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Chapterr 8 

Abstract t 

Introduction:: Familial hypercholesterolemia (FH) is an inherited autosomal 

dominantt disorder of lipoprotein metabolism. In FH patients, LDL-C levels are 

severelyy elevated and there is an increased risk of premature cardiovascular disease 

(CVD).. A slowing of progression of the atherosclerotic process by statin 

treatmentt at an early reversible stage would provide a strong argument for 

implementationn of such therapy in FH children. 

Methodss and results: A total of 82 heterozygous FH children, aged 9-18, were 

randomi2edd to receive either simvastatin 40mg/day (n=48) or placebo (n=32). 

Inn the simvastatin arm LDL-C was reduced from 5.09 mmol/1 at baseline to 2.96 

mmol/11 at 48 weeks (41.8 % reduction, p<0.001). In the placebo arm LDL-C 

levelss weree 5.45 mmol/1 and 5.45 mmol/1 (p=0.85), respectively. No side effects 

off  statin treatment became evident. Baseline mean carotid IM T as measured by 

B-modee ultrasonography was 0.50 mm in both treatment arms and compared to 

healthyy controls, increased. After 48 weeks this was 0.51 mm in both treatment 

arms.. The difference within as well as between the 2 treatment arms was not 

significant.. At baseline distensibility as measured by M-mode ultrasonography 

wass 66 mmHg and 67.7 mmHg for simvastatin and placebo, respectively. After 

488 weeks this was 64.1 and 66.2 mmHg, respectively. Again, the differences within 

ass well as between the 2 treatment arms were not significant. 

Conclusion:: Simvastatin treatment significantly lowered LDL-C levels by 41.8%. 

Inn contrast no clear effect of simvastatin treatment on either B-mode arterial 

walll  thickness or on M-mode arterial wall stiffness was observed. Already at 

youngg age, FH children show increased IM T compared to healthy non-FH 

controls.. LDL-C levels are a major determinant for clinical outcome. Since in 

FHH children arterial wall changes can already be observed, indicating increased 

atherosclerosiss progression, and since there are no apparent side effects of statin 

treatmentt in this young FH population, treatment of these FH children with a 

statinn might be considered. 
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Introduction n 

Familiall  hypercholesterolemia (FH) is an inherited autosomal dominant disorder 

off  lipoprotein metabolism caused by a plethora of mutations in the low-density 

lipoproteinn (LDL) receptor gene. This disorder is associated with elevated levels 

off  LDL-cholesterol (LDL-C) and premature atherosclerosis, whereas the disease 

iss usually asymptomatic in children l. 

Inn spite of the aggressive nature of the disease, the recommended therapy for 

FHH children consists of a cholesterol-lowering diet only and if necessary bile-

acidd binding resins. The use of statins in children has been evaluated to a certain 

degreee and is only just recently considered for prevention 2; 3. In view of the 

limitedd time-span for cardiovascular prevention in FH patients, slowing 

progressionn of the atherosclerotic process by statin treatment at an early reversible 

stagee would provide a strong argument for implementation of such a therapy in 

childhood. . 

AA promising marker for the extent of atherosclerotic vascular disease is the B 

(brightness)-modee ultrasound measurement of intima media thickness (TMT) of 

peripherall  superficial arteries. IMT increases with exposure to cardiovascular risk 

factorss (e.g. LDL and age)4 and patients with increased IM T have increased risk of 

cardiovascularr disease (CVD)5"7. Also, adult CVD patients treated with statins show 

aa reduced progression or regression of IMT 8; 9. B-mode IMT measurements are 

thereforee considered a valid surrogate endpoint for atherosclerotic disease n. 

Childrenn with FH show greater IMT readings as compared to healthy controls 10 

andd changes in artery wall stiffness are also considered a sign of early atherosclerosis 

inn these children 12; 13. In the latter case the M (wall movement) mode of the 

ultrasoundd signal is used to measure arterial wall stiffness. In effect, Virkola et al. 

showedd that an increase of IMT and an increase of carotid arterial wall stiffness 

correlatedd with total and LDL-C levels 10. However, effects of LDL-C lowering 

towardss arterial wall distensibility is still a topic of debate and data are scarce. 

Wee used both B- and M-mode ultrasound to assess the effects of simvastatin 

therapyy on functional and morphological parameters of the carotid arterial walls 

inn a population of children and young adolescents with FH. 
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Patientss and methods 

Patients s 

AA total of 82 hetero2ygous FH children, aged 9-18, were randomized to receive 

eitherr simvastatin or placebo at a 3:2 ratio, respectively. Forty-eight children were 

randomizedd to simvastatin and 32 were randomized to placebo. Inclusion criteria 

weree as follows; plasma LDL-C levels above 95th percentile for age and gender; a 

documentedd family history of hyperlipidemia with LDL-C levels above the 95th 

percentilee for age and gender before treatment or a personal diagnosis of FH by 

detectionn of a mutation in the LDL receptor gene. Exclusion criteria were smoking; 

currentt use of vaso-active medications; and concomitant conditions such as 

seriouss illness, hypertension or diabetes mellitus. 

Studyy design 

Thee dosage of simvastatin was doubled every 8 weeks from 10 to 20 to 40 mg 

perr day. B-mode and M-mode ultrasound scans were performed at baseline and 

afterr 48 weeks of treatment. Total serum cholesterol (TC), triglycerides (TG), 

LDL- CC and high-density lipoprotein cholesterol (HDL-C) were measured at both 

visits.. TC and TG were analyzed by enzymatic methods on a Hitachi 747 analyzer 

ass described previously 14. HDL-cholesterol was isolated with heparin-2M 

manganesee chloride. Safety measurements including hepatic transaminases (alanine 

aminotransferasee [ALT] and aspartate aminotransferase [AST]), and creatine kinase 

(CK)) were measured during each visit. Physical examination (height, weight, blood 

pressure)) was performed during the first and the last visit. Each child or child's 

parentss gave written informed consent for his or her participation in the study, 

whichh was approved by the Institutional Review Board of the Academic Medical 

Centerr (Amsterdam, the Netherlands). 

IMT T 

B-- and M-mode ultrasound examinations of the carotid arterial walls were 

performedd at baseline and at 48 weeks. The child rested in a comfortable supine 

positionn and its head was tilted slightly. Both carotid arteries were scanned from 

aa lateral angle. Regular quality control of scans was part of the protocol. One 

sonographerr and one image analyst performed all IMT measurements. 

Scanss were performed with an Acuson 128XP/10v (Acuson Corporation, 

Mountainview,, CA), equipped with a 7.0 MHz. small parts linear array transducer 
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(Acusonn L7) and Extended Frequency (EF) software. Real-time digital images of 

segmentss were temporarily stored on the cine loop of the ultrasound instrument. 

Ann appropriate frame was selected by the sonographer. This frame was stored as 

aa JPEG image file on a video-still image recorder (Sony DKR 700, Sony Inc, 

Tokyo,, Japan). 

B-mode.B-mode. Three predefined carotid arterial wall segments were investigated; the 

commonn carotid artery (CCA), the carotid bulb (CB) and the internal carotid 

arteryy (ICA). For efficacy analyses the mean combined carotid IM T of the 

segmentss was used. Furthermore, in secondary analyses we also studied effects 

off  therapy on IMT of separate artery wall segments. 

M-mode:M-mode: M-mode was used to study arterial wall stiffness. At time of the scan 

bloodd pressure measurements were obtained automatically according to RR using 

ann oscillometric method (OMRON M-705 CP). 

Fromm M-mode parameters and blood pressure measurements the distensibility 

coefficientss (DC) of the carotid artery can be calculated. DC is the primary 

endpointt of the M-mode study. 

Off-lineOff-line image: B- and M-mode image analyses were done off-line using E-trach 

softwaree as developed by the Departments of Physiology and Vascular Medicine 

att our center. 

Results s 

Thee two treatment arms were well matched with regard to age, sex, body mass index 

(BMI) ,, blood pressure, smoking, family history and cholesterol levels (table 1). 

Inn the simvastatin arm, LDL-C was reduced from 5.09 mmol/1 at baseline to 

2.966 mmol/1 at 48 weeks (41.8 % reduction, p<0.001). In the placebo arm LDL-C 

wass 5.45 mmol/1 at baseline and 5.45 mmol/1 at 48 weeks (p=0.85). TC decreased 

byy 2.13 mmol/1 (p<0.001), TG decreased by 0.06 (p=0.2) and HDL increased by 

0.033 mmol/1 (p=0.17) in the simvastatin arm, compared to no change in TC and 

HDL-CC and an increase of 0.18 mmol/1 (p=0.04) in TG in the placebo arm. A 

totall  of 2 patients in the placebo arm and 3 patients in the simvastatin arm did 

nott complete this study, because of unwillingness not due to any side effects. 

Theree was no significant difference in the occurrence of adverse events between 

thee 2 treatment arms. 
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Tablee 1. Baseline characteristics of the simvastatin and placebo treated patients 

Parameterr Simvastatin Placebo 

Meann age (years) 

Male/femalee (n) 

Lengthh (meters) 

Weightt (kilograms) 

BMII  (kg/m2) 

Bloodd pressure (mmHg) 

Smokingg (n) 

Positivee family history for CVD (n) ) 
Unknownn LDL receptor mutation (n) 

TCC (mmol/1) 

LDL- CC (mmol/1) 

HDL-CC (mmol/1) 

TGG (mmol/1) 

14 4 

27/23 3 

1.666 (0.1) 

57.99 (13.9) 

20.88 (3.8) 

1222 (11.1)/67(7.5) 

5 5 

311 (62%) 

99 (18%) 

6.755 (1.0) 

5.099 (0.9) 

1.266 (0.2) 

0.911 (0.35) 

14 4 

16/16 6 

1.666 (0.1) 

61.11 (16.5) 

21.99 (4.4) 

1222 (17.0)/ 66 (10.5) 

3 3 

211 (66%) 

77 (21.9%) 

7.22 (1.45) 

5.455 (1.43) 

1.288 (0.28) 

1.044 (0.43) 

Valuess are mean (SD), unless otherwise stated, n=number of patients, BMI = body mass index, 
CVD== cardiovascular disease, TC=total cholesterol, LDL = low-density lipoprotein, HDL= high 
densityy lipoprotein, TG=triglycerides. 

Tablee 2 shows the B-mode IMT measurements at baseline and at 48 weeks. 

Theree was no difference in baseline values between placebo and simvastatin arm. 

Childrenn with a family history of cardiovascular disease in the first or second-

degreee family members (52 children) did not have a thicker IMT at baseline as 

comparedd to children with no cardiovascular disease in the family (30 children) 

(p=0.53). . 

Afterr 48 weeks no difference became obvious with regards to mean IM T 

Tablee 2. B-mode IM T measurements at baseline and after 48 weeks 

Baselinee 48 weeks 

Placeboo (n= 30) 

Meann carotid IM T 0.502 (0.05) 0.509 (0.05) 

Maximumm carotid IM T 0.724 (0.07) 0.731 (0.08) 

Simvastatinn (n=47) 

Meann carotid IM T 0.500 (0.05) 0.507 (0.05) 

Maximumm carotid IM T 0.707 (0.06) 0.730 (0.06) 

Valuess are mean (SD) and given in millimeters, IMT = intima media thickness, missing IMT 
measurementss 2 in the placebo group and 3 in the simvastatin arm. 
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(p=0.88)) or maximum IM T (p=0.95) between the placebo treated patients and 

thee simvastatin treated patients. No significant difference was observed when 

IM TT was divided into the 3 segments (carotid bulb (p=0.39), common carotid 

(p=0.59)) or internal carotid artery (p=0.59)) (table 3). 

Tablee 4 shows the M-mode IM T measurements at baseline and after 48 weeks. 

Againn no difference at baseline between placebo and simvastatin treated patients. 

Distensibilityy (p=0.47) did also not significantly improve after 48 weeks of 

simvastatinn treatment. 

Tablee 3. B-mode IM T measurements per carotid segment 

Baselinee 48 weeks 

Placeboo (n= 30) 

IM TT carotid bulb 0.547 (0.08) 0.534 (0.08) 

IM TT carotid common 0.529 (0.06) 0.535 (0.08) 

IM TT carotid internal 0.427 (0.09) 0.455 (0.09) 

Simvastatinn (n—47) 

IM TT carotid bulb 0.536 (0.07) 0.550 (0.08) 

IM TT carotid common 0.522 (0.06) 0.527 (0.06) 

IM TT carotid internal 0.439 (0.07) 0.446 (0.07) 

Valuess are mean (SD) and given in millimeters, IMT = intima media thickness, missing IM T 
measurementss 2 in the placebo group and 3 in the simvastatin arm. 

Tablee 4. M-mode IM T Measurements at Baseline and after 48 weeks 

Baselinee 48 weeks 

Placeboo (n= 32) 

Distensibilityy (mmHg) 67.69 (19.4) 66.20 (13.2) 

Compliancee 1.50 (0.40) 1.55 (0.34) 

Stiffnesss 3.08 (0.71) 3.13 (0.61) 

Strainn 0.19 (0.03) 0.20 (0.04) 

Simvastatinn (n=48) 

Distensibilityy (mmHg) 65.98 (14.9) 64.09 (12.6) 

Compliancee 1.52 (0.30) 1.49 (0.23) 

Stiffnesss 3.26 (0.98) 3.26 (0.67) 

Strainn 0.20 (0.04) 0.20 (0.04) 

Valuess are mean (SD), IMT = intima media thickness, missing M-mode measurements 9 in the 
placeboo group and 9 in the simvastatin arm. 
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Discussion n 

Inn our study simvastatin treatment significantly lowered TC by 31.6% and LDL-C 

levelss by 41.8%. In contrast, no clear effect of simvastatin treatment on either B-

modee arterial wall thickness or on M-mode arterial wall stiffness was observed. 

Duringg the study there were no side effects reported from the simvastatin treatment. 

IM TT measurement is accepted as a surrogate endpoint and did show a slowing 

off  progression or even a regression with statin treatment in adult patients 8;9; 15. 

However,, compared to adults, IM T in children is thinner. Therefore, the lack of 

ann effect of statin treatment in our study is most likely due to the small number 

off  subjects (48 on simvastatin and 32 on placebo) and the short duration of this 

studyy (48 weeks). With regards to the latter point, additional 2-year IM T data are 

noww being collected and might we are able to show differences between the 2 

treatmentt modalities after completion of this extension study. At this moment 

wee have to conclude that the arterial wall changes were probably too small to 

detectt by means of non-invasive ultrasound measurements. 

Interestingly,, in the same population of FH children we demonstrated a 

normalizationn of the endothelial function after the start of simvastatin 40 mg 

treatmentt (de Jongh, JACC in press). Changes in endothelial function are thought 

too precede structural changes of the arterial vessel wall (IMT and stiffness). 

Thee latter does point to a beneficial effect of statin treatment in this high-risk 

population. . 

Evenn in an apparently healthy non-FH population the initial stages of atherogenesis 

aree already clearly present at a young age 16; 17. The Muscatine study measured carotid 

IM TT in healthy young and middle-aged individuals over a period of 25 years to 

determinee the relationship between IMT and risk factors for CVD. This study 

demonstratedd that the main predictors for an increase of IMT were age and LDL-

CC levels in adulthood and, interestingly, TC levels during childhood ,8. 

Consequently,, as in FH children both LDL-C and TC levels are severely elevated, 

theyy are also characterized by an increased IMT in these children 19; 2IJ. When we 

comparedd our FH children with a group of healthy non-FH children from our 

ownn hospital, we indeed observed that the FH children have a thicker IMT, as 

thee FH children have an IMT of 0.50 mm versus 0.47 mm in these healthy 

controlss 21. Mabuchi et al. demonstrated that in heterozygous FH patients over 

thee age of 18 years significant stenoses were already visible on their coronary 

arteriess as seen on a coronary angiograms 22. 
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Thee sequence of events in the atherogenesis of FH children therefore seems to 

proceedd from endothelial dysfunction to increased arterial wall stiffness and 

subsequendyy to increased arterial wall thickness and finally to coronary stenoses 

inn the time span of two decades. So, this process develops three times more 

rapidlyy than in healthy individuals, which exposes FH patients to very early and 

lif ee threatening coronary disease. Conversely, it provides us with a plethora of 

intermediatee endpoints for the prevention of the afore mentioned clinical sequelae. 

Inn conclusion, although we could not show a significant effect of 1-year statin 

therapyy on IMT, these FH children already show an increased IM T early in life. 

Therefore,, they are at a high risk for future CVD. LDL-C levels are a major 

determinantt for clinical outcome and since there are no apparent side effects of 

statinn treatment in this young FH population, we should consider treatment of 

thesee FH children with a statin to lower their LDL-C levels. For the near future 

wee have to wait for larger and long-term randomized clinical statin trials to provide 

evidencee whether, like in adults, this therapy direcdy affects IMT. 
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