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32 DISORDERS OF CALCTUM METABOLISM
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talis should be monitored by ECG during the infusion
since administration of calcium may produce fatal ar-
rhvthmias if the infusion is given rapidly. In severe hypo-
calcemia a continuous intravenous infusion of calcium

TABLE 32-§ - Calcium prepararions for clinical use

gluconate may be necessary. Between 15 and 20 mg of
elemental Ca2* per kilogram of body weight can be given
in 4 to 8 h as needed. Other available calcium salt prep-
arations are shown in Table 32-5.

~

Compound Dosage Content Indications Mechanisms Complications
Calcium carbonate®* 1-2 g three imes 260 mg elemental  Mild hypocal- Converted in Hypercalcemia
daily calcium per cemia stomach ro soluble after long-term
650-mg tabler Osteomalacia caldum salt by therapy, particu-
Osteporosis HCL; ineffective in  larly if vitamin D
Renal osteo- patients with given concurrently
dysrophy  achlorhydria
Calcium chloride 5-10 ml of 10% 360 mg per 10-ml  Severc hypocal- -~ Rapidly increases -~ Irritant to veins
solution given ampule cemia Ca2+ and subcutaneous
slowly IV (rarely dssue if extra-
given orally vasated
because of irrita- Hypercalcemia
ton of Gl tract) during long-term
therapy, particu-
larly if given with
vitamin D
Calcium gluceptate  5-10 ml soludon, 220 mg/ml or Severe hypocal- Increases Ca?+ Transient tingling
(glucoheprare) Iv. 80 mg/ml of cal- cemia and metallic taste
In newbomn in- cium per 5-ml Exchange wransfu- after IV infusion
fants, 0.5 ml after  container sion Enhanced digitalis
every 100 ml in ~ - effect in the heart,
exchange trans- precipitating
fusion; 2 to 5 mg arrhythmia
IM in glureal
region
Calcium gluconate 20 ml of 10% so- 90 mg elemental Severe hypocal- As above As above
lution injected calcium per 10-m!  cemia, IV
slowly, followed ampule _ Mild hypocal-
by slow infusion 90 mg elemental cemia, oral
of 30-40 m! of calcium per 1-g
10% solution in tablers
500 ml or 1 liter
of 5% glucose or
0.9% NaCl over a
4-h period
Children should
receive 500 mg/kg
body weight daily
in divided doses
Adults, 15g daily
in divided doses .
Calcium lactate Adults, 1.5-3.0g 60 mg elemental Mild hypocal- As above As above
3x daily with calcium per 300- cemnia and
meals mg tablet maintenance _
Children should therapy
receive 500 mg/kg .
body weight orally
in divided doses

* Caldum should not be mixed with any solution conraining bicarbonate because of the possibility of precipitation.
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-

A —_— . —— s = o e = - - - - .

1032 secTion -1

SPECIFIC DISORDERS OF FLUID AND ELECTROLYTE METABOLISM

TABLE 32-6 - Dose requirements of vitamin D and metabolites

Daily dose for
hypoparathyroidsim, pug

Time to achieve
normocalcemia, weeks

Duration of effeq

Maximal effect, weeks* after cessation, weeh

Vitamin D, 750-3000 4-8 410 6-18 E
(ergocalciferol)

DHT 250-1000 1-2 2-4 0.5-1

25-OH-D, 50-200 2-4 4-20 0.5-1

1a,25-(OH),D, 0.5-2.0 0.5-1 4-12 0.5-1

* Earliest times for maximal effect uncerrain.

SOURCE: Adapred from Marrinez-Maldonado M, Garcia A, chap 3: Hypo- and hypercalcemia, in Martinez-Maldonado M {ed), Handbook of Renal -

Therapeutics. New York, Pienum, 1983.

Chronic

Long-term trearment of hypocalcemia is required most
commonly in hypoparathyroidism or in chronic vitamin
D deficency states. The initial treatment includes oral
administration of 2 to 4 g of elemental calcium per day.
The addition of a vitamin D preparation is necessary in
most cases, particularly when serum calcium has been less
than 7.5 mg/dl before trearment is initated. The optimal
dose of vitamin D varies according to the preparation
used (Table 32-6) and the condition requiring treat-
ment.189.337

In hypoparathyroidism 25-OH-D; can maintain
serum calcium within a narrower range than vitamin D
or dihydrotachysterol (DHT).345 Exogenous 25-OH-D;,
can also be advantageous in conditions associated with
external losses of 25-OH-D, such as hepatobiliary dis-
ease, intestinal bypass surgery,*!S or nephrotic syndrome.
Neonatal hypocalcemia has also been shown to respond
to 25-OH-D,.64.147 1q,25-dihydroxycholecalciferol can
be useful when 1a hydroxvlase activity is low or-absent
such as in renal disease, vitamin D-dependent rickets, or
pseudohypoparathyroidism.

Ergocalciferol (vitamin D,) and DHT have also been
used in the treatmentr of chronic hypocalcemia. The doses
of vitamin D, or DHT required are generally higher than

- with the vitamin D; derivatives, but treatment with D, is

less expensive than with the calciferol derivatives.

When hypomagnesemia is the cause, magnesium can
be replaced by the administration of MgSO, - 7H,0
either intramuscularly or intravenously. Because of the
painful effects of intramuscular medication, a continuous
intravenous infusion of 48 meq/24 h may be preferable
(see Chap. 34 for further details of treatment of hypo-
magnesemia).

Hypercalciuria usually ensues when serum calcium
returns to normal. This increases the risk of nephroli-
thiasis and nephrocalcinosis. Trearment with a low-salt
diet and thiazide diuretics may help to diminish hyper-
calciuria and avoid its consequences.
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34 HYPOMAGNESEMIA AND MYPERMAGNESEMIA
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of serum magnesium levels are obviously required. The
~atient’s response to therapy dictates the quanrity of ad-
zional doses.

HYPERMAGNESEMIA AND MAGNESIUM
TOXICITY

Since large loads of magnesium can easily be eliminated
in the urine when renal function is normal, it is unusual to
encounter hypermagnesemia in the absence of azotemia.
Some of the conditions in which hypermagnesemia have
been noted include (1) acute and chronic renal failure,
:2) adrenal insufficiency, (3) magnesium therapy for
eclampsia (the hypermagnesemia also affecting the in-
fant), and (4) during the administration of pharmacologic

doses of magnesium and use of magnesium-containing. .
oral purgatives, rectal enemas, or antacids, especially in -

patients with impaired renal function. Absolute magne-
sium excretion falls as the GFR declines; this may result
in hypermagnesemia. As long as the patient remains on a
normal diet, the serum levels of magnesium will stabilize
at approximately 2.5 meq/liter. However, when panients
with chronic renal failure are treated with magnesium-
containing antacids, the plasma level can reach 4 1o
¢ meg/liter, a value often associated with signs and
‘mptoms of toxiciry.

Elderly subjects are more likely to develop magne-
slum toxicity, because renal function declines with age
and magnesium-containing antacids or vitamins are com-
monly consumed by this group.

The principal sources of magnesium in medications
¢an be classified as antacids, laxatives, and urologic irni-
gation solutions. Table 34-5 lists the most commonly
used prescriptions associated with magnesium toxiciry in
patients with reduced renal function.

Signs and symptoms

The signs and symptoms of hypermagnesemia reflect the
‘on’s action on the nervous and cardiovascular systems.
Deep tendon reflexes are usually lost when blood magne-
sium concentration exceeds 6 meg/liter. Respiratory pa-
ralvsis, narcosis, hypotension, and a prolonged P-R

- interval with abnormal cardiac conduction may occur as
blood levels of magnesium approach 10 meq/liter, and
complete heart block may occur at levels approaching
15 meq/liter.

Several reports have suggested a relationship berween
the blood levels of magnesium and symptoms. However,
*here seems to be a great deal of individual varability.
While some patients have reported drowsiness and al-

‘ed levels of consciousness at levels of 5 meg/liter, oth-
» teported normal mental and CNS responses during

mild hypermagnesemia.!2%-154.158 The most common
clinical signs and symptoms described in patients whose
blood magnesium increased to 4 meg/liter were drowsi-
ness, lethargy, and diaphoresis.

Treatment

Discontinuation of the patient’s exposure to magnesium,
coupled with the intravenous administration of calcium -
compounds, is the inirial step in trearing sympromatic
hypermagnesemia. The administration of 5 to 10 meq
(100 to 200 mg) of elemental calcum may be adequate
to reverse the manifestations of hypermagnesemia, but
greater amounts may be required. Peritoneal dialysis or
hemodialysis may be needed 1o lower the concentraton
of blood magnesium in patients with severe hypermag-
nesernia. :

MAGNESIUM METABOLISM IN RENAL
FAILURE

Renal failure may be associated with disturbances in sev-
eral aspects of magnesium metabolism. These include the
renal handling of magnesium, its concentration in blood,
tissue content, intestinal absorption, and overall balance.

RENAL HANDLING OF MAGNESIUM IN
RENAL FAILURE

The daily urinary excretion of magnesium is usually
reduced in padents with advanced renal fail-
ure.123:129,157,169 In 50 patients with creatinine clear-
ance of 1 to 30 ml/min studied in our laboratory, the
urinary excretion of magnesium per 24 h ranged between
12 and 133 mg with a mean of 57 = 31 (SD) mg. Only
two-thirds of the parients had significant reduction in
their excretory rates; the other one-third had either nor-
mal or increased excrerion of magnesium.?23 In patients
with uremia and salt wasting, such as those with chronic
interstirial nephritis, the 24-h urinary excrerion of magne-
sium may be normal or high,'2? and renal magnesium
wasting has been reported in few such patients.12?

The fraction of filtered magnesium excreted (frac-
tional excrerion) increases as renal failure pro-
gresses40.78,123,124.157. the increment is more marked
when the GFR is less than 10 ml/min. It is important to
consider the changes in the fractional excretion of mag-
nesium in terms of the renal handling of sodium, since
in rubular reabsorption these two ions are interre-
lated.3051.104 [ndeed, there is a positve and significant
correlation berween the fractional excretion of magne-
sium and that of sodium in partients with GFRs below

L-53
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2438 PART 6 SYSTEMIC DISORDERS

tored setting via a large-bore peripheral venous catheter ora
central venous access. 2332 )

Buming at the jnfusion site is the_most cosmmon side
effect of IV potassiumn administration. Slowing the rate of
infusion will usuallv decrease venous irritation. The most
important potential risk of intravenous potassium adminis-
tration is acute hvperkalemia, which is most likely in patients
with renal insufficiency. Thus particular caution should be
used in these individuals If dysrhythmias (e.g.. frequent
premature ventricular contractions [PVCs], heart block,
tachvcardia, and widening of the QRS complex) develop, the
potassium infusion should be discontinued immediately.

Oral potassium is preferred for mild hypokalemia. Several
oral preparations are available in liquid or tablet form.-Al-
though liquid preparations are typically better absorbed,
matrix tablets are often better tolerated. Hypokalemia can
be effectively corrected with oral supplements, and large
amounts of orally administered potassium can be given to
increase serum levels rapidly.

Potassium can be given as the chloride salt in most pa-
tients. Potassium phosphate, rather than potassium chloride,
may be given if there is associated hypophosphatemia (e.g.,
in diabetic ketoacidosis). Patients with distal RTA should
be treated with potassium bicarbonate, potassium citrate, or
gotassium gluconate, which provide both potassium and

ase equivalents. The hypokalemia of proximal RTA may be
better treated with potassium chloride because the adminis-
tered base cannot be reabsorbed well proximally and can
obligate potassium loss when it reaches the distal tubule.

Hyperkalemia

Etiology )

General. Hyperkalemia has been estimated to occur in
1% to 2% of hospitalized patients.24 Hyperkalemia may be
the result of (1) increased intake or enhanced potassium
absorption, (2) impaired potassium excretion, or (3) shifts of
potassium out of cells into the serum (Box 145-6).

Pseudohyperkalemia. When faced with a report of a
" high serum potassium level, the EP should first consider the
possibility of laboratorv error. Hemolysis during phle-

‘botomy, as may occur when hlood is obtained with a small -

needle or sampled in a high-vacuum tube. releases potas-
sium into the sample and causes a spuriously high potassium
level to be measured.®? Laboratory technicians usually note
the presence of pink serum, indicating hemolvsis. Pseudo-
hyperkalemia may also occur when potassium is released
from platelets in patients with severe thrombocytosis or from
leukocytes in patients with extreme leukocytosis.3?

Increased intake. Hyperkalemia rarely results from in-
creased potassium intake. This is more common when
potassium supplements are inadvertently taken by patients
with renal insufficiency or in those taking a potassium-
sparing diuretic or an ACE inhibitor.33 Parenteral medica-
tions such as penicillin and carbenicillin, as well as transfused
blood, also contain significant amounts of potassium and may
precipitate hvperkalemia.

Impaired Excretion. Renal insufficiency (i.e., decreased
GFR), defects in tubular potassium secretion, or hypoaldos-
teronism can cause hyvperkalemia. As GFR decreases to
approximately 5 to 15 ml/min, excretion of the normal daily
potassium load is impaired. Defects in tubular potassium

T R wERAT, B Tt v
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BOX 145-6 Causes of Hyperkalemiy :

I. Psendohyperkalemia
A. Hemolysis of sample
B. Thrombocytosis -
C. Leukocytosis
D. Laboratory error
II. Increased potassium intake and absorption
A. Potassium supplements (oral and parenteral)
B. Dietary—salt substitutes
C. Stored blood
D. Potassium-containing medications
- I11. Impaired renal excretion
A. Acute renal failure
B. Chronic renal failure
C. Tubular defect in potassium secretion
. Renal allograft
. Analgesic nephropathy
. Sickle cell disease
Obstructive uropathy
Interstitial nephritis
Chronic pyelonephritis
K-sparing diuretics -

hd
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Miscellaneous (lead, systemic lupus enthematoy
sus, pseudohypoaldosteronism) =z

D. Hypoaldosteronism CE
1. Primary (Addison’s disease) 3
2. Secondary =
a. Hyporeninemic hypoaldosteronism (tvpe IV <
RTA) 5
b. Congenital adrenal hvperplasia ’
¢. Drug-induced

i. Nonsteroidal antinflammatory medicatians
ii. ACE inhibitors
iv. Cyclosporine
IV. Transcellular shifts
. Acidosis
. Hypertonicity
. Insulin deficiency
Drugs =~
1. Beta blockers
2. Digitalis toxicity
3. Succinylcholine
E. Exercise
F. Hyperkalemic periodic paralysis
V. Cellular injury
A. Rhabdomvolysis
B. Severe intravascular hemolysis
C. Acute tumor lysis syndrome
D. Bums and crush injuries

ONw

' . . , s A}
excretion are associated with a number of conditions. H;

poaldosteronism may be the fesult of causes as varied as &P
IV RTA, Addison’s disease, nonsteroidal antiinflammato®.
drugs (NSAIDs), and ACE inhibitors.333

Transcellular Shifts. Transcellular potassium shifts (¢§-
acute acidosis, @-receptor stimulation, or B-receptor antag®

656 &
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. are another major cause of hyperkalemia. Periodic
= sisis an inherited disorder characterized by hyperkale-
F.ﬂ?._m_\-ed b cellular efHux of potassium associated with
= . . ercise. infection, and diet. Drugs may also
eSS0 .anscellular potassium shifts. Digitalis poi-

{h Na-a ATPase pump. with resultant hyperkalemia

o gevere Cilses. Succinvlcholine causes transient potassium
because of depolarization of the muscle cell mem-

2435 High-dose trimethoprim-sulfamethoxazole has

aso been implicated in hyperkalemia, especially with con-
tant renal insufficiency.363% S SR

Celular Injury. Life-threatening
sult when large amotnts of ‘potassium are released from
&maged <. Rhabdomyolvsis. tumor cell necrosis, and
pemol: “nportant causes.2®* Acute renal failure that
may be wso wted with these conditions impairs potassium
ecretion. further exacerbating endogenous hyperkalemia.

Cinical Features. Cardiovascular and neurologic dys-

. fonction are the primarv manifestations of hyperkale-
... gia 3335 Patients may have a variety of dysrhythmias, includ-
e “Jeg second- and third-degree heart block, wide-complex
3 ia, ventricular fibrillation, or even asystole. The

S22 deptrocardiogram (EKG) can provide valuable clues to the

- '-_*i,aence of hunerkalemia. As potassium levels rise, peaked T
—waves ar. ... ~.rst characteristic manifestation. Further rises
*." gre associated with progressive EKG changes including loss
-+ of the P waves and widening and slurring of QRS complex.
Eventually the tracing assumes a sine wave appearance, fol-
lowed by ventricular fibrillation or asystole.3! Concomitant
alkalosis, hypernatremia, or hypercalcemia antagonizes the
membrane effects of hvperkalemia and may delay or dimin-
ish the characteristic EKG findings.

Neuromuscular signs and svmptoms of hyperkalemia in-
dude e+’ cramps, weakness, paralvsis, paresthesias,
tetanv. .. cal neurologic deficits, but these are rarely
specific enough to suggest the diagnosis in themselves.29.30

Management

Monitor. All patients with suspected hyperkalemia should
be on a cardiac monitor with attention paid to the morphol-
vzvof the T waves and QRS complex. Peaked T waves, loss
of the P waves. slurring of the QRS, and second- or third-
“reree heart block all suggest hvperkalemia and are indica-
don< for immediate therapy.

Ce ©  “-atment of the hvperkalemic patient is di-
s © . .ntagonism of the membrane effects of hyper-
et promotion of transcellular potassium shifts, and
emoval of potassium from the bodv. Immediate antagonism
ot potassium at the cardiac membrane is achieved with IV
“ministration of calcium chloride or gluconate. This is indi-
“tted in patients with unstable dysrhythmia or hypotension.
> eral ampules of calcium (10 ml of 10% solution) may be
"uired 233033 Because of the brief duration of action (a

mptly.33
_So. jicaIr)bonate. Sodium bicarbonate infusion pro-
0tes wshiitt of potassium into cells. One ampule (44 mEq)
b uulq be given by slow IV push over 5 to 15 minutes. The
“Mration of action is approximately 2 hours.2? Sodium bicar-
onate should be used with caution when hypertonicity,
lume overload. or alkalosis pose a risk to the patient.
Iarhonte therapy is less efficacions than insulin or al-

N

hyperkalemia may re--

CHAPTER 145 ELECTROLYTE DISTURBANCES 2439

“buterol and may be relegated to third-line treatment behind
calcium and insulin or glucose 3940

Glucose and Insulin. Cellular uptake of potassium can
also be induced with a regimen of intravenous glucose and
insulin. Regular insulin (10 to 20 U) may be given by bolus
infusion. Dextrose should be administered to euglvcemic
and diabetic patients with blood glucose below 250 to pre-
vent hypoglycemia. This combination takes longer to pro-
duce an effect (30 minutes) but lasts 4 to 6 hours.33 Rapid
infusion of hypertonic glucose solution may transiently exac-
erbate hyperkalemia by its osmotic effect on cells.

Beta-2 Agonists. The known effect of B,-agonists to
cause movement of potassium into cells may also be har-
nessed to lower the serum potassium level acutely. Treat-
ment with nebulized albuterol (5 to 20 mg) lowers the serum
potassium level for at least 2 hours.#142

Exchange Resins. Definitive treatment for hyperkalemia
remains the removal of potassium from the body. The use of
exchange resins (e.g., sodium polystyrenesulfonate, Kayex-
alate) and hemodialysis are two such options. Given orally or
rectally, Kayexalate can remove approximately 1.0 mEq of
potassium for each gram of Kayexalate given. Twenty grams
of Kayexalate in a2 70% sorbitol, given orally, produces effects
in 1 to 2 hours. Rectal enemas of 50 gm of Kavexalate,
retained for 30 minutes, work in approximately 30 minutes.
Kayexalate should be used with caution in patients with poor
cardiovascular reserve because there is a potential to
exacerbate volume overload.z

Dialysis. Hemodialysis corrects hyperkalemia rapidly,
and consultation with a nephrologist is indicated in the
unstable hyperkalemic patient with newly diagnosed or
chronic renal failure. Hyperkalemia resulting from severe
rhabdomyolysis is difficult to treat with the usual measures
and also mandates consultation for emergent dialysis. Dialy-
sis removes potassium from the blood only, and subsequent
shifts of intracellular potassium may cause rebound hyper-
kalemia. Even during CPR, dialysis can be effective in treat-
ing hyperkalemia-induced cardiac arrest.+

General. Treatment of any underlying causative disorder
should be initiated at the same time as therapy for hvperkale-
mia. This may include the treatment of rhabdomyolvsis with
fluids and bicarbonate; treatment of Addison’s disease with
corticosteroids, IV fluids. and glucose; treatment of digitalis
toxicity with digoxin-binding antibodies; or discontinuation
of drugs that may have precipitated hyperkalemia.

Patients with hyperkalemia should be admitted to a moni-
tored bed, with care provided by a clinician skilled in the
treatment of electrolvte disorders.

CALCIUM

Physiology

Hundreds of enzymatic reactions are mediated by changes
in intracellular calcium. Cellular growth and reproduction.
membrane integrity, receptor activation, neurotransmission,
glandular secretion, enzyme activation, muscle contraction,
cardiac contractility, platelet aggregation, and immune func-
‘tion all depend on the precise regulation of free calcium.
There is also evidence that cellular injury, and ultimately cell
death, are mediated by changes in free intracellular

calcium. .+ é -5 7
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The adult human bodyv contains approximately 1.200 gm
of culcium. more than 99% of which is found in the min-
eral component of bone. The remaining 1% is distributed
in three ditferent plasma fractions. Approximately 50% is
bound to serum proteins. primarily- albumin: 10% is com-
plexed with serum anions (phosphate, bicarbonate, citrate.
lactate); and 40% is in the free ionized state. Ionized calcium
is the phyvsiologicallv active form. and concentrations are
tightlv regulateg by the endocrine svstem. 3546

Dietary calcium is absorbed in the proximal intestine
through both active and passive processes. Absorption is
enhanced by the action of vitamin D. In the kidneys, 99% of
the filtered load of calcium is reabsorbed. Approximately
90% of calcium reabsorption occurs passively in the proximal
tubule and loop of Heﬁe. The remaining 10% occurs in the
distal tubule under the control of parathyroid hormone
(PTH). A fall in free serum calcium stimulates the release of
PTH, which in turn increases reabsorption.4” PTH also
mediates the hydroxylation of vitamin D to its active form,
1,25-dihydroxycholecalciferol (1,25-DHCC). "~

The skeleton acts as a calcium pool that buffers acute
changes in serum concentration. When the serum calcium
falls, PTH stimulates an increase in bone turnover and the
release of calcium into the serum. A rise in serum calcium
suppresses PTH production and causes the release of calci-
tonin. Calcitonin decreases osteoclastic activity and en-
hances skeletal deposition of calcium.

The serum calcium level reflects the net outcome of sev-
eral processes. On one hand, intestinal absorption and bone
resorption add calcium to the blood; on the other, calcium is
lost from the blood by renzl excretion, skeletal uptake, or
abnormal deposition in soft tissues. A decrease in the serum
ionized calcium activates the PTH-vitamin D system to in-
crease the entry of calcium into the blood from the bone and
gastrointestinal tract. A rise in the serum calcium suppresses
the PTH-vitamin D system and increases the release of
calcitonin, which decreases calcium entry into the blood.

Most hospital laboratories measure total serum calcium
concentrations. Normal values range from 8.5 to 10.5 mg/dl.
However, the total serum calcium is often a poor indicator
of the ionized calcium status. Several factors may influence
the measurement of the total serum calcium, irrespective of
the jonized calcium.#8 Alterations in serum protein concen-
trations {primarilv albumin) affect the total calcium. A de-
crease in albumin concentration will lower the measured
serum calcium. and an increase will raise it. Physiologicallv
this change is not of significance because the ionized calcium
remains unchanged. A corrected serum calcium that ac-
counts for changes in serum albumin concentrations can be
calculated as follows:

Corrected calcium = Serum caleium (mg/dl) +
0.8[4 - Serum albumin (gm/dl)]

This formula is onlv an estimate, however, and the ionized
calcium should be measured whenever hvpocalcemia is sus-
pected.* Currently available blood gas analyzers are capable
of measuring ionized calcium from a sample of blood or
serum. The normal range is 1.00 to 1.15 mmol/L.5¢
Changes in acid-base status influence the ratio of bound
to ionized calcium without altering the total measured cal-

BOX 145-7 Causes of Hypocaleemh :

[. Parathyroid hormone insufficiency
A, Primany hvpoparathvroidism
1. Congenital svndrones
2. Maternal hvperparathvroidisin
B. Secondanv hvpoparathvroidisin
. Neck surgerv
Metastatic carcinoma
Infiltrative disorders » _
Hypomagnesemia. hypermagnesemia .y
Sepsis ’ '
Pancreatitis
Burns
~8. Drugs {chemotherapeutics. ethuanol. cimetid;
IL. Vitamin D insufficiency
A. Congenital rickets
B. Mainutrition

SUO U o 1o

Qo

- :C. . Malabsorption~:- .. -

'D. Liver disease
E. Renal disease
1. Acute and chronic renal failure
2. Nephrotic syndrome
F. Hypomagnesemia
G. Sepsis
H. Anticonvulsants (phenytoin, primidone:
HI. Parathyroid hormone resistance states (pseudohypd
parathyroidism) :
Calcium chelation
A. Hyperphosphatemia
B. Citrate
C. Free fatty acids -
D. Alkalosis
E. Fluoride poisoning

~

v.

cium. Acidosis decreases calcium binding to albumi
alkalosis increases binding. Thus acute changes in blod
may have important physiologic effects by changing thel§
ized calcium even when the total serum calcium redi
unchanged. +

Hypocalcemia
Etiology. The causes of ionized hyvpocalcer aare m
ous (Box 145-7) and can be divided into disurders &
PTH insufficiency, vitamin D insufficiency. PTH resisle
states, and calcium chelation.31-33 :
Parathyroid Hormcne Insufficiency. PTH insufd
may be due to either primary or secondarv h}f?
roidism. Primarv hypoparathvroidism is rare anc is @
congenital. Congenital syndromes that may cause It
athyroidism include DiGeorge syndrome (branchial
brvogenesis with pamth;rog aplasia and thymic a2
idiopathic hypoparathyroidism (hypoparathyricism:
function of the adrenals, thyroid, and gonads: 2
vitiligo; pernicious anemia; mucocutaneous mOR
Kenny’s syndrome (hvpoparathvroidism. macrocH
ophthalmic abnormalities. growth retardation. and K

6-58
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\alities); and Kearns-Sayre syndrome (hypoparathy-

sqn. retinitis, ophthalmoplegia, and cardiac conduc-

o Jbnormalities). Maternal hypelgarathyroidism may

. in fetal parathvroid hvpop and transient
';m! lism, >33
- 'S - -
ety o poparathyroidism is more common and is

ot OltEN jatrogenic, resulting from inadvertent removal of
& srathyroid glands or disruption of the vascular supply
sy parathyroid, thyroid, or carotid surgery. Permanent
- ewcaulcemia is the usual consequence. Excision of a func-
woul parathyroid adenoma, leaving only the chronically
aporessed but otherwise unaffected parathyroid tissue,
xres ipocalcemia that usually resolves over several days.
yeastatic carcinoma or infiltrative disorders (including
sk wsis, sarcoidosis, and Wilson's disease) may
gsrov , - oroid tissue and cause hypocalcemia 5659
sxh severe hvpomagnesemia and hypermagnesemia may
ir the release of parathyroid hormone.8%-62 A number of
iwes mav suppress parathyroid function, including chemo-
utic agents, cimetidine, and ethanol. Sepsis rhab-
domvolvsis, and pancreatitis are other causes of secondary
poparathvroidism.63-66
Deficiency of Vitamin D. Vitamin D deficiency may result
a hwpocalcemia because of decreased gastrointestinal
aaum '~ ~tHon. Nutritional vitamin D deficiency is rare
sthe Ui >tates owing to the fortification of milk. Nev-
emtheless. it can occur when exposure to sunlight is limited,
especially in the elderly. chronically ill, or debilitated patient.
(uldren of mothers with vitamin D deficiency may be born
wth congenital rickets. Characteristic findings include hypo-
axvmia. hvpophosphatemia, and specific radiographic find-
o widening of the distal radius and ulna, craniotabes).6%
Vaumin D insufficiency resulting from intestinal malabsorp-
un may oceur in patients with small bowel or biliary disease
#aune  vocrine failure. Cholestyramine may also pre-
w#n2twh  vitamin D absorption.3* Once absorbed, vita-
=1 is hydroxylated in the liver and kidney to its active
v*m. 1.25-DHCC. Hepatic and renal disease may both lead
* ‘nadequate activation of the vitamin. Hypercatabolism of
<4min D may occur in association with agents that stimulate
" nepatic microsomal oxidase svstem, such as the anticon-
“-unts phenytoin and primidone.58-69

Parathyroid Hormone Resistance States. PTH resis-- _
wuv states are termed pseudohypoparathyroidism. These

-l

ndromes are characterized by renal unrespon-
T H and resultant parathyroid hyperplasia.?0-"!

v «iated phienotvpic anomalies include short stature, men-
« ~trdation, dental abscesses, short fourth metacarpals
Sietatarsals, thickened calvaria, and ectopic calcification.

;o skeletal malformations are termed Albright's heredi-
" steodvstrophy. ™ Differentiation from hypoparathy-
“ iy based on elevated PTH levels and a lack of in-
v nrinary evelic adenosine monophosphate (cAMP)
< PTH administration.

s i is common in patients with chronic renal
esults from vitamin D deficiency, impaired

EURHA

“Tiemsioess to PTH. and phosphate retention. Generally.— - -

7Y patients are as\inptomatic, possibly because of a pro-
- vttect of systemic acidosis. However, rapid correction
“tabolic acidosis with exogenous sodium bicarbonate
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may precipitate severe hvpocalcemia, often causing tetany
and seizures.

Calcium Chelation. Calcium complexes with several dif-
ferent substances in serum, including proteins, fatty acids,
and anions. Increases in the concentration of these sub-
stances may thus result in ionized hy cernia. +5-46 Citrate
is used as a blood preservative and anticoagulant. The citrate
load associated with massive blood transfusion (>6 U) causes
hypocalcemia in up to 94% of patients.”>*> Hypocalcemia is
usually short-lived, and ionized calcium levels return to nor-
mal shortly after transfusion. Because citrate is metabolized
by temperature-dependent enzymes in tissues and excreted
by the liver, hypothermia and hepatic failure are important
risk factors for protracted hypocafcemia after blood transfi-
sion. Citrate is also a-constituent of radiocontrast material,
and hypocalcemia has been associated with the administra-
tion O)EP&‘;SC agents.”® Exogenous administration of phos-
phate and endogenous hvperphosphatemia (e.g., with acute
renal failure, rhabdomyolysis, or tumor lysis syndrome) are
well-known causes of hy cemia.”"""® Exogenously ad-
ministered bicarbonate also complexes with calcium and
may cause symptomatic hypocalcemia. Alkalosis, either
metabolic or respiratory, enhances the binding of calcium to
serum proteins, resulting in ionized hypocalcemia 4548 Free
fatty acids liberated in various conditions (e.g., acute pancre-
atitis, hyperadrenergic states, acute ethanol ingestion) can
chelate free calcium to form calcium soaps.5¢ Fluoride poi-
soning may also cause hypocalcemia. This may occur after
exposure to hydrofluoric acid or ammonium bifluoride, com-
ponents of many household cleaners and rust removers.
These compounds release free fluoride ion, a direct cellular
toxin that binds calcium, forming calcium fluoride. Numer-
ous cases of severe hypocalcemia, cardiac dysrhythmias, and
death have been reported after ingestion, inhalation, or cu-
taneous exposure to these products.81-84

Clinical Features. The clinical manifestations of hypocal-
cemia depend not only on the serum level but also on the
rapidity with which it declines. Although the signs and svmp-
toms of hvpocalcemia are numerous (Box 143-8), the effects
on neuromuscular function predominate.

Neuromuscular. A declining serum calcium level is
associated with progressive neuromuscular hyperexcitability.
CNS manifestations may include depression, irritability,

-confusion. and focal or generalized seizures. 3485 Peripheral

nervous system manifestations include perioral paresthesias,
muscle weakness and cramps, fasciculations, and tetany.+->
Latent tetany can often be demonstrated by eliciting
Chvostek’s or Trousseau's sign. Chvostek’s sign is elicite
bv tapping over the facial nerve and causing twitching of
the ipsilateral facial muscles. Trousseau's sign describes
carpal spasm in response to inflation of an arm blood
pressure cuff to 20 mm Hg above systolic blood pressure
for 3 minutes.

Cardiovascular. Severe hypocalcemia causes a decrease
in myocardial contractility and, rarely, bradycardia, hypoten-
sion, and symptomatic CHF.85% Patients with preexisting
cardiac dvsfunction, and those' taking digoxin or diuretics,
are especially at risk. The EKG maydemonstrate QT prolon-
gation, and an inverse relationship exists between the serum
calcium level and the QT interval. However, the EKG is a

657
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BOX 145-8 Clinical Manifestations
of Hypocalcemia
Neuromuscular Digitalis insensitivity
Paresthesias Q-T prolongation
Muscle weakness Pul )
Muscle spasin monary
Tetanv Bronchospasm
Chvostek's and Trousseau’s Lanngeal spasin
sign ) Psychiatric
H)t'perreﬂexm Anvety
Seizures Depression
Cardiovascular Imtability
Bradycardia Confusion
Hypotension Psvchosis
C;udiac arrest Dementia

poor predictor of hypocalcemia and should not be used to
rule in or rule out this disorder.5”

Pulmonary. Bronchospasm and lanngeal spasm occur
rarely.

Psychiatric. Symptoms and signs ranging from anxety
and depression to psychosis and dementia mav be seen.

Management. In patients with suspected hvpocalcemia
or with a documented low total serum calcium level the first
step in management should be the venfication of true ion-
ized hypocalcemia. When hyvpocalcemia is the presumed
cause of tetany, seizures, hypotension. or dvsrhvthmias, it
may be appropriate to initiate treatment before the ionized
calcium ievel is available. All patients with svmptomatic hy-
pocalcemia should be treated with parenteral calcium. Two
different formulations are readilv avwlable in most EDs:
(1) 10 ml ampules of 10% calcium chlonde. which contain
360 mg of elemental calcium: and (2 10 ml ampules of 10%
calcium gluconate, which contain 93 mg of elemental cal-
cium. For the adult patient. the recommended initial dose is
100 to 300 mg of elemental calcium gven as either calcium
chloride or calcium gluconate. This dose of calcium will
increase the serum ionized calcium for onls u short period of
time (1 to 2 hours) and should be followed by repeated doses
or an infusion at a rate of 0.5 to 2 mg ke hr*+ For neonates,
infants, and children. the recommended initial dose is 0.5
to 1.0 ml’kg of 10% calcium gluconate administered over
3 minutes : -

The most common side effects of IV calcium administra-
tion are hypertension, nausea, vomiting, and flushing.
Bradvecardia and heart block occur in rare cases. Patients
receiving IV calcium should be placed on a cardiac monitor,
and administration should be discontinued if bradycardia
ensues. Calcium should be administered with extra caution
in patients taking digoxin because it may precipitate (or
exacerbate digoxin-induced cardiotoxicity. Because calcium
may cause severe tissue .irritation and necrosis if it extrava-
sates. it should ulwavs be given through a well-functioning
catheter. Whenever possible, calcium chloride should be
diluted in DSW.H-65%

Symptoms that are refractory to appropriate doses of cal-

S0

cium may be due to coexisting hypomagnesemia, In pags
with normal renal function. administration of 2 to 4
10% magnesium sultate should be considered.
Patients with assimptomatic hvpocalcemia may be treg,
with oral calcium supplements. Several different preng.
tions are available (calcium ascorbate. calcim Zlucong.
and calcium lactate). Most patients require 1 to 4 gm
elemental calcium per day in divided doses. .

F il

B

Hypercalcemia .
General. Hypercalcemia is a relatively common megy
disorder. Routine laboratory screening can be e -
detect hypercalcemia in 0.1% to 1.0% of patients. depends;
on the population being screened.*-¥! In most such ¢as,
hypercalcemia is mild (<12 mg/dl) and asvmptomatic,
the finding will rarely have implications for emerger
treatment. Nevertheless hypercalcemia may be an imports
clue to a serious underlying medical disorder. Hvpercak
mic crisis occurs in a subset of patients who have seve
hypercalcemia (usually >14 mg/dl), and is generally axsx
ated with prominent signs and symptoms. In this situatio
immeciate measures to lower the serum calchm®
indicated.9? . g
Etiology. Although there are many causes of hvpercsk

v,

mia, more than 90% of cases result from either prime
hyperparathyroidism or malignancy (Box 143-9).3>-%-<

Primary Hyperparathyroidism. Primary hvpe: _
roidism is the most common cause of hvpercalcemi#
outpatients, representing 25% to 50% of cases.%9" This i
be due to parathyroid adenoma (80%), parathvroid hyp
plasia (15%), or parathyroid carcinoma (5%).%® Hyperpas
thyroidism may also occur in association with other em
crine tumors as part of one of the familial syndromes
multiple endocrine adenomatosis. In primary hvperparatt
roidism, PTH is elevated in more than 90% or cases; t
remaincer of patients have high-normal PTH leveis thata
inappropriate for the degree of hvpercalcemia. An elevat:
PTH level leads to increased bone resorption. a relab
decrease in renal calcium excretion, and increased intesti:
calcium absorption. Patients typically develop hyvpercak
mia, phosphaturia, hypophosphatemia, and a hypercht
emic metabolic acidosis.

Malignancy. Malignancy is the most common cause
hvpercalcemia in hospitalized patients. and hypercalces
is the most common paraneoplastic coniplicatic : of cad®
The reported prevalence of hypercalcemia in the seft
of cancer ranges from 15% to 60% %™ A multitude
solid tumors may cause hypercalcemia. including can¢
of breast, lung, colon, stomach, cervix, uterus. ovar.
bladder, and head and neck. Hypercalcemia is also
with hematologic malignancies such as multiple m}
and lymphoma.!9! Hypercalcemia in patients with ¢
can result from several different mechanisms. The 7
the production of parathyroid hormone—related prot
(PTHRP) by the tumor.iv2-1% This polypeptide B °
mologous to PTH in its first 13 N-terminal amino &

-

- and binds to the PTH receptor. mimicking all the act®

of the hormone. PTHRP is secreted by solid malignd
and their metastases and is not subject to normal fe“n’.
control mechanisms.1%5-1%8 Assavs for PTHRP are 8"‘%

to confirm this cause of cancer-related l\n)erclecem“i
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H\pomngnesemiu has been associated with a wide range
EKG findings including prolongation of the PR, QRS, and
;\)T w-mnls, ST-T segment abnormalities, flattening and

: “:he T wave, and the presence of U waves.230.23!
Thee. 10 -8, however, are nonspecific and may be at least
mpart due to associated hypokalemia. The EKG should thus
not be used to rule out magnesium disturbances.

The relationship between hvpomagnesemia and ischemic
peart disease is hotly debated. Hypomatgnesemia is common
in ED patients with chest pain and in those admitted to the
coronary care unit. 2 Patients who “rule in” for myocardial
infarction are more likely to be hypomagnesemic than those
who do not. This finding has been shown to be independent
of evr 2nt diuretic usage.>33->3 Serum magnesium lev-
eks deviine transiently after acute myocardial infarction, in-
creasing the risk of dysrhythmia 235240 Proposed mecha-
nisms include transcellular shifts of the cation and chelation
with free fatty acids released after acute infarction. Although
several studies demonstrate a benefit of empiric magnesium
sdministration after acute myocardial infarction, the larg-
. est trial to date (ISIS IV) fails to confirm a significant
o9 . benefit 241-248
4 - Management. Because the serum magnesium level is of-
2P - tenaninn.rate reflection of total-body magnesium stores,

%-  this should not be used alone to guide therapy. However,

esium administration is appropriate in patients with a
low serum level (<1.2 mg/dl), as well as in those with a

bypomagnesemia. For life-threatening conditions (dysrhyth-
mias, seizures) in which hypomagnesemia is the suspected
cause, parenteral magnesium should be given. In patients
with normal rena’ function, 2 to 4 gm of £0% magnesium
sulfate '16.% to 33.3 mEq) is a reasonable initial dose. This
should " . . :zed in saline or dextrose and given over 30 to
60 minutes. More rapid administration may result in ve-
nous irritation and phlebitis. Bolus administration should be
avided because this may cause bradvcardia and varying
s of heart block, as well as hypotension. Magnesium
should be administered with caution, if at all, in patients with
AVblock or renal insufficiency. Most of an administered dose
of magnesium is promptly excreted in the urine. Total-body
magnesium repletion therefore requires administration of
@ore = - .ingle dose, generally over days.
- -ent oral magnesium formulations are ava’l-
ale. Precirations of magnesium gluconate, magnesium cer-

&

dte. magnesium oxide, and magaesium chloride each
Prnide different doses of elemental magnesium. Large
of magnesium salts may cause diarrhea. Magnesium as
chloride salt or as enteric-coated tablets (e.g., Slow-Mag)

8 usually better tolerated.

Wrbermagnesemia
EﬁOlcgy

i ... -‘iciency. Hvpermagnesema is a fairly rare
. 'dt{ - Luger normal circumstances the kidneys increase
4 :”ithef'“m excretion as the magnesium load increases. A
dnv2es ;dlﬂt can excrete more than 6 gm of magnesium per
g oY this reason, clinically significant hypermagnese-
iy countered almost exclusively in the setting of renal
; a_:"tenc." (Box 145-13).250-252 Serum magnesium levels
€ Creatinine clearance falls below 30 ml/min and

normal serum magnesium level and symptoms suggestive of -
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BOX 145-13 Causes of Hypermagnesemia
Impaired renal magnesium . Chronic constipation
excretion Bowel obstruction

. Gastric dilatation
Exogenous magnesium Colitis
administration
Antacids . . Miscellaneous
Laxatives Rhabdomyolysis
Cathartics Tumor lvsis syndrome
Dialysate Adrenal insufficiency
Parenteral Hyperparathyroidism
Impaired GI magnesium Hypothyroidism
elimination. : Lithium therapy
Anticholinergics
Narcotics

typicallv reich approximately 2.5 mEg/L as renal function
nears zero.”3 Although severe renal failure alone may cause
symptomatic hypermagnesemia, this is more likely when a
patient with preexisting renal failure is challenged with an
exogenous magnesium load.2>¢ Clinically significant hyper-
magnesemia can be produced even by usual therapeutic
doses of magnesium-containing preparations in patients
with renal insufficiency. Elderly patients misusing over-the-
counter medications are particularly at risk 255

Exogenous Administration. Iatrogenic hypermagnese-
mia may result from parenteral magnesium administration,
excessive magnesium in dialysate solutions, or ingestion of
magnesium-containing antacids or laxatives 256258 Severe
hypermagnesemia may rarely occur in the patient with
normal renal function, but only when such massive magne-
sium loads are administered that magnesium absorption
exceeds the normal renal excretory capacity. IV magnesium
infusion for the treatment of preeclampsia and eclampsia is
a common cause of hypermagnesemia but leads to problems
only when excessive doses are given or when renal function
is compromised. Another “situation particularly relevant
to the EP is multiple-dose administration of magnesium-
containing cathartics during overdose management. Al-
though several case reports document severe hvpermagne-
semia in this setting, clinically significant hvpermagnesemia
is rare in the absence of preexisting renal insufficiency,258-263
A recent review of 102 patients receiving multiple doses of
magnesium citrate during overdose management (mean
dose 9.22 gm) reports only modest rises in serum magne-
sium, with no clinically significant side effects.2&*

Impaired Gastrointestinal Elimination. Decreased GI
motility may cause an increase in the absorption of
magnesium-containing substances and result in toxicity. This
may occur after the ingestion of certain drugs (e.g,
anticholinergics, narcotics) or in patients with hvpomotility
disorders (chronic constipation, colitis, bowel obstruction,
gastric dilatation). Although symptomatic hypermagnesemia
is more likely in patients with preexisting renal insufficiency,
it has been reported in patients with normal renal
function.265-26% é -6/



Hyperkalemia and Hypokalemia

ONE of the most common disorders encountered in clinical
medicine is abnormal potassium metabolism resulting in
either hyperkalemia or hypokalemia. In a healthy person,
potassium balance is a function of oral intake and renal
excretion. On a normal daily oral intake of 40 to 100 mEq,
the urinary potassium excretion varies between 40 and 90
mEq/24 hr. Only small amounts of potassium are normally
excreted through sweating and fecal excretion; however,
substantial potassium wasting can occur in cases of severe
sweating or gastrointestinal disease (usually diarrhea,
vomiting, or fistulae).

The regulation of potassium excretion is dependent on
renal function, total body potassium content, acid-base
balance, delivery of sodium to the distal nephron, and
mineralocorticoid secretion. Acidosis, decreased total body
potassium content, decreased sodium delivery to the distal
tubule, and mineralocorticoid insufficiency are associated
with decreased potassium excretion. In contrast, alkalosis,
increased total body potassium content, increased urinary
sodium excretion, and mineralocorticoid excess favor in-
creased potassium excretion.

As the relative concentrations of intracellular to extra-
cellular potassium in part determine the excitability of bi-
ological membranes, changes in potassium metabolism
may be reflected in increased or decreased excitability of
neuromuscular tissue. The rate of change of potassium
stores is of primary imporiance in the expression of clini-
cal toxicity, for rapid increases or decreases in the serum
potassium level may seriously alter membrane potential,
resulting in either decreased or enhanced .polarization.
Slowly developing changes in the serum potassium level
may be compensated by potassium fluxes across the cellu-
lar membranes, thus maintaining a normal extracellular
to intracellular ratio. Hyperkalemia subsequent to acute
renal! insufficiency nroduces neuromuscular dysfunction

From the Endocrine-Metabolic Unit, Peter Bant Brigham Hospital, and
the Department of Medicine, Harvai~ Medical School, Boston.
Reprint requasts to Petar Bent Brigham Hospngl, 721 Huntington Ave,

Bosten, MA 02115 (Or, Diuhy)

JAMA, Feb 10, 1676 » voi 231,  §

Stephen R. Newmark, MD, Robert G. Diuhy, MD

and cardiac arrhythmias more frequently than a compa-
rable degree of hyperkalemia with chronic renal failure.

Although small elevations or decreases in the serum po-
tassium level ordinarily do not produce symptoms and do
not require treatment, extreme hyperkalemia or hypoka-
lemia may constitute a medical emergency. We present
the management of acute potassium intoxication and se-
vere potassium depletion.

Hyperkalemia

Diagnosis and Clinical Presentation.—Common clinical
situations where hyperkalemia is encountered include
acute renal failure (occasionally chronic renal failure);
potassium-sparing diuretics (such as triameterene and
spironolactone); excessive parenteral administration of
potassium, including blood transfusions; hyperkalemic pe-
riodic paralysis; excessive amounts of orally administered
potassium, usually in the setting of renal insufficiency; se-
vere acidosis; trauma with musele necrosis; and adrenal
insufficiency.'** (Hyperkalemia secondary to adrenal insuf-
ficiency should be treated by rapid volume expansion with
saline and appropriate steroid therapy. The treatment
program was outlined in an earlier article in this series.)
Most cases of severe potassium intoxication occur in the
setting of compromised renal function.

Artifactual elevation of the serum potassium level may
be seen in conditions associated with thrombocytosis as
the platelets release potassium within the collection tube,
or with hemolysis within the collection tube. If plasma po-
tassium samples are obtained in these conditions, the po-
tassium level will not be elevated because the anti-
coagulant in the tubes will retard hemolysis.

Levinsky* considers hyperkalemia minimal when the po-
tassium level does not exceed 6.5 mEq/liter, moderate hy-
perkalemia when the potassium level is between 6.5 and
8.0 mEq/liter, and severe hyperkalemia when the potas-
sium level exceeds 8.0 mEq/liter. Clinically, symptomatic
hyperkalemia (lassitude, fatigue, and weakness) occurs
when the serum potassium level exceeds 6.5 mEq/liter.
Neurological examination usually discloses weakness or
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incipient paralysis, decreased reflex response, and pares-
thesias. When potassium exceeds 8.0 mEq/liter, complete
neuromuscular paralysis may dominate the clinical
picture.

The major life-threatening aspect of untreated hyper-
kalemia, however, is its effect on the cardiovascular sys-
tem, where bradycardia, vascular collapse, and cardiac ar-
rest may rapidly develop. Although the correlation
between electrocardiographic changes and the serum po-
tassium level is not precise, a progression of electrocardio-
graphic changes generally precedes cardiac arrhythmias
and, thus, serves to warn of an impending cardiac arrest.
As serum potassium exceeds 5.5 mEq/liter, there is a
peaking of the T waves, although this is not specific for
hyperkalemia. When the potassium exceeds 6.5 mEq/liter,
the QRS complexes widen. With further increases in se-
rum potassiom, the P wave amplitude diminishes and the
P-R interval is prolonged. As the serum potassium exceeds
7.5 to 8.0 mEq/liter, the P wave may disappear, and the
widened QRS complex resembles a sine wave. Ventricular
fibrillation or standstill will rapidly follow the late
changes unless treatment is initiated. Generally, hyper-
kalemia should be treated immediately if the serum potas-
sium level exceeds 6.5 mEq/liter or if cardiac arrhythmias
are present.

Treatment of Hyperkalemia.—Treatment of hyperkalemia
can be considered in two parts. The first urgent consid-
eration is the rapid reversal of the cardiac abnormalities;
the second is the lowering of the serum potassium level.

1. Treatment of Hyperkalemic Cardiac Tozicity.—One
ampule of 10% calcium gluconate or 10% calcium chloride
administered intravenously for five to ten minutes will
immediately revert to normal the electrocardiographic
sine wave or widened QRS complex of hyperkalemis.
However, this effect will last only as long as the calcium is
infused; therefore, calcium should be repeatedly adminis-
tered at a rate that will keep the ECG normal until other
treatment measures have been successful in decreasing
the serum potassium level. Constant electrocardiographie
monitoring is required. As this method is transitory and
will not lower the serum potassium level by itself, other
methods must be instituted to reverse the hyperkalemia.

2. Treatment of Hyperkalemia.—INFUSION OF Sobrum
BicaArRBONATE.~The rapid intravenous infusion of 1 ampule
of sodium bicarbonate (NaHCQ,), 44 mEq, for five to ten
minutes will lower the serum potassium level by increas-
ing the blood pH and causing potassium to move intracell-
ularly. For each 0.1 unit rise in the blood pH, the serum po-
tassium level will decrease by 0.5 to 1.0 mEq/liter. After
the initial rapid infusion of NaHCO, the patiant should re-
ceive 2 to 3 ampules of NaHCO, in a continuous intra-
venous infusion each hour. Rapidly effective bicarbonate
therapy, however, only transfers potassium from extra-
cellular to intracellular sites. Once the bicarbonate infu-
sion is terminated, the potassium level will slowly rise as
the pH declines.

GLUCOSE AND INSULIN.-Intravenously administered
glucose will decrease the serum potassium level by in-
creasing glycogen and p~tassium storage and by faeil-
itating intracellular transport of potassium. Insulin is
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generally given with the parenterally administered glu-
cose to facilitate the glucose action. Usually, 500 to 1,000
ml of 10% dextrose is given intravenously over one hour
along with 10 to 15 units of regular insulin given either
subcutaneously or placed in the intravenously adminis-
tered solution. Like the infusion of bicarbonate, the
method serves only to temporarily transfer potassium
from extracellular to intracellular sites and once termi-
nated will result in the potassium level slowly rising again
to hyperkalemic levels.

SopruM BICARBONATE AND GLUCOSE THERAPY.—So-
dium bicarbonate and glucose therapies can be combined
in the treatment of hyperkaleiaia. After the patient has
been given 1 ampule of NaHCO, intravenously for five to
ten minutes, 1,000 ml of 10% dextrose with 2 to 3 ampules
of NaHCO, can be given for one to two hours. Ten units of
regular insulin may be given subcutaneously at the begin-
ning of the infusion.

IoN ExcHANGE REesmvs.—Cation-exchange resins (poly-
styrene sodium sulfonate [Kayexalate]) given as a
retention enema will slowly lower the serum potassium
level by exchanging sodium for potassium ions, thus facil-
itating an actual removal of excess potassium from the
body. Generally, 30 gm of polystyrene are suspended in
100 to 200 ml of solution and administered as a high-reten-
tion enema for four hours; usually 1 mEq of potassium is
exchanged for each gram of polystyrene. This can be re-
peated two or three times a day, but care must be taken
not to overload the patient with sodium. Polystyrene, ad-
ministered in a sorbitol solution, can also be administered
orally two to four times daily. These methods are useful to
remove an excess of total body potassium but do not act
rapidly enough to treat acute hyperkalemia. Therefore,
the other methods described should be applied first to
treat severe crisis.

PERITONEAL - DiaLysis AND HEMoDIALYSIS.—Hemodi-
alysis and peritoneal dialysis are effective methods for the
removal of potassium from the body, but generally are too
slow to be useful in the treatment of acute hyperkalemia.
In the management of acute and chronic renal fzilure, di-
alysis will effectively control uremia and other electrolyte
disorders and can also be used to control the serum potas-
sium concentration.

Summary of Treatment of Hyperkalemia ‘

1. Obtain serum electrolyte, blood urea nitrogen, and
blood pH levels, and take an electrocardiogram.

2. If the ECG shows QRS widening, sinus arrest, or repre-
sents a sine-wave appearance, administer 10 to 20 ml of
10% calcium gluconate intravenously for 10 minutes.
Repeat if necessary to maintain normal ECG.

3. For less severe electrocardiographic abnormalities, ad-
minister 1 ampule of sodium bicarbonate intravenously
for five to ten minutes, then infuse 2 to 3 ampules of so-
dium bicarbonate intravenously for one to two hours.

4. Alternatively, infuse 500 to 1,000 ml of 10% dextrose in
water for one hour along with 10 units of regular insu-
lin subcutaneously.

5. Steps 3 and 4 can be combined by infusion of 1,000 ml of
10% dextrose and water with 2 to 3 ampules of sodium
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bicarbonate for one to two hours intravenously. Give 10
units of regular insulin subcutaneously at the begin-
ning of the infusion.

6. Begin administration of polystyrene either as a reten-
tion enema or orally (with sorbitol) to remove excess
potassium stores.

Hypokatemia

Diagnosis and Clinical Presentation.—Hypokalemia is
usually secondary to inadequate intake of potassium or to
excessive gastrointestinal loss of potassium (eg, vomiting,
diarrhes, fistulae), or renal loss (especially secondary to
diuretics). Less often glucocorticoid or mineralocorticoid
therapy, Cushing syndrome, primary or secondary aldos-
teronism, or rarely hypokalemic periodic paralysis will be
responsible for a hypokalemic state. As the serum potas-
sium level decreases below 3.5 mEq/liter, the patient may
experience weakness and lethargy. If the potassium level
declines below 2.5 mEq/liter, anorexia, nausea, vomiting,
abdominal distention, and ileus may result. Severe potas-
sium deficiency has caused paralysis, coma, and severe car-
diac disturbances, such as arrhythmisas, left ventricular
dilatation, and asystole.

Electrocardicgraphic changes of hypokalemia consist of
T wave flattening, ST segment depression, and the ap-
pearance of a prominent U wave that gives the impression
of a prolonged QT interval

Treatment of Hypokalemia.—~Treatment should consist of
correcting both the underlying cause of the hypokalemia
and replacing the decreased potassium stores. As most
causes of hypokalemia are associated with a loss of chlo-

JAMA, Feb 10, 1975 ¢ Vol 231,4n &

ride, it is usually necessary to also replace chioride, be-
cause renal potassium wasting is perpetuated by the pres-
ence of alkalosis and intracellular hydrogen ion depletion.
This can be accomplished by the administration of potas-
sium chloride.

If the patient is clinically well and can take medications
orally, potassium chloride replacement can be accom-
plished by oral administration of 40 mEq three to four
times daily with daily monitoring of serum electrolytes. If
parenterally administered medication is necessary, 40
mEq of petassium chloride in 1,000 mi of physiological sa-
line can be administered over a two- to four-hour period.
If possible, it is best to avoid glucose solutions, as glucose
tends to lower the serum potassium level. Potassium can
safely be given at a rate of 20 to 40 mEq/hr in normal sub-
jects without inducing hyperkalemia or electrocardio-
graphic changes. However, potassium should not be given
intravenously at a rate greater than 40 mEq/hr. The rate
of administration should be reduced in the presence of
azotemia. Usually, rapid rates of potassium infusion are
not necessary unless the patient has severe cardiac or cen-
tral nervous system symptoms or both. However, even in
severe hypokalemic states, usually no more than 160 mEq
of potassium chloride should be administered during the
first 24 hours.
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Fig 13. Differences in systemic arterial (ART) and cutmonary artery
{PA) pH and Pco, in 16 patients during CPR. Measurements were
made at a median of 23 minutes after onset of armes: Average dose of
NaHCQ, (+SEM) was 130 + 30 mEq over @ median :~terva: of 23 min-
utes. Numerical mean values for each measurement are ing:.cated on
the graph. Mixed venous acidemia from CO, retent.or 1s evident.
NaHCO, would be expected to worsen this acidos:s trom CO, forma-
tion. From Weil et al.'™

experimental acute myocardial ischemia has been shown
to rise to more than 300 mm Hg, and corresponding intra-
cellular pH falls to as low as 6.1. Liberatio~ of CO, and its
rapid intracellular diffusion after sodium bicarbonate
administration may produce cerehrosping: tiud acidosis
and central venous acidosis during CPR (Fig 13)."™®

Other adverse effects from sodium bicarbonate include
hypematremia and hyperosmolality (Fig 14)."% % Severe
hyperosmolal states during resuscitation may compro-
mise survival.'® Shift in the oxyhemoglobin saturation
curve caused by sodium bicarbonate can inhibit oxygen
release to the tissues.

Morphine

Mechanism of Action

Mormphine is effective treatment for ischemic chest pain
and for acute pulmonary edema.'*® It manifests both anal-
gesic and hemodynamic effects.' It increases venous
capacitance and reduces systemic vascular resistance,
relieving pulmonary congestion.® In doing so, it reduces
intramyocardial wall tension, which decr:2ases myoczrdial
oxygen requirements.?®' Morphine’'s hemodynamic effects
may be mediated by sympatholytic effects on the central
nervous system since they are most pronounced in
patients with heightened sympathetic activity.®®
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Fig 14. Artenial osmolality in six patients during cardiac resuscitation.
Note significant and persistent rise in osmolality after sodium bicarbon-
ate administration (x indicates P<.05). From Bishop and Weisfeidt.'®

Indications

Morphine is the traditionai drug of choice for the treat-
ment of pain and anxiety associated with acute myocar-
dial infarction. 1t is also useful for treating patients with
acute cardiogenic puimonary edema.

Dosage

Morphine should be administered IV in small incre-
mental doses of 1 to 3 mg slow IV (over 1 to 5 minutes)
until the desired effect is achieved.

Precautions

Like other narcotic analgesics, morphine is a respira-
tory depressant. Small incremental doses at frequent
intervals make serious depression less likely than a
single large bolus. Excessive narcosis can be reversed
with IV naloxone (0.4 to 0.8 mg). Hypotension is most
common and most severe in volume-depleted patients
and in patients who are dependent on elevated systemic
resistance for maintenance of blood pressure.® Hypoten-
sion and an inappropriate heart rate response that appears
to be vagally mediated also have been described. ™

Calcium Chloride

Mechanism of Action _

Calcium ions increase the force of myocardial contrac-
tion.?* In response to electrical stimulation of muscle, cal
cium ions enter the sarcoplasm from the extracellular
space.®2% Caijcium ions contamned in the sarcoplasmic
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reticulum are rapidly transferred to the sites of interaction
" ofween the actin and myosin filaments of the sarcomere

initiate myofibril shortening.?” Thus. calcium-increases
myocardial contractile function. The positive inotropic
effects of calcium are modulated by its action on systemic
vascular resistance. Calcium may either increase or
decrease systemic vascular resistance. ' In normal
hearts calcium’s positive inotropic and vasoconstricting
effects produce a predictable rise in systemic arterial
pressure. 82"

Indications

Although calcium ions play a critical role in myocar-
dial contractile performance and impulse formation,
retrospective and orospective studies in the cardiac
arrest setting have not demonstrated benefit from the
use of calcium.?22? |n addition, there is considerable
theoretical reason to believe that the high levels induced
by calcium administration may be detrimental.2*2'* When
hyperkalemia, hypocalcemia (eg, after multiple blood
transfusions), or calcium channe! blocker toxicity is pres-
ent, calcium is probably helptul. Otherwise, calcium
should not be used. Some clinical experience has
observed caicium to be useful to prevent the hypotensive
effects of calcium channel blocking agents (IV verapamil
and diltiazem).

Josage

Hyperkalemia and Calcium Channel Overdose

Give 8 10 16 mg/kg of 10% solution. Repeat if
necessary.

Prophylaxis of Calcium Channel Blockers

A 10-mL prefilled syringe or ampule of 10% solution of
calcium chloride (1 mL = 100 mg) contains 13.6 mEq of
caicium. Calcium chloride can be given IV in a dose of
2 10 4 mg/kg of 10% solution (1.36 mEq of caicium per
100 mg of salt per milliliter) and repeated if necessary at
10-minute intervals. Two other calcium salts are avail-
able, calcium gluceptate and calcium gluconate. Calcium
gluceptate can be given in a dose of 5 to 7 mL; the dose
of calcium gluconate is 5 to 8 mL. Calicium chioride is

- preferable because it produces consistently higher and
more predictable levels of ionized calcium in plasma.'

Precautions

If the heart is beating, rapid administration of calcium
can produce slowing of the cardiac rate. Calcium must be
used cautiously in the patient receiving digitalis, because

‘cium increases ventricular irritability and may precipitate
-.gitalis toxicity. In the presence of sodium bicarbonate,
calcium salts will precipitate as carbonates. Thus these
drugs cannot be administered together. Caicium may pro-
duce vasospasm in coronary and cerebral arteries.

Cargiovascular Phamacoiogy |
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340 CAROIOLOGY

Sodium Blcarbonate

Limiited systemie perfusion and oxygen delivery during cardiopol
MHOHALY AFTTs and CPR result in the production of Lctic acid lh:‘cl\‘:
pr.m'lucl of anacrohic metaholism. Sotdivmn bicarbonate nm‘y be s
winistered during CPR o trean the sesubtam metabolic m'M!
Sodium bicarbonate should not be administered indls!
crin.ﬁnnlcly; when tsed i excess, mietabiolic alkadosis, hy )cm.-'
trentin, and hyperosimolarity sy vesul 2 o addition ilyp:non't
buafter solations sway aflect peripheral arterial tone and :lrm-'m- the
likelihood of suceessfil cardiae resuscitition. o

CDose

l. e wse of sodiom bicarbonate duving Fardiae avrest and resuscitation
shonld be gfﬂ(l('(l by avteviad blood gas and pHE determinations snd as
sesstnent of hase deficit wsing standacd formala as guidelines:

phldeerease of .15 imits = hase deticit of 10 miig/)

Duse of bicarbon: A A~
use of hicarhonate (mblg) = base deficit (mkig/1)

B X hunly weight (k) X 0.25
(the bicmbonate “space™)

H g > . . W |
. ] is reconme wdedd thint 50% ol the calenliated daose be given ink
tally with subseruent doses determived by veassessient of acid-lase

status, Sodhivm hivarhowate should not be used to great respividory avi
tlosis. !

Caliclum Chiorlde

'l.'hr caleinm jon is known to have a positive eflect upon the contrac-
tile state of the wyoeardium medinted diough vxrimlimn-nﬁnlruclinﬂ
coupling. Additional electrophysiologic effects mediated via “slow
('!lamu-ln" have also been deseribed 27 The vole of stow chianned ur. cal-
cim-mediated responses in the genesis of arrhythmias in the hypoxic

myt?cnrfllm.n and following reperfusion is preseutly wnder active in-
vestigtion. ‘ 4

Sev
chaing

X l. staddies inddicate thit “routine” caleinm administration
ardine areest is of Bited vidue 3 T is oF no valee in asystole

and of questionable benetit i clectromechianical dissocition (EMD),

Calcium swdministrani y in { b
styation nu act-lie detvimental, as i
'ulh‘i“‘“ o l : ity Iy lcl(( lft ('( trane ll|al|, Hb lllll'il(f(?“ll'i"
t acewmnbtion may play i vole in celt death. ™ A presen, cal
3 N o

|

E[' CHAPTER 16 : CARDIOPULMONARY RESUSCITATION 341

. elam use during CPR is recommended only in selected sit-
‘ mations, i.c., cardiac anrest due to hyperkalvemia, hyporalceinia, or
Hollowing use of calehmm blacking agents.
i Recent clinical studies have demonstrated that ionized calcium
kvels decrease during prolonged cardiac arvest and CPR.32™ The
! mechanism of jonized hypocaleemia during prolonged CPR is uncer-
'h"m. It is also uncertain if the of werved decrense in free calciom alters
. the outeoine of resuscitation efforis,

Dose

Caleium chloride is usnally given in a dose of 5 ml of a 10% solution
sl vepeated i necessary in 10 min. ‘The 10% solution contains 16
mEy CaZt 7100 myg of sah (100 myg of salt = 1.36 mEq ol Ca?* = 1 ml).
Caleium should never he given in the same intravenous line with bi-
cathunate, since it will precipitate.

Lidocalne

{adocaine is currently the drug of choive for the management of ven-
wicutar cotopy in the setting ol cardiopulmonary arvest. Its eflect on
spontancous phase 4 depolavization, con luction velocity in the Purkinje
network, and dispersion of recovery of excitability {refractory period)
combine 1o mike it an effective agent in the management of ventricu-
far archytinnias tae o reeniry or ectopic, nutomatic foci. It is recom-
mended for use in the treatment of ventricular extra systoles, ventricu-
far tachycardia, and ventricular fihwillaion when countéeshock has
faied, 1t should also be adiministered Gisllowing successfiul defibrilfation.

Dose

Lidocaine is adiinistered as a slow intravenous bolus (I mg/kg of
body weight) to achieve a therapeutic bload tevel followed by a con-
stant infusion at a rate of 1 -4 mg/min wsing a controlied infusion de-
vice. If ventricular ectopy persists afier the initial bolus, additional
stow 50-myg boluses may he given every 5 min until the arrhythimia is
suppressed or until 225 mg hay been given.!" After cach additional
holus, the vonstant infusion rate diould be increased by 1 mg/min to
a2 maximum of 4 mg/min. The holus dose should be decreased hy
50% in the prewnce of reduced cardiae output, tiver dysfunction, or
in patiemts over 65 years of age.
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7ABLE 24-6 ADVANCED LIFE SUPPORT FOR CARDIAC
ARREST VICTIMS —Continved . -

¢ KSYSTULE/SEVERE BRADYCARDIA BAO:5aesstmestomsssission

-ontinue CPR
stubate at once
Jbtain TV access SR
i . Conirm asystole in more than one lead
L

— - J il
Covre vossible causes

@apovia
. Hyperkalemia

| . Hypokalemia

| . Preexisting acidosis

. Drug overdose ’
« Hypothermia
A

Consider immediate transcutaneous pacing (TCP})*

o Arrupine 1 mg IV, repeat every
3-3 min up to a total of 0.04 mg/kg§!!

1
Copsider
+ Termination of effortsy

h:‘: hd Lo 24
-~ .
. - ez
o~ -———
o
* TCP is a Class IIb interven- § Shorter atropine dasing inter-
tion. Lack of success may be due  vals are Class IIb in asystalic -
to delays in pacing. To be efiec- arrest. :
: TCP must be performed Il Sodium bicarbonate 1 mEq/
7. nmultaneously with drugs. kg
.s«dence does not support roa- Class Oa °
tine use of TCP for asystole. * if known preexisting bicar °
t The recommended dose of epi- bonate-responsive acdosis
nephrine is 1 mg IV push every « if overdose with tncychic an-
3-5 min. If this approach fails, tidepressants
severs! Class [Ib dosing regimens * to alkalinize the urine in
can be noasidered: drug overdoses
* Intermediate: epinephrine Class Ib

 if intubated and conthaved
long arrest interval
* upon return of spontaneous
circulation after jong arrest
interval
Class II
* hypoxic lactic acidosis
1 If patient remains in asvstole
or other agonal rhythms after
successful intubation and winal
medications and no reversible
causes are identified. consider
termination of resuscitative ef.
- forts by a pbysician. Consider
L interval since arrest.

2-5 mg IV push, every 3-5
min
* Escalating: epinephrine 1
mwg-3 mg-5 mg IV push {3
min apart)
* High: epinephrine 0.1 mg/
kg IV push, every 3-5min o
* Sodium bicarbonate 1 mEq/kg
5 Class | if patient has known
Preevisting hyperkalemia.

i

T:-&%e with improved cerebral perfusion 3333934 and the
_7==tlion in coronarv blood flow caused by elevated intra-
“4%C pressures bv certain techniques®*?* mayv be too
= 2ice for the improved peripheral flow. In addition,
... .razoabdominal gradient has been demonstrated
~~iimental SCV,>? which could divert flow from
A .. the absence of concomitant abdominal binding.
"Ll arative hemodynamics of models of conventional
‘¢ compression and techniques based on chest {tho-
Compression suggest that blood movement is based

. J0th mechanisms in experimental*® and clinical>*

Wy

-%s. Based upon these observations, new mechanically

Yed techniques for improving circulation during CPR
=%y evaluated.*-* More clinical studies are needed

fed | 3
- Al m o ~

l « Epinephrine 1 mg IV push 1% repeat every 3~3 min J
-

Advanced Life Support and Definitive
Resuscitation

This next step in the sequence of resuscitative efforts is
designed to achieve definitive support and stabilization of
the patient.*® The implementation of advanced life support
does not indicate abrupt cessation of basic Jife support ac-
tivities, but rather a transition from one level of activity to
the next. In the past. advanced life support required judg-
ments and technical skills which removed it from the
realm of activity of lay bystanders and even emergency
medical technicians, limiting these activities to specifically
trained paramedical personnel. nurses, and physicians.
With further education of emergency technicians, most
community-based CPR programs now permit them to carry
out advanced life support activities.?*9298320 In addition, the
development and testing of equipment—the automatic ex-
ternal defibrillator—which has the ability to sense and an-
alvze air flow, sense cardiac electrical activity, and provide
definitive electrical intervention®?**’” may provide a role
for less highly trained rescue personnel (i.e., police, ambu-
lance drivers) and perbaps even trained lay bystanders in
advanced life support.

The general goals of advanced life support are to opti-
mize ventilation, revert the cardiac rhythm to one which is
hemodynamically effective, and maintain and support the
restored circulation. Thus, during advanced life support,
the patient (1) is intubated and well cxygenated, (2) is
defibrillated, cardioverted, or paced, and (3} has an intrave-
nous line established to deliver necessary medications.
After intubation, the goal of ventilation is to reverse hypox-
emia and not merely achieve a high alveolar pO,. Thus
oxygen rather than room air should be used to ventilate the
patient; if possible, the arterial pO, should be monitored.
Respirator support in hospital and AMBU bag by means of
an endotracheal tube or face mask in the out-of-hospital
setting usually are used. -

DEFIBRILLATION-CARDIOVERSION (Table 24-6A). Rapid
conversion to an effective cardiac electrical mechanism is a
kev step for successful resuscitation.?*22% Delay should be
minimal, even when conditions for CPR are optimal. When
VF or a rapid VT is recognized on a monitor or by teleme-
try, defibrillation should be carried out immediately with a
shock of 200 joules. Up to 90 per cent of VF victims
weighing up to 90 kg can be successfully resuscitated with
a 200-joule shock,**® and a 300- or 360-joule shock may be
used if this is not successful.2*® Faijlure of the initial shocks
to successfully cardiovert to an effective rhythm is a poor
prognostic sign.?®® After failure of three snocks up to a
maximum of 360 joules of energv, CPR should be contin-
ued while the patient is intubated and intravenous access
achieved. Epinephrine. 1 mg IV, is administered and fol-
lowed by repeated defibrillation attempts at 360 joules. Ep-
inephrine may be repeated at 3- to 5-minute intervals with
defibrillator shocks in between. Simultaneously, the rescuer
should focus on ventilation to correct the biochemistry of
the blood, efforts which render the heart more likely to
reestablish a stable rhythm (i.e., improved oxygenation, re-
versal of acidosis, and improvement of the underlying elec-
trophysiological condition). Although adequate oxygenation
of the blood is crucial in the immediate management of the
metabolic acidosis of cardiac arrest, additional correction

may be achieved if necessary by intravenous administration -

of sodium bicarbonate. This is recommended for circum-
stances of known or suspected preexisting bicarbonate-
responsive causes of acidosis, certain drug overdoses, and
prolonged resuscitation runs.®® The more general role for
bicarbonate during cardiac arrest has been questioned+-%1;
but in any circumstance, much less sodium bicarbonate
than was previously recommended is adequate for treat-
ment of acidosis in-this setting.?®* Excessive quantities can
be deleterious.>'3%* Although some investigators have
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when the ECG shows “fine” fibrillation waves, defibrilla-
“forts are often unsuccessful. The administration of epi-
rine (310 10 mL of 1:10,000) intravenously (IV) results
;; more vigorous and coarse fibrillation that is more respon-
gve to defibrillation. This effect is likely due to improved
oronary flow following epinephrine administration (see be-
ow) and perhaps. direct myocardial effects on the electrical
ries for defibriliation. If defibrillation fails, it is likely
marked acidosis or hypoxemia is present. Emphasis

d be on hyperventilation with supplernental oxygen to
orect both hypoxemia and metabolic acidosis.*’ Sodium
wcarbonate might then be administered (1 meg/kg) to aid
g the management of acidosis, and defibrillation should be
ted with 320 to 400 J. By using instantaneous Fourier
mnsformation analysis, Brown et al. have demonstrated that
e coarseness of the waveform of ventricular fibrillation may

g highly predictive of subsequent survival and appears to

correlate with coronary flow.4¢ Animal data suggest that tech-
xques or drugs that increase the “coarseness™ of the ventricu-
i fibrillation waveform may increase the likelihood of suc-
essful defibrillation. Preliminary human data to confirm these
ebservatons is encouraging, though the technique of instanta-
aeous waveform analysis is still undergoing clinical testing. 46

For recurrent ventricular fibrillation, the administration of
%510 100 mg IV of lidocaine followed by repeat defibrillation
may increase the likelihood of returning to a stable rhythm.
*caine is an effective antiarrhythmic agent for recurrent

icular fibrilladon. Amiodarone (a bolus of 150 to 300
=g over 10 min, 1.0 to 2.0 mg/min for 6 h, then 0.5 t0 1.0
eg/min for 6 to 24 h) intravenously has recently been shown
o be of modest benefit for recurrent ventricular fibrillation
B patents failing treatment with lidocaine alone. Procainam-
ke or bretylium can additionally be used in patients failing
Sdocaine, but both can cause considerable hypotension.2*4748
For recurrent ventricular fibrillation in the setting of ischemia,
Imavenous propranolol or other intravenous beta blockers are
Tmarkably effective drugs. Beta blockers seem particularly
xipfulin the senting of primary ventricular fibrillation compli-
2=ng acvte myocardial infarction.

Hyperkalemia is a readily treated condition that can cause
Zoventicular (AV) block, impaired intraatrial and intraven-
T conduction. and occasionally ventricular fibrillation
X. less commonly, asystole. It can be recognized by the
*'tiopment of tall, peaked T waves with a normal QT inter-
. T'¥and sine wave-like ventricular tachycardia. Life-threaten-
22 hyperkalemia responds most readily to calcium infusion;
710 30 mL of 10% calcium gluconate is infused intrave-
Busly over | 1o § mir. under constant ECG monitoring. Cal-
“UN coumeracts the adverse effects of potassium on the
¥Uomuscular membianes but does not alter plasma potas-
M. 1is effect, though immediate, is transient. Hyperkalemia
’c“_‘”d subsequently be treated by glucose-insulin or ion-

‘2ge resins (see also Chap. 27). Sodium bicarbonate is

=sed as an agent to lower potassium.
:.’:'m? ventricular tachycardia, cough may reverse the ar-
2 hmia withour defibrillation. and repeated cough may main-
1 the conscious state as a result of the rise in intrathoracic

—

1119

pressure.'%4% The efficacy of the precordial thump (precordial
chest blows) has been variably reported in patients with ven-
tricular tachycardia. A thump is generally ineffective for ter-
minating prehospital ventricular fibrillation or asystole.
Hence, it should never be used in the patient with ventricular
tachycardia and a pulse unless a defibrillator is immediately
available. B '

Asystole or Heort Block

For patients with prehospital cardiac arrest, asystole has been
shown to be an-ominous rhythm with a very low likelihood
of successful resuscitation.?® On the other hand, asystole due
to vagal stimulation is the commonest cause of cardiac arrest
associated with anesthesia induction and surgical procedures.
Asystole also occurs as a result of heart block or sinus node
disease (see Chap. 27). Awropine (0.5 mg) given intravenously
and repeated in 5 min can be used acutely to prevent or reverse
severe bradycardia in many of these settings.

If asystole is witnessed or of short duration, vigorous blows
to the precordium may sometimes restart the heart. Rhythmic
chest blows may maintain limited perfusion and can be contin-
ued if needed while palpating the femoral or carotid pulse
unti] other treatment is available. If the chest blow fails,
cardiopuimonary resuscitation should be initiated and intrave-
nous epinephrine (5 to 10 mL of 1:10,000) administered.
Possible treatable causes of asystole—such as acidosis, hypo-
xemia, hyper- or hypokalemia, and hypothermia—should be
considered and treated appropriately if suspected. If an over-
dose of calcium channel blocker is suspected, calcium chlo-
ride, 1 g given as an inravenous bolus may be very effective
(class IIA recommendation). Resuscitation measures may re-
sult in the return of a slow ventricular rhythm, which can
subsequently be supported with atropine (1 to 2 mg I'V) until
a temporary pacemaker is placed. Temporary pacing is the
optimal treatment for true asystole or profound bradycardia.
Obviously, considerable skill and training are required for
temporary transvenous pacemaker placement (see Chap. 34).
Transcutaneous pacing has been developed as a noninvasive
and simple technique that can be implemented rapidly. It uses
external surface electrodes with a high-voltage pacing source.
Higher voltages are required to overcome transthoracic resis-
tance, but they are painful and are therefore used mainly on
unconscious patients. The energy delivered to the hearnt by
this technique is variable, as is its efficacy. Recently, pacing
sources with longer pacing stimulus duration have been devel-
oped and may offer less painful and more effective pacing.
Prehospital studies of transcutaneous pacing for asystole have
not confirmed an improvement in survival.>? It may, however,
be of some benefit for patients early in asystole (class IIB
intervention). Clinical evidence does not support its routine
use in al] patients with asystole.

In rare instances, very fine ventricular fibrillation may re-
sult in an almost straight line on a single-lead ECG and thus
be mistaken for “asystole.” In such cases, where the diagnosis
of asystole is in question, it is suggested that a perpendicular
ECG lead be viewed. Rotation of “‘quick look™ ECG paddles
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by 90° easily achieves this. If ventricular fibrillation is present,
the perpendicular ECG lead will demonstrate a typical fibril-
lation partern. whereas in true asystole, a straight line will be
seen in all ECG leads. If ventricular fibrillation is diagnosed,
the initial treatment should be according to the outline above—
i.e, three successive countershocks. There is little value in
defibrillating true asystole.

Electromechanical Dissociation

In electromechanical dissociation (EMD), there is evidence
of organized electrical activity on the ECG at a reasonable
rate but failure of effective perfusion (no pulse or blood pres-
sure). The most treatable causes of this condition are hypovo-
lernia due to severe hemorrhage, pericardial tamponade,
tension pneumothorax, hypoxia; hypothermia, acidosis, hy-

perkalemia, and massive pulmonary embolism. Signs of these -

problems should be sought and definitive therapy undertaken
with fluids and/or blood replacement, pericardiocentesis,
placement of a pleural needle or tube, endotracheal intubation,
and other maneuvers as deemed necessary. These conditions
should also be strongly considered if CPR results in no palpa-
ble pulse or evidence of perfusion. Unfortunately, many pa-
tients with electromechanical dissociation have primary myo-
cardial failure. Following diagnosis, ventilation should be
optimized and epinephrine administered. Calcium chloride
was used for EMD, but prospective studies have not shown it
to improve survival.>! In acute myocardial infarction, sudden
electromechanical dissociation is a sign of myocardial rupture.
In such cases. pericardiocentesis and surgical repair can rarely
result in survival.

ESTABLISHMENT OF AN
INTRAVENOUS ROUTE

While external chest compression and artificial ventilation are
conunued, a plastic catheter should be inserted into a large
peripheral vein. Drug administration during CPR should be
accomplished cnly from a source above the diaphragm, since
there is linle cephalad flow from veins below the diaphragm.
If a peripheral vein cannot be cannulated, a cutdown should
be attempted or a central venous line placed by a percutaneous
route. If CPR is properly performed, drugs administered
through a peripheral line will often reach the arterial circula-
tion within 15 to 30 s.%° Recent data suggest that a 20-mL
fluid botus significantly improves peripheral drug delivery o
the central compartment. Intracardiac injections are unneces-
sary except when there is no intravenous access. If an intrave-
nous route is unavailable, epinephrine (1 to 2 mg in 10 mL
o sterile distilled water) and lidocaine (50 to 100 mg in 10
ml of sterile distilled water) can be administered by way of
the endotracheal tube into the bronchial ree. The drug should
be injected through a long catheter passed beyond the tp of
the endotracheal rube. Cardiac compression should be with-
held. and several insufflations with an Ambu bag should im-
mediately follow drug administration to aid drug absorption
through aerosolization.

oot .

“misms: (1) It prevents carotid artery collapse and raises 3

MAJOR DRUGS USED &
DURING CARDIOPULMONARY R:SuSdTA

Drugs that are used for the reatment of various an'h
are mentioned above. Catecholamines are used m
arrest to (1) increase arterial and coronary perms,qnﬁ
and following CPR, (2) sumulate spontaneous °°mltf
during asystole, (3) mzke fine ventricular ﬁbnllan
responsive to defibrillation, and (4) act as an inom
Epinephrine is effective in achieving all these goa.ls
studies have extensively evaluated the hemodynamie
of epinephrine during resuscitation and have clearly &
it to be the singularly most important drug for ¢o
during CPR. Animal studies show that during con
CPR, cerebral and myocardial perfusion pressures néi
Epinephrine increases brain and heart flow by two
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pressure during both chest compression and the rel '
of chest compression (i.e., “systole” and "diastole,”.%
tively). This results in higher carotid arterial “systolié
aortic “diastolic™ pressures, which, in turn, are re
higher cerebral perfusion and myocardial perfusion pre‘&
and flow. (2) It preferentially reduces blood flow to theﬁ_
pal carotid, renal, and splanchnic beds, thereby

flow toward the brain and heart.5>>? =

Arterial collapse at the thoracic inlet has been shm&.iﬂr
be the critical limiting factor for eerebral perfusion
and flow during prolonged CPR. Arterial collapse resultsE
high extravascular intrathoracic pressures. low muav
volumes, and loss of arterial tone. Collapse results in 3 preGipec =
tous fall in carotid arterial and hence cerebral perfusion ﬁ‘
sure. Epinephrine during CPR can not only reverse ami'(
collapse but also prevent it from developing. With the adm‘ 3
wration of epinephrine during conventional manual CPR%.‘
the dog, cerebral blood flow can be maintained at app!ﬂl' :
mately 15 percent and myocardial flow at appronma!ﬁ] "
percent of prearrest values for 20 min.

These data strongly suppont the early and frequent used
epinephrine during CPR in an effort 1o optimize the perfusis
of vital organs. Hence, once the diagnosis of cardiac soest
is established and CPR initiated. epinephrine should be admi#-
istered as soon as possible. The recommended dose is 03%®
1 mg IV, and this dose should be repeated at apprommﬂd" ¥
10 5-min intervals unless effective cardiac activity is res
Although promising in the animal model. large clinical 5858
failed 1o demonstrate improved survival with high-dose o
nephrine. 345 Hence, most experts would use 1 mg TV ve-
formly. Higher doses may be used for the second and B
dose (3 and S.mg) if the initial dose_CPR. and defibri
fail.2° If an intravenous route is not available. epin o
can be administered down the endotracheal tube; 10
a 1:10,000 solution should be used, and this can
repeated every 3 to 5 min.

The benefits of epinephrine are principally due wo the
vasoconstriction induced by this agent. The motrOP"
of the drug may not be helpful. since these effects
mvocardial oxveen demand. even durine vanr=cutar

3' ;.%ig‘.?“ﬁm\»ntlii. .
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