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Case report

the u wave and papillary muscle variants: revisiting an 
old association
JAMES KER

summary
One of the earliest hypotheses on the origin of the U wave 
was that these waves represent repolarisation of the papillary 
muscles and their neighboring structures. Various U-wave 
and TU-segment abnormalities have been described and 
ascribed to certain cardiac pathological conditions.

In this case report it is hypothesised that prominent U 
waves in the inferior leads are caused by an accessory papil-
lary muscle. Any possible long-term consequences are not 
known.
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The U wave, first described by Einthoven,1 is still an electrocar-
diographic deflection of enigmatic origin. It is an additional low-
amplitude wave that is sometimes visible after the T wave. The 
U wave is usually less than 0.1 mV in amplitude and normally 
has the same polarity as the preceding T wave. It is usually best 
seen in the mid-precordial leads at slow heart rates.

The electrophysiological basis for U-wave generation is not 
certain. Any one (or more) of the following may be the cause of 
the U wave: repolarisation of the papillary muscles,2 repolari-
sation of the Purkinje fibers outlasting that of the contracting 
myocardium,3 prolonged repolarisation in cells of the mid-myo-
cardium – the ‘M cells’,4 or after-potentials, caused by mechani-
cal forces in the ventricular wall with termination of mechanical 
systole – the ‘mechano-electrical feedback’ hypothesis.5 
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Fig. 1. standard 12-lead electrocardiogram. note the prominent u waves in leads ii, iii and avF. interestingly, they are 
absent in the preceding beat with a longer r–r interval. a possible explanation for this phenomenon is the longer 
diastolic time with resultant increase in end-diastolic volume, leading to a greater degree of papillary muscle stretch 
with a possible augmentation of the u wave of the following beat.
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Recently, various primary abnormalities of the ventricular 
papillary muscles have been described.6-10 These abnormali-
ties include: haemangiomas,6 solitary hypertrophy,7 endodermal 
heterotopia (inclusion cysts),8 papillary fibroelastoma,9 and 
an octopus-shaped papillary muscle causing mid-ventricular 
obstruction.10 

Ker7 described a case of ST elevation and QRS notching with 
a prominent U wave in lead V4 in a patient with solitary papillary 
muscle hypertrophy. Although the papillary muscle origin of the 
U wave is only one of many theories (each one of them plausible 
but not conclusively proven), the current era in cardiology where 
echocardiography readily identifies variants (not necessarily 
pathological) of intra-ventricular structures is ideal for clinicians 
to try and correlate these variants with electrocardiographic 
changes.

Case report
A healthy 15-year-old girl was referred for a cardiovascular 
evaluation because of very prominent U waves in the inferior 
leads of a 12-lead electrocardiogram (Fig. 1). She had no previ-
ous medical or surgical problems, clinical examination was 
normal and a comprehensive biochemical evaluation revealed no 
abnormalities.

Transthoracic echocardiography revealed a prominent accesso-
ry papillary muscle (Fig. 2). This accessory papillary muscle had 
no apparent functional consequences; the mitral valve functioned 
normally and no intra-ventricular pressure gradient was present. 

discussion
The U wave is usually the most prominent in leads V2 or V3.11 
Two observations in this case merit discussion. Firstly, the promi-
nent U waves are noted in the inferior leads (II, III, aVF). It is 
therefore possible (and proposed) that in cases of prominent U 

waves, which might be caused by accessory papillary muscles, 
that these U waves will be noted only in the inferior leads. 
Therefore, it is proposed that the location of visible U waves may 
be a clue to underlying papillary muscle variants. 

Secondly, as is clearly visible in Fig. 1, the U waves in leads 
II, III and aVF are seen in the beat following a beat with a 
longer R–R interval. It is proposed and hypothesised that this 
might be due to the following mechanism: the beat preceding 
the U wave has a longer R–R interval, which will cause a longer 
diastolic interval, thus leading to a greater left ventricular end-
diastolic volume and a consequently larger ejection fraction 
(Frank-Starling mechanism). This may cause a greater amount 
of papillary muscle stretch and torsion with a possible effect 
on the observed U waves in the following beat. Therefore, this 
case report indirectly supports the mechano-electric feedback 
hypothesis for these visible U waves and not repolarisation of 
the papillary muscles.

Lastly, it is hoped that this case report focuses attention on 
the possible correlation between a growing number of anatomi-
cal variants of the papillary muscles and possible variants of 
the U wave, which might be identified on the standard 12-lead 
electrocardiogram.

References
1.  Einthoven W. The different forms of the human electrocardiogram and 

their signification. Lancet 1912; 1: 853–861.
2.  Furbetta D, Bufalari A, Santucci F, Solinas P. Abnormality of the U wave 

and of the T-U segment of the electrocardiogram. Circulation 1956; 14: 
1129–1137.

3.  Conrath CE, Opthof T. The patient U wave. Cardiovasc Res 2005; 67: 
184–186.

4.  Ritsema van Eck HJ, Kors JA, van Herpen G. The U wave in the electro-
cardiogram: A solution for a 100-year-old riddle. Cardiovasc Res 2005; 
67: 256–262.

5.  Schimpf R, Antzelevitch C, Haghi D, Giustetto C, Pizutti A, Gaita F, et 
al. Electromechanical coupling in patients with the short QT syndrome: 
Further insights into the mechanoelectrical hypothesis of the U wave. 
Heart Rhythm 2008; 5(2): 241–245.

6.  Newcomb AE, Pelenghi S, Karski J, Butany J, David TE. Cardiac papil-
lary muscle hemangioma. J Thorac Cardiovasc Surg 2007; 134(5): 
1345–1346.

7.  Ker J. Solitary papillary muscle hypertrophy: a new echo-electrocardio-
graphic syndrome? Angiology 2007; 58(4): 502–503.

8.  Soilleux EJ, Davies R. Epithelial cyst of the cardiac papillary muscle: 
case report and review of the literature. J Clin Pathol 2006; 59(11): 
1203–1205.

9.  Tamaru N, Abe K, Anami M, Matsumaru I, Yamaguchi H, Eishi K, 
Hayashi T. A papillary fibroelastoma on a papillary muscle of the left 
ventricle. Pathology 2006; 38(2): 174–177.

10. Shah AS, Kukar A, Chaudhry FA, Sherrid MV. Unusual anomalous 
single papillary muscle causing symptomatic mid left ventricular cavity 
obstruction: octopus papillary muscle. J Am Soc Echocardiogr 2006; 
19(7): 939.e9–11.

11. Wagner GS. Interpretation of the normal electrocardiogram. In: 
Marriott`s Practical Electrocardiography, 9th edn. Baltimore: Williams 
and Wilkins, 1994.

Fig. 2. the parasternal, long-axis view from a transthor-
acic echocardiogram; + marks the accessory papillary 
muscle. this accessory papillary muscle led to no obvious 
adverse sequelae. the mitral valve functioned normally 
and no intra-ventricular pressure gradient was present. 


