
 

WOLFF-PARKINSON-WHITE SYNDROME 

 

“Varus”, oil and acrylic on canvas, Anselm Kiefer, 1976. Stedelijk Van Abbe Museum, 

Eindhoven, Netherlands. 

 

A flying column under Lucius Stertinius, sent by Germanicus against the Bructeri when 

they started burning their possessions, went killing and looting, and found the Eagle of the 

Nineteenth Brigade, lost with Varus. Then the army ravaged all the country between the 

Ems and the Lippe, marching to the very extremity of Bructeran territory.     

 

Now they were near the Teutoburgian Forrest, in which the remains of Varus and his three 

divisions were said to be lying unburied. Germanicus conceived a desire to pay his last 

respects to these men and their general. Every soldier with him was overcome with pity 

when he thought of his relations and friends and reflected on the hazards of war and of 

human life. Caecina was sent ahead to reconnoiter the dark woods and build bridges and 



causeways on the treacherous surface of the sodden marshland. Ten the army made its way 

over the tragic sites. The scene lived up to its horrible associations. Varus’ extensive first 

camp, with its board extent and headquarters marked out, testified to the whole army’s 

labours. Then a half-ruined breastwork and shallow ditch showed where the last pathetic 

remnant had gathered. On the open ground where whitening bones, scattered where men 

had fled, heaped up where they has stood and fought back. Fragments of spears and of 

horses’ limbs lay there – also human heads, fastened to tree trunks. In groves nearby were 

the outlandish alters at which the Germans had massacred the Roman colonels and senior 

company-commanders. 

 

Survivors of the catastrophe, who had escaped from the battle or from captivity, pointed 

out where the generals had fallen, and where the Eagles were captured.  They showed 

where Varus received his first wound, and where he died by his own unhappy hand. And 

they told of the platform from which Arminius had spoken, and of his arrogant insults to the 

Eagles and standards – and of all the gibbets and pits for the prisoners. 

 

So six years after the slaughter, a living Roman army had come to bury the dead men’s 

bones of three whole legions. No one knew if the remains he was burying belonged to a 

stranger or a comrade. But in their bitter distress, and rising fury against the enemy, they 

looked at them all as friends and blood-brothers. Germanicus shared in the general grief, 

and laid the first turf of the funeral mound, as a heart-felt tribute to the dead.           

 

Tacitus, “The Annals of Imperial Rome”, 2
nd

 Century AD.   

 

In 9 AD three elite legions of Rome, the Seventeenth, Eighteenth and Nineteenth were 

operating well beyond the boundaries of the Empire on the far side of the Rhine, deep 

within the dark frozen forests of the Germanic tribes of the Cherucsi and Bructeri. A 

Germanic chieftain by the name of Arminius who had allied himself to Rome had convinced 

the Roman general Quinctilius Varus that he could lead them to the camps of his enemies, 

and his countrymen. Varus trusted Arminius, despite the reservations of some of his 

commanders, and followed him with his three legions, into an ever darkening and more 

threatening forest.  Varus’ army was the greatest Rome possessed at this time, comprising 

over 20,000 men, fully a quarter the entire Roman armed forces, north of the Alps. The 

usual supreme self-assuredness of the legions began to waver, as they marched their way 

deeper and deeper into the Hercynian Forest, without the slightest sign of the enemy. As 

dark doubts began to rise in the mind of Varus, Arminius shouted an order and instantly 

“hell was unleashed” 

 

The battle of the Teutoburg Forrest in 9 AD was unimpeachably one the most decisive and 

significant battles in history. More a treacherous ambush on a grand scale, than a battle, 

the three greatest legions of Rome were destroyed almost to a man. Very few escaped to tell 

the tale of what had happened. Rome had not experienced defeat on this scale, since the 

time of a Gaulish invasion that resulted in the sack of Rome, four centuries previously, and 

would not do so again for another three centuries at the battle of Adrianople in 378 AD. 

Out of the depths of the forest rained arrows and spears which immediately cut down 

hundreds. The legions were utterly unprepared for the onslaught. Trapped in virtual single 

file they were not able to fight back on their own familiar and highly organized terms. 

Chaos reigned, commanders had no idea of what was going on ahead or behind them. 



Emboldened by the helplessness of the Romans, the Germans swarmed out from behind the 

trees in great numbers to slaughter the legions virtually without opposition. Varus when he 

realized all was lost took his own life. So complete was the annihilation, that no eye witness 

accounts of the battle are known to exist. 

 

Contemporary non-eye witness accounts of the battle are very few and sparse, it seems as if 

a deliberate cover up of the disaster occurred. The earliest record we have today is by a 

certain Velleius Paterculus written in the year 30 AD, just under two decades after the 

event! Even this account is rather sparse. Velleius, in his “Roman History”, places blame 

for the disaster on the gullibility of Varus, the treachery of Arminius, and the highly 

disadvantageous and unfamiliar environment in which the Roman army was ambushed. 

Even then his account is brief, he writes, “An army unexcelled in bravery, the first of 

Roman armies in discipline, in energy, and in experience in the field, through the 

negligence of its general, the perfidy of the enemy, and the unkindness of fortune was 

surrounded…Hemmed in by forests and ambuscades, it was exterminated almost to a man 

by the very enemy whom it had always slaughtered like cattle…” 

    

Augustus, on hearing the news of the annihilation, was distraught beyond measure. Only 

ever accustomed to nothing less than total victory, Suetonius recorded that he neglected 

himself, letting his hair and beard grow unchecked for months. He would be heard to 

frequently call out, “Quinctilius Varus, give me back my legions!” There was a real fear in 

Rome at this time that the now defenceless Rhine border, would mean that the fierce 

Germanic tribes would follow up their victory with an invasion of the Empire, reviving 

dread memories of the Celtic invasions of the Fourth Century BC and those of the Cimbri 

and Teutones of the Second century BC. Ultimately however, the Germanic invasions never 

materialized, possibly as a result of disunity amoung the Germans themselves. With the 

respite this offered new Roman legions were formed and trained. Augustus put Tiberius in 

charge of the new army of the Rhine, and then in 11 AD ordered them across the river to 

seek out and destroy the perpetrators of the destruction of Varus’s army. Augustus died in 

14 AD. Tiberius became Emperor and returned to Rome, putting Germanicus in charge of 

the Northern armies. Operations between the Rhine and the Elbe however appeared to be 

of a different nature to those that were being conducted under Varus. Whilst Varus’ 

campaign was one of systematic subduing of the tribes between the Rhine and the Elbe for 

their eventual incorporation into to Roman Empire, the campaigns of Germanicus 

appeared to be ones of brutal revenge. Widespread and indiscriminate killing seems to 

have been the major aim, which only came to an end with the death of Arminius himself, 

fittingly in the eyes of Rome, betrayed by his own people. Possibly his assassination was 

achieved with the help of Roman gold. With Arminius dead, the legions simply appear to 

have withdrawn, around 16 AD. Augustus had advised Tiberius that further expansion of 

the Empire should be halted. He decreed that the natural boundaries of the Empire in the 

North would be formed by the Rhine and the Danube. His successors over the next four and 

a half centuries largely abided by his decision. 

 

The more distant in history an important battle occurred, the more profound the 

implications for the far distant future. It is interesting to speculate what the future of the 

world would have been like if Rome had subdued Germania in the early First century AD. 

The battle of the Teutoburg forest had profound political, cultural and historical 

consequences that are still apparent today. The Rhine and the Danube still mark a 



political, cultural as well as linguistic divide between a Latin descended Western and 

Southern Europe, and a Germanic descended central Europe. The forgotten and 

suppressed memories of the disaster in the Teutoburg forest fostered a Western 

subconscious fear of the vast untamed Hercynian forest, evident in cultural and mythical 

literature and art for the next two millennia. Arminius, later in the 16
th

 Century to be 

known as Herman, became recognized as the first German hero, the man who stopped the 

relentless expansion of Rome at the very height of its power, and without whom the 

German nation as we know it today would not have existed. Even Germanic literary culture 

enshrined a fear of the deep and dark forest in many of its folktales, as seen in stories such 

as Hansel and Gretel and Little Red Riding Hood. A massive copper statue of Arminius 

stands today near Detnold, in northern Germany, commemorating the nation’s first hero. 

Perhaps however it is in the visual arts that we find the most haunting image of the battle 

of the Teutoburg forest. The German painter Anselm Kiefer’s “Varus” now housed in the 

Stedelijk Van Abbe Museum, Eindhoven, Netherlands, captures the dark forest where the 

battle was fought. It appears to capture the grim scene that greeted the army of 

Germanicus on approaching the site of the battle where their comrades had fallen six years 

earlier. We are hemmed in on all sides by the dark wood. One can imagine the horror and 

carnage of the German weaponry suddenly unleashed from behind every tree. The pathway 

is narrow and oppressively confining, our eye is drawn along it to a seeming dead end 

where the trees meet to trap Varus and his legions. Scattered throughout the scene are 

blood stains. The name Varus marks where he fell. The name of the German hero Herman 

is also recorded and within the tree tops Kiefer records the names of various literary 

figures that have helped form and perpetuate the legend of the “German Thermopylae”. 

 

When dealing with patients who have unusual arrhythmias, we enter a dark Hercynian 

forest, full of unseen deadly traps. One such trap comes to us in the form of the WPW 

syndrome. Because of this condition’s relative uncommonness we find ourselves in 

unfamiliar territory. Like Varus in the dark wood, we may suspect something is not quite 

right by the nature of the ECG, yet we cannot quite put our finger on what this is. Our 

usual allies in the form of our armamentarium of antiarrhythmic drugs we employ cannot 

be relied on; indeed they may treacherously turn against us! 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



WOLFF-PARKINSON-WHITE SYNDROME 

 

Introduction 

 

Pre-excitation syndromes occur when some portion of the ventricles are activated by an 

impulse from the atria sooner than would be expected if the impulse were transmitted down 

the normal conducting pathway. 

 

The most common form of pre-excitation syndrome is the Wolff-Parkinson-White 

syndrome and is due to the congenital presence of Kent bundles. These bundles are 

composed of myocardial tissue that directly link the atria to the ventricles, completely 

bypassing the AV node and infranodal (His - Purkinje) conducting system. 

 

Other pathological atrio-ventricular connections exist (such as James fibers or Mahaim 

bundles), but these are rare, not easily recognized on the surface ECG and usually require 

specialist electrophysiologist studies to be demonstrated. 

 

Clinical Consequences 

 

The tissue of the Kent bundles are able to conduct electrical impulses in either an 

anterograde or retrograde direction and thus are able to initiate and sustain a macro-re-entry 

circuit (or “circus” movement) tachycardia in either an orthodromic or an antidromic 

direction. 

 

Because the normal conduction pathway of the AV node is bypassed atrial impulses can be 

conducted very rapidly into the ventricles, (without the usual delay at the AV node).  

 

When the atrial rhythm is flutter or fibrillation, or when a circus movement tachycardia is 

initiated, the patient will be at risk of developing ventricular fibrillation. This is the basis of 

sudden cardiac death in patients with Wolff-Parkinson-White syndrome. 

 

ECG Features 

 

It is important to note that the “classical” ECG findings of WPW will not always be seen. 

In some cases the syndrome may be “concealed” or “latent”. 
1
 (Concealed pathways 

conduct only in the retrograde direction, whilst latent pathways may conduct only 

intermittently) 

 

The classic ECG findings of  “overt” WPW syndrome include: 

 

1. Shortened PR interval, less than 0.12 seconds (or 3 small squares on standard ECG) 

 

2. Delta wave: 

 

● This is a “slurring” of the upstroke of the QRS complex (see diagram below) 

 



● Note that depending on the exact anatomical location of the Kent bundle a 

delta wave may also be positive or negative (and look like a pathological Q 

wave). 

 

● It is the contribution of the delta wave that causes the widening of the QRS 

complex. 

 

● On occasions a delta wave may be “isoelectric” with respect to a particular 

lead. This means that the accessory pathway activation is occurring 

perpendicular to the recording ECG lead, hence the delta wave will not be 

seen. 

 

3. Secondary T wave changes may be present. 

 

● Because ventricular depolarization does not follow a normal sequence and is 

delayed, the repolarization process may also be out of sequence, causing 

secondary T wave changes. The extent of these changes will depend on the 

degree and the area of preexcitation. 

 

 

ECG Classification of Kent Bundle Accessory Tracts 

 

WPW bypass tracts have been loosely classified according to their anatomical location and 

precisely where they first activate the ventricle.  
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In broad terms: 

 

Type A WPW: 

 

1. The bypass tract lies on the left of the AV node, (ie connects the left atrium to the 

left ventricle) 



 

2. Ventricular activation first occurs in a region of the left ventricle, and results in a 

positive QRS in V1, (ie there will be a dominant R wave in V1)  

 

3. “Q” waves may be seen in the inferior leads 

 

4. This is the most common form. 

 

Type B WPW: 

 

1. The bypass tract lies on the right of the AV node, (ie connects the right atrium to 

the right ventricle) 

 

2. Ventricular activation first occurs in a region of the right ventricle, and results in a 

negative QRS in V1. 

 

3. This form may result in ST segment changes in the inferior leads, which mimic the 

ST elevation of myocardial infarction, (a “pseudo infarct” appearance) 

 

4. This form is not as common. 

 

Arrhythmic Complications of WPW Syndrome 

 

WPW AF: 

 

This is very important to recognize because of the high risk of progression to VF. 

 

The 3 characteristic ECG findings for WPW AF are: 

 

1. The rhythm (as for any AF) is irregularly irregular, (although at very fast rates it 

may appear regular). 

 

2. The rate is very fast, often greater than 200. In normal hearts, an individual is 

protected from exceptionally high rates by the relatively long refractory period of 

the AV node. In patients with WPW, however, the accessory pathway often has a 

much shorter anterograde refractory period, allowing for much faster transmission 

of impulses and correspondingly higher rates. 

 

3. The morphology of the QRS complexes is variable. 

 

● When the ventricles are activated simultaneously (by the normal AV nodal 

pathway and the accessory tract) a ventricular “fusion” beat will result. The 

exact ECG QRS form of this fusion beat will depend on the individual 

contributions of the two pathways. 

 



 

12 Lead ECG showing WPW Atrial Fibrillation 

 

This rhythm will most often be confused with VT. The irregularity will help to distinguish 

the two. Monomorphic VT in particular is regular. 

 

Distinguishing the rhythm from a polymorphic VT or torsades may be more problematic.  

 

WPW Atrial Flutter: 

 

This is the least common supraventricular tachyarrhythmia seen in WPW  

 

Although rare, again it is important to recognize because of the risk of progression to VF.  

 

1:1 atrial to ventricular conduction is possible, with very high consequent ventricular rates 

possible, (up to 300) 

 

WPW SVT: 

 

This is due to a macro-reentry circuit involving the bypass tract and the normal AV nodal 

pathway. 

 

Terminology is often confusing in this area. The following should be noted: 

 

 

 



Anterograde conduction  

 

This merely refers to the normal downwards direction of impulse conduction, ie from the 

atria to the ventricle. This downwards impulse may be via the normal or abnormal 

pathway, hence the QRS complex may appear normal or widened. 

 

Retrograde conduction  

 

This refers to an abnormal, upwards direction of impulse conduction, ie from the ventricle 

to the atria. This upwards impulse may also be via the normal or abnormal pathway.  

 

Orthodromic conduction  

 

This refers to a circus movement reentry tachyarrhythmia where there is anterograde 

conduction via the normal AV nodal pathway, with retrograde conduction back up the 

accessory pathway to complete the circuit. 

 

● This will look like a “normal” SVT 

 

● This is the most common form of WPW SVT, (80%) 

 

Antidromic conduction 

 

This refers to a circus movement reentry tachyarrhythmia where there is anterograde 

conduction via the accessory pathway, with retrograde conduction back up the normal AV 

nodal pathway to complete the circuit. 

 

● This rhythm may be indistinguishable from VT 

 

● This form is less common, (20%) 

 

● As conduction into the ventricles is via the accessory tract, the resultant ventricular 

rate can be very fast, with a risk of progression to VF. 

 

Note that the terms orthodromic and antidromic therefore do not relate to the physical 

directions clockwise or anticlockwise. Whether the impulses are traveling in a clockwise or 

anticlockwise direction will be determined by the exact position of the aberrant pathway in 

relation to the normal AV nodal pathway, (ie whether it is a type A or a type B aberrant 

pathway)  

 

In AF all conduction will be anterograde and as the arrhythmia is not due to a macro 

reentry circuit the terms antidromic and orthodromic do not apply. 
 

VF: 
 

This will usually be a consequence of patients progressing from a supraventricular 

arrhythmia (AF in particular) and is one of the causes of sudden cardiac death in younger 

age groups 



 

VT: 

 

Note that conditions of aberrant pathways such as WPW syndrome may lead to VF, but 

they do not result in VT, as the abnormal pathway generating the abnormal rhythm (apart 

from cases of VF) is from the supraventricular tissue. This is not to say, however that a 

patient who has WPW cannot develop VT due to another reason! 

 

Clinical Features 

 

1. The condition is asymptomatic, until the patient has an arrhythmia. 

 

2. There may be a history of palpitations. 

 

3. Symptoms and signs relate to the onset of tachyarrhythmias: 

 

● Dizziness 

 

● Dyspnea 

 

● Chest pain 

 

● Palpitations 

 

● Unexplained collapse. 

 

● Hypotension and poor peripheral perfusion. 

 

4. Sudden cardiac death, especially in the young. 

 

5. The condition may also be first detected on ECG done for unrelated reasons. 

 

Management  

 

WPW AF: 

 

It is important to realize that in WPW AF, any drug, which acts primarily by blocking of 

the AV node, may result in unhindered conduction down the accessory pathway, with a 

consequent risk of the development of VF.      

 

The following drugs (recalled by the mnemonic, “A,B,C,D”) are therefore potentially 

dangerous in this condition and are best avoided: 

 

● Adenosine 

 

● Beta blockers 

 

● Calcium channel blockers, (Verapamil) 



 

● Digoxin 

 

The following drugs may be considered: 

 

● Flecainide 

 

This is virtually the only anti-arrhythmic considered safe to use in this rhythm. It 

blocks the aberrant pathway as well as the AV nodal pathway. 

  

● Amiodarone and sotolol 

 

The safety of these agents, in particular amiodarone, is uncertain in WPW AF. 

ILCOR guidelines suggest they are safe, however a number of case reports have 

suggested otherwise.
5 

(Both these agents have specific beta blocking effects).  

 

If the patient is unstable then DC cardioversion is the treatment of choice. 

 

It should be noted, however that WPW AF is usually poorly tolerated because of the 

high ventricular response rates and the preferred treatment is prompt DC 

cardioversion. 

 

WPW SVT: 

 

This arrhythmia can be treated along usual lines for any SVT, however it is important that 

the rhythm is in fact SVT and not AF. At rapid rates this distinction may be difficult to 

make and due care should be taken to distinguish the two. 

 

Once the macro re-entry circuit has been blocked the SVT will terminate. 

 

Adenosine (if not otherwise contra-indicated) may be given so long as the rhythm is 

regular. It should be noted that on occasions the SA and AV node may be blocked by 

adenosine and the resulting rhythm may then be AF. For the reasons discussed above 

further adenosine must then be avoided. 
4
  

 

DC Cardioversion again is the probably the best choice of treatment, even for patients who 

appear “stable”. 

 

Disposition: 

 

1. Diagnosed patients should carry a sample ECG in sinus rhythm and a medical 

identification bracelet in case of collapse / cardiac arrest. 

 

2. Any patient who has been treated for a tachyarrhythmia successfully in the ED 

should be admitted for at least 24 hours monitoring and cardiology review.  

 



3. If WPW is found on routine ECG the need for admission should be judged on the 

 setting of the clinical presentation. If this was for “collapse”, then admission for 

 monitoring and cardiology opinion should occur.  

 

4. All patients with WPW should be referred for electrophysiological studies. The 

 nature and seriousness of the condition should be carefully explained to the patient 

 to ensure that follow-up occurs 

 

5. Definitive management consists of radiofrequency ablation of the accessory 

pathway. 

 

6. Family members of patients with WPW syndrome have a four times greater chance 

of having an accessory pathway than do people without a family history. 
2
 Family 

members of patients with a known preexcitation syndrome should therefore be 

considered for referral for elecrophysiological studies.  
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