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Introduction

Myeloproliferative neoplasms (MPNs) are clonal 
hematopoietic stem-cell disorders characterized 
by sustained proliferation of one or more myeloid 
lineages. The expansion of mature blood cells 

contributes to a prothrombotic state and vascular 
complications related to the dominant cell type 
(1). When ineffective or immature progenitors 
predominate, progressive marrow fibrosis and 
peripheral cytopenias may occur as part of 
disease evolution (2). Excluding chronic myeloid 
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Objective: Chronic myeloproliferative neoplasms (MPNs) are associated with an increased risk of thrombosis, 
including involvement of the portosplenic venous system. Portal hypertension is usually considered a consequence 
of portal vein thrombosis. This study aimed to investigate whether portal venous pressure is increased at diagnosis 
in patients with newly diagnosed MPNs, before the development of portal vein thrombosis.

Material and Methods: This single-center, non-interventional prospective cohort study included 62 newly diagnosed 
patients with chronic MPNs and 30 healthy controls. All patients met the 2016 World Health Organization diagnostic 
criteria and had no conditions that could independently cause portal hypertension. On the day of diagnosis, portal 
venous Doppler ultrasonography was performed by the same operator. Portal vein diameter, portal vein flow 
velocity, and congestion index were measured. Statistical analyses were conducted using SPSS version 24.0. A p 
value <0.05 was considered statistically significant.

Results: The mean congestion index was significantly higher in the patient group compared with the control group 
(0.06±0.02 vs. 0.05±0.01, p=0.026). No statistically significant differences were observed between groups in terms 
of portal vein flow velocity, portal vein diameter, age, or sex distribution (p>0.05).

Conclusion: Patients with newly diagnosed chronic MPNs may have increased portal venous pressure at the time 
of diagnosis, even in the absence of portal vein thrombosis. Early assessment of portal venous hemodynamics may 
be useful for the management and follow-up of these patients.
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What this study adds? 
In this study, patients with newly diagnosed MPNs showed 
higher portal venous congestion index values compared 
to controls, despite the absence of portal vein thrombosis. 
These findings suggest that alterations in portal venous 
hemodynamics may be present at diagnosis; however, their 
clinical significance requires further investigation.

What is known on this subject? 
Chronic myeloproliferative neoplasms (MPNs) are associated 
with thrombotic complications, particularly involving the 
splanchnic venous system. Portal hypertension in these 
patients is most commonly linked to portal vein thrombosis. 
However, data regarding portal venous hemodynamics at the 
time of diagnosis, in the absence of thrombosis, are limited.
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leukemia (CML), which typically presents at older ages, the 
mean age at diagnosis for MPN occurs approximately during 
the sixth decade of life. A considerable proportion of patients 
are over 60 years old, and outcomes in this population are 
often influenced by comorbidities, reduced performance 
status, and age-related physiological decline (3).

MPN are traditionally classified into distinct clinical 
entities, including polycythemia vera (PV), essential 
thrombocythemia (ET), primary myelofibrosis (MF), CML, and 
other less well-defined subtypes (4). At the molecular level, the 
majority of classical MPNs are driven by mutations affecting 
key components of the Janus Kinase–Signal Transducer and 
Activator of Transcription (JAK–STAT) signaling pathway. The 
JAK2 V617F mutation represents the most prevalent driver 
alteration, whereas CALR and MPL mutations account for a 
substantial proportion of the remaining cases (5,6). 

Thrombotic complications constitute the principal 
source of morbidity and mortality in patients with MPN (7). 
Although arterial events are more frequently encountered, 
venous thromboses represent a substantial clinical burden 
and may involve atypical vascular territories, particularly 
the splanchnic circulation (8,9). MPNs are among the most 
commonly identified underlying disorders in patients 
presenting with Budd–Chiari syndrome or non-cirrhotic portal 
vein thrombosis (9).

MPNs may influence portal venous hemodynamics 
through several pathophysiological mechanisms even before 
the occurrence of overt thrombosis. Increased blood cell 
mass, particularly in PV and ET, leads to increased blood 
viscosity and altered rheological properties of the circulation. 
In addition, chronic inflammatory activation and endothelial 
dysfunction, associated with aberrant JAK–STAT signaling, 
may contribute to microvascular disturbances within the 
splanchnic circulation. Splenomegaly, which is frequently 
observed in patients with MPNs, may further modify portal 
venous inflow and intrahepatic vascular resistance. Together, 
these mechanisms may result in subtle alterations in portal 
venous pressure and flow dynamics that precede clinically 
detectable portal vein thrombosis (10).

Assessment of portal venous hemodynamics using Doppler 
ultrasonography has enabled the evaluation of non-invasive 
parameters that may reflect portal pressure. The congestion 
index, defined as the ratio of the cross-sectional area of the 
portal vein to mean blood flow velocity, has been proposed 
as a surrogate marker of portal venous pressure and has been 
shown to correlate with invasively measured portal pressure 
values (11). These findings suggest that the congestion index 
may reflect hemodynamic alterations within the portal 
venous system.

Although portal hypertension in patients with MPN 
is commonly attributed to portal vein thrombosis, the 
possibility that subtle hemodynamic alterations may precede 
overt thrombotic obstruction has not been clearly defined. 
It remains uncertain whether portal venous pressure is 
already increased at the time of diagnosis in patients without 
radiologically detectable thrombosis. The present study was 
designed to evaluate, using Doppler ultrasonography, portal 
venous hemodynamics at diagnosis in patients with newly 
identified MPN. By assessing parameters such as portal vein 
diameter, flow velocity, and congestion index, we aimed to 
determine whether early alterations in portal venous pressure 
could be detected before the development of portal vein 
thrombosis.

Material and Methods

This single-center, prospective, non-interventional cohort 
study investigated whether portal venous pressure is elevated 
at the time of diagnosis in patients with newly diagnosed 
MPN without portal vein thrombosis.

The study was carried out at the Hematology Outpatient 
Clinic of University of Health Sciences Türkiye, İstanbul 
Training and Research Hospital between March 2021 and 
December 2021. Patients were eligible if they were newly 
diagnosed with MPN according to the 2016 World Health 
Organization diagnostic criteria (12,13). Exclusion criteria 
included an age under 18 years, advanced right-sided heart 
failure, known chronic liver disease, portal vein thrombosis, 
Budd-Chiari syndrome, or any other condition that could 
independently cause portal hypertension. Initially, 73 patients 
were screened for eligibility. Eleven individuals were excluded 
due to comorbid conditions that could interfere with portal 
venous hemodynamic assessment. The final analysis included 
62 patients. The control group consisted of 30 healthy 
individuals comparable in age and sex, with no known 
hepatic, hematologic, or cardiovascular disease. All Doppler 
ultrasonographic examinations were performed on the day 
of diagnosis by a single experienced operator using the same 
ultrasound device to minimize interobserver variability. The 
following parameters were recorded: portal vein diameter 
(mm); portal vein flow velocity (cm/s); and the congestion 
index, calculated as the ratio of portal vein cross-sectional 
area (cm²) to mean flow velocity (cm/s). The primary outcome 
variable was the congestion index, which has been shown to 
correlate with portal venous pressure. 

The sample size was calculated a priori based on detecting 
a minimum expected difference in congestion index values 
between groups, with 80% statistical power and a two-sided 
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alpha level of 0.05. Based on the anticipated effect size derived 
from previous literature, a minimum of 30 patients per group 
was required. The final sample exceeded this minimum 
requirement. All participants provided written informed consent 
prior to enrollment. The study was approved by the University of 
Health Sciences Türkiye, İstanbul Training and Research Hospital 
Ethics Committee (decision number: 2780, date: 19.03.2021).

Statistical Analysis

Statistical analyses were performed using SPSS version 
24.0 (IBM Corp., Armonk, NY, USA). Continuous variables 
are reported as mean ± standard deviation, and categorical 
variables as frequencies with percentages. The normality of 
the data distribution was assessed using the Kolmogorov–
Smirnov test. For comparisons between the patient and 
control groups, the independent samples t-test was applied 
to normally distributed continuous variables, while the chi-
square test was used for categorical variables. Correlations 
between continuous parameters were evaluated using 
Pearson’s correlation coefficient. As baseline demographic 
characteristics were comparable between groups, no 
multivariable adjustment was considered necessary. All 
statistical tests were two-sided, and a p value <0.05 was 
accepted as statistically significant. 

Results

In our study, the patient group comprised 62 individuals 
(45 men and 17 women), and the control group comprised 30 
individuals (19 men and 11 women) (Table 1).

Among the patients, 54.8% were diagnosed with PV, 25.8% 
with ET, 3.2% with MF, 11.3% with CML, and 4.8% with an 
unclassifiable (undifferentiated) disease. 72.6% of the patients 
and 63.3% of the control group were male. There was no 
statistically significant association between group and sex 
(p>0.05) (Table 2).

The comparison of portal venous parameters between the 
patient and control groups is presented in Table 3. The mean 
congestion index was significantly higher in patients with MPN 
than in healthy controls (p=0.026). In contrast, no statistically 
significant differences were observed between the groups in 
portal vein flow velocity, portal vein diameter, or age.

Correlation analyses performed within the patient group 
revealed a moderate positive association between congestion 
index and portal vein diameter. In addition, JAK2 levels 
showed a moderate positive correlation with platelet count, 
whereas erythropoietin levels were inversely correlated 
with platelet count. Lactate dehydrogenase demonstrated a 
weak positive association with age and a moderate negative 
association with hemoglobin levels. Neutrophil and platelet 
counts were both negatively correlated with hemoglobin. 
Detailed correlation coefficients and significance levels are 
presented in Tables 4 and 5.

Discussion

In the present study, we demonstrated that patients 
with newly diagnosed MPNs exhibited a significantly 
higher congestion index at the time of diagnosis compared 
with healthy controls, despite the absence of portal vein 
thrombosis. This finding suggests that alterations in portal 
venous hemodynamics may already be present in the early 
phase of the disease. Thrombotic risk in MPNs is multifactorial 
and involves quantitative and qualitative abnormalities of 
blood cells, endothelial dysfunction, and chronic inflammatory 
activation mediated through aberrant JAK–STAT signaling (14). 
Although the incidence and pattern of thrombotic events 
vary among disease subtypes, vascular complications remain 
a major determinant of morbidity across the spectrum. In 
MF, the risk of thrombosis is increased but appears to be 
less pronounced compared with PV and ET (15). In contrast, 
thrombotic complications are considered one of the leading 
causes of morbidity and mortality in ET (16). Even in the 
absence of macroscopic thrombosis, these mechanisms may 
contribute to subtle changes in portal circulation by increasing 
blood viscosity, promoting microvascular dysfunction, or 
altering intrahepatic vascular resistance.	

Non-cirrhotic portal hypertension represents a 
heterogeneous clinical entity in which portal venous pressure 
increases in the absence of cirrhotic liver architecture (17). 
Prothrombotic conditions, including MPNs, have been 
implicated in its pathogenesis. In many reported cases, 
portal hypertension becomes clinically evident only after 
the development of portal vein thrombosis or complications 
such as ascites and variceal bleeding (18,19). Our findings 
suggest that portal venous hemodynamic alterations may 
precede these overt manifestations. In patients diagnosed 
with MF, the probability of developing portal hypertension 
ranges between 10–17% (20). In patients with ET, the rate of 
thrombosis has been reported to increase up to 24% during a 
27-month follow-up period (21). In a study conducted in our 

Table 1. Total number of patients and control group 
members included in the study

  n %

Group

Patient 62 67.4

Control 30 32.6

Overall 92 100.0
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country by Toros et al. (22), the relationship between portal 
hypertension and myeloproliferative diseases was investigated 
in 29 patients diagnosed with Philadelphia chromosome–
negative PV, ET, and PMF. Of these 29 patients, 20 were 
followed with a diagnosis of ET, 7 with PV, and 2 with PMF. All 
patients underwent portal venous Doppler ultrasonography 
and esophagogastroduodenoscopy. Portal hypertension 
was detected in 4 patients, 2 with PV, 1 with PMF, and 1 
with ET; however, no statistically significant association was 
established (p>0.05). In the same study, the congestion index 
was evaluated, with a median value of 0.11 cm × s. In our 
study, this value was 0.06 cm × s. A possible explanation for 
this difference is the presence of severe portal hypertension 
due to portal vein thrombosis and splenic thrombosis in 2 of 
the 29 patients. The mean portal vein diameter in their study 
was 10.2 mm, like that observed in our study (22).

Among the 62 patients with MPN included in our 
study, 54.8% were diagnosed with PV, 25.8% with ET, 3.2% 
with PMF, 11.3% with CML, and 4.8% with unclassifiable 
myeloproliferative disease. In a study by Georgii et al. (23), 
in which 2,901 bone marrow samples were retrospectively 
evaluated, 19.8% of patients had ET, 18.2% PV, 28.8% CML, 
and 12% unclassifiable myeloproliferative disease. In another 

study conducted by Chebrek et al. (24), the distribution was 
reported as 32% CML, 27% ET, 15% PMF, and 26% PV. In a study 
by Bari et al. (25), evaluating 380 patients with MPN in Northern 
Italy, 41% had ET, 30% PV, 20% PMF, and 8% had unclassifiable 
myeloproliferative disease. Although the results of studies in 
the literature vary, all studies were evaluated retrospectively. 
Our study included patients newly diagnosed with MPN, which 
may explain the lower percentage of PMF observed in the 
early period. Transformation to PMF can occur, particularly 
in PV and ET. In addition, although the annual incidence of 
ET has been reported as 1–2.5 per 100,000 (26), because life 
expectancy is normal, the true prevalence is thought to be 
9–24 per 100,000 (27).

In our cohort, male patients predominated, which may 
largely reflect the high proportion of PV cases. Previous 
studies have reported sex-related differences across MPN 
subtypes, with PV occurring more frequently in men, 
whereas ET is more commonly observed in women (23). The 
distribution observed in our study is therefore consistent 
with a predominance of PV in our patient population. The 
congestion index is defined as the ratio of the cross-sectional 
area of the portal vein (cm2) to blood flow velocity (cm/s). 
In portal hypertension, the congestion index has been 

Table 2. Distribution of patients included in the study according to disease subgroups and sex

  Patient Control
p value

n % n %

Diagnosis

PV 34 54.8 0 0.0  

ET 16 25.8 0 0.0  

MF 2 3.2 0 0.0  

CML 7 11.3 0 0.0  

Undifferentiated 3 4.8 0 0.0  

Sex
Male 45 72.6 19 63.3

0.508
Female 17 27.4 11 36.7

CML: Chronic myeloid leukemia, ET: essential thrombocythemia, MF: myelofibrosis, PV: Polycythemia vera

Table 3. Comparison of patient and control groups according to the parameters used in the study

n Average SD t p

Congestion index
Patient 62 0.0622 0.0197

-2.277 0.026
Control 30 0.0536 0.0141

Portal vein flow velocity (cm/s)
Patient 62 17.12 3.94

0.795 0.429
Control 30 16.47 3.01

Portal vein diameter (mm)
Patient 62 10.26 1.96

0.378 0.707
Control 30 10.10 1.63

Age
Patient 62 46.82 16.43

0.527 0.600
Control 30 44.87 17.24

SD: Standard deviation
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suggested to reflect the pathophysiological hemodynamics 
of the portal venous system. Previous Doppler studies have 
reported congestion index values in healthy individuals, 
typically ranging from approximately 0.04 to 0.10, reflecting 
the physiological variability of portal venous circulation. In 
our study, the values observed in both the control and MPN 
groups fall within the expected physiological range, although 
the significantly higher values in the MPN group may suggest 
subtle early alterations in portal venous hemodynamics (10). 
When we evaluated the congestion index in all MPN patients 

at the time of diagnosis, in the absence of thrombosis, we 
found it to be significantly higher than in the control group 
(p=0.026). This finding suggests that patients with MPN 
may already have increased portal venous pressure, which 
is one of the complications of the disease, at the time of 
diagnosis. Because the number of patients with certain MPN 
subtypes was limited in our cohort, meaningful subgroup 
comparisons between individual disease categories were 
not feasible. Future studies that include larger and more 
balanced patient populations may help clarify whether portal 

Table 4. Relationship between the findings detected in patients

Group-patients 1 2 3 4 5 6 7 8 9 10 11 12

Congestion index 1.000                      

JAK-2 levels 0.178 1.000                    

Portal vein flow 
velocity (cm/s)

0.036 0.021 1.000                  

Portal vein diameter 
(mm)

0.505 0.023 0.313 1.000                

Erythropoietin -0.156 0.015 -0.038 -0.181 1.000              

Age 0.052 0.172 -0.174 -0.077 -0.293 1.000            

Age at diagnosis 0.064 0.168 -0.187 -0.080 -0.249 0.988 1.000          

Lactate 
dehydrogenase

0.034 0.069 0.033 -0.080 -0.146 0.281 0.290 1.000        

White blood cell 0.161 0.070 0.034 -0.056 -0.117 0.010 0.047 0.402 1.000      

Neutrophil 0.166 0.146 0.046 -0.031 -0.141 -0.013 0.013 0.481 0.939 1.000    

Platelets 0.095 0.450 0.155 -0.143 -0.425 0.036 0.023 0.127 0.164 0.213 1.000  

Hemoglobin 0.146 -0.141 -0.190 0.136 -0.099 -0.122 -0.132 -0.431 -0.431 -0.391 -0.372 1.000

JAK-2: Januse Kinase-2

Table 5. Detailed values of the study parameters in the patient and control groups

 
	 Patient Control

Min. Max. Average SD Median Min. Max. Average SD Median

Congestion index 0.0130 0.0830 0.06 0.01 0.0515 0.029 0.117 0.05 0.02 0.0590

JAK-2 levels 0.00 60.00 6.57 15.33 0.00          

Portal vein flow velocity (cm/s) 10.00 35.00 17.12 3.94 17.00 11.00 24.00 16.47 3.01 16.00

Portal vein diameter (mm) 7.00 15.00 10.26 1.96 10.00 5.00 13.00 10.10 1.63 10.00

Erythropoietin 1.20 17.60 6.74 4.47 6.15          

Age 18.00 78.00 46.82 16.43 48.00 25.00 75.00 44.8 17.2 39.50

Age at diagnosis 18.00 78.00 45.27 16.58 44.50          

Lactate dehydrogenase 123.00 1322.00 303.69 235.34 230.00          

White blood cell 4330.0 387050.0 24,236.9 56,760.8 9230.0          

Neutrophil 2370.0 163360.0 14,120.0 28,817,7 5490.0          

Platelets 92.00 1837.00 421.29 328.48 271.00          

Hemoglobin 8.50 21.50 15.80 3.04 16.35          

JAK-2: Januse Kinase-2, SD: Standard deviation, Min.: Minimum, Max.: Maximum
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venous hemodynamic alterations differ among specific MPN 
subtypes, such as PV and ET.

Arterial and venous thrombosis are among the leading 
causes of mortality and morbidity in MPN, and atypically 
located thrombotic events are also common in this patient 
group. Our findings suggest that even in the absence of portal 
system thrombosis, patients with newly diagnosed MPN may 
already have increased portal venous pressure at the time of 
diagnosis (p=0.026). The mean age at diagnosis in our cohort 
was 46.8 years, indicating an earlier age at diagnosis compared 
with values reported in the literature. Sex distribution varied 
across disease subtypes, and the predominance of male 
patients in our study was primarily due to the high proportion 
of PV cases. PV constituted the majority of our cohort 
(54.8%), while ET accounted for 25.8. The relatively lower ET 
rate compared with that reported in the literature may be 
attributable to the frequently asymptomatic course of ET and 
to limitations in outpatient hematology referrals. 

The identification of increased congestion index values at 
the time of diagnosis may have important clinical implications. 
If portal venous hemodynamic alterations precede overt 
portal vein thrombosis, early Doppler assessment may 
contribute to risk stratification in patients with MPN. Detecting 
such subclinical changes might allow closer monitoring 
and potentially earlier intervention in individuals at higher 
vascular risk. Although the clinical consequences of mildly 
elevated congestion index values remain to be clarified, our 
findings suggest that portal circulation may be affected earlier 
in the disease course than previously recognized.

In our cohort, the difference in congestion index between 
patients and controls was modest in absolute terms; however, 
even small alterations in portal venous hemodynamics 
may reflect early pathophysiological changes in the portal 
circulation. The congestion index has been proposed as a non-
invasive indicator of portal venous pressure, and increases in 
this parameter may suggest subtle elevations in intrahepatic 
vascular resistance or alterations in portal venous inflow 
(10,11). Therefore, the slightly higher congestion index 
observed in patients with newly diagnosed MPNs may 
represent an early hemodynamic signal preceding clinically 
apparent portal hypertension or portal vein thrombosis. 
From a clinical perspective, the detection of such subclinical 
changes could be relevant for identifying patients who may 
benefit from closer surveillance of the portal venous system.

In the present study, multivariable adjustment was 
not performed. The primary comparison focused on 
newly diagnosed MPN patients and healthy controls with 
comparable baseline demographic characteristics; no 

statistically significant differences were observed between 
the groups in age or sex distribution. Portal vein diameter 
and flow velocity were similar between the groups. Given 
the relatively limited sample size and the exploratory nature 
of the study, multivariable modeling was not considered 
appropriate, as the inclusion of multiple covariates could lead 
to model instability. Nevertheless, future studies with larger 
cohorts may benefit from multivariable analyses to further 
explore potential independent determinants of alterations in 
portal venous hemodynamics in patients with MPN.

Study Limitations 

Several limitations should be acknowledged. First, this 
was a single-center study with a relatively small sample 
size, which may limit generalizability. Second, portal venous 
pressure was not measured invasively; instead, the congestion 
index derived from Doppler ultrasonography was used as a 
surrogate marker. Third, subgroup analyses according to 
individual MPN subtypes were not feasible due to the small 
number of patients in certain categories. Finally, portal 
venous parameters were assessed at a single time point at 
diagnosis, and longitudinal follow-up data were not available. 
Therefore, it remains unclear whether the observed increase 
in the congestion index persists over time or predicts future 
development of portal vein thrombosis or clinically significant 
portal hypertension. Longitudinal studies evaluating the 
evolution of portal venous hemodynamics during disease 
follow-up would provide valuable insights into the temporal 
relationship between MPN progression and portal circulation 
alterations.

Conclusion 

In conclusion, patients with newly diagnosed MPNs 
exhibited higher portal venous congestion index values 
compared to healthy controls, despite the absence of portal 
vein thrombosis. These findings suggest that alterations in 
portal venous hemodynamics may occur early in the disease 
course. However, the clinical relevance of these changes 
remains unclear, and further studies are needed to clarify 
their potential role in disease assessment and management.
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