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Abstract. Cystic echinococcosis (CE) is a parasitic disease caused by the larval forms of species of the tapewormEchi-
nococcus. Themost common location is the liver. Toassess the frequencyandclinical characteristicsof portal hypertension
(PH)and the risk factors forPHdevelopment,weperformeda retrospectiveobservational studyof inpatientsdiagnosedwith
hepatic CE and PH from January 1998 to December 2018, at Complejo Asistencial Universitario de Salamanca, Spain. Of
362 patients analyzedwith hepatic CE, 15 inpatients (4.1%) had a portal vein diameter$14mm, and themean diameter of
theportal veinwas 16.9 (standard deviation [SD]62.1)mm.Twelve patientsweremen. Themean agewas 59.5 years (SD6
17.8 years). Four patients had ascites (26.6%), four had collateral circulation (26.6%), 14 hadhepatosplenomegaly (93.3%),
five had esophageal varices (33.3%), four hadhematemesis, and three had jaundice.Other causes of PH included hepatitis
B virus (1patient) andhepatitisC virus (1 patient) infectionsand alcohol abuse (1 patient). The host variables associatedwith
PH development weremale sex (odds ratio, 4.6; 95% confidence interval, 1.1–20.9;P5 0.030) and larger cyst size (10.86
6.3 versus 7.66 4.1;P5 0.004). Hepatic CE is an infrequent cause of PH that usually occurswithout indications of liver fail-
ure. Larger cyst size and male sex were the main risk factors associated with this complication. Mortality was higher for
patients with hepatic CE with PH than for patients with hepatic CE without PH.

INTRODUCTION

Cystic echinococcosis (CE) is a parasitic disease with
worldwide distribution caused by the larval forms of species
of the tapeworm Echinococcus granulosus sensu lato; dogs
are a definitive host and humans are an accidental host.1

Human echinococcosis is prevalent in northern and eastern
Africa, central Asia, South America, Australia, and Mediterra-
nean Basin countries, such as Greece, Italy, Portugal, and
Spain.2

Human infection causes cysts in any organ, although the
most common locations are the liver (.65%) and lung
(25%).3 CE can be acquired at any time, with the risk increas-
ing with increased time exposed to or living in endemic areas.
Infected patients are frequently asymptomatic for years or
decades.4AccidentalfindingsofCEaresometimes founddur-
ing clinical autopsies.5

Complications of CE orCE recurrence canoccur secondary
to surgical procedures6,7 because of the need to handle the
cyst, spontaneous rupture of the cyst wall with the develop-
ment of a fistula (biliary, bronchial, pleural, and other types),
and superinfection by bacterial or fungal species.8

Additionally, immunological reactions such as urticaria and
anaphylaxis have been observed with complications caused
by cysts.
During a recent retrospective study, we evaluated sponta-

neous complications of CE. Unexpectedly, we found that
some patients with hepatic CE presented clinical characteris-
tics of portal hypertension (PH), such as ascites and variceal
hemorrhage.9 Therefore, in the present study, we aimed
to examine the frequency and clinical characteristics of PH
and the risk factors for PH development in patients with
hepatic CE.

PATIENTS AND METHODS

Study design and participant selection. A retrospective,
longitudinal, descriptive study was designed to review all
patients diagnosed with CE at Complejo Asistencial Universi-
tario de Salamanca (CAUSA) between January 1998 and
December 2018. CAUSA is a tertiary care hospital that covers
an area of 12 350 km2. In, 2018, there were 333,603 inhabi-
tants (National Institute of Statistics [INE}; http://www.ine.
es/) located in midwestern Spain.
All patients included in the study fulfilled the following four

criteria: diagnosedwithCE according to code 122of the Inter-
national Classification of Disease, 9th edition, Clinical Modifi-
cation (ICD-9-CM) during 1998 to 2015, or with code B67 of
the International Classification of Disease, 10th edition (ICD-
10) during 2016 to 2018; liver disease caused by Echinococ-
cus granulosus; highly suggestive clinical setting of PH, such
as encephalopathy, splenomegaly, esophageal varices, vari-
ceal hemorrhage, portal hypertensive gastropathy, and
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ascites; and radiological signs consistent with PH using ultra-
sonography/tomography or higher than F3 using FibroScan
(Echosens,Waltham,MA). The exclusion criteriaweremissing
data, extrahepaticCE,andnoadequateportal image.Theclin-
ical and epidemiological data were collected after a review of
the medical records. All data analyzed were anonymized.
We defined PH syndrome if the patient had symptoms or

signs usually associated with PH (including variceal hemor-
rhage, portal hypertensive gastropathy, ascites, and sponta-
neous bacterial peritonitis) and radiological signs on
ultrasonography or tomography (such as ascites, splenomeg-
aly, portal flow mean velocity ,12 cm/second, inversion of
flow in the portal vein, portosystemic collaterals of a patent
paraumbilical vein or spleen-renal collaterals, dilated left and
short gastric veins, portal vein diameter.13 mm, decreased
or no respiratory variation in the diameter of the splenic and
superior mesenteric veins, and portal, splenic, or superior
mesenteric vein thrombosis). We also considered PH if liver
stiffness was .13.6 kPa as measured by FibroScan (Fibro-
Scan Touch 502; Echosens).

Data analysis. To perform statistical analyses, descriptive
analysis was conducted for each individual variable. For cate-
gorical variables, the results are expressed as absolute values
(n), proportions (n/N), or percentages (%). Forquantitative var-
iables, the results are expressed as the mean and standard
deviation (SD), median and interquartile range (IQR; quartile
1–quartile 3), and range (minimum value–maximum value).
The strength of the association between categorical variables
wasmeasured using Pearson’s x2 contrast statistic and odds
ratio (OR) estimates. An analysis of variance (F-test) was used
tostatistically assess theequalityofmeansbetweengroups.P
# 0.05 was considered statistically significant (significance
level of 0.05). The SPSS 26.0 (SPSS, IBM, Armonk, NY) statis-
tical package was used.

Ethics statement.Thestudyprotocolwasapprovedby the
Clinical Research Ethics Committee of the Complejo Asisten-
cial Universitario de Salamanca (Salamanca, Spain). The pro-
cedures described here were performed in accordance with

the ethical standards described in the 2013 revised Declara-
tion of Helsinki.

RESULTS

Between January 1998 and December 2018, a total of 594
patients received a diagnosis of CE; 88 patients with no data
were excluded and 506 inpatients with a diagnosis of CE
were included in the initial study. After checking all cases,
144 patients were excluded because of extrahepatic CEwith-
out hepatic involvement (65), the absenceof an adequate por-
tal image, or nonvalid imaging test results (79). Therefore, 362
(71.5%) patients underwent portal studies via radiological
examinations (ultrasonography, computed tomography, or
magnetic resonance imaging) or elastography, including com-
plementary tests, and they were included as study subjects.
Fifteen (4.1%) includedpatients fulfilled thecriteria forPHsyn-
drome. Figure 1 shows the flowchart of participant inclusion in
this study.
Clinical and epidemiological data of the 15 patients with CE

andPHareshown inTable1. Twelvepatients (80%)weremale
and three (20%)were female. Themeanage (6SD)of the sam-
ple was 59.5 years (617.8 years) (median, 61 years; IQR,
50–70 years; range, 22 to 93 years). These patients presented
with one hepatic cyst (10 patients; 66.6%), two cysts (4
patients; 26.6%), and three or more (1 patient; 6.6%). Cysts
were most frequently located in liver segments VII and VIII (5
patients; 33.3%) (Figure 2) The World Health Organization
(WHO) classifications most frequently presented were stage
II (7 patients; 46.7%), stage V (4 patients; 26.7%), stage IV (2
patients; 13.3%), and stage III (1 patient; 6.7%). For one
patient, there were no detailed radiological data. The mean
size (6SD) of the cysts was 10.7 cm (SD 6 6.3) cm (median,
10 cm; IQR 5–16; range, 3–23 cm). For 9 (60%) patients, the
mean cyst size was larger than 7 cm.
We studied the risk factors for PH in patients with hepatic

CE. Among the variables of the host associated with PH,
only male sex was associated an increased risk of PH (OR,

Pa�ents diagnosed with CE (1998-2018)
n=594

Pa�ents excluded (n=88)
• missing data

Studied pa�ents
n=506

Pa�ents excluded (n=144)
• 65  extrahepa�c CE without 

hepa�c involvement
• 79 non valid image test 

Hepa�c CE
n=362

PH
n=15

US/CT>13 mm
& clínica profile

FIGURE 1. Participant profile.
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4.6; 95% CI, 1.1–20.9; P 5 0.030). Patients with hepatic CE
with PHhad larger cysts than patientswith hepaticCEwithout
PH (10.86 6.3 compared with 7.66 4.1; P5 0.004).
Themeandiameter of theportal veinwas16.9mm(SD62.1

mm) (median, 16 mm; IQR, 15–20; range, 14–20 mm). The
signs most frequently found during radiological examination
were portal vein diameter.14 mm (15 patients; 100%), asci-
tes (4 patients; 12%), splenomegaly (7 patients; 21%), porto-
systemic collaterals (5 patients; 15%), portal thrombosis (2
patients; 13.3%), and cavernomatosis (1 patient; 6.6%). Two
patients had elastography results of 9.85 (SD6 0.55) kPa.
The most frequently observed symptoms or signs associ-

ated with PH were hepatosplenomegaly (2 patients; 14.3%),
ascites (4 patients; 26.6%), esophageal varices (5 patients;
33.3%), hematemesis (4 patients; 26.6%), and jaundice (3
patients; 20%). There were asymptomatic patients with cyto-
penia (thrombocytopenia, leukopenia, and anemia) and hypo-
albuminemia. Among the studiedpatients, other causes of PH
were detected in 3 (20%) patients: alcohol abuse for 1 (6.6%)
patient, hepatitis B virus infection for 1 patient, and hepatitis C
virus infection for 1 patient. Thepatients analyzeddid not have
liver failure, and their mean Child-Pugh score was 5.86 (SD6

1.08). Other posthepatic causes of PH such as suprahepatic
vein or cava vein thrombosiswere ruled outwith ultrasonogra-
phyand tomographystudies.Nopatient had right heart failure.
During a mean follow-up of 70.9 (SD 6 64.5 months), 10

(66.6%) patients had positive evolution, 2 (13.3%) patients
had no follow-up data available, and 1 male patient died
because of PH complications. Mortality was higher for
patientswith hepatic CEwith PH than for patientswith hepatic
CE without PH, although the difference was not significant.

DISCUSSION

PHsyndromehasoftenbeendescribedasacomplicationof
different parasitic diseases. Themost frequent parasitic infec-
tionassociatedwithPH isschistosomiasis,which iscausedby
chronic infection of a trematode species ofSchistosoma such

asS.mansoni orS. japonicum.10 The authors found that more
than 5% of all patients with intestinal schistosomiasis had a
severe form of hepatosplenic schistosomiasis and, conse-
quently, PH.11 However, another species of Echinococcus,
Echinococcus multilocularis, has also been established as a
cause of PH because of its characteristic invasion of liver
tissue.12

Unlike previous parasites, CE has never been included (to
our knowledge) on the list of causes of PH. However, this syn-
drome has been referred to in case records in the litera-
ture.13,14 Therefore, we aimed to assess the frequency, risk
factors, clinical characteristics, and prognosis of PH in our
cohort of patients with hepatic CE.
An academic definition of PH is portal vein pressure higher

than 5 mmHg.15 Nevertheless, to measure this pressure, it is
necessary to introduce a venous catheter into the suprahe-
patic veins. However, this technique for the diagnosis of PH
syndrome is not usually performed outside of specialized
hemodynamic and transplantation liver units. In clinical prac-
tice, we usually diagnose PH syndrome if patients have liver
or systemic vein portal disease in addition to clinical charac-
teristics of secondary complications of PH, such as ascites,
splenomegaly, and variceal hemorrhage, or suggestive radio-
logical signs.
Therefore, during this retrospective study, we included only

patientswhopresentedunequivocal symptomsor signs asso-
ciated with PH and complementary signs on radiological
(ultrasonography, computed tomography, or magnetic reso-
nance imaging) or elastography examinations. Computed
tomography and magnetic resonance imaging do not offer
functional imaging to establish a diagnosis of PH; however,
they detect secondary changes in PH, such as portosystemic
collateral formation, splenomegaly, portal hypertensive gas-
tropathy, and ascites.16

During our study, we found 15 patients with clinical and
complementary data suggestive of PH; 4% of those patients
had hepatic CE. This low frequency of PH syndrome supports
the scarcity of data presented in the literature. Therefore, it is

VII

VI

VIII

V
IV

II

III

5 (33.3%)

VII

VI

VIII

V

IV

II

III

5 (33.3%)

2 (13.3%)

1 (6.6%)

4 (26.6%)

2 (13.3%)4 (26.6%)

FIGURE 2. Main cyst location for patients with cystic echinococcosis included in the study.
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possible that those patients with long-term parasitic infection
have a higher possibility of PH development. However, during
our study, we did not find an association between older age
and PH or between comorbidities and PH. Our data showed
no association of PH with the stage or location of the cyst
inside the liver; however, it did show an association with the
cyst size. Moreover, there is no clear relationship between
PH and endovascular invasion of the parasite because only
three patients had portal thrombosis.
The patterns of symptoms and signs detected in patients

with PH and CE suggested differences between schistosomi-
asis and E. multilocularis infection. Schistosomiasis usually
causes presinusoidal PH, and patients have ascites, hepatos-
plenomegaly, andvariceal hemorrhage.17Alveolar echinococ-
cosis spreads to suprahepatic veins, and the pattern is usually
postsinusoidal PH with clinical characteristics compatible
with Bud-Chiari syndrome and indications of liver failure. In a
series from Poland, Echinococcus multilocularis was a cause
of transplantation for 13% of patients.18

Patients with PH associated with CE usually present with
abdominal pain, ascites, splenomegaly, variceal hemorrhage,
and encephalopathy, but no indications of liver failure. How-
ever, it was an accidental finding for approximately one-third
patients.19

We know that PH is a cause of mortality for patients with
schistosomiasis or E. multilocularis infection. In our cohort,
we found a mortality rate of 20% for patients with hepatic
CE who had PH, which was higher than the rate we found
for our overall cohort.Wepreviously reported that, for patients
withCE,PHwas themaincauseof death.Superinfections and
biliary fistula were the main causes of mortality in that cohort.
During this study, we found that PH complications could also
be causes of mortality.
Thepathogenicmechanisms involved in thedevelopmentof

PH inpatientswithCEarenot clear. It is possible that thepres-
ence of a cyst could increase the resistance of portal blood
flow into the liver. This possibility is consistent with the larger
cyst size observed in patients with CE with PH than that in
patients with CE without PH. These data support the idea
that liver tissue compression caused by cysts could explain
PH. However, we did not find an association between the
cyst locationandPH; therefore,direct compressionof thepor-
tal vein is unlikely to be the mechanism of PH development
involved in this cohort.
There could be factors related to endothelial dysfunction in

patients with CE, however. Nitric oxide (NO) is a molecule
associated with vasodilator effects in the portal vein. There-
fore, NO donor drugs, such as nitrates, are frequently used
in the treatment of PH syndrome. Some parasitic infections,
suchasSchistosomamansoni, have been found to alter endo-
thelial cell function, thus decreasing the expression of endo-
thelial NO synthase and, consequently, NO production.20

Patients with CE have NO concentrations lower than those
of the healthy population and present a slight increase after
surgery.21

Finally, liver fibrosis induced byCE has been observed in an
experimental mousemodel of infection.22 In our cohort, it was
interesting that liver fibrosis was demonstrated in two of the
only two patients who underwent liver elastography (F3 stage
offibrosis) usingFibroScan (FibroScanTouch502;Echosens).
Various mediators are involved in liver fibrosis. It has been

proposed that vascular endothelial growth factor acts in the

PH development pathway, and that its inhibition improves
PH, hyperdynamic splanchnic circulation, portosystemic col-
lateralization, and liver fibrosis.23 Egg antigens of Schisto-
soma and other parasitic infections cause VEGF upregulation
in endothelial cells.24 E. granulosus has also been shown to
increase VEGF in infected patients.21 VEGF is associated
with fibrogenesis periportal fibrosis and angiogenesis, and it
could be involved in the PH development pathway.25

Another mediator involved in fibrosis in patients with CE is
transforming growth factor-b. E. granulosus increases the
level of transforming growth factor-b1 in advanced stages or
infection, thus contributing to thedevelopment of thefibrocyst
wall and inhibiting the expression of miR-19, consequently
promoting liver fibrosis and secondary PH.26

Finally, in our cohort of patients with hepatic CE and PH,we
found other possible causes of PH, such as alcohol abuse and
hepatitis C and B virus infections, in only three patients.
Although it is difficult, especially during retrospective studies,
to assess how different factors can contribute to PH, we think
that CE could have had an important role in the development
of PH in thesepatients. This fact hasbeenhighlighted for other
parasitic infections as well; therefore, hepatosplenic schisto-
somiasis patients coinfected with HCV and HBV could be at
higher risk for PH.27

Based on all these findings, it is difficult to know the defini-
tive cause of PH. It is possible that it could be caused by mul-
tiple factors, suchasportal compression, invasionof theportal
system, and induction into fibrosis.
Our work was retrospective; therefore, it had some limita-

tions, such as a scarce number of patients and limited selec-
tion criteria. Nevertheless, it is difficult to perform other types
of studies of CE because of the chronic characteristics of this
infection and its long follow-up. Therefore, the results should
be interpreted with caution. Multicenter works should be per-
formed in the future to verify our results.

CONCLUSIONS

Liver CE is a rare cause of PH, which usually occurs without
indications of liver failure. Larger cyst size and male sex were
the main risk factors associated with this complication of CE.
Mortality was higher for patients with hepatic CEwith PH than
for patients with hepatic CE without PH.
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