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Abstract We evaluated blood pressure in a sample of
patients with neurofibromatosis type 1 (NF1), using
ambulatory blood pressure monitoring (ABPM), to deter-
mine whether ABPM, when compared with casual BP
recordings, allowed the detection of a higher risk for
hypertension. We also evaluated the correlation between
BP and vascular abnormalities. We studied 69 NF1
patients (36 males and 33 females) with a mean age of
11€4 years, divided into group A, with 24-h mean systolic
blood pressure (SBP) or diastolic blood pressure (DBP)
<95th percentile, and group B, with mean SBP or DBP
>95th percentile. Standard electrocardiography and M-
mode, two-dimensional echocardiography were per-
formed and all patients were in sinus rhythm. ABPM
identified 11 hypertensive patients (16%); 5 had a mean
SBP >95th percentile, 3 mean SBP�DBP >95th percen-
tile, and 3 a mean DBP >95th percentile. Laboratory and
other investigations to exclude secondary hypertension
were normal. Cardiac abnormalities were found in 13 of
the 69 patients (18.8%) with NF1. There were no
significant clinical and cardiac differences between the
normotensive and hypertensive group. Our data empha-
size the importance of periodic ABPM in NF1 patients to

diagnose hypertension early and avoid target organ
damage and increased mortality.
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Introduction

Neurofibromatosis type 1 (NF1) is a frequent autosomal
dominant disorder with an incidence of 1 in 3,500
newborns and a prevalence of 1 in 4,500 [1, 2]. About
50% of cases are de novo mutations [3, 4]. NF1 has a
broad array of clinical aspects as a result of a dysplasia of
mesodermal and neuroectodermal tissues [5]. The NF1
gene is localized on 17q11.2 [6] and produces neurofi-
bromin, a GPTase-activating protein that regulates cell
proliferation by inhibiting ras activity [7]. Neurofibromin
is a ubiquitous protein [8]. It is also detected in the
smooth muscle layer of the aorta [9], and experimental
studies indicate that in the absence of this protein mouse
embryo hearts develop overabundant endocardial cush-
ions due to hyperproliferation and lack of normal apop-
tosis [10]. Vascular pathology is an underestimated
complication of NF1. Manifestations include renovascular
stenosis with associated hypertension, cerebrovascular
occlusion, visceral ischemia, aneurysms of smaller arte-
ries, and spontaneous rupture of major arteries [11].

Hypertension is a relatively frequent (2%–15.8%)
complication [1, 12]. Few studies have been performed
on the incidence of hypertension in NF1 patients; the
majority of authors have described only single cases [11,
13, 14]. In NF1 children hypertension is usually caused by
renal artery stenosis, which can be intrinsic, arising from
arterial dysplasia, or extrinsic, due to neurofibroma or
other abdominal mass compression [15, 16]. Pheochro-
mocytoma predominates in adults and occurs at a rate of
1% [7, 17].

Furthermore, office blood pressure (BP) readings are
unreliable because of their variability and because the
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small number of measurements may not necessarily
reflect the habitual BP of an individual [18].

The use of repeated ambulatory blood pressure mon-
itoring (ABPM) allows us to obtain more representative
values of BP and to study the behavior of BP during
activity and sleep [19, 20, 21, 22]. Studies have suggested
the utility of ABPM in a variety of chronic disease,
including diabetes mellitus, postoperative monitoring of
surgical repair of coarctation of the aorta, and after kidney
transplantation. Non-invasive 24-h BP monitoring is
useful and reliable for identifying adolescents and chil-
dren in whom single BP recordings, with manual and/or
oscillometric devices, do not allow the detection of
hypertension, especially during the resting period. It is
accepted that 24-h ABPM is a necessary routine diag-
nostic test for children and adolescents with elevated BP.

No information is available about the prevalence of
cardiovascular abnormalities in patients with NF1, be-
cause echocardiography has been performed in only a
small percentage of the study population. Therefore, there
is some disagreement about the validity of this technique
for patients with NF1 [23].

The aim of this study was to determine, in patients
with NF1, whether ABPM, compared with casual BP
recordings, allowed the detection of a higher risk for
hypertension. We also sought to evaluate the correlation
between BP and vascular abnormalities.

Patients and methods

We studied 69 neurofibromatosis patients (36 males and 33
females) with a mean age of 11 years (range 5–25 years) (Table 1).
The diagnosis of NF1 in all patients was made according to the
guidelines of the 1987 NIH Consensus Statement Conference [24].
All patients were classified according to four levels of severity
established by the Baylor program [25].

At the time of enrolment, informed consent was obtained from
each child and/or parents. Each NF1 patient underwent a complete
physical examination with BP measurement and a biochemical
analysis. Serum creatinine (Cr) levels were measured by the Jaff�
method and creatinine clearance (CCr) was calculated according to
the formula of Schwartz et al. [26], using K values of 0.55 for all

subjects other than males over 13 years, in whom a value of 0.70
was used. Microalbuminuria (Ma), on two 24-h urine samples, was
measured by an enzyme immunoassay (normal range 2–20 mg/l).
Plasma renin activity (PRA) was evaluated after a 1-h supine rest
using a radioimmunoassay for the quantitative determination of
PRA (Biochem Immuno System, Italia, normal range 75–150 ng/ml
per hour). Before ABPM, we measured BP three times consecu-
tively, using a mercury sphygmomanometer, after a sitting rest of at
least 5 min. The cuff size complied with the criteria of the Task
Force for Blood Pressure Control in Children [27]. For systolic BP
(SBP) Korotkoff phase I was used; for diastolic BP (DBP) phase IV
was used in children under 13 years and phase V in children above
13 years. The mean measurements were taken as the casual BP.

For ABPM we used a SpaceLabs model 90207 monitor
(SpaceLabs, Redmond, Wash., USA) weighing 340 g (including
batteries). This device employs an oscillometric method with a
deflation rate of 8 mmHg/s. The proper cuff was selected from
among three sizes supplied by the manufacturer (10�13, 13�24, and
24�32 cm), according to the arm length of the subject. The cuff
wrapped completely around the non-dominant upper arm with the
bladder covering at least two-thirds of it. A difference within 5–
10 mmHg was accepted as accurate for both systolic and diastolic
BP, when a comparison between the methods was made.

ABPM was performed on regular school days with normal
recreational activities. No patients played sports or took medication
during the study. Recording began between 8:30 a.m. and 9:00 a.m.
The reading frequency was programmed for every 20 min from
8:00 a.m. to 10:00 p.m. (daytime) and every 60 min from 10:00
p.m. to 8:00 a.m. (night-time). We chose these time intervals
because these periods corresponded closely to activity and sleep in
the majority of the subjects. The mean time studied by ABPM was
considered satisfactory for analysis if more than 20 h of data were
obtained, with a minimum of 30 recordings during the day and with
almost 10 measurements during the night-time. This was consid-
ered as the cut-off minimum for all patients studied.

When interference or error in the reading occurred, the process
was automatically repeated after 2 min while retaining the pre-
established sequence. During the daytime period, an acoustic signal
before the measurement was automatically programmed to remind
the children to relax their arms. Blood pressure measurements were
rejected automatically, or after visual inspection, if SBP was >220
or <70 mmHg, DBP >140 or <40 mmHg, or a reading was higher
than double the previous or subsequent reading.

ABPM with 85% or more likely readings was analyzed and
recordings with erroneous measurements exceeding 30% were
excluded from the analysis. As reference values for ABPM in 0- to
17-year-olds, we used data from a sample of 241 healthy Mediter-
ranean children [28]. In contrast, we considered those 17 years or
older as adults and we used ABPM reference values from the
Pamela study [29]. For each subject the following parameters were
calculated: mean SBP, DBP and SBP�DBP load, defined as the
percentage of BP readings during a 24-h period that exceeded the
age- and sex-specific 95th percentile. The acceptance of diagnostic
procedures was determined using a visual analogue scale with a 10-
cm line ranging from “very annoying” on the left to “not annoying
at all” on the right [30]. Patients with a mean SBP and/or DBP
above the age- and sex-specific 95th percentile underwent a second
ABPM within 10 days.

We considered hypertensive patients as those who showed two
sessions of ABPM with 24-h mean SBP and/or 24-h mean DBP
above the age- and sex-specific 95th percentile. Normal dipping
was defined as a fall in the mean systolic and diastolic BP during
the night-time of 10% or more of the corresponding mean daytime
BP. We then divided the patients into group A, with 24-h SBP or
DBP <95th percentile, and group B, with mean SBP or DBP >95th
percentile.

In all children, standard echocardiograms and electrocardio-
grams were performed, and all showed sinus rhythm. In hyperten-
sive patients we performed more-specific investigations to exclude
secondary hypertension (Table 2). Doppler ultrasonography was
performed with the patient in the supine and lateral decubitus
position, with a 3- or 5- MHz transducer, according to age. Blood

Table 1 Characteristics of patients with neurofibromatosis type 1
and controls (BMI body mass index, SBP systolic blood pressure,
DBP diastolic blood pressure)a

Patients Controls P*

n 69 30

Gender (M/F) 36/33 17/13 NS
Age (years) 11€4 11€3 NS
Age range (years) 5–25 5–23 NS
Weight (kg) 45€17 42€11 NS
Height (cm) 145€18 147€15 NS
BMI (kg/m2) 20€4 19€2 NS
Casual SBP 107€7 98€10 <0.1
Casual DBP 73€10 69€7 <0.1
Heart rate (beats/min) 85€15 82€10 NS

*P=Student’s t-test for paired/unpaired data: P<0.05 was consid-
ered statistically significant
a Values are expressed as means€SD
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flow distribution was studied by color Doppler ultrasonography.
During the performance we found no aortic or renal arterial
thrombus or increased blood flow velocity through the renal artery.
Therefore, patients with hypertension had angiotensive converting
enzyme (ACE) inhibition scintigraphy. Scintigraphic provocative
studies based on the effect of ACE inhibitors on renal function were
used to diagnose renal ischemia and renal vascular hypertension.
The scintirenographic study was divided into two phases, the
baseline phase (BSL phase) and the ACE inhibition phase (ACE-I
phase). Patients were well hydrated p.o. For the ACE-I phase, ACE
inhibitors (captopril 0.2–0.4 mg/kg p.o.) were administered. The
scintigraphy was performed 1 h after captopril. The studies were
performed without sedation in the supine posterior projection. A
large field-of-view camera, with a low-energy/high-efficiency
collimator for 99m technetium (99mTc) studies, was used. Data
were recorded on a computer to obtain images or to generate
renograms. Each phase of the study included scintigraphic sequen-
tial imaging and a simultaneous renograph using 99mTc-Mercapto-
Acetyl-Triglycine (MAG3) [31].

In hypertensive children standard M-mode, two-dimensional
echocardiograms and color Doppler scans were performed. Left
ventricular mass (LVM) was calculated from the left ventricular
internal dimension at end diastole, interventricular septal thickness,
and left ventricular posterior wall thickness [32]. LVM was
normalized for height2.7 using an allometric approach, as suggested
by De Simone et al. [33].

In addition, 30 normal subjects (17 boys and 13 girls) selected
from the outpatient clinic were the control group, chosen for
comparable age (mean age of 11€3 years) and body surface area.
They had no evidence of systemic or renal disease from their
history and physical examination.

Statistical analysis

Statistical analysis of ABPM, weight, height, and BP values was
performed using Student’s t-test for unpaired data; P<0.05 was
considered statistically significant. The data were expressed as
mean€SD.

Results

Table 1 shows the clinical data and BP parameters of the
NF1 patients and the control group. The groups were well
matched with respect to mean age at the time of study and
no significant differences were noted for gender, mean
body mass index, and for casual measurement of BP,
either between boys and girls or between groups. Only 1
patient was excluded from the study because she pre-
sented with 24-h DBP values >95th percentile on the first
ABPM, but the second ABPM showed a number of

readings <60%. On casual measurement, 15 patients
showed BP values between the 90th and 95th percentile
and 5 BP values >95th percentile. Three have a family
history for hypertension and 3 for NF1.

The 24-h ABPM identified 58 patients in group A
(84%) with 24-h SBP or DBP <95th percentile and 11 in
group B (16%) with 24-h SBP or DBP >95th percentile
for age and sex. Five patients in group B were at grade III
of the Baylor Program, 4 at grade II, and 2 at grade I.

The mean values of 24-h SBP and DBP were signif-
icantly higher in group B than in group A (123€6 vs.
116€9 mmHg, P<0.001 and 76€7 vs. 69€5 mmHg,
P<0.01). Respectively, the load mean SBP was 28€26%
vs. 12€13%, P<0.0005 and the load mean DBP was
35€25% vs. 19€12%, P<0.0002. Among these patients, 5
(3 boys and 2 girls) had a mean SBP >95th percentile, 3 (1
boy and 2 girls) a mean DBP >95th percentile, and 3 (2
boys and 1 girl) SBP�DBP >95th percentile. There were
no differences between groups for the number of patients
or for the values of increased SBP or DBP load. Again,
there were no differences between groups and controls for
values of CCr and Ma.

Of these 11 patients, 1 had plexiform cervical neuro-
fibroma and another had pulmonary valve stenosis. All 11
patients had normal urinary and plasma values of
cathecolamines, vanillylmandelic acid, and PRA. Tests
to exclude secondary hypertension, such as the ACE
inhibitor challenge test and echo-color Doppler flow of
the renal arteries, were normal.

Comparing casual BP recordings with the data ob-
tained by ABPM, only 5 patients had BP values >95th
percentile by both methods. The acceptance score of
diagnostic procedures ranged from 7 to 9 cm. ABPM had
the lowest acceptance, while office BP measurements and
electrocardiography were the highest. When we analyzed
mean daytime and night-time SBP�DBP, we found some
significant differences between hypertensive and normo-
tensive groups, with mean readings being significantly
higher in group B than A (Table 3). Systolic and diastolic
mean day and night-time BPs were closely correlated in
group B (P<0.007, r=0.83 for SBP and P<0.0001, r=0.83
for DBP), while the correlation was weaker for group A
(r=0.73 for SBP and r=0.67 for DBP). The nocturnal fall
of BP was normally distributed in group A (SBP�DBP
dipping >10%) with systolic and diastolic dipping being
closely correlated (r=0.55). In group B, we observed
dipping averaging <10% in 7 of 11 patients only for SBP
readings.

In group B values of PRA were higher, but not
significantly so (2.3€1 vs. 2.7€0.9 ng/ml per hour,
P<0.1), than in group A. In both groups, PRA decreased
normally with chronological age (r=�0.17) and there was
no direct correlation between PRA and mean load
SBP�DBP (r=0.01 and r=�0.01, respectively).

All patients were in sinus rhythm and no significant
difference was noted between groups for LVM/height2.7

values (33€6 g/m2.7 vs. 35€7 g/m2.7). Cardiac abnormal-
ities were found in 13 (7 males, 6 females) of the total 69
young patients (18.8%) with NF1; 7 were normotensive

Table 2 Investigation protocol for hypertension in patients with
neurofibromatosis type 1 (VMA vanillylmandelic acid, CT com-
puted tomography, NMR nuclear magnetic resonance, PRA plasma
renin activity, ACE angiotensin converting enzyme)

Suspected pheochromocytoma
Urinary VMA or metanephrine
Urinary catecholamines
Meta-I-benzilguanidine nucleotide scan
Abdominal CT scan or NMR

Suspected renovascular hypertension
PRA and aldosterone
ACE inhibitor challenge test
Echo-color Doppler flow of the renal arteries
Tc-DTPA renal scan
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and 6 hypertensive patients (Table 4). There were no
significant clinical and cardiac differences between the
normotensive and hypertensive patients, but the preva-
lence of cardiac defects was more common in hyperten-
sive (6 of 11, 55%) than normotensive (7 of 58, 12%)
patients. However, neither group showed obstruction of
the left ventricular outflow or a family history of
hypertension.

Discussion

Hypertension, both essential and secondary, is relatively
frequent in NF1, and we have found a higher incidence
(16%) of hypertension with 24-h ABPM than in both the
general pediatric population and NF1 children with casual
BP measurement. The detection of 5 positive hyperten-
sive patients using casual BP measurements emphasizes
that a small number of measurements may not necessarily
reflect the habitual BP of an individual. The difference
between ABPM and casual BP measurements seems to be

associated with the degree of physical activity during
ABPM, which furnishes a reliable profile in these small
patients. This finding is in agreement with the data from
other ABPM studies of healthy children [22, 34]. The
acceptance of ABPM was good and without side effects,
even though it had a lower acceptance score than other
diagnostic procedures. Only Virdis et al. [12] found a
15.8% incidence of hypertension in 57 NF1 children using
casual BP measurement. In only 2 patients, the authors
demonstrated an organic cause (renal artery stenosis).
Riccardi [1] hypothesized an association between hyper-
tension and large plexiform neurofibroma or numerous
neurofibromas, explaining this by increased catechol-
amine production by the neurofibroma. These findings
derive from a few studies all based on casual BP
measurement [11, 18, 35, 36]. Among our patients, a
16-year-old boy had hypertension and a large cervical
plexiform neurofibroma, but he did not have increased
urinary catecholamine levels. No patient had renal artery
stenosis or pheochromocytoma. Hence the reason for the
high frequency of hypertension is still unknown. Reubi
[37, 38] reported the occurrence of NF1 vasculopathy in
1945. This author characterized three different vascular
anomalies according to blood vessel diameter as the pure
intimal type with concentric growth of intima, the
nodular-aneurysmatic type with disruption of the elastica,
and the periarterial-nodular type with nodular prolifera-
tion. Greene et al. [39] described two histological
appearances of affected vessels in neurofibromatosis,
the first in larger affected vessels and the second mainly
in smaller and more peripheral affected vessels. In the
former, the vessels are surrounded by neurofibromatous
or ganglioneuromatous tissue in the adventitia. In the
latter, there is a dysplasia of the small vessels with
multiple nodules histologically and nodular aggregates of
smooth muscle ultrastructurally. Salyer and Salyer [40]
categorized NF1 vasculopathy into four histopathological
varieties: pure intimal, advanced intimal, intimal aneu-
rysmal, and nodular. In all of these forms, proliferation of
spindle cells occurred within arterial walls and was
thought to be responsible for the associated arterial
disruption and degeneration. These observations could
explain the involvement of the cardiovascular system in
NF1. Other authors described an NF1 vasculopathy that
may be widespread and involved arteries, arterioles, and
veins [41]. In our study we found no renal artery stenosis
or pheochromocytoma. None of the hypertensive children
had a family history of hypertension; 3 patients had
familial NF1. In the absence of other causes, the elevated
BP values may be due to low-grade vasculopathy.
Recently, we suggested the presence of vascular abnor-
malities in NF1 patients, irrespective of casual BP and age
[42, 43]. The cardiovascular involvement in NF1 may be
progressive and requires long-term follow-up. Periodic
monitoring of BP values should be carried out to diagnose
precocious hypertension, which is significantly associated
with increased mortality [44], and to avoid target organ
damage. In our patients, cardiac abnormalities were found
in 13 of the total 69 patients with NF1. We observed a

Table 4 Cardiac abnormalities of the 13 patients with neurofibro-
matosis type 1

Normotensive Hypertensive P

Secundum atrial septal
defect

1 1 NS

Left pulmonary artery
stenosis

1 NS

Coarctation thoracic aorta 1 NS
Mitral valve prolapse 1 NS
Mild mitral regurgitation 1 1 NS
Mild aortic regurgitation 1 1 NS
Atrial septal aneurysm 1 1 NS
Hypertrophic cardiomy-
opathy

1 1 NS

No. of patients 7 (53.9%) 6 (46.1%) NS

Table 3 Characteristics of normotensive and hypertensive patients
with neurofibromatosis type 1

Normotensive Hypertensive P

No. of patients 58/68 (84%) 11/68 (16%) <0.001
Gender (M/F) 30/28 7/4 NS
Age (years) 10€4 12€4 NS
Weight (kg) 44€16 49€24 NS
Height (cm) 146€16 146€23 NS
BMI (kg/m2) 21€4 22€5 NS
PRA (ng/ml per hour) 2.3€1 2.7€0.9 <0.1
Aldosterone (pg/ml) 132€25 144€34 <0.1
Casual SBP (mmHg) 105€15 114€15 <0.01
Casual DBP (mmHg) 73€7 76€9 <0.01
24-h SBP (mmHg) 116€9 123€6 <0.01
24-h DBP (mmHg) 69€5 76€7 <0.01
SBP load (%) 11€12% 25€22% <0.01
DBP load (%) 17€13% 32€15% <0.01
24-h heart rate
(beats/min)

95€11 97€11 NS

Daytime SBP (mmHg) 111€8 120€10 <0.001
Daytime DBP (mmHg) 65€7 73€9 <0.001
Night-time SBP (mmHg) 105€6 113€9 <0.001
Night-time DBP (mmHg) 61€5 63€8 <0.001
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higher prevalence of abnormalities in hypertensive than
normotensive patients.

Therefore, patients with NF1 are at increased risk for a
variety of cardiovascular disorders, but the natural history
and pathogenesis of these abnormalities are poorly
understood. The report of the NF1 Cardiovascular Task
Force summarizes the current understanding of vasculop-
athy, hypertension, and congenital heart defects that occur
in association with NF1 [45]. Recommendations are made
regarding routine surveillance for cardiovascular disease
and diagnostic evaluation and management of cardiovas-
cular disorders in individuals with NF1.

In conclusion, our data emphasize the importance of
periodic ABPM in NF1 patients to diagnose hypertension
early and avoid target organ damage and increased
mortality. Our understanding of the natural history and
pathogenesis of cardiovascular disease in NF1 has im-
proved substantially in the past few years, but many
clinically important questions remain unanswered. Pa-
tients need continuing follow-up with cardiovascular
evaluation.

References

1. Riccardi VM (1981) Von Recklinghausen neurofibromatosis. N
Engl J Med 27:1617–1627

2. Listernick R, Charrow J (1990) Neurofibromatosis type 1 in
childhood. J Pediatr 16:845–851

3. Grifa A, Piemontese M, Meichionda R (1995) Screening of
neurofibromatosis type 1 gene: identification of a large deletion
and of an intronic variant. Clin Genet 47:281–284

4. Garicochea B, Giorgi R, Odone VF, Dorihiac-Llacer PE, Bendit
I (1998) Mutational analysis of N-RAS and GAP-related
domain of the neurofibromatosis type 1 gene in chronic
myelogenous leukaemia. Leuk Res 22:1003–1010

5. Riccardi VM (1992) Type 1 neurofibromatosis and the pediatric
patient. Curr Probl Pediatr 22:66–106

6. Wallace MR, Marcbuk DA, Andersen LB (1990) Type 1
neurofibromatosis gene: identification of a large transcript
disrupted in three NF1 patients. Science 249:181–186

7. Cawthon RM, Weiss M, Xu G, Viskochil D, Culver M, Stevens
J, Robertson M, Dunn D, Gesteland R, O’Connell P (1990) A
major segment of the neurofibromatosis type 1 gene: cDna
sequence, genomic structure, and point mutations. Cell 62:193–
201

8. Viskochil D, Buchberg AM, Xu G, Cawthon RM, Stevens J,
Wolff RK, Culver M, Carey JC, Copeland NG, Jenkins NA
(1990) Deletions and a translocation interrupt a cloned gene at
the neurofibromatosis type I locus. Cell 62:187–192

9. Norton KK, Xu J, Gutmann DH (1995) Expression of the
neurofibromatosis I gene product, neurofibromin, in blood
vessel endothelial cells and smooth muscle. Neurobiol Dis
2:13–21

10. Lakkis MM, Epstein JA (1998) Neurofibromin modulation of
ras activity is required for normal endocardial-mesenchymal
transformation in the developing heart. Development 125:
4359–4367

11. Kurien A, Jhon PR, Milford DV (1997) Hypertension second-
ary to progressive vascular neurofibromatosis. Arch Dis Child
76:454–455

12. Virdis R, Balestrazzi P, Zampolli M, Donadio A, Street M,
Lorenzetti E (1994) Hypertension in children with neurofibro-
matosis. J Hum Hypertens 8:395–397

13. Hirayama K, Kobayashi M, Yamaguchi N, Iwabuchi S, Gotoh
M, Inoue C, Yamada S, Ebata H, Ishida H, Koyama A (1996) A

case of renovascular hypertension associated with neurofibro-
matosis. Nephron 72:699–704

14. Strauss S, Bistritzer T, Azizi E, Peer A, Morag B (1993) Renal
artery stenosis secondary to neurofibromatosis in children:
detection by Doppler ultrasound. Pediatr Nephrol 7:32–34

15. Gutherie GP Jr (1982) Hypertension and neurofibromatosis.
Hypertension 4:894�897

16. Halpern M, Currarino G (1965) Vascular lesions causing
hypertension in neurofibromatosis. N Engl J Med 273:248–252

17. Cappuccio FP, Allan R, Barron J, MacGregor GA, Murday VA
(1999) Secondary hypertension and clinical genetics: usual
presentation with unusual diagnosis. J Hum Hypertens 13:79–
80

18. Weber MA (1988) Whole-day blood pressure. Hypertension
11:288–298

19. Bald M, Kubel S, Rascher W (1994) Validity and reliability of
24 h blood pressure monitoring in children and adolescents
using a portable, oscillometric device. J Hum Hypertens 8:363–
366

20. Baumgart P, Walger P, Gemen S, Von Eiff M, Raidt H, Rahn
KH (1991) Blood pressure elevation during the night in chronic
renal failure, hemodialisys and after renal transplantation.
Nephron 57:293–298

21. Calzolari A, Giordano U, Matteucci MC, Pastore E, Turchetta
A, Rizzoni, Alpert B (1988) Hypertension in young patients
after renal transplantation: ambulatory blood pressure monitor-
ing versus casual blood pressure. Am J Hypertens 11:497–501

22. Nishibata K, Nagashima M, Tsuji A, Hasegawa S, Nagai N,
Goto M, Hayashi H (1995) Comparison of casual blood
pressure and twenty-four-hour ambulatory blood pressure in
high school students. J Pediatr 127:34–39

23. Lin AE, Birch PH, Korf BR, Tenconi R, Niimura M, Poyhonen
M, Armfield Uhas K, Sigorini M, Virdis R, Romano C, Bonioli
E, Wolkenstein P, Pivnick EK, Lawrence M, Friedman JM
(2000) Cardiovascular malformations and other cardiovascular
abnormalities in neurofibromatosis 1. Am J Med Genet 95:108–
117

24. Stumpf DA, Alksne JF, Annegers JF, et al (1988) Neurofibro-
matosis Conference Statement. National Institutes of Health
Consensus Development Conference. Arch Neurol 45:575–578

25. Lama G, Grassia C, Avino G, Esposito Salsano M, Calabrese E,
Tarallo MR, Riccio V, Cantone D, Conforti R, Costagliola C,
Melone MRAB, Scuotto A (1998) La neurofibromatosi tipo 1 in
et� pediatrica: 10 anni di esperienza. Riv Ital Pediatr 24:99–107

26. Schwartz GJ, Haycock GB, Edelmann CM, Spitzer A (1976) A
simple estimate of glomerular filtration rate in children derived
from body length and plasma creatinine. Pediatrics 58:259–263

27. Update on the 1987 Second Task Force Report on high blood
pressure in children and adolescent: a working group report
from the National High Blood Pressure Education Program
(1996) Pediatrics 98:649–658

28. Lurbe E, Redon J, Liao Y, Tacons J, Cooper RS, Alvarez V
(1994) Ambulatory blood pressure monitoring in normotensive
children. J Hypertens 12:1417–1423

29. Mancia G, Sega R, Bravi C, Vito G de, Valagussa F, Cesana G,
Zanchetti A (1995) Ambulatory blood pressure normality:
results from the Pamela Study’s. J Hypertens 13:1377–1390

30. Beltman FW, Heesen WF, Smit AJ, Lie KI, Meyboom-de jong
B (1996) Acceptance and side effects of ambulatory blood
pressure monitoring: evaluation of new technology. J Hum
Hypertens 10 [Suppl 3]:S39–S42

31. Chandar JJ, Sfakianakis GN, Zilleruelo GE, Guerra JJ,
Georgiou MF, Abibtol CL, Montane BS, Strauss J (1999)
ACE inhibition scintigraphy in the management of hyperten-
sion in children. Pediatr Nephrol 13:493–500

32. Devereux RB, Alonso DR, Lutas EM, Gottleib GJ, Campo E,
Sachs I, Reichek N (1986) Echocardiographic assessment of
left ventricular hypertrophy: comparison to necropsy findings.
Am J Cardiol 57:450–458

33. De Simone G, Daniels SR, Meyer RA, Roman MJ, De Divitiis
O, Alderman MH (1992) Left ventricular mass and body size in
normotensive children and adults: assessment of allometric

417



relations and impact of overweight. J Am Coll Cardiol
20:1251–1260

34. Alpert B, Daniels SR (1997) Twenty-four-hour ambulatory
blood pressure monitoring: now that technology has come of
age we need to catch up. J Pediatr 130:167–169

35. Tilford DL, Kelsh RC (1973) Renal artery stenosis in childhood
neurofibromatosis. Am J Dis Child 126:665–668

36. Halpern M, Currarino G (1965) Vascular lesions causing
hypertension in neurofibromatosis. N Engl J Med 273:248–252

37. Reubi F (1944) Les vaisseauex et les Glandes Endocrines dans
la Neurofibromatose. Ztschr f Path u Bakt 7:168–236

38. Reubi F (1945) Neurofibromatose et Lesions Vasculaires.
Schweiz Med Wochenschr 75:463–465

39. Green JF Jr, Fitzwater JE, Burgess J (1992) Arterial lesions
associated with neurofibromatosis. Am J Clin Pathol 22:66–106

40. Salyer WR, Salyer DC (1974) The vascular lesions of neuro-
fibromatosis. Angiology 25:510–519

41. Lehrnbecher T, Gassel AM, Rauh V, Kirchner T, Huppertz HI
(1994) Neurofibromatosis presenting as a severe systemic
vasculopathy. Eur J Pediatr 153:107–109

42. Tedesco MA, Di Salvo G, Ratti G, Natale F, Calabrese E,
Grassia C, Iacono A, Lama G (2001) Arterial distensibility and
ambulatory blood pressure monitoring in young patients with
neurofibromatosis type 1. Am J Hypertens 14:559–566

43. Tedesco MA, Di Salvo G, Natale F, Pergola V, Calabrese E,
Grassia C, Ratti G, Iarussi D, Iacono A, Calabr� R, Lama G
(2002) The heart in neurofibromatosis type 1: an echocardio-
graphic study. Am Heart J 143:883–888

44. Zoller M, Rembeck B, Akesson HO, Angervall L (1995) Life
exepectancy, mortality and prognostic factors in neurofibro-
matosis type 1. A twelve-year follow-up of an epidemiological
study in Goteborg, Sweden. Acta Derm Venereol (Stockh)
75:136–140

45. Friedman JM, Arbiser J, Epstein JA, Gutmann DH, Huot SJ,
Lin AE, McManus B, Korf BR (2002) Cardiovascular disease
in neurofibromatosis 1: report of the NF1 Cardiovascular Task
Force. Genet Med 4:105–111

418


