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mass.1,2 Acquired mutations in JAK (JAK2 V617F 
and exon 12 mutations) are found in almost all 
patients with PV.1,2

Several studies performed in patients with PV 
have demonstrated an association between blood 

Introduction  Polycythemia vera (PV) is a rare 
hematologic malignancy characterized by clonal 
proliferation of multipotent bone marrow pro‑
genitors, leading to abnormal production of ery‑
throid cells and an increase in the red blood cell 
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Abstract

Introduction  Polycythemia vera (PV) is a rare myeloproliferative disease associated with an increased 
prevalence of hypertension and increased risk of cardiovascular complications. However, the precise mechanisms 
leading to the elevation of blood pressure (BP) and secondary target organ damage remain poorly understood.
Objectives  The study aimed to evaluate BP profile, assess the activity of the sympathetic nervous 
system and the renin‑angiotensin system, and provide a comprehensive assessment of subclinical target 
organ damage in patients with PV.
Patients and methods  Twenty consecutive patients with newly diagnosed PV and 20 control sub‑
jects were included. The  following were assessed: BP, levels of catecholamines, urinary and plasma 
O‑methylated catecholamine metabolites, concentrations of aldosterone and renin. We also assessed 
microneurography sympathetic nervous system activity (MSNA) and baroreflex control of heart rate as 
well as subclinical target organ damage.
Results  At similar levels of BP, BP variability was decreased in the PV group (mean [SD] 24‑hour systolic 
BP, 9 [3] vs 12 [3] mm Hg; P = 0.003). Patients with PV had lower norepinephrine excretion (mean [SD], 
16.54 [6.32] vs 25.46 [12.88] μg/d; P = 0.03) as well as decreased MSNA as assessed by microneurography 
compared with controls (mean [SD] MSNA, 30.7 [8.7] bursts/min vs 38.7 [5.4] bursts/min; P = 0.007 and 
MSNA 51.8 [11] bursts/100 beats vs 61.1 [11.3] bursts/100 heart beats; P = 0.04). Baroreflex control of 
HR was unaltered in the PV group. Increased hemoglobin levels and red blood cell count correlated with 
decreased retinal capillary flow in patients with PV.
Conclusions  Patients with PV, characterized by high hemoglobin concentrations and hematocrit levels 
had lower sympathetic nervous activity and decreased BP variability as compared with controls. There 
was no relationship between hemoglobin plasma concentration, hematocrit level, and target organ damage.



POLISH ARCHIVES OF INTERNAL MEDICINE  2020; 130 (7-8)608

(neither pharmacologic treatment nor phlebot‑
omy). Twenty control patients matched for age, 
sex, BP values, frequency of hypertension and 
other cardiovascular risk factors were selected 
from 121 consecutive patients attending the out‑
patient clinic of the Department of Hyperten‑
sion, National Institute of Cardiology, Warsaw, 
Poland. The study protocol conforms to the eth‑
ical guidelines of the 1975 Declaration of Hel‑
sinki. It was approved by the local ethics com‑
mittee. Written informed consent was also ob‑
tained from each patient.

Demographic and clinical data (ie, sex, age, 
weight, height, BP, heart rate [HR], signs, symp‑
toms, and antihypertensive medications) were 
recorded at study entry according to the study 
protocol.

Hypertension was defined as history of hyper‑
tension, use of antihypertensive drugs, or systol‑
ic BP above or equal to 140 mm Hg or diastolic 
BP above or equal to 90 mm Hg on office mea‑
surements or daytime mean systolic BP above or 
equal to 135 mm Hg or diastolic BP above or equal 
to 85 mm Hg on ambulatory BP measurements 
(ABPM). Obesity was defined as waist circumfer‑
ence higher than 102 cm for men and higher than 
88 cm for women.

Office and ambulatory blood pressure measurements  
Methods of office and ABPM are described in de‑
tail in Supplementary material.

Laboratory tests  Biochemical evaluation of 
blood samples taken after overnight fasting was 
determined by routine methods and included 
concentrations of sodium, potassium, lipids, 
plasma fasting glucose, creatinine, and uric acid 
as well as complete blood cell count. Estimated 
glomerular filtration rate was calculated using 
the Modification of Diet in Renal Disease for‑
mula.19 Urinary albumin excretion was assessed 
using two 24‑hour urine collections (the aver‑
age of 2 collections was recorded).

Biochemical testing at baseline included mass 
spectrometry–based measurements of urinary 
catecholamines and their plasma and urinary 
free O‑methylated metabolites (metanephrine, 
normetanephrine). Details about blood and urine 
collection and reference intervals have been de‑
scribed elsewhere.20-22

Aldosterone and renin plasma concentrations 
were measured by chemiluminescence immuno‑
assay using LIAISON® Aldosterone and LIAISON® 
Direct Renin tests, respectively (DiaSorin S.p.A., 
Saluggia, Italy).

Assessment of cardiovascular alterations  The meth‑
odology of carotid and renal ultrasound proce‑
dures and echocardiographic evaluations has been 
published previously and is presented in detail in 
Supplementary material.23-25 The methods and 
results of already published echocardiographic 
evaluations were briefly summarized in Supple‑
mentary material.15

rheological variables (hematocrit and blood vis‑
cosity) and cardiovascular risk factors, including 
an increased aortic pulse wave velocity, elevat‑
ed blood pressure (BP), and incident hyperten‑
sion.3-6 It is well established that increased he‑
matocrit levels, and therefore blood viscosity, is 
associated with thrombotic and vascular com‑
plications occurring in 40% to 60% of patients. 
Moreover, it can increase the load on the cardio‑
vascular system3,7-9 and impair small vessel en‑
dothelial vasodilatory function,3,10,11 both po‑
tentially leading to secondary hypertension.12-14 
Other postulated mechanisms contributing to 
the development of hypertension in PV include 
augmented insulin resistance and impaired func‑
tion of the sympathetic nervous system and / or 
the renin‑angiotensin system.

Increased blood viscosity may be associat‑
ed with vascular remodeling, particularly with 
thickened intima‑media and augmented arte‑
rial stiffness. Recent studies showed that pa‑
tients with PV have more pronounced subclini‑
cal cardiac involvement than those with essen‑
tial hypertension, manifested by impaired sys‑
tolic function.15-18 To date, most of the research 
has been focused on the pathomechanisms of 
hypertension in patients with PV. However, lit‑
tle is known about the clinical course of hyper‑
tension within this condition.

In the presented study we aimed to: 1) eval‑
uate BP profile based on ambulatory BP moni‑
toring; 2) assess the activity of the sympathetic 
nervous system activity and renin‑angiotensin 
system; and 3) provide a comprehensive assess‑
ment of subclinical target organ damage in hy‑
pertensive patients with PV in relation to he‑
matocrit levels.

Patients and methods  Twenty consecutive 
patients with newly diagnosed PV were enrolled 
in the study. The diagnosis of PV was made ac‑
cording to the World Health Organization crite‑
ria. Acquired JAK2‑V617F mutations were found 
in all patients with PV. At the time of the study, 
none of the patients had received therapy for PV 

What’s new?

The clinical course of hypertension, including blood pressure (BP) profile, 
activity of both the sympathetic nervous system and the renin‑angiotensin 
system, and subclinical target organ damage in patients with polycythemia 
vera (PV) remains poorly documented. In this single‑center matched case
‑control study, we have shown that patients with PV are characterized by 
a decreased BP variability as compared with controls, despite no differences 
in BP values. Moreover, patients with PV were characterized by a  lower 
activity of the sympathetic nervous system, defined by a decreased urinary 
secretion of norepinephrine as well as lower activity of the microneurographic 
sympathetic nervous system. There were no differences in the severity of 
subclinical vascular and renal organ damage in patients with PV. Increased 
hemoglobin levels and red blood cell count inversely correlated with the retinal 
capillary flow in patients with PV.
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obtained using microneurography (Nerve Traffic 
Analysis System, University of Iowa, Iowa City, 
Iowa, United States) with a recording electrode 
placed into the efferent fiber of the peroneal nerve 
within the popliteal fossa and a reference elec‑
trode placed subcutaneously approximately 2 to 
3 cm from the recording electrode. The recordings 
were performed in the morning in a calm envi‑
ronment, after subjects had voided. The subjects 
were placed supine and remained at rest for 30 
minutes, then MSNA was recorded for 45 min‑
utes. Recordings used for study purposes were 
obtained after 15 minutes of recording stabili‑
zation. MSNA was expressed as burst frequen‑
cy (bursts/min) and burst incidence (bursts/100 
heart beats). Sympathetic bursts were counted 
automatically with a computer software (Power‑
Lab, ADInstruments, Oxford, United Kingdom) 
and then accepted by a single observer.

Baroreflex control of HR, or baroreflex sen‑
sitivity (BRS), was measured with the noninva‑
sive sequence method (Nevrokardt BRS soft‑
ware, version 5.1.3, Nevrokard, Ljubljana, Slove‑
nia). Input data for the software were generated 
with a Finapress monitor and the electrocardio‑
gram. The software identified sequences in which 
the electrocardiogram R–R intervals and the sys‑
tolic and diastolic BP concurrently increased or de‑
creased for over 3 beats. The minimum change in 
BP was set at 1 mm Hg and the minimum change 
in the R–R interval was set at 5 ms. The software 
used the combined results of the upward and 
downward sequences to calculate the BRS indi‑
ces. The BRS was expressed in ms per mm Hg.

Retinal arterioles measurements  Scanning laser 
doppler flowmetry was conducted under day‑
light conditions, in the sitting position, after 
30 minutes of rest. No pupil dilation was used 
before the measurements.26 In one patient from 
the PV group, retinal examination did not pro‑
vide valid results. Scanning laser Doppler flow‑
metry at 670 nm (Heidelberg Retina Flowme‑
ter, Heidelberg Engineering, Heidelberg, Ger‑
many) was used for a confocal and noninvasive 
assessment of retinal arteriolar structure.27,28 
A 2-second scanning of an arteriole with a diam‑
eter size over 70 μm of the superficial retinal lay‑
er in a retinal 3‑dimensional sample of 2.56 mm 
length × 0.64 mm breadth × 0.3 mm deepness at a 
resolution of 256 points × 64 lines × 128 lines 
were performed. A 2‑dimensional image was au‑
tomatically calculated with a pixel resolution of 
10 µm length × 10 µm breadth while the deepness 
values were averaged. Measurements were per‑
formed in the juxtapapillary area of the right eye, 
2 to 3 mm temporal superior to the optic nerve. 
The mean value from these 3 singular measure‑
ments was subsequently calculated. Images with 
insufficient sharpness of contrast, crossing and 
overlapping of arterioles with venues, curved 
arterioles, arterioles with more than 1 bifurca‑
tion, and images during which more than 4 eye 
movements occurred were excluded. Automatic 

Microneurography and baroreflex control of heart 
rate: analysis of the subgroup of patients with hyper-
tension and polycythemia vera   In 12 out of 20 pa‑
tients with PV (60%) enrolled in the study, mi‑
croneurography (MSNA) and baroreflex control 
of HR were performed. As controls, 16 subjects 
with essential hypertension (EH) matched for age, 
sex, body mass index, office BP levels, and num‑
ber and type of hypotensive medications were se‑
lected from the group of hypertensive patients 
without PV in whom MSNA was previously per‑
formed. The day before recording, participants 
were asked not to drink alcohol or coffee, or use 
other stimulants.  Microneurography signals were 

TABLE 1  Clinical characteristic of the study patients

Parameter PV group 
(n = 20)

Control group 
(n = 20)

P values

Sex, n Male 7 7 0.99

Female 13 13

Age, y, mean (SD) 62.65 (9.14) 58.3 (11.31) 0.19

BMI, kg/m2, mean (SD) 26.56 (6.1) 28.87 (4.62) 0.28

Hypertension, n (%) 15 (75) 17 (85) 0.43

Hypotensive drugs, n, median (IQR) 1 (0–3) 2.5 (0–4) 0.22

Diabetes, n (%) 3 (15) 4 (20) 0.68

Smoking, n (%) 4 (20) 4 (20) 0.98

Abdominal obesity, n (%) 12 (60) 14 (70) 0.51

Abbreviations: BMI, body mass index; IQR, interquartile range; PV, polycythemia vera

TABLE 2  Office and ambulatory blood pressure levels

Parameter PV group 
(n = 20)

Control group 
(n = 20)

P value

Office SBP, mm Hg 134 (22) 131 (16) 0.61

Office DBP, mm Hg 80 (10) 78 (10) 0.63

Office PP, mm Hg 54 (17) 53 (13) 0.73

24‑hour SBP, mm Hg 127 (14) 124 (14) 0.48

24‑hour DBP, mm Hg 76 (6) 74 (8) 0.47

24‑hour PP, mm Hg 51 (12) 50 (11) 0.79

24‑hour SBP SD, mm Hg 9 (3) 12 (3) 0.003

24‑hour DBP SD, mm Hg 8 (2) 9 (2) 0.01

Daytime SBP, mm Hg 129 (14) 126 (15) 0.55

Daytime DBP, mm Hg 78 (6) 77 (9) 0.75

Daytime PP, mm Hg 51 (12) 50 (12) 0.78

Nighttime SBP, mm Hg 120 (15) 116 (13) 0.42

Nighttime DBP, mm Hg 69 (7) 68 (8) 0.65

Nighttime PP, mm Hg 50 (13) 48 (10) 0.51

Nighttime SBP dipping 8 (5) 8 (6) 0.75

Nighttime DBP dipping 11 (7) 12 (5) 0.82

24‑hour HR, bpm 63 (7) 69 (12) 0.94

24‑hour HR day, bpm 64 (8) 72 (13) 0.06

24‑hour HR night, bpm 59 (7) 64 (11) 0.16

Data are presented as mean (SD).

Abbreviations: DBP, diastolic blood pressure; HR, heart rate; PP, pulse pressure; PV, 
polycythemia vera; SBP, systolic blood pressure
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where appropriate. The continuous and discrete 
variables were compared using the t test and 
the Mann–Whitney test, and categorical variables 
as well as the prevalence rates were compared us‑
ing the χ2 test or the Fisher exact test. Normali‑
ty of distributions of variables was checked with 
the Shapiro–Wilk test. The Pearson correlation 
was used to investigate the correlation of vari‑
able factors with plasma hemoglobin concentra‑
tion and red blood cells. A P of less than 0.05 
(2‑tailed) was considered significant.

Results  Clinical characteristics and medical his-
tory of the study population  We evaluated 20 pa‑
tients (7 men [35%]; mean [SD] age, 62.6 [9.14] 
years) with confirmed newly diagnosed PV and 20 
control patients (7 males [35%]; mean [SD] age, 
58.3 [11.31] years). Hypertension was diagnosed 
in 15 patients (75%) with PV and in 17 patients 
(85%) from the control group. Patients with PV 
and the control group did not differ in the preva‑
lence of diabetes, smoking, and obesity (Table 1).

By study design, no differences in office and 
24‑hours BP levels between the groups were not‑
ed. Patients from the study group were compara‑
ble with the control group according to the sys‑
tolic and diastolic BP dipping pattern (Table 2). 
However, patients from the PV group were char‑
acterized by lower 24‑hour systolic and diastolic 
BP variability (Table 2). There were no differenc‑
es in the number and classes of antihyperten‑
sive agents (Supplementary material, Table S1).

Patients with PV had higher red blood cell, 
white blood cell, and platelet counts. Mean hemo‑
globin concentrations and hematocrit levels were 
also higher in the PV group (Table 3). The biochem‑
ical parameters between PV and control patients 
were comparable, with the exception of a higher 
serum potassium concentration in patients with 
PV (Table 3). Patients with PV were characterized 
by a lower plasma‑free metanephrine concentra‑
tion and a lower urinary secretion of metaneph‑
rine and norepinephrine. Of note, patients from 
the PV group had lower plasma aldosterone con‑
centration (Table 3).

There were no significant differences between 
the groups according to retinal arteriolar param‑
eters and retinal capillary blood flow. There were 
also no differences in carotid intima‑media thick‑
ness, intrarenal blood flow parameters, left ven‑
tricular mass index, and estimated glomerular fil‑
tration rate, and urinary albumin excretion be‑
tween the PV and control groups (Table 4).

Correlations between hemoglobin concentra‑
tion and red blood cell count and retinal capil‑
lary flow (r = –0.569; P = 0.001 and r = –0.401; 
P = 0.02) and aldosterone concentration 
(r = –0.331; P = 0.04 and r = –0.327; P = 0.04) 
were noted. There was no significant correlation 
between plasma hemoglobin concentrations and 
red blood cell count with systolic and diastolic 
office and ambulatory BP and PP levels nor with 
parameters of kidney function and intra‑renal 
blood flow.

full‑field perfusion imaging analysis (SLDF ver‑
sion 4.011) was performed on‑site in Warsaw and 
at the core reading center in Erlangen, Germa‑
ny.29 Outer diameter (AD) and luminal diameter 
(LD) were measured in reflection images and per‑
fusion images, respectively. The ratio of wall to 
lumen as well as wall thickness of retinal arteri‑
oles were calculated using the respective formu‑
las (AD – LD)/LD and (AD – LD)/2. Wall cross
‑sectional area of retinal arterioles was calcu‑
lated with the formula (3.14/4) × (AD2 – LD2).

Statistical analysis  Data analysis was performed 
using the PASW Statistics 18 software (SPSS, Chi‑
cago, Illinois, United States). The results are pre‑
sented as mean (SD) or median and interquartile 
range and frequency as number and percentage, 

TABLE 3  Laboratory characteristics of the study population

Parameter PV group  
(n = 20)

Control group 
(n = 20)

P value

RBC, ×106/μL 6.3 (1.02) 4.82 (0.83) <0.001

WBC, ×103/μl 10.45 (8.05–13.02) 6.25 (5.03–7.3) 0.001

HGB, g/dl 16.63 (1.77) 14.1 (1.92) <0.001

Platelet counts, ×103/μl 510.76 (232.86) 188.15 (43.13) <0.001

MCV, fl 81.64 (7.77) 91.08 (4.84) <0.001

MCHC, g/dl 32.60 (31.25–33.58) 33.7 (32.98–34.35) 0.025

MCH, pg 27.52 (3.74) 31.37 (2.1) <0.001

HCT, % 41.96 (1.94) 39.19 (3.37) 0.02

Glucose, mmol/l 5.13 (0.74) 5.49 (0.58) 0.14

Creatinine, μmol/l 72.5 (69.50–84.75) 75 (59–81.75) 0.42

GFR, ml/min/m2 84 (21.9) 82.2 (19.7) 0.85

Na, mmol/l 141.5 (2.87) 142.15 (2.23) 0.43

K, mmol/l 5.05 (0.49) 4.29 (0.45) <0.001

Total cholesterol, mmol/l 4.48 (1.04) 4.99 (1.2) 0.16

LDL‑C, mmol/l 2.8 (0.88) 2.98 (1.05) 0.56

HDL‑C, mmol/l 1.2 (0.39) 1.39 (0.46) 0.17

Triglycerides, mmol/l 1.44 (0.45) 1.38 (0.6) 0.73

Uric acid, mg/dl 308.11 (88.49) 349 (95.66) 0.19

TSH, μIU/ml 1.21 (0.75) 1.82 (1.03) 0.09

Plasma NMN, pg/ml 79.05 (34.4) 82.16 (41.37) 0.81

Plasma MN, pg/ml 25.93 (8.5) 38.84 (10.75) <0.001

Urine free NMN, ug/d 17.13 (15.18–21.2) 24 (18.2–29.88) 0.033

Urine free MN, ug/d 11.47 (5.59) 18.96 (8.51) 0.007

Urine free NE, ug/d 16.54 (6.32) 25.46 (12.88) 0.03

Urine free EPI, ug/d 3 (1.76–5.4) 3.87 (2.53–4.47) 0.35

Aldosterone, pg/ml 91 (59.25–120.25) 129 (100.25–177.75) 0.008

PRC, pg/ml 7.3 (4.9–14.65) 6.05 (3.48–16.45) 0.54

Data are presented as mean (SD) or median (interquartile range).

SI conversion factors: to convert uric acid to μmol/l, multiply by 59.48.

Abbreviations: EPI, epinephrine; GFR, glomerular filtration rate; HCT, hematocrit; HDL‑C, 
high‑density lipoprotein cholesterol; HGB, hemoglobin; LDL‑C, low‑density lipoprotein 
cholesterol; MCH, mean corpuscular hemoglobin; MCHC, corpuscular / cellular 
hemoglobin concentration; MCV, mean corpuscular volume of red blood cells; MN, 
metanephrine; NE, norepinephrine; NMN, normetanephrine; PLT, thrombocyte; PRC, 
plasma renin concentration; PV, polycythemia vera; RBC, red blood cell; TSH, thyroid 
stimulating hormone; WBC, leukocyte
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a selective impairment of sympathetic neural 
mechanisms with preserved parasympathetic car‑
diovascular modulation.

The mechanisms underlying these novel find‑
ings were not directly addressed, but several fac‑
tors might be implicated. Patients with PV are 
iron deficient. The coexistence of polycythemia 
and iron deficiency presents a “physiological dis‑
connect.”30 A previous study on hemochromato‑
sis31 has shown that iron overload was associat‑
ed with sympathetic overactivity, which was re‑
versed by iron depletion. Furthermore, iron ap‑
pears to influence oxygen sensing in the carotid 
body.32 Importantly, peripheral arterial chemo‑
receptors have a significant physiological activ‑
ity in normoxia, the so‑called resting drive. Hy‑
pertension is characterized by the tonic activa‑
tion of excitatory chemoreceptor afferents con‑
tributing to the elevated sympathetic activity and 
increased BP.33

Thus, it is plausible that dysregulated iron me‑
tabolism and aberrant hypoxia sensing and sig‑
naling30 might diminish hypertension‑related 
tonic chemoreflex activation and contribute to 
lower levels of sympathetic activity observed 
in patients with PV. Finally, lower aldosterone 
levels might play a role as the relation between 
the renin‑angiotensin‑aldosterone system and 
the sympathetic system is a positive feedback 
mechanism.34

Our study showed that hypertension in pa‑
tients with PV was highly prevalent (75%), a find‑
ing which is in concordance with Rusak et al18 
(78%). Interestingly, several other reports in‑
cluding the CYTO, GIMEMA, and ECLAP stud‑
ies found a significantly lower rate of hyperten‑
sion in patients with PV (48%, 47% and 40% re‑
spectively).1,14,35,36 In our study, we have evaluat‑
ed the clinical course of hypertension in individ‑
uals with PV, which was generally well controlled 
both in office and on ABPM with a low median 
number of medications required for hypertension 
treatment. We did not observe higher frequency 
of the nondipping pattern of BP at night, which 
was comparable to those in the control group.

Recently, Barbui et al2 demonstrated that 
among cardiovascular risk factors, hypertension 
had the most relevant prognostic role for the in‑
cidence of arterial thrombosis in patients with 
PV with a low risk for future vascular complica‑
tions. It has been documented that increased he‑
matocrit levels in patients with PV are associat‑
ed with increased blood viscosity, BP levels, and 
incident hypertension.3-5,7,8 Several reports, in‑
cluding a recent population‑based study, showed 
that healthy individuals with higher baseline he‑
matocrit levels are at an increased risk of hyper‑
tension.8 These results suggest an important role 
of hematocrit in the development of hyperten‑
sion in the general population, which can also 
be applied to patients with PV. Also, increased 
hematocrit level and blood hyperviscosity play 
a major role in the pathogenesis of arterial and 
venous thrombotic complications in PV. Findings 

Sympathetic nervous activity in patients with hyper-
tension and polycythemia vera  Demographic, labo‑
ratory, and clinical characteristics of the subgroup 
of 12 PV patients and matched controls are pre‑
sented in Supplementary material, Tables S2 and 
S3. Patients with PV had similar systolic and dia‑
stolic BP values, both in office and in ambulatory 
BP measurements. There were no differences in 
office HR between groups; however, patients with 
PV had significantly lower HR in ABPM during 24 
hours, as well as during daytime and nighttime 
(Supplementary material, Table S2).

Patients with PV were characterized by lower 
MSNA/min and MSNA/100 heart beats than con‑
trols (30.7 [8.7]/min vs 38.7 [5.4]/min; P = 0.007 
and 51.8 [11]/100 beats vs 61.1 [11.3]/100 heart 
beats, respectively; P = 0.04) (Figure 1 and 
Figure 2A and 2B). Baroreflex control of HR was sim‑
ilar in both PV and essential hypertension groups 
(mean [SD], 14.4 [6] and 11.5 [3] ms/mm Hg, re‑
spectively; P = 0.1). There was a significant corre‑
lation between MSNA/min and urine free norepi‑
nephrine excretion (r = 0.601; P = 0.04).

Discussion  One of the most important find‑
ings of our study was that patients with newly 
diagnosed PV were not characterized by more 
pronounced target organ damage as compared 
with matched control group. Our data does not 
support the concept that the high cardiovascu‑
lar risk associated with PV is mediated by activa‑
tion of the sympathetic nervous system. In fact, 
all parameters of sympathetic activity assessed 
in the current study (MSNA and catecholamine 
levels, BP variability and tendency toward slower 
HR) were lower in PV than in controls. The barore‑
flex control of HR was not altered, which suggests 

TABLE 4  Retinal arteriolar and intrarenal blood flow parameters, intima–media 
thickness, left ventricular mass index, and albumin excretion in the study population

Parameter PV group (n = 20) Control group 
(n = 20)

P value

RCF, AU 237.62 (218.51–
307.64)

314.95 (280.02–
368.02)

0.085

VD, µm 108.38 (10.5) 109.85 (13.78) 0.73

LD, µm 80.94 (6.18) 80.52 (11.83) 0.9

WT, µm 13.72 (3.42) 14.61 (3.65) 0.47

WLR 0.34 (0.27–0.39) 0.31 (0.26–0.46) 0.63

WCSA, µm2 3930 (3082–5358) 4189 (3211–4536) 0.68

RI 0.67 (0.06) 0.67 (0.08) 0.96

PI 1.33 (0.22) 1.28 (0.31) 0.64

IMT, mm 0.88 (0.2) 0.77 (0.12) 0.11

Albumin 
excretion, mg/24 hours

14.7 (9.8–19.6) 12.6 (9.9–19.6) 0.77

LVMI, g/m2.7 51.3 (9.6) 53.9 (15) 0.62

Data are presented as mean (SD) or median (interquartile range).

Abbreviations: AD, outer diameter of retinal arterioles; AU, arbitrary units; IMT, intima–
media thickness; LD, lumen diameter of retinal arterioles; LVMI, left ventricular mass 
index; PI, renal pulsatility index; PV, polycythemia vera; RCF, retinal capillary flow; RI, 
renal resistive index; WCSA, wall cross‑sectional area of retinal arterioles; WLR, wall
‑to‑lumen ratio; WT, wall thickness of retinal arterioles
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To the best of our knowledge this is the first 
study to evaluate the retinal arteriolar structure in 
PV, and compare it with a matched control group 
using noninvasive scanning laser Doppler flowm‑
etry. We documented that the baseline retinal ar‑
terial diameter, arterial wall thickness, and wall 
cross‑sectional area were not different in patients 
with PV as compared with the control group. One 
interesting new finding showed an inverse cor‑
relation between rheological indices (hemoglo‑
bin and red blood cell count) and retinal capil‑
lary flow, which may suggest a relationship be‑
tween rheological disturbances and impaired ret‑
inal blood flow.

It should be noted that available studies have 
previously documented the predominant role of 
hemorheological disturbances (increased hema‑
tocrit level and augmented blood viscosity) in 
the development of incident hypertension in pa‑
tients with PV.3,9

Additionally, a potential role of the renin
‑angiotensin system has been discussed. A re‑
cent study has shown an  overexpression of 

from the Glasgow Blood Pressure Clinic Cohort 
demonstrated that hematocrit predicted long
‑term mortality in hypertensive adults.3,4,7-9,17,35

In our previous study, we observed an associ‑
ation between hematocrit values and impaired 
heart systolic function, which suggested the di‑
rect relationship between PV and early changes 
in the cardiovascular system.15 Our analysis was 
based on the evaluation of strain parameters, in‑
cluding global, circumferential, and radial strain 
parameters and was compared with the control 
group. However, our evaluation of cardiac struc‑
ture demonstrated that there were no differenc‑
es in the left ventricular mass index between pa‑
tients with PV and those with EH.15 We also did 
not find relationship between hematocrit and 
plasma hemoglobin concentrations and subclin‑
ical vascular and renal damage.

It has also been postulated that high plate‑
let count and platelet functional abnormalities 
may be involved in the mechanisms underlying 
the microcirculatory disturbances in patients 
with PV.11

Figure 1�  Results of 
muscle sympathetic nerve 
activity (MSNA) in 
patients with essentials 
hypertension and 
polycythemia vera
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Figure 2�  Traces of 
muscle sympathetic nerve 
activity (MSNA; 
neurogram) and 
electrocardiography in 
a patient with 
polycythemia vera (A) 
and in a patient with 
essential hypertension (B) 
Abbreviations: BP, blood 
pressure; HR, heart rate
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the renin‑angiotensin system in the bone mar‑
row of patients with PV. This phenomenon may 
lead to hematopoietic progenitor cell stimulation, 
in addition to hypertension.10 However, since it 
was not the aim of our study, we were unable to 
document the role of the aforementioned mech‑
anism in the pathogenesis of hypertension in our 
group of patients with PV.

Our study has several limitations. Firstly, it 
included a small number of patients; however, 
it was comparable with other reports. Second‑
ly, the discussion in regard to the new poten‑
tial mechanism involved in the pathogenesis of 
hypertension in relation to blood parameters is 
rather speculative. Larger studies are needed also 
to clarify whether lower parameters of the activ‑
ity of the sympathetic nervous system may in‑
fluence the clinical outcome of these patients. 
Third, antihypertensive drugs may have affect‑
ed some of the variables under investigation 
(eg, β‑blockers may have affected sympathetic 
nervous system activity; diuretics, potassium 
level and the activity of the renin‑angiotensin
‑aldoterone system). However, the frequency 
of use of particular antihypertensive drugs was 
similar between PV and control patients. Fur‑
thermore, serum potassium concentration was 
within normal limits. Despite these limitations, 
our study is the first to characterize BP profile 
and clinical course of hypertension in patients 
with PV, sympathetic nervous system activity, 
and subclinical organ damage in the heart, ca‑
rotid arteries, and kidneys.

In summary, our study was the first attempt 
to assess the activity of the sympathetic nervous 
system in patients with PV. We have shown that 
an increased cardiovascular risk in patients with 
PV is not mediated by activation of the sympa‑
thetic nervous system. In fact, both MSNA and 
catecholamine levels were lower in patients with 
PV than in controls and this was expressed by de‑
creased BP variability and tendency toward slow‑
er HR. The baroreflex control of HR was not al‑
tered suggesting a selective impairment of sym‑
pathetic neural mechanisms with preserved para‑
sympathetic cardiovascular modulation. It may 
be hypothesized that dysregulated iron metab‑
olism and aberrant hypoxia signaling might di‑
minish tonic chemoreflex activation and contrib‑
ute to lower levels of sympathetic activity in pa‑
tients with PV.

A detailed clinical evaluation of patients with 
PV showed that hypertension, characterized by 
preserved dipping status, was generally well con‑
trolled both in office and on ABPM with a low 
median number of medications required for hy‑
pertension. Our study documented no relation‑
ship between rheological variables and subclin‑
ical target organ damage analyzed in patients 
with PV. Lastly, our data showed that patients 
with PV and a high hemoglobin plasma con‑
centration and hematocrit levels had a lower 
sympathetic nervous activity and decreased BP 
variability.
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