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Abstract
Background—Cardiovascular deaths among on-duty firefighters are high; double that of police
officers and quadruple that of first responders. The aim of this pilot study was to establish the
feasibility of obtaining high resolutions ECGs of on-duty firefighters useful for detecting ECG
predictors for cardiac events.

Methods—Twenty-eight professional firefighters (age, 46 ± 6 years) wore a 12-lead ECG Holter
for 24 hours (16 hours while on-duty and 8 hours post-duty). All activities including fire and
medical calls were monitored.

Results—On average the recordings were 92% analyzable. All were in sinus with a heart rate of
80 ±11bpm (35–188 range). The average rr50 over the 24-hour Holter study was 6.2 ±6% (range:
1–23%) and rms-SD was 81 ± 55 (range: 24–209). Using the QRS/Tsimple formula, the average
spatial QRS-T angle was 104 ±17 degrees (range 78–132 degrees). Nonsustained ventricular
tachycardia occurred irrespectively of activity or time of day in three (11%) firefighters, which
was significantly higher than in comparable normal populations (p<0.05).

Conclusions—This preliminary work demonstrates that it is feasible to obtain high resolution
ECGs during firefighting activities and further points to the high prevalence of arrhythmias among
firefighters. The strategy of continuous field monitoring of firefighters could provide new insight
into the association between their specific professional lifestyle and high cardiac risks.
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Despite their superior physical condition at hire, firefighters are professionally at high risk
for serious cardiac events including sudden death. In 2005, the National Fire Protection
Association (NFPA) reported that 44% of on-duty firefighter fatalities were due to sudden
cardiac death 1. In a recent study, Kales and colleagues 2 confirmed that 42% of firefighter
deaths occurring while on-duty were cardiac-related, so that many are actually dying of
cardiac disease rather than fire-related injuries. The incidence of cardiac deaths among on-
duty firefighters is so elevated that it is twice that of police officers and four times that
among emergency medical responders 3. It is also triple that of all job related cardiac deaths
1. The cardiac death risk during fire suppression activities is greatest: one to two orders of
magnitude higher than during nonemergency activities 2. The only recourse for sudden
cardiac death is immediate cardiac defibrillation and resuscitation. However, not all events
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(e.g., myocardial infarction) result in death due to the availability of timely care 4. Thus,
although many firefighters actually survive on-duty cardiac events their resulting incidence
of cardiac morbidity remains exceptionally high.

In the case of firefighters, a combination of personal and workplace factors contribute to
coronary artery disease (CAD). As in the general population, firefighters’ personal factors
include: age, sex, family history, diabetes mellitus, hypertension, smoking, high blood
cholesterol, obesity, elevated stress and lifestyle 5. In addition however, numerous
workplace factors unique to firefighters substantially contribute to adverse cardiac
outcomes. These include: a) airborne exposure to fumes, carbon monoxide and other
hazardous chemicals which lead to hypoxia and cellular ischemia, b) inhalation of
particulate matter creating hypoxic conditions which results in myocardial infarction or
CAD, c) sustained elevated heart rates and heavy physical exertion, d) heat stress which
results in dehydration and lower stroke volume 6, 7, v) high noise levels 8 and long hour shift
work 9 which favor hypertension and lead to myocardial ischemia and CAD, and e) still
second-hand tobacco exposure in some fire houses which leads to vasoconstriction and CAD
10. Notably, a large portion of the firefighters’ shift is spent in a Ready State. Although the
Ready State may be a physically resting state, mentally firefighters must remain on alert for
rapid all out deployment. Overall, the unpredictable and extreme pattern of alternating
sedentary periods with intense exertion and stress puts firefighters at increased risk for acute
cardiac events because sudden heavy physical exertion is known to immediately precede and
trigger cardiac events 11–13.

Although firefighters begin their career in superior health due to their relative youth and
physical requirements at hire, there is no national mandate for them to maintain their initial
good health. The National Institute for Occupational Safety and Health (NIOSH) clearly
recommends that fire departments establish medical screening guidelines and develop
comprehensive wellness/fitness programs 10. The National Fire Protection Association,
Standard on Comprehensive Occupational Medical Program for Fire Departments states that
firefighters require annual medical evaluation because sudden cardiac death has a significant
correlation with a known presence of heart disease in those who were fit for duty 14.
Because firefighting taxes virtually all aspects of physical fitness, researchers further
recommend replacing traditional firefighter exercise programs that focus on cardiovascular
fitness with physical conditioning programs that address all components of fitness 15.
Despite such clear recommendations and repeated efforts to implement firehouse fitness
programs, firefighters’ prevalence of obesity, elevated total serum cholesterol, lowered high-
density lipoprotein, elevated low-density lipoprotein, and elevated blood pressures exceed
Healthy People 2010 targets and are substantially higher than the general population 16.
Thus, health promotion programs for firefighters are failing 17, 18. Long term efforts clearly
need to focus on efficient and targeted modes of intervention. One approach could be to first
identify specific firefighters at most risk of a cardiac event to better target modifiable risk
factors to reduce catastrophic cardiac events such as sudden death and myocardial infarction.

The 12-lead electrocardiogram (ECG) is an invaluable noninvasive tool to assess and
monitor cardiac status and predict cardiac events 19, 20. With the recent availability of
sophisticated portable recorders, high resolution ECG recordings can now be continuously
collected in nearly any settings. To date, despite the long established cardiac risk for on-duty
firefighters especially during emergency activities and its societal importance, there are no
available field data recordings of the ECG during firefighter activities. Thus, the primary
aim of this prospective pilot study was to evaluate the feasibility of obtaining high resolution
continuous ECG tracings in on-duty firefighters to monitor ECG predictors for cardiac
events which will be useful to better target cardiovascular disease prevention and care.

Carey and Thevenin Page 2

J Cardiovasc Nurs. Author manuscript; available in PMC 2011 March 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Methods
Professional firefighters (n=28) were recruited from the Buffalo New York Fire Department
to wear a standard 12-lead ECG Holter (H12+ Digital Holter Recorder, Mortara Instruments,
Milwaukee, WI) continuously for 24 hours. Per the Fire Commissioner’s assignment,
recruiting occurred at the largest firehouse in Buffalo with three fire apparatus: pumper,
ladder and rescue engine. Any professional firefighter engaged in firefighting duty was
eligible; there were no exclusions. Appropriate internal review board approval was obtained.
Monitoring was initiated at the beginning of their 16-hour on-duty shift and continued for
the following 8 post-duty hours, during the winter months. Prior to the monitoring,
firefighters were consented and prepped to wear the ten electrodes underneath their
uniformed T-shirts connected to the Holter recorder strapped in a pouch. Skin prep included
shaving chest hair as needed and the removal of oil or dermal debris with alcohol. The
electrodes were accurately positioned as per Mason Likar 21, without the use of additional
adhesives. Due to the diaphoretic nature of firefighting, electrode contact and location was
routinely checked to ensure accurate monitoring. On the occasion that an electrode failed or
was inadvertently disconnected, the Holter recorder continued to record despite missing
leads and the electrode was replaced in a timely manner. During the study, firefighters were
regularly prompted to report any symptom.

The various activities the firefighters were engaged in during their 16-hour shifts were
catalogued into the following emergency categories: (1) Fire calls, (2) Medical calls, and
non emergency categories: (3) Physical activities (e.g., exercise, training, physical chores,
etc), (4) Sitting/Talking (e.g., shift report, instruction, administration, etc), (5) Meals, and (6)
Rest/Sleep. Post-duty activities were also catalogued into the same nonemergency categories
according to a questionnaire completed by the post-duty firefighter.

Computer automation with the H-Scribe™ software (Mortara Instruments, Milwaukee, WI)
was used for interval measurements of the ECG waveforms; however cardiac rhythms were
manually annotated to assess for artifact and subtle vector changes related to ambulatory
monitoring by an expert investigator with over 15 years of experience in
electrocardiography. All firefighters were given a written summary of their main Holter
study statistics, including average, minimum and maximum heart rates and dominate cardiac
rhythm. In the case where the firefighter exhibited an abnormal ECG, a written letter
summarizing the concern in lay terms and encouraging the firefighter to contact his personal
physician was provided.

Statistical Analyses
When appropriate, results are given as mean ± standard deviation. Statistical significance for
the greater occurrence of NSVT events was calculated according to the t-test for unequal
variances. The degree of association between heart rate variability (HRV) measures and age
was determined using the correlation coefficient (r2). P < 0.05 was considered statistically
significant.

Results
The present pilot study monitored twenty-eight (n=28) firefighters continuously for 24
hours. Some recordings were shorter because the firefighter opted out of the monitoring at
some point during post-duty for personal reasons. However, except in two instances where
injuries occurred or the Holter was crushed, it was possible to maintain ECG monitoring
during the entire 16-hour shift including all emergency calls. Overall firefighters were
receptive to recruitment, and even more so at the end of the enrollment period, which
showed that the Holter monitoring was well tolerated.

Carey and Thevenin Page 3

J Cardiovasc Nurs. Author manuscript; available in PMC 2011 March 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



On average, only 8% of the recordings were unsuitable for analysis with ECG waveforms so
poor that QRS complexes were not interpretable. Not surprisingly, the incidence of poor
signal increased during intense activity (i.e., fire and medical call and physical activity),
although most tracings remained analyzable.

Only male firefighters volunteered for the study, the majority white (69%), and with an
average age of 46 ±6 (range: 35–56 years). On average, heart rates were 80 ±11 beats per
minute (bpm) and ranged from bradycardia to tachycardia (35–188 bpm). The lowest heart
rate was observed in an accomplished triathlete. The higher heart rates were all observed
during the physically demanding activities.

Cardiac Abnormalities (arrhythmias & ST segment deviation)
Overall, 16 (57%) of the firefighters had at least one premature ventricular contraction.
Nonsustained ventricular tachycardia (NSVT) was defined as three or more consecutive
beats emanating from the ventricles at a rate greater than 100 beats per minute (bpm) and
terminating spontaneously within 30 seconds. Six episodes of NSVT occurred in three
(11%, Table 1) and all events were both monomorphic and asymptomatic, an example is
presented in Figure 1. Two firefighters had NSVT composed of four or more beats while the
third firefighter only had triplets. The potential dependence of these arrhythmic events on
the firefighter’s activity or circadian factors was examined. The NSVT distribution in
function of activity revealed no such dependence within this relatively small sample size
(Table 2). The majority of NSVT indeed occurred during Sitting/Talking activities which
covered nearly half of the monitoring time. Further, one of six (13%) NSVT events took
place during emergency activities which also totaled 13% of total firefighters’ activities. The
periods between emergencies spent in a ‘Ready-State’ thus comprised the greater majority
of the firefighters’ time (87%). Finally, the distribution of NSVT as a function of time
period occurrence also did not show any substantial trend (Table 2).

ST segment analysis was conducted using each of the ECG lead trends over the 24 hour
period. When a suspicious deviation in the trend was noted, the respective 12 lead ECGs
were printed (pre event, event, post event) and the automated ST delta values were
calculated. Only one suspicious ST segment elevation event in the anterior wall without an
accompanying ST-segment depression was recorded during physical activity. However,
while the event would have been classified as an ischemic sign earlier, it should be
recognized that it did not quite meet the newest electrocardiographic criteria for myocardial
ischemia 22.

Heart Rate Variability
Using high resolution 12-lead ECG, heart rate variability (HRV), as measured by the R-R
relationship, is another useful electrocardiographic measure that may predict cardiac events
in combination with other ECG variables. The computer-generated square root of the mean
squared differences of successive NN intervals (rms-SD) and the portion of NN intervals
greater than 50 milliseconds (PNN50) were calculated over the Holter study (Figure 1). The
average rr50 over the 24-hour Holter study was 6.2 ±6% (range: 1–23%) and rms-SD was
81 ± 55 (range: 24–209). There was a negative correlation between age and the average R–R
interval (r=−0.65, p<0.01); however, there was no significant relationship between age and
rms-SD (r=−0.05, NS).

Spatial QRS-T angle
An abnormal spatial QRS-T angle has a larger hazard ratio for fatal cardiac events than
established cardiovascular and ECG risk factors. The spatial angle between the QRS and T
axes is the angle between the directions of ventricular depolarization and repolarization.
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Although traditionally obtained from orthogonal leads, computer-derived measurements of
this spatial alignment can be calculated from a standard 12-lead ECG using: QRS/Tsimple =
ACOS {[(QRSnetV6 × TnetV5) + (QRSnetaVF × TnetaVF) + (QRSnetV2 × TnetV2)]/(QRSsm
× Tsm)}19. The first 12 lead ECG was selected and on average the spatial QRS-T angle was
104 ±17 degrees (range 78–132 degrees). According to Rautaharju and co workers19 an
abnormal QRS-T angle is >114° for men and >97° for women but others 23, categorized
QRS-T angle into three groups: normal (0 – 50°), borderline (50 – 100°), and abnormal
(100– 180°).

Technical Challenges
A number of technical difficulties were encountered such as: (1) the loss of electrode contact
or electrode shift on the diaphoretic torso which was minimized by routine checks, (2)
recurring body positional changes on the ECG were identified and eliminated from the
analysis as previously described 24, (3) equipment damage and (4) 60-cycle artifact. Such
electrical interference was not surprising given the additional equipment firefighters wear,
on occasion. However, a definite advantage of recording 12-lead ECG is that despite a lead
failure from electrical interference, other leads remained available for analysis.

Discussion
This preliminary work is the first to report that it is feasible to obtain continuous high
resolution 12-lead ECGs from professional firefighters during all of their on-duty activities.
Such capability should allow future researchers to prospectively study the various ECG
parameters in order to better understand the relationship between the strenuous
cardiovascular demands specific to the firefighting lifestyle and electrocardiographic
changes of the heart.

The prevalence of NSVT in the healthy general population ranges from 0 to 4% 25, 26.
However, it is age-dependent and highest (4%) in seniors (over 60 years) so that the range in
healthy adults populations does not exceed 2.3% 26. In contrast, the present pilot study
identified an 11% occurrence among on-duty firefighters. This higher prevalence was
significantly larger (p<0.05) than in each of the previously-studied groups of similar-aged
healthy adults, including the upper occurrence of 2.3% found by the Bjerregaard study
(n=260, mean age=54 years, 2/3 males) 27. Although this significantly higher prevalence of
firefighters with NSVT will need to be confirmed in a larger study, it still likely points to
one of the ECG abnormalities that firefighters are likely to exhibit with some relevance to
cardiac disease and their higher cardiac risk while on duty or post-duty. Indeed, the
incidence of NSVT is higher in the presence of underlying heart disease, although
interpretation caution is in order with the present population since firefighters are medically
cleared for duty. Still, the prognosis of NSVT may be ominous because the large, long-term
Busselton and Framingham community studies report that ventricular ectopy and NSVT
were associated with an approximately three-fold increase in the risk of subsequently
developing CAD 28, 29.

Heart rate variability assesses the role of the autonomic nervous system fluctuations. This
pilot study establishes that the average rr50 and rms-SD over the 24-hour Holter study is
obtainable in active firefighters. Consistent with the literature, we report that the average
rr50 interval decreases with age; however, we did not find a relationship between age and
rms-SD in this sample but it should be noted that this pilot study was not powered to detect a
difference. Future studies can better investigate the relationship between heart rate
variabilities during firefighter activities.
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Previous cardiac monitoring studies have been directed at firefighters but they have all been
limited by the use of just two or three ECG leads and the recording of simple parameters
such as heart rate 30, 31. Using a young healthy cohort and limited ECG monitoring (3-lead
ECG) Bruce and coworkers 30 evaluated firefighters performing tasks under controlled
tasks. When evaluating firefighter heart rate, Heimburg and colleagues found that patient
rescue was physically very demanding on firefighters even under simulated conditions 30,
31.

Interestingly, another activity, deer hunting, has been shown to result in sudden sustained
rises in heart rate and in excessive cardiac demands during heavy exertion or stressful
periods such as the dragging of carcasses or the shooting stage 32. By comparing the 3-lead
ECG of deer hunters during actual hunting jaunts to that during maximal treadmill testing,
researchers found high heart rates, periods of sustained sinus tachycardia, arrhythmias and
ST-segment depression during hunting that were absent during treadmill testing. The report
concluded that the strenuous nature of deer hunting coupled with the stress-response
contributed to excessive cardiac demands. Similarly to deer hunters, it is likely that
firefighters are also experiencing periods of excessive cardiac demands during strenuous
activities such as patient rescue, full gear firefighting, etc. However, unlike the occasional
nature of deer hunting, firefighting activities are frequent which may result in compounding
firefighter cardiac stresses and risks.

Limitations regarding this pilot study include the absence of control for the effect of
medications on the ECG. Since all firefighters were cleared for active duty, it was assumed
that all medications were likely within therapeutic range. Still, numerous medications can
indeed cause primary changes (e.g., beta blockers) or secondary changes on the ECG (e.g.,
digoxin). Another caveat to consider is the seasonal effect on firefighters’ activities; the
present data was collected during the winter in Buffalo NY, a cold snowy North Eastern
City. For example, on the second day of data collection a substantial amount of snow fell
and the firefighters expanded large efforts shoveling snow, while at the same time snow
conditions kept fire calls low. Thus, researchers should consider seasonal effects while
monitoring firefighter activities.

As first line responders, firefighters serve all of the nation’s population and their sudden
deaths often occur during their most productive years. The societal impact from the sudden
loss of such contributing community members is substantial and in addition, they leave their
families overwhelmed with loss of income, companionship and support. Due to the
disproptionally high incidence of firefighter cardiac events while on-duty or shortly after,
the firefighter population is uniquely positioned to provide insight into the association
between intense alarm response activities and the high cardiac risk. Continuous 12-lead
ECG field monitoring can make this goal attainable by succesful noninvasive detection of
firefighters’ ECG abnormalities. This type of research should help develop algorithmic
guidelines designed to route at-risk firefighters for optimal cardiac care that would
aggressively reduce their modifiable cardiovascular risk factors. Over the longer horizon, the
increase understanding of firefighter cardiac risk should, in turn, help advance our
understanding of cardiac risk in the general population.

Summary and Implications

• Due to the disproptionally high incidence of firefighter cardiac events while on-
duty or shortly after, the firefighter population is uniquely positioned to provide
insight into the association between intense alarm response activities and the
high cardiac risk.
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• This type of research should help develop algorithmic guidelines designed to
route at-risk firefighters for optimal cardiac care that would aggressively reduce
their modifiable cardiovascular risk factors.

• Over the longer horizon, the increase understanding of firefighter cardiac risk
should, in turn, help advance our understanding of cardiac risk in the general
population.

• Continuous 12-lead ECG Holter monitoring can make this goal attainable by
succesful noninvasive detection of ECG abnormalities across many populations.
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Figure 1.
Nonsustained Ventricular Tachycardia, on-duty firefighter during Ready State.
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Table 1

Firefighters with Non Sustained Ventricular Tachycardia (NSVT) Events

Firefighter Age Heart Rate (bpm) NSVT (number)

average range

1 53 66 45–132 3

2 54 86 47–171 2

3 42 72 42–113 1

bpm=beats per minute
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