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Abstract Keywords
Background: Patients with End-Stage Renal Disease (ESRD) Cardiovascular diseases, C-reactive protein, End-stage re-
on Peritoneal Dialysis (PD) experience high morbidity and nal disease, Peritoneal dialysis

mortality due to Cardiovascular (CV) disease. In pediatric pa-
tients, CV problems include Left Ventricular (LV) abnormali-
ties, hypertension, and arrhythmias. The classic CV Risk Fac-
tors (RF) are not adequate to identify CV risk in these patients, Patients with End-Stage Renal Disease (ESRD) are at

but inflammation markers such as Ultrasensitive C-Reactive . . . .
Protein (USCRP) may be useful in detecting early CV disease. elevated r|.5k for morbidity and mortality due to cardio
The objective was to assess CV risk in pediatric patients with vascular disease [1,2]. As compared to the general po-

Introduction

ESRD on PD and evaluate the utility of USCRP as a CV risk pulation, adverse cardiac events occur at rates 30 times
marker. higher in patients with End-Stage Renal Disease (ESRD)
Methods: We included 12 patients aged 2 to 17 years. and 700 times higher in patients on renal replacement
Measurements included blood pressure, biochemical pro- therapy (Peritoneal Dialysis (PD) or hemodialysis), with
file, insulin resistance (HOMA index), blood count, lipid a concomitant 10-year decrease in life expectancy 10

panel, parathyroid hormone, USCRP, echocardiogram, and

carotid Doppler test years after diagnosis [3-6]. The main cardiovascular

complications found in pediatric ESRD patients include
left ventricular abnormalities (initially hypertrophic and
then dilated cardiomyopathy); arrhythmias; pericardial

Results: Average time on PD was 8 years. Two patients
were overweight/obese. Eight patients had hypertension,
and 4 had anemia. Eleven patients had abnormal lipid pan-

el. Blood glucose levels were normal in all patients, but 5 complications (pericarditis and tamponade); and ab-
had abnormal HOMA indices. Only one patient met criteria normalities indicative of early atherosclerosis, such as
IF’V metzbé";lc dsyndrome.dTen Egt!e?ts had LdV atgf‘?('"ma"' thickening of the carotid intimae, and endothelial dys-
ies, an ad increased carotid intimae-media thickness. . .

USCRP was elevated in 7 patients. USCRP values were functjlon, as n"lea.sured by .brachlal artery flow [,7.'10]'
correlated with HOMA, dyslipidemia, and obesity. The ca- The literature indicates a high prevalence of traditional
pacity of USCRP to detect CV damage was good, for LV cardiovascular risk factors in these patients (diabetes,
abnormality and increased carotid intimae-media thickness. hypertension, smoking, dyslipidemia, obesity, and se-
Conclusions: Significant CV damage was detected in this dentarism) [1,2] as well as risk factors attributable to
group. The classic RF was not always adequate to identify the kidney disease itself such as anemia, secondary
these CV abnormalities. However, USCRP could be superi- hyperparathyroidism, and hypervolemia. Furthermo-

or to other RF in detecting the damage.
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re, new cardiovascular risk factors have been identified Body mass index was calculated [BMI = (weight in kg)/
that promote atherosclerosis in uremic patients, suchas  (height in m?)] and expressed as a percentile, as well
inflammation and oxidative stress [11]. as Weight/Age (W/A), Weight/Height (W/H), and Hei-
ght/Age (H/A), expressed as Z-scores [Z = (average va-
lue-median)/1 Standard Deviation (SD)] for both chro-
nological and adjusted biological age (according to me-
dian height for age). Patients under the age of 6 years
were categorized as underweight if their W/H was more
than 2 SD below the mean for healthy individuals; at
risk of underweight if - 2 to - 1 SD; eutrophicif-1to 1
SD; overweight if 1 to 2 SD; and obese if greater than 2
SD. Patients 6 years and older were evaluated according
to BMI. Obesity was defined as BMI > 95% percentile;
overweight as 85-94" percentile; optimal weight as 10-
84" percentile; and underweight as < 10 percentile,
as per norms issued by the National Ministry of Health
[17,18]. Waist Circumference (WC) was measured using
an inextensible metric tape from the midpoint between
the right iliac crest and the last right rib, after exhaling,
averaging two measurements. Measurements were
taken prior to beginning PD, with an empty abdominal
cavity, by a single rater. Values were evaluated with res-
pect to the 90" percentile for international norms [19].

One remarkable development in recent years is the
use of Ultrasensitive C-Reactive Protein (USCRP) [12,13]
as a cardiovascular risk marker in adult patients with or
without ESRD. To date, however, there has not been
an adequate evaluation of this marker in a pediatric
Chilean ESRD population. C-reactive protein is an acu-
te-phase protein secreted primarily by hepatocytes [14]
as a result of various stimuli, indicating a state of sys-
temic inflammation, infection, or tissue damage [15].
There is evidence that CRP is also produced locally in
inflamed cells (as occurs with atherogenesis); contri-
buting, for example, to inhibition of the production of
nitric oxide synthetase [12] and thereby altering micro-
vascular vasodilation function. Using standard techni-
ques, levels below 10 mg/L are considered normal, 20
to 40 mg/L indicative of a viral infection and up to 60
mg/L indicative of a bacterial infection [15]. The develo-
pment of ultrasensitive techniques (ultrasensitive CRP,
or USCRP) has allowed researchers to establish USCRP
levels in the adult population that correlate with a state
of chronic inflammation associated with atherosclero- Arterial blood pressure was measured according to
sis and cardiovascular disease, with levels below 1 mg/L  international standards [20]. Hypertension (HT) was de-
considered very low risk for cardiovascular disease and  fined as Systolic Blood Pressure (SBP) or Diastolic Blood
levels greater than 3 mg/L high risk [12,13]. Pressure (DBP) > 90 percentile for sex, age, and height
according to the recommendations of the Chilean Socie-
ty of Pediatrics [21]. Patients with normal blood pres-
sure measurements but currently on antihypertensive
treatment were considered to have HT as a cardiovascu-
lar risk factor for the purposes of this analysis.

The objective of this study was to compare the utility
of USCRP with that of other cardiovascular risk factors
and markers of early atherosclerosis in children with
ESRD on PD. Furthermore, we sought to evaluate car-
diovascular risk in these patients, the association with
metabolic syndrome, and the magnitude of the cardio- Laboratory measurements

vascular damage. . .
USCRP was measured using the nephelometric me-

Patients and Methods thod with a detection limit of 0.1 mg/L, processed in the
laboratory of the Clinic Hospital of the University of Chi-
le. The cut-off values used in the literature to define car-
diovascular risk in adults are as follows: below 1 mg/L
= low risk; 1 to 3 mg/L = intermediate risk; and greater

Inclusion criteria were: Confirmed diagnosis of ESRD  than 3 mg/L = high risk [12,13]. A cut-off value of > 1
[16]; age between 1 month to 18 years; PD for renal re-  mg/L [22] was used to define patients with cardiovascu-
placement therapy for at least 1 month prior to study; lar risk and inflammation for the purposes of this study.
at least one month since any infectious episode; ability
to accept the conditions of the study and sign informed

Atotal of 13 patients on PD were seen in the Nephro-
logy Unit of Hospital Exequiel Gonzalez Cortes, Santiago
de Chile.

We also measured the following parameters.

consent, or provide assent with signed informed con- Fasting blood glucose: Values > 100 mg/dL were
sent of the legal guardian for patients under the age of ~ considered abnormal for the purpose of defining me-
10 years. tabolic syndrome. Fasting plasma insulin, to evaluate

insulin resistance according to the Homeostatic Model
Assessment Index (HOMA) [23], using the formula (uU/
mL) x glucose (mg/dL)/405; values > 2.5 were used as
the cut-off.

Exclusion criteria were: Recurrent infectious epi-
sodes; congenital, structural, or primary myocardial or
vascular disease; refusal to participate.

Anthropometric measurements Lipid panel: Total Cholesterol (TC), HDL Cholesterol

Height and weight were measured using a calibra-  (HDL-C), Triglycerides (TG), LDL Cholesterol (LDL-C). Cut-
ted scale (Seca 769 digital scale, 50 gram graduation)  off values for the purpose of defining metabolic syndro-
and stadiometer (inextensible metric tape, 1 millimeter ~me were TG > 110 mg/dL; HDL-C < 40 mg/dL. The Ame-
graduation) with the child barefoot and in underwear. rican Academy of Pediatrics uses the following values
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to define dyslipidemia in establishing criteria for car-
diovascular risk prevention in children: TC = 200 mg/dL;
LDL-C 2 130 mg/dl; HDL-C < 40 mg/dL; TG = 130 mg/dL
in children under the age of 10 years and = 150 mg/dL in
those 10 years or older [24-28]. Complete blood count
and smear were performed, with anemia defined as he-
matocrit < 30% or hemoglobin < 10 g/dL. Parathyroid
Hormone (PTH) was measured to evaluate for hyperpa-
rathyroidism, with a cut-off value of 400 pg/mL.

Metabolic syndrome was defined according to Cook
[29], based on ATP Il criteria for adults, which defines
the syndrome as the presence of at least 3 of the fo-
llowing: WC > 90" percentile [19], HDL-C < 40 mg/dI|, TG
> 110 mg/dL [30], fasting blood glucose level > 100 mg/
dl, and SPB > 90" percentile [20].

Imaging measures

A complete echocardiogram was performed by a sin-
gle cardiologist. The echocardiograph parameters and
patient size were used to obtain the Left Ventricular
Mass Index (LVMI) according to international recom-
mendations, with hypertrophy defined as > 38 g/m?’
calculated according to the formula described by de Si-
mone, et al. [31].

A carotid Doppler test was used to measure Caro-
tid Intimae-Media Thickness (CIMT) according to the
recommendations of Mannheim 2004 [32] by a single
radiologist using a Philips/ATL HDI 5000 ultrasound ima-
ging platform. This value was compared with the mean
value for healthy individuals + 2 SD. For children 10
years or older, logistic regression was used to calculate
a Z-score as suggested by Jourdan, et al. [33]. For chil-
dren under the age of 10 years, the formula suggested
by Ishizu, et al. was used to calculate the whether the
value exceeded the mean for healthy individuals + 2 SD
[34]. For patients under the age of 5 years (patients 1,
2, 3, and 4), the mean value + 2 SD for children aged 5
years was used, as there are no valid norms for children
of this age, and current evidence suggests that values
remain relatively stable between 2 and 5 years of age
[33,34].

Cardiovascular risk factors were defined as: meeting
3 or more criteria for metabolic syndrome, abnormal
HOMA > 2.5, dyslipidemia, overweight or obesity, arte-
rial hypertension (SPB or DBP > 90™ or antihypertensive
treatment), hyperparathyroidism (PTH > 400 pg/mL),
and anemia (hematocrit < 30% and/or hemoglobin <
10 g/dL). Cardiovascular damage was considered signi-
ficant for CIMT values greater than + 2 SD above the
mean for healthy individuals or LVMI > 38 g/m?”. These
values were compared with USCRP findings (considered
elevated for values > 1 mg/L).

Informed consent/assent was obtained for all sub-
jects, and the protocol was approved by the Ethics Com-
mittee of the South Metropolitan Health Service.

Statistical analysis

Descriptive statistics were performed for the varia-
bles previously identified. Data were entered in Excel,
and STATA and Fisher’s exact test were used for the des-
cription, considering a maximum probability of 0.05.

Results

A total of 13 patients were eligible for the study, but
one patient was not included due to refusal to partici-
pate. Age ranged from 2 to 17 years, median 11 years.
The causes of ESRD were: bilateral renal dysplasia (4
patients); unknown (4 patients); and one case each of
hemolytic uremic syndrome, Prune Belly syndrome, he-
patorenal polycystic disease, and congenital nephrotic
syndrome (diffuse mesangial sclerosis). The median age
at initiation of PD was 8 years (range 3 months to 15
years), and the mean time on PD was 2 years 9 months
(range 8 months to 5 years). All patients were under-
going overnight dialysis at the time of the study.

The most relevant clinical, nutritional, biochemical,
and USCRP results of the 12 patients are shown in Ta-
ble 1. Ten of 12 patients presented with short stature,
attributable to the chronically compromised nutritional
status characteristic of ESRD. In the nutritional evalua-
tion by chronological age, 2 patients were categorized
as overweight and one as obese, but when corrected for

Table 1: Clinical, nutritional, biochemical, US-CRP, LVMI, and CIMT results of the 12 patients.

Patient 1 2 3 4
Age (years) 2 3 4.5 45
Sex M F M F
Nutritional status E E E Ob
Hypertension - + - -
Parathyroid hormone N 1 N

Anemia + + - -
Dyslipidemia + + + +
Blood glucose N N N N
Plasma insulin N N N N
Metabolic syndrome - + -

HOMA N N N 1
US-CPR 1 N 1 1

Z+m=zown

ZzZZ +

N
1

6 7 8 9 10 1 12
11 15 15.5 16.5 17 18 18
M M M F F F F
Ob E Ow E E Ow E
+ + - + + + +
N 1 1 t 1t N
- + - - - - +
+ + + + - + +
N N N N N N N
N N N N N N N
1 1 1 N N 1 N
1 N 1 N N 1 N

CIMT: Carotid Intima-Media Thickness; E: Eutrophic; F: Female; LVMI: Left Ventricular Mass Index; M: Male; N: Normal; Ob:
Obese; Ow: Overweight; US-PCR: Ultrasensitive C Reactive Protein; +: Present; 1: Increased.
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Table 2: Criteria for metabolic syndrome and results of the 12 patients.

Patient 1 2 3 4 5 6 7 8 9 10 11 12
Triglycerides = 110 mg/dL 1 1 1 1 1 1 1 1 N N N
HDL-C =< 40 mg/dL ! ! N N N N N N N N ! N
WC > pc90 for age and sex N N N 1 N N N N N N N N
Fasting blood glucose level = 100 mg/dL N N N N N N N N N N N N
Blood pressure > pc90 for age, sex and height N 1 N N 1 1 1 N 1 0 1 1
Criteria =n 2 3 1 2 2 2 2 1 2 1 2 1

HDL-C: HDL-Cholesterol; N: Normal; WC: Waist Circumference; 1: Increased; |: Decreased.

Table 3: Association between US-CRP, and LMVl and CMIT.  Discussion

Patient 172 3 45 6 7 89 10 11 12 . . . .

US-CPR f Nt 11 1 NITNN 1 N Cardiovascular disease is prevalent in both adults
LMVI Tt 1 T NT TN T and children with ESRD, resulting in serious complica-
CMIT 11 N1 1 1 NITN1T 1 N tions that affect quality of life and cause significant mor-

CIMT: Carotid Intima-Media Thickness; LVMI: Left Ventricular bidity and mortality. Atherosclerosis develops more ra-

Mass Index; N: Normal: US-PCR: Ultrasensitive C Reactive ~ Pidly in these patients regardless of the presence of the
Protein; 1: Increased. classic cardiovascular risk factors, due mainly to factors

) ) ) related to uremia and inflammation that promote athe-
biological age (due to the short stature of the patients),  (osclerosis in these patients. In this group of pediatric

the overweight patients were re-classified as obese, and patients with ESRD on PD, early cardiovascular damage
one of the optimal-weight patients as overweight. Eight 55 identified, as indicated by Left Ventricular Hyper-
of 12 patients had HT, 4 of who were treated with at trophy (measured by LVMI) and increased CIMT, which
least one anti hypertensive drug. Six patients had un- i 4 index for atherosclerotic disease. These findings

controlled hyperparathyroidism, and 4 patients had 5.6 consistent with previous reports in the literature
anemia. Abnormal values for dyslipidemia were found [9,10].

in 11/12 patients. Blood glucose was normal in all pa-
tients despite the use of high-dextrose solution in peri-
toneal dialysis. HOMA values, however, were abnormal
in 5 patients, indicating early insulin resistance.

It has been reported that CIMT is greater in patients
with hypertension than in healthy controls (among both
adults and children) [29]. ESRD patients show elevated
CIMT values, and CIMT is a useful predictor of adverse

Table 2 shows the criteria for metabolic syndrome 5. diac events [35]. When patients on PD are compared
along with the patients’ results. It is noteworthy that 15 those who have undergone kidney transplant, values
only one patient met criteria for the syndrome. are higher for the PD patients, suggesting that the re-

The echocardiography results indicated significant  nal replacement process itself promotes development
cardiovascular damage. Ten of 12 patients had signs of ~ Of early atherosclerosis [36]. It has also been reported
left ventricular hypertrophy, and 8/12 had abnormal that CIMT values tend to normalize after kidney trans-

CIMT values, indicating early atherosclerotic disease. plant [37], indicating that this damage is reversible upon
improving renal function and withdrawing the atheros-

Levels of USCPR > 1 mg/L, corresponding to a degree clerosis-promoting stimulus of the renal replacement

of inflammation associated with atherosclerosis, were

i : therapy.
found in 7 of the 12 patients. The USCRP results correla-
ted adequately with HOMA, dyslipidemia, and overwei- Left ventricular hypertrophy is also an independent
ght/obesity’ but showed no correlation with HT, hyper- risk factor for morta“ty in adults [38] and is the most
parathyroidism, anemia, or metabolic syndrome. common cardiac abnormality found in pediatric patients

with ESRD [39]. Other factors include CIMT, regression
of left ventricular hypertrophy after transplant, and high
blood pressure [40].

The capacity of USCRP to correlate with LVMI and
CIMT was adequate (Table 3). Six of the 10 patients
with altered LMVI had increased USCRP. Also, 6 of 8
patients with altered CMIT had USCRP elevated. All pa- Both the traditional risk factors and those associated
tients with dyslipidemia had LVMI. In terms of associa-  With uremia are generally found at increased rates in adult
tion with CIMT, USCRP was superior to other risk factors ~ Versus pediatric ESRD patients, especially HT, volume over-
analyzed; there was also a correlation with overweight  l0ad, dyslipidemia, and diabetes. Therefore, these factors
and hyperparathyroidism. In terms of association with ~ are inadequate to characterize risk of cardiovascular da-
LVMI, HOMA, HT, and overweight/obesity values were ~mage in the pediatric population [41]. In our series, the
comparable to those for USCRP. The results for meta- most frequent risk factors were dyslipidemia, elevated
bolic syndrome and dyslipidemia were not significantas HOMA, HT, and hyperparathyroidism, and the association
only one patient presented with a true positive result. ~ With cardiovascular damage was adequate.

None of the associations reached statistical significance

Only one patient in this cohort had metabolic syndro-
probably due to the small number of cases studied.

me, which is one of the most-studied cardiovascular risk
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