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1. Abstract

2. Introduction

Thrombocytopenia is a common sequela of chemotherapy treatment
of many non-hematologic malignancies. Severe thrombocytopenia
may necessitate halting chemotherapy or lead to hemorrhagic complications that impact patient morbidity and mortality. Partial Splenic
Embolization (PSE) has been shown to be effective at improving
platelet counts in appropriately selected patients and allowing for the
resumption of chemotherapy. Many patients develop a sustained response to PSE, while thrombocytopenia recurs in others. Post-embolization syndrome is the most common complication of PSE and
is characterized by fever, pain and nausea/vomiting. The incidence
of complications increases with the percentage of splenic volume
embolized. The purpose of this review is to summarize the current
literature regarding the use of PSE to reduce thrombocytopenia in
cancer patients and to highlight techniques and complications.

Cancer patients with hypersplenism-related thrombocytopenia have
limited options. Platelet transfusions are often ineffective at maintaining sufficient levels to allow for continued treatment and delays
in therapy are not uncommon [1, 2]. Cessation or dose reduction
of chemotherapy may be detrimental to the long-term outcome of
patients with malignancy which is otherwise responsive to chemotherapy. Although total splenectomy may be effective, the operative
risks are often prohibitive in this fragile patient population [3]. Two
thrombopoietin growth factors, eltrombopag and romiplostim, are
under investigation for chemotherapy-induced thrombocytopenia,
but neither have been approved to date [4].

Key Points
• Partial splenic embolization is an effective procedure in the treatment of thrombocytopenia in cancer patients, allowing the resumption of chemotherapy in the majority of patients.
• A wide variety of techniques are effective in performing partial
splenic embolization procedures.
• Post-embolization syndrome symptoms including abdominal pain,
fever, and nausea are common after partial splenic embolization in
cancer patients.
• Partial splenic embolization is a safe procedure with a low incidence
of major complications.

Partial splenic embolization (PSE) for the treatment of hypersplenism was first described in 1979 by Spigos et al using absorbable gelatin sponge suspended in an antibiotic solution of penicillin G and
gentamicin [5]. In 1982 Lokich and Costello described the use of
splenic embolization in two patients with severe thrombocytopenia
precluding further treatment with chemotherapy [6]. Since that time,
PSE has been reported in many studies in patients with thrombocytopenia related to cirrhosis and hypersplenism secondary to portal
hypertension. Several studies reporting outcomes of PSE in series of
cancer patients with thrombocytopenia have also been reported. The
purpose of this review is to summarize the current literature of PSE
and its utility in cancer patients with thrombocytopenia.

3. Etiology of Hypersplenism-Associated Thrombocytopenia
The spleen is a complex organ which can be conceptually divided into
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two compartments: the blood-rich red pulp and the lymphoid containing white pulp. The red pulp of the spleen serves an important
role in the filtration of cellular debris, pathogens and aging erythrocytes from the blood by abundant macrophages [7]. The white pulp
of the spleen provides an organized lymphoid compartment, which
is critical to antibacterial and antifungal immune responses within the
bloodstream7. Although the pathogenesis of thrombocytopenia in
patients with portal hypertension is multifactorial, platelet sequestration secondary to splenomegaly has been implicated as a contributing
factor to the reduction of circulating red blood cells, leukocytes as
well as platelets [8].
Thrombocytopenia is frequently encountered in patients receiving
chemotherapy for the treatment of solid organ malignancies, particularly in those receiving regimens with oxaliplatin [9, 10]. Oxaliplatin,
which is commonly utilized in the treatment of colorectal cancer as
well as other malignancies of the ovary, breast and liver, is associated
with the development of thrombocytopenia in up to 70% of patients [11]. Chemotherapy-induced bone marrow suppression is often implicated as the primary cause of thrombocytopenia. However,
hepatic sinusoidal injury leading to portal hypertension and splenic
sequestration as well as a reduction in thrombopoietin production is
increasingly recognized [12].

4. Clinical Studies
The majority of published series describing PSE involve cirrhotic
patients with thrombocytopenia. An electronic search of PubMed
(Medline) yielded a total of seven publications describing experience
with partial splenic embolization for the treatment of thrombocytopenia in cancer patients, the majority of which were retrospective
reviews (Table 1). The search terms used included “splenic embolization”, “thrombocytopenia” and “cancer.” All series including greater
than three patients and published in the last 30 years were reviewed
and included for analysis. Mean platelet volume prior to PSE and
after PSE was recorded if provided. Ability to restart chemotherapy
after PSE and days to re-initiation of chemotherapy was also evaluated if provided. The frequency of post-embolization syndrome, mean
hospitalization days and incidence of major complications were also
evaluated if available.

5. Technique
Partial splenic embolization may be performed via transfemoral or
transradial artery access [13, 14]. Transradial artery access for interventions below the diaphragm has become increasingly popular as it
does not require bedrest, is associated with reduced operator radiation exposure and increased patient satisfaction when compared to
transfemoral artery access [15, 16]. Furthermore, transradial artery
access for visceral angiography has been shown to be safe in patients with thrombocytopenia and may reduce the need for platelet
transfusion prior to intervention [17]. The celiac artery may be easily
catheterized with a wide variety of 4- or 5-French catheters. Celiac
angiography allows for evaluation of the splenic artery as well as
visceral anastomoses, which may provide important collateral supply

to the spleen including the dorsal pancreatic, pancreatica magna, left
gastric and gastroepiploic arteries.
Spigos et al first reported partial splenic embolization in the treatment of hypersplenism using absorbable gelatin sponge suspended
in an antibiotic solution of penicillin G and gentamicin [11]. Approximately 60-90% of the splenic parenchyma was embolized in the
six cases reported by Spigos et al. Although angiographic techniques
have evolved with improved imaging technology and a greater availability of catheters and embolic materials, the endpoints and method
of embolization in contemporary practices remains similar. We performed a review of the English language literature for PSE in the
treatment of thrombocytopenia in cancer patients and included all
retrospective and prospective series (Table 1).
PSE is typically performed using particulates such as absorbable gelatin sponge or microspheres. The percentage of splenic parenchyma
embolized is typically subjectively assessed by the operator using intermittent digital subtraction angiography. Hill et al and Kauffman
et al, both retrospective reviews, reported the use of gelatin sponge
suspended in gentamicin solution for embolization, a technique that
accounts for the majority of patients reported [18, 19]. Kauffman
et al reported a wider range of percentage splenic parenchyma embolized of 25-80%, while Hill et al reported a target of 50-75% as
determined by intermittent digital subtraction angiography. Luz et al
presents the only prospective series of cancer patients treated with
PSE for thrombocytopenia in which embolization was performed using 100-300-micron polyvinyl alcohol microspheres mixed with gentamicin targeting 50-70% of the splenic parenchyma [20]. Passhak
et al reported embolization using particles ranging in size from 300
to 700 microns targeting 50% of the splenic parenchyma [21]. Similarly Kis et al reported embolization using 300-500-micron tris-acryl
gelatin microspheres targeting a 50-60% of splenic parenchyma [22].
As in PSE performed in patients with cirrhosis and hypersplenism,
distal splenic artery embolization with selective targeting of lower
pole branches is preferred to reduce risk of significant post-procedural pain, subdiaphragmatic abscess and thoracic complications
such as lung atelectasis and pleural effusion [23]. While embolizations reported by Luz et al and Kis et al were performed specifically
targeting lower pole branches of the spleen, Passhak et al reported
embolization was performed more proximally from the splenic artery just distal to the origin of the major pancreatic branches [20-22].
Alternatives to particulate embolization for use in PSE in cancer patients have also been reported. Bhatia et al retrospectively reviewed a
series of 13 patients with chemotherapy-induced thrombocytopenia
treated with proximal splenic artery occlusion using platinum coils
without particulate embolization [24]. Loffroy et al retrospectively
reviewed a series of 8 patients with chemotherapy-induced thrombocytopenia and hypersplenism treated with PSE using a liquid glue
embolic agent, N-butyl cyanoacrylate-methacryloxy sulfolane, mixed
with ethiodol [25]. In these patients, occlusion of splenic artery lower
pole branches was achieved after microcatheter selection of appropriate branches.
2
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Table 1: Partial splenic embolization study demographics
Author/Year

Country

Study type

Extent of
Number of
splenic ischemia
patients
targeted

Embolic used for PSE

Mean platelet count prior to
PSE

Retrospective
review
Retrospective
review
Retrospective
review

13

N/A

Platinum coils

88 x 109/L

98

50-75%

Gelatin sponge

61 x 109/L

28

25-80%

USA

Retrosepctive

35

50-60%

Loffroy R/ 2019

France

Retrospective
review

8

50-70%

N-butyl cyanoacrylatemethacyloxy sulfolane
glue and ethiodol

74 x 109/L

Luz JHM/ 2016

Brazil

33

50-70%

100-300 um polyvinyl
alcohol microspheres

69 x 109/L

Passhak M/ 2018

Israel

10

50%

300-700 um microspheres

64.6 x 109/L

Bhatia SS/ 2015

USA

Hill A/ 2020

USA

Kauffman CR /
2008

USA

Kis B / 2020

Nonrandomized
prospective study
Retrospective
review

6. Clinical Outcomes
Clinical outcomes from available studies are summarized in Table 2.
Comparison of outcomes between studies is limited as studies reported on a variety of measurable outcomes. All studies reported a
mean platelet count prior to embolization; however, one study did
not report mean platelet counts after PSE. Mean platelet count prior
to PSE ranged from 64.6 x 109/L to 81 x 109/L, while mean reported platelet count after the procedure ranged from 188 x 109/L to 293
x 109/L after PSE. The mean pooled platelet count prior to PSE was
73 x 109/L, while the platelet count after PSE was 230 x 109/L, with

Gelatin sponge or
microspheres
300-500 um tris-acryl
gelatin microspheres

81 x 109/L
65.7 x 109/L

an increase of 158 x 109/L in mean platelet count across all studies
which reported an average platelet count after embolization. Instead
of reporting mean platelet counts after embolization, Hill et al stratified patients based on degree of response, ranging from complete responders who achieved platelet counts greater than 100 x 109/L and
did not develop recurrent thrombocytopenia below this threshold,
partial responders who achieved platelet counts above this threshold
transiently, and non-responders who were unable to achieve platelet
counts above 100 x 109/L19. Three patients in that study had PSE
to increase platelet counts prior to surgery. Re-initiation of chemotherapy was successfully achieved after PSE in 97% of the remaining
patients in that study.

Table 2: Partial splenic embolization study outcomes and complications
Author/Year
Bhatia SS/
2015
Hill A/ 2020
Kauffman CR
/ 2008
Kis B / 2020
Loffroy R/
2019
Luz JHM/
2016
Passhak
M/2018

Mean peak
platelet count
after PSE

Frequency
of postembolization
syndrome

Major
complications

Mean
hospitalization
days

Restarted
chemotherapy
after PSE*

Days to
chemotherapy
re-initiation
after PSE

209 x 109/L

8%

0%

0.1

100%

22

Not reported

Not reported

8%

Not reported

97%

25

293 x 109/L

100%

Not reported

4.5

96%

32

221 x 109/L

92%

44%

2.6

Not reported

Not reported

272 x 109/L

100%

0%

1

100%

Not reported

188 x 109/L

Not reported

0%

Not reported

100%

14

224 x 109/L

10%

0%

2.5

100%

18

*The percentage of patients for whom the goal was to resume chemotherapy is reported.

Furthermore, chemotherapy was successfully resumed in 96-100%
of patients after PSE across all studies in whom the goal was to
resume treatment. Mean time to re-initiation of chemotherapy after
PSE ranged from 14 to 32 days. The mean pooled time to resumption of chemotherapy across all studies was 23.5 days. The overall
pooled success rate in resumption of chemotherapy across all studies

was 97.7% in patients in whom PSE was performed to allow for resumption of chemotherapy. Two studies did not report the ability to
resume chemotherapy after PSE and primarily discussed the impact
of PSE on mean platelet count over time. The overall success rate of
the procedure at achieving the desired clinical outcome was similar
across the different studies reviewed.
3
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PSE resulted in a durable improvement in platelet count in the majority of patients in studies where the long-term impact on thrombocytopenia was evaluated. Bhatia et al reported a mean platelet count
of 152 x 109/L at a mean long-term follow-up of 9.2 months, increased from a mean pre-PSE platelet count of 88 x 109/L24. Hill
et al reported that 64% of patients who survived greater than 12
months after PSE maintained a platelet count greater than 100 x
109/L, increased from an average pre-PAE platelet count of 74 x
109/L in that subset of patients19. Kis et al reported a mean platelet count of 174 x 109/L in patients who survived greater than 12
months after PSE22.

7. Peri-Procedural Care
The use of pre-procedural or post-procedural antibiotics for patients
undergoing PSE varies by institution and a variety of protocols are
reported. Practice parameters endorsed by the Society of Interventional Radiology, the Cardiovascular and Interventional Radiological
Society of Europe and the Canadian Society of Interventional Radiology, recommend routine antibiotic prophylaxis if greater than 70%
of splenic parenchyma is embolized, but provide no expert consensus on the first-choice antibiotic regimen26. A variety of suggested
regimens are suggested, many of which recommend post-procedure
intravenous or oral antibiotics for five days after the procedure [26].
Kauffman et al and Hill et al described the use of absorbable gelatin sponge mixed with gentamicin antibiotic solution similar to the
technique described in the original PSE series reported by Spigos et
al [11, 18, 19]. Pre-procedure and post-procedure antibiotics were
not routinely administered. All patients treated by Passhak et al received pre-procedure intravenous antibiotics, but were not routinely
prescribed post-procedure antibiotics [21]. Patients treated by Luz
et al and Loffroy et al were routinely prescribed post-procedure oral
antibiotics for 7-10 days [20, 25]. Patients treated by Kis et al also
routinely received intravenous antibiotics and were transitioned to
oral antibiotics upon discharge for a total of 7 days [22].
Vaccination against encapsulated pathogens such as Pneumococcus,
Haemophilus influenza and Meningococcus is also variable. Bhatia
et al and Loffroy et al reported pre-procedural vaccination for all
patients, while Hill et al reported vaccination at time of discharge
after PSE [19, 24, 25]. Kis et al reported pre-procedural pneumococcoal vaccination for all non-immunized patients [22]. The need
for prophylactic vaccination after splenic artery embolization is
unknown and was not routinely practiced in several series of patients treated with splenic embolization for other indications such
as trauma, thrombocytopenia due to cirrhosis, aneurysm and gastric
variceal hemorrhage [27-30].
Patients are commonly admitted after PSE for overnight observation and pain management. In patients treated with proximal splenic
artery occlusion using platinum coils, all but one out of 13 patients
were successfully discharged home the day of the procedure [24].
Although this low incidence of significant post-procedural pain after PSE is desirable, coil embolization may preclude future splenic

embolization procedures if thrombocytopenia recurs. Length of
reported hospitalization in patients treated with particulate splenic
embolization ranged from 1 day to 23 days with mean hospitalization
varying from 1 day to 4.5 days (Table 2).

8. Complications
Post-embolization syndrome, which consists of fever, nausea and/
or left upper quadrant pain, was commonly reported after PSE in
cancer patients, occurring in up to 100% of patients in some series
[18, 25]. Even in patients treated with proximal splenic artery coil
embolization who were routinely discharged home the day of the
procedure, post-procedure abdominal pain was reported in 46% of
cases [24]. Although Passhak et al reported only one case of post-embolization syndrome (fever and abdominal pain) in their series of
10 patients, post-procedure abdominal pain occurred in all patients,
reflecting the varied interpretation in the definition of post-embolization syndrome by different operators and authors [21]. Kis et al
reported varying degrees of abdominal pain in 92% of all patients
who underwent PSE22. Moderate and severe pain was less frequent
in patients treated with celiac plexus neurolysis (18.5% vs 92%) [22].
Other complications were infrequent including superior mesenteric
vein thrombosis in one patient with prolonged hospitalization, focal
pancreatitis, asymptomatic non-occlusive splenoportal thrombosis,
splenic subcapsular hematoma, pneumonia and transient elevations
in serum bilirubin [18, 19, 22]. Death was reported in three patients
who developed sepsis after PSE [19, 22]. One patient died after development of an intracranial hemorrhage, which occurred within 30
days of PSE22. No splenic abscesses were reported in any of the series reporting PSE in cancer patients. Overall, the incidence of major
complications reported varies greatly, likely reflecting variations in
what constitutes a major complication by different authors.
Other complications encountered after PSE for other indications
such as trauma and thrombocytopenia in cirrhosis include pleural
effusion, abscess, variceal bleeding, portal vein thrombosis and even
death [30, 31]. Major complications are more frequently encountered
in patients with greater than 70% embolization of splenic parenchyma [31, 32].

9. Future Directions
Although PSE has been shown to be a safe and effective procedure
to address thrombocytopenia in patients with cancer, there is still
wide variability in how it is performed. Additional prospective studies assessing safety and efficacy of different types and sizes of embolic materials would be valuable. There is also wide variability in the
percentage of splenic parenchyma embolized as well as the method
by which this is calculated. A standardized method of calculating
percentage of parenchyma embolized would be useful to incorporate
into future studies; this should be feasible in most modern angiography suites capable of performing cone-beam CT [33]. Treatment algorithms are also widely disparate in the current literature. Although
the goal platelet count may differ from patient to patient, standardized thresholds for determining treatment failure or success would be
4
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helpful in developing clinical algorithms as well as guiding decisions
regarding follow-up procedures.

10. Conclusions
PSE is an effective and safe procedure in thrombocytopenic cancer
patients. Splenic parenchyma infarction is most commonly achieved
using particulates such as absorbable gelatin sponge or microspheres.
However, embolization of lower pole splenic branches using glue and
proximal coil embolization of the splenic artery have been shown to
be effective and safe in a small number of patients. In cancer patients with thrombocytopenia, PSE offers an effective alternative to
splenectomy in a fragile population where surgery is often avoided.
Most patients (96-100%) are able to resume chemotherapy two to
four weeks after PSE.
Although PSE should be considered safe, most patients will experience some symptoms of post-embolization syndrome including
pain, fever, or nausea. Major complications are rare in most reported
series; however, readmission for persistent post-embolization syndrome, serious infection and even death have all been reported. To
minimize the risk of PSE-related complications, the target for volume of splenic parenchyma embolized should be below 70%.
In appropriately selected thrombocytopenic cancer patients, PSE
is an effective and safe procedure, which will reliably raise platelet
counts in patients with hypersplenism and allow for resumption of
chemotherapy.

References
1.

Wu Y, Aravind S, Ranganathan G, Martin A, Nalysnyk L. Anemia and
thrombocytopenia in patients undergoing chemotherapy for solid tumors: a descriptive study of a large outpatient oncology practice database, 2000-2007. Clin Ther. 2009; 31: 2416-32.

2.

Slichter SJ, Davis K, Enright H, et al. Factors affecting posttransfusion
platelet increments, platelet refractoriness, and platelet transfusion intervals in thrombocytopenic patients. Blood. 2005; 105(10): 4106-14.

3.

Frasier LL, Malani PN, Diehl KM. Splenectomy in older adults: indications and clinical outcomes. Int J Hematol. 2013; 97(4): 480-4.

4.

Mones JV, Soff G. Management of Thrombocytopenia in Cancer Patients. Cancer Treat Res. 2019; 179: 139-50.

5.

Spigos DG, Jonasson O, Mozes M, Capek V. Partial splenic embolization in the treatment of hypersplenism. AJR Am J Roentgenol. 1979;
132: 777-82.

6.

Lokich J, Costello P. Splenic embolization to prevent dose limitation
of cancer chemotherapy. AJR Am J Roentgenol. 1983; 140(1): 159-61.

7.

Mebius RE, Kraal G. Structure and function of the spleen. Nat Rev
Immunol. 2005; 5(8): 606-16.

8.

Qamar AA, Grace ND. Abnormal hematological indices in cirrhosis.
Can J Gastroenterol. 2009; 23(6): 441-5.

9.

André T, Boni C, Mounedji-Boudiaf L, et al. Oxaliplatin, fluorouracil,
and leucovorin as adjuvant treatment for colon cancer. N Engl J Med.
2004; 350(23): 2343-51.

10. de Gramont A, Figer A, Seymour M, et al. Leucovorin and fluorouracil
with or without oxaliplatin as first-line treatment in advanced colorectal
cancer. J Clin Oncol. 2000; 18(16): 2938-47.
11. Jardim DL, Rodrigues CA, Novis YA, Rocha VG, Hoff PM. Oxaliplatin-related thrombocytopenia. Ann Oncol. 2012; 23(8): 1937-42.
12. L. Rubbia-Brandt, V. Audard, P. Sartoretti, et al. Severe hepatic sinusoidal obstruction associated with oxaliplatin-based chemotherapy in
patients with metastatic colorectal cancer. Ann Oncol. 2004; 15: 460-6.
13. Naritaka Y, Shiozawa S, Shimakawa T, et al. Transradial approach for
partial splenic embolization in patients with hypersplenism. Hepatogastroenterology. 2007; 54(78): 1850-3.
14. Wu T, Sun R, Huang Y, et al. Partial splenic embolization of patients
with hypersplenism by transradial or transfemoral approach: a prospective randomized controlled trial. Acta Radiol. 2016; 57(10): 1201-4.
15. Yamada R, Bracewell S, Bassaco B, et al. Transradial Versus Transfemoral Arterial Access in Liver Cancer Embolization: Randomized Trial
to Assess Patient Satisfaction. J Vasc Interv Radiol. 2018; 29(1): 38-43.
16. Liu LB, Cedillo MA, Bishay V, et al. Patient Experience and Preference
in Transradial versus Transfemoral Access during Transarterial Radioembolization: A Randomized Single-Center Trial. J Vasc Interv Radiol.
2019; 30(3): 414-20.
17. Titano JJ, Biederman DM, Marinelli BS, et al. Safety and Feasibility of
Transradial Access for Visceral Interventions in Patients with Thrombocytopenia. Cardiovasc Intervent Radiol. 2016; 39(5): 676-82.
18. Kauffman CR, Mahvash A, Kopetz S, Wolff RA, Ensor J, Wallace MJ.
Partial splenic embolization for cancer patients with thrombocytopenia
requiring systemic chemotherapy. Cancer. 2008; 112(10): 2283-8.
19. Hill A, Elakkad A, Kuban J, Sabir S, Odisio B, Huang SY, et al. Durability of partial splenic artery embolization on platelet counts for cancer
patients with hypersplenism-related thrombocytopenia. Abdom Radiol.
2020; 45(9): 2886-94.
20. Luz JH, Luz PM, Marchiori E, Rodrigues LA, Gouveia HR, Martin HS,
et al. Partial splenic embolization to permit continuation of systemic
chemotherapy. Cancer Med. 2016; 5(10): 2715-20.
21. Passhak M, Shachar SS, Ofer A, Beny A. Partial splenic embolization in
the treatment of prolonged thrombocytopenia due to hypersplenism in
metastatic cancer patients. Support Care Cancer. 2018; 26(10): 3527-32.
22. Kis B, Mills M, Smith J, et al. Partial Splenic Artery Embolization in 35
Cancer Patients: Results of a Single Institution Retrospective Study. J
Vasc Interv Radiol. 2020; 31(4): 584-91.
23. Hadduck TA, McWilliams JP. Partial splenic artery embolization in cirrhotic patients. World J Radiol. 2014; 6(5): 160-8.
24. Bhatia SS, Venkat S, Echenique A, Rocha-Lima C, Doshi MH, Salsamendi J, et al. Proximal Splenic Artery Embolization in Chemotherapy-Induced Thrombocytopenia: A Retrospective Analysis of 13 Patients. J Vasc Interv Radiol. 2015; 26(8): 1205-11.
25. Loffroy R, Falvo N, Nakaï M, Pescatori L, Aho-Gléglé S, Gehin S, et al.
Partial splenic embolization with Glubran®2/Lipiodol® mixture for
oncological patients with hypersplenism-related thrombocytopenia requiring systemic chemotherapy. Quant Imaging Med Surg. 2019; 9(3):
409-17.
5

2022, V9(5): 1-6

26. Chehab MA, Thakor AS, Tulin-Silver S, et al. Adult and Pediatric Antibiotic Prophylaxis during Vascular and IR Procedures: A Society of
Interventional Radiology Practice Parameter Update Endorsed by the
Cardiovascular and Interventional Radiological Society of Europe and
the Canadian Association for Interventional Radiology. J Vasc Interv
Radiol. 2018; 29(11): 1483-501.
27. Gaba RC, Katz JR, Parvinian A, et al. Splenic artery embolization: a
single center experience on the safety, efﬁcacy, and clinical outcomes.
Diagn Interv Radiol. 2013; 19(1): 49-55.
28. Zhu K, Meng X, Qian J, et al. Partial splenic embolization for hypersplenism in cirrhosis: a long-term outcome in 62 patients. Dig Liver
Dis. 2009; 41(6): 411-6.
29. Amin MA, el-Gendy MM, Dawoud IE, Shoma A, Negm AM, Amer
TA. Partial splenic embolization versus splenectomy for the management of hypersplenism in cirrhotic patients. World J Surg. 2009; 33(8):
1702-10.
30. Ahuja C, Farsad K, Chadha M. An Overview of Splenic Embolization.
AJR Am J Roentgenol. 2015; 205(4): 720-5.
31. Zhu K, Meng X, Li Z, et al. Partial splenic embolization using polyvinyl
alcohol particles for hypersplenism in cirrhosis: a prospective randomized study. Eur J Radiol. 2008; 66(1): 100-6.
32. Matsumoto T, Yamagami T, Terayama K, et al. Risk factors and clinical
course of portal and/or splenic vein thrombosis after partial splenic
embolization. Acta Radiol. 2009; 50(6): 617-23.
33. Ishikawa T, Imai M, Okoshi M, et al. Cone beam versus conventional computed tomography angiography volume measurement in partial
splenic embolization. Medicine (Baltimore). 2019; 98(5): e14312.

6

