracellular volume, to incre ~se in organic constituents 

of the cells t hat are accompanied by higher amounts of cellular 

potassium, and to alteration in the activities and t he structures of 

cells that lead to increase in cellular potassium. In the first 

place, expansion of extracellular volume is most rapid and important 

when a decrease in extracellular water and electrolyte is restored by 

solutions containing sodium and sodium bicarbonate. If extracellular 
3 

volume is expanded from 0.15 to G. 25 liters per kilog ram, the resulting 

concentration of potassium in serum will be six-tenths of t he initial 

concentration if the chan.;es are entirely dependent on the increase 
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in extracellular fluid. Normally ., the intracellular fluid limits 

the fluctuation in extracellular concentration of potassium because 

potassium enters the cells when extracellular concentration rises or 

potassium leaves the cells when extracellular concent ration diminishes. 

The state of intracellular potassium limits this reaction., particularly 

when there are deficits of potassium in the cells. 
22 

Coller and his co-workers published data to show that urine 

excretion of potassium was gre at er in patients infused with isotonic 

s a line solution t han in those receiving hypotonio solution. Gamble 
24 

and Wallace measured the amounts of sodium and potassium excreted 

in the urine with an intake of 1.,200 co fluid and 100 Gm glucose and 

found that when 4.5 Gm of salt were added to this intake., the urinary 

potassi um excretion was greatly increased. 

As a result of increased salt load and increased hypertonicity of 

the extracellular con:partmeht, osmotic relationships can only be 

maintained by a shift of water from intracellular to extracellular 
22 

space. Coller and his coworkers concluded from the i r observations of 

intravenous administration of isotonic salt solutions postoperatively 

that t he injection of "isotonic Na.Cl" was attended by an average 

retention of 53% of the sodium., 46% of the chloride ., and 19% of the water 

thirth hours after the operation. Such retentions of salt indicate 

a withdrawal of several liters of fluid from the int racellular compart

ment in order to maintain isotonicity. (However, t he infusion of 

hypotonic solutions res ulted in t he average retention of 27% of sodiu~1 

32% of chloride, and 39% of water during the same postoperative period. 

Extra water is thereby provided for excretory function of skin and 

lungs, and the intracellular compartment is not involved. They thus 
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advocate that in the post-operative care or the surgical patient, 

hypotonic solution of 0.45%sodium chloride, or better, 0.38% sodium 

chloride plus 0.11% sodium bicarbonate solution should replace the 

"isotonic" solution c onnnonl y in use. Also, the administration or 

sodium chloride solution facilitates the excretion or potassium by the 
8 

kidneys. 

The infusion of these solutions are or consequence also, because a 

primary change in one physiologic variable, such as the sodium content 

of the bod y , is attended by secondary changes in other physiologic variables; 

consequentl y, the restitution or the primary variable to "normal" content 

does not insure the return to normal of the secondary variables upon which 

22 
ultimate recovery may rest. Therefore, it is obvious that the infusion or 

so dium salts alone will not satisfy the physiologic demands or the 

organism after reconstitution of the extra.cellular salt water volume, a.nd the 

administration of potassium salts should be considered as an integral part 

of the treatment. Another factor of importance is the depressed renal func

tion following operation a.nd trauma, and therefore, solutions of 0.9% 

sodium chloride or 5% glucose a.re not universally applicable repair 

solutions. Therefore, the solutions employed in the correction of 

fluid disequfulibrium states should be constitu t ed as to effect the 

correction without depending on the kidneys. 

3. VOMITING, SUCTION, DIARRHEA, etc. 

fuore recent re ports have served to emphasize the fact that any 

surg ical patient subject to excessive electrolyte deficits, either by 

vomiting, prolonged gastric suction , Miller-Abbott tube suction, or 

intestinal fistula. nay be. a candidate for the metabolic abnormality of 
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an alkalosis characterized by a low serum potassium, a high serum 

bicarbonate, a low serum chloride, and normal or increased output of 

urine chloride. 

Although metabolic alka.losis may be produced by relative excess 

of sodium, it usually results from relative deficit of chloride. 

The commonest cause is loss of gastric juice by vomiting or suction 

drainage. Furthermore, potassi um concentration is normally high in 

gastric secretions and may at times be as high as 40 milliequivalents 

per liter, although usually is approxirnately 22 milliequivalents per 

litter (80-90 mg%). Thus in vomiting, gastric suct i on, or severe 

diarrhea, large quantities may be lost with the enteric contents. 

Potassium concentration in intestinal j uices is usually 8-10 
16 

milliequivalents per liter. Nonnally almost all of the potassium in 

gastric and intestinal secretions is absorbed back into the blood. 

Losses of gastro-intestinal fluids undoubtedly contribute to deficits 

of electrolytes other than sodium and chloride. Prolonged or severe 

losses of such fluids, however, would be required to cause significant 

potassium deficit, si nce various intestinal secret i ons are relatively 
17 17 

low in potassium content. In rnany patients studied by E1 re1 et al with 

this syndrome, loss of gastro-intestinal secretions was either absent 

or insigni f icant, indicati~ that such losses are not essential to 
~ 

the development of the syndrome. 
6 

The work of DarroW and his co-workers has given bioche mi cal 

foundation to the observat i ons seen in t his condit i on. They noted that 

l oss of the ion from within the cell resulted in an attempt by the 

body to maintain intracellular isotonicity by migration of the sodium 
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ion into the cell from the extracellular space. When this change has 

occurred, as a result of excessive potassium loss, equilibrium 

between the intra~d extra-cellular structure is maintained by a rise 

in serum bicarbonate. Rise in the serum bicarbonate results in the 

preferenterial excretion of the chloride ion by the kidney in an 

effort to maintain isotonicity of the extracellular fluid. Thus>t he 

lowered serum chloride concentration is, at least in part, a 
25 

compensatory measure and not a primary deficiency of this ion. 

Added evidence of this fact is seen in observation that the urine 

contains normal or increased amounts of chloride in ~pite of lowered 

serum chloride level1. With these changes in mind, it is quite 

apparent that this condition cannot be corrected by sodium chloride 

administration alone. 

As a result of vomiting and loss of gastric juice, animals do 
10 

not show a deficit of potassium unless abundant water is available. 

Apparently, some vomiting patients will not get sufficient water to 

permit the renal adjustment to loss of chloride; others get enough 

water to lead to losses of potassium as well as chloride. 

Differential intracellular potassium deficit accurately describes 

the situation so conmonly seen in surgical practice in which 

electrolyte and water loss from cells outstrips the loss of nitrogen 

and matrix. A differenterial (disproportionately large) loss of 

potassium is therefore observed relative to cell proteins and structure. 

A norllV:ll plasma potassium concentration is the rule. Patients with 

intestinal obstruction, peritonitis, advanced stages of cancer, biliary 

disease, and vomiting show this differential loss of potassium with 
14 

regularity. Theprovision of potassium to such patients acquires an 
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importance wholly apart from the provision of nitrogen and these 
1l : 

patients constftute t he only true example of aoute potassium deficiency 

seen in surgical practice. 

Of importance in these conditions is the rate of water depletion. 

A condition seen often in surgical cases in which there is moderate 

rapidity of water depletion is that of pyloric obst ru ction or high 

intestinal obstruction in which there is a predominant extracellular 

loss occurring over the course of two to seven days. Here the loss 

of water takes place at a rat e which calls on compensation l a r gely 

across the fast membrane (capillary) because it is proceeding at a 
14 

rate more rapid t han cellular water oan be collected in replacement. 

The result is a negative sodium balance which far outstrips potassium 

and nitrogen losses and which nay go on to a fatal outcome with high 

hematocrit and low plasma volume indicating that the loss is out

stripping compensation across the fast membrane. The loss of potassium 

in such cases is of irrportance, and it almost always exceeds the loss 

of nitrogen (sug gesting that the cell mass is capable of some dehydratin 

and lo ss of electrol ytes before its protoplasmic structure breaks down) 

yet the potassium loss is quantitatively small as compared to the los s 

of sod i um. 

4 . METABOLIC ALKALOSIS 

Closely allied with hypokaliemia is the problem of refractory 

alkalosis. Metabolic alkalosis is produced by primary increase in 

the sodium available to form bicarbonate in the serum and usually 

results from relative deficit of chlo r ide rather t han relative excess 

of sodium. Ir sufficient water is available to permit renal adjustment 
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potassium will tend to be lost from the cells and sodium will 

partially replace the intracellular deficit of potassium. Recently 
6 

Darrow and his associates found that when intracel lular potassium is 

depleted and the intracellular sodium is increased, biologic equi

librium is achieved only !?z_ ~ high serum bicarbonate, which in turn 

increases output of urine chloride. Thus it is quite fallacious to 

push the administration of chloride in an attempt to overcome the 

hypochloremia and alkalosis of this type, as the kidney is already 

doing its best to excrete chloride because or a high serum bicarbon

at. Obviously, the rational therapy would be designed to increase 

the intracellular potassium and decrease the intrac ellular sodium which 

would allow the serum bicarbonate to fall to normal and nake room 

for the serum chloride to rise to normal. 

The loss of potas s i um from the kidneys or the gastrointestinal 

tract is accompanied by loss of chl oride which has come from the 

extracellular compartmsnt. This unbalanced loss of extracellular 

anions (the chlorides) is compensated for by a rise in the extra.

cellular metabolic bicarbonate anions with a resulting alkalosis. 

The co-existence of intracellular potassium d eficit and metabolic 

alkal osis has been demonstrated both experimentally and clinically 
17 

by Darrow and his co-workers, who have observed that in rats made 

potassium deficient by several means, an excellent correlation 

exists between the degree of alkalosis and the lowering of muscle 

potassium content. An increase of muscle sodium coincident with the 

potassium loss was also observed. It has been shown that t he alkalosis 

and potassium deficit in such rats can be accounted for by a diuresis 

of potassium and frequently of chloride, and a retention of sodium 

relative to chloride. Simultaneous expansion of the radiosodium 
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space and recuction of the chloride content have also been 

demonstrated in these animals. 

The development of metabolic alkalosis and of intracellular 
, 6 

potassium loss and sodium gain was considered by Darrow et al to be 

the result of a biologic equilibrium that is attained in the presence 

of norDRl renal function when there is loss of a single ion such 

as potassi um or chloride. Interference with renal function by 

severe infection or urinary tract obstruction or loss of multiple 

ions in intestinal fluids might be expected to prevent attainment of 

this equilibrium. 

The chemical signs of an intracellular potassium deficit are: 

l. a pers isten_,tly high carbon-dioxide combining capadty 
2. a high blood urea (or NPN) 
3. a low chloride concentration in plasma. 

If the attempt is nade to correct the high carbon-dioxide combining 

power and the "hypochloremia" by further administration of sodium 

chloride, the deficit of potassium tends to be aggravated regardless 

of whether the sodium chloride is retained or excreted, and the 

chloride concentration of plasma remains low and the carbon-dioxide 
26 

combining power high. Evans has remarked that if an alkalosis with 

a carbon dioxide volume above 60% persists in patients with vomiting, 
1- ., 

or after adequate hydration and sodium chloride therapy, a potassium 

deficiency should be suspe cted. It is now likewise appreciated that 

hypochloremic alkalosis is an indication of potassium deficiency. 

Elevation of NPN with no kidney danage may be due to chloride and 

potassium depletion presumably unless the patient is severely 
13 

dehydrated. 

Intracellular sodium may reach levels several times the normal 
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value and several times the equivalent of the bicarbonate in 

extracellular fluids. This relationship is important, first be

cause alkalosis will tend to persist if potassium cannot be replaced 

and second, because deficit of potassium will tend to lead to 

alkalosis if it is not restored. 

5. ANOXIA, DEHYDRATION, SHOCK, HEMORRHAGE, GLYCOLYSIS 

In the past decade, potassium has been shown to move out of 
27 ls 28 

the cell in shock, dehydration, hemorrhage, 
3 3 

anoxia, and glycolysis 
3 

or failure of carbohydrate metabolism. In these conditions, 

po~ssium is released from the cells. Possibly this transfer of 

potassium from the cells to the extracellular fluids and the 

accompanying urinary excretion is, in part dependent on the 

increased activity of the adrenal cortex in response to "stress." 

If shock is present, deficiency of potassium in the cells may 

occur with normal or high concentration in serum. During peripheral 

circulatory failure (shock), there are disturbances in renal function. 

The rate of glom.erular filtration decre 8.ses and the concentration 

of NPN increases. Alteration in renal circulation during shock 

seriously interferes with renal regulation of electrolyte concentra

tion. Furthermore, accompanying local changes in the tissues, 

potassium leaves the cells and is replaced by somewhat less than 
'f 

equivalent amou; ts of sodium. This produces metabolic acidosis and 

leads to high concentration of potassium in the serum. As long as 

urine is excreted, a high serum potassium leads to urinary excretion 

of this ion causing cellular deficits leading to replacement of 
29 

potassium by sodium in the cells. 

A similar exchange of potassium for sodiu~ in the cells occurs 
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in a.noxia and explains the rise in concen~ra.tion of potassium in serum 

in peripheral vascular failure. High concentration of serum potassium 

is frequently found in diarrhea and diabetic coma before treatment 

is initiated despite the fact that the intracellular fluids are 

deficient in this· ion. This sort of reaction leading to urinary 

excretion of potassium explains in part the loss of this ion in 

diarrhea, diabetic acidosis, and other conditions. However , the 

chief interest is the fact that internal shifts of sodium as well as 

loss of sodium from the body act together to produce acidosis. 

Reversal of this process must occur during recovery, including 

recovery from shock. 

In dehydration, the slow rate of water loss involved from ~ater 

deprivation alone occurs in such a way that water transfer across 

both the fast and slow membranes can keep up with the externally 

imposed conditions. The water loss is approximately prorated through 

the plasma., extracellular fluid and cellular water. Negative 

balances of sodium are followe c' later by loss of potassium and nitrogen 

approximately equivalent to body composition, although nitrogen loss 
14 

nay lag slightly behind potassium loss. 

6. ADRENOCORTICAL HYPERFUNCTION 

Evidence has been presented that adrenal hyperfunction resulting 
11 

from surgical trauma. leads to potassium deficiency. The clinical and 

electrolyte disturbances seen in the syndrome resemble those in 

some cases of Cushing's syndrome. Metabolic alkalosis and potassium 

deficit have been produced frequently in human beings by the injection 

of ACTH and Cortisone and there is a striking resemblance between 
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other metabolic changes seen postoperatively and those associated 

with adrenal hyperfunction. However, evidence that increased 

excretion of potassium by the kidney from injection of desoxycortico

sterone acetate, Cortisone and ACTH (or conditions leading to 

activation of the adrenal gland by ACTH) occurs regularly in 

conditions thought to be dependent on the "alalU!l reaction" has 
3 

not been obtained. 

Lowered muscle potassium, increased muscle sodium, and the 

metabolic alkalosis have been produced in .ra.ts by administration of 

desoxycorticosterone acetate •ithe_r alone or with a potassium 
6 

deficient di et. Reductionof circulating eosionphils is taken as 

evidence of increased adrenocorticoid secretion. Increased 

ketosteroid and "S" hormone (sugar hormone responsible for gluco

neogenesis) excreted in the urine also is indicativeof increased 

adrenocortical function . Post operative glycosuria and hyper

glycemia offer f urther evidence of adrenocortical hyperfunction. 
17 

Eliel and co-workers believe that surgical trauma causes 

increased production of ACTH by the pituitary body which stimulates 

the adrenal cortex to ~ecrete one or more honnones ("alarm reaction"). 

This reaction probably results in renal loss of potassium and loss 

or retention of chloride but with retention of sodium relative to 

chloride and development of metabolic alkalosis if there is inadequate 

provision of potassium. These statements imply that the events 

described are very likely to occur after any type of tissue injury

namely, surgical or accidental trauma, myocardial infarction, acute 

infections, radiation. nitrogen rustard therapy. etc. 
3 

There is evidence that adrenocortical steroids alter the 
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distribution of water between intracellular and extracellular 

fluid. Desoxycorticosterone increases extracellular volume and 

adrenocortical extracts increase intracellular vol~. Since these 

compounds also alter the ion transport. the effect on the concentr«

tion in extracellular fluids is rr~dified by internal shifts of ions 

and renal secretion. Since intracellular voluroo is at least twice 

the volume of extracellular fluid. a decrease in extracellular potas

sium produces but a small change in intracellular concentration 

unless the transfer is confined to a small part of intracellular 

fluid. On the other hand a srrall increase in intracellular con

centration will produce a significant decrease in extracellular 

concentration. 

Desoxycorticosterone acetate not only enables the kidneys to 

reabsorb sodium and chloride from. the glomerular filtrate but also 

8 
increases the rate of excretion of potassium. This may lead to deficit 

of potassium, particularly if large amounts of sodium chloride are 

given. The deficits of potassium may lead to low concentration of 

chloride and potassium in the serum and to high concentration of 

serum bicatbonate and serum sodium when renal adjustment to deficit 

of potassium is attained in the presence of abundant sodium. chloride. 

Certain adrenocortical tumors have asimilar effect. The deficiency 

of potassium. especially when large amounts of sodium chloride are 

given. probably explains some of the instances of cardiac failure 

noted in patients receiving desoxycorticosterone acetate. Paralysis 

due to deficiency of potassium has been noted in animals receiving 

desoxycorticosterone acetate. 
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7. ABNORMALITIES OF KIDNEY FUNCTION 

During the immediate postoperativeperiod, potassium is 

excreted in the urine in excess of that anticipated from the break-
s 

down of protoplasm. Darrow has pointed out that because the adjust-

ment of the kidney to loads of water and salt is slow, a more rapid 

method of adjustment is afforded by a shift of water i'rom the intra

cellular to the extracellular compartment. Furthermore, so-called 

isotonic solution rray not be necessarily isotonic when infused, 

as the various compartments of body water possess considerable -

va riability in respect to content of normal electrolyte and water. 

It is therefore felt that the chief factor in pronounced potassium 

diuresis during the first six to eighteen hours of these studies is 

the necessity of adjustment of the compartments of body water to 

fluid given parenterally. Such adjustment is apparently accompanied 

at the expense of the intracellular fluid. 

Renal losses are exaggerated not only by diuresis but also by 

acidosis and by excess adrenal cortical hormone supply. 

8. GLYCOGENESIS 

The process of glycogenesis carries potassi um from extracel

lular fluid into the cellular compartment in specialized glycogen

containing tissues, such as muscles ood liver. This transfer is 

increased by glucose ingestion, insulin arid epinephrine. The fall 

in serum potassium is rapid although temporary; t his change in serum. 

concentrationis not significant in normal persons. In potassium

deficient patients and those with diabetic acidosis, the rapid 

decrease in serum potassium already low in this el ectrolyte may 
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produce serious symptoms. This phenomenon is seen in a relatively 

uncommon condition known as familial periodic paralysis in which 

attacks are presumably initiated by low serum potassium; 

attacks can be brought on by administering sugar, insulin, or 

epinephrine. 

It is important to the surgeon to remember that lowered serum 

potass ium always indicates potassium deficiency. On the other hand, the 

converse statement is not true and potassium deficiency may be present 

in spite of a normal serum concentration. This is explained by the 

fact that severe losses of potassium produce tissue breakdown and the 

release of potassium from these destfoyed cells raises the reduced 

extracellular potassium to normal l evels. 

Disturbances of potassium metabolism might then be sought 

in diseased states which produce functional aberration in one or more 

of these systems involved in homeostatic regulation, namely, renal 

disease. nutritional disease, or abnormalities of cellular metabolism. 
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CLINICAL EVIDENCE OF HYPOKA.LIEMIA 

The clinical recognition of potassium deficiency depends primarily 

on the knowledge of conditions under which potassium loss occurs. The 

prevalence of these conditions in surgical patients should be emphasized. 

The signs and symptoms of this disorder, other than electrocardio

graphic changes, are not specific, for they may be found in many debilitat

ing conditions. They constitute a number of complaints and findings 

which may be lightly passef off by the busy clinician if he is not 

aware of their posfM.ble significance. The more col!lID.On symptoms are 
.rt' ..... 

lassitude, drowsiness, weakness, and loss of appetite, associated with 

t he findings of moderate adynamic ileus, oliguria, and hemoconcentration. 

The presence of any two of these symptoms or signs in a patient in whom 

one might anticipate substantial electrolyte loss, should lead one to 
25 

suspect and investigate the possible presence of this condition. 

Clinically, potassium deficit can only be proved by demonstration 

of a gre~ter reltive loss of potassium than nitrogen during the develop-
~ 

ment of the condition or a greater relative retention of potassium than 

nitrogen during recovery. If body water and circul a tion are relatively 

nornal, dei f icienoy of potassium is likely to be accompanied by low 

concentration of potassium in serum. Under these donditions, certain 

patients show paralysis of the skeletal muscle and abnormal function 

of the cardiac muscle. 

The signs and symptoms, in order of frequency, as observed by 
17 

Eliel and associ ates were abdominal distention and craro.ps, lethargy, 

apathy, depression, anorexia, nausea or vomiting, and nuscular weakness. 
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Less frequently seen were confusion, disorientation, delirium or 

hallucinosis, nervousness, irritabil i ty and apprehension, ielus (with 

x-ray evidence), muscle twitching or tetany, and edena (except for a 

fall in serum protein concentration there was no obvious clinical explana

tion for its appearance). Irregular pulse and shallow respirations 

were rare. Administration of potassium chloride was followed, with ff!IW 

exceptions, .by pro!Jl)t and sometimes striking improvement in mental 

attitude, muscular strength, appetite, bowel function and cardiac 

rhythm, along with disappearance of the edema. 

8 
The symptoms and signs as summarized by Darrow and co-workers 

are as fol lows : 

1. weakness and hypotonia of the skeletal muscles progressing 
to frank paralysis (usually the paralysis of the arms and 
legs appears first and that of the respiratory nnscles 
later). 

2. dyspnea with gasping respirations in which the accessory 
respiratory muscles are involved. 

3. cyanosis which is chiefly respiratory in origin, but nay 
be in part cardiac. 

4. abdominal distention which seems to be dependent on atonia 
of the smooth muscle. 

5. nausea and vomiting. 

6. cardiac enlargement with the appearance of systolic murmurs. 

7. increased pulse pressure with Corrigan pulse. 

8. elevated venous pressure and signs of cardiac failure. 

t [~ paralysis of the diaphragm and abdominal muscles and the functional 

disturbances of the ll\YOcardium accounted for the major clinical signs 

and symptoms. These signs and symptoms were abolished by the restoration 

of the serum potassium concentration to its normal level. 

It is indeed unfortunate that there is no consistency in the 
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symptomatology of potassium deficiency; in fact, there is no single 

symptom which can be considered strongly indicative of the condition. 

The two most dependable mechanisms of confirming the condition are EKG 

tracings and serum potassium determinations. Alkalosis is fairly 

constant but obviously may be caused by many other conditions. Many 
13 

clinicians agree that any patient who has had a major operation and at 

least three full days of gastro-intestinal decompression, is likely 

to have a potassium deficiency. Complaints of the patients nay run 

from inability to sleep to irrationality. There is, however, one 

consistent feature about the symptoms, namely, that they disappear 

rapidly after the patient begins to eat and reatin food; likewise, 

the serum potassium level reverts to normal rapidly after eating 

is resumed. 

Physiological Aspects of the Clinical Manifestations 

Of the three principal ions, sodium, chloride, or potassium, only 

potassium seems to alter cellular functions owing to specific ion effects. 

Although it has long been known that potassium plays certain essential 

roles in neuronuscular physiology, only recently has the clinical sig

nific ance of wteration of the potassium ion been realized. 

Peripheral, as well as cardiac, neuromuscular mechanisms are 

disturbed as the result of abnormal concentration of potassium. Curiously 

enough, the neurologic manifestations are nuch the same whether the 
4 

potassium be high or low. Sensory disturbances are minimum, usually with 

complaints of only mild paresthesias of the extremities. Motor 

phenomena are striking--first 'weakness and then flaccid paralysis of the 
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extremities, sometimes of the ascending or Landry's type. The trunk 

and cranial nerves are rarely involved, but weakness of the respiratory 

muscles results in a shallow, definitely regular, rapid pattern which 

is distinctive. These paralyses are apparently dependent on the effect 

of low serum potassium on the n:woneural junction. However, these 

peripheral neuromuscular defects are late manifestations of hyper-

or hypo-kaliemia, and are always preceded by EKG changes. Conversely, 

in recovery from the dysfunction of hypokaliemia, the EKG shows 

reversion to normal soon after return of the serum potassium to norml, 

whereas the paralytic phenomena pass far more slowly and, indeed, may 
4 

persist for several hours. 

In rats subjected to pronounced potassium deficiency, dilated 

intestines developed and no stools were passed. Without therapy these 
I 

rats would die as if they had paralytic ileus. The evidences of intestinal 

paralysis were relieved by potassium. 

Deep tendon reflexes were usually hypoactive in patients observed 
7 

by Earle, however they were variable and shovred no particular relation-

s hip to potassium intake or plasma levels. Periods of potassium deple

tion were characterized by three findings which may be attributed to 

involvam.ent of the autonomic nervous systemI Thus, when low potassium 

intake was instituted, troublesome constipation, bladder atony, and 

prolongation of the P-R interval in the EKG developed. These 

abnormalities regressed promptly on admiristration of potassium. 
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ELECTROCARDIOGRAPHIC DISTURBANCES ACCOMPANYING HYPOKALIEMIA 

In hypopotassemia, the electrocardiograph reveals a typical trac

ing, although the changes parallel only approximately the changes in 

serum potassium concentration. While not absolutely specific, reversal 

of the EKG changes accompanying restoration of the concentration of 

potassium in serum indicates that they are related to serum potassium 

concentration. The changes which have been attributed to abnornal 

serum potassium are illustrated diagrammatically in the following 
8 

f~UN; 

serum K 
~ 

inverted T; depressed ST; prolonged QT 
mM/L 

low _J\--- low wide T; long QT; low voltage 

normal ~ nonna.l 
( 3.5.:6) 

high ~ elevated T 
7 

-J\.A. long PR; wide QRS; low ST 

___A_r.._ absent P 

---A./'-. absent P 

10 ,---J'- biphasio 

The following changes accompanying low concentration of 

potassium in serum should be noticeds 
l. slightly prolonged Q-T interval 
2. decreased height and inversion of the T waves 
3. rounded and prolonged T waves 
4. depression of the S-T segment 
5. possible inversion of the P waves, extra.systoles, 

and auriculo-ventrioular block. 
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~ ~ 
prolonged Q-T low T wave 

+ r1r 
sagged S-T segment depressed S-T 

As the serum potassium is lowered , prolongation of the Q-T 

interval is the first qhange seen in the EKG. The second change is 

lowering or inversion of the T waves, and in the t hird stage t he S-T 

segments sag. In the final stage the take-off of the S-T segment is 

depressed and there is a slmv staircase-like rise to a low late T wave. 

This final stage is seen with potassium levels in the range of 1.5 tnEq 
4 31 

per liter or lower. Marks found that the precordial leads CF2, CF
3

, 
,ot 

and -CF4 are of particular value in detecting early changes. 
32 

Thempson showed direct correlation between the height of the T 

waves and the level of serum potassium; therefore·, if one sees a low 

T wave on the EKG, the possibility of hypokaliemia should be considered. 

The height of the T waves has been found also to be influenced by the 

pH and the partial pressure of carbon-dioxide as well as the concentration 
8 

of potass i um in the serum. 

The low broad T wave of hypokaliemia is pritmrily responsible for 

t he prolongation of the Q-T interval, while in hypocalcemia, the T 

wave is normal and the lengthened S-T segment produces the change. 

Digitalis and myocardial disease influence the Q-T interval and these 

factors should be considered in interpreting this measure. Studies 
17 

by Eliel have shown that in some patients lowered amplitude of the T 

waves was coincident with the development of alkalosis and hypochloremia, 

but preceding a fall in serum potassium, thus indicating that the EKG 
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may in certain cases be a better index of tissue potassium deficit 

than the serum potassium level. This would fit observations that there 

may be considerable tissue losses of potassium without depletion of 

extracellular potassium. The al?nOst invariably lowered amplitude of 

T waves that occur in cases reported suggest that this change rray be used 

in the diagnosis of potassium deficit. particularly if serum potassium 

levels are not readily attainable. Confirmatory evidence can usually 

be found in the presence of elevated serum pH and serum carbon dioxide 

content, and hypochloremia. As has been mentioned, the presence of myo

cardial lesions or the administration of digitalis will obscure EKG 

changes from potassium deficit. 
7 

Earle, however, reports that normal EKG was observed at times in 

the presence of moderate hypokaliemia. He concluded also that abnormal

ities in the cardiac electrical potentials occurred only in the presence 

of hypokaliemia and their extent from day to day bore no close relation 

to the level of plasma potassium. 

The potassium ion is necessary for nornal cardiac function. In 

the absence of potassium, heart block will ensue and the heart will 

stop beating in systole (if the concentration of potassium is too high, 

the heart will once again fail, but in diastole due to a direct depres-
33 

sant action of the ion on the nwocardium). The action of potassium on 

the heart is two-fold, affecting both the impulse conduction and the 

muscle contractility. Therefore, potassium depletion affects the heart 
7 

in two waysc 

l. An effect on the muscle cell indicated by the prolongation, 
flattening and broadening of the T wave. 

2. A neurogenic effect indicated by readily reversible increased 
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vagal tone. These effects could be separated by releasing 
vagal control 1 as with atropine. Atropine was found tg ha've 
no effect on the T waves and S-T segment abnonnalities1 thus 
the A-V block appears to be an effect of potassium depletion 
on relative vagal control. 

It appears that potassium administration to the depleted subject is 

rapidly distributed to the heart, as judged by the rapid changes in the 
7 

T wave of the EKG. This is followed by redistribution of potassium to 

other tissues as evidenced by the gradual but steady increase in muscle 

strength over the subsequent forty-eight hour period of observation. 

In contrast, the height of the T waves of the EKG repeatedly reflected 

the acute changes in plasma potassium level following each administration 

of potassium, but this effect was transient so that the T waves had 

returned almost to the control value at a time when muscle strength was 

showing continuous improvement. 

It is of interest to mention the experimental results that have 

been obtained on rats placed on potassium deficient diets. Several 

investigators have demonstrated in rats kept on a diet extremely de

ficient in potassium the development of focak necrosis throughout the 

myocardium with ultimate replacement or this heart muscle by connective 
34 

tissue. Orent-Keiles and Mccollum report post mortem analysis or 

greatly reduced potassium content of the heart, skeletal muscle and 

kidney with necrosis and scarring of the heart muscle fibers, as well as 

necrosis of renal epithelium with tubular dilatation. Low serum 

potassium, low muscle potassium and myocardial necroses have been 

produced by poisoning with desoxycorticosterone, presunably in large 

part as the result of the potassium diuresis effected by this steroid. 

The occurrence of ectopic rhythms (ventricular premature beats 

and nodal rhythm) with potassium deficit has not previously been 
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emphasized. Bigeminal rhyt hm has been produced in a patient with 

familial periodic paralysis by the administr~tion of a large quantity 
3,6 , • 

of glucose, with a subsequent fall .J n serum potassium concentration. 

Often, surg ical patients with a hypokaliemia at t he onset rray 

develop hyperpotassemia from various causes to be enumerated later. 

Thus, it is appropriate to mention briefly EKG chan[;es in hyper-
.; 8 

potassemia. The sequence of changes with increased concentration of 

serum potassium isi 

r:.; 

.... 
l. appearance of peaked T waves 
2. increased duration of QRS 
3. increased duration of P-R interval leading to auricular 

standstill 
4. Biphasic curve with progressive delay i n ventricular 

conduction 
5. total arrhythmia prog ressing to cardiac arrest. 

Hyperkaliemia arises almost exclusively when renal excretion is 

greatly diminishe d because of renal disease or oliguria accompanying 

shock and dehydration. The increase in extracellular potassium rray 

come from food or potassium-containing salts administ ered either 

orally or parenterally, from the release of potassium from the cells 

caused by the catabolism of cellular structures, or the release of 

cellular potassium which accompanies a.noxia or other disturbances in 

cellular metabolism. It is difficult, if not impossible, to produce 

potassium intoxication by the oral administration of potassium salts to 

patients with normal kidneys and circulation. However, too rapid 

parenteral administration of potassium salts my produce hyperkaliemia. 

Heart block develops at concentr~tion of ten millimoles or more of 
,. 8 

potassium per liter of serum, but other minor evidences of cardiac 

disturbance may develop at concentrations as low as seven millimoles 

per liter. 
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The use of the EKG as a guide to judicious potassium repletion 

has been emphasized, particularly if determination of serum potassium 

levels are not readily available. Return of flattened T waves and 

low S-T segments to norma.l indicates adequate therapy, whereas the 

appearance of high, spiked T waves is the first indication of 

potassium toxicity. 

The chief symptoms characteristic of potassium deficiency such as 

paralysis of skeletal muscle, EKJ changes, intestinal distention , 

and paralytic ileus are related to the low concentration of potassium 

in the serum. however, myocardial necrosis probably is caused by 

disturbances in concentration in the cells. 

All the EKG abnonnalities, except those due to infarct, disappear 

on the administration of potassium chloride. The rate of disappearance 

in general parallels the restoration of 'the serum potassium level and 
17 

ma.y occur within twenty-four hours in some instances. 

OTHER CLINICAL SIGN:i 

Edema.: 

Generalized edema, pulmonary edema, enlargement of the liver, and 
3 

myocardial failure are frequent in hypokaliemic states, and these 

symptoms improve with potassium therapy or when food is taken. In 

addition, some patients show edema associated with low serum albumin. 

The injection of plasma proteins and amino acids fails to restore the 

serum protein but improvement follows potassium therapy. The beneficial 

effect is so strik: ng that one gets the impression that the production 

of serum albumin is more adequate in tissues with normal potassium. 

However , the effect is probably indirect through improvement in 
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appetite and nutrition. 

The sodium retention demonstrated by the space determination 

and ba.la.noe studies probably account for the water retention (edema) 
17 

and at least some of the hypoproteinemia observed in many cases. Pro-

vision of potassium results in a diuresis of sodium and water, dis

appearance of edema and rise in serum protein. Disruption of the 

operative wound and evisceration occurred in two patients reported by ,,, 
Eliel after potassium deficit had developed. 'Ibis suggests that 

potassium daficit or resulting edema of the suture line, or both, may 

interfere with wound healing. The edema, a symptom of postoperative 

salt intolerance, may result not so much from the retention of water 

with salt as from the shifting of water fh>m the intracellular to the 

extracellular space to maintain osmotic relationships. It is unknown 

how much dehydration the cells can undergo before function breake 

down and ceases. The brain cells are especially sensitive to change 

and the disorientation so often seen in cases of salt intolerance may 

be a symptom of this fluid shift. 

Jaundices 
33 

Nelson reported a patient with refractory alkalosis and low serum 

potassium who developed jaundice. Liver function studies failed to 

corroborate the possibility that the jaundice might be due to hepatitis 

from the use of plasma. or blood in the post-operative treatment of the 

patient. The clinical course with the rapid diminution in the intensity 

of the jaundice commensurate with restoration of the fluid and electrolyte 

pattern to normal, together with the unusual association of results of 

the liver function tests, lead one to believe that the jaundice was 
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probably due to nalnutrition and electrolyte imbalance rather than 

anything more specific such as infectious hepatitis or homologous 

serum hepatitis. 

Although it has been only during the past few years that the 

importance of potassium deficiency has been appreciated, it is now well 

established that it alone may occasionally result in death. Much more 

often, its influence, added to that of two or three other complications, 

may be responsible for the death of the patient. Respiratory paralysis, 

tnyocardial lesions (loss of striation, focal necrosis, leukocytic 

infiltration), frequent ventricular premature beats suggest that 

ventricular fibrillation rra.y eventually result if the deficit is not 

corrected . Ileus resulting from potassium deficit may be a factor in 

post-operative death by contributing to fluid and electrolyte depletion 

and to malnutrition. A patient already critically ill may be brought 

to a needless operation for relief of obstruction with dire consequences. 

Prompt and adequate administration of potassium can easily prevent 

death from any of these complications. 
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SURGICAL CONDITIONS CHARACTERIZED BY 

HYPOKALIEMIA 

Because dehydration is such a common problem to the surgeon, usually 

necessitating parenteral fluid therapy for long periods, the management 

of problems of water and electrolyte balance is of major importance in 

surgery. It is now obvious that potassium balance is an integral part 

in the electrolyte balance and that management should include judicious 

potassium therapy for the surgical patient. 

The clinical recognition of potassium deficiency depends primarily 

on the knowledge of conditions under which potassium loss oc curs. 

The pathogenesis and prevalence of these conditions in surgical patients 

have been previously reviewed in this paper, however, it does not seem 

superfluous to briefly reiterate the surgical conditions causing 

hypokaliemia and resulting alk.alosis. Typical cases on surgical wards 

are those in which potassium is gradually drained from the body stores, 

with progressive weakness of the patient due to : 

ares 

l. prolonged Wangensteen drainage of the upper 
gastro-intestina.l tract 

2. administration of potassium deficient intba.venous 
fluids 

3. good urinary output resulting in urinary losses of 
potassium. 

The main causes of the low potassium syndrome in surgical patients 

1. Potassium deprivations 
Adults on a normal intake who are abruptly deprived 
of potassium will continue to excrete potassium 

in the urine in excess of that expected from the 
nitrogen balance. This loss may amount to ·about 
20-50 mEq. on the first day and gradually decrease 
thereafter. 17 
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2. Water and sodium chloride intakes 
Large infusions of glucose or a large intake of 
sodium chloride either parenterally or orally will 
induce los ses of intracellular potassium. Sodium 
chloride appears to cause substantially larger losses 
than glucose in water. Elevations in the concentration 
in serum produced by injection of sodium chloride 
release potassium from the cells and cause increased 
excretion. Some patients with renal insufficiency 
are unable to conserve potassium. This tendency is 
probably aggravated by large intakes of sodium chloride. 

3. Losses ££ gastro-intestinal secretions s 
Metabolic alkalosis produced by excess withdrawal and 
inadequate replacement ofchlorides from the stoma.oh 
results in a potassium deficit, Prolonged duodenal 
drainage after operation provides the condition for 
development of alkalosis with potassium deficiency. 
The removal of the gastric fluid depletes the body 
of more chloride than sodium and produces alkalosis. 
The administration of sodium chloride facilitates 
the excretion of potassium by the kidneys. While 
sodium chloride is usually administered in sufficient 
amounts to replace extracellular electrolyte, the 
development of potassium deficiency alters the renal 
function so that metabolic alkalosis persists. The 
alkalosis probably develops because of a chloride 
deficit, but it persists because of a deficiency of 
potassium. 

High intestinal obstruction and the loss of fluids 
through catheters introduced into the upper intestinal 
tract after operative procedures produce alkalosis 
because the amount of gastric fluid removed is greater 
than the amount of the intestinal juices. Abnormal 
losses of water and electrolyte from the gastro-intest
inal tract may also occur as a result of vomiting, 
escape of gastro-intestinal fluids through fistulas, 
and diarrhea. 

The stools in diarrhea vary widely in composition. 
In some patients the concentration of eledtrolytes 
is so small that little decrease in body electrolytes 
developes despite the loss of large volumes of water 
in the stools. In other patients the stools contain 
so much water and electrolyte that the tissues are 
rapidly depleted of both water and electrolytes. 
Practically all types of diarrhea tend to produce 
greater relative losses of sodium and potassium than 
of chloride. The result is a type of metabolic 
acidosis in which changes in the composition of 
intracellular fluids play an important role. 
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8 
H~#ever. recent experiments indicate that diarrhea in 
which the stools contain more chloride than sodium 
develops in rats subjected to potassium deficiency. 
Similar developments in adults may occur sugg esting 
that a chane; e in intestinal absorption leading to 
stools containing more chloride than sodium may result 
when pronounce~ deficit of potassiu~ develops. 

4 . Malnutrition and debilitation: 
Cellular breakdown occurring in these states results in 
the releas e of p~tassium from the d estroyed ,cells. 
Howard and Carey have emphasized the possible role of 
prior malnutrition with potassium depletion in the develop
me nt of operative potassium deficiency. 

5. Adrenocortical hyperfunction: 
Surgical trauma. introduces t he "alarm reaction" with 
resulting increased urinary secretion of potassium 
made available from body stores. The devel opment of 
adrenal hype sf)unction following surgical trauma is well 
established. 

6. Shock: 
Disturbances of potassium metabolism are frequently 
encountered in shock whether t raumatic, surgical, or of 
othe r etiology. I n shock a hypopotassemia nay be present 
from "an obligatory expansion of extracellular fluids 
owing to circulatory chan6es. 1

• On the other hand, oliguria 
is not an infrequent accompaniment of shock and in such 
patients the possibility of hyperpotassemia must be 
considered. 

7. Polyuria~ 
The presence of polyuria in a patient should suggest the 
possibility· of hypopotassemia. Potassium is excreted in 
t he urine roughly in proportion to the amount of urine 
and i n the presence of other factors disturbing normal 
potassium metabolism its loss may reach a clinically 
significant stage. 

It should be recalled that in the post-operative course complicated 

by such events as urinary-tract infections, ureteral obstruction, 

peritonitis, pelvic abscess, evisceration, ~ecal fistula, etc., an 

associated alkalosi ~or hypochloremia (or both ) ma.y be absent. These 

complicating factors may account for the failure of alkalosis or hypo

chloremia to develop. 
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CASE PRESENTATION 

33 
The following case, as presented by Nelson and co-workers, is an 

excellent example of hypokaliemia in surgical patients. This case 

presents rrany interesting problems from the standpoints of fluid and 

electrolyte t herapy, EKG changes, neuromuscular manifestations, jaundice, 

and operative findings. 

Histo!:l,: 

"Patient, age 30, following an uncomplicated delivery of a normal baby, 

began to vomit undigestec food which temporarily subsided with administration 

of intravenous fluids and supportive measures; these symptoms recurred 

in three weeks with evidence of carpopedal spasm relieved by intravenous 

calcium. Past history of episodes of slight gaseous distention after 

meals and occasional vomiting spells sinoe age of 12. No history of 

pain, hematemesis, or melana. Family history was noncontributory," 

Ph~sical examinations 

Thin white woman, exhibiting all signs of frank tetany (which was relieved 

by intravenous administration of 20 cc 1% calcium gluconate); otherwise 

physical examination was negative, 

Laborato.!:l.: 

Urinalysis:: 

Blood:: 

specific gravity: 
pH: 
albumins 
sugars 
acetone: 
dia.cetica 
rbo: 
casts: 
wbcs 

Ii,):: 
woes 
Differential:: 

polyss 
lymph~ 

50 
46 

l.035 
6 
trace 
4 plus (patient had received IV glucose) 
negative 
negative 
negative 
negative 
occasional 

9 • .5 G~ 
4900 
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monos, 
plasma cells: 

2 
2 

Blood type: 

Serum chemistries.: 

bicarbonates 
chlorides 
protein.: 
phosphorus;: 
calcium.: 
total bilirubins 

l min. fractions 

x-raz: 

A Rh positive 

80 vol. % 
94 • 0 mEq/li te r 

6.4 Gm% 
2.0 mg.% 
8.4 mg.% (day following treatment for tetany) 
o.9 ng.% 
0.4 mg.% 

Marked gastric dilatation; enormously dilated duodenal cap 
(5-6 times normal size) and showing what appeared to be a 
complete obstruction between 1st and 2nd portions. 

Gastric analrsiss Positive for free acid. 

EKG: 7th hospital day: 
- 42nd hospital day: 

Abnormal with negative T waves. 
2nd degree heart block. 
occasional supra-ventricular premature systoles. 
depression of S-T segment. 
low or negative T waves in all leads. 

COURSE: 

Complete obstruction preventing oral feedings and requiring aspiration 
of foods already given. Gastric juice negative for bile. 

4 blood transfusions over 10 day period raising Hb. to 16.6 Gm. 

8th day: serum K 3.4 mEq/liter; serum Na 129 mEq/liter. 
2 weeks of IV therapy averaging;: 3-4 liters of 5% glucose daily 

15 Gm NaCl daily. 
At t his time alkalosis still persisted (serum bicarbonate between 
33 and 36 mEq/liter). 

Occasional bouts of tetany necessitating administration of calcium salts IV. 

Testosterones 25 ng. daily for 5 days to facilitate nitrogen deposition. 

Fever, tachycardia, deep calf tenderness; diagnosis of thrombophlebitis 
and put on 2 weeks course of dicumarol and heparin. 
2 gastric j uice analysis with triple histamine stimulation, both showing 
no free acid in striking contra.st to admission analys is. 
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Course progressively down-hill with increasing muscular weakness, 
lethargy, and unresponsiveness. On the 40th hospital day, the patient 
couldn't turn herself in bed because of profound weakness. 

About this time, painless jaundice appeared. Serum bilirubin determination 
toatl of 5 ~%• 

Irregular pulse, EKG showing presence of 2nd degree heart block. Patient 
appeared terminal. 

Cephalin-cholesterol flocculation tests 2 plus; 
thymol turbidity: 2.2 units 
Bromsulfalein retention~ 17% retention at 45 minutes 
urine Ehrlich~ 7.4 Ehrlich units. 

It should be noted that the patient had received nothing but parenteral 
nourishment for approxinately 50 days. The only potassium administered 
was that present in the blood and Amigen (18 mEq/liter). 

40th day: serum K o.98 mEq/liter (nornal 5 mEq/liter) 
serum Na 154 mEq/liter (nornal 143 mEq/liter). 

To correct this potassium deficit, potassium chloride was added daily 
to the intravenous fluids, with initial 3 Gm gradually increasing to 5Gm 
daily. Six days later the serum K was 1.1 mEq/liter. The dosage sehedule 
was increased to as much as 13 Gm administered in one day 

It required 14 days of potassium administration to bring the serum K to 
normal level; a total of 1100 mEq potassium had been administered. 
During this period, the serum chloride rose from average of 90 mEq/liter to 
110 mEq/liter. The serum bicarbonate fell to nornal after being above 
normal for well over 6 weeks. 

Other changes were noted with correction of the potassium deficiencyt 
1. Chloride content of gastric juice (averaging 1-3 Gm/liter) rose 

sharply to 5-7 Gm/liter; gastric analysis once again revealed 
presence of free acid. 

2. Chloride content of urine--averaging 6-8 Gm/liter urine-
fell abruptly to more normal of 1-3 Gm/liter. 

3. Jaundice, corr:g;>letely disappeared; serum bilirubin was 
within nonnal limits; cephalin-flocculation negative 
ll days later. 

The urine excretion of sodium and potassium at the height of potassium 
deficit on the 40th postoperative day wa.si 

urine sodium; 78 rnBq/liter (214 ~%) x 3.6 liters /24 hours equal 
280.8 mEq /24 hours. 

urine potassiumi 8.2 mEg/liter (33 ~) x 3.6 liters of urine per 
24 hours equal 29.5 mEq/24 hours. 

Two weeks prior to surgery, further preoperative preparation consisted 
of 2500 cc of blood and 14 units (25 Gm each) of human salt poor serum 
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albumin. Average administration of parenteral fluid in addition 
was 3-4 liters of glucose and/or Amigen per day plus the usual 
saline therapy. 

Surgery was performed on the 56th hospital day. At that time 
laboratory findings were: 

serum bica.rbona ta i 
chloride~ 
potassiums 
sodium: 

24 .o mEq/liter 
106.0 mEg/liter 

5.3 mEg/liter 
142.0 mEg/liter 

Exploratory laparotomy showed duodenal-diaphragm. 

The post-operative course was uneventful. The patient began oral 
feedings on the 3rd post-operative day. She was discharged on 
the 10th post-operative day. 

DISCUSSION 

The significant features in this case study are hypokaliemia, 

alkalosis, EKG abnormalities associated with hypokaliemia, jaundice, 

and complete duodenal-diaphragm. 

Pathogenesis: The patient was administered potassium-free 

fluids for more than 50 days, with the exception of small amounts 

in Amigen and blood. In spite of a profound potassium deficit, the 

kidneys were excreting approximately l Gm of potassium per day, as 

determined at the peak of the potassium deficit. Although testosterone 

causes a diminution in serum potassium, it is equivocal whether or 

not the dosage (125 mg.) administered to this patient may have 

had much effect in contributing to the potassium deficit. It ha.a 

been shown in previous discussion that prolonged therapy of daily 

infusion of glucose and saline produces a potassium deficit. This 

last factor, plus vomiting and gastric juice aspiration, undoubtedly 

contributed much to the potassium deficiency in this patient. 
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The alkalosis, refractory until potassium deficits have been 

repleted, has been explained previously by the suggested theory 

that depletion of intracellular potassium results in increased 

intracellular sodium. Biologic equilibrium can then exist only 

when there is a high serum bicarbonate. The kidney must then 

excrete increased amounts of the chloride ion, and hypochloremia 

and alkalosis exist which will not yield until the underlying 

factors are corrected. Thus, when the intracellular potassium 

is inc reasecdl and intracellular sodium is decreased, the serum 

bicarbonate falls to normal, thereby allowing the serum chloride 

to rise to normal. This was demonstrated in the above case 

where the urine contained tremendous amounts of chloride (6-8 Gm 

per liter) when the bicarbonate was elevated and the potassium 

was low. When the serum potassium was restored to normal levels, 

and presun:ably the intra.cellular deficit was corrected, the 

bicarbonate level fell, no longer obligating the kidney to excrete 

excess chloride, thus a more normal excretion of chloride was 

again found. 

~ Changes: 

EKG findings, typical of those seen in hypopotassemia, were 

seen in this patient's EKG tracings. Depressed T waves, second 

degree heart block, occasional supraventricular premature systoles, 

and depression of the S-T segment were found. After three grams 

of potassium chloride were administered, the heart block was 

reduced to a first degree block and extrasystoles disappeared. 

Two days prior to surgery, the normal electrolyte pattern was 

restored and the EKG was then seen to be normal. 
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Jaundice~ 

Liver function studies failed to corroborate that the jaundice 

might be due to hepatitis from the use of plasma or blood. The 

rapid diminution in the intensity of the jaundice coincides with 

the restoration of the fluid and elec~rolyte pattern to normal. 

Thus the jaundice was probably due to malnutrition and electrolyte 

imbalance rather than anything more specific such as infectious 

hepatitis or homologous serum hepatitis. 

Conclusions~ -
This case is an excellent example of the important chemical 

triadi alkalosis, hypochloremia, and hypokaliemia. This state 

has proved to be refractory to ordinary treatment of alkalosis 

until potassium deficit has been corrected. 
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TREATMENr 

The intracellular electrolyte pattern, potassium-phosphate-sulfate

rna.gnesium, is one not ordinarily provided parenterally by the solutions 

most commonly given. This complex is needed in order for any synthesis 

of tissue to take place, as are the other building blocks of protoplasm. 

It is a simple matter to provide these minerals orally , because animal 

and plant tissues contain these elements in large quantities. 

Parenteral provision, however, demands adequate understanding of the 

electrolyte balance of the body fluids. In general, the quantity and 

makeup of the intravenous infusions and the order of their administration 

should be designed to restore vital functions first, such as blood volutna, 

oxygen-carrying power, blood pressure, renal circulation and normal 

pH, to be followed by correcting electrolyte deficits and enabling the 

patient to take fluids and nourishment orally as soon as possible. 

The intsitution of potassium replacement should not be undertaken 

unless there is a good urine output, and rate of administration should 

be cautious, because of danger of toxio levels causing cardiac arrest. 

In fact, no progress of repair management is safe without frequent 

examinations, which include the clinical examination of the patient, 

determination of the urine volume, specific gravity and pH, as well 

as serum analysis for chloride, bicarbonate, sodium, and potassium. 

Since urinary potassium losses are greatest during the first 

few post-operative days, early provision of potassium is indicated 

in patients who cannot eat and who must be fed parenterally. It should, 

however, be withheld during the first twenty-four to forty-eight hours 

post-operatively and from patients who are extremely dehydrated and 

whose urinary output does not exceed 500 cc per day, or who demonstrate 
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nitrogen retention, unlessthe serum potassium is low. Question 

arises as to whether it is necess ary to give supplementary potassium 

to all surgical patients maintained solely on intravenous fluids. 

To this, one may comment th.at in the absence of exogenous potassium, 

potassium deficiency will always develop in these patients and will not 

be corrected unless potassium is supplied. 

Daily parenteral administration of 50 rnEq. afte r relatively atraumatic 

procecur~ s prevents potassium depletion in patients being maintained 
17 

on intravenous administration of fluid. After more traumatic procedures 

the daily require ments can usually be met by the provision of 80-100 rnEq. 
17 

per li t~.r.. This amount is ordinarily adequate for repair or deficits 

also, since urinary losses tend to decline as the deficit grows. 

Replacement of potassium losses in most gastro-intestinal fluids can be 
17 

estimated adequately on the basis or 10 mEq per liter or fluid lost. 

Two ampules of potassium chloride per liter providing a concentration 

or 40 tnEq. per liter are usually recommende d, safely administered at 

the rate or 80-100 drops per minute. 

Potassium chloride is usually the salt or choice since chloride 

a nd potassium deficiencies are likely to be associated with each other 

and because this salt is readily sterilized and may be given intravenously, 

subcutaneously, or orally. Oral administration is relatively safe, and, 

if po·ssible, is the route of choice. The nornia.l adult ingests about four 

grams of potassium or the equivalent of about eight grams potassium 

chloride per day. This amount can be given divided i nto two to four 

doses in twenty-four hours. The salt may be added to beverages or to 

food. 
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The solution containing sodi um chloride, sodium lactate, and 
3'6 

potassium chloride devel oped by Darrow (called "K-Lactate") contains 

sodium and chloride in the ratio of interstitial fluid together with an 

amount of potassium which is unlikely to r aise the serum concentration 

of potassium to toxic levels when the solution is injected over a period 

of four or more hours in amounts which give appropriate amounts of sodium 
#I 

and chloride. The composition of this solution is as follcw,ss 

Na.cl 
KCl 
Na-lactate 

Gm/liter 
4 
2.7 
6 

The concentration of potassium is about ten times as great as that of 

serum. In order to avoid the danger of potassium intoxication, it 

should be injected, preferably subcutaneously, over a period of four or 

more hours for the dose appropriate for one day. The amount given in 

one day should seldom exceed 80 cc per kilogram of body weight. 

The deficits of potassium are often so large that they cannot 

be restored parenterally in less than six days because of the dangers 

of more rapid parenteral administration of potassium and because adminis

tration of more potassium does not restore cellular deficits more 

rapidly, Potassium-lactate may be injected slowly into the veins or 

subcutaneously. If intravenous, one part of the solution should be 

diluted with two or three parts of 5% or lofodextrose in water. 

In the parenteral injection of potassium salts, the rate of adminis

tration must be slow enough not to lead to a temporary rise to toxic 

levels and the total dose must not be large enough to lead to a toxic 

extracellular concentration. Good urine output is necessary to prevent 

accumulation of administered potassium. Thus, in oliguria, it is wise 
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to ref rain from intravenous therapy until normal urine output is 

again restored. 

The use of ~inger's solution instead of isotonic sodium chloride 

solution for the initial injections will at least tend to prevent the 
l 

dilution of extracellular potassium. If more potassi um has to be given 

intravenously, no more than two grams should be undertaken unless 

adequate laboratory facilities are available for quick potassium deter

minations. 

It seems logical to assume that the best way to treat potassium 

deficiency in surgical patients is to prevent any marked degree of 
31 

potassium depletion from occurring, wherever possible. Marks and 

his associated surgical staff have prepared and used several types 

of potassium-containing solutions; 

Solution I.: NaCl 
KCl 
Glucose 
Distilled H

2
0 qs ad 

8.5 Gm 
2.0 Gm 

50.0 Gm 
1000.0 cc 

Use l to 3 liters per day for treatment of mediaal alkalosis 
or for routine daily naintenance of patients on prolonged 
Wangensteen drainage of the upper gastro-intestinal tract. 

Solution II: NaCl 
KCl 
NH4Cl 
Distilled HO qs ad 

2 

8.5 Gm 
2.0 Gm 
8.5 Gm 

1000.0 cc 

Use 2 to 3 liters per day for treatment of severe alkalosis. 

Solution III: NaCl 
NH Cl 
Kci 
Distilled H

2
0 qs ad 

3.0 Gm 
4.5 Gm 
2.0 Gm 

1000.0 cc 

Use l to 2 liters per day for treatment of moderate alkalosis. 
This is especially _ useful in cardiac patients with alkalosis 
i n who m one does not wish to replace an excess of sodium. 

In cases of alkalosis with slightly low serum calcium values, 
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l Gm of calcium gluconate may be added to one liter per 
day of the above solutions I, II, III. 

Solution IV, NaCl 
Na-lactate 
KCl 
Distilled H20 qs ad 

6.4 Gm 
5.6 Gm 
2.0 Gm 

1000 .o cc 

Use l to 2 liters per day for moderate acidosis, especially 
in cases of diabetic acidosis in surgical patients. 

Solution V: NaCl 
KCl 
Distilled H

2
0 qs ad 

4.25 Gm 
6.0 Gm 

1000.0 co 

Use l to 2 liters per day for replacement of marked intra
cellular potassium deficiency. Given by clysis or IV • 

It is important to realize that with solutions I, II, III, and IV, 

it is possible to supply the minimal daily requirement of potassium 

in an adult. However, they will not replace an already existing marked .. 37 
intracellular deficiency of potassium. Darrow has estimated that 

3.5 mEq. per kilogram per day of potassium can be safely administered in 

a period exceeding 4-8 hours. 

It is safer to give large doses of potassium by the clysis route, 

as Darrov, recommends, than by the intravenousroute. For very large 

doses, the oral route is preferable whenever feasible. A solution 

containing equal parts of water and syrup of citric acid to disguise 

the bitter taste of potassium chloride can be used. This solution 

may be given to patients in various fluids, such as milk. Diarrhea 

may rarely develop following the administration of four grams of 

potassium chloride daily by the oral route. 

The main precaution to be observed when giving parenteral potassium 

chloride solution is the main tenance of an adequate urinary output. 

An elevated blood urea nitrogen, per se, is not a contraindication to the 
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administration of potassium containing solutions. However, a daily 

urinary output of over 750 cc when administering potassium solutions 

is of extreme i mportance. Ad renal cortical insufficiency, hypoca.lcemia., 

shock, severe dehydration with hemo-concentration, severe burns in acute 

phase, and advancedl renal insufficiency are contraindications until 

first adequately treated, or unless a specific indication for potassium 

can be demonstrated at the start of therapy. The effect of hyper

potassemia on the heart is well appreciated and is to be guarded against 

by the intelligent use of pota.ssium solutions in a given patient. 

Daily EKG and serum potassium levels should be taken if large doses of 

potassium are being administered. 

-58-



SUMMARY 

A syndrome ooourring in patients after operation is described 

along with presentation of a case history. This syndrome is character

ized by~ 

1. clinical manifestations of apathy, lethargy, nervousness 
and irritability, muscular weakness, abdominal distention 
and occasional ileus, occasional confusion, disorientation, 
delirium, muscle twitching and tetany, EKG changes and 
occasional arrhythmias and edema; 

2. chemical findings of hypopotassemia, metabolic alka.losis, 
hypochioremia, hypoproteinernia, and often increased NPN 
and hypophosphatemia; 

3. a prompt reversal of the clinical and blood chemistry 
abnormalities upon administration of adequate amounts 
of potassium. 

Attention is called to the recognition of an important chemical 

triadi alkalosis, hypochloremia, and hypokaliemia. This state has proved 

to be refractory to ordinary treatment of alkalosis until potassium 

replacement is carried out. The suggested theory for this mechanism is 

that when intracellular potassium is depleted and intracellular sodium 

is increased, biologic equilibrium exists only when there is a high 

serum bicarbonate. Because of high serum bicarbonate, the kidney 

excretes increased amounts of chloride ion, and hypochloremia and 

alkalosis exist which will not yield until the underlying factors are 

corrected. When the intracellular potassium is increased and intra

cellular sodium is decreased, the serum bicarbonate falls to normal 

thereby allowing the serum chloride to rise to normal. 

Known factors in the pathogenesis of post-operative potassium loss 

are potassium deprivation, loss of gastro-intestinal secretions, large 

infusions of glucose or saline solution, dehydration and nalnutrition, 

diarrhea, fistulas (especially biliary), diuresis or polyuria, 
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shock, hemorrhage, anoxia, and adrenal hyperfunction. 

Prevention of the syndrome by provision of potassium early 

in the post-operative period is stressed. The various means of 

administering potassium and contraindications for its use are 

enumerated • 

The institution of potassium replacement should not be undertaken 

unless there is a good urine output, and rate of administration should 

be cautious, because of danger of toxic levels causing cardiac 

arrest. Once potassium deficit has become severe, large doses are 

needed to restore this deficit. In patients with short-term illness 

who are able to maintain oral nutrition, ·enough potassium is obtained 

from food. 

The hypokaliemic state in surgical patients is more common than 

heretofore realized. Potassium losses after major operations are 

large and are greatest during the first twenty-four hour period, 

partly because of the high nitrogen loss during this period. 

Recognition of hypokaliemia may be obtained through EKG and de termin

ation of the serum concentration of potassium, sodium, and chloride. 

Hypokeliemia is to be suspected in symmetrical peripheral motor palsies 

with little or no sensory changes. Potassium depletion should be 

suspected when, in the presence of normal kidney function, there is 

an unexplained high serum bicarbonate and low chloride concentration. 
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CONCLUSIONS 

The low potassium syndrome may result from~ 

l. decreased intake or impaired absorption from the 
gastro-intestinal tract 

2. increased loss from the body either in the urine 
or gastro-intestinal tract 

3. an internal redistribution as in relation to 
carbohydrate metabolism (or in familial periodic 
paralysis). 

Experimental evidence has shown thatt 

l. the kidneys fail to conserve potassium in the 
face of a potassium deficit 

2. this potassium deficit is accentuated by coinci
dent administration of sodium salts or glucose 

3. the factors responsible for electrolyte imbalance 
with potassium loss appear to be in some degree 
under hormonal control, and that the adrenal 
cortical secretions play an important part in 
t his mechanism 

4. the reduction of cellular potassium below a 
certain point is dangerous, not only in causing 
muscular necroses, but that the serum potassium 
is also lowered with resulting non-specific 
clinical manifestations. 

One may also conclude that: 

l. patients with dehydration accompanied by deficits 
of potassium may be expected to develop alkalosis 
when they are treated solely with potassium-free 
fluids such as sodium and chloride 

2. alkalosis may be expected to be relatively re
fractory to treatment with sodium chloride if 
& deficit of potassium persists 

3. such refractory alkalosis can be corrected only 
by administering potassium salts, either orally 
or parenterally, to correct the deficiency 

4. clinical manifestations disappear upon correction 
of the deficit of potassium. 
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