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Reviews

Deciphering the Sinus Tachycardias
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Summary: Sinus tachycardia is the most common rhythm
disturbance encountered in clinical practice. Primary sinus
tachycardia without an underlying secondary cause, despite
often being associated with troublesome symptoms, is often
neglected leading to multiple consultations and frustration on
part of both the practitioner and the patient. The fact that pri-
mary sinustachycardias are a heterogeneous group of disor-
dersis seldom appreciated; hence, afirm diagnosisisrarely
reached and management is haphazard. Furthermore, there
may be prognostic implicationsfor prolonged or recurrent si-
nus tachycardia, making it imperative that this group of ar-
rhythmiasreceive adequate and appropriateattention. Normal
snustachycardia(i.e., secondary), inappropriate sinustachy-
cardia, postural orthostatic tachycardiasyndrome (POTS) and
sinusnode reentry tachycardiamake up thisgroup of arrhyth-
mias. Their definitions, clinical features, diagnogtic criteria,
pathophysi ol ogic mechanisms, and optimum management are
discussedinthisreview.

Key wor ds: sinustachycardia, inappropriate sinustachycar-
dia, postura orthostatic tachycardiasyndrome, posturd ortho-
static tachycardiasyndrome, sinusnodereentry tachycardia

Introduction

The primary sinustachycardias are arguably the most ne-
glected rhythm disturbance encounteredin clinical practice.
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The main reason for thisis that although considerable time
and effort are expended in investigating and eliminating sec-
ondary causes, the primary entity remainsclinicaly perplex-
ing. Intheanimal kingdom, afascinating inverserelationship
exists between heart rate and life expectancy.! In humans, a
substantia and indisputable body of epidemiologic dataafter
adjustment for other risk factors, associateshigher heart rates
with increased mortality, not just in patientswith underlying
cardiovascular disease but also in the population at large.2
Thus, sinus tachycardia merits appropriate identification
and management.

Thesinustachycardiasform aheterogeneous group of dis-
orders(Fig. 1) ranging from normal sinustachycardia(NST),
which can bearesponseto physiologic or pathologic circum-
stances, to ingppropriate sinus tachycardia, where thereisa
breakdown inthe mechanismsthat regulatethetachycardiare-
sponse; sinustachycardiaassociated predominantly with up-
right posture, called the postural orthostatic tachycardiasyn-
drome (POTS), formsoneend of the spectrum of theinappro-
priate sinustachycardias (1ST), and that arising from reentry
circuits close to or within the sinus node is known as sinus
node reentry tachycardia. These arrhythmias differ in their
clinica manifestations, pathophysiologic basis, and manage-
ment and require appropriateidentification.

Definitions

Normal sinustachycardia(NST) isan appropriateincrease
in snusrate to > 100 beats/min3 4 in responseto avariety of
physiologic, pathol ogic, and/or pharmacologic stimuli. Anun-
derlying causeispresent and should beidentified.

Inappropriatesinustachycardia(lST) isdefined asapersis-
tent increasein resting heart rateto > 100 beats/min, whichis
out of keeping with the level of physiologic, pharmacologic,
and/or pathol ogic stress.> 6 Characteristically, thereis noctur-
nal normalization of theheart rate, andinitsabsence other rea-
sonsfor the tachycardia should be sought. Exclusion of apri-
mary underlying causeisaprerequisitefor thisdiagnoss.

Postural orthostatic tachycardiasyndrome (POTS) isan ab-
normal sinustachycardiawhichistriggered by orthostasisand
relieved by recumbency.” Thereisno significant hypotension
during upright posture and neither an underlying cause nor
clinical sgnsof autonomic neuropathy should be present.”.8
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Fic.1 Thedifferentia diagnosis, investigation, and management of sinustachycardia. SNRT = sinus node reentry tachycardia, POTS =

postural orthostatic tachycardiasyndrome, IST =
a=risk of dependence.

Sinusnodereentry tachycardia(SNRT) issudden, paroxys-
mal, and usudly nonsustained. The heart rateisusualy 100to
150 beats/min but may beaslow as80 beats/min. Thearrhyth-
miaiscommonly triggered and terminated by an atria prema-
turebeat.

Although thisgroup of four arrhythmias comprisesthe -
nustachycardias, it is sometimes difficult to differentiate be-
tween them (especidly between IST and POTS, as patients
with POTS frequently have persistent elevation of heart rate
and patientswith | ST frequently have fluctuation of heart rate
during orthostatic challenge) and from other rhythm distur-
bances, especidly atrid tachycardiaoriginating closetothes-
nus node and right upper pulmonary vein tachycardia. Occa-
sionally, atrid flutter and noda tachycardiasmay alsoneed to
be considered aspart of thedifferential diagnosis. Thedistinc-
tion between the severa formsof sinustachycardiaand other
“atria tachycardias’ iscrucid, since eachtype of sinustachy-
cardia requires specific trestment and practicaly all other
forms of regular atrid tachyarrhythmia can be eradicated by

appropriatetherapy.

Etiology and Basic Underlying M echanisms

The sinus node is a versatile and complex structure. Ana-
tomically, itisspindleshaped andliesinthelateral and epicar-
dial aspectsof thejunction between the superior venacavaand
theright atrium, with its base set against the prominent termi-

inappropriate sinustachycardia, NST = normal sinustachycardia, AV = atrioventricular,

nal crest (or cristatermindis), which markstheinterna site of
the cavoatria junction.® The node cellsare arranged asinter-
weaving fasciclesembedded in adensefibrous matrix. There
isno insulation of the node from the surrounding atria cells,
but rather asmall zone of transitional cdllsisinterposed. This
inhomogeneous arrangement allowsidands of fibroustissue
to lie between the pacemaker cellsin and around the sinus
node providing asubstratefor sinusnode reentry.10
Physiologically, the sinus node pacemaker cellsdepolarize
spontaneoudly and regularly in order to generate cardiac im-
pulsesautomatically. Therate of depolarizationis modulated
by autonomic tone (i.e., sympathetic and parasympatheticin-
put), stretch, temperature, hypoxia, blood pH, and in response
to other hormond influences(e.g., tri-iodothyronineand sero-
tonin). Sinusnode pacemaker cells, unlikeatria and ventricu-
lar myocytes, do not exhibit a conventional stable resting
membrane potentia (Fig. 2). Thisisprimarily dueto thelack
of aparticular classof potassium channel (theinward rectifier
channel) in sino atrial nodal cells. These cells do, however,
possess other types of potassium channd sthat play animpor-
tant role in the generation of action potentials. The unstable
membrane potential, “ the pacemaker potentid,” of the Sinoa-
trial nodal cellsdecaysfaster than that of any other cardiac cell
and, in physiologic circumstances, generates an action poten-
tid roughly once every second.! The spontaneous decay of
thispotentia isdueto at least threefactors. First, asmall cur-
rent of sodiumionsflowsintothecell. Thissmall sodium cur-
rent hastwo components—the background inward current (1)
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Fic.2 The molecular basis for norma sinus tachycardia. Cate-
cholaminesstimul ate Gsproteinsin pacemaker cellsby bindingto 81
receptors. Thiseventualy resultsin the opening of theinward funny
(If) channelsleading to sodium influx. Thisincreasesthe gradient of
the dope of the* pacemaker current” resulting in earlier depolariza-
tion and tachycardia. Accompanying catecholamine stimulation of
1 receptorsissynergistic vaga withdrawal , which preventsinhibi-
tion of adenyl cyclase. I =inward “funny” current, I, = background
current, Ik = outward potassium current, | ca=inward calcium current
(T =trangient current, L =long acting current), Incx = inward sodium
cacium exchanger, CAMP = cyclic adenosine monophosphate,
ATPase= adenosinetriphosphate.

andthe“funny” (Is) current. Theterm“funny” current denotes
ionic flow through channels activated in polarized cells
(= —60 mV) unlike other time and voltage-dependent chan-
nelswhich are activated by depolarization.2 Second, the de-
polarization in the membrane potentia caused by thissodium
current inactivates the voltage-dependent “ delayed rectifier”
potassium channels, resulting in adecreasein the permesabili-
ty of themembraneto potassum. Finaly, whenthemembrane
potentia reaches —55 mV, two distinct Ca++ channelscome
into play. Transient or “ T-type’ calcium channels (IcaT) Open
first beforelong-lasting or “L-type” calcium channels (Ical)
and thesetip the“ pacemaker potential” beyond thethreshold
of —40mV triggering an action potential .

Physiologic NST is predominantly catecholamine driven,
but thereis synergistic vaga inhibition. Norepinephrine and
epinephrinereleased from sympathetic nerve endingsor into
the circulation from the adrenad medulla, act upon myocardia
betal (31) adrenergic receptorslinked to stimulatory guanine-

nucl eotide-regulatory-proteins(Gsproteins), which areinturn
positively coupled to adenyl cyclase. Activation of these re-
ceptors leads to an increase in cyclic adenosine monophos-
phate (cCAMP) which directly triggers the opening of thein-
ward sodium channelsresponsiblefor the* funny” current and
indirectly stimulates opening of “L-type’ calcium channels.
Thenet effect of theformer isanincreasein sodiuminfluxinto
thecell, causing faster depol arization of the pacemaker poten-
tial and hence afaster heart rate. Most pathologic and phar-
meacologic causesof NST effect thisresponseeither directly or
indirectly via 31 adrenergic receptor stimulation, but other
mechanismsareadsolikely to beinvolved—for example, inhi-
bition of cCAMP by methylxanthines.

Several mechanisms have been postulated for IST and
POTS, and there is a considerable overlap between these for
the two entities. Enhanced automaticity of the sinus node!?
and abnormal autonomic regulation with excess sympathetic
and reduced parasympathetic tonel# aretwo principal mecha-
nisms proposed for IST. It is unclear whether these mecha
nismsareadirect result of impaired neura input intothesinus
node or whether they represent aninherent abnormdlity with-
inthe sinus nodeitself.6 However, the causative mechanisms
may overlap, which perhapsexplainsthevariableresponsesto
betablockersand calcium-channel blockersin many patients.

In POTS, alarge part of its heterogeneous nature results
from an abnormality in any one or more of the many compo-
nents that make up the complex physiologic baroreceptor re-
flex that is essentia for maintaining hemodynamic stability
during orthogtatic stress(Fig. 3). Thelesscommon centra beta
hypersensitivity form, which exhibits an exaggerated tachy-
cardia response to orthostatic stress despite an appropriate
increasein peripheral vascular resigtance, 1 has pathophysio-
logic features similar to IST, but the exact reasons why the
baroreflex fails to suppress the tachycardia are unknown. In
onefamily withinherited POTS, the basic abnormality isade-
fective norepinephrine-transporter mechanism.16 Thisleadsto
failure of synaptic clearance of norepinephrine, leading to an
exaggerated sympathetic response to physiologic stimuli and
hencethe orthostatic tachycardia. In aproportion of other cas-
es, intringic sinusnodeabnormalitieshavea so beenreported.1”

Inthemgjority of patientswith POTS, theabnormality in-
volvesfailure of peripheral vasoconstriction—the so-called
“partid dysautonomia’ form, and again the pathophysiol og-
ic mechanisms involved are only partly known. There is
some evidence that this entity may be dueto partial sympa-
thetic denervation, especialy inthelegs, 18 with arteriesmore
likely to be affected than veins.1® Patientswith orthostaticin-
tolerance have reduced venous compliance in the lower ex-
tremities, which may limit the dynamic responseto orthostat-
ic change and thereby contribute to symptoms of orthostatic
intolerance in this population group.2° The exact trigger for
thispartial selective denervation isunknown although asig-
nificant proportion of patientswith POTSreport apreceding
vira illness, and theseindividualstend to have abetter long-
term prognosis.2-23

Other possiblemechanismsfor POTSinclude“idiopathic
hypovolemia’2* and reduced circul ating blood volume, 2> for
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Fic.3 Orthostatic stressand its baroreceptor reflex response. The
bold arrows demonstrate the physiol ogic consequence of orthosta-
g5, thelargearrowsthe autonomic response mediated viathe barore-
ceptor reflex, and thedotted arrows denote the appropriate corrective
measuresinstigated to prevent cardiovascular collapse. Postural or-
thostatic tachycardiasyndrome (POTS) resultseither from (1) afail-
ureof the periphera vasculatureto vasoconstrict appropriately to or-
thostatic stress (partial dysautonomiaform), or (2) dueto afailureof
central mechanismsto terminate the tachycardia response (central
betahypersensitivity form).

example, due to splanchnic bed blood pooling,2 27 and re-
duced red cell massresulting from an impaired erythropoi-
etin response.8 It isinteresting that there is also increased
microvascular filtration withincreased arterial blood flow in
patients with POTS.22 Sometimes there is evidence of au-
toantibodiesto ganglionic nicotinic acetylcholine receptors
incertain cases. ¥

Clinical Features
Demographics

Norma snus tachycardia is by far the most common of
thesinustachycardias. Symptomatic physiologicNST may be
moreprevaentinfemaes, but thisisunlikely to bethecasefor
the pathologic and pharmacologic varieties where a more
equal distribution between thetwo gendersismorelikely. The
vast mgjority (90%) of patientswith IST arefemaewithanav-

erage age of approximately 30 years.> 13.3L. 322 |t jsinteresting
that theseindividual s are often hedlth-care workers, probably
becausethiscohort isinvolved in regular medica salf-assess-
ment.5 Posturd orthostatic tachycardiasyndrome aso appears
to be far more prevdent in females, but some studies have
shown an equal gender distribution.”-24 3334 Snus node reen-
try tachycardiashowsno age or gender predilection, but it ac-
countsfor <5%of al regular supraventricular tachycardias.®

Clinical Presentation

Many patients with sinus tachycardia have no specific
symptoms, especialy when the arrhythmia is appropriate.
Often, however, such asin patientswith | ST, pal pitationsthat
arefast and regular, chest pain, dyspnea, dizziness, lighthead-
edness, and presyncope may bereported. Patientswith POTS
may additionally complain of other autonomically mediated
symptomsincluding tremor, constipation, and bladder-rel ated
problems. Many patients with POTS a so complain that they
fedl cold and are unableto tolerate extreme heat.3® They may
also suffer from marked fatigue and exerciseintolerance and
be misdiagnosed with chronic fatigue syndrome.3” Paroxy-
smd, regular, and usualy self-terminating palpitations are a
cluetothediagnosisof reentry tachycardias, SNRT presentsin
thisway. Thedegreeof disability in patientswith varioussinus
tachyarrhythmiasvariesfrom nonetototal incapacitation.

Clinical examination may allow theidentification of signs
that point to an underlying primary causein NST but isother-
wise unhelpful in establishing the diagnosis. A persistent si-
nus tachycardiain the absence of any particular clinical rea-
son or signs of an underlying cause should trigger suspicion
of IST. Simpleclinical maneuvers, such as getting gently up
from bed, in POTS may reproducethetachycardiaand the pa-
tient symptoms, raising suspicion of the diagnosis. Although
in SNRT thearrhythmiaisunlikely to be present during clini-
cal consultation, athorough examination isessential because
this cohort exhibits ahigher incidence of underlying organic
heart disease.38

Investigations

Theinvestigationsfor NST areguided by the suspected un-
derlying cause. A 12-lead electrocardiogram (ECG) usualy
confirmsthe presence of sinustachycardiaand may add more
informationif theunderlying causeiscardiac. TheECGisaso
useful inidentifying atrid flutter, atrial tachycardia, and nodal
tachycardias. The only absolute ECG criterion for sinus
rhythmisan upright P-wavevector inleads| andI1. During S-
nus tachycardia, the morphology of the P wave may change
withitsaxisbecoming morevertica, but the P-wavevector re-
mainssimilar or identical to that in normal sinusrhythm (i.e.,
positiveinleads| and I1). Thiseffectisduetoasuperior shiftin
thedteof origin of depolarizationwithin thesinusnodeduring
sinustachycardia3! Inatriad and pulmonary veintachycardias,
not only isthereadifferent Steof originfor thearrhythmia, but
the pattern of conduction through the atriais also different.
Therefore, atrioventricular reentry tachycardia (AVRT), atri-
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oventricular nodal reentry tachycardia (AVNRT) atrial flutter,
and most focal and reentrant atria tachycardias have charac-
teristic P-wave morphologies distinct from sinus rhythm.
Occasiondly, atrid and pulmonary veintachycardiashaveini-
tia P-wavevectorsinthefronta planesimilar tothoseof sinus
tachycardia. However, amore compl ete assessment of the P-
wave morphology onthe 12-lead ECG, for example, negative
Pwavesinlead avL or entirely positive Pwavesinlead V1,
and the onset pattern of thetachycardiausualy distinguishes
these arrhythmias from sinus tachycardia. Except for their
paroxysma natureand usually afaster heart rate (> 150 beats/
min), it is clinically difficult to distinguish right upper pul-
monary vein tachycardias and atria tachycardias originating
intheregion of thecristaterminalis'sino atrial nodefromsinus
tachycardias. Thesearrhythmiascan only bedistinguishedre-
aigticaly during eectrophysiology studies.

A 24-h Holter recordingisauseful investigation tool for dif-
ferentiating between sinustachycardias. It istheinvestigation
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of choicefor IST, which classically demonstrates a persistent
increasein sinusrate to > 100 bests/min during waking hours
and usualy normalization in this rate during deep. Petients
with POTS report symptoms during upright posture which
correlate with a sinus tachycardia, or a sudden increase in
heart rate. For these patients, ahead upright tilt test also usual-

ly triggers symptoms associ ated with sinustachycardia, or an
increasein heart rateto > 30 beats/min from baseline, withina
few minutes of upright posture but without asignificant drop
inblood pressure (Fig. 4). Thesendtivity and pecificity of the
tilt test in POT S are unknown; however, thereisno reason to
believe it should be any different from those in vaso-vagal

syncope (i.e., sengitivity ~ 65% and specificity ~ 94%) as
there is a considerable degree of overlap in the underlying
mechanisms between the two conditions. Onceapositivetilt
test result has confirmed the diagnosi's, thetask isto differenti-

ate between the various subtypes of POTS so that treatment
can betargeted appropriately (Fig. 5). Patientswith thecentral

Aberrant beats/min | 200

| 180

160

140

HR mean = 65/ beats/min 120
|'-,.'.'J f 100

— : o
01:00 05:00 09:00 +13:00

180
160

mmHg beats/min
o 5
o o
g
il Ef

#* Symptoms

(8) Tilt

Fic.4 A tachocardiogram (A) andtilt test recording (B) from apatient with postural orthostatic tachycardiasyndrome (POTS). Thetachocar-
diogram, with a50 beats/minincreasein heart rate (HR) during orthostati c stress associated with symptoms, raised suspicion of thediagnosis.
A head upright tilt test to 60° reproduced thetachycardiaand symptomswithout asignificant dropin blood pressure. SY'S, DIA = systalic, dias-

tolic blood pressure; PR = pulserate.
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splanchnic blood pooling
v v
Volume expansion; bed tilt sleep; compression stockings; resistance training
v v v
B blockers +/ — Fludrocortisone +/ —
Fludrocortisone B blockers
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Clonidine Midodrine Octreotide
Ivabradine methylphenidate 2 (erythropoietin)
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Fic.5 The classification and management of posturd orthostatic
tachycardiasyndrome (POTS). Nonpharmacol ogic measures, espe-
cially fluid replacement, formthe bed rock in the management of all
forms of POTS. Following this, in the central beta hypersengtivity
form the addition of beta blockers is most appropriate and then, if
necessary, fluodrocortisone; inthe partial dysautonomiaform fluo-
drocortisone followed by beta blockersis most appropriate. In the
moreresistant formsof POTS, the other agentslisted above may be
tried. Thereis only evidence for the use of phenobarbitone in the
central hypersengitivity formand octreotidein the splanchnic vascu-
lar bed pooling form. 2 =risk of dependence.

beta hypersensitivity form usualy have concomitant high
serum catecholaminelevels (norepinephrine> 600 ng/ml) and
may exhibit an excessive increase in supine heart rate re-
sponseto low-doseisoprendineinfusion (heart rateincrease
> 30 beats/min with 1 pg/min infusion).3® In certain patients
with themore common mild idiopathic partial dysautonomia
form, there is excessive poaling of blood in the legs while
standing;3° othersmay exhibit sympathetic denervation of the
skin by galvanic skintesting or quantitative testing of the su-
domotor axon reflex.2 33, 40. 41 However, this subtype of
POTSisusudly adiagnosisof exclusion. The other formsof
POTS (“idiopathic hypovolaemia,”2* splanchnic bed blood
pooling, 2627 reduced red cell mass, 2 etc.) arerareand seldom
requireidentification clinically astheir managementissimilar
tothat of the partial dysautonomiaform.

A 24- or 48-h Holter ECG recording may aso occasiondly
capture short sudden bursts of sinus tachycardia triggered

and/or terminated by atrial premature beats characterigtic of
SNRT, exposing its paroxysmal nature (Fig. 6). In patients
with very occasiona palpitations, cardiac event recorders or
even implantable monitors may be necessary to catch theun-
derlying rhythm disturbance. In the vast mgjority of patients,
however, eectrophysiology studies are usually required to
confirmthediagnosisbeyond doubt.

Management (Tablel)
Conservativeand Nonphar macologic Ther apy

The mgjority of patients with transient short episodes of
physiologicNST ated with emotion or physica exertion
respond to Smple reassurance and do not require treatment.
For the other NST's, the identification and eimination of the
underlying causeisthemainstay of management.

Nonpharmacologic strategies, in particular intravascular
volume expansion, form the bedrock in the management of
POTS (Fig. 5). Many patients need 5-8 X 250 ml glasses of
fluidsdaily and ahigh sdlt diet (10-15g daily).22 Seeping with
thehead of thebed e evated 4inches*2 “3increasesvasopressin
secretion and expands plasma volume. Resigtance training
(e.0., water-based or weight-lifting exercises) combined with
the use of physical countermaneuvers such as squetting have
also been recommended.*4 The use of compression stockings,
preferably thigh length, with an ankle pressure of at least 30
mmHg may also be useful ¥ The overlap in the pathogenesis
of IST and POT S may imply that such conservative measures
should also be considered for patientswith IST, but thereisa
lack of firm clinical datato advocatetheir use.

Simpleclinicd vaga maneuverssuch ascarotid snusmas-
sageandthe Vasalvawill usualy terminate SNRT. Such mea
suresmay a so beused as sdlf-administered therapy in patients
inwhom drug therapy iscontraindicated or intolerable.

Phar macologic Therapy

Beta blockersare generdly effectivein the management of
symptometic and prolonged episodesof NST related to emo-
tional sressand other anxiety-related disorders, 14552 fol low-
ing acutemyocardial infarction,3 5 and in the acute manage-
ment of symptomatic thyrotoxicosisin combination with car-
bimazole or propylthiouracyl while these curative trestments
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Fic.6 A rhythm stripfromapatient with narrow complex tachycardiaillustrating aprol onged episode that responded to vagal maneuvers(carot-
idsnusmassage). Thedifferentid diagnosisissinusnodereentry or atria reentry tachycardia. Although thetachycardiaPwaveisamost hidden
by the T wave of the previousbest, it was gpparent from the 12-|ead e ectrocardiogram that thetachycardia P-wave pol arity wasidentica to that of
sinusrhythm. Thediagnosisof sinusnodereentry was subsequently proven at el ectrophysiology study.



S. Yusuf and A. J. Camm: Deciphering sinus tachycardias 273

TaBLE | A summary of the management of Sinustachycardia
ClasdficationP Level @
Sinusarrhythmia Management of recommendation of evidence
NST Nonpharmacologic:  Treat/ diminate cause | C
Pharmacologic: i) B-blockers
a) Anxiety | B
b) Acutemyocardia infarction | A
c) CCF | A
if) Ca™ channel blockers lla Cc
IST Pharmacologic: i) B-blockers | B
ii) Ca'* channel blockers lla C
Invasivetherapy: Catheter modification/abl ation Snusnode | B
POTS Nonpharmacologic: i) Volumeexpansion (1 NaCl/fluid intake) la B
ii) Head uptiltdeep lla B
iil) Physicd maneuvresiresistanceexercises lla B
iv) Compression stockings lla B
Pharmacologic: i) B-blockers lla B
i) Mineralocorticoids (fludrocortisone) lla B
iii) B-blockers+fludrocortisone lla B
iv) Centra sympatholytic agents(clonidine) Ilb B
iV) « receptor agonists:
a) centrdly acting, e.g., methyphenidate b C
b) peripheraly acting, eg., midodrine Ilb C
V) Serotonin specific reuptakeinhibitors b C
vi) Others:
a) Erythropoietin/octreotide/ergotamine b C
b) Phenylbarbitone 114] C
Invasivetherapy: Catheter modification/ ablation of snusnode Il B
SNRT Pharmacologic: i) B-blockers | C
ii) Cat++ channe blockers la C
iii) Classl(a) /I(c) /Il agents lla C
Invasivetherapy: Catheter ablation | B

aTheleve of evidencewasranked asfollows. Level A (highest): dataare derived from multiplerandomized clinical trids; level B (intermediate):
dataarebased onalimited number of randomizedtrias, nonrandomized studies, or observational registries; level C (lowest): the primary basisfor

the recommendationisexpert consensus.

b Classifying indications have been categorized asfollows: Class|: Conditionsfor which thereisevidencefor and/or general agreement that the
procedureor treetment isuseful and effective, Classl|: Conditionsfor which thereisconflicting evidenceand/or adivergence of opinion about the
usefulness/efficacy of aprocedure or treatment. Classla: Theweight of evidenceor opinionisin favor of the procedure or treatment. Class|1b:
Usefulnesyefficacy islesswell established by evidenceor opinion. Class|I1: Conditionsfor whichthereisevidenceand/or genera agreement that
the procedure or treatment isnot useful /effectiveand in some casesmay be harmful.

Abbreviations: NST = normd sinus tachycardia, IST = inappropriate sinus tachycardia, POTS = postural orthostatic tachycardia syndrome,

SNRT =sinusnodereentry tachycardia, CCF = congestive cardiac failure.

take effect %6 | n addition, when NST becomes hemodynam-
ically disadvantageous, for example, in congestive cardiac
failure, it becomesatarget for therapy initself. Betablockers
are very appropriate in such settings; their use in congestive
cardiacfailureisstrongly advocated, and this has been shown
to have favorable prognostic implications. 559 However, to
avoid decompensation, extreme caution must be exercised in
termsof both theinitial dosagesused and dosing intervals.
Betablockersare the core management of 1ST and should
be used first line in the mgjority of patients. Long-acting
preparationsare more appropriatein this setting, but the dose
needsto be up-titrated dowly to prevent excessive bradycar-

diaduring deep. In POTS, betablockers can also be used and
may bethemost effective monotherapy inthe central betahy-
persengtivity form. With the other forms of POTSthey may
be combined with fludrocortisoneif necessary,®0. 61 but only
after nonpharmacol ogic measures have been implemented.
Unfortunately, the association of POT Swith fatigue, exercise
intolerance, and cold peripheriesmakesthe use of betablock-
ersdifficultinmany patients. Betablockersareineffectivefor
the prevention of sinus node reentry whereas other antiar-
rhythmic drugs may be helpful .38

Calcium-channe blockers: The nondihydropyridinecalci-
um-channel blockerssuch asverapamil and diltiazem areuse-
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ful alternatives to beta blockers in the management of sinus
tachyarrhythmias, especiadly in patients intolerant of beta
blockersor for thoseinwhom betablockersare contraindicat-
ed. Thereis evidence for their effectivenessin patients with
NST secondary to acute myocardial infarction,2 symptomet-
ic thyrotoxicosis,5 and in patientswith | ST.84 Verapamil has
also been shown to beeffectiveinterminating and preventing
thereinduction of Sinusnode reentry.38.65

Mineralocorticoids: Fludrocortisone, with or without
bisoprolol (and probably other beta blockers), has been
shown to be effective in POTS, particularly where partial
dysautonomiaand idiopathic hypovolemiaare afeature, but
thisagain requires ahigh sat/fluid intake and regular moni-
toring of plasma potassium levels.5% 61 Fludrocortisone has
also been combined effectively with deeping in the head-up
tilt position.*

Foecific bradycardic agents (e.g., ivabradine): Thisnovel
group of drugs, noneof which haveyet been approvedfor clin-
ical use, isvery likely to play amajor rolein the management
of sinustachyarrhythmiasin the future.%® These agentsblock
the “funny” (If) current that is responsible for spontaneous
depolarization in the sinus node pacemaker cdllsin order to
achieve their bradycardic effects.5” As such, they are free of
the negativeinotropic and hypotensive effects associated with
beta bl ockersand calcium-channdl blockers: fatigue, cold pe-
ripheries, or impotence. However, It channel sarenot confined
tothesinusnodeand area sofoundintheretina rod cells, liv-
er, and testes. Visua phenomenaincluding flashing lightsand
flickering vision have been reported with this class of drugs.
Specific bradycardic agents have been shown to reduce effec-
tively the physiologic NST induced by hydralazine adminis-
tration in humans® and by emotional mental stress®® and are
likely to be particularly useful for patientswith | ST and POTS;
however, thereareno datato support thisat present. They have
a0 been shown to suppress effectively pathologic NSTsin
acute myocardia infarction and cardiogenic shock settings.”
Specific bradycardic agents, however, arelikely to be of limit-
ed valuein the pharmacol ogic management of SNRT.

Other useful agents: A variety of other agents have been
used for the management of POTS with variable degrees of
success. Theseinclude alpha (@) receptor agonists (e.g., cen-
trally acting methylphenidate; ™ or peripherally acting agents
such as midodrine™ 73); central sympatholytic agents (e.g.,
clonidine3L 72 74): serotonin specific re-uptakeinhibitors (e.g.,
venlafaxine™); barbiturates (e.g., phenobarbitone®); ergo-
tamine; and the predominantly splanchnic vasoconstrictor oc-
treotide.” Erythropoietin which increases red cell mass and
has vasocondtrictor properties may benefit certain patients.
However, evidencetendsto suggest that patientsmost likely to
respond to thistherapy includethosewith orthostatic hypoten-
sionand not orthostatic tachycardia. 28 76

Adenosine, digoxin, or verapamil may be effectiveif vagal
maneuvers fail to terminate an acute episode of SNRT.38. 65
Vaughan Williamsclassla(e.g., disopyramide) / Ic (e.g., fle-
cainide), classlll (e.g., amiodarone), and class |V (verapamil)
antiarrhythmic agentsmay help reducethefrequency of recur-
rent paroxysms.38.65

Invasive Therapy (Catheter M odification/Ablation of
theSinusNode)

Invasivetherapy playsnorolein themanagement of NST or
POTS. In fact, sinus node modification and/or ablation may
worsen symptomsinindividualswith POTS, with alarge pro-
portion requiring permanent pacing.”” Catheter modification
of thesinusnodeispotentialy animportant therapeutic option
inthemanagement of refractory casesof IST.32 Thisinterven-
tion involvesdestruction of the cephalic and most rapidly dis-
charging portion of the sinusnode. Although successrates of
approximately 75% have been reported in the short term and
66% in the mediumto long term, thisintervention runsarisk
of bradycardiawhich may need permanent pacing.’® 7° Cath-
eter modification of thesinusnodeisvery effective treatment
for SNRT with successrates closeto 100%,8-84 but is consid-
ered only in patientswith frequent episodes of tachycardianot
responding adequately to drug therapy.8

Conclusion

Thebenefits of treating sinustachycardiain myocardia is-
chemiaand cardiomyopathy are well established. The associ-
ation between higher sinus rates and lower life expectancy,
however, has led to an interesting debate about the value of
treating “normal” heart ratesin the general population. It has
been postul ated that | owering the heart ratein humansfrom 70
to 60 beatsminwould increaselife expectancy from80t093.3
years.! However, before contemplating this unproven “pre-
emptive’ medical approach on aglobal scale, targeted accu-
rate diagnosisand appropriate management of sinustachycar-
diasisessentia not only for alleviating patient symptomsbut
asofortheddivery of any potentid long-term prognostic ben-
efitsto affectedindividuals.
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