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NEWER MODALITIES FOR PHARMACOLOGICAL MANAGEMENT OF
THE FAILING VENTRICLE HAVE FOCUSED ON SYNTHETIC
CATECHOLAMINE DERIVATIVES OR NORADRENERGIC AGENTS. THE
PERIOPERATIVE APPLICATIONS OF TWO OF THESE "NEWER"
CARDIOTONIC AGENTS, DOPEXAMINE AND MILRINONE WILL BE
EXPLORED. THYROID HORMONE IS ONE OF THE LATEST MODALITIES
TO BE EVALUATED FOR ITS ABILITY TO INCREASE MYOCARDIAL
PERFORMANCE. ITS ROLE IN THE MANAGEMENT OF PERIOPERATIVE
VENTRICULAR DYSFUNCTION WILL ALSO BE EXPLORED. A NEW DA-|
SPECIFIC AGONISTS, FENOLDOPAM WILL BE DISCUSSED WITH
PARTICULAR EMPHASIS ON RENAL PRESERVATION AND MANAGEMENT
OF HYPERTENSION. RECENT CLINICAL STUDIES HAVE IDENTIFIED
VASOPRESSIN AS A VALUABLE AGENT FOR THE MANAGEMENT OF
REFRACTORY VASODILATOR STATES. CLINICAL ISSUES SURROUNDING
COMBINING CATACHOLAMINES WITH: PDE-IIl AGENTS, CA * AND
OTHER CATECHOLAMINES WILL ALSO BE REVIEWED.

NEW AGENTS

DOPEXAMINE
= 1SOPEXAMINE HYDROCHLORIDE IS A SYNTHETIC
CATECHOLAMINE, STRUCTURALLY RELATED TO BOTH DOPAMINE AND
DOBUTAMINE. IT HAS AFFINITY FOR BOTH DOPAMINERGIC (EPA-R AND
BETA ADRENERGIC (PRINCIPALLY B RECEPTORS. OF NOTE, R
A 9.8 FOLD GREATER AFFIN]TY FOR
ADRENORECEPTORS THAN FOR B, ADRENORECEPTORS. IN
A’DDmON AN INHIBITORY ACTIONJIN THE NEUZRO NAL

HOIAMINE UPTAKE MECHANISM HAS ALSQO
DEMONSTRATED AND MOST LIKELY ACCOLINTS FOR THE POSITIVE
INOTROPIC ACTION OF THIS DRUG. IN NORMAL VOLUNTEERS
DOPEXAMINE HAS BEEN SHOWN TO INCREACE SPLANCENIC (GUT,
KIDNEYS, LIVER AND SPLEEN) BLOOD FLOW AS A RESULT OF
STIMULATION OF DA-1 RECEPTOR. IN THESE SAME VOLUNTE
INCREASES IN STROKE VOLUME AND HEART RATE AND DECREASES IN
PERIPHERAL VASCULAR RESISTANCES (AS A RESULT OF B, RECEPTOR
STIMULATION) HAS REEN REPORTED. A SIGNIFICANT lTJ%‘REAS E IN
URINARY OUTPUT WAS ALSO OBSERVED IN THESE STUDIES, OF NOTE
HOWEVER, WAS A 5-8% INCIDENCE OF TACHYCARDIA IN THE STUDY

POPULATION.

STUDIES EXAMINING THE ABILITY OF DOPEXAMINE TO INCREASE
CARDIAC PERFORMANCE IN CHF HAVE DEMONSTRATED ITS
EFFECTIVENESS IN THIS CLINICAL SETTING.  HOWE VE% DOPEXAMINE'S
ROLE IN THE MANAGEMENT OF PATIENTS FOLLOWIN
CARDIOPULMONARY BYPASS (CPB) HAS BEEN LESS PROMISING STLIDIFS
IN_THIS PATIENT POPULATION, REVEAL INCREASES IN HEART
COUPLED WITH INCREASED INCIDENCE OF TA CHYARRHYTHM
WHICH MAY LIMIT DOPEXAMINE APPLICATION IN THIS PATIENT
POPULATION. AS A RESULT OF ITS DA-1 RECEPTOR PROPERTIES
DOPEXAMINE THEORETICALLY SHOULD BE A VALUABLE ADJUVANT IN
THE MANAGEMENT OF PATIENTS WITH SEPTIC SHOCK. THROUGH

STIMULATION OF DA-1 RECEPTORS SPLANIC AND RENAL BLOOD FLOW
SHOULD BE INCREASED, BOTH OF THESE EFFECTS WOULD BE OF
SIGNIFICANT BENEFIT IN THE MANAGEMENT OF SEPTIC SHOCK.
EXPERIMENTAL STUDIES HAVE REVEALED A PREFERENTIAL INCREASE IN

SPLANIC BLOOD FLOW IN PATIENTS RECEIVING DOPEXAMINE. IN



234
Page 2 of 8

SUMMARY, DOPEXAMINE IS A SYNTHETIC CATECHOLAMINE CAPABLE
OF STIMULATING]? AND DA-! ADRENERGIC RECEPTORS. ITS
HEMODYNAMIC PROFILE DEMONSTRATES THIS COMBINATION OF
RECEPTOR STIMULATION BY RESULTING IN AN INCREASE IN THE
CHRONOTROPIC AND INOTROPIC ACTIONS OF THE MYQCARDIUM. IN
ADDITION. SIGNIFICANT VASODILATOR EFFECTS AT THE SYSTEMIC
(RENAL, SPLANCHNIC) AND PULMONARY LEVELS ARE OBSERVED.

IL PHOSPHODIESTERASE INHIBITORS (PDE-1il
INHIBITORS)
PHOSPHODI AN QVERVIEW. FOR PURPOSE OF CLASSIFICATION, THE
ESTERASE
INHIBITING AGENTS ARE CLASSIFIED BASED UPON THEIR
BIOCHEMICAL PROPERTIES. THEY ARE EITHER BYPIRIDINES: Pu‘rTi}II_{IIE\‘JSCEJNE

AND MILRINONE, OR AN IMMIDAZOLE; ENOXIMONE ALL OF
AGENTS HAVE A SIMILAR MODE OF ACTION AS THEY ARE

lw)
o=
|
<
59
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BLOCKADE THERAPY NOR IS IT RE
EXPERIENCE BETA RECEPTOR DOWN REGULATION.

THE PROPOSED THEORY OF ACTION OF PDE-III'S INVOLVES THE
INHIBITION OF TYPE 11l PHOSPHODIESTERASE FOUND PREDOMINANTLY
IN CARDIAC MUSCLE. THIS INHIBITION RESULTS IN A SECONDARY
INCREASE IN CYCLIC AMP WHICH LEADS TO AN INCREASE IN CALCIUM
CHANNEL ENTRY INTO THE CELL (DP/DT). THIS ACCOUNTS FOR THE
POSITIVE INOTROPIC ACTION OF THESE AGENTS. IN ADDITION TO
THEIR POSITIVE INOTROPIC EFFECTS, THESE AGENTS ALSO PRODUCE
SYSTEMIC AND PULMONARY VASODILATATION. THE SYSTEMIC AND
PULMONARY EFFECTS OCCUR SECONDARY TO AN INCREASE IN
CYCLIC CMP RESULTING IN VASODILATION, HOWEVER, ANY CHANGES
THAT ARE SEEN IN SYSTEMIC ARTERIAL PRESSURE OC INDIRECTLY
FROM AN INCREASED CARDIAC OUTPUT. THEREFORE, THESE AGENTS
SHOULD NOT BE USED AS PURE PRESSOR AGENTS. OF CLINICAL NOTE,
HEMODYNAMIC EFFECTS (LE, INCREASED CO, DECREASED PCWF,
DECREASED SVR) ARE ACCOMPLISHED WITHOUT ANY SIGNIFICANT
INCREASE IN EITHER HEART RATE OR MYOCARDIAL OXYGEN
CONSUMPTION (MVO,).

MILRINONE

D GENERATION PHOSPHODIESTERASE III INHIBITO
MILRINONE HAS A SIMILAR HEMODYNAMIC PROFILE TO AMRINON
THIS AGENT COMBINES BOTH POSITIVE INOTROPIC AND
VASODILATING ACTIVITIES. HOWEV'ERLII]T_L%POSITIVE INOTROPIC
ACTION IS APPROXIMATELY 20 TIMES T OF AMRINONE
THROMBOCYTOPENIA HAS BEEN A POTENTIAL CLINICAL CONCERN
WITH THE ADMINISTRATION OF PDE HI INHIBITORS PARTICULARLY,
AMRINONE. HOWEVER, GEORGE ET AL WERE UNABLE TO
DEMONSTRATE ANY SIGNIFICANT REDUCTION IN PLATELET COUNT
FOLLOWING 48 HOURS OF MILRINONE INFUSION IN CARDIAC
SURGICAL PATIENTS.

DATA ALSO SUGGEST THAT MILRINONE MAY IMPROVE
MYOCARDIAL DIASTOLIC RELAXATION (POSITIVE "LUSITROPHIC”
EFFECT) AND AUGMENT CORONARY PERFUSION. THIS ACTION MAY BE
PARTICULARLY BENEFICIAL IN THE MANAGEMENT OF DIASTOLIC
DYSEUNCTION. THE PROPOSED MECHANISM FOR THIS EFFECT ON
DIASTOLIC PERFORMANCE IS THAT BY DECREASING LEFT VENTRICULAR

—
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WALL TENSION, LEFT VENTRICULAR FILLING IS ENHANCED. IN
ADDITION, BY DECREASING LV WALL TENSION AND AUGMENTING LV
FILLING, MYOCARDIAL BLOOD FLOW AND O, DELIVERY ARE
OPTIMIZED. DUE TO THE PHARMACOKINETIC PROPERTIES OF
MILRINONE, DOSING STUDIES WERE PERFORMED TO HAVE VALIDATE
THE FOLLOWING ADMINISTRATION TECHNIQUE A LOADING DOSE
OF M]LRINONE AT S_H_#ECGIKG SHOULD BE INFUSED OVER 10-15
MINUTES. ELATIVELY SHORT ELIMINATION HALF LIFE,
THE LOADING DOSE OF MILRINONE SHOULD BE FOLLOWED BY A
CONTINUOUS INFUSION OF 0.5 l{.lCGfKGI’]’\flIN TO ENSURE OPTIMAL
PLASMA LEVELS. OACH, THE ESTIMATED HALF LIFE WAS
FOUND TO BE APPROXIMATELY 50 MINUTES FOLLOWING CPB.
PHOSPHODIESTERASE INHIBITORS ALSO HAVE UNIQUE AFFECTS
ON VASCULAR TIME, SPECIFICALLY VASCULAR SMOOTH MUSCLE.
THE INTERNAL MAMMARY ARTERY AND CORONARY ARTERIES
CONTAIN VASCULAR ENDOTHELIUM WHICH MAY BE INJURED
Y CYTOKINES AND THE MECHANICAL EFFECTS OF
CARDIOPULMONARY BYPASS. THE VASODILATION
ASSOCIATED WITH THE PHOSPHODIESTERASE INHIBITORS
PRODUCE SIGNIFICANT VASODILATORS IN THESE VASCULAR
BEDS. SALMENPERA ET AL DEMONSTRATED THE ABILITY OF
MILRINONE TO SIGNIFICANTLY INCREASE IM
ROI%:Lé}P(BATlON THE PROSPECTS MAY PRONE VALLIABLE IN THE SETTING

THE ABILITY OF SHORT TERM ADMINISTRATION OF MILRINONE
TO AUGMENT VENTRICULAR PERFORMANCE IN PATIENTS
UNDERGOING CARDIAC SURGERY HAS BEEN DEMONSTRATED IN
NUMEROUS CLINICAL STUDIES. A STUDY BY LOMBALO ET AL
COMPARED _EPINEPHRINE AND MILRINONE ON LEFT VENTRIC
COMPLIANCE FOLLOWING CARDIOPULMONARY BYPASS. IN THIS

STUDY FOLLOWING CARDIOPULMONARY BYPASS, PATIENTS WERE

DIVIDED INTO TWO GROUPS. GROUP | RECEIVED MILRINONE 50
uCG/KG AS A LOADING DOSE AND GROUP II RECEIVED EPINEPHRINE
AT 003 _IJI{:CGIKGIMIN THE AUTHORS MEASURED LV COMPLIANCE
USING TEE INDICES (LVEDA/LAP). THEIR RESULTS DEMONSTRATED AN
INCREASE IN LVEDA BY 15% H MILRINONE. HOWEVER, EPINEPHRINE
FAILED TO IMPROVE LV COMPLIANCE IN THIS STUDY.

AN INVESTIGATION BY PRIELIPP ET AL WAS AIMED AT ASSESSING
THE ABILITY OF MILRINONE TO INCREASE CARDIAC INDEX AND
OXYGEN DELIVERY IN ICU PATIENTS (56). IN ADDITION, THIS STUDY

ATTEMPTED TO VERIFY THAT A PHARMACOKINETIC MODEL

PREVIOUSLY DEVELOPED IN CARDIAC SURGICAL PAT[ENTS (BY BAILEY
ET AL) COULD BE USED TO PREDICT MILRINONE PLAS
CONCENTRATIONS IN A MEDICAL-SURGICAL ICU POPLILAT[ON THEIR
DATA CONFIRMED THAT A MILRINONE LOADING DOSE OF 50 pnCG/KG
FOLLOWED BY AN INFUSION OF 0.5 CG/KGIMIN ACHIEVES
THERAPEUTIC PLASMA CONCENTRATIONS AND SIGNIFICANTLY
INCREASES BOTH CARDIAC INDEX AND OXYGEN DELIVERY IN THIS ICU
PATIENT POPULATION.

MILRINONE HAS BEEN UTILIZED TO OPTIMIZE PATIENTS

MILRINONE AS A BRIDGE TO CARDIAC TRANSPLANTATION IN A
PATIENT WHO WAS REFRACTORY TO OTHER INOTROPIC DRL[GS AND
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INTRA AORTIC BALLOON COUNTERPULSATION. THIS PATIENT
RECEIVED MILRINONE BOLUS OF 50 d.lCGIKG FOLLOWED BY A
MILRINONE OF 0.5 RCGIKGIMIN AND RESULT IN HEMODYNAMIC
STABILITY, THE MILRINONE INFUSION WAS CONTINUED FOR 17 DAYS
UNTIL A DONOR HEART WAS AVAILABLE FOR TRANSPLANTATION.
AMRINONE/MILRINONE: IS THERE A DIFFERENCE?

A RECENT ARTICLE BY ROTHWELL ET AL COMPARED AMRINONE
WITH_MILRINONE AF RDIAC SURGERY. IN THIS STUDY,

-

T

E AFTER ELECTIVE CA

45 PATIENTS UNDERGOING ELECTIVE CARDIAC SURGERY AT 4
CENTERS RECEIVED EITHER AMRINONE OR MILRINONE IN A
RANDOMIZED BLIND FASHION. BOTH AMRINONE AND MILRINONE
INCREASED CARDIAC INDEX SIGNIFICANTLY (47% AND 32%
RESPECTIVELY), THEIR HEMODYNAMIC EFFECTS INCLUDING A
DECREASE IN §YSTEMIC AND PULMONARY VASCULAR RESISTANCE
WERE ALSO SIMILAR. THEREFORE, THE AUTHORS CONCLUDED THAT
THE CHOICE BETWEEN AGENTS SHOULD BE BASED ON
NONHEMODYNAMIC CONSIDERATIONS SUCH AS COST.

THYROID HORMONE
S LECHNICAL AS WELL AS ANIMAL DATA SUGGEST THAT REDUCED
THYRGOID HORMONE CONCENTRATIONS MAY, BE ONE CAUSE OF
DECREASED MYOCARDIAL PERFORMANCE FOLLOWING
CARDIOPULMONARY BYPASS, AS WELL AS IN PATIENTS WITH A
CLINICAL DIAGNOSIS OF “BRAIN” DEATH. OF NOTE, DECREASES IN T
EGLLOWING CPB ARE OUT OF PROPORTION TO THE DECREASES THAT
WOULD BE EXPECTED FROM HEMODILUTION 83\’ THE
CARDIOPULMONARY BYPASS PUMP PRIMING SOLUTION) OR FROM
ADMINISTRATION OF HEPARIN ALONE. THE MOST DRAMATIC
DECREASES IN T. ARE SEEN AT THE END OF CPB AND DURING THE
FIRET HOURS POST CPB, HOWEVER, CONCENTRATIONS (T) GRADUALLY
RETURN TOWARD NORMAL VALUES IN THE EARLY DAYS OF THE
POSTOPERATIVE PERIOD (12 TO 24 HOURS AFTER cm\a;‘.5
WHILE NUMEROUS INVESTIGATORS HAVE MEASURED
DECLINES IN THE CIRCULATING T, CONCENTRATION DURING
AND AFTER CARDIOPULMONARY BYPASS, THE CLINICAL
IMPORTANCE OF THIS REMAINS TO BE DETERMINED.
NOVITZKY ET AL ADMINISTERED T, TO TEN PATIENTS WITH
REDUCED CARDIAC OUTPUT PRIOR TO WEANING FROM CPB, T; WAS
O NCENTRATION TO BRING T, DURING CPB INTO ‘THE
CREASE IN MEAN ARTERIAL

BL H N IN LEFT
ARTERIAL BLOOD PRESSURE AND CENTRAL VENOUS BLOOD PRESSURE
IN FIVE OTHER PATIENTS WHO INTTIALLY COULD NOT BE WEANED
FROM BYPASS, ADMINISTRATION OF T, PERMITTED CARDIOPULMONARY
BYPASS TO BE DISCONTINUED WITHIN 20-50 MINUTES.

HOWEVER THE PRECISE EFFECT OF T, ADMINISTRATION IN
PATIENTS UNDERGOING CARDIAC SURGERY REMAINS CONTROVERSIAL
CLINICAL STUDIES INVESTIGATING THE EFFECTS OF T; ADMINISTERED
N CARDIAC SURGICAL PATIENTS HAD CONFLICTING RESULTS. FOR
EXAMPLE, STUDIES BY KLEMPERER ET AL DEMONSTRATED A
SIGNIFICANT IMPROVEMENT IN VENTRICULAR PERFORMANCE IN
PATIENTS RECEIVING T, FOLLOWING CPB. OF NOTE, HOWEVER, A
SUBSEQUENT STUDY BY BENNETT-GUERRERQ ET AL WAS UNABLE TO
SHOW ANY SIGNIFICANT CHANGES IN CARDIOVASCULAR
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PERFORMANCE WITH THE ADMIN]STRATION OF SUPPLEMENTAL T, ONE
POSSIBLE REASON FOR LACK OF CHANGE NOTED IN THIS STUDY IS
THAT A SIGNIFICANT NUMBER OF PATIENTS WERE RECEIVING CALCIUM
%QRE%OANTSGONISTS WHICH WOULD HAVE INTERFERED WITH
THYROID HdRMONE HAS ALSO BEEN USED TO IMPROVE THE
CARDIAC FUNCTION OF POTENTIAL ORGAN DONORS (LE, PATIENT
WITH CLINICAL SIGNS OF ‘BRAIN DEATH IN ONE STUDY, DONORS
TREATED WITH AN INTRAVENO INFUSION (2]51G/HR}{ SHOWED
IMPROVED MEAN ARTERIAL BLOOD ﬁREss
DECREASED CENTRAL VENOUS BLOOD RESSU AND A REDUCED
NEED FOR INOTROPIC DRUG SUPPORT COMPARED TO DONORS NOT
RECEIVING THYROID HORMONE REPLACEMENT.

IN SUMMARY, ROUTINE ADMINISTRATION OF T, TQ PATIENTS
UNDERGOING CARDIAC SURGERY CANNOT BE RECOMMENDED TO
PRESENT: FURTHER STUDIES WILL BE NEEDED TO BETTER DEFINE
ROLE IN 'PATIENTS RECOVERING AFTER CARDIOPULMONARY BYPAss

AS WELL AS ITS MECHANISM OF ACTION.

FEN LDOPAM
OPAM IS A POTENT VASODILATOR AND smcrms DA,
AGONIST . DILATING RENAL AND SYSTEMIC VASCULAR BEDS IN A
DOSE-DEPENDENT MANNER. IN PRE-CLINICAL AND CLINICAL TRIALS
FENOLDOPAM HAS BEEN SHOWN TO DECREASE BLOOD PRESSURE,
INCREASE RENAL PLASMA FI.OW AND STIMULATE DIURESIS AND
NATRURESIS, THIS DRUG HAS NO INOTROPIC OR VENODILATOR
ACTIVITY AND DOES NOT CROSS THE BLOOD BRAIN BARRIER OR
HAVE ANY SIGNIFICANT CENTRAL NERVOUS SYSTEM EFFECTS. DOSE
RELATED INCREASES IN SODIUM EXCRETION AND URINE OUTPUT IN
PATIENTS WITH CRF AND IN PATIENTS WITH ACUTE RENAL
DYSFUNCTION DURING MECHANICAL VENTILATION WITH PEEP HAVE
ALSO BEEN OBSERVED, THIS IS THOUGHT TO OCCUR VIA A DIRECT
TUBULAR EFFECT. SINCE RENAL VASOCONSTRICTOR MAY BE
IMPLICATED IN BOTH HYPERTENSION AND RENAL FAILU
SELECTIVE DA, AGONIST MAY BE EFFECTIVE IN PRODUCIN RENAL
VASODILATOIi AND IMPROVING RENAL FUNCTION.
OLDOPAM IS PRESENTLY AVAILABLE FOR THE MANAGEMENT
OF PERIOPERATTVE HYPERTENSION. ITS' PHARMACOKINETIC
PROFlLE DEMONSTRATES THAT THIS DRUG 1S NOT METABOLIZED
THE CYTOCHROME P450 SYSTEM BUT IS RAPIDLY
METABOL]ZED IN THE LIVER BY HEPATIC CONJUGATION. IT'S
HALF LIFE IS SHORT, REPORTED BETWEEN 4-12 MINUTES.
ALTHOUGH PRECISE GUIDELINES FOR MANAGEMENT OF
HYPERTENSION FOLLOWING CPB ARE UNDER DEVELOPMENT
FOR MANAGEMENT OF ACUTE HYPERTENSION EVENTS DOSES
OF 01-03 MCG/KG/MIN ARE BEING USED CLINICALLY. STUDIES IN
THE MANAGEMENT OF POSTOPERATIVELY HYPERTENSION HAVE
DEMONSTRATED THAT FOR A GIVEN CHANGE IN BLOOD
PRESSURE THE MEDIAN TIME TO RESPONSE WAS SIGNIFICANTLY
LOWER n\ THE FENOLDOPAM GROUP (10 MINUTES) COMPARED
WITH NIFEDIPINE GROUP (40 MINUTES).
ARGININE VASO RESSIN (AVP)

U!i
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ARGININE VASOPRESSIN 1S AN ENDQGENOUS PEPTIDE
SYNTHESIZED EXCLUSIVELY IN THE HYPOTHALAMUS AND RELEASED
FROM THE POSTERIOR PITUITARY. TRADITIONALLY AVP RELEASE IS
STIMULATED BY CHANGES IN VASCULAR VOLUME AND VASCULAR
TIME VASOPRESSIN 1S BOUND BY TWO DISTINCT TYPES OF RECEPTORS:
RENAL (V LAND VASOMOTOR R%‘)

ALTHOUGH UNDER NORMAL CONDITIONS AVP CONTRIBUTES
LITTLE. IE ANY TO BLOOD PRESSURE MAINTENANCE, RECE
NSTRATED THE ABILTY OF AVP TO BE

PATIENTS REQUIRING LEFT VENTRICULAR ASSIST DEVICES WHERE
HEMODYNAMICALLY OPTIMIZED USING AVP. IN THESE PATIENTS, THE
INFUSION OF AVP SIGNIFICANTLY IMPROVED HEMODYNAMICS AND
REDUCED THE NEED FOR NOREPINEPHRINE INFUSION.

SUBSEQUENT INVESTIGATORS HAVE EXPLORED THE ROLE OF
AVP ADMINISTRATION IN THE MANAGEMENT OF VASODILATORY
STATES IN SEPTIC SHOCK AND FOLLOWING CARDIOPULMONARY
BYPASS. ALTHOUGH THE PRECISE MECHANISMS RESPONSIBLE FOR THIS
VASODILATORY STATE IS UNKNOWN, (MULTIPLE ETIOLOGIES
INCLUDING INFLAMMATORY MEDIATORS AND ANGIOTENSIN -
CONVERTING ENZYME INHIBITORS USE HAVE BEEN PROPOSED),
PATIENTS EXPERIENCING THOSE “VASODILATORY” STATES ARE
CHARACTERIZED BY A SIGNIFICANT REDUCTION IN CIRCULATING
VASOPRESSIN. IN THESE GROUPS OF PATIENTS INFUSION OF AVP IN
THE RANGE OF 2-8 UNITS/HR RESULTED IN SIGNIFICANT
HEMODYNAMIC IMPROVEMENTS. INCREASES IN THE INFUSION ABOVE 8
UNITS/HR PROVIDED LITTLE ADDED EFFECT BECAUSE OF
ENDOGENE)US INHIBOR MECHANISMS.

: AN S MBI

[ECHOLAM S M ATION THERAPY

NTRAVENOU ATECHULAMINES AIN THE PRIMARY
MODALITIES EMPLOYED CLINICALLY TO AUGMENT VENTRICULAR
PERFORMANCE. CLINICAL STUDIES PERFORMED OVER THE PAST
SEVERAL YEARS HAVE BEEN FOCUSED ON DEFINING THE EFFECT OF
COMBINING THESE AGENTS WITH: CA*, PDE1Il INHIBITORS AND OTHER
CATECHOLAMINES, THE QUESTION TO BE ANSWERED IS: ARE THESE
COMBINATIONS SYNERGETIC, ADDITIVE OR ANTAGONISTICY

CLINICAL STUDIES HAVE DEMONSTRATED THE POSITIVE EFFECT
ON CARDIAC PERFORMANCE USING A TECHNIQUE WHICH COMBINES
BETA AGONIST WITH PDE INHIBITORS. IN THEORY, THIS PRACTICE
MAKES PHARMACOLQGICAL SENSEEAS THESE AGENTS WORK_VIA
DIFFERENT MECHANISMS TO INCREASE CALCIUM CHANNEL ENTRY
INTO THE CELL STUDIES BY BUTTERWORTH DEMONSTRATE AN
ADD]TWE EFFECT WHEN EPINEPHRINE AND AMRINONE ARE

ED TOGETHER IN PATIENTS WITH LOC CARDIAC QUTPUT.

IN CONTRAST, RECENT STUDIES BY PRIELIPP ET AL HAVE SHOWN THAT
THE COMBINED ADMINISTRATION OF TWO BETA AGONISTS (IN THEIR
STUDY EPINEPHRINE AND DOBUTAMIN PRODUCED A LESS THAN
ADDITIVE EFFECT. IN THIS STUDY, THE OMBINATION OF _
DOBUTAMINE WITH EPINEPHRINE RESULTED IN ONLY EPINEPHRINE
FUNCTIONING AS A FULL AGONIST WITH DOBUTAMINE
FUNCTIONING AS A PARTIAL AGONIST. ANOTHER STUDY EVALUATED
THIS EFFECT OF COMBINING CA+ WITH BOTH CATECHOLAMINES AND
THE PDE-III INHIBITORS. THIS DATA REVEALED THAT THE
ADMINISTRATION OF CALCIUM CHLORIDE FOLLOWING
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CARDIOPULMONARY BYPASS RESULTED IN A REFRACTIVENESS OF THE
HEARTRTO CEKNTECHOLAMINES BUT NOT THE PDE-IIl INHIBITORS.

1 CAIN S, CURTIS & SYSTEMIC AND REGIONAL OXYGEN
UPTAKE AND DELIVERY AND LACTATE EXTRACTION
ENDOTOXIC DOPAMINE INFUSED WITH DOPEXAMINF_
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AMRINONE WITH MILRINONE' AFTE ELECTIVE CARDIAC
SURGERY. ANESTH ANALG 86:683-90, 1999.

12 PRIELIPP RC, MACGREGOR DA, ROYST'ER RL, ET AL: DOBUTAMINE
ANTAGONIZES EPINEPHRINE'S BIOCHEMICAL AND CARDIOTONIC
EFFECTS. ANESTHESIOLOGY 89:49-57, 1998.
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DOPEXAMINE: INFUSION:  1-4 pCG/KG/MIN
AMIRNONE: CPB: | LOADING: 1 MG/KG
INFUSION: 5-10 WCG/KG/MIN
MILRINONE: LOADING: 50 pCG/KG/MIN
INFUSION: 0375-05
uCG/KG/MIN
NON CPB: LOADING: 0.75 MG/KG
INFUSION: 5-10
uCG/KG/MIN
T CGIKG
USED IN CLINICAL
FENOLDOPAM RENAL DOSE: 03 CG/KG/HR
ANTIHYPERTENSIVE: 1 - .6
uCG/KG/HR
VASOPRESSIN 8 UNITS/HR










Lidocaine for Prevention of Reperfusion Ventricular Fibrillation After Release
of Aortic Cross-Clamping

Anis Baraka, MD, FRCA, Nadine Kawkabani, MD, Aliya Dabbous, MD, and Maud Nawfal, MD

Dbjective: To determine the efficacy of a bolus of lidocaine
administered by way of the pump before releasing the aortic
cross-clamp [ACC) in preventing the occurrence of reperfu-
sion ventricular fibriltation.

Design: Prospective, randomized study.

Setting: University hospital.

Participants: Patients undergaing coronary artery bypass
geaft surgery {n =34}

‘Interventions: Seventeen patients received 100 mg of
fidocaine by way of the pump 2 minutes before releasing the
£CC, and a control group of 17 patients received 5 mL of
rarmal saline,

Measurements and Main Resulfts: In the control group,
the incidence of reperfusion ventricular fibrillation was 70%,
which was significantly decreased to 11% in the lidocaine

EPERFUSION VENTRICULAR FIBRILLATION afier
release of the aortic cross-clamp (ACC) in patients
undergoing cardiac surgery is reported to occur in 74% to 96%
of eases.'? This complication has been atuibuted to ischemia-
induced increases in reentry? and automaticity® as well as the
possibility of reperfusion injury. Ventricular fibrillation can
result in increases of myocardial oxygen consumption, myocar-
dial wall tension, and intramyocardial acidosis.™? Defibrilla-
tion by direct current countershocks results in myocardial
irjury."" It is advantageous to prevent reperfusion ventricular
ii ‘nllation after release of the ACC.

Lidocaine has previously been added to cardioplegic solutions
for prevention of reperfusion ventricular fibrillation. When 500
mg/L of lidocaine was added to a crystalloid solution, the
incidence of ventricular fibrillation decreased significantly, but
o higher percentage of atrioventricular block was observed.?!2
Baraka et ai'? previously showed that the addition of 100 mg/L
of lidocaine to a crystalloid cardioplegic solution can markedly
reduce the incidence of reperfusion ventricular fibrillation, from
93% to 42%, without an increase of the incidence of atrioven-
tricular block. The aim of the present study was to investigate
the efficacy of a bolus of lidocaine (100 mg) administered by
way of the pump 2 minutes before releasing the ACC in pre-
venting the occurrence of reperfusion ventricular fibrillation. The
ro-ults were compared with a control group of patients, who
n .cived saline instead of lidocaine before releasing the ACC.

MATERIALS AND METHODS

Thirry-four patients undergoing coronary artery bypass graft (CABG)
surgery were included in the study. Institutional approval and informed
consent from zll patients were obtained. Patient data included 2ge; sex;
weight: preoperative medicatians; and electrocardiogram (ECG), echo-
cardiography, and coronary angiography findings. Patients were assigned
randomly to receive by way of the pump, 2 minutes before releasing the
ACC, 5 mL of 2% lidocaine or 5 mL of normal saline solution.

All patients were premedicated with morphine, 0.15 mg/kg; prometha-
zine, 25 mg: and scopolamine, 0.3 mg intramuscularly. Anesthesia was
induced by midazolam, 0.03 mg/kg; sufentanil, 0.6 pg/kg; thiopental,
2.5 mgfkg; and vecuronium, 0.2 mg/kg. After trachesl inmbation,

* ve~tilation was controlled using 100% oxygen. Patients were monitored

w i1 an ECG (leads I, Vs), radial artery catheter, and thermodilution
pu:monary anery catheter. Hemodynamic data were monitored 15
minutes after induction of anesthesia.

group. A higher cerdiac output after weaning from cardiopui-
monary bypass was observed in the lidocaine group; this
may be attributed to the lower incidence of reperfusion
ventricular fibrillation and consequently the lower need for
defibrillation by electric countershocks.

Conclusions: The results suggest that a bolus of 100 mg of
lidocaine administered 2 minutes before release of the ACC
can safely decrease the incidence of reperfusion ventricular
fibrillation and is associated with better hemodynamics after
weaning from cardiopulmonary bypass.

Copyright © 2000 by W.B. Saunders Company
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Cardiopulmonary bypass (CPB) was initiated using a membrane
oxygenator {Univox spiral gold); the circuit was primed with 1,500 mL
of lactated Ringer's solution. Patients were perfused by a Sarns roller
pump at a flow rate of 2.4 L/min/m?. Moderate systemic hypothermia
around 29°C was induced during CPB. Antegrade cold potassium
cardioplegic solution was infused interminently in the aortic root. The
compesition of the cardicplegic solution was as follows: potassium
chloride, 16 mEq/L, magnesium, 16 mEg/L; and procaine, ! mmol/L.
Intravperative data included the number of grafis performed, CPB time,
ACC time, total volume of cardioplegia used, arterial blood gas values,
hematocrit, electrolytes, and rectal and body temperatures at the time of
ACC relesse.

‘The cardiac rhythm after unclamping the aorta was recorded continu-
ously until sinus rhythm occurred; the incidence of ventricular fibrilla-
tion was compared in the control group versus the lidoczine group.
Whenever ventricular fibrillation occurred afier releasing the ACC, 100
mg of open-labeled lidocaine were administered by the pump and direct
current countershocks were applied. The energy and the frequency of
defibrillation were noted as well as the occurrence of atriovenmricular
block and the need for a pacemaker. The different hemodynamic
parameters were monitored in the lidecaine group 15 minutes after
weaning from CPB and were compared with the hemodynamic data in
the control group. Inotropic support was provided by an infusion of
dobutamine whenever the measured cardiac output was less than the
calculated cardiac output.

The incidence of reperfusion venrricular fibrillation after release of
the ACC is approximately 80%. In deciding on an appropriate number
of patients, 30% power (type II, B emror) was desired to detect a 50%
reduction in the occurrence of reperfusion ventricular fibrillation with a
p value (type I, a emror) of 0.05. A sample size of 17 paticnts in each
group was needed. Hemodynamic variables were expressed as mean =+
standard deviation and analyzed with the unpaired Student’s r1cst.
Discrete variables, such as incidence of ventricular fibrillation, were
compared using the chi-square test. A value of p < 0.05 was considered
statistically significant. . :

[ 1 C
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RESULTS

The control group and the lidocaine group of patients were
similar with respect o age, gender, and body surface area. The
number of grafts, CPB time, ACC time, tota} cardioplegia
volume used, potassium level, and blood and rectal temperalure
at ACC release were not significantly different between the 2
groups (Table 1}. Both groups had a preoperative left ventricu-
lar ejection fraction >60%, and there was no significant
differerice between the hemodynamic variables of the 2 groups

% determined 15 minutes after induction of anesthesia (Table 2).

The incidence of reperfusion ventricular fibrillation after
releasing the ACC was reduced significantly in the lidocaine
group. In the control group, 12 of the 17 patients {about 70%)
developed ventricular fibrillation after ACC release; 7 of these
patients were successfully defibrillated by an electric counter-
shock of 10 J, whereas 5 patients did not respond 1o 10 J and
required multiple trials of defibrillation using an encrgy of 20 ).
In contrast, only 2 of the 17 patients (about 11%) in the
lidocaine group developed ventricular fibrillation after releasing
the ACC: in | of the 2 patients, ventricular fibrillation converted
spontaneously to sinus thythm, whereas the second patient was
defibrillated casily by a single countershock using 20 J. Fig 1
depicts the significantly lower incidence of reperfusion ventricu-
lar fibrillation in the lidocaine group versus the conirol group.

There was a low incidence of atrioventricular block in the 2
groups, without any significant difference. Ventricular pacing
was needed temporarily afier relensing the ACC in 2 of the 17
patients in the control group and in 1 of the 17 patients in the
lidocaine group. None of the patients in both groups required
continued pacing on discharge from the operating room.

Hemodynamic parameters monitored 15 minutes after wean-
ing from CPB in the 2 groups art shown in Table 3. A
significantly higher cardiac output was observed in the lido-
caine group versus the control group (64 + L5 Limin v
5.3 % 0.8 L/min). The other hemodynamic parameters were not
significantly different. Two patients in the lidocaine group and 7
patients in the control group required an infusion of dobutamine
at a rate of S pg/kg/min for 30 to 50 minutes.

DISCUSSION
Aortic cross-clamping and its release during CPB can result

in myocardial ischemia followed by reperfusion injury despite

Table 1. Demographic and Intraoperative Data

Control Lidocaine P
Group Group Valua
Age lyr) &85 =127 60.B=10.8 NS
BSA {m?) 1.89=15 1.87 =16 NS

Gender (malefemalel 1473 13/4 NS

No. grafts 24=z13 21=186 NS
Bypass time {min} g4.6+293 701 =228 NS
ACC time [min) 406+ 157 438=153 NS
Total cardioplegia {mL/m?} 430 = 200 476 = 120 NS
Potassium (mEg/t) 47 =05 46 =05 NS
Blood temperature {*C} 333=25 332:x-32 NS
Rectal temperature {*C) 331=24 333=20 NS

Abbreviation: BSA, body surface area; ACC, aoftic cross-clamp; NS,
nat significant.

BARAKA gy

i
Table 2. Hemodynamic Data Afzer Induction of Anesthesiy
Control Lidocaine
Group Group i
HR [beats/min} 66 =12 69 = 12
MAP ([mmHg) g1 =10 81=8 -
MPAP {mmHg} 17=3 19=5 iz
PCWP {mmHg} 12=4 12=6 e
CVP {mmHg} M=2 w=z3 NS2E
€O (Umin) 44=08 50 = 1.6 Net
Abbreviations: HR, heart rate; MAF. mean anerial pressure; g 2
mean pulmonary artarial pressure; PCWP, pulmonary capillary . -
pressure; CVP, central venous pressure, CO, cerdiac outpu; :
significant. L
o
myocardial protection by hypothermic potassium curdio'i;
The authors’ cardioplegic solution also contains procai
& . . c
rapid degradation makes a pronounced cardiodepressive 1
less probable, especially for the moderate dose (1 mi &

present in the solution.'* Procaine is known (0 confer stab
thythm and may reduce the need for direct co
required for ventricular defibriflation.'s

Veniricular fibrillation can be precipitated by the com
of myocardial ischemia and reperfusion injury after re
the ACC. Reperfusion ventricular fibrillation and the:
guent electric defibrillation can be deleterious to the
dium. 11617 It js advantageous to prevent the oco
reperfusion ventricular fibrillation after release of the AD

Lidocaine, an amide local anesthetic,'®" has been sk
increase the threshold for ventricular fibrillation.2® It belone
the class IB antiarrhythmic drugs, binds 10 sodium channely’
decreases the siope of phase 4 depolarization, and inc
diastolic electric current threshold in Purkinje fibers.'
venous lidocaine has been investigated for myocardia
tion during acrtic cross-clamping and for preventing 'l.:-,
sion ventricular fibrillation. Rinne and Kaukinen? studieds
effect of an intravenous bolus of lidocaine given be
clamping the aorta, to be followed by a continuous infu
20 hours. They did not find any increase in cardiac pra

SEEERIEEEE

" Comrol Group

Fig 1. The percentage of reperfusion ventricular fibrRe
lidocaine group (11%) versus the control group (70%). p <
no fibrillation; B, ventricular fibrillation.
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Table 3. Hemodynamic Data After Weaning From
Cardiopulmonary Bypass

Control Lidocaine F-l

Group Group Valug
HR {beats/min) 78 =12 7B =13 NS
MAP {mmHg) 78=13 74+8 NS
MPAP [mmHg) 17=4 17 =4 NS
PCWP ImmHg) 10=3 12=x4 NS
CVP (mmHg) 9=4 10=4 NS
coiumin) 53=08 64 =07 <0.05

Abbreviations: HR, heart rate; MAP, mean arterial blood pressure;
MPAP, mean pulmonary arterial blood pressure; PCWP, pulmonary
e -Nary wedge pressure; CVF, central venous pressure; CO, cardiac
i .-ut; NS, not significant.

concentration and seruim creatine kinase MB activity and by the
ECG. They did not observe any decrease in the incidence of
reperfusion ventricular fibrillation.!

In this study, 100 mg of lidocaine was administered as 2 bolus
by way of the pump 2 minutes before unclamping the norta. A
significant reduction in the incidence of ventricular fibrillation
from 70% to 11% was observed, without any increase in the
incidence of atrioventricular block. This significant decrease in
the incidence of reperfusion ventricular fibrillation can be
aributed to the administration of lidocaine as bolus by the
pump: lidocaine is delivered directly by the aortic line to
the 1ortic root during the vulnerable period of reperfusion, with

SCAINE FOR PREVENTION OF REPERFUSION VENTRICULAR FIBRILLATION §33

a consequeni increase in the threshold for ventricular Rbrilla-
tion.

This study shows that the administration of lidocaine before
release of the ACC not only decreases the incidence of
reperfusion ventricular fibrillation, but is also associated with a
higher cardiac output after weaning from CPB. The lower
cardiac performance observed in the control group versus the
lidocaine group may be attributed to the higher incidence of
ventricular fibrillation. Ventricular Abrillation can result in
increased wall tension, increased myocardial oxygen consump-
tion, and impaired subendocardial blood Alow.®!"! Defibrilation
with direct current countershocks results in an additional
myocardial injury'? because it causes myocardial necrosis, 2
subepicardial contraction abnormalities,'® and marked dehis-
cence of intercalated disks between damaged myocytes.!6
Avoiding all of these myocardial insults induced by ventricular
fibrillation and electric defibrillation in the lidocaine group can
explain the better myocardial performance achieved afier
weaning from CPB.

In conclusion, this study shows that the administration of a
bolus of 100 mg of lidocaine by way of the pump 2 minutes
before releasing the ACC can significantly decrease the inci-
dence of reperfusion ventricular fibrillation, without increasing
the incidence of atrioventricular block. This significant decrease
of reperfusion ventricular fibrillation in the lidocaine group may
explain the better cardiac output after weaning from CPB in the
lidocaine group versus the control group.
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Pro: Magnesium Should Be Administered to All Coronary Artery Bypass Graft

titraj 8 ] .
::l Surgery Patients Undergoing Cardiopulmonary Bypass
Coll
- W. Chase Boyd, MD and Stephen J. Thomas, MD

sling”
pha- AGNESIUM, the second most abundant intracellular MAGNESIUM DEFICIENCY

gl cation, is central to the viability of all cells. Intraceilular Experimental animals were fed long-term magnesium-
1 for: - agnesium is a required cofactor for more than 260 enzymes,  deficient diets to produce a magnesium-deficient state. These
:-:ia:; iscluding nearly all adenosine triphosphatases (ATPases), phos- experimental groups were then compared with controls fed a
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phatases, and kinases." s presence is required for oxidative
metabolism. Magnesium offers significant potential benefits
when administered to patients undergoing cardiopulmonary
bypass (CPB). Magnesium administration to this group may (1)
eliminate the deleterious effects of hypomagnesemia, a com-
mon, ofien unrecognized condition in cardiac surgical patients;
(2) decrease the myocardial insult induced during aortic cross-
clamp; and (3) decrease the incidence of postoperative arrhyth-
mias. If a therapeutic intervention shows benefits that outwei gh
any associated risks and economic costs,® that intervention
should be used. Magnesium, inexpensive, readily available, and
vasily administered, is such an intervention.

MECHANISMS OF ACTION

Myocardial ischemia and reperfusion result in numerous
cellular abnormalities, including (1) increased intracellular
calcium, (2) production of oxygen-derived free radicals, and (3)
depletion of high-energy phosphates. In 1992, du Toit and Opie’
examined agents that altered calcium flux in an isolated
perfused working rat heart subject to global ischemia followed
by reperfusion. They showed that calcium antagonists given
within the first 2 minutes of reperfusion improved myocardial
recovery. Magnesium, an inorganic calcium channel blocker,
was one agent used to illustrate this point.

Associated with the calcium overload is a sudden generation
o' oxygen-derived free radicals.56 There is evidence that
magnesium blocks this reperfusion-induced free radical forma-
tion, reducing the myocardial insult during an ischemia-
reperfusion sequence.’™

Ability of the myocardium to recover afier an ischemic insult
requires myocardial cells to reestablish oxidative metabolism
and replenish high-energy phosphate stores. Magnesium is
central to this process because many cellular ATPases require
magnesium as a cofactor.'%! A magnesium deficiency during
ischemia could severely restrict myocardial cells’ energy avail-
ability during subsequent reperfusion and recovery. The magne-
sium ATP complex is also the substrate for enzymatic reactions
underlying muscle contraction and relaxation.!! The magnesium-
" AP complex not only supplies energy, but it may also directly
re_.late myocardial muscle tone and function. !
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magnesium-supplemented diet or a regular diet.’%* The anj-
mals deprived of magnesium in their diet had a prolonged
recovery from myocardial ischemia.'2 The amount of infarcted
myocardium as a proportion of myocardial tissue at risk of
infarction was twice as preat in the magnesium-deficient
animals relative 1o controls.!? There is an inherent problem with
these studies in verifying that a prolonged exposure to a
magnesium-deficient diet resuits in a true magnesium deficit,
Because less than 1% of total body magnesium is present in

the serum, serum magnesium values do not reflect the tota] body
magnesium content. The mechanisms governing the relation-
ship between serum magnesium and cellular magnesium remain
1ll-defined."* Measurements of intracellular magnesium concen-
tration by radiographic microanalysis indicate that cardiac
patients are magnesium deficient.' Haigney et al'® found that
intracellular magnesium levels in atrial tissue were identical to

sublingual magnesium levels. They noted that cardiac patients

had mean sublingual epithelial magnesium levels significantly

lower than those of healthy volunteers. They further showed

that despite low intracellular magnesium leveis, cardiac surgical

patients frequently had normal serum magnesium levels. There

wes no correlation between their intracellular magnesium level
and their serum magnesium level. Laboratory studies indicate
that cardiac patients are hypomagnesemic,'® serum magnesium
levels are unreliable, and a magnesium deficiency may increase
myocardial damage after ischemia. '2-14

MYOCARDIAL ISCHEMIA AND INFARCTION

Application of the aortic cross-clamp during CPB initiates a
period of potential myocardial ischemia, which is followed by
reperfusion. Accepted approaches to reduce this ischemic insuit

From the Department of Anesthesiology, Weill Medical College of
Cornell University, New York; NY,
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include local or systemic hypothermia and diastolic arrest with
cardioplegia. Magnesium administration should be added to this
list. Timely magnesium administration may provide additional
protection from myocardial reperfusion injury when used in conjunc-
tion with the currently accepted methods of preservation.*!" In
patients who experience a ryocardial infarction during CPB.
magnesium can decrease the exient of infarcted tissue.

In animal and human models, reperfusion injury—quantified
by the magnitude of the decrease in myocardial mechanical function
after a brief period of ischemia—can be alleviated with magnesium
Sdministration.tS11% Increased recovery of contractile force rela-
tive 1o the controls was observed when ischemic human atrial
trabeculae were reperfused with supplemental magnesiurm.!

The clinical benefits of magnesium therapy were shown by
Caspi et al'® in a double-blind, placebo-controlled siudy. A total
of 98 consecutive patients with grade 1V unstable angina
received magnesium supplementation after induction of anesthe-
sia. They continued to receive magnesium for 24 hours postby-
pass. The postischemic systolic indices of contractility, as
reflected in the left ventricular stroke work index and the right
ventricular stroke work index, were higher in the magnesiom-
supplemented patients. England et al'’ noted a similar increase
in cardiac indices with magnesium supplementation in 100
randomized double-blind, placebo-controlled patients who un-
derwent elective coronary artery bypass graft surgery.

The ability of magnesium to decrease the morbidity and
monality associated with myocardial ischemia has been shown
in palients experiencing an acute myocardial infarction. From
1981 through 1991, a series of small studies were performed
examining empiric magnesium adminisiration in this patient
population. Meta-analysis of more than 1,300 patients enrolled
in these studies showed a decreased mortality with magnesium
administration in the setting of a myocardial infarction 141712

These results were followed by the 1994 Second Leicester
Intravenous Magnesium Intervention Trial (LIMIT-2), a single-
center, randomized, double-blind, placebo-controlled study de-
signed to test the hypothesis that doubling serum magnesium
concentration would reduce the monality rate in patients with
an acute myocardial infarction.'” In magnesium-treated pa-
sients. these investigators found a 25% decrease in early left
ventricular failure in the intensive care unit. Four-year fol-
jow-up found that patients who received magnesium had a 21%
decrease in the mortality rate from ischemic heart disease and a
16% decrease in the all-cause mortality rate. The investigators
concluded that increasing the external concentration of magne-
sium before myocardial reperfusion occurs offers myocardial
protection of contractile function.

In addition to improving postischemic myocardial recovery,
the ability of magnesium to decrease infarct size has been
reproduced consisiently in many animal models, #1920 These
experiments have shown that magnesium supplementation
consistently decreases the ratio of myocardial infarct size
relative to the area of myocardium at risk during surgically
induced ischemia,” 1520

ANTIARRHYTHMIC VALUE

Magnesium is an accepted treatment for ventricular tachycar-
dia, particularly torsades de pointes.'® In cardiac surgical

S i

80YD AND THOMAS:;.L;_‘.
=

__“t;;- pRO
patients. there 15 evidence thut magnesium decredses ':. -
incidence of vemuricular arrhythmias and supraventricular g ( =
rhythmias, including atrial fibrillation.! #1821 Magnesium *-ji e
important in maintaining the ionic balance across the }
membrane.>12? During ischemia. magnesium prevents g - s
detrimental intracellular potassium efflux and calcium inflin 3
This ability to maintain the cellular ionic gradients may be g 21
mechanism responsible for the decreased incidence of card;:
arthythmias.*142

MAGNESIUM DELIVERY AND DOSE 2
The ability of magnesium to minimize the impact of myg 227
dial ischemnia has been shown using intravenous and intrac
nary delivery of magnesium. Animal studies have showy
benefit with both methods of magnesium administration, 2 1%
Human trials have primarily used intravenous dosing '
magnesium supplementation. Intravenous magnesium sup —
mentation is effective and acutely increases intracellular ‘u""::'
sium levels.!? To date, no study has directly examined the ';::';y
that varying the method of magnesium delivery could ha !
magnesium's ability to minimize the impact of myo rvival
. . el "
lscgerma. . . . A jnfarctics
ata obtained with a rat heant model exposed to cardioplegiiis eme
solutions of different ionic compositions led to the inclusiog "'”"l
magnesiun in the St. Thomas LI solution.'!' These experi ajun FL
found that the maximum recovery of myocardial function R "."a""n:
an ischemia-reperfusion sequence occurred with 15 mM . “\,'_
magnesium in the cardioplegia solution. This is the conce o ibe
tion used in the St. Thomas 11 cardioplegia solution. Clini mll“
studies analyzing the effect of various intracoronary conc e \ '
tions of magnesium have mot been performed. Intraved E—
administration of magnesium has been used in clinical exg ' .uuly;h:il
menis. A clear dose-response curve for intravenous magn dm:‘ N
has not been generated, however. As a result, a wide ran, i
dosing regimens have been used in cardiac patients (T
and 2). Because magnesium is eliminated by the kidne Theor
failure patients have been excluded from these studies. (1) mos
=
TIMING OF ADMINISTRATION =3 deluyiny
-3 B alon™
The timing of magnesium administration is critical in mags y tahibitin
sium's ability to minimize the insult incurred with my = increase
ischemia. There appears to be a short period of time during ; tve mis
reperfusion when the heart is susceptible to reperfusion d . ministra

caused by calcium influx. Enhancing calcium influx at th
of reperfusion with inotropes, such as isoproterenol,
bates myocardial stunning.’ If inotropes are staried
reperfusion on an already stunned myocardium, the
positive inotropic response is noted.* The use of ma
before surgically induced myocardial ischemia, during
dial ischemia, or at the time of myocardial reperfusion
to improve postischemic mechanical recovery. Mags
administered after myocardial reperfusion has begun doegs
improve postischemic mechanical recovery (Fig 1) 5114158
The inability to impact postischemic myocardial N
with delayed administration of magnesium was clime
illustrated by the Fourth International Study of Infarct i
Collaborative Group (1SIS-4}, In this multicenter randoos
factorial trial, no reduction in 5-week morality or in longE
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Table 1. Clinical Magnesium Studies Involving Cardiopulmonary Bypass®
=1 No. Pre-CPB Pos1-CPE POD1
Roference Patients Dose Mg Dose Mg Dose Mg Results Side Etects
T 100 IV2.0gq IVdrip2.0g o Decreased ventricular None
arrhythmias
Increased cardiac indices
1 41 high dose V4a.0g Vdrip120g IV5.5 Decreased atrial fibrilla- Bradycardia—24 hours
tion pacing
Improved recovery of
rhythm
21 40 low dose 0 V29g Vi1dg Controls None
22t 35group 1 0 0 0 Decreased arrhythmias None
35 group 2 Vo7g 0 0 in group 4
35group 3 0 Woig bl
35 group 4 IV0.7g V079 0
16 50 V38g W76g 0 Decreased arrhythmias Mild hypotension=—

Increased contractility responded to voluma

mtions: CPB. cardiopulmonary bypass; Mg, magnesium; POD, pustoperative day; IV, intravenous.

+All study doses converted to grams: 19 = 4.2 mmol = 8 mEg.
tS1udy doses converied to grams assuming a 70-kg aduit.

survival in patients suspected of having an acute myocardial
infarction was shown in patients who received magnesium
supplementation.® LIMIT-2 and ISIS-4 used cquivalent magne-
sium dosing, but the timing of the magnesium administration in
relation to the initial ischemia and the application of thromboly-
«is was different in these studies. This difference may contribute
t the discrepancy in the results.* The ISIS-4 protocol required
pat ut randomization and magnesivm administration to begin
afi; shrombolytic reatment was complete. Myocardial reperfu-
sion 15 markedly enhanced with thrombolysis. In the ISIS4
study. magnesium supplementation occurred outside the win-
Jow of opportunity for magnesium to affect myocardial isch-
emia (Fig 1).*

SIDE EFFECTS OF MAGNESIUM

Theoretic concerns with magnesium administration include
(1) muscle paralysis compromising respiratory function or
delaying extubation, (2) sedation and confusion,¢ (3) hypoten-
sion,®® (4) increased postoperative bleeding as a result of
inhibition of piatelet function by magnesium, ¥ and (5)
increased energy requirement for defibrillation after intraopera-
tive inagnesium supplementation.?® Clinically, magnesivm ad-
mini- -ation has resulted in few side effects. These resulis are
shown in Tables 1 and 2. There have been no reports of
respiratory compromise, delayed exmbation, confusion, seda-

tion, or increased postoperative bieeding with magnesium
administration.?” One study noted slight hypotension associated
with magnesium administration, This hypotension was cor-
recied easily with volume repletion.’® An unblinded study in
1985 performed by Hecker et al*® reported an increased energy
requirement for defibrillation afier intraoperative magnesium
supplementation. This report is in contrast to other published
reports, however.? A later prospective double-blind study noted
improved recovery of thythm after release of the aortic cross-
clamp in patients who received magnesium supplementation 2t
This study, however, noted an increased incidence of temporary
pacing in these patients because of transient bradycardia. This
pacing requircment Jasted 24 hours postoperatively and did not
affect patient outcome or discharge date.) These datz indicate
that clinically relevant magnesium dosing does not present a
risk to the patient.

The accumulated experimental and clinical data on magne-
sium support the contention that magnesium decreases reperfi-
sion injury, infarct size, and the incidence of postoperative
arthythmias. There is little risk to the patient associated with the
administration of magnesium. Magnesium is readily available,
easily administered, and inexpensive. In view of these data, it is
logical that all patients undergoing CPB should receive magne-
sium,

Table 2. Clinical Magnesium Studies Not Involving Cardiopulmonary Bypass

No. Side
fleleronce Patients Patlent Type Dose Results EHects
17 2,316 Acute Ml Vicad 1.9g Decreasad left ventricular failure None
IV drip15.5g/24 h Decreased monality
18 184 Acuta M| 22g/dB8h Decreased arrthythmias None
Ggfirst3h Decreased CHF
10gnext21h Increased cardiac index
6glast24 h Decreased morzality
28 194 Thoracic surgery 4gPODO Decreased atrial fibrillation Nons
2 g/day x 2

Abt siations: MI, myocardial infarction; IV, intravenous; CHF, congestive heart failure; POD, postoperative day.










