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Abstract: Background: Post-splenectomy portal venous thrombosis (PS-PVT) carries multiple threats to patients’ lives.
Different variables were identified as risk factors for PS-PVT in cirrhotic patients. The aim of this study was to prospectively
assess the incidence, risk factors, clinical presentation and treatment outcomes of PS-PVT in cirrhotic patients. Patients and
methods: Sixty cirrhotic patients of Child class A submitted to open splenectomy were observed, both clinically and by Duplex
ultrasound (US) examination, for the development of PS-PVT. Results: Overall, 17 patients (28.3%) developed PS-PVT at a
median interval of 4.5 days (21 hours-7 days) post-splenectomy. Univariate analysis showed that lower preoperative platelet
count (P<0.0460) and white blood cell (WBC) count (P<0.0001) and wider splenic vein diameter (SVD) (P<0.0001) correlated
with PS-PVT. Multivariate analysis identified lower preoperative WBC count [odds ratio (OR): 0.651, 95% confidence interval
(CI): 0.245-0.893, P<0.005] and wider SVD (OR: 2.383, 95% CI: 1.558-3.646., P<0.001) as independent risk factors of PSPVT. While 16 out of the 17 patients (94%) who had these 2 risk factors developed PS-PVT, only 1 out of the 43 patients
(2.3%) who didn’t have the same risk factors developed thrombosis. All 17 patients had complete resolution of their
thrombosis on anticoagulation therapy within 3-6 months without complications or mortality. Conclusion: PVT is a common
complication of splenectomy in cirrhotic patients. Patients with low WBC count and wide SVD are highly susceptible to
develop this complication mandating close observation from the 1st PO day and immediate anticoagulation after diagnosis.
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1. Introduction
Egypt has the highest prevalence of hepatitis C virus
(HCV) infection in the world [1, 2] reaching 22% in those
aged 55-59 years in 2015 [3]. Liver cirrhosis develops in
48% of patients having co-infection with schistosomiasis [4].
In a community-based study in Nile Delta, 3% of tested
subjects were cirrhotic and 67% of cirrhotic patients had
portal hypertension [5].
Cirrhotic patients with portal hypertension frequently
require splenectomy for various indications, including
hypersplenism, thrombocytopenia developing before or
during HCV treatment, thrombocytopenia in patients with
hepatocellular carcinoma (HCC) and as a part of Hassab
operation [6-9].
With an incidence of 16-52.6% in cirrhotic patients [10-

14], post-splenectomy portal venous thrombosis (PS-PVT)
carries multiple threats to patients’ lives including upper
gastrointestinal bleeding, ischemic bowel necrosis, liver cell
failure and refractory ascites [15, 16].
Since symptoms, such as abdominal pain and fever are
non-specific and PS-PVT can easily develop without any
symptoms, identification of high-risk patients is essential to
allow starting anticoagulation immediately once the
diagnosis is made [17, 18]. In one study, all patients treated
within 10 days of splenectomy had complete resolution of the
clot, in comparison to no patient whose treatment was
initiated more than 10 days after splenectomy [19].
Different variables were identified as risk factors for PSPVT in cirrhotic patients including a wider preoperative
portal vein (PV) diameter [10, 13] or splenic vein diameter
(SVD) [12, 14, 20, 21], preoperative low platelet [14] or
white blood cell (WBC) counts [12], prolonged prothrombin
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time [10], decreased antithrombin-III activity [20],
postoperative thrombocytosis [10] and age >50 years [13].
The aim of this study was to prospectively assess the
complication of PS-PVT in cirrhotic patients regarding its
incidence, risk factors, clinical presentation and treatment.

2. Patients and Methods
2.1. Study Design
This observational clinical trial was conducted at the
Gastrointestinal and Laparoscopic Surgery Unit, General
Surgery Department, Tanta University, Tanta, Egypt during
the period from March 2008 to March 2016. Cirrhotic
patients of Child class A submitted to open splenectomy for
symptomatic splenomegaly, 2ry hypersplenism or
thrombocytopenia (Platelet count <50×103/CC) were
included in the study while cirrhotic patients of Child class B
or C, patients with preoperative PVT and patients scheduled
for splenectomy for other indications were excluded. An
informed written consent was obtained from every patient
and the study protocol was approved by the “Research Ethics
Committee” of the Faculty of Medicine, Tanta University.
Preoperatively, the age, sex, hepatitis virus status,
hemoglobin (Hb) concentration, platelet count, WBC
count and international normalized ratio (INR) were
collected. Preoperative Duplex Doppler ultrasound (US)
for exclusion of PVT and measuring the SV diameter was
performed. If not performed before, upper endoscopy was
performed for control of esophago-gastric varices if
indicated. No prophylactic anticoagulants were used.
Splenectomy was performed through a left subcostal
incision. Operative time and intraoperative blood product
transfusion were recorded. Duplex Doppler US was
performed at postoperative (PO) days 1,3,7 and 30. When
PS-PVT was detected, its time, distribution and extent
were recorded and therapeutic dose of heparin was started
followed by oral anticoagulant. WBC and Platelet counts
were measured at PO days 3, 7 and 30. PS-PVT was
deﬁned as either complete or partial thrombosis of the PV
trunk, the PV branches or the superior mesenteric vein
(SMV). Clinical signs and symptoms suggestive of PSPVT were looked for and recorded. After discharge,
Duplex Doppler US was repeated every month for a
maximum of 6 months or till complete recanalization of
the thrombosed vein.
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2.2. Statistical Analysis
The primary end-point was the development of PS-PVT
and secondary end-points included complications of PVT,
complications of treatment and mortality. Data were
tabulated and analyzed using SPSS statistics software
package version 20. Continuous data were expressed as
range, median and mean and were compared using the twotailed, non-paired Student’s t-test. Categorical data were
expressed as frequencies and were compared using Fisher’s
exact test. Only variables that correlated positively with PSPVT on univariate analysis were considered for multivariate
analysis using the logistic regression model. P value <0.05
was considered statistically significant.

3. Results
The study population included 60 patients who were
divided into 2 groups; group (A) included patients who
developed PS-PVT and group (B) included patients who did
not.
3.1. Pre-Operative Data [Table 1]
In group (A), there were 10 males (59%) and 7 females
(41%) with a median age of 44 years (range 21-67, mean
40.9 years). The indications of surgery included symptomatic
splenomegaly, 2ry hypersplenism and thrombocytopenia
before or during HCV treatment in 4 (23.5%), 9 (53%) and 4
(23.5%)
patients
respectively.
All
patients
had
thrombocytopenia and the median preoperative platelet count
was 45×103/CC (range 22-145, mean 60.2×103/CC), the
median preoperative WBC count was 1.81×103/CC (range
1.4-3.3, mean 1.9×103/CC) and the median preoperative SVD
was 14.3 mm (range 6-16, mean 13.5 mm).
In group (B), there was 25 males (58.1%) and 18 females
(41.9%) with a median age of 41.2 years (range 23-60, mean
40.6 years). The indications of surgery included symptomatic
splenomegaly, 2ry hypersplenism and thrombocytopenia in
the course of HCV treatment in 8 (18.6%), 25 (58.1%) and
10 (23.3%) patients respectively. Thirty five patients (81.4%)
had thrombocytopenia and the median preoperative platelet
count
was
82.5×103/CC
(range
25-240,
mean
3
88.48×10 //CC), the median preoperative WBC count was
6.4×103//CC (range 3.5-9.3, mean 6×103/CC) while the
median preoperative SVD was 8.5 mm (range 5-14, mean 6.5
mm).

Table 1. Pre-Operative Patients, Data.
Variable

Group A (No=17)
No
%

Group B (No=43)
No
%

10
7

25
18

P

Sex
Male
Female
Median age (years)
HCV status
Active infection
Treated
Median INR
Median Hb concentration (gm/dl)

59
41
40.8

9
8

1.0000
1.0000
0.986

65
32.5

0.8142
0.5896
0.3467
0.8425

41.2
53
47

1.4
9.1

58.1
41.9

28
14
1.3
9.5
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Variable
3

Median platelet count (x10 /CC)
Median WBC count (x103/CC)
Median SVD (mm)
Indications of surgery
Symptomatic splenomegaly
2ry hypersplenism
Thrombocytopenia

Group A (No=17)
No
%
45
1.81
14.3
4
9
4

23.5
53
23.5

Group B (No=43)
No
%
82.5
6.4
8.5

0.0460
0.0001
0.0001

8
25
10

0.7366
1.0000
1.0000

18.6
58.1
23.3

P

HCV: Hepatitis C virus, Hb: Hemoglobin, WBC: white blood cell, INR: international normalized ratio, SVD: splenic vein diameter.

3.2. Operative Data [Table 2]
In group (A), the median number of units of packed red
blood cells (RBC), blood platelets and fresh frozen plasma
(FFP) per patient was 1, 3 and 1.5 units respectively. The
median operative time was 84 minutes (range 95-120, mean

89 minutes). In group (B), the median number of units of
packed red blood cells, blood platelets and FFP per patient
was 1.3, 3 and 2 units respectively. The median operative
time was 77 minutes (range 80-130, mean 78 minutes).

Table 2. Operative Data.
Variable
Blood products transfusion (median No. of units/patient)
Packed RBC
Blood platelets
FFP
Median operative time (minutes)

Group A (No=17)

Group B (No=43)

P

1
3
1.5
84

1.3
3
2
77

0.4997
0.3570
1.000
0.3347

RBC: red blood cells, FFP: fresh frozen plasma.

3.3. Post-Operative Data [Table 3]
Overall, 17 patients (17/60; 28.3%) developed PS-PVT at
a median interval of 4.5 days post-splenectomy. PS-PVT was
diagnosed 21 hours after surgery in 1 patient (1/17; 5.9%), at
the 3rd PO day in 9 patients (9/17; 52.9%) and at the 7th PO
day in 7 patients (7/17; 41.2%).
The preoperative, operative and PO data of patients in both
groups, including age, sex, HCV status, preoperative Hb
concentration, WBC count, platelet count, INR, SVD,
indications of surgery, operative time, intra-operative RBC,
FFP and platelet transfusion, PO WBC and platelet count,
were compared. On Univariate analysis, 3 variables
correlated with PS-PVT including lower preoperative platelet
count (p<0.0460), lower preoperative WBC count
(P<0.0001) and wider SVD (P<0.0001). Multivariate analysis

identified lower preoperative WBC count [odds ratio (OR):
0.651, 95% confidence interval (CI): 0.245-0.893, P<0.005]
and wider preoperative SVD (OR: 2.383, 95% CI: 1.5583.646., P<0.001) as independent risk factors of PS-PVT. In
this study, 17 patients had low WBC count and wide SVD
and 16 of them (16/17; 94%) developed PS-PVT. On the
other hand, only 1 out of the 43 patients (1/43; 2.3%) who
didn’t have these 2 variables developed PS-PVT (P< 0.0001).
Figure 1
The SV was totally thrombosed in all patients, the PV was
totally thrombosed in 13 patients (13/17; 76.5%) and
partially thrombosed in 4 patients (4/17; 23.5%) while the
SMV was partially thrombosed in 5 patients (5/17; 29.4%)
and without thrombosis in the remaining 12 patients (13/17;
70.6%).

Table 3. Post-Operative Data.
Variable
3

Median PO WBC count (×10 /CC)
Median PO platelet count (×103/CC)
Timing of PS-PVT
PO day 1
PO day 3
PO day 7
Symptoms frequency of PS-PVT
Overall
Abdominal pain/discomfort
Anorexia
Abdominal distension

Group A (No=17)
No
%
14.29
620
1
9
6

Group B (No=43)
No
%
12.65
690

5.9
52.9
35.3

0
1
0

P
0.0012
0.5000

0
5.9
0

12 (70.6%)
9 (53%)
6 (35.3%)
5 (29.4%)

PS-PVT: post-splenectomy portal venous thrombosis, WBC: white blood cell, PO: postoperative.

While 5 out of the 17 patients (5/17; 29.4%) who
developed PS-PVT were entirely asymptomatic, 12 patients

(12/17; 70.6%) developed symptoms correlated with the
onset of PS-PVT including vague central abdominal
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pain/discomfort in 9 patients (9/17; 53%), anorexia in 6
patients (6/17; 35.3%) and abdominal distension in 5 patients
(5/17; 29.4%).
The WBC count increased in all patients in both groups
reaching a maximum count of 14.29×103/CC in group (A)
(range 10-22×103/CC) peaking at the 6th PO day and
12.65×103/CC in group (B) (range 11-15×103/CC) peaking at
the 3rd PO day. The difference between the 2 groups was
statistically significant (P<0.0012) The platelet count
increased in all patients reaching its peak at the 6th PO day; in
group (A), the maximum platelet count was 620×103/cc
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(range 120-900×103/CC) while in group (B), it was
690×103/CC (range 120-760×103/CC). The difference
between the 2 groups was statistically insignificant
(P<0.5000)
All patients with PS-PVT had complete resolution of the
thrombus with recanalization of the PV and SMV on
anticoagulation therapy within 3-6 months PO. None of these
patients suffered upper GI bleeding, intestinal ischaemia,
refractory ascites, liver cell failure or haemorrhagic
complications secondary to anticoagulants. There was no
mortality.

* Low preoperative white blood cell count and wide splenic vein diameter. PS-PVT: post-splenectomy portal venous thrombosis
Figure 1. Incidence of PS-PVT in Patients with and Without Low Preoperative WBC Count and Wide SVD.

4. Discussion
Portal vein thrombosis (PVT) is a frequent complication of
splenectomy with a reported incidence of up to 50% in
cirrhotic patients [14, 21]. Several risk factors have been
suggested in different studies [10-14, 21].
In this study, we observed a cohort of cirrhotic patients
submitted to open splenectomy, both clinically and by
Duplex US, looking for the development of this
complication. We relied on Duplex Doppler US for the
diagnosis of PS-PVT. Color Duplex US imaging has a
specificity of 99% and a sensitivity of 93%, while contrastenhanced computed tomography (CT) is also highly specific
(99%) but slightly less sensitive (90%) [22]. Advantages of
CT over US include the possibility of detecting bowel
ischemia and septic foci and higher sensitivity in the
detection of partial venous thrombosis and thrombosis in the
SV and SMV. The drawbacks of CT include exposure to
ionizing radiation, the risk of allergic reactions and

nephrotoxicity [23].
The results of our study show that low WBC count
(<4×103/CC) and dilated splenic vein (diameter >13 mm) are
independent risk factors for the development of PS-PVT in
cirrhotic patients and patients who had these 2 variables
showed a very high incidence of PS-PVT (94%) in
comparison to a very low incidence of 2.3% in those patients
without these 2 variables. Our results agree with those of
some studies [12, 14, 20, 21] while other studies did not
identify these 2 variables as risk factors for PS-PVT [10, 13].
After splenectomy of large spleen, PVT has been
suggested to be due to the DSV acting as a low flow cul-desac in which stagnation of blood flow leads to thrombosis
which then spreads into the PV [24]. Some authors
recommend ligation of the splenic vein as close as possible to
its junction with the inferior mesenteric vein (IMV) so that
the stagnant segment of the SV is removed while blood keeps
flowing from the IMV into the remaining segment of the SV
[25].
The WBC count in our study increased in all patients PO
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and the increase was significantly higher in group (A); a
difference that represents a result rather than a cause of PVT.
Although platelets are famous for their role in thrombus
formation, there is signiﬁcant evidence supporting an integral
role for WBC in thrombosis and implying that leucocytosis
may have a prothrombotic effect. Neutrophil-derived
enzymes inhibit anticoagulants, such as tissue factor
inhibitor, antithrombin III and Protein C [26-28] while
activating factor XII and increasing expression of tissue
factor [26, 27]. Oxidants released by neutrophils can inhibit
degradation of von Willebrand factor producing a
prothrombotic state [29]. Impaired degradation of neutrophil
extracellular traps has been associated with acute thrombotic
microangiopathies [30]. It was also found that neutrophils
and monocytes are major components of thrombi formed at
sites of ﬂow restriction and that the arrival of leucocytes, in
large quantities, preceded the formation of a thrombus,
suggesting their early role in thrombosis. When leucocytes
were depleted in mouse models, thrombosis either did not
occur or the thrombi were signiﬁcantly smaller [31].
About 70% of patients who developed PS-PVT in our
study had symptoms including anorexia, abdominal pain and
distension. Because many patients remain asymptomatic, the
true incidence of PS-PVT may be underestimated [32] and
suspicion of PVT should be entertained in any patient who
develops vague and generalized abdominal pain, fever or
leukocytosis within the first 30 days after splenectomy;
manifestations that are quite nonspecific, vague and insidious
in onset and therefore unhelpful in establishing the diagnosis
[33].
Although the median interval between splenectomy and
PVT in the current study was 4.5 days, an important
observation is that PVT was diagnosed <24 hours after
splenectomy in 1 patient (1/17; 5.9%). This observation
underlines the importance of early screening in high risk
patients. The median time from splenectomy to symptomatic
PVT was 6, 10.7, 11.6 and 12 days PO in other study [19, 32,
34].
All patient with PS-PVT in our study received
anticoagulation therapy immediately after the diagnosis was
established and all of them had complete resolution of the
thrombus in PV and SMV. It was reported that
recanalization may occur in >90% of patients with acute
PVT who are anticoagulated [35]. Rhee et al [36]
demonstrated higher survival rates in patients with PVT
who were anticoagulated compared with patients who were
observed. In the van’t Riet et al [19] series, all patients
treated within 10 days of splenectomy had resolution of the
clot versus no patient in whom treatment was initiated more
than 10 days.
In our study, the preoperative platelet count was higher in
group (A) than in group (B) patients and the difference
between the 2 groups reached statistical significance on
univariate analysis. On multivariate analysis, however, the
difference failed to reach a statistical significance (OR:
0.958, 95% CI: 0.125-1.652, P<0.095). Platelet count
increased in all patients PO, but, the difference between the 2

groups did not reach a statistical significance on univariate
analysis. The association between post-splenectomy
thrombocytosis and PS-PVT is unclear. Not all patients with
post-splenectomy thrombocytosis develop PVT, and this
complication has been described in patients with normal or
even low platelet counts [37]. Therefore, postoperative
thrombocytosis, even if markedly elevated, cannot be
considered the only cause of PVT [38].
The small sample size is one of the limitations of this
study. Also, some variables which were identified as risk
factors for PS-PVT as splenic weight and anti-thrombin III
were not assessed in our study.

5. Conclusion
PS-PVT is a common complication in cirrhotic patients
occurring in 28.3% of patients in the current study. Low
preoperative WBC count and wide SVD were identified as
independent risk factors of PS-PVT. Close observation, both
clinically and by Duplex US, starting from the 1st PO day and
immediate anticoagulation after diagnosis yield excellent
outcomes.
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