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Abstract 
Splenic and portal vein thrombosis (SPVT) is considered as a serious complication of splenectomy with potential 
life-threatening. Chemoprophylaxis may help to curb the incidence of SPVT after splenectomy. This clinical trial 
study was conducted to determine the incidence rate of SPVT after splenectomy and investigate the effect of 
chemoprophylaxis to reduce its incidence. Sixty six patients undergoing open splenectomy were included in this 
single-blind clinical randomized controlled trial (RCT). Patients were randomly assigned in two groups of 
intervention and control using block randomization to either d receive 40 mg of enoxaparin subcutaneously once a 
day for 5 days and then 100mg aspirin for one month or no postoperative drug. After one month, all patients over a 
week underwent Doppler ultrasonography of the splenic, portal and superior mesenteric veins for thrombosis. The 
mean age of patients was similar between intervention and control groups (28.3±14.5 and 25.6±14.9, respectively) 
(P value=0.9).Furthermore, two groups were matched regarding distribution of gender. None of patients in 
intervention group developed portal vein thrombosis, while of 23 patients in control group, 2 (8.69%) subjects 
were diagnosed with portal vein thrombosis. The two groups had no statistically significant difference in the rate of 
portal vein thrombosis (P=0.18). Based on the results of our study, prophylaxis therapy had no effects in preventing 
portal vein thrombosis developed in patients undergoing open splenectomy for any reason. 
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1. Introduction 

The first splenectomy was performed in Naples by Andirano Zacarelli in 1549 on a young woman for 
splenomegaly (Fujita, Lyass, Otsuka, & Giordano, 2003; Ikeda et al., 2005; Stamou et al., 2006; Tran et al., 2010; 
Winslow, Brunt, Drebin, Soper, & Klingensmith, 2002). After that, splenectomy is considered as a therapeutic 
approach for various clinical conditions including ruptured spleen, WBC and platelet and RBC disorders, 
hemoglobinopathies, bone marrow disorders, cysts, tumors, infections, abscesses, storage diseases and other 
disorders. In general, the most frequent indication for splenectomy is splenic trauma, as external trauma or 
iatrogenic injury during surgery (Smink, 2015). Complications after splenectomy are left lung lobe atelectasis, 
pneumonia, pulmonary edema, intraoperative and postoperative hemorrhage, sub-diaphragmatic abscess, 
pancreatitis, pancreatic fistula, pancreatic pseudocyst, deep vein thrombosis and ultimately splenic, superior 
mesenteric and portal veins thrombosis (Cadili & de Gara, 2008; James et al., 2009; Targarona, 2008). Splenic and 
portal vein thrombosis (SPVT) is a potentially life-threatening complication of splenectomy, which is 
characterized by portal, mesenteric and splenic venous clot propagates, and splenectomy is one of the most 
common causes. Retrospective and prospective studies have suggested between 8% and 24% incidence for 
asymptomatic SPVT and between 0 and 19% for symptomatic SPVT (Wang, Kopac, Brisebois, Sample, & Shapiro, 
2011). Clinical signs of SPVT include portal vein hypertension as esophageal varices, upper gastrointestinal 
bleeding (UGIB) and hypersplenism and intestinal ischemia (Janssen et al., 2001). The risk factors for SPVT 
include lymphoma, lymphoproliferative disorder, hemolytic anemia associated with splenomegaly (more than 650 
grams), splenic vein diameter greater than 8 mm and hyper-coagulopathy (Qi, Bai, Guo, & Fan, 2014; Schettino, 
Fagundes, Roquete, Ferreira, & Penna, 2006). In addition, high possibility of SPVT can be seen in laparoscopic 
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splenectomy. Several studies have shown that CT scan and color Doppler ultrasound in routine examinations could 
indicate early thrombosis in SPVT (Wang et al., 2011). 

Chemoprophylaxis may help to reduce the incidence of SPVT after splenectomy and thereby reducing 
complications (Qi et al., 2014). The routine anticoagulants after splenectomy have not been yet standardized. 
European clinical practice guidelines propose the use of SC heparin as prophylaxis in all patients, unlike the new 
surgical guidelines (Wang et al., 2011). However, low-dose fondaparinux has been proposed for patients with 
high-risk LMWH (Low molecular weight heparins) (Wang et al., 2011; Qi et al., 2014). There are underpowered 
studies to determine the role of prophylaxis in preventing SPVT after splenectomy (Wang et al., 2011). For this 
reason, this clinical trial study was designed to determine the incidence rate of SPVT after splenectomy and 
demonstrate the effect of chemoprophylaxis in reducing the incidence. 

2. Materials and Methods 
This single-blind clinical randomized controlled trial (RCT) was conducted to evaluate the effect of prophylactic 
anticoagulation and antiplatelet in preventing the occurrence of venous thrombosis in portal venous system after 
open splenectomy. This study was approved by Ethical Committee of Ahvaz Jundishapur University of Medical 
Sciences, Iran, (ID number: IR.ajums.rec.1394.73866). In addition, this study was registered at the website of 
www.irct.ir with registration number of IRCT2016042527600N1. The patients underwent open splenectomy, for 
any reason, in Ahvaz Golestan Hospital were selected in 2015, and the aim of the design and implementation of 
therapeutic approach were explained to them. Inclusion criteria in this study were patients underwent open 
splenectomy for any reason and exclusion criteria were uncooperative of patient during ultrasound, history of 
thromboembolism and death. Then, written consent was obtained from the patient and relevant information was 
recorded in accordance with the form provided. The patients were divided into two intervention and control groups 
by block randomization. Basic color Doppler ultrasound was performed by a radiologist for portal vein thrombosis 
for all patients. Routine preoperative and postoperative measures were carried out on both groups and open 
splenectomy surgery was performed in the usual way. 

Totally, at our center, only 66 patients eligible for inclusion in the study underwent open splenectomy during 2015. 
Postoperatively, those assigned to the intervention group (n=33) received 40 mg of enoxaparin subcutaneously 
once a day for 5 days and then 100mg aspirin for one month; those in the control group (n=33) received no 
postoperative drug. After a month, all patients over a week underwent color Doppler ultrasound for the splenic, 
portal and superior mesenteric veins for detecting thrombosis. The results were recorded and finally the two groups 
were followed-up for the incidence of portal vein thrombosis. In order to minimize observer bias, the person 
performing the ultrasound of patients was kept without awareness, indicating single-blinded clinical trial. 

To analyze the data, the studied variables were described using descriptive statistical methods including frequency 
distribution, figures, and central tendency as well as dispersion measures. The Kolmogorov - Smirnov test was 
used for normality of quantitative variables. Chi-square and independent t or Mann-Whitney statistical tests were 
used to investigate the relationship between the qualitative and quantitative variables in the groups. Data was 
analyzed using the SPSS 20.0 software P-values<0.05 was deemed as statistically significant. 

3. Results 
In total, 66 patients were included for the analysis. The comparison between two groups regarding background 
data and the main outcome was presented in Table 1. The study participants were 47 males (71.2%) and 19 females 
(28.8%) with mean age of 26.9±14.7 years ranged from 6 to 68 years. The intervention group included 24 males 
(72.7%) and 9 females (27.3%) with mean age of 28.3±14.5 years, and the control group consisted of 23 males 
(69.7%) and 10 female (30.3%) with mean age of 25.6±14.9 years. No statistically significant differences were 
observed between the two groups for age (P=0.9) and gender (P=0.7).  

Underlying diseases leading to splenectomy in the intervention group included: 14 cases with trauma (42.4%), 7 
cases with thalassemia major (21.2%) and 12 cases with other diseases (36.4%) such as sickle cell anemia, ITP 
(idiopathic thrombocytopenic), lymphoma, gastric cancer, splenic abscess, splenic and pancreatic cysts; and 14 
cases with trauma (42.4%), 11 cases with thalassemia major (33.3%) and 8 cases with other diseases (24.2%) in 
control group, indicating no statistically significant differences between the two groups (P=0.4). The hospitalized 
duration was 3.7±1.3 days in case group and 3.2±0.7 days in the control group that this difference was statistically 
significant (P=0.01). The difference and the mean hospitalized duration in the case group were higher than control 
group. The majority of patients (37 subjects, 56.1%) had been hospitalized about three days. 

Forty seven (71.2%) patients showed perfect cooperation, 5 (7.6%) had a poor cooperation and 14 (21.2%) had no 
required cooperation until the end of the study for various reasons and so their information was eliminated from the 
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final analysis. In the intervention group, of 33 study participants, 24 (72.7%) patients had complete cooperation, 5 
patients (15.2%) had poor cooperation (avoiding the use of drugs as a whole), one patients was excluded from the 
study due to immigration to another city, one patients was excluded due to death during the study, and 2 patients 
were excluded from the analysis due to other reasons. Ultimately the collected data of these 29 patients (87.9%) 
was included in the final calculations. In the control group, 23 (69.7%) of 33 subjects showed full cooperation and 
so their data was entered into the final analysis, and 10 (30.3%) were excluded for various reasons; 6 failure to 
cooperation, 2 immigrations and 2 deaths during the study due to CVA and trauma. Finally, 52 subjects including 
29 in the case group and 23 in the control group were evaluated for splenic, superior mesenteric and portal veins 
thrombosis through color Doppler ultrasound; 2 patients (8.69%) of the 23 patients in control group who had 
thalassemia major underwent open splenectomy were diagnosed with portal vein thrombosis. None of the patients 
in the intervention group had venous thrombosis in three mentioned veins. The two groups had no statistically 
significant difference in the incidence rate of portal vein thrombosis (P=0.18).   

 

Table 1. Comparison of clinical and consequences data of patients participating in the study 

P value 
Control group 

(n=33) 

Intervention group 

(n=33) 
Variable 

0.7 
23 (69.7%) 24 (72.2%) Male 

Gender 
10 (30.3%) 19(28.8%) Female 

0.9 25.6 ±14.9 28.3± 14.5 Mean Age (year) 

0.4 

14 (42.2%) 14 (42.2%) Trauma 
Underlying 
diseases 

11 (33.3%) 7 (21.2%) Major Thalassemia  

8 (24.4%) 12 (36.4%) Other 

0.01 3.27 ±0.76 3.73 ±1.35 Hospitalized Duration (day) 

0.9 

15 (45.5%) 19(57.6%) Normal 

Spleen size 8 (24.2%) 6(18.2%) Enlarged 

10 (30.3%) 8 (24.2%) Massive 

- 

23 (69.7%)  24 (72.2%)  Perfect 

Cooperation 0 5 (15.2%)   Poor 

10 (30.3%) 4 (12.1%)   No cooperation 

 

The size of spleen according to different underlying diseases is shown in Table 2. Normal spleen size was up to 
15cm, splenomegaly was considered as bigger than normal size (enlarged spleens), and spleen size greater than 
22cm was considered as massive spleen. Nineteen (57.6%) normal spleens, 6 (18.2%) enlarged spleens and 8 
(24.2%) massive spleens were observed among patients in the intervention group. Fifteen (45.5%), 8 (24.2%) and 
10 (30.3%) of patients had normal, large and massive spleens in the control group, respectively. In this regard, the 
two groups had no statistically significant difference (P=0.9). All patients with trauma in the intervention group 
(100%) and 12 (85.7%) patients in the control group had normal spleens. Only 2 (14.3%) patients with trauma in 
control group had enlarged spleens, whereas 5 (71.4%) patients with thalassemia major in the intervention group 
and 8 (72.7%) in the control group had massive spleen. The differences in the two groups were statistically 
significant (P=0.001). The spleen size would significantly increase from trauma toward the other diseases and 
ultimately thalassemia major. However, majority of patients (34 cases - 51.5%) had normal spleen size. 
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Table 2. The size of spleen based on the type of underlying disease 

Massive Enlarged Normal Size of spleen/underlying disease 

- 2 (7.1%) 26 (92.9%) Trauma 

1 (72.2%) 4 (22.2%) 1 (5.6%) Major Thalassemia  

5 (25%) 8 (40%) 7 (35%) Other 

 

Despite two patients with portal vein thrombosis who were male, no significant association was seen among 
patients in the control group for the underlying disease and risk of portal vein thrombosis (P=0.12) as well as for 
gender (P=0.34). One of the patients with portal vein thrombosis was 6-year-old boy suffering from thalassemia 
major with massive spleen size, who had no symptoms at the time of observed thrombosis. Another patient with 
portal vein thrombosis was 29-year-old man suffering from thalassemia major with massive spleen size that a 
month after the surgery and before the ultrasound was admitted to the hospital because of generalized abdominal 
pain; portal vein thrombosis was raised for him in the examination and undergone repeated laparotomy and 
resection of the small intestine due to exacerbation of pain (Table 3). After surgery, the patient was discharged 
from the hospital with good general conditions. 

 

Table 3. Data of patients with portal vein thrombosis in control group 

hospitalized 
duration (day)

Size of Spleen Underlying Disease Age Gender Portal Vein 
Thrombosis 

Patient No. 

3 Massive Major Thalassemia 6 M + Patient 1 

3 Massive Major Thalassemia 29 M + Patient 2 

 

4. Discussion 
The aim of our study was to evaluate the effect of prophylaxis therapy with enoxaparin and aspirin on the incidence 
of venous thrombosis in portal and splenic veins after open splenectomy. Based on the results of our study, 
prophylaxis therapy had no effect in preventing portal vein thrombosis developed in patients undergoing open 
splenectomy for any reason. 
Conditions reducing blood flow to the port are associated with extrahepatic portal vein thrombosis (Janssen et al., 
2001). Portal vein thrombosis is a life-threatening complication known for splenectomy, but is still as a rare effect 
of this surgery (Horowitz, Smith, Weber, Rodriguez-Bigas, & Petrelli, 1996; Mohren et al., 2004). In a study of 
Rattner et al. (Rattner, Ellman, & Warshaw, 1993) on 1000 patients, the incidence of symptomatic PSVT was 
obtained only 0.7% and reported 2% by Vant Riet et al. (van't Riet et al., 2000). In these studies, more than 40 
percent of splenectomy had been performed followed by trauma, whereas in a study of Romano et al. (Romano, 
Caprotti, Scaini, et al., 2006) who surveyed splenectomy after hematological diseases, the incidence of venous 
thrombosis was 7.6%. Watters et al. (Watters et al., 2010) reported that the incidence of thrombosis after 
splenectomy was 5% in patients with trauma. In a study of Hassan et al. (Hassn, Al‐Fallouji, Ouf, & Saad, 2000), 
the ratio of portal vein thrombosis after open splenectomy has been reported between 4.7% and 6.6%. In our study, 
more than 42% of patients had been undergone splenectomy after the damages caused by the trauma and the 
incidence rate of venous thrombosis was 3.8% in all patients in both case and control groups. In the study of Lai et 
al. (Lai et al., 2012) between 2004 and 2010, 301 subjects all were selected among patients with portal vein 
hypertension; In general, patients in this study received prophylaxis therapy as weak, regular and strong, which the 
incidence rate of thrombosis was 30.22%. In accordance with the above results, it appears that the underlying 
diseases causing splenectomy have an important role in postoperative portal vein thrombosis. According to the 
findings of Wang et al. (Wang et al., 2011) and Krauth et al. (Krauth, Lechner, Neugebauer, & Pabinger, 2008), 
some diseases such as myeloproliferative, lymphoproliferative disorders and genetic hemolytic anemia can 
significantly increase the incidence of venous thrombosis. Romano et al. (Romano, Caprotti, Conti, et al., 2006) 
reported that myeloproliferative increases the risk of portal vein thrombosis after splenectomy. Boyle et al. (Boyle, 
White, Brunson, & Wun, 2013) found that underlying disorders causing splenectomy are critical factors in 
developing the venous thrombosis and demonstrated that patients underwent splenectomy because of ITP have 
shown high risk of venous thrombosis than the control group. 

On the other hand, in the study of Dendle et al. (Dendle, Spelman, Sundararajan, Chunilal, & Woolley, 2015) in 
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2015 conducted on 2472 patients in Australia, despite the high incidence of venous thrombosis in patients with 
hematologic diseases causing splenectomy, no significant differences were observed between these patients and 
patients with the risk of venous thrombosis caused by trauma; actually these findings are opposite to the results of 
our study and are consistent with Boyle et al. In our study, there was no association between underlying disease 
causing splenectomy and the risk of venous thrombosis, but both of patients with portal vein thrombosis had been 
undergone splenectomy followed by thalassemia major. So it seems that further investigations are needed in this 
field. 

Previous studies showed that the incidence of portal vein thrombosis in open splenectomy varies between 1.6% 
and 11% (Ruiz-Tovar & Priego, 2016). It should be noted that ultrasonographic evaluation of patients in our study 
were performed about 1.3 months after surgery; and given that in some studies, thrombosis has been seen in 2 
months (7.6%) (Romano, Caprotti, Conti, et al., 2006) and at least 4 months (22.7%) (Pietrabissa et al., 2004) and 
1 year (0.7% and 0.2%) (Rattner et al., 1993; van't Riet et al., 2000) after the operation, perhaps the increased 
duration of follow-up caused rising incidence of thrombosis observed in our study (8.6%). In particular, many 
patients with venous thrombosis have no symptoms, and the probability of referring to assess is low (Romano, 
Caprotti, Conti, et al., 2006). Petit et al. (Petit et al., 1994) found in their study that 50% of patients with portal vein 
thrombosis remain asymptomatic, and this issue alongside the short-time follow-up in our study can be reduction 
factors for this complication among patients; in other studies, however, most of SPVTs have been seen between 2 
and 22 days after open splenectomy (Winslow et al., 2002). The use of color Doppler ultrasound instead of CT scan 
with contrast is another factor in our study that could negatively affect the correct diagnosis of venous thrombosis. 
On the one hand, improved imaging resolution has led to an increase in diagnosis of portal vein thrombosis; on the 
other hand, the advantage of CT scans has been emphasized in the past in the diagnosis of PSVT after splenectomy 
(Loring, Panicek, & Karpeh, 1998; Morasch et al., 2001; Winslow et al., 2002). Ultrasound has its limits in the 
presence of abdominal fat or bloating to diagnose PSVT, and CT scan gives better results for the diagnosis of 
thrombosis by eliminating other abdominal organs and concentrate on vessels (Morasch et al., 2001; Winslow et al., 
2002).  

Moreover, none of patients in intervention group reported adverse side effects associated with enoxaparin and 
aspirin. 

It is recommended that further studies with larger sample size are needed on the incidence rate and the prevention 
of portal vein thrombosis in patients undergoing splenectomy, especially in patients with thalassemia major. 

5. Conclusion 
According to the results of our study, despite the fact that in the group receiving prophylactic enoxaparin and 
aspirin no venous thrombosis was observed after open splenectomy, but the drugs had no significant effect in 
reducing thrombosis; and it does not seem to be advisable as a general treatment for patients undergoing open 
splenectomy. Also, based on the evidences of other researches and the our findings, it seems necessary to consider 
the high risk of splenic and portal vein thrombosis in patients with hematologic diseases responsible for 
splenectomy and especially thalassemia major until the implementation of larger studies. 
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