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ing beneficial with one and harmful with the other. The 
above aphorism, from Latin caveat (or may he beware), 
is a subjunctive form of cavere (to beware) and emptor 
(buyer); thus, it simply states let the buyer beware. Law-
yers are familiar with this rather old statement.

The caveat notifies a buyer that the goods he or she 
is buying are possibly subject to defects. The purchaser 
assumes the risk that the product might be either defec-
tive or unsuitable to his or her needs. Buyers typically 
have less information about the good or service they 
are purchasing, while the seller has more information. 
The quality of this situation is known as information 
asymmetry. Defects in the good or service may not be 
known by the buyer and only known to the seller.

A medical service, although not the same as a com-
mercial transaction, is somewhat analogous to a sell-
er-buyer act. However, its information asymmetry is 
enormous and even worse, for it can be asked if always 
the physician is fully aware of what he/she is offering, 
especially when the rule is blindly applied. The case we 
deal with here refers to whether CRT really requires a si-
multaneous AID, lest it may be deemed a malpractice, a 
serious accusation no physician would want to run into. 
This article questions such stand, favoring CRT without 
AID, unless it were absolutely demonstrated and even 
more if the patient for some reason request the latter 
(that is, only CRT). Hence, the objective herein tries to 
answer the questions posed in the title, selectively re-

Abstract
The objective of this paper tries to answer the questions 
posed in the title, that is, why Cardiac Resynchronization 
Therapy (CRT) is usually prescribed along with Automatic 
Implantable Defibrillation (AID)? Is it a sensible decision? 
For that matter, first the origins of the rather old synchroniza-
tion concept in cardiac electrophysiology are established by 
selectively reviewing the literature and thereafter, pinpoint-
ing when the current CRT idea came about to bring back 
into synchronism both ventricles of the human heart. First, 
it was an experimental concept discovered in lower animals 
that shows some resemblance with a similar phenomenon 
applied within the same cardiac muscle. Besides, the lat-
ter was developed slowly during the last decade of the last 
century shaping up in the last recent decade. The literature, 
however, indicates discrepancies in criteria and no clear 
clinical evidence to suggest a mandatory prescription of 
both devices. Sometimes, as other examples demonstrate, 
tendencies in medical practice may have dramatic and even 
opposite changes. Health and cardiac risk assessment and 
predictions have entered into a quantitative stage, but the 
error bands are still wide and the road ahead is quite hard. 
Hence, when considering the CRT-AID subject, serious re-
consideration is needed.

CRITICAL REVIEW

Introduction

Normalized and highly regulated professions, like 
medicine and engineering, tend to follow hard rules in 
their respective practices, often established by certify-
ing organisms or by highly recognized learned societies 
or study groups. However, if such rules are sometimes 
blindly applied, they may become two-edge swords, be-
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tute Solvay of Physiology, in Brussels, Belgium, introduced 
the concept of cardiac synchronization of two frog’s hearts 
when placed in close vicinity [5]. The fastest slightly de-
creased its rate while the slower one increased it. Perhaps 
the words entrainment or coupling better describe the 
phenomenon. His translated own words should be quoted 
selecting some paragraphs from that paper.

"One of the very typical consequences of vicinity in-
fluences resides in the interneuronal synchronization 
phenomenon put into evidence by Adrian (1930). In the 
present work, we wish to establish whether such synchro-
nization can develop in the frog’s heart; hence, we have 
studied the possible interactions between two different 
centers of automatism when they are not linked by any 
anatomical structure. We put in contact two different frog 
cardiac fragments (Rana esculenta and Rana temporaria) 
cut either at the level of the auricles or at the level of the 
ventricles. The two pieces were placed side by side or one 
over the other, on the surface of a cotton pad soaked with 
Ringer solution while their electric activity was recorded 
by a polygraphic technique. Synchronization takes place 
rather frequently when the difference between the two 
rhythms is smaller than 5%, essentially, the slower frag-
ment accelerates while the faster one slows down".

The final summary given by Segers says in its three 
first and most significant points:

1. Two juxtaposed cardiac pieces can synchronized 
when their beats show close frequencies; synchroniza-
tion sets by and large on an intermediate frequency.

2. Both synchronized pacemakers continue their re-
spective activations over their particular territories but 
keeping only a very weak of independence one from the 
other.

3. The relationship between both rhythms can show 
different values: 1/1, 2/1, 3/1, 4/1, 3/2. Sometimes, syn-
chronization persists just a few contractions. It then hap-
pens an accrochage (coupling) of the two rhythms. A pre-
liminary note was published in Acta Biologica Belgica, in 
1943, of the Biological Society of Belgium, Bruxelles.

In another paper published a year later, Segers and 
coworkers reported that during complete heart block 
the auricular and ventricular rhythms may in some cases 
remain synchronized in a 2:1 ratio during very long peri-
ods. After exercise, the synchronization disappears, but a 
close association of a P-wave and an R-wave (phénomène 
d'accrochage or coupling phenomenon) may occur. These 
facts must be attributed to neighborhood interreactions 
developing between ventricles and auricles, without any 
conduction pathway. They are similar to the synchroniza-
tion which is observed when two frog hearts are placed in 
contact, as reported previously by the same Segers. It was 
concluded that the rhythms of auricles and ventricles are 
not necessarily independent during complete heart block 
[6].

viewing the literature and bringing up other relevant 
aspects, too.

Cardiac Synchronization

In the normal cardiac situation both ventricles show 
a minor physiological dyssynchrony, i.e., the right ven-
tricular contraction starts a little after that of the left, 
and such delay lies in the order of 15-25 ms, at most 
even 30 in few cases [1]. In some cardiopathies, this de-
lay may increase substantially. There are three types of 
dyssynchronies, say,

A) Atrioventricular (AV), showing long delays;

B) Interventricular or RV to LV contraction and;

C) Intraventricular or segmental disruption of LV wall 
activation and contraction.

The first Type A occurs when the delay appears be-
tween atrial and ventricular contraction. It produces 
shortened ventricular filling time as well as superposi-
tion of atrial contraction on early passive filling, both of 
which reduce LV filling.

The second Type B occurs when there is a delay 
between RV and LV activation. It is likely in the pres-
ence of Left Bundle Branch Block (LBBB), in which RV 
contraction precedes LV contraction (opposite of the 
healthy case), leading to abnormal septal motion, un-
coordinated LV contraction and a decreased LV ejection 
fraction. One criterion of assessing it is the QRS width, 
which shows a normal range of 80-120 ms. When that 
duration surpasses 140 ms, the two ventricles are con-
sidered as contracting out of physiological synchrony 
and call for correction or resynchronization.

The third Type C takes place when there is uncoor-
dinated contraction of several LV segments. It results in 
LV wall segments contracting early, not contributing to 
ejection of blood and late segments producing higher 
wall stress.

No doubt, all three types have adverse effects on 
the mechanical efficiency of the heart. A didactic gross 
comparison reminds of a gasoline engine working out 
of tune, which in simple words means its sparkplugs in 
the cylinders do not rightly ignite following the normal 
sequence for an efficient running. The correction proce-
dure is called tune up. Hence and keeping prudent dis-
tance, it may be said that the CRT “tunes up” the ven-
tricles [2-4]. Cardiac resynchronization tends to restore 
contractile coordination due to conduction delays. For 
that matter, the ventricular region with the most de-
layed mechanical activation is stimulated to contract in 
synchrony with the earlier stimulated area. Two leads at 
least are thus employed, one to each ventricle.

Overall Concept of Synchronization: Background

The concept of synchronism and synchronization in 
cardiac physiology goes at least as far back as 1946, when 
an experimental paper by Marcel Segers, from the Insti-
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traventricular conduction delay, which may worsen left 
ventricular systolic dysfunction through asynchronous 
ventricular contraction. Apparently, they put forward 
such concept for the first time. Uncontrolled studies 
suggested that multisite biventricular pacing improved 
hemodynamics by reducing ventricular asynchrony. Thus, 
sixty-seven patients with severe heart failure due to 
chronic left ventricular systolic dysfunction, with normal 
sinus rhythm and a duration of the QRS interval of more 
than 150 msec, received transvenous atrio-biventricu-
lar pacemakers. They concluded that atrio-biventricular 
pacing significantly improved exercise tolerance and 
quality of life in patients with chronic heart failure and 
intraventricular conduction delay [20].

Already within this new century, the number of con-
tributions increased greatly and at a growing rate until 
establishing Cardiac Resynchronization Therapy (CRT) 
as an accepted procedure. At one moment during the 
last 15 years or so, it was decided to recommend CRT 
with an AID. Hence, another question arises: How high 
the probability of ventricular fibrillation/tachyarrhyth-
mia risk is in the presence of a long QRS? What the ex-
perience has been so far? These doubts do not have yet 
a firm response.

Ventricular Fibrillation Risks

The evaluation of health risk has been a question 
of high concern both for patients and physicians since 
ancient times, eventually wanting to know when death 
would take us away. In the case of the heart, for which 
several more or less recent indices are available [21,22] 
most of the events end up in ventricular fibrillation [23]. 
The human heart is inhomogeneous in its anatomical 
and histological structure and such fact facilitates its 
falling into the arrhythmia, easily lethal if not attended 
as a right-now-emergency. Homogeneous ventricles, in-
stead, like the herptilian heart, rarely if ever show fibril-
lation, which usually is described as rapid asynchronic 
or uncoordinated contractions [24,25]. The latter two 
references give evidence of these peculiarities and also 
possibly relate the phenomenon to non-linear chaotic 
behavior. It must be underlined that an added or extra 
inhomogeneity to the already mammalian inhomoge-
neous tissue, such as ischemia, or an electric shock, or 
a mechanical disturbance, may trigger the arrhythmia 
[26].

Discussion

Let us first review some papers published in the 
last ten years or so to proceed, thereafter, with other 
aspects that usually are not being considered, proba-
bly because the subject has become enclosed within a 
shielded procedural-protocolar case that no one dares 
invade.

In 2004, Bristow, Saxon, et al. [27] in a group of se-
lected patients, studied cardiac-resynchronization ther-
apy alone and in conjunction with an automatic implant-

A similar observation was described years later by 
Marriott [7]: Complete heart block implies an indepen-
dence between atria and ventricles that does not al-
ways exist. Segers, as referred to above, showed that, 
after complete block was artificially produced in the 
frog's heart, atria and ventricles would sometimes be-
gin to beat exactly in phase, most commonly in a 2 to 
1 ratio. He subsequently reported one clinical example 
of 2 to 1 A-V synchronization in a patient with complete 
heart block. Two further cases that may illustrate differ-
ent varieties of synchronization were presented in this 
latter 1956 paper.

The conclusion of the preceding paragraphs clearly 
says that the concept of cardiac synchronization, loose-
ly stated, has a history of over 70 years. Is it related to 
the current concept of CRT? When did CRT start? Who, 
where? It is difficult to pin point exactly the answers to 
these questions for the resynchronization idea appar-
ently was in the cardiological air, although not clearly 
set, even considering the background material given 
above showing some similarities. None the less and as 
far back as we could ascertained, perhaps the ventricu-
lar resynchronization concept began to shape up during 
the 1990-2001 period and that is, considering one ven-
tricle with respect to the other, entities with obvious 
anatomical links.

There is a description of the beneficial effects of 
physiologic dual-chamber pacing in the treatment of 
end-stage idiopathic dilated cardiomyopathy in 16 pa-
tients in whom conventional drug therapy had failed. 
Candidates for cardiac transplantation as well as pa-
tients not accepted for transplantation participated. 
During pacing at an atrioventricular delay of 100 ms, 
left ventricular ejection fraction increased from 16.0 ± 
8.4 to 25.6 ± 8.6% accompanied by a striking improve-
ment in clinical symptoms, such as severe dyspnea at 
rest and pulmonary edema. There was a decrease in 
preload, too. Normalization of heart rate was achieved. 
All patients returned to a relatively normal life. With-
in 1 year after onset of pacing only 4 of the patients 
died. The conclusion was that pacing could represent 
an alternative approach for chronic heart failure due 
to dilated cardiomyopathy who no longer respond to 
drug therapy [8]. Another significant reference is the 
DAVID Trial [9]. Several other papers appeared about 
dual-chamber pacing applied to congestive heart failure 
during the last decade of the former century; in fact and 
without expressly saying it, all aimed at correcting right-
left ventricular dyssynchrony, but mostly centering the 
criterion on the A-V delay [10-19]. Observe that the last 
reference comes from a multicenter clinical study, and 
it is over 17-years-old. It seems to have been the first 
organized clinical trial about the subject.

Cazeau, Leclercq, et al. [20] in turn, in 2001 and fol-
lowing a line of thought similar to the previous research-
ers, found that one third of patients with chronic heart 
failure have electrocardiographic evidence of a major in-
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fying those patients who will not respond favorably to 
CRT (non responders) remains. Cardiac resynchroniza-
tion therapy improves quality of life, increases exercise 
tolerance and reduces hospitalizations for patients with 
HF. Furthermore, CRT reverses remodeling of the LV 
by decreasing LV volume and increasing LVEF. Cardiac 
resynchronization therapy is beneficial even in mildly 
symptomatic or asymptomatic patients who otherwise 
meet the criteria for CRT [30]. Nothing is said about AID 
in this paper.

Ouellet, Huang and collaborators, in 2012 [31] after 
a study, concluded that although CRT-D does reduce the 
risk of a first tachyarrhythmia event in LBBB patients, it 
does not reduce the risk of subsequent recurrent events. 
In addition, CRT-D may increase the risk of subsequent 
tachyarrhythmias in patients without LBBB [31]. Again, 
nothing certain regarding the questions posed for this 
article.

The paper by Kutyifa, Pouleur and collaborators [32] 
is more direct in assessing the subject as they aimed at 
evaluating the relationship between Left Ventricular 
(LV) dyssynchrony and the risk of Ventricular Tachycar-
dia (VT) or Ventricular Fibrillation (VF). They underlined 
that intraventricular mechanical dyssynchrony might be 
an important factor in ventricular arrhythmogenesis by 
enhancing electrical heterogeneity in heart failure pa-
tients. Besides, it is pointed out that the effects of dys-
synchrony have not yet been evaluated in a large cohort 
of ICD and Cardiac Resynchronization Therapy with De-
fibrillator (CRT-D) patients. The paper states: Patients 
without LBBB receiving CRT-D did not show reduction 
in VT/VF/death or in VT/VF in relation to improving 
dyssynchrony when evaluating cumulative event rates 
or risk of events. In conclusion: Baseline LV dyssynchro-
ny did not predict VT/VF/death or VT/VF in mild heart 
failure patients with or without LBBB. CRT-induced im-
provement of LV dyssynchrony was associated with sig-
nificant reduction of ventricular arrhythmias in patients 
with LBBB. In other words, doubts continue, even with 
some not too impressive improvements [32]. No clear 
contribution to our question either in this paper.

A more recent paper says that data on the time-depen-
dent benefit of Cardiac Resynchronization Therapy with 
Defibrillator (CRT-D) compared with a dual-chamber Im-
plantable Cardioverter-Defibrillator (ICD) to reduce death 
or Ventricular Tachycardia (VT) or Ventricular Fibrillation 
(VF) are limited. They aimed at evaluating the time-relat-
ed risk of death or sustained VT or VF in patients receiving 
CRT-D vs. ICD in the MADIT-RIT trial. Of the ICD (n = 742) 
and CRT-D (n = 757) patients enrolled, the risk of death was 
lower in CRT-D vs. in ICD early after device implantation 
and beyond 6 months of follow-up. The overall risk of sus-
tained VT/VF was reduced in CRT-D vs. ICD patients. How-
ever, the risk was similar in the first 6 months and a lower 
risk emerged 6 months after CRT-D implantation. Patients 
on guideline-based treatment with a Cardioverter-Defibril-

ed defibrillator. They stated that the decision of which 
of these two therapeutic options is appropriate for a 
particular setting is best determined on an individual 
basis by patients and their physicians [27]. The final sen-
tence prudently leaves the decision to the patient-phy-
sician, that is, not necessarily CRT must be accompanied 
by an AID. Even though these investigators explain that 
“eligible patients who provided written informed con-
sent were randomly assigned to treatment with proto-
col-mandated optimal pharmacologic therapy alone, 
optimal pharmacologic therapy plus cardiac-resynchro-
nization therapy with a pacemaker or optimal pharma-
cologic therapy plus cardiac-resynchronization therapy 
with a pacemaker-defibrillator”, the interpretation giv-
en by the present article is of doubt, that is, the authors 
seem to have had covert doubts. Too many conditions 
tend to add confusion.

Kadish and Mehra, in 2005 [28] said: “It is unclear 
whether an ICD must accompany a cardiac resynchro-
nization device or whether it should be performed in 
isolation. Taking recent results in context, one could ar-
gue that CRT therapy should ideally be accompanied by 
ICD placement in those with NYHA III symptoms. Results 
also suggest that ICDs might be beneficial in heart fail-
ure patients with advanced symptoms, irrespective of 
ischemic or nonischemic etiology [28]. Again doubts …
unclear, ideally …

In 2007, a very comprehensive report was produced 
in Italy [29], however, no reference was made regarding 
the subject dealt with in this paper. The authors repeat 
what we just mentioned before, i.e., that ventricular 
mechanical dyssynchrony plays an important role in 
pathological conditions such as hypertrophy, ischemia, 
infarction or heart failure, adding that several prospec-
tive randomized controlled trials supported the clinical 
efficacy and safety of Cardiac Resynchronization Thera-
py (CRT) in patients with moderate or severe heart fail-
ure and ventricular dyssynchrony. Nothing new, in fact, 
although a very informative piece bringing the conduc-
tance catheter as another tool to evaluate the level of 
dyssynchrony.

In turn, Ganjehei, Razavi and collaborators [30] re-
port that despite the major improvements achieved by 
CRT, only about one third of HF patients qualify for CRT. 
Furthermore, one third of patients who receive CRT do 
not respond favorably to it and their condition might in-
deed worsen. Criteria for CRT: Optimal medical therapy 
in the presence of QRS duration > 120 ms, LV Ejection 
Fraction (LVEF) ≤ 0.35 and New York Heart Association 
(NYHA) functional class III or stable functional class IV. 
Improvement in the 6-minute walk, oxygen consump-
tion and frequency of hospitalizations for HF were found 
in all studies. Echocardiographic measures of ventricular 
dyssynchrony often are unable to distinguish respond-
ers from non responders. Despite remarkable advances 
with CRT over the last decade, the problem of identi-
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There are aspects that need to be taken into account 
for a better evaluation of this elusive and rather con-
troversial subject. One of them recalls the concept of 
the QRS complex as the difference resultant of two ven-
tricular monophasic action potentials, one shifted with 
respect to the other [35]. The shift between such po-
tentials precisely defines the QRS duration (width), the 
longer the shift, the longer the QRS, so providing a good 
explanation of the phenomenon to be looked at.

Another question: Is ventricular dyssynchrony an in-
homogeneity? At first sight, it would qualify as such and, 
therefore, it would favor triggering of irregular fast ar-
rhythmias, which in turn would justify an associated AID 
to the CRT. None the less, at second thoughts, this inho-
mogeneity seems to be of a different kind as compared to 
those produced, say, by ischemia or blocks, or by electric 
or mechanical disturbances. The information collected 
from clinical trials is very inconsistent and incomplete in 
this respect.

A patient with an implanted defibrillator, knowing of 
the possibility of a discharge at any circumstance may live 
under a state of constant fear, even more if he/she went 
into the experience. The design of AID’s includes a detec-
tion algorithm, the sooner the detection of the arrhythmia, 
the sooner the defibrillating shock and the better the prob-
ability of success but, if detection is too soon, the shock 
may be delivered when the patient is still conscious and 
the pain produced is unbearable. It has been described 
as a tremendous kick in the back. There are documented 
experiences, not publicized, when thereafter the patient 
firmly requested removal of the device in spite of the risk 
of possible death. They reported not being able to sleep 
at night because they seemed to feel the discharge. The 
author of this article received when a young student a high 
voltage shock that produced respiratory arrest but not 
fibrillation; during months after, he many times felt over 
and over again at night the pain. Not nice! Besides, such an 
early detection may not be a reliable one for it is based in a 
very short period, perhaps 3-6 s, at most. Was that reading 
time enough to label the signal as fibrillation or tachycar-
dia? Clearly not. In other words, the AID may detect a false 
positive delivering an unnecessary discharge and even run-
ning the risk of triggering the arrhythmia.

When one inspects in retrospect certain specific trends 
in clinical and surgical procedures, changes are easily de-
tected, sometimes influenced by wrong ideas or lack of 
scientific knowledge or perhaps by established protocols 
originated in older practices or customs or beliefs. We 
will briefly mentioned three examples, but others may be 
found if digging deeper.

Cesarean operations

In 2007, nearly one-third (32%) of all births were ce-
sarean deliveries. Although there are often clear clinical 
indications for a cesarean delivery, the short- and long-
term benefits and risks for both mother and infant have 

lator combined with Resynchronization Therapy (CRT-D) 
have a lower risk to die or to experience a first episode of 
Ventricular Tachycardia (VT)/Ventricular Fibrillation (VF) 
compared with patients on guideline-based treatment 
with an Implantable Cardioverter-Defibrillator (ICD) alone. 
The favorable effect of guideline-based CRT-D vs. a guide-
line-based ICD alone on mortality starts early and is con-
tinued during follow-up. Guideline-based treatment with 
CRT-D vs. a guideline-based defibrillator alone is associat-
ed with lower risk of VT/VF. Guideline-Based Treatment is 
a standardized protocol, which are used in many medical 
domains. This favorable effect of CRT-D is not detectable until 
6 months of treatment. However, nothing is said in this paper 
about CRT alone and the paper does not give a definitive an-
swer to our question. Thus, doubts continue [33].

Since remodeling is mentioned in some of the above 
mentioned papers, this is a good point to clarify the con-
cept which usually appears confusing. Cardiac remodel-
ing refers to the changes in size, shape, structure and 
physiology of the heart after injury to the myocardium. 
The injury is typically due to acute myocardial infarc-
tion, but may be from a number of causes that result 
in increased pressure or volume overload (wall strain 
increases). There are other causes, too. A series of his-
topathological and structural changes occur in the left 
ventricular myocardium that lead to progressive de-
cline in its performance. Ultimately, remodeling may 
result in diminished contractile (systolic) function and 
reduced stroke volume. Medically speaking, ventricular 
remodeling implies a decline in function (even though 
the word remodeling usually implies improvement, ob-
viously confusing). The term reverse remodeling implies 
an improvement in ventricular mechanics and function 
following a remote injury. Then, we find situations like 
concentric hypertrophy, due to pressure overload and 
eccentric hypertrophy, which recognizes volume over-
load as its cause. Heart Failure (HF) involves changes 
in cardiac structure, myocardial composition, myocyte 
deformation and multiple biochemical and molecular 
alterations that impact cardiac function and reserve ca-
pacity. Collectively, these changes have been referred 
to as cardiac remodeling. Reverse remodeling appears 
as its opposite concept and is successfully achieved by 
inhibitors of the renin-angiotensin-aldosterone sys-
tem, β-blockers and device therapies such as cardiac 
resynchronization or ventricular assist devices. Reverse 
remodeling is defined by lower chamber volumes (par-
ticularly end-systolic volume) and is often accompanied 
by improved β-adrenergic and heart-rate responsive-
ness. At the cellular level, reverse remodeling impacts 
on myocyte size, function, excitation-contraction cou-
pling, bioenergetics and a host of molecular pathways 
that regulate contraction, cell survival, mitochondrial 
function, oxidative stress and other features [34]. How 
much the remodeling or reversal remodeling processes 
influence the risk of tachyarrhythmias? There are no an-
swers to this question.

https://doi.org/10.23937/2378-2951/1410100
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discussed? This article suggests a serious revision, even 
recognizing several technological improvements that 
have added safety and reliability.
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been the subject of intense debate for over 25 years. Ce-
sarean delivery involves major abdominal surgery and is 
associated with higher rates of surgical complications and 
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It was the withdrawal of blood from a patient to 
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The point to underline from the above mentioned 
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tient’s view, as best informed as possible, in cases with-
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the USA, whereas CRT + ICD (CRT-D) is most common in 
the USA, pointing out perhaps to subjective differences 
in criteria rather than plain objectivity.

Conclusions

There is no doubt that health and cardiac risk assess-
ment and predictions have entered into a quantitative 
stage, but the error bands are still wide and the road 
ahead is quite hard. Are we not falling perhaps into a 
comparable situation recalling the three examples giv-
en above, when considering the CRT-AID subject here in 
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