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Abstract
Introduction: Gastrointestinal cancers have a strong asso-
ciation with splanchnic vein thrombosis (SVT), yet the hospi-
talization data is unknown. Objective and Methods: We ana-
lyzed around 78 million discharges from the 2007–2017 Na-
tionwide Inpatient Sample with an inclusion criterion of 
adult patients admitted for portal or hepatic vein thrombosis 
as a primary diagnosis with a gastrointestinal or hepatobili-
ary malignancy as a secondary diagnosis. The outcomes 
were in-hospital mortality, complication rates, and resource 
utilization. Odds ratios (OR) and means were adjusted for 
confounders using multivariate regression analysis models. 
Results: Out of the total 32,324 hospitalizations for SVT, 
3,220 (10%) were associated with a GI malignancy, of which 
hepatocellular carcinoma (HCC) and pancreatic cancer were 
the most common. Portal vein thrombosis accounted for 
95% of these hospitalizations. Admissions for pancreatic 
cancer-associated SVT have increased by 7.2 times from 
2007 to 2017. Patients with SVT and concomitant GI malig-

nancies were significantly older and had a higher comorbid-
ity score than those with SVT without GI malignancy. Risk of 
inpatient mortality for SVT patients were significantly higher 
for patients with gastric cancer (rate: 12.1%, OR 8.6, 95% CI: 
1.8–39.7) and HCC (rate: 7.6%, OR 2.77, 95% CI 1.5–4.8) as 
compared to non-GI malignancy-related SVT. Odds of vari-
ceal bleeding were significantly higher for patients with HCC 
(OR 1.67, 95% CI: 1.2–2.34) than patients without GI malig-
nancy. Conclusions: Digestive cancer-associated SVTs con-
stitute 10% of all SVT related hospitalizations and are sig-
nificantly increasing in the past decade. We report the base-
line characteristics and predictors of inpatient mortality in 
this study. © 2021 The Author(s).

Published by S. Karger AG, Basel

Introduction

Venous thromboembolism in the splanchnic circula-
tion including the portal, hepatic, splenic, or mesenteric 
veins is a rare clinical entity. However, a postmortem 
study from Sweden pegged the prevalence of portal vein 
thrombosis (PVT) alone at 1% [1–3]. Thrombotic com-
plications are more common in patients with cancer, pre-

This article is licensed under the Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International License (CC BY-
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sumably due to increased levels of leukocytes, platelets, 
and tissue factor-positive microvesicles [4]. The funda-
mental components of Virchow’s triad, including hyper-
coagulability, endothelial dysfunction (by tumor inva-
sion or release of inflammatory cytokines), and static 
blood flow (e.g., direct impaction resulting from a malig-
nant mass or organomegaly) function synchronously in 
the genesis of malignancy-associated splanchnic vein 
thrombosis (SVT) [1].

Digestive cancers account for 18.5% of all cancers and 
have a strong association with the occurrence of PVT [5]. 
Hepatocellular carcinoma (HCC), is the commonest ma-
lignancy underlying PVT, with a prevalence of around 
35–50% in patients with cirrhosis complicated by HCC 
[6]. Furthermore, the presence of PVT is considered a 
strong negative prognostic factor due to the increased risk 
of spreading cancer cells into the systemic circulation, 
leading to a high recurrence risk. For this reason, it is con-
sidered a contraindication to liver transplant [7]. Other 
digestive cancers are also commonly seen in PVT. Ogren 
et al. [3] in a postmortem study of over 23,000 autopsies 
demonstrated PVT to be present as frequently as 1 per 
100 autopsies, of which 44% were associated with second-
ary hepatobiliary and GI cancers other than HCC. Pan-
creatic cancer is a thrombogenic malignancy [8] with an 
incidence of venous thromboembolism between 10 and 
60% [9, 10]. Almost half of the venous thrombosis in pa-
tients with pancreatic cancer occurs in the splanchnic cir-
culation [11, 12].

The current incidence and the healthcare burden of 
SVT is not well known. Hitherto, there are no data re-
garding morbidity or mortality of patients with digestive 
cancer-associated SVT, mainly PVT. The objective of this 
nationwide, multi-hospital study was to determine the 
rates of hospitalization and outcome of patients with SVT 
associated with GI malignancies. We aimed to determine 
the type of digestive cancer and the other baseline char-
acteristics of patients with SVT that correspond to a high-
er in-hospital mortality.

Methods

Data Acquisition
We performed a retrospective, multicenter, observational 

study using data from the Nationwide Inpatient Sample (NIS). The 
NIS is managed by the Healthcare Cost and Utilization Project and 
regulated by the Agency for Healthcare Research and Quality. It is 
an administrative database composed of roughly 20% discharges 
from all US hospitals. The database provides information on dis-
charge weights which can then be used to extrapolate the data to 
derive the national rates [13].

The NIS database provides information regarding the index 
hospital admission and includes patient demographic data, pri-
mary and secondary diagnosis, procedures, hospital character-
istics, and inpatient and discharge mortality rates. Each record 
includes 1 primary and up to 24 secondary discharge diagnoses, 
procedure codes, demographic data, hospitalized inpatient mor-
tality indicator, payer status, and various demographic data 
points.

Variables
We identified all adult patients with a primary discharge diag-

nosis of PVT (ICD 9: 452; ICD 10: I81) or hepatic vein thrombosis/
Budd-Chiari syndrome (ICD 9: 453.0, ICD 10: I82.0) along with 
gastrointestinal malignancy as a secondary diagnosis (esophageal, 
gastric, hepatic, pancreatic, colon, or cholangiocarcinoma). All 
ICD codes used in the study are enlisted in online suppl. Table 1; 
for all online suppl. material, see www.karger.com/doi/ 
10.1159/000513368. Other types of SVT, that is, splenic vein and 
mesenteric vein thrombosis currently do not have a specific ICD 9 
or ICD 10 codes. Thus, the term SVT pertains to portal and he-
patic vein thrombosis only in this study. We excluded patients with 
a potential alternative etiology of SVT such as polycythemia vera, 
primary myelofibrosis, and essential thrombocythemia from the 
SVT in GI malignancy group. The aim of the study was to charac-
terize the rate of hospitalization, compare the baseline character-
istics and in-hospital outcomes for SVT associated with different 
types of GI malignancies as compared to SVT without GI malig-
nancies over the study period. NIS provides length of stay and to-
tal hospitalization charges for each hospitalization. Similarly, oth-
er baseline characteristics studied as potential confounders were 
age, sex, race/ethnicity, insurance status, and comorbidity burden 
encoded as Charlson comorbidity index. Several hospital charac-
teristics were studied as well including location (rural or urban), 
hospital teaching status, and hospital bed size (divided into <250, 
250–400 and >400).

Statistical Analysis
Baseline characteristics were compared between GI malignan-

cy and non-GI malignancy hospitalizations using either a χ2 test 
(for categorical variables >5 in value), Fisher’s exact test (for cat-
egorical variables ≤5 in value), or a Student’s t test for continuous 
variables (Table 1). Univariate and multivariate logistic regression 
analysis was used to determine factors associated with higher in-
patient mortality (Table 2). Multivariable logistic regression anal-
ysis was used for assessing inpatient mortality data to adjust for 
potential confounders such as age, sex, race, median income, 
Charlson comorbidity index, insurance status, hospital size, teach-
ing status, prolonged ventilation, or shock (Table 3). Linear regres-
sion model was used for analyzing the outcomes of hospitalization 
charges and length of stay (these are represented in Table 3 along 
with beta-coefficients). In-hospital complications, specifically he-
patic encephalopathy, ascites, variceal bleeding, requirement for 
blood transfusion, and mesenteric ischemia were compared be-
tween each major malignancy (hepatic cancer, pancreatic cancer, 
and colon cancer) and the rest of the hospitalizations for SVT. 
Univariate logistic regression analysis was used for analyzing in-
hospital complication rates. Unadjusted odds ratio for these are 
reported in Table 4. All analyses were performed using STATA 
15.0.
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Results

From 2007 to 2017, NIS contained 32,324 weighted 
admissions with a principal discharge diagnosis of SVT, 
out of which 3,220 (10%) were identified in patients with 
GI malignancies. The rates of SVT-related hospitaliza-
tions were highest among patients with hepatic cancer 
(5.0%), which accounted for half of all admissions fol-
lowed by pancreatic cancer (2.9%), colorectal cancer 
(1.6%), cholangiocarcinoma (0.2%), gastric cancer (0.2%), 
and esophageal cancer (0.1%). PVT was much more com-
mon than Budd-Chiari syndrome, accounting for 95.3% 
of all SVTs (N = 3,068). Hospitalizations for SVT related 
to GI malignancies have increased by 4.5 times from 2007 
to 2017 as compared to admissions for SVT related to 
other causes which have increased by 3.2 times over the 
span of a decade (p value <0.01). Among patients with GI 
malignancies, hospitalizations for SVT in pancreatic can-
cer have the highest rise in trend, increasing by 7.2 times 
in 11 years, whereas the trend has been relatively stable in 
patients with esophageal, gastric and cholangiocarcino-

ma. Trends for SVT-related hospitalizations in various GI 
malignancies are depicted in Figure 1. Corresponding 
trends for yearly incidence of GI malignancies are shown 
in Figure 2.

Baseline Characteristics
We compared the baseline characteristics of patients 

hospitalized for SVT related to GI cancers with those 
without GI cancers. Patients with esophageal and he-
patic cancers admitted with SVT had significantly high-
er percentages of males, whereas pancreatic cancer pa-
tients had a higher proportion of females. The mean age 
was significantly higher for all patients with underlying 
GI cancers and was highest for gastric cancer (76 years, 
p < 0.001). White patients were significantly higher in 
esophageal and pancreatic cancer groups but lower in 
gastric, hepatic, and cholangiocarcinoma. As expected, 
all GI malignancies had significantly higher propor-
tions of patients with >3 Charlson comorbidity scores. 
Patients with gastric, hepatic, and pancreatic cancer 
had a significantly higher proportion of Medicare ben-

Table 2. Univariate and multivariate regression analysis of factors associated with inpatient mortality

Variable Unadjusted 
odds ratio

95% CI p value Adjusted 
odds ratio

95% CI p value

Age 1.031 1.021–1.042 <0.01 1.03 1.02–1.05 <0.01
Female sex 0.96 0.69–1.33 0.82 1.00 0.69–1.44 0.986
Race

White Reference Reference
African Americans 0.8 0.43–0.49 0.49 0.8 0.43–0.49 0.49
Hispanic 0.68 0.33–1.4 0.306 0.68 0.33–1.4 0.306
Others 0.66 0.35–1.25 0.208 0.66 0.35–1.25 0.208

Median income in patient zip code
USD 1–38,999 Reference Reference
USD 39,000–47,999 0.84 0.54–1.31 0.452 0.61 0.34–1.09 0.096
USD 48,000–62,999 0.92 0.58–1.46 0.73 0.76 0.42–1.38 0.348

>USD 63,000 1.12 0.72–1.73 0.61 0.96 0.56–1.62 0.882
Hospital bed size

<250 beds Reference Reference
250–400 beds 1.53 0.75–3.13 0.235 1.13 0.87–1.46 0.349

>400 beds 0.58 0.24–1.41 0.236 0.71 0.38–1.06 0.104
Teaching hospital 1.15 0.81–1.62 0.422 0.125 0.78–1.9 0.339

Insurance provider
Medicare Reference Reference
Medicaid 0.63 0.38–1.04 0.07 0.75 0.39–1.1 0.359
Private 0.51 0.35–0.76 <0.01 0.71 0.43–1.03 0.109
Uninsured 0.82 0.43–1.57 0.569 0.84 0.51–1.17 0.365

Charlson comorbidity index 1.25 1.19–1.31 <0.01 1.17 1.05–1.30 <0.01
Shock 32.09 16.78–61.37 <0.01 33.5 14.34–65.77 <0.01
Prolonged ventilation 40.15 2.51–640.06 <0.01 64.5 37.8–109.8 <0.01
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eficiaries and significantly lower Medicaid coverage. 
SVT with all types of GI malignancies were more likely 
to be treated at a teaching hospital located in urban ar-
eas. Esophageal and cholangiocarcinoma patients were 

treated in significantly higher numbers at a large-sized 
hospital (>450 beds) than patients without GI malig-
nancy. Baseline patient and hospital characteristics are 
summarized in Table 1.
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Fig. 1. Yearly trend of hospitalizations for SVT in GI malignancies compared by the type of malignancy from 
2007 to 2017. SVT, splanchnic vein thrombosis.

Fig. 2. Yearly trend in the incidence of GI malignancies by type, from 2007 to 2017 (derived from the annual 
cancer statistics reported by the American Cancer Society from 2007 to 2017 [24, 25]).



Splanchnic Vein Thrombosis in 
Gastrointestinal Malignancies

77Gastrointest Tumors 2021;8:71–80
DOI: 10.1159/000513368

In-Hospital Outcomes
The Inpatient mortality rate was highest for SVT pa-

tients with gastric cancer (12.1%, N = 9), followed by 
patients with hepatic cancer (7.6%, N = 123) and chol-
angiocarcinoma (6.7%, N = 5). We performed univari-
ate and multivariate logistic regression analysis to as-
sess the baseline characteristics associated with in-
creased odds of mortality (Table  2). Age (odds ratio: 
1.03, 95% confidence interval: 1.02–1.05), Charlson co-
morbidity index (1.17, 1.05–1.30), shock (33.5, 14.34–
65.77), and prolonged ventilation (64.5, 37.8–109.8) 
were associated with increased odds of inpatient mor-
tality. On multivariate logistic regression analysis, pa-
tients with gastric and hepatic cancer had significantly 
higher odds of mortality than patients without GI can-
cer as shown in Table 3 (expanded results are available 
in online suppl. Table 2).

Among SVT associated with GI malignancies, mean 
total hospitalization charges were the highest in the 
pancreatic cancer group (USD 69,109 ± 22,347) fol-
lowed by hepatic cancer (USD 45,317 ± 2,957) and co-
lon cancer (USD 42,423 ± 5,658). However, multivari-
ate linear regression analysis showed patients with most 
malignant SVTs, including esophageal, hepatic, and 
cholangiocarcinoma or colorectal cancers had signifi-
cantly lower total hospitalization charges than patients 
without GI malignancies. The mean length of stay was 
highest for patients with colon cancer (5.69 ± 0.46 days) 
and pancreatic cancer related SVT (5.37 ± 0.45 days). 
After accounting for confounders, hepatic and cholan-
giocarcinoma had significantly lower length of stays 
than patients with SVT without GI cancer. Patients with 
SVT and gastric, hepatic, pancreatic, or colon cancer 
had significantly higher odds of being discharged to a 
rehabilitation facility than patients with non-GI malig-
nancy-related SVT. Primary inpatient outcomes are en-
listed in Table 3.

Table 4 demonstrates the results of univariate logistic 
regression analysis comparing the rates of hospital com-
plications seen in SVT associated with each major GI ma-
lignancy (hepatic, pancreatic, and colon cancer) with 
SVT associated with non-GI malignancies. SVT second-
ary to hepatic cancer was associated with significantly 
higher odds of hepatic encephalopathy, ascites, variceal 
bleeding, and requirement for blood transfusion but low-
er odds of mesenteric ischemia in comparison to non-GI 
cancer-associated SVTs. Pancreatic cancer-related SVT 
had higher odds of being complicated by ascites but low-
er odds of requiring blood transfusion and variceal bleed-
ing as compared to non-GI cancer causes of SVT.

Discussion

We present the first nationwide study on the hospital-
izations for SVT in patients with GI malignancies, to pro-
vide data on the hospitalization rate, baseline inpatient 
characteristics, and hospital outcomes for SVT in the set-
ting of GI malignancies. In our retrospective nationwide 
analysis, hepatic cancer accounted for half of all hospital-
izations for SVT in digestive cancers. Pancreatic and co-
lon cancer were the other two most common cancers. 
While the true incidence of SVT remains unclear, as 
many cases remain undiagnosed, the hospitalization rates 
are clearly higher for hepatic cancer associated SVT than 
the other GI tumors. A large, multi-hospital study analyz-
ing PVT in patients with gastrointestinal tumors, exclud-
ing HCC, showed similar trends, with pancreatic adeno-
carcinoma and colorectal cancer accounting for about 
75% of all cases [14]. PVTs are present in 10–40% of HCC 
at the time of diagnosis and are an adverse prognostic fac-
tor, noted to be associated with a higher rate of hospital-
ization than the other GI malignancies [15]. These data 
are possibly explained by a higher recognition of PVTs as 
a part of the natural history of cirrhosis and hepatocellu-
lar cancer. Screening for PVT is required as part of the 
current Barcelona Clinic Liver Cancer staging system as 
the prognosis for patients with HCC and PVT is much 
worse [8]. Meanwhile, the higher increase in trend of hos-
pitalization in pancreatic adenocarcinomas for SVT-re-
lated malignancies is compatible with recent data, as pub-
lished by Hicks et al. [16] and Afzal et al. [17], suggesting 
that SVT is not only a finding of more advanced stages of 
the disease but is in itself a predictor of mortality leading 
to more frequent admissions. The high incidence of such 
occurrence is explained by the pro-thrombotic and pro-
angiogenic state associated with both malignancies that 
are necessary for tumor growth and metastasis. For pan-
creatic ductal adenocarcinoma, the high risk of thrombo-
sis is caused by the pancreatic cancer itself, mainly by pro-
moting the release of procoagulant factors, such as tissue 
factor and thrombin, inducing platelet aggregation via 
thrombin dependent and other mechanisms and creating 
an overall imbalance between procoagulant and antico-
agulant factors [9, 18]. The risk of thromboembolism in 
any of the venous vasculature is then further potentiated 
by the chemotherapeutic regimens, prompting the con-
duction of several studies like the CASSINI and the 
AVERT trials to reduce venous thromboembolism even 
in ambulatory patients undergoing systemic chemother-
apy [19, 20]. As for HCC, SVTs and especially PVT can 
be a consequence of the underlying cirrhosis, through a 
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reduced portal flow due to architectural disarray in con-
junction with local factors activating the clotting system 
[21]. It may also represent a direct invasion and growth 
of the tumor within the vasculature, which categorizes 
HCC patients with such complication as advanced stage 
[22, 23]. Moreover, the incidence of pancreatic cancer 
and hepatic cancers in the USA have increased by 44% 
and 112%, respectively, from 2007 to 2017 which justifies 
the rising trend in admissions for SVT related to these 
malignancies [24, 25]. Interestingly, the opposite effect is 
seen when it comes to colon cancer. Although the inci-
dence for colon cancer has decreased by 14% from 2007 
to 2017, admissions related to SVT secondary to colon 
cancer have been steadily increasing [24, 25].

Interestingly, males were noted to be more likely to be 
hospitalized due to SVTs in hepatic  and esophageal can-
cer, with females instead being more commonly admitted 
for SVT related to pancreatic cancer. According to Reg-
nault et al. [14], the male gender was more at risk to de-
velop PVT in all digestive cancer patients. In the same 
study, male sex also was noted to be a risk factor for gas-
trointestinal bleeding associated with portal hyperten-
sion (PHT), a known and frequent complication of PVT. 
We found a higher age and comorbidity index in patients 
with GI malignancies which could contribute to the worse 
prognosis in these patients. Analysis of hospital distribu-
tion showed that patients with GI malignancies and SVT 
were more likely to be treated at teaching hospitals, pos-
sibly due to the complexity of care required for such pa-
tients.

According to the results of the multivariate logistic re-
gression analysis we conducted, patients with gastric and 
hepatic cancer had significantly higher odds of mortality 
than patients with SVT without GI cancer. Although SVT 
is a rare occurrence in gastric cancer, it seems to be asso-
ciated with the highest inpatient mortality of 12.1%. Our 
study also showed that the rates of variceal bleeding and 
blood transfusions were significantly higher in patients 
with hepatic cancer but significantly lower in patients 
with pancreatic cancer. This knowledge can help guide 
the role of anticoagulation in patients with GI malignan-
cy complicated by visceral thrombosis. Data adjusted for 
confounders showed that esophageal, hepatic, cholangio-
carcinoma, and colorectal cancers had significantly lower 
total hospitalization charges than patients without GI 
malignancies, with hepatic cancers and cholangiocarci-
noma having a shorter duration of in-hospital stays. 
These findings can be explained with the severely debili-
tated status corresponding to these renowned aggressive 
cancers and a tendency to be less therapeutically aggres-

sive given the overall poor prognosis. Besides, SVT hos-
pitalizations occurring in patients without an obvious 
malignant cause tend to undergo extensive work-up to 
determine the etiology resulting in a longer and more ex-
pensive inpatient stay. Moreover, there are limited man-
agement options for malignancy-associated PVT, while 
also considering that some techniques, such as selective 
internal radiation therapy, can be executed as an outpa-
tient.

The rationale behind anticoagulation in SVT is to pre-
vent intestinal and splenic infarction via thrombus dis-
solution and recanalization, while also preventing PHT 
by interrupting the progression to cavernous transforma-
tion of the portal vein [18]. As of now, the mainstay of 
treatment of thrombosis of the splanchnic veins in the 
cancer setting is low molecular weight heparin or, less 
commonly, unfractionated heparin. While vitamin K an-
tagonists, bridged with low molecular weight heparin are 
suggested for the majority of patients with SVTs, evi-
dence points to them being less efficient and safe in pa-
tients with cancer, hepatic disease, or low platelet count 
[26, 27]. An increasingly used option is represented by 
direct oral anticoagulants, an alternative made attractive 
due to their ease of use. Lack of data investigating their 
efficacy and safety, however, limits their use and hinders 
their inclusion as a standard of care in this specific popu-
lation. The present-day therapeutic strategies are extrap-
olated from guidelines made by the American College of 
Chest Physicians despite the fact that they are not spe-
cifically targeted towards SVT [28]. Moreover, there are 
no randomized clinical trials regarding anticoagulation 
in these patients, and most of the data are inferred from 
observational studies that do not take into account the 
different etiologies of SVT and consequently dissimilar 
natural courses. The retrospective analysis conducted by 
Acuna-Villaorduna et al. [29] on 698 patients revealed 
significant differences in outcomes, with a much higher 
rate of PVT progression and venous thromboembolism 
recurrence in the malignancy group compared to the pa-
tients with cirrhosis or acute abdominal inflammatory 
conditions. Furthermore, the incidence of thrombotic 
outcomes was similar between patients with symptom-
atic SVT and those with incidental SVT. This finding is of 
particular importance given that the current guidelines 
recommend anticoagulation only for patients with symp-
tomatic SVT while suggesting a case by case approach in 
incidental SVTs. Since we included admissions for SVT 
as the primary diagnosis, it is more likely to be symptom-
atic than incidental. We showed that advanced age and 
higher comorbidity index increased the odds of inpatient 
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mortality, factors which are also associated with increased 
bleeding risk. A recent study does support the notion that 
patients with incidentally detected SVT should receive 
anticoagulation, while also underlining that the mortality 
associated with major bleeding during the course of anti-
coagulation may outweigh the mortality associated with 
VTE recurrences, advising caution in such a delicate 
equilibrium [30].

Our analysis also showed a fourfold increase in the 
hospitalization rate in GI malignancies during the 11-
year study period. This rapid increase is a possible result 
of an increased detection of SVT due to increased aware-
ness of the former as an anticipated complication as well 
as an actual rise in incidence in the context of prolonged 
survival due to diagnostic and therapeutic advancements. 
This setting appears favorable to broaden the knowledge 
of this subgroup of patients, with a focus on complica-
tions associated with PVT—mainly PHT and variceal 
bleeding.

This study carries limitations intrinsic to its observa-
tional nature which may reduce the accuracy of the data. 
Sampling bias was averted by using previously validated 
ICD 10 codes to capture the right study sample. Second, 
because of the administrative nature of our database, we 
could not define the size and the location subtype of the 
PVT (truncal or segmental). Furthermore, we cannot dif-
ferentiate between incidental or symptomatic SVT as well 
as an actual thrombus versus tumor thrombus. Also, 
since the actual cause of death is not captured in the NIS, 
we have reported the total all-cause mortality without de-
lineating the actual cause. Lastly, we could not identify the 
two other types of SVT, that is, splenic vein and mesen-
teric vein thrombosis, given that they currently do not 
have a specific ICD 9 or ICD 10 codes. It remains un-
equivocal, however, that more in-depth knowledge of this 
ambiguous condition, with its heterogeneous presenta-
tions and complications, including not only PHT but also 
bowel ischemia, will possibly lead to an increased burden 

in terms of hospitalization charges and a rise in hospital-
ization rates—such as already observed in our study. Ad-
ditional complications related to treatment can only in-
crease such burden and therefore merit further studies, 
encompassing the possibility of validating the use of di-
rect oral anticoagulants in such settings.
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