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Abstract: Data on short-term blood pressure variability (BPV), which is a well-established
cardiovascular prognostic tool, in pheochromocytoma and paraganglioma (PPGL) patients is still lack
and conflicting. We retrospectively evaluated 23 PPGL patients referred to our unit from 2010 to 2019
to analyze 24 h ambulatory blood pressure monitoring (24-h ABPM)-derived markers of short-term
BPV, before and after surgical treatment. PPGL diagnosis was assessed according to guidelines and
confirmed by histologic examination. The 24-h ABPM-derived markers of short-term BPV included:
circadian pressure rhythm; standard deviation (SD) and weighted SD (wSD) of 24-h, daytime, and
night-time systolic and diastolic blood pressure (BP); average real variability (ARV) of 24-h, daytime,
and night-time systolic and diastolic BP. 7 males and 16 females of 53 ± 18 years old were evaluated.
After surgical resection of PPGL we found a significant decrease in 24-h systolic BP ARV (8.8 ± 1.6 vs.
7.6 ± 1.3 mmHg, p < 0.001), in 24-h diastolic BP ARV (7.5 ± 1.6 vs. 6.9 ± 1.4 mmHg, p = 0.031), and in
wSD of 24-h diastolic BP (9.7 ± 2.0 vs 8.8 ± 2.1 mmHg, p = 0.050) comparing to baseline measurements.
Moreover, baseline 24-h urinary metanephrines significantly correlated with wSD of both 24-h systolic
and diastolic BP. Our study highlights as PPGL patients, after proper treatment, show a significant
decrease in some short-term BPV markers, which might represent a further cardiovascular risk factor.

Keywords: pheochromocytoma; paraganglioma; hypertension; blood pressure variability; average
real variability; weighted standard deviation

1. Introduction

Pheochromocytoma (PHEO) and paraganglioma (PGL), known together as PPGL, are rare
and mostly benign neuroendocrine tumors, arising from chromaffin-cells of adrenal medulla and
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paraganglia of the sympathetic and parasympathetic nervous system, respectively [1]. At least
one-third of patients with PPGL have disease-causing germline mutations (i.e., NF1, RET, VHL, SDHD,
SDHB, etc.) and subjects with hereditary forms typically show multifocal diseases at younger age than
those with sporadic neoplasms [1–4]. The clinical presentation is so variable that PPGLs have been
described as “the great masquerades” [5,6]. However, several signs and symptoms are attributed to
hemodynamic and metabolic effects of the catecholamines overproduction. One of the most typical
manifestations (up to 80% of cases), due to the catecholamine-excess state, is arterial hypertension,
either sustained or paroxysmal [5], even though its severity does not seem to depend on the level of
circulating catecholamines [6].

Although office blood pressure (BP) values remain the gold standard for the diagnosis of
hypertension, the measurement of BP variability (BPV) in addition to office BP, has been demonstrated
to have physiopathological and prognostic importance [7,8]. Short-term BPV refers to the BP changes
that occur within a day [24 hours (24-h)], and it is influenced by several mechanisms, such as
central neural factors, reflex autonomic modulation, changes in the elastic properties of arteries,
humoral systems (i.e., insulin, angiotensin II, endothelin-1, bradykinin, and nitric oxide), rheological
and mechanical factors [8]. Several studies have shown that higher 24-h BPV, assessed by 24-h
ambulatory blood pressure monitoring (24-h ABPM), independently of mean office BP values, is
clinically important, as this might increase cardiovascular events, mortality, and hypertension-mediated
organ damage [9–14]. Concerning the short-term BPV in PPGL, assessed by 24-h ABPM, only outdated
and small studies have been published [15–18] with contrasting results. As higher cardiovascular
mortality has been reported in PPGL subjects [19], increased BPV might be a contributor for enhanced
cardiovascular morbidity and mortality in this rare disease, besides the known risk factors, such as
hypertension, arrhythmias, and altered glucose metabolism [20].

The aim of our study was to analyze changes in the 24-h ABPM-derived short-term BPV
markers in patients affected by PPGL, before and after successful treatment by surgical removing of
catecholamine-producing tumors.

2. Results

Table 1 shows the baseline characteristics of enrolled patients affected by PPGL. 7 males (30.4%)
and 16 females (69.6%), with a median age at the diagnosis of 53 ± 18 years old, were evaluated
before and after surgical tumor excision. The main signs and symptoms reported at the first visit are
summarized in Table 1; the most frequent were represented by palpitation attacks, headache, sweating
crises, and sustained and/or paroxysmal arterial hypertension (in 14 cases), often associated with
each other. At the physical examination, we did not find cases of BP decreasing within 3 minutes of
standing compared with BP from the sitting or supine position [21]. The most common comorbidities
included a past history or current treatment for dyslipidemia (21.7%), coronary artery disease and/or
cerebrovascular accidents (17.4%), including transient ischemic attack and ischemic/hemorrhagic stroke.
One patient reported a diagnosis of diabetes mellitus type 2 and one patient history of paroxysmal
atrial fibrillation.

Most of the patients had an adrenal catecholamine-producing tumor, while two women (8.6%)
showed an extra-adrenal catecholamine-producing tumor in the left hypochondrium. One of these,
after two years of surgical removal of the pelvic mass, revealed a recurrent form of PPGL disease
with discovering a left common carotid tumor. Germline mutations were found in eight patients
(34.8%) (Table 1); the most common gene involved was VHL, mutated in three brothers affected by
von Hipple–Lindau syndrome. We also found two patients with a diagnosis of neurofibromatosis
type 1 and mutation of the NF1 gene. In two sisters we observed a RET gene mutation associated
with a diagnosis of multiple endocrine neoplasia syndrome (MEN) type 2A. In particular, both of
them presented thyroid medullary carcinoma and hyperparathyroidism, but in one patient we found
an adrenal PHEO, while in the younger sister the catecholamine-producing tumor was in the left
hypochondrium. In only one female, we discovered an SDHD gene mutation.
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Table 1. Baseline demographic and anthropometric data. Total (n = 23).

Age (Years) 53 ± 18

Males/Females (%) 30.4/69.6

Mean Follow-Up (months) 26 ± 25

Signs and Symptoms (%)
Hypertension (sustained and/or paroxysmal) 60.8
Palpitation attacks 87.5
Headache 87.5
Sweating 65.2
Syncope 13.0
Orthostatic hypotension 17.4
Chest pain 17.4
Others (i.e., abdominal pain, dizziness, etc.) 21.7

Type of PPGL (%)
adrenal catecholamine-producing tumor (PHEO) 91.4
extra-adrenal catecholamine-producing tumor (PGL) 8.6

Benign/Malignant form (%) 100/0

Site of Extra-Adrenal Masses (n)
Abdominal 2
Neck 1

Multifocal forms (n) 1

Germline Mutation
Total (n, %) 8 (34.8)
NF1 (n) 2
RET (n) 2
VHL (n) 3
SDHD (n) 1

Cigarettes Smoking (%)
yes 17.4
no 21.7
ex-smokers 13.0
n.a. 47.8

Comorbidities (%)
Coronary artery disease and/or cerebrovascular accidents 17.4
Atrial fibrillation (history or current) 4.3
Diabetes mellitus 4.3
Dyslipidemia 21.7

Data expressed as mean ± standard deviation unless otherwise specified. PHEO, pheochromocytoma; PGL,
paraganglioma; n.a., not available.

Surgical treatment was performed in all cases [22]. Patients with PHEO underwent laparoscopic
or laparotomic adrenalectomy and patients with PGL underwent surgical excision of the extra-adrenal
mass, leading to complete remission of catecholamines excess based on the normalization of biochemical
and clinical features at follow-up. The histologic examination confirmed the diagnosis of PPGL;
the specific features were represented by a neoplastic proliferation characterized by small nests
or alveolar patterns (Zellballen), in which well-circumscribed nests of round-oval or giant or
spindle-shaped nucleated neoplastic cells with eosinophil cytoplasm including catecholamine granules
(“salt-and-pepper” pattern). Neoplastic cells were evaluated for chromogranin, neuron-specific enolase
(NSE), and synaptophysin and CD56; the proliferation index was analyzed by Ki67 determination.
All tumors had benign histological and clinical features.

In Table 2 have been reported clinical and biochemical parameters at baseline compared to
follow-up from surgical treatment (mean follow-up: 26 ± 25 months). At the first visit, the levels
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of 24-h urinary metanephrines were 357.4 ± 190.3 µg/24-h vs. 64.1 ± 30.5 µg/24-h after surgical
treatment (p < 0.001). Notably, the office systolic BP values were significantly lower after treatment,
with a significant reduction of the number of antihypertensive drugs (2.2 ± 1.7 vs. 1.0 ± 1.0, p = 0.001).
Moreover, we observed a modest improvement in fast glucose levels (99± 21 vs. 88± 15 mg/dl, p = 0.05).
On the other hand, we did not find significant regression of hypertension-mediated sub-clinical vascular
damage; before treatment, the mean of common carotid intima-media thickness (cIMT) at the Doppler
ultrasonography was bilateral >9 mm, without plaques, and it improved only barely at the follow-up.
No changes were found in the arterial stiffness variable measured by ankle-brachial index (ABI).

Table 2. Anthropometric, biochemical, and instrumental data at baseline compared to follow-up.

Parameters
Total (n = 23)

Baseline Follow-Up p

Age (years) 52 ± 18 54 ± 18 0.001

BMI (kg/m2) 23.0 ± 3.4 23.1 ± 3.5 0.875

Waist circumference (cm) 86.7 ± 11.3 88.4 ± 9.0 0.321

Office SBP (mmHg) 147 ± 32 131 ± 16 0.021

Office DBP (mmHg) 85 ± 20 79 ± 10 0.146

Office HR (beats/min) 75 ± 14 70 ± 14 0.754

N. of antihypertensive drugs 2.2 ± 1.7 1.0 ± 1.1 0.001

24-h urinary metanephrines (µg/24-h) 357.4 ± 190.3 64.1 ± 30.5 <0.001

Serum creatinine (mg/dL) 0.83 ± 0.25 0.98 ± 0.43 0.050

Total cholesterol (mg/dL) 217 ± 40 185 ± 27 0.099

LDL cholesterol (mg/dL) 117 ± 37 100 ± 26 0.327

HDL cholesterol (mg/dL) 79 ± 40 63 ± 22 0.034

Triglycerides (mg/dL) 115 ± 52 111 ± 39 0.861

Glycaemia (mg/dL) 99 ± 21 88 ± 15 0.050

Uric acid (mg/dL) 7.5 ± 7.7 4.9 ± 1.4 0.374

Right cIMT (mm) 0.91 ± 0.15 0.88 ± 0.22 0.551

Left cIMT (mm) 0.91 ± 0.15 0.86 ± 0.21 0.086

ABI 1.01 ± 0.19 1.07 ± 0.19 0.786

Data expressed as mean ± standard deviation unless otherwise specified. BMI, body mass index; SBP, systolic
blood pressure; DBP, diastolic blood pressure; HR, heart rate; LDL, low-density lipoproteins; HDL, high-density
lipoproteins; cIMT, carotid intima-media thickness; ABI, ankle-brachial index.

In Table 3, we summarized data on 24-h ABPM and 24-h ABPM-derived short-term BPV indexes.
After surgical treatment, we observed a significant difference in terms of 24-h SBP values, although
they were into the normal range and well-controlled after optimization of antihypertensive therapy
with α-adrenergic receptor blockers. We did not find significant changes in the circadian BP rhythm,
with a systolic dipping of 7.5 ± 8.0 vs. 7.7 ± 6.9 % (p = 0.80) and diastolic dipping of 11.7 ± 9.3 vs. 12.3
± 7.8 % (p = 0.37). However, the average real variability (ARV) of both 24-h systolic and diastolic BP
components, after surgical treatment, was significantly decreased (8.8 ± 1.6 vs 7.6 ± 1.3 mmHg, p =

0.001 and 7.5 ± 1.6 vs 6.9 ± 1.4 mmHg, p = 0.031, respectively), as well as the 24-h diastolic weighted
SD (wSD) (Table 3). Finally, the 24-h, daytime, and night-time systolic and diastolic BP standard
deviation (SD), despite not significant, showed a lowering trend (Table 3). Circadian heart rate variation
remained unchanged.
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Table 3. 24-h ABPM-derived short-term blood pressure variability (BPV) markers at baseline compared
to follow-up after surgical treatment.

Short-Term BPV Markers
Total (n = 23)

Baseline Follow-Up p

24-h systolic BP (mmHg) 129 ± 13 115 ± 12 0.002
24-h diastolic BP (mmHg) 73 ± 15 72 ± 9 0.329
24-h heart rate (beats/min) 75 ± 12 78 ± (9) 0.073
Systolic BP dipping (%) 7.5 ± 8.0 7.7 ± 6.9 0.808
Diastolic BP dipping (%) 11.7 ± 9.3 12.3 ± 7.8 0.837
SD of 24-h systolic BP (mmHg) 13.2 ± 4.8 12.2 ± 2.7 0.670
SD of daytime systolic BP (mmHg) 12.4 ± 3.4 11.6 ± 2.7 0.328
SD of night-time systolic BP (mmHg) 10.1 ± 4.0 9.0 ± 3.3 0.348
SD of 24-h diastolic BP (mmHg) 11.3 ± 2.7 10.2 ± 2.3 0.152
SD of daytime diastolic BP (mmHg) 10.3 ± 2.9 9.4 ± 2.5 0.057
SD of night-time diastolic BP (mmHg) 8.4 ± 2.4 7.6 ± 2.9 0.370
SD of 24-h heart rate (beats/min) 10.9 ± 3.6 11.0 ± 4.5 0.852
SD of daytime heart rate (beats/min) 10.7 ± 3.7 10.9 ± 5.0 0.988
SD of night-time heart rate (beats/min) 7.0 ± 2.6 6.7 ± 2.9 0.399
wSD of 24-h systolic BP (mmHg) 11.6 ± 3.1 10.8 ± 2.4 0.173
wSD of 24-h diastolic BP (mmHg) 9.7 ± 2.0 8.8 ± 2.1 0.050
ARV of 24-h systolic BP (mmHg) 8.8 ± 1.6 7.6 ± 1.3 0.001
ARV of 24-h diastolic BP (mmHg) 7.5 ± 1.6 6.9 ± 1.4 0.031

Data expressed as mean ± standard deviation unless otherwise specified. BP, blood pressure; SD, standard deviation;
wSD, weighted standard deviation; ARV, average real variability.

A bivariate scatterplot with correlation analysis showed a direct correlation between the mean
values of 24-h urinary metanephrines and (i) SD of night-time systolic BP (r = 0.45, p = 0.022), (ii) wSD
of both 24-h systolic (r = 0.47, p = 0.009), and diastolic BP (r = 0.43, p = 0.019) performed at baseline.
At multivariate analysis, the strongest predictors of 24-h systolic BP wSD were age (β = 0.566, p = 0.002)
and baseline 24-h urinary metanephrines (β = 0.347, p = 0.042). For the 24-h diastolic component of
wSD the strongest predictor were the 24-h urinary metanephrines values (β = 0.554, p = 0.006).

Lastly, we analyzed the main anthropometric and demographic data of our patients, before and
after treatment, distinguishing by gender. We did not observe significant differences in terms of 24-h
ABPM-derived short-term BPV indexes.

3. Discussion

Despite their relatively rare incidence in the general population, PPGLs are characterized by
high cardiovascular morbidity and mortality [23,24]. The clinical picture associated with increased
catecholamines levels, in fact, may vary from asymptomatic tumors (discovered incidentally during
examinations performed due to other reasons) to life-threatening complications, such as myocardial
infarction, severe heart failure, cardiomyopathy, shock, arrhythmias, and stroke. In a retrospective study,
Zelinka et al. [24] observed a relatively high incidence of cardiovascular complications in PPGL subjects,
reaching almost 20%. The most prevalent were arrhythmic complications (in about 10% of cases)
followed by myocardial ischemia and atherosclerosis, and in about 5% of patients, cerebrovascular
accidents [24]. Catecholamines excess can also lead to severe left ventricular hypertrophy. Recently,
Olmati et al. presented a case of a young woman with hypertrophic cardiomyopathy secondary
to a catecholamine-producing tumor and confirmed by endomyocardial biopsy, in which has been
noted severe disarray of cardiomyocytes and ultrastructural evidence of contraction and necrosis of
myocytes [25].

Pathogenic mechanisms that link PPGL and cardiovascular complications are multiple but
mainly associated to catecholamines overproduction, which leads to increased oxygen consumption,
vasoconstriction, cardiac afterload, augmented production of reactive oxygen species, cell hypertrophy
through increased protein synthesis, and cardiac remodeling [23]. Arterial hypertension is a consequence
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of PPGL in up to 80–90% of patients [6] and it may contribute to the development and worsening of
the cardiovascular profile, as well as metabolic derangements (i.e. impaired glucose tolerance), which
has a reported prevalence of 25 to 75% in PHEO [26].

To evaluate cardiovascular risk in the hypertensive population, the assessment of BPV is a validated
screening tool [27,28]. In physiological conditions, the short-, mid-, and long-term BPV variations
have been shown to represent an adaptive mechanism to maintain homeostasis. However, sustained
increases in BPV over time may also reflect alterations in cardiovascular regulatory mechanisms, which
might have prognostic relevance. Clinical and population studies, using non-invasive, intermittent,
reading-to-reading over 24-h monitoring provided the evidence that BPV may contribute independently
to cardiovascular events prediction, over and beyond average BP [29–31]. Increased BPV has been
associated with a higher risk of cardiovascular events, with this prediction depending on the basal
risk. In low-to-moderate cardiovascular risk populations, the contribution of BPV to risk stratification
has been only marginal [32], whereas in higher-risk patients, as could be those affected by PPGL,
increased BPV appeared to have significant prognostic value, which might exceed that of the average
BP values. Furthermore, it has been highlighted that in patients with the most common secondary
forms of hypertension, such as primary aldosteronism [33], Cushing’s syndrome [34], obstructive
sleep apnea [35,36], and primary hyperparathyroidism [37], the short-term BPV markers increased
compared to essential hypertensive groups and decreased after specific treatments.

In our retrospective study, we evaluated data on 23 patients with a diagnosis of PHEO or PGL
underwent surgery. After successfully removing the cause of excessive production of catecholamines
the office systolic BP and the number of antihypertensive drugs significantly decreased. Even more
important, we found changes in some markers of short-term BPV assessed by 24-h ABPM. In particular,
we observed a reduction in ARV of 24-h systolic and diastolic BP. This index focuses on modifications
that have been registered over short-time intervals and, thus, corrects some of the limitations of SD,
which only reflects the dispersion of BP measurements around the mean [29]. The ARV has been
recently demonstrated (i) to be a better estimator of 24-h BPV than other measures of dispersion,
(ii) to be more useful for determining therapeutic measures aimed at controlling BPV, (iii) to have
greater predictive value than the SD, after adjustment for BP and other clinical factors, for the presence
and progression of subclinical organ damage [29], for total and cardiovascular mortality, and fatal
combined with nonfatal cerebrovascular events [38]. Therefore, ARV of 24-h systolic and diastolic BP
components is crucial to stratify the cardiovascular risk.

In our study, we also discovered a significant correlation between 24-h urinary metanephrines
values and wSD of 24-h systolic and diastolic BP at baseline. Moreover, at multivariate analysis, after
adjustment for sex and body mass index, the strongest predictors of 24-h systolic and diastolic wSD
were the 24-h urinary metanephrines, underlying the feasible role of catecholamines overproduction
in the BPV changes. The wSD represents the average of daytime and night-time BP that has been
adjusted for the duration of the day and night period to account for day-night BP changes [8] and it
allows to exclude the interference of night-time BP fall on overall BPV, and consents a more precise
assessment of the clinical value of 24-h BPV [39]. Therefore, together with ARV, the wSD is an index
unaffected by day-to-night BP changes and it should be preferred for the BPV evaluation.

According to previous research [40–42], we did not find changes in the systolic and diastolic BP
nocturnal fall. However, various causes for the absence of dipping profile are conceivable, including
sleep disturbance and psychiatric disorders, which have not been assessed by the anamnestic evaluation
in our group of patients. Moreover, despite PPGLs are considered to be a curable cause of hypertension,
in the long-term a substantial proportion of patients without recurrence could show higher than
suggested nocturnal BP values and/or continue taking antihypertensive agents for BP control. These
patients are usually (i) older, (ii) have a family history of hypertension, (iii) show higher BP values at
baseline before surgical treatment, (iv) report pre-existing and associated cardiovascular risk factors
(such as smoke, dyslipidemia, etc.), and (v) longer disease duration before diagnosis. In particular,
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referring to the last point, likewise for other forms of secondary hypertension, PPGL might lose the
ability to reverse the structural vascular changes associated with secondary hypertension [43].

Lastly, we would point out that, after successful surgical treatment, the metabolic assessment
significantly ameliorated with reduction of fasting glucose levels and a decreasing trend in lipid
panel variables. These findings are consistent with previously reported results [44,45] and might be
implicated in reducing cardiovascular risk in PPGL patients.

In summary, several studies refer to the importance of sympathetic activity and arterial baroreflexes
in regulating cardiovascular variability and report other factors, including the vascular response
to sympathetic stimuli, which play a role in determining the strength of BP oscillations [46,47].
Therefore, based on our results, we hypothesized that the excessive and pulsatile production of
plasma catecholamines and their metabolites might have a pathogenic key role in the BPV changes.
As it has been suggested by earlier researches [48,49], two types of mechanisms leading to higher
BPV in PPGL patients might be involved: first, the ability of circulating catecholamines to cause
rapid BP elevations; second, the high incidence of orthostatic hypotension with normally functioning
baroreflex probably related to the tendency to hypovolemia [50] or because of the suppressed central
sympathetic outflow [51] as a consequence of the hyperactivation of adrenergic receptors. To support
these assumptions, we showed significant changes in ARV of 24-h systolic and diastolic BP and 24-h
diastolic BP wSD in patients affected by PPGL after successful surgical tumor excision. These changes
might represent, besides well-established and independent risk factors (i.e., hypertension, arrhythmias,
and disturbances of glucose metabolism) [1,6], an additional issue for cardiovascular morbidity and
mortality in this rare condition. The correlation between 24-h urinary metanephrines and systolic and
diastolic wSD and the modifications mentioned above in the blood pressure variability markers at
follow-up suggest the potential reversibility of cardiovascular risk by surgery in PPGL.

Thus, we strongly propose considering, in the clinical management of PPGL, as well as in
normotensive PPGL subjects, the assessment of short-term 24-h ABPM-derived BPV, which, if increased,
might reflect a higher risk of cardiovascular complications.

Limitations and Strengths

Some limitations should be acknowledged. At first, the study used a retrospective design and a
small sample of patients, due to the rare occurrence of catecholamine-producing tumors. Secondly, we
measured only 24-h urinary metanephrines; we were able to collect plasma catecholamines and plasma
metanephrines only in few cases during documented paroxysmal clinical manifestations, and, then,
we could not differentiate norepinephrine- from epinephrine-secreting PPGL. Furthermore, in our
population, we did not evaluate the tumor size, and we did not have any case of malignant forms;
therefore, we did not understand whether the dimension of the mass and its malignant phenotype
could influence BPV. Lastly, not all patients were free from other cardiovascular risk factors that could
influence BPV indexes, such as smoke that was present in up to 15%, dyslipidemia (in more than 20%
of cases), and previous coronary and cerebrovascular accidents.

However, hypertension in PPGLs is very complex with various clinical presentations perhaps
due to the desensitization of catecholamine receptors often leading to normotension. In this context,
we retain that the assessment of BPV plays a crucial role because of: (i) it allows stratifying the
cardiovascular risk in this population; (ii) it could be used as a part of the screening tool of PPGL.
Our findings, although only preliminary, consent to speculate a possible role of BPV in the diagnostic
workup of PHEO and PGL. ARV and wSD represent better and more accurate estimators of short-term
BPV than other measures of dispersion. Their record and analysis might have interesting implications
in the complete evaluation and management of patients affected by PPGL, mostly in those with
paroxysmal hypertension and/or in those with false-negative laboratory tests, because it may allow
discovering an asymptomatic altered cardiovascular profile.
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Moreover, changes in BPV markers after specific treatment may contribute to understanding
better which mechanisms are implicated in the increase of cardiovascular risk in patients with
catecholamine-producing tumors.

4. Materials and Methods

From January 2011 to March 2019, we retrospectively evaluated 23 patients, both of sex and aged
≥18 years old, referred to our Secondary Hypertension Unit, University of Rome “Sapienza,” Italy
(Figure 1). This study was performed according to the Declaration of Helsinki II and all participants
gave informed consent.Cancers 2019, 11, x  8 of 13 
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ultrasonography and ABI); 

• 24-h ABPM with measurement of short-term BPV markers: 
 (i) circadian pressure rhythm (dipping profile), 
 (ii) 24-h, daytime, and night-time SBP and DBP standard deviation (SD), 
 (iii) SBP and DBP weighted SD (wSD), 
 (iv) SBP and DBP average real variability (ARV).  

Figure 1. Flow-chart of the study. PPGL, pheochromocytoma and paraganglioma; CT, computed
tomography; MRI, magnetic resonance imaging; MIBG, metaiodobenzylguanidine; ABI, ankle-brachial
index; SBP, systolic blood pressure; DBP, diastolic blood pressure; SD, standard deviation.

The PPGL diagnosis was performed according to the Endocrine Society Guidelines [1], and the
BPV markers were measured agreeing with the most recent recommendations [27], as described below.

All patients underwent genetic testing for the most common familial forms. At baseline and
follow-up evaluations, for each patient, we collected data on anthropometric parameters and physical
examination (i.e., BMI and waist circumference), past medical history, current treatment, and detailed
information on cardiovascular risk (i.e., smoking, dyslipidemia, and previous cardiovascular events).
To determinate hypertension-related vascular remodeling we recorded:

(i) Ankle-brachial index (ABI): we measured ABI after a 5 minutes rest in the supine position. The
ABI was determined using an automated oscillometric measurement BOSO-ABI system neo
(Bosch+Sohn GmbH U. Co. KG, Jungingen, Germany), which allows simultaneous arm-leg
BP measurements.

(ii) Carotid Doppler ultrasonography: it determines the common carotid intima-media thickness
(calculated from three separate values 1 cm proximal to the common carotid artery bifurcation
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in the left and right common carotid arteries), the characteristics of plaques, and the degree of
stenosis [52].

4.1. PPGL Diagnosis

The PPGL diagnosis [1] was based on (i) clinical signs and symptoms, such as sustained or
paroxysmal arterial hypertension, orthostatic hypotension, tachycardia, diaphoresis, headaches,
chest pain, syncope, etc.; (ii) familial history of PPGL with specific involved genetic mutations
(e.g., VHL, NF1, RET, SDHD, etc.); (iii) 24-h urinary metanephrines (measured by the RIA method;
normal range: 20–345 µg/24-h), determined in two consecutive measurements; and/or (iv) abdominal
magnetic resonance imaging (MRI) or computed tomography (CT) scan, subsequently confirmed by
123I-metaiodobenzylguanidine (123I-MIBG) scintigraphy, which was performed also in patients with
normal values of 24-h urinary metanephrines and/or negative MRI and CT scan but high clinical
suspect of PPGL.

4.2. Genetic Analysis

After signing of informed consent, for each patient a blood sample was obtained for the extraction of
DNA according to the standardized protocol in the molecular genetics laboratory of our department [5].
DNA was extracted from the peripheral blood leukocytes of each patient with the Nucleospin
blood L kit (Macherey-Nagel, Duren, Germany) and analyzed for germline mutations of RET (exons
10,11,13,14,15,16), VHL (all exons), SDHD (all exons), and SDHB (all exons). For each gene, coding
regions and exon-intron boundaries, polymerase chain reaction (PCR) fragments purified with a
commercial kit (PCR purification kit, Qiagen, Milan, Italy) were subject to 2% agarose gel electrophoresis
with ethidium bromide staining and subsequently sequenced with a genetic analyzer (ABI PRISM 310,
Applied Biosystems, Milan, Italy). For the NF1 gene was performed a mutation analysis of the 57 exons
and flanking intronic regions as well as the untranslated 50 and 30 regions of the NF1 gene required
a redesign of PCR primer pairs in order to exclude amplification of any of the 36 pseudogenes [53].
A germline intragenic mutation scanning was carried out on each of the amplicons using denaturing
high-performance liquid chromatography analysis (WAVE analysis system, Transgenomics, Paris,
France). Samples displaying abnormal chromatographic patterns were subjected to bidirectional
direct sequencing using a MegaBACE500 DNA sequencing machine (Amersham Biosciences, Freiburg,
Germany) [5].

4.3. Blood Pressure Variability Assessment

Short-term BPV was assessed by 24-h ABPM using Spacelabs®90207 (SpaceLabs, Snoqualmie,
WA, USA), which was carried out as a part of the procedures before diagnosis and after follow-up, in a
day separate from the first office visit and after optimization of medical therapy to control BP values.

All data were acquired and analyzed according to the current recommendations [54]. Devices
were calibrated periodically with a mercury sphygmomanometer and the arm cuff was positioned on
the non-dominant upper limb. The between measurement intervals were 15 minutes (daytime) and
30 minutes (night-time). During each recording, subjects were required to attend at their usual daily
activities, only refraining from unusual physical exercise or behavioral challenges. Only recordings
rated of sufficient quality, i.e., including at least 70% of valid readings over the 24-h and at least two
valid readings per hour during daytime and one valid reading per hour during night-time, were
considered for the final analysis. Day and night periods were defined and corrected according to what
was reported by the patient in the diary. The average daytime period was finally identified as the
interval from 06:00 h to 22:00 h and the night period as the interval from 22:00 h to 06:00 h. For each
recording, the mean 24-h, and day- and night-time systolic and diastolic BP have been collected.
Moreover, as suggested by previous validation studies [27,55], we identified markers of short-term
BPV derived by 24-h ABPM, which included:
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(i) Degree of nocturnal BP fall (dipping pattern), calculated as [(daytime SBP − night-time
SBP)/daytime SBP × 100%] for SBP and [(daytime DBP − night-time DBP)/daytime DBP ×
100%] for DBP. Patients were classified as dippers if BP falls ≥10% and <20% of daytime average
BP or non-dippers (fall <10%). Nocturnal BP falls ≥20% and <0% identified “extreme” dipper and

“reverse” dipper subjects.
(ii) Standard deviation (SD) of 24-h, daytime, and night-time SBP and DBP;
(iii) Average of daytime and night-time SD, each weighted for the duration of the day and night periods

[24-h “weighted” SD of BP (wSD)], which allows for removing the mathematical interference
from night-time BP fall;

(iv) ARV for 24-h SBP and DBP, i.e., the average of the absolute differences between consecutive BP
measurements over 24-h, according to a mathematical algorithm: ARV = 1N−1∑N−1

k=1 (BPk+1 − BPk),
where N denotes the number of valid BP measurements, and k is the order of measurements.

To prevent perioperative cardiovascular complications, during 2–3 weeks before surgery, patients
have been treated withα-adrenergic receptor blockers (e.g., doxazosin 2 up to 16 mg daily). Preoperative
co-administration of β-adrenergic receptor blockers was performed in patients with uncontrolled
BP values and/or tachycardia (e.g., atenolol 50 up to 100 mg daily), only after administration of
α-adrenergic receptor blockers [1]. The drugs were well tolerated and no orthostatic hypotension was
observed. Moreover, all patients received preoperative volume therapy with intravenously sodium
intake. The surgical intervention was performed at the Department of Surgery “Pietro Valdoni.”

4.4. Statistical Analysis

Data were expressed as mean and standard deviation (SD). Before statistical analysis, variables
that showed a non-Gaussian distribution at Kolmogorov–Smirnov test were transformed to achieve
a normal distribution and they were analyzed by non-parametric tests. Categorical variables were
compared with Fisher and chi-square tests. Continuous and categorical variables were compared at
baseline and follow-up by the Mann–Whitney test. ANOVA with Fisher’s Least Significant Difference
post-hoc tests was used when needed. Relationships between continuous variables were assessed
calculating the Pearson’s correlation coefficient. Linear regression models and multivariate analysis
were performed to determine the combined effect of several variables on BPV markers. Statistical
analysis was performed using SPSS software (version 24 for Mac; IBM®, SPSS®Statistics, Italy) and
GraphPad Prism software (version 7.0, GraphPad® Software Inc, San Diego, CA, USA). Significance
was set at p < 0.05.

5. Conclusions

Our pilot study with its preliminary results demonstrates that (i) successful surgical treatment
in patients affected by PPGL is associated with decreasing of two of the most accurate indexes of
short-term blood pressure variability, (ii) there is a significant relationship between the weighted
standard deviation of 24-h systolic and diastolic BP and 24-h urinary metanephrines. Therefore, it is
supposable that the excessive and pulsatile production of plasma catecholamines and their metabolites
in PPGLs has a role in the increased BPV markers, which is involved in the increasing of cardiovascular
risk. The clinical relevance of our findings relies on the fact that these patients might take particular
benefit from surgical removal of the catecholamine-secreting tumor. Moreover, short-term blood
pressure variability may be used as a screening tool in the work-up of PPGLs, especially in those
cases with high suspicion for which the diagnosis is challenging. Further prospective studies with a
larger number of patients free from cardiovascular events and risk factors are necessary to confirm
our findings.



Cancers 2019, 11, 658 11 of 14

Author Contributions: Conceptualization: C.L., V.B., and L.P.; methodology: V.B., G.O., F.O., M.M., and M.B.;
software: V.B. and G.O.; validation: C.L., G.L.T., and L.P.; formal analysis: V.B., C.L., and G.L.T.; investigation: V.B.,
A.C., and V.S.; resources: C.L., A.C., G.D.T.; data curation: G.O., M.M., M.B., F.O., V.S., M.C.; writing—original
draft preparation: V.B. and L.P.; writing—review and editing: C.L., L.P., G.I., and G.T.; visualization: L.P.;
supervision: C.L. and L.P.; project administration: V.B.; funding acquisition: none.

Funding: This research received no external funding.

Acknowledgments: The authors take responsibility for all aspects of the reliability and freedom from bias of the
data presented and their discussed interpretation.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Lenders, J.W.; Duh, Q.Y.; Eisenhofer, G.; Gimenez-Roqueplo, A.P.; Grebe, S.K.; Murad, M.H.; Naruse, M.;
Pacak, K.; Young, W.F., Jr. Endocrine Society. J. Clin. Endocrinol. Metab. 2014, 99, 1915–1942. [CrossRef]

2. Gimenez-Roqueplo, A.P.; Dahia, P.L.; Robledo, M. An update on the genetics of paraganglioma,
pheochromocytoma, and associated hereditary syndromes. Horm. Metab. Res. 2012, 44, 328–333. [CrossRef]

3. Castinetti, F.; Waguespack, S.G.; Machens, A.; Uchino, S.; Hasse-Lazar, K.; Sanso, G.; Else, T.; Dvorakova, S.;
Qi, X.P.; Elisei, R.; et al. Natural history, treatment, and long-term follow up of patients with multiple
endocrine neoplasia type 2B: An international, multicentre, retrospective study. Lancet Diabetes Endocrinol.
2019, 7, 213–220. [CrossRef]

4. Zinnamosca, L.; Petramala, L.; Cotesta, D.; Marinelli, C.; Schina, M.; Cianci, R.; Giustini, S.; Sciomer, S.;
Anastasi, E.; Calvieri, S.; et al. Neurofibromatosis type 1 (NF1) and pheochromocytoma: Prevalence, clinical
and cardiovascular aspects. Arch. Dermatol. Res. 2011, 303, 317–325. [CrossRef] [PubMed]

5. Cotesta, D.; Petramala, L.; Serra, V.; Pergolini, M.; Crescenzi, E.; Zinnamosca, L.; De Toma, G.; Ciardi, A.;
Carbone, I.; Massa, R.; et al. Clinical experience with pheochromocytoma in a single centre over 16 years.
High Blood Press. Cardiovasc. Prev. 2009, 16, 183–193. [CrossRef] [PubMed]

6. Zelinka, T.; Pacák, K.; Widimský, J., Jr. Characteristics of blood pressure in pheochromocytoma. Ann. N. Y.
Acad. Sci. 2006, 1073, 86–93. [CrossRef]

7. Parati, G.; Ochoa, J.E.; Lombardi, C.; Bilo, G. Assessment and management of blood-pressure variability.
Nat. Rev. Cardiol. 2013, 10, 143–155. [CrossRef] [PubMed]

8. Chadachan, V.M.; Ye, M.T.; Tay, J.C.; Subramaniam, K.; Setia, S. Understanding short-term blood-pressure
variability phenotypes: From concept to clinical practice. Int. J. Gen. Med. 2018, 11, 241–254. [CrossRef]
[PubMed]

9. Parati, G.; Pomidossi, G.; Albini, F.; Malaspina, D.; Mancia, G. Relationship of 24 h blood pressure mean
and variability to severity of target-organ damage in hypertension. J. Hypertens. 1987, 5, 93–98. [CrossRef]
[PubMed]

10. Mancia, G.; Parati, G. The role of blood pressure variability in end-organ damage. J. Hypertens. Suppl. 2003,
21, S17–S23. [CrossRef] [PubMed]

11. Parati, G.; Ochoa, J.E.; Bilo, G. Blood pressure variability, cardiovascular risk, and risk for renal disease
progression. Curr. Hypertens. Rep. 2012, 14, 421–431. [CrossRef]

12. Sega, R.; Corrao, G.; Bombelli, M.; Beltrame, L.; Facchetti, R.; Grassi, G.; Ferrario, M.; Mancia, G. Blood
pressure variability and organ damage in a general population: Results from the PAMELA study (Pressioni
Arteriose Monitorate E Loro Associazioni). Hypertension 2002, 39, 710–714. [CrossRef] [PubMed]

13. Frattola, A.; Parati, G.; Cuspidi, C.; Albini, F.; Mancia, G. Prognostic value of 24 h blood pressure variability.
J. Hypertens. 1993, 11, 1133–1137. [CrossRef] [PubMed]

14. Sander, D.; Kukla, C.; Klingelhöfer, J.; Winbeck, K.; Conrad, B. Relationship between circadian blood pressure
patterns and progression of early carotid atherosclerosis: A 3-year follow-up study. Circulation 2000, 102,
1536–1541. [CrossRef] [PubMed]

15. Littler, W.A.; Honour, A.J. Direct arterial pressure, heart rate, and electrocardiogram in unrestricted patients
before and after removal of a phaeochromocyoma. Q. J. Med. 1974, 43, 441–449. [PubMed]

16. Van Eps, R.G.S.; van den Meiracker, A.H.; Boomsma, F.; Man in’t Veld, A.J.; Schalekamp, M.A. Diurnal
variation of blood pressure in patients with catecholamine-producing tumors. Am. J. Hypertens. 1994, 7,
492–497. [PubMed]

http://dx.doi.org/10.1210/jc.2014-1498
http://dx.doi.org/10.1055/s-0031-1301302
http://dx.doi.org/10.1016/S2213-8587(18)30336-X
http://dx.doi.org/10.1007/s00403-010-1090-z
http://www.ncbi.nlm.nih.gov/pubmed/21042801
http://dx.doi.org/10.2165/11530430-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/23334910
http://dx.doi.org/10.1196/annals.1353.009
http://dx.doi.org/10.1038/nrcardio.2013.1
http://www.ncbi.nlm.nih.gov/pubmed/23399972
http://dx.doi.org/10.2147/IJGM.S164903
http://www.ncbi.nlm.nih.gov/pubmed/29950885
http://dx.doi.org/10.1097/00004872-198702000-00013
http://www.ncbi.nlm.nih.gov/pubmed/3584967
http://dx.doi.org/10.1097/00004872-200307006-00004
http://www.ncbi.nlm.nih.gov/pubmed/14513947
http://dx.doi.org/10.1007/s11906-012-0290-7
http://dx.doi.org/10.1161/hy0202.104376
http://www.ncbi.nlm.nih.gov/pubmed/11882636
http://dx.doi.org/10.1097/00004872-199310000-00019
http://www.ncbi.nlm.nih.gov/pubmed/8258679
http://dx.doi.org/10.1161/01.CIR.102.13.1536
http://www.ncbi.nlm.nih.gov/pubmed/11004145
http://www.ncbi.nlm.nih.gov/pubmed/4418453
http://www.ncbi.nlm.nih.gov/pubmed/7917145


Cancers 2019, 11, 658 12 of 14

17. Dabrowska, B.; Feltynowski, T.; Wocial, B.; Szpak, W.; Januszewicz, W. Effect of removal of phaeochromocytoma
on diurnal variability of blood pressure, heart rhythm and excretion of catecholamines. J. Hum. Hypertens.
1990, 4, 397–399. [PubMed]

18. Meisel, S.R.; Mor-Avi, V.; Rosenthal, T.; Akselrod, S. Spectral analysis of the systolic blood pressure signal in
secondary hypertension: A method for the identification of phaeochromocytoma. J. Hypertens. 1994, 12,
269–275. [CrossRef] [PubMed]

19. Khorram-Manesh, A.; Ahlman, O.; Nilsson, O.; Friberg, P.; Odén, A.; Stenström, G.; Hansson, G.; Stenquist, O.;
Wängberg, B.; Tisell, L.E.; et al. Long-term outcome of a large series of patients surgically treated for
pheochromocytoma. J. Intern. Med. 2005, 258, 55–66. [CrossRef] [PubMed]

20. Lenders, J.W.M.; Eisenhofer, G. Update on Modern Management of Pheochromocytoma and Paraganglioma.
Endocrinol. Metab. (Seoul). 2017, 32, 152–161. [CrossRef] [PubMed]

21. Shibao, C.; Lipsitz, L.A.; Biaggioni, I.; American Society of Hypertension Writing Group. Evaluation and
treatment of orthostatic hypotension. J. Am. Soc. Hypertens. 2013, 7, 317–324. [CrossRef]

22. Cavallaro, G.; Basile, U.; Polistena, A.; Giustini, S.; Arena, R.; Scorsi, A.; Zinnamosca, L.; Letizia, C.; Calvieri, S.;
De Toma, G. Surgical management of abdominal manifestations of type 1 neurofibromatosis: Experience of a
single center. Am. Surg. 2010, 76, 389–396.

23. Prejbisz, A.; Lenders, J.W.; Eisenhofer, G.; Januszewicz, A. Cardiovascular manifestations of phaeochromocytoma.
J. Hypertens. 2011, 29, 2049–2060. [CrossRef] [PubMed]

24. Zelinka, T.; Petrák, O.; Turková, H.; Holaj, R.; Strauch, B.; Kršek, M.; Vránková, A.B.; Musil, Z.; Dušková, J.;
Kubinyi, J.; et al. High incidence of cardiovascular complications in pheochromocytoma. Horm. Metab. Res.
2012, 44, 379–384. [CrossRef] [PubMed]

25. Olmati, F.; Petramala, L.; Bisogni, V.; Concistré, A.; Saracino, V.; Oliviero, G.; Bonvicini, M.; Mezzadri, M.;
Ciardi, A.; Iannucci, G.; et al. A rare case report of hypertrophic cardiomyopathy induced by catecholamine-
producing tumor. Medicine (Baltimore) 2018, 97, e13369. [CrossRef] [PubMed]

26. Wiesner, T.D.; Blüher, M.; Windgassen, M.; Paschke, R. Improvement of insulin sensitivity after adrenalectomy
in patients with pheochromocytoma. J. Clin. Endocrinol. Metab. 2003, 88, 3632–3636. [CrossRef] [PubMed]

27. Stergiou, G.S.; Parati, G.; Vlachopoulos, C.; Achimastos, A.; Andreadis, E.; Asmar, R.; Avolio, A.; Benetos, A.;
Bilo, G.; Boubouchairopoulou, N.; et al. Methodology and technology for peripheral and central blood
pressure and blood pressure variability measurement: Current status and future directions-Position statement
of the European Society of Hypertension Working Group on blood pressure monitoring and cardiovascular
variability. J. Hypertens. 2016, 34, 1665–1677. [PubMed]

28. Pengo, M.F.; Rossitto, G.; Bisogni, V.; Piazza, D.; Frigo, A.C.; Seccia, T.M.; Maiolino, G.; Rossi, G.P.;
Pessina, A.C.; Calò, L.A. Systolic and diastolic short-term blood pressure variability and its determinants in
patients with controlled and uncontrolled hypertension: A retrospective cohort study. Blood Press. 2015, 24,
124–129. [CrossRef]

29. Mena, L.J.; Felix, V.G.; Melgarejo, J.D.; Maestre, G.E. 24-Hour Blood Pressure Variability Assessed by Average
Real Variability: A Systematic Review and Meta-Analysis. J. Am. Heart Assoc. 2017, 6, e006895. [CrossRef]
[PubMed]

30. Hansen, T.W.; Thijs, L.; Li, Y.; Boggia, J.; Kikuya, M.; Björklund-Bodegård, K.; Richart, T.; Ohkubo, T.;
Jeppesen, J.; Torp-Pedersen, C.; et al. International Database on Ambulatory Blood Pressure in Relation to
Cardiovascular Outcomes Investigators. Prognostic value of reading-to-reading blood pressure variability
over 24 h in 8938 subjects from 11 populations. Hypertension 2010, 55, 1049–1057. [CrossRef] [PubMed]

31. Palatini, P.; Reboldi, G.; Beilin, L.J.; Casiglia, E.; Eguchi, K.; Imai, Y.; Kario, K.; Ohkubo, T.; Pierdomenico, S.D.;
Schwartz, J.E.; et al. Added predictive value of night-time blood pressure variability for cardiovascular
events and mortality: The Ambulatory Blood Pressure-International Study. Hypertension 2014, 64, 487–493.
[CrossRef] [PubMed]

32. Mancia, G.; Facchetti, R.; Parati, G.; Zanchetti, A. Visit-to-visit blood pressure variability, carotidatherosclerosis,
and cardiovascular events in the European Lacidipine Study on Atherosclerosis. Circulation 2012, 126, 569–578.
[CrossRef]

33. Grillo, A.; Bernardi, S.; Rebellato, A.; Fabris, B.; Bardelli, M.; Burrello, J.; Rabbia, F.; Veglio, F.; Fallo, F.;
Carretta, R. Ambulatory Blood Pressure Monitoring-Derived Short-Term Blood Pressure Variability in
Primary Aldosteronism. J. Clin. Hypertens. (Greenwich) 2015, 17, 603–608. [CrossRef] [PubMed]

http://www.ncbi.nlm.nih.gov/pubmed/2258883
http://dx.doi.org/10.1097/00004872-199403000-00008
http://www.ncbi.nlm.nih.gov/pubmed/8021480
http://dx.doi.org/10.1111/j.1365-2796.2005.01504.x
http://www.ncbi.nlm.nih.gov/pubmed/15953133
http://dx.doi.org/10.3803/EnM.2017.32.2.152
http://www.ncbi.nlm.nih.gov/pubmed/28685506
http://dx.doi.org/10.1016/j.jash.2013.04.006
http://dx.doi.org/10.1097/HJH.0b013e32834a4ce9
http://www.ncbi.nlm.nih.gov/pubmed/21826022
http://dx.doi.org/10.1055/s-0032-1306294
http://www.ncbi.nlm.nih.gov/pubmed/22517556
http://dx.doi.org/10.1097/MD.0000000000013369
http://www.ncbi.nlm.nih.gov/pubmed/30557989
http://dx.doi.org/10.1210/jc.2003-030000
http://www.ncbi.nlm.nih.gov/pubmed/12915647
http://www.ncbi.nlm.nih.gov/pubmed/27214089
http://dx.doi.org/10.3109/08037051.2014.992187
http://dx.doi.org/10.1161/JAHA.117.006895
http://www.ncbi.nlm.nih.gov/pubmed/29051214
http://dx.doi.org/10.1161/HYPERTENSIONAHA.109.140798
http://www.ncbi.nlm.nih.gov/pubmed/20212270
http://dx.doi.org/10.1161/HYPERTENSIONAHA.114.03694
http://www.ncbi.nlm.nih.gov/pubmed/24935939
http://dx.doi.org/10.1161/CIRCULATIONAHA.112.107565
http://dx.doi.org/10.1111/jch.12551
http://www.ncbi.nlm.nih.gov/pubmed/25880017


Cancers 2019, 11, 658 13 of 14

34. Rebellato, A.; Grillo, A.; Dassie, F.; Sonino, N.; Maffei, P.; Martini, C.; Paoletta, A.; Fabris, B.; Carretta, R.;
Fallo, F. Ambulatory blood pressure monitoring-derived short-term blood pressure variability is increased in
Cushing’s syndrome. Endocrine 2014, 47, 557–563. [CrossRef]

35. Marrone, O.; Bonsignore, M.R. Blood-pressure variability in patients with obstructive sleep apnea: Current
perspectives. Nat. Sci. Sleep 2018, 10, 229–242. [CrossRef] [PubMed]

36. Bilo, G.; Pengo, M.F.; Lombardi, C.; Parati, G. Blood pressure variability and obstructive sleep apnea.
A question of phenotype? Hypertens. Res. 2019, 42, 27–28. [CrossRef]

37. Concistrè, A.; Grillo, A.; La Torre, G.; Carretta, R.; Fabris, B.; Petramala, L.; Marinelli, C.; Rebellato, A.;
Fallo, F.; Letizia, C. Ambulatory blood pressure monitoring-derived short-term blood pressure variability in
primary hyperparathyroidism. Endocrine 2018, 60, 129–137. [CrossRef] [PubMed]

38. Mena, L.J.; Maestre, G.E.; Hansen, T.W.; Thijs, L.; Liu, Y.; Boggia, J.; Li, Y.; Kikuya, M.; Björklund-Bodegård, K.;
Ohkubo, T.; et al. International Database on Ambulatory Blood Pressure in Relation to Cardiovascular
Outcomes (IDACO) Investigators. How many measurements are needed to estimate blood pressure
variability without loss of prognostic information? Am. J. Hypertens. 2013, 27, 46–55. [CrossRef]

39. Bilo, G.; Giglio, A.; Styczkiewicz, K.; Caldara, G.; Kawecka-Jaszcz, K.; Mancia, G.; Parati, G. How to improve
the assessment of 24 h blood pressure variability. Blood Press. Monit. 2005, 10, 321–323. [CrossRef]

40. Padfield, P.L.; Jyothinagaram, S.G.; McGinley, I.M.; Watson, D.M. Reversal of the relationship between heart
rate and blood pressure in phaeochromocytoma: A non-invasive diagnostic approach? J. Hum. Hypertens.
1991, 5, 501–504.

41. Spieker, C.; Barenbrock, M.; Rahn, K.H.; Zidek, W. Circadian blood pressure variations in endocrine disorders.
Blood Press. 1993, 2, 35–39. [CrossRef] [PubMed]

42. Middeke, M.; Schrader, J. Nocturnal blood pressure in normotensive subjects and those with white coat,
primary, and secondary hypertension. Br. Med. J. 1994, 308, 630–632. [CrossRef] [PubMed]

43. Plouin, P.F.; Chatellier, G.; Fofol, I.; Corvol, P. Tumor Recurrence and Hypertension Persistence After
Successful Pheochromocytoma Operation. Hypertension 1997, 29, 1133–1139. [CrossRef]

44. McCullagh, E.P.; Engel, W.J. Pheochromocytoma with hypermetabolism: Report of two cases. Ann. Surg.
1942, 116, 61–75. [CrossRef] [PubMed]

45. Petrák, O.; Haluzíková, D.; Kaválková, P.; Štrauch, B.; Rosa, J.; Holaj, R.; Brabcová Vránková, A.; Michalsky, D.;
Haluzík, M.; Zelinka, T.; et al. Changes in energy metabolism in pheochromocytoma. J. Clin. Endocrinol.
Metab. 2013, 98, 1651–1658. [CrossRef] [PubMed]

46. Malpas, S.C. Neural influences on cardiovascular variability: Possibilities and pitfalls. Am. J. Physiol. Heart
Circ. Physiol. 2002, 282, H6–H20. [CrossRef]

47. Thrasher, T.N. Baroreceptors and the long-term control of blood pressure. Exp. Physiol. 2004, 89, 331–335.
[CrossRef] [PubMed]

48. Bravo, E.; Tagle, R. Pheochromocytoma: State-of-the-art and future prospects. Endocr. Rev. 2003, 24, 539–553.
[CrossRef]

49. Zelinka, T.; Strauch, B.; Petrák, O.; Holaj, R.; Vranková, A.; Weisserová, H.; Pacák, K.; Widimský, J., Jr.
Increased blood pressure variability in pheochromocytoma compared to essential hypertension patients.
J. Hypertens. 2005, 23, 2033–2039. [CrossRef]

50. Munakata, M.; Aihara, A.; Imai, Y.; Noshiro, T.; Ito, S.; Yoshinaga, K. Altered sympathetic and vagal
modulations of the cardiovascular system in patients with pheochromocytoma: Their relations to orthostatic
hypotension. Am. J. Hypertens. 1999, 12, 572–580. [CrossRef]

51. Levenson, J.A.; Safar, M.E.; London, G.M.; Simon, A.C. Haemodynamics in patients with phaeochromocytoma.
Clin. Sci. (Lond.) 1980, 58, 349–356. [CrossRef] [PubMed]

52. Aboyans, V.; Ricco, J.B.; Bartelink, M.E.L.; Björck, M.; Brodmann, M.; Cohnert, T.; Collet, J.P.; Czerny, M.;
De Carlo, M.; Debus, S.; et al. 2017 ESC Guidelines on the Diagnosis and Treatment of Peripheral Arterial
Diseases, in collaboration with the European Society for Vascular Surgery (ESVS). Eur. Heart J. 2018, 39,
763–816. [CrossRef]

53. Neumann, H.P.; Bausch, B.; McWhinney, S.R.; Bender, B.U.; Gimm, O.; Franke, G.; Schipper, J.; Klisch, J.;
Altehoefer, C.; Zerres, K.; et al. Germ-line mutations in nonsyndromic pheochromocytoma. N. Engl. J. Med.
2002, 346, 1459–1466. [CrossRef] [PubMed]

http://dx.doi.org/10.1007/s12020-014-0164-7
http://dx.doi.org/10.2147/NSS.S148543
http://www.ncbi.nlm.nih.gov/pubmed/30174467
http://dx.doi.org/10.1038/s41440-018-0134-1
http://dx.doi.org/10.1007/s12020-017-1362-x
http://www.ncbi.nlm.nih.gov/pubmed/28702887
http://dx.doi.org/10.1093/ajh/hpt142
http://dx.doi.org/10.1097/00126097-200512000-00007
http://dx.doi.org/10.3109/08037059309077524
http://www.ncbi.nlm.nih.gov/pubmed/8193728
http://dx.doi.org/10.1136/bmj.308.6929.630
http://www.ncbi.nlm.nih.gov/pubmed/8148712
http://dx.doi.org/10.1161/01.HYP.29.5.1133
http://dx.doi.org/10.1097/00000658-194207000-00008
http://www.ncbi.nlm.nih.gov/pubmed/17858073
http://dx.doi.org/10.1210/jc.2012-3625
http://www.ncbi.nlm.nih.gov/pubmed/23436923
http://dx.doi.org/10.1152/ajpheart.2002.282.1.H6
http://dx.doi.org/10.1113/expphysiol.2004.027441
http://www.ncbi.nlm.nih.gov/pubmed/15131071
http://dx.doi.org/10.1210/er.2002-0013
http://dx.doi.org/10.1097/01.hjh.0000185714.60788.52
http://dx.doi.org/10.1016/S0895-7061(99)00026-6
http://dx.doi.org/10.1042/cs0580349
http://www.ncbi.nlm.nih.gov/pubmed/7389261
http://dx.doi.org/10.1093/eurheartj/ehx095
http://dx.doi.org/10.1056/NEJMoa020152
http://www.ncbi.nlm.nih.gov/pubmed/12000816


Cancers 2019, 11, 658 14 of 14

54. O’Brien, E.; Asmar, R.; Beilin, L.; Imai, Y.; Mallion, J.M.; Mancia, G.; Mengden, T.; Myers, M.; Padfield, P.;
Palatini, P.; et al. European Society of Hypertension recommendations for conventional, ambulatory and
home blood pressure measurement. J. Hypertens. 2003, 21, 821–848. [CrossRef] [PubMed]

55. Mena, L.; Pintos, S.; Queipo, N.V.; Aizpúrua, J.A.; Maestre, G.; Sulbarán, T.J. A reliable index for the prognostic
significance of blood pressure variability. J. Hypertens. 2005, 23, 505–511. [CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1097/00004872-200305000-00001
http://www.ncbi.nlm.nih.gov/pubmed/12714851
http://dx.doi.org/10.1097/01.hjh.0000160205.81652.5a
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	Discussion 
	Materials and Methods 
	PPGL Diagnosis 
	Genetic Analysis 
	Blood Pressure Variability Assessment 
	Statistical Analysis 

	Conclusions 
	References

