
CONCLUSION: Different anatomic frameworks of 
spleen vessels can be provided by preoperative CDFI, 
which instructs micro-invasive operation of spleen and 
increase the safety of operation.
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INTRODUCTION
Laparoscopic splenectomy (LS) can relieve refractory 
hematopathies and autoimmune diseases[1]. However, LS 
is performed safely and effectively only by surgeons who 
are familiar with the anatomy of  spleen vessels because 
it is vital to manage spleen pedicle successfully during 
LS[2-6].

With the advances in ultrasound techniques, color 
Doppler flow imaging (CDFI) has become one of  the 
major diagnostic methods for vascular diseases especially 
for localization of  target vessels. Furthermore, CDFI 
plays an important role in selecting the operational 
procedures for hematopathies[7]. In this study, the 
applicable anatomy of  spleen vessels was examined in 
detail by CDFI before operation on patients requiring 
splenectomy in order to explore the value of  CDFI in 
micro-invasive operation of  spleen.

MATERIALS AND METHODS
Patients
Thirty-six consecutive patients (21 males and 15 
females) with a mean age of  9.21 ± 4.06 years (range, 
1.5-25 years) were randomly selected from April 2005 
to May 2008. The indications for splenectomy were 
idiopathic thrombocytopenic purpura (n = 8), hereditary 
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Abstract
AIM: To explore the role of color Doppler flow imaging 
(CDFI) in visualization of spleen vessels and to define 
its value for spleen micro-invasive operation.

METHODS: A total of 36 patients requiring laparoscopic 
splenectomy (LS) for various hematopathies and 
autoimmune diseases were randomly selected from 
April 2005 to May 2008. Anatomic types of spleen 
pedicle, adjacent relations between spleen vessels and 
pancreas, diameters of spleen artery and vein were 
detected and recorded by preoperative CDFI. Different 
operative procedures were performed according to 
different anatomic frameworks. The parameters were 
recorded by telerecording during LS and compared with 
those by preoperative CDFI using Chi-square test.

RESULTS: Two anatomic types of spleen pedicle 
and four different adjacent relations between spleen 
vessels and pancreas were detected by CDFI. The 
diameters of spleen artery and vein detected by CDFI 
were 0.46 ± 0.09 cm and 0.85 ± 0.35 cm, respectively. 
There was no statistical difference between the 
parameters recorded by CDFI and by telerecording 
(χ2 = 0.250, 0.677, P  > 0.05). LS was successfully 
performed following the anatomic information provided 
by preoperative CDFI.
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spherocytosis (n = 19), portal hypertension and 
hypersplenia (n = 5), hemolytic anemia and hypersplenia 
(n = 3), and splenic neutropenia (n = 1). The study was 
approved by the institutional review board. All patients 
provided their informed consent. 

Examinations of CDFI
All patients were carefully examined by an experienced 
ultrasonic physician with HDI-5000 color Doppler 
ultrasonograph (Philips Corporation). C5-2 abdominal 
probes were used with a 3.5 MHZ mean frequency. 
Ultrasonic images were independently evaluated by one 
chief  physician with 15-year experience in abdominal 
vascular imaging.

Patients were placed in a supine or lateral decubitus 
position and kept their stomach empty for 6-8 h before 
examination. Anatomic type of  the spleen pedicle end, 
adjacent three-fourths of  the distal segments of  spleen 
vessels and pancreas, diameters of  spleen artery and vein 
were measured, classified and recorded.

Surgical procedures
Accessory spleens were resected according to the 
preoperative ultrasonic examination. After splenculus 
ligament was separated by ultrasound shear, retinula 
cavity was opened. The surgeon separated and ligated 
the trunk of  spleen artery directly if  CDFI showed 
that all or parts of  the segments of  spleen artery were 
located at the anterosuperior border of  pancreas or 
else, the surgeon separated the anadesma tissue around 
the pancreatic tail, then revealed and ligated the spleen 
artery if  CDFI showed that most spleen artery segments 
were located behind the pancreas. The spleen pedicle 
was revealed and ligated. If  the spleen pedicle was 
distributed, the surgeon cut off  the secondary vessels. 
However, the trunk of  spleen pedicle was cut off  
directly if  it was magistral. Finally, all ligaments around 
the spleen were cut off  and the whole spleen was 
resected. There were no intra-operative complications. 
Anatomic parameters of  spleen were recorded.

Comparisons
Imaging findings were used to assess the preoperative 
strategy and retrospectively compared with operative 
findings. 

Statistical analysis
The number and constituent ratio of  anatomic 
parameters recorded by preoperative CDFI were 
compared with those by intra-operative telerecording.  
P < 0.05 was considered statistically significant.

RESULTS
Imaging results of CDFI
By adopting cross section below left costal margin, 
CDFI detected four different adjacent relations 
between three-fourths of  the distal segments of  spleen 
vessels and pancreas and two anatomic types of  spleen 
pedicle end. The number and constituent ratio of  the 

different anatomic parameters are listed in Table 1. 
The appearance of  each anatomic parameter on CDFI 
was described and classified as types 1-4 (Figure 1A-D) 
and distributed and magistral types (Figure 2A-B). In 
type Ⅰ, the limpid spleen arterial blood stream signal 
was detected constantly in front of  the distal pancreatic 
body or tail and eventually the signal increased and 
distributed into spleen like a tree (Figure 1A). In type Ⅱ,  
the color blood stream signal put forth from the rear 
of  the pancreatic body passed by the pancreatic tail and 
went up or down to the hilum of  spleen (Figure 1B). In 
type Ⅲ, the blood stream signal was detected in front 
of  the pancreatic body and suddenly disappeared in 
the rear of  pancreatic tail (Figure 1C). In type Ⅳ, the 
obvious blood stream signal was not detected in front of  
pancreas although the probe was completely removed. 
Nevertheless, the vague color signal was found leading to 
spleen behind pancreas (Figure 1D). In distributed type, 
two or three color signals of  scattering blood stream 
were detected leading to the hilum of  spleen beside 
the pancreatic tail without signal of  main blood stream 
(Figure 2A). In magistral type, the limpid color signal of  
main blood stream led to the hilum of  spleen beside the 
pancreatic tail but the evident signal of  branches was 
hard to be detected (Figure 2B).

The diameters of  spleen artery and vein detected by 
CDFI were 0.46 ± 0.09 cm (range, 0.40-0.60 cm) and 
0.85 ± 0.35 cm (range, 0.50-1.60 cm), respectively.

Comparison of parameters recorded by preoperative 
CDFI and intra-operative telerecording
To compare the number and constituent ratio of  the 
parameters recorded by CDFI and telerecording during 
LS; there was no significant statistical difference between 
them (Table 1).

DISCUSSION
CDFI is the latest diagnostic technique for the detection 
of  heart and blood vessels without trauma by using 
Doppler principle combined with B model imaging 
and M model echocardiogram. Furthermore, CDFI 
can display the direction and relative velocity of  blood 
stream and provide temporal and spatial information of  
blood vessels[7]. With a higher sensitivity and accuracy of  

Anatomic parameters CDFI Intra-operative 
telerecording

  χ2    P

Anatomic types of the end of spleen vessels

   Distributed type 23 (63.9)       25 (69.4)
0.25 0.617

   Magistral type 13 (36.1)       11 (30.6)
Adjacent relationships between the distal three-fourths segments of 
spleen vessels and pancreas

   Type Ⅰ 16 (44.5)       17 (47.2)

0.677 0.879
   Type Ⅱ   8 (22.2)         6 (16.7)
   Type Ⅲ   5 (13.9)         4 (11.1)
   Type Ⅳ   7 (19.4)         9 (25.0)

Table 1  Comparison of parameters recorded by preoperative 
CDFI and intra-operative telerecording  n  (%)
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diagnosis, CDFI can display 2-dimentional blood stream 
images directly and quickly[7,8]. CDFI has been used to 
prospectively assess resectable carcinoma in the head of  

pancreas and peri-ampulla since it can detect the tumor 
and blood vessels around it[9-11]. 

The spleen artery originates from the celiac artery and 
is divided into a segment upon the pancreas, a segment 
in the pancreas, a segment in front of  the pancreas and a 
segment before the hilum of  the spleen. One-fourth of  
the sub-terminal spleen artery segment keeps away from 
the pancreas. On the contrary, three-fourths of  the distal 
pancreatic and spleen vessel segments are close to each[12-14]. 
In this study, the adjacent relations between spleen vessels 
and the pancreas were detected by preoperative CDFI. Four 
types of  segment were found on CDFI. In type Ⅰ, three-
fourths of  the distal segments walked along the superior 
border of  the pancreas constantly from celiac artery to 
hilum of  spleen. In type Ⅱ, two-fourths of  the middle 
segments were located behind or in the pancreas while one-
fourth of  the distal segments were located at the antero-
superior border of  the pancreas. In type Ⅲ, two-fourths 
of  the distal segments walked behind or in the pancreas. In  
type Ⅳ, three-fourths of  the distal segments were located 
behind or in the pancreas. Most adjacent relations belonged 
to type Ⅰ (approximately 45%), but the other types are 
consistent with those reported in the latest literature[13,14].

The anatomy of  the spleen artery can be divided 
into magistral type and distributed type according to 
Michels’ classification[15,16]. In this study, CDFI revealed 
that the anatomy of  the spleen pedicle could also be 
divided into magistral type and distributed type. About 
70% belonged to distributed type and 30% belonged 
to magistral type. The overall categorization accuracy 
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Figure 1  Sonogram and conceptual diagram of relationships between 
spleen vessels and pancreas. A: All spleen artery segments were located at 
the antero-superior border of pancreas (Type Ⅰ); B: One-fourth of the distal 
spleen artery segments were located at the antero-superior border of pancreas 
(Type Ⅱ); C: Two-fourths of the distal spleen artery segments were located 
behind or in the pancreas (Type Ⅲ); D: Three-fourths of the distal spleen artery 
segments were located behind or in the pancreas (Type Ⅳ).
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Figure 2  Sonogram and conceptual diagram of the spleen pedicle 
showing three isolated branches of spleen artery (A) (the distributed 
type) and the main stem of transparent spleen vessels (B) (the magisterial 
type).
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of  spleen arterial geography was perfect according to 
Michels’ classification.

Since hemorrhage is the major reason of  conversion 
during LS, which is closely related to trauma of  spleen 
pedicle and segment[17-20], operation can be performed 
safely and effectively if  the surgeon fully understands 
the anatomic information of  the spleen vessels[21]. In 
this study, the anatomic types of  spleen pedicle and the 
adjacent relations between spleen vessels and pancreas 
were detected by preoperative CDFI and compared 
with the actual anatomy during LS. The results showed 
that their constituent ratio had no significant statistical 
difference and the coincidence rate almost reached 92% 
(23/25), suggesting that preoperative CDFI provides 
significant anatomic information of  the spleen, thus 
operative procedures can be performed for type Ⅰ and 
type Ⅱ spleen artery segments, the trunk of  spleen artery 
can be ligated to control intra-operative hemorrhage and 
megalosplenia[5,22-24]. For type Ⅲ and type Ⅳ spleen artery 
segments, surgeons should elevate the anus perineum of  
spleen, separate anadesma tissue around the pancreatic tail 
and reveal the spleen pedicle.

In regard to the anatomic types of  spleen pedicle, 
CDFI may lead surgeons to hilar approach strategy, 
particularly during the learning curve time. Surgeons 
may use the vascular stapler to ligate the trunk of  
spleen pedicle directly when a magisterial type of  
vascularization is present, and use clips to separate and 
ligate the secondary vessels of  spleen pedicle when the 
distributed type is present, which prevents damage to the 
pancreatic tail and decreases the incidence rate of  spleen 
fever[25]. In addition, surgeons can judge the trunk or the 
branches of  spleen vessels to be ligated according to the 
diameters of  spleen vessels shown by CDFI.

In our study, CDFI was l imited to the body 
corresponded to the caudal extension of  the spleen, 
which prevented a complete assessment of  the remote 
spleen vessels.

Individual operation procedure can be formed 
according to the anatomic parameters of  spleen 
provided by preoperative CDFI which can increase the 
safety and shorten intra-operative hemorrhage rate. 
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