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TO THE QUESTION OF THE ETIOLOGY AND CLINICAL SIGNIFICANCE OF THE U
WAVE OF THE ECG
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Abstract. This article reviews the etiology and clinical significance of the U wave of the ECG.
The conclusion about the importance of competent interpretation of this wave in the treatment of such
heart diseases as myocardial ischemia, hypocalcemia, hypokalemia, hypomagnesemia, coronary
insufficiency and others. Advanced and proven mechanism of U wave.

Annomayus. B HacTosmel cTaTbe paCCMOTPEHBI STHOJIOTHS U KIIMHHYECKOE 3HaUeHHE 3y0Ia
U na OKI'. Cnenan BbIBOA O BaKHOCTH TPAMOTHOM MHTEPHpPETAllUU JaHHOTO 3yOla mpu JICUeHUU
TaKMX TMAaTOJIOTHH Ccepana, Kak WIIeMUs MHOKap/aa, THIIOKAIbIIUEMHS, THUIIOKAITHEMHUS,
TMIIOMAarHUeMusi, KOpPOHAapHas HEIOCTATOYHOCTh M JpYyrue. BBIABHHYT M JIOKa3aH MEXaHU3M
BO3HUKHOBeHHUs 3yOria U.
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Dedicated to the memory of V. Einthoven and A. F. Samoilov.

Historically, the first ECG was recorded by G. Lippmann with mercury electrometer, but they
broke monophasic in nature and only remotely resembled a normal ECG. The founder and father
of modern method are that of W. Einthoven [1], designed the string galvanometer, which allows
recording the ECG in the usual form. He also invented the modern notation and describe some
disorders of the heart. For his discovery in 1924, he received the Nobel prize in medicine (MLA style:
“The Nobel Prize in Physiology or Medicine 1924”. Nobelprize.org. Nobel Media AB 2014. Web. 8
Oct 2016. Available at: http://www.nobelprize.org/nobel_prizes/medicine/laureates/1924/). His ideas
continued to develop A. Samoilov [2], which, along with V. Zelenin, is considered the founder
of ECG in Russia.

Today, the electrocardiogram (ECG) is the simplest and at the same time informative method
of functional diagnostics of the heart. Usually, on the ECG you can see 5 waves: P, Q, R, S, T, and
three of them — Q, R, S — form a complex, and the remaining two are separated.

Electrical impulse arising in the heart is formed of a plurality of micro—formed in a separate
miocardiotit occurring in them are complex bioelectric processes. The wave P is caused at the time
of depolarization of the myocardium of the Atria and precedes their contraction, the QRS complex
— depolarization of ventricles, T wave (along with the ST segment) ventricular repolarization
in ventricular myocardium.

However, some ECG after the T wave, it is possible to observe another wave — U wave. Unlike
the others, the nature of the U wave has not been fully elucidated. Thus, according to R. Schimpf
etal. [3] this wave electro-mechanical phenomenon, leading too low—amplitude, low—frequency
deviations after the T wave.
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According to many studies [4-8] U wave often fails to register in all leads except the V6, while
most often in V2 and V3 with heart rate less than 96 beats per minute. Its amplitude often is 0.1-0.33
mV [6]. Particularly difficult is the allocation of the boundaries of the U wave on the background
of the T wave and R wave, which may partial or complete (in the case of T wave) the merger. It is
shown that higher values of heart rate or hypocalcemia U wave are superimposed on the T wave [9],
and in tachycardia — merges with the R wave of the next cardiac cycle [3, 5, 10].

The views of researchers on the etiology of U wave diverge. Some believe that it is due
to the repolarization papillary muscles [11, 12] or Purkinje fibers [13]; the other — that is associated
with the entry of potassium ions into the cells of the myocardium during diastole [14].

Normally, the U wave is always positive [4]. The negative of the U wave may indicate
myocardial ischemia (leads V4-V6), coronary insufficiency and hypertrophy of the left ventricle
(leads I and 1) [15]. The increase in U wave with respect to T wave (normally it is up to 50%
of the T wave) may indicate subarachnoid hemorrhage, brain tumors [16], and in combination
with sinus tachycardia may indicate overdose tricyclic antidepressants [17]. B. Surawicz [18]
for hypokalemia believed convincing the amplitude of the U wave more than 1 mm. Pathological,
the so—called “giant”, the U wave in the chest leads are detected in 78% of patients with a lower
serum potassium of 2.7 mEq/L; 35% — a level from 2.7 to 3.0 mEq/L; at the 10% level from 3.0 to 3.5
mEg/L. Such a U wave changes when to meet hypomagnesemia [19].

Thus, the interpretation U wave has important clinical significance. But back to its etiology,
because the understanding of the mechanism of its occurrence may shed light as to the course
of diseases and the action of the healthy heart.

The resistivity of stationary blood is expressed as (Ht) = |y; - (1 + aHt), where a — is
a coefficient, Ht — is the hematocrit; at that time, as during acceleration of the blood flow occurs
a sharp decrease in the longitudinal resistance with small relaxation times.

On the other hand, there are a number of factors affecting the resistivity of blood. Erythrocyte
aggregation occurs at low shear rates and this leads to the conclusion that all vessels
(with the exception of large venous) the effect of aggregation is irrelevant. In a blood vessel includes
the near—wall layer of plasma (referred to as lubricant), whose size strictly depends on the Reynolds
criterion and the shear rate. Given that the thickness of this layer in all blood vessels (except
capillaries) is less than 5 microns, and the resistivity of the plasma is two times less than in blood,
according to the scheme of parallel inserting is easy to estimate that the contribution of this layer
to the resistivity is negligible. By reducing the speed of blood flow profiles of the dependence of Ht
on the radius of the vessel becomes more elongated. However, at normal values of Ht, the effect is
also an insignificant contribution. With enough shear rates the red blood cells susceptible
to deformation. The contribution of this phenomenon is difficult to assess because it is present
in the background of all the above effects. However, even the sum of all these factors has little effect
on the resistivity of blood.

From this, it follows that at the time of ejection of blood from the left ventricular part
of the pulse is carried away because there is no electrical resistivity of blood, which gradually
increases high up in the coronary arteries and blood vessels. Thus, we can conclude that the U wave
is the momentum carried by the blood in the coronary arteries and blood vessels. Further, it is possible
to taking this momentum back to Purkinje fibers along the vessels of the myocardium. This idea is
also proved by the fact that hypertrophy of the left ventricle, myocardial ischemia, coronary
insufficiency has momentum there is no possibility to move on to the Purkinje fibers, therefore,
the ECG recorded negative U wave.

This article is a generalized summary of the materials [20, 21], published in the proceedings
of the Congress “Heart failure — 2015 (Society of Specialists in Heart Failure) and the Russian
National Congress of Cardiologists “Cardiology 2016: Challenges and Solutions” (in the section
“Fundamental Research”; Russian Society of Cardiology).

| express my deep gratitude Sir Sergey E. Zhuperin immense contributions to the preparation
of this article in English.
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