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Abstract

Background: Heat waves have been reported as being associated
with increased rates of hospitalizations and deaths. Materials and
Methods: In July 2011, a heat wave hit southern Italy. We enrolled
9,282 consecutive patients who called the Apulia (southeastern
Italy) regional free public emergency medical service (EMS) “118”
number (out of 4 million inhabitants) during July 2011. All patients
were evaluated with a prehospital electrocardiogram (ECG) thanks to
telecardiology support provided by a single telemedicine hub. Local
temperatures and relative humidity were recorded and combined in
order to calculate the heat index (HI), a more accurate parameter to
assess perceived discomfort caused by hot temperatures. Results: The
mean number of calls to the telecardiology hub for prehospital ECG
screening in the case of suspected heart disease was increased 48 h
after days with an HI >44 (402+68 versus 27552, p<0.001,
+46%), when the number of calls was directly related to HI values
(p<0.01). ECG diagnoses of new-onset atrial fibrillation were sig-
nificantly increased 24 h after days with an HI 244 (12% 7 versus
8% 3, p<0.01, +50%). ECG diagnoses of ST-elevation acute myo-
cardial infarction, in contrast, remained substantially unchanged.
No significant gender or age (>70 versus <70 years) differences
were observed (chi-squared p not significant); increased rates of
EMS callings were found 48 h after days with an HI >44 in hy-
pertensive patients (131142 versus 78+ 26, p<0.001, +68%) and
subjects with prior cardiovascular disease (137143 versus 89+ 22,
p<0.001, +54%). Conclusions: Increased work burden for EMS
assessed with prehospital telecardiology screening accompanies heat
waves because of subjects calling for suspected acute heart disease.
Prehospital screening with telecardiology support may be of help in
identifying subjects who do not require hospitalization in the event of
heat waves with increased calls to EMS.

Key words: heat wave, cardiovascular disease, telemedicine

DOI: 10.1089/tmj.2013.0086

© MARY ANN LIEBERT, INC. o VOL. 20

Introduction
evere and sustained episodes of summer heat (heat waves)
have been reported as associated with increased rates of
hospitalizations' and deaths.? Increased mortality during
heat waves has been attributed mainly to cardiovascular
illness and diseases of the cerebrovascular and respiratory systems,’
especially among the elderly.* A few days after the onset of a heat
spell, a sharp increase in the number of heat-related deaths has been
observed. Excess emergency department (ED) visits were observed in
coincidence with heatstroke.®

Modern technologies currently available for at-home assessment
of patients calling emergency medical service (EMS) may, however,
be helpful in managing the increased work burden caused by heat
waves and the increased risk of the adverse health outcome caused by
heat waves as well. Telemedicine support and prehospital assessment
of suspected acute heart disease are actually recommended by
guidelines® and scientific statements’ and implemented in several
geographic contexts.®?

We therefore aimed to evaluate the impact of a heat wave on the
work burden of a regional EMS supported by a telemedicine hub. Our
objectives were to determine if there was an excess of EMS cases with
suspected acute heart disease as a result of the hot weather, ascertain
the principal reason for electrocardiogram (ECG) examination, and
possibly define the underlying cardiac conditions of the susceptible
population.

Materials and Methods

All patients who called the Apulia regional free public EMS “118”
number from July 1 through July 31, 2011 were enrolled. The number
“118” is the Italian public free service for general medical or surgical
emergencies, whose aim is an immediate diagnosis of critical diseases
in order to avoid emergency room delay-to-diagnosis. Final hospi-
talization is arranged by teams of physicians and the “118” district
central, connected by mobile phone; direct admission to a critical
care unit is arranged according to the level of care. Patients are
discharged from the ambulance and not transported at all in the case
of normal findings.

Telemedicine support provided by a regional telecardiology hub
(Cardio-on-Line Europe S.R.L., Bari, Italy) to the EMS of Apulia
(southeastern Italy, 19,362km? 4 million inhabitants) (Fig. 1) was
previously described elsewhere.'® A cardiologist available 24/7 within
the telecardiology hub promptly reads the ECGs recorded by EMS
personnel from all over Apulia. In the case of significant diagnoses, the
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Fig. 1. Heat wave in July 2011 with peak temperatures on July 10 (data
obtained from www.meteolive.it). Apulia, Italy, and its administrative
districts are shown below, on the left. A single telecardiology serving
the entire region is located in the capital city (Bari).

patients are immediately referred to the nearest
coronary care unit or catheterization laboratory
for the appropriate treatment.

One hundred sixty-five crews of “118” EMS,
27 first aid points (the first aid point is able to
give treatments to citizens who arrive sponta-
neously or to give treatment for minor prob-
lems, such as minor traumas or wounds; if
needed, the patient will be transferred by am-
bulance to the nearest emergency room for
adequate treatments), 33 summer first aid
points (a summer first aid point is active only in
summer months in tourist sites crowded with
tourists), and 12 medical vehicles were equip-
ped with a device able to record and transmit by
mobile phone a 12-lead ECG (CardioVox P12
Heartline receiving system from Aerotel, Ho-
lon, Israel). The regional EMS and tele-
cardiology provider made a preliminary
agreement on indications for ECG recording:
presence of chest pain or epigastric pain,
breathlessness, palpitations, dizziness/fainting,
or any suspected acute cardiovascular disease.
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Indications regarding ECG recording, ECG findings, and cu-
mulative by day number of EMS personnel contacts with the tel-
emedicine hub were compiled for the whole month of July 2011,
when a heat wave hit southern Italy and Apulia (Fig. I). Local
temperatures and relative humidity in Apulia district head cities
were recorded and provided by the Regional Environmental De-
partment (Agenzia Regionale Puglia per I’Ambiente) or interna-
tional weather archives when regionally missing.'' Temperatures
and humidity were combined in order to calculate the heat index
(HI), a more accurate parameter to assess perceived discomfort
caused by hot temperatures.'> The HI measures the evaporative
heat between a typical human and the environment and is a better
measure of the effect of heat on the body than temperature alone.'?
A “heat wave” was considered as an unusual weather condition
with an HI above 2 standard deviations over mean levels for that
month; means were calculated for the previous 3 years. Four peaks
exceeding 2 standard deviation levels can be observed in corre-
spondence with reported “heat waves” (Fig. 2). The study was ap-
proved by the Regional Health Care Authority.

STATISTICAL ANALYSIS

Continuous variables were expressed as mean * standard devi-
ation values and compared with Student’s ¢ test or the Mann-
Whitney U test as required. Categorical variables were expressed as
percentages and compared with the chi-squared test. Correlations
between continuous variables were analyzed with Pearson’s test or
the Spearman test as required. Normal distribution of variables was
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Fig. 2. July 2011 heat index values over mean levels + 2 standard deviations calculated for
the 3 years before. Four peaks corresponding to subsequent “heat waves” can be ob-
served and are highlighted.
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checked with the Lilliefors and Shapiro-Wilk test. A p value of <0.05
was considered as statistically significant.

There were 6 experimental subjects (heat wave days) and 24

control subjects (control days). In the study the response within each
subject group (calls per day) was normally distributed with a standard
deviation of 57. If the true difference in the experimental and control
means is 125, we will be able to reject the null hypothesis that the
population means of the experimental and control groups are equal
with a probability (power) of 99.5%. The Type I error probability
associated with this test of this null hypothesis is 0.05.

Results
We enrolled 9,282 consecutive patients who called the Apulia

regional free public EMS “118” number from July 1 through July 31,

2011. The mean age of subjects enrolled was 63 £ 20 years, 48% were
male, 3% were smokers, 3% had a pacemaker, 29% had a history of
cardiovascular disease, 33% were hypertensive, 11% had diabetes,
and 12% were obese.

Increased numbers of “118” call rates were observed just after
peaks in HI with a latency of about 48 h (Fig. 3). Mean number of calls
to the telecardiology hub for prehospital ECG screening in the case of
suspected heart disease was increased 48 h after days with an HI >44
(402+68 versus 275152, p<0.001, +46%); differences were not
significant at 24 and 72 h later considering those days with an HI
>44 (Fig. 4). Forty-eight hours after days with an HI > 44, the number
of calls was directly related to HI values (r=0.54, p<0.01); correla-
tions were not significant at 24 and 72 h later considering those days
with an HI >44 (Fig. 5).
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Symptoms reported by patients in concomitance with heat peaks

were mainly fainting (Fig. 6). Fe6
The ECG diagnoses of new-onset atrial fibrillation (AF) were sig-

nificantly increased 24 h after days with an HI >44 (12%7 versus

813, p<0.01, +50%); differences were not significant 48 h later AU3

considering the days with an HI >44 (Fig. 7). ECG diagnoses of F7

ST-elevation acute myocardial infarction, in contrast, remained
substantially unchanged.

No significant gender or age (>70 versus <70 years) differences
were observed in EMS calling after heat peaks (Figs. 8 and 9) (chi
squared p not significant); increased rates of EMS calling were found
48 h after days with an HI >44 in hypertensive patients (131142
versus 78+ 26, p<0.001, +68%) and subjects with prior cardiovas-
cular disease (137 £43 versus 89122, p<0.001, +549%) (Fig. 10).

Discussion

In this study we describe for the first time the impact of a heat wave
on EMS work burden and cases of suspected heart disease assessed by
telemedicine support. The heat wave was followed by a peaking rate
of EMS calls assessed by prehospital telecardiology support.

Increased rates of hospitalization during heat waves may be ex-
plained by several factors. The need to dissipate heat adds stress on
the cardiovascular system, which may cause the symptoms of un-
derlying heart disease to worsen (angina, shortness of breath).'*'® In
a study of elderly patients exposed to extreme indoor and outdoor
temperatures during heat waves, body temperature increased and
blood pressure values decreased proportionally to indoor and out-
door temperatures.'” Hot weather increases the individual’s circula-
tory rate and acts on blood pressure, particularly in those
already consuming cardiovascular drugs.'®'® When the

Fig. 3. Emergency medical service calls for suspected heart disease (left [L])
and July 2011 temperatures expressed as mean regional heart index (HI)
(right [R]. A heat wave hit on July 9—10 and 23. Coincident increased rates of

emergency medical service calls are detectable just after HI peaks.

400 54 body’s attempts to dissipate heat become overwhelmed and

i 52 the body’s temperature begins to rise, dehydration and

3801 o total calls (L I."l',l electrolyte imbalances may occur.® For people with dia-

- HI(R) ill l‘. .Q\ a % betes and renal disease, dehydration and excessive sweating

/| / "-\ /\ :'}_"?.I 48 result in increased stress on the kidneys.?' Serum sodium

340 I.'I 'I! IIJ' .-“'f \? |,i ‘I‘n 46 abnormalities are frequently observed in patients with a

_.'I '|| { ‘,\ ,.’f \ f \ i nonexertional heatstroke during a heat wave®?; however,

; san [ ."! b \ |'|I \ only hypernatremia should be considered as an independent

E - f l'll .‘: I'._H | "° - risk factor of death. Increased platelet and red cell counts,

3 |'I III II.' \ ,'I 6 40 blood viscosity, and plasma cholesterol levels were shown

280 ; "!I.' I'ﬁ r'l 38 during heat stress, and that may be related to observed

v “ ".I rn'l mortality from coronary and cerebral thrombosis during

00 / I'”' * heat waves.'® The level of troponin I is frequently elevated

_— }/pa__x_o___/df 4 34 in patients with nonexertional heat-related illnesses during

/ 12 a heat wave and is an independent risk factor only in high-

20| ° . risk patients, where a severe increase (>1.5 ng/mL) indicates
severe myocardial damage.*

200 8 It is interesting that peaks in EMS calls showed a lag of

by e about 48 h after peaks in HI. This phenomenon is similar to

findings from several other prior studies,>**® which have

already found a 48-h lag.
The presence of a typical lag between heat wave onset
and heat-related dispatches (emergency 911 calls) has been
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Fig. 4. Mean calls the telecardiology hub for prehospital electrocardiogram screening the the case of suspected heart disease by “118”
emergency medical service crews: (left) days with a heat index (HI) of <44 and subsequent days and (right) days with an HI of >44 and
subsequent days. Differences were statistically significant at 48 h after days with an HI of >44.

previously described by Hartz et al.?® That is probably due to both the
time that climate stressors need to overwhelm the compensatory
mechanism of the cardiovascular system and longer decision times
(call for medical help) among subjects at higher risk in the case of
heat waves (elderly patients).

The lag, however, may be also related to a cumulative effect of hot
temperatures; there is evidence that the longer the heat wave dura-
tion, the higher the rise in all-causes hospital admission. Heat wave
effects were shown to amount to a stable and statistically significant

8.1-11.6% increase in excess deaths per heat wave day”’; in more
than 40 American cities, heat wave mortality risk increased 0.38% for
every 1-day increase in heat wave duration.?® The longest heat waves
were associated in Spain with daily mortality.>® An analysis for 108
communities in the United States during 1987-2000 showed an ad-
ditional effect linked with heat waves after 4 consecutive heat wave

days.*°
In a study from seven major Korean cities, heat wave definition
required at least 2 days of duration to show its effect.?! In Catalonia, 3
consecutive hot days increased total daily

mortality by 19% (cardiovascular and respira-
tory diseases, mental and nervous system dis-
o orders, infectious and digestive system

- diseases, diabetes, and some external causes
such as suicide); about 40% of attributable
o deaths, however, did not occur during heat
wave periods, but later on.>? Anderson and
o Bell*’ typically found that heat-related mor-
tality was most associated with a 24-48-h lag;

28 30 32 34 36 38 40H;12 44 46 48 50 52 54

mortality risk increased with the intensity or
duration of heat waves. Hertel et al.>* found
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that even the effect on respiratory mortality
was delayed; the maximum relative risk (RR)
was 1.66 at 6 days after the heat wave. During
the July 2006 heat wave, daily mortality,
morbidity, and HI were correlated with lags of

o p n.s.

apparent temperature up to 7 days.*®

o The increased frequency and intensity of
& @e ® heat waves, which can cause serious health
impacts, seem to be one of the consequences of
climate change.*® According to some authors,
extreme heat events are responsible for more

(=]

Fig. 5. Correlations between calls to the telecardiology hub for prehospital electrocardiogram
screening in the case of suspected heart disease by “118” emergency medical crews and heat
index (HI) values. Correlations were statistically significant at 48 h after days with an HI of

> 44. n.s., not significant.
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deaths in the United States than floods, hurri-
canes, and tornados combined.?®

Increased death rates accompanying heat
waves have been reported for a long time.*”-*®
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rates, and the rate for persons dead on arrival.> Virtually all the
excess mortality was in persons over the age of 60 years. Again, in
1980 hospital admissions in St. Louis, MO, and Kansas City, MO,
were found to be increased by 5.1% and 1.5% during a heat wave,
and deaths from all causes rose by 57% and 649%, respectively.*® A
26% increase in total mortality and a 98% increase in cardio-
vascular mortality were associated with the 1999 heat wave in
Philadelphia, PA.*' Data showed an increase in total mortality in
four of the five counties examined and an increase in cardio-
vascular mortality in all five counties. The risk for death for those
dying from cardiovascular disease increased significantly for
people older than 64 years, for both sexes, and all races.
Cumulative excess nonaccidental mortality during the 2001
heat wave in Moscow was 339%, or approximately 1,200 addi-
tional deaths, with short-term displaced mortality contributing
about 10% of these.** Mortality from coronary heart disease
increased by 32%, cerebrovascular mortality by 51%, and re-
spiratory mortality by 80%. In the 75+ -years age group, cor-
responding mortality increments were consistently higher

Fig. 6. Symptoms reported by patients calling the emergency medical
service for suspected heart disease and July 2011 temperatures ex-
pressed as mean regional heat index (HI). Increased rates of reported

fainting during the heat wave are seen; a smaller increase is observable

also for dyspnea. L, left.

Subsequently, several heat waves have been reported. During the
heat wave of 1980, average daily temperatures in Memphis, TN, first
rose above the mean on June 25 and remained elevated for 26 con-
secutive days. There was a statistically significant increase in total
mortality rates, death from natural causes, cardiovascular mortality

except for respiratory deaths. An estimated 560 extra deaths
were observed during the three heat waves of 2002.

In 2003, Shanghai recorded the hottest summer in over 50
years. During the heat wave, the RR of total mortality was 1.13,
and the impact was greatest for cardiovascular (RR=1.19) and
respiratory (RR = 1.23) mortality**; elderly people (over 65 years) were
most vulnerable to the heat wave.

An analysis from heat waves in seven major Korean cities for
2000-2007 found total mortality increased 4.1% during heat waves
compared with non-heat wave days®'; estimated mortality was

higher for heat waves that were more intense, longer, or earlier
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in the summer, although effects were not statistically signifi-
cant. Estimated risks were higher for women versus men, older
versus younger residents, those with no education versus some
education, and deaths that occurred out of hospitals in Seoul,
although differences among strata of individual characteristics
were not statistically significant.

In Québec, Canada, July 2010 was marked by a heat wave
unprecedented in recent history.** During the heat wave, the
crude daily rates showed a significant increase of 33% for
deaths and 4% for ED admissions in relation with comparison
periods. There were 304 reported deaths from all causes in Mon-
treal residents, of which 106 were probably or possibly heat-
related.*® Major underlying health conditions in heat-related
deaths included cardiovascular problems and mental health illness.

During a 2010 heat wave in the city of Harbin in northern
China, an overall excess of 41% in total mortality occurred, with
a RR of total mortality 1.41.%°

Heat waves are a public health concern in Australia, and

Fig. 7. Main electrocardiogram diagnoses found in emergency medical

service calls for suspected heart disease and July 2011 temperatures

expressed as mean regional heat index (HI) (right [R]). Increased rates of
newly diagnosed atrial fibrillation (AF) were found, whereas diagnosis of
ST-elevation acute myocardial infarction (STEMI) remained stable. L, left.

© MARY ANN LIEBERT, |

unprecedented heat waves have been recorded in Adelaide in
recent years."” From January 30 to February 6, 2011, New South
Wales was affected by an exceptional heat wave; during the heat
wave all-cause ED visits increased by 2%, all-cause ambulance
calls increased by 14%, and all-cause mortality increased
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20 o In 1995, the Chicago heat wave resulted in 692 excess
deaths from June 21 to August 10, 1995. RR for all-cause
Salaodig 52 mortality on the day with peak mortality was 1.74.>” During
200 @ HIR) 50 the week of the heat wave, there were 1,072 (11%) more
” hospital admissions than average for comparison weeks and
180 838 (35%) more than expected among patients 65 years of
A8 age and older." Analysis of comorbid conditions revealed
7 44 23% excess admissions for underlying cardiovascular dis-
450 42 eases and 30% for diabetes.

During August 2003, Europe sustained a severe heat

40 . .
140 - wave that resulted in 14,800 heat-related deaths in
/"\ ) Q 38 France.?***** The consequences were maximal in the Paris
i c/-' \ 36 area; more than 2,600 excess ED visits, 1,900 excess hos-
d ¥ \\d/ o ” pital admissions, and 475 excess deaths were reported de-
. spite a rapid mobilization.”* The excess mortality was
100 82 marked and increased with age. It was 15% higher in wo-
30 men than in men of comparable age beginning with 45
0 o8 years of age.”® Excess mortality at home and in retirement
July days institutions was greater than that in hospitals. Deaths di-

Fig. 8. Emergency medical service calls for suspected heart disease and July
2011 temperatures expressed as mean regional heat index (HI). No statisti-

cally significant gender difference is seen. L, left; R, right.

by 13%."® Those 75 years of age and older had the highest excess
rates of all outcomes.

The largest amount of data come from the 1995 heat wave
in Chicago, IL,"**° that in 2003 in France,”® and that in 2006 in
California.”

rectly related to heat, heatstroke, hyperthermia, and de-
hydration increased massively. Cardiovascular diseases,
ill-defined morbid disorders, respiratory diseases, and
nervous system diseases also markedly contributed to the
excess mortality. The geographic variations in mortality
showed a clear age-dependent relationship with the number of very
hot days. No harvesting effect was observed.

In a multicounty analysis from California, during the July 2006
heat wave, there was a 9% increase in daily mortality per 10°F
change in apparent temperature for all counties combined.”' This
estimate is almost three times larger than the effect esti-
mated for the full warm season of May-September, during
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54 the non-heat wave years. Actual mortality during the July
52 2006 heat wave was two to three times greater than ex-
5 pected; 16,166 excess ED visits and 1,182 excess hospi-
talizations occurred statewide in California during the heat
tad wave. ED visits showed significant increases for acute re-
46 nal failure, cardiovascular diseases, diabetes, electrolyte
a“ imbalance, and nephritis.
o Quantifying the impact of heat waves on overall mor-

tality, cardiovascular mortality, and cardiovascular mor-
40 bidity is not easy.

a8 After analyzing mortality risk for heat waves in 43 U.S.
cities (1987-2005), mortality was found to be increased

= 3.74% during heat waves compared with non-heat wave
34 days and 2.49% for every 1°F increase in heat wave inten-
32 sity.?® For a 1°C increase in mean apparent temperature a
- 2.7% increase in mortality (all cause) was observed,?” and a

6% increase in mortality risk was observed for each degree
28

July days

increase in HL.>®

Among 95,808 nursing home residents in southwest

Fig. 9. Emergency medical service calls for suspected heart disease and July
2011 temperatures expressed as mean regional heat index (HI). No statisti-

cally significant age difference (in years) is seen. L, left; R, right.
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Germany between 2001 and 2005, mortality risk increased
by 26% and 62% at days of 32.0-33.9°C and 34°C and
more, respectively.®” In Castile-La Mancha, for each °C that
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arrest attended by the medical mobile intensive care units
b oPM (L) = during the 2003 heat wave in France but without signifi-
= CHD(L) 9 o 52 cantly increased rates of myocardial infarction. Kovats
140 < hypertension (L} 65 . . N
diabetes (L) g 50 et al.”” also described a contrasting pattern of mortality and
= 'f'g:’f;i}ty”" " i hospital admission during heat waves in Greater London:
g : the impact of hot weather on mortality is not paralleled by
g 100 ) \ 46 similar magnitude increases in hospital admissions, which
2 $d ] 44 supports the hypothesis that many heat-related deaths occur
% 80 G o o \ i in people before they come to medical attention.
8 ¥ = ¢ T The temperature above which hospital admissions soar,
g 60} o " 40 however, coincides with the temperature limit above
s 38 which mortality sharply rises. The pattern of hospital
]0': 40 3 admissions is completely different from that of mortality;
& the rise in hospital admissions due to all causes and age
g o groups is clearly smaller than that detected for mortali-
32 ty.®® These results suggest that people die rapidly from
9 30 circulatory diseases before they can be admitted to the
hospital.
20 28

July days

On another hand, several studies have remarked on the
greater impact of heat waves on respiratory disease rather

Fig. 10. Risk factors and prior history of patients calling the emergency
medical service for suspected heart disease and July 2011 temperatures
expressed as mean regional heat index (HI). Higher rates are observable in
those with hypertension and subjects with prior cardiovascular disease.

CHD, congestive heart failure; L, left; R, right.

temperatures exceeded local thresholds, the percentage increase in
mortality amounted to increases of approximately 12% over the
daily mean, albeit with clear provincial variations.?®

The influences of temperature on heat-related illnesses seem to
vary according to gender, age, and region.*® Being male was reported
as a major risk factor of mortality during heat waves,*® whereas in a
study by Diaz et al.,®® mortality increased up to 28.4% for every
degree the temperature rose above 36.5°C, with particular effect in
women over the age of 75 years and circulatory-cause mortality. No
significant gender differences were found in our study.

Although the short-term effects of high environmental tempera-
tures on mortality have been well documented,>®' there is less evi-
dence about the effects of high temperature on morbidity. In 12 U.S.
cities, there was an association between hot weather and a rise in
admissions for heart diseases in the 65-year age group.®” In Denver,
CO, high temperatures were associated with an increase in admissions
for acute myocardial infarction and congestive heart failure.®®

Despite this prior evidence, in our study an increased number of
“118” calls was not matched with an increase in acute myocardial
infarction or severe cardiovascular disease diagnosed at prehospital
assessment with telecardiology support. This apparent contrast could
be explained by considering several points.

Our study did not focus on mortality and was exclusively aimed at
evaluating the increased workload for EMS supported by a tele-
cardiology service during a heat wave, although heat waves probably
impact mainly on cardiovascular mortality rather than on morbidity.

Empana et al.®* thus found increased rates of out-of-hospital cardiac

than on cardiovascular disease. The 2003 Germany heat
wave effect on mortality varied based on underlying disease;
regression analysis showed an association between heat and
overall mortality and greatest associations for respiratory
mortality.®’ In a large study from Essen, Germany, periods
with sustained heat especially affected respiratory mortality,
whereas for cardiovascular and neoplastic mortality no distinct in-
fluence could be shown.**

In a study conducted in 12 European cities, for respiratory ad-
missions there was a positive association that was heterogeneous
among cities.®® In contrast, the association between temperature and
cardiovascular and cerebrovascular admissions tended to be negative
and did not reach statistical significance.

During the 1995 heat wave in Chicago, the number of hospitali-
zations exceeded the average for non-heat wave weeks by 1,072, but
no morbidity displacement was observed to supersede this excess.'"
Studies of heat waves tend to show comparatively smaller increases
in hospital admissions than in mortality,"®® but the results of time
series studies are not consistent.

The only significant finding in our study on cardiovascular mor-
bidity was an increased rate of diagnosis of new-onset AF in coin-
cidence with a heat wave. This finding contrasts with prior
observations that found increased rates of admission for AF during
cold days® or in winter periods.”®”!

This apparent contrast may be probably explained by extreme
conditions typical of heat waves possibly related to AF onset, such as
dehydration, electrolyte anomalies,”? hemodynamic stress, and cat-
echolamine release consequent to hypotension.”> Hypovelemia in-
duced by dehydration is a well-known trigger of adrenergic
activation,”* and adrenergic hypertone is related to AF onset.”
Moreover, autonomic tone variations possibly induced by heat may
lead to AF.”®”” Heatstroke is linked with an inflammatory activa-
tion,”® and inflammation may be associated with new onset of AF.”®
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Understanding the health impacts of heat waves is important,
especially given anticipated increases in the frequency, duration, and
intensity of heat waves due to climate change. Initiatives were taken
with the aim of reducing health consequences of heat waves, and
results were encouraging. Following the 2010 heat wave, the Mon-
treal heat response plan and heat surveillance system were updated to
include initiatives to better communicate preventive measures to the
vulnerable populations and to intervene earlier during a heat wave.**
Thanks to these initiatives, the impact of heat waves was significantly
blunted. Data on nine French cities from the 2006 heat wave show
that, unlike the 2003 heat wave, no additional heat wave effect was
observed.?® The absence of a specific heat wave effect may be partly
explained by the prevention plans. The excess mortality during the
2006 heat wave in France, which was markedly lower than that
predicted by the model, may be interpreted as a decrease in the
population’s vulnerability to heat, together with, since 2003, in-
creased awareness of the risk related to extreme temperatures, pre-
ventive measures, and the setup of the warning system.?'

The implementation of a regional heat-health warning system was
associated with a decrease of the excessive heat effect on mortality
also in Tuscany, Italy.??

However, an important residual risk remains that needs to be more
vigorously addressed by public health authorities in light of the ex-
pected increase in the frequency and severity of heat waves and the
aging of the population. Because a warmer climate is predicted in the
future, the incidence of heat waves should increase, and more com-
prehensive measures, both medical and social, should be adopted to
prevent the effects of extreme heat on the population, particularly the
elderly. From such a perspective, prehospital immediate assessment
with telecardiology support may be of help in reducing time of diag-
nosis in the case of real acute cardiovascular disease or reducing un-
necessary ED visits in the case of heat waves.”'%%378 Qther authors
indeed have already suggested that simple preventive measures before
hospital admissions, such as prehospital assessment with tele-
cardiology support, may be able to reduce the mortality that mostly
occurred at home and in nursing homes.>*

Further randomized studies on larger populations, however, are
needed in order to evaluate the possible efficacy of telemedicine
in managing increased work burden for EMS during heat waves,
in promptly diagnosing cases needing urgent hospitalization, or in
avoiding unnecessary urgent cardiologist consultations.

LIMITATIONS

The main limitation of the study is the lack of data regarding sub-
sequent hospitalization and final diagnosis of hospitalized patients.
That does not allow any analysis on mortality or diagnostic pathways.

No data are available on markers of pollution or microparticulate
material in the air.

Exposure was not measured as HI for each individual but used at a
community level. The estimated exposure does not address activity
patterns such as time indoors versus outdoors, the limited time frame
(1 month) to establish baseline rates for comparison, and multiple
calls from the same person.
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AF cases were considered as new onset as reported by patients; some
cases of presumed new-onset AF could be therefore permanent AF with
inadequate rate control in patients who were more vasodilated due to
the heat, resulting in activation of the sympathetic nervous system.

Conclusions

Increased work burden for EMS assessed with prehospital tele-
cardiology screening accompanies heat waves because of subjects
calling for suspected acute heart disease. Despite the increased number
of calls, the diagnosis of severe acute cardiac disease remains sub-
stantially unchanged. Prehospital screening with telecardiology support
could possibly be of help in the case of heat waves and consequent peaks
of calls to the “118” EMS number in reducing the workload for EDs.

Disclosure Statement
No competing financial interests exist.

REFERENCES

1. Semenza JC, McCullough JE, Flanders WD, McGeehin MA, Lumpkin JR. Excess
hospital admissions during the July 1995 heat wave in Chicago. Am J Prev Med
1999;16:269-277.

2. Semenza JC, Rubin CH, Falter KH, Selanikio JD, Flanders WD, Howe HL, Wilhelm
JL. Heat-related deaths during the July 1995 heat wave in Chicago. N Engl J
Med 1996;335:84-90.

3. Kilbourne EM. The spectrum of illness during heat waves. Am J Prev Med
1999;16:359-360.

4. Kovats RS, Ebi KL. Heatwaves and public health in Europe. Eur J Public Health
2006;16:592-599.

5. Knowlton K, Rotkin-Ellman M, King G, Margolis HG, Smith D, Solomon G, Trent
R, English P. The 2006 California heat wave: Impacts on hospitalizations and
emergency department visits. Environ Health Perspect 2009;117:61-67.

6. Antman EM, Anbe DT, Armstrong PW, Bates ER, Green LA, Hand M, Hochman JS,
Krumholz HM, Kushner FG, Lamas GA, Mullany CJ, Ornato JP, Pearle DL, Sloan
MA, Smith SC Jr, Alpert JS, Anderson JL, Faxon DP, Fuster V, Gibbons RJ,
Gregoratos G, Halperin JL, Hiratzka LF, Hunt SA, Jacobs AK. ACC/AHA guidelines
for the management of patients with ST-elevation myocardial infarction—
Executive summary: A report of the American College of Cardiology/American
Heart Association Task Force on Practice Guidelines (Writing Committee to
Revise the 1999 Guidelines for the Management of Patients with Acute
Myocardial Infarction). Circulation 2004;110:588-636.

7. Ting HH, Krumholz HM, Bradley EH, Cone DC, Curtis JP, Drew BJ, Field JM,
French WJ, Gibler WB, Goff DC, Jacobs AK, Nallamothu BK, O'Connor RE, Schuur
JD; American Heart Association Interdisciplinary Council on Quality of Care and
Outcomes Research, Emergency Cardiovascular Care Committee; American
Heart Association Council on Cardiovascular Nursing; American Heart
Association Council on Clinical Cardiology. Implementation and integration of
prehospital ECGs into systems of care for acute coronary syndrome: A scientific
statement from the American Heart Association Interdisciplinary Council on
Quality of Care and Outcomes Research, Emergency Cardiovascular Care
Committee, Council on Cardiovascular Nursing, and Council on Clinical
Cardiology. Circulation 2008;118:1066-1079.

8. Serensen JT, Terkelsen CJ, Ngrgaard BL, Trautner S, Hansen TM, Batker HE, Lassen
JF, Andersen HR. Urban and rural implementation of pre-hospital diagnosis and
direct referral for primary percutaneous coronary intervention in patients with
acute ST-elevation myocardial infarction. Eur Heart J 2011;32:430-436.

9. Brunetti ND, De Gennaro L, Amodio G, Dellegrottaglie G, Pellegrino PL, Di Biase
M, Antonelli G. Telecardiology applied to a region-wide public emergency health
care service. J Thromb Thrombolysis 2009;28:23-30.



AU5

TMJ-2013-0086-ver9-Brunetti_1P.3d

10.

20.

2

22.

23.

24.

25.

26.

27.

28.

12/13/13

Brunetti ND, De Gennaro L, Dellegrottaglie G, Amoruso D, Antonelli G, Di Biase
M. A regional pre-hospital ECG network with a single tele-cardiology "hub" for
public emergency medical service: Technical requirements, logistics, manpower
and preliminary results. Telemed J E Health 2011;17:727-733.

. www.wunderground.com
12.

Steadman RG. A universal scale of apparent temperature. J Clim Appl Meteorol
1984;23:1674-1687.

. Steadman RG. The assessment of sultriness. 1. A temperature-humidity index

based on human physiology and clothing science. J App! Meteorol
1979;18:861-873.

Sohar E, Shoenfeld Y, Shapiro Y, Ohry A, Cabili S. Effects of exposure to Finnish
sauna. Isr J Med Sci 1976;12:1275-1282.

. Shoenfeld Y, Sohar E, Ohry A, Shapiro Y. Heat stress: Comparison of short

exposure to severe dry and wet heat in saunas. Arch Phys Med Rehabil
1976;57:126-129.

Sawka MN, Leon LR, Montain SJ, Sonna LA. Integrated physiological
mechanisms of exercise performance, adaptation, and maladaptation to heat
stress. Compr Physiol 2011;1:1883-1928.

.Kim YM, Kim S, Cheong HK, Ahn B, Choi K. Effects of heat wave on body

temperature and blood pressure in the poor and elderly. Environ Health Toxicol
2012;27:€2012013.

. Modesti PA, Morabito M, Bertolozzi I, Massetti L, Panci G, Lumachi C, Giglio A,

Bilo G, Caldara G, Lonati L, Orlandini S, Maracchi G, Mancia G, Gensini GF, Parati
G. Weather-related changes in 24-hour blood pressure profile: Effects of

age and implications for hypertension management. Hypertension
2006;47:155-161.

. Keatinge WR, Coleshaw SR, Easton JC, Cotter F, Mattock MB, Chelliah R.

Increased platelet and red cell counts, blood viscosity, and plasma cholesterol
levels during heat stress, and mortality from coronary and cerebral thrombosis.
Am J Med 1986;81:795-800.

Maughan RJ. Hydration, morbidity, and mortality in vulnerable populations.
Nutr Rev 2012;70(Suppl 2):5152-5155.

. Michenot F, Sommet A, Bagheri H, Lapeyre-Mestre M, Montastruc JL; French

Network of PharmacoVigilance Centres. Adverse drug reactions in patients
older than 70 years during the heat wave occurred in France in summer 2003:
A study from the French PharmacoVigilance Database. Pharmacoepidemiol
Drug Saf 2006;15:735-740.

Hausfater P, Mégarbane B, Fabricatore L, Dautheville S, Patzak A, Andronikof M,
Santin A, Kierzek G, Doumenc B, Leroy C, Manamani J, Peviriéri F, Riou B. Serum
sodium abnormalities during nonexertional heatstroke: Incidence and
prognostic values. Am J Emerg Med 2012;30:741-748.

Hausfater P, Doumenc B, Chopin S, Le Manach Y, Santin A, Dautheville S, Patzak
A, Hericord P, Mégarbane B, Andronikof M, Terbaoui N, Riou B. Elevation of
cardiac troponin | during non-exertional heat-related illnesses in the context of
a heatwave. Crit Care 2010;14:R99.

Argaud L, Ferry T, Le QH, Marfisi A, Ciorba D, Achache P, Ducluzeau R, Robert D.
Short- and long-term outcomes of heatstroke following the 2003 heat wave in
Lyon, France. Arch Intern Med 2007;167:2177-2183.

Naughton MP, Henderson A, Mirabelli MC, Kaiser R, Wilhelm JL, Kieszak SM,
Rubin CH, McGeehin MA. Heat-related mortality during a 1999 heat wave in
Chicago. Am J Prev Med 2002;22:221-227.

Hartz DA, Golden JS, Sister C, Chuang WC, Brazel AJ. Climate and heat-
related emergencies in Chicago, lllinois (2003-2006). Int J Biometeorol
2012;56:71-83.

Rocklov J, Barnett AG, Woodward A. On the estimation of heat-intensity and
heat-duration effects in time series models of temperature-related mortality in
Stockholm, Sweden. Environ Health 2012;11:23.

Anderson GB, Bell ML. Heat waves in the United States: Mortality risk during
heat waves and effect modification by heat wave characteristics in 43 U.S.
communities. Environ Health Perspect 2011;119:210-218.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40,

4

42.

43.

44,

45.

46.

47.

48.

49.

50.

5

52.

12:38pm Page 9

HEAT WAVES AND TELECARDIOLOGY

Montero JC, Miron 1, Criado-Alvarez 1, Linares C, Diaz J. Influence of local
factors in the relationship between mortality and heat waves: Castile-La
Mancha (1975-2003). Sci Total Environ 2012;414:73-80.

Gasparrini A, Armstrong B. The impact of heat waves on mortality.
Epidemiology 2011;22:68-73.

Son JY, Lee JT, Anderson GB, Bell ML. The impact of heat waves on mortality in
seven major cities in Korea. Environ Health Perspect 2012;120:566-571.

Basagafa X, Sartini C, Barrera-Gomez J, Dadvand P, Cunillera J, Ostro B, Sunyer
J, Medina-Ramén M. Heat waves and cause-specific mortality at all ages.
Epidemiology 2011;22:765-772.

Anderson BG, Bell ML. Weather-related mortality: How heat, cold, and heat
waves affect mortality in the United States. Epidemiology 2009;20:205-213.

Hertel S, Le Tertre A, Jockel KH, Hoffmann B. Quantification of the heat wave effect
on cause-specific mortality in Essen, Germany. Eur J Epidemiol 2009;24:407-414.

Monteiro A, CarvalhoV, Oliveira T, Sousa C. Excess mortality and morbidity during
the July 2006 heat wave in Porto, Portugal. Int J Biometeoro/ 2013;57:155-156.

Diffenbaugh NS, Pal JS, Giorgi F, Gao X. Heat stress intensification in the
Mediterranean climate change hotspot. Geophys Res Lett 2007;34:L11706.

Marmor M. Heat wave mortality in New York City, 1949 to 1970. Arch Environ
Health 1975;30:130-136.

Ellis FP, Nelson F. Mortality in the elderly in a heat wave in New York City,
August 1975. Environ Res 1978;15:504-512.

Applegate WB, Runyan JW Jr, Brasfield L, Williams ML, Konigsberg C, Fouche C.
Analysis of the 1980 heat wave in Memphis. J Am Geriatr Soc 1981;29:337-342.

. Jones TS, Liang AP, Kiloourne EM, Griffin MR, Patriarca PA, Wassilak SG, Mullan

RJ, Herrick RF, Donnell HD Jr, Choi K, Thacker SB. Morbidity and mortality
associated with the July 1980 heat wave in St Louis and Kansas City, Mo. JAMA
1982;247:3327-3331.

. Wainwright SH, Buchanan SD, Mainzer HM, Parrish RG, Sinks TH. Cardiovascular

mortality—The hidden peril of heat waves. Prehosp Disaster Med 1999;14:222-231.

Revich B, Shaposhnikov D. Excess mortality during heat waves and cold spells in
Moscow, Russia. Occup Environ Med 2008;65:691-696.

Huang W, Kan H, Kovats S. The impact of the 2003 heat wave on mortality in
Shanghai, China. Sci Total Environ 2010;408:2418-2420.

Bustinza R, Lebel G, Gosselin P, Bélanger D, Chebana F. Health impacts of the
July 2010 heat wave in Québec, Canada. BMC Public Health 2013;13:56.

Price K, Perron S, King N. Implementation of the Montreal heat response plan
during the 2010 heat wave. Can J Public Health 2013;104:296-¢100.

Lan L, Cui G, Yang C, Wang J, Sui C, Xu G, Zhou D, Cheng Y, Guo Y, Li T.
Increased mortality during the 2010 heat wave in Harbin, China. Ecohealth
2012;9:310-314.

Akompab DA, Bi P, Williams S, Grant J, Walker IA, Augoustinos M. Awareness of and
attitudes towards heat waves within the context of climate change among a cohort
of residents in Adelaide, Australia. Int J Environ Res Public Health 2012;10:1-17.

Schaffer A, Muscatello D, Broome R, Corbett S, Smith W. Emergency
department visits, ambulance calls, and mortality associated with an
exceptional heat wave in Sydney, Australia, 2011: A time-series analysis.
Environ Health 2012;11:3.

Whitman S, Good G, Donoghue ER, Benbow N, Shou W, Mou S. Mortality in
Chicago attributed to the July 1995 heat wave. Am J Public Health
1997;87:1515-1518.

Vanhems P, Gambotti L, Fabry J. Excess rate of in-hospital death in Lyons, France,
during the August 2003 heat wave. N Engl J Med 2003;349:2077-2078.

. Ostro BD, Roth LA, Green RS, Basu R. Estimating the mortality effect of the July

2006 California heat wave. Environ Res 2009;109:614-619.

Kaiser R, Le Tertre A, Schwartz J, Gotway CA, Daley WR, Rubin CH. The effect of
the 1995 heat wave in Chicago on all-cause and cause-specific mortality. Am J
Public Health 2007;97(Suppl 1):S158-5162.

© MARY ANN LIEBERT, INC. e VOL. 20 NO. 3 e MARCH 2014 TELEMEDICINE and e-HEALTH ¢




TMJ-2013-0086-ver9-Brunetti_1P.3d 12/13/13

BRUNETTI ET AL.

53. Vandentorren S, Suzan F, Medina S, Pascal M, Maulpoix A, Cohen JC, Ledrans M.
Mortality in 13 French cities during the August 2003 heat wave. Am J Public
Health 2004;94:1518-1520.

54. Dhainaut JF, Claessens YE, Ginsburg C, Riou B. Unprecedented heat-related
deaths during the 2003 heat wave in Paris: Consequences on emergency
departments. Crit Care 2004;8:1-2.

5

o

. Fouillet A, Rey G, Laurent F, Pavillon G, Bellec S, Guihenneuc-Jouyaux C, Clavel
J, Jougla E, Hémon D. Excess mortality related to the August 2003 heat wave in
France. Int Arch Occup Environ Health 2006;80:16-24.

56. Yip FY, Flanders WD, Wolkin A, Engelthaler D, Humble W, Neri A, Lewis L, Backer
L, Rubin C. The impact of excess heat events in Maricopa County, Arizona:
2000-2005. Int J Biometeorol 2008;52:765-772.

5

~

. Klenk J, Becker C, Rapp K. Heat-related mortality in residents of nursing homes.
Age Ageing 2010;39:245-252.

Na W, Jang JY, Lee KE, Kim H, Jun B, Kwon JW, Jo SN. The effects of temperature
on heat-related illness according to the characteristics of patients during the
summer of 2012 in the Republic of Korea. J Prev Med Public Health 2013;46:19-27.

5

=]

5

©

. Robine JM, Michel JP, Herrmann FR. Excess male mortality and age-specific
mortality trajectories under different mortality conditions: A lesson from the
heat wave of summer 2003. Mech Ageing Dev 2012;133:378-386.

60. Diaz J, Jordan A, Garcia R, Lopez C, Alberdi JC, Hernandez E, Otero A. Heat waves
in Madrid 1986-1997: Effects on the health of the elderly. Int Arch Occup
Environ Health 2002;75:163-170.

6

. Basu R, Samet J. Relation between elevated ambient temperature and mortality:
A review of the epidemiologic evidence. Epidemiol Rev 2002;24:190-202.

6

N

. Schwartz J, Samet J, Patz J. Hospital admissions for heart disease: The effects of
temperature and humidity. Epidemiology 2004;15:755-761.

. Koken PJM, Piver WT, Ye F, Elixhauser A, Olsen LM, Portier CJ. Temperature, air
pollution, and hospitalization for cardiovascular diseases among elderly people
in Denver. Environ Health Perspect 2003;111:1312-1317.

6

w

64. Empana JP, Sauval P, Ducimetiere P, Tafflet M, Carli P, Jouven X. Increase in
out-of-hospital cardiac arrest attended by the medical mobile intensive care
units, but not myocardial infarction, during the 2003 heat wave in Paris, France.
Crit Care Med 2009;37:3079-3084.

6

o

Kovats SR, Hajat S, Wilkinson P. Contrasting patterns of mortality and hospital
admissions during hot weather and heat waves in Greater London, UK. J Occup
Environ Med 2004;61:893-898.

6

o

Linares C, Diaz J. Impact of high temperatures on hospital admissions:
Comparative analysis with previous studies about mortality. Eur J Public Health
2008;18:317-322.

67. Hoffmann B, Hertel S, Boes T, Weiland D, Jéckel KH. Increased cause-specific
mortality associated with 2003 heat wave in Essen, Germany. J Toxicol Environ
Health A 2008;71:759-765.

Michelozzi P, Accetta G, De Sario M, D'lppoliti D, Marino C, Baccini M, Biggeri A,
Anderson HR, Katsouyanni K, Ballester F, Bisanti L, Cadum E, Forsberg B,
Forastiere F, Goodman PG, Hojs A, Kirchmayer U, Medina S, Paldy A, Schindler C,
Sunyer J, Perucci CA; PHEWE Collaborative Group. High temperature and
hospitalizations for cardiovascular and respiratory causes in 12 European cities.
Am J Respir Crit Care Med 2009;179:383-389.

6

©

69. Kiu A, Horowitz JD, Stewart S. Seasonal variation in AF-related admissions to a
coronary care unit in a "hot" climate: Fact or fiction? J Cardiovasc Nurs
2004;19:138-141.

70. Frost L, Johnsen SP, Pedersen L, Husted S, Engholm G, Serensen HT, Rothman
KJ. Seasonal variation in hospital discharge diagnosis of atrial fibrillation: A
population-based study. Epidemiology 2002;13:211-215.

7

. Watanabe E, Kuno Y, Takasuga H, Tong M, Sobue Y, Uchiyama T, Kodama |,
Hishida H. Seasonal variation in paroxysmal atrial fibrillation documented by
24-hour Holter electrocardiogram. Heart Rhythm 2007;4:27-31.

72. Krueger MW, Severi S, Rhode K, Genovesi S, Weber FM, Vincenti A, Fabbrini P,
Seemann G, Razavi R, Déssel O. Alterations of atrial electrophysiology related to

10 TELEMEDICINE and e-HEALTH MARCH 2014

o

o

~

(e

©o

N

w

»

o

12:38pm Page 10

hemodialysis session: Insights from a multiscale computer model. J
Electrocardiol 2011;44:176-183.

73. Reato S, Baratella MC, D'este D. Persistent atrial fibrillation associated with

syncope due to orthostatic hypotension: A case report. J Cardiovasc Med
2009;10:866-868.

74. Ushioda E, Nuwayhid B, Kleinman G, Tabsh K, Brinkman CR 3rd, Assali NS. The

contribution of the beta-adrenergic system to the cardiovascular response to
hypovolemia. Am J Qbstet Gynecol 1983;147:423-429.

. Barold HS, Shander G, Tomassoni G, Simons GR, Wharton JM. Effect of

increased parasympathetic and sympathetic tone on internal atrial defibrillation
thresholds in humans. Pacing Clin Electrophysiol 1999;22:238-242.

Bettoni M, Zimmermann M. Autonomic tone variations before the onset of
paroxysmal atrial fibrillation. Circulation 2002;105:2753-2759.

. Sharifov OF, Fedorov W, Beloshapko GG, Glukhov AV, Yushmanova AV,

Rosenshtraukh LV. Roles of adrenergic and cholinergic stimulation in
spontaneous atrial fibrillation in dogs. J/ Am Coll Cardiol 2004;43483-490.

. Huisse MG, Pease S, Hurtado-Nedelec M, Arnaud B, Malaquin C, Wolff M,

Gougerot-Pocidalo MA, Kermarrec N, Bezeaud A, Guillin MC, Paoletti X, Chollet-
Martin S. Leukocyte activation: The link between inflammation and coagulation
during heatstroke. A study of patients during the 2003 heat wave in Paris. Crit
Care Med 2008;36:2288-2295.

. Pellegrino PL, Brunetti ND, De Gennaro L, Ziccardi L, Grimaldi M, Biase MD.

Inflammatory activation in an unselected population of subjects with atrial
fibrillation: Links with structural heart disease, atrial remodeling and recent
onset. Intern Emerg Med 2013;8:123-128.

. Pascal M, Le Tertre A, Saoudi A. Quantification of the heat wave effect on

mortality in nine French cities during summer 2006. PLoS Curr2012;4:RRN1307.

. Fouillet A, Rey G, Wagner V, Laaidi K, Empereur-Bissonnet P, Le Tertre A, Frayssinet P,

Bessemoulin P, Laurent F, De Crouy-Chanel P, Jougla E, Hémon D. Has the impact of
heat waves on mortality changed in France since the European heat wave of
summer 20037 A study of the 2006 heat wave. Int J Epidemiol 2008;37:309-317.

. Morabito M, Profili F, Crisci A, Francesconi P, Gensini GF, Orlandini S. Heat-

related mortality in the Florentine area (Italy) before and after the exceptional
2003 heat wave in Europe: An improved public health response? Int J
Biometeorol 2012;56:801-810.

. Brunetti ND, De Gennaro L, Dellegrottaglie G, Antonelli G, Amoruso D, Di Biase

M. Prevalence of cardiac arrhythmias in pre-hospital tele-cardiology
electrocardiograms of emergency medical service patients referred for syncope.
J Electrocardiol 2012;45:727-732.

Brunetti ND, De Gennaro L, Pellegrino PL, Dellegrottaglie G, Antonelli G, Di Biase
M. Atrial fibrillation with symptoms other than palpitations: Incremental
diagnostic sensitivity with at-home tele-cardiology assessment for emergency
medical service. Eur J Prev Cardiol 2012;19:306-313.

. Brunetti ND, De Gennaro L, Amodio G, Dellegrottaglie G, Pellegrino PL, Di Biase

M, Antonelli G. Telecardiology improves quality of diagnosis and reduces delay
to treatment in elderly patients with acute myocardial infarction and atypical
presentation. Eur J Cardiovasc Prev Rehabil 2010;17:615-612.

Address correspondence to:
Natale Daniele Brunetti, MD, PhD
Department of Cardiology
University of Foggia

Viale Pinto 1

71100 Foggia

Italy

E-mail: nd.brunetti@unifg.it

Received: March 20, 2013
Revised: July 2, 2013
Accepted: July 8, 2013



TMJ-2013-0086-ver9-Brunetti_1P.3d 12/13/13 12:38pm Page 11

AU1
AU2
AU3
AU4
AU5
AU6
AU7

Proved academic degree for co-author.

Spell out U.O.

at 48 and 72 h meant, rather than 48 h later?
cTnl spelled out correctly?

Provide date you last accessed this URL.
Color referents in figures deleted.

Define PM in legend.

© MARY ANN LIEBERT, INC. e VOL. 20 NO. 3 e MARCH 2014 TELEMEDICINE and e-HEALTH 11




