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Szanowni Panstwo,
Drodzy Czytelnicy,
przedstawiamy drugi numer czasopisma Folia Cardiologica zawierajacego cztery prace oryginalne, serie
opiséw przypadkéw i prace pogladowa. Prace oryginalne pochodza tym razem z trzech znakomitych o$rod-
kéw warszawskich, natomiast Autor artykutu umieszczonego w dziale ,Mtoda kardiologia” reprezentuje
osrodek katowicki. Doktor n. med. Marcin Wetnicki i wsp. z lll Kliniki Choréb Wewnetrznych i Kardiologii
Warszawskiego Uniwersytetu Medycznego (WUM) przedstawiajg temat zaréwno interesujgcy, jak i aktu-
alny — czesto$¢ wystepowania hiperurykemii u 0séb z grupy wysokiego ryzyka sercowo-naczyniowego.
Jak wiadomo, ocena stezenia kwasu moczowego stata sie obowigzujgcym zaleceniem nadci$nieniowych
(3 towarzystw naukowych europejskiego i polskiego. Pojawity sie miedzynarodowe dokumenty wskazujgce
‘\ - s na korzysci terapii obnizajacej stezenie kwasu moczowego w tej populacji ponizej 5 mg/dl. Zachecam
[J = J wobec tego do lektury artykutu zatytutowanego ,Prevalence of hyperuricemia in very high cardiovascular
risk patients — a single centre retrospective cohort study” i gratuluje Autorom przeprowadzenia badania.
Kolejna praca, pod tytutem ,Long-term observation in patients with implantable cardioverter-defibrillator with and without resynchro-
nisation therapy”, dr n. med. Agnieszki Kotodzifiskiej i wsp. z | Katedry i Kliniki Kardiologii takze z WUM jest efektem jednoosrodkowej
obserwacji pacjentéw z wszczepionym urzgdzeniem ICD/CRT-D. Z kolei lek. Mariusz Kozak i wsp. przygotowali artykut pod tytutem ,Cha-
racteristics of patients with acute peripheral arterial ischaemia — a single centre retrospective study” przedstawiajacy charakterystyke
208 pacjentéw z objawami ostrego niedokrwienia tetnic, ktérych przyjeto na Oddziat Chirurgii Szpitala Brédnowskiego w Warszawie
w ciggu 5 lat. Natomiast lek. Btazej Kusz i wsp. z | Katedry i Kliniki Kardiologii Slaskiego Uniwersytetu Medycznego w Katowicach swoj
artykut zatytutowany ,Ranolazine — a new drug for patients with recurrent antiarrhythmic therapy-refractory ventricular arrhythmias?”
poswiecili ocenie bezpieczefstwa i skutecznosci ranolazyny u pacjentdw z nawracajacymi opornymi na leczenie komorowymi zabu-
rzeniami rytmu. Oprécz interesujacej serii prac kazuistycznych bogatg i wazna tematyke oferujg réwniez opracowania reprezentujgce
dziaty ,Niewydolno$¢ serca”, ,Kardiochirurgia” i ,Elektroterapia”. Zapraszajac do lektury drugiego numeru Folia Cardiologica, pragne
wspomnie¢ niezwykle udana IV Konferencje pisma, dziekujac tym samym Wyktadowcom i Uczestnikom tego wydarzenia i zapraszajac
na kolejne spotkanie w przysztym roku.

Redaktor Naczelna
o, Nlcdulo ~Eapich

prof. dr hab. n. med. Beata Wozakowska-Kapton

www.journals.viamedica.pl/folia_cardiologica
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Prevalence of hyperuricemia in very high cardiovascular
risk patients — a single centre retrospective cohort study

Wystepowanie hiperurykemii u pacjentow obcigzonych bardzo wysokim ryzykiem
sercowo-naczyniowym — jednooSrodkowe retrospektywne badanie kohortowe
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Abstract

Introduction. Asymptomatic hyperuricemia is an established independent risk factor for cardiovascular (CV) disease.
However, the awareness of this fact among physicians is still insufficient. Data are also lacking on the prevalence of
asymptomatic hyperuricemia in a population of patients potentially requiring drug therapy.

The aim of the study was to assess the prevalence of asymptomatic hyperuricemia in the population of patients hospi-
talized in an internal medicine unit and the frequency of use of uricosuric drugs in this group of patients.

Material and methods. Single centre retrospective cohort study — evaluation of medical records of patients hospitalized
in an internal medicine unit in the first half of 2018. The analysis included biochemical testing results, data on patients’
medical conditions and drug therapy used. Based on the collected data, a group of patients with a very high CV risk
was identified in whom serum uric acid level > 5 mg/dL is considered abnormal. Typical statistical methods were used
including descriptive statistics, appropriate parametric and non-parametric tests to evaluate significance of differences
in the values of selected parameters between the study groups, and generalized regression models. Statistically signi-
ficant differences were conventionally defined as p < 0.05.

Results. The analysis included data from 354 patients, of whom 194 (55%) met the criteria of a very high CV risk.
These patients were older (75 vs. 62 years, p < 0.001) and had lower glomerular filtration rate values (85 vs. 118 mL/
/min/1.73 m?, p = 0.04) and higher mean serum uric acid level (6.6 vs. 5.5 mg/dL, p < 0.001) compared to the control
group (non-very high CV risk patients). No significant differences in lipid levels were found between the two groups. Se-
rum uric acid level was measured in 55% of patients in the very high CV risk group. Abnormal renal function parameters
were an independent predictor of serum uric acid level above 5 mg/dL in this group (R* = 0.18, p < 0.001). Serum uric
acid level was above 5 mg/dL in 70% of very high CV risk patients in whom it was measured. Allopurinol was used in
only 25% of these patients, and the mean serum uric acid level in those receiving uricosuric treatment was 8.1 mg/dL.
The most commonly used allopurinol dose was 100 mg/day. The mean serum uric acid level in patients not receiving
uricosuric treatment was 6.2 mg/dL.

Conclusions. Serum uric acid level measurement is too rarely considered in the biochemical profile of patients at a very
high CV risk. Serum uric acid level may be an indication for the use of uricosuric drugs in most patients at a very high CV
risk. In the light of the current expert consensus, allopurinol is underused and underdosed in the very high CV risk group.
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Introduction

Clinically, hyperuricemia has been traditionally associated
with rheumatological and oncological disease. However,
gout develops in only 30% of subjects with hyperuricemia,
and an asymptomatic increase in serum acid level is an
established but still underrated independent risk factor
for cardiovascular disease [1-2]. In the general popu-
lation, serum uric acid level in the range of 3-7 mg/dL
(180-420 umol/L) is considered normal, and for many
years, the European League Against Rheumatism (EULAR)
recommended to treat asymptomatic hyperuricemia only
when serum uric acid level was > 12 mg/dL [3-6]. Current-
ly, however, there is an expert consensus that asymptomatic
hyperuricemia is associated with an increased risk of dia-
betes type 2, hypertension, chronic kidney disease, and
cardiovascular mortality. Asymptomatic hyperuricemia be-
comes clinically important already at serum uric acid levels
below 7 mg/dL [7-13]. Target serum uric acid level should
be <5 mg/dL in patients with at least two of the following
conditions: hypertension, diabetes, dyslipidaemia, chronic
kidney disease, recent myocardial infarction or stroke
[13]. However, data are still lacking on the prevalence of
asymptomatic hyperuricemia as defined above in patients
at high cardiovascular risk, and on its effect on therapeutic
decision making in the context of uricosuric drug use.

The aim of the study was to evaluate retrospectively
the frequency of serum uric acid level measurements in
patients admitted to an internal medicine unit. We also
evaluated the relation between measured serum uric acid
levels and therapeutic decisions in the context of treating
hyperuricemia depending on the patient cardiovascular
risk.

Material and methods

We retrospectively evaluated admissions to the Internal
Medicine Unit of the Miedzylesie Specialist Hospital from
January 1 to June 30, 2018. The analysis did not include
hospitalizations that led to a patient’s death. Very high
cardiovascular risk was defined as the presence of gene-
ralized atherosclerosis (based on the data from medical
history and/or hospital discharge diagnoses) or concomi-
tant presence of at least two of the following conditions:
hypertension, diabetes, chronic kidney disease [glomerular
filtration rate (GFR) < 60 mL/min/1.73 m?], ischaemic heart
disease (previous myocardial infarction, coronary artery
bypass grafting or percutaneous coronary intervention,
stable ischemic heart disease), or previous stroke. The
control group included patients who did not meet the above
criteria of a very high cardiovascular risk. The two groups
were compared in regard to renal function, lipid profile,
serum uric acid level, age, comorbidities, and treatment
with allopurinol. In case of repeated admissions, the one

with serum uric acid level measurement was included in the
analysis. If serum uric acid level was not measured during
any of the repeated admissions, the one that provided the
most of the analysed data was included in the analysis.
Statistical analysis was performed using the STATISTICA 12
PL software. Significance of the differences in quantitative
variables was assessed using the Student t test or the
Mann-Whitney U test, depending on variable distribution.
Significance of the differences in categorical variables was
assessed using the chi-square test. Generalized linear
regression models were used to evaluate variables that
had an effect on the decision to measure serum uric acid
level and to treat hyperuricemia in patients at a very high
cardiovascular risk. For all tests, statistical significance
was set at p < 0.05.

Results

Among 428 admissions from January 1 to June 30, 2018,
50 led to the patient’s death and were not included in the
analysis. Of the remaining 378 admissions, 18 patients
were hospitalized more than once (range 2-5). Ultimately,
data from 354 admissions were included in the analysis,
with 194 (55%) patients assigned to the very high cardio-
vascular risk group (Group A), and the remaining 160 (45%)
patients not fulfilling the very high cardiovascular risk cri-
teria as defined in the methods (Group B). The patients in
Group Awere older (75 vs. 62 years, p < 0.001), had higher
mean serum uric acid level (6.6 vs. 5.5 mg/dL, p < 0.001;
Figure 1), and lower GFR (85 vs. 118 mL/min/1.73 m?,
p = 0.04). We did not find significant differences in lipid
levels between the two groups (Table 1). Serum uric acid
level was measured in 55% patients in Group A and 45%

7.4+
7.2
7.0 T
6.8
6.6 o
6.4
6.2 L
6.0
5.8- 1
5.6
5.4+
5.2
5.0 L
4.8 T T
1 0
Belonging to a very high cardiovascular risk group
(1 —yes, 0 —no)

6,6 mg/dL vs. 5,5 mg/dL, p = 0.01

Uric acid [mg/dL]

0 Median [0 Median + standard error
T Median + 1,96 x standard error

Figure 1. Box plot for serum uric acid level in the study population:
very high cardiovascular risk group vs. control group
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Table 1. Study population characteristics (age and biochemical testing results) in the very high cardiovascular (CV) risk group and the

control group

Control group

Variable Very high CV risk group
(mean * SD)

Age [years] 75.51 (+ 11.9)
GFR [mL/min/1.73 m?] 85.39 (+ 43.8)
Creatinine [mg/dL] 1.24 (£ 0.3)

Urea [mg/dL] 48.76 (+ 28.8)
Uric acid [mg/dL] 6.57 (£ 3.1)

Total cholesterol [mg/dL]
HDL cholesterol [mg/dL]
LDL cholesterol [mg/dL]

TG [mg/dL]

147.17 (+ 47.6)
39.87 (+ 13.5)
82.11 (¢ 35.7)
127.59 (+ 73.3)

(N = 160)
62.06 (+ 18.6) <0.001
118.00 (+ 51.2) <0.001

0.77 (£ 0.3) <0.001
32.53 (+ 19.8) <0.001
5.48 (+ 2.14) 0.01

154.08 (+ 52.9) 0.28
42.32 (+ 15.9) 0.19
84.86 (+ 33.2) 0.54

136.32 (+ 155.1) 0.56

SD — standard deviation; GFR — glomerular filtration rate; HDL — high-density lipoprotein; LDL — low-density lipoprotein; TG — triglycerides

428 hospitalizations

50 deaths
18 patients admitted more than one

354 hospitalizations included in the analysis

160 patients not fulfilling very high
cardiovascular risk criteria

194 patients with very high
cardiovascular risk

73 (45%) patients with serum
uric acid level measured

108 (55%) patients with serum
uric acid level measured

Serum uric acid > 5 mg/dL
in 41 (56%) patients

Serum uric acid > 5 mg/dL
in 76 (70%) patients

9 (8%) patients treated
with allopurinol

23 (21%) patients treated
with allopurinol

Figure 2. Patient flowchart showing serum uric acid measurements, prevalence of hyperuricemia, and allopurinol use in the study population

patients in Group B. In both groups, serum uric acid level
showed a moderate but significant negative correlation with
GFR (r = -0.4). In the very high cardiovascular risk group,
a positive correlation was also seen with age (r = 0.25),
urea level (r = 0.45) but not creatinine, and triglyceride
level (r = 0.25). However, regression analysis showed that
abnormal renal function was the only independent predictor
of serum uric acid level > 5 mg/dl (R* = 0.18, p < 0.001).

In 70% of patients in Group A in whom serum uric acid
level was measured, it was higher than 5 mg/dL. Allopurinol
was given in only 25% of these patients (Figure 2). The
mean serum uric acid level in these patients was 8.1 mg/dL
compared to 6.2 mg/dL in those in whom allopurinol was
not used.

Among concomitant conditions, the likelihood of serum
uric acid level measurement was increased by the presence
of diabetes, and concomitant chronic kidney disease affec-
ted whether allopurinol was given (Figures 3 and 4). The
most commonly used allopurinol dose was 100 mg/day. No
correlation was found between allopurinol dose and serum
uric acid level. No difference in the mean drug dose was
found between the evaluated subgroups.

Discussion

Serum uric acid level is currently considered not only an
independent risk factor for cardiovascular disease but also
an independent risk factor for mortality [13]. Ndrepepa et
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Diabetes mellitus

Uric acid level measurement

Figure 3. Main effects ANOVA. The effect of concomitant diabetes
on the performance of serum uric acid level measurement. Verti-
cal red lines indicate the 95% confidence interval. Current effect:
F(1.352)=9.1431, p = 0.003

al. [14] studied more than 5000 patients after an acute
coronary syndrome and showed that after adjustment
for conventional risk factors, each increase in serum uric
acid level by 1 mg/dL was associated with an increase
in the mortality risk by 12%. Korean authors reviewed
medical data of more than 370,000 patients and found
a U-shaped relationship between serum uric acid level
and the risk of death. Serum uric acid level < 3.5 mg/dL
in men and < 2.5 mg/dL in women was associated with
a 58% and 80% higher mortality risk, respectively (hazard
ratio [HR] 1.58, 95% confidence interval [Cl] 1.18-2.1,
and HR 1.8, 95% Cl 1.1-2.93). For hyperuricemia, the
cut-off values were > 9.5 mg/dL in men and > 8.5 mg/dL
in women, associated with HR 2.39 (95% Cl 1.57-3.66)
and 3.77 (95% Cl 1.17-12.17) for mortality risk in men
and women, respectively [15]. In the PreCis study, each
increase in serum uric acid level by 1 mg/dL was associa-
ted with an increase in mortality risk by 39% [16]. In the
PAMELA study which evaluated cardiovascular disease risk
factors in a random sample of the general population, the
highest sensitivity and specificity was found for the cut-off
serum uric acid level of 5.4 mg/dL for the cardiovascular
mortality and 4.9 mg/dL for the overall mortality [17]. It
can be thus concluded that the measurement of serum
uric acid level should be included in the routine bioche-
mical testing panel in hospitalized patients, particularly
those at a very high cardiovascular risk. During our study
period, however, this measurement was performed in our
unit in only about half of patients at a very high cardiova-
scular risk. We have also shown that only the presence
of diabetes independently increased the likelihood of the
performance of this measurement. Paradoxically, this is
justified by clinical studies but not guidelines. Liu et al.
noted nephroprotective effects of allopurinol in patients

0.4

0.31

0.24

Allopurinol

0.1+

0.0

-0.1 T T
0 1

Chronic kidney disease

Figure 4. Main effects ANOVA. The effect of concomitant chro-
nic kidney disease on allopurinol use. Vertical red lines indicate
the 95% confidence interval. Current effect: (1.349) = 17.197,
p <0.001

with diabetes, along with a beneficial effect on insulin
sensitivity and a reduction in high-sensitivity C-reactive
protein (hsCRP) level and the intima-media thickness in
the carotid arteries [18, 19]. However, current guidelines
on the diagnosis and management of diabetes do not cover
the issue of hyperuricemia at all [20]. Only the guidelines
on the diagnosis and management of hypertension and
rather obsolete 2013 guidelines on the management of
stable coronary artery disease (new guidelines are to be
published in 2019) mention the need to measure serum
uric acid level and note the benefits of uricosuric drugs
[21, 22]. In the guidelines on stable coronary artery
disease, it has been highlighted that allopurinol has an-
tianginal properties in subjects without gout, may reduce
oxidative stress, and when used at 600 mg per day, it may
prolong exercise time not only to chest pain, but also to ST
segment depression [22].

In the recent years, a number of expert consensuses
have been published that indicate the need for more freg-
uent serum uric acid measurement and earlier initiation of
uricosuric drugs [11, 13]. According to these documents,
in patients with at least two metabolic and/or cardiovascu-
lar conditions, abnormal serum uric acid level should be
defined as > 5 mg/dL in both genders [11, 13]. However,
the prevalence of so defined asymptomatic hyperuricemia
in the population of patients at a very high cardiovascular
risk is not known. In our study, we have attempted to pro-
vide some early estimates the scope of this problem. For
the purpose of our analyses, we defined the upper limit of
normal values in patients at a very high cardiovascular risk
as 5 mg/dl, consistent with the consensus by Borghi et al.
[13]. Although a limitation of our study is its retrospective,
single-centre nature, our findings indicate the need for
more widespread educational efforts to promulgate the
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knowledge on the importance of asymptomatic hyperu-
ricemia and the measurement of serum uric acid level in
the population of patients at cardiac and metabolic risk. Of
note, we observed a tendency to use a single, lowest allopu-
rinol dose. This is probably a result of long-held belief that
uricosuric drug use is indicated only with much increased
serum uric acid level and as chronic therapy in patients with
a history of gout. It should also be noted that there is no
consensus regarding the use of allopurinol doses exceeding
100-300 mg per day. In the expert statement of the Polish
Cardiac Society Cardiovascular Pharmacotherapy Commit-
tee, the use of very high doses (600-900 mg per day) has
been considered reasonable [11]. In contrast, Borghi et al.
[13] stated in their consensus that the efficacy and safety of
chronic use of allopurinol doses exceeding 300 mg per day
requires further studies. In a study in over 7,000 patients,
Wei et al. [23] showed that the cardiovascular event rate
showed an inverse correlation with allopurinol dose, as it
was 74.0 (95% C1 61.9-86.1) per 1,000 person-years in the
100 mg group compared to 69.7 (95% Cl 49.6-99.8) per
1000 person-years in the 200 mg group and 47.6 (95% Cl
38.4-56.9) per 1000 person-years in the > 300 mg group.
Use of allopurinol doses > 300 mg/day vs. < 299 mg/day
was associated with a lower risk of all-cause mortality
(adjusted HR 0.65, 95% CI 0.42-0.99) [23]. Golmoham-
madi et al. indicated a potential nephroprotective effect of
allopurinol [24]. In our study, abnormal renal function para-
meters were independently associated with the presence of
hyperuricemia in the very high cardiovascular risk group. In
the 2013 guidelines on the management of stable coronary
artery disease, caution was advised when using uricosuric
drugs in patients with reduced GFR. The above mentioned

Streszczenie

studies in diabetic patients and the findings of Golmoham-
madi et al. suggest, however, that allopurinol use should
be considered in particular in these patients [18, 19, 22,
24]. At the same time Borghi et al. [25], in a study on the
effects of allopurinol or probenecide in obese normotensive
patients with serum uric acid level above 5 mg/dL, have
questioned whether drug treatment of hyperuricemia has
a protective effect on the endothelium.

Taking into account a large interest in the role of
asymptomatic hyperuricemia as a contributor to the total
cardiovascular risk in cardiac patients, the lack of data
on the prevalence of asymptomatic hyperuricemia in this
patient population in Poland, and ongoing uncertainties
regarding chronic use of uricosuric drugs, a multicentre
study seems warranted.

Conclusions

1. Serum uric acid level measurement is too rarely consi-
dered in the biochemical profile of patients at a very high
cardiovascular risk. 2. Serum uric acid level may be an
indication for the use of uricosuric drugs in most patients
at a very high cardiovascular risk. 3. In the light of the
current expert consensus, allopurinol is underused and
underdosed in the very high cardiovascular risk group.
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Wstep. Bezobjawowa hiperurykemia jest potwierdzonym i uznanym przez ekspertow niezaleznym czynnikiem ryzyka
sercowo-naczyniowego (CV). Swiadomosé tego faktu wsrod lekarzy wceigz jednak pozostaje niewystarczajaca. Brakuje
rowniez danych dotyczgcych rozpowszechnienia bezobjawowej hiperurykemii w populacji pacjentéw potencjalnie wyma-

gajacych farmakoterapii.

Celem badania byta ocena czestosci wystepowania bezobjawowej hiperurykemii w populacji pacjentow hospitalizowa-
nych na oddziale internistycznym oraz czestosci stosowania lekéw urykozurycznych w tej grupie chorych.

Materiat i metody. JednooSrodkowe badanie kohortowe — retrospektywna ocena dokumentacji pacjentéw hospitalizo-
wanych na oddziale internistycznym w pierwszym pétroczu 2018 roku. W analizie uwzgledniono wyniki badan bioche-
micznych, dane dotyczgce chorobowosci pacjentow oraz stosowanej farmakoterapii. Na podstawie zebranych danych
wyodrebniono grupe pacjentow obcigzonych bardzo wysokim ryzykiem CV, w odniesieniu do ktorych za nieprawidtowe
uznaje sie stezenie kwasu moczowego wieksze lub rowne 5 mg/dl. Zastosowano typowe metody statystyczne: staty-
styki opisowe, odpowiednie testy parametryczne i nieparametryczne w celu oceny istotnosci réznic wartosci wybranych
parametrow miedzy badanymi grupami chorych oraz ogblne modele regresji. Przyjeto standardowa wartos¢ p ponizej

0,05 dla rdznic istotnych statystycznie.
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Wyniki. W analizie uwzgledniono dane 354 pacjentow, sposrod ktorych 194 (55%) spetnito kryterium przynaleznoSci
do grupy bardzo wysokiego ryzyka CV. Pozostali chorzy stanowili grupe kontrolng. Chorzy z grupy bardzo wysokiego
ryzyka CV byli starsi (75 v. 62 lata; p < 0,001), wyrdzniali sie nizszg wartoScig wspoétczynnika filtracji kiebuszkowej
(85 v. 118 ml/min/1,73 m p = 0,04) oraz wyzszym $rednim stezeniem kwasu moczowego (6,6 v. 5,5 mg/dl; p < 0,001).
Nie wykazano natomiast istotnych réznic w stezeniach poszczegdlnych frakgji lipidogramu. Stezenie kwasu moczowego
oznaczono U 55% pacjentow z grupy bardzo wysokiego ryzyka CV. Niezaleznym predyktorem stezenia kwasu moczowego
powyzej 5 mg/dl w tej grupie byty nieprawidtowe parametry nerkowe (R* = 0,18; p < 0,001). W przypadku 70% pacjentow
z grupy bardzo wysokiego ryzyka CV, u ktorych oznaczono stezenie kwasu moczowego, przekraczato ono 5 mg/dl. Allo-
purinol zastosowano jedynie u 25% tych chorych, przy czym Srednie stezenie kwasu moczowego u pacjentow, u ktérych
wigczono leczenie urykozuryczne, wynosito 8,1 mg/dl. NajczeSciej stosowang dawka allopurinolu byto 100 mg/dobe.
Srednie stezenie kwasu moczowego U pacjentéw, u ktorych leczenia nie wdrozono, wynosito 6,2 mg/dl.

Whioski. Oznaczenie stezenia kwasu moczowego jest zbyt rzadko uwzgledniane w profilu badarn biochemicznych pacjen-
téw obcigzonych bardzo wysokim ryzykiem CV. U wiekszoSci pacjentow z grupy wysokiego ryzyka mogg istnie¢ wskazania
do stosowania lekow urykozurycznych. W Swietle aktualnych konsensuséw ekspertéw allopurinol w grupie pacjentow
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obciagzonych bardzo wysokim ryzykiem CV stosuje sie zbyt rzadko i w zbyt matej dawce.

Stowa kluczowe: allopurinol, kwas moczowy

Folia Cardiologica 2019; 14, 2: 129-135
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Abstract

Introduction. An implantable cardioverter-defibrillator (ICD) with or without resynchronisation therapy (CRT-D) is an
effective treatment in heart failure patients (pts.).

Materials and methods. We retrospectively analysed 60 patients (50/60; 83.33% male) with implanted ICD or CRT-D
followed-up in the Cardiology Department between May 1995 and February 2019 who had undergone at least one
device exchange.

Results. Women rarely received ICD, and especially ICD with CRT-D, compared to men [9/26 females in ICD and 1/24
in CRT-D group (p = 0.035) OR 8.31 95% CI (0.98-70.56)] and presented higher left ventricular ejection fraction (LVEF)
(38.11 + 12.74% vs. 29.65 + 12.63, p = 0.027). CRT-D in our patients was implanted mainly as primary prevention
[22/25 vs. 18/35 (p = 0.0726) OR 6.93 95% Cl (1.75-27.43)] and in patients with a lower LVEF compared to the ICD-
-only patients [24.75 + 8.98 vs. 35.52 + 13.55% (p = 0.001)]. Technical analysis of endocardial lead parameters at im-
plantation and at the final follow-up revealed a decrease in impedance in cases of atrial, defibrillator and left-ventricular
leads. In the ICD-only group, atrial impedance was 280.03 + 335.3 vs. 218.29 + 229.48 ohm (p = 0.0018), and defi-
brillator lead impedance was 768.66 + 210.62 vs. 507.03 + 131.67 ohm (p < 0.001) (at implantation vs. final follow-up
respectively). In the ICD plus CRT-D group, mean atrial lead impedance was 511.05 + 271.30 vs. 388.55 + 231.75 ohm
(p=0.007), impedance of the defibrillator lead was 698.95 + 165.45 vs. 547.13 + 385.24 ohm (p = 0.002), and impe-
dance of the left-ventricular lead was 1,036.28 + 337.34 vs. 794.87 + 274.99 ohm (p < 0.001).

Conclusion. Women receive CRT-D therapy less often than men. CRT-D is implanted in pts. with lower LVEF and mainly
as primary prevention. All endocardial leads impedance decreased with the passing of time.
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Introduction

Heart failure (HF) is a disease caused by cardiac
dysfunction that is associated with high mortality. Among
adults in developed countries, the prevalence of HF is
about 1-2%. It is higher in older patients (pts.), reaching
almost 10% among people aged above 70 years [1]. HF
can be divided according to left ventricular ejection fraction
(LVEF) into reduced ejection fraction (HFrEF) and preserved
ejection fraction (HFpEF) [2]. It is important to note that
different underlying aetiologies, demographics, and co-
-morbidities and varying responses to therapies are related
to the degree of reduction of LVEF. Patients with HFpEF
are older, more often female, and are less likely to have
coronary artery disease compared to HFrEF pts [3, 4]. The
treatment of HF has changed over the last 30 years, with
nowadays implantable electronic devices and resynchroni-
sation therapy more often being used [5-7]. Based on the
current guideline criteria for a cardiovascular implantable
electronic device (CIED), only 5-10% of pts with HF are
indicated for CRT therapy and approximately 70% of them
are responders. Wider QRS, left bundle branch block, non-
-ischaemic cardiomyopathy, and female gender are factors
associated with a better response to CRT[8].

Despite the improvements in HF treatment, the disease
is still associated with a poor prognosis. 20% of patients
admitted to hospital due to HF die within the first year, and
approximately 50% die within five years of diagnosis. Saxon
et al. analysed the survival status in patients implanted
with ICD and CRT devices from a single manufacturer
across the United States. One- and five-year survival rates
in 185,778 patients after ICD implantation were 92% and
68% respectively, and were 88% and 54% for CRT-D device
recipients [9].

Endocardial lead problems may appear in the course of
CIED therapy. Electrical integrity concerning electrical im-
pedance is calculated by measuring the voltage (V) and the
current (I) and by applying Ohm’s law (R = V/I). The circuit
comprises the connection between the generator’s header
and the lead, the conductors to the tip and ring electrodes,
and the electrode-myocardial interface. The most common
causes of lead failure are insulation break and conductor
fractures. The aim of our study was to analyse the long-term
follow-up in patients with ICD and CRT-D therapy.

Material and methods

60 patients (male 50/60; 83.33%) with implanted ICD
or CRT-D who had been followed-up in the Cardiology De-
partment between May 1995 and February 2019 who had
undergone one or more device exchange due to the end of
battery life were retrospectively analysed. ICD and CRT-D
had been implanted according to the prevailing guidelines
[, 8]. ICD had been implanted in 35/60; 58.33% pts. (male
26/35; 74.29%) and ICD plus CRT-D in 25/60; 41.66%
pts. (male 24/25; 96%). In the medical histories, coronary
artery disease had been diagnosed in 41 (68.33%) pts.,
chronic heart failure in 56 (93.3%) pts., hypertension in
36 (60%) pts., atrial fibrillation in 36 (60%) pts., diabetes
mellitus in 19 (31.67%) pts., chronic renal disease in 33
(55%) pts., and previous stroke in seven (11.67%) pts. The
clinical characteristics of the patients are set outin Table 1.

Statistical analysis

All data were expressed as mean numbers with stan-
dard deviation (+ SD). The variables were analysed with chi-
-square, Yates chi-square, Fisher exact tests, Shapiro-Wilk,
Mann-Whitney and t-Student tests. P-value < 0.05 was

Table 1. Clinical characteristics of patients with implantable cardioverter-defibrillator (ICD) and patients with cardiac resynchronisation
therapy with defibrillation (CRT-D)

Clinical characteristics Patients with CRT-D therapy  Patients with ICD therapy p value
Number of patients 25 35 p >0.05
Male 24/25 26/35 p >0.05
Age at first implantation 60.36 + 10.54 60.51 + 14.07 p >0.05
Age at final intervention (replacement/up-grade) 66.08 + 10.31 68.43 + 13.87 p >0.05
Chronic kidney failure 18 (72%) 15 (42.86%) p >0.05
Heart failure 25 (100%) 31 (88.57%) p >0.05
Hypertension 15 (60%) 21 (60%) p >0.05
Coronary artery disease 18 (72%) 23 (65.71%) p>0.05
Atrial fibrillation 17 (68%) 19 (54.29%) p >0.05
Diabetes mellitus 9 (36%) 10 (28.57%) p >0.05
History of stroke 4 (16%) 3(8.57%) p>0.05
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identified as statistically significant. Predictive values were
calculated and 95% confidence intervals for odds ratios
were presented.

Results

The 60 patients who had undergone ICD/CRT-D implan-
tation were at a similar age at the time of implantation.
Most of them had coronary artery disease, hypertension,
and/or atrial fibrillation (Table 2). The mean dwell time of
CIED therapy was 86.55 + 36.11 months. Male patients
were predominant. There were 9/26 females in the ICD
group and 1/24 females in the CRT-D group (p = 0.035) OR
8.3195% CI (0.98-70.56). Women presented with higher
left ventricular ejection fraction compared to men 38.11 +
+ 12.74% vs. 29.65 + 12.63 (p = 0.027). Patients with
CRT-D when compared to those with ICD presented lower
LVEF 24.75 + 8.98 vs. 35.52 + 13.55% (p = 0.001). CRT-D
was mainly implanted as primary prevention 22/25 vs.
18/35 (p = 0.0726) OR 6.93 95% Cl (1.75-27.43). Endo-
cardial lead impedance in cases of atrial, defibrillator and
left-ventricular leads were lower at the final follow-up com-
pared to the values at implantation in both the ICD group
and the CRT-D group (Table 3). In the ICD group, atrial impe-
dance was 280.03 + 335.3 vs. 218.29 + 229.48 ohm (p =
= 0.0018), defibrillator lead impedance was 768.66 +
+ 210.62 vs. 507.03 + 131.67 ohm (p < 0.001) (at im-
plantation vs. final follow-up respectively). In the CRT-D
group, the mean atrial lead impedance was 511.05 +

+271.30vs. 388.55 + 231.75 ohm (p = 0.007), impedance
of the defibrillator lead was 698.95 + 165.45 vs. 547.13 +
+ 385.24 ohm (p = 0.002), and impedance of the left-ventri-
cularlead was 1,036.28 + 337.34 vs. 794.87 + 274.99 ohm
(p < 0.001) at implantation vs. final follow-up respectively.

Discussion

8,467 ICD and 4,164 CRT devices were implanted in Poland
in 2016 [10]. Implantable electronic devices for heart failu-
re prolong a patient’s life and, in cases of CRT-D, improve
the quality of life. In our study, we took into consideration
the clinical presentation of patients and endocardial lead
technical parameters at implantation and at the final
follow-up. Our main observation was gender-related. Wo-
men rarely receive ICD, and especially CRT-D, compared
to men, and women present with higher LVEF. CRT-D in our
patients was implanted mainly as primary prevention and
in pts. with lower LVEF compared to ICD. Technical analysis
of endocardial lead parameters at implantation and at final
follow-up revealed a decrease in impedance in cases of
atrial, defibrillator and left-ventricular leads.

Large ICD therapy-related trials such as MADIT, MADIT
[l, SCD-HeFT, MUSTT, and DEFINITE AVID have involved
between 8% and 29% of women, while CRT trials such as
MADIT-CRT and MIRACLE have contained a higher number
of female patients (around 30%) [11-17]. In the MADIT
trial, women were noted to have more advanced HF, as
well as a higher incidence of hypertension, diabetes and

Table 2. Lead-associated electrical parameters at implantation in patients with implantable cardioverter-defibrillator (ICD) and patients
with cardiac resynchronisation therapy with defibrillation (CRT-D)

Parameter Patients with CRT-D therapy Patients with ICD therapy p value
Atrial lead pacing threshold 0.73+0.59 0.34+0.39 p <0.05
Defibrillation lead pacing threshold 0.69 +0.2 0.66 £ 0.22 p>0.05
Left ventricular lead pacing threshold 175171 None None

Atrial lead impedance 511.05 + 271.30 280.03 + 335.30 p <0.05
Defibrillation ventricular lead impedance 54713 + 385.24 768.66 + 210.62 p>0.05
Left ventricular lead impedance 1,036.28 + 337.34 None None

Table 3. Lead-associated electrical parameters at final follow-up in patients with implantable cardioverter-defibrillator (ICD) and patients

with cardiac resynchronisation therapy with defibrillation (CRT-D)

Parameter Patients with CRT-D therapy Patients with ICD therapy p value
Atrial lead pacing threshold 0.67 +0.36 0.73+0.27 p>0.05
Defibrillation lead pacing threshold 0.97 +0.51 0.85+0.26 p >0.05
Left ventricular lead pacing threshold 1.71+1.36 None None

Atrial lead impedance 388.55 £ 231.75 218.29 + 229.48 p>0.05
Defibrillation ventricular lead impedance 698.95 + 165.45 507.03 + 131.67 p >0.05
Left ventricular lead impedance 794.87 + 274.99 None None
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left bundle branch block (LBBB) [18, 19]. MacFadden et
al. analysed 5,213 HF patients who received primary and
secondary prevention ICDs for up to one year [20]. Of the
921 women who received ICDs for primary prophylaxis, and
the 367 who received ICDs for secondary prophylaxis, they
found no difference in mortality between men and women.
Myocardial scarring post-infarction is more often seen in
men, and men with out-of- hospital sudden cardiac arrest
are more likely to have VT/VF compared to women (41%
vs. 30%). Women are more likely to have asystole (8.8% vs.
7%) or pulseless electrical activity (24% vs. 18%) than men
[21]. Women were more likely to have HF, non-ischaemic
cardiomyopathy, and advanced NYHA class, and were
more likely to receive CRT-defibrillators (CRT-D) compared
to men [22]. In the MADIT-CRT trial, women demonstrated
a lower mortality rate than men. Enina et al. [23] observed
that the best response to CRT therapy is associated with
female gender. In our population, men were eight times
more likely to receive CRT-D implantation than women.
Moreover, female pts presented with a higher LVEF than
male pts [23].

We observed long-term stable pacing thresholds of atrial,
defibrillation and left ventricular leads, but lead impedance
varied at implantation as opposed to at final follow-up. The

Streszczenie

impedance increased with time in both ICD and CRT-D pts.
Low impedance can be associated with insulation breaks,
where a lead wire is exposed to a low resistance body fluid
or another lead wire that induces a potential loss of capture
or rapid battery depletion. Electrical dysfunction is usually
related to a conducting wire fracture in cases of low-voltage
circuits, where it can lead to oversensing, inappropriate
shocks, and loss of capture. High-voltage circuit failure can
lead to short circuiting with a failure to defibrillate [24]. In
the literature, we found the devices most prone to failure to
be Fidelis and Riata leads, 28% versus 15% respectively [25,
26]. Data has indicated that an impedance threshold above
100 ohm or an abrupt 75% increase in chronic impedance
has identified a Fidelis fracture [27].

In CRT-D pts, primary prevention predominates, while in
ICD pts primary and secondary prevention were balanced.
The implantation of both ICD and CRT-D as primary and
secondary prevention is associated with a decrease in the
mortality rate [28-30].
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Woprowadzenie. Wszczepialny kardiowerter-defibrylator (ICD) z terapia resynchronizujaca (CRT-D) oraz bez niej stanowi
efektywny element leczenia u pacjentéw z niewydolnoscia serca.

Metody i wyniki. SzeSc¢dziesieciu pacjentow (50/60; 83,33% mezczyzn) pozostajacych pod opieka kliniki kardiologii w la-
tach od maja 1995 roku do lutego 2019 roku z wszczepionym ICD/CRT-D, u ktorych wykonano przynajmniej jedng wy-
miane urzadzenia, poddano retrospektywnej analizie. Kobietom rzadziej wszczepieniu zaréwno ICD, jak i CRT-D niz mez-
czyznom (9/26 kobiet w grupie z ICD oraz 1/24 w grupie z CRT-D [p = 0,035], iloraz szans [OR] 8.31 95-proc. przedziat
ufnosci [CI] 0,98-70,56). Panie charakteryzowaly sie wyzszg frakcja wyrzutowg lewej komory (LVEF) (38,11 + 12,74%
v. 29,65 + 12,63 [p = 0,027]). U opisywanych chorych CRT-D wszczepiano giownie w ramach w prewencji pierwotnej
(22/25v. 18/35 [p = 0,0726], OR 6,93 95% Cl 1,75-27,43) oraz u pacjentdw z nizsza LVEF niz u 0s6b z ICD (24,75 +
+8,98 V. 35,52 + 13,55%; p = 0,001). Analiza parametroéw technicznych elektrod endokawitarnych wykazata obnizenie
opornosci, gdy pordwnano parametry z dnia wszczepienia i ostatniej wizyty kontrolnej. W grupie z wszczepionym ICD
oporno$é elektrod przedsionkowych wynosita 280,03 + 335,3 w poréwnaniu z 218,29 + 229,48 omoéw (p = 0,0018),
a elektrod defibrylujacych 768,66 + 210,62 w poréwnaniu z 507,03 + 131,67 omoéw (p < 0,001) (dzien implantacji
v. ostatnia kontrola). W grupie poddanych CRT-D $rednia opornos¢ elektrod przedsionkowych wynosita 511,05 + 271,30
w poréwnaniu z 388,55 + 231,75 omow (p = 0,007), elektrod defibrylujgcych 698,95 + 165,45 w porownaniu z 547,13
+ 385,24 omow (p = 0,002), a elektrod lewokomorowych 1036,28 + 337,34 w porownaniu z 794,87 + 274,99 omow
(p < 0,001), gdy poréwnano dzien implantacji z dniem ostatniej kontroli.

Whioski. Kobiety podlegaja terapii resynchronizujacej znacznie rzadziej niz mezczyzni. Ponadto CRT-D poddano pacjen-
téw z nizsza LVEF, gtownie w ramach prewencji pierwotnej. Opornosé wszystkich elektrod ulegata obnizeniu z uptywa-
jgcym czasem.

Stowa kluczowe: terapia resynchronizujgca, CRT, wszczepialny kardiowerter-defibrylator, ICD, niewydolnoS¢ serca,
opornos¢ elektrod
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Abstract

Introduction. Acute peripheral arterial occlusion is a serious medical condition that requires an immediate action. De-
lays in diagnosis or treatment could lead to death or serious disability. The appropriate and early clinical evaluation of
acute ischaemia is crucial. The goal of therapy for both acute embolic and thrombotic occlusion is reperfusion of the
ischaemic organ.

Materials and methods. The aim of this study was a retrospective analysis of the demographic and epidemiological data
of patients admitted to Surgical Department of Mazovian Brodnowski Hospital in Warsaw from 2014 to 2018 due to
displaying symptoms of acute peripheral arterial ischaemia. 208 patients were evaluated. Our analysis included anthro-
pometric parameters, history of cardiovascular and other important chronic diseases, and addictions. The aetiology,
localisation, and type of primary surgery were also assessed.

Results. The analysed group contained 112 men (53.8%, average age: 67.9 years) and 96 women (46.2%, average age:
76.4). We find a statistically significant correlation was found between epidemiological factors [i.e. age, hypertension,
atrial fibrillation (AF), peripheral artery disease, myocardial infarction, and smoking] and gender. Embolic ischaemia
occurred in 50.5% of cases. Thrombosis was diagnosed in the remaining 49.5%. Lower extremity ischaemia occurred
most frequently (81.3%). Open embolectomy/thrombectomy was the primary surgery in 155 cases. We find significance
of the aetiology in relation to the type of intervention and to the ischaemia localisation, but there was no significance in
terms of mortality. The presence of ischaemic heart disease, atherosclerosis and tobacco smoking were relevant factors
affecting the aetiology of acute ischaemia.

Conclusion. Acute arterial ischaemia can occur regardless of gender. Embolic and thrombotic aetiologies occur with
a very similar frequencies. Upper extremity arterial thrombosis occurs very rarely. An embolism is more often respon-
sible for acute intestinal ischaemia. In patients with atherosclerosis and a history of previous vascular surgery, the
presence of a vascular graft/stent graft is associated with a higher risk of arterial thrombosis. Among patients with AF
and who were receiving vitamin K antagonists, the average level of international normalized ratio was non-therapeutic.
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Introduction

Acute peripheral arterial occlusion is a serious medical condi-
tion that requires an immediate reaction. A delay in diagnosis
or treatment can lead to death or serious disability. The ap-
propriate and early clinical evaluation of acute ischaemia is
crucial to identify the aetiology of the ischaemic organ. Acute
arterial ischaemia can be caused by various factors (Table 1)
[1]. The clinical manifestation of acute arterial occlusion
depends on the affected organ. A painless acute onset of
a neurologic deficit suggests brain ischaemia. Pain, loss of
sensation, and later loss of motor function with coexisting low
body temperature, pale extremities and pulselessness may
be symptoms of upper/lower limb acute ischaemia. Bowel
ischaemia manifests as abdominal pain, nausea, vomiting,
intestinal paralysis and sometimes diarrhoea [2].

Despite having the same effect as that of acute ischae-
mia, the clinical presentation of acute embolism versus
thrombosis may be different (Table 2) [3]. Most arterial
emboli originate from the heart. Atrial fibrillation (AF) is
the most common cause of embolism. The most frequent

Table 1. Acute arterial ischaemia

Mariusz Kozak et al., Acute peripheral arterial ischaemia

manifestations of cardiac embolic events are strokes and
peripheral ischaemic events. Clots formed in the left side of
the heart are responsible for 55-87% of peripheral arteries
emboli including visceral vessels [4].

The goal of therapy for both acute embolic and throm-
botic occlusion is reperfusion of the ischaemic organ. Intra-
venous heparin administration is the first step in treatment.
This prevents propagation of the thrombus both proximally
and distally, while maintaining the patency of collateral
vessels. Therefore, it will help to reduce the extent of the
ischaemic injury. The restoration of arterial blood flow
requires open surgery or endovascular intervention (throm-
bolysis or thrombectomy). The type of treatment depends
on the degree of limb ischaemia, the occlusion localisation,
the cause of the occlusion (embolic vs. thrombotic), and
the general condition of the patient [5].

The aim of this study was a retrospective analysis of the
demographic and epidemiological data of patients admitted
to the Department of General and Vascular Surgery from
January 2014 to November 2018 due to symptoms of acute
peripheral arterial ischaemia.

Embolic Thrombotic

Atherosclerotic heart disease (CAD, MI, arrhythmia)

Valvular heart disease (rheumatic, degenerative,
congenital, bacterial, prosthetic)

Artery-to-artery (aneurysm, atherosclerotic disease)
Idiopathic

Paradoxical embolus

Trauma

latrogenic

Other (air, amniotic fluid, fat, tumour, drugs, chemicals)

CAD — coronary artery disease; Ml —myocardial infarction; CHF — congestive heart failure

Atherosclerosis

Low flow states (CHF, hypovolemia, hypotension)

Genetic states of hypercoagulation

Vascular grafts (progression of disease, intimal hyperplasia)
Arterial plaque rupture

Aortic/arterial dissection

External compression

Trauma

latrogenic

Table 2. Differences in clinical presentation of acute arterial ischaemia (embolism vs. thrombosis)

Clinical presentation

Cardiac dysrhythmia

Onset

Severity of signs and symptoms

History of claudication or rest pain

Risk factors for peripheral vascular disease*
Contralateral pulse exam (limb ischaemia)
Exam findings of chronic limb ischaemia**

Embolism Thrombosis
Yes No
Sudden Sudden or slower
Severe Less severe
No Yes
No Yes
Normal Abnormal
No Yes

*Risk factors include cardiac disease, prior myocardial infarction, hyperlipidaemia, stroke, family history of peripheral vascular disease, smoking, and diabetes mellitus; **diminished hair growth, thin skin,

thick nails, and arterial ulcerations
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Materials and methods

Between January 2014 and November 2018, 212 patients
were admitted to our Department with a diagnosis of acute
arterial ischaemia. An eventual total of 208 patients were
evaluated. Four patients were excluded due to the lack
of full data. Analysis included basic anthropometrical pa-
rameters, a history of cardiovascular and other important
chronic diseases, and addictions. The aetiology (embolic
or thrombotic), the localisation (lower limb, upper limb,
viscera), and the type of primary surgery was also assessed.
Laboratory tests at admission were included. Mortality
during hospitalisation and within three to 12 months
after discharge was also considered. Patients with acute
myocardial infarction, arterial injury or ischaemic stroke
were excluded from evaluation. Basic statistical analysis
regarding variables was made (t-Student, x2, p value)

Results

The analysed group contained 112 men (53.8%) aged from
31to 101 years (average 67.9) and 96 women (46.2%) aged
from 41 to 95 (average 76.4). The incidence of ischaemic
heart disease was similar in the male and female groups,
but its complications were significantly more common in
men. Myocardial infarction (MI) occurred in 8.3% of the
women, butin 25% of the men, despite the fact that males
are more often treated invasively [percutaneous coronary
intervention (PCl), coronary artery bypass grafting (CABG)].
The appearance of peripheral artery disease (PAD) was
more frequently observed in the group of men. Atrial fibril-
lation was diagnosed twice as often as in women. In the
female group stroke, hypothyroidism, peptic ulceration and
arthritis were more frequently reported (Table 3). A sta-
tistically significant correlation between epidemiological
factors (age, hypertension, AF, PAD, MI, PCI, smoking) and
gender was found.

Embolic ischaemia occurred in 105 (50.5%) patients.
Thrombosis was diagnosed in 103 (49.5%) cases. Lower ex-
tremity ischaemia occurred most frequently (81.3%). There
were 30 cases of upper extremity ischaemia (14.4%), nearly
all as a result of emboli (29 patients). Acute mesenteric
ischaemia (AMI) was observed in nine patients (4.3%); in
six of these cases superior mesenteric artery/celiac trunk
embolism and in the remaining three cases thrombosis
due to visceral vessel atherosclerosis.

Open embolectomy/thrombectomy was the primary
surgery in 155 cases (74.5%). 54 such procedures (25.7%)
were performed due to thrombosis. Endovascular mechan-
ical thrombectomy was performed in 25 cases (12.0%) on
22 patients. Direct catheter thrombolysis (DCT) was the
first choice for 26 patients (12.5%). Primary amputation
was performed in two patients with thrombosis (1.0%)

(Figure 1). Among patients with PAD and a history of previ-
ous vascular surgeries, occlusion caused by graft thrombo-
sis occurred in 26 cases (12.5%). Of these, 16 concerned
previous femoro-popliteal, one case ilio-femoral, one case
femoro-femoral, and eight cases aorto-bifemoral bypass.
Only one (0.5%) patient with a history of PAD (ilio-femoral
bypass) and atrial fibrillation was admitted with acute limb
ischaemia caused by graft embolic occlusion. Thrombosis
after previous endovascular treatment occurred in five
patients (2.4%) — in three after peripheral stent grafts
— one after aortic stent graft — and one after bare stent
graft. Popliteal artery aneurysm was the cause of acute
limb ischaemia in three cases (1.4%); of these, one case
was a primary aneurysm thrombosis, and two cases were
of secondary stent graft thrombosis. There was statistical
significance of the aetiology in correlation with the type of
primary intervention and the ischaemia localisation.

There was no significance in the in-hospital and
post-hospitalisation mortality. Overall in-hospital morta-
lity was 13% (27 patients) — 15 deaths in consequence
of embolism, and 12 deaths in the course of thrombosis.
Post hospitalisation mortality, within three to 12 months
of follow up, was 39 (18.8%). Seven patients died due to
a stroke, and seven due to myocardial infarction. Peripheral
arterial disease and its complications were responsible
for seven deaths (3.4%). Cancer was the cause of death
of four patients (1.9%). In the other 14 cases (6.7%) of
post-hospitalisation death, the cause was different or un-
known. Overall mortality in the study group was 66 (31.7%).
Table 4 shows the detailed characteristics concerning the
aetiology and localisation of ischaemia.

The comparative cardiovascular factors regarding
thrombotic or embolic cause of ischaemia are summarised
in Table 5. The presence of ischaemic heart disease (IHD),
PAD and tobacco smoking were relevant factors according
the aetiology of acute ischaemia.

Thrombotic peripheral arterial ischaemia occurred in
100 of 123 patients with a history of PAD (81.3%). Among
85 patients without a history of PAD, arterial thrombosis
was observed in three cases (3.5%; one case PAA throm-
bosis, two cases of idiopathic thrombosis).

Laboratory tests analysis was divided into groups of
either thrombotic (T) or embolic (E) aetiology. Mean hae-
moglobin level was similar in both groups (12.6 g/dL vs.
12.3 g/dL). Mean platelet level in the thrombotic group
was 271.8 x 10%/mL vs. 236.4 x 10%/mL in the embolic
group. Average serum creatinine level was 2.3 mg/dL (T)
vs. 1.2 mg/dL (E). International normalized ratio (INR) vas
similar in both groups: 1.26 (T) vs. 1.31 (B).

15 patients with a history of AF were treated by vitamin
K antagonists (VKA). In this group, INR was below the the-
rapeutic level (mean 1.7). Anticoagulants taken before ho-
spitalisation were divided into two groups in relation to the
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Table 3. Comorbidities in correlation with gender
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Parameter Female Male p value
Number of pts. (years) 96 (46.2%) 112 (53.8%) - -
Age (average) 41-95(76.4,SD: 10.9)  31-101(67.9, SD: 11.1) t(206) = 5.57 p < 0.005
BMI (average) 27.1(SD: 5.37) 25.7 (SD: 4.05) (89) = 1.28 p >0.05
Coronary disease: 41 (42.7%) 44 (39.3%) X3(1)=0.3 p >0.05
* myocardial infarction 8 (8.3%) 28 (25.0%) x3(1) = 10.2 p<0.01
* percutaneous coronary intervention 5 (5.2%) 15 (13.4%) x3(1)=4.0 p <0.05
* coronary artery bypass grafting 1 (1.04%) 6 (5.36%) ¥2(1)=2.9 p>0.05
Chronic obstructive pulmonary disease 3(3.1%) 7 (6.3%) x3(1) =11 p>0.05
Peripheral artery disease (PAD) 40 (41.7%) 83 (74.1%) X3(1) =225 p < 0.0005
Carotid stenosis 2 (2.1%) 5 (4.5%) ¥2(1)=0.9 p >0.05
Hyperlipidaemia 19 (19.8%) 23(20.5%) X3(1)=0.1 p > 0.05
Hypertension 70(72.9%) 78 (69.6%) X2(1)=4.2 p <0.05
Diabetes 30 (31.3%) 22 (19.6%) X4(1)=3.7 p > 0.05
Atrial fibrillation (AF): 43 (44.8%) 25 (22.3%) x2(1)=11.9 p <0.001
* paroxysmal AF 11 (25.6%) 5 (20.0%) X4(1)=2.6 p >0.05
Ventricular arrhythmia 1(1.0%) 3(2.7%) - -
Neurological symptoms:
e transient ischaemic attack (TIA) 0 (0.0%) 3(2.7 %) - -
* stroke:

— ischaemic 19 (19.8%) 13 (11.6%) X3(1)=2.7 p >0.05

— haemorrhagic 5 (5.2%) 3(2.7%) x%(1)=0.9 p > 0.05
Chronic kidney disease 8 (8.3%) 9 (8.0%) x3(1)=0.0 p>0.05
Deep vein thrombosis (DVT) 0 (0.0%) 2 (1.8%) - -
Pulmonary embolism (PE) 2 (2.1%) 0 (0.0%) -
Active cancer 5(5.2%) 4 (3.6%) - -
Hypothyroidism 1(1.0%) 1 (0.9%) - -
Hyperthyroidism 4 (4.2%) 2 (1.8%) X3(1) = p >0.05
Peptic ulcer 8 (8.33%) 2 (1.8%) X2(1) = p >0.05
Gl tract bleeding 1(1.0%) 2 (1.8%) - -
Arthritis 6 (6.1%) 3(2.7%) x3(1)=0.1 p > 0.05
Alcohol abuse 2 (2.1%) 11 (9.8%) - -
Smoking: 25 (26.0%) 45 (40.2%) X2(1)=11.2 p <0.001
* pack-years (average) 29.7 38.1 - -

presence of AF or PAD (Table 6, Figure 2A, B). Coexistence Discussion

of both diseases was found in 34 patients (16.4%). Sta-
tistical analysis showed a significant correlation between
the occurrence of AF/PAD and anticoagulants/antiplatelet
drugs administration before hospitalisation.
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Acute arterial ischaemia caused by an embolism secondary
to valvular heart disease was the most common cause.
Thrombosis occurred on the base of severe, vulnerable
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Table 4. Aetiology, localisation and detailed characteristics of ischaemia

Parameter Embolism Thrombosis
Total 105 (50.5%) 103 (49.5%)
Lower extremity 169 (81.3%)
70 (33.7%) 99 (47.6%)
Upper extremity 30 (14.4%)
29 (13.9%) 1(0.5%)
Acute mesenteric ischaemia 9 (4.3%)
6 (2.9%) 3(1.4%)
Type of primary intervention
Open surgery 155 (74.5%)
101 (48.6%) 54 (26.0%)
Endovascular thrombectomy 25 (12.0%)
3(1.4%) 22 (10.6%)
Direct catheter thrombolysis (DCT) 26 (12.5%)
1 (0.5%) 25 (12.0%)
Primary amputation 0 (0.00%) 2 (1.0%)
Vascular graft occlusion 1 (0.5%) 26 (12.5%)
Stent occlusion 0 (0.00%) 5 (2.4%)
Popliteal artery aneurysm (PAA) - 3 (1.4%)
In-hospital mortality Overall: 27 (13.0%)
15 (7.2%) 12 (5.8%)
Post-hospitalisation mortality Overall: 39 (18.8%)
25 (12.0%) 14 (6.7%)
X2 p value
Type of primary intervention 54.031 0.000
Previous vascular surgeries = -
Location 32.820 0.000
In-hospital mortality 0.383 0.536
Post-hospitalisation mortality 3.819 0.051

100+ 2 3
90+
80
704
60
501
40+
30
20+
10

101

Percentage [%]

Thrombus Embolus

Aetiology

B Direct catheter thrombolysis (DCT)
B Endovascular thrombectomy

O Primary amputation
B Open surgery

Figure 1. Type of primary intervention depending on the aetiology
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atherosclerotic lesions [6]. Theories concerning the aetio-
logy of acute ischaemia have changed over recent years.
More recent studies have confirmed the increasing rate of
a thrombotic cause of acute ischaemia [7].

In our presented study, the number of patients was
comparable in both groups. In the material presented by
Hemingway et al., acute limb ischaemia caused by arterial
thrombosis was observed four times more often compared
to an embolism [8], and a similar result was demonstrated
by Genovese et al. [9]. After excluding thrombosis related
to previous surgery, the primary cause of ALl was similar
to our material. Serum creatinine level was higher in the
thrombotic group and it has been proved that impaired
renal function is a risk factor for PAD and thrombotic com-
plications [10]. Some studies have shown that patients
with acute limb ischaemia have a slightly higher rate of
cerebrovascular disease (CVD) [11]. Our study showed no
difference between the thrombotic and embolic groups in
terms of CVD rate. The thrombosis group represents an
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Table 5. Comparison of cardiovascular factors regarding the aetiology of acute ischaemia

Parameter Total Embolism Thrombosis p value
Average BMI 26.3 26.6 26.1 1(89) =0.71 p > 0.05
PAD 123 (59.1%) 23 (21.9%) 100 (97.1%) X3(1)=124.2 p < 0.0005
Diabetes 52 (25.0%) 30 (28.6%) 22 (21.4%) X3(1)=1.6 p>0.05
Smoking 63 (30.3%) 23 (21.9%) 40 (38.8%) X3(1) =10.0 p<0.01
IHD 85 (40.9%) 51 (48.6%) 34 (33.0%) X2(1)=5.5 p<0.05
MI 36 (17.2%) 15 (14.3%) 21 (20.4%) X3(1)=2.2 p>0.05
CVD 43 (20.7%) 20 (19.1%) 23 (22.3%) X3(1)=10.8 p>0.05
Carotid stenosis 7 (3.4%) 4 (3.8%) 3(2.9%) ¥2(1)=0.2 p > 0.05

BMI — body mass index; PAD — peripheral artery disease; IHD — ischaemic heart disease; Ml — myocardial infarction; CVD — cerebrovascular disease (transient ischaemic attack/stroke)

Table 6. Anticoagulants and antiplatelet drugs administration extremely high percentage of PAD (97.1%). Active smoking
before hospitalisation was observed more often (38.8%) in the thrombotic group.
Disease AF PAD Smoking is also an obvious risk factor for atherosclerosis
(no. of patients) (68) (123) and renal failure [12].

VKA 16 (23.5%) 8 (6.5%) In ’Fhe ana!ysed gl’.Ol'Jp of patients treated due to arterial
o0 Antila 4.(5.9%) 3 (2.4%)) embolism while receiving VKA, the INR level was non-the-
g AntiXa 6 (8.8%) 6 (4.9%) rapeutic (megn 1.7) [13]. In the groups of patients.with
% LY 3 (4.4%) 2 (16%) Af and PAD hls.tory, therg was a very high rate of pgtleﬁts
% an 6 (8.8%) 23 (18.7%) without any antithrombotic treatment before hospitalisation

§ SAPT 2 (2.9%) 13 (10.6%) (AF 54.4%. PAD 43'1.%)' .
= DAPT 1(1.5% 15 (12.2%) Acute upper Ilmb !schaemla occurs less frequently than
the lower limb variation. The most common cause of arm
S A S ischaemia is a cardiac embolism. Atherosclerosis, except
X* p value of the subclavian arteries, is rare in upper limb arteries.
AF 50.342 0.000 Thoracic outlet syndrome and proximal subclavian artery
PAD 19.275 0.004 aneurysm are other rare causes of embolisation. Arm
Af—atrial fibll'illlatiqni PAD—lperipheraI arter}/disgase; VKA—vitaminKantagoni‘sts; Anti»llg— ischaemia threatens the limb to a lesser extent, and the
s il XIS treatment decision is thus less urgent. The main reason

DAPT — dual antiplatelet therapy
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4
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Figure 2A, B. Anticoagulants and antiplatelet drugs administration in correlation to presence of peripheral artery disease (PAD)/atrial fibril-
lation (AF); DAPT — dual antiplatelet therapy; SAPT — single antiplatelet therapy; ASA — acetylsalicylic acid; LMWH — low molecular weight
heparin; Anti-Xa — factor Xa inhibitor; — direct thrombin inhibitor; VKA — vitamin K antagonists;
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is to prevent late complications such as arm fatigue and
chronic pain [14-16].

Acute mesenteric ischaemia (AMI) is uncommon.
Women are affected three times more often than men
[17]. Arterial embolism is the most common pathophysio-
logy of AMI [18]. In contrast, data from our study shows
that AMI occurred 3.5 times more often in the male group
(seven males vs. two females) despite a significantly
lower AF rate.

Popliteal artery aneurysm is relatively uncommon, with
an estimated incidence rate of 0.1-2.8% and has been
shown to be a rare cause of thromboembolism [19].

Our study presents the comprehensive characteristics
of patients with acute arterial ischaemia. However, in order
to draw clinical conclusions, a multi-centre analysis and
a larger group of patients would be required.

Streszczenie

Conclusions

Acute arterial ischaemia occurs regardless of gender. In
our material, ischaemia caused by embolus and thrombus
occurred with similar frequencies. Upper extremity arterial
thrombosis occurs very rarely. An embolism is more often
responsible for acute intestinal ischaemia. In patients
with a history of PAD and a history of previous vascular
interventions, the presence of a vascular graft/stent graft is
associated with a higher risk of arterial thrombosis. Among
patients with AF and receiving VKA, the average of level of
INR is non-therapeutic.
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Wstep. Ostra niedroznosé tetnicy obwodowej moze prowadzi¢é do niedokrwienia zaopatrywanego przez nig narzadu
wymagajacego pilnej reakcji. Opdznienie w rozpoznaniu i leczeniu moze doprowadzié¢ do Smierci lub inwalidztwa.

Materiat i metody. Celem pracy byta retrospektywna analiza danych demograficznych i epidemiologicznych pacjentow
z objawami ostrego niedokrwienia przyjetych do kliniki autoréw w latach 2014-2018. Badana grupa obejmowata
112 mezczyzn (53,8%; Sredni wiek 67,9 roku) i 96 kobiet (46,2%; Sredni wiek 76,4 roku). Ocena uwzgledniata dane
antropometryczne, wywiad chordb uktadu sercowo-naczyniowego, innych chordb przewlektych i uzaleznien. Analizowano
przyczyne i lokalizacje niedokrwienia oraz rodzaj interwenciji chirurgicznej.

Wyniki. Zauwazono istotny zwigzek miedzy ptcig a wiekiem, nadciSnieniem tetniczym, migotaniem przedsionkow,
miazdzyca obwodowg, zawatem serca, paleniem tytoniu. Niedokrwienie na podtozu zatorowym wystgpito w 50,5% przy-
padkow, a zakrzepica tetnicza — w 49,5%. Niedokrwienie koficzyny dolnej wystepowato najczesciej (81,3%). Otwarta
embolektomia/trombektomia byta pierwotna operacja w 155 przypadkach. Stwierdzono istotny zwigzek miedzy etiologig
niedokrwienia a choroba niedokrwienna serca, niedokrwieniem koriczyn dolnych, paleniem tytoniu, rodzajem interwencji
i lokalizacja zmian. Nie stwierdzono istotnej réznicy w Smiertelnosci.

Whioski. Ostre niedokrwienie tetnicze moze wystapi¢ niezaleznie od pici. Ostre niedokrwienie konczyny gornej w na-
stepstwie zakrzepu tetniczego wystepuje bardzo rzadko. Zator jest czesciej odpowiedzialny za ostre niedokrwienie jelit.
Pacjentow z miazdzyca tetnic obwodowych i po przebytych operacjach naczyniowych cechuje zwigkszone ryzyko zakrze-
picy tetniczej. WSrod pacjentow z wywiadem migotania przedsionkow przyjmujacych antagonistow witaminy K wartosé
miedzynarodowego wspotczynnika znormalizowanego jest czesto nieterapeutyczna.

Stowa kluczowe: miazdzyca, ostre niedokrwienie, zator, zakrzep, choroba tetnic obwodowych, migotanie przedsionkow
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Ranolazine — a new drug for patients with recurrent
antiarrhythmic therapy-refractory ventricular arrhythmias?

Ranolazyna — nowy lek w nawracajgcych opornych na leczenie arytmiach komorowych?
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A

Abstract

Introduction. The pharmacological treatment of ventricular arrhythmias (VA) has significant limitations. Ranolazine is
a relatively new drug with documented antianginal and anti-ischaemic mechanisms and where preclinical data provides
evidence of additional antiarrhythmic properties.

The aim of this article was to evaluate the safety and efficacy of ranolazine in patients with recurrent antiarrhythmic
therapy-refractory VA.

Material and methods. This prospective evaluation included 30 patients (pts) (male/female: 26/4; mean age: 65 + 10
years; coronary artery disease/dilated cardiomyopathy: 20/10; New York Heart Association class I/1l/1ll/IV: 2/14/12/2,
left ventricular ejection fraction: 27 + 10%; implantable cardioverter-defibrillator (ICD): 15 pts, implantable cardioverter-
-defibrillator with cardiac resynchronisation therapy (CRT-D): 14 pts with recurrent significant VA [ventricular fibrillation,
sustained ventricular tachycardia (VT) and/or non-sustained VT, multiple ventricular premature complexes > 1,000/
/day, biventricular stimulation (BiV) < 95%] and where standard treatment options, i.e. pharmacotherapy, coronary
revascularisation, and percutaneous ablation, had proved ineffective. The severity of the arrhythmia was assessed by
24-hour electrocardiographic (ECG) Holter monitoring and in ICD/CRT-D memory recording. The patients received, in
addition to the standard pharmacotherapy (amiodarone: 18 pts, beta-blocker: 26 pts) ranolazine 375 mg twice daily
for three months. Baseline data was compared to the data obtained after the three months of ranolazine treatment.
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Results. We observed a significant reduction of total ventricular extrasystoles determined by ECG Holter monitoring
(median: 1,737 vs. 1,260, p = 0.04). Similarly, significant VA in ICD/CRT-D memaory recording was diminished (67.7 vs.
35.5%, p = 0.03). The number of ICD interventions in terms of both antitachycardia pacing (9 pts vs. 2 pts, p = 0.01),
and shock delivery (8 pts vs. 2 pts, p = 0.01), was lower after the three-month observation. The therapy was ineffective
for nine (29%) patients — two were hospitalised during the three-month follow-up because of recurrent arrhythmia and
in seven pts there was no noticeable reduction in the amount of VA. Adverse effects, in the form of gastrointestinal
symptoms (diarrhoea: two, constipation: one), occurred in three (10%) patients.

Conclusions. Authors observed no significant QT prolongation in any patient. There were no differences between the
baseline and the post-ranolazine patient clinical characteristics. Ranolazine seems to be a safe and effective second-
line therapy in the reduction of VA and ICD interventions in patients with recurrent antiarrhythmic therapy-refractory

events.

Key words: ranolazine, ventricular arrhythmias, therapy-refractory arrhythmias

Introduction

Ventricular arrhythmias remain a complex and challenging
problem. Treatment comprises pharmacotherapy, which
however has significant limitations, as well as invasive
procedures such as coronary artery revascularisation and
catheter ablation.

Therefore, there is a clear need to seek new anti-
-arrhythmic drugs that could be implemented into therapy.

A potential option could be ranolazine. This is a re-
latively new, well-tolerated drug with proven antianginal
activity [1-3] and with a biochemical structure similar
to that of lidocaine. As ranolazine is an inhibitor of ion
channels, it can modify the excitability of atrial and ven-
tricular myocardium cells. It inhibits both extracellular
(depolarising) currents: sodium (Na*) along with L-type
calcium channels (lcal), as well as cellular (repolarising)
potassium (K") currents. The clinical effects of ranolazine,
which are based on the protection of the myocardium
during ischaemia/reperfusion (an antianginal effect), an
improvement in mechanical dysfunction, and an ‘electri-
cal’ stabilisation of cells, are mainly associated with the
inhibition of sodium channels.

The anti-arrhythmic activity of ranolazine has been
recorded among patients with atrial fibrillation [4-6], but
its role in the treatment of ventricular arrhythmias has not
yet been fully investigated. It appears that the drug could
primarily be used in the treatment of such arrhythmias in
patients with coronary artery disease (CAD), but potentially
also in other groups, i.e. dilated cardiomyopathy (DCM).

Thus, the aim of our study was to evaluate the safety
and efficacy of ranolazine in patients with the highest
risk of sudden cardiac death (SCD) — in patients with
recurrent antiarrhythmic therapy-refractory ventricular
arrhythmias.

Folia Cardiologica 2019; 14, 2: 150-155

Material and methods

This prospective evaluation included a group of 30 pa-
tients enrolled into the study between 2013 and 2018
(26 male/4 female, mean age: 65 + 10 years; CAD/DCM:
20/10; New York Heart Association (NYHA) class: I/11/111/1V:
2/14/12/2, left ventricular ejection fraction (LVEF): 27
+ 10%; implantable cardioverter-defibrillator (ICD): 15 pts,
cardiac resynchronisation therapy with defibrillator (CRT-D):
14 pts) (Table 1), all of whom had recurrent significant
antiarrhythmic therapy-refractory ventricular arrhythmias.

The inclusion criteria were: ventricular fibrillation (VF),
sustained (sVT) and/or non-sustained ventricular tachycar-
dia (nsVT), and multiple ventricular premature complexes
(VES) obtained after exhausting the standard treatment
options, i.e. pharmacotherapy, coronary revascularisation
and percutaneous ablation.

The exclusion criteria were: acute coronary syndrome,
severe heart failure decompensation, current infection
of potential significance for the occurrence of ventricular
arrhythmias, thyroid function abnormalities, hypokalemia,
implanted device without Holter monitoring, liver failure,
chronic kidney disease with GFR < 30 ml/min., neurological
diseases/conditions such as a past history of clinically
apparent ischaemic stroke, and active subarachnoid ha-
emorrhage.

Of the 30 patients enrolled into the study, 20 suffered
from coronary artery disease (LVEF: 28 + 12%, ICD: 9;
CRT-D: 10) and 10 from dilated cardiomyopathy (LVEF
25 + 6%, ICD: 6; CRT-D: 4). In all patients, standard phar-
macotherapy administered according to the current ESC
guidelines as well as invasive procedures including coro-
nary artery revascularisation and catheter ablation had
proved ineffective. All patients had been re-hospitalised
due to recurrent arrhythmia. They were on stable therapy.
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Table 1. Clinical characteristics

Parameter

All patients
N=30

Age [years] 65+ 10
Height [cm] 173+9
Weight [kg] 87+15
BMI [kg/m?] 29+5

LVEF [%] 27 +10
LV EDD [mm] 70+11
LV ESD [mm] 58+ 11
ICD 15 (50%)
CRT-D 14 (47%)
DDDR 1(3%)

All modifications/interventions were done during the pre-
vious hospitalisation.

These patients received ranolazine 375 mg twice daily
for three months in addition to their standard pharmaco-
therapy. Eighteen patients were on chronic amiodarone
therapy.

Clinical assessment, resting ECG, ECG Holter monito-
ring, ICD/CRT-D memory recording, transthoracic echo-
cardiography as well as standard laboratory examinations
were obtained at baseline and again after three months
of ranolazine treatment. The severity of the arrhythmia
was assessed by 24-hour ECG Holter monitoring (signi-
ficant ventricular arrhythmia was defined as: nsVT/VT/
/VEs > 1,000/day) and in ICD/CRT-D memory recording
(significant ventricular arrhythmia was defined as: nsVT/
/VT/VF, BiV < 95%).

Baseline data was compared to data obtained after the
three-month ranolazine treatment.

The study was conducted in accordance with the Dec-
laration of Helsinki and was approved by the local Ethics
Committee. All patients gave their written consent for
participation in the study prior to enrollment.

Statistical analysis

Statistical analysis was performed using Statistica 10.0
(StatSoft Poland) software. Continuous variables were
presented as median, and categorical as absolute counts
and percentages. The type of distribution was verified using
a Shapiro-Wilk test. In cases of normally-distributed variab-
les, Student’s t test for unpaired samples was used, while
Mann-Whitney U test was implemented in non-normally
distributed parameters. Wilcoxon test was used for paired
samples. A p-value of less than 0.05 was considered sta-
tistically significant.

Patients with CAD Patients with DCM
N=20 N=10
Mean value + SD
N (%)
68+ 7 60 +13
171+ 10 176+ 4
83+14 95+ 16
29+5 S1EHE
28+ 12 257
69+ 10 72+12
56 +11 61+11
9 (45%) 6 (60%)
10 (50% 4 (40%)
1 (5%) 0

Clinical characteristics

Comparison of the baseline clinical data and the data
obtained after the three-month ranolazine therapy did
not reveal any significant changes in the patients’ clinical
status. We observed no significant improvement in effort
tolerance expressed in the NYHA scale. In several cases
we found an improvement in CCS scale (5 pts) as well as
a reduction of the subjective sensation of palpitations
(5 pts). The echocardiographic parameters remained simi-
lar after the treatment, including LVEF (28% * 12 vs. 29%
+ 12, p = NS). The level of potassium remained normal,
at a stable level (avg. 4.4 mEg/L). Serum NT-proBNP level
did not significantly change during the observation (median
value 412 vs. 365 pg/mL).

Efficacy of ranolazine treatment

Significant ventricular arrhythmia determined via Holter
monitoring was reduced after ranolazine therapy (77.4
vs. 48.4%, p = 0.01). A significant reduction of total VEs
was observed in the Holter monitoring (median: 1,737 vs.
1,260, p = 0.04) (Table 2).

Table 2. Efficacy of ranolazine treatment

Parameter Baseline Post- p value
-ranolazine

Total VEs in Holter ECG 1,737 1,260 0.04

(median)

Ventricular arrhythmia 67.7 35.5 0.03

in ICD/CRT-D memory

recording [%]

ATP, N [%] 9(30) 2(7) 0.01

Shock delivery, N [%] 8(27) 2(7) 0.01

152 www.journals.viamedica.pl/folia_cardiologica



Btazej Kusz et al., Ranolazine in recurrent antiarrhythmic therapy-refractory ventricular arrhythmias?

3500+
3000+
2500+
2000+
1500+
1000+

500+

All patients  CAD DCM Amiodarone  Non-

-amiodarone

W Initially B Post-ranolazine

Figure 1. Median value of total ventricular extrasystoles in elec-
trocardiographic Holter monitoring before and post-ranolazine
treatment; CAD — coronary artery disease; DCM — dilated cardio-
myopathy

Similarly, significant ventricular arrhythmia in ICD/
/CRT-D memory recording was diminished (67.7 vs. 35.5%,
p = 0.03). The number of ICD interventions in terms of
both antitachycardia pacing (9 pts vs. 2 pts, p = 0.01) and
shock delivery (8 pts vs. 2 pts, p = 0.01) was lower after
the three-month observation (Table 2).

The therapy was ineffective for nine (29%) of the pts
— two were hospitalised during the three-month follow-up,
and in seven pts there was no noticeable reduction in the
amount of ventricular arrhythmia.

Ranolazine treatment: CAD vs. DCM

The total value of VEs in Holter ECG in patients with CAD
was insignificantly higher at baseline than in cases of DCM
(median value 1,864 vs. 3,074).

After the ranolazine treatment, we observed a signi-
ficant reduction in total VE values determined via Holter
ECG in the CAD patients (median value 1,864 vs. 1,271,
p <0.05).

In the group of patients with DCM, a reduction in total
VE values was observed in five cases (50%, median value
6,460 vs. 500), although the result was statistically non-
-significant for the whole subgroup (median value 3,074 vs.
2,000) (Figure 1).

Ranolazine treatment: amiodarone
VS. non-amiodarone
The total value of VEs determined via Holter ECG in patients
treated with amiodarone was insignificantly lower than the
value in subjects without amiodarone at baseline (1,529
vs. 4,100).

In the group of patients treated with amiodarone, we
observed a significant reduction in total VEs in Holter ECG
(median value 1,529 vs. 500, p < 0.05).

In the group of patients treated with ranolazine without
amiodarone, we observed reduced total VEs in Holter ECG
in five cases (42%, median value 5,000 vs. 1,281), but the
efficacy of the drug was statistically insignificant for the
whole subgroup (median value 4,100 vs. 1,281).

Safety of ranolazine treatment
Adverse effects in the form of gastrointestinal symptoms
(diarrhoea: two, constipation: one) occurred in three (10%)
pts. We observed no significant QT prolongation in any
patient, and no significant changes in the average heart
rate (66 + 8 vs. 63 £ 9 bpm, p = 0.31).

Discussion

The crucial finding of our research is that ranolazine can
be used effectively as a second-line therapy in ventricular
arrhythmias.

The drug was effective with statistical significance in
patients with CAD. Perhaps this was due to its better ef-
fect in people with this disease; however, due to the small
number of patients in the study group, further research is
needed to objectify this claim.

It should be noted that we analysed a very specific group
of patients. Our study group consisted of patients with the
highest risk of SCD — patients with recurrent antiarrhythmic
therapy-refractory ventricular arrhythmias. Both standard
pharmacotherapy and invasive procedures had proved
ineffective. Ranolazine was administered over and above
the current available therapy.

Additionally, all subjects presented symptoms of chronic
heart failure with a reduced ejection fraction. Regardless
of their stable haemodynamic status, the LVEF was below
30% in most of the patients. All these figures underline the
clinical importance of our findings.

Whereas until now the efficacy of the drug has been
proved in atrial fibrillation [4-6], studies are still ongoing re-
garding its possible use in ventricular arrhythmias. A recently
completed RAID trial in which a comparable group of patients
was enrolled into the study showed however that in high-risk
ICD patients, treatment with ranolazine did not significantly
reduce the incidence of the first VT or VF or death.

But, in prespecified secondary endpoint analyses similar
to our study, ranolazine administration has been associated
witha significant reduction in recurrent VT or VF requiring ICD
therapy, without evidence for increased mortality [7]. Another
study, conducted by Yeung E et al., showed a significant re-
duction in median premature ventricular complexes burden,
as well as the elimination of VT in chosen patients and the
prevention of recurrent defibrillator therapy, something which
was also found in our study [8]. The efficacy of ranolazine in
the treatment of ventricular arrhythmias has also been ob-
served in patients with symptomatic non-obstructive hyper-
trophic cardiomyopathy. Olivotto et al. [9] examined a group
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of 80 patients who were treated with ranolazine 1,000 mg
bid for five months. However, their primary endpoint was to
observe possible changes in peak VO, compared to baseline
using a cardiopulmonary exercise test. The severity of the
ventricular arrhythmia was also assessed, and a significant
reduction was observed in the 24-hour burden of premature
ventricular complexes compared to a placebo [9].

It is worth mentioning that several studies have demon-
strated the additional efficacy of ranolazine treatment in
combination with amiodarone or dronedarone. Although
differences have been observed in atrial fibrillation, from
our study it appears that a similar relationship exists in the
case of severe ventricular arrhythmias [5, 10, 11].

Overall, in the vast majority of studies, ranolazine has
proved to be safe and well tolerated.

We are aware of some limitations of our study, of which
the most important remains the relatively small group of
patients enrolled. This was because the study included
patients with both advanced cardiac insufficiency and
an exhausted option of standard therapy. It seems safe

Streszczenie

to assume that this is inherently a rare group. It should
probably be contemplated using higher doses of the drug
to investigate possible intensification of its action.

Conclusion

Ranolazine seems to be an effective and safe second-line
therapy in reducing the number of ventricular arrhythmia
episodes and ICD interventions in patients with recurrent
antiarrhythmic therapy-refractory events. Further research
is however needed in order to provide more evidence.
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Wstep. Farmakologiczne leczenie komorowych zaburzen rytmu (VA) jest ograniczone. Ranolazyna to stosunkowo nowy
lek 0 udokumentowanym dziataniu przeciwdtawicowym i przeciwniedokrwiennym oraz z danymi przedklinicznymi wska-

zujgcymi na dodatkowe wiasciwosci antyarytmiczne.

Celem pracy byta ocena bezpieczenstwa i skutecznoSci ranolazyny u pacjentdéw z nawracajacymi opornymi na leczenie VA.

Materiat i metody. Prospektywng oceng objeto 30 pacjentow (pts) (mezczyzni/kobiety: 26/4, Srednia wieku: 65 + 10 lat;
choroba wiencowa/kardiomiopatia rozstrzeniowa: 20/10, klasa I/1l/1Il/IV wedtug New York Heart Association:
2/14/12/2, frakcja wyrzutowa lewej komory: 27 + 10%; kardiowerter-defibrylator [ICD]: 15 pts, terapia resynchronizu-
jaca serce z funkcjg defibrylacji [CRT-D]: 14 pts) z nawracajacymi istotnymi VA (migotanie komar, utrwalony czestoskurcz
komorowy [VT] i/lub nieutrwalony VT, liczne pojedyncze ekstrasystolie komorowe > 1000/d., stymulacja biwentrikularna
(BiV) < 95%) i z wyczerpang standardowg opcjg leczenia, tj. farmakoterapig, rewaskularyzacjg wienicowg i przezskorna
ablacja. Nasilenie arytmii oceniano w 24-godzinnym monitorowaniu elektrokardiograficznym (EKG) metodg Holtera oraz
w pamieci holterowskiej ICD/CRT-D. U pacjentéw do standardowej farmakoterapii (amiodaron: 18 pts, beta-adrenolityk:
26 pts) dotgczono ranolazyne w dawce 375 mg 2 razy/dobe przez 3 miesigce. WyjSciowe dane poréwnano z danymi

uzyskanymi po 3-miesigecznym leczeniu.

Wyniki. Autorzy zaobserwowali istotng redukcje liczby ekstrasystolii komorowych w monitorowaniu EKG metoda Holtera
(mediana: 1737 v. 1260; p = 0,04). Podobnie odnotowano istotne zmniejszenie czestosci istotnej VA w zapisie pa-
mieci ICD/CRT-D (67,7 v. 35,5%; p = 0,03). Liczba interwencji ICD zaréwno pod wzgledem stymulacji antyarytmicznej
(9 pts v. 2 pts; p = 0,01), jak i wytadowan (8 pts v. 2 pts; p = 0,01) byta nizsza po 3-miesiecznej obserwacji. Terapia
byta nieskuteczna u 9 (29%) pacjentéw — 2 hospitalizowano w trakcie 3-miesiecznej obserwacji z powodu nawrotu VA,
a u 7 nie stwierdzono zauwazalnego zmniejszenia wystepowania VA. Dziatania niepozadane pod postaciag dolegliwosci
zotadkowo-jelitowych (biegunka: 2, zaparcie: 1) wystapito u 3 (10%) chorych. U zadnego z pacjentéw nie obserwowano
istotnego wydtuzenia odstepu QT. Nie obserwowano istotnych réznic w charakterystyce klinicznej pacjentow wyjsciowo

i po podaniu ranolazyny.

Whioski. Ranolazyna wydaje sie bezpiecznym i skutecznym lekiem drugiego rzutu, ktory moze by¢ stosowany w redukcji
VA i liczby interwencji ICD u pacjentéw z nawracajgcymi opornymi na leczenie VA.

Stowa kluczowe: ranolazyna, arytmie komorowe, arytmie oporne na leczenie
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Streszczenie

Jod jest pierwiastkiem nalezgcym do niezbednych bioaktywnych sktadnikéw diety, ktory ma udziat w syntezie hormo-
néw tarczycy, a te z kolei wptywaja na prawidtowy rozwoéj i funkcjonowanie organizmu. W sytuacji gdy spozycie jodkow
jest mnigjsze niz 50 ug/dobe, gruczot tarczowy nie jest w stanie utrzymaé syntezy hormonéw tarczycy na prawidtowym
poziomie. Wyniki badan z lat 1992/1993 Polskiej Komisji ds. Kontroli Zaburzen z Niedoboru Jodu byty bezpoSrednim
powodem powrotu do obowigzkowego jodowania soli kuchennej. S6l kuchenna jest powszechnie stosowanym nosnikiem
jodu. Zgodnie z zaleceniami Swiatowej Organizacji zdrowia dzienne spozycie soli nie powinno przekraczaé 5 g NaCl (2 g
Na) na osobe. Kontrolowanie zawartosci Na w diecie jest metoda prewencji choréb sercowo-naczyniowych. Prowadzone
sg rownoczesnie dziatania majgce na celu zwiekszenie spozycia innych naturalnych nosnikéw jodu (mleko, woda mine-
ralna). Alternatywnym Zrodtem jodu w diecie sa miedzy innymi: dorsz, mintaj, tosos, jaja, otreby pszenne, brokuty, suche
nasiona grochu i orzechy laskowe. Zasadna jest idea wdrozenia jodowania wody mineralnej i mleka, a takze biofortyfi-
kacji wybranych warzyw oraz podawania jodu trzodzie i bydtu w celu zapewnienia odpowiedniej jego podazy w zwigzku
Z zaleceniami ograniczenia spozycia soli kuchennej.

Stowa kluczowe: jod, dieta, nadciSnienie tetnicze, jodowanie soli, amiodaron
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Wstep i funkcjonowanie organizmu. Jest jednym z najsilniejszych
antyoksydantow i wykazuje ochronne dziatanie w procesach

Jod jest pierwiastkiem nalezacym do niezbednych bioak- zapalnych i nowotworowych [1].
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z dietg. Niedostateczna podaz tego pierwiastka prowadzi do
wystapienia jego niedoboréw, nadmiar zas moze wywotywac
nadczynnosci tarczycy [1, 2].

Zalecenia dietetyczne
dotyczace podazy jodu

Rekomendacje Swiatowej Organizacji Zdrowia (WHO, World
Health Organization) co do optymalnego dziennego spozy-
cia jodkow sa nastepujgce: dla 0s6b dorostych — 150 ug/
/dobe, dla kobiet w cigzy i podczas laktacji — 250 ug/dobe,
w pierwszym roku zycia 50 pg/dobe, w wieku od 1-5 lat
— 90 pug/dobe oraz w wieku 6-12 lat — 120 ug/dobe [3].
W sytuacji gdy spozycie jodkéw jest mniejsze niz 50 ug/
/dobe, gruczot tarczowy nie jest w stanie utrzyma¢ syntezy
hormondw tarczycy na prawidtowym poziomie. W nastep-
stwie czynnosciowo przerasta i zmienia swojg strukture, co
ostatecznie prowadzi do rozwoju niedoczynnosci tarczycy.
Brak hamowania wydzielania hormonu tyreotropowego
(TSH, thyroid-stimulating hormone) przez przysadke moz-
gowa dodatkowo poteguje przerost gruczotu (TSH jest takze
czynnikiem wzrostowym) [1].

Nalezy zatem dgzyé do utrzymania prawidtowego spo-
Zycia jodu, poniewaz przede wszystkim jego niedobér (ale
rowniez — spotykane stosunkowo rzadko — nadmierne
spozycie jodu) niekorzystnie wptywa na zdrowie populacji.
Stosowanie profilaktyki jodowej powinno by¢ stale moni-
torowane, aby oceniaé jej efektywnosci, a takze ustalaé
optymalne zaopatrzenie w jod [1, 4].

Polska Komisja ds. Kontroli Zaburzeri z Niedoboru
Jodu (PCCIDD, Polish Council for Control of lodine Defi-
ciency Disorders) zdecydowata o przeprowadzeniu badan
epidemiologicznych w latach 1992-1993, obejmujgcych
dzieci i mtodziez szkolng, noworodki i kobiety w ciazy. Wy-
niki tych badan byty bezposrednim powodem powrotu do
powszechnego, obowigzkowego jodowania soli kuchennej
(20-40 mgKJ/kg) od 1997 roku [1, 2, 4]. Komisja okreslita
takze pozostate wskazania do prowadzenia profilaktyki:
dodatkowe jodowanie zywienia wstepnego i nastepnego
dla noworodkéw (10 ug/100 ml mleka) oraz dodatkowe;j
suplementacji kobiet w cigzy i kobiet karmigcych w dodat-
kowa dawke jodu 150-200 ug/dobe [1].

Model ten okazat sie bardzo efektywny. Wystepowanie
wola u dzieci szkolnych zmniejszyto sie 0 30-80% w po-
rownaniu z latami 1992-1993; a u najmtodszej grupy
(6-8 lat) wystepowato ono tylko u 2,6% dzieci, czyli poni-
zej poziomu endemicznego [1]. Obserwowany wczesniej
wzrost stezenia TSH u noworodkéw powyzej 20 ujm./ml
zmniejszyt sie z 2,0% do 0,16%, czestoS¢ wystepowania
wola u kobiet w ciazy zmalata z 80% do 19%, zmniejszyta
sie takze czestoS¢ wystepowania zréznicowanego raka
tarczycy u kobiet [1].

W 2002 roku uznano polski model profilaktyki niedobo-
row jodu za efektywny i bezpieczny. Stwierdzono, ze nie ma

ryzyka populacyjnego niedoczynnosci tarczycy w przebiegu
niedoboru jodu i nadwrazliwoSci w wyniku spozywania
jodu [1, 3].

Nalezy jednak dodaé, ze nie udato sie osiagnac catko-
witego sukcesu. U starszych dzieci (bedacych zwtaszcza
w okresie dojrzewania) wole wystepuje nadal w 7-8%
w zalezno$ci od regionu, a czestoS¢ wydalania jodu z mo-
czem powyzej 100 ug/l nie osiagneta pozadanej wartosci
50%. Ciagle tylko 70% kobiet w cigzy otrzymuje zalecang
dawke jodu i chociaz czestoS¢ wystepowania raka tarczycy
u kobiet jest mniejsza, nadal jest 3-4-krotnie wieksza niz
w okresach regularnego jodowania. Wreszcie jakosé jodo-
wania soli obejmuje 96% zalecanych norm [1, 5].

Narodowy Program Eliminacji Zaburzef w Przebiegu
Niedoboru Jodu zostat przerwany w latach 2003-2005,
ponowne powrdcono do niego w roku 2006 i jest konty-
nuowany [1].

Dieta z ograniczeniem soli w profilaktyce
chorob uktadu sercowo-naczyniowego
a podaz jodu

Osobnym zagadnieniem jest prowadzenie profilaktyki jo-
dowej i zalecane ograniczenie spozycia soli do 5 g/dobe.
S6l kuchenna jest bowiem powszechnie stosowanym
nosnikiem jodu.

Zalecenia opracowane przez Swiatowa Organizacje
Zdrowia (WHO, World Health Organization) (Paryz 2006,
Luksemburg 2007) wynikajg z udokumentowanej roli soli
w zwiekszeniu ryzyka chordb uktadu sercowo-naczynio-
wego, w tym: nadcisnienia tetniczego, miazdzycy, udaréw
i zawatow serca oraz niektorych choréb nowotworowych.
Zgodnie z zaleceniami WHO dzienne spozycie soli nie po-
winno przekracza¢ 5 g NaCl (2 g Na) na osobe [6]. Srednie
dzienne spozycie soli w Polsce wynosi 13,5 g/osobe, w tym
8,8 g soli kuchennej, a w niektorych regionach kraju do-
chodzi do 15,0 g/osobe [4].

Wedtug Standardéw Postepowania Dietetycznego
w Kardiologii — stanowiska Polskiego Towarzystwa Diete-
tyki z 2016 roku — wczesniejsze lata obfitowaty w ponad
milion zgonéw powiazanych ze spozyciem NaCl w iloSci
przekraczajgcych 5 g/dobe rekomendowanych przez WHO
(1,65 min zgonéw w 2010 r.) [7].

Raport opracowany przez Swiatowa Federacje Serca
(WHF, World Heart Federation), Europejskie Towarzystwo
Nadcisnienia Tetniczego (ESH, European Society of Hy-
pertension) oraz Europejskie Stowarzyszenie Zdrowia
Publicznego (EUPHA, European Public Health Association)
dotyczace wptywu spozycia sodu na wystepowanie choréb
uktadu krazenia w krajach o niskim i Srednim poziomie pro-
duktu krajowego brutto dowodzi, ze zmniejszenie spozycia
sodu 0 1,76 g/dobe/osobe przyczynia sie do obnizenia cis-
nienia tetniczego 0 3,39/1,54 mm Hg [7, 8]. Kontrolowanie
zawartosci Na w diecie jest wiec metodg prewencji choréb
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sercowo-naczyniowych ze szczegblnym uwzglednieniem
wystapienia nadcisnienia tetniczego, natomiast w przypad-
ku 0s6b, ktére chorujg na nadciSnienie tetnicze, znaczgco
wptywa na obnizenie podwyzszonych wartosci [9].

Zgodnie z wytycznymi Polskiego Towarzystwa Nadcis-
nienia Tetniczego (PTNT) z 2015 roku dieta bogata w NaCl
moze byé przyczyna wystgpienia trudnosci w leczeniu
nadcisnienia tetniczego, w zwigzku z tym u chorych nalezy
zwracac szczegblng uwage na ograniczenie soli kuchennej
ponizej 5,0 g/dobe [8]. Uwaza sie, ze efekt hipotensyjny re-
dukcji zawarto$ci Na w diecie u oséb starszych, ,sodowraz-
liwych”, z rozpoznang cukrzyca, zespotem metabolicznym
oraz przewlekia niewydolnosScig nerek jest zdecydowanie
wigkszy i moze skutkowaé ograniczeniem liczby i dawek
lekow stosowanych przez tych pacjentow [8].

Kypridemos i wsp. [10] zastosowali model mikrosymu-
lacyjny do oceny wptywu prowadzonych dziatan w zakresie
ograniczenia spozycia NaCl w Wielkiej Brytanii na profilak-
tyke chordb sercowo-naczyniowych. Wprowadzenie polityki
zmniejszenia spozycia NaCl w latach 2003-2015 spowodo-
wato zapobiezenie lub opdZnienie wystgpienia chordb serco-
wo-naczyniowych u 52 000 os6b, jednoczesnie zapobiegto
10 000 zgonom z przyczyn sercowo-naczyniowych [10].

Wobec przedstawionych opinii wazne jest, aby znalezé
,Ztoty Srodek” miedzy podaza jodu zabezpieczajaca pra-
widtowg funkcje tarczycy a ograniczeniem spozycia soli
kuchennej zalecanym przez towarzystwa kardiologiczne.
Nalezy przy tym pamietaé, ze s6l kuchenna jest gtownym
dostarczycielem jodu w codziennej diecie [10].

Opracowane przez grono ekspertéw Instytutu Zywnos-
ci i Zywienia ,Stanowisko w sprawie podjecia inicjatywy
zmniejszenia spozycia soli w Polsce” okreSla kierunki dzia-
tania obejmujgce zmiany receptur przetworéw spozywczych
w przemys$le spozywczym i placéwkach zywienia zbiorowe-
g0, wzmozenie nadzoru organdw urzedowej kontroli zywnos-
ci, kontynuacje odpowiednich dziatan legislacyjnych [7].
Dotyczg one réwniez dziatah edukacyjnych skierowanych
do réznych grup: konsumentdw, producentéw, pracowni-
kéw ochrony zdrowia i instytucji zdrowia publicznego oraz
innych grup majacych wptyw na nasz styl zycia. Wazne
w ksztattowaniu tych zalecen jest takze Stanowisko PTNT
zmierzajace do ograniczenia spozycia soli przez dziatania
profilaktyczne i promocyjne [11]. Wymaga to jednak Scistej
wspoOtpracy z PCCIDD w zakresie niezbednych modyfikacji
systemu profilaktyki jodowej [8].

Autorom programu zarzucono, ze w profilaktyce jodowej
jako nosnik jodu zastosowali mato pozgdana substancje
— chlorek sodu, przeciwwskazany w nadcisnieniu tetni-
czym i innych chorobach uktadu sercowo-naczyniowego.
Tymczasem w Polsce spozycie chlorku sodu byto i jest
nadal nadmierne, jeszcze kilka lat temu norma spozycia
wyznaczona przez WHO byta przekroczona 3-krotnie [2].

Jak juz wspomniano, obecnie spozycie soli w naszym
kraju znacznie przekracza dzienng norme spozycia, ko-
nieczne jest zatem poszukiwanie innych alternatywnych
zrodet jodu, ktére zabezpieczytyby jego dzienne zapotrze-
bowanie. Endokrynolodzy zgadzaja sie z kardiologami, ze
nie nalezy nikogo zacheca¢ do spozywania soli. Jednak
jednoczes$nie obawiaja sie, ze dalszy spadek spozycia soli
jodowanej niekorzystnie odbije sie na profilaktyce jodowej
i epidemiologii chordb tarczycy. Przecietna zawartosé jodu
w 100 g soli kuchennej jodowanej wynosi 2293 ug [12]. Aby
z soli dostarczy¢ wymagane 150 ug dziennego zapotrzebo-
wania w jod, nalezy spozyé 6,5 g samej soli jodowanej, co
przekracza zalecane 5,0 g wedtug WHO [13]. Taka sytuacja
wymusza wiec zastosowanie innych rozwiazan, ktére godzié
beda zalecenia kardiologbw z zatozeniami profilaktyki jodo-
wej promowanych przez endokrynologdéw. Moze nim by¢ na
przyktad dopuszczenie dodatkowo do jodowania produktow
spozywczych zawierajacych jodan potasu (KIO;) [2].

Prowadzone sg dziatania majace na celu zwiekszenie
spozycia innych naturalnych no$nikéw jodu (mleko, woda
mineralna) [14]. Rozwaza sie takze mozliwosci zwiekszenia
zawartosci jodu w wybranych warzywach za pomocg ich
biofortyfikacji [15]. Innym dziataniem jest wprowadzenie
jodu do fancuchéw pokarmowych przez podawanie go
trzodzie i bydtu.

Leki a podaz jodu

Omawiajgc podaz jodu, nie mozna nie wspomnie¢ o lekach
i srodkach kontrastowych zawierajacych jod. Farmako-
logiczne dawki jodu (mogace przekracza¢ wielokrotnie
dobowe zapotrzebowanie) sg zawarte w wielu substancjach
stosowanych w diagnostyce i leczeniu. Zalicza sie do nich
na przyktad radiologiczne Srodki cieniujgce (zawierajgce
140-400 mg w 1 ml), Srodki odkazajace (jodopowidon
— 10 mg jodu w 1 ml), mocny ptyn Lugola (127 mg jodu
w 1 ml, czyli ok. 20 kropli) [16]. Rowniez niektore leki
antyarytmiczne, skadinagd bardzo skuteczne — zwtaszcza
amiodaron — mogg indukowaé zaburzenia funkcji tarczycy
przez duzg zawarto$é jodu (1 tabl. amiodaronu w dawce
200 mg zawiera ok. 75 mg jodu). Dawkowanie leku ze
wskazan kardiologicznych zaktada przyjmowanie nawet
kilku tabletek dziennie, a to znacznie przekracza dobowe
zapotrzebowanie organizmu na jod [1]. Ponadto lek kumu-
luje sie w tkance ttuszczowej i mieSniowej, a ze wzgledu
na dtugi okres pottrwania (ok. 100 dni), uwalnianie jodu
odbywa sie takze po odstawieniu preparatu [16].
Amiodaron ma wielokierunkowy wptyw na metabolizm
hormondw tarczycy. Jego czasteczka wykazuje podo-
bieAstwo do czgsteczki T4 i by¢ moze wspdtzawodniczy
z T4 o wigzanie z odpowiednim receptorem; lek hamuje mo-
nodejodynacje obwodowg T4 do T3 oraz indukuje procesy
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Tabela 1. Zawarto$¢ jodu w wybranych produktach spozywczych
(na podstawie [12])

immunologiczne w tarczycy [16]. Moze wywotywaé zaréwno
niedoczynnoS¢ tarczycy (rzadziej), jak i nadczynno$¢ tar-
czycy (czesciej). O ile niedoczynnosé zdarza sie zwykle juz

‘Ustronianka’

Nazwa produktu Zawartos¢ jodu
[ug/100g produktu] w trakcie przyjmowania amiodaronu, o tyle czas wystgpienia
Ryby nadczynnos$ci bywa roézny; moze ona bowiem objawié sie
o nawet po Kilku miesigcach od zaprzestania przyjmowania
DIl i) 1y leku [17]. Srodki cieniujace i amiodaron moga wywotywaé
Mintaj Swiezy 103 tyreotoksykoze w przebiegu destrukcyjnego zapalenia
tosos swiezy 44 tarczycy [18].
Makrela wedzona 40 . . o
Sledz solony/$ledz wedzony 30 Zrodta jodu w diecie
Sledz Swiezy 24,3 Niewiele jest znanych, tak skutecznych interwencji
Tuczyk w oleju 25 w zakresie profilaktyki zdrowotnej jak program profilak-
Fladra Swieza 20 tyki niedoboru jodu realizowany w Polsce od wielu lat
Pstrag teczowy Swiezy 13 [1, 13]. Jak opisano, korzySci zdrowotnych programu jest
Szczupak Swiezy 8 bardzo wigle i dotycza one nie tylko p.rawid’rc.)wej funkcji
Mieko i jego przetwory dgkrewnej gtu‘czoiu tarczowggo, prgﬂ!aKtyM wrc{d;onej
niedoczynnosci tarczycy, zmniejszenia Smiertelnosci oko-
Ser rokpol tusty 40 toporodowej noworodkéw, ale takze rozwoju nowotworu
Ser edamski thusty 30 ztosliwego [19].
Ser brie ttusty 11,2 Wobec wspétistnienia zalecen bedacych odpowiedzig
Kefir 2% ttuszczu 75 na coraz czestsze wystepowanie chordb uktadu krazenia,
SerEy SHETE 71 a dotyczgcych c’)g’rani(.:zenia Qodaiy soli., nalezy §zukaé
} alternatywnych zrodet jodu, ktore zapewnityby prawidtowg
MEB BT L2k ) 2 jego podaz i pokryly dzienne zapotrzebowanie. W tabe-
Jaja li 1 przedstawiono zrodta jodu w diecie [12].
Jaja kurze, cate 9,5 Zalecajac wiec pacjentom diete z ograniczeniem soli
Biatko jaja kurzego 6,8 kuchennej, mozna zaproponowac alternatywne Zrédta
76ttko jaja kurzego 12 jodu pod pcfstacia‘innych produktéw.spo.zywczyl/ch, godzgc}:
Produkty zbozowe w ten sposob na pierwszy rzut oka niedajgce sie pogodzi¢
zalecenia towarzystw naukowych.
Otreby pszenne 31
Ptatki owsiane 5,9 Whioski
Ptatki zytnie 5,7
Warzywa Ze wzgledu na podkreSlang przez lekarzy endokrynolo-
Brokuly 15 gow konieczno$¢ podazy jodu w celu prewencji zaburzen
. funkcjonowania gruczotu tarczowego, a takze zalecenie
St fehe s L lekarzy kardiologdw ograniczenia spozycia jodowanej soli
Szpinak 12 kuchennej w zwiazku ze zwiekszonym ryzykiem choréb
Rzodkiewka 8 ukfadu sercowo-naczyniowego, w szczegoblnosci nadcis-
Soja (nasiona suche) 6,3 nienia tetniczego, nalezy podjac alternatywne dziatania
Bob 6 dostarczenia jodu do organizmu. W tej sytuacji zasadna
jest idea wdrozenia jodowania wody mineralnej i mleka,
Orzechy L L .
a takze biofortyfikacji wybranych warzyw oraz podawania
Laskowe 17 jodu trzodzie i bydtu. Warto réwniez pamietaé o produktach
Arachidowe 13 spozywczych, ktére sg Zrodtem jodu, aby konsekwentnie
Wioskie 9 umieszczaé je w codziennym jadtospisie.
Inne L .
Sél biata, jodowana 2293 Konflikt interesow
Jodowana woda mineralna 150 pg/l

Autorzy deklarujg brak konfliktu intereséw.
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Abstract

lodine is one of the essential bioactive components of a diet and which has an influence on the thyroid hormones
synthesis, and these hormones affect the proper development and functioning of the organism. In the situation when
the iodides consumption is less than 50 ug/day, it is unable to maintain the thyroid hormones synthesis at a normal
level by the thyroid gland. The 1992/1993 Polish Council for Control of lodine Deficiency Disorders study results were
a direct reason for the compulsory resumption of table salt iodination. Table salt is a, commonly used, iodine carrier.
According to the World Health Organization recommendations, the daily salt intake should not exceed 5 g NaCl (2 g Na)
per person. Verification of Na content in the diet is a method for cardiovascular diseases prevention. Actions aimed at
increasing of the other natural iodine carriers (milk, mineral water) intake are taken. Alternative sources of iodine in
the diet are include: codfish, pollock, salmon, eggs, wheat bran, broccoli, dried pea seeds and hazelnuts. lodination of
mineral water and milk, as well as biofortification of the selected vegetables and feeding flock and cattle by food rich in
iodine should be concerned according to salt restriction diet.

Key words: iodine, diet, hypertension, salt iodination, amiodarone
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Abstract

lodine is one of the essential bioactive components of the diet which has an effect on the synthesis of the thyroid hor-
mones, and the latter affect proper development and functioning of the organism. If iodide intake is below 50 ug/day,
the thyroid gland cannot maintain adequate synthesis of thyroid hormones. The 1992/1993 Polish Council for Control
of lodine Deficiency Disorders study results were a direct reason for resumption of compulsory table salt iodination.
Table salt is the commonly used iodine carrier. According to the World Health Organization recommendations, daily salt
intake should not exceed 5 g of sodium chloride (2 g of sodium) per person. Reduction of dietary sodium intake may
thus prevent cardiovascular disease. Actions are also being taken to increase the intake of other natural iodine carriers
(milk, mineral water). Alternative iodine sources in the diet include codfish, Alaska pollock, salmon, eggs, wheat bran,
broccoli, dried pea seeds, and hazelnuts. lodination of mineral water and milk, as well as biofortification of the selected
vegetables and feeding flock and cattle by food rich in iodine should be concerned according to salt restriction diet. It
is also justified to introduce iodination of mineral water and milk, as well as biofortification of selected vegetables and
feeding flock and cattle with food rich in iodine to provide adequate iodine intake in the setting of coexisting recommen-
dations to reduce salt intake.

Key words: iodine, diet, arterial hypertension, salt iodination, amiodarone
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Introduction

lodine is one of the essential bioactive components of the
diet which has an effect on the synthesis of the thyroid
hormones, and the latter affect proper development and
functioning of the organism. lodine is one of the most
potent antioxidants and has a protective effect in inflam-
matory and malignant processes [1].

lodine is a dietary constituent that cannot be stored
in the human body and thus must be consumed in a diet.
Inadequate iodine intake leads to iodine deficiency, and
excess intake may result in hyperthyroidism [1, 2].

Dietary recommendations
regarding iodine intake

The World Health Organization (WHO) recommends the
following optimal daily iodide intake: 150 ug/day in adult
subjects, 250 pg/day in pregnant and lactating women,
50 pg/day in children under 1 year of age, 90 ug/day in
children at 1-5 years of age, and 120 ug/day in children
at 6-12 years of age [3]. If iodide intake is below 50 ug/
/day, the thyroid gland cannot maintain adequate syn-
thesis of thyroid hormones. This results in a functional
hypertrophy and structural changes that ultimately lead to
the development of hypothyroidism. Thyroid hypertrophy
is potentiated by the lack of thyroid-stimulating hormone
(TSH) inhibition by the pituitary gland, as TSH is also
a growth hormone [1].

Thus, it is necessary to maintain adequate iodine
intake, as its deficiency (and also relatively rarely occur-
ring excess iodine intake) has a negative effect on the
population health. Prophylactic iodine supplementation
should be constantly monitored, so its effectiveness can be
evaluated, and the optimal level of iodine supplementation
determined [1, 4].

The Polish Council for Control of lodine Deficiency
Disorders (PCCIDD) decided to undertake an epidemio-
logical study in 1992-1993 that included schoolchildren,
neonates, and pregnant women. Results of these studies
prompted resumption of universal, compulsory salt fortifica-
tion with iodine (20-40 mgKJ/kg) since 1997 [1, 2, 4]. The
council also determined other indications for prophylactic
iodine supplementation: additional fortification of infant
formulas with iodine (10 pg/100 mL of milk) and additional
iodine supplementation of 150-200 ug/day in pregnant
and lactating women [1].

This model proved very effective. The prevalence of
goitre in schoolchildren decreased by 30-80% compared
10 1992-1993, and in the youngest children (6-8 years of
age), the prevalence was only 2.6%, i.e., below the endemic
level [1]. The prevalence of neonatal TSH levels above

20 plU/mL decreased from 2.0% to 0.16%, the prevalence
of goitre in pregnant women decreased from 80% to 19%,
and a reduction in the prevalence of differentiated thyroid
cancer in women was observed [1].

In 2002, the Polish model of prophylaxis of iodine de-
ficiency was judged effective and safe. It was found that
there was no population risk of both hypothyroidism due
to iodine deficiency and hyperthyroidism due to increased
iodine intake [1, 3].

It should be noted, however, that this success was
not absolute. In older children (particularly those in the
puberty period), goitre is still present in 7-8% depending
on the region, and the rate of urinary iodine excretion
above 100 ug/L did not achieve the desired level of 50%.
No more than 70% of pregnant women receive the re-
commended iodine dose and although the prevalence of
thyroid cancer in women has decreased, it is progress rate
of thyroid carcinoma in women is slower its incidence is
still 3-4 times higher than in 1990. Finally, the quality of
salt fortification with iodine was estimated at 96% of the
recommended norm [1, 5].

The National Program to Eliminate lodine Deficien-
cy-related Abnormalities (Narodowy Program Eliminacji
Zaburzen w Przebiegu Niedoboru Jodu) was interrupted in
2003-2005, reintroduced in 2006 and has been continued
until present [1].

Reduction of dietary salt intake
for cardiovascular disease prevention
and iodine intake

A separate issue is prophylactic iodine supplementation
in the setting of the recommended reduction of salt
intake to 5 g/day, as salt is the commonly used carrier
for iodine.

The WHO recommendations (Paris 2006, Luxembourg
2007) are based on the established role of salt in increa-
sing the risk of cardiovascular disease including arterial
hypertension, atherosclerosis, stroke and myocardial infarc-
tion, as well as some malignancies. According to the WHO
recommendation, daily salt intake should not exceed 5 g of
sodium chloride (2 g of sodium) per person [6]. The mean
daily salt intake in Poland is 13.5 g per person, including
8.8 g of table salt, reaching as much as 15.0 g per person
in some regions of the country [4].

According to the Standards of Dietary Management in
Cardiology (Standardy Postepowania Dietetycznego w Kar-
diologii), the 2016 Polish Society of Dietetics statement,
more than 1 million of deaths annually in the past years
might be attributed to sodium chloride intake exceeding
5 g/day, the level recommended by WHO (1.65 million of
deaths in 2010) [7].
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The World Heart Federation (WHF), European Soc-
iety of Hypertension (ESH), and European Public Health
Association (EUPHA) report on the effect of sodium
intake on the incidence of cardiovascular disease in
low-to-moderate income countries indicates that a reduc-
tion of sodium intake by 1.76 g/day per person results
in blood pressure lowering by 3.39/1.54 mm Hg [7, 8].
Reduction of dietary sodium intake may thus prevent
cardiovascular disease, in particular hypertension, and
it may significantly lower elevated blood pressure in
hypertensive subjects [9].

According to the 2015 Polish Society of Hypertension
(PTNT, Polskie Towarzystwo Nadci$nienia Tetniczego)
guidelines, a diet rich in sodium chloride may reduce the
effectiveness of antihypertensive treatment and thus much
attention should be paid to reducing salt intake below 5.0 g
per day in patients with hypertension [8]. It is believed
that the blood pressure lowering effect of a reduced die-
tary sodium intake is much higher in the elderly patients,
salt-sensitive subjects, and those with diabetes, metabolic
syndrome or chronic kidney disease, and thus it may lead
to a reduction in the number of drugs and their doses in
such patients [8]

Kypridemos et al. [10] used a microsimulation model
to evaluate the effect of efforts to reduce sodium chlo-
ride intake in the United Kingdom on the prevention of
cardiovascular disease. Introduction of a policy to reduce
sodium chloride intake in 2003-2015 prevented or delayed
cardiovascular disease in 52,000 persons, and prevented
10,000 cardiovascular deaths [10].

In view of the above opinions and data, it is important
to find the right balance between adequate iodine intake
to allow normal thyroid function and a reduction in salt
intake recommended by cardiac societies. Of note, salt is
the main source of iodine in the diet [10].

The National Institute of Food and Nutrition statement
on efforts to reduce salt intake in Poland has defined the
directions of these actions, including changes in recipes in
food industry and catering facilities, increased supervision
by food safety agencies, and continuation of appropriate
legislation efforts [7]. These actions should also include
educational efforts targeted at various groups: consum-
ers, producers, health care and public health institution
workers, and other groups influencing the lifestyle of the
population. The PTNT guidelines are also important for
these efforts, as they recommend salt intake reduction by
appropriate prevention and promotion initiatives [11]. Of
note, close cooperation with PCCID is required to introduce
necessary modifications to the program of prophylactic
iodine supplementation [8].

The authors of the program were criticised by using
an undesirable substance as the iodine carrier for prophy-
laxis, as sodium chloride intake is not recommended in
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hypertension and other cardiovascular disease. In addition,
sodium chloride intake in Poland has been and continues
to be excessive; only several years ago, intake levels recom-
mended by WHO were exceeded threefold [2].

As noted above, the current sodium chloride intake in
our country much exceeds the recommended daily intake,
and thus alternative sources of iodine are needed to provide
its adequate daily intake. Endocrinologists agree with car-
diologists that nobody should be encouraged to consume
salt. They are concerned, however, that a further reduction
in the intake of iodine-fortified salt will have an adverse
effect on prophylactic iodine supplementation and the epi-
demiology of thyroid disease. The average iodine content
in 100 g of iodine-fortified table salt is 2293 micrograms
[12]. To provide the necessary daily iodine intake of 150 ug
from salt, it is necessary to consume 6.5 g of iodine-fortified
salt, which exceeds the 5.0 g level recommended by WHO
[13]. This situation necessitates other solutions that will
reconcile recommendations of the cardiologists and the
principles of prophylactic iodine supplementation promot-
ed by endocrinologists. One solution may be to additional
use of potassium iodate (KIO,) for food fortification with
iodine [2].

Efforts are being made to increase intake of other nat-
ural iodine carries (milk, mineral water) [14]. A possibility
to increase iodine content in selected vegetables by their
biofortification has also been considered [15]. Another
possible solution is introducing iodine into the food chain
by feeding flock and cattle with iodine-containing foods.

Drugs and iodine intake

When discussing iodine intake, iodine-containing medi-
cations and contrast agents also need to be mentioned.
Pharmacological iodine doses (which may exceed daily
requirement by many times) are present in many sub-
stances used for diagnostic or therapeutic purposes.
These include radiological contrast agents (containing
140-400 mg of iodine in 1 mL), disinfectants (iodopo-
vidone — 10 mg of iodine in 1 mL), high-potency Lugol’s
iodine (127 mg of iodine in 1 mL, i.e., approximately 20
drops) [16]. Also some antiarrhythmic agents, otherwise
very effective, particularly amiodarone, may induce thyroid
dysfunction due to high iodine content (a single 200 mg
amiodarone tablet contains about 75 mg of iodine). Car-
diac amiodarone dosing may involve administration of
even several tablets per day, thus largely exceeding daily
iodine requirement [1]. In addition, the drug accumulates
in the fat and muscles, and due to a long half-life (about
100 days), iodine is released also after amiodarone is
discontinued [16].

Amiodarone has a multidirectional effect on thyroid
hormone metabolism. Its moiety is similar to that of T4 and
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Table 1. lodine content in selected food products (based on [12])

Product lodine content
[ug/100 g of product]
Fish
Codfish, fresh 110
Alaska pollock, fresh 103
Salmon, fresh 44
Mackerel, smoked 40
Herring, salted/smoked 30
Herring, fresh 24.3
Tuna in oil 25
Flounder, fresh 20
Rainbow trout, fresh 13
Northern pike, fresh 8
Dairy products
‘Rokpol’ cheese, full-fat 40
‘Edamski’ cheese, full-fat 30
Brie cheese, full-fat 11.2
Kefir, 2% fat 75
‘Edamski’ melted cheese 71
Buttermilk, 0.5% fat 5.9
Eggs
Chicken eggs, whole 9.5
Chicken egg white 6.8
Chicken egg yolk 12
Cereals
Wheat bran 31
Oatmeal 5.9
Rye flakes 5.7
Vegetables
Broccoli 15
Dried pea seeds 13.9
Spinach 12
Radish 8
Dried soy seeds 6.3
Broad beans 6
Nuts
Hazelnuts 17
Peanuts 13
Walnuts 9
Other
White table salt, iodinated 2293
lodinated mineral water 150 pg/L

‘Ustronianka’

perhaps competes with T4 for receptor binding; the drug
inhibits peripheral monodeiodination of T4 to T3 and in-
duces immune processes in the thyroid [16]. It may induce
both hypothyroidism (less frequently) and hyperthyroidism
(more frequently). While hypothyroidism usually develops
during treatment with amiodarone, hyperthyroidism may
develop at various times, even several months after the
drug is discontinued [17]. Radiological contrast agents
and amiodarone may induce thyrotoxicosis caused by
destructive thyroiditis [18].

Dietary sources of iodine

There are only few other health prevention interventions
that may be considered as effective as the program of
iodine deficiency prevention that has been in operation
in Poland for many years [41, 13]. As described above, the
multiple health benefits of this program are not limited to
normal endocrine function of the thyroid gland, prevention
of congenital hypothyroidism, and reduction of neonatal
mortality in the perinatal period but also include reduction
in the development of malignancies [19].

Due to the coexisting recommendations to reduce salt
intake in response to an increasing rates of cardiovascular
disease, alternative iodine sources are needed to allow
adequate daily intake. Table 1 shows dietary sources of
iodine [12].

When recommending a reduction of dietary salt
intake to the patients, we can also recommend alter-
native iodine sources from other food products, thus
reconciling apparently incompatible recommendations
of various societies

Conclusions

Due to the need for adequate iodine intake to prevent
thyroid dysfunction, as highlighted by endocrinologists,
and a recommendation by cardiologists to reduce intake
of iodinated table salt due to an increased cardiovascular
disease risk, alternative approaches for providing adequate
iodine intake are necessary. Thus, it is justified to introduce
iodination of mineral water and milk, as well as biofortifi-
cation of selected vegetables and feeding flock and cattle
with food rich in iodine. We should also remember about
food products that are sources of iodine, so as to include
them regularly in our menus.
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Streszczenie

Jod jest pierwiastkiem nalezacym do niezbednych bioaktywnych sktadnikéw diety, ktory ma udziat w syntezie hormo-
now tarczycy, a te z kolei wptywaja na prawidtowy rozwoéj i funkcjonowanie organizmu. W sytuacji gdy spozycie jodkow
jest mniejsze niz 50 ug/dobe, gruczot tarczowy nie jest w stanie utrzymac syntezy hormondw tarczycy na prawidtowym
poziomie. Wyniki badan z lat 1992-1993 Polskiej Komisji ds. Kontroli Zaburzen z Niedoboru Jodu byty bezpoSrednim
powodem powrotu do obowiazkowego jodowania soli kuchennej. S6l kuchenna jest powszechnie stosowanym nosnikiem
jodu. Zgodnie z zaleceniami Swiatowej Organizacji zdrowia dzienne spozycie soli nie powinno przekraczaé 5 g NaCl
(2 g Na) na osobe. Kontrolowanie zawartoSci Na w diecie jest metodg prewencji choréb uktadu sercowo-naczyniowego.
Rownoczesnie sg prowadzone dziatania stuzace zwiekszeniu spozycia innych naturalnych nosnikow jodu (mleko, woda
mineralna). Alternatywne zrodto jodu w diecie to miedzy innymi dorsz, mintaj, f0soS, jaja, otreby pszenne, brokuty, suche
nasiona grochu i orzechy laskowe. Zasadna jest idea wdrozenia jodowania wody mineralnej i mleka, a takze biofortyfi-
kacji wybranych warzyw oraz podawania jodu trzodzie i bydtu w celu zapewnienia jego odpowiedniej podazy w zwigzku

z zaleceniami ograniczenia spozycia soli kuchenne;j.

Stowa kluczowe: jod, dieta, nadci$nienie tetnicze, jodowanie soli, amiodaron
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Myocardial infarction with simultaneous acute stroke
in a patient with prior aortic graft replacement
— what is the origin of the embolic incident?

Zawat serca wspotistniejacy z udarem mozgu po wszczepieniu
protezy aorty wstepujacej z powodu ostrego rozwarstwienia typu A
— jakie jest zrodto materiatu zatorowego?

Magdalena Brzeczek @ Michat Kidawa @) Anna Ledakowicz-Polak @ Marzenna Zielifiska ®

Intensive Cardiac Therapy Clinic, Medical University of Lodz, Lodz, Poland

Abstract

Myocardial infarction as a reflection of advanced coronary artery disease is often associated with atherosclerosis of
other arteries, especially renal, peripheral and carotid, resulting in chronic renal disease, peripheral artery disease,
or stroke. Nevertheless, atherosclerosis is not always the only cause of those diseases. In this article, was presented
the case of a patient with myocardial infarction and concomitant stroke probably caused by percutaneous coronary

intervention.

Key words: myocardial infarction, stroke, embolic incident

Case report

A 62 year-old male patient with a history of cigarette
smoking, hypertension, acute ascending aortic dissection
repaired with graft replacement of the ascending aorta
and resuspension of incompetent aortic valve six months
previously (computed tomography of coronary arteries exe-
cuted then revealed no signs of coronary artery disease),
with symptoms of typical resting chest pain radiating to left
upper extremities was admitted to the Intensive Cardiac
Therapy Clinic in the fourteenth hour of acute coronary
syndrome - myocardial infarction with inferior ST segment
elevation concomitant with newly registered left bundle
branch block.

Folia Cardiologica 2019; 14, 2: 166-168

On admission, the patient was conscious [Glasgow
Coma Scale (GCS) 10, E3V3M4] haemodynamically stab-
le, with persistent chest pain, abnormal speech, left-side
facial drop, and left-side hemiparesis. ECG showed a ma-
ximum 2 mm ST-segment elevation in leads II, lll, aVF, and
a 1.5 mm ST-segment depression in leads |, aVL, V2-V6.
During the recording of the ECG, left bundle branch block
occurred. The patient was transferred immediately to the
cardiac catheterisation lab for urgent coronary angiography
which revealed isolated critical stenosis of the right corona-
ry artery with coexisting thrombus blocking the entire artery
(Figure 1). At the beginning of the procedure, a thrombecto-
my was performed (Figure 2). A percutaneous intervention
was conducted with successful sirolimus eluting stent

Address for correspondence: lek. Magdalena Brzeczek, Klinika Intensywnej Terapii Kardiologicznej, Uniwersytet Medyczny w todzi,
ul. Pomorska 251, 92-213 £6dz, Poland, e-mail: magdalena.brzeczek@gmail.com

166 www.journals.viamedica.pl/folia_cardiologica


https://orcid.org/0000-0001-9150-6979
https://orcid.org/0000-0002-5000-6561
https://orcid.org/0000-0003-3355-4061
https://orcid.org/0000-0002-0118-8610

Magdalena Brzeczek et al., Myocardial infarction with simultaneous acute stroke

Figure 1. Critical stenosis of the right coronary artery with coexis-
ting thrombus

implantation to right coronary artery with intracoronary
and subsequent intravenous eptifibatide ejection. Due
to his neurological state, the patient was transferred to
the radiology department in order to perform a computed
tomography of the brain. This procedure revealed no signs
of intracranial bleeding with slightly increased density of
the left middle cerebral artery. The patient was consulted
by a neurologist and disqualified from thrombolysis with
recombinant tissue plasminogen activator due to previous
heparin administration. Over the following period of obser-
vation the state of the patient gradually started to stabilise,
and his overall neurological condition improved, with only
the paresis of the left upper extremities (4/5 according to
Lovett) remaining.

Echocardiography revealed concentric hypertrophy of
the left ventricle with regional wall motion abnormalities in
both the inferior wall and the basal inferolateral segment
as well as the right ventricular free wall. Ejection fraction
was assessed using the modified Simpsons method to be
49%. In addition, the examination showed severe tricuspid
insufficiency with mild pulmonary hypertension [systolic
pulmonary artery pressure (SPAP) 32 mm Hg].

In order to detect the cause of the stroke, a transoe-
sophageal echocardiography was performed. This revealed
a patent foramen ovale, with residual left-to-right shunt at
rest with no change of the blood flow direction during the
Valsalva manoeuvre. An aortic graft implanted six months
previously due to acute ascending aorta dissection showed
no signs of additional masses.

Taking all the results into consideration, the most li-
kely cause of the stroke concomitant to acute myocardial

Figure 2. Right coronary artery thrombectomy

infarction in this patient was distribution of the thrombus
origins from the aortic graft to the right coronary artery
and cerebral artery.

The patient was discharged home on the seventh
day of hospitalisation in optimal health status, with a re-
commendation for regular ambulatory cardiological and
neurological check-ups.

Discussion

Atherosclerosis is a disease affecting all types of arteries
and causing different types of conditions based on its loca-
lisation. The clinical presentation of this state in the area
of the coronary arteries is coronary disease, which is the
most common cause of myocardial infarction. Therefore,
according to the third universal definition of myocardial
infarction, not all types of acute coronary syndromes are
caused by atherosclerotic disease [1].

Type 2 of acute coronary syndrome is secondary to
ischaemic imbalance in comparison with type 1 which is
a spontaneous myocardial infarction. Type 2 includes such
causes as, for example, coronary artery spasm, anaemia
and coronary embolism. The remaining types pertain to
myocardial infarction resulting in death before cardiac
biomarkers were obtained (type 3), infarction secondary
to percutaneous intervention (type 4a), stent thrombosis
(type 4b) and artery bypass grafting (type 5).

There are multiple potential origins of thrombus in the
cardiovascular system, most of them related to ageing of
the organism which include gradual dysfunction of vessels,
arrhythmias, and diseases with prothrombotic profile of the
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blood. In young patients, we often search for anatomical
structures which predispose to an ischaemic episode se-
condary to a thombotic one.

Nevertheless, an increasing number of patients acquire
different types of prosthetic devices such as stents and
grafts implanted into vessels due to numerous health
conditions [2]. Those foreign bodies are more likely to
induce a thrombotic reaction to thrombotic events such as
myocardial infarction or ischaemic stroke [3].

There are many difficulties associated with such a coe-
xistence of diseases [4]. In view of the clinical status of
the patient, there is no easy way of deciding which type
of procedure or treatment should be employed first [5].

There are reports concerning such cases in which there
is one question reccurring — what type of treatment sho-
uld be introduced? By this we mean which disease takes
priority and as a result which treatment course should
precede, remembering that choosing treatment of one
thrombosed vascular bed delays the management of the
other territory [6, 7].

Streszczenie

Due to multiple variables, this decision is always multi-
-faceted and is based on the current situation, focusing on
the clinical presentation, aggravation of symptoms, and
accessible diagnostic methods [8].

In our case, taking into consideration the ECG image
and recurring chest pain, we decided to refer the patient for
primary percutaneous coronary intervention. After finding
a thrombus in the right coronary artery, the patient was
administered eptifibatide. There are numerous studies
covering a novel course of treatment for patients with stroke
administered another platelet glycoprotein llib/llla inhibitor
intravenously [9, 10].

Conclusion

There are no guidelines for the management of a patient
with concomitant acute coronary syndrome and stroke,
so the treatment decision must always be individualised.
A constant evaluation of patient state and ongoing changes
remains crucial for the eventual outcome.

Zawat serca jako odzwierciedlenie zaawansowanej miazdzycy tetnic wieAcowych czesto wspotistnieje z miazdzycg
innych tetnic, zwtaszcza nerkowych, obwodowych i szyjnych, ktore objawia sie odpowiednio przewlekta choroba nerek,
chorobg tetnic obwodowych oraz udarem mézgu. Niemniej nie zawsze miazdzyca jest przyczyna powyzszych stanéw
chorobowych. W niniejszej pracy zaprezentowano przypadek pacjenta z ostrym zespotem wienhcowym — zawatem serca
i wspotistniejgcych udarem mézgu najprawdopodobniej wtérnie do interwencji w obrebie tetnic wiencowych.

Stowa kluczowe: ostry zespot wiencowy, udar mozgu, incydent zakrzepowo-zatorowy
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Percutaneous trans-mitral commissurotomy
in juvenile mitral stenosis with aneurysmal left atrium
— a technically challenging situation

Przezskorna komisurotomia mitralna u nastolatka ze stenoza mitralna
I tetniakiem lewego przedsionka — zabieg trudny technicznie

Santosh Kumar Sinha @ Vinay Krishna @) Hitender Kumar @ Mahmodulla Razi,
Lokendra Rekwaal, Ramesh Thakur, Puneet Aggarwal ®

Department of Cardiology, LPS Institute of Cardiology, G.S.V.M. Medical College, Kanpur, India

Abstract

Percutaneous trans-mitral commissurotomy (PTMC) using an Accura balloon is an effective procedure for the mana-
gement of patients with rheumatic mitral stenosis. It is not infrequent to encounter an aneurysmal left atrium (LA),
especially in the developing world where patients often present very late. This is a technically challenging procedure as
the septum often bulges into the right atrial side, making the puncture often difficult. Furthermore, it bulges anteriorly
and inferiorly so it becomes even more challenging. Because of the vertical lie of the septum, the needle often dissects
the septum rather than puncturing it.

Here, we describe the case of a 17 year-old boy with severe mitral stenosis with a giant, aneurysmal left atrium (LA —
13.5 x 16 cm) where an inter-atrial septal puncture was achieved by probing the fossa ovalis to enter the left atrium
instead of a conventional transseptal puncture. PTMC was successfully done, increasing the mitral valve area from
0.8 cm’to 1.9 cm’.

Key words: aneurysmal left atrium, probing fossa ovalis, Brockenbrough needle, percutaneous trans-mitral
commissurotomy, trans-septal puncture
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Introduction

Percutaneous trans-mitral commissurotomy (PTMC), intro-
duced in 1984 by Inoue et al [1], opened a new window for
the treatment of patients with symptomatic mitral stenosis
(MS) with suitable valve anatomy. In the presence of a left
atrial clot, left atrial appendage clot, or calcified valve, the
complication rate may rise [2]. Another challenging substra-
te is an aneurysmal left atrium (LA) where the inter-atrial
septum becomes fatter with a more horizontal orientation.
The fossa ovalis lies lower down. As LA pressure is high,

the atrial septum usually bulges into the right atrium. For
these reasons, the needle tends to make a tangential
track in the atrial septum. These factors pose a formidable
challenge during a trans-septal puncture. The conventional
technique requires some modifications when faced with
these atypical situations.

Case report

A 17 year-old boy presented with exertional dyspnoea — New
York Heart Association (NYHA) class Il for the past three
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Figure 1. Chest X-ray postero-anterior view showing aneurysmal
left atrium

years, progressing to class lll for the past eight months. His
chest X-ray showed an aneurysmal left atrium (Figure 1).
Transthoracic echocardiogram revealed severe mitral
stenosis with a mitral valve area of 0.8 cm?® by planimetry,
and Wilkin's score — 8/16 (M,, C2, T2, S2). Mean gradient
across the mitral valve was 35 mmHg by pressure half
time (PHT). His left atrium was aneurysmally dilated, with
the size being 11 x 9 cm on echocardiogram (Figure 2).
His height was 163 cm. Transoesophageal echocardiogra-
phy was performed to look for a left atrial clot, degree of
mitral regurgitation (MR), and the suitability of PTM. Pre-
-procedural consent was obtained. Femoral artery and vein
were accessed with a 6 F and a 8 F sheath respectively.
A Mullins sheath over a 0.035” guidewire was parked in
the left brachiocephalic vein. The wire was removed and

Figure 2. 2D trans-thoracic echocardiogram in apical four-chamber
view showing aneurysmal left atrium (11 x 9 cm)

a Brockenbrough needle was inserted into the sheath. LA
entry was facilitated using the probing fossa ovalis tech-
nique after making a gradual descent. A small puff of dye
was injected to confirm the left atrial entry. Subsequently,
the Mullins sheath was advanced over the needle and con-
trast was injected through the sheath following removal of
the needle, which opacified the left atrium, confirming its
aneurysmal dilatation (Figure 3A). Inter-atrial septum was

Figure 3A. Contrast being injected through the sheath opacifying the left atrium (LA); B. Looped LA wire was parked in LA
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Figure 4. Because of giant left atrium (LA), Accura balloon was
pushed over wire very deep inside LA

dilated in a left atrial oblique (LAO) 30° view. Looped LA
wire was parked in left atrium (Figure 3B). An Accura bal-
loon (Vascular Concepts, Essex, UK) was sized t0 26.5 mm
based on Hung’s formula. Preprocedure LA pressure was
49/28 mm Hg (mean = 39 mm Hg). Following septal dila-
tation, the Accura balloon was placed in the LA. Because
of the giant LA, the Accura balloon was pushed over the
wire very deep inside the LA (Figure 4). LA wire was remo-
ved, and J-shaped metallic stylet was introduced. A gentle
anticlockwise twist was applied to the metallic stylet, and
the Accura balloon was gradually pulled until a bobbing
movement at its tip was noted. Once the bobbing move-
ment of the Accura balloon was established, it was pushed
into the left ventricle through the mitral valve. Once in the
left ventricle, the J-shaped metallic stylet was exchanged
for a 0.035” wire. The balloon was inflated in its distal
part and pulled back to anchor it at the mitral valve and
inflated further to achieve its full dilatation (Figure 5). The
procedure was performed successfully, thereby bringing
the LA mean pressure to 6 mm Hg, and achieving a mitral
valve area of 1.9 cm®,

Discussion

In a developing country like India, where patients with
rheumatic mitral stenosis often present very late, it is
not uncommon to find an aneurysmal left atrium. In
such situations, the anatomy of the interatrial septum is
often distorted. Wood et al have proposed a radiological
classification of LA enlargement wherein grade-3 denotes

Figure 5. The balloon was inflated in its distal part and pulled back
to anchor it at the mitral valve and inflated further to achieve its
full dilatation

where the left atrium bulges conspicuously on both sides
of the heart, extending beyond the shadow of the right
atrium on that side. This gross enlargement is described
as aneurysmal [3].

Due to the high left atrial pressure in mitral stenosis, an
atrial septum will usually bulge into the right atrium, where
the atrial septum becomes flatter with a more horizontal
orientation, which distorts the anatomy of the region of
the fossa ovalis as it lies lower down [4]. These factors
combined make septal puncture challenging because the
needle tends to dissect the septum rather than puncturing
it because it tends to track tangentially. Also, if it punctures
the muscular part of the septum, sometimes septal catch
is encountered, which makes negotiating the balloon ac-
ross the mitral valve difficult. Moreover, there are potential
risks during transseptal puncture in the form of needle tip
perforation < 3%, tamponade < 1%, and death < 0.5% [5].

Instead of a conventional transseptal puncture, the
fossa ovalis probing technique, as described by Krish-
namoorthy et al [6], may be tried, as in our case. Under
fluoroscopic guidance, the needle and the sheath as an
assembly make a gradual descent into the right atrium.
When the Mullins sheath snaps into the fossa ovalis, it is
firmly pressed against the atrial septum, keeping the needle
tip just inside the sheath (by about 2-3 mm). This gives
support to the sheath without risk of injury to the left atrial
wall. Proper positioning of the sheath tip prior to probing
should be ensured on fluoroscope, and a test injection with
contrast material made to identify any tenting of the atrial
septum at the site of the fossa. Left atrial entry should
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be sought by repeated attempts to probe the fossa using
gentle and controlled pressure applied to the sheath tip.
Once entry to the left atrium is suspected, with a feeling
of giving way, only 2-3 mm of the tip of the sheath should
be allowed to enter the chamber. Further advancement of
the sheath should be done only after confirming its entry
into the left atrium.

These precautions avoid damage to the left atrial wall
at a site other than the fossa, and consequent damage to
aorta or pericardium. This avoids the production of an ia-
trogenic atrial septal defect, although the incidence of this
is itself much less frequent with a conventional transseptal
puncture. One should avoid the risk of a tear outside the
fossa ovalis by keeping the needle tip well inside the sheath
throughout the procedure. Surgeons should ensure proper
positioning of the sheath tip, the application of gentle and
controlled pressure allowing only 2-3 mm of the tip of
the sheath to enter the left atrium after probing, and final
advancement of the sheath only after the confirmation of
left atrial entry by a puff injection. One should avoid probing
the fossa with force. This will be successful as high left atrial
pressure leads to stretching and thinning. This has the ad-
ditional advantage in certain situations such as a distorted
atrial septum, a significant right or left atrial enlargement,

Streszczenie

for those on anticoagulants, and for pregnant women,
because it reduces fluoroscopy time and complications.

If this fails, a transseptal puncture will be the default
choice. This requires slight modification in the form of
increasing the curvature of the Brockenbrough needle so
that it can face more posteriorly to enable the puncture,
especially when the LA is aneurysmal. In difficult cases,
transthoracic, transoesophageal, or intracardiac ultraso-
und navigated transseptal puncture may be employed [6].

Usually, the balloon is negotiated in a right anterior
oblique view because it profiles the left ventricular long
axis. In a situation of aneurysmal LA, a lateral view (90°)
may be better sometimes. Other improvisations may include
a non-ideal puncture site such as more cephalad or leftward
(closer to mitral valve), very low punctures, changing the
shape of the stylet, and different techniques of balloon
entry such as the over the wire technique [7, 8], and floating
a Swan-Ganz catheter into the left ventricle [9].

Our method was a modification of an existing technique
that turned a complex situation into a simple one.
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Przezskérna komisurotomia mitralna (PTMC) przy uzyciu balonu Accurato to skuteczny zabieg stosowany w leczeniu
chorych ze stenoza mitralna (MS) spowodowang chorobg reumatyczng. Nierzadko spotyka sie u tych chorych tetniak
lewego przedsionka (LA), zwtaszcza w krajach rozwijajacych sie, gdzie pacjenci czesto bardzo pézno zgtaszaja sie do
lekarza. Zabieg ten jest trudny technicznie, poniewaz przegroda czesto wpukla sie do prawego przedsionka, utrudniajac
wykonanie naktucia. Co wiecej, przegroda wybrzusza sie w kierunku przednio-dolnym, co dodatkowo zwieksza trudnosé
zabiegu. Ze wzgledu na pionowe potozenie przegrody igla czesto rozdziela przegrode, zamiast jg przebic.

W niniejszej pracy opisano przypadek 17-letniego chtopca z ciezkg MS i olbrzymim tetniakiem LA (LA — 13.5 x 16 cm).
Aby dostac sie do LA, sondowano otwor owalny zamiast konwencjonalnego naktucia przegrody. Przeprowadzono z po-
wodzeniem zabieg PTMC, zwiekszajac powierzchnie zastawki mitralnej z 0,8 cm? do 1,9 cm’.

Stowa kluczowe: tetniak lewego przedsionka, sondowanie otworu owalnego, igta Brockenbrougha,
przezskorna komisurotomia mitralna, naktucie przegrody miedzyprzedsionkowej
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Trans-femoral percutaneous coronary intervention
in an anomalous right coronary artery
using a 5 F TIG diagnostic catheter

Przezskorna interwencja wiencowa z dostepu przez tetnice udowg
w obrebie nieprawidtowej prawej tetnicy wiencowej
przeprowadzona za pomocg cewnika diagnostycznego 5 F TIG
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Abstract

Anomalous coronary arteries, especially when they are right with a high take-off, are challenging substrates for percuta-
neous coronary intervention (PCl). Here, we report the case of a 63 year-old female who had a critical lesion in proximal
anomalous right coronary artery having an abnormal take-off, where the ostium failed to get cannulated using multiple
guiding catheters. Successful PCl was done using a 5 F TIG diagnostic catheter (Optitorque, Terumo, Japan) through the
transfemoral route. The unique shape of the TIG diagnostic catheter allowed coaxial engagement of anomalous right
coronary artery, with adequate lesion assessment and stent delivery.

Key words: anomalous right coronary artery, TIG catheter, transfemoral percutaneous coronary intervention,

high take-off

Introduction

Coronary artery anomalies are found in 0.6-1.5% of
coronary angiograms, and are usually incidental findings
[1]. Anomalous origin of coronary arteries is reported to
be 0.6-1.2% in patients among the various angiographic
series [2]. Percutaneous coronary intervention (PCl) of
congenitally anomalous coronary arteries poses unique
challenges, and needs special consideration regarding
their site of origin, orifice configuration, take-off angle,
site and type of lesion, and the route the artery traverses
[3]. Guiding catheter selection is the most important step

Folia Cardiologica 2019; 14, 2: 174-178

for any PCI, but even more so for an anomalous coronary
because the coaxial alignment and stent delivery on the
wire are the keys to success.

Case report

A 63 year-old female presented with exertional angina
of three years’ duration which had worsened in the last
three weeks. Smoking, diabetes, and dyslipidemia were
her risk factors. Her treadmill test was strongly positive
for reversible ischaemia. Her physical examinations and
biochemistry were all unremarkable. Electrocardiogram
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Figure 1A, B. Right coronary artery having an anomalous origin with a high take-off (white arrow showing the lesion in proximal part)

revealed nonspecific ST-T changes in precordial leads.
Echocardiography revealed mild concentric hypertrophy,
mild mitral leak, and normal ejection fraction. Trans-
-femoral catheterisation was planned after proper consent.
The left main artery was cannulated in the usual fashion
using a Judkins left diagnostic catheter which revealed
normal left main, left anterior descending artery, and left
circumflex artery. Right coronary artery (RCA) could not be
selectively hooked with a Judkins right diagnostic catheter,
but non-selective injection showed its anomalous origin
with a high take-off. RCA had tubular lesion with critical
stenosis in its proximal segment. Percutaneous coronary
RCA was planned and 7,000 U of heparin was given further.
Cannulation was attempted with a Judkins right guiding
catheter, but it failed. It subsequently failed to be hooked
with other catheters including an Amplatz right and left (AR,
AL), multipurpose (MP), hickey stick (HS), Voda catheter,
and Judkins left (JL). Finally, a 5F TIG diagnostic catheter
(Optitorque; Terumo, Japan) was chosen for the job. RCA
was hooked although it was not co-axial (Figure 1). As
alignment was not co-axial, RCA was wired using the floa-
ting wire technique with a runthrough wire (Asahi, Japan)
and parked distally. As it was difficult to manoeuvre the
catheter over the wire because of anomalous origin and
high take-off, another runthrough wire was parked as
a buddy wire into the RCA (Figure 2A). With this improved
support, the catheter was engaged selectively and the
buddy wire was withdrawn (Figure 2B). The lesion was
pre-dilated with a 2 x 10 mm, and a 2.5 x 10 mm Minitrak
balloon (Abbott, USA) inflated to 12 atm (Figure 3A). It was

stented by deploying a 2.75 x 28 mm Xience Prime stent
(everolimus-eluting stent, Abbott, USA) up to 13 atm pres-
sure and further post dilated by a 2.75 x 10 mm Minitrak
non-compliant balloon up to 20 atm pressure achieving
TIMI 3 flow (Figures 3B, 4). She was discharged on the third
day with acetylsalicylic acid 150 mg/day, prasugrel 10 mg/
/day, atorvastatin 80 mg/day, metoprolol 100 mg/day and
ramipril 2.5 mg/day. The patient has been doing fine since
then, with regular follow-ups at our institute.

Discussion

Anomalous RCA with high anterior take-off, although rare,
is a technically challenging and time-consuming sub-
strate. Selection of a guide catheter should be based on
configuration of the ostium, dimensions of the aortic root,
location of the origin, and the type of lesion. The origin
of RCA based on the angulation can be divided into four
types: type | — 90° angle from aorta; type Il — below 90°
angle from aorta; type Ill — above 90° angle from aorta;
and type IV — anomalous or ectopic origin wherein it is
subdivided into three types based on the height of origin:
normal take-off i.e. 1-1.5 cm from aortic valve; high take-
-off i.e. > 1.5 cm from aortic valve; and low take-off i.e.
<1 cm from aortic valve [4]. Coaxial engagement and ade-
quate back-up support from a guide catheter are the keys
to successful PCIl. Anomalous right coronary artery can be
cannulated using Amplatz, El Gamal, Voda, and multipur-
pose catheters, oversized left Judkins catheters, thrombus
aspiration catheters, and rarely GuideLiner catheters [5].
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Figure 2. Right coronary artery (RCA) was wired using floating wire technique as alignment was not co-axial (arrowhead — tip of catheter,
arrow — ostium of RCA; A); another runthrough wire was parked as a buddy wire into the RCA to facilitate the coaxial alignment (B)

Figure 3. The lesion was pre-dilated using Minitrak balloon (A); it was stented by deploying 2.75x28 mm Xience Prime stent up to 13 atm
pressure (B)

A 5 F TIG catheter is a diagnostic catheter which is
used for transradial interventions. It has a unique shape
with three loops. The first loop compensates for unfavo-
urable angle between innominate artery and ascending
aorta. The flat portion between the second and third loops
rests against the opposite side of aortic wall and provides

back up support. The catheter has a long tip and it points
upwards. In a case of anomalous RCA with high anterior
take-off, short tipped right catheters don’t reach the
ostium, while left catheters don’t provide adequate back-
-up as they tend to maintain their original configuration to
the right side of ascending aorta. However, a TIG catheter,
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Figure 4. Right coronary artery showing TIMI lll flow after post dilatation with non-compliant balloon (A — left anterior oblique view; B — right
anterior oblique view)

due to its versatile design, rests against the posterior wall
of ascending aorta and the long tip easily reaches the
ostium. Another advantage of this catheter is that it can
take different shapes by means of push, pull, torque, and
rotation. Furthermore, there is less chance of dissection
because its tip is very soft. As it is a 5 French catheter, it
can be seated deep in the RCA, and can cause damping
of pressure.

Since the use of a 5 F diagnostic catheter for PCl was
first reported by Salinger et al [6], it has become increasin-
gly popular due to the trend toward using a slender catheter
for a transradial approach. It has also been seen that gu-
iding catheters sometimes may not be able to selectively
engage the coronary ostium even though its diagnostic
counterpart may be able to cannulate the coronary ostium
successfully because of the differences in shape between
the two catheters in the form of a shorter tip and a lack
of tip tapering for the guiding catheter. This can result in
multiple guide selection attempts [7].

The disadvantages are the unsatisfactory vessel opa-
cification because of small calibre, the need for deep

engagement which may be associated with coronary dis-
sections, and the poor support for complex interventions.
Nonetheless, a type-A lesion can easily be treated by
a b F diagnostic catheters. As the contrast volume injected
through a 5 F catheter is comparably less, it has the poten-
tial to reduce the nephrotoxicity, especially in patients with
renal dysfunction. We had adequate vessel opacification
at all times, enabling us to accurately position and implant
the stent without increasing the total radiation time or dye
consumption. Sufficient support was achieved without the
need for deep catheter intubation, with easy positioning of
the stent across the stenotic lesion.

In conclusion, PCl via a 5 F TIG diagnostic catheter is
technically safe and feasible, and allows for significant
resource savings. This may be an attractive technical
alternative in selected cases when all other catheters
have failed.
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Streszczenie

Anomalie dotyczace tetnic wiencowych, zwlaszcza wysokie odejscie prawej tetnicy wiencowej (RCA), wiazg sie z trud-
noSciami w trakcie przezskornej interwencji wiericowej (PCl). W niniejszym artykule przedstawiono przypadek 63-letnigj
kobiety, u ktorej stwierdzono krytyczne zwezenie w blizszym odcinku RCA o nieprawidtowym odejsciu. U chorej proby
kaniulacji ujScia tetnicy konczyly sie niepowodzeniem mimo uzycia wielu cewnikow prowadzacych. Zabieg PCl udato sie
skutecznie wykonac¢ za pomoca cewnika diagnostycznego 5 F TIG (Optitorque, Terumo, Japonia) z dostepu przezudowe-
go. Unikatowy ksztatt cewnika diagnostycznego TIG umozliwit jego wspotosiowe wprowadzenie do nieprawidtowej RCA
i dokonanie odpowiedniej oceny zwezenia oraz umieszczenie stentu.

Stowa kluczowe: nieprawidtowa prawa tetnica wiencowa, cewnik TIG, przezskorna interwencja wiencowa z dostepu

przezudowego, wysokie odejscie
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Transcatheter closure of a large ruptured sinus of Valsalva
aneurysm to right ventricle — technical challenges

Przezcewnikowe zamkniecie pekniecia duzego tetniaka zatoki Valsalvy
do prawej komory — trudnosci techniczne
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Abstract

Sinus of Valsalva aneurysm, usually a congenital anomaly, almost always ruptures into the right sided cardiac chambers,
causing a left-to-right shunt with profound haemodynamic consequences. With the availability of the current genera-
tion of devices and hardware, transcatheter closure has gradually replaced the surgical route. To date, most closures
have been performed using an Amplatzer duct occluder (ADO). Here, we report the case of a 21 year-old male where
a very large (18 mm) rupture of a sinus of Valsalva aneurysm from non-coronary cusp to right ventricle was closed by
a percutaneous approach using a 20/18 mm Cocoon duct occluder (CDO; Vascular Innovations, Nonthaburi, Thailand).

Key words: sinus of Valsalva aneurysm, right ventricle, Amplatzer duct occluder, Cocoon duct occluder, transcatheter

closure

Introduction

Folia Cardiologica 2019; 14, 2: 179-184

Case report

A ruptured sinus of Valsalva aneurysm (RSOVA) is a rare
cardiac abnormality, accounting for < 1% of all congenital
heart defects. It forms due to a congenital weakness at
the junction of the aortic media and annulus fibrosus [1].
Aneurysms arise from the right coronary sinus (RCS) in 70%
of cases of RSOVA, from noncoronary sinus (NCS) in 29%,
and rarely, 1%, from the left coronary sinus [2]. Its presen-
tation varies from asymptomatic findings to the sudden
onset of chest pain due to acute heart failure associated
with a severe left-to-right shunt if communicating with the
right-sided heart chambers, with rapid deterioration cau-
sing death, with a mean survival period for untreated RSOVA
patients of 1-3.9 years [3]. Early surgical intervention is the
treatment of choice. Although surgery is the gold standard,
percutaneous transcatheter closure (TCC) has now become
equally efficacious, and brings with it fewer complications.

A 21 year-old manual labourer with no other significant
comorbidities presented with a history of palpitations
and breathlessness on exertion of six weeks’ duration.
On admission, his functional status was New York Heart
Association (NYHA) class Ill. On examination, he was
found to have continuous murmurs in the right second
and third intercostal spaces, with peripheral signs of
aortic run-off. Electrocardiogram showed left ventricular
hypertrophy with right ventricular enlargement, and chest
X-ray showed mild cardiomegaly with right ventricular
enlargement. Transthoracic echocardiography showed an-
eurysmally dilated right sinus of Valsalva which was com-
municating into right ventricle (RV) with continuous flow
revealing a classical windsock deformity. Colour Doppler
examination revealed a ruptured aneurysm of the right
coronary sinus of Valsalva causing a large left-to-right
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Figure 1A-D. Transthoracic echocardiography showing right sinus of Valsalva communicating into right ventricle (red arrow; A); colour
Doppler showing the ruptured sinus of Valsalva aneurysm (RSOVA) in right ventricle (B); well apposed device with both the discs (2D echo

— white arrow; C) (3D; D)

Figure 2. Aortic root angiogram showing aneurysmal sac (arrow-
head) of right coronary sinus rupturing into right ventricle. The
largest diameter of defect was 17 mm

shunt into the right ventricle (Figure 1). There were no
associated defects such as ventricular septum defect or
aortic regurgitation. Subsequently, it was confirmed on
aortic root angiogram. This also revealed a mean pul-
monary artery pressure of 58 mmHg and the Qp/Qs was
2.2. The communication was profiled in different views,
and the largest diameter was 16-17 mm as measured by
quantitative coronary analysis (Figure 2). Percutaneous
device closure was planned with informed consent. The
right femoral vein and artery and left femoral artery
were all accessed with 6 F sheaths. Intravenous heparin
(100 IU/kg) and ceftriaxone-1 gm were injected. The
defect was crossed from the aortic side using a straight
tip, 0.035 inch, 190 cm terumo wire (Terumo, Japan) over
a 6 F Multipurpose diagnostic catheter (MP-1) (Figure 3A).
Once the wire had reached into the right ventricle (RV),
the catheter was further advanced into the RV. With the

Figure 3A-D. The defect was crossed from the aortic side using straight tip terumo wire (A); the wire was exchanged for along terumo wire,
which was pushed into right atrium where it was snared using a 2 cm EnSnare (B-D)
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Figure 4. Arteriovenous wire loop was established

catheter kept within the RV, the wire was exchanged for
a long (330 c¢cm, 0.035 inch) terumo wire, which was
pushed into the right atrium (Figure 3B). It was snared
using a 2 cm EnSnare (Merit Inc, USA), and brought out

of the right femoral vein, thereby establishing a stable
arteriovenous wire loop (Figures 3C, D, 4). As the largest
diameter of defect was 17 mm, we chose a duct occluder
device (Cocoon duct occluder, CDO; Vascular Innovations,
Thailand) of 20/18 mm, meaning that its aortic segment
was 2 mm larger than the diameter of the defect. As the
device was compatible with a 12 F sheath, a 6 F venous
sheath was pulled outand a 12 F long delivery sheath was
introduced over the terumo exchange length wire from
the venous side into ascending aorta across the defect.
As the defect was opening into RV, and sheath being
12 F, we encountered great difficulty while negotiating
it beyond the RV into ascending aorta as it tended to
prolapse back to RV. The long sheath was pulled out and
another 6 F MP catheter was pushed from venous side
into descending aorta over the terumo wire. The terumo
wire was exchanged for a 0.035 inch superstiff Amplatz
wire (St Jude Med, Germany). This was pushed down to
descending thoracic aorta where it was snared and bro-
ught out of the femoral artery, thereby creating another
arterio-venous loop, but this time over the superstiff Am-
platz wire. The long sheath was pushed over the Amplatz
wire, but again the same difficulty was encountered as it
tended to prolapse back to RV. Both the ends of Amplatz
wire were grasped with artery forceps to keep the wire
taut, and the delivery sheath was pushed with a gentle
clockwise twist to facilitate its smooth delivery. With the
help of this manoeuvre, it was successfully pushed bey-
ond the ascending aorta to proximal descending thoracic

Figure 5A, B. 12 F long delivery sheath was pushed beyond the ascending aorta into descending thoracic aorta (white arrow shows the
bend across right ventricular outflow tract (RVOT), A); aortic end of Cocoon duct occluder (CDO) was positioned to perfectly align with
the aortic end of the ruptured sinus (B)
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Figure 6A, B. Position of the device and complete sealing of the defect was confirmed in straight lateral position as no contrast was flowing
across the device (A); device position after its deployment (B)

aorta (Figure 5A). CDO, attached to the delivery cable,
was then inserted into the delivery sheath and pushed
to open its aortic disc in the ascending aorta. The whole
assembly was pulled back and positioned carefully until
the aortic disc perfectly aligned with the aortic end of the
ruptured sinus. This was ensured after injecting contrast
through the pigtail catheter which was positioned into
aortic sinus from the left femoral route. The position was
ensured via two views: right anterior oblique with cranial
angulation (RAO cranial), and straight lateral projection
(Figures 5B, 6A). After confirming the precise placement,
the rest of the CDO was deployed on the right side across
the defect by gently pulling the delivery sheath. During
this manoeuvre, a gentle traction was exerted on the
delivery cable, but taking special care to ensure that
the aortic disc was seated on the aortic side, with no
slippage into the aneurysm. After a 10 minute delay,
aortic root angiogram was again performed to ensure
proper device positioning and rule out any para-device
leak. The CDO was then released from the delivery cable
by turning the pin-vice anticlockwise (Figure 6B). Device
position was confirmed and any embolisation was ruled
out on fluoroscopy (Figure 7). Echocardiogram on the
following day showed no residual flow across the device
(Figure 1C, D). The patient was discharged in a stable
condition the next day on aspirin 75 mg once daily for
the next six months.

Discussion

Sinus of Valsalva aneurysm almost always ruptures into
the right side of the heart causing a left-to-right shunt
with profound haemodynamic effects, especially when the
rupture is sudden. Most SVAs arise from right coronary
sinus ruptures in right ventricle and those arising from
non-coronary sinus ruptures into RA [4]. Since the first
report of a device closure of a RSOVA in 1994, there have
been various case reports of RSOVA closure using a patent
ductus arteriosus (PDA) occluder, a ventricular septal defect
(VSD) occluder, an atrial septal defect (ASD) occluder, and
a Rashkind umbrella, for example. Therefore, the transcat-
heter approach has become the gold standard for RSOVA
if it is amenable to device closure.

The technique is similar to device closure of a per-
imembranous VSD, although the defect is located just
above the aortic valve instead of below. Sizing of the
defect can be done by angiographic measurement, and/
/or periprocedural echocardiography with colour Doppler
interrogation which helps in device selection (2-4 mm
larger than the aortic end). However, echocardiogram also
gives additional information about its neighbouring stru-
ctures, namely the aortic valve, tricuspid valve, and right
ventricular outflow tract, and it does the periprocedural
monitoring of acute aortic, and tricuspid regurgitation, and
residual shunting. Some authors have also employed the
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Figure 7A, B. Fluoroscopy showing stable device position (right anterior oblique view, A; straight lateral view, B)

technique of balloon sizing of the defect to choose the
appropriate device [5]. In our case, the ruptured RSOVA
was closed at the aortic end similarly to a ‘surgeon’s
repair’ since closure at the rupture site (exit point) would
leave behind an aneurysmal sac which could rupture at
another site in the long term as it remains exposed to
arterial pressure [6]. Although the surgical incidence
of post-procedural aortic regurgitation (AR) is 6%, most
surgical incidences are based on aortography and not
on the sensitive colour Doppler modality [7], it was not
seen in our case. If it is moderate or more, one should
not perform the device deployment as it speaks of mal-
-coaptation of disc with the aortic sinus. If the degree of
procedure-related AR is only trivial (less than Grade 1),
it may not be a concern as progression of such AR, if at
all, is likely to be very gradual and stable over the next
10-20 years. But it should be serially and closely moni-
tored by transoesophageal echocardiography, and needs
a longer follow-up than usual.

In our case, the sinus was rupturing into right ventric-
le where the antegrade delivery of the sheath (from right
atrium to aorta via right ventricle) is sometimes difficult.
In such a case, one should use an Amplatz superstiff
wire to make a veno-arterial loop. If this does not work,

one should tightly grip both ends of the wire with artery
forceps and gradually push the delivery sheath over the
wire with a clockwise twist. Once it crosses the right
ventricle into aorta, it should be pushed as distally as
possible, at least into the proximal descending aorta,
as in our case.

The Cocoon duct occluder (CDO) is a platinum-coated,
self-expandable, mushroom-shaped device made from
a nitinol wire mesh. Its mushroom-shaped retention
skirt ensures accurate positioning at the aortic sinus of
the aneurysm. Multiple poly-propylene patches sewn sec-
urely to the side of the device helps in the introduction of
thrombosis, thus closes the defect. Nano platinum coating
prevents nickel leeching into the bloodstream and the
corrosion of the nitinol wire frame in long term implants.
Platinum provides better radio-opacity, which enables
easy positioning of the device in the defect.

TCC of a ruptured sinus of Valsalva can be safely and
effectively carried out using CDO, and is a good alternative
to surgery.
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Streszczenie

Tetniak zatoki Valsalvy, zwykle spowodowany wrodzonym defektem, prawie zawsze peka, tworzac przetoke do prawo-
stronnych komér serca i powodujac przeciek lewo-prawy z powaznymi konsekwencjami hemodynamicznymi. Dzieki
dostepnosci najnowszej generacji urzadzen i sprzetu przezcewnikowe zamkniecie przecieku stopniowo zastgpito droge
chirurgiczna. Do tej pory wiekszoS¢ zamknie¢ wykonywano za pomocg urzadzenia zamykajgcego (zapinki) typu Amplat-
zer (ADO, Amplatzer duct occluder). W niniejszej pracy opisano przypadek 21-letniego mezczyzny, u ktérego metoda
przezskérng zamknieto pekniecie bardzo duzego (18 mm) tetniaka niewiencowej zatoki Valsalvy do prawej komory za
pomoca urzadzenia Cocoon duct occluder 20/18 mm (CDO; Vascular Innovations, Nonthaburi, Tajlandia).

Stowa kluczowe: tetniak zatoki Valsalvy, prawa komora, Amplatzer duct occluder, Cocoon duct occluder, zamkniecie

przezcewnikowe

References
Edwards JE, Burchell HB. The pathological anatomy of deficien-
cies between the aortic root and the heart, including aortic sinus
aneurysms. Thorax. 1957; 12(2): 125-139, indexed in Pubmed:
13442955.
Sakakibara S, Konno S. Congenital aneurysm of the sinus of Valsalva.
Anatomy and classification. Am Heart J. 1962; 63: 405-424, indexed
in Pubmed: 14496167.
Sakakibara S, Konno S. Congenital aneurysms of sinus of Valsal-
va. A clinical study. Am Heart J. 1962; 63: 708-719, indexed in
Pubmed: 14496168.
Moustafa S, Mookadam F, Cooper L, et al. Sinus of Valsalva an-
eurysms — 47 years of a single center experience and systematic
overview of published reports. Am J Cardiol. 2007; 99(8): 1159-

Folia Cardiologica 2019; 14, 2: 179-184

-1164, doi: 10.1016/j.amjcard.2006.11.047, indexed in Pubmed:
17437748.

Arora R, Trehan V, Rangasetty U, et al. Transcatheter closure of ruptu-
red sinus of valsalva aneurysm. J Interv Cardiol. 2004; 17(1): 53-58,
doi: 10.1111/j.1540-8183.2004.01714.x.

Kerkar P, Suvarna T, Burkule N, et al. Transcatheter closure of rup-
tured sinus of Valsalva aneurysm using the Amplatzer duct occluder
in a critically ill post-CABG patient. J Invasive Cardiol. 2007; 19(6):
E169-E171, indexed in Pubmed: 17541141.

Murashita T, Kubota T, Kamikubo Y, et al. Long-term results of aor-
tic valve regurgitation after repair of ruptured sinus of valsalva
aneurysm. Ann Thorac Surg. 2002; 73(5): 1466-1471, indexed in
Pubmed: 12022534,

www.journals.viamedica.pl/folia_cardiologica


https://www.ncbi.nlm.nih.gov/pubmed/13442955
https://www.ncbi.nlm.nih.gov/pubmed/14496167
https://www.ncbi.nlm.nih.gov/pubmed/14496168
http://dx.doi.org/10.1016/j.amjcard.2006.11.047
https://www.ncbi.nlm.nih.gov/pubmed/17437748
http://dx.doi.org/10.1111/j.1540-8183.2004.01714.x
https://www.ncbi.nlm.nih.gov/pubmed/17541141
https://www.ncbi.nlm.nih.gov/pubmed/12022534

PRACA KAZUISTYCZNA

Folia Cardiologica 2019

tom 14, nr 2, strony 185-188
DOI: 10.5603/FC.2019.0037
Copyright © 2019 Via Medica
ISSN 2353-7752

Atrial fibrillation with rapid ventricular rate
during thyroid storm

Migotanie przedsionkow z szybkg czynnoscig komor
W czasie przetomu tarczycowego
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Abstract

We present the case of an unconscious 81 year-old woman admitted to the Emergency Department with fever and
significant tachycardia up to 210 bpm. The patient was referred by the general physician to the neurology department
with suspected stroke. Atrial fibrillation (AF) with rapid ventricular rate was found. The causes of significant tachycardia,
in this case, were complex and associated with dehydration, fever, infection and thyroid storm. It could be assumed that
the deterioration of the patient’s general condition and a decreased fluid intake had caused hypertonic dehydration
which could have led to further acceleration of the heart rhythm and loss of consciousness.

Thyroid function tests are indicated in all cases of paroxysmal AF. In the presented case, the suspicion of thyroid storm
was based on the results of analysis and it was confirmed later by the results of free traction of thyroid hormones’
levels. The very fast ventricular rate was related to metabolic disorders and the influence of thyroid hormones on the
electrophysiological properties of the atrioventricular junction. In order to stabilise the condition of the patient, passive
oxygen therapy, an antipyretic drug, the correction of water and electrolyte disturbances, and digoxin were administered.
This treatment improved the patient’s general condition and state of consciousness, resulting in slowing heart rate and

respiratory rate.

Key words: atrial fibrillation, dehydration, thyroid storm

Case report

An 81 year-old female patient was transported to the
emergency department (ED) from a nursing home after
losing consciousness. She was referred to the neurology
department with a stroke diagnosis made by a doctor at
the nursing home. The medical transport team provided
information that the patient suffered from hypertension
and dementia. Loss of consciousness was not sudden

Folia Cardiologica 2019; 14, 2: 185-188

but gradual. On the day of admission, she had completely
stopped eating and drinking and became unresponsive.
The patient’s documentation contained an electrocardio-
gram that had been recorded a few months earlier which
showed sinus rhythm. The patient was treated chronically
with amlodipine, nicergoline, and acetylsalicylic acid.

The patient was immediately admitted to the red area.
On the Glasgow Coma Scale (GCS) she scored 3 points.
The patient’s airway was patent, but respiration was rapid
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Figure 1. An electrocardiogram at admission. Atrial fibrillation with mean ventricular rate of 210/min (paper speed 50 mm/s)

(30 breaths per min) and laboured. Pulse oxymetry revealed
oxygen saturation at 85% and a pulse rate of 220/min. The
patient was immediately given oxygen via a nasal cannula
with a flow of 3 L/min. Blood pressure was 150/90 mm
Hg and temperature was 38°C. Venous blood gas analy-
ses showed pO, 45.6 and pCO, 45.6 FOHb 73.6%. Other
critical biochemical parameters were: normal glucose
level, high level of sodium, and low level of potassium. The
electrocardiogram (ECG) revealed atrial fibrillation (AF) with
ventricular rate up to 210 bpm (Figure 1). Diagnostics for in-
fection (including the urinary and respiratory tracts), acute
cerebral ischaemia and hyperthyroidism were initiated. At
the same time, the patient was hydrated with a hypotonic
solution of 5% dextrose in water with potassium chloride
and insulin. Furthermore, 0.25 mg of digoxin and 1 g of
paracetamol were administered. Her consciousness level,
body temperature, breathing frequency, and heart rate
gradually improved. After three hours, the patient started
to spontaneously open her eyes and look towards an appro-
aching person. Blood pressure was within the same range
as at admission, however pulse oximetry had increased to
95%, and heart rate was 104 bpm.

The results of laboratory tests are presented in Table 1.
C-reactive protein (CPR), D-dimer and troponin T levels
were slightly elevated. The troponin level was increased
but stable and three hours later was on the same level as
at admission. Intracerebral haemorrhage and skull bone
injury were not found in the computed tomography scan
of the head. There were no signs of infection in the chest
X-ray or urinalysis.

Table 1. Laboratory results

Parameter Value Norm
Sodium [mmol/L] 164 135-145
Potassium [mmol/L] 34 3.5-5.1
Haemoglobin [g/dL] 14.6 11.0-16.0
RBC [T/L] 4.92 3.50-5.0
Troponin T [pg/mL] 88 <13.0
D-dimer [ng/mL] 1,993 <500.0
CRP [mg/L] 21.66 <6.0
TSH [uU/mL] 0.012 0.27-4.2
T4 [pmol/L] 50.3 12-22
T3 [pmol/L] 6.08 6.7-13.13
Serum lactate 5.37 <12
[mmol/L]

RBC — red blood cells; CRP — C-reactive protein; TSH — thyroid-stimulating hormone (thyrotropin);
T4 — free thyroxine; fT3 — free triiodothyronine

Levels of free thyroid hormone fractions were checked.
Because the free thyroxine (fT4) level was significantly
increased, the diagnosis of thyroid storm was made. The
patient was transferred to the department of internal
diseases.

Discussion

Admissions to the ED of an unconscious patient account
for 0.4-1% of all admissions. Unconscious patients are
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at a high risk of death. A prompt and accurate diagnosis
is crucial for their survival. The main reasons for non-
-traumatic loss of consciousness are seizures, glucose
level disturbances, and intoxication. About 30% of such
patients have no obvious cause and 1% of patients have
unsuspected traumatic brain injury.

In the presented case, discovering the cause of the
extremely rapid ventricular rate of the first diagnosed atrial
fibrillation was crucial. The ventricular rate during AF de-
pends on the activity of the autonomic system and the pro-
perties of the atrioventricular node. Rapid ventricular rate
(RVR) during AF has been defined as an average ventricular
rate > 110/min in many studies [1]. The mean ventricular
rate in patients with the first AF in the study by Naffaa et
al. [2] was 128 + 30. AF with RVR may occur during many
disorders and disease processes that may co-exist, includ-
ing sepsis, hypoxia, acute heart failure, dehydration, fever,
pre-excitation syndrome, and thyroid storm. Especially in
the last two of these cases, very high ventricular rates
exceeding 200 bpm have been described [3].

The first step in selecting a treatment strategy for AF
is to assess the influence of AF on the patient’s haemody-
namic status, duration of AF, anticoagulant therapy, current
complications and coexisting conditions. In the presented
case, the parameters that could indicate haemodynamic
instability were unconsciousness, rapid breathing, and
increased lactate level. However, normal blood pressure,
the absence of signs of fluid retention in physical exami-
nation and chest X-ray, and no pulse deficit assessed by
pulse oximetry all argued against the assumption that the
cause of unconsciousness was haemodynamic instability.
The duration of AF was certainly shorter than a few months,
but could not be exactly determined. Therefore cardiac
electrocardioversion was not performed at the patient’s
admission to ED.

The clinical picture suggested that the cause of the
patient’s state could be sepsis, although the slightly
elevated CRP concentration and normal chest X-ray and
urinalysis argued against this. Even before obtaining the
results of additional tests and determining the full diag-
nosis, it was necessary to correct metabolic disorders,
including hypertonic dehydration, with an infusion of
nonelectrolyte fluids. High sodium concentrations indicate
hypertonic dehydration, which may be a consequence of
hyperventilation or reduced water intake. Both of these
causes could co-exist within the patient. The patient did
not have a thyroid-related medical history. However, ab-
normal results of hormonal tests together with the whole
clinical picture comprising increased body temperature,
impaired consciousness, and AF with RVR, helped towards
a diagnosis of thyroid shock. In Burch-Wartofsky score,
the patient scored 75 points consisting of thyrotoxicosis
[elevated free triiodothyronine (fT3) and/or fT4 level] with
coma (30 points), tachycardia of 220/min (25 points), AF

Agata Burakiewicz et al., Atrial fibrillation during thyroid storm

(10 points) and fever 38°C (10 points). A total of points
> 45 is required for a diagnosis of thyroid storm [3, 4].
Therefore, attention should be paid to the existence of con-
traindications to the administration of amiodarone, which
could be considered due to the absence of a depressive
effect on the myocardial contractility [5].

It cannot be ruled out that if a medical emergency
team was called to the patient, the decision to administer
amiodarone intravenously could have been made. Recom-
mendations regarding the management of patients with
thyroid crisis and AF with rapid ventricular rate include
administration of a beta-blocker: esmolol infusion or meto-
prolol in an intravenous bolus, but cases of effective control
of the ventricular rate using digoxin [5-7] have also been
reported in the literature.

AF with RVR may also occur if there is an additional con-
duction pathway (as in Wolff-Parkinson-White syndrome),
but in those circumstances a large variation in the morpho-
logy of QRS complexes would be expected, which was not
observed in the presented case [3]. One explanation for
the presence of AF with RVR could be an excess of thyroid
hormones that have a positive chronotropic effect [8, 9].
They affect atrial cells by shortening their repolarisation
period, which can lead to AF arrhythmia.

Another property of triiodothyronine is its effect on the
atrioventricular node, where it shortens the conduction
period and the relative refraction time, which explains the
rapid rhythm of the ventricles in the described case.

The case we have presented allows us to emphasise
the occurrence of two findings: lack of pulse deficit, which
indicated hyperkinetic circulation, and a significant slow-
down of the heart rate after administration of fluids and
digoxin, which has a weak effect in the case of an activated
sympathetic nervous system. The RVR in this case seems
to have been mainly driven by dehydration and fever. How-
ever, thyroid hormones acting on the electrophysiological
properties of the cardiac conduction system could enhance
this response [8, 9]. Moreover, the fever could be at least
partially caused by thyrotoxicosis. Weakness caused by
fever and thyrotoxicosis could enhance dehydration due
to reduced water intake.

Conclusions

1. Thyroid storm can occur at any age, including among
elderly people. It can lead to coma as a result of metabolic
disturbances, fever, and dehydration. 2. AF with a rapid
ventricular rate, as well as coma of unknown cause, are
indications for the assessment of thyroid function simulta-
neously with other diagnostic tests and ongoing treatment.
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Streszczenie

W pracy przedstawiono przypadek nieprzytomnej 81-letniej kobiety przywiezionej na szpitalny oddziat ratunkowy z go-
raczkg i znaczng tachykardig do 210/min skierowanej przez lekarza rodzinnego na neurologie z podejrzeniem udaru
mozgu. W zapisie elektrokardiograficznym stwierdzono migotanie przedsionkow (AF) z szybka czynnoscig komor. Przyczy-
ny wystapienia znacznej tachykardii w tym przypadku byty ztozone i zwigzane z odwodnieniem, gorgczka, infekcjg oraz
przetomem tarczycowym. Pogorszenie stanu pacjentki i zmniejszone przyjmowanie ptyndw prowadzito do odwodnienia
hipertonicznego, co mogto prowadzi¢ do dalszego przyspieszenia rytmu serca i utraty przytomnosci.

Badanie czynnosci tarczycy jest wskazane u wszystkich pacjentow z napadowym AF. W prezentowanym przypadku
pozwolito ono podejrzewac przetom tarczycowy, potwierdzony nastepnie w badaniu stezen wolnych frakcji hormonow
tarczycy. Bardzo szybka czestosé komor w tym wypadku wigzata sie z zaburzeniami metabolicznymi oraz wptywem
hormondw tarczycy na wtasciwosci elektrofizjologiczne tgcza przedsionkowo-komorowego. W celu wstepnej stabilizacji
stanu pacjentki zastosowano nawadnianie, tlenoterapie bierna, podano lek przeciwgoraczkowy, uzupetniano niedobor
elektrolitow i podano digoksyne, co pozwolito na poprawe stanu ogolnego pacjentki i jej stanu Swiadomosci, zwolnienie
czynnosci serca i czestotliwosci oddychania.

Stowa kluczowe: migotanie przedsionkow, odwodnienie, przetom tarczycowy
Folia Cardiologica 2019; 14, 2: 185-188
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Putapka diagnostyczna — dtawica piersiowa
| iIntermitujacy blok lewej odnogi peczka Hisa
u 68-letniej kobiety z zatorowoscig ptucna
Opis przypadku z obserwacjg po roku

A diagnostic pitfall: angina pectoris and intermittent
left bundle branch block in a 68 year-old woman
with pulmonary embolism — one year follow-up. A case report

Aneta Kucharczyk-Foltyn

KardioMedica — Poradnia Kardiologiczna w Busku-Zdroju

Streszczenie

W pracy zaprezentowano przypadek pacjentki w wieku 68 lat, ktdra byta konsultowana w poradni kardiologicznej z po-
wodu dolegliwosci dtawicowych w IlI klasie wedtug Canadian Cardiovascular Society. W badaniu elektrokardiograficznym
(EKG) obserwowano intermitujacy blok lewej odnogi peczka Hisa. W badaniu echokardiograficznym uwidoczniono cechy
sugerujace zatorowos¢é ptucna. Rozpoznanie potwierdzono w angiografii tomografii komputerowej. Przypadek ilustruje,
jak duze znaczenie ma badanie echokardiograficzne w diagnostyce réznicowej dolegliwosci dtawicowych oraz wskazuje,
ze zapis EKG moze niekiedy utrudni¢ postawienie wiasciwej diagnozy.

Stowa kluczowe: dtawica piersiowa, intermitujacy blok lewej odnogi peczka Hisa, zatorowosé ptucna

Wstep

Zatorowo$é ptucna (PE, pulmonary embolism) nie ma
swoistej manifestacji klinicznej, dlatego poczatkowo moze
pozostawaé nierozpoznana [1-3]. B6l w klatce piersiowej
stanowi czesty objaw PE. Zazwyczaj jest spowodowany
podraznieniem optucnej z powodu zatoréw obwodowych
prowadzacych do zawatu ptuca [4]. W centralnej PE b6l
w klatce piersiowej moze mie¢ charakter typowo steno-
kardialny i odzwierciedlaé niedokrwienie prawej komory,
€O wymaga réznicowania z ostrym zespotem wiencowym
[5]. Z kolei béle w klatce piersiowej i wspotistniejacy z nimi

Folia Cardiologica 2019; 14, 2: 189-193

przemijajacy blok lewej odnogi peczka Hisa (LBBB, left
bundle branch block) sugerujg deficyt ukrwienia uktadu
przewodzacego, co takze przemawia za wiencowym ttem
dolegliwosci. Znaczenie kliniczne przemijajacego LBBB
— zaréwno indukowanego wysitkiem, jak i wystepujacego
spontanicznie — nie zostato jednoznacznie ustalone. Ten
rodzaj bloku obserwowano zardwno u pacjentéw z chorobg
organiczna serca, jak i u pacjentéw bez zmian organicznych
w sercu [6, 7]. Ze wzgledu na to, ze pojawienie sie LBBB
w czasie proby wysitkowej sugeruje duze prawdopodobiei-
stwo zmian w tetnicach wieAcowych, tacy pacjenci czesto
s kierowani na koronarografie.

Adres do korespondencji: lek. Aneta Kucharczyk-Foltyn, KardioMedica — Poradnia Kardiologiczna, ul. Bohaterow Warszawy 65D,

28-100 Busko-Zdrdj, e-mail: atena_009@interia.pl
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W niniejszym artykule zaprezentowano przypadek
pacjentki, ktora byta hospitalizowana z powodu dolegli-
wosci stenokardialnych w I klasie wedtug Canadian Car-
diovascular Society (CCS). W tescie wysitkowym wystapit
u niej przemijajgcy LBBB i wstepnie zakwalifikowano jg do
koronarografii. Na podstawie wykonanego 2 dni po opusz-
czeniu szpitala badania echokardiograficznego wysunieto
podejrzenie PE; rozpoznanie to potwierdzono w angiografii
tomografii komputerowej (CT, computed tomography). Po-
zwolito to wdrozyé wiasciwe leczenie i uzyskaé ustgpienie
dolegliwosci. Po roku od epizodu pacjentka nie zgtasza
dolegliwoSci dtawicowych, wykazuje dobra tolerancje
wysitku. Po odstawieniu propafenonu w zapisie elektrokar-
diograficznym nie obserwuje sie zaburzeh przewodzenia
Srodkomorowego.

Opis przypadku

Pacjentka w wieku 68 lat, niepalaca, leczona od kilku lat
z powodu nadciSnienia tetniczego, choroby wieficowej
i napadowego migotania przedsionkoéw (AF, atrial fibril-
lation), stosujgca w ostatnim czasie nastepujgce leki:
bisoprolol w dawce 5 mg raz/dobe, ramipril w dawce 5 mg
raz/dobe, simwastatyne w dawce 20 mg raz/dobe, kwas
acetylosalicylowy w dawce 75 mg raz/dobe i propafenon
w dawce 150 mg 2 razy/dobe, zgtosita sie po raz pierwszy
do poradni kardiologicznej z powodu wystepujgcych od
kilkunastu dni dolegliwosci dtawicowych w Il klasie we-
dtug CCS. Dwa dni wczes$niej opuscita oddziat wewnetrzny,
gdzie byta z tego powodu hospitalizowana. Z analizy karty
informacyjnej wynikato, ze przy przyjeciu pacjentka miata
prawidtowe ci$nienie tetnicze, w elektrokardiogramie (EKG)
spoczynkowym nie opisano nieprawidtowosci, a wyniki
badan laboratoryjnych pozostawaty bez odchylen (hemo-
globina [Hb] 13,2 g/dl, liczba ptytek krwi [PLT, platelets]
179 tys./mm?, leukocyty 6400/mm?, kreatynina 1,0 mg/dl,
potas 4,3 mEq/I, cholesterol catkowity 150 mg/dl, glukoza
100 mg/dl, aminotransferaza alaninowa [AIAT, alanine
aminotranferase] 13 j./1, hormony tarczyny [TSH, thyroid-
-stimulating hormone] 1,47 pjm./ml, frakcja sercowa kinazy
kreatynowej [CK-MB, creatine kinase myocardial bound]
17,6]./1,troponina T 9,1...8 pg/ml). W trakcie hospitalizacji
nie oznaczono D-dimeréw. W wykonanym badaniu radiolo-
gicznym klatki piersiowej nie wykazano odchylef od normy.
Przeprowadzono rowniez test wysitkowy, ktory przerwano
po 3 minutach z powodu wystgpienia dolegliwosSci dtawi-
cowych oraz pojawienia sie w EKG przemijajgcego LBBB.
W czasie pobytu w szpitalu nie przeprowadzono badania
echokardiograficznego. Pacjentke zakwalifikowano do
planowej koronarografii. Podczas oczekiwania na zabieg
zgtosita sie do miejscowej poradni z powodu nawraca-
jacych dolegliwosci dtawicowych pojawiajacych sie przy
matym wysitku fizycznym. W badaniu przedmiotowym nie
stwierdzono nieprawidtowosci. W badaniu EKG wykonanym

w spoczynku 2-krotnie — w pierwszym zapisie miarowy
rytm zatokowy 90/min, LBBB (ryc. 1A), w drugim zapisie
w poczatkowym fragmencie brak cech bloku lewej odnogi,
nastepnie pojawit sie niezupetny LBBB, ktory w koncowym
fragmencie ustapit (ryc. 1B). W badaniu echokardiograficz-
nym stwierdzono prawidtowe wymiary lewych jam serca,
mierne powiekszenie prawego przedsionka i prawej komory,
prawidtowg frakcje wyrzutowa lewej komory (ok. 65%), okre-
sowo paradoksalny ruch przegrody miedzykomorowej, fuzje
fal E i A naptywu mitralnego, skrocenie czasu akceleracji
wyrzutu ptucnego (AcT, acceleration time) wyrzutu ptuc-
nego (82 ms), umiarkowana niedomykalno$é tréjdzielng
oraz podwyzszone ciSnienie skurczowe w prawej komorze
(42,6 mm Hg oraz osrodkowe ciSnienie zylne), sugerujgce
umiarkowane prawdopodobienstwo nadciSnienia ptucne-
go. Mimo mylgcego zapisu EKG wysunieto podejrzenie PE
i chorg skierowano do szpitala. Pacjentka zgtosita sie do
kontroli po roku od epizodu. Z analizy karty informacyjnej
z ponownej hospitalizacji wynikato, ze w dniu skierowania
pacjentki do szpitala oznaczono stezenie D-dimerow(18 tys.
pg/ml) oraz wykonano angio-CT klatki piersiowej, w ktorej
wykazano obecnoS¢ materiatu zatorowego w tetnicach ptuc-
nych ponizej miejsca podziatu pnia ptucnego. U pacjentki
rozpoznano PE niewysokiego ryzyka, wdrozono terapie
riwaroksabanem w poczatkowej dawce 15 mg 2 razy/dobe
przez 3 tygodnie, a nastepnie 20 mg raz/dobe. Zalecono
rowniez kontynuacje leczenia propafenonem w profilaktyce
napadowego AF. Pacjentka podczas wizyty kontrolnej po
roku nie zgtaszata dolegliwosci dtawicowych, wykazywata
dobrg tolerancje wysitku, nie pamietata, kiedy wystapit
u niej ostatni odczuwalny napad arytmii. W wykonanym
zapisie EKG stwierdzono miarowy rytm zatokowy 65/min,
LBBB (ryc. 2). W badaniu echokardiograficznym obserwo-
wano prawidtowe wymiary jam serca, prawidtowa funkcje
skurczowa lewej i prawej komory, prawidtowe ciSnienie
skurczowe w prawej komorze (28 mm Hg), prawidtowy AcT
wyrzutu ptucnego (122 ms). Wysnuto podejrzenie, ze za-
burzenia przewodzenia Srodkomorowego mogg sie wigzac
ze stosowaniem propafenonu. Ze wzgledu na sporadyczne
wystepowanie arytmii zadecydowano o odstawieniu leku
i dalszym leczeniu pacjentki tylko bisoprololem w dawce
5 mg raz/dobe. Po odstawieniu propafenonu 2-krotnie
przeprowadzono kontrole EKG. W placdéwce podstawowej
opieki zdrowotnej po 2 tygodniach wykonano badanie EKG,
w ktorym nie stwierdzono cech bloku. Kolejne badanie
przeprowadzono miesigc po odstawieniu propafenonu
w miejscowej poradni; w tym zapisie réwniez nie stwier-
dzono LBBB (ryc. 3). Pacjentka od czasu zaprzestania
stosowania propafenonu nie odczuwata zaburzen rytmu.

Dyskusja

Rozpoznanie PE jest wyzwaniem dla lekarza. Zaréwno
obraz kliniczny, jak i zapis EKG mogg pomoc w postawieniu
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Rycina 1. Zapis elektrokardiograficzny podczas pierwszej wizyty: A. Miarowy rytm zatokowy 90/min, blok lewej odnogi peczka Hisa
(LBBB, left bundle branch block); B. Miarowy rytm zatokowy 90/min, intermitujacy niezupetny LBBB

wiasciwej diagnozy, ale mogg tez wprowadzi¢ w btad
i utrudni¢ ustalenie rozpoznania. Typowe dolegliwosci
dtawicowe rzadko wystepujg w PE; znacznie czeSciej sg to
béle optucnowe, a wiec w omawianym przypadku wywiad
bardziej sugerowat tto wiencowe. Jesli chodzi o zapis
EKG, to w piSmiennictwie opisywano zmiany w przebiegu
PE wskazujace na przecigzenie prawej komory, takie jak
odwrocenie zatamka T w odprowadzeniach V1-V4, zespot
QR w odprowadzeniu V1, zespét S,Q,T; oraz niezupetny
lub zupetny blok prawej odnogi peczka Hisa. Te zmiany sg
opisywane w ciezszych przypadkach, natomiast w fagod-
niejszych jedyng nieprawidtowoscig moze byé tachykardia
zatokowa [8]. Nie znaleziono w piSmiennictwie opisu PE,
ktorej towarzyszytby LBBB. Wydaje sig, ze najbardziej praw-
dopodobng przyczyng zaburzen przewodzenia Srodkomo-
rowego u opisanej pacjentki byto stosowanie propafenonu.
Potwierdzenie tej hipotezy sugerujg zapisy EKG wykonane

www.journals.viamedica.pl/folia_cardiologica

2-krotnie po odstawieniu tego leku, w ktorych nie stwier-
dza sie zaburzen przewodzenia srédkomorowego. W opi-
sanym przypadku kluczem do rozpoznania okazato sie
badanie echokardiograficzne. Obraz echokardiograficzny
przemawiat za PE, ale nie byt jednoznaczny. Diagnoze po-
twierdzono w angio-CT. Na podkresSlenie zastuguje fakt, ze
u chorej w wywiadzie stwierdzono epizody napadowego AF,
a u pacjentéw z takim wywiadem opisywano przypadkowo
wykryte skrzepliny w tetnicach ptucnych w wielorzedowej
CT[9, 10]. W tym konkretnym przypadku nie wiadomo, czy
miat znaczenie fakt, ze chora nie otrzymywata przed roz-
poznaniem PE leku przeciwkrzepliwego, do ktérego miata
wskazania (3 pkt. w skali CHA,DS,-VASc). Obecnie pacjent-
ka ma podwojne wskazania do dtugotrwatej antykoagulacji.
Z jednej strony jest to wywiad AF i wysokie ryzyko powiktan
zakrzepowo-zatorowych (I klasa zalecen wg Europejskiego
Towarzystwa Kardiologicznego [ESC, European Society of
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Rycina 3. Zapis elektrokardiograficzny podczas trzeciej wizyty, miesiac po odstawieniu propafenonu — bez zaburzen przewodzenia $rédko-
morowego

Cardiology]), z drugiej — idiopatyczna PE przy aktualnie badanie echokardiograficzne, poniewaz moze ono byé
niskim ryzyku krwawienia (lla klasa zalecen wg ESC). kluczowe dla rozpoznania. Ponadto $wiadczy o tym, ze

zapisEKG bywa niekiedy putapkg diagnostyczna.
Podsumowanie

Konflikt interesow

Przedstawiony przypadek sugeruje, ze w diagnostyce
dolegliwosci dtawicowych powinno sie zawsze wykonywaé Autorka nie zgtasza konfliktu interesow.
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Abstract

In the present communication, a case of a 68 year-old woman consulted at a cardiology service due to angina pectoris
is reported. The electrocardiogram (ECG) showed intermittent left bundle branch block. Transthoracic echocardiography
revealed signs of pulmonary embolism. The diagnosis was confirmed by computed tomography angiography. The pre-
sented case highlights the role of echocardiography in the differential diagnosis of anginal pain and shows that making
a correct diagnosis based on ECG may sometimes be challenging.

Key words: angina pectoris, intermittent left bundle branch block, pulmonary embolism
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A diagnostic pitfall: angina pectoris and intermittent
left bundle branch block in a 68-year-old woman
with pulmonary embolism — one year follow-up. A case report

Putapka diagnostyczna — dtawica piersiowa i intermitujacy blok
lewej odnogi peczka Hisa u 68-letniej kobiety z zatorowoscig ptucng
Opis przypadku z obserwacjg po roku

Aneta Kucharczyk-Foltyn

Kardiomedica, Cardiology Service, Busko-Zdréj, Poland

Artykut jest ttumaczeniem pracy: Kucharczyk-Foltyn A. Putapka diagnostyczna — dtawica piersiowa i intermitujacy blok
lewej odnogi peczka Hisa u 68-letniej kobiety z zatorowoscia ptucng. Opis przypadku z obserwacjg po roku.
Folia Cardiol. 2019; 14 (2): 189-193. DOI: 10.5603/FC.2019.0038. Nalezy cytowac wersje pierwotng

Abstract

In the present communication, a case of a 68 year-old woman consulted at a cardiology service due to angina pectoris
is reported. The electrocardiogram (ECG) showed intermittent left bundle branch block. Transthoracic echocardiography
revealed signs of pulmonary embolism. The diagnosis was confirmed by computed tomography angiography. The pre-
sented case highlights the role of echocardiography in the differential diagnosis of anginal pain and shows that making
a correct diagnosis based on ECG may sometimes be challenging.

Key words: angina pectoris, intermittent left bundle branch block, pulmonary embolism

Introduction

Pulmonary embolism (PE) does not have any specific clinical
presentation and thus may initially remain unrecognized
[1-3]. Chest pain is a common symptom of PE. It is usually
caused by pleural irritation due to peripheral embolism
leading to lung infarction [4]. In centrally located PE, chest
pain may have typical anginal characteristics, reflecting
right ventricular ischaemia, which requires differentiation
from an acute coronary syndrome [5]. Chest pain asso-
ciated with intermittent left bundle branch block (LBBB)
suggests ischaemia involving the cardiac conduction sy-
stem, which also suggests coronary ischaemia. The clinical
significance of intermittent LBBB, both exercise-induced or

Folia Cardiologica 2019; 14, 2: 194-198

occurring spontaneously, has not been clearly established.
This type of block has been noted both in patients with
structural heart disease and in those without structural
heart disease [6, 7]. Due to the fact that development of
left bundle branch block during an exercise test strongly
suggests coronary artery disease, such patients are often
referred for coronary angiography.

In the present article, a case is presented of a female
patient who was admitted due to Canadian Cardiovascular
Society (CCS) class lll angina, had intermittent left bundle
branch block during an exercise test and was referred for
coronary angiography. Based on echocardiography per-
formed two days after the discharge, pulmonary embolism
was suspected and then confirmed by pulmonary computed
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tomography angiography. This allowed institution of appro-
priate treatment with resolution of symptoms. At one year
after the acute event, the patient does not report angina
and exercise tolerance is good. Following withdrawal of
propafenone, no intraventricular conduction disturbances
are seen on the electrocardiogram (ECG).

Case report

A 68 year-old patient, non-smoker, treated for several years
for hypertension, coronary artery disease, and paroxysmal
atrial fibrillation, presented for the first time to a cardiac
outpatient service due to CCS class Il angina occurring for
several days. Her medications were bisoprolol 5 mg omne
in die (OD), ramipril 5 mg 0D, simvastatin 20 mg OD, ace-
tylsalicylic acid 75 mg OD, and propafenone 150 mg bis in
die (BID). Two days earlier, the patient was discharged from
an internal medicine unit, where she had been admitted
to due to the above symptoms. The discharge summary
indicated that the patient had normal blood pressure on
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admission, resting ECG was normal, and laboratory tests
were unremarkable (haemoglobin 13.2 g/dL, platelet count
179,000/mm?, white blood count (WBC) 6,400/mm?,
creatinine 1.0 mg/dL, potassium 4.3 mEq/L, total choles-
terol 150 mg/dL, glucose 100 mg/dL, alanine aminotran-
ferase (AIAT) 13 U/I, thyroid-stimulating hormone (TSH)
1.47 ylu/mL, creatine kinase myocardial bound (CK-MB)
17.6 U/m, troponin T 9.1 and 8 pg/mL). D-dimer level was
not measured. Chest X-ray was normal. An exercise test
was performed, terminated at 3 minutes due to angina and
development of an intermittent left bundle branch block on
the ECG. Echocardiography was not performed during the
hospital stay. The patient was referred for coronary angiog-
raphy. While waiting for a scheduled coronary angiography,
she presented to the outpatient cardiology service due to
recurrent angina at low levels of exercise. The physical exa-
mination was unremarkable. Resting ECG was performed
twice and initially showed normal sinus rhythm at 90 bpm
and LBBB (Figure 1A). In the second ECG tracing, bundle
branch block is initially absent, then incomplete left bundle
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Figure 1. Electrocardiogram during the initial visit: A. Normal sinus rhythm at 90 bpm, left bundle branch block (LBBB); B. Normal sinus

rhythm at 90 bpm, intermittent incomplete LBBB
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Figure 2. Electrocardiogram during the second visit — persisting left bundle branch block

branch block can be seen which subsequently resolves
(Figure 1B). Echocardiography showed normal left heart
chamber dimensions, modest enlargement of the right at-
rium and the right ventricle, normal left ventricular ejection
fraction (about 65%), intermittent paradoxical movement
of the interventricular septum, fused E and A waves of the
mitral inflow, shortened pulmonary ejection acceleration
time (AcT) (82 ms), moderate tricuspid regurgitation, and
increased right ventricular systolic pressure (42.6 mm Hg
plus central venous pressure), suggesting a moderate
likelihood of pulmonary hypertension. Despite a misleading
ECG pattern, a suspicion of pulmonary embolism was made
and the patient was referred to a hospital. Currently, the
patient presented again for a follow-up visit one year later.
The discharge summary from the second hospitalization
indicates that on the day the patient was referred to a hos-
pital, D-dimer level was measured (18,000 pg/mL) and pul-
monary computed tomography angiography (angio-CT) was
performed, showing pulmonary emboli in the pulmonary
arteries, distal to the main pulmonary artery bifurcation.
Low-risk PE was diagnosed and treatment with rivaroxaban
was instituted, initially at 15 mg BID for 3 weeks, followed
by 20 mg OD. Continuation of propafenone treatment for
prevention of atrial fibrillation was also recommended.
During follow-up visit at one year, the patient does not re-
port angina, her exercise tolerance is good, and she does
not recall any recent discernible arrhythmia episode. ECG
shows sinus rhythm at 65 bpm and left bundle branch block
(Figure 2). Echocardiography showed cardiac chambers
of normal size, normal systolic function of the left and

right ventricle, normal right ventricular systolic pressure
(28 mm Hg), and normal pulmonary ejection AcT (122 ms).
A suspicion of intraventricular conduction disturbances
related to propafenone use was made. Due to sporadic
occurrence of arrhythmia, the drug was withdrawn, while bi-
soprolol 5 mg OD was continued. Following discontinuation
of propafenone, follow-up ECG was recorded twice. Both
the initial ECG recorded at the primary care 2 weeks after
propafenone was stopped and another ECG recorded at the
cardiology service one month after drug discontinuation
showed no LBBB (Figure 3). The patient did not feel any
arrhythmia since discontinuation of propafenone.

Discussion

The diagnosis of PE is challenging for a physician. Both
the clinical presentation and the ECG pattern may help in
making the correct diagnosis but may also be misleading.
Typical angina is rare in pulmonary embolism and pleurit-
ic chest pain is a much more common finding, and thus
history in this case was suggestive of coronary artery
disease. Regarding the ECG pattern, findings reported
in pulmonary embolism may indicate right ventricular
overload, including negative T waves in V1 through V4,
QR in V1, S1Q3T3 configuration, and incomplete or
complete right bundle branch block. These changes were
reported in more severe cases, while sinus tachycardia
maybe the only ECG abnormality in milder cases [8]. No
literature reports of pulmonary embolism accompanied
by left bundle branch block were identified. It seems
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Figure 3. Electrocardiogram during the third visit, one month after discontinuation of propafenone. No intraventricular conduction distur-

bances

that the most likely cause of intraventricular conduction
disturbances seen in the reported patient was the use
of propafenone. This hypothesis is supported by ECG re-
corded twice after drug discontinuation and showing no
intraventricular conduction disturbances. In the reported
case, echocardiography was the key to the diagnosis.
The echocardiographic pattern was suggestive of but
not diagnostic for PE. The diagnosis was confirmed by
angio-CT. Of note, the patient had a history of paroxysmal
atrial fibrillation, and accidental findings of pulmonary
artery thrombi by multidetector computed tomography
were reported in such patients [9, 10]. It is not known
whether in this particular case, it was of importance that
the patient did not receive anticoagulation before the
diagnosis of pulmonary embolism, although such treat-
ment was indicated with the CHA,DS,-VASc score of 3.
Currently, the patient has dual indications for long-term

Streszczenie

anticoagulation, including both a history of atrial fibrilla-
tion with a high risk of thromboembolic complication [a
class | indication by the European Society of Cardiology
(ESC) guidelines] and unprovoked pulmonary embolism
with a low bleeding risk (a class lla indication by the
ESC guidelines).

Summary and conclusions

The presented case suggests that the diagnostic workup
of angina should always include echocardiography which
may be the key to the diagnosis, while the ECG pattern may
be a diagnostic pitfall.
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W pracy zaprezentowano przypadek pacjentki w wieku 68 lat, ktora byta konsultowana w poradni kardiologicznej z po-
wodu dolegliwosci dtawicowych w Il klasie wedtug Canadian Cardiovascular Society. W badaniu elektrokardiograficznym
(EKG) obserwowano intermitujacy blok lewej odnogi peczka Hisa. W badaniu echokardiograficznym uwidoczniono cechy
sugerujgce zatorowos¢ ptucna. Rozpoznanie potwierdzono w angiografii tomografii komputerowej. Przypadek ilustruje,
jak duze znaczenie ma badanie echokardiograficzne w diagnostyce réznicowej dolegliwosci dtawicowych oraz wskazuje,
ze zapis EKG moze niekiedy utrudni¢ postawienie wiasciwej diagnozy.

Stowa kluczowe: dtawica piersiowa, intermitujgcy blok lewej odnogi peczka Hisa, zatorowos¢ ptucna
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Przerwa w terapii empagliflozyng u pacjenta
z niewydolnosScig serca z obnizong frakcjg wyrzutowa
i hospitalizacja z powodu zaostrzenia niewydolnosci serca

A break in pharmacotherapy with empagliflozin in a patient
with heart failure with reduced ejection fraction and hospitalization caused
by exacerbation of heart failure

Agnieszka Komorowska, Matgorzata Lelonek ®

Zaktad Kardiologii Nieinwazyjnej Katedry Choréb Wewnetrznych i Kardiologii Uniwersytetu Medycznego w todzi

Streszczenie

Mezczyzne w wieku 56 lat z ciezka dysfunkcjg lewej komory przyjeto na oddziat z powodu zaostrzenia objawow przewle-
ktej niewydolnosSci serca z obnizong frakcjg wyrzutowa lewej komory. W trakcje hospitalizacji stosowano standardowe
leczenie niewydolnosci serca, ale takze modyfikowano terapie chordb wspotistniejgcych, w tym cukrzycy. Na podstawie
opisu przypadku klinicznego w artykule przedstawiono aktualny stan wiedzy na temat korzystnego wptywu empaglifio-

zyny na uktad sercowo-naczyniowy.

Stowa kluczowe: niewydolnosé krazenia z obnizona frakcja wyrzutowa lewej komory, empagliflozyna

Wstep

Wedtug wytycznych Europejskiego Towarzystwa Kardiolo-
gicznego (ESC, European Society of Cardiology) z 2016
roku [1] niewydolnos¢ serca (HF, heart failure) to zespot
typowych objawdéw podmiotowych (tj. duszno$é, obrzeki
korficzyn dolnych, obnizenie tolerancji wysitku), ktérym moga
towarzyszy¢ odchylenia w badaniu przedmiotowym (takie
jak poszerzenie zyt szyjnych, trzeszczenia nad ptucami,
obrzeki obwodowe), spowodowane zaburzeniami w budowie
i/lub czynnosci serca powodujgce zmniejszony rzut serca
i/lub zwiekszone ciSnienia wewnatrzsercowe w spoczynku
lub w trakcie wysitku. Do oceny nasilenia ciezkoSci objawow
stosuje sie klasyfikacje wedtug New York Heart Association
(NYHA), ktora — cho¢ stabo koreluje z wiekszoscig parame-
trow opisujgcych funkcje lewej komory — pozostaje istot-
nym parametrem w ocenie chorego z HF [1]. Wiadomo, ze

Folia Cardiologica 2019; 14, 2: 199-205

nasilenie objawow w klasyfikacji wedtug NYHA wiaze sie ze
zwiekszonym ryzykiem hospitalizacji, a takze zgonu [2, 3].

Ponadto choroby wspétistniejgce moga nasilaé objawy
HF, zwiekszajac tym samym ryzyko hospitalizacji oraz zgonu
w przebiegu zaostrzenia HF. Wedtug wytycznych ESC obec-
no$¢ cukrzycy wigze sie z gorszym stanem czynno$ciowym
i gorszym rokowaniem. W badaniu Framingham [4] udowod-
niono, ze ryzyko wystgpienia HF u chorego na cukrzyce jest
prawie 2,4-krotnie wyzsze u mezczyzn oraz 5-krotnie wyzsze
u kobiet niz u 0s6b niechorujacych na cukrzyce. Wykazano
takze, ze wzrost stezenia hemoglobiny glikowanej (HbA,,,
glycated haemoglobin) o 1% powoduje wzrost ryzyka HF
0 8% niezaleznie od wieku, obecnosci choroby wieAcowej,
wartoSci ciSnienia tetniczego czy stopnia otytosci [5].

Co wiecej, relacja miedzy HF a cukrzyca jest niczym
miecz obosieczny, poniewaz pacjentéw chorujgcych na
cukrzyce cechuje wieksze prawdopodobiefnstwo rozwoju

Adres do korespondencji: prof. dr hab. n. med. Matgorzata Lelonek FESC, Zaktad Kardiologii Nieinwazyjnej, Katedra Choréb Wewnetrznych
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HF w zwigzku z procesami toczgcymi sie w obrebie uktadu
sercowo-naczyniowego. Hiperinsulinemia, hiperglikemia,
kwasica oraz insulinooporno$¢ to czynniki, ktore poprzez
modyfikacje szlakéw komérkowych w kardiomiocycie pro-
wadzg do remodelingu serca. Obecnie mozna wyr6znicé
dwa dominujgce procesy toczace sie w sercu chorego na
cukrzyce. Pierwszy prowadzi do dysfunkcji lewej komory
(LV, left ventricle) i wynika gtdwnie z intoksykacji kardio-
miocytdw poprzez substraty nieprawidtowych proceséw
metabolicznych w komoérce (w tym sktadowanie wolnych
kwasow ttuszczowych, a w konsekwencji sttuszczenie ko-
mérek serca; zmiany w mechanizmach regulacji rownowagi
elektrolitowej wewnatrz- i zewnatrzkomorkowej, a co za tym
idzie — wtasciwosci elektrofizjologicznej miokardiocytu). Nie
bez znaczenia pozostaja takze modyfikacje w zakresie szla-
kow przemian metabolicznych, stres oksydacyjny, dysfunk-
cja mitochondriéw czy uszkodzenie srodbtonka naczyn, co
prowadzi do obumarcia komérek mieSnia sercowego. Drugi
wynika z przewlektej reakcji zapalnej i zwiekszonej w kon-
sekwencji syntezy kolagenu i nasilonego witdknienia [6].

Wsrad chorych na cukrzyce czeSciej rejestrowano
dysfunkcje skurczowg i rozkurczowa oraz arytmie. Poli-
neuropatia cukrzycowa i przewaga aktywnosci uktadu
wspotczulnego nad aktywnoscig uktadu przywspétczulnego
wraz ze zmianami w budowie histopatologicznej serca
(proces witdknienia) oraz obnizeniem frakcji wyrzutowej
LV predysponujg u tych chorych do rozwoju arytmii, w tym
zagrazajacej zyciu arytmii komorowej.

Opis przypadku

Mezczyzna w wieku 56 lat zostat przyjety do szpitala z powo-
du pogorszenia tolerancji wysitku do Il klasy wedtug NYHA,
dusznosci oraz narastania obrzekéw kofnczyn dolnych do
wysokosci kolan z ciSnieniem tetniczym 135/85 mm Hg
(chory ciepty, mokry wg klasyfikacji Forrestera).

W wywiadzie stwierdzono:

— ciezka dysfunkcje skurczowg LV;

— stan po implantacji kardiowertera-defibrylatora z funk-
cjg resynchronizacji (CRT-D, cardiac resynchronization
therapy with defibrillator);

— umiarkowana stenoze aortalng;

— przewlektg chorobe wiencowg — stan po zawale serca
z uniesieniem odcinka ST Sciany dolnej i prawej komory
leczony dwukrotng nieskuteczng proba rewaskularyza-
cji prawej tetnicy wiencowej powiktana przemijajacym
blokiem przedsionkowo-komorowym Ill stopnia; stan
po zawale serca bez uniesienia odcinka ST leczonym
angioplastyka gatezi okalajgcej z implantacjg dwdch
stentdéw uwalniajacych lek (DES, drug-eluting stent);

— nadci$nienie tetnicze (maks. ciSnienie tetnicze 170/
/90 mm Hg);

— cukrzyce typu 2 w trakcie terapii metforming;

— hiperlipidemie mieszang w trakcie terapii statyng;

— otyloS¢ (wskaznik masy ciata [BMI, body mass index]
40,56 kg/m2, wzrost 172 c¢cm, masa ciata 120 kg),
zesp6t metaboliczny;

— napadowe migotanie przedsionkow.

W badaniach laboratoryjnych sposrod istotnych odchy-
lef od normy stwierdzono obnizone parametry nerkowe oraz
podwyzszone stezenia glukozy i trigliceryddéw oraz N-kon-
cowego propeptydu natriuretycznego typu B (NT-proBNP,
N-terminal pro-B-type natriuretic peptide), aczkolwiek — ze
wzgledu na otytoS¢ — wynik byt niewspdtmiernie niski do
objawéw wystepujacych u chorego (tab. 1 — pobyt 1.).

W elektrokardiogramie (EKG) przy przyjeciu rejestrowa-
no miarowy zatokowy rytm serca (HR, heart rate) okoto 90/
/min ze skuteczng stymulacjg resynchronizujgca o typie AS-
-BiVP (atrial synchronous biventricular pacing). Wyczuwanie
i stymulacja byty prawidtowe.

W trakcie hospitalizacji wykonano badanie echokardio-
graficzne serca, potwierdzajac ciezka dysfunkcje skurczowg
lewej komory (LVEF [left ventricular ejection fraction] 24%,
wymiar koAcoworozkurczowy lewej komory [LVEDd, left ven-
tricular end-diastolic diameter] 65 mm, stosunek objetosci
koAcoworozkurczowej do objetosci koficowoskurczowej
lewej komory [EDV/ ESV, end-diastolic volume/end-systolic
volume] 250/190 ml) z odcinkowymi zaburzeniami kurczli-
wosci Scian dolnej i tylnej oraz z umiarkowanym zwezeniem
zastawki tetnicy giéwnej i uposSledzong funkcjg skurczowa
powiekszonej prawej komory (amplituda ruchu pierScienia
zastawki trojdzielnej [TAPSE, tricuspid annular plane systolic
excursion] 16 mm, S’ 9 cm/s, wymiar proksymalny prawe;j
komory [RVD prox, right ventricular diameter proximal]
35 mm).

W trakcie hospitalizacji chorego poddano intensywnemu
moczopednemu leczeniu dozylnemu oraz utrzymano stan-
dardowe leczenie HF (inhibitorami konwertazy angiotensyny
[ACE, angiotensin-converting enzyme], beta-adrenolitykami,
antagonistami receptora mineralokortykoidowego [MRA,
mineralocorticoid receptor antagonists]). Po uzyskaniu
poprawy stanu ogdlnego oraz zmniejszeniu objawéw HF
przeprowadzono 6-minutowy test marszu (6-MWT, 6-minute
walk test), w ktorym chory osiagnat 290 m.

W wykonanej kontrolnej koronarografii uwidoczniono
dobry efekt implantacji stentéw do gatezi okalajgcej oraz
amputacje prawej tetnicy wieAcowej z wytworzonym kra-
zeniem obocznym. Chorego zakwalifikowano do dalszego
leczenia zachowawczego.

W MAGGIC (Meta-Analysis Global Group in Chronic He-
art Failure) score rokowanie oceniono na powazne (26 pkt.,
SmiertelnoS¢ roczna 17,5%, SmiertelnoS¢ 3-letnia 39,7%.)
W okresie przedwypisowym zmodyfikowano terapie cukrzy-
cy, dotgczajgc do metforminy empagliflozyne.

Chorego wypisano z zaleceniem dalszego leczenia
ambulatoryjnego na nastepujgcym leczeniu: dabigatran
2 razy 110 mg, atorwastatyna 20 mg, bisoprolol 7,5 mg,
amiodaron 200 mg, ramipril 5 mg, lerkanidipina 10 mg,

200 www.journals.viamedica.pl/folia_cardiologica



Agnieszka Komorowska, Malgorzata Lelonek, Empagliflozyna i niewydolno$¢ serca

Tabela 1. Wyniki podstawowych badan laboratoryjnych podczas kolejnych hospitalizacji

Parametr Wynik

Pobyt 1. Pobyt 2. Pobyt 3.
WBC [x 10%/ul] 7,30 10,57 6,84 4,00-11,00
RBC [x 10%/ul] 5,32 4,38 4,84 4,20-6,10
Hb [g/dl] 15,9 14,2 15,1 14,0-18,0
TC [mmol/I] 3,83 Brak danych 5,07 3,00-5,00
LDL [mmol/1] 1,25 Brak danych 2,59 <18
HDL [mmol/1] 0,95 Brak danych 1,24 >1,00
TG [mmol/I] 3,58 Brak danych 2,73 <1,70
Glukoza 8,55 8,28 7,97 4,1-55
Kreatynina [umol/I] 148 150 131,7 59-104,0
eGFR [ml/min/1,73 m?] 46,5 54,44 67 >60
Na [mmol/I] 136 141 140,1 136-146
K [mmol/I] 4,38 4,3 4,26 3,5-5,1
AspAT [j./1] 34 Brak danych 36,7 0,0-35
AIAT [j./1] 25 30 28,8 0,0-45
CRP [mg/I1] 2,9 8,48 2,8 0,0-6,0
TSH [ujm./1] 0,672 Brak danych 0,588 0,27-4,20
NT-proBNP [pg/ml] 488 Brak danych 324,7 <125
TnT [ng/ml] Brak danych Brak danych 39 <14

WBC (white blood count) — liczba krwinek biatych; RBC (red blood count) — liczba krwinek czerwonych; Hb (haemoglobin) — hemoglobina; TC (total cholesterol) — cholesterol catkowity; LDL (low-density
lipoproteins) — lipoproteiny o niskiej gestosci; HDL (high-density lipoproteins) — lipoproteiny o wysokiej gestosci; TG (triglycerides) — triglicerydy; eGFR (estimated glomerular filtration rate) — szacowany
wspétczynnik filtracji kiebuszkowej; Na — wapni; K — potas; AspAT (aspartate aminotransferase) — aminotransferaza asparaginianowa; AIAT (alanine aminotransferase) — aminotransferaza alaninowa;

CRP (C-reactive protein) — biatko C-reaktywne; TSH (thyroid-stimulating hormone) — hormon tarczycy; NT-proBNP (NT-proBNP, N-terminal pro-B-type natriuretic peptide) — N-koricowy propeptyd natriuretyczny
typu B; TnT (troponin T) — troponina T

eplerenon 50 mg, pantoprazol 20 mg, empagliflozyna
10 mg, torasemid 10 mg, metformina 3 razy 850 mg.

W trakcie kontrolnej wizyty w poradni kardiologicznej po
okoto 2 miesigcach od hospitalizacji obserwowano stabilny
stan kliniczny i zadowalajgca tolerancja wysitku Il klasy
wedtug NYHA; stezenie NT-proBNP wyniosto 153 pg/dl.
W kontroli CRT rejestrowano istotne zmniejszenie impe-
dancji korespondujace z poprawg kliniczng. Jednak po
4 miesigcach chory byt hospitalizowany z powodu kolejnego
zaostrzenia HF, ze stezeniem NT-proBNP 1586 pg/ml, i pod-
czas tej hospitalizacji zostat wtaczony do programu terapii
lekiem sakubitril/walsartan w dawce 97/103 mg. Przez
ponad rok pozostawat stabilny klinicznie, nie wymagajgc
hospitalizacji z powodu nasilenia HF.

Kolejna hospitalizacja wiazata sie z infekcja drog od-
dechowych, w przebiegu ktérej doszto do zaostrzenia HF.
Chorego hospitalizowano na rejonowym oddziale chorob
wewnetrznych z powodu duszno$ci o typie ortopnoé, kasz-
lu z odkrztuszaniem z6tto-szarej wydzieliny w przebiegu
infekcji drog oddechowych i narastania obrzekéw koriczyn
dolnych. W badaniu ogblnym moczu przy przyjeciu wy-
kryto obecnosé glukozy, a glikemia z krwi zylnej wynosita
149 mg/dl (tab. 1 — pobyt 2.), byto to zatem efektem le-
czenia empagliflozyna. Po zastosowaniu antybiotykoterapii

oraz dozylnego leczenia moczopednego chorego wypisano
do domu z poprawa kliniczng. Nie kontynuowano terapii
empagliflozyna.

Po kontrolnej wizycie (ok. 3 miesigce od ostatniej
hospitalizacji) w poradni kardiologicznej, ze wzgledu na
znaczne zwiekszenie masy ciata (ok. 10 kg), nasilenie
obrzekdw koriczyn dolnych do kolan oraz nasilenie HF do
I1/1V klasy wedtug NYHA chorego skierowano do szpitala
z rozpoznaniem zaostrzenia HF (wyniki badan laborato-
ryjnych w tab. 1 — pobyt 3.). Zastosowano petne leczenie
niewydolnosci krazenia, w tym dozylne leki moczopedne
i wlew z lewosimendanu, uzyskujac znaczng poprawe stanu
0gblnego, zmniejszenie masy ciata i ograniczenie obrzekow
oraz dusznosci. W okresie okotowypisowym, zwazywszy
na HR powyzej 75/min w spoczynku, do beta-adrenolityku
dofagczono iwabradyne. Wynik HbA,, miat wartosé 9,10%,
co $wiadczyto o niezadawalajagcych glikemiach w ostatnich
3 miesigcach rzedu 11,8 mmol/I (tj. 212 mg/dl).

U opisywanego pacjenta dotychczasowe postepowanie
niefarmakologiczne okazato sie, niestety, nieskuteczne.
Nalezy podkresli¢, ze z jednej strony otytoS¢é olbrzymia
(BMI 40,56 g/m?) taczy sie z hiperinsulinemia, co prowa-
dzi do aktywacji uktadu renina-angiotensyna-aldosteron
(RAA) i, wtdrnie, nasilenia HF. Z drugiej strony stosowanie
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u tego typu chorego insuliny, ktéra powoduje retencje sodu
i przy jednoczesnym zmniejszaniu glikozurii moze nasila¢
retencje ptyndw, nie bytoby optymalnym rozwigzaniem.
Dlatego po osiagnieciu stabilnosci klinicznej w okresie
okotowypisowym powrdcono do leczenia empagliflozyna.
W 6-MWT chory osiagnat dystans marszu 330 m. Poddano
go edukacji dotyczacej HF i cukrzycy.

Chorego wypisano do domu z zaleceniami niefar-
makologicznymi oraz z nastepujgcymi zaleceniami do-
tyczacymi farmakoterapii: dabigatran 2 razy 110 mg,
sakubitril/walsartan 2 razy 97/103 mg, iwabradyna 2 razy
5 mg, atorwastatyna 80 mg, bisoprolol 10 mg, amiodaron
200 mg, lerkanidipina 10, eplerenon 25 mg, pantoprazol
20 mg, empagliflozyna 10 mg, furosemid 40 mg, torasemid
20 mg, metformina 3 razy 1000 mg. W trakcie kolejne;j
wizyty kontrolnej po miesigcu stosowania przez chorego
powyzszego leczenia obserwowano stabilny obraz kliniczny,
ciSnienie tetnicze 125/70 mm Hg i glikemie do 150 mg/dl
na czCzo oraz zmniejszenie masy ciata o 5 kg. W ocenie
echokardiograficznej zarejestrowano nieznaczng poprawe
LVEF (28%) i zmniejszenie wymiarow LVEDd (61 mm).
W ergospirometrii chory przy obcigzeniu 100 W osiggnat
objetosé tlenu zuzywanego przez organizm (VO,) 12,74 ml/
/kg mc./min, wspétczynnik wymiany oddechowej (RER,
respiratory exchange ratio) 1,16, VO, na tak zwanym progu
wentylacyjnym (AT, anaerobic threshold) 10,42 ml/kg mc./
/min. Utrzymano dotychczasowg terapie.

Dyskusja

Przedstawiono przypadek pacjenta z niewydolnoscia serca
i obnizong frakcja wyrzutowg lewej komory (HFrEF, heart
failure with reduced ejection fraction) leczonego zgodnie
z aktualnymi wytycznymi najnowoczes$niejsza terapig, w tym
antagonista receptora AT1 dla angiotensyny Il i inhibitora
neprilizyny (ARNI, angiotensin receptor-nephrilysin inhibi-
tor) oraz empagliflozyng. Wedtug wytycznych empagliflozyna
ma zalecenia klasy lla przy poziomie wiarygodnosci danych
B i jest rekomendowana w celu zapobiegania HF lub op6z-
niania jej wystapienia i przedtuzania zycia.

Inhibitory kotransportera sodu i glukozy typu 2 (SGLT2,
sodium-glucose co-transporter 2) to jedne z najnowoczes-
niejszych lekow stosowanych w cukrzycy. Gtéwny efekt ich
dziatania wigze sie z wptywem na kanaliki nerkowe i zwiek-
szeniem wydalania glukozy z moczem (glukozurig) poprzez
zahamowanie jej zwrotnego transportu. Dzieki regulaciji sity
dziatania w zaleznoSci od stezenia glukozy we krwi ryzyko
hipoglikemii w trakcie terapii pozostaje stosunkowo niskie,
co umozliwia ich taczenie z praktycznie kazda grupa lekow
przeciwcukrzycowych. Spodziewane obnizenie wartosci
HbA, . w trakcie stosowania wyzej wspomnianej grupy lekéw
wynosi 0,4-0,9 [7]. Ze wzgledu ha mechanizm transportu
zwrotnego u tych chorych glukozurii towarzyszy natriureza.
Wobec powyzszego leki te charakteryzujg sie dziataniem

moczopednym, ktére prowadzi do zmnigjszenia objetosci
krwi krgzgcej, zmniejszenia masy ciata (m.in. wynikajgcej
u chorych z HF z przewodnienia), obnizenia ciSnienia tetni-
czego i wzrostu hematokrytu [8]. Ponadto wyzej wymieniona
grupa lekow pozytywnie wptywa na inne parametry, takie
jak otytoS¢ brzuszna czy zmniejszenie stezenia kwasu
moczowego czy mikroalbuminurii [9].

W coraz wiekszej liczbie artykutdw pojawiajg sie dowody
korzystnego wptywu stosowania empagliflozyny na zmniej-
szenie ryzyka zdarzenh sercowo-naczyniowych ([MACE, major
adverse cardiac event] okreslonych jako zgon z przyczyn
sercowo-naczyniowych lub udar mézgu czy zawat serca
niezakofczony zgonem), jak rowniez zmniejszenie liczby
hospitalizacji z powodu zaostrzenia niewydolnosci kraze-
nia — to efekt nieosiggany przy uzyciu lekow z innych grup
stosowanych w farmakoterapii cukrzycy.

W trakcie badania EMPA-REG OUTCOME [10] wykazano
35-procentowa redukcje ryzyka hospitalizacji z powodu
zaostrzenia HF w grupie stosujgcej empagliflozyne. Ze
wzgledu na fakt, ze badanie EMPA-REG OUTCOME nie byto
przeznaczone dla populacji z HF, zaprojektowano kolejne
badania z udziatem tej populacji chorych, by ustali¢ miejsce
empagliflozyny w terapii pacjentéw z HF.

W badaniu CVD-REAL 2 [11] obejmujgcym ponad
300 tys. chorych na cukrzyce typu 2 z 6 krajow potwier-
dzono, ze stosowanie lekdw z wyzej wymienionej grupy
obniza ryzyko hospitalizacji z powodu zaostrzenia HF oraz
Smiertelnos¢. Wedtug autorow badania mozliwy jest efekt
klasy, gdyz stosowanie innych inhibitorow SGLT2, a nie
tylko empagliflozyny (stanowiacej < 10% lekow z tej grupy
w powyzszym badaniu) potwierdzito zmniejszenie liczby
hospitalizacji z powodu HF oraz redukcje czestoSci innych
niepozadanych zdarzef sercowo-naczyniowych (tj. udaru
mézgu, zawatu serca) obserwowang w badaniu EMPA-
-REG OUTCOME. W tabeli 2 przedstawiono najwazniejsze,
przeprowadzone dotychczas badania z zastosowaniem
inhibitoréw SGLT2 [10, 12, 13].

Mechanizmy wptywajace na tak zaskakujgce wyniki
obnizenia ryzyka zdarzeh sercowo-naczyniowych przez
inhibitory SGLT2 nie sg do konica poznane. Wydaje sie
jednak oczywiste, ze nie wynikajg one jedynie z wptywu na
SGLT2 i kontroli glikemii, miedzy innymi ze wzgledu na niskg
ekspresje gendéw dla SGLT2 na powierzchni kardiomiocy-
téw, a takze wczesny efekt dziatania wyzej wymienionych
lekéw na istotne punkty koncowe oraz brak korelacji miedzy
glikemig czy wartoSciag HbA,, w trakcie wizyt kontrolnych
a redukcja liczby hospitalizacji z powodu HF.

WSréd istotnych czynnikéw wymienia sie wptyw tych
substancji na hemostaze jonowg w komorkach miokardium
chorych na cukrzyce. Prawidtowe stezenie jondéw wapnia
(Ca™), a takze szybkie zmiany ich wewnatrzkomorkowego
stezenia odgrywaja kluczowg role w transmisji sygnatu
komorkowego, a wiec odpowiadaja za prawidtowa regula-
cje HR czy skurczu miokardiocytow. Na dynamike zmian
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Tabela 2. Wybrane badania kliniczne dotyczace wptywu inhibitoréw kotransporteréw sodu i glukozy typu 2 (SGLT2, sodium-glucose co-
-transporter 2) na ryzyko sercowo-naczyniowe (na podstawie [10-13])

Parametr

EMPA-REG

OUTCOME
[10, 12]

CVD-REAL 2
(11, 12]

\EVAVEN T EIE]

CVD-REAL
[12]

EASEL
[12]

CANVAS/
/CANVAS-R
[12]

DECLARE-
-TIMI 58
[13]

Rodzaje stosowa- Empaglifiozyna  Dapagliflozyna(75%), Kanagliflozyna Kanagliflozyna Kanagliflozyna Dapagliflozyna
nych inhibitoréw empagliflozyna (9%), (53%), (58%),
SGLT2 ipraglifiozyna (8%), dapagliflozyna empagliflozyna

kanagliflozyna (4%), (42%), (26%),

tofogliflozyna (3%),
luseogliflozyna (1%)

empagliflozyna
(5%)

dapaglifiozyna
(16%)

Liczba uczestni- > 7000 > 400 000 > 300 000 > 25000 >10 000 > 17 000
kéw badania (n)

Zawat serca 0,87 (0,70-1,09) 0,81 (0,74-0,88) Brak danych 0,81(0,64-1,03) 0,89(0,73-1,09) 0,89 (0,77-1,01)
Udar mézgu 1,18 (0,89-1,56) 0,68 (0,55-0,84) Brak danych 0,85(0,66-1,10) 0,87 (0,69-1,09) 1,01 (0,84-1,21)
Smiertelnosé 0,68 (0,57-0,82)  0,51(0,37-0,70) 0,49 (0,41-0,57) 0,57 (0,49-0,66) 0,87 (0,74-1,01) 0,93 (0,82-1,04)
Hospitalizacja 0,65 (0,50-0,85) 0,64 (0,50-0,82)  0,61(0,51-0,73) 0,57 (0,45-0,73) 0,67 (0,52-0,87) 0,73 (0,61-0,88)

z powodu niewy-
dolnosci serca

stezenia jondw wapnia wptywa stezenie jondw sodu regulo-
wane miedzy innymi przez pompe sodowo-potasowg, pom-
pe Na'/H" (NHE, Na™-H" exchange). Hemostaza — zaréwno
sodowa, jak i wapniowa — jest zachwiana w komérkach
serca chorych na cukrzyce. W wyniku hipoksji, nasilenia we-
wnatrzkomérkowych proceséw anaerobowych dochodzi do
wytworzenia kwasu mlekowego, a w efekcie zmniejszenia
pH wewnatrzkomérkowego i wyréwnawczego uruchomienia
pompy Na*/H*, co skutkuje przetadowaniem cytoplazmy
jonami sodowymi [14].

Inhibitory SGLT2, poprzez zmnigjszenie wewnagtrzko-
moérkowego stezenia Na*, przesuniecie jonéw wapnia do
mitochondridw, a w konsekwencji poprawienie sity skur-
czu miocytéw, prowadzg do poprawy funkcji skurczowej
serca i zmniejszenia aktywacji uktadu wspétczulnego, co
wydaje sie szczegblnie istotne w odniesieniu do serca
chorego z obnizona frakcjg wyrzutowa lewej komory, na
przyktad w przebiegu choroby wieficowej, jak u opisanego
pacjenta.

Wedtug innej teorii stosowanie inhibitoréw SGLT2 zmnigj-
sza stres oksydacyjny (ktory odgrywa istotna role w utrzy-
maniu przewlektej reakcji zapalnej w tkance miesnia ser-
cowego chorego na cukrzyce, a w konsekwencji prowadzi
miedzy innymi do apoptozy i wtdknienia, przyczyniajac sie
do niekorzystnego remodelingu serca), zmniejsza produkcje
wolnych rodnikéw i modyfikuje przemiane kwasow ttusz-
czowych w komorce, preferujac jako substrat reakcji kwas
betahydroksymastowy, ktéry jest najbardziej energetycznie
korzystnym zwigzkiem [14].

Warto takze wspomnie¢ o bezpiecznym profilu empa-
gliflozyny. Stosowana w monoterapii wigze sie z niskim
ryzykiem hipoglikemii. Ze wzgledu na gtéwny efekt hipo-
glikemizujacy, zwigzany gtownie z diurezg osmotyczna,
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wymaga wzglednie prawidtowej funkcji nerek, natomiast
jednym z najczestszych powikian w zwigzku z glukozurig
sq zakazenia uktadu moczowo-piciowego. Jednakze po-
wiktane zakazenia drog moczowych (np. odmiedniczkowe
zapalenie nerek lub posocznica moczopochodna) wyste-
powaty z podobng czestoScig u pacjentéw otrzymujgcych
empagliflozyne i placebo. W przedstawianym przypadku
w trakcie terapii nie obserwowano infekcji drog moczo-
wych, rejestrowano natomiast zmniejszenie masy ciata
i poprawe profilu glikemii, a sam lek byt dobrze tolerowany
przez chorego. Warto jeszcze wspomnie¢ o innym powi-
ktaniu zwigzanym prawdopodobnie z modyfikacjg szlaku
oksydacji ttuszczéw, tj. kwasicg ketonowa przy wzglednie
prawidtowych glikemiach. Jednak w przeprowadzonych
badaniach randomizowanych udowodniono, ze ryzyko ta-
kiego powiktania jest bardzo niskie, zwtaszcza u chorych
niewymagajacych insulinoterapii [12].

Mechanizmy prowadzace do nasilenia HF wynikaja
gtéwnie z trzech przyczyn — zwiekszenia obcigzenia wstep-
nego (preload), obcigzenia nastepczego (afterload) oraz
zdolnosci ,skurczowej” miokardiocytow. Wedtug obecnego
stanu wiedzy inhibitory SGLT2 dziatajg wielokierunkowo.
Poprzez diureze osmotyczng i zmniejszenie ilosci krwi
krazacej zmniejszajg preload. W wyniku obnizenia cisnienia
tetniczego oraz oporu naczyniowego zmniejszaja afterload.
Ponadto, wptywajac na hemostaze jonéw sodowych i wap-
niowych w komérkach, wptywaja na site i ,jakoS¢” skurczu
miokardiocytow.

W 2018 roku w Ameryce [12] ukazat sie konsensus,
w ktdrym wysoko pozycjonowano inhibitory SGLT2 w al-
gorytmie leczenia chorych z cukrzycg typu 2 i chorobg
wiencowa. Juz na poziomie edukacji dotyczacej zmia-
ny stylu zycia oraz wigczenia metforminy zaleca sie
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Pacjent z cukrzycg typu 2 oraz chorobg wiencowa

Zalecenia dotyczace zmiany stylu zycia, obnizenia wartosci BP
i stezenia lipidow, terapia za pomoca ASA
oraz lekami zmniejszajacymi glikemie (metformina)

Rozwaz zastosowanie inhibitora SGLT2
lub analogéw inkretyn o udowodnionych
korzysciach sercowo-naczyniowych

v

Omoéw mozliwe terapie z pacjentem ‘

v v v

Bez dodatkowej
terapii

Dotgcz inhibitor
SGLT2

Dotacz analog
inkretyn

Rycina 1. Algorytm leczenia pacjenta z cukrzyca typu 2 oraz choroba wieficowg (na podstawie [12]); BP (blood pressure) — cisnienie tetnicze;
ASA (acetylsalicylic acid) — kwas acetylosalicylowy; SGLT2 (sodium-glucose co-transporter 2) — kotransporter sodu i glukozy typu 2

rozwazenie dotaczenia miedzy innymi inhibitora SGLT2
(patrz ryc. 1).

Whioski

Empagliflozyna jest nowym narzedziem terapeutycznym dla
pacjentow z HFrEF i wspétistniejgca cukrzyca. Przedsta-
wiony przypadek kliniczny pacjenta obcigzonego licznymi
chorobami towarzyszacymi wskazuje na duzy udziat em-
paglifiozyny w terapii HFrEF, o czym Swiadczy wystgpienie

Abstract

zaostrzenia niewydolnoSci serca z koniecznoscig hospitali-
zacji po odstawieniu leku u pacjenta leczonego optymalng
standardowa terapiag dla HFrEF z uzyciem ARNI. Opisany
przypadek pokazuje jak istotne moze by¢ wczesne wdra-
zanie nowoczesnej farmakoterapii i stosowanie zalecen
towarzystw eksperckich w codziennej praktyce klinicznej.

Konflikt interesow

Udziat w badaniu klinicznym z zastosowaniem empagliflozyny.

A 56 year-old man with severe dysfunction was admitted to the Department due to exacerbation of chronic heart failure
with reduced left ventricular ejection fraction. During hospitalization the standard treatment of heart failure was used,
but also there was a modification of pharmacotherapy in diabetes. Based on the clinical case description, the article
shows the current state of knowledge on the beneficial effects of empagliflozin on the cardiovascular system.

Key words: heart failure with reduced ejection fraction, empagliflozin
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A break in pharmacotherapy with empagliflozin in a patient
with heart failure with reduced ejection fraction
and hospitalization caused by exacerbation of heart failure

Przerwa w terapii empagliflozyng u pacjenta z niewydolnoscia serca z obnizong
frakcja wyrzutowg i hospitalizacja z powodu zaostrzenia niewydolnosci serca

Agnieszka Komorowska, Matgorzata Lelonek @

Centre for Non-invasive Cardiology, Department of Internal Medicine and Cardiology of the £6dZ Medical University, £6dZ, Poland

Artykut jest ttumaczeniem pracy: Komorowska A, Lelonek M. Przerwa w terapii empagliflozyng u pacjenta
z niewydolnoScig serca z obnizong frakcjg wyrzutowa i hospitalizacja z powodu zaostrzenia niewydolnosSci serca.
Folia Cardiol. 2019; 14 (2): 199-205. DOI: 10.5603/FC.2019.0039. Nalezy cytowa¢ wersje pierwotng

Abstract

A 56 year-old man with severe left ventricular dysfunction was admitted due to exacerbation of chronic heart failure with
reduced left ventricular ejection fraction. During hospitalisation, standard heart failure treatment was used, but with
a modification of pharmacotherapy to address concurrent conditions including diabetes. Here we discuss this case and

the current state of knowledge regarding the beneficial effects of empagliflozin.

Key words: heart failure with reduced ejection fraction, empagliflozin

Introduction

Guidelines from the European Society of Cardiology (ESC)
[1] state that heart failure (HF) is a set of typical secon-
dary symptoms including shortness of breath, swelling of
the lower limbs, and reduced tolerance to strain. These
symptoms can be accompanied by neck vasodilation, lung
crackles, and peripheral oedema caused by disturbances in
cardiac structure and/or function, causing reduced cardiac
output and/or increased intracardiac pressure at rest and
during strain. Symptom intensity is based on the New York
Heart Association’s classification, an important measure
for assessing patients with heart failure, even though it
correlates only weakly with most of the parameters relevant
to left ventricular function [1]. It is recognised that any
exacerbation of symptoms in the NYHA classification is
linked to higher risks of hospitalisation and death [2, 3].

Folia Cardiologica 2019; 14, 2: 206-212

Moreover, concurrent conditions can exacerbate symp-
toms of HF, thus increasing the risk of hospitalisation and
death due to worsening HF. According to ESC guidelines,
the additional presence of diabetes is linked to reduced
physical function and a worse prognosis. Studies by Fra-
mingham [4] showed that the risk of HF in a diabetic patient
is almost 2.4 times higher in men, and 5 times higher in
women, compared to non-diabetic individuals. It was also
shown that a 1% increase in glycated haemoglobin causes
an 8% increase in the risk of heart failure, irrespective of
age, presence of coronary heart disease, blood pressure,
or obesity [5].

In addition, the relationship between heart failure
and diabetes is a double-edged sword, because diabetic
patients are at greater risk of developing heart failure due
to processes taking place in the cardiovascular system.
Hyperinsulinaemia, hyperglycaemia, acidosis and insulin
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resistance are factors causing heart remodelling by mo-
difying cellular pathways in cardiomyocytes. Two dominant
processes in the diabetic heart have been identified. The
first is left ventricular (LV) dysfunction caused mostly by
the intoxication of cardiomyocytes by the substrates of
incorrect metabolic processes taking place in the cell,
including storage of free fatty acids, leading to lipidosis of
heart cells, altered intra- and extracellular metabolite ba-
lance, and cardiomyocyte electrophysiological properties.
In this respect, one should also consider modifications to
metabolic pathways, mitochondrial dysfunction and oxidati-
ve stress, and damage to the vascular endothelium, which
can all lead to heart muscle necrosis. The second process
is that of chronic inflammation, which is associated with
increased collagen synthesis and fibrosis [6].

Diabetic patients commonly have systolic and diastolic
dysfunction and arrhythmia. Diabetic polyneuropathy and
the involvement of the sympathetic nervous system, along
with fibrotic changes in the heart and reduced ejection
function, predispose these patients to the development of
arrhythmias, including life-threatening ventricular arrhyth-
mias.

Case description

A 56 year-old male was admitted with class Il heart failure
according to the NYHA, i.e. shortness of breath, oedema
of the lower limbs up to the knees, and blood pressure of
135/85 mm Hg. The patient was warm and damp as per
Forrester’s classification.

Patient history:

— severe systolic dysfunction of the LV;

— implantation of a cardiac resynchronisation therapy
defibrillator (CRT-D);

— moderate aortic stenosis;

— chronic coronary heart disease - cardiac infarction with
ST-segment elevation in the wall of the lower and right
ventricles treated with two unsuccessful attempts at re-
vascularisation of the right coronary artery, complicated
by transient third degree atrioventricular block; follow-
ing the infarction, ST-segment was no longer elevated,
and was treated with angioplasty of the circumflex
branch of the coronary artery with implantation of two
drug-eluting stent (DES) stents;

— arterial hypertension (blood pressure max. 170/90 mm Hg);

— type 2 diabetes currently treated with metformin
therapy;

— mixed hyperlipidemia currently treated with statins;

— obesity [body mass index (BMI) 40.56 kg/m> height:
172 cm, body weight: 120 kg], metabolic syndrome;

— paroxysmal atrial fibrillation.

Laboratory studies found significant deviations from
the norm in the following parameters: reduced kidney

parameters, increased levels of glucose, triglycerides and
N-terminal pro-B-type natriuretic peptide (NT-proBNP),
though, due to the patient’s obesity, these parameters
are consistent with the other symptoms presented by the
patient (Table 1 — stay 1).

On admission to the hospital, an electrocardiogram
(ECG) found a regular sinus rhythm of 90/min with type
atrial synchronous biventricular pacing (AS-BiVP) stimula-
tion, and correct stimulation and sensing was found.

During hospitalisation, another ECG confirmed severe
systolic dysfunction of the left ventricle [left ventricular
ejection fraction (LVEF) 24%, left ventricular end-diastolic
diameter (LVEDd) 65 mm, end-diastolic volume/exhalation
volume [EDV/EV] 250/190 mL) with segmental dysfunction
of contractility of the lower and back walls and moderate
aortic stenosis and impaired contractile function of the
enlarged right ventricle [tricuspid annular plane systolic
excursion (TAPSE) 16 mm, S’ 9 cm/s, right ventricular
diameter proximal (RVD prox) 35 mm].

During hospitalisation, the patient received intensive
intravenous diuretics and standard therapy for HF was
maintained [angiotensin-converting enzyme (ACE) inhibi-
tors, beta-blockers, mineralocorticoid receptor antagonists
(MRA)]. The patient’s general condition and heart failure
symptoms improved. A 6-minute walk test (6-MWT) was
conducted, in which the patient achieved 290 m.

A control coronary angiography showed a good re-
sponse to the stent implanted in the circumflex branch
and the amputated right coronary artery, creating collateral
circulation. The patient qualified for further conservative
treatment.

The patient’s MAGIC (Meta-Analysis Global Group in
Chronic Heart Failure) prognostic score was found to be
serious — 26 points, with 1-year mortality of 17.5% and
3-year mortality of 39.7%. Prior to being discharged, the
patient’s diabetes treatment was modified with the addition
of empagliflozin to metformin.

The patient was discharged to outpatient care on the
following medications: dabigatran 2 x 110 mg, atorvastatin
20 mg, bisoprolol 7.5 mg, amiodarone 200 mg, ramipril
5 mg, lercanidipine 10 mg, eplerenone 50 mg, pantopra-
zole 20 mg, empagliflozin 10 mg, torasemide 10 mg, and
metformin 3 x 850 mg.

Two months after hospitalisation, during a follow-up visit
at a cardiology clinic, a stable clinical state was observed
with a satisfactory (NYHA class Il) strain tolerance, and
with NT-proBNP of 153 pg/dL. The CRT found a significant
reduction in obstruction, corresponding with improved
clinical outcomes.

After four months, the patient was once again hos-
pitalised due to an exacerbation of HF, with NT-proBNP
of 1,586 pg/mL, and during this stay he was included in
a sacubitril/valsartan treatment programme at a dosage
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Table 1. Results of basic laboratory studies during consecutive hospitalisations

Parameter Result

Stay 1 Stay 2 Stay 3
WBC [x 10%/uL] 7.30 10.57 6.84 4.00-11.00
RBC [x 10°/uL] 5.32 4.38 4.84 4.20-6.10
Hb [g/dL] 15.9 14.2 15.1 14.0-18.0
TC [mmol/L] 3.83 Not determined 5.07 3.00-5.00
LDL [mmol/L] 1.25 Not determined 2.59 <1.80
HDL [mmol/L] 0.95 Not determined 1.24 >1.00
TG [mmol/L] 3.58 Not determined 2.73 <1.70
Glucose [mg/dL] 8.55 8.28 7.97 41-55
Creatine [umol/L] 148 150 131.7 59-104.0
eGFR [mL/min/1.73 m?] 46.5 54.44 67 > 60
Na [mmol/L] 136 141 1401 136-146
K [mmol/L] 4.38 4.30 4.26 3.5-5.1
AspAT [U/L] 34 Not determined 36.7 0-35
AIAT [U/L] 35 30 28.8 0-45
CRP [mg/L] 2.9 8.48 2.8 0-6.0
TSH [pIU/L] 0.672 Not determined 0.588 0.27-4.20
NT-proBNP [pg/mL] 488 Not determined 324.7 <125
TnT [ng/mL] Not determined Not determined 39 <14

WBC — white blood count; RBC — red blood count; Hb — haemoglobin; TC — total cholesterol; LDL — low-density lipoproteins; HDL — high-density lipoproteins; TG — triglycerides; eGFR — estimated glomerular
filtration rate; Na — calcium; K — potasium; AspAT — aspartate aminotransferase; AIAT — alanine aminotransferase; CRP — C-reactive protein; TSH — thyroid-stimulating hormone; NT-proBNP — N-terminal

pro-B-type natriuretic peptide; TnT — troponin T

of 97/103 mg. For more than a year he was clinically
stable and did not require further hospitalisation due to
HF exacerbations.

The next hospitalisation was due to an airway infection,
during which his HF worsened. The patient was hospitalised
in the regional department for internal medicine due to
orthopnea, coughing up yellow-grey fluid over the course
of the airway infection, and increasing lower limb oedema.
While being admitted, a urine test detected glycosuria, with
venous blood glucose levels of 149 mg/dL (Table 1 —stay 2),
which was considered to be the result of empagliflozin
treatment. Following antibiotic treatment and intravenous
diuretics, the patient was discharged with clinical improve-
ments. Empagliflozin treatment was discontinued.

After a visit to a cardiology clinic three months after the
previous hospitalisation, due to a notable increase in body
weight (around 10 kg), exacerbation of lower limb oedema
up to the knees, and worsening of HF up to NYHA Class llI/IV,

the patient was referred to the hospital with acute heart
failure. Results of laboratory studies are shown in Table 1 —
stay 3. Full treatment for cardiac failure was given, including
intravenous diuretics and levosimendan infusion, resulting
in significant clinical improvement, reduced body weight
and decreased oedema and breathlessness. Following

discharge, due to a resting heart rate (HR) above 75/min,
additional treatment with the beta-blocker ivabradine was
prescribed. Glycated haemoglobin was 9.10%, suggestive of
unsatisfactory levels of glycaemia in the last three months
in the range of 11.8 mmol/L (212 mg/dL).

For this patient, previous non-pharmacological treat-
ments were unfortunately unsuccessful. It should be
emphasised that morbid obesity (BMI 40.56 kg/m?) is
linked to hyperinsulinemia, leading to the activation of the
renin-angiotensin-aldosterone (RAA) system and renewed
HF exacerbations. On the other hand, treating this type of
patient with insulin, which causes sodium retention with
simultaneous decrease of glycosuria, can increase fluid
retention and would therefore not be an optimal solution.
After the patient became clinically stable during the peri-
discharge period, empagliflozin treatment was resumed. In
a 6-MWT, the patient achieved a distance of 330 m. The pa-
tient was given full information regarding HF and diabetes.

The patient was discharged home with non-pharma-
cological treatment suggestions and with the following
recommendations of pharmacotherapy: dabigatran 2 x
x 110 mg, sacubitril/valsartan 2 x 97/103 mg, ivabradine
2 x 5 mg, atorvastatin 80 mg, bisoprolol 10 mg, amio-
darone 200 mg, lercanidipine 10 mg, eplerenone 25 mg,
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Table 2. Selected clinical studies on the effect of sodium-glucose co-transporter 2 (SGLT2) inhibitors on cardiovascular risk

Parameter Name of study
EMPA-REG CVD-REAL 2 CVD-REAL [12] EASEL [12] CANVAS/ DECLARE-TIMI
OUTCOME [11,12] /CANVAS-R 58 [13]
[10, 12] [12]
Type of SGLT2 Empagliflozin Dapagliflozin (75%), Canagliflozin (53%), Canagliflozin (58%), Canagliflozin Dapagliflozin
inhibitor used empagliflozin (9%), dapagliflozin (42%), empagliflozin (26%),
ipragliflozin (8%), empagliflozin (5%) dapagliflozin (16%)
canagliflozin (4%),
tofogliflozin (3%),
luseogliflozin (1%)
Number of N > 7,000 N > 400,000 N > 300,000 N > 25,000 N > 10,000 N > 17,000
participants
Heart attack 0.87 0.81 No data 0.81 0.89 0.89
(0.70-1.09) (0.74-0.88) (0.64-1.03) (0.73-1.09) (0.77-1.01)
Stroke 1.18 0.68 No data 0.85 0.87 1.01
(0.89-1.56) (0.55-0.84) (0.66-1.10) (0.69-1.09) (0.84-1.21)
Mortality 0.68 0.51 0.57 0.87 0.93
(0.57-0.82) (0.37-0.70) (0.41-0.57) (0.49-0.66) (0.74-1.01) (0.82-1.04)
Hospitalisation due 0.65 0.64 0.57 0.67 0.73
to heart failure (0.50-0.85) (0.50-0.82) (0.51-0.73) (0.45-0.73) (0.52-0.87) (0.61-0.88)

pantoprazole 20 mg, empagliflozin 10 mg, furosemide
40 mg, torasemide 20 mg, and metformin 3 x 1,000 mg.
On the above treatment, subsequent control check-ups
presented a stable clinical picture, with arterial blood pres-
sure of 125/70 mm Hg, fasting glycaemia up to 150 mg/dL,
and a reduction in body mass of 5 kg. In an ECG there
was a slight improvement in left ventricular systolic func-
tion (LVEF 28%) and a reduction in LVEDd to 61 mm. In
ergospirometry with a load of 100 W, the patient achieved
a V0, of 12.74 mL/kg/min, respiratory exchange ratio (RER)
1.16, VO, anaerobic threshold (AT) 10.42 mL/kg/min. The
current therapy was maintained.

Discussion

We present the case of a patient with heart failure and re-
duced ejection fraction of the left ventricle (HFrER) treated
according to current recommendations with the newest
therapy for HFrEF, including AT, receptor antagonists for
angiotensin Il and neprilysin inhibitor (ARNI, angiotensin
receptor-neprilysin inhibitor) and empagliflozin. Following
guidelines, empagliflozin has class lla recommendations
with a data reliability level of B, and is recommended for
the prevention or delay of HF and increased lifespan.
Sodium-glucose co-transporter 2 (SGLT2) inhibitors
are among the newest drug classes for the treatment of
diabetes. Their mode of action is thought to be linked to
the renal tubule excretion of glucose into the urine (glyco-
suria) by reducing reverse glucose transport. Owing to the
regulation of their strength in response to blood glucose
concentration, the risk of hypoglycaemia with these drugs
is relatively low, which allows for their combination with

practically all groups of antidiabetic drugs. The expected
reduction in levels of glycated haemoglobin over the course
of using the aforementioned group of drugs is 0.4-0.9 [7].
Due to the mechanism of reverse transport, glycosuria is
accompanied in these patients by natriuresis. Because of
this, the above medications are characterised by diuretic
effects, which lead to reduced circulating blood volume,
decreased body mass (reduced over-hydration), reduced
arterial blood pressure, and increased haematocrit [8].
Moreover, the above group of drugs causes improvements
in abdominal obesity, uric acid levels, and microalbumi-
nuria [9].

A growing number of publications have shown a positive
effect of empagliflozin on major adverse cardiac events
(MACE — defined as death from cardiovascular causes,
non-lethal strokes or cardiac infarctions) and decreased
hospitalisations due to HF exacerbations - a result not seen
with other commonly used diabetes drug groups.

The EMPA-REG OUTCOME study [10] found a 35%
decrease in the risk of hospitalisation due to exacerbated
heart failure in the group treated with empagliflozin. Due
to the fact that the EMPA-REG OUTCOME study was not de-
dicated to an HF population, a further study was designed
in this patient group to establish the place of empagliflozin
in the treatment of HF patients.

The CVD-REAL 2 study [11], comprising over 300,000 pa-
tients with type 2 diabetes from six countries, confirmed
that the use of drugs from the above group reduces the
risk of hospitalisation due to exacerbation of heart failure
as well as mortality. According to the authors of the study,
a class effect may be possible, as using other SGLT2 inhi-
bitors and not only empagliflozin (making up less than 10%
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Patient with type 2 diabetes and coronary heart disease

Recommendations on lifestyle change, reducing BP
and lipid concentration, ASA therapy
and drugs reducing glycaemia (metformin)

Consider using an SGLT2 inhibitor
or incretin analogues
with proven cardiovascular benefits

v

Discuss potential therapies with the patient ‘

v v v

No further Add SGLT2 Add incretin
therapy inhibitor analogue

Figure 1. Treatment algorithm for a patient with type 2 diabetes and coronary heart disease (based on [12]); BP — blood pressure; ASA —

acetylsalicylic acid; SGLT2 — sodium glucose co-transporter 2

of the drugs from this group in the above study), confirmed
the reduction in the number of hospitalisations due to heart
failure and a reduction in other adverse cardiac events such
as stroke and cardiac infarction observed in the EMPA-REG
OUTCOME study. Table 2 shows the most important studies
on SGLT2 inhibitors conducted so far [10, 12, 13].

The mechanisms behind such a surprising reduction
in major adverse cardiac events by SGLT2 inhibitors are
not fully understood. However, it appears obvious that
they are not caused only by the effects on SGLT2 or due
to controlling levels of glycaemia, owing to (amongst other
factors) a low expression of SGLT2 genes on the surface
of cardiomyocytes, early action of the above drugs on
important endpoints, and the absence of a correlation
between levels of glycaemia and glycated haemoglobin
during control visits, and a reduction in hospitalisations due
to heart failure. Among the significant factors, the effect
of these substances on haemostasis in diabetic myocar-
diocytes is often cited. An appropriate Ca>* concentration
and rapid changes in its intracellular concentration play
a key role in transmitting cellular signals, and is therefore
responsible for the appropriate regulation of cardiac rhythm
and myocardiocyte contraction. The dynamics of calcium
levels are affected by sodium levels, which are regulated by
sodium-potassium pumps or Na’/H* pumps (NHE). Sodium
and calcium haemostasis in diabetic patients is dysregu-
lated. Hypoxia, or the increase in intracellular anaerobic
processes, triggers lactic acid production and a consequent
decrease of intracellular pH and Na*/H" pump activation,
resulting in excessive intracellular sodium [14].

Through a combination of reduced intracellular Na*
levels and improved mitochondrial calcium transport, and
consequently improved myocyte contraction strength,
SGLT2 inhibitors lead to improved contractile function in
the heart and reduce parasympathetic nervous system

activation. This is important in respect of coronary disease-
-afflicted hearts with left ventricle ejection fraction impair-
ment, such as in the patient in our case.

According to another theory, the use of SGLT2 inhibitors
reduces oxidative stress, which plays an important role in
maintaining a chronic inflammatory response, apoptosis
and fibrosis in diabetic patients’ heart muscle, leading to
unfavourable heart remodelling and fatty acid metabolism
modification, with a preference for beta-hydroxybutyric acid
as a substrate, which is the most energetically favourable
compound [14].

It is also worth mentioning the safety profile of em-
pagliflozin. When used as a monotherapy, it carries a low
risk of hypoglycaemia. Due to the main hypoglycaemia-
-inducing effect being associated mainly with osmotic
diuresis, use of this drug requires relatively normal kidney
function. However, one of the most common complications
of glycosuria is urogenital infection, with complications of
urinary tract infections such as pyelonephritis or urosepsis
occurring with similar frequency in patients taking either
empagliflozin or a placebo. In this case, no urinary tract
infections were observed over the course of treatment,
while body mass reduction and improved glycaemic profile
were observed, and the medication itself was well tolerated
by the patient. It is also worth mentioning a different com-
plication that is probably related to lipid oxidation pathway
alterations, such as ketoacidosis with relatively normal
glycaemic levels. However, randomised studies have shown
that such complications are rare in patients not requiring
insulin therapy [12].

Mechanisms leading to heart failure exacerbations
mostly have three causes: increased preload, increased
afterload, and decreased myocardiocyte contractile ability.
According to the current state of knowledge, SGLT2 inhibi-
tors have multi-targeted effects. They decrease afterload
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through osmotic diuresis and reduce circulating blood
volume. They also influence sodium and calcium ion hae-
mostasis in cells, thus impacting the force and ‘quality’ of
myocardiocyte contractions.

In 2018, a consensus appeared in the US [12] that po-
sitioned SGLT2 inhibitors high in the algorithm for treating
patients with type 2 diabetes and coronary heart disease.
SGLT2 inhibitors were recommended to be considered
in addition to lifestyle change education and metformin
treatment (Figure 1).

Conclusions

Empaglifiozin is a new therapeutic tool for patients with
HFrEF with concurrent diabetes. The presented clinical

Streszczenie

case of a patient suffering from multiple concurrent
conditions implies an important role for empagliflozin
in HFrEF therapy, which is demonstrated by the exacer-
bation of heart failure necessitating hospitalisation in
a patient being treated with an optimal standard HFrEF
therapy with ARNI when administration of empagliflozin
was stopped. Our case demonstrates the importance
of the early adoption of novel pharmacotherapies, and
highlights the need for expert recommendations in eve-
ryday clinical practice.
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Mezczyzne w wieku 56 lat z ciezka dysfunkcjg lewej komory przyjeto na oddziat z powodu zaostrzenia objawoéw przewle-
ktej niewydolnosci serca z obnizong frakcjg wyrzutowa lewej komory. W trakcje hospitalizacji stosowano standardowe
leczenie niewydolnoSci serca, ale takze modyfikowano terapie chordb wspotistniejacych, w tym cukrzycy. Na podstawie
opisu przypadku klinicznego w artykule przedstawiono aktualny stan wiedzy na temat korzystnego wptywu empagliflo-

zyny na uktad sercowo-naczyniowy.

Stowa kluczowe: niewydolno$¢ krazenia z obnizona frakcja wyrzutowa lewej komory, empagliflozyna
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Infective endocarditis in children
— lasting problem and growing incidence

Infekcyjne zapalenie wsierdzia u dzieci — wzrastajgcy problem
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Abstract

Infective endocarditis (IE) is becoming a more common illness in children, especially in patients with congenital heart
disease. There remains no consensus as to the optimal diagnosis, treatment and prophylaxis. One of the most chal-
lenging problems in this group of patients is surgery, because of the often extremely small dimensions and the lack of
proper valve prosthesis. In light of this growing problem, there is a need for better knowledge regarding IE if this insidious
disease is to to be promptly identified and and effectively treated.

Key words: infective endocarditis, paediatric cardiac surgery, valve replacement, children

Introduction

Over the last few decades, the epidemiology of infective
endocarditis (IE) in the paediatric population has changed.
In the 1970s roughly 30-50% of cases of IE in children
were related to rheumatic heart disease [1], whereas
nowadays congenital heart disease (CHD) is the most
common reason for |[E. Moreover, the increased frequen-
cy of IE is strongly connected with the increased survival
rate among patients with CHD. The incidence of IE has
been estimated to be approximately 0.05-0.12 cases per
1,000 paediatric admissions by different centres [2-5],
while the figure reported from the USA is 0.43 cases per
100,000 children [3]. The increasing prevalence of |IE in the
paediatric population is associated with general immune
deficiency, invasive devices, and innovative surgical proce-
dures designed for complex cyanotic CHD, especially those
associated with artificial material implantation, as well as

Folia Cardiologica 2019; 14, 2: 213-219

the complexity of comprehensive treatment in intensive
care units. Nevertheless, 8-10% of cases of IE in children
are not associated with CHD or any evident risk factor [6].
In such cases, IE usually affects the aortic or mitral valves
and comes from Staphylococcus aureus bacteraemia [7].
Although the incidence of IE in children is lower than in
adults, it is more difficult to treat. The lack of clear guide-
lines for the treatment of endocarditis in children makes
it an even more complicated and problematic challenge.

Cardiac surgery
and transcatheter procedures

Cardiac surgery and postoperative intensive care is an im-
portantindependent risk factor for the development of IE. In
particular, residual defects and surgical shunts contribute
to damage of the endocardium and infiltration by bacteria.
Those most susceptible to IE are cyanotic children after
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they have undergone corrective, palliative or physiological
palliation surgery for CHD [8].

Although always possible, the risk of endocarditis in the
first month after cardiac surgery is low. The risk usually rises
as time goes by. IE can be a late complication of cardiac
surgery for CHD, but unfortunately such a late occurrence
is connected with rapid development and poor antibiotic
response [9, 10].

Patients after transcatheter device implantation are
also at risk of endocarditis, especially before the endothe-
lialisation of the implants. The residual defects could be
an additional risk factor for IE [11-13].

Pathogenesis

The interaction of two factors is necessary for IE to develop
— endothelium damage and bacteraemia [14]. Turbulent
flow (i.e. valvular disease, stenosis or regurgitation, residual
shunt, recurrent stenosis) causes mechanical stress, which
destroys the endothelium, followed by the deposition of
platelets and fibrin, and finally the creation of nonbacterial
thrombotic endocarditis (NBTE). NBTE is a perfect nidus for
bacterial or fungal colonisation. Bacteraemia or fungemia
can appear in the blood from any infection site, and even
as a result of everyday activities such as brushing teeth
or chewing food. The pathogens after nidus colonisation
and multiplication cause a further adhesion of platelets
and fibrin. In chronic cardiac patients, the endothelium
surface is frequently damaged by catheters or pacing wires;
endocarditis can also develop due to direct infection from
implantable devices.

Diagnosis

Infective endocarditis is a difficult diagnostic problem,
mostly because of its non-specific clinical symptoms.
Clinical findings differ between neonates, children and
adolescents. Infants with IE usually present feeding dif-
ficulties, tachycardia, respiratory disorders, hypotension,
and a variety of neurological signs such as seizures,
hemiparesis or apnoea. During physical examination,
a new or changing heart murmur can be heard. However,
in older children and adolescents, IE is associated with
prolonged low-grade fever, fatigue, weight loss, weakness,
arthralgias, myalgias and diaphoresis. In some cases, the
symptoms of IE can develop rapidly with a high fever and
progressive heart failure. These patients usually require
urgent intervention, and the most likely aetiological factors
are usually Streptococcus pneumoniae or Staphylococcus
aureus [8, 10].

Due to its nonspecific clinical findings, endocarditis sho-
uld be taken into consideration in every case of prolonged,
nonresponding to antibiotics infection with fever, especially
in children with congenital heart disease, and also in long

term follow-up after corrective surgery. Extracardiac fin-
dings such as petechiae, haemorrhages, Janeway lesions,
Roth’s spots or Osler nodes, are uncommon in children. The
emboli of vessels in the abdominal viscera, in the heart, or
in the brain, although rare, can be life threatening.

In clinical practice, a diagnosis of IE depends on
proving a relationship between the signs of infection and
echocardiographic changes on the endocardium. Both the
European Society of Cardiology (ESC) and the American
Heart Association (AHA) recommend using the Duke criteria
for diagnosing IE in adults [15].

Modifications of the Duke criteria for children have been
used in several studies, but because of the small number of
patients, there remain doubts about their universal appli-
cability [16, 17]. The Duke criteria are based on clinical,
microbiological and echocardiographic findings (Table 1).
The original Duke criteria have only 80% sensitivity in epi-
demiologic studies and less than 65% (63.2%) in clinical
practice [18]. To improve the accuracy of diagnosis in
adults, it is recommended to consider new imaging techni-
ques such as multi-slice computer tomography (MSCT) and
single-photon emission computed tomography/computed
tomography (SPECT/CT) [19, 20]. These techniques have
thus far no applications or certification in the paediatric
population.

The gold standard of IE diagnosis is microbiological
and histological examination of surgically excised tissue
specimens such as valves, a damaged endocardium, or
vegetations.

Imaging

The most important imaging techniques in |E are transtho-
racic (TTE) and transoesophageal (TEE) echocardiography.
Echocardiographic examination should be performed in
every patient with a suspicion of IE [14]. It has an important
role in diagnosis, evaluation of treatment, and monitoring of
recurrence. In children, TTE is usually sufficient to visualise
changes in the endocardium and dysfunction of the valves.
TEE could be helpful in the evaluation of paravalvular leaka-
ge, left ventricle outflow tract complication, root abscesses,
or endocarditis over a prosthetic valve (Figure 1). Those
patients with chest deformations after surgery, trauma or
congenital lesions, can also be better assessed with TEE.

Microbiology

Identifying the pathogen responsible for IE is very impor-
tant, so it is crucial to take blood samples for microbiolo-
gical examination as quickly as possible in every patient
suspected of IE, especially where there is fever of an
unexplained origin (FUO), a new heart murmur, a congenital
diaphragmatic hernia (CDH), or a previous history of endo-
carditis. The process involves taking three blood cultures
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Table 1. Modified Duke criteria for diagnosis of infective endocarditis in children (based on [15])

1. Positive blood culture for |E:

a) typical microorganism consistent with |E from > 2 blood cultures:
« Viridans streptococci, Streptococcus bovis, or HACEK group; or
e community-acquired Staphylococcus aureus or enterococci, in the absence of a primary focus; or

b) microorganisms consistent with IE from persistently positive blood cultures, defined as:
e 2> 2 positive cultures of blood samples drawn > 12 h apart; or
* all of three or a majority of > 4 blood cultures, irrespective of the timing

¢) 1 positive blood culture for Coxiella burnetii or antiphase-l immunoglobulin G antibody titre > 1:800

2. Evidence of endocardial involvement:

a) echocardiogram positive for |E (TEE recommended in prosthetic valves, rated at least possible IE by clinical criteria,
or complicated IE; TTE as the first test in other patients) for IE, defined as:
* oscillating intracardiac mass on valve or supporting structures, in the path of regurgitant jets, or on implanted material in the

absence of an alternative anatomic explanation; or

¢ abscess; or
* new partial dehiscence of prosthetic valve

b) new valvular regurgitation (worsening or changing of pre-existing murmur not sufficient)

Minor criteria

1. Predisposition: predisposing heart condition or IV drug use
2. Fever: temperature > 38.0°C

3. Vascular phenomena: major arterial emboli, septic pulmonary infarcts, mycotic aneurysm, intracranial haemorrhage, conjunctival
haemorrhages, and Janeway lesions

4. Immunologic phenomena: glomerulonephritis, Osler nodes, Roth’s spots, and rheumatoid factor

5. Microbiological evidence: positive blood culture but does not meet a major criterion as noted above or serological evidence of acti-
ve infection with organism consistent with IE

Figure 1. Transoesophageal echocardiography (TEE) in a 9 year-old boy with infective endocarditis caused by Cardiobacterium hominis.
Periannular abscess (arrow) and vegetations attached to leaflets of aortic valve
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by separate venous punctures on the first day of fever; if
there is no growth after two days of incubation, another
2-3 blood samples should be taken.

Because of the relatively lower volume of circulating
blood in children, the blood samples have to be smaller.
In infants and younger children they should be limited to
1-3 mL, and 5-7 mL in older children. Bacteraemia is
usually constant in IE, so there is no need to wait for py-
rexia. Isolated growth in one sample should be taken into
consideration with great care, due to the high possibility
of contamination [15].

Most cases of IE are caused by the ‘big three’ patho-
gens — viridans group streptococci (VGS, like Streptococcus
sanquis, Streptococcus mitis group, Streptococcus mu-
tans), staphylococci (Staphylococcus aureus, coagulase-
-negative staphylococci), B-haemolytic streptococci and
Enterococcus species (less common in children). Less
common aetiological pathogens are microorganisms from
the HACEK (Haemophilus species, Aggregatibacter species,
Cardiobacterium hominis, Eikenella corrodens and Kingella
species) group.

If fastidious organisms or unusual pathogens are
suspected, the microbiological laboratory should be fo-
rewarned so that it can use longer incubation and more
specific tests. From the age of 12 months onwards, the
most common endocarditis pathogen in children with
CHD is VGS. However, after cardiac surgery S. aureus and
coagulase-negative staphylococci are more common [1, 6].

Culture-negative endocarditis

Up to 36% of patients with diagnosed endocarditis
have negative blood cultures [21]. The reason behind
a culture-negative endocarditis (CNE)-diagnosis is anti-
biotic therapy introduction before the collection of blood
samples, or the need to make maximum efforts to search
for organisms, which require more demanding conditions.
Because of the nonspecific, slowly developing signs,
the majority of patients are treated with antibiotics by
a paediatrician or a general practitioner prior to |IE being
suspected.

Fastidious microorganisms, some bacteria and fungi,
require more specific media and longer incubation times.
Except for extended incubation, in some cases it is worth
performing serological tests or using molecular techniques
such as polymerase chain reaction (PCR) to detect RNA/DNA
of the microorganisms [22].

The tests over surgically excised tissue can help to de-
termine the aetiological factor behind IE, but they should
be interpreted cautiously, because 13-55% of results are
false-positive. Surgical materials remain positive for months
after antibiotic therapy has begun, but unfortunately can
detect microorganisms from previous episodes of endocar-
ditis up to 12 years before surgery [22, 23].

Treatment

The treatment of IE consists of two complementary parts —
antibiotic therapy and surgery. The immediate implementa-
tion of appropriate antibiotic therapy is extremely important
for a successful outcome. Antibiotic therapy depends on
having a diagnosed or suspected aetiological factor. There
are different antibiotic strategies and durations of therapy,
which usually lasts a minimum of 6-8 weeks. There are
also therapeutic strategies for CNE, which should be re-
-evaluated as soon as a more precise diagnosis is made,
i.e. after histological tests. Preoperative antibiotics therapy
should be taken into account for the total duration of the-
rapy, unless there is a need to change antibiotics based on
blood cultures. Although there has been an improvement
in IE treatment, the mortality rate is still 5-10% [15], and
is higher in patients with previous heart disease.

Surgical treatment

The two major goals of surgical treatment of IE are to exci-
se the infected tissues, and to restore the correct cardiac
function.

The vegetations can cause valvular dysfunction, perian-
nular progression of infection, sinus of Valsalva rupture,
myocardial dysfunction, obstruction of conduits and shunts,
pericardial effusion, coronary embolisation or dysfunction
of artificial valves. Surgery is usually urgently required,
especially in life-threatening conditions [24]. The most
important indications for surgery are the progression of
heart failure, uncontrolled infection, and emboli prevention.

Cardiac surgery for IE in children is an enormous
challenge which grows more demanding the smaller the
patient is. The first surgical challenge relates to the size
of the patient. Even a fairly small vegetation on the valve
or a periannular abscess can lead to resection of large
cardiac structures or whole cusps of infected valve. The
second basic problem of paediatric IE is the lack of pro-
per valve prosthesis and materials to reconstruct cardiac
morphology. There is no ‘paediatric’ size of artificial valve,
either mechanical or biological. In addition, it should be
remembered that no prosthetic valve has growth potential
and a small prosthesis will have to be changed as the child
grows. However, there have been promising initial reports
on the use of a biological valve placed on a stent (Melody®
valve; Figure 2) that could be percutaneously widened with
balloons in the future [25].

It is vital to clear all current and suspected extracardiac
sites of infection before cardiac surgery.

Prevention

Both the AHA and the ESC limit the use of antibiotic pro-
phylaxis to patients with the highest risk for IE and patients
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Figure 2A, B. Melody valve® in mitral position in a 3 year-old girl —
12 months after implantation because of acute mitral insufficiency
in the course of infective endocarditis. There is possibility to per-
cutaneous widen the diameter of the valve calibrated foramen in
interatrial septum

with the highest risk for mortality or morbidity from IE. This
is a consequence of the data that shows that up to 20% of
IE could be associated with invasive procedures. Transient
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bacteraemia appears during everyday activities such as
brushing teeth or chewing food. The oral flora in children
and adults differs, and changes with age. Nonetheless,
dental hygiene and careful treatment of any oral infection
should be undertaken [26].

The other issue is for a patient with CHD, particularly
cyanotic heart disease. The presence of implanted foreign
prosthetic materials such as patches, shunts or conduits,
increases the risk of endocarditis, even many years after
cardiac surgery. The AHA recommends antibiotic prophyla-
xis before high-risk dental procedures for all patients with
unrepaired cyanotic CHD, as well as those individuals who
underwent the repair of a CHD with prosthetic materials, or
with diagnosed residual defects, and after percutaneous
device implantation (for a period of six months). Particular
attention should be paid to oral hygiene in children with
cyanosis, who have specific periodontal concerns [27].

Conclusions

1. The growing number of children and adolescents with
corrected CHD is the cause of the growing risk of IE. The-
refore this particular group of patients should be treated
by highly specialised teams familiar with congenital heart
surgery. 2. There is a need for better knowledge about IE in
children among general practitioners and paediatricians, as
well as dentists, to provide a proper prophylaxis and shor-
ten the time to diagnosis, introduce effective treatment,
and improve outcomes. 3. The growing number of children
suffering from IE should encourage progress in the field
of prosthetic implantable materials that could minimise
the risk of IE, while considering the potential to expand
following children’s growth.
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Zachorowalno$¢ na infekcyjne zapalenie wsierdzia (IE) wzrasta w populacji dzieciecej, zwtaszcza u pacjentéw z wrodzong
wadg serca. Wiasciwe postepowanie, diagnostyka, leczenie oraz wiasciwa profilaktyka pozostajg przedmiotem wielu
dyskusji. Leczenie chirurgiczne IE u dzieci stanowi szczegblne wyzwanie, gtownie z powodu matych rozmiaréw pacjenta,
koniecznosci zachowania potencjatu do wzrostu i braku odpowiednich protez zastawkowych. W obliczu narastajgcego
problemu nalezy zwieksza¢ SwiadomoS¢ i propagowac wiedze o IE, zeby wczesnie rozpoznawacé i skutecznie leczyé te

podstepna chorobe na wezesniejszych etapach.

Stowa kluczowe: infekcyjne zapalenie wsierdzia, kardiochirurgia dziecieca, zastawki, dzieci
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Ineffective cardioverter-defibrillator therapy
due to an increase in defibrillation threshold

Nieskuteczne terapie kardiowertera-defibrylatora
spowodowane wzrostem progu defibrylacji

Tomasz Pawlik, Agnieszka Wojdyta-Hordynska @) Grzegorz Hordynski

Cardiology Clinic, University Clinical Hospital in Opole, Poland

Abstract

We present the case report of a 28 year-old man with postmyocarditis cardiomyopathy and cardioverter-defibrillator
(ICD) implantation in secondary prevention. He survived an episode of circulatory arrest due to ventricular fibrillation/
/polymorphic ventricular tachycardia. All high energy therapy delivered by ICD was unsuccessful. The reason for the
failure of the therapy was an increase in the defibrillation threshold. The implantation of an additional subcutaneous

lead lowered the defibrillation threshold.

Key words: high defibrillation threshold, unsuccessful ICD defibrillation, subcutaneous defibrillation lead

Introduction

The implantation of cardioverter-defibrillator (ICD) systems
decreases the total mortality of sudden cardiac death sur-
vivors due to ventricular tachycardia/ventricular fibrillation
(VT/VF). In the modern era, with a diversity of lead types,
including double coil leads, biphasic shocks and high
energy devices, the clinical problem of a high or increasing
defibrillation threshold is marginal, but it still exists and
can have fatal consequences [1, 2].

Case report

A 28 year-old man with postmyocarditis cardiomyopathy and
double circulatory arrest with secondary prevention ICD im-
plantation at the age of 19 was admitted to our Department
after cardiac arrest and successful reanimation. He pre-
sented with circulatory arrest due to ventricular fibrillation
in the vicinity of our hospital. Sinus rhythm restoration was
achieved by an external biphasic defibrillator shock of 200 J.

Folia Cardiologica 2019; 14, 2: 220-222

Admission basic blood test results presented no sig-
nificant deviations, normal electrolytes, high-sensitivity
troponin T(hsTnT) 26 ng/L (N < 14), pro-B-type natriu-
retic peptide (proBNP) 26 ng/L (N < 84). Electrocardio-
gram (ECG) revealed a sinus rhythm 53 bpm, normo-
gram, no R-wave progression in V1-V4 |eads, negative
T-wave in |, V1-V6 leads, resembling the former ECGs.
Left ventricular ejection fraction (LVEF) was 37-42%,
septal and medial anterior segments hypokinesis and
left ventricular end-diastolic diameter (LVEDD) — 58 mm
with left ventricular end-systolic diameter (LVESD) —
42 mm was seen in echocardiography. ICD records
revealed a ventricular fibrillation (VF) episode and six
unsuccessful defibrillations with a maximal 36 J of
energy (Figure 1). The total circulatory arrest time was
almost 10 minutes.

Two more VF episodes with an unsuccessful first defi-
brillation at 30 J, restored by a second shock of 36 J had
been recorded two-and-a-half and three-and-a-half years
earlier (Figure 2).
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Figure 2. Unsuccessful first 30 J defibrillation; the second 36 J shock interrupts arrhythmia

No procedural reasons that could have been held
responsible for the unsuccessful defibrillation, such as
significant dyselectrolytemia, extreme circulatory insuffi-
ciency, etc. were found. An effective 20 J shock during the
implantation procedure defibrillation test, and consecutive
efficacious 30 J shocks during follow-up were recorded.
Therefore, an increase of defibrillation threshold was diag-
nosed. The patient was qualified to subcutaneous lead
implantation. The additional lead was connected to the
SVC port (Figure 3).

The defibrillation test settled a positive 20 J shock.
A further three-year observation revealed a further four

episodes of ventricular arrhythmia classified to VF zone
(cycle length of arrhythmia 170, 190, 195, 260 ms) effec-
tively captured with 36 J. The patient is still alive.

Discussion

Defibrillation efficacy is reported to be lower in everyday life
compared to its efficacy during implantation. The risk of in-
effective ICD shocks is higher in patients with hypertrophic
cardiomyopathy and catecholaminergic cardiomyopathy,
and when they are applied for polymorphic ventricular ta-
chycardia or bidirectional ventricular tachycardia, but not
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Figure 3. Chest X-ray with subcutaneous lead implanted

Streszczenie

for ventricular fibrillation, in the same patient [3]. There
are no studies devoted to defibrillation threshold changes
due to disease progression and automatic system ageing
during further follow-up. There have only been a few case
reports describing patients who have survived when all
high-energy therapies have proved unsuccessful. In some of
them, the system was modified, however none of them have
presented more of the patient’s history or the efficiency of
the adapted method [4-7].

In our opinion, ineffective shocks with 30 J of energy
were the cause of the defibrillation threshold increase. The
question remains, should we routinely modify the system
in case of a single unsuccessful shock with submaximal
energy (i.e. more than 10 J below the maximal available
device energy) to avoid the grim scenario of unsuccessful
therapies in the future? To the best of our knowledge, this
is the first reported case of subcutaneous lead implantation
for a survivor of six unsuccessful ICD high energy therapies
due to a defibrillation threshold increase.

Przedstawiono przypadek kardiomiopatii pozapalnej i wszczepienia implantowalnego kardiowertera-defibrylatora (ICD)
w ramach prewencji wtornej u 28-letniego pacjenta, ktory przezyt epizod zatrzymania krazenia w przebiegu migotania
komor/polimorficznego czestoskurczu komorowego. Wszystkie zastosowane terapie wysokoenergetyczne z ICD byly
nieskuteczne. Za przyczyne nieskutecznosci terapii uznano zwiekszenie progu defibrylacji. Prog defibrylacji obnizono,

implantujac elektrode podskorna.

Stowa kluczowe: wysoki prog defibrylacji, nieskuteczna terapia ICD, elektroda podskérna
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