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Leg Cramps! Are You Part  
of the Problem?

A B S T R A C T  &  C O M M E N T A R Y

By Allan J. Wilke, MD

Professor, Department of Introduction to Clinical Medicine,  
Ross University School of Medicine, Commonwealth of Dominica

Dr. Wilke reports no financial relationships relevant to this field of study.

Synopsis: Nocturnal leg cramps are frequently preceded 
by the prescription of diuretics, statins, and inhaled  

long-acting ß2-agonists.

Source: Garrison SR, et al. Nocturnal leg cramps and prescription 
use that precedes them: A sequence symmetry analysis.  

Arch Intern Med 2012;172:120-126. 

These investigators from the university of british columbia in van-
couver used population-level data to study the anecdotal associa-

tions of the use of certain medications to the development of nocturnal 
leg cramps (NLC). The medications in question were diuretics,1 statins,2 

and inhaled long-acting ß2-agonists3 (LABAs). They used a statistical 
tool called sequence symmetry analysis (SSA) to compare whether new 
prescriptions for quinine (which, despite recommendations to the con-
trary,4 are commonly prescribed for NLC) increased in the year follow-
ing a first-time prescription for a diuretic, a statin, or an LABA. They 
broke down diuretics into potassium-sparing, thiazide-like, and loop, 
and LABAs into LABAs alone and LABA-corticosteroid combinations. 
They also compared the rates of use of inhaled anticholinergics and 
beta-blockers as negative controls. These two medications have similar 
indications as LABAs and diuretics, respectively.

They linked a province-wide pharmacy database to a British Colum-
bia Ministry of Health physician services and hospitalization database 
and registration and vital statistics data. The population under review 
numbered 4.2 million. It was 62.5% female with a median age of 69 
years. They excluded patients on dialysis and those with a diagnosis of 
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malaria or amyotrophic lateral sclerosis, who may devel-
op cramps secondary to their illnesses and be prescribed 
quinine.

Adjusted sequence ratios (95% confidence intervals) 
for the three drug classes were 1.47 (1.33-1.63) for di-
uretics, 1.16 (1.04-1.29) for statins, and 2.42 (2.02-2.89) 
for LABAs. For diuretic subclasses, adjusted sequence 
ratios were 2.12 (1.61-2.78) for potassium sparing, 1.48 
(1.29-1.68) for thiazide-like, and 1.20 (1.00-1.44) for 
loop. For LABA subclasses, adjusted sequence ratios 
were 2.17 (1.56-3.02) for LABAs alone and 2.55 (2.06-
3.12) for LABAs-corticosteroids. All of these, except for 
loop diuretics, were statistically significant. The negative 
controls (inhaled anticholinergics and beta-blockers) did 
not demonstrate an association with quinine prescription.

n COMMENTARY
This is the first time I’ve run across SSA, but it seems 

like a very good way to identify possible medication side 
effects. Of course, it requires a comprehensive drug data-
base, covering a very large population. Large health organi-
zations (think Group Health) and retail pharmacy chains are 
already doing it. Wouldn’t it be wonderful if we had access 
to state, regional, or national databases so that we could do 
this kind of study? The authors offer this conceptualization 
of SSA: “the rate of events in exposed individuals com-
pared with what would be expected for a similar unexposed 
population…This is essentially a relative risk….”

The conclusions of this study are surprising and beg to 
be confirmed with randomized controlled trials (RCTs). 

While we tend to think of statin use when a patient pres-
ents with myalgias, we do not generally associate statins 
with NLC. The greater association of potassium-sparing 
diuretics compared to thiazide-like (2.12 vs 1.48) also goes 
against conventional wisdom, as we are inclined to ascribe 
muscle cramps to a potassium deficit. We don’t generally 
think of LABAs having an effect beyond the local one of 
bronchial smooth muscle relaxation, but this study indi-
cates a systemic effect. The authors propose that LABAs 
could cause leg cramps via stimulation of ß2-adrenergic 
receptors on peripheral nerves. Apparently, the addition of 
corticosteroids to LABAs does not attenuate the risk.

The strengths of this study are its huge population and 
its unique design. British Columbia (at least Vancouver) 
is ethnically diverse, so it is likely that these results are 
generalizable to a U.S. population.

Our dictum to do no harm is difficult to implement if 
we don’t know that we are doing it. SSA is a tool to help 
us tease out when we may inadvertently cause harm. Spe-
cific to this study, if your patient complains of NLC, look 
back at his prescription drug use to see if he is using one 
of the offending medications. Then discuss with the patient 
whether continuing the medication is in his best interest or 
if there is a medication not associated with NLC that could 
be substituted. And, certainly, do not prescribe quinine to 
treat the cramps! I’m looking forward to more SSA studies 
and the RCTs that confirm or refute their findings.   n
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Niacin and Coronary  
Heart Disease
A B S T R A C T  &  C O M M E N T A R Y

By Harold L. Karpman, MD, FACC, FACP

Clinical Professor of Medicine, UCLA School of Medicine

Dr. Karpman serves on the speakers bureau for Forest Laboratories.
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Synopsis: Among patients with coronary heart disease 
and LDL-cholesterol levels less than 70 mg/dL, there 
is no incremental clinical benefit from the addition of 
niacin to statin therapy during a 36-month follow-up, 
despite improvements in HDL-cholesterol and triglycer-
ide levels.

Source: The AIM-HIGH Investigators. Niacin in patients with 
low HDL cholesterol levels receiving intensive statin therapy. 
N Engl J Med 2011;365:2255-2267.

Elevated low-density lipoprotein (ldl) cholesterol 
levels are established predictors for the risk of devel-

oping coronary heart disease (CHD), and, despite the fact 
that multiple primary and secondary prevention trials have 
shown a 25%-35% CHD risk reduction in patients receiv-
ing statin therapy,1 a significant residual CHD risk persists 
even if target LDL cholesterol levels are achieved. Epide-
miologic studies have demonstrated that in addition to el-
evated LDL cholesterol levels, low levels of high-density 
lipoprotein (HDL) cholesterol are an independent predic-
tor of the risk of CHD with a strong inverse association 
between HDL cholesterol levels and the rates of incidents 
CHD events.2,3

Aggressive lowering of lipid levels with high doses of 
statins to achieve a target LDL cholesterol level less than 
70 mg/dL in very high-risk patients has resulted in major 
reductions in clinical endpoints. Treatment with simvas-
tatin plus niacin has also resulted in significant regression 
of angiographic coronary atherosclerosis and reductions 
in the rate of clinical events.4,5 The Atherothrombosis In-
tervention in Metabolic syndrome with low HDL/high 
triglycerides: Impact on Global Health outcomes (AIM-
HIGH) investigators prospectively studied 3414 patients 
who were being treated with simvastatin and randomly 
assigned them to receive either niacin or placebo. They 
determined that among patients with atherosclerotic car-
diovascular disease and LDL cholesterol levels less than 
70 mg/dL, there was no incremental clinical benefit from 
the addition of niacin to statin therapy during a 36-month 
follow-up, despite significant improvement in HDL cho-
lesterol and triglyceride levels.6

n COMMENTARY
Currently, no one questions the cardiovascular benefits 

of target LDL-cholesterol reduction to less than 100 mg/
dL and even to less than 70 mg/dL in high-risk patients. 
Also, continuing evolutions in medical therapy over the 
past several decades with the development of other dis-
ease modifying interventions, such as antiplatelet therapy 
and now beta-blocker and renin-angiotensin system in-
hibitors, are recommended for all patients who have had 
a myocardial infarction (MI) to improve outcomes and 
reduce the incidence of recurrent MIs.6 Raising HDL cho-

lesterol levels has proven to be beneficial,7,8 but the re-
sidual question has been whether there is a true benefit in 
raising the HDL cholesterol level in persons who have re-
ceived effective statin therapy. The AIM-HIGH trial was 
designed to evaluate the possible benefit of adding nia-
cin to statin therapy as compared to statin therapy with or 
without ezetamide but without niacin. The investigators 
were attempting to determine if a further decrease in the 
incidence of major cardiac events occurred among sub-
jects with CHD who had residual dyslipidemia and low 
levels of HDL cholesterol at baseline but who have met 
a treatment goal by achieving an LDL cholesterol level 
of 40-70 mg/dL with statin therapy. It would appear from 
the results of the study that patients whose LDL choles-
terol levels were intensively controlled with simvastatin 
therapy received no incremental benefit from niacin in 
reducing the cardiovascular events which occurred over a 
36-month follow-up period, despite significant increases 
in HDL cholesterol and decreases in triglyceride levels.

In summary, it would appear that the primary goal 
of clinicians should be to lower the LDL cholesterol to 
at least 70 mg/dL (although 50-60 mg/dL may be even 
better). Statin therapy and niacin therapy appear to be of 
little or no value in this group of patients regardless of 
its positive effects on the HDL cholesterol and triglycer-
ide levels. Further studies will be required to determine 
whether the raising of HDL cholesterol levels in subjects 
whose LDL levels are not so intensely controlled will be 
of added value.   n
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The Changing Heart Rate 
May Hold the Key to Life
A B S T R A C T  &  C O M M E N T A R Y

By Rahul Gupta, MD, MPH, FACP

Clinical Assistant Professor, West Virginia University School 
of Medicine, Charleston, WV

Dr. Gupta reports no financial relationships relevant to this field of study.

Synopsis: In people without known cardiovascular 
disease, an increase in resting heart rate with age was 
associated with an increased risk of death.

Source: Nauman J, et al. Temporal changes in resting heart 
rate and deaths from ischemic heart disease. JAMA 2011;306: 
2579-2587.

Several large epidemiologic studies have demonstrat-
ed that resting heart rate (RHR) is an independent pre-

dictor of cardiovascular and all-cause mortality in men 
and women with and without diagnosed cardiovascular 
disease.1,2 Similar to blood pressure, heart rate shows a 
clear circadian rhythm, being substantially higher during 
waking hours as well as being about 3 beats/minute higher 
in sitting compared with the supine position. Bottom line 
is that tachycardia at rest is prognostically unfavorable. 
Furthermore, heart rate reduction itself may be an im-
portant mechanism of action for certain groups of drugs, 
including beta-blockers, that have proven mortality ben-
efits in coronary artery disease and heart failure. However, 
RHR is an adaptable factor that may change over time or 
in response to physical activity, external environment, or 
medical therapy. A better understanding of this modifiable 
risk factor may allow us to influence it positively. Past 
studies on the subject have not been conclusive as to the 
effect of age on heart rate changes. Therefore, it is impor-
tant to understand the temporal changes associated with 
RHR that may influence the risk of death, especially from 
ischemic heart disease (IHD).

In their prospective cohort study of 29,325 Norwe-
gian men and women without known cardiovascular 
disease, RHR was measured on two separate occasions 
approximately 10 years apart. The second measurement 
was obtained between 1995 and 1997 and subsequent 
mortality follow-up was conducted until December 31, 
2008. The researchers found that an increase in RHR 
was associated with an increase in risk of death from 
IHD and all-cause mortality. Specifically, compared 
with study patients with a RHR less than 70 beats/min at 
both of the measurements, in patients with a RHR of less 
than 70 beats/min at the first measurement but greater 
than 85 beats/min at the second measurement, the ad-
justed hazard ratio (AHR) was 1.9 for IHD-related and 
1.5 for all-cause mortality. This would mean that if a 
patient’s heart rate increased from less than 70 beats/min 
to greater than 85 beats/min over a decade, the risk of 
death from IHD was 90% higher and a risk of death from 
all causes was 50% higher. Similarly, for patients with 
RHR between 70 and 85 beats/min at the first measure-
ment and greater than 85 beats/min at the second mea-
surement, the associated AHR was 1.8 for IHD-related 
and 1.4 for all-cause mortality. Thus, if a patient’s heart 
rate increased from being between 70 beats/min and 85 
beats/min to greater than 85 beats/min over a decade, 
the risk of death from IHD was 80% higher and a risk 
of death from all causes was 40% higher. However, the 
association of change in RHR with IHD mortality was 
not linear, suggesting that a decrease in RHR with age 
demonstrated no general mortality benefit.

n COMMENTARY
Heart rate is a simple and easily measurable clinical 

parameter and yet we may not fully understand its wide 
ranging clinical implications. Historically, being a poor 
reproducible clinical sign as well as being labeled a mere 
marker of sympathetic activity, little attention has been 
paid to the measurement of RHR for cardiovascular risk 
assessment in routine clinical practice, in spite of a large 
body of evidence showing that higher RHR is a risk fac-
tor for total and cardiovascular mortality. It is also impor-
tant to understand that while heart rate lowering may not 
be a target for treatment in most patients, cardiovascular 
mortality lowering effects of agents such as beta-blockers 
may be linked in part to their ability to lower the RHR 
as demonstrated in a meta-regression analysis.3 In this 
study, a statistically significant relationship was found be-
tween RHR and decreases in cardiac and all-cause mor-
tality from beta-blockers and calcium channel blockers, 
strongly suggesting that RHR reduction could be a major 
determinant of the clinical benefits seen in those clinical 
trials. RHR should, therefore, be more carefully evalu-
ated at each visit in every patient, especially those with 
cardiovascular disease. For those without cardiovascular 
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disease, identifying such individuals and lowering their 
RHR by physical activity, diet, weight management, and 
not smoking may delineate the cornerstone of primary 
prevention.   n
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Pharmacology Update
Glucarpidase for  
Injection (Voraxaze®)
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A drug has been approved to treat high plasma levels 
of methotrexate. Glucarpidase is a bacterial enzyme 

produced by recombinant DNA technology using geneti-
cally modified Exherichia coli. Glucarpidase is a carboxy-
peptidase enzyme that metabolizes methotrexate to its in-
active metabolites. It is marketed by BTG International 
Inc. as Voraxaze.

Indications
Glucarpidase is indicated for treatment of toxic plasma 

methotrexate levels (> 1 umol/L) in patients with delayed 
clearance of methotrexate due to renal impairment.1 It is 
not indicated in patients with normal or mildly impaired 
renal function as this may result in subtherapeutic levels 
of methotrexate.

Dosage
Glucarpidase is administered as a single intravenous 

injection of 50 units per kg.

Glucarpidase is available as lyophilized powder in 
1000 units per vial.

Potential Advantages
Glucarpidase produces clinically important reduction 

in methotrexate plasma levels.1,2

Potential Disadvantages
Anti-glucarpidase antibodies developed in 17% of pa-

tients administered glucarpidase.1 Adverse events include 
paresthesia, flushing, and nausea/vomiting. The frequen-
cies reported were 2%.1  

Comments
The efficacy of glucarpidase was evaluated in a single-

arm, open-label study in patients with significantly delayed 
methotrexate clearance secondary to renal dysfunction with 
preglucarpidase levels > 1 umol/L.1 This was defined as more 
than two standard deviations greater than the mean excretion 
curve for methotrexate. The main outcome measure was the 
proportion of patients who achieved a rapid and sustained 
clinically important reduction (RSCIR). This was defined as 
attaining < 1 umol/L within 15 minutes and sustained for up 
to 8 days post injection. Ten of 22 patients achieved RSCIR 
and 10 of 13 with baseline levels of methotrexate between 
1 and 50 umol/L achieved RSCIR. Of the patients who did 
not achieve RSCIR, nine had baseline levels > 50 umol/L.  
For patients with levels < 1 umol/L after the first dose, a sec-
ond dose did result in RSCIR. There are no data to indicate 
whether glucarpidase prevents fatal methotrexate toxicity.1 
Early intervention, < 96 hours, in combination with leucovo-
rin appears to be an effective strategy.2

Clinical Implications
Methotrexate is a commonly used anticancer drug and 

high-dose followed by leucovorin rescue is frequently 
used. In spite of measures to reduce the risk of potentially 
life-threatening methotrexate-induced renal toxicity (e.g., 
alkalization, hydration, pharmacokinetically guided leu-
covorin rescue), these still occur, albeit infrequently.3  Glu-
carpidase provides an important addition to leucovorin for 
the management of toxic levels of methotrexate.   n
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CME Objectives
Upon completion of this educational activity,  
participants should be able to:
•	 describe new findings in the differential  

diagnosis and treatment of various diseases;
•	 describe the advantages, disadvantages and  

controversies surrounding the latest advances  
in the diagnosis and treatment of disease;

•	 identify cost-effective treatment regimens;
•	 explain the advantages and disadvantages   

of new disease screening procedures.

CME Questions
1. Your patient presents with nocturnal leg cramps. Which of 

the following medications is associated with them?
a. Calcium channel blockers
b. Beta-blockers
c. Thiazide diuretics
d. Angiotensin converting enzyme inhibitors
e. Angiotensin receptor blockers

2. The addition of niacin therapy to statin therapy in patients 
with LDL cholesterol levels of less than 70 mg/dL:
a. did not improve HDL cholesterol and/or triglyceride levels.
b. demonstrated significant improvement in the rate of cardio-

vascular events and ischemic stroke frequency.
c. demonstrated no significant incremental clinical benefit in 

the rate of deaths from CHD, nonfatal myocardial infarction, 
ischemic stroke, or hospitalization for an acute coronary 
syndrome.

d. did not significantly raise the HDL cholesterol levels.

3. In the study by Nauman et al, increases in resting heart rate 
over a decade can lead to: 
a. increased cardiovascular mortality.
b. increased all-cause mortality.
c. Neither
d. Both

CME Instructions
To earn credit for this activity, follow these instructions:
1. Read and study the activity, using the provided references 

for further research.
2. Log on to www.cmecity.com to take a post-test; tests can 

be taken after each issue or collectively at the end of the 
semester. First-time users will have to register on the site 
using the 8-digit subscriber number printed on their mail-
ing label, invoice or renewal notice. 

3. Pass the online tests with a score of 100%; you will be al-
lowed to answer the questions as many times as needed to 
achieve a score of 100%. 

4. After successfully completing the last test of the semester, 
your browser will be automatically directed to the activity 
evaluation form, which you will submit online. 

5. Once the completed evaluation is received, a credit letter 
will be e-mailed to you instantly. You will no longer have to 
wait to receive your credit letter!   n
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Clinical Briefs
By Louis Kuritzky, MD, Clinical Assistant Professor, University of Florida, Gainesville

Dr. Kuritzky is an advisor for Endo, Kowa, Pricara, and Takeda.

Exercise and Weight 
Loss in Persons with 
Pre-existing Coronary 
Heart Disease

Source: Ades PA, et al. The effect of 
weight loss and exercise training on 
flow-mediated dilatation in coronary 
heart disease: A randomized trial. Chest 
2011;140:1420-1427.

There is still some debate about the 
relationship between being over-

weight and cardiovascular (CV) health, 
since among overweight individuals there 
is great diversity in levels of CV fitness 
as well as CV risk factors (e.g., hyper-
tension, diabetes, dyslipidemia). Much 
of the insight we have today about the 
benefit of cardiac rehabilitation programs 
was gleaned from trial data in the 1970s 
and 1980s, at which time many fewer 
study subjects were obese or morbidly 
obese. Hence, determining the impact of 
exercise and weight loss in persons more 
representative of current coronary heart 
disease (CHD) demographics is pertinent.

Obese adults (mean baseline BMI = 
32.3 kg/m2) with established CHD (n = 
38) participated in a regimen of weight 
loss combined with one of two different 
intensity exercise programs (walking 45-
60 minutes vs 25-40 minutes per session) 
for 4 months.

Endothelial function, as assessed by 
flow-mediated dilation, was improved in 
both groups, but improved more in the 
group with greater intensity of exercise. 
The authors also comment that the amount 
of endothelial functional improvement 
seen with weight loss was similar in mag-
nitude to that attained with statin treat-
ment. Degree of endothelial functional 
improvement correlated with amount of 
weight lost, suggesting a dose-response 
effect. In an era when more than 80% of  
persons entering cardiac rehabilitation 
programs are overweight or obese, it is 
encouraging that participation in rehabili-
tation programs that result in weight loss 

and sustained physical activity improve 
endothelial function.   n

Long-Term Effects  
of Bariatric Surgery: 
Improved CV  
Outcomes

Source: Sjostrom L, et al. Bariatric sur-
gery and long-term cardiovascular events. 
JAMA 2012;307:56-65.

Increases in body mass index (bmi) 
above normal are linearly associated 

with cardiovascular (CV) morbidity and 
mortality. The increased incidence of hy-
pertension and diabetes in overweight and 
obese individuals explains some of this 
association. Since the weight reduction 
subsequent to bariatric surgery (BARS) is 
usually accompanied by improvements in 
blood pressure and metabolic profile, one 
would hope that this would translate into 
a reduction of CV events.

The Swedish Obese Subjects study 
provides data from this prospective con-
trolled study of BARS (n = 2010) vs 
“usual care” (n = 2037) for adult obese 
subjects. The minimum BMI for inclu-
sion was 34 kg/m2 in men and 38 kg/m2 
in women. Subjects were followed for a 
median of 14.7 years. 

The BARS subjects enjoyed a 53% 
relative-risk reduction in CV deaths 
(28/2100 vs 49/2037) and a 33% risk re-
duction in overall fatal and nonfatal CV 
events (199/2100 vs 234/2037) over the 
almost 15 years of follow-up. 

Although the degree of excess BMI did 
not correlate with outcomes — i.e., per-
sons who had higher baseline BMI did not 
enjoy a greater (or lesser) risk reduction 
than comparators — there was a correla-
tion with insulin resistance. As manifest 
by baseline plasma insulin concentration, 
subjects with the highest degree of insulin 
resistance had the greatest degree of CV 
risk reduction. This long-term follow-up 
of a large surgical population is encourag-
ing that BARS reduces CV risk. Demon-

stration of risk reduction requires both a 
large population and enduring follow-up, 
since most of the participants were much 
younger than are typically enrolled in CV 
risk reduction trials.   n

Long-Term Survival  
in SHEP Trial  
Participants

Source: Kostis JB, et al. Association 
between chlorthalidone treatment of sys-
tolic hypertension and long-term survival. 
JAMA 2011;306:2588-2593.

The systolic hypertension in the el-
derly (SHEP) trial was a prospective, 

randomized, controlled trial of diuretic 
(chlorthalidone) vs placebo in 4736 sub-
jects with isolated systolic hypertension 
over the age of 60. At the conclusion 
of the trial (4.5 years mean follow-up), 
chlorthalidone resulted in a statistically 
significant reduction in cardiovascular 
(CV) events, but only a favorable trend 
(NOT statistically significant) in CV 
mortality. Because of the favorable ini-
tial results, at the conclusion of the trial 
all SHEP participants were advised to use 
active treatment. 

Kostis et al report on 22 years of 
follow-up of SHEP trial participants. 
According to their analysis, there was a 
beneficial difference noted between per-
sons originally assigned to diuretic vs 
placebo: a statistically significant 11% 
reduction in CV death, although total 
mortality was not significantly different 
between the two groups. Benefits seen 
years after a clinical trial intervention has 
ceased are commonly termed “legacy ef-
fects,” and suggest that a sustained period 
of blood pressure control with chlorthali-
done may extend CV risk reduction over 
a much longer interval. Because all trial 
participants were encouraged to receive 
active treatment post-trial, the favorable 
between-group differences seen would 
likely be an underestimate of true attain-
able benefits.   n
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Why is the QRS Wide?

Scenario: Interpret the rhythm strip shown above. The 
widened beats on the tracing are not ventricular. What 
else might they be?

Interpretation: The rhythm strip shows an irregular-
ly irregular rhythm in this right-sided MCL-1 monitor-
ing lead. No P waves are seen — the underlying rhythm 
is atrial fibrillation. Fine undulations in the baseline rep-
resent “fib waves.” The interesting part of the rhythm 
strip is intermittent widening of the QRS complex.

Although at first glance one might be tempted to in-
terpret the run of widened beats (beats #4 through #7) 
as accelerated idioventricular rhythm (AIVR) — subse-
quent rhythm strips proved this not to be the case. AIVR 
is often an “escape rhythm” that arises when the patient’s 
underlying rhythm slows. AIVR is typically (although 
not always) a regular rhythm. In contrast to this, the 
widened beats in the Figure do not manifest the delayed 
timing of escape beats, nor is the run (beats #4 through 
#7) regular. An alternative explanation for the QRS wid-
ening seen in the Figure is rate-related bundle branch 
block (BBB). While admittedly difficult to be certain of 
this diagnosis from inspection of the single rhythm strip 
shown, the important point is to be aware of this entity. 
QRS morphology of the widened beats is consistent with 
the predominantly negative QS or rS complex expected 
in right-sided lead V1 when there is left bundle branch 

block (LBBB). Rather than two competing rhythms, the 
overall irregular irregularity of the rhythm in the Figure 
suggests that all beats seen represent atrial fibrillation. 
Rate-related BBB characteristically begins when heart 
rate speeds up. In atrial fibrillation, it is typically seen 
following a longer R-R interval, since the relative refrac-
tory period is dependent on the length of the preceding 
R-R interval. Beat #3 in the Figure is slightly widened. 
This beat follows a longer R-R interval (between beats 
1-to-2), and represents the onset of LBBB conduction 
(albeit with an incomplete form of LBBB). The run of 
rate-related LBBB conduction continues until beat #8 
when the rate of atrial fibrillation slows. Beat #11 at 
the end of the tracing represents a final widened beat 
that manifests LBBB conduction as a result of its short 
coupling interval with beat #10. Subsequent rhythm 
strips proved beyond doubt that LBBB conduction con-
sistently occurred during periods of more rapid atrial 
fibrillation — and consistently resolved soon after the 
rate slowed down. Of interest (and further complicat-
ing diagnostic recognition of this important but uncom-
mon phenomenon) is the fact that the rate of onset of 
BBB conduction is often not the same as the rate where 
normal conduction resumes (i.e., rate-related BBB may 
begin when heart rate exceeds 90 or 100/minute — but 
normal conduction may not resume until heart rate goes 
back down to 80/minute or less).   n

Figure — Right-sided MCL-1 monitoring lead rhythm strip. Why might beats #4 through #7 be wide?


