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Abstract
Objective: To determine the correlation between portal vein diameter and spleen size (craniocau-
dal). Methodology: The study was conducted at the University Ultrasound Clinic, The University 
of Lahore, Lahore Pakistan from 1st January to 1st July 2013. All the individuals who referred 
for abdominal sonographic examination, including male, female, older and younger were con-
veniently included in the study, voluntarily, irrespective of the disease state. Ultrasonographic 
measurements of the caudocranial length of the spleen and portal vein were carried out on all of 
the one thousand subjects. The subject position for spleen was supine or right posterior oblique 
during suspended inspiration and right anterior oblique position for portal vein diameter with 
quiet respiration. The correlation between the splenic length and portal vein diameter was 
evaluated. Result: A total of 1000 subjects; 36.9% females and 63.1% males aged from 4 to 79 
years. The mean splenic length was 10.29 ± 1.89 cm. The mean portal vein diameter was 10.27 
± 1.78 mm. A statistically significant correlation was found between the spleen size and portal 
vein diameter; the Pearson correlation was significant at the 0.01 level. Conclusion: Portal vein 
diameter is directly correlated to splenic caudocranial length. A regression formula was devel-
oped to measure the splenic length from the calculation of portal vein diameter. 
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moved, deep breathed, compressed and other provoca-
tive measures may be applied. Transducer approach 
could also be changed, more superficial access could be 
achieved from deeper access(4). Ultrasound is a multipla-
nar modality, multiple planes could be acquired instead 
of relying on a single plane(5). Therefore, the importance 
of ultrasound grows day by day with regard to the evalu-
ation of superficial musculoskeletal structures, nerves, 
and deep gynecological, obstetrical and abdominal struc-
tures(6). Sonography can easily differentiate abdominal 
structures like liver, gall bladder, pancreases, intestinal 
walls, abdominal vasculature and spleen, etc.(3) The nor-
mal texture of the spleen is very homogeneous, slightly 

Introduction

The left upper quadrant is most frequently assessed with 
sonography in patients with enlarged spleen or in the case 
of trauma(1). The advantages of sonography over other 
imaging modalities include: portability of the equipment, 
which allows the sonographer for rapid evaluation of the 
patient at the bedside, the non-invasive nature of ultra-
sound, negligible bioeffects, etc.(1) The rapid development 
and modernization of modalities is another great advan-
tage of ultrasonography(2). Apart from all other advan-
tages, the sonographic examination is interactive, real-
time and dynamic(3). Patients could easily be maneuvered, 
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more echogenic than the texture of the liver; therefore, 
pathology or blood collection secondary to a splenic rup-
ture is usually easily identified. We may also examine por-
tal vein status by means of sonography with regard to the 
portal vein diameter, hypertension, obstruction, thrombus 
and collaterals(3,7,8). 

The spleen is the largest single mass of lymphoid tissue 
and part of the reticuloendothelial system, it is located 
in the left upper quadrant of the abdomen, just below 
the diaphragm(9,10). In embryonic and early fetal life, 
it actively participates in blood formation (hemato-
poiesis), however, blood formation activity decreases 
gradually by the 5th to 6th month of pregnancy, when 
the spleen discontinues its hematopoietic activities 
and assumes its adult characteristics(11,12). The spleen 
plays a major role in the defensive mechanism of 
the body (reticuloendothelial system)(13). The spleen 
rarely become the primary site of disease however 
it is often affected by systemic disease processes(14). 
Sonographically, like hepatic parenchyma, the splenic 
parenchyma appears to have a fine uniform homoge-
neous mid to low-level echo-pattern(15). The texture of 
the spleen is actually considered to be more echogenic 
than the one of the liver(16). Like all other abdominal 
organs, the echogenicity of the spleen increases with 
development, maturation and enlargement(17,18). 

Portal vein (PV) is formed by the joining of superior 
mesenteric vein and splenic vein while forming porto-
-splenic confluence, posterior to the pancreas at the 
level of L2(19). Portal vein is located 5 to 7 cm from 
porto-splenic confluence to the bifurcation in right and 
left portal vein at porta-hepatis(20,21). The portal vein 
courses posteriorly to the first portion of the duodenum 
and then between the layers of the lesser omentum to 
the porta-hepatis. It bifurcates in the liver into its right 
and left portal veins and then successively bifurcates to 
give raise to its terminal branches in the hepatic sinu-
soids(20,22). Blood of the gastrointestinal tract, (from the 
lower end of the esophagus to the upper end of the anal 
canal), pancreas, gallbladder, bile ducts, and spleen is 
drained by the portal vein to the liver and finally to IVC 
through hepatic veins(10). The portal vein has an anasto-
mosis with the esophageal veins, rectal venous plexus, 
and superficial abdominal veins. The liver receives a 
dual blood supply from the portal vein and the hepatic 
artery(23). The portal triad contains branches of the por-
tal vein, hepatic artery, and bile duct. These structures 
are enclosed within a connective tissue sheath that 
gives the portal vein an echogenic wall appearance on 
sonography(24). 

The splenic vein is formed by the union of several veins at 
the splenic hilum. It is subsequently joined by the short 
gastric and left gastroepiploic veins(25). The splenic vein 
runs along the posteromedial border of the pancreas. It 
joins the superior mesenteric vein posterior to the neck 
of the pancreas to form the portal vein. Additional veins 
from the pancreas and inferior mesenteric vein drain 
into the splenic vein(10,26). The splenic vein drains blood 

from the stomach, spleen, and pancreas into the por-
tal vein(27). In the case of hepatic congestion, resistance 
occurs in the blood flow of portal vein and ultimately 
splenic vein(28,29). Pressure build-up in the portal vein due 
to the excessive amount of blood pooling which causes 
portal hypertension and ultimately increases in portal 
vein diameter(30). On the other hand, blood congestion in 
the spleen causes splenomegaly, therefore splenomegaly 
is correlated to portal vein diameter(31). Apart from the 
hepatic fibrosis and congestion, splenomegaly could 
be caused by a number of diseased conditions, suchas: 
hematologic disorder, Rheumatologic disorders, infec-
tious diseases, and infiltrative disorders(10). However, 
hepatic congestion is the most common cause of sple-
nomegaly and portal hypertension(28,32). Therefore, we 
observed that raises in Portal vein diameter increase the 
splenic caudocranial length at the same ratio. However, 
this research was intended to test the hypothesis of a cor-
relation between splenic caudocranial length and portal 
vein diameter.

Methodology

A cross-sectional analytical study was performed from 1st 
January 2013 to 1st July 2013, at the University Ultrasound 
Clinic, University of Lahore, Gilani Ultrasound Center 
Lahore, Pakistan, and Shah Doppler Ultrasound Clinic, 
Pubi (Peshawar), Pakistan. One thousand subjects were 
enrolled, with no limits as to the age, gender and dis-
ease restrictions, except for liver transplant and gastric 
varices. All the participants were enrolled in this study 
voluntarily, the procedure was explained to them and 
written informed consent was obtained. Pre-approval 
was obtained from the institutional review board (IRB) 
and the ethical committee of the University of Lahore. 
Toshiba (Xario) with Convex transducer frequency rang-
ing 3.0–6.0 MHz, having Color & Power Doppler and 
Tissue harmonics imaging facilities, Toshiba (Nemio-17) 
with Convex transducer frequency ranging 3.5–6.0 MHz, 
having Color & Power Doppler and Tissue harmonics 
imaging facilities, and Aloka (SSD 3500) with Convex 
transducer frequency 3.5 MHz, having Color & Power 
Doppler with Tissue harmonics facilities were applied. 
Data was collected during the allocated period. The 
spleen size was measured in the longitudinal plane 
while the patient was lying in supine or right posterior 
oblique position and scanned during suspended inspira-
tion. Portal vein measurement has been carried out in 
longitudinal section in supine and right anterior oblique 
position. The portal vein diameter was measured in quiet 
respiration at porta hepatis (near Porta hepatis). The 
diameter was measured by putting the two cursors in 
the lumen of the portal vein; the walls of the portal vein 
were excluded from the measurement.

Statistical Package for the Social Sciences (SPSS) version 
24 (SPSS 24, IBM, Armonk, Ny, United States of America) 
software was used for the evaluation of data and forma-
tion of graphs. The results were summarized in the form 
of graphs, tables, and charts. Descriptive data is explained 
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Portal vein diameter could easily be calculated from the 
above equation simply by adding the value of Caudocranial 
length of the spleen.

Example: If the spleen caudocranial length is 10.0 cm, 
then the PV diameter will be calculated as follows: 0.737 
+ 0.927 × 10 = 10.0 mm

It is obvious that portal vein diameter increases with an increase 
in splenic size as shown in a series of ultrasound images (Fig. 2, 
Fig. 3).

Discussion 

It was an analytical study; the purpose of this research work 
was to sonographically assess the relationship between 
spleen craniocaudal length and portal vein diameter that 
has been observed frequently in ultrasound practice. Real-
time sonography is the most accurate and reliable method 
of assessing the portal vein diameter. Ultrasound is fre-
quently used to examine the spleen to assess its size and 
texture, it is an easy and non-invasive technique and can 
be used safely at any age. Studies have proved the high reli-
ability and accuracy of ultrasound in the measurement of 
the diameter of the portal vein and size of the spleen. The 
size may inform on the diagnosis and prognosis of disease 
courses, while the portal vein diameter is useful in evaluat-
ing splenic-portal conditions as shown in a series of ultra-
sound Fig. 2, Fig. 3, Fig. 4.

A study by Rosenberg et al. was carried out to determine 
the clinical significance of splenic size(33). The authors 
found that a simple measurement of splenic length served 
as a guide to spleen size. The authors proposed the upper 
normal limit of splenic length at 12 cm for girls aged 15 or 
older and at 13 cm for boys aged 15 or older; in another 
study performed by Dittrich et al., it was observed that 
there was an approximately linear increase in spleen size, 
as measured on sonography, in the course of development 
in the pediatric population and that spleen size correlated 
best with the body height(34). Konus et al. conducted a 
study on the pediatric population of 307 subjects and they 

in the form of frequency, mean and standard deviation. 
The data was analyzed via Pearson correlation and linear 
regression analysis. 

Results 

A total of 1000 patient, 369 (36.9%) female and 631 
(63.1%) male participants were included in the study. 
Patients’ ages ranged between 4 and 79 years with the 
mean of 32.92±16.8, and the rest of descriptive measure-
ments are specified in table 1. A statistically strong cor-
relation was found between the caudocranial length of 
the spleen and portal vein diameter with P-value (0.000), 
the correlation was significant at less than 0.01 level and 
R-value (0.98), which is near to 1, represents a strong 
positive relationship (Tab. 2, Fig. 1). Regression between 
Splenic caudocranial length and portal vein diameter 
was calculated at 95% confidence interval, the values 
of coefficients, intercept and slope (alpha and beta) and 
standard deviations with upper and lower limits are pre-
sented in Tab. 3.

The formula for the calculation of portal vein diameter:

To calculate portal vein diameter from the measurement 
of splenic caudocranial length, the following formula is 
derived from a simple regression modal as shown in Tab. 3, 
Fig. 1.

Y = ᾳ + ßX     (1)

where “y” represents portal vein diameter and “x” repre-
sents Splenic craniocaudal length, whereas “ᾳ” is intercept 
0.737 and “ß” slope is 0.927.

When putting these values in equation 1, the following 
equation will be obtained.

Portal vein diameter in mm =  
0.737 + 0.927 × Caudocranial length  

of the spleen     (2)

Variable N Range Minimum Maximum Mean Standard 
deviation

Standard  
error

Age in years 1000 75.00 4.00 79.00 32.5600 16.80 1.680
Spleen size (cm) 1000 10.16 6.84 17.00 10.2918 1.8908 0.18
Portal vein (mm) 1000 9.20 6.80 16.00 10.2759 1.7875 0.17

Tab. 1.  Age, Spleen caudocranial length, and portal vein diameter

Variables Correlation Spleen  
in cm

Portal vein  
in mm

Spleen size  
in cm

Pearson  
correlation 1 0.990**

Sig. (2-tailed) 0.000
Number  

of subjects 8 8

** Correlation is significant at the 0.01 level (2-tailed).

Tab. 2.  Correlations between spleen size and portal vein diameter

Model

Unstandardized 
coefficients

Standardized 
coefficients t Sig

B Std. 
Error Beta

1 (Constant) 0.737 0.197 3.742 0.000
Spleen 0.927 0.19 0.980 49.199 0.000

a. Dependent variable: portal vein

Tab. 3.  Coefficients for the regression model of splenic size and por-
tal vein diameter
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than 11 cm, a width (transverse dimension) of less than 
7 cm, and a thickness of less than 5 cm(36). Niederau et al. 
studied 915 healthy subjects using sonography and deter-
mine the mean longitudinal and transverse diameters of 
the spleen to be 5.8 ± 1.8 cm and 5.5 ± 1.4 cm, respec-
tively. These dimensions are much smaller than those 
obtained in other studies, as the authors did not measure 
the maximal length of the spleen as authors did in other 
studies, but rather the true superior to inferior length. This 
study further found that spleen size correlated poorly with 
height in the general population(37,38). To determine normal 
spleen dimensions, Hosey RG, et al. conducted a study in 
2006, in British journal of sports(11). For this purpose, they 
recruited 631 athletes from the Division I university. It 
was observed that the mean spleen length was 10.65 cm 
and mean width equaled to 5.16 cm. They correlated the 
size of the spleen of men with the spleens in women and 
found a significant correlation of spleen size with gender. 
Men had larger spleens than women had. They further 
determine the correlation of white-American with African-
American individuals. There was also a significant cor-
relation among the spleen size of the white individual 
and African individuals. White-American population had 
significantly larger spleens than African-American sub-
jects had. Baik and Kim, published their work in 2018, to 

found that height is correlated best with spleen length(35). 
In a study on adults, Frank et al. used conventional sonog-
raphy to evaluate 793 healthy subjects (17–82 years) and 
found that 95% of patients had a splenic length of less 

Fig. 1.  Scatterplot shows correlation of spleen size in (cm), portal 
vein diameter in (mm)

Fig. 2.  Spleen size = 15.24 cm, portal vein diameter = 15.2 mm

Fig. 3.  Spleen size = 10.01 cm, portal vein diameter = 11 mm 

Fig. 4.  Spleen size = 8.64 cm, portal vein diameter = 8.7 mm

Fig. 5.  Spleen size = 6.84 cm, portal vein diameter = 6.8 mm
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was 12.67 cm and 15.367 cm in participant with varices. 
There was 92.72 % sensitivity and 90 % specificity for the 
portal vein diameter of 12.25 mm, and 94.5 % sensitivity, 
75% specificity for the spleen size of 13.9 cm, to predict 
gastro-esophageal varices. Our hypothesis was based on 
the concept of splenic length increase with an increase 
in portal vein diameter, the relation is shown in the scat-
terplot (Fig. 1). We observed similar results as obtained 
in previous studies, howeverwe correlated splenic size 
with portal vein diameter as shown in a series of figures 
(Fig. 2, Fig. 3, Fig. 4, Fig. 5). As there was a linear cor-
relation between portal vein diameter and splenic length, 
therefore we present a logistic regression model and an 
example for elaboration (Formula in results). 

Conclusion

Portal vein diameter and splenic craniocaudal length are 
linearly correlated. An increase in the spleen size may 
linearly predict an increase in the portal vein diameter 
in the case of chronic liver parenchymal disease (liver 
congestion).
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determine the role of Doppler ultrasound in the diagnosis 
of chronic liver parenchymal disease.10 Various factors, 
including the liver size, liver surface nodularity, spleen 
length, and splenic vein respiratory variation and portal 
vein blood flow velocity, showed a diagnostic accuracy 
ranging from 73% for the diagnosis of significant fibrosis, 
to 84% for severe fibrosis(39). 

To determine the clinical application of ultrasound, 
O’Donohue et al. conducted a study on 45 patients with 
chronic liver parenchymal disease and 49 healthy indi-
viduals(9). They established a normal reference value for 
spleen size and portal vein diameter from the normal 
controls. The mean spleen size was 10.7 cm in normal, 
it was significantly associated with height and weight but 
not with body mass and age. In male patients, spleen was 
significantly larger than in female patients. The mean por-
tal vein diameter was 9.6 mm. The mean spleen size was 
16.0 cm in patients with chronic liver parenchymal dis-
ease, which is significantly larger than in normal individ-
uals. The mean portal vein diameter in cirrhotic patients 
with standard deviation was 10.8 mm. They concluded 
that spleen size and portal vein diameter increase with 
liver congestion. Subash Bhattarai, et al. observed 150 
patients with chronic liver parenchymal disease, to deter-
mine the role of portal vein diameter and spleen size in the 
prognosis of gastroesophageal varices(40). They observed 
mean portal vein diameter to be 10.800 mm in patients 
who do not suffer from varices, and 13.731 mm in patients 
with varices. Mean spleen size of patients with no varices 
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