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The study aimed to explore the clinical efficacy of transjugular intrahepatic portosystemic shunt (TIPS)
in treating cirrhotic portal hypertension and relevant influencing factors. 100 patients with cirrhotic por-
tal hypertension receiving TIPS in the 980 Hospital of PLA logistic force from January 2015 to January
2018 were enrolled. Blood was collected from patients to detect liver function indicators [aspartate ami-
notransferase (AST) and alanine aminotransferase (ALT)], renal function indicators [blood urea nitrogen
(BUN) and creatinine (Cr)], glucose metabolism indicators [insulin and glucose (GLU)] and inflammatory
factors [interleukin-6 (IL-6), IL-8 and CXCL9] before surgery and atl and 6 month(s) after surgery. Surgical
efficacy was evaluated. The physique of patients was examined. The portal venous pressure, diameter and
hemorheological indicators of patients were measured. Additionally, postoperative complications and nur-
sing satisfaction were observed. At 1 and 6 month(s) after an operation, the levels of AST, ALT, BUN, Cr,
insulin, GLU and inflammatory factors IL-6, IL-8 and CXCL9 and the portal venous pressure were overtly
reduced (p<0.05), the postoperative dry weight was increased (p<0.05), the postoperative nursing satisfac-
tion was 97%, the patients with higher satisfaction had fewer complications (p<0.05), the diameter of the
portal vein was notably lowered (»p<0.05), while the blood flow rate was remarkably raised (»p<0.05). After
the application of TIPS in the treatment of cirrhotic portal hypertension, the liver function, renal function,
glucose metabolism and portal venous pressure and flow rate of patients return to normal, and postoperative
complications are clearly reduced after postoperative nursing, proving the overall efficacy. Hence, TIPS is

worthy of popularization and application.
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Introduction

Cirrhosis, the end stage of chronic liver injury, is cor-
related with portal hypertension, which is the leading dri-
ver limiting the survival of patients and complications (1,
2). Portal hypertension caused by different stimuli is able
to lead to inflammation, fibrosis and abnormal angioge-
nesis in the liver. Transjugular intrahepatic portosystemic
shunt (TIPS), which is an increasingly important partici-
pant in the management and treatment of portal hyper-
tension complications including variceal hemorrhage and
refractory ascites since the 1980s, is a hemodynamically
equivalent small-diameter portal shunt. After TIPS, the
incidence rates of mortality and stent dysfunction are very
high in the early stage due to the use of bare metal stents
(3, 4). Therefore, the role of TIPS in the long-term mana-
gement of complications of portal hypertension has been
questioned. However, the procedure of TIPS has revolu-
tionary changes due to the introduction of covered stents,
subsequently significantly improving the long-term shunt
patency. Besides, some practical guidelines for the appli-
cation of TIPS in the management of portal hypertension
and new studies detailing the progress of TIPS technology
have been published (5, 6). At present, the safety and effi-

cacy of TIPS are improved via clinical trials, and the risk
of short-term death of patients undergoing TIPS, which is
assessed through the model for end-stage liver disease sco-
ring system, is reduced (7). Undeniably, liver transplanta-
tion is a major hope for patients with portal hypertension,
but limited organ supply is still a limiting factor (8). As a
result, TIPS, a bridge for liver transplantation, has become
the best option for the treatment of portal hypertension.
However, its clinical efficacy and relevant influencing fac-
tors remain unclear and need to be further studied.

Portal hypertension has associations with complica-
tions that are severe and often life-threatening. Increased
intrahepatic resistance causes the increase of splanchnic
blood flow, the development of varicose veins that may
lead to bleeding, and splenomegaly. Increased cardiac out-
put and reduced systemic vascular resistance result in the
formation of a high dynamic cycle. Visceral blood stagna-
tion may lead to systemic hypovolemia, thereby triggering
the activation of the vasoactive agents, mainly vasocons-
trictors, which may further result in sodium retention, as-
cites and ultimately hepatorenal syndrome (9). It is found
in a study that inflammation factors and chemokines have
abnormal increases in the case of cirrhotic portal hyper-
tension, especially CXCL9 which is increased in liver
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diseases (10), which is functionally associated with liver
damage, inflammation, fibrosis (11), angiogenesis and
cirrhosis complications (12). Liver-resident cells, inclu-
ding hepatocytes and hepatic stellate cells, are found to
be the major sources of CXCL9 ligands in the liver (13,
14). As mentioned above, in addition to hepatocyte pro-
liferation, circulating inflammatory cells may participate
in the synthesis and secretion of pro-inflammatory factors
in other cells (15). Further promotion of the over-activa-
tion of neutrophils and endothelial cells leads to the up-
regulation of cell surface adhesion molecules, including
selectins and integrins, and the adhesion of neutrophils to
the inflammatory endothelium, thus resulting in the extra-
vasation of neutrophils into important organs and then the
degranulation, release of proteases, other hydrolases and
reactive oxygen species, and synthesis of inflammatory
cytokines including IL-8 (16). The progression of portal
hypertension during chronic liver disease parallels the in-
creases in intrahepatic and circulating levels of these che-
mokines, and their specific effects and prognostic value
in portal hypertension are well studied. Elevated levels
of these chemokines indicate an inflammatory syndrome
known to be related to the poor prognosis of patients with
cirrhosis. In patients with end-stage liver disease, the com-
plications of chronic liver disease have a direct relation to
the CXCL9 level (17). However, its specific mechanism of
action remains unclear.

In this study, therefore, patients with cirrhotic portal
hypertension receiving TIPS were followed up, the liver
function, renal function and glucose metabolism indica-
tors as well as inflammatory factor levels were detected,
the physique of patients was examined, the patient's por-
tal venous pressure, diameter and blood hemorheological
indicators were measured, and postoperative complica-
tions and nursing satisfaction were observed, so as to com-
prehensively evaluate the advantages of TIPS.

Materials and Methods

General data

A total of 100 patients with cirrhotic portal hyperten-
sion undergoing TIPS for the first time in the 980 Hospital
of the PLA logistic force from January 2015 to January
2018 were selected. Subsequent research was perfor-
med only after the patients enrolled signed the informed
consent. There were 58 males and 42 females, aged 30-85
years old, with a mean of (44=+11) years old and weighing
42-80kg with an average of (55%11.5) kg. Inclusion crite-
ria: Patients were diagnosed with cirrhosis via ultrasound
and CT, without other severe complications before sur-
gery, not allergic to drugs used in this research, and not
received TIPS previously. Exclusion criteria: Patients with
acute heart failure, nervous system diseases, severe car-
diovascular or cerebrovascular diseases such as coronary
heart disease or heart valve disease, or severe secondary
infections complicated with severely abnormal liver or re-
nal function, or pregnant or lactating women. This clinical
study protocol, including all detection programs in assays,
was carried out with approval from the Ethics Committee
of the 980 Hospital of the PLA logistic force.

Surgical methods
The right internal jugular vein was punctured to insert
the puncture system (Cook) slowly. After the successful

entrance into the portal vein by puncturing via the hepa-
tic vein, portal vein angiography was performed, and
portal venous pressure was measured. Next, the catheter
was replaced, and the varicose coronary gastric vein was
embolized using materials including a steel ring (Cook),
gelatin sponge particles and tissue glue via the catheter.
Then, stents were placed on establishing shunt ways. After
that, the pigtail catheter was introduced again to perform
splenic and portal vein angiography, and portal venous
pressure was detected. Upon the completion of the sur-
gery, the vagina vasorum was pulled out, and the punc-
ture site was pressed to stop bleeding and bandaged. After
surgery, conventional sign observation and therapy were
performed, and the condition of patients was observed at
any time for various subsequent experimental studies.

Evaluation of surgical outcomes

The outcomes were assessed in accordance with inter-
nationally accepted standards. Successful surgery: The
shunt between the hepatic vein and the portal vein is suc-
cessfully established. Based on the Baveno V internatio-
nal consensus standard, re-bleeding after TIPS is clinically
manifested as hematemesis, vomiting of coffee-like liquid
and melena, accompanied by a decrease of >30 g/L in he-
moglobin, or transfusion therapy. Shunt way failure: The
direction of blood flow changes, and the blood flow velo-
city of the shunt is <50 cm/s. The results were recorded in
detail and analyzed by a specially-assigned person.

Observation of postoperative complications and nur-
sing satisfaction

After surgery, patients' complications (including types)
and satisfaction to postoperative nursing were recorded in
detail. Postoperative complications mainly included mild
hepatic coma, abnormal stool, confusion, dizziness and
lethargy. A self-made satisfaction rating scale was adop-
ted to rate the satisfaction (satisfied, fair and dissatisfied).
Satisfaction = satisfied + fair.

Detection of serum liver function, renal function and
glucose metabolism indicators

In the case of cirrhosis, the biochemical indicators such
as liver function, renal function and glucose metabolism
indexes will be changed, so the development and progres-
sion of the disease can be indicated by detecting changes
in these indicators. Fasting peripheral venous blood (5
mL) was collected from patients in the morning into Ep-
pendorf (Ep) tubes containing the anticoagulant ethylene
diamine tetraacetic acid (EDTA) and centrifuged at 3500 g
and room temperature for 10 min. Thereafter, the superna-
tant was collected for the detection of liver function, renal
function and glucose metabolism indicators, including as-
partate aminotransferase (AST), alanine aminotransferase
(ALT), blood urea nitrogen (BUN), creatinine (Cr), insulin
and glucose (GLU), providing important theoretical refe-
rences for early treatment.

Measurement of serum inflammatory factors using
ELISA

After collecting fasting peripheral venous blood (5 mL)
from patients in the morning into Ep tubes containing the
anticoagulant EDTA, centrifugation was carried out at
room temperature and 3500 g for 10 min, followed by the
collection of the supernatant. Next, levels of serum inflam-
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matory factors interleukin-6 (IL-6), CXCL9 and IL-8 were
measured according to the instructions of an enzyme-lin-
ked immunosorbent assay (ELISA) kit (Nanjing SenBeilJia
Biological Technology Co., Ltd.). Lastly, the absorbance
in each group was read using a microplate reader.

Examination of the physique of patients

Abody composition analyzer was employed to measure
the body physique of the 100 patients before surgery and
at 1 and 6 month(s) after surgery by a specially-assigned
person as per the instructions of the analyzer. Body weight
and body fat were recorded, and dry weight was calculated
as the following formula: dry weight = body weight - total
body water - body fat. Experimental data were recorded in
detail, and the average value was calculated after repeat
measurements.

Determination of patient portal venous pressure, dia-
meter and blood hemorheological indicators

An HDI3500 color Doppler ultrasound system was
used, with a probe frequency of 3.5 MHz. After transhe-
patic portal vein angiography and intubation, the portal
venous pressure, portal venous blood flow velocity, vessel
diameter and mean velocity were detected and recorded by
a specially-assigned person according to the instructions
of the instrument. The experimental data were recorded in
detail, and the average was calculated after repeat measu-
rements.

Statistical analysis

All raw experimental data recorded were processed
by SPSS 20.0 analysis software and subjected to multiple
comparisons. y* test was employed for the percentage. The
experimental results obtained were expressed as mean =+
standard deviation (y=SD), and p<0.05 suggested that the
difference was statistically significant. Graphpad Prism

Table 1. Clinical efficacy.

6.0 was applied for plotting histograms.
Results

Clinical efficacy of patients

As shown in Table 1, the total response rate of clini-
cal efficacy was 99% and 98% at 1 and 6 month(s) after
surgery, respectively, showing no statistically significant
difference (p>0.05). It implies that the clinical efficacy is
sustained in the long term after treatment with TIPS.

Postoperative complications

There were only 8 cases of complications at one month
after surgery and only 4 at 6 months after surgery, dis-
playing no statistically significant difference (p>0.05)
(Table 2). It indicates that TIPS achieves an obvious ef-
fect in the treatment of cirrhotic portal hypertension, with
fewer adverse reactions and postoperative complications.

Nursing satisfaction

The patients' satisfaction in the two groups shown in
Table 3 revealed that the patients' satisfaction was 97%
one month after surgery and 94% at 6 months after sur-
gery, and there was no statistically significant difference
(p>0.05).

Levels of serum liver function, renal function and glu-
cose metabolism indicators

As shown in Table 4, the levels of AST, ALT, Cr, BUN
and insulin declined remarkably (p<0.05), while the GLU
level increased clearly (p<0.05) at 1 and 6 month(s) after
surgery, indicating that the liver function, renal function
and glucose metabolism of patients are evidently impro-
ved after application of TIPS in treating cirrhotic portal
hypertension.

Re-bleeding after TIPS

Shunt way failure Total response rate (%)

Group Successful surgery
1 month after surgery 99 1
6 months after surgery 98 1

0
1

99
98

Note: Comparison of clinical efficacy shows that the total response rate is 99% at 1 month after surgery and 98% at 6 months after surgery, and the

difference is not statistically significant (p>0.05).

Table 2. Postoperative complications.

. - . . . Total
Group Confusion Dizziness Lethargy Mild hepatic coma Stool abnormality complication (%)
1 month after surgery 2 1 2 1 2 8
6 months after surgery 1 1 1 0 1 4

Note: There was no statistically significant difference in complications between 1 month after surgery and 6 months after surgery (8 cases vs. 4

cases, p>0.05).

Table 3. Nursing satisfaction.

Group Satisfied Fair Dissatisfied Satisfaction (%)
1 month after surgery 90 7 3 97
6 months after surgery 89 5 6 94

Note: The patients' satisfaction is 97% and 94% at 1 and 6 month(s) after surgery, respectively, showing no statistically

significant difference (p>0.05).
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Table 4. Levels of serum liver function, renal function and glucose metabolism indexes.

Group AST (U/L) ALT(U/L) Cr(umol/L) BUN (mmol/L) Insulin (mU/L) GLU (mmol/L)
Before surgery 80.4+2.1 65.8+2.1 100.7+5.2 10.5+1.8 20.5+1.6 5.3+0.5
1 month after surgery 40.8+2.8° 50.7¢1.7° 78.9+4.2° 6.3+1.7° 14.3+1.32 7.5+0.8°
6 months after surgery  32.4+2.1° 42.743.1° 69.5+£5.22 5.1£1.0° 13.0+1.22 8.4+0.28

Note: The levels of AST, ALT, Cr, BUN and insulin are lowered markedly (p<0.05), while the GLU level is elevated overtly (»<0.05) at 1 and 6

month(s) after surgery. »p<0.05 vs. before surgery.

Table 5. Results of physique examination (kg).

Group Body weight Body fat Dry weight
Before surgery 49.1+1.2 14.4+1.0 14.242.1

1 month after surgery 53.5+1.8° 15.0+2.4 16.342.5°

6 months after surgery 57.7+1.92 15.4£1.6 18.8+1.92

Note: Compared with those before surgery, the body weight and body fat were increased at both 1 and
6 month(s) after surgery (p<0.05, p<0.05). °p<0.05 vs. before surgery.

Table 6. Intrahepatic venous pressure and blood flow.

Group Venous pressure (cm H,O) Internal diameter (cm)  Velocity (cm/s)
Before surgery 48.6+2.9 1.5+0.2 13.5+1.3

1 month after surgery 26.4+1.8* 1.15+0.32 34.9£1.9

6 months after surgery =~ 25.8+£2.4° 1.02+0.12 36.7+£2.2°

Note: Compared with those before surgery, the pressure and diameter of the portal vein were markedly reduced after

surgery, while the velocity was raised (p<0.05). *p<0.05 vs. before surgery.

Levels of serum inflammatory factors measured
through ELISA

According to Figure 1, the levels of IL-6, IL-8 and
CXCL9, inflammatory factors, were decreased obviously
at 1 and 6 month(s) after surgery (p<0.05), suggesting that
the application of TIPS in the treatment of cirrhotic portal
hypertension clearly inhibits the subsequent production of
inflammatory factors in patients.

Results of physique examination

The body weight was evidently greater at both1 and 6
month(s) after surgery than that before surgery (p<0.05),
the body fat at 1 and 6 month(s) after surgery was returned
to that before surgery, and the dry weight was raised at
both 1 and 6 month(s) after surgery compared with that
before surgery (p<0.05) (Table 5).

Portal venous pressure, diameter and blood hemorheo-
logical index

As shown in Table 6, portal venous pressure and inter-
nal diameter were substantially lower after surgery than
those before surgery, with statistically significant diffe-
rences (p<0.05), while the velocity was increased signifi-
cantly (»p<0.05).

Discussion

TIPS has been used for the treatment of complications
of portal hypertension for over 30 years and has been esta-
blished in thousands of patients with liver disease (18).
In 2005, the American Association for the Study of Liver
Diseases (AASLD) published the practical guidelines for
the use of TIPS in the management of portal hypertension
(19). In addition, recommendations on its use are further

” B3 Before surgery
5 Bl 1 month after surgery a a
g‘g @D 6 months after surgery m ..
&Y 150 -
w > — -
‘5‘% 1004 E — =
S8 E = =
2E — = —]
dg 50 =S = —
E = = —

IL-6 (mgiL) IL-8 (mg/L)  CXCL9(pg/ml)

Figure 1. Levels of serum inflammatory factors. At 1 and 6 month(s)
after surgery, the levels of serum inflammatory factors IL-6, IL-8 and
CXCL9 decline markedly (p<0.05). ap<0.05 vs. before surgery.

discussed in the practical guidelines for the prevention
and management of variceal bleeding. Since then, tech-
nological progress and new research on TIPS have rapid
development (20). This study aims to investigate the cli-
nical efficacy of TIPS in the treatment of cirrhotic por-
tal hypertension and the influencing factors. The results
showed that the total response rate of clinical efficacy was
99% and 98% at 1 and 6 month(s) after surgery, respecti-
vely, and exhibited no statistically significant difference,
indicating that the clinical efficacy of patients treated with
TIPS is lasting. Such complications as neck hematoma,
confusion, dizziness, drowsiness, mild hepatic coma, stool
abnormity and shunt thrombosis may occur within a few
days or months after surgery. Moreover, arrhythmia will
occur if the distal end of the guidewire is removed from
the right atrium, which is self-limited. The above-mentio-
ned complications can be controlled through subsequent
therapy (21). After embolization, only 8 cases of compli-
cations were observed at 1 month after surgery, and only
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4 cases at 6 months after surgery, showing no statistically
significant difference between the two groups. Besides,
there were fewer adverse reactions and postoperative com-
plications. In addition, the comparison of patients' satis-
faction between the two groups revealed that there was no
statistically significant difference in patients' satisfaction
between 1 month after surgery and 6 months after surge-
ry (97% vs. 94%). It suggests that postoperative nursing
plays an evident role in the outcome and development of
the disease and is capable of enhancing the efficacy of
TIPS in the treatment of such a disease.

As the leading driving factor limiting patients' survi-
val and complications, portal hypertension is able to result
in liver inflammation and fibrosis, abnormal serum liver
function, renal function and glucose metabolism indexes
and abnormal angiogenesis. As to the treatment of portal
hypertension, TIPS has become the best option. In the pre-
sent study, liver function, renal function and glucose meta-
bolism indexes were detected, and the results showed that
the levels of AST, ALT, Cr, BUN and insulin were remar-
kably lowered at 1 and 6 month(s) after surgery, while the
level of GLU significantly rose, indicating that the applica-
tion of TIPS in the treatment of cirrhotic portal hyperten-
sion obviously improves the liver function, renal function
and sugar metabolism of patients. A study manifested that
inflammatory chemokines are abnormally increased in the
case of cirrhotic portal hypertension, especially CXCL9
thatis raised in liver diseases (22), which is functionally as-
sociated with liver injury, inflammation and complications.
The over-activation of neutrophils and endothelial cells
and the adhesion of neutrophils to the inflammatory endo-
thelium are further promoted, thus resulting in the extra-
vasation of neutrophils into important organs to synthesize
inflammatory cytokines like IL-8 (23). A study pointed out
that the level of CXCL9 is relatively high in patients with
alcoholic cirrhosis, especially in the portal vein, andTIPS
applied in patients with portal hypertension increases the
effective blood volume and improves renal perfusion (24).
CXCL9 level is strongly related to renal function parame-
ters. Ascites and renal function are improved in patients
treated with TIPS, which is correlated with a decreased
level of CXCL9 in the portal vein. Furthermore, the level
of CXCL9 in venous blood accurately reflects liver func-
tion (22,25). In this study, it was found that the levels of
inflammatory factors IL-6, IL-8 and CXCL9 were reduced
significantly at 1 and 6 month(s) after surgery, suggesting
that the subsequent production of inflammatory factors in
patients is notably repressed, and the liver and renal func-
tions are overtly improved after treating cirrhotic portal
hypertension with TIPS. This suggests that liver function,
renal function and glucose metabolism indicators and the
levels of inflammatory factors are largely correlated with
clinical efficacy, which can significantly affect the progno-
sis of patients. Moreover, the body weight and dry weight
were evidently higher at 1 and 6 month(s) after surgery
than those before surgery, and the physical condition of the
patient had recovered, which is similar to the findings of
the above studies. Research has discovered that the portal
venous flow of patients with cirrhotic portal hypertension
undergoing TIPS is converted to hepatic venous flow with
increased rate and volume, and esophageal venous blee-
ding is stopped (26). It was observed in this study that the
postoperative portal venous pressure and internal diameter
were markedly lower than those before surgery, and the

flow rate was obviously increased, which is in line with the
findings of previous studies. The above studies demons-
trate that TIPS has better clinical efficacy in the treatment
of cirrhotic portal hypertension, with fewer complications,
and the efficacy is clearly affected by liver function, renal
function, glucose metabolism, postoperative nursing and
inflammatory factor levels. Subsequently, the efficacy can
be verified through more cases or patients from different
countries from multiple levels and perspectives to provide
important theoretical and experimental bases for relevant
subsequent research.

In conclusion, TIPS applied in the treatment of cirrho-
tic portal hypertension is effective, with distinctly impro-
ved physical condition and liver and renal functions of pa-
tients, reduced serum inflammatory factor levels and pos-
toperative complications and normal postoperative portal
venous hemorheological index. This study provides a basis
for the treatment of patients with cirrhotic portal hyperten-
sion and new ideas for subsequent in-depth research.
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