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Cholinergic Stimulation with Pyridostigmine, Hemodynamic
and Echocardiographic Analysis in Healthy Subjects
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Objective - Growing evidence suggests that sudden
death after an acute myocardial infarction (AMI) corre-
lates with autonomic nervous system imbalance. Parasym-
pathomimetic drugs have been tested to reverse these
changes. However, their effects on ventricular function
need specific evaluation. Our objective was to analyze
pyridostigmine’s (PYR) effect on hemodynamic and
echocardiographic variables of ventricular function.

Methods - Twenty healthy volunteers underwent
Doppler echocardiographic evaluations, blood pressure
(BP), and heart rate (HR) assessment at rest, before and
120 min after ingestion of 30 mg PYR or placebo, accor-
ding to a double-blind, placebo-controlled, crossed and
randomized protocol, on different days.

Results - PYR was well tolerated and did not cause
alterations in BP or in ventricular systolic function. A
reduction in HR of 10.9+1.3% occurred (p<0,00001). There
was an A wave reduction in the mitral flow (p<0.01) and an
E/A ratio increase (p<0.001) without changes in the other
diastolic function parameters (p>0.05).

Conclusion - PYR reduces HR and increases E/A
ratio, without hemodynamic impairment or ventricular
function change.
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During the past decades, great progress has been
madein the treatment of coronary heart disease primarily
because of the evolution of the therapeutic arsenal. b-
blockers, for instance, have been shownin somestudiesto
causeasignificant reductioninmortality, mainly through a
reduction in sudden death 3. These effectsare dueto a
decreaseinmyocardia O, consumptionand additionally to
the blockade of postinfarction adrenergic hyperactivity “.
Recent studieshaveidentified subgroupsunder greater risk
of sudden death through the use of highresolution electro-
cardiography, continuousel ectrocardiographic monitoring
and baroreflex sengitivity (BRS) analysisinorder to stratify
postinfarction risk >8. Inaddition to the dysautonomiadue
to adrenergic hyperactivity, aconcomitant vagal hypo-
activity may be present, expressed by reductionin RR
vaiability (RRV) and BRS*. Fromitsinitid correlationwith
sudden death**, and after experimental > and clinical
evidence of its prognostic value became avail able, vagal
hypoactivity has come to be considered an independent
risk factor for postinfarction sudden death "14%5. Asaresult,
therefore, interest has arisen in the therapeutic action of
medi cinesmodul ati ng the parasympathetic system, in parti-
cular, effectsontheaction of acetylcholine (Ach). 1n 1993,
four groups***° published thefirst studieson the effects of
scopolamine, acholinomimetic agent inlow doses, onthe
vagal tonus of postinfarction patients. All the studies
showed vagomimetic effect through the reduction of the
heart rate (HR) and increase of theVRR and/or BRS, but the
possibleprotectiveeffect of scopolamineon morbidity and
mortality remains to be evaluated. Despite the positive
results achieved, scopolamineisinconvenient becauseits
cholinergic agonist actionispresent only inlow dosesand
the opposite (blocking) effect occursin greater doses 2.
Thisfact makesit difficult to determinethe right dosein
patients needing it, because it may cause a potentially
deleterious cholinergic blockade. Moreover, no scopo-
lamine studiesin postinfarction patients have adequately
reported its effects on ventricular systolic and diastolic
functions, which arefundamental variablesinthecoronary
disease patient population.
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Pyridostigmine (PY R) seemsto be more suitable for
use in postinfarction patients. As areversible acetyl-
cholinesterase (AchE) inhibitor, atropinebeingitsantidote,
PY R has a dose-dependent cholinomimetic action
allowing dose setting according to individual patient
response. In addition to the large amount of experience
accumulated by its use in myastheniagravis (MG) and
prophylaxisof intoxication by organophosphates(chemical
war weapons. sarin, soman and tabun) 2%, PY R does not
penetratethe central nervoussystem, may beadministered
by oral viaand hasfew side effects?, which are all great
advantages in comparison with scopolamine. In Brazil,
Nébrega et al %, considering the potential of PYR usein
postinfarction patients, hasdocumented thereflex and rest
responses of HR to cholinergic stimulation produced by
administering asingledose of PY R to healthy volunteers.
Despitethetheoretically negativeinotropic effect of these
agentsbeinglessintense, dueto reduced ventricular vagal
innervation, specific evaluationisnecessary. Theobjective
of this study wasto evaluate PY R’ s effect on BP, HR,
systolic and diastolic functions by Doppler echocardio-
graphy, and thedrug tolerancein healthy individual sat rest.

Methods

Twenty healthy volunteersunderwent fasting Doppler
echocardiographic evaluationsimmediately before and
120min after ingestion of 30mg PY R bromide or placebo,
according to adouble-blind, placebo-controlled, crossed
and randomized protocol, on different randomly selected
days, withaseven day minimuminterval. Wemeasured BP
and HR (three times each) immediately after each eva-
[uation. Thus, four value conditionswere established (pre-
placebo, post-placebo, pre-PY R and post-PY R measures),
each volunteer being his own control (crossed protocol).
All volunteers were informed of the study objectives,
methodol ogy and risks, signing, thereafter, aformal written
consent. We used thefollowing inclusion criteria: normal
physical examination, electrocardiogram and Doppler
echocardiogram. Exclusion criteriawere: aprevioushistory
of heart disease, diabetes mellitus, asthma or bronchitis,
known hypersensitivity to PY R bromide, useof drugswith
effectson thecardiovascul ar or autonomic nervoussystem
(ANS) and pregnancy. The study was approved by UFF' s
Comitéde EticadaPds-Graduacio (Post-Graduation Ethics
Committee).

Ninety-five percent of the group analyzed werevolun-
teersinvolvedin biomedical activities (university students,
graduates, university teachers), 8 (40%) were female, 17
(85%0) werewhiteand 3 (15%) werenonwhite, mean agewas
2515 years, mean weight was 70+13kg, mean height was
1.7+0.1m, and mean body surface was 1.83+0.19m?. The
Doppler echocardiographic analysiswasperformed by only
one observer, who did not know the applied condition
(placeboor drug). An ATL Apogee CX200wasused witha
2.5MHz sectoria mechanical transducer and simultaneous
el ectro-cardiographicrecord. Each volunteer’ seva uation
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wasimmediately preceeded by a 10min dorsal decubitus
restintheexamination bed, aimingto attain ahemodynamic
returnto basal conditions.

An average of five measurements was obtained for
each parameter. Ventricular diameter measurementswere
obtained according to the standardi zati on established at the
Penn Convention-, Thefollowing parameterswereobtai-
ned: gection fraction (EF)*, fractional shortening of theleft
ventricle® (DD), cardiacindex and output *, endsystolicstress
and thickening 3>, isovolumic relaxation time* (IVRT),
velocity of theearly filling of themitral inflow* (E), vel ocity
of thelatefilling of themitral inflow® (A), E/A ratio®, mitral
decderationtimeof theEwave® (DT), andleft ventricle(LV)
myocardid stiffness¥ (K , ). BP, HR and Doppler echocar-
diographic evaluation datawere analyzed using two-way
ANOVA varianceanalysisfor repeated measures. Whene-
ver statistical significance wasfound, Tukey’s procedure
was used to compare and contrast differencesin the mean
valuesobtained. Moreover, for HR analysis, percent varia-
tionswere obtained between pre- and post-values, in pla-
ceboand PY R conditions, which were compared using Stu-
dent’s ¢ test for paired measures. For all tests, the value
p<0.05wasconsidered significant.

Results

One volunteer developed myofasciculations and
piloerection rdatedto PY R, whichwassdlf-limited and did not
need any sort of intervention. Therewereno hemodynamic
changesor anything representing arisk to the subjects. One
volunteer had an episode of self-limited and fugacious
lipothymia, which he attributed to the prolonged fasting
required for the procedure. At that time, hewasinthe PYR
action pesk, withaHR of 44bpmand BPof 200x 60mmHg.

There was no statistically significant difference
among the four study conditionsfor systolic and diastolic
blood pressures. HR showed an average reduction of
7.1bpm post-PY R (57.5bpm + 1.9 SE) compared with pre-
PYR (64.6bpm + 2.1 SE), whichwasfound to begtatistically
significant (p<0.05—ANOVA) (fig. 1).

When HR was analyzed according to the respective
control percent variation, placebo and PY R showed
averagereductionsof 2.3% + 1.2 SE and 10.9% + 1.3 SE,
respectively (figs. 2and 3). Student’ spaired ¢ test revealed
the difference to be markedly statistically significant
(p<0.00001).

Therewas no significant changein ventricular dia-
meters and volumes or in ventricular systolic function
indices, such as EF, DD, cardiac index and output. End-
systolic stress and thickening indices likewise remained
unchanged. No statistically significant changeinVRT, DT
andK ,, occurred.

A significant reductioninthe A wavepost-PY R (fig. 4)
occurred compared with the other conditions (p<0.001). E
wave tended to increase, but itsincrease did not reach
statistical significance.
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Fig. 1 - Meansand standard errors of heart rate (* p<0.05).

E/A reatioshowed asignificantincressepost-PY R (fig. 5)
comparedwiththeother conditions(p<0.001).

Straight line regressions were determined from pre-/
post-placebo and pre-/post-PY R, corrdating HR to A wave
andHRtoE/A ratio(fig. 6), amingtoidentify A waveand E/
A ratiovariations, regardlessof thechangessecondary toHR
reduction. It was demonstrated that, for any given HR, the
post-PY R condition hasthesmallest A waveand thelargest
E/A ratio among the four conditions. In addition to upper
displacement, thereisagreater slopeinitsstraight line,
indicating still greater E/A valuesfor smaller HR values.

Discussion

Theimportance of HR reduction in coronary artery
disease has been reported in studies that determined the
effectiveness of b-blockersin reducing morbidity and
mortality ®. Alsoin congestive heart failure (CHF), HRwas
identified as an independent prognostic factor, reflecting
abnormal sympathetic nervous system activation *°.
Additionaly, ventricular functionimprovement in patients
using amiodarone was ascribed to amiodarone-induced HR
reduction “. Evidence existsthat HR reduction might, by
itself, improveventricular functionin thispopul ation 442,
Onthe other hand, several agentsused in CHF treatment,
by increasing EF and functional capacity, may not necessa-
rily increasesurvival -,

PY R hasarisen asamedi camentoustreatment option
inHR reduction. Itspharmacol ogical profile seemsattracti-
ve, when considering itsuse in CHF or coronary artery
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disease patients, in particular theabsence of effectsonven-
tricular systolicfunction and peripheral resistance. Inaddi-
tion, its action on the ANS has been broadly established
fromitsusein MG patients, aswell asitssafety profile®. Its
capability to promote improvementsin the markers of
dysautonomiain patientswith heart diseases, still remains
to be determined, as well as its impact on morbidity and
mortality indicesinthispopulation. Thisstudy wasafirst
approachinthisdirection, aimingto corroborateitssafety
profile with regards to hemodynamic and ventricular
functionvariables.

The present study showsthat PY R iswell tolerated,
and does not have severe side effects in the dose used,
which corroborates the literature*-*°. Asin the study
conducted by Nobregaet al %, PY R caused HR reductionin
subjects (p<0.05) - thisis particularly truein the present
study, where HR decreased in all subjects. Despite the
significant HR reductioninthe post-PY R condition, there
wasno corresponding changein cardiacindex and output,
probably dueto atrend of strokevolumeincrease (p=NS).
Similar hemodynamic behavior wasshowninanexperimen-
tal study in dogs*®.

The A wave reduction was statistically significant
(p<0.01). Thisreduction, associated with anonsignificant
trend of Ewaveincrease, resultedinastill greater increasein
E/A inthepost-PY R condition (p<0.001).

Frominterpreting PY R-induced mitral flow changes,
weidentified three mechanismsfor E/A ratio increase: 1)
improvement in ventricular rel axation, 2) secondary toHR
reduction, and 3) secondary to areduction in left atrial
inotropism.

Although the mitral flow E/A ratio increase might
indicateimprovementinventricular relaxation, other factors
may also cause this effect. Indeed, the present study does
not support the inference that PY R has an action on
ventricular relaxation, because VRT, DT orK ,, changesdid
not occur. However, we have found a study ascribing to
PYR animprovement in LV relaxation in hypertensive
patientsst,

Harrison et al *2have shown an inverse correlation
between HR and E/A ratio in healthy subjects. One may,
therefore, conclude that HR reduction with PY R hasbeen
responsiblefor theincreaseinthe E/A ratio. However, A
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Fig. 2 - Percentage reduction of heart rate with placebo use compared to control
(*p=N9).
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Fig. 3 - Percentage reduction of heart rate with PY R use compared to control
(*p<0.00001).
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Fig. 4 - Meansand standard errors of A wave (*p<0.01).

waveva ueswere awayslower in the post-PY R condition
for any given HR value. These findings indicate that, in
addition to the expected A wave and E/A ratio variations
derived from HR variation, there seemsto be an additional
factor to these changes, possibly areductionin atrial
inotropism, aspreviously shownin animal patterns®.

Because of their rich vagal innervation, theatriamay
havetheir contractility experimentally reduced by 100%,
both by efferent fibersand pharmacol ogical stimulation =,
Considering that the PY R dose used iswell known as
sufficienttoresultin significant AchE activity reduction®,
one may expect some negative atrial inotropic effects,
which could not be measured by the methods used in the
present study.

Despitethepotential implicationsof anegativeatrial
inotropic effect, several studies have shown thereisno
performancereductioninvarioussituationsdemanding an
increasein cardiac output (CO)“849%557 Further studieswill
be able to validate these findings in popul ations more
dependent on atrial contractionfor CO maintenance, asin
patientswithischemic or hypertensive heart disease.

Based onthisstudy, wemay infer thefollowingclinical
implications: 1) PY Rmay beconsidered, withareasonable
safety margin, for futurestudiesin other clinical conditions,
such asischemic heart disease, aiming particularly to
analyze its hemodynamic and autonomic effects %, 2) the
PY R effects on HR may be analyzed by other studies,
comparingit, for instance, with b-blockers, in patientswith

Fig. 5- Meansand standard errors of E/A ratio (*p<0.001).
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Fig. 6- Straight lines of regression correlating reduction in heart rate and increase of
E/A ratio.

heart failure, since PY R seemsto have asmaller negative
inotropic effect, 3) assuming that favorable results of the
abovementioned considerationswill be obtained, onemay
evaluate the impact of PY R on morbidity and mortality
indicesin these popul ations <,

In conclusion, thisstudy allowsustoinfer that, ina
population of young healthy subjects at rest, in the dose
used, PY Riswell tolerated and doesnot changetheoverall
heart pump function. Specifically, PY R doesnot change BR,
does reduce HR, does not change ventricular systolic
function, and producesareductionin A wave, aswell asan
increaseinthe E/A ratio.
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