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The spleen is a main lymphoid and blood purification organ which is in charge of storing and eliminating 
RBCs from the blood in addition to an antigen detection of the blood and antibody production. B-mode 
and enhanced Doppler ultrasonography can also contribute to splenic evaluation, status and powerful 
diagnosis. B-mode and Doppler ultrasound provide real time information on the vascular perfusion with 
hemodynamic aspects of the vessels. Using of Doppler ultrasonography in equine is limited to 
reproduction and no available literature about normal splenic blood flow indices in donkeys while there is 
available article studied Doppler ultrasound of splenic lesion vasculatures in equine. The aim of the 
present study was to record the normal indices of splenic blood flow in donkeys at its hilar portion using 
color Doppler. Splenic vessels located in intercostal space between 16th and 17th ribs 10-15 cm from 
dorsal midline. Conclusions: The normal splenic blood flow indices in donkeys were Splenic artery PI 
(1.31±0.034), RI (0.74±0.005), PSV (15.71±0.068), EDV (3.98±0.0.78), TAMV (9.46±0.223), S/D 
(4.08±0.063), Rate bpm (43.76±0.295) and Splenic artery cross section (7.837±0.037). 
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INTRODUCTION 

The spleen is a main lymphoid and blood 
purification organ which is in charge of storing and 
eliminating RBCs from the blood in addition to an 
antigen detection of the blood and antibody 
production (Brendolan et al., 2007). The 
spleenstatedas a large lymph node, except that it 
contains blood instead of lymph fluid and 
distributed into pulps (Chadburn, 2000). Each pulp 
is parallel to a single lymph node in the sense that 
it assistsin filtering the blood throughout spleen. 
There are manypulps in the spleen, but the 
number depends on the species of animal. It is 
lodged intraperitoneallyin the left cranial abdomen 
and is attached to the gastric greater curvature by 
the gastrosplenic ligament (Steiniger and Barth, 
2000). 

Doppler ultrasonography is being used for 

both color-flow and power-flow imaging and for 
spectrally displaying on a viewing screen the 
blood velocity at a target point in a vessel 
(Ginther, 2007; Miro et al., 2010). B-mode and 
enhanced Doppler ultrasonography can also 
contribute to splenic evaluation, status and 
powerful diagnosis. B-mode and Doppler 
ultrasound provide real time information on the 
vascular perfusion with hemodynamic aspects of 
the vessels which determines and evaluate blood 
flows that are impossibly detectable by traditional 
normal methods (Carvalho et al., 2013). Color and 
power Doppler ultrasonography used in dogs for 
characterization of splenic masses and 
differentiation between Benign and malignant 
splenic masses (Sharpley et al., 2012), and also 
used in human for evaluation of accessory 
spleens after splenectomy (Herneth et al., 2001).  
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Splenic blood flow evaluation was studied in 
dogs sedated with acepromazine or xylazine (Sutil 
et al., 2017) and not sedated (Maronezi et al., 
2017). Using of Doppler ultrasonography in 
equine is limited to reproduction and no available 
literature about normal splenic blood flow indices 
in donkeys while there is available article studied 
Doppler ultrasound of splenic lesion vasculatures 
in equine (Alsop et al.,2007). The aim of the 
present study was to record the normal indices of 
splenic blood flow in donkeys at its hilar portion 
using color Doppler. 
 
MATERIALS AND METHODS 

Animals and Doppler ultrasound examination 
Nine (9) adult apparently healthy donkeys of 

both sexes and aged from 2 to10 years weight 
belonged to the department of Surgery, 
Anesthesiology and Radiology, Faculty of 
Veterinary Medicine, Cairo University. Animals 
were maintained under normal conditions of 
feeding and management. The Doppler 
ultrasound examinations were done 7 times scans 
with 3 days interval. The examination was 
performed using color and pulsed wave Doppler 
with a linear probe (frequency 3.5) in longitudinal 
position. Splenic vessels located in intercostal 
space (ICS) between 16th and 17th ribs 10-15 cm 
from dorsal midline. 

The ultrasound scanner equipped with a linear 
probe (EXAGO, Echo Control Medical, and 
France) was used for examination of the spleen 
and splenic blood vessels as previously described 
by color and spectral modes. 

The settings of Doppler ultrasound: 
Frequency: 3.5 MHz           PRF: 3.3-5 kHz  
Doppler angle: 30 °-60 °     Power: Max (100%) 
Wall filter: medium              Sensitivity: medium 
Brightness: 70%          Color map: 2 (red and blue) 

Image analysis: 
Digital video recording will export from the 

hard disk of the ultrasound machine to a computer 
by digital data traveler. The good images of 
spleen structure with B-, color- and Pulsed- 
modes will be processed using image analysis 
software (Adobe PhotoShop software (1990–
2013, Adobe Systems) for further digital image 
analysis (Lüttgenau and Bollwein, 2014; 
Abdelnaby et al., 2016).Real-time B mode/color 
Doppler images were stored in the hard drive of 
the Doppler scanner then images and video clips 
were exported at the end of the experiment using 

a removable hard disk to a computer for blood 
flow area analyses of the spleen. 

 
Statistical analysis: 

Data has been presented as mean ± SEM 
(standard error of mean) using SPSS   software 
by comparing means using one way ANOVA. 
(SPSS, 2007). 
 
RESULTS 

Normal splenic blood flow measurements in 
donkeys 

The normal measured values of splenic blood 
flow Doppler indices pulsatility index(PI) and 
resistance index (RI)were recorded as 
(1.31±0.034 and0.74±0.005) respectively (Table 
1)(fig 1). 

 
Table (1). Mean (±SEM)  Normal splenic 

blood flow Doppler indices in donkeys 
throughout days of observation (n=9) as n is 

(number of donkeys) 

Days of  
observation 

Splenic  
artery PI 

Splenic 
artery RI 

1 1.37±0.016 0.78±0.005 

4 1.24±0.022 0.72±0.001 

7 1.09±0.025 0.70±0.003 

10 1.23±0.036 0.73±0.001 

13 1.51±0.031 0.76±0.006 

16 1.33±0.065 0.74±0.002 

19 1.42±0.041 0.72±0.003 

Average 1.31±0.034 0.74±0.005 

Normal splenic blood flow velocities wave 
form in donkeys 

The normal measured values of splenic blood 
flow Doppler peak systolic velocity (PSV),end 
diastolic velocity (EDV),time average maximum 
velocity (TAMV) and systolic /diastolic (S/D) were 
recorded as (15.71±0.068, 3.98±0.078, 
9.46±0.223 and4.08±0.063) respectively  (Table 
2) (fig 1). 

Normal rate/bpm and splenic artery cross-
sectional diameter in donkeys 

The normal measured values of rate /bpm and 
splenic artery cross-sectional diameter were 
recorded as (43.76±0.295 and7.837±0.037) 
respectively (Table 3) (fig 1).  
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Figure. (1) Ultrasonography showing the spleen location between 16th and 17th rib and 
demonstrate hilar portion of splenic artery (white arrow) (A), longitudinal section of the splenic 
blood vessels by color Doppler (B), cross-section of the splenic blood vessels by color Doppler 
(C) and splenic blood flow wave form by pulsed wave Doppler(D). 
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Table (2). Mean (± SEM) normal splenic artery PSV, EDV, TAMV and S/D  in donkeys  throughout 
days of observation (n=9) as n is (number of donkeys) 

Days of 
observation 

Splenic artery 
 PSV cm/sec 

Splenic artery  
EDV cm/sec 

Splenic artery 
 TAMV cm/sec 

Splenic 
artery S/D 

1 15.28±0.036 3.18±0.043 8.79±0.097 4.80±0.057 

4 16.00±0.087 4.17±0.039 9.53±0.197 3.84±0.016 

7 16.79±0.059 4.92±0.092 10.91±0.22 3.41±0.049 

10 15.90±0.026 4.20±0.032 9.54±0.302 3.78±0.023 

13 14.44±0.164 3.35±0.156 7.37±0.178 4.35±0.140 

16 15.45±0.031 3.91±0.131 9.65±0.313 4.71±0.135 

19 16.13±0.077 4.12±0.051 10.44±0.25 3.66±0.021 

Average 15.71±0.068 3.98±0.078 9.46±0.223 4.08±0.063 

 
 

Table (3). Mean (± SEM) normal rate/bpm and splenic artery cross-sectional diameter /mm  in 
donkeys  throughout days of observation (n=9) as n is (number of donkeys) 

Days before and 
 after operation 

Rate bpm 
Splenic artery  

cross-section diameter/mm 

1 40.98±0.18 7.15±0.002 

4 42.91±0.40 7.44±0.031 

7 44.81±0.29 8.27±0.094 

10 47.55±0.53 8.07±0.010 

13 43.24±0.11 8.15±0.008 

16 45.01±0.37 7.56±0.026 

19 41.82±0.16 8.21±0.088 

Average 43.76±0.295 7.837±0.037 

 
Table(4) : normal Doppler indices of the splenic artery in donkeys 

Doppler indices Normal value 

Splenic artery PI 1.31±0.034 

Splenic artery RI 0.74±0.005 

Splenic artery PSV cm/sec 15.71±0.068 

Splenic artery EDV cm/sec 3.98±0.078 

Splenic artery TAMV cm/sec 9.46±0.223 

Splenic artery S/D 4.08±0.063 

Rate bpm 43.76±0.295 

Splenic artery cross-section diameter/mm 7.837±0.037 

 
 
DISCUSSION  

Doppler sonography is one of the most 
important diagnostic tools for angiologists and 
vascular surgeons, and also for veterinarians with 
an interest in the vascular disease. The spleen is 
a highly vascular organ which receives blood from 
the splenic artery and drains into the portal 
venous system. The equine spleen is susceptible 
to many lesions which affect the splenic 
vasculature such as splenic neoplasms, infarction 
and rapture (Tanimoto et al., 1994; McGorum et 

al., 1996; Ringger et al., 1997; Southwood et al., 
2000; Garcia-Seeber et al., 2008; Muurlink et al., 
2008). 

Doppler ultrasonography in equine practice is 
mainly directed to gynaecological studies while no 
available literature about normal splenic blood 
flow in donkeys. There is limited articles recorded 
Doppler ultrasound of splenic lesion in equine 
(Alsop et al., 2007).  

Doppler ultrasonography is used in human to 
explore the role of color Doppler flow imaging in 
the visualization of spleen vessels and to define 
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its value for spleen micro-invasive operation (Xu 
et al., 2009) 

In the present work, splanchnic 
hemodynamics were analyzed using Doppler 
ultrasound in normal donkeys as Splenic 
resistance index (RI) and pulsatility index (PI). 
The resistance index (RI) is frequently used 
because it is convenient to mentally relate to the 
negative relationship between the extent of 
resistance in the tissues and the extent of 
vascular perfusion (the higher the resistance or 
RI, the lower the perfusion (Ginther, 
2004;Abdelnaby et al., 2016; Abo El-Maaty and 
Abdelnaby,2017; Abdelnaby and Abo El-
Maaty,2017). 

 The pulsatility index (PI) is also widely used; 
The (PI) is an expression of the extent of the 
difference between the PSV and EDV of the blood 
pulse in the vessel at the level of the arterial 
examination. Increasing the PI values indicate 
decreasing perfusion of the distal tissues. 

The normal splenic blood flow indices in 
donkeys were Splenic artery PI (1.31±0.034), RI 
(0.74±0.005), PSV (15.71±0.068), EDV 
(3.98±0.0.78), TAMV (9.46±0.223), S/D 
(4.08±0.063), Rate bpm (43.76±0.295) and 
Splenic artery cross section (7.837±0.037). 
According to our knowledge, it is the first record of 
blood flow indices of the splenic artery in donkeys. 

The results obtained from the current study 
will be helpful in diagnosis and evaluation of 
splenic lesions from the vascular origin as 
splenomegaly and heamngiosarcoma in addition 
to further studies will be performed by the authors 
(evaluation of partial splenectomy in donkeys) 

CONCLUSION 
The normal splenic blood flow indices in 

donkeys were Splenic artery PI(1.31±0.034), RI 
(0.74±0.005), PSV (15.71±0.068), EDV 
(3.98±0.0.78), TAMV (9.46±0.223), S/D 
(4.08±0.063), Rate bpm(43.76±0.295) and Splenic 
artery cross section (7.837±0.037). 
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