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Decreased arterial compliance assessed by aortic pulse wave velocity is an important parameter
for monitoring of blood pressure in patients with chronic inflammatory diseases

Yilmaz Ak. H.', Ozsahin Y., Baskurt Aladag N.2, Gencoglu F, Sahin Yildiz B.2, Haberal I.!, Koyuncu A. Q. Yildiz M.

Aim. Patients with chronic inflammatory diseases (CID), such as rheumatoid arthri-
tis (RA) and familial Mediterranean fever (FMF) are more likely to have higher risk of
cardiac events. Pulse wave velocity (PWV) can be used to measure the aortic dis-
tensibility and it is known as inversely related to the arterial compliance. Increased
aortic stiffness which is assessed by PWV, is seem to be associated with arterial
blood pressure. In this study, we investigated the arterial compliance by PWV in pa-
tients with CID including RA and FMF.

Material and methods. We studied 25 patients with RA, 33 patients with FMF and
31 healthy subjects without a history of any cardiovascular risk factors such as hy-
pertension, diabetes mellitus, hyperlipidaemia (89 subjects in total). We measured
the arterial compliance by automatic carotid-femoral (aortic) PWV using Complior
Colson (France) device. PWV (m/s) = distance (m)/transit time(s).

Results. It is seen that, patients with CID have higher carotid-femoral (aortic) PWV
(8,76%2,09 vs 8,07+0,94 m/s) compared to control groups (p=0,03). There were sig-
nificant correlations between PWV and age, body-mass index, systolic blood pres-
sure, diastolic blood pressure and mean blood pressure. (p<0,001, r=0,65; p<0,001,
r=0,36; p<0,001, r=0,42; p<0,001, r=0,46; p<0,001, r=0,48, respectively).
Conclusion. Arterial compliance, which is assessed by carotid-femoral (aortic)
PWV, is decreased in patients with CID such as RA and FMF when it is compared
to healthy control group.
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CHUXeHue nNoJaTNIMBOCTU aopTaJibHOW CTeHKU KaK BaXXHbIli napaMeTp MOHUTOPUHIa apTepuasnbHOro
DaBJIeHUS Y NaLMEeHTOB C XPOHUYECKMMU BOCNaIUTESIbHbIMU 320071€BaHUSAMM

Yilmaz Ak. H.!, Ozsahin Y/, Baskurt Aladag N.2, Gencoglu F.!, Sahin Yildiz B.2, Haberal ||, Koyuncu A. 0., Yildiz M

LUensb. MauyeHTbl ¢ XpOHUYECKUMW BOCMANUTENbHBIMI 3a601eBaHNSIMI, TaKUMU
Kak peBMaTouaHbin apTpuT (PA) 1 cemeiiHas cpean3eMHOMOPCKas nnxopanka
(CCH), umetoT 6onee BLICOKUIA PUCK Pa3BUTUSI CEPAEYHO-COCYANCTbIX COObLITMIA.
CKOpOCTb pacnpoCTpaHeHnsi NynbCOBOM BONHbI (CPIB) MOXET Mcnonsb3oBaTbest
LS oueHkn pacTsxumocTy (distensibility) aopTansHoOM cTeHkm, koTOpas, B CBOKO
oyepefnb, 06paTHO NPONoOpLIMOHaNbHa noaataneBocTu (compliance). MoBbileHne
XECTKOCTV aopTasibHOW CTEHKU, OLeHMBaemMoe ¢ nomotpbto CPIB, BEposiTHO CBS-
3aHO C apTepvanbHbiM faeneHnem (Afl). B HacTosiwein paboTe Mbl uccnenosanu
apTepranbHylo NOAATAMBOCTb Y MALMEHTOB C XPOHUYECKMMYW BOCNANNTENBHBIMU
3aboneBaHusmu, Bktodas PA n CCJ1.

Martepuan n metoapl. B viccnenosanue Bbinv BtodeHb! 25 nauvieHTos ¢ PA, 33 na-
uveHTa ¢ CCJ1 1 31 3n0poBbiii fo6posonel, 6e3 kakvx-nnmbo hakTopoB pucka cep-
[Ie4YHO-COCYANCTBIX 3a00EBAHMIA, TakMX Kak apTepuasibHasi TUNepTeH3usi, CaxapHbiii
avaber, rvnepavnuaemvs. AptepuanbHylo NOAATAMBOCTb ONPEAENSN HA OCHOBA-
HUW OLLEHKM KapoTuaHo-demopanbHoi CPIMB ¢ nomolwusto cuctembl Complior Colson
(PpaHuus). CPIB (m/c) = paccTosiHne (M)/Bpemsi pacnpoCcTpaHeHws (c).
Pe3ynbratbl. Y NauMeHTOB C XPOHUYECKMMU BOCNANUTENbHbIMU 3a60neBaHu-
AMM oTMeveHa 6onee Bbicokas kapoTuaHo-demopansHas CPMB (8,76+2,09
vs 8,07+0,94 m/c), no cpaBHEHMO C KOHTponbHOW rpynnon (p=0,03).
PeructpupoBanacb ctatuctuyecku 3Hadvmmas koppensuus CPIMB ¢ Bo3pac-
TOM, UHLEKCOM MaccChl Tena, CUCTONMYECKMM, AMACTONMYECKUM U cpefHuM Al
(p<0,001, r=0,65; p<0,001, r=0,36; p<0,001, r=0,42; p<0,001, r=0,46; p<0,001,
r=0,48, COOTBETCTBEHHO).

3aksoyeHue. Pesynbtathl NCCNEAOBAHUSA MPOAEMOHCTPUPOBANN, YTO apTepu-
anbHasa noAaTIMBOCTb, OLEHMBAeMas Ha OCHOBAHUM KapOTUAHO-(GeMOopasibHON
CPIIB, CHUXAETCs y NaUMEHTOB C XPOHWYECKVIMU BOCNANIUTENbHBEIMY 3a60N1eBaHN-
Aamu, Takumm kak PA n CCJ1, no cpaBHEHMIO C KOHTPOMBHOM FPynmow.

KnioueBble cnoBa: aptepuanbHas 31acTUYHOCTb, CKOPOCTb MYNbCOBOW BOJHbI,
XPOHMYeckoe BocnannTenbHoe 3abonesaHve.
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CID — chronic inflammatory diseases, FMF — familial Mediterranean fever, PAW —
pulse wave velocity, RA — rheumatoid arthritis, BMI — body mass index, SBP —
systolic blood pressure, DBP — diastolic blood pressure, MBP — mean blood
pressure.

Pykonucb nonyyena 28.07.2020
PeueH3usa nonyyena 01.09.2020
MpuHaTa k ny6nukaumm 02.09.2020

Chronic immune and inflammatory diseases can pre-
sent many complex problems for the cardiology, cardio-
thoracic surgery and anesthesiology practice. Rheumatoid
arthritis (RA) and familial Mediterranean fever (FMF)
are related with increased risk of cardiac events [1].
Endothelial dysfunction, which is also an early stage of
atherosclerotic process, is associated with chronic inflam-
mation [2]. When the arterial wall is damaged due to athe-
rosclerosis, arterial stiffness increases, on the other hand
arterial elasticity and compliance decreases [3]. Pulse
wave velocity (PWYV), inversely correlated with arterial
distensibility and relative arterial compliance, is a non-
invasive technique that helps to measure and understand
such effects on the arterial system [3, 4]. Animal and pre-
operative studies suggested that PWV as arterial blood
pressure changes with different hemodynamic conditions
[5]. Increases in arterial blood pressure, heart rate, and
systemic vascular resistance were associated with higher
values for PWV in cardiothoracic surgical patients [6]. In
this study, we investigated the arterial compliance by using
PWYV, especially in patients with chronic inflammatory
diseases (CID), such as RA and FMF.

Material and methods

This cross-sectional study has a total number of 89
subjects including RA (25) who are diagnosed according
to 2010 ACR/EULAR Classification Criteria for RA [7]
and FMF (33) according to the Simplified FMF diagnosis
criteria [8] and healthy subjects (31). All of the patients
were inactive during the investigation. We excluded pa-
tients with history of previous myocardial infarction, pe-
ripheral arterial disease, carotid artery disease, congestive
heart failure, renal failure (creatinine of plasma >1,8 mg/
dl), arterial hypertension, insulin dependent diabetes mel-
litus, non-insulin dependent diabetes mellitus, hyperlipi-
demia, valvular heart disease, atrial fibrillation, anemia
(hematocrit <35%), obesity (body-mass index (BMI) >35
kg/m? and waist-hip ratio >1). Patients in this study were
not treated with beta-blockers, calcium channel blockers,
statins, hormone replacement therapy, diuretics, and an-
giotensin converting enzyme inhibitors, angiotensin re-
ceptor blockers and nitrates. The study was carried out in
accordance with the standards of good clinical Practice
(Good Clinical Practice) and the principles of the
Helsinki Declaration. The study Protocol was approved
by the Ethical committees of all participating clinical cen-
ters. Prior to being included in the study, written informed
consent was obtained from all participants.

Ans uutupoBanus: Yilmaz Ak. H., OzsahinY., Baskurt Aladag N., Gencoglu F.,
Sahin Yildiz B., Haberal I., Koyuncu A.O., Yildiz M. CHixeHne nogatnMBocTy aop-
TaNbHON CTEHKM KaK BaxHbI/ MapaMeTp MOHUTOPUHra apTepuanbHOrO AaBneHNs
y NaLMEHTOB C XPOHUYECKMMIM BOCNANMTENbHBIMU 3a60neBaHunsMu. Poccuiickuii
kapamonorndeckuii xypHan. 2020;25(12):4036. doi:10.15829/1560-4071-2020-
4036

Measurements. Weight of the patients were measured
in kilograms as being in light clothes and without shoes
and measurements of their height were taken. BMI (kg/
m?) were calculated dividing body weight in kilograms by
square of body height in meters. Waist circumference is
measured between the last lib and crista iliaca on the mid-
line while the patient was standing. Hip circumference is
measured by using the line between right and left trochan-
ter major of femur. The circumference of waist dividing
them by circumference of hip, waist-hip ratios were cal-
culated.

PWV and blood pressure measurements. Systolic
(SBP), diastolic (DBP), mean blood pressure (MBP)
and pulse pressures were measured in consonant with
European Society of Cardiology (ESC) and the European
Society of Hypertension (ESH) guidelines [9], using a
mercury sphygmomanometer with appropriate cuff sizes,
in patients who rest for 20 min (Korotkoff phase I for SBP
and V for DBP).

Pulse pressure = SBP — DBP

MBP = [SBP + 2 X DBP] / 3

Arterial elasticity was measured by automatic caro-
tid-femoral (aortic) PWV by using the Complior Colson
(France) device; the technical characteristics of this de-
vice have been described [4]. PWV of the aorta can be
measured by two ultrasounds or strain-gauge transducers
(using a TY-306 Fukuda pressure sensitive transducer
non-invasively — Fukuda, Tokyo, Japan) that fixed trans-
cutaneously into arteries by a known distance: the right
femoral and right common carotid arteries. We repeated
the measurements over ten different cardiac cycles, and
used the mean value for the final analysis. PWV is calcu-
lated with pulse transit time and the distance (between
femoral and right common carotid artery which was mea-
sured from the body surface) traveled by the pulse be-
tween two recording sites, according to the following for-
mula:

PWYV (m/s) = distance (m) / transit time (ms).

Statistical analysis. Statistics were obtained using the
ready-to-use program of SPSS version 8.0. All the va-
lues were expressed as mean * standard deviation. The
obtained results were assessed by Mann-Whitney U test.
Correlations were calculated with the Spearman test.
P<0,05 was accepted as statistically significant.

Results
It is seen that, patients with CID have higher caro-
tid-femoral (aortic) PWV (8,76%2,09 vs 8,07£0,94 m/s)
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compared to control groups (p=0.03) (Table 1). There
were significant correlations between PWV and age, BMI,
SBP, DBP and MBP (p<0,001, r=0,65; p<0,001, r=0,36;
p<0,001, r=0,42; p<0,001, r=0,46; p<0,001, r=0,48, re-
spectively).

Discussion

In this study, arterial compliance assessed by carotid-
femoral (aortic) PWYV, an indicator of arterial stiffness,
is decreased in patients with CID such as RA and FMF,
when we compared to the healthy group. Although, the
underlying mechanisms of vascular pathologies in pa-
tients with CID are not well understood, predominant
histopathologic reason is known as vascular inflamma-
tion, which is related with endothelial cell injuries [10].
Vascular fibrosis and smooth muscle cell proliferation
forms the basis of vascular inflammation, which increa-
ses arterial stiffness and decreases arterial compliance.
Increased arterial stiffness associated with increased ca-
rotid-femoral PWV or decreased arterial compliance may
lead left ventricular afterload to increase or myocardial
oxygen supply to decrease [10].

RA is an inflammatory and systemic immune disease,
which may cause acceleration in atherosclerotic progress
and an increase in cardiovascular morbidity and mortality
[11]. The mortality of RA patients has remained high even
if the standardized mortality ratio of the general popula-
tion improvements has improved over the years and that
might have been the of the most important discoveries
over the past twenty years. This inflammation becomes
an important factor of the initiation or the progression of
atherosclerosis due to impairing endothelial function, ar-
terial compliance and arterial elasticity [12]. Some studies
have discovered that RA patients have their arterial elas-
ticity reduced [12, 13].

FMF happens to be an autosomal recessive disorder
that has its own ethnicity originating from the Middle
East: Sephardic Jews, Armenians, Arabs, Druze and
Turks [14]. Recurrent episodes of arthritis, chest/stomach
pain, and serosal inflammation mostly along with the fe-
ver are the main symptoms of FMF. On the other hand,
the main issue with untreated patients is the development
of amyloidosis. Inflammation with infiltration by neutro-
phils is seen in histopathologic examinations. It is shown
that arterial elasticity and/or compliance is reduced in pa-
tients with FMF [2, 14].

Atherosclerotic cardiovascular disease can be chara-
cterized by thickening of the vessel wall. It is possible to
come across with atherosclerosis in different stages by
non-invasive techniques like carotid-femoral (aortic)
PWYV and that is important to clinically describe patients
under high cardiovascular risks including hypertension,
hyperlipidemia, and diabetes mellitus [2, 4]. PWV is in-
versely proportional to arterial elasticity and relative ar-
terial compliance [4]. Some studies have searched the
effects of the different factors on the PWYV, such as age,

Table 1
Basic data and hemodynamic values
in control subjects and patients with CID

Parameters CID Healthy Group p

Age (years) 34,5+14,5 37,3+10,8 0,31
BMI (kg/m?) 24,57+3,99 25,65+3,39 0,18
Waist/Hip 0,83+0,73 0,86+0,08 0,07
SBP (mmHg) 110,26%15,6 115,00£13,10 0,13
DBP (mmHg) 71,38+10,67 72104761 0,71
MBP (mmHg) 84,34+11,58 86,19+8,07 0,38
Pulse Pressure (mmHg) 38,88+10,13 42,90+11,67 0,11
Heart Rate (beat/min) 78,93+10,30 76,32+9,08 0,22
PWV (m/s) 876+2,09 8,07+0,94 0,03

Abbreviations: BMI — body mass index, CID — chronic inflammatory diseases,
DBP — diastolic blood pressure, MBP — mean blood pressure, PWV — pulse wave
velocity, SBP — systolic blood pressure.

sex, height, weight, inflammatory markers, heart rate and
blood pressure [2, 6]. In our study, we observed that the
most important factors contributing to increased aortic
PWYV is age and BMI, because of arterial compliance de-
creasing caused by decrease in elastin fiber, and increase
in collagenous material. Normally, the total elastin and
collagen protein levels should be almost the same in all
aortic wall parts. Endothelial dysfunction and increased
arterial medial calcification cause changes in the extra-
cellular matrix by smooth muscle cell proliferation and
increased synthesis of structural proteins including col-
lagen, which are also some of the findings of advanced
age [3]. Increased BMI, is traditional cardiovascular risk
factors, could be a sign of inactivity and could be associ-
ated with inflammation and decreasing arterial distensi-
bility, and/or compliance, as in our study [6]. PWV also
depends on blood pressure levels including SBP, DBP
and MBP, as in our study, and it decreases at low blood
pressure, while increases at high blood pressure [3, 4].
Experimental and preoperative studies demonstrated that
PWV as arterial blood pressure changes with different he-
modynamic conditions [5, 6]. Increased arterial blood
pressure have found with increased PWV in cardiotho-
racic surgical patients [4].

Study limitations. We took great care to exclude sub-
jects with active RA, FMF and with a history of previous
myocardial infarction, diabetes mellitus, hyperlipidemia,
heart valve disease, aortic aneurysm, choric renal disease,
peripheral arterial disease, cerebrovascular disease. In ad-
dition, we are aware that the study could be done with
more cases. Therefore, the study will need confirmation
in large sample size.

Conclusion
Increased aortic stiffness, measured by PWV while
the preoperative anesthetic evaluation, is related with
more pronounced hypotension during the induction [1,
15]. Structural changes like smooth muscle hypertrophy,
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changes of extracellular matrix and increased collagen (aortic) PWV — an index of arterial stiffness and a marker
levels of the vessel wall seems to be cause of reduced arte- of atherosclerosis — when we compared to healthy con-
rial elasticity in increased blood [3]. trols.

In conclusion, patients with RA, FMF have de-
creased arterial compliance assessed by carotid-femoral
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