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SAZETAK: Prosjecni arterijski tlak (AT) mjeren u lije¢ni¢koj ordinaciji zlatni je standard za dijagnos-
ticiranje i lijeCenje arterijske hipertenzije. Medutim, AT se tijekom dana mijenja pa izmjerena vrijed-
nost ne odrazava uvijek stvarni tlak. Stoga je takoder vazno mjeriti i varijabilnost AT-a, koja je pov-
ezana s vec¢om ucestaloscéu kardiovaskularnih dogadaja, smrti i oSteéenja ciljnih organa. Lijecenje
mora biti usmjereno ne samo na smanjenje 24-satnog prosjeénog AT-a nego i na normalizaciju varija-
bilnosti AT-a tijekom dana i no¢i. Utvrdeno je da smanjenje prosjeénog AT-a uzrokuje proporcionalno
smanjenje njegove varijabilnosti, pa zbog toga za kontrolu hipertenzije moZe biti korisna primjena
dugodjelujucih lijekova. Metoda 24-satnoga kontinuiranoga mjerenja arterijskog tlaka nudi nekoliko
prednosti, poput pruzanja informacija o maksimalnom ucinku i trajanju uéinka lijekova protiv hi-
pertenzije, kao i omogucéivanjaizracuna indeksa omjera prosje¢ne promjene AT-ainjegove standardne
devijacije. Metaanaliza ispitivanja pokazala je da izmedu antihipertenziva postoje razli¢iti uc¢incii in-
deksi omjera promjene AT-a 1 njegove standardne devijacije. Indeks omjera prosjeéne promjene AT-a i
njegove standardne devijacije bio je visi za kombinirane lijekove i lijekove u ve¢im dozama. Za lijekove
s visim indeksom omjera prosjecne promjene AT-a i njegove standardne devijacije dokazano je da su
superiorni u pruzanju kardiovaskularne zastite i u prevenciji oSte¢enja ciljnih organa.

SUMMARY: Average clinic blood pressure (BP) is the gold standard for the diagnosis and treatment of
hypertension. However, BP fluctuates throughout the day and the measurement does not always re-
flect the actual BP. Therefore it is also important to measure BP variability, which has been associated
with an increased frequency of cardiovascular events, death, and target organ damage. Treatment
has to be directed not only towards reducing the 24-hour BP average but also towards normalizing
the variability of BP during the day and at night. It has been found that reduction in average BP leads
to a proportional reduction in its variability, which is why the use of long-acting medications may
be beneficial in controlling hypertension. A 24-hour BP reading offers several advantages, such as
providing information on the maximum effect and duration of effect of hypertension medication and
enabling calculation of the smoothness index. A meta-analysis of studies demonstrated different ef-
fects and smoothness indices among hypertension medications. The smoothness index was higher
for combined medications and medications at higher doses. Medications with a higher smoothness
index have been shown to be superior in providing cardiovascular protection and preventing target
organ damage.

KLJUCNE RIJECI: varijabilnost arterijskoga tlaka, 24-satno kontinuirano mjerenje arterijskoga tlaka,
indeks omjera prosjec¢ne promjene arterijskoga tlaka i njegove standardne devijacije, kardiovasku-
larna zastita.

KEYWORDS: blood pressure variability, 24-hour blood pressure measurement, smoothness index, car-
diovascular protection.
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onvencionalno mjerenje vrijednosti ar- onventional blood pressure (BP) measure-
terijskoga tlaka (AT) u ambulanti jo$ se ment in an outpatient clinic is still used

uvijek primjenjuje kao zlatni standard za as the gold standard for screening, di-

probir, dijagnosticiranje i lijecenje arterijske hi- agnosing, and treating hypertension. However,
pertenzije. Medutim, AT nije statiéna vrijednost, BP is not static and changes from heartbeat to
nego se mijenja iz otkucaja u otkucaj, ovisi o cir- heartbeat, depends on the circadian rhythm,
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kadijalnom ritmu, a na njega utje¢u i razna stanja, ukljucujuci
poremecaje disanja tijekom noc¢i. Pojedinac¢no ocitanje AT-a
stoga nije dovoljno za adekvatnu procjenu rizika od kardiova-
skularnog morbiditeta i mortaliteta povezanih s visokim vri-
jednostima AT-a. Takoder je vazno mjeriti varijabilnost AT-a.
Ona je, ukljucujuci vecu cirkadijalnu varijaciju AT-a, poveza-
na je s veéom ucestalosc¢u kardiovaskularnih dogadaja, smrti
1 0Stecenja ciljnih organa. Dok su hipertenzija uzrokovana ta-
kozvanim u¢inkom bijele kute i obrnuti fenomen maskirane
hipertenzije dobro poznati, kratkoro¢na varijabilnost AT-a,
ukljucujuc¢i noénu hipertenziju, jutarnji nagli porast AT-a i ju-
tarnja hipertenzija dobile su manje pozornosti.*

Buduc¢i da je osteéenje ciljnih organa pri hipertenziji znatno
povezanois 24-satnim prosjekom AT-a i s njegovom varijabilno-
S¢u, lijeCenje mora biti usmjereno ne samo na smanjenje vrijed-
nosti 24-satnoga prosje¢nog AT-a nego i na normalizaciju njego-
ve varijabilnosti tijekom danainoci. Zbog toga se djelotvornost
lijekova protiv hipertenzije sve viSe procjenjuje na temelju
24-satnoga kontinuiranog mjerenja arterijskoga tlaka (KMAT).

Nedavna ispitivanja u bolesnika s hipertenzijom pokazala
su da su procjena i kvantifikacija varijabilnosti AT-a vazni
prognosticki pokazatelji.2® Vec¢a varijabilnost AT-a neovisno
je povezana s povec¢anjem rizika od ostec¢enja ciljnih organa
te kardiovaskularnog morbiditeta i mortaliteta.*#5 Najnovije
europske smjernice za lijecenje arterijske hipertenzije pred-
laZu da se vise pozornosti posveti dosljednosti kontrole AT-a.
Osim odgovaraju¢ega smanjenja prosjecne vrijednosti AT-a, i
kontrola njegove varijabilnosti pridonosi optimalnoj kardio-
vaskularnoj zastiti u bolesnika s hipertenzijom.® Varijabilnost
AT-a procjenjuje se i racuna na temelju 24-satnog KMAT-a.

Ocitanja AT-a tijekom samopracenja te mjerenja u ambu-
lanti provodena u duljim intervalima rabe se za procjenu
dugoroc¢ne varijabilnosti AT-a.” Neka su istrazivanja poka-
zala da je varijabilnost AT-a u izravnoj korelaciji s AT-om te
da je, posljedi¢no tomu, opcéenito vec¢a u hipertenzivnih nego
u normotenzivnih osoba. Takoder je utvrdeno da smanjenje
prosjec¢nog AT-a dovodi do proporcionalnog smanjenja nje-
gove varijabilnosti, pa zbog toga u njegovoj kontroli moZze biti
korisna primjena dugodjelujucih lijekova.®?

Metoda 24-satnog KMAT-a donosi nekoliko prednosti, kao
Sto su informacije o maksimalnom uc¢inku i trajanju u¢inka
lijekova protiv hipertenzije i moguénost izracuna indeksa
omjera promjene AT-a i njegove standardne devijacije.

Ucinak antihipertenzivnog lijeka mjeri se tako da se izra-
¢una omjer izmedu smanjenja AT-a neposredno prije sljedece
doze (najniza vrijednost) i AT-a kad je u¢inak lijeka najjaci, sto
je obi¢no izmedu 2 i 8 sati nakon uzimanja lijeka (vr$na vri-
jednost). Medutim, omjer najnize i vréne vrijednosti ne sma-
tra se optimalnim pokazateljem jer postoje brojni ¢imbenici
koji mogu utjecati na rezultat, poput nepravilne distribucije
izmjerenih vrijednosti AT-a, visoke rasprSenosti rezultata,
beznacajno visokih ili niskih vrijednosti AT-a ili ogranic¢ene
reproducibilnosti. Omjer najnize i vréne vrijednosti uzima u
obzir dva kratka segmenta 24-satnog profila AT-a. Zbog toga
je vrlo vijerojatno da moZe odrazavati spontane fluktuacije
AT-a, a ne stvarni u¢inak lijecenja. To se u velikoj mjeri moze
izbjec¢i primjenom indeksa omjera prosjec¢ne promjene AT-a i
njegove standardne devijacije (slika 1). Taj indeks u obzir uzi-
ma standardne devijacije (odstupanja) prosjeénog AT-a svaki
sat vremena i prosje¢ni 24-satni AT. Visi indeks oznacuje sta-
bilniji antihipertenzivni u¢inak.
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and is influenced by various conditions including nocturnal
breathing disorders. A single BP reading is thus not sufficient
to adequately assess the risk of cardiovascular morbidity and
mortality related to high BP. It is also important to measure BP
variability. Blood pressure variability, including greater circa-
dian variation in BP, has been associated with an increased
frequency of cardiovascular events, death, and target organ
damage. While so-called white coat hypertension and the
opposite phenomenon of masked hypertension are widely
known, short-term BP variability, including nocturnal hyper-
tension, morning BP surge, and morning hypertension, have
been given less attention.!

Since target organ damage in hypertension is significantly
related to both 24-hour average BP and the variability of blood
BP, treatment has to be directed not only towards reducing the
24-hour average BP but also towards normalizing the varia-
bility of BP during the day and at night. Therefore, assessing
the efficacy of hypertension medications has been increas-
ingly based on ambulatory blood pressure monitoring.

Recent studies in hypertensive patients have shown that
assessment and quantification of BP variability are impor-
tant prognostic indicators.>® A greater variability in BP is in-
dependently associated to an increase in risk of target organ
damage and cardiovascular morbidity and mortality.#® The
latest European guidelines for the management of arterial
hypertension propose that more attention should be directed
towards the consistency of BP control. In addition to an ad-
equate average BP reduction, control of BP variability con-
tributes to optimal cardiovascular protection in patients with
hypertension.® Blood pressure variability is assessed and cal-
culated based on a 24-hour blood pressure reading.

Blood pressure self-monitoring readings and outpatient
measurements performed at longer intervals are used for as-
sessing long-term BP variability.” Some studies have shown
that BP variability directly correlates with BP and that it is,
consequently, generally greater in hypertensive than in nor-
motensive persons. It has also been found that reduction in
the average BP leads to a proportional reduction in its vari-
ability, which is why the use of long-acting medications may
be of benefit in controlling it.®°

Ambulatory blood pressure monitoring offers several ad-
vantages, such as providing information on the maximum
effect and duration of effect of hypertension medication and
enabling calculation of the smoothness index.

The effect of a hypertension medication is measured by
calculating the ratio between the BP reduction immediately
before the next dose (trough) and the BP when the effect of
the medicine is the greatest, which is usually 2-8 hours after
intake (peak). However, the trough-peak ratio is not regarded
the optimal indicator because there is a number of factors
that can influence the result, such as abnormal distribution
of measured BP values, high dispersion of results, meaning-
lessly high or low BP values, or limited reproducibility. The
trough-peak ratio considers two short segments of the 24-
hour BP profile. It is therefore very likely to reflect spontane-
ous BP fluctuations rather than the actual treatment effect.
The above can be mostly avoided if the smoothness index is
used (Figure 1). The index considers standard deviations of
the average hourly BP and the average 24-hour BP. A higher
index represents a more stable antihypertensive effect.

Cardiologia Croatica O
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The Importance of the Smoothness Index in Managing Hypertension

SI = average of 24-hourly ABP/SD, ,,

Sl = smoothness index
BP = blood pressure

SD,,, = standard deviation of the average of the hourly mean ambulatory blood pressure reductions over 24 hours

FIGURE 1. Calculation of smoothness index.

Metaanaliza ispitivanja koja su istrazivala uc¢inke lijekova
na indeks omjera prosjec¢ne promjene AT-a i njegove standar-
dne devijacije, objavljena ve¢ 2010. godine, jasno je dokazala
razlike izmedu uc¢inaka nekih antihipertenziva.l® Ta metaa-
naliza ukljuc¢ivala je 5188 sudionika u istrazivanju, od kojih su
65 % bili muskarci. Dvije tisu¢e trideset tri bolesnika (39 %) pri-
mala sumonoterapiju telmisartanom od 80 mg, 712 je primalo
ramipril od 10 mg, 206 amlodipin od 5 mg, 50 losartan od 50
mg, 197 valsartan od 80 mg te 430 valsartan od 160 mg, 140 tel-
misartan od 40 mg, a 1260 bolesnika primalo je kombinacije
losartanaili telmisartanaili valsartana s hidroklorotiazidom.
Skupina koja je primala placebo uklju¢ivala je 160 sudionika.
ZabiljeZen je visi indeks omjera prosjec¢ne promjene AT-a i
njegove standardne devijacije za sistoli¢ki tlak u usporedbi s
dijastolickim tlakom. Spomenuta je metaanaliza pokazala je
da telmisartan i amlodipin imaju sli¢ne indekse omjera pro-
sjecne promjene AT-a i njegove standardne devijacije, koji su
visiod onih zalosartan, valsartan i ramipril. Od monoterapija,
losartan je imao najnizi omjer prosje¢ne promjene AT-a i nje-
gove standardne devijacije. Nakon njega slijedili su ramipril,
valsartan, telmisartan od 80 mg i amlodipin od 5 mg, od ¢ega
su zadnja dva pokazala usporedive i, u odnosu prema drugim
antihipertenzivima, najviSe indekse omjera prosjecne pro-
mjene AT-a i njegove standardne devijacije (slika 2).1°
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A meta-analysis of studies investigating the effect of medi-
cations on the smoothness index, published as early as in
2010, clearly demonstrated differences between the effects
of some hypertension medications.’® The meta-analysis in-
cluded 5188 study participants of which 65% were male. There
were 2033 patients (39%) who received monotherapy with
telmisartan 80 mg, 712 received ramipril 10 mg, 206 amlodi-
pine 5 mg, 50 losartan 50 mg, 197 valsartan 80 mg and 430
valsartan 160 mg, 140 telmisartan 40 mg, and 1260 patients
recelved combinations of losartan or telmisartan or valsar-
tan with hydrochlorothiazide. The placebo group consisted of
160 participants. The smoothness index has been shown to
be higher for systolic BP as compared with diastolic BP. The
meta-analysis showed that telmisartan and amlodipine have
similar smoothness indices, which are higher than those of
losartan, valsartan, and ramipril. Among monotherapies, lo-
sartan had the lowest smoothness index. It was followed by
ramipril, valsartan, telmisartan 80 mg and amlodipine 5 mg,
of which the last two showed comparable smoothness indices
that were the highest among other antihypertensive medica-
tions (Figure 2).°

L50 R10 V80
(=50 (=712 (h=197)

V160 T40 T80 A5
(n=430) (n=140) (n=2033) (n=206)

A5 — amlodipine 5 mg, DBP - diastolic blood pressure, L50 - losartan 50 mg, R10 — ramipril 10 mg, SBP - systolic blood pressure, T40 - telmisartan
40 mg, T80 - telmisartan 80 mg, V80 — valsartan 80 mg, V160 - valsartan 160 mg

*P < 0.05; tP < 0.01; £P < 0.001; §P < 0.0001 vs. telmisartan 80 mg

FIGURE 2. The smoothness index of different antihypertensive medications. Adapted from: J Hypertens. 2010 Nov;28(11):2177-83.
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Indeks omjera prosjecne promjene AT-a 1 njegove standar-
dne devijacije bio je visi za kombinirane lijekove koji su sadr-
Zavali hidroklorotiazid nego za monoterapije i placebo.

Randomizirano, kontrolirano, 4 x 4 faktorijalno ispitivanje
objavljeno 2014. godine, istrazivalo je u¢inak kombinacije tel-
misartanaiamlodipina na indeks omjera prosje¢ne promjene
AT-a i njegove standardne devijacije i ukljuc¢ivalo je 1461 su-
dionika koji su primali telmisartan (20, 40 ili 80 mg) u kom-
binaciji s amlodipinom (2,5; 5 ili 10 mg). To ispitivanje prvo je
dokazalo ovisnost indeksa omjera prosjeéne promjene AT-a i
njegove standardne devijacije o dozi te veli¢inu u¢inka koja se
moZe ocekivati od lijeGenja kombinacijom dvaju dugodjeluju-
¢ih lijekova. Poboljsanja indeksa omjera prosje¢ne promjene
AT-a 1 njegove standardne devijacije bila su mnogo veca uz
kombinacije nego bilo kojom od monoterapija. Indeks omje-
ra prosjecne promjene AT-a i njegove standardne devijacije
postignut kombinacijom najveéih doza (telmisartan 80 mg /
amlodipin 10 mg) bio je oko dvostruko veéi od indeksa omjera
prosjecne promjene AT-a i njegove standardne devijacije po-
stignuta monoterapijom amlodipinom. To je bilo u korelaciji s
uéincima na vrijednost prosje¢noga tlaka mjerena s pomocu
24-satnog KMAT-a."

Indeks omjera prosje¢ne promjene AT-a 1 njegove standar-
dne devijacije klini¢ki je znacajan. On je u korelaciji s regre-
sijom hipertrofije lijeve klijetke tijekom terapije protiv hiper-
tenzije 1 neovisan je pokazatelj promjena u debljini stijenke
karotidne arterije tijekom terapije. Dokazano je da su lijekovi
s visim indeksom omjera prosjecne promjene AT-a i njegove
standardne devijacije superiorni u pruzanju kardiovaskular-
ne zastite i u prevenciji oste¢enja ciljnih organa.
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The smoothness index was higher for combined medica-
tions containing hydrochlorothiazide as compared with mon-
otherapy and placebo.

A randomized, controlled, 4 x 4 factorial design study pub-
lished in 2014 investigating the effect of a combination of tel-
misartan and amlodipine on the smoothness index included
1461 study participants which received telmisartan (20, 40, or
80 mg) in combination with amlodipine (2.5, 5, or 10 mg). The
study demonstrated for the first time the dose-dependency of
the smoothness index and the magnitude of the effect that
can be expected from treatment with a combination of two
long-acting agents. Improvements of the smoothness index
were significantly greater with combinations than with either
monotherapy. The smoothness index achieved with the high-
est-dose combination (telmisartan 80 mg/amlodipine 10 mg)
was about twice that achieved with amlodipine monotherapy.
This correlated with the effects on 24-hour average ambula-
tory BP in the study."

The smoothness index is clinically relevant. It correlates
with regression of left ventricular hypertrophy during hyper-
tension therapy and is an independent indicator of changes
in carotid artery wall thickness during therapy. Medications
with a higher smoothness index have been shown to be su-
perior in providing cardiovascular protection and preventing
target organ damage.
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