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ARTICLE INFO ABSTRACT

Keywords: Background: Splanchnic vein thrombosis (SVT) is an uncommon manifestation of venous thromboembolism.

Splamh“_ic vein thro'?‘bOSiS Epidemiological data on SVT-related mortality rate is not available to date.

Il:;rtal]yem thrombosis Methods: We investigated time trends in SVT-related mortality rate, 2008-2019, in Veneto, an Italian high-
ortality

Epidemiology income region of approximatively 5,000,000 inhabitants. SVT-related deaths were identified by the following

Venous thromboembolism ICD-10 codes: 181 (portal vein thrombosis), K75.1 (phlebitis of portal vein), K76.3 (liver infarction), K76.5

Death (hepatic veno-occlusive disease) or 182.0 (Budd-Chiari syndrome).
Results: During the study period, a total of 557,932 deaths were recorded. SVT was reported in 823 cases; 776
(94%) consisted of portal vein thrombosis. The age-standardized SVT-related mortality rate varied from 1.47
(year 2008) to 1.52 (year 2019) per 100,000 person-years. An increase in the cause-specific annual mortality rate
was observed in women (0.56 in 2008 to 1.04 per 100,000 person-years in 2019; average annual percent change
+5.7%, 95%CI +3.1; +8.3%). In men, the cause-specific mortality rate moved from 2.53 in 2008 to 2.03 per
100,000 person-years in 2019 (average annual percent change —1.2%, 95%CI -4.0; +1.6%). After conditioning
for age and sex, the odds of having a concomitant liver disease were higher for SVT-related deaths (OR 31.6; 95%
CI 17.1-37.0) compared with non-SVT-related deaths. This also applies to gastrointestinal cancers (OR 1.28; 95%
CI 1.07-1.55), although to a lesser extent.
Conclusions: We report first epidemiological estimates of SVT-related mortality in a Western country. These
values will serve as a reference to weight novel potential factors associated with SVT-related death and interpret
them from an epidemiological perspective.

1. Introduction 100,000 general population for SVT [1-4] and between 0.8 and 2.2 per
million general population for BCS [4,5]. Cirrhosis, abdominal cancer,

Splanchnic vein thrombosis (SVT) is an uncommon manifestation of and myeloproliferative neoplasms (MPN) are associated with incident
venous thromboembolism (VTE) involving portal, splenic, and mesen- SVT: the prevalence of SVT in these patient subgroups has been esti-
teric veins, as well as the suprahepatic veins (Budd-Chiari syndrome, mated to be 15%, 7%, and 4%, respectively [6-11]. The diagnosis of SVT
BCS). The annual incidence rate of SVT range between 0.7 and 21 per is driven by a rather unspecific constellation of symptoms, including
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abdominal pain, ascites, and acute abdomen [1,12-14]. One third of
SVT patients are diagnosed incidentally during imaging exams done for
other reasons and explaining the heterogeneity in reported incidences
[15,16]. Nonetheless, incidental SVT events seem to have a prognosis
similar to symptomatic events [15].

The burden of SVT in terms of fatality is considerable. Sggaard et al.
reported a 30-day case fatality rate of 20%. The 5-year case fatality was
up to 25% [3]. Ageno et al. observed an overall case fatality of 7.3% for
portal vein thrombosis and 4.9% for BCS in an 11-year time period [4]. A
recent meta-analysis by Zhang et al. reported a case fatality rate of 16%
in patients who developed SVT after abdominal surgery [17]. Ogren
et al. reported a prevalence of SVT of 1% in 24,000 autopsies [18], thus
raising the issue of possible SVT underdiagnosis. Currently, there is no
available data concerning the burden of this disease on the general
population, notably its annual mortality rate.

The availability of mortality and time-trend data is crucial for
healthcare policy and study of risk factors allowing the identification of
groups toward efforts should be oriented. Moreover, it is useful to study
trends and have historical references to put changes in the exposure to
novel potential or suspected thrombosis risk factors, for instance SARS-
CoV2 vaccination [19,20], into an epidemiological perspective.

We conducted this study to investigate contemporary time trends in
SVT-related mortality and used data from Veneto, a high-income region
of Italy characterized by a homogeneous healthcare system, geography,
and structure of the population as a proxy for other similar regions with
an advanced healthcare structure.

2. Patients and methods

Veneto is a north-eastern Italy region of approximatively 5,000,000
inhabitants in 2019, with a public healthcare system organized into nine
Local Health Units, two university hospitals, and a regional oncologic
institute. For each Local Health Unit, a copy of death certificates of
residents is routinely transmitted to the Regional Epidemiology
Department for coding of the causes of death according to the Interna-
tional Classification of Diseases 10th Edition (ICD-10). Standard mor-
tality statistics are based on internationally adopted rules, which
identify the underlying cause of death (UCOD) among all conditions
reported in the certificate. The UCOD usually corresponds to the un-
derlying cause stated by the certifying physician, but could also corre-
spond to another disease reported in the certificate, or a derived
condition, if deemed more appropriate. For the period 2008-2017, such
rules have been applied by means of the Automated Classification of
Medical Entities (ACME), a program developed by the US National
Center for Health Statistics to standardize assignment of the UCOD [21].
Since 2018, selection of the UCOD has been performed with the IRIS
software, currently adopted in most European countries [22]. As well as
the UCOD, the regional mortality database includes all diseases
mentioned in the certificate (multiple causes of death, MCOD). No in-
formation on the prevalent use of autopsy are available in this database.

All death certificates from January 1, 2008 to December 31, 2019
were deemed to be SVT-related if codes I81 (portal vein thrombosis),
K75.1 (phlebitis of portal vein), K76.3 (infarction of liver), K76.5 (he-
patic veno-occlusive disease) or 182.0 (Budd-Chiari syndrome) had been
reported in any position in the certificate (MCOD). The choice of the
ICD-10 codes was made according to the previous epidemiological
studies on SVT. No ICD-10 codes are currently available for mesenteric
venous thrombosis and splenic vein thrombosis, which are currently
encompassed by the general K55.0 (acute vascular disorders of the in-
testine), K55.1 (chronic vascular disorders of the intestine) and D73.5
(infarction of spleen) codes. Additionally, the following information was
collected: sex, age, site, and year of death.

Age and sex specific mortality rates (number of patients with SVT in
any position of the death certificate per 100,000 general population per
year), age-standardized mortality rates (direct standardization, 2013
European standard population), and the proportionate mortality (share
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of SVT-related deaths out of all deaths), were calculated for the MCOD.
The 95% Confidence Intervals (CI) for yearly age-adjusted mortality
rates were calculated according to the method by Fay et al. [23]. The
average annual percent change (AAPC) in age-standardized mortality
rates through the study period with 95% CI was estimated using the
Joinpoint software. The distribution of the most common UCOD in
certificates with any mention of SVT was investigated.

For each death certificate, data about bleeding events was collected.
The ICD-10 codes for bleeding events are reported in Supplementary
Table 2, consistently with codes previously used in the literature [24].
The odds ratio (OR) with 95% CI for bleeding events in SVT (vs. non-
SVT) patient was estimated by a conditional regression model strati-
fied by sex and age at death.

Lastly, the association between liver diseases or gastrointestinal
cancer (Supplementary Tables 1), known risk factors for SVT as identi-
fied from observational cohort studies, and SVT itself was estimated by
age and sex-stratified conditional logistic regression models stratified by
sex and age at death comparing the SVT vs. non-SVT populations. Data
was analyzed with Microsoft Excel (version 16.54), Stata (version 15.0)
and RStudio (version 1.4). The analysis of causes of mortality is included
among mandatory activities of the Regional Epidemiology Department
according to regional law; data used in this study were completely
anonymized and their use did not require ethics or institutional review
board approval.

3. Results

During the 2008-2019 period, a total of 557,932 deaths were
recorded in Veneto: 293,455 in women and 264,477 in men. Splanchnic
vein thrombosis was reported in 823 cases, corresponding to 0.14% of
all deaths. The number of SVT-related deaths was higher in men (561
SVT-related deaths, 68.2%) than in women (262 SVT-related deaths,
31.8%). Portal vein thrombosis represented the vast majority (n = 776;
94.3%) of SVT events. Phlebitis of portal vein (n = 1), liver infarction (n
= 23), hepatic veno-occlusive disease (n = 2), and Budd-Chiari syn-
drome (n = 21) have been much more rarely reported as a cause of
death.

The annual crude SVT-related mortality rate was 1.41 per 100,000
person-years: 1.97 per 100,000 general population in men and 0.87 per
100,000 general population in women. SVT events were reported as the
underlying cause of death in 54 (6.6%) patients with a mention of SVT in
the death certificate (Table 1). Mortality rates peaked among men aged
70-79 years. In women, the increase in SVT-related mortality increased
proportionally across age groups: however, these rates remained lower

Table 1
List of the selected underlying causes of death from death certificates in patients
with splanchnic vein thrombosis (SVT).

Underlying cause of ICD-10 code Men Women
death

n % n %
Splanchnic venous 181, 182.0, K75.1, K76.3, 26 4.6 28 10.7

thrombosis K76.5
Viral hepatitis, B15-B19, K70, K73, K74 109 19.4 52 19.8
chronic liver

diseases
Liver cancer Cc22 268 47.8 78 29.8
Biliary, pancreatic C23-C25 30 5.3 35 13.4
cancer
Other GI cancer C15-C21, C26 31 5.5 12 4.6
Other neoplasms C00-C14, C30-D489 38 6.8 24 9.2
Other GI diseases A00-A09, K00-K99 (SVT, 24 4.3 11 4.2
chronic liver dis.
excluded)
Circulatory diseases 100-199 (SVT excluded) 16 2.9 13 5.0
Other causes - 19 3.4 9 3.4
Total 561 262

Abbreviations: GI, gastro-intestinal; SVT, splanchnic vein thrombosis.
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compared to men of same age (Fig. 1).

Information on the place of death was available starting in 2012. Of
380,515 deaths since 2012, 579 were deemed to be SVT-related. Of
these, 399 (68.9%) occurred in hospital, 79 (13.6%) at home, and 62
(10.7%) in a hospice; Table 2.

3.1. Trends in SVT-related mortality

The age-standardized SVT-related mortality varied from 1.47 in
2008 to 1.52 per 100,000 person-years in 2019. In the study period, an
increase in the age-standardized SVT-related mortality rate was
observed in women (from 0.56 to 1.04 per 100,000 person-years; AAPC
5.7%, 95% CI 3.1; 8.3%), whereas in men the trend was toward reduc-
tion, although without evidence of statistical significance (from 2.53 to
2.03 per 100,000 person-years; AAPC —1.2%, 95% CI —4.0; 1.6%),
Fig. 2. In men, the median age at SVT-related death was 70 years
(Q1-Q3 62-76); in women, it was 77 years (Q1-Q3 68-83).

Similar to age-standardized SVT-related mortality rate, SVT-related
proportionate mortality (number of SVT-related deaths/total deaths)
also increased over time in women, indicating that SVT represented a
progressively more frequent cause of death among women. As shown in
Table 3, SVT codes were reported in women in 0.07% of deaths in
2008-2011, increasing to 0.11% in 2016-2019. In men, we observed a
rather stable prevalence (0.21%, 0.22%, and 0.21% for the periods
2008-2011, 2012-2015, and 2016-2019, respectively).

3.2. Prevalence of bleeding events in patients with and without SVT

Bleeding events, as defined by the ICD-10 codes presented in the
Supplementary Table 2, were recorded in 114 (13.9%) out of 823 SVT-
related deaths, vs. 32,988 (5.9%) out of 557,109 non-SVT-related deaths
for an OR of 2.21 (95% CI 1.81-2.69). Of 114 bleeding events among
SVT-related deaths, 92 (80.7% of bleeding events) occurred in the
digestive tract and 25 (21.9% of bleeding events) were due to the
presence of esophageal varices. In the non-SVT population, the
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Fig. 1. SVT-related deaths per 100,000 population by age and sex, 2008-2019
Abbreviations: SVT, splanchnic vein thrombosis.
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Table 2
Place of death in patients with and without splanchnic vein thrombosis (SVT).
SVT No SVT Total

Total, N 579 379,936 380,515
Missing, n (% of column) 17 (2.9) 11,857 (3.1) 11,874
Home, n (%) 79 (13.6) 95,467 (25.1) 95,546
Hospital, n (%) 399 (68.9) 190,040 (50.0) 190,439
Hospice, n (%) 62 (10.7) 21,502 (5.7) 21,564
Nursing home, n (%) 18 (3.1) 54,715 (14.4) 54,733
Other, n (%) 4(0.7) 6355 (1.7) 6359

This data refers to the period 2012-2019, for which information on the place of
death was available.
Abbreviations: SVT, splanchnic vein thrombosis.
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Fig. 2. Trend in age-standardized SVT-related mortality per 100,000 deaths by
sex, 2008-2019
Abbreviations: SVT, splanchnic vein thrombosis.

percentage of gastrointestinal bleeding events was 26.8% of all bleeding
events, whereas that of esophageal varices bleeding was 1.1%. Of all
SVT-related deaths, the percentage of gastrointestinal bleeding was
11.2% (3.0% for bleeding from esophageal varices). Of all non-SVT-
related deaths, the percentage of gastrointestinal bleeding was 1.6%
(0.1% for bleeding from esophageal varices).

3.3. Prevalence of concomitant diseases in patients with and without SVT

Among all deaths with SVT in any position of the certificate, the most
prevalent underlying causes of death in women were liver cancer (n =
78, 29.8%), followed by viral hepatitis and chronic liver diseases (n =
52, 19.8%), biliary and pancreatic cancer (n = 35, 13.4%), other
gastrointestinal cancer (n = 12, 4.6%), and other cancer subtypes (n =
24; 9.2%). In men, the most prevalent underlying causes of death were
liver cancer (268 deaths; 47.8%), followed by viral hepatitis and chronic
liver diseases (n = 109; 19.4%), biliary and pancreatic cancer (n = 30;
5.3%), other gastrointestinal cancer (n = 31; 5.5%), other cancers (n =
38; 6.8%) (Table 1).

The prevalence of liver diseases (Supplementary Table 1) in patients
with SVT-related death was 76.3% in men and 55.0% in women.
Compared to deaths without SVT, age- and sex-adjusted OR for liver
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Table 3
Trends in SVT-related mortality rate and proportionate mortality in women and
men by year groups, Veneto region.

Years Years Years
2008-2011 2012-2015 2016-2019
Men
UCOD, n 1 14 11
MCOD, n 180 193 188
Proportionate mortality, % 0.21 0.22 0.21
Crude mortality rate (deaths per 1.9 2.0 2.0
100,000 pop-yrs)
Age-standardized mortality rate 2.0 2.1 1.9
(deaths per 100,000 pop-yrs)
Women
UCOD, n 4 11 13
MCOD, n 64 90 108
Proportionate mortality, % 0.07 0.09 0.11
Crude mortality rate (deaths per 0.6 0.9 1.1
100,000 pop-yrs)
Age-standardized mortality rate 0.5 0.7 0.8

(deaths per 100,000 pop-yrs)

SVT-related mortality rates are expressed as the number of SVT-related deaths
per 100,000 population-years (pop-yrs). Proportionate mortality is expressed as
the number of SVT-related deaths per 100 all-cause deaths in the general pop-
ulation.

Abbreviations: SVT, splanchnic vein thrombosis; UCOD, underlying cause of
death; MCOD, multiple causes of death.

disease in deaths with SVT was 31.6 (95%CI 17.1-37.0). This associa-
tion was stronger in men than in women and was stable through the
study period (Table 4).

The prevalence of gastrointestinal cancer (excluding liver cancer and
including biliary and pancreatic cancer; Supplementary Table 3) in pa-
tients with SVT-related death was 14.3% in men and 21.2% in women.
Compared to deaths without SVT, age- and sex-adjusted OR for gastro-
intestinal cancer in deaths with SVT was 1.28 (95%CI 1.07-1.55). This
association was present in women, but not in men (Supplementary
Table 3).

4. Discussion

In this study, we provided epidemiological estimates of the annual
mortality rate related to SVT and the relative impact of known risk
factors on SVT. In Veneto, an Italian high-income region of nearly 5
million inhabitants, SVT contributed to approximately 1.4 deaths per
100,000 population year in the period 2008-2019. To our knowledge,
this is the first study that analyzes SVT-related mortality and its trends.
This data currently represents the most reliable population-level his-
torical information for this condition and quantifies the relative impact
of known risk factors on SVT-related deaths, including liver diseases and
gastrointestinal cancers.

Table 4

Prevalence of liver disease (liver cancer included, ICD-10 codes B15-B19, C22,
K70, K73, K74) in patients with SVT-related death and comparison with non-
SVT-related deaths in the Veneto region, 2008-2019.

Patients with liver disease and
SVT, n (% of all SVT patients)

Odds Ratio for patients with vs.
without SVT (95% CI)

Total 572 (69.7) 31.6 (27.1-36.0)
Sex

Men 428 (76.3) 35.3(28.9-43.1)
Women 144 (55.0) 26.4 (20.5-34.0)
Period

2008-2011 175 (71.7) 31.4 (23.6-42-0)
2012-2015 202 (71.6) 35.2 (26.8-46.3)
2016-2019 195 (66.1) 30.5 (23.7-39.3)

Odds ratio are presented as age- and, where applicable, sex-adjusted values.
Abbreviations: SVT, splanchnic vein thrombosis; CI, confidence interval.
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Lately, an increased awareness on the novel vaccine-induced im-
mune thrombocytopenia and thrombosis (VITT) [25] has risen in
concomitance of national vaccination campaigns against SARS-CoV2.
However, it proved difficult to compare the observed fatal cases of
venous thrombosis with expected cases based on appropriate reference
mortality data [19,20,26]. For SVT, at least concerning its most preva-
lent manifestations, portal vein thrombosis and BCS, no epidemiological
data on mortality is available although specific ICD-10 codes exist and
incidence estimates vary considerably. Our trend data represent a
reference for future analyses on contemporary SVT-related mortality
rates, assuming that a deviation from the expected range for the year
2020-2021 based on current trends might be secondary novel potential
risk factors, including COVID-19 and COVID-19 vaccines. For it has been
recently shown that SVT was a major presenting thrombotic site in 41
(19%) for the UK's cohort of 220 definite and probable VITT cases who
received the first dose of the ChAdOx1 nCov-19 [27].

In this population, SVT-specific mortality rate was twice as high in
men compared to women. However, the annual cause-specific mortality
trend increased among women during the study period, while it
remained stable among men. Liver disease represented a key risk factor
for SVT with an overall prevalence of 69.7% in SVT deaths and a 30-time
increased risk compared with non-SVT patients. Gastrointestinal cancer
seemed a much less relevant risk factor for SVT and indeed an associa-
tion could be confirmed in women only. Differences in the prevalence of
sex-specific risk factors were reflected by a corresponding difference in
SVT-related mortality, which peaked in the 70-79 years age group
among men, while in women we observed a steady increase in mortality
rates with age. There are several possible explanations for these obser-
vations. First, in both sexes the most frequently reported underlying
cause of death was a liver-related disease (unspecified chronic liver
disease, viral or alcoholic hepatitis, and liver cancer). It is known that
liver diseases-related mortality is higher in men than in women,
particularly in this age group [28,29]. Second, preventive strategies,
including campaigns to prevent alcohol abuse and the introduction of
hepatitis B vaccine, contributed to an overall reduction in chronic liver
disease, particularly among the younger generations [28,30,31].
Finally, the decrease of age-specific SVT mortality in men aged 80 or
older might be explained by the presence of other severe conditions —
namely cardiovascular diseases and non-liver cancer — acting as a
competing risk, thus shifting the focus from SVT to other possible causes
of death.

In women, the SVT-related mortality trend increased significantly
during the study period. An increase in alcohol consumption in the
general population may partly explain this observation [32,33]. The
increase with age in SVT-related mortality in women extended to age
classes >80 years. It is possible that this trend also reflects the higher
risk of getting infected by HCV through contaminated blood transfusions
before the year 1984, especially in pregnant women. Furthermore, the
association between gastrointestinal cancers and SVT was stronger in
women, possibly explaining sex-related differences in SVT patterns and
time trends.

The prevalence of bleeding events was two-time higher in SVT pa-
tients compared with the non-SVT population. This difference was more
pronounced for gastrointestinal bleedings, which were reported in
11.2% of deaths certificate from patients with SVT and in 1.6% of those
from patients without SVT. This observation is consistent with data from
prior cohort studies showing a higher risk of bleeding among SVT pa-
tients compared to patients with other types of VTE [34]: as previously
demonstrated, this risk reflects the baseline gastrointestinal disease and
may only minimally influenced by anticoagulation [13,15].

Our study has some limitations. First, the attribution of deaths to SVT
as the underlying cause is difficult. It is more likely for subjects with SVT
secondary to other diseases (i.e. liver diseases or cancer) to have these as
the underlying cause of death. However, the use of MCOD allowed the
inclusion in the study of a relevant number of subjects with SVT as a
concomitant cause of death, thus partially reducing the risk of
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underestimation. Second, the relatively small number of SVT-related
deaths reported in any position of the death certificate did not allow
further analyses on the association with specific comorbidities (e.g.
alcoholic-related liver disease, viral hepatitis, and liver cancer). There-
fore, we analyzed the association with clusters of diseases (Supple-
mentary Table 1) already used in epidemiological studies. Built as a vital
registration database, no information on the number of SVT diagnoses
was available: therefore, no data on its incidence, prevalence, and fa-
tality could be calculated. Third, being based on ICD-10 codes from
death certificates, no information was available on the use or duration of
anticoagulant therapy, presence of symptoms, or timing of bleeding in
relation to the diagnosis of SVT. Finally, apparently specific ICD-10
codes for splanchnic thrombosis, including K55.0 (acute vascular dis-
orders of the intestine) K55.1 (chronic vascular disorders of the intes-
tine) and D73.5 (infarction of spleen) do not distinguish between venous
and arterial disorders. Thus, and although these two thrombotic mani-
festations share different risk factors, it is impossible to distinguish be-
tween them. This also calls for an implementation of the coding system
to be able to better categorize and study them.

In this study, we reported the time trend and the burden of SVT-
related mortality in a large region of a Western country, showing
marked age-sex differences, a strong association between SVT-related
death and liver disease, and a high prevalence of gastrointestinal
bleedings. Our data may serve as a reference value for future analyses
studying the association between novel potential thrombosis risk fac-
tors, for instance COVID-19 vaccines/VITT and SVT on a population
level.
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