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of spontancous circulat.on, always should receive precedence over sodium bicar-
bonate because elfective circulation is the most powerful therapy for patients
with acidosis.

The treatment for patients with metabolic acidosis with buffers, such as
sodium bicarbonate, rémains a subject of discussion and research that is bal-
anced between two perspectives. On one hand is the observation that the
circulatory status of acidemic patients may improve with infusion of bicarbonate.
On the other hand is the concern that carbon dioxide generated by the reaction
of acid protons wilh the bicarbonate anion can permeate lreni’y across cell
membranes and generale acid equivalents through carbonic anhydrase-catalyzed
hydrolysis:

H* + HCO_\' - H)CO_\ i l";() + CO;

Thus, the administration of sodium bicarbonate may potentially worsen
Intracellular acidosis of myocardial cells or cells of the central nervous system.
However, a study using P nuclear magnelic resonance spectroscopy to probe
brain pH demonstrated that sodium bicarbonate did ameliorate the progressive
central nervous system acidosis seen during cardiopulmonary resuscitation and
that blood and cerebral pH paralleled each other.™

Current recommendalions state that sodium bicarbonate may be used in
cases of prolonged cardiac arrest after cffective ventilation is ensured and epi-
nephrine plus chest compressions have been provided. Administration also may
be considered when shock is associated with documented metabolic acidosis.
The initial dosase is 1 mEq/kg (1 mL/kg of 8.4% solution) by the IV or 10
routes. It should not be administered by the ET route. A dilute (0.5 mEq/
mL) solution may be used in neonates because of concerns of intraventricular
hemorrhage related to the hyperosmolarity of the 8.4% solution. Subsequent
doses should be guided by blood gas analysis. If unavailable, subsequent doses
may be considered every 10 minutes of continued arrest.

Sodium bicarbonate administration may have sceveral adverse effects. Re-
sulting metabolic alkalosis causes a leftward shift of the oxyhemoglobin dissocia-
tion curve increasing the affinity of hemoglobin for oxygen and reducing deliv-
ery of oxygen to tissues. Hypernatremia and hyperosmolarity may result from
sodium bicarbunate administration. An increased incidence of hypernatremia
but not alkalosis is seen when patients resuscitated with sodium bicarbonate are
compared with those resuscitated without.® The hyperosmolarily of 8.4% (i.e., 1
mEq/mL) sodium bicarbonate has been relaled to intraventricular hemorrhage
in sick neonates. Acute intracellular shifts of polassium and decreased ionized
calcium concentration may result from sodium bicarbonate administration, and
decreases in fibrillation threshold and impairment of cardiac function have been
observed.

Despite the intuitive belicf that a ptt close to 7.4 would make the heart
more readily resuscitatable, little clinical data support this belief.* A recent
double-blind, controlled trial in which 502 adults with ventricular fibrillation or
asystole were randomized to receive a buffer solution or normal saline showed
that the buffer had no effect on-survival.® A recent review of clinical articles
confirmed the importance of ventilation and circulation in the resolution of
acidosis secondary to cardiac arrest.'* Studies based on animal models have
yielded conflicting results,'2. 2% 3. 1%

The possible exacerbation of intracellular acidosis by carbon dioxide produc-
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tion from sodium bicarbonate has led to examination of non-carbon dioxide
producing buffers, such as carbicarb and tromethamine. Carbicarb is an equimo-
lar mixture of sodium bicarbonale and sodium carbonate and is considered to
consume, rather than produce, carbon dioxide. Despite the theoretic advantage,
studies penerally have shown no difference. In canine models comparing sodium
bicarbonate with carbicarb, no difference was shown in return of spontancous
circulation between buffers and between the buffered animals and controls.
Acidosis was equally corrected in both groups that received bulfers' ™; how-
cver, in a model of hypoxic lactic acidosis without cardiac arrest, carbicarb
administration resulted in signilicant improvement in cardiac index compared
with sodium bicarbonate or sodium chloride.®

Controversy still exists concerning the role of sodium bicarbonate. Some of
the most recently published work suggests an adjunctive role in prolonged
arrest; however, adequate ventilation and circulation clearly are the most im-
portant parts of treating the acidosis of patients with cardiac arrest.

Atropine

Pharmacelogy. Atropine is a parasympatholytic drug that accelerates sinus
and atrial pacemakers, improves conduction through the AV node, and reduces
cardiac vagal tone. It is a muscarinic receptor antagonist that competitively
blocks the binding of acetylcholine to muscarinic cholinergic receptors at various
neuroeffector sites of smooth muscle, cardiac muscle, nm% gland cells in periph-
eral ganglia and in the central nervous system. Although the dominant cardiac
response is lachycardia, the heart rate often decreases transiently, particularly
when small doses are administered. This paradaxic effect was once thought to
be caused by central vagal stimulation, but the effect has been demonstrated for
muscarinic receptor antagonists that do not enter the brain, Data suggest that the
decreased heart rate may result from blockade of M1 receptors on postganglionic
parasympathetic neurons, which relieves the inhibitory effects of synaptic acetyl-
choline on release of transmitter.™ Larger dosages of atropine cause progres-
sively increasing tachycardia by blocking vagal effects at the M2 receptor in the
sinoatrial nodal pacemaker. The resting heart rate is increased by approximately
35 to 40 beats per minute in young men given 2 my atropine. The influence of
atropine is most noticcable in healthy young adults in whom vagal tone is
considerable. I infancy and old age, even large doses of atropine may nol
increase the heart rate.

Adequate doses of atropine can abolish mnn‘y types of reflex vagal cardiac
slowing and even asystole, including bradycardia from inhalation of irritant
vapors, slimulation of the carotid sinus, eycball pressure, peritoncal stimulation,
and injection of contrast material during cardiac catheterization. It also prevents
or abolishes bradycardia or asystole caused by choline esters, acetylcholinester-
ase inhibitors, or other parasympalhomimetic drugs, as well as cardiac arrest
from stimulation of the vagus.

Elimination of vagal influence on the heart by atropine may facilitate AV
conduction. Alropine shortens functional refractory period of the AV node and
can increase ventricular rales in patients with atrial fibrillation or flutter. In
some cases of second-degree heart block (e.g., Wenckebach AV block), in which
vagal aclivity is an ctiologic factor, atropine may decrease the degree of
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blockage. In some paticnts with complete heart block, the idiaventricular rate
may be accelerated by atropine.

Atropine has a half-life of 3.5 + 1.5 hours, a volume of distribution of 2.0
* 1.1 L/kg, and a clearance of 8 £ 4 ml./min/kg. Hepatic metabolism accounts
for metabolism of appraximatety hatf of a dose, with the remainder excreted
unchanped in the urine.™ Atropine causes mydriasis. It does not abolish pupil-
lary reactivity. Tixed and dilated pupils should not be attributed to atropine.”

Clinical Indications. Atropine is used 1o treat paticnts with symptomatic
bradycardia, to prevent or treat vagally mediated bradycardia accompanying
intubation attempts, and to treat patients with the uncommon occurrence of
symptomalic bradycardia with AV block.. Most bradycardic events in infants
and children result from hypoxia. Therefore, oxygen and ventilatory support
through bag-valve-mask and ET intubation are the primary therapies. Morcover,
persistent symptomaltic bradycardia may be treated morce cffectively with epi-
nephrine, which provides inotropic and chronotropic support. Whether atropine
is useful in asysltole or pulscless electric activity is unclear. When atropine in
incremental doses was compared with placebo in a canine model of asphyxia-
induced pulseless electric activity, no difference in rate of return of spontancous
circulation was obscrved. Moreover, the rate of rclurli of spontaneous circulation
decreased with increasing atropine dosages.*

The recommended atropine dosage is 0.02 mg/kg, with a minimum dosage
of 0.1 mg (to avoid the paradoxical decreasc in heart rate seen at low dosages)
and a maximum single dosc of 0.5 mg for children and 1.0 mg for adolescents.
The dose may be repueated after 5 minutes for a maximum total dosage of 1.0
mg for children and 2.0 mg for adolescents. Complete vagolysis usually is
obtained at these higher dosages, and additional atropine is not of any benefit.
Atropine may be agminislcrcd by the 1V, 10, or ET route. No information is
available on the absorption of atropine by the ET route. It is reasonable that the
IV dosage be increased two to three limes and diluted to a volume of 3 ml, o
5 'mL for ET administration. Alternatively, the drug could be administered
through a suction catheter inserted into the bottom of the ET tube. In both
circumstances, admiaistration should be followed by several positive-pressure
breaths. Atropine may block bradycardia secondary to hypoxia when adminis-
tered to block the vagotonic effects associated with intubation or bronchoscopy.
For this reason, careful attention must be paid to observing the patient and
using pulse oximelry in these procedures.

Glucose

Glucose is a simple, readily available, and often overlooked agent in pediat-
ric resuscitation. Critically ill infants or chifdren are at increased risk for hypo-
glycemia. Mareover, symptoms of hypoglycemia, such as pallor, cool extremities
and poor perfusion, and diaphoresis, mimic those of shock. In the haste to
resuscitale with isotonic crystalloids, such as normal saline or Ringer’s lactale,
or to push epinephrine and start therapy with dopamine, it is easy to forget
checking the serum glucose and administering dextrose. Therefore, a rapid
bedside glucose test should be performed on critically il infants or young
children with cardiorespiratory instability.

e Glucose is administered in a dosage of 05 to 1.0 p/kg V. A maxinmum
\
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concentration of 25% dextrose in waler (D25W) should be infused by peripheral
vein. Because it is supplied as 50% dextrose in water, plucose must be difuted
1:1 with sterile water before peripheral vein administration. Dilution resulls in
a volume of 2 to 4.ml./kg. .

ANTIARRHYTHMIA THERAPY

Bradycardia and asystole are much more comnion presentations of pediatric
cardiac arrest than are ventricular fibrillation or ventricular tachycardia, These
rhythms occur, however, so a bricf discussion of pharmacologic archythmia
management in the setting of cardiac arrest resuscitation is warranted. The
immediate and definitive therapy for ventricular fibrillation and pulscless ven-
tricular tachycardia is defibrillation or cardioversion. Defibrillation should not
be delayed for a teial of pharmacologic therapy in patients who are pulscless
or in severe shock. Metabolic, electrolyte, and toxicologic disorders, such as
hypocalcemia, hypokalemia, or hyperkalemia, and tricyclic antidepressant inges-
tions, are more common causes of ventricular arrhythmia in children than
myaocardial infarction as scen in adulls, Correction of melabolic and electrolyte
irregularities and toxin-specific interventions should be the primary means of
managing lhese dysrhythmias.

Supraventricular tachycardia (SVT) is a relatively common dysrhythmia in
children. Although not usually life threatening in its initial presentation, if SVT
continues unabated, it eventually leads to worsening heart failure, metabolic
acidosis, and ultimately cardiac arrest, which Is a special concern in younyg
infants in whom the clinical recopnition of abnormal thythm is difficult because
of vagueness of symptoms. A comprehensive review of SVT in children recently
has been published ™

Adenosine

‘The treatment for patients with SVT in unstable patients is synchronized
cardioversion at a starting dosage of 0.5 ) /kg. Many paticnts are hemodynami-
vally stable on presentation, however, which gives opporlunily (or pharmaco-
fogic intervetion. Adenosine is now in widespread use for the managiement of
SVT. Other agents that are used and effective include verapamil, digoxin, esmao-
lol, and procainamide.

Adenosine is an endogenous nucleoside that funclions by acutely slowing
AV nude conduction. It probably accomplishes this task by direct action on AV
noade G protein-coupled adenosine receptors. It also inhibits the clectrophysio-
logic effects of increased intracellular cyclic adenosine monophosphate (AMDP)
which oceurs with sympathetic stimulation. Adenosine also causes arterial and
coronary vasodilation.?* 7 The initial dosage is 0.1 mp/kg, which should be
administered by a rapid 1V push, Rapid infusion maximizes the concentration

" of drug that reaches the heart and compensates for adenosine’s extremely short

half-life, present approximalely 10 seconds. Adenosine is climinated by carricr-
medinted uplake, which occurs in most cell types, including, the eadothelivim,
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and subsequent metabolism by adenosine deaminase. When administered by
perigheral 1V, a 3-mil. to 5-ml. bolus of fluid should follow to accelerate delivery
of the agent to the heart. When available, central venous administration is
preferable. The bricf half-life has made the risk for severe side cffects tolerable.
Bricf periods of sinus arrest are common with administration and are the means
by which it works. Other reported side effects include atrial fibrillation, episades
of apnea, bronchospasm, acceleraled ventricular rhythm, wiae complex tachy-
cardia, chest discomfort, and flushing. In the presence of aminophyliine, an
agent that increases cyclic AMP and may antagonize adenosine receplors, adeno-
sine may be incffeclive. Larger dosages of adenosine may overcome the initial
inhibition caused by aminophylline, but the SVT may recur because of the brief
half-life of adenosine. If an initial dose of adenosine does not work, the dosage
should be doubled and repeated immediately. A maximum dose Is unclear, but
350 pg/kg In infants and children and between 12 mg and 20 mg in adults have
been reported. ™ »

Lidocalne and Bretylium

Ventricular fibrillation is seen in less than 10% of pediatric cardiac arrests.
A melabolic or toxicologic cause of ventricular arrhythmia always should be
considered. When a ventricular arthythmia requires specific drug therapy, lido-
caine is the primary drug to use, with bretylium tosylate as a second choice.
Lidocaine suppresses ventricular ectopy and raises the fibrillation threshold. It
is a sodium channel blocker, and, as such, is classified as a type Ib antiarrhyth-
mic. By decreasing the slope of phase 4 depolarization of the cardiac pacemaker
cell action potential, it decreases automaticity and increases the threshold for
excitability.”

Lidocaine is recommended for treatment for patients with ventricular fibril-
lation after several unsuccessful defibrillation attempts and to prevent recurrence
of fibillation after successful conversion from ventricular fibrillation. The dosage
is 1.0 mg/kg by the 1V, 10, or ET routes. Before ET administration, the dose of
lidocalne should be diluted in 3 mb 10 5 ml. of Nuid. The climination half-life is
120 minutes™ " and represents hepatic metabolism, The therapeutic plasma
concentration is 1.5 to 5.0 pg/ml. The initial plasma lidocaine concentration
drops rapidly, with a hall-life of approximately 8 minules, representing distribu-
tion from the central compartment to peripheral tissues. Lidocaine efficacy
depends on maintenance of lhcra(rculic plasma concentration in the central
compartment. Therefore, a single dose may result in transient suppression of
arrhythmia, but the arphythmia may recur as the drug distribules and the central
compartment concentralion decreases. Thus, there is a requirement for mulliple
loading doses and institution of a continuous infusion. Immediately after a
1-mp/kg Inading dose, therapy with a continuous infusion of 20 to 50 pg/kg/
min shoukd be started. The elearance s decreased i congestive heart faiture,
cirthosis, postcardiopulmonary bypass surgery, and obesily. Dosage should be
reduced when these conditions are present. Patients with plasma levels greater
than 6 pg/mb may begin to manifest signs of toxicity. Toxic effects inchude
central nervous system agilation with parlial and genceralized seizures, tremor,
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dysartheia, altered evel of consciousness, and nystapgmus. Excessive dosages
cause myocardial depression and circulatory collapse.

Information about bretylium tosylate in pediatrics is limiled. In contradis-
tinction to lidocaine, which blocks sodium channels, bretylium tosylate is a
quaternary ammonium salt that prolongs cardiac action potentials and interferes
wilth norepinephrine re-uptake by sympathelic neurons. It may funclion as a
potassivm channel blocker. 1t is excreted essentially unchanged in the urine.

Wretylium may be used in treating ventricular fibrillation refractory to
defibriflation and lidocaine and ventricutar tachycandia resistant 1o lidocaine
and cardioversion, The recommended dosagie i 5 g /ky, by 1V push, which
can be inereased to 10 mg/Zkg and defibrillation repeated. Continuous infusions
of 1 1o 2 mg/min have been used in adulls. Because of interference with
norcpinephrine re-uptake, bretylium may induce an initial increase in heart rate,
blood pressure, or even frequency of ventricular extrasystoles. With prolonged
use, hypotension may develop because of continued inhibition of norepinephrine
re-uptake and eventual depletion of norepinephrine stores.

CARDIOVASCULAR SUPPORT IN THE
POSTRESUSCITATION PERIOD

The cardiovascular system of pediatric patients resuscitated from cardiac
arrest usually requires support with inotropes and occasionally vasopressors. In
this section, the pharmacology of epincphrine, dopamine, and dobutamine is
reviewed in the context of This role. The pharmacology of these agents has been
reviewed in detail * Table 2 describes the preparation of infusions and gencrally
used dosage ranges.

Epinephrine

The pharmacolopy and pharmacokinetics of epinephrine have been re-
viewaed in the context of cardiae arrest resuscitation. Epinephrine is used to treat

Table 2. MEDICATIONS DELIVERED BY CONTINUOUS INFUSION

Drug Preparation Infusion Rate  Usual Dosage Range
Epinephirine, 0.6 x body weight (kg), 1t mhe 0.05~1.0 pg/kg/min
Isoproterenol added to diluent to make delivers 0.1 .
100 mL nokg/min -
Dopamine, 6 x body weight (kg), 1 mUhr Dopamine 0.5-2.0
dobutamine added to diluent o make delivers 1.0 ng/kg/min {renal),
100 mbL 1g/kg/min 2.0--15 pg/kg/min
(inotropic), >15 png/
kgymin (pressor)
Dobutamineg 2.0-20
pgkg/min
Lidocaine 60 % body woeight (kg), { mimr 20-50 pg/kg/min
added 1o diluent lo make delivers 10
100 mb ng/kg/min

e ———————— -
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patients with shock asociated with myocardial dysfunction, and, as such, is
the drug of choice for {reating patients with hypotension following, successtul
treatment of cardiac arrest. Shock following an episode of hypoxemia or ische-
mia is usually cardiogenic™ and may respond o epinephrine infusion. Epineph-
rine is most likely to be useful when hypolension exists in the context of a low
cardiac index and stroke index. At low infusion rates (i.c., 0.05 to 0.1 puy/ky/
min), systemic vascular resistance decreases slightly, and heart rate, cardiac
output, and systolic blood pressure increase somewhal. Atintermediate infusion
rates, ay-adrenergic activation is important but is balanced by the improved
cardiac output and activation of vascular fy-receptors. Although epinephrine
constricts renal and cutancous arterioles, renal function and skin perfusion may
improve. Very high infusion rates (i.e., more than 1-2 pg/kg/min) are associated
with significant a,-adrenergic-mediated vasoconstriction; blood flow to individ-
ual organs Is compromised, and the associated increase in afterload may (urther
impair myocardial function. In a study involving adult patients in septic shock,
one group observed that stepwise infusion of cpinephrine was ascociated with
lincar increases in cardiac rate, mean arterial pressie, cardiae indes, left venbiie
ular stroke work index, oxygen constmption, and oxvvgen delivery o hal
study, neither pulmonary nor systemic vascular resistances were dfecied by
epinephrine infusion.”

Preparation and Administration

Epinephrine should he infused into a central vein, if possible. At the low
infusion volumes often used for infants and children, available infusion pumps
produce cyclic variations in Ruid-delivery rate. These may be of sufficient
magnilude to cause oscillations in hemodynamic response.'™ In infants and
small children, therefore, epincphrine and other vasoactive compounds should
be administered by. a syringe pump.

Adverse Effecis

Intravenous overdosage of epinephrine is immediately life-threatening.
Manifestations include myacardial infarction, ventricular tachycardia, extreme
hypertension (as much as 400/300), cerebral hemorrhagie, seizures, renal failure,
and pulmenary edema. Bradycardia also has been observed

Manifestations of acute overdosage are lreated symptomatically, if they
persist. P-receplor antagonists, such as propranolol, are contraindicated. liyper-
tension is treated wnt‘h short-acting antibypertensives (i.e., nitroprusside).

Hypokalemia is produced by epineplirine infusion caused by stimulation of
Bradrenergic receptors that are linked to sodium-potassium-ATPase located in
skeletal muscle. Infusion of 0.1 pg/kg/min lowered serum potassium by 0.8
mEq/L.2* Hyperglycemia results from a-adrenergic-mediated suppression of in-
sulin release.

Epinephrine is an «,-adrenergic agonist, and infiltration into local tissues or
intra-arlerial injection may produce severe vasospasm and tissue injury. Concur-
rent activation of B, receptors by epinephrine limits vasospasm, and lacal injury
10 tissue is less common than with either norepinephrine or dopamine.
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Oopamine

Although cpinephrine is the drug, of choice for myocardial dysfunction and
shock in the posiresuscitation period, dopamine may be used in patients with
less severe shock and hypotension.

Basic Pharmacology

In the enzymatic pathway leading from tyrosine to epinephrine, decarboxyl-
ation Iransforms 1.- dnpa to dopamine. Dopammc is a central neurolransmitter
and also is found in sympaihelic nerve terminals and in the adrenal medulla,
where it is the immediate precursor of norepmcphnne. In healthy individuals,
plasma levels of dopamine are in the range of 50 to 100 pg/ml..

Dopamine stimulales dopaminé (1, and 1.} receptors located in the brain
il in vasculae beds o the Kidney, mesentery, and coronary arteries, 1 also
stimlates o eeeptins Al Bereceplors, although the affinity of the compound
for these avreptrs is fower. D,neceptors: are coupled through G, protein to
adenylate cvdtase, The increase in cAME prodduced by their activation cvokes

vasodilation, which increases blosd flow 1o these organs and may enhance renal
woliite aned waler excere Ilun Dapamine also modulates refease of aldosterone and
prolactin (1,-receplors), which also may alfect renal solule clearance. s 2103

tn healthy adult volunteers, infusion rates between 1 and 10 pg/kg/min
increased stroke volume and  cardiac ontput without major effect on heart
tate or blooad pressure, Low infusion vales augment renal soditun exeretion;
intlermediate rales (e, 10 pg/ikg/min) produce chronotropic and  inoltropic
cffects, and still higher infusion rates increase vascular resistance.™ * '22 Renal
blood flow, glomerular filtration rate, and sodium excretion are maintained or
increase during - dopamine infusion in patients with poor cardiac ontput. 1t is
often stated that infants display reduced sensitivity to dopamine; however, the
cvitdence of this view is not conclusive. Some experimental evidence shows
diminished sensilivity to dopamine in infants; however, this finding is limited
lo stadies in immature animals. ™™ A cantrary observation was made by Pad-
bury and coworkers,” who measured cardiac output in a group ef infants and
found that mean blood pressure increased at doses of 0.5 to 1 pg/kg/min,
whereas heart rate increased heyond 2 1o 3 pp/kg/min. Cardiac output and
stroke volime increased before Teart rate, id systemic vaseular sesistanee did
not change within the range of dopamine infusion rates (0.5-8 pg/kg/min).

Low infusion rates of dopamine frequently are used to augment renal
function during critical illness.* " Allhml;,h evidence shows that low-dose
dopamine may promote salt exeretion and urine flow rate, data do not conclude
that the chances of renal failure are thereby reduced.

Phanmmacokinetics

Pasma dopamine clearance ranges from 60 1o 80 mL/kg/min in normal
adults.® The half-life has not been rcllably determined bul probably is in the
range of 2 to 4 minutes. Clearance is lower in patients with renal or hepatic
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disease.” '™ Ape has a striking cffect on clearance of dopamine, and clearance
in children younger thin 2 years of age is approximately twice as rapid as it is
il‘l older children (82 versus 46 mL/kg/min)." This observation has been con-
firmed: in a recent study, -Allen and colleagues’ demonstrated that dusing the
first 20 months of age, the clearance of infused dopamine decreases by alimost
50%, with an additional 50% decrease from ages 1 to 12 years. This pharmacoki-
netic difference, rather than a difference in receptors or myocardial sensitivity,
may account for the observation that infants require and tolerate higher infusion

rates. The pharmacokinetics of dopamine and olher cardiovascular drugs have
been reviewed.'™

Clinical

Dopamine is an eflective inotropic and vasopressor agent in neonates and
infants with a variety of conditions associated with circulatory failure, including
hyaline membrane disease, asphyxia, sepsis syndrome, and cyanotic congenital
heart discase '™ '

Although little formal data are available concerning use of dopamine in
critically ill chifdren, ciinicians use dopamine to enhance renal function and
explait its inotropic and vasopressor propertics. Dopamine is less likely to
produce severe tachycardia or dysrhythmias than epinephrine or isoproterenol.

Fallowing volume repletion, dopamine is indicated in the context of moder-
ately severe degrees of distributive shock (e.g., sepsis or hypoxia-ischemia) or
cardiogenic shack. It is also indicated in the absence of hypotension, when
clinical signs or hemodynamic measurements SugETst & clate of compensated
shock or inadequate peripheral perfusion. Dopamine is not the agent of choice
when an elevated cardiac output exists, a markedly reduced systemic vascular
resistance and profound hypotension. This paltern is obscrved in patients with
septic shock and suggests use of a vasopressor, such as norepinephrine. Dopa-
mine is also not the drug of choice to treat hypotension associaled with major
reductions in cardiac index (c.p, < 2-25 L/min/mw). Epinephrine is more
appropriate. Children with primary myocardial discase not complicated by frank
hypotension benefit from more selective inotropic agents, such as dobulamine
milrindne, or amrinone. Infusion rales of dopamine needed lo improve sipns of
severe myocardial dysfunction may be associated with troublesome lachyc,nrdin
or dysrhythmia and may increase myocardial oxygen consumption dispropor-
tionately to myocardial perfusion.

To treat patients with shock associated with hypotension, therapy is initi-
ated with an infusion rate of 5 to 10 pr/kp/min. The rate of infusion is increased
in steps of 2 to 5 g /kg/min, guided by evidence of improved blood flow (e,
skin temperature, capillary refill, sensorium, and urine oulput) and by restora-
tion of a blood pressuie that is appropriate for age. Infusion rates of more than
25 to 30 pg/kg/min &f dopamine are not customary, even if they maintain a
normal blood pressure. At infusion rates of this magnitude, the effect on blond
pressure is likely to represent an increase in systemic vascular resistance (o-
adrenergic activation) rather than cardiac outpui.

Adverse Elfecls

~ Dopamine administration produces mainly cardiovascular toxicity, includ-
ing lachycardia, hypertension, and dysrhythmia. The effect of dopamine on
o~
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myacardial oxypen balance is better than it is for isoprolerenol but not as good
as for dobutamine, amrinone, and milrinone?- ™

Dopamine depresses the ventilatory response to hypoxemia and hypercar-
bia by as much as 60%.'™ Dopamine and other B-agonists decrcase Pao, by
interfering with hypoxic vasoconstriction. In one study, dopamine increased
shunt in patients with adult respiratory distress syndrome from 27% to 40%.4
Dopamine can cause or worsen limb ischemia, gangrene of distal parts and
entire extremitics, and extensive loss of skin® Infusion rates as low as L5 pg/
kg/min have been responsible for limb loss. * 4 The presence of an arlerial
catheter also increases the possibility of limb ischemia. Because dopamine pro-
motes release of norepinephrine from synaptic terminals and also is converted
(o norepineplrine in vivo, it is more often associaled with limb ischemia than
are other adrenergic compounds. Extravasation of dopamine should be ireated
immediately with local infiltration with a solution of phentolamine (Regitine) (5
to 10 mg in 15 mL of normal saline} administered with a fine hypodermic needle.

Preparaticn and Administration

Dopamine is administered by central venous catheter to avoid the risk
of skin injury caused by extravasation. In an emergency, dopamine may be
administered through an 10 necdle.™

Dobutamine

Clinical Pharmacology

In adults with congestive heart failure, dobulamine produces a 50% to 80%
increase in cardiac output, which is almosl entirely caused by improvement in
stroke volume, Left atrial pressure decreases and systemic vascular eesistance
deereases or renaing the same, Heael rate increases little, if a1 all. Although
renal function is nol directly affected by dobutamine, renal function and urine
onlpal may improve as the increase i cacdine output fosters relaxation of
sympathetic tone and improved perfusion. Dobutamine is a dilator of the pulmo-
nary vasculature®

In one small study, dobutamine infusion (10 pg/kg/min) was associated
with increases in cardiac output (30%), blood pressure (17%), and heart rate
{7%). The threshold plasma concentrations for these increases were 13 ng/mt, 23
np/mb, and 68 gy /b, demonsteating that dobutamine is a relatively selective
inatrope with little effect on heart vate at customary infusion rates.™ Somewhat
greater thresholds fore impraved cardiac oulput were observed in a second group
of children” and in infants,™ but in all studies, dobutamine improved cardiac
contractility without substantially altering heart rate unless high infusion rates
were used.

Pharmacokinetics

The half-life is approximately 2 minules in adults, and the volume of
distribution is 0.2 L/kg. Congestive heart failure increases the volume of distri-
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bution, In adults, the clearance is approximately 2 1./m?/min. Typical clearance
values in children are 70 to 100 mL/kg/min. Infusions in the range used
clinically yickl plasma dobutamine concentrations from approximalely 50 ng/
ml. to 160 to 190 ng/mL in children® and aduils™ The principal route of
elimination is mcethylation by COMT, followed by hepatic glucuronidation and
excretion into urine and bile. Dobutamine also is cleared from the plasma by
non-neuronal uptake (uptake-2). Some investigators have reported nonlinear
elimination kinetics, but other data suggest (hat the kinetics of dobutamine can
be adequately described by.a simple first-order (lincar) model."™ '

Clinical :
, i

In adults, dobutamine produces improvement in various conditions associ-
ated with poor myocardial performance, such as cardiomyopathy, dtheroscle-
rotic heart disease, and acute myocardial infarction.*>”" " Dobutaming has heen
used following surgery for myocardial revascularization, cardiac transglantation,
and other procedures associaled with postoperative myocardial dysfunction,
although undesirable chronotropic effects have been recorded when fised after
cardiac surgery.”™ * "™ Several studices in infants and children® ». 7 " demon-
strate that dobutamine improves myocardial function in various settirigs. Stroke
volume and cardiac index improve without a substantial increase Jn cardiac
rate. Systemic vascular resistance and pulmonary vascular resistance may de-
crease toward normal.

Dobutamine is not a first-line agent to treat patients with low-output states
that are caused by intracardiac shunt or abnormal cardiac chamber structure.
Dobutamine is used following corrective or palliative cardiovascular surgery in
children; however, in this context, its use also should be limited to occasions in
which demonstraled or suspected myocardial dysfunction exists. Dobutamine
may be of adjunctive value in treating patients with myocardial dysfunction that
complicates a primary condition, such as adult respiratory distress syndrome or
septic shock. It is rarely, however, appropriate to use dobutamine as the sole
agent to treat patients with hemadynamic compromise associated with sepsis,
adult respiratory distress syndrome, or shock following an cpisode of severe
hypuxia-ischemia.

Adverse Effects

Dobutamine usually increases myocardial oxygen demand. In subjects with
myocardial dysfanction, coronary blood flow and oxypen supply improve with
the increase in demand”; however, i dobutamine is used when myocandiol
contractility is normal, oxygen balance is adversely affected. Significant tachycar-
dia greatly increases oxypen use by the heart and should prompt a reduction in
the dosape of dobutamine (or an alteenate apent).

Although dobutamine is less tikely than other eatecholamines o induce
severe atrial and ventricular dysrhythmias, these complications occur, patticu-
larly in the context of myocarditis, electrolyte imbalance, or high infusion rates.
Dobutamine and other inotropes should be administered cautiously to patients
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wilh dynamic left ventricular outflow obstruction (i.e., hypertrophic aortic steno
sis).

Preparation and Administration

+ Therapy is initiated at a rate of 2.5 to 5 pg/kg/min. One should consider
chonging to epinephrine if no substantial improvement occurs with infusion
rates of 20 pg/kg/min, although rates of 40 to 50 pg/kg/min have been effec
tive.

}

fSummary
¥

| The resuscitation of children from cardiac arrest and shock remains a
ichallenging goal. The pharmacologic principles underlying current recommen-
‘hﬂalinns for intervention in pediatric cardiac arrest have been reviewed. Current
rescarch efforts, points of conlroversy, and accepled practices that may nol be
most efficacious have been described. Epinephrine remains the most effective
esuscilalion adjunct. High-dose epinephrine is tolerated better in children than
in adults, but its efficacy has not received full analysis. The preponderance of
fata continues to point foward the incffectiveness and possible deleterious
offects of overzealous sodium bicarbonate use, Calclum chloride is usefut in the
treatment of jonized hypocalcemia but may harm cells that have experienced
asphyxial damage. Alropine is an cffective agent for alleviating bradycardia
induced by increased vagal tone, but because most bradycardia in children is
caused by hypoxia, improved oxygenation is the intervention of choice. Adem
sine is an cffective and generally well-tolerated agent for the trealment ol
supraventricular tachycardia. Lidocaine is the drug of choice for ventricular
dysrhythmias, and bretylium, still relatively anexplored, is in reserve. Many
pediatricians use dopamine for shuck in the postresuscitative period, but epi-
nephrine is superior. Most animal research on cardiac arrest is based on models
with ventricular fibritlation that probably are not reflective of cardiac arrest
situations most often seen in pediatrics.
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Pediatric Advanced Life Support (PALS):
The Pharmacist’s Role

Paul C. Biahunka

The provision of pharmaceutical care to the patient
undergoing cardiopulmonary resuscitation (CPR) is an
important evolving concept Pediatric resuscitation
and advanced cardiac life support (ACLS) presents a
particularly challenging situation for the practicing
pharmacist. Etiologies of pediatric arrests inciude pul-
monary conditions such as bronchopulmonary dyspla-
sia, respiratory distress syndrome, respiratory syncy-
tial virus (RSV) infection, and a myriad of sccidental
tactors. Important initial determinations on arriving at
a pediatric arrest are described, such as determining
the correct weight of the patient, assessing the need
for vascular access and/or intubation, snd establish-
ing the “code” leader. Recent American Heart Associa-
tion guidelines for the pharmacotherapy of pediatric
ACLS are discussed in detail. Included are recommen-
dations on oxygen delivery, routes of fiuid and medica-
tion administration, recent changes in epinephrine
dosing, and guidelines for the proper use of adjunct

ERHAPS THE MOST.startling and anrx- .

ious moment a pharmacist encounters is
the instant a cardiopulmonary arrest is an-
nounced over the public address system of a
health care facility. As someone’s life literally
hangs in the balance. the pharmacist must at
once discontinue all present activities, promptly
and efficiently gather whatever materials and

supplies may be necéssarv. and quickly respond

to the emergency while maintaining composure.
By any moniker. 2 “no. 1 Emergency,” “Code
4434.” “Doctor Stat,” or “Code Blue” presents
the most immediate and critical of chalienges
for those charged with the care of patients.
When this situation involves a pediatric patient,
the anxety and emotion of the event can be-
come even more charged. Unfortunately, all too
often the reason for these uneasy feelings is
insufficient training in this area of clinical prac-
tice. As no one can accurately predict the exact

moment an arrest will occur. staffing a depart- -

ment with pharmacists experienced in advanced
life-support is optimal. Because emergencies
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immedications. A detailed description of a3 method of
using aduit emergency drug syringes in the pediatric
arrest is provided. Proper use of this method can
expedite drug dispensing in an arrest, minimize the
potential for needie.stick injury, and optimize the
delivery of a patient-specific dose of medication. A
“mock code” program is described that includes in-
volvement with pharmacists, nurses, medical resi-
dents, and respiratory therapists. This program pro-
vides a hands-on role-playing mode! of a simulasted
pediatric arrest and serves as a valuable teaching tool
for those charged. with the responsibility of patient
care during an actual arrest. While the uftimute role of
the pharmacist in the pedistric arrest continues to be
defined, developing the competency to provide phar-
maceutical care in this clinical setting can be extremely
rewarding.

Copyright ¢ 1996 by W.B. Ssunders Company

can occur st any time, however, experienced
personnel may or may not always be available.
Similarly, off-hours such as the midnight shift
and weekends are typically staffed with minimal
coverage, which often precludes pharmacist
involvement with the cardiac arrest team. This
article will review the etiologies and unique
complications of the pediatric arrest. Current
guidelines from the American Heart Associa-
tion on emergency medication use during pedi-
atric advanced life support (P.A.LS.) will be
provided along with suggestions for the pediat-
ric pharmacist practitioner to become a more
active (or pro-active) member of the arrest team.
Finally, a description will be provided of the
author’s experience with a mock code program
designed to provide a multidisciplinary, hands-
on, role-playing model for review of cardiopul-
monary arrests in the pediatric patient.

An exhaustive summary of all aspects of the
pediatric arrest situation, including fundamen-
tal basic life-support techniques, is beyond the
scope of this review. The reader is reminded
that before anv pharmacological intervention in
an arrest situation, the basic “ABC’s™ of life
support (airway, breathing, circulation) need to
be established before initiating “drug,” or phar-
macological. therapy.

Basic life support includes, but is not limited
to, determining the responsiveness of the pa-
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tient: the initiation of respirations and chest
compressions in a pulseless. nonbreathing pa-
tient: and the use of necessary equipment to aid
in the maintenance of the respiratory and circu-
latory effort.

ETIOLOGIES OF THE PEDIATRIC ARREST

The most common cause of cardiac arrestin a
pediatric patient is secondary to pulmonary
compromise.! The progression of events tvpi-
callv involves respiratory failure with worsening
hypoxemia. hypercarbia. and metabolic acidosis
that progresses to asystole and cardiopulmo-
nary arrest. Unlike the adult population. acute
myvocardial infarction in the child is an ex-
tremelv rare phenomenon. Similarly, the inci-
dence of ventricular fibrillation associated with
pediatric pulseless arrest is reported to be less
than 10%. Common underlving pulmonan eti-
ologies that piace the pediatric patient at in-
creased risk for arrest include prematunin with
resultant bronchopulmonan dvsplasia (BPD).
respiratory distress syndrome (RDS). ovsnic fi-
brosis. and respiratory svncytial virus (RSV).
Other accidental factors that contribute to res-
piratory emergencies including smoke inhala-
tion. near-drowning. foreign body aspiration:
suffocation episodes. and unintentionzi strangu-
lation. Lastly. metabolic or organic etinlogies of
respiratory arrest can include intraciable sei-
zures. central nervous system (CNS) toviaity
secondary to drug overdose tintentior.al or yunin-
tentional), severe electrolvte abnormahiues. or
hvpoglvecemia.# -

In pediatric patients with impending respira-
tory failure. certain compensatory mechanisms
usually take place that offer warning signs to the
progression of more serious. life-threatening
events such as shock and rsspiratony demuise.
These warring signs include tachvpnea. de-
creased breath sounds. insufficient chest excur-
sion. changing mental status (from initial rest-
lessness or agitation to lethargy or
unresponsiveness), decreased response to pain-
ful stimuli, cvanosis and or poor overall respira-
tory effort. Signs that herald the onset of shock
in the pediatric patient include tachycardia.
rapid. thready peripheral pulses. d aphoresis,
and or signs of end-organ perfusioa compro-
mise such as decreased urine output or worsen-
ing mental status.
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A prospective analysis of more than 100
arrests in a pediatric population concluded that
the only variable which influenced the ultimate
survival of the patient was the type of arrest
(respiratory vs cardiac vs cardiorespiratory).’
Patients who suffered a respiratory arrest had a
25% mortality rate, compared with 87% mortal-
ity for cardiac (only) arrests and an 8§3% mortal-
ity rate for cardiorespiratory arrests. In a retro-
spective review of 183 patients treated in a
pediatric trauma/cardiopulmonary resuscita-
tion room of an emergency department, apneic
and pulseless patients showed poor survival
(10%) compared with the excellent survival
rates (97%) of apneic children.® In addition to
etiology, duration of arrest is significantly associ-
ated with decreased neuropsvchological func-
tioning in childhood survivors of cardiac arrest.
The child with underlving respiratory disease in
the first vear of life is at greatest risk for arrest,
because 43% to 65% of all pediatric arrests
occur in the first 12 months of life.”

ARRIVING AT THE CODE SCENE: ASSESSING
THE SITUATION

Although still an evolving concept, the notion
of the pharmacist as an integral member of the
code team was first described nearly 30 years
ago.® Whether notification of the arrest comes
via overhead page or digital pager. the respond-
ing pharmacist needs to act immediately to
gather both supplies and thoughts to respond
efficientlv and professionally to the situation.
Invariably, logistical and demographic con-
straints usually recuire several seconds, or per-
haps minutes between initial announcement of
an arrest and arrival at the code scene. Prepara-
tion for the provision of pharmaceutical care to
the patient should begin during these first
critical moments. The pharmacist’s thought pro-
cesses should begin to focus on what informa-
tion to ascertain on arrival at the arrest. Of
paramount importance is to determine the
weight of the patient. The pediatric emergency
is not unlike most other clinical situations in the
field of treating sick and hospitalized childrenin
that drug dosages are usually expressed in terms
of weight (ie, “mg kg”). If the weight of the
patient is not known. an accurate estimation can
be determined by measuring the length of the
patient with a tape that estimates weight from
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measured length.? As a last resort, if a parent,
nurse, or caregiver is unable to provide a recent
documented weight, a “best-guess” estimate
should be determined for calculation of drug
dosing. Pharmacists have taken a preemptive
role in this area by establishing bedside charts
for pediatric patients, including the patient's
current weight and calculated doses for com-
monly used emergency drugs.!® In the event of
an arrest. the correct drug dose calculations are
then readily available at the bedside (Fig 1),
which greatly facilitate prompt medication ad-
ministration.

If possible. a brief history should be ascer-
tained including the nature and history .of the
illness or injury, and the medications the patient
may be currently taking or has accidentally
ingested. Knowledge of underlving discase states

If the weight of the patient is
not known, an accurate
estimation can be determined
by measuring the length of the
patient with a tape that
estimates weight from
measured length.

- 1 also important in determining the etiology of
the arrest and in anticipating potential pharma-
votherapeutic needs of the patient. For ex-
ample, knowing that a patient is currently under-
aving chemotherapy for acute lymphocytic
lcukemia may aid in the diagnosis and manage-
ment of presumed septic shock. including the
need for aggressive fluid resuscitation and anti-
biotic administration. Because examination of
the pupils of the eye is routinely performed on
.y unconscious patient, knowledge of whether
or not the patient has recently been adminis-
tered medications that may alter the pupillary
esponse (eg. belladonna alkaloids such as atro-
mne) can be of vital importance in proper
patient assessment. Another factor to deter-
mune is whether or not the patient has vascular
aceess. Hospitalized patients often have intrave-
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nous access, especially in an intensive care unit
(ICU) setting. Conversely, patients brought into
the emergency department usually do not have
intravenous access, thus vascular access needs
to be established.

A critical determination to be made by those
directly involved is which individual is leading,
or “running” the code. The importance of
communication in this clinical circumstance is
critical. Because a typical arrest situation may
have several physicians in attendance, identifica-
tion of the individual (usually, but not always, a
physician) charged with the responsibility of
clinical decision-making in the code becomes
important for several reasons. First, as the
situation is unfolding and patient assessment is
taking place, several requests may be generated
at once by- a multitude of phvsicians. These
requests can include fluids, medications, saline
fiushes, in addition to a multitude of supplies
stocked on the “crash cart.” A pharmacist
trying to efficiently respond to a flurry of simul-
taneous requests may increase the chance of
committing a dispensing error, or at the very
least cause delays in drawing up doses. A
proactive approach would be ig identify oneself
as the pharmacist on the code team. ask who is
leading the code, then interact solefv with that
individual in responding to medication and fiuid
requests. Trving to respond to more than one
“code leader™ increases the risk of administer-
ing incorrect or duplicate doses or otherwise
compromising control and continuity of medica-

tion use at the arrest. As doses are drawn up

and administered, it is incumbent on the phar-
macist and/or recording nurse to make the code
leader aware of how many doses of each medica-
tion has been administered up to that point. All
too often, two or more doses of medication may
have been requested. whereas, because of un-
avoidable delays, the initial dose has yet to be
given.

Unfortunately, the code scene is frequently
populated with far too many people than are
necessary for successful resuscitation of the
patient. Arrest “‘over-attendance’” can actually
impede the progress and successful execution of
a resuscitation. Although the motive behind 2
health care professional’s desire to respond 10
an arrest is usually in the interest of patient care
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Pediatric Intensive Care Unit
Emergency Drug/Drip Worksheet
Patient Name
Date of Admission
Admission Weight (kg)
Calculated By Checked By
***Please update with significant weight changes***

Drug Initial Dose Calculation Dose (mg)
Atropine 0.02mg/kg IV/IO/ET 0.02 x (wtinkg) = mg
(1 mg/1mL) {minimum dose 0.1 mg) cc
Epinephrine 0.01mg/kg 1V/IO 0.01 x (wtinkg) = mg
(0.1 mg/mL) {1:10,000) Y -

0.1mg/kg IV/IO/ET 0.1 x (wtinkg) = mg
(1 mg/mL) (1:1,000) . - CcC
Sodium bicarbonate 1 mEq/kg V/IO 1 x (wtin kg) = __ . mEq
{1 mEg/mL) cc
Caicium chioride 20mg/kg IV/IO 20 x (wtin kg) = .TMg
10% (100 mg/mL) cc
Lidocaine 1% 1mg/kg IV/IQ/ET 1x _{wtinkg) = mg
(10 mg/1mL) cc
Dextrose 25% 2-4mL/kg IV/IO 24 x (wtinkg) = cc

- {250 mg/1 mL)

Fig 1. Pediatric intensive care unit emergency drug/drip worksheet.

or educational advancement. the reality of the
situation is that the most efficiently run and
ultimately successful resuscitations can be man-
aged by a limited number of key individuals.
The physical space limitations. noise level, and
delays in getting equipment and blood samples
mobilized to and from the room are just a few of
the reasons that a well defined. dedicated “Code
Team” consisting of a limited number of mem-
bers is ideal. With proper communication and
understanding of evervone’s role, an effective
resuscitation effort is usually best achieved with
fewer. rather than more, individuals. A typical
code respease team includes the following indi-
viduals: anesthesiology resident or attending
physician; intensive care attending physician;

pediatric senior resident on duty; surgical resi-
dent or attending physician; pharmacist; respira-
tory therapist; intensive care nursing personnel,
or floor nurses as required; messenger: and
ancillary personnel as necessary (chaplain, ad-
ministrative coordinator, security).

PHARMACOTHERAPY OF THE PEDIATRIC
ARREST

In 1992, the Armerican Heart Association-
sponsored National Conference on Cardiopul-
monary Resuscitation (CPR) and Emergency
Critical Care (ECC) convened with the express
purpose of updating standards and guidelines
for all aspects of basic and advanced cardiac life
support.!! The conference resulted in several
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new recommendations in the area of pediatric
advanced life support.

Ozxygen and Endotracheal Intubation

Oxygen has clearly been proven to be of
unquestionable benefit in the management of

seriously ill and deteriorating children with

respiratory distress. Oxygen delivery to tissues is
compromised by respiratory insufficiency, circu-
latory failure, and hypovolemia. Even with excel-
lent basic life-support technique in the areas of
mouth-to-mouth resuscitation and external chest
compressions, the percentage of inspired oxy-
gen (16% to 179 Y is less than that of normally
inhaled room air (219¢) and cardiac output is
likewise markedly diminished.! Concentrations
of inspired oxygen of 100% are usually adminis-
tered in the pediatric arrest situation either by a

nonrebreathing face mask (conscious patient) )

or via endotracheal intubation (unconscious or
comatose patient). Pharmacists responding to
arrests-can play an active part in the intubation
sequence by bringing with them to all arrests a
bag of “intubation meds.” such as succinyvicho-
line. atracurium, atropine, thiopental, and loraz-
epam. Although most anesthesiologists have
their own preference of medications to use in
rapid sequence intubation, the previously men-
tioned list of agents should allow for some
degree of flexibility in the pharmacological man-
agement of this emergency procedure.

Routes of Fluid and Drug Administration

A necessary component to pediatric ACLS is
the establishment of vascular access. Pediatric
arrest is often accompanied by dehydration and
subsequent hypovolemia. thus making the task
of establishing a line for fluid and drug adminis-
tration a difficult one. If central access is already
existing in the patient. it should be used. Com-
monly used sites for gaining access to the
central circulation include the femoral, subcla-
vian. internal, and external jugular veins. For
most clinicians, the femoral vein provides the
fastest and easiest site of cannulation in the
pediatric patient. If central access cannot be
achieved, peripheral access should be at-
tempted in veins of the hand, foot, arm, leg. or
scalp (in the case of an infant). In a well
designed code team protocol, time limits are
placed on establishing peripheral access. After
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1 to 2 minutes of unsuccessful peripheral intra-
venous attempts, an intraosseous (10) catheter
is placed. 10 access is a reliable alternative in
children younger than 6 years of age. The rich
microvascular bed of vessels (venous plexus)
existing within the bone space of small children
before closing of the long bones provides direct
venous access. A special 10 needle, similar to a
bone marrow needle, must be used when attempt-
ing 10 placement to minimize the chance of the
needle breaking off during the attempt. The
most common site used for IO placement is the
anterior aspect of the tibia. Intraosseous access
can be achieved in as little as 30 seconds to 1
minute by a skilled clinician.1*13

Although 10 access has been associated rarely
with such complications as compartment syn-
drome, osteomyelitis, and tibial fractures, it
remains an extremely valuable alternative for
access to the vascular system. Crystalloid and

For most clinicians, the femoral
vein provides the fastest and
easiest site of cannulation in

the pediatric patient.

colloidal IV solutions, inotropic infusions. and
other emergency medications can be safely
administered via an IO line. Once the patient is
stabilized in the ICU, the IO line should be
replaced with a2 more permanent site of central
access. Another alternative route of drug admin-
istration. although inferior to IV or I1O. is via the
endotracheal tube. Lipophilic medications, in-
cluding lidocaine, atropine, naloxone, and epi-
nephrine (mnemonic: L.A.N.E.) have been suc-
cessfully administered via the endotracheal tube
(see Table 1). Because drug absorption varies
widely with this route of administration, defini-
tive dosing guidelines are not well defined.

Table 1. Medications Able to be Given Vis the Endotraches!
Route of Administration

Lidocaine
Atropine
Naloxone
Epinephrine

mz p» r

b-dA8



PEDS ACLS AND THE PHARMACIST

Based on a study in adult patients showing that
10% or less of an endotracheally administered
epinephrine dose ultimately reaches the termi-
nal alveoli for absorption, doses up to 10 times
the I'V dose are given.!* All drug doses adminis-
tered via the endotracheal route shouid be
followed with a normal saline flush (1 or 2 mL)
to ensure maximal drug deliverv to the site of
absorption in the terminal alveoli.

Intravenous Fluid Selection

Prompt fluid resuscitation must be consid-
ered early in the treatment options available to
the clinician when caring for the seriously ill
child. Crystalloid or colloid fluid boluses at
doses of 10 to 20 mlL/kg are administered to
restore circulating blood volume in cases of
hemodynamic compromise or severe dehydra-
tion. This early. aggressive effort in maintaining
an effective circulatory volume can prevent
more serious sequelae such as progression to
cardiac arrest or shock.'* Commonly used crys-
talloid fluids include Ringer’s lactate and nor-
mal saline, whereas 5% albumin is tvpically
used as a colloid solution. Dextrose-containing
solutions are not recommended. because a large
glucose load could resuit in hvperglveemia with
resuitant osmotic diuresis, which could precipi-
tate adverse neurological sequelae including
intracranial hemorrhage and seizures.’* Hvpo-
glvcemia detected via a bedside reagent test
{Accucheck. Chemstrip BG) should be man-
aged with administration of 0.5 to 1 g'kg of
dextrose (2 to 4 ml kg of 23% Dextrose).
Dextrose concentrations exceeding 25¢ should
be avoided because of complications associated
with hyperosmolarity. If 50% Dextrose solu-
tions are provided on the emergency carts. they
must be diluted 1:1 with sterile water before
administration in a pediatric patient.

Potassium-containing IV solutions and hyper-
alimentation solutions should be administered
with great caution in the arrest situation. Com-
promises in cardiac output can lead to de-
creased renal blood flow with subsequent dimin-
ished urine output and low potassium excretion.
As a result. serum potassium levels can in-
crease. precipitating cardiac arrhythmias or asys-
:cle. Potassium-containing I'V solutions infusing
al the onset of an arrest should be switched to a
potassium-free crystalloid or colloid solution for
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acute fluid resuscitation. Once the patient is
stabilized. close monitoring of urine output,
overall fluid status, and serum chemistries will
allow modifications in fluid and electrolyte
therapy. T

Resuscitation Managemen:

Epinephrine. Specific pharmacotherapy of
bradycardia or asvstole begins with epinephrine
as initial therapy. Epinephrine is a naturally
occurting catecholamine compound with dose-
dependent effects on both the a- and B-adrener-
gic nervous systems. In a cardiac arrest. epineph-
rine has been unequivocally proven to be
beneficial in restoring cardiac function. This
effect is related to epinephrine-induced sys-
temic vasoconstriction via a-adrenergic medi-
ated sympathetic stimulation, which results in
decreased venous pooling of available blood
throughout the body with subsequent increases
in coronary perfusion pressure. thereby increas-
ing oxvgen delivery to the heart muscle. The-
abilitv to increase aortic diastolic pressure
through systemic vasoconstriction has been asso-
ciated with successful cardiopulmonary resusci-
tation efforts.:” Epinephrine also causes in-
creased force of cardiac contractions—(positive
inotropic action) and increased heart rate (posi-
tive chronotropic action) through its B-adrener-
gic effects. which also plav a role in establishing
cardiac function in the bradycardiac or asystolic
patient. Another unique pharmacologic func-
tion of epinephrine is its ability to change a mild
but persistent ventricular fibrillation (“fine”
ventricular fibrillation) into the more classic
“sawtooth.” or course rhythm of ventricular
fibrillation. This action is advantageous, be-
cause the course ECG rhythm associated with
classic ventricular fibrillation is more amenable
to cardioversion (electric defibrillation) than is
fine ventricular fibrillation.!*1

The initial dose of epinephrine for infants
and children in an arrest is 0.01 mg/kg (10
ug/kg). Epinephrine is commercially available
in two concentrations: 1:1.000 (1 mg in 1 mL)
and 1:10.000 (! mg in 10 mL). To deliver a dose
of 0.01 mg/kg. the 1:10.000 strength should be
used because 0.1 mL/kg of this strength pro-
vides a dose of (.01 mg/kg. Pharmaceutical care
for the patient in this situation includes ensur-
ing that both the appropriate dose and concentra-
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tion are correctly drawn up and administered.
Before the American Heart Association confer-
ence in 1992, this dose was recommended for
initial and all subsequent doses of epinephrine
administered at a pediatric arrest. However, in
a pivotal study® focusing on the neurological
outcomes of pediatric patients resuscitated with
the aid of high-dose epinephrine, improved
outcomes were noted with a high-dose regimen
(0.1 mg/kg); thus the American Heart Associa-
tion has adopted this stance. The second and
subsequent doses of epinephrine should be 0.1
mg/kg (100 ng/kg) whether administered by the
IV or 10 route. Consequently, the 1:1,000
strength epinephrine at a dose of 0.1 mL/kg will
deliver 0.1 mg/kg (100 pg/kg). Doses as high as
0.2 mg/kg (0.2 mL/kg of the 1:1,000 solution)
have been used. Likewise, multiple doses of
epinephrine may be required. Three to 5 min-
utes should elapse between doses of epineph-

Consequently, the 1:1,000
- Strength epinephrine at a dose
of 0.1 mL/kg will deliver 0.1
mg/kg (100 pg/kg).

rine. This somewhat-confusing dosing scheme is
further complicated when IV or 10 access is
unobtainable and epinephrine must be adminis-
tered via the endotracheal tube. In this situa-
1io1., the initial dose of epinephrine is 0.1 mg/kg
(100 ng/kg), or 0.1 mL/kg of the 1:1,000 strength
epinephrine solution. The expertise of the phar-
macist is beneficial in these initial stages of
P.A.L.S. perhaps more than at any other time,
because dosing errors secondary to calculation
mistakes or unfamiliarity with product strengths
can easily lead to 10-fold overdoses or under-
doses, thus endangering clinical outcomes. The
role of the pharmacist is to ensure that not only
is the appropriate dose ordered, but the avail-
able routes of administration are assessed and
the proper concentration for the chosen route
of administration (IV/IO vs endotracheal tube)
are prepared.

Epinephrine has been administered as a con-
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tinuous infusion in cases of sustained asystole.
Doses as 1igh as 20 pg/kg/min have been
administered to children to restore cardiac
function after prolonged asystole.! Continuous
infusion of epinephrine has been associated
with hypertension and cardiac arrhythmias; thus,
prompt dose decreases and/or titration should
accompany any clinical response. Tissue necro-
sis with scarring can resuit from extravasation of
epinephrine solutions when administered pe-
ripherally. and thus central access should be
used when possible. At high doses. perfusion to
vital organs may likewise be compromised sec-
ondary to decreased renal, mesenteric, cere-
bral, and splanchnic blood flow. Despite these
potential concerns and precautions, epineph-
rine remains the quintessential pharmacologi-
cal tool in the treatment of both pediatric and
adult cardiopulmonary arrest.

Arropine.  Parasympathetic effects on car-
diac tissue are mediated through the vagus
nerve. The neurotransmitter of the parasympa-
thetic nervous system, acetyicholine, reduces
sinoatrial node spontaneous depolarization,
thereby decreasing heart rate.?! At the atrioven-
tricular node. acetylcholine reduces conduction
velocity and increases the effective refractory
period, which decreases ventricular response in
the setting of atrial tachvcardias. The vagus
nerve thus acts as the “brake” for the heart;
stimulation of the vagus nerve (ie, vagal maneu-
vers) is a common treatment option for patients
experiencing supraventricular tachycardias. At-
ropine, a belladonna alkaloid and perhaps the
classic anticholinergic compound. has proven
efficacy in the management of sinus bradycar-
dia, especially when hypotension and inad-
equate peripheral perfusion are present. Atro-
pine acts by blocking the vagus nerve, resulting
in increased sinus and atrial pacemaker activity
and increased atrioventricular (AV) node func-
tion. Atropine is an especially useful treatment
option in the small infant, because children
younger than 6 months of age rely almost
exclusively on heart rate for cardiac output.2 It
should be stressed, however, that despite the
usefulness of atropine in increasing heart rate in
the small child. epinephrine is still the treat-
ment of choice for managing bradycardia associ- .
ated with low cardiac output. Atrepine is consid-
ered the second-line agent in the management
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of bradycardia and asystole in the pediatric
patient. The usefulness of atropine in resolving
ventricular asystole is less clear than with other
agents such as epinephrine.

The recommended dose of atropine for brady-
cardia is 0.02 mg/kg. with 2 minimum dose of
0.1 mg. Administration of at least the minimum
dose of 0.1 mg is important, because atropine
can cause a paradoxical stimulation of the vagus
nerve at lower doses, thus aggravating a preexist-
ing bradyarrhythmia. The maximum single dose
of atropine for a child is 0.5 mg. whereas single
doses as high as 1 mg can be administered to the
adolescent patient. The maximum total dose of
atropine is 1 mg and 2 mg for the child and
adolescent, respectively. Doses can be repeated
approximately every 5 minutes if needed during
a prolonged arrest. The expertise of the pharma-
cist is essential in drawing up doses of atropine
because commercially available concentrations
include 1 mg/1 mL, 0.4 mg/1 mL, and 1 mg/10
mL. For example, a 0.02 mg/kg dose in a 25-kg
patient would be 0.5 mg, with a measured
volume of 0.5 mL, 1.25 mL, or 5 mL based on
atropine concentrationsof 1 mg 1 mL, 0.4 mg/1
mL. and 1 mg/10 mL. respectively.

Sodium Bicarbonare. For many years an
axiom in the management of patients who had
arrested was. “Witnessed arTest. give one dose
of bicarb: unwitnessed arrest. give twvo doses.”
Indeed, for many vears the injudicio.s, copious
use of sodium bicarbonate in the early stages of
an arrest seemed warranted because catechol-
amines are well known to have decreased efhi-
cacy in the setting of acidosis. Correcting the
downward pH shifts associated with respiratory
and metabolic acidosis by administering an
alkalinizing agent was thought to enhance the
efficacy of catecholamine compounds (ie, epi-
nephrine) in “jump-starting” the heart. How-
ever. clinical studies have not borne out these
assumptions.=* The aggressive use of sodium
bicarbonate in the absence of effective ventila-
tion has been shown to paradoxically exacerbate
existing respiratory acidosis through generation
of carbon dioxide dissolved as a gas in the blood.
Once in plasma, the dissolved carbon dioxide
diffuses across cellular membrane:; at a rate
more rapid than existing bicarbonare, resulting
in a decrease in intracellular pH ** Because
respiratory failure is the most common cause of
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cardiac arrest in children. the cavalier use of
this agent can actually worsen existing respira-
tory acidosis. This chemical reaction is de-
scribed by the following equation: -

NaHCO; + H*—=  H,CO; + Na*
(sodium (carbonic acid)
bicarbonate)
— CO- + H,O + Na~
(carbon dioxide)

It is therefore imperative that effective ventila-
tion be established before the administration of
bicarbonate in the arrest setting.

Currently no specific recommendations on
when to administer bicarbonate exist. The phar-
macist together with the code leader and other
members of the arrest team must assess such

The aggressive use of sodium
bicarbonate in the absence of
effective ventilation has been
shown to paradoxically
exacerbate existing respiratory
acidosis through generation of
carbon dioxide dissolved as a
gas in the blood.

factors as length of arrest. arterial or venous
blood gases, patient response, and respiratory
and ventilatory function in determining the
appropriateness of sodium bicarbonate adminis-
tration. If the decision is made to administer
sodium bicarbonate. the initial dose is 1 mEq/kg
(1 mL/kg of 8.4% solution) intravenously or via
the intraosseous route, (Note: Sodium bicarbon-
ate cannot be administered down the endotra-
cheal tube!) Sodium bicarbonate is commer-
cially available in two strengths. 4.2% (0.5
mEq/mL) and 8.4% (1 mEq/mL). The 4.2%
concentration. or “infant” bicarbanate, is used
in the setting of a neonatal arrest because the
8.4% concentration can result in intracranial
hemmorhage. thrombophlebitis and complica-
tions associated with the high osmolarity (2,000
mOsm/L) of the solution. For infants and
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children weighing more than 5 kg, the 8.4%
concentration can be used at doses of 1 mEq/kg
(1 mL/kg). Second and subsequent doses of 1
mEq/kg sodium bicarbonate can be adminis-
tered approximately every 10 minutes in a
prolonged arrest.

In addition to its questionable therapeutic
efficacy, sodium bicarbonate is associated with
several adverse effects, including shifts in the
oxyhemoglobin dissociation curve to the left,
resulting in a tighter affinity of oxvgen for the
hemoglobin molecule and ultimately less readily
available oxygen for tissue saturation™: acute
intracellular potassium shifts secondarn to meta-
bolic alkalosis; relative intracercbral acidosis as
plasma pH responds more rapidly to the alkalin-
izing effects of bicarbonate vis-a-vis cerebrospi-
nal fluid pH*; hypernatremia: and hyvperosmo-
lality.

Another concern with the use of sodium
bicarbonate in the arrest situation 1< the associ-
ated physical and chemical incompatibilities.
Calcium salts (eg. gluconate. chlonde) will in-
stantly react with bicarbonate to vield an in-
soluble precipitate which. in addition to gener-
ating a potentially dangerous precipitate
circulating through the vascular svstem. dimin-
ishes the amount of calcium and bicarbonate
ions available for their desired effects. In addi-
tion. sodium bicarbonate will chemically inacti-
vate catecholamines (eg. epincphrine) be ad-
mixed together into the same I\ line. For these
reasons, doses of sodium bicarbonate must be
followed with a saline flush to clcar the IV line
before subsequent medication administration.

Calcium Salts.  Like sodium bicarbonate, the
routine use of calcium salts in the arrest setting
has been brought into question in recent years
as a result of outcome studies that have showed
little or no effect on patient survival.=~7 Cal-
cium has historicallv been thought of as the
agent of choice in electromechanical dissocia-
tion (EMD), a clinical situation in which the
electrical and mechanical harmony usually en-
joved by cardiac tissues becomes disjointed.
Well designed studies to assess the efficacy of
calcium administration for EMD have failed to
show a beneficial effect of calcium. The Ameri-
can Heart Association currently recommends
calcium use to be limited to the following
clinical sertings: hyvperkalemia associated with
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cardiac arrhyvthmias (calcium has been shown to
protect the heart against the arrhythmogenic
effects of elevated serum potassium levels!);
hypocalcemia: hypermagnesemia; calcium chan-
nel blocker overdose. '

The chloride salt of calcium is the preferred
salt for these conditions because calcium chlo-
ride dissociates most readily in the blood to
deliver elemental calcium, the active compo-
nent. The recommended calcium chioride dose
is 20 mg/kg to be infused slowly and repeated
approximately every 10 minutes. Calcium chlo-
ride is commercially available in a 10% concen-
tration, thus doses of 0.2 mL/kg will deliver 20
mg/kg of- the salt and 5.4 mg/kg of elemental
calcium::-

Arrhythmia Management

Adenosine. Adenosine, a naturally occur-
ring endogenous nucleoside. has profound ef-
fects on AV nodal conduction when adminis-
tered via rapid intravenous push. Adenosine
momentarily blocks AV nodal conduction. which
interrupts the reentry circuits responsible for
aberrant dvsrhvthmias such as paroxysmal supra-
ventricular tachvcardia (PSVT). PSVT-related
svmptoms of hemodynamic instability such as
hvpotension or low cardiac output are optimally
treated with electrical cardioversion at a dose of
0.5 J/kg. If 1V access is available, adenosine
may be administered before cardioversion.
Adenosine is rapidlv metabolized by the red
blood cell enzyme adenosine deaminase. The
half-life of adenosine is estimated to be less
than 10 seconds. Effective use of this medica-
tion requires a rapid I'V push administration (1
to 3 seconds) to ensure that an adequate dose
reaches cardiac tissues. The pharmacist can
play a crucial role in ensuring that the dose is
rapidly administered and followed promptlv by
a saline flush to propel the dose into the
systemic circulation.

Adenosine has been reported 1o be effective
in terminating a variety of arrhyvthmias, includ-
ing AV reciprocating tachycardia. AV node
reentry tachvcardia. and junctional ectopic
tachycardia. in addition to PSVT.3! The pedi-
atric dose of adenosine is 0.1 mg/kg adminis-
tered rapidiv via I'V push, with subsequent doses
doubled (0.2 mg/kg) if necessary to achieve a
response. Some investigators have reported suc-
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cess with smaller doses of adenosine when
administered directly into a central line. Maxi-
mum single doses of adenosine should not
exceed 12 mg. The adverse effects described by
patients receiving adenosine include chest tight-
ness, flushing, and bronchospasm; however,
these effects are usually very short-lived owing
to the short half-life of the drug in serum.

Verapamil. Verapamil, the prototypical cal-‘

cium channel antagonist, was at one time consid-
ered a key agent in the treatment of PSVT in
children. The AV nodal blocking effects of
verapamil resulted in early clinical successes in
the management of atrial and AV node-
generated arthvihmias. Currently, the Ameri-

can Heart Association recommends against us-

ing verapamil for arrhythmia suppression in
infants because of reports of cardiac arrest after
its use.>>33 Likewise. verapamil use is presently
discouraged in any pediatric patient for arrhyth-
mia management because of the potential for
myocardial depression and profound hypoten-
sion secondary to the negative inotropic effects
of the drug.! especially when combined with
intravenous beta-adrenergic blocking agents (eg,
propranolol. metoprolol).

Lidocaine. Intravenous lidocaine is the phar-
macological treatment of choice for arrhythmias
of ventricular origin. As with PSVT, however,
electrical cardioversion should be used first in
any patient exhibiting ventricular tachycardia or
fibrillation on ECG when IV access and/or
lidocaine are unavailable. Lidocaine acts by
* suppressing the automaticity of conduction tis-
sue. and increasing the fibrillation threshold of
the ventricles and His-Purkinje system through
decreases in the permeability of sodium ions in
neuronal membranes.

Lidocaine therapy is initiated at a loading
dose of 1 mg kg followed by a continuous
infusion at a rate of 20 to 50 pg/kg/min.
Patients receiving lidocaine should be closely
monitored for central nervous system (CNS)
toxicity. including nervousness. tremor, obtunda-
tion. respiratory depression, seizures, and coma.
Lidocaine is commercially available in a wide
variety of concentrations, including 1% and 2%
(used for bolus doses). 4%, 10%, and 20%.
These latter strengths are commercially avail-
abie in ~additive syringes”- that are equipped
with a plastic housing. or “‘shieid.” around the
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needle and designed to spike the port of a
large-volume parenteral solution for infusion.
The intent of this design is to discourage the
user from administering these high concentra-
tions directly via IV push. Unfortunately, pa-
tients have received inadvertent administration
of toxic boluses of lidocaine by direct IV push
with fatal outcomes. Most, if not all, of these
concentrated additive syringes, have been dis-
continued. The presence of a pharmacist, with
their knowledge and familiarity of dosage forms,
is instrumental in decreasing the likelihood of a
tragic medication error such as this from occur-
ring.

Using Adult Emergency Drug Syringes in the
Pediarmic Arrest
A major rate-limiting step the pharmacist

encounters during a pediatric arrest is the
preparation and delivery of patient-specific doses

Unfortunately, patients have
received inadvertent
administration of toxic boluses
of lidocaine by direct IV push

with fatal outcomes.”

of emergency medication from available dosage
forms. Several pharmaceutical companies mar-
ket “emergency syringe” dosage forms for epi-
nephrine, sodium bicarbonate, lidocaine, and
other medications. These packages typically
contain two components: a glass container hold-
ing a single adult dose of the medication, and a
syvringe/needle device designed to accept the'
medication cartridge for unit-dose delivery. An
“emergency syringe™ should never be used for
drug administration during a pediatric arrest
unless the patient-specific dose is equal to the
full syringe contents.

Although not approved for use in the product
labeling, a quick and easy method to draw up
pediatric doses from these medication car-
tridges is described below:

1. Take the medication cartridge (clear glass

with fluid inside) and remove the plastic
cap (usually colored yellow) from the end.
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. Do not engage the plastic syringe/needle
portion of the device to the medication
cartridge. IR
3. Attach a needle to a-standard “leur-lok”

syringe of the appropriate volume to draw
up the dose. Draw back the plunger to the
desired volume.

4. Invert the medication cartridge and, using
it as a “vial,” insert the needle from the
leur-lok syringe into the rubber stopper.
Slowly displace air into the glass container,
being very careful to stop every 2 to 3 mL
to allow solution to flow back into the
syringe. Continue in this manner until the
desired patient-specific dose has been
drawn up. (Note: Displacing the entire
volume of air from the syringe into the
glass container may cause the rubber stop-
per to pop out. expelling the fluid from the
container and wasting some or all of the
contents.)

The use of these emergency syringes in the
manner described previously is advantageous
for several reasons:

1. Intravenous tubing used in an emergency
setting often has onlv leur-lok connection
sites for bolus fluid and drug administra-
tion. Because the syringe/needle device on
the emergency cartridges has the needle
fused to the plastic syringe, they are incom-
patible with a leur-lok system.

Even if the I'V line is equipped with a port

to allow for direct needle access, the phar-

macist deciding to use an emergency sy-
ringe must first squirt out fluid from the
syringe so that only the patient-specific
dose is left in the syringe. This practice is
wasteful and can lead to needle-stick inju-

Ties.

Using the medication cartridge as a vial

allows for easy preparation of an exact

unir-dose of emergency medication, be-
cause subsequent doses can then be drawn
from the same labeled **vial.”
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Drug Infusions Used in PA.L.S.

If asystole is resolved and sinus rhvthm is
reestablished. inotropic support may be neces-
sary to maintain cardiac output. This is espe-
cially true in the setting of shock. in which poor
peripheral perfusion may not optimally respond

PAUL C. BLAHUNKA

to aggressive attemnts at fluid resuscitation.
Catecholamine compounds including epineph-
rine. dopamine, and the synthetic catechol-
amine dobutamine are commonly used to main-
tain cardiac output and biood pressure in
pediatric resuscitation. Care must be taken to
avoid extravasation of these agents because
severe tissue sloughing. ulcer formation, and
necrosis of subcutaneous tissue can result. These
infusions should onlv be administered into a
patent, well running IV line, with central line
infusion preferred.

Epinephrine Infusion. Epinephrine infusion
1s usually started at a dose of 0.1 pg/kg/min and
titrated to the desired clinical effect or 2 maxi-
mal dose-of 1 ug/kg/min and more if necessary
to maintain cardiac output. The ~“Rule of Sixes”
is an easily remembered calculation for the
preparation of the solution (Table 2). A disad-
vantage to this method is the quick development
of fluid overioad when high doses or multipie
infusions are required. An alternative calcula-
tion is to divide the total microgram dose per
hour by a convenient infusion rate to determine
the needed concentration in order to correctly
prepare the solution. For example. an epineph-
rine infusion of 0.1 pg/kg/min for a 12-kg
patient to run at 6 mL /h would be calculated as
follows:

0.1 pg/kg/min x 12 kg X 60 min/h = 72 ug’h
72 pg/h divided by 6 mL/h = 12 pg/mL
12 pg/mL x 100 mL of solution
= 1200 pg.or 1.2 mg
(1.2 mL of 1:1.000 epinephrine)
added to a 100-mL minibag

Table 2. The “Rule of Sixes” in Preparing Emergency Drug
intfusions

Deose

Drug Delivered Preparation

Dobutamine, 1mL/h = 1 ug/kg/min & x weight (kg) = mg
dopamine to be added 10 100
mL of soiution

0.6 x weight
{kg) = mg to be
added t0 100 mL of
solution

Epinephrine 1mbL/h = 0.1
ng/kg/min

Adapted from JAMA 1992;268:2270. Copyright 1982, Ameri-

can Medical Association.
é - 3"



PEDS ACLS AND THE PHARMACIST

Dopamine. 1t has heen said that dopamine
is actually “three drugs for the price of one”
because of the wide and dramatically different
pharmacological response to various doses of
the drug. At low doses (1 to 3 pg/kg/min),
dopamine stimulates primarily the dopaminer-
gic receptors, which results in increased blood
flow to renal, splanchnic, mesenteric, and cere-
bral vascular beds. Clinicians often take advan-
tage of low-dose dopamine infusions to help
augment renal blood flow in normotensive,
acutely il patients at risk for renal impairment.
At infusion doses of 3 to 10 pug/kg/min (moder-
ate-dose dopamine), effects include stimulation

of B-adrenergic receptors in cardiac tissue,:
resulting in increased heart rate and cardiac

output. High-dose dopamine (> 15 pg/kg/min)
causes systemic vasoconstriction via stimulation
of a-adrenergic receptors and subsequent loss

It has been said that dopamine
is actually “three drugs for the
price of one” because of the
wide and dramatically different
pharmacological response to
various doses of the drug.--

of renal and splanchnic vasodilatory effects.
This dose is used in the setting of life-threaten-
ing hypotension unresponsive to fluid resuscita-
tion. An alternative method™ of preparing dopa-
mine infusions in emergency situations is as
follows: (1) prepare a 600-mg/L concentration
of dopamine by adding 60 mg dopamine (1.5mL
of a 40 mg/mL concentration) to a 100-mL
minibag of 1V solution: (2) infuse this solution
at a rate of (patient weight) mL/h to deliver a
dose of 10 upg/kg/min (eg, a 15-kg patient
receiving 600 mg/L of dopamine at 15 mL/h
would be receiving 10 pg/kg/min, a 28-kg pa-
tient receiving 600 mg/L of dopamine at 28
mL. h would be receiving 10 pg/kg/min).
Dobutamine. Dobutamine is a synthetic cat-
echolamine analog of dopamine with relatively
selective action on the B-adrenergic receptors in
cardiac tissue, resulting in increased heart rate,
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- myocardial contractility, and cardiac output.

_Dobutamine is ciinically used in cases in which
inotropic support is needed for a patient with
stable or slightly low systemic blood pressure.
Dobutamine has little, if any, action on a-adren-
ergic receptors and thus does not possess the
-vasoconstrictive effects of epinephrine and high-
dose dopamine. Dobutamine infusions can like-
wise be calculatad to deliver 10 pg/kg/min as
described previously for dopamine by preparing
a 600-mg/L concentration and infusing the
admixture at an hourly rate equal to the pa-
tient’s weight in Xilograms. (Note: Dobutamine
is commercially available at a concentration of
12.5 mg mL. thus 4.8 mL of dobutamine is

- added to a 100-mL minibag to deliver a 600-
mg/L concentration.)

PRACTICING FOR AN ARREST: THE ‘MOCK
CCDE’ PROGRAM

Even the most experienced and dedicated
pediatric healit: care professionals assist in
cardiac resuscita:ion on a sporadic basis at best.
Consequently. the development of a multidisci-
plinary. hands-on. role-plaving model (“mock™
code) is importan: in maintaining the skil} level
necessary to provide optimal delivery of care in
the actual pedizitic arrest situation. The pro-
gram at The Cxidren’s Memorial Hospital in
Chicago has bezn in place for more than 10
vears and inclucas members of the pediatric

respiratory care.
Mock codes are scheduled to coincide with
“each nursing unit's annual ‘mandatory vearly
review process. oroviding all shifts of each
nursing unit ths opportunity to review skills
necessary for rasuscitation annually. Prepara-
tion. including 3ziineation of specific responsi-
bilities. begins a>out 4 weeks before the mock
code. The programs designed as a training tool
primarily for resident physicians and nursing
staff. although pharmacy students and newiy
hired pharmacists are also involved routinely as
a means of gaining experience in this area of
clinical practice. The role of the pharmacist in
this model is to act as an evaluator of both the
nurses and the rzsident staff. Approximately 1
week before the scheduled mock code. a code
situation. or “scenario” is developed and distrib-
uted to the nursing staff of the unit being
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.evaluated. The pediatric medical residents
scheduled to attend are not given the opportu-
nity to review the scenario before the event. The
mock code site is set up using a plastic resuscita-
tion training doll (Resusci-Annie®, Laerdal
Medical Corp., Armonk. NY) placed on a bed
or hospital gurney in an examination room on
the nursing unit. A “mock code” emergency
crash cart is available for use at the exercise that
is stocked with expired emergency medications.
IV fluids, and other supplies typically found in
the actual emergency carts. The room includes a
medical resident, pharmacist. ICU nurse, and
respiratory therapist who act as evaluators of
those involved in the “arrest.” A nurse then
arrives on the scene and begins to role-play the
situation based on the scenario. The rest of the
team gradually arrives over the next few min-
utes, with various residents taking the role of
code leader, anesthesiologist. or supporting phy-

The role of the pharmacist in
this model is to act as an
evaluator of both the nurses
and the resident staff.

sicians. Nursing staff in this model is responsible
for drawing up and administering all medication
orders including boluses. intravenous fluids.
and inotropic drips. Although pharmacists are
responsible for medication delivery in actual
arrest situations at The Children’s Memorial
Hospital, nursing staff assumes this role in the
mock code program. The reason is twofold:
First. a nurse is invariably the person most likelv
to find an unresponsive patient in a hospitalized
setting. As several minutes may elapse between
calling the code and the arrival of the entire
code team, situations may arise in which ACLS
is initiated before the arrival of the pharmacist.

For this reason. the mock code committee”

thought that nurses needed to have a basic
appreciation for and understanding of proper
techniques in calculating and preparing pediat-
ric emergency drug doses from the crash cart.
Second. reduced pharmacist staffing during cer-
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tain off-hours (ie, midnight shift) sometimas

-preclude their involvement in the initial stages
of a cardiac arrest.

The role cf the pharmacist as an evaluator
includes the following activities: monitoring the
appropriateness of the pharmacotherapy of the
mock arrest (correct doses, concentrations of
medications asked for at the correct intervals,
proper routes of administration being utilized,
adequate flushing of TV lines between medica-
tion administration, identification of drug incom-
patibilities and interactions commonly associ-
ated with emergency medications, etc); assessing
the degree of communication at the arrest: and
providing follow-up by way of discussion with
the attendees of the mock code following conclu-
sion. ; _

After the mock code. a multidisciplinary dis-
cussion takes place. focusing on both positive
and negative aspects of the code. The medical
resident and nurse evaluators comment on as-

- pects of basic life-support. correctness in using
monitoring equipment. and pharmacotherapy.
The pharmacist evaluator further elucidates on
drug therapy, including the resident’s ability to
order the correct doses in proper sequence. the
ability of the nurses to correctly prepare the
medications and fluids. and relative level of
communication during the role-play. Although
participants are not “graded’” in their overall
performance during the mock code. deficiencies
and commendations are noted on an evaluation
sheet that is then used to reinforce proper
techniques after the exercise. This program has
met with a positive response because both the
nurses and residents think it helps them to be
prepared for actual emergency situations as
they arise.

Although this model uses the pharmacist
primarily as mentor. other programs provide
opportunities for pharmacists to review their
skill level in a mock arrest format. Where no
such formalized program exists, pharmacy de-
partments should at the very least offer some
rvpe of yearly mandatoryreview of this topic as
a means to review and refresh these necessary
skills among their staffs. The development of a
program similar to that described in this section
would serve as a sterling example of a multidis-
ciplinary project designed to improve quality of
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patient care, 2 major focus of present Joimt
Commission on Accreditation of Healthcare
Organization (JCAHO) standards.

CONCLUSION

The ulimate role of the pharmacist in the
pediatric arrest continues to be defined. Tradi-
tionally, the pharmacist’s role as member of the
code team has included responsibilities such as
calculating drug doses. double-checking the ac-

curacy of ordered doses, drawing up medica---

tions. providing information related to drug
interactions and incompatibilities, preparing
emergency drips, and ensuring that the proper
route of administration and administration tech-
niques are used. In addition to the universally
accepted role as dispenser of medication, the
pharmacist as provider of pharmaceutical care
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in a cardiopulmonary arrest must position him
or herself to be the pharmacotherapeutic special-
ist. This responsibility can range from the afore-
mentioned functions all the way to being the
code leader. Developing the knowledge base to
efficiently and expertly respond when a young
life hangs in the balance is no small commit-
ment. The satisfaction one experiences in being
partially responsible for saving that life is per-
haps like no other. For this reason. the commit-
ment is more than worth the effort.
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Chnlcal ond loborofory observc’nons

A prospective, randomized, double-blind
comparison of calcium chloride and calcium
gluconate therapies for hypocalcemia in-critically ill

children

Cynthia W. Broner, Mo, Gregory L. Stidham, mp,
David F. Westenkirchner.-mp. and Donald C. Watson, Mmp
From the Deportments of Peaiatncs ond memwmamm and

Le Ronheur Children’s Medical Center. Memphis, Tennessee

Disturbances of ionized calcium levels have been reported
in sick neonates,’ and we have found a high rate of occur-
rence of ionized hypocalcemia,? which was associated with
a significantly increased mortality rate in critically ill non-
neonatal pediatric patients. Calcium chloride and calcium
gluconate are two of the standard salt preparations that are
used 10 correct hypocalcemia; the former 1s usually pre-
ferred because it is in the ionized form and therefore pro-
vides more readily available ionized calcium for use.

In this study., critically ill pediatric patients with ionized
hypocalcemia received either calcium chioride or calcium
gluconate in a randomized manner. The purposes of this
study were (1) to determine whether calcium chloride and
calcium gluconate provide equal bioavailability of 1onized
calcium and (2) 1o assess whether there were any differ-
ences in physiolegic effects after administrationof the two
salts. :

METHODS

Patient selection. All patients admitted to the Le Bonheur
Children’s Medical Center intensive care unit were eligible
for participation in this study if they were found to have
hypocalcemia. Patients were enrolled in the study after in-
formed consent was obtained in compliance with the inves-
tigational review boards of the University of Tennessee and
LBCMC. Exclusion criteria were (1) calcium administra-
tion before arrival in the ICU and (2) no documentation of
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ionized calcium level after calcium therapy. Therzpeutic
decisions were determined by the artending physicians, in-
dependent of patient involvement in this study.

Protocol. Patients were randomly assigned to receive ei-
ther calcium chioride or calcium gluconate through central
venous catheters. Randomization was performed bv our
medical center’s Pharmacotherapeutic Center of Excel-
lence. Dosages were calculated as milliequivalents of ele-
mental calcium and were given in milliequivalents per kilo-
gram per dose; all patients received 0.136 mEq/kg per dose.
All physician and nurse caretakers were unaware of the

HR Hean rate
icu Intensive care unit
LBCMC  Le Bonheur Children’s Medical Center

MAP Mean anterial blood pressure

agent being administered. Administration of calcium salts
was repeated as clinically indicated but was not included as
a new data set. Jonized calcium levels were obtained before
and 30 minutes after administration of the calcium salt.
Arnerial pH values were obtained simultaneously. Heart
rate and mean arterial blood pressure were monitored be-
fore, during, and after calcium therapy.

In addition to ionized calcium and arterial pH levels,
measurements of renal function, hepatic function, and se-
rum electrolyte values were also obtained on admission or
within 12 hours after initial ionized calcium measurements.
Clinical daa. including but not limited to medical history
and medications. were recorded on admission, and ¢linical
course was evaluated. Outcome and any significant mor-
bidity were also noted.

Blood sampling and analysis. Venous or arterial blood
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oble L. Diagnosed disease processes of patients
assigned randomly to received either alcxum chlonde or
calcium gluconate therapy

Diagnosis® Chioride Giuconate

Neurologic
Puimonary
Cardiovascular
Gastrointestinal
Infectious
Geaetic, metabolic
Renal

— O W W
LT - S VR S NI VY

“*Putients may have had one or more disease processes. There were no dif-

ferences in the 1ypes of disease processes present.in the (wo s(udy groups (p . -

>0.03).

samples were obtained by puncture or from indwelling lines
for determination of ionized calcium levels® and arterial
pH* with the use of jon-specific electrodes. Biood for ionized
calcium levels was obtained, placed in heparinized contain-
ers (Radiometer A/S, Copenhagen, Denmark) on ice wa-
ter, and evaiuated immediately. All samples were analyzed
on the Radiometer ICA 1E Ionized Caicium Analyzer
within 5 minutes of time of collection.

All laboratory tests were performed at the LBCMC di-
gnostic laboratory, where two levels of control samples
-ere assayed at 8-hour intervals each day. Normal refer-

eace ranges for all chemistry tests as described by Meites®
are =2SD and are acdjusted for age. Hypocalcemia was de-
fined as any vajue less than the normal range. Data are listed
by the present reference system used in our laboratory with
S1 units in parentheses. -

Severity of illness. A nursing mtervenuon—based scoring
systemn that vields an acuity rating has been developed inour
institution and is used to measure severity of illness. This
acuity rating has been shown to correlate with outcome
(unpublisied data). An acuity rating is assigned to all pa-
tients on admission to the LBCMC ICU and repeated dur-
ing each subsequent 8-hour period by the responsible nurs-
ing carotaker. The acuity rating at the time of the initial
blood sampling was used for this study.

Statistical analysis. The two treatment groups were
compared for all pretreatment variables and for the magni-
tude of ionized calcium change with the use of an unpaired,
two-tailed student ¢ test. The age and the acuity ratings for
both treatment groups were compared with the use of an
unpaired. two-tailed student 7 test. A paired, two-tailed
student 7 test was used to compare pretreatment and post-
treatment values for HR, pH, MAP, and ionized alcxum
All data are reporied as mears = SD.

TSULTS

Clinical correlation. Forty-nine critically ill pediatric pa-
tients were eligible for participation and entered into this
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protocol on admission to the ICU. Subsequently 12 patients
were excluded from final analysis on the basis of one of the
exclusion criteria. Thirty-seven patients werc thus enrolled
in the study and were randomly assigned to one of two
treatment groups, calcium chioride or calcium gluconate.
Twenty patients received calcium gluconate therapy; 17 re-
ceived calcium chloride.

The ages of the children studied ranged from 1 day 017
years. The mean age of patients was 3.7 = 5.0 years in the
chloride treatment group and 3.0 = 4.7 years in the glu-
conate treatment group (p >0.05). This study group com-
prised 20 boys and 17 girls. with no difference in the gender

~ proportion in the two groups. Similar numbers of patients

with neurologic, pulmonary, cardiovascular, infectious, and
gastrointestinal diseases were seen in both groups (Tabie I).

- Theacuity rating denoting severity of illness was 15.5 = 3.7

in the chloride treatment group and 13.2 * 3.4 in the glu-
conate treatment group {p = 0.06).

Pretreatment values. There were no diffierences in the two
groups before treatment in HR, MAP, arterial pH, and
ionized calcium level (p >0.05) (Table 1I).

Posttreatment values. There was no significant change in
the mean pH or in HR after treatment with either salt (p
>0.05) (Table II).

Tonized calcium (Table II). Treatment with one dose of
either salt produced a significant increase in the mean se-
rum ionized calcium level compared with the pretreaiment
level (p <0.05). The mean increase in ionized calcium jev-
eis was 0.19 mmol/L for the chioride group and 0.09
mmol/L for the gluconate group (p <0.05). After one dose,
ionized calcium levels increased in all patients who received
calcium chioride; however, of the patients who received
calcium gluconate, two patients had no change in ionized
calcium levels and five had posttreatment jevels that were
less than pretreaiment levels.

Blood pressure. The group receiving calcium chloride had
an increase in MAP of nearly 6 mm Hg (p <0.05) (Table
I1). No change in blood pressure was seen in the group re-
ceiving calcium gluconate.

Mortality, Of the 17 patients (82%) receiving calcium
chloride, 14 ultimately survived, and 15 (75%) of 20 receiv-
ing calcium gluconate survived. This difference was not
statistically significant.

Patients were also monitored after repeated doses of cal-
cium salts, and the effects of calcium administration on the
final ionized calcium levels were determined. All patients
eventually achieved normal serum ionized calcium levels
with either therapeutic agent.

DISCUSSION

Our results demonstrated that both calcium salts produce
a significant increase in ionized calcium levels but that cal-
cium chloride appears to have greater biocavailability.
Patients receiving calcium chloride had a greater increase
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Table ll. Effects of administration of calcium salts

The Journal of Pediatrics
December 1990

Calcium chloride

Calcium gluconate

Measurement Prefreatment Postirectment Pretreatment Posttreatment
HR (beats/min) 140 = 34 135= 28 132 = 32 130 = 31
MAP (mm Hg) .66 =22 71.5 = 20* 63 =17 64 =18
Arterial pH (U) 7.43 = 0.11 7.41 = 0.08 7.42 = 0.09 7.40 = 0.09
Ca** (mmol/L) 1.03 = 0.14 1.22 = 0.12° 1.07 = 0.12 1.16 = 0.059*
ACa*™* (mmol/L) 0.19 0.09*

Ca*™. ionized calcium.
*Staustical significance at p <0.05.

in the serum ionized calcium levels. and the effects of cal-
cium gluconate on ionized calcium were much less predict-
able in these patients. .. .

These data are in contrast to those of a previous report
by Coté et al..§ which demonstrated equal bicavailability of
calcium gluconate and calcium chloride in children who
were recovering from thermal burns. Our study differs from
theirs in two respects. First, all our patients were critically
ill and had ionized hypocalcemia; in contrast, the patients
studied by Coté et al. were in the recovery phase of burns
and in a stable clinical condition, and all had normal ion-
ized calcium levels before going to the operating suite for
burn débridement. Second, in our study, calcium chloride
produced a greater rise in the ionized calcium concentration
than calcium gluconate did when both groups of patients
were given an equal amount of calcium (measured in mil-
liequivalents per kilogram), in contrast to the Coté study,
in which both caicium salts produced an equal rise in ion-
ized calcium levels.

Previous studies have assessed the efficacy of calcium
chloride, gluconate, and gluceptate in adults’ or have com-
pared calcium chloride and gluceptate® and have noted
equal bioavailability. Calcium gluconate therapy has been
shown to elevate calcium levels adeguatelv-in symptom-free
newborn infants® 19 with ionized hypocalcemia and 1o be
adequate for maintenance therapy in pediatric patients with
mild hypocalcemia. No previous studies have compared the
efficacy of caicium chloride and calcium gluconate in the
treatment of critically ill children.

Some authors have postulated that calcium gluconate
must be metabolized by the liver to become jonized and to
be utilized by the body, and have recommended that
calcium gluconate not be given to patients with bepatic im-
pairment. Heining et al.!! reported that equimolar quanti-
ties of calcium chloride and calcium gluconate produced
similar elevations in plasma ionized calcium levels in anes-
thetized ferrets and when added to human blood in vitro, In
our study. only one of the seven patients with no improve-
ment in the ionized calcium level had liver disease. The re-

maining patients who had a decrease or no change in their
ionized calcium levels with calcium gluconate therapy had
diseases with low flow states. The disease processes in the
patients treated with calcium gluconate were similar 1o

‘those'in the patients in the calcium chloride group who had

a significant elevation of their ionized calcium levels in re-
sponse to therapy. These data are in contrast to the results
of Drop and Laver,!? who demonstrated thai ionized
bypocalcemia in critically ill adult patients with low flow
states was not corrected with the administration of calcium
chloride. _

Perhaps of even greater clinical relevance than the actual
increases in jonized calcium levels is the difference between
the two treatments in their effects on MAP. Our results are
consistent with reports by other authors!% 13 of increases in
MAP concomitant with the correction of ionized hypocal-
cemia. Others have reported no changes in blood pressure
with the administration of calcium® or no differences in the
changes in blood pressure based on which calcium salt was
used.! Our study demonstrated changes in blood pressure
with calcium chloride administration but not with calcium
gluconate.

Several recent studies® 14 !5 have demonstrated a fre-
quent occurrence of ionized hypocalcemia in critically ill
pediatric patients. In our previous study.? children with
ionized bypocalcemia had a higher mortality rate than oth-
ers. Perhaps both the mortality rate and the presence of hy-
pocalcemia refiect the “sicker child™ and the seriousness of
the patient’s condition rather than cause and effect. Al-
though no direct effect of calcium administration on the
mortality rate has been demonstrated in this study, we were
able to demonstrate an improvement in MAP after admin-
istration of the chloride salt. Others! % have demonstrated
improved myocardial contractility in critically ill patients.
These previous reports and our recent data demonstrating
an increase in MAP with calcium chloride therapy suggest
that there may be a decrease in morbidity in those patients
who receive calcium chloride therapy.

We conclude that calcium chloride produces a greater
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increase in serum ionized calcium concentration:than does
calcium gluconate when administered to critically ill chil-
dren. Furthermore, calcium chloride administration pro-
duced significant improvement in MAP in these patients,
whereas calcium gluconate did not. These data support the
supposition that calcium chloride may be the preferred
agent in the treatment of hypocalcemia in critically ill chil-
dren.
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Omeprazole treatment of severe peptic disease
associated with antral G cell hyperfunction and
hyperpepsinogenemia | in an infant

C. De Giacomo, MD. R. Fiocea, Mo, L. Villani, Mp. &. Licardi, Mp,

M. S. Scotta, MD, and E. Soicia, MD

From the Clinica Pediatrica and lstituto di Angtomia Patologiza. istituto di Ricovero e Cura @
Caratters Scientifico (IRCCS) Policlinico S. Matteo. Pavia. italy

Peptic ulcer disease is no longer a rare diagnosis in infants
and children. Ethnic, genetic. and environmental factors
contribute to its pathophysiologic and clinical hetero-
geneity.! Increased levels of serum gastrin or pepsinogen I
or both, coupled with acid hypersecretion, have occasionally
been reported in children with peptic ulcer.! Hypergas-
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trinemia in patients with peptic ulcer disease may arise from
a gastrinoma (Zollinger-Ellison syndrome) or from antral
gastrin cell hyperfunction with or without hyperplasia (also
called pseudo-Zollinger-Ellison syndrome).2 The response

ECL cell  Enterochromaffin-like cell
Geell - Gasrincell

of serum gastrin to a meal and the histologic quantification
of G cells are helpful in differentiating these hypergastrine-
mic syndromes.? Antral G cell hyperplasia-has been de-
scribed in a 7-year-old child in association with mild peptic

L-4a



New York St. Louis San Francisco

Montreal New Delhi

Auckland Bogoti Caracas

McGraw-Hilwl—, Inc. o

Health Professions Division .

Lisbon London Madrid Mexico City Milan
Paris San Juan Singapore Sydney Tokyo Toronto [_} 5



MAXWELL AND KLEEMAN’S
CLINICAL DISORDERS OF FLUID AND ELECTROLYTE
METABOLISM L

Copyright © 1994, 1987, 1980,-1972, 1962 by McGraw-Hill, Inc. All rights re-.- . . ...
served. Printed in the United States of America. Except as permirted under the----- =5 ...
United States Copyright Act of 1976, no part of this publication may be reproduced

or distributed in any form or by any means, or stored in a data base or retrieval sys-

tem, without the prior written permission of the publisher.

1234567890 KGPKGP 9876543
ISBN 0-D07-043008-9

This book was set in Sabon by Betrer Graphics, Inc.

The editors were J. Dereck Jeffers and Lester A. Sheinis.

The production supervisor was Richard C. Ruzycka.

The text designer was José Fonfrias. .
The cover designer was Marsha Cohen/Parallelogram.

The indexer was Tony Greenberg, M.D.

Arcata Graphics/Kingsport was printer and binder.

Library of Congress Cataloging-in-Publication Data

Maxwell & Kleernan’s clinical disorders of fluid and electrolyte
metabolism—>5th ed. / edited by Robert G. Narins.
p.  em. R
Rev. ed of: Clinical disorders of fluid and electrolyte -
metabolism. 4th ed. c1987.
Includes bibliographical references and index.
ISBN 0-07-041008-9
1. Body fluid disorders. 2. Water-electrolyre imbalances.
I. Maxwell, Morton H. (Morton Harrison), date. Il. Kleeman,
Charles R. (Charles Richard), date. [II. Narins, Robert G.
IV. Title: Clinical disorders of fluid and electrolyte merabolism.
V. Title: Maxwell and Kleeman'’s clinical disorders of fluid and
electrolyte metabolism.
[DNLM: 1. Water-Electrolyte Imbalance. WD 220 M4645 1994]

RC630.C57 1954

616.3'99—dc20
DNLM/DLC 94-14084

for Library of Congress CIP

bty

LS PPUTA



32 _DISORDERS OF CALCIUM METABOLISM 1025
f 1 i
FALSE TRUE
HYPOCALCEMIA HYPOCALCEMIA
FREEZING AND THAWING IONIZED Ca2+t " IONIZED Ca2+
OF PLASMA FROM DECREASED NORMAL
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(1.7 - 2.1 mg per 100 ml) Results of treatment for 1. Alcoholism
l eclampsia with MgSQO4 2. Gentamicin
3. Loop-diuretics
- 4. Cisplatin
—. __.SERUM PTH §. Malabsorption
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NORMAL OR LOW PTH HIGH PTH
1. Hypoparathyroidism ' '
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¢ infiltrative 1. Vitamin D deficiency Pseudohypoparathyroidism
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2 HuﬂOW'bOﬂr:t:Y"d.'Omz 3. HMungry bone syndrome hypoparathyroidism
a pos! parathyroidgectomy (post-thyroidectomy) Rhabdomyolysis

4. Pancreatitis

FIGURE 324 + Diagnostic steps in the evaluation of bypocalcemia.

calcemia is transient; it has occurred in approximately
17 percent of patients in one series who underwent thy-
roid surgery.39? It has been proposed that the hypocal-
cemia may result when Ca2* is deposited in bone to
compensate for preexisting thyrotoxic osteopenia. Intra-
operativ2 release of calcitonin has been proposed as an-
other possible mechanism for hypocalcemia that
complicates thyroid surgery.*! In a recent report Wat-
son et al. found a close correlation between the decre-
ments in serum [Ca2*] and the increase in plasma
zalcitonin;*85 no significant changes in the levels of PTH
were observed, suggesting that calcitonin released during
surgery accounts for the ininal fall in serum [Ca?+*]. In
addition, it was suggested that interference with normal
parathyroid function as a result of trauma to the glands
does not allow PTH to increase and that this also contrib-
utes to low serum [Ca2*).%85 Once caldtonin levels fall
serum [Ca2*] values return to normal.#85 Permanent
postsurgical hvpoparathyroidism occurs in only a small
percentage of cases: the incidence in recent series approx-
imated 3 percent.}79188 The frequency of this complica-
tion depends on variables such as the experience and
technical prowess of the surgeon. Extensive neck surgery
1s also likely to be associated with a high incidence of
permanent hypoparathyroidism.32? ,

A less frequent cause of hypoparathyroidism is me-
tastasis to the parathyroids. While the incidence of para-

Hyperaiimentation
Renal Tubular Acidosis
Chronic Rena! Failure

oMAW No

thyroid involvement in widespread metastatic disease can
be as high as 5 to 12 percent, hypocalcemia is uncom-
mon.2!0 Iron deposition in the parathyroid glands due to
hemochromatosis can also lead to hypoparathyroidism. It
has been speculated that Wilson’s disease may be associ-
ated with hypoparathyroidism in a similar way, by lead-
ing to deposition of copper in the parathyroid glands.6®

Hypomagnesemia

Magnesium depletion and hypomagnesemia (<1 mg/dl)
may produce hypocalcemia by several mechanisms. In
normal subjects, an acute change in serum magnesium
concentration will alter PTH secretion: hypomagnesemia
stimulates while hypermagnesemia inhibits secretion of
the hormone. During chronic and severe magnesium defi-
ciency, however, PTH secretion is imparied.!1.12:126 |p 2
study by Rude et al., patients with hypomagnesemia and
hypocalcemia were found to have low, normal, or even
high serum PTH levels.387 Nevertheless, magnesium re-
placement provoked increases in serum PTH regardless of
the baseline values of the hormone- In hypomagnesemic
patients with chronic renal disease, and high PTH, mag-
nesium administration has also been shown to stimulate
PTH secretion.392 These findings indicate that normal or
even high PTH values may be inadequate to maintain a
normal serum Ca2* in magnesium-depleted subjects.
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Skeletal resistance to PTH can_also, contribute to the_. . the formation of calcium.soaps was the-main-cause of the

development of hypocalcemia in hypomagnesemic startes.
In a study by Frietag and coworkers using isolated bone

hypocalcemia in pancrearitis.343-374 [t is now clear that
diminished secretion of PTH also contributes to the hypo-

perfusion;the-uptake of PTHand the formariorn of cAMP—~¢alcemia. Studies of patients with hypocalcemia and pan-

were found to be significantly diminished in perfused
bones from hypomagnesemic animals.!35 Correction of
hypocalcemia withour affecting serum PTH has been de-
scribed in some patients with renal failure, hypocalcemia,
hypomagnesemia, and high PTH who were given magne-
sium.264 In some patients with renal insufficiency, there-
fore, resistance to PTH action may be the result of
hypomagnesemia.

Impaired release of PTH and skeletal resistance to the
hormone can be assumed to conrtribute to hypocalcemia
in hypomagnesemic conditions. Since Mg2~ is an impor-
tant cofactor for the activation of adenylate cyclase it is
possible that severe deficiency may lead to impaired func-
tion of the adenylate cyclase-related receptor?!® and ac-
count, in part, for the observed derangement in PTH
release and for the skeletal resistance during hypomag-
nesemia. Bellorin-Font and coworkers have provided sup-
port for this inference: subsdrution of Mg2* by Mn2*
leads to a progressive decline in the abiliy of PTH to
stimulate adenylate cyclase activity in isolated kidney
cortical membranes.30

Another mechanism proposed to explain the hypo-
calcemia of magnesium depletion is that skeletal ex-
change of Ca2* and Mg2* is reduced, thereby leading to
decreased Ca?+* resorption from bone. This hypothesis is
based on the finding that induction of hypomagnesemia
in parathyroidectomized animals leads to a further de-
crease in serum Ca2+.180 Direct experimental evidence
for this mechanism is not available.

Patients with hypocalcemia due to magnesium defi-
ciency are resistant not only to PTH but also to parenteral
calcium and vitamin D therapy. The resistance to vitamin
D is probably the result of impaired metabolism since
plasma levels of 1,25(OH),D, are low.388

Excess plasma magnesium may also influence para-
thyroid function. Experimental??? and chinical''™ evi-
dence suggests that hypermagnesemia can decrease PTH
release and cause hypocalcemia.

Gentamicin

Hypocalcemia produced by gentamicin results from the
hypermagnesuria which leads to hypomagnesemia and
subsequen:ly to hypocalcemia.!® Replacement of serum
magnesium corrects the hypocalcemia.

Pancreatitis

Hypoczicemia is a common complication of acute pan-
creatiris; it occurs in 40 to 75 percent of patients with

cure pancreatitis.36-183 Several factors have been idend-
fied that can contribute to the decrease in serum [Ca2*]
levels. The findings of Ca?* deposition in areas of fat
necrosis in the pancreas initially led to the proposal that

creatitis have reported inappropriately low levels of
PTH¢3.216.294.299.374 {or the degree of hypocalcemia.
Moreover, hypocalcemia can be corrected by the admin-
istration of exogenous PTH. Others have reported un-
detectable plasma PTH levels due to either parathyroid
gland exhaustion or destruction of PTH by proteolyric
enzymes.?6 Results of some studies suggest that increased
glucagon secretion34? and hypercalcitoninemia®? may be
contributors to the development of hypocalcemia in some
patients with pancreatitis. However, elevated levels of
these hormones have not consistently been found.487
Other factors that have been proposed to contribute

to the hypocaleemia- in pancreatitis_include hypo-_

magnesemia,’%3 hypoalbuminemia,2'é acute renal fail-
ure,183.294.418 and an as yet unidsntified defect of bone
metabolism. 487

Neonatal bypocalcemia

Neonatal hypocalcemia occurs during the first 72 h of
life. It is most commonly seen in premature newborns,
those born to insulin-dependent diabetic mothers, and
infants with asphyxia at birth.462:464-466 Functional im-
maturity of the parathyroid glands has often been consid-
ered among the pathogenetic mechanisms for the hypo-
calcemia. 425462463 (Qccasionally, hypercalcemia (from
any cause) during pregnancy can suppress fetal parathy-
roid gland secretion and produce transient hypocalcemia
in the newborn.?®

Hypocalcemia occurring later than the first three
days of life can be caused by feeding milk conrtaining a
low calcium:phosphorus ratio. A low GFR per body sur-
face area in the newborn combined with high tubular
phosphate reabsorption causes hyperphosphatemia; that
in turn leads to hypocalcemia. Low serum calcium level
can persist until the parathyroid glands function well
enough to respond.

Other factors that have been identified as contribut-
ing to the hypocalcemia of the newborn are hypomag-
nesemia,?7-467-469 high calcitonin level,6* and vitamin D
deficency.202

Decreased vitamin D actviry
Pseudobypoparathyroidism

Albright et al. reported in 1942 the first three cases of
pseudohypoparathyroidism (PHP).” Many of the patients
with the syndrome exhibited characteristic features in-
cluding round face, short starure, and obesity. Bone ab-
normalities are common; they include exostosis and
shortening of the metacarpals, metatarsals, and pha-
langes, parricularly of the fourth digit. These somatic
features, sometimes called Albright’s hereditary osteo-
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Avstrophy (AHO), are present in most patients with PHP

it are not essential to its diagnosis.** Hypocalcemia,
avperphosphatemia, and high circulating levels of PTH
are present in patients with PHP. Administration of exo-
genous PTH does not correct the calcium and phosphate
abnormalities; the disorder has been postulated to result
from resistance to the actions of PTH.7

“Since Albright's “original- description;- it-has become
clear that there are several varieties of PHP.10% Patients
with PHP type I have markedly blunted nephrogenous
cAMP responses to exogenous PTH, suggesting thart the
plasma-bound adenyl cyclase complex of renal tubule
cells 1s abnormal. The defect, however, does not seem to
be specific for PTH. Some patients with PHP type 1 dis-
play resistance to multiple hormones that activate adenyl
cvclase, and express other abnormalities such as hypothy-
roidism, hypogonadism, mental retardation, impaired ol-
faction,131270 and Albright’s hereditary osteodystrophy
(see above).

Studies by different investigators have given support
to this hypothesis.}3¢ Drezner and Burch!!? demon-
strated that plasma membranes obtained from cells from
the renal cortex of a patrient with PHP had an abnormal
guanine-nucleotide-binding regulatory protein (G pro-
tein) in the adenylate cyclase receptor that rendered
the receptor refractory to hormone stimulation. These
findings have been corroborated by other investiga-
tors42.107.129.269 ysing different sources of adenylate
cvclase. This disorder is now known as PHP rype 1a.
Partients in this group demonstrate an approximately
50 percent reduction in Gya activity in plasma mem-
branes from multiple cell types, whereas their membrane
ievels of G,a are normal.!%% Recent strudies have sug-
gested that in some patients a mutarion in the gene encod-
ing the sumulatory G protein of adenyl cyclase is
responsible for AHO.348

Some parients, however, have been found to have
normal G a protein activity (PHP type 1b). The cause for
the metabolic resistance to the effects of PTH in this
group has not been defined. Only a few patents with
PHP rype 1b manifest the bone abnormalities thar are
<ommon with PHP tvpe 1a. ‘

A third group of PHP patients has been reported.
These individuals respond to exogenous PTH with an
increase in urinary cAMP but without phosphaturia.!o?
In this group with PHP type 2, a defect distal to the site of
formation of cAMP has been posrulated. The adenylate
cvclase receptor has the normal capability to increase
urinary cAMP. Thus, the nature of this defect is un-
<nown. ‘

The information on PHP that has accrued so far is
consistent with a disorder of heterogenous pathogenesis
and clinical manifestations that exhibits hypocalcemia
and hyperphosphatemia with high circulating PTH levels.

Serum 25-OH-D, has been found to be normal in
patients with PHP. Nevertheless, the combined effects
of resistance to PTH and hyperphosphatemia in PHP

can lead to suppression of la-hydroxylase activity
producing 1a,25-(OH),Dy deficiency and hypocalce-
mia, 1 10-246.252.305

A rare disorder that resembles PHP has been de-
scribed in several parients.?3$ Subjects affected with this
condition have normal to high levels of immunoreactive
PTH but respond to exogenous PTH by increasing uri-
nary phosphate and cAMP excretion. The condition is
known as pseudo-idiopathic hypoparathyroidism. It is
believed to represent formation of defective PTH mole-
cules by the parathyroid glands.

Hyperphosphatemia

Exogenous administration of phosphate can cause hyper-
phosphatemia and hypocalcemia. This situation
commonly develops during hyperalimentation or the
treatment of hypercalcemia with oral or IV phosphate.
Hyperphosphatemia can also occur as a result of dimin-
ished phosphate excretion (e.g., in acute renal failure
from rhabdomyolysis and chronic renal failure) or in-
creased endogenous release (¢.g., during treatment of cer-
tain lymphomas and leukemias of lymphocytic cells). 468
Hyperphosphatemia can cause hypocalcemia by inhibit--
ing 1,a-hydroxylase, which results in diminished
1a,25-(OH),D; formation.1%® Inhibition of bone resorp-
tion364-365 and precipitation of calcium phosphate com-
plexes in soft tissues®’ also occurs.

In patients with or without hyperphosphatemia who
are on hemodialysis, refrigeration or freezing of plasma,
and refrigeration but not freezing of s€rums cause a fall in
calcium concentration; the calcium loss is abolished if the
samples are diluted with a lanthanum solution prior to
storage. The mechanism underlying this false Fypocalce-
mia is not known. It does not occur in uremic patients
who are not on dialysis.!

Vitamin D; deficiency states

The principal sources of cholecalciferol (vitamin D,) are
the conversion in the skin of 7-hydroxvcholesterol to
cholecalciferol and from exogenous nutrients. Nutn-
tional deficiency of vitamin D has been largely eliminated
by supplementation of dairy products with vitamin D;
nevertheless, it can occur in breast-fed infants or in mal-
nourished elderly patients. The minimum daily require-
ments for vitamin D; for children and adults is 2.5 pg
(100 IU). The recommended daily dietary allowance is
10 pg (400 1U).

Factors predisposing to nutritional vitamin D, defi-
ciency include rapid growth, premature birth, inadequate
light exposure, malabsorption, intestinal surgery, and
hepatobiliary disease.

Hypocalcemia can also occur in hereditary deficiency
of la-hydroxylase (vitamin D-dependent rickets). This
disease is a rare autosomal recessive disorder3¢® in which
levels of 1a,25-(OH),D; are very low or undetectable. In
contrast to vitamin D-resistant rickets, patients do re-
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spond -to-exogenous- mamm—Dr Brooks-and -coworkers - natemia,-and -actdemia -increase bone-.resorprion. As 3

have described a single patient with vitamin D-dependent
rickets and increased serum 1,25-(OH),D;.5! The pa-
tient responded to exogenous vitamin D;. The authors
have suggested therefore that diminished targer cell re-
sponsiveness to endogenous vitamin D merabolites may
have caused the hypocalcemia.s!

A disorder resembling vitamin D-dependent rickers
bur in which circulating levels of 1a,25-(OH),D, are
normal represents resistance to the actions of the vitamin
D, metabolite. This is vitamin D-resistant rickets;>¢8
it is an inherited X-linked condition. Treatment of this
condition requires combined use of phosphate and cal-
citriol.16%.368

-Malabsorption: syndromes -

Most vitamin D is absorbed in the proximal small intes-
tine. Bile salts play an important role in the absorption of
fat-soluble vitamins such as vitamin D. Thus, intestinal
absorprve disorders are likely to produce hypocalcemia
by decreasing the absorption of vitamin D, bile salts, and
calcium. Other factors that can contribute to hypocal-
cemia in malabsorption syndromes include hypopro-
teinemia, hypomagnesemia, and the use of drugs that can
interfere with Ca2* metabolism (e.g., corticosteroids,
camendine).

Partial gastrectomy with gastrojejunostomy is among
the common causes of vitamin D deficiency in gastroin-
testinal disease.4!S Hypocalcemia has been found in ap-
proximately 7 percent of such patients.3¢3 Malabsorprion
of vitamin D can occur as a result of rapid gastric empty-
ing because of duodenal bypass, bacterial overgrowth, or
avoidance of farty foods.393

Malabsorption of vitamin D with hypocalcemia can
also occur in Crohn’s disease, treatment of obesity with
jejunoileal bypass, nontropical sprue, pancreatic insuffi-
ciency, and hepatobiliary disease.303

When chronic diarrhea and hyperchloremic meta-
polic acidosis accompany the hypocalcemia of 2 malab-
sorptive state, rapid correction of the acidosis may
precipitate tetany; alkalinization increases bmdmg of
protein to Ca2~. Hypomagnesemia, which is prominent
in malabsorption, causes resistance of serum calcium
ievel to augmentation by PTH. Hypomagnesemia should
thus be corrected prior to or concurrently with correction
of acidosis.

Renal tubular acidosis

Classical distal tubular acidosis can cause hypocalcemia,
hvpophosphatemia, and metabolic bone disease (see
Chap. 27). Proximal renal tubular acidosis (RTA) can
result in bone disease if the renal wastage of phosphate is
severe enough to lead to hypophosphatemia. In distal
RTA resulting hydrogen ion retention, hypobicarbo-

consequence, serum [Ca2*] increases and PTH level de-
creases, leading to hypercalciuria.2¢¢ The hypercalciuria
is a consequence, in addition to increased Ca2* mobiliza-
tion from bone,2¢5 of increased filtered load and de-
creased renal tubular reabsorption.*4! Metabolic acidosis
also decreases the activity of la-hydoxylase in the kidney
and decreases the production of 1¢,25-(OH),D;.%%3 The

" combined effécts of decreased intestinal Ca2* absorption

due to low 1a,25,-(OH),D; and increased urinary Ca2+
excretion eventually lead to hypocalcemia. Replacement
of 1a,25-(OH),D; and correction of the metabolic acido-
sis can correct the Ca2+ disorder.

Acute and chronic alcoholism

Alcohol abuse can cause hypocalcemia by several mecha-
nisms. Peng-et al.-demonstrated that the oral adminis-

tration of alcohol to dogs and rats is followed within

minutes by hypocalcemia.35?! The hypocalcemia occurred
even after removal of the thyroid and parathyroid glands,
suggesting that Ca2* is incorporated into bone or soft
tissue; the caicium uvptake is independent of changes in
PTH or calaronin.

The acute effects of alcohol on calcium and para-
thyroid hormone were recently studied in normal men
and women.2512 Ingestion of 1.2 to 1.5 g of alcohol per
kilogram of body weight over a 3-h period (doses suffic-
ent to cause acute alcohol intoxication) led to transient
hypoparathyroidism as indicated by a reduction in cir-
culating parathyroid hormone concentration of 58 per-
cent atr the end of the 3 h. Eight hours after alcohol
exposure, serum ionized calcium had fallen to its nadir
and urinary calcium excretion increased. In addition,
serum magnesium levels rose and hypermagnesiuna su-
pervened. Of interest was the development of rebound
hyperparathyroidism during the last 6 h of the study
period. These results suggest thar significant hypo-
parathyroidism and hyperparathyroidism may be respon-
sible for some of the long-term effects of alcohol on bone
and mineral metabolism.

The hypoca!cemia of chronic alcoholism is multifac-
torial. Chronic alcoholics exhibit low levels of 25-OH-D;

TABLE 32-3 » Causes of hypocalcemia in alcoholism

Direct effect of ethanol

Low levels of 25-(OH)-D,
Hypomagnesemia
Hypoalbuminemia .=
Pancreatitis

Intesrinal malabsorption

Alkalosis

Liver cirthosis

T
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even when the liver is not cirrhortic.4#”> Hypomagnesemia
appears to occur concomitantly with hypocalcemia. Par-
enteral administration of vitamin D to alcoholic patients
with hypocalcemia and hypomagnesemia does not cor-
rect the Ca2~ disorder.!2¢ Responsiveness to PTH and
correction of the hypocalcemia are, however, artained
‘with magnesium replacement: magnesium deficiency thus
appears to play a central role in this disturbance. Hypo-
calcemia may also result from hypoalbuminemia, pan-
creanitis, respiratory or metabolic alkalosis, or intestinal
malabsorption (Table 32-3).

Nepbrotic syndrome

A decrease in serum albumin concentration is always
accompanied by a decrease in total serum calcium. Free
[Ca?*] usually does not change, but it may be low in
partients with nephrotic syndrome. The low calcium level
may not result from hypoalbuminemia itself. Haddad et
al. found low levels of vitamin D binding protein in
nephrotic patients.}7® Goldstein and coworkers studied
26 patients with nephrotic syndrome who were found to
have low levels of 25-OH-D;.172 These investigators
found an inverse correlation between the levels of 25-
OH-D; and the degree of proteinuria. They proposed
that the low levels of vitamin D in nephrotic patients were
due to its excretion in urine; this, in turn, was respon-
sible for the hypocalcemia. Long-term replacement of
vitamin D in nephrotic syndrome has been shown to
correct the low levels of 25-OH-D; as well zs those of
1e,25-(OH),D;; the effect of this therapy on Ca2*
metabolism remains to be completely evaluated. 184

“Hungry bone” syndrome

Deposition of Ca2* in bone during the healing of os-
teodvstrophies can lead to hypocalcemia. When bone
formation 2xceeds bone resorption, Ca2* deposition may
surpass intake and make it difficult to maintain nor-
mocalcemia. The hypocalcemia that ensues may be severe
enough to impair cell function.!28:477 This syndrome has
ceen observed after parathyroidectonty in primary hyper-
carathvroidism3é! or after thyroidectomy for hyper-
thyroidism.3%? Compared with patients with uncompli-
cated metabolic responses to parathyroid surgery,
patients with hungry bone syndrome are usually older by
a mean of 10 years. In addirion, they have higher pre-
operative serum levels of calcium, alkaline phosphatase,
N-terminal parathyroid hormone, and blood urea nitro-
gen. The resected parathyroid adenomata in these indi-
viduals are larger.4¢

Increased bone formation and hypoca.cemia may
also occur during osteoblastic metastasis from pros-
ate,*!¥ breast,!®S and lung?!® malignancies. In rare in-
Stances, symptomatic hypocalcemia may occur in
calcitonin-producing tumors.275-301

Drugs and miscellaneous causes

The anticonvulsants phenobarbital and diphenylhydan-
toin are recognized causes of hypocalcemia. These drugs
have been shown to induce hepatic microsomal P450
oxidase activity, which accelerates the rate of metabolism
of vitamin D; and 25-OH-D; into polar, hydroxylated,
and biologically inactive products of cholecalci-
ferol.87:18! Anriconvulsant drugs may also cause hypo-
calcemia by inhibition of intestinal Ca2* absorption and
by reduction of PTH-induced bone resorption.18!

Cisplatin can also cause hypocalcemia.2’¢ Renal mu-
bular damage caused by cisplatin can lead to renal mag-
nesium wasting and magnesium depletion.?** Hypocalce-
mia may be a consequence of the hypomagnesemia and
its correction can be artained by magnesium replace-
ment.274

Estrogen therapy is another cause of drug-induced
hypocalcemia.3 Riggs et al. demonstrated thar estrogens
inhibited bone resorption without changing bone forma-
tion in patients with osteoporosis.37? These effects of
estrogen on bone metabolism were associated with a
significant fall in serum [Ca2*]. Hypocalciuria has been

~shown to occur in women after menopause;*37 these

women tend also to be hypercalcemic relative to pre-
menopausal wemen. Inhibition of bone resorption may
directly cause hypocalcemia during therapy with mith-
ramycin and calcitonin. Excess endogenous production of
calcitonin may be 2 mediating factor, as it is in the hypo-
calcemia seen in the toxic shock syndrome.”4

Up to 40 percent of critically ill patents, including
those with sepsis and shock, exhibit hypocalcemia.* Inai-
dence of hypocalcemia is similar whether the patient has
gram-positive or gram-negative infections. In a study of
80 patients the nadir of serum calcium concentration was
achieved on days 6 to 8, and was significantly lower in
males than in females.# Serum calcium concentration did
not correlate with serum levels of albumin, transaminase,
or creatinine but had an inverse relationship to the degree
of fever. The mechanism for the hypocalcemia or bac-
teremia is not clear, but reduced vitamin D producrion,
increased resistance to PTH, or aitered PTH secretion
could, individually or in any combination, be responsible.

Hypocalcemia may also arise following the use of
citrate-buffered blood,203-338 presumably due to binding
of free Ca2* with citrate. This has also been observed
during plasmapheresis and exchange transfusions utiliz-
ing citrated blood.*60 Treating hypercalcemia by infusing
phosphate salts or sodium EDTA to chelate calcium can
also lead to hypocalcemia.

Enhanced Ca2* excretion induced by loop diuretics
may precipitate hypocalcemia, particylarly in patients
with hypoparathyroidism. Volume reduction and al-
kalosis resulting from the.use of these diuretics increases
concentrations of serum proteins and protein-bound cal-

cium and decreases free [Ca2+].!é?
49
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TABLE 324 - Drugs associated with hypocalcemia

Gentamicin Propylthiouradil
Cimetidine Gluterhimide
Estrogens Furosemide
Heparin Cisplann
Mithramycin Dilantin
Phosphate salts Phenobarbital

Other drugs presumed ro cause hypocalcemia in-
clude propylthiouracil,*92 glurethimide (with chronic -
abuse),33¢ and cimendine!® (Table 32-4). Spurious hy-
pocalcemia due to in vitro formation of calcium soaps in
blood samples has been reported in hemodialysis patients
after heparinizartion.!70 o

CONSEQUENCES OF HYPOCALCEMIA _
General, neurological, and neuromuscular -effects

The most important clinical manifestations of hypocalce=-
mia are those related to the neuromuscular and cenrral
nervous systems. Tetany, the classic manifestation of neu-
romuscular irritability in hypocalcemia, can be elicited by
tapping the facial nerve and producing a contraction of
the facial muscles (Chvostek’s sign) or by infladon of a
blood pressure cuff above systolic pressure for 3 min to
observe if carpopedal spasm develops (Trousseau’s sign).

Chvostek’s sign is present in 25 percent of normal~-

adults;29 it is not, therefore, specific for hypocalcemia.
Trousseau’s sign is equally nonspecific; neither is it sen-
sitive, occurring in 4 percent of the normal populaton,
and may be negative in 30 percent of subjects with latent
tetany.281

Seizures are another important neurological man-
ifestation of hypocalcemia. The precise mechanism in-
volved is not known, but high [Ca?*] in the CSF has been
shown to have an anticonvulsive acton.’?3 Thus, it is
intuitively reasonable to expect that low CSF calcium
concentration may predispose to seizures in hypocalcemic
disorders.

Hypocalcemia may also lead to extrapyramidal man-
ifestations. These include parkinsonian tremors, dys-
tonia, ataxia, hemiballismus, and choreoathetosis.42°
There are calcifications of the basal ganglia in long-stand-
ing hypocalcemic disorders. These, however, are believed
not to cause the extrapyramidal symptoms, since treat-
ment of the hypocalcemia corrects the symproms withourt
changing the basal ganglia calcificarions.

. Hypocalcemia may also impair higher cerebral func-
tions. In adults depression, emorional instability, confu-
sion, anxiety, or even frank psychosis may be the primary
manifestation of hypocalcemia.124:418

Proximal muscle weakness is another important and
potentially disabling manifestation of hypocalcemia, par-

tcularly in vitamin D, deficiéhcy sraves:- Absence.of vi-
tamin D; has been shown to have important effects on
skeletal muscle calcium metabolism. Pleasure ard co-
workers355 have shown that mitochondria isolated from
skeleral muscle of vitamin D;-deficient chicks with mus-
cle weakness contain significantly less calcium than nor-
mal mitochondria. Correction of serum calcium in these
animals by oral calcium administration does not re-
establish the normal mitochondrial calcium level and
does not improve the muscle weakness. However, treat-
ment with vitamin D; increases mitochondrial calcium
__content and the muscle weakness improves. These find-
ings suggest that vitamin D, deficiency alone, rather than
the hypocalcemia, accounts for the muscle weakness.

~ Cardiovascular, ectodermal,

and gastrointestinal effects

Calcium ions play an important rcle in the contraction of
cardiac muscle. Clinical and experimental studies have
shown that hypocalcemia induced by transfusions of cit-

*---rated blood results in cardiac index, stroke volume, and
-~ lefr-ventricular stroke work values that are significantdy

lower than during normocalcenia.338:432 Congestive
heart failure thar is refractory to treatment with digitalis
can occasionally result from hypocalcemia.”5-88

Electrocardiographic manifestations of hypocalcemia
include prolongation of the Q-T interval and nonspecific
T wave changes that revert to normal upon correction of
the hypocalcemia, -

Long-standing hypocalcemia is known to cause ecto-
dermal defects. Children with hypoparathyroidism may
exhibit failure of teething, dental hypoplasia, or carious
teeth.156 Coarse, dry, and scaly skin has also been de-
scribed in hypocalcemic patients. Their nails are brittle
with transverse grooves; thin brittle, sparse hair, and,
frequently, scanty eyelashes and eyebrows, and absence
of axillary or pubic hair are also observed after prolonged
hypocalcemia.

Psoriasis and eczema can be exacerbated by hvpocal-
cemia. Bilareral cataracts may also occur; their progres-
sion can be avoided by normalizing serum calcium
concentration. The gastrointestinal manifestations of hy-
pocalcemia include severe diarrhea with or without steat-
orrhea,80 gastric achlorhydria,’03 and malabsorption of
vitamin B,,.186

TREATMENT OF HYPOCALCEMIA

Acute

Acute symptomatic hypocalcemia requires immediate
correction to avert serious complications. Adults requir-
ing emergency trearment can be given 10 to 20 ml o
10 percent calcium gluconate (one 10-ml ampule contains
90 mg of elemental calcium) intravenously. The infusion
rate should not exceed 2 ml/min. Patients receiving digr-
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