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Abstract
Portal vein thrombosis (PVT) is a common complication after splenectomy, causing a possible negative impact on
the prognosis of patients with liver cirrhosis. However, the risk factors of PVT are not completely clear. Many factors
are related to the occurrence of postoperative PVT, such as hemodynamic changes, splenomegaly, splenectomy,
coagulation and anticoagulation disorder, liver cirrhosis, platelet count, D-dimer level, infection, inflammation, and
other factors.Hemodynamic changes are mainly caused by thicker portal and splenic vein diameters, larger spleen,
slower portal vein blood flow rate, lower portal vein pressure before and after surgery, etc. It is timely detection
and advanced prevention that really matter in reducing PVT incidence and improving patient prognosis. We
systematically reviewed the researches on the risk factors and therapies of PVTto provide useful information on a
comprehensive understanding for researchers.
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INTRODUCTION
Portal vein thrombosis (PVT) after splenectomy is a common postoperative complication, which has nonspecific clinical manifestation[1], including fever, anorexia, abdominal pain, abnormal liver function, elevated
C-reactive protein level, etc. As PVT progresses, complications can be worse and finally result in liver
function deterioration, intestinal infarction and even intestinal necrosis[2-4], making the mortality rate of PVT
even up to 10%[5]. The incidence of PVT after splenectomy in patients with cirrhosis and portal hypertension
is reported to range 24% to 29%[6,7]. For those who undergo splenectomy or accepted liver transplantation,
early prevention of PVT is quite important to improve prognosis, which requires a full understanding of the
risk factors of PVT. But so far, the risk factors of PVT still remain controversial.
© The Author(s) 2020. Open Access This article is licensed under a Creative Commons Attribution 4.0
International License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
sharing, adaptation, distribution and reproduction in any medium or format, for any purpose, even commercially, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license,
and indicate if changes were made.
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RISK FACTORS
Hemodynamic changes

Hemodynamic changes are considered to be the most important risk factor in the pathogenesis of PVT. The
formation of pseudolobules in the liver can reduce portal blood flow velocity markedly, causing obstructed
portal blood flow, increased portal pressure, and decreased blood flow velocity[8]. It can be said that the
hemodynamic changes caused by the primary disease lays the foundation for the development of PVT.
Splenic vein diameter (SVD) is thought to be the most influential risk factor. A retrospective trail conducted
in China found that 8 factors including the SVD are associated with postoperative PVT formation[9]. SVD
greater than 10 mm has been a cut-off for predictors of PVT development and those greater than 14 mm has
been a cut-off for predictors of PVT which develops from splenic vein[10]. Some authors even suggest that
preoperative SVD greater than 8 mm is an independent risk factor for predicting PVT[11]. SVD is inversely
related to the rate of change in portal blood flow, and its sensitivity, specificity and efficiency vary with the
study’s setting[6]. In addition, spleen weight, discussed below, shows a significant correlation with SVD, where
removal of an enlarged spleen may cause a sudden decrease in splenic vein flow, forming and pushing the
thrombus to migrate to the portal vein. But compared with the weight of the spleen, SVD plays a greater
role in predicting PVT. Some researchers recommend the measurement of SVD preoperatively, and a close
follow-up of patients with SVD greater than 8 mm[12].
Generally, for patients with decompensated cirrhosis, PVD is proportional to the degree of portal hypertension,
and once it is determined that PVD is greater than 13 mm, portal hypertension is considered to exist,
and PVD is the independent risk factor of PVT[9]. Multivariate analysis in some studies certify the significant
relationship between pathogenesis of PVT and a series factors, including wider preoperative PVD, of which
the cut-off width was determined to be 13 mm[13]. Similarly, in another study, the incidence of PVT in
patients with a PVD > 13 mm was 35 times that of others with PVD < 13 mm[14]. When PVD becomes larger,
blood flow velocity decreases, and the formation of blood clot is easier.
But some researchers believe that portal blood flow velocity is the only independent risk factor for
PVT formation, and when velocity is lower than 15 cm/s, the risk of PVT increases significantly[15]. By
dividing cirrhotic patients into two groups according to portal vein flow velocity (≤ 15 cm/s or > 15 cm/s),
the incidence of PVT within one year after surgery for the two groups turns out to be 47.8% and 2.0%,
respectively[14]. In a study examining the risk factors of PVT after the Hassab procedure, the cut-off points
for portal vein flow, SVD and PVD were 1822.32 mL/min, 1.37 cm, and 1.56 cm, respectively[16]. Besides,
varicose veins of the esophagus and stomach caused by portal hypertension are also independently associated
with the development of PVT[17], and the wider portal collaterals can shunt more blood from the portal
vein, slowing portal vein blood flow, and may increase the risk of PVT[14]. Slow blood flow not only causes
the procoagulant substances in the blood to be slowly concentrated locally[18], but also causes an increase
in pressure on the blood vessel wall according to Bernoulli’s principle, which will damage the endothelial
cells and initiate the coagulation mechanism[3,19]. Therefore, it can be concluded that the wider PVD and
SVD, the slower the blood flow of the portal vein system after operation and the greater the possibility of
thrombosis[20].
Splenomegaly

Splenomegaly is common in patients with liver cirrhosis, and patients with splenomegaly are at high
risk of PVT; splenomegaly was previously thought to be related to passive congestion caused by portal
hypertension[21]. However, there is no necessary correlation between portal vein pressure and spleen size,
because the grown spleen does not retract, and hypersplenism is not relieved after transjugular intrahepatic
portal body shunt (TIPS) or splenorenal shunt[22]. During years of follow-up of liver transplant recipients,
portal pressure remained normal, but spleen enlargement persisted[22]. Despite that passive congestion may
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be one cause of the early stage of splenomegaly, there are still many causes to maintain splenomegaly, such as
abnormal hyperplasia of white pulp, red pulp and fibrous tissues[23].
Splenomegaly reduces the greater portal vein return flow after operation, inducing platelet aggregation[18]. It
has been reported that spleen weight (> 650 g) is associated with the development of PVT[24] and that spleen
weight (≥ 1311.5 g) is a significant independent predictor of PVT[25]. Patients with PVT had a significantly
greater splenic weight (median = 216 g) than those without PVT (median = 82 g)[26], and some authors
suggest that spleen weight is the only predictive factor of postoperative thrombosis after laparoscopic
splenectomy (LS)[27]. Here, there is a consensus among researchers that an increasingly larger and heavier
spleen would finally be able to cause PVT after splenectomy if there is no medical intervention [28].
Splenomegaly is a useful indicator of PVT, which can be conveniently evaluated before splenectomy by
computed tomography[10].
Splenectomy

Splenectomy is a major risk factor of PVT. Patients after splenectomy have a significantly higher incidence
rate of PVT than those who have not undergone splenectomy[29]. During the operation, the use of cutting
tools and ligation causes thermal or mechanical damage to vascular endothelial cells, inducing thrombus
formation[30,31]. Different surgical procedures cause different levels of PVT risk. In China, the Hassab
operation has been adopted widely because of the benefits it brings and less tissue damage compared with
shunt surgery[32], but some clinicians believe that selective decongestive devascularization combined with
gastrosplenic shunt is superior to the Hassab operation, because this surgical method results in a lower longterm incidence of re-bleeding and PVT compared with the Hassab group[33]. However, some studies have
found that there is no relationship between different surgical methods and PVT formation[12].
After splenectomy, reflux blood through the splenic vein almost disappears, and portal vein pressure and
portal vein blood flow decrease by 20%-35%[13]. If portal vein blood flow decreases sharply in the short-term,
it will be easy for the portal vein to form eddies or other hemodynamic abnormalities, which is more likely to
form a blood thrombus. In addition, after splenectomy, the distal end of the splenic vein becomes a dead end,
which fosters blood retention, and the splenic vein thrombus is inclined to spread to the portal vein trunk[34].
Although devascularization blocks the collateral circulation of the portal vein and draws some of the blood
back to the portal vein system, it is often not enough to make up for the blood loss of the portal vein after
splenectomy. Some researchers recommend partial splenectomy (PS) or partial splenic embolization instead
of splenectomy, because after PS or embolization, the blood flow velocity of the portal vein is higher in
comparison with whole splenectomy, and besides, PS can retain the immune function of the spleen to some
degree[35,36]. Some authors used an animal model of portal hypertension to determine the effect of PS, and
after PS and intramuscular spleen transposition, portocaval collaterals developed and the portal venous
pressure was reduced, while portocaval pressure difference was maintained to prevent deprivation of the
liver. In a case report on the treatment of pediatric patients with portal hypertension, an 11-year-old girl
underwent one-stage surgery, that is, PS with a view of transferring the remaining spleen to the thoracic
cavity in the future. During follow-up, it was found that the patient’s collateral circulation was well formed
and that portal hypertension disappeared. The researchers believed that this case demonstrated that PS
can be used as an alternative therapy to whole splenectomy[37]. Another clinical study on the treatment of
extrahepatic portal vein occlusion in children showed that through distal spleen and kidney shunt and PS
with 20%-30% spleen retention, the platelet and white blood cell counts of the patients returned to normal
after operation, which indicates that shunt surgery plus PS is an effective and safe method for treating portal
hypertension and hypersplenism[38].
Nowadays, LS combined with devascularization or LS combined with shunt surgery is carried out in
many hospitals. And, LS is considered to be more likely to cause PVT than open splenectomy. A clinical
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study revealed that PVT occurred in 12 (55%) patients of the LS group, but in only 4 (19%) of the open
splenectomy group, and that LS leads to a higher incidence rate of PVT than does open splenectomy[39,40].
Due to hypercapnia caused by CO2, blood viscosity increases; in addition, blood flow velocity decreases with
the positive pressure caused by pneumoperitoneum during the laparoscopic operation[13,41]. Consequently,
from a certain perspective, open surgery has a relative preventive effect on PVT itself compared with LS[42].
Coagulation and anticoagulation disorder

In the coagulation system of patients with liver cirrhosis, procoagulant factors and anticoagulant factors
are in a dangerous equilibrium[43]; they are too complex and delicate to strike a balance: bleeding or
thrombosis[44], which may be disrupted by splenectomy, infection, acute renal failure, etc.[45]. Patients with
cirrhosis are not sensitive or even resistant to thrombomodulin, and the blood coagulation state is higher
in patients with Child-Pugh C than in patients with A or B[46]. It has been reported that a decrease in the
levels of anticoagulant protein C and protein S can promote the pathogenesis of thrombosis, and in cirrhosis,
the synthesis of protein C and S is impaired, so as cirrhosis worsens, factor VIII (procoagulant) increases,
while protein C, one of the anticoagulants decreases[46]; increased levels of factor VIII and decreased levels
of protein C may be the major factors for PVT[47]. However, protein C and protein S in PVT might not be
associated with PVT in liver cirrhosis, especially when the impact of liver function is excluded[48,49].
Preoperative antithrombin III (AT-III) is an important risk factor for PVT, where the synthesis of it is
reduced because of cirrhosis, and it is further reduced after splenectomy, leading to overconsumption
of anticoagulants[50,51]. Some authors have demonstrated that prophylaxis with AT-III concentrates and
danaparoid sodium after splenectomy can dramatically reduce the incidence of PVT[51].
Prolonged prothrombin time (PT) is thought to be an independent factor in the occurrence of postoperative
PVT[29], but other researchers hold a different opinion that the formation of PVT has nothing to do with
PT[52], which may be so because traditional coagulation indicators do not reflect the true coagulation status
of patients with liver cirrhosis[53].
Fibrinogen can participate in the development of thrombosis[54], and increased fibrinogen indicates a
decrease in fibrinolytic activity and increases the incidence of thrombus[55].
Liver cirrhosis

Different causes of liver cirrhosis lead to different PVT risks[56]. As decreased liver synthesis results in
hypoproteinemia, extravasation of plasma water, and hypercoagulable blood concentration, it is easy to
form thrombus in the portal vein system[57]. Because of the special pathophysiology of patients with liver
cirrhosis, the incidence of PVT after splenectomy is higher[58]. A study showed that the incidence of PVT
in patients with and without cirrhosis was 32.0% and 9.5%[59]. Liver dysfunction can affect the formation of
PVT by affecting the synthesis of coagulation factors, thrombin, albumin, etc.[51]. Studies show that ChildPugh scores are significantly higher in patients with postoperative PVT than in patients without PVT[60].
Meanwhile, incidence of PVT increases when MELD score is ≥ 13 points[15]. Studies have shown the portal
vein system rapidly forms a thrombus long before the improvement of liver function after splenectomy[41],
and some authors believe that traditional serological indicators (ALT, AST, etc.) have no relationship with
PVT formation[52], but ascites may be an important predictor of PVT, and albumin and hemoglobin decrease
in cirrhotic patients significantly, which have potential value for the prediction[18,61].
The occurrence and development of PVT has been shown to be related to the degree of esophageal varices[17],
which is caused by portal hypertension. Another study showed that the portal venous blood flow velocity in
the severe gastroesophageal varices group was (12.13 ± 2.59) cm/s, while in the non-severe gastroesophageal
varices group, velocity was (15.26 ± 5.06) cm/s[62]. As is known to all, cirrhosis is an irreversible disease that
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continues to progress. The degree of cirrhosis worsens with time, and the occurrence of PVT is related to the
severity of cirrhosis directly or indirectly.
Platelet counts

The enlarged spleen secretes related factors that inhibit platelet release from the marrow and reduces
thrombopoietin during cirrhosis[63]. Once the spleen is removed, the suppression and clearance of platelets
disappear, megakaryocytes proliferate in the marrow, causing platelets to skyrocket transiently. The formation
of PVT might be associated with the soaring platelet count after operation[64].
Preoperative decrease in platelet numbers is related to PVT[11], the incidence of PVT in patients with PLT
less than 50 × 109/L before surgery is significantly different from patients with PLT greater than 50 × 109/L[11].
And PLT is considered to be an independent risk factor for PVT after splenectomy[6,13,29].
PLT often peaks at 3 to 20 days after splenectomy and gradually decreases to normal level. In one study,
PVT was detected on the 6th day after surgery in patients whose PLT exceeded 200 × 109/L[29]. Researchers
indicate that when the postoperative PLT exceeds 1000 × 109/L, PVT is almost sure to take place[65]. The ratio
of maximum postoperative PLT to preoperative PLT (r = 1.144; P = 0.007) and PLT increasing to > 8 times
baseline levels after surgery are risk factors for PVT after LS[59]. Moreover, elevated platelets and D-dimers
can cause atherosclerotic changes in blood vessels, and make the smooth muscles thick in the intima of the
vein wall, thus causing fiber breakage, blood cell adhesion and formation of thrombi[11].
However, thrombosis does not always occur in high PLT patients after splenectomy. Some studies have
suggested that the function and quality of platelets have a greater impact on thrombosis than simple PLT
elevation[64]. But this view is currently being challenged. In a prospective study, patients with PLT > 300 × 109/L
after splenectomy were given antiplatelet therapy, namely aspirin, while the rest < 300 × 109/L were not given
any antiplatelet therapy, and the results showed that there was no significant difference between the two
groups (7.0% vs. 16.1%, P = 0.858), so the pathogenesis of PVT may have nothing to do with the function
of platelets[29]. Some researchers regard primary thrombocytosis as the cause of thrombosis, rather than
secondary thrombocytosis, and thrombocytosis after splenectomy is secondary thrombocytosis[66].
Elevated PLT and mean platelet volume (MPV) after splenectomy have been considered to be the main
cause of PVT[67-69], and average platelet volume may also be a risk for PVT after surgery[69]. As for the large
platelets, they are more active in metabolism and enzymatic reactions, and they contain more dense particles,
α-particles and highly active proteases. When larger platelets are activated, they can release more thrombus
precursor material to induce thrombosis. Platelet membrane surface protein CD62P, also known as P-selectin,
is an indicator of the degree of platelet activation and functional status. Some researchers have found that
CD62P can be used as a sensitive high-risk indicator of PVT[70]. Antiplatelet therapy should be adopted
when PLT exceeds 1000 × 109/L[66], and the consensus about this aspect has not been well established. Some
clinicians believe that when the patient’s PLT is > 400 × 109/L, anticoagulation therapy should be started
immediately[71]. But for safety reasons, > 600 × 109/L may be a more suitable PLT to start the treatment.
Level of D-dimer

D-dimer mainly reflects lytic function. It is used in the diagnosis and prevention of many thrombotic
diseases. The increase in D-dimer level is often associated with the enhanced lytic activity of secondary
fibrin[11]. D-dimer has been reported as a diagnostic marker for PVT[69]. In comparasion with PLT, D-dimer
performs better in predicting thrombosis. Some studies suggest that the combined application of D-dimer
and P-selectin can effectively diagnose PVT after splenectomy[72]. Like platelets, increased D-dimer after
surgery can damage endothelial cells and cause PVT[11]. Based on the views of some authors, the evaluation
of D-dimer serologic levels is considered to own the adequate sensitivity and high negative predictive value
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in diagnosing thrombotic events[24,73], but the reported low specificity rate is expected because D-dimer is
elevated in different conditions, such as disseminated intravascular coagulation and sepsis[42,74,75]. However,
the negative predictive value of the test is significant[42]. Negative test results will strengthen the diagnostic
value of other aspects and the need for more specific studies will be minimal. D-dimer only reflects
secondary fibrinolysis, and therefore, it can only have diagnostic value for the thrombosis that has occurred,
and cannot be used as a predictor of PVT.
Infection and inflammation

The spleen can produce immune substances such as immunoglobulins and complements to play an immune
role. In addition, the spleen also has the function of producing lymphocytes[76]. Splenectomized patients are
at increased risk for infection, in particular, overwhelming post-splenectomy infection.
Infection and inflammation can cause a hypercoagulable state in the blood[77]. Infection-related and
inflammation-induced coagulation activation is characterized by enhanced fibrin formation and impaired
fibrin degradation, where enhanced fibrin formation is caused by tissue factor (TF)-mediated thrombin
generation and inhibition of the anticoagulant system including proteins C and S. Inflammation increases
circulating levels of plasminogen activator inhibitor type 1, which inhibits endogenous thrombolytic
reactions, mediated by various pro-inflammatory cytokines[78].
Studies have shown that inhibiting IL-6 almost eliminates the coagulation effect of the TF-dependent
coagulation pathway[79]. Monocytes stimulated by pro-inflammatory cytokines increase expression of TF in
sepsis[80,81]. In inflammation, platelets can be directly activated by endotoxin or proinflammatory mediators
(e.g., platelet activating factor). Platelets and granulocytes also can stimulate TF expression of monocytes
by activated NFκB[82]. The interactions between inflammatory cells promote the expression of IL-1b, IL-8,
TNF-α, and P-selectin, and they have a role in mediating the adhesion of platelets to endothelial cells.
Other factors

Among all cirrhotic patients, 80%-100% of them have malnutrition. Malnutrition will further increase liver
damage, and exacerbate liver cirrhosis, so it can be seen as an indirect risk factor for PVT[83].
Among patients with liver cirrhosis, 70% of them have gene mutations before or after splenectomy. It mainly
includes prothrombin genes, coagulation factor genes and so on, which eventually make patients more prone
to thrombosis[84]. For example, the G20210A mutation of the prothrombin gene has been found to play an
important role in forming PVT[85]. Another study discovered that mutation rates of V-Leiden factor gene and
prothrombin gene were higher in patients with PVT than in controls[86], indicating that these genes may be
related to the onset and development of PVT.
In addition, low white blood cell count(≤ 2 × 103/L), upper gastric bleeding history, and some underlying
diseases, such as hematologic diseases, are also thought to be independent risk factors for PVT[6,42,52].
Pathological changes occur in the vessel wall because of intravascular pressure, leading to “atherosclerosislike” changes. It is an important factor that leads to PVT. As endothelial lesions are gradually aggravated, the
age of patients appears to be positively correlated with thrombosis. Older individuals are at increased risk
for PVT, which is linked to age-specific pathophysiological characteristics, including decreased blood flow,
endothelial injury, and hypercoagulability. Some authors have pointed out that > 50 years old might be an
independent risk factor for PVT. Patients who are over 50 are more than 20 times likely to suffer from PVT
than those younger[13].
Pancreatic fistula was reported as an independent risk factor for the development of PVT after the Hassab
operation[87]. The reason may be that pancreatic fistula causes prolonged hospital stay for the patient and
increases the patient’s bed time.
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Figure 1. A preliminary summary of risk factors for portal vein thrombosis after splenectomy in patients with liver cirrhosis. SVD: splenic
vein diameter; LS: laparoscopic splenectomy

A series of diseases, such as high blood lipids, high cholesterol and obesity, may also be risk factors for PVT
formation. Still, some authors do not consider obesity to be associated with PVT[88]. Another metabolic
disease, diabetes, may be an independent risk factor for PVT in cirrhosis[89]. This may be due to excessive
blood glucose concentration, damaging the vascular endothelium. Therefore, blood glucose should also be
regularly screened for thrombosis perioperatively.
There are many other medical factors that promote PVT, for instance, esophageal gastric varices sclerosis
treatment, use of postoperative diuretics, and percutaneous transhepatic portal vein puncture.
Moreover, primary liver cancer can aggravate portal hypertension and change portal vein hemodynamics[90].
In summary, the relevant risk factors are listed in Figure 1.

PROPHYLAXIS AND TREATMENTS
Today, we have clear guidelines or consensus on the prevention of deep vein thrombosis and pulmonary
embolism after operation[11]. However, there is no clear effective guidelines or consensus on PVT. Our
management of PVT mainly relies on our clinical experience. Once the diagnosis is clear, all patients should
be proactively treated except for asymptomatic incomplete embolism.
Medical treatment

Since the occurrence and development of PVT is likely to start before the operation, attention should be paid
to early preventive anticoagulation. Anticoagulation plays a key role in preventing the formation of PVT,
improving liver function, and reducing mortality[91]. Low-molecular weight heparin (LMWH), warfarin, lowmolecular weight dextran and bayaspirin are used to treat PVT in clinical practice. Some researchers have
proposed that AT-III is also an approach to prevent PVT[51]. Currently, interventional infusion thrombolytic
drugs for thrombolysis have been used for PVT[92].
LMWH can inhibit the activation of factor Xa and the formation of thrombus by binding AT-III[93], and
LMWH has a strong antithrombotic effect with less effect on platelet function, and does not prolong bleeding
time[94]. Studies have suggested that the use of LMWH at an early stage can significantly and safely reduce
the incidence of PVT after splenectomy[95]. Early use of LMWH contributes to thrombosis recanalization,
and treatment should be started within 14 days of the discovery of thrombus[96]. Some researchers have
even suggested that all patients undergoing splenectomy should be prophylactically given low-molecular
weight heparin[42]. In authors’ view, routine use of anticoagulant or antiplatelet drugs in the short-term after
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splenectomy for cirrhosis does not increase the risk of postoperative bleeding and can effectively prevent
PVT. At the same time, antiplatelet drugs should be used until PLT has fallen to normal levels. The specific
application methods are described as follows. Anticoagulation should be applied at 72 h after surgery for
safety concerns. Either LMWH-calcium or LMWH-sodium can be used. Taking enoxheparin (0.4 mL,
4000 AXa IU, ih, qd) as an example, the duration of treatment is 5 days. After discontinuation of enoxaparin,
oral warfarin is used for continuous anticoagulation for 6 months. INR should be maintained between 2
and 3. When platelets exceed 400 × 109/L, antiplatelet drugs, such as aspirin, ticlopidine or dipyridamole
should be used. After the platelets have returned to normal values, they should be discontinued. PLT and
coagulation states of patients should be monitored every other day in the first week, and then monthly in
the first year after surgery. Color Doppler ultrasound should be repeated monthly in the first year. It is worth
noting that for PVT patients with mild to moderate renal dysfunction, the dose of enoxaparin should be
halved, and liver and kidney function should be closely monitored. In patients with severe renal dysfunction
or renal failure, enoxaparin must be used with caution according to the specific situation.
Warfarin inhibits the synthesis of vitamin K-dependent coagulation factors II, VII, IX, and X[41]. Studies have
shown that prophylactic anticoagulation is effective and safe in patients undergoing splenectomy, and that
warfarin is effective in patients undergoing LS[41,97]. But warfarin can also inhibit the synthesis of proteins C
and S, and thus, it has the potential to increase thrombosis[98]. Rivaroxaban and Dabigatran are approved for
clinical use, and these drugs are widely used since there is no need for dose adjustment. Rivaroxaban has
been successfully used to treat PVT according to some reports[99,100]. Studies have shown that for patients
with cirrhosis, the anticoagulant effect of dabigatran is very considerable, while the anticoagulant effect of
rivaroxaban is slightly weaker[101].
However, some researchers warn that considering that the rethrombosis rate after anticoagulation therapy
is still high (52%), long-term anticoagulation should be applied more carefully[102]. At present, most of the
research on the prevention of PVT focuses on LMWH because it has a good anticoagulant effect, but to date,
there is no uniform standard for applying LMWH to PVT[103].
Surgery and interventional treatment

For PVT after splenectomy, when non-invasive treatment of thrombosis fails and causes portal vein stenosis,
invasive treatment can be considered: surgery and interventional treatment.
Surgical treatments are mostly performed with clear serious complications, but there is still no unified
standard for the indications, surgical choices, contraindications and complications of surgery. There are three
main types of interventional therapies for PVT: TIPS, percutaneous transhepatic portal vein thrombolysis or
thrombectomy. One of the most common treatments is TIPS, where it can improve portal vein hemodynamics
and dissolve fluid clot[104]. Portal vein flow increases more than 5 times after TIPS[105]. Moreover, PVT can
also be treated directly by intravascular techniques (balloon angioplasty, stent placement, thrombectomy,
and thrombolytic drugs) when the catheter is inserted into the portal vein[106]. TIPS can play an active role
in resolving portal hypertension and preventing the recurrence of blood clots by creating venous shunts[107].
Portal recanalization can be achieved in 87% to 100% of patients by TIPS[106,108]. However, the timing of TIPS
treatment is a tough issue. A complete occlusion of the thrombus will significantly increase the technical
difficulty and surgical risk of TIPS[109]. Futher studies are required to solve this problem.
In addition, some researchers have proposed autologous spleen transplantation combined with esophageal
transection anastomosis to treat cirrhotic portal hypertension. After 2 months of operation, patients with
autologous spleen transplantation had significantly higher levels of tuftsin and IgM than splenectomy patients,
and there was no significant difference in liver function, which proves that autologous spleen transplantation
combined with esophageal transection anastomosis is a safe and effective treatment strategy for the treatment
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of cirrhotic portal hypertension, and that the transplantation of spleen tissue into the retroperitoneal cavity
can partially retain immune function[110]. The cited researchers believe that this operation can not only retain
the function of the spleen, but also has a combined effect of blood flow cut-off and diversion when the
collateral circulation is well formed[111]. Some authors believe that the autotransplantation of the spleen must
weigh over 50 g to retain the immune function of the spleen, but when the spleen was cut into 8 small pieces,
23-28 g/piece, and transplanted in the omentum, the postoperative infection rate did not increase, and
complement and immunoglobulin were normal, indicating that this procedure also has a certain therapeutic
effect[112].

CONCLUSION
PVT is the most important complication that affects the prognosis of patients after splenectomy, which
may further aggravate portal hypertension and cause postoperative bleeding. Therefore, attention should
be paid to preoperative prediction and evaluation, intraoperative improvement of surgical methods, timely
postoperative monitoring and prevention. Clinicians should be fully aware of all aspects of a patient’s illness,
such as the etiology, classification, degree of obstruction, comorbidities of postoperative PVT, etc. Of course,
there is still much controversy about the understanding of risk factors of PVT after splenectomy. Therefore,
multidisciplinary randomized controlled trials are needed.
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