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Abstract

Background and Aim: Patients indicated to transjugular intrahepatic portosystemic shunt
(TIPS) placement may have splenectomy history due to thrombocytopenia. This study
aimed to evaluate the effect of prior splenectomy on TIPS procedure and post-TIPS
outcomes.

Methods: We conducted a longitudinal analysis based on a cohort of 284 patients with
cirrthosis submitted to TIPS; 74 patients had splenectomy history (splenectomy group)
and 210 did not (non-splenectomy group). Cox proportional hazards models were used
to evaluate the association between splenectomy and outcomes after TIPS. The primary
outcome was shunt dysfunction. Secondary outcomes included all-cause mortality, clinical
recurrence of bleeding or ascites, and overt hepatic encephalopathy (OHE).

Results: During a median follow-up of 16.2 months, the splenectomy group had signifi-
cantly lower rates of postoperative shunt patency (85.5% vs 95.6% at 1 year and 75.2%
vs 86.5% at 2 years; adjusted hazard ratio [HR] 2.53; 95% confidence interval [CI]
1.21-5.12; P = 0.01) and higher risk of OHE (adjusted HR 1.82; 95% CI 1.03-3.54;
P = 0.04). But the risk of mortality (adjusted HR 0.87; 95% CI 0.41-1.87; P = 0.73)
and recurrent bleeding or ascites (adjusted HR 1.17; 95% CI 0.53-2.35; P =0.77) showed
no statistical difference. Multivariate analysis confirmed splenectomy history and
endoscopic therapy as independent predictors of shunt dysfunction. Besides, pre-TIPS sple-
nectomy increased the difficulty of TIPS procedure by complicating portal vein puncture.
Conclusions: For patients with cirrhosis submitted to TIPS, prior splenectomy complicated
TIPS procedure and increased the risk of shunt dysfunction and OHE after TIPS, but was not
significantly associated with the occurrence of mortality and recurrent bleeding or ascites.
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Introduction

Portal hypertension (PHT), defined as portal venous pressure
gradient exceeding 5 mmHg, is a progressive complication of
cirrthosis. PHT in cirrhosis is the consequence of increased
intrahepatic vascular resistance and splanchnic blood flow.'?
Currently, transjugular intrahepatic portosystemic shunt (TIPS)
has emerged as an effective strategy for the treatment of PHT.
By decreasing portal pressure of around 50% rapidly, TIPS is
indicated to treat portal hypertensive complications such as
gastroesophageal variceal bleeding and intractable ascites.>*
Splenectomy is another traditional approach in the management
of PHT, especially in Asia.> This surgery decompresses portal
system by eliminating splenic blood flow on one side and
alleviates thrombocytopenia caused by hypersplenism on the
other.® In addition, the combination therapy of splenectomy with
pericardial devascularization or endoscopic band ligation has been
reported effective in controlling variceal bleeding.”® But the
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long-term effectiveness of this surgery remains elusive, and a
portion of patients still experience recurrent bleeding or ascites,
requiring further treatment including TIPS.

Splenectomy leads to a series of hemodynamic changes while
relieving PHT, including decreased portal blood flow and subse-
quent portal vein shrinkage, which may complicate TIPS procedure
and affect stent patency.”'® Besides, elevated platelet count second-
ary to hypersplenism remission increases the risk of thrombosis.'"
These mechanisms may contribute to the recurrence of portal hyper-
tensive complications and consequently affect patients’ prognosis.
Thus, this study aimed to evaluate the effect of pre-TIPS
splenectomy on TIPS procedure and postoperative outcomes.

Methods

Study design. The present observational study was conducted
at Wuhan Union Hospital. The study protocol conforms to the
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Effect of splenectomy on TIPS procedure

ethical guidelines of the 1975 Declaration of Helsinki and was
approved by the institutional ethics committee. Informed consent
was waived because the data have been anonymized. The
Strengthening the Reporting of Observational Studies in Epidemi-
ology was applied for the study design.'?

Study population and data collection. From January
2016 to November 2020, all consecutive patients with PHT admit-
ted to our center to receive TIPS treatment were prospectively
enrolled, and a database was built for several different researches
on the prognosis of PHT, in which the data collection protocol
was determined before patient recruitment. Baseline data incorpo-
rating clinical characteristics, laboratory results, and radiological
findings were collected for each patient during hospitalization.
Details on treatment were retrieved from electronic medical record.
Follow-up was scheduled for all patients at 1, 3, 6, and 12 months
after TIPS insertion and then annually. Laboratory tests, computed
tomography scans, and an evaluation on clinical recurrence of
bleeding and ascites, overt hepatic encephalopathy (OHE), and sur-
vival were performed at each outpatient visit, supplemented with
telephone interviews every 3 months. Patients were followed until
death, liver transplantation, or the end of this study (January 2021),
and data were censored at the end of follow-up.

Patients with a confirmed diagnosis of cirrhosis whom success-
fully underwent TIPS were considered eligible for the study. The
diagnosis of cirrhosis was established based on medical history,
conclusive appearance in radiological imaging, and/or liver bi-
opsy. Exclusion criteria included previous history of liver trans-
plantation, previous history of TIPS, splenectomy performed
after TIPS, hepatocellular carcinoma or other extrahepatic malig-
nancy, hematologic disorder, and lost to follow-up within 6 weeks
after TIPS. Patients without exclusion criteria were enrolled and
divided into two groups based on whether they had splenectomy
history (splenectomy group) or not (non-splenectomy group).

Transjugular intrahepatic portosystemic shunt
procedure. Transjugular intrahepatic portosystemic shunt
placement was implemented by experienced interventional
radiologists. Briefly, catheterization of the hepatic vein was per-
formed through the right internal jugular vein with a transjugular
liver access set (RUPS-100; Cook Inc.). Then a TIPS needle
was used to puncture the portal vein under fluoroscopic
guidance. Afterwards, a 6- to 8-mm balloon was used to dilate
the tract, and a bare metal stent (Bard E-LUMINEXX Vascular
Stent, Karlsruhe, Germany) combined with an 8-mm expanded
polytetrafluoroethylene-covered stent (Fluency; Bard Inc.,
USA) was deployed. Measurement of portal pressure gradient
(PPG) was performed before and after shunt establishment.'>'
Balloon tamponade was used when massive bleeding occurred.
TIPS revision with angioplasty or another stent placement was
performed if shunt dysfunction was confirmed by angiography.

Endpoints and definitions. The primary endpoint of the
study was shunt dysfunction. Secondary endpoints were (i)
all-cause mortality; (ii) the composite endpoint of recurrent bleed-
ing or ascites; and (iii) development of OHE. Enhanced computed
tomography scans were performed to assess shunt patency at each

2894

C Yang et al.

outpatient visit according to the protocol described -earlier,
or if patients had clinical symptoms related to shunt stenosis.
Portography was performed to confirm the occurrence of
shunt dysfunction, which was defined as the stent lumen
stenosis > 50%."° Failure to control bleeding or rebleeding was
defined on the basis of the Baveno V criteria.'® Refractory
ascites was defined as sustained ascites requiring large-volume
paracentesis beyond 1 month after procedure. The spectrum of
HE occurred in a continuum and was subdivided into five grades
based on the West Haven criteria,'” only grades II-1V (OHE) were
considered for the study.

Statistical analysis. Quantitative variables were expressed
as means and standard deviation or median and interquartile range
(IQR) and compared with Student’s ¢-test or Mann—Whitney test.
Qualitative variables were presented as frequencies and percent-
ages and compared by means of chi-squared test or two-tailed
Fisher’s exact test.

Time-to-event endpoints were evaluated by Kaplan—Meier
curves and compared with log-rank tests. Hazard ratios (HRs)
and 95% confidence intervals (95% Cls) for risk of the outcomes
were estimated with Cox proportional hazards models, with ad-
justment for potential confounders according to different end-
points. Variables significantly associated with the endpoints
(P < 0.10) in univariate analyses or causing at least 10% change
in the HR for splenectomy in multivariable models were consid-
ered as potential confounders. Univariate and multivariate analy-
ses with Cox regression model were used to explore risk factors
for shunt dysfunction. Variables with a univariate P value < 0.1
were entered into a multivariable model. A backward stepwise
elimination approach based on the Akaike information criterion
was performed to avoid overfitting.

For covariates included in Cox regression analysis, the percent-
ages of missing values were less than 5%; thus, a casewise dele-
tion strategy was performed and a dataset of complete cases was
analyzed. To verify the robustness of our results, additional analy-
ses based on Fine and Gray competing risk model were imple-
mented as sensitivity analysis, in which death and liver
transplantation competed with shunt dysfunction, recurrence of
bleeding or ascites, and OHE. A two-sided o of less than 0.05
was considered statistically significant. All analyses were per-
formed using IBM SPSS (version 25.0) and R (version 4.0.3) with
the add-on packages rms, survival, survminer, and cmprsk.

Results

Baseline characteristics. Three hundred eighty-three con-
secutive patients with cirrhosis and PHT who received TIPS place-
ment at our center were retrospectively analyzed. After excluding
99 patients fulfilling one or more exclusion criteria, 284 patients
were enrolled in the final cohort (Fig. 1), including 74 (26.0%)
in the splenectomy group and 210 in non-splenectomy group.
Baseline characteristics including age, sex, etiology of cirrhosis,
and Child—Pugh score were comparable between two groups.
Patients with splenectomy were all treated for variceal
bleeding, while 18 (8.6%) patients in the non-splenectomy
group were treated for intractable ascites. Compared with the
non-splenectomy group, the splenectomy group had higher
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383 consecutive patients underwent TIPS

18 did not fufill the inclusion criteria:
* 15 with hepatic sinusoidal

v

obstruction syndrome
+ 3 with Budd-Chiari syndrome

365 patients with confirmed cirrhosis

81 met one or more exclusion criteria:
* 4 had TIPS history
» 3 had transplantation history

v

* 32 had hepatocellular carcinoma
* 11 had extrahepatic malignancy
» 28 were lost to follow-up

* 3 had thrombophilia

284 patients were eligible for the study

A

v

v

74 in splenectomy group

210 in non-splenectomy group

Figure 1  Flowchart of the patient selection proto-

col. TIPS, transjugular intrahepatic portosystemic

shunt.

levels of platelet count, lower bilirubin, albumin, and

MELD/MELD-Na score. Meanwhile, the splenectomy group had
markedly smaller portal vein diameter and was prone to develop
portal vein thrombosis (PVT) and cavernous transformation of
portal vein (CTPV). Descriptive baseline characteristics are
presented in Table 1.

Shunt dysfunction. The median follow-up period was 15.9
(IQR 10.1-23.9) and 17.6 (IQR 7.5-28.5) months in the splenec-
tomy group and non-splenectomy group, respectively. A primary
endpoint event was adjudicated in 32 (11.2%) patients in the entire
cohort. Among them, 15 patients received TIPS revision with
angioplasty, and 13 patients underwent another stent placement.
Details of the outcomes during follow-up are summarized in
Table 2. Compared with the non-splenectomy group, the
cumulative rates of shunt patency were significantly lower in the
splenectomy group at 1 year (85.5% [95% CI 77.4-94.4] vs
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95.6% [95% CI 92.7-98.7]; P = 0.03) and at 2 years (75.2%
[95% CI 62.7-90.1] vs 86.5% [95% CI 80.0-93.5]; P = 0.006).
The hazard ratio for shunt dysfunction was 2.78 (95% CI 1.39—
5.59; P =0.004) (Fig. 2). After adjusting for endoscopic therapy,
the risk attenuated but remained high (adjusted HR 2.53; 95% CI
1.21-5.12; P = 0.01) (Table 3). When death was treated as a
competing event in Fine—Gray model, the results remained similar
(subdistribution HR [sHR] 2.81; 95% CI 1.42-5.53; Gray’s test
P =0.003) (Fig. 3).

Complete data from 276 participants were analyzed to explore
risk factors for shunt dysfunction. In univariate Cox regression
analysis, splenectomy history, sex, platelet count, portal vein
diameter, and endoscopic therapy were significantly associated
with the outcome. We excluded redundant variable (platelet count
and portal vein diameter) and variables without clinical relevance
according to previous studies (sex). We also included CTPV
because it was suggested as a strong predictor of shunt
dysfunction. Accordingly, splenectomy, endoscopic therapy, and
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Table 1 Demographic, clinical, and biochemical characteristics between two groups
Splenectomy group Non-splenectomy group P value
n=74 n=210
Demographics and clinical characteristics
Age (years)' 543 + 104 537+ 116 0.69
Male (%) 46 (62.2) 136 (64.8) 0.69
Comorbidities (%)* 13 (17.6) 49 (23.3) 0.30
Etiology of cirrhosis 0.79
Chronic HBV infection 37 (50.0) 118 (56.2)
Chronic HCV infection 10 (13.5) 25(11.9)
Alcohol 5(6.8) 16 (7.1)
Others 22 (29.7) 52 (24.8)
TIPS indications 0.009
Variceal bleeding 74 (100) 192 (91.4)
Refractory ascites 0 (0) 18 (8.6)
Child-Pugh score’ 7418 75+16 0.92
Child-Pugh class (%) 0.47
A (5-6 points) 24 (32.4) 57 (27.1)
B (7-9 points) 42 (56.8) 135 (64.3)
C (10-13 points) 8(10.8) 18 (8.6)
MELD score’ 10.6 + 3.6 11.9+34 0.006
MELD-Na score’ 11.5+46 126 +4.3 0.065
CLIF-C AD score’ 457 £ 6.0 43.8 + 5.6 0.24
Acute decompensation (%) 39 (62.7) 93 (44.3) 0.26
Laboratory parametersT
Bilirubin (pmol/L) 219+ 211 279 244 0.10
Albumin (g/L) 295 +58 314 +55 0.05
ALT (U/L) 329 +31.0 38.2 + 36.3 0.68
AST (U/L) 493 +44.4 445 + 789 0.62
Creatinine (umol/L) 76.2 + 69.4 72.1 + 33.4 0.08
Sodium (mmol/L) 1383+ 5.5 138.7 +4.2 0.56
Hemoglobin (g/L) 80.0 + 16.6 79.1 £21.9 0.97
Platelet count (x 10%/L) 191.9 + 100.5 68.2 + 38.1 < 0.001
Prothrombin time (s) 16.2+26 16.8 + 2.8 0.04
INR 1.3+02 1.4 +02 0.08
Radiological and endoscopic findings
Ascites (%) 0.39
No 7 (23.0) 0(19.0)
Mild 1(41.9) 2 (34.3)
Moderate 1(14.9) 9 (18.6)
Severe 15 (20.2) 59 (28.1)
Portal vein diameter (mm)" 13.8 + 3.1 15.6 + 3.4 < 0.001
Portal vein thrombosis (%)
Main portal vein 3 (68.1) 9 (23.3) < 0.001
Right portal vein 2 (43.2) 9(13.8) < 0.001
Left portal vein 3 (44.6) 1 (10.0) < 0.001
Superior mesenteric vein 7 (36.5) 44 (21.0) 0.008
CTPV (%) 7 (23.0) 7 (3.3) < 0.001
Type of varices < 0.001
EV 31 (41.9) 2 (20.0)
GOV1 35 (47.3) 119 (56.7)
GOV2 5(6.7) 1(14.7)
IGV 3(4.1) 8 (8.6)
Treatments
Splenectomy —
Laparoscopy (%) 33 (44.6)
Interval between TIPS (m)" 60 (36-120)
PSE (%) — 9 (23.3)
(Continues)
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Table 1 (Continued)

Splenectomy group Non-splenectomy group P value

n=74 n=210

Before TIPS 3(10.9)

After TIPS 6 (12.4)
Endoscopic therapy (%) 22 (29.7) 5(16.8) 0.02

Endoscopic band ligation 13 (17.6) 6 (12.5)

Endoscopic sclerotherapy 9(12.2) 9 (4.3)

Post-TIPS lactulose (yes) 29 (39.2) 66 (31.4) 0.28
Post-TIPS diuretics (yes) 17 (23.0) 58 (27.6) 0.24

'Data were expressed as means and standard deviation. Other data were presented as frequencies and percentages.

‘Comorbidities include hypertension and diabetes.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CLIF-C AD, Chronic Liver Failure Consortium Acute Decompensation Score; CTPV,
cavernous transformation of portal vein; EV, esophageal varices; GOV, gastroesophageal varices; HBV, hepatitis B virus; HCV, hepatitis C virus; IGV,
isolated gastric varices; INR, international normalized ratio; MELD, model for end-stage liver disease; PSE, partial splenic embolization; TIPS,

transjugular intrahepatic portosystemic shunt.

Table 2 Summary of outcome measurements during follow-up

Overall Splenectomy Non-
group plenectomy
group
n=284 n=74 n=210
Duration of follow-up ~ 16.2 (9.0-28.1)  15.9 (10.1-23.9) 17.6 (7.5-28.5)
(months)"
Shunt dysfunction 32(11.2) 15 (20.3) 17 (8.1)
6 weeks 11 (3.9 6(8.1) 5(2.4)
1 year 29 (10.2) 13 (17.6) 16 (7.6)
TIPS revision
Angioplasty 15 (5.3) 8(10.8) 7 (3.3)
Another stent 13 (4.6) 6 (8.1) 7 (3.3
insertion
Mortality 40 (14.1) 10 (13.5) 0(14.3)
6 weeks 12 (4.2) 2(2.7) 1(6.2)
1 year 36 (12.7) 9(12.2) 7(12.8)
2 years 39 (13.7) 10 (13.5) 9(13.8)
Liver transplantation 3(1.1) 0(0) 3(1.4)
Failure to control 34 (12.0) 10 (13.5) 24 (11.4)
bleeding or rebleeding
Failure to control 1(0.3) 0(0) 1(0.4)
bleeding (< 5 days)
Early rebleeding 10 (3.5) 2(2.7) 8(3.8)
(5 days to 6 weeks)
Late rebleeding 23 (8.1) 8(10.8) 15(7.1)
(> 6 weeks)
Onset or worsening 4(1.4) 0(0) 4(1.9)
ascites
Overt hepatic 54 (19.0) 20 (27.0) 34 (16.2)
encephalopathy
Grade Il or higher 42 (14.8) 16 (21.6) 26 (12.4)
Recurrent 12 (4.2) 4 (5.4) 8(3.8)
Within 1 year 52 (18.3) 20 (27.0) 2 (156.2)

'‘Data were expressed as median and interquartile range. Other data
were presented as frequencies and percentages.
TIPS, transjugular intrahepatic portosystemic shunt.

pre-TIPS CTPV were entered into the multivariable model. Sple-
nectomy (HR 2.31; 95% CI 1.13-497, P = 0.02) and
endoscopic therapy (HR 1.96; 95% CI 1.02—4.07; P = 0.04) were
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confirmed as independent predictor of the outcome in multivariate
analysis. Details of univariate and multivariate analysis are
demonstrated in Table 4.

Mortality, clinically recurrent bleeding or ascites,
and overt hepatic encephalopathy. Forty (14.1%) pa-
tients died during follow-up, including 10 (13.5%) patients in the
splenectomy group and 30 (14.3%) in non-splenectomy group.
Causes of death mainly included liver failure (16 cases),
multiorgan failure (7 cases), and severe rebleeding (4 cases). Three
(1.4%) patients in the non-splenectomy group received liver
transplantation 2, 6, and 12 months after TIPS treatment.
Transplantation-free survival at 6 weeks, 1 year, and 2 years was
97.3%, 87.6%, and 85.2% in the splenectomy group, and 95.2%,
84.8%, and 82.9% in the non-splenectomy group, presenting no
statistical difference between two groups (HR 0.91; 95% CI
0.44-1.86; P = 0.79) (Fig. 2). Similar results were obtained after
adjusting for age, Child—Pugh score, and creatinine (adjusted HR
0.87; 95% CI 0.41-1.87; P = 0.73) (Table 3). In the sensitivity
analysis, the association between splenectomy and mortality did
not statistically differ when taking transplantation as a competing
event (sHR 0.93; 95% CI 0.46—1.88; Gray’s test P = 0.84) (Fig. 3).

During follow-up, 10 (13.5%) patients in the splenectomy group
and 28 (13.3%) in non-splenectomy group experienced clinical
recurrence of bleeding or ascites (Table 2). Three patients experi-
enced refractory ascites 12, 21, and 32 months after procedure,
and one patient treated for variceal bleeding developed refractory
ascites 3 months after procedure. No marked difference in the cu-
mulative rate of free of recurrent bleeding or ascites was shown
between two groups (78.5% [95% CI 66.2—-92.8] in splenectomy
group vs 84.2% [95% CI 78.0-90.9] in non-splenectomy group;
P =0.56) (Fig. 2). The unadjusted and adjusted HRs for the out-
come were 1.24 (95% CI 0.61-2.51; P = 0.56) and 1.17 (95%
CI 0.53-2.35; P = 0.77), respectively. Furthermore, sensitivity
analysis confirmed the lack of effect of splenectomy on the out-
come (sHR 1.28; 95% CI 0.63—-2.58; Gray’s test P =0.51) (Fig. 3).

Overt hepatic encephalopathy was observed in 54 (19.0%)
patients in the entire cohort. Among them, 42 patients experienced
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Figure 2 Kaplan—Meier survival curves of the splenectomy+ group and splenectomy— group. (a) Free of shunt dysfunction. (b) Free of recurrent
bleeding or ascites. (c) Free of development of overt hepatic encephalopathy (OHE). (d) Transplantation-free survival. P values were calculated by

log-rank tests. Cl, confidence interval. -, splenectomy—; +, splenectomy+.

a grade III or higher HE, and 12 experienced more than one episode
after TIPS insertion. No marked difference in terms of postoperative
prevention of OHE were observed between two groups (Table 1).
The cumulative rate of free of post-TIPS OHE was significantly
lower in the splenectomy group (71.0% [95% CI 60.9—-82.8] vs
83.0% [95% CI 77.9-88.4]; HR 1.75 [95% CI 1.01-3.04];
P =0.048) (Fig. 2), and the risk increased in multivariable-adjusted
model (adjusted HR 1.82; 95% CI 1.03-3.54; P = 0.04).
Comparable results based on competing risk model were obtained
(sHR 1.76; 95% CI 1.03-3.02; Gray’s test P = 0.039) (Fig. 3).

Effect of splenectomy on transjugular intrahepatic
portosystemic shunt procedure. Transjugular
intrahepatic portosystemic shunt placement was successfully
performed in all but two patients who had extensive CTPV and
successfully performed at the second attempt. A post-TIPS PPG
lower than 12 mmHg or a PPG reduction > 50% was achieved
in 69 (93%) and 197 (94%) patients in the two groups,

2898

respectively. TIPS effectiveness, reflected by PPG reduction, was
similar between two groups (P = 0.62). The duration of TIPS pro-
cedure was substantially longer in the splenectomy group
(P = 0.003). Similarly, patients requiring additional techniques to
assist portal vein puncture were markedly higher in the splenec-
tomy group (48.7% vs 21.4%; P < 0.001). Although patients with
splenectomy had higher percentage of infection after TIPS, no sta-
tistical difference was observed (P = 0.33). Details of TIPS treat-
ment are presented in Table S1.

Discussion

Although splenectomy is not routinely indicated in western coun-
tries, this surgery has been widely applied in Asia and a high
proportion of patients submitted to TIPS have splenectomy
history.'®'* Accordingly, knowledge of the impact of splenectomy
on TIPS procedure and postoperative outcomes has clinical signif-
icance. In the present study, over a quarter of patients scheduled
for TIPS treatment received splenectomy before, and splenectomy
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Table 3 Impact of splenectomy on the outcomes after TIPS
Outcomes Univariate analysis Multivariate analysis Variables
adjustedT
HR (95% Cl) P value HR (95% CI) P value
Shunt dysfunction
Splenectomy (+ vs —) 2.78 (1.39-5.59) 0.004 2.53(1.21-5.12) 0.01 Endoscopy
Mortality
Splenectomy (+ vs —) 0.91 (0.44-1.86) 0.79 0.87 (0.41-1.87) 0.73 Age (per year)
Child-Pugh score
Creatinine
Recurrent bleeding or ascites
Splenectomy (+ vs —) 1.24 (0.61-2.51) 0.56 1.17 (0.563-2.35) 0.77 MELD-Na
Prothrombin time
Endoscopyi
Development of OHE
Splenectomy (+ vs —) 1.75 (1.01-3.04) 0.048 1.82 (1.03-3.54) 0.04 Child-Pugh score

Post-TIPS PPG
Creatinine*

'Adjusted variables were selected based on their associations with different outcomes or significant impact on HR for splenectomy.
‘Variables not significantly associated with the outcomes but causing at least 10% change in the HR for splenectomy.
Cl, confidence interval; HR, hazard ratio; MELD, model for end-stage liver disease; OHE, overt hepatic encephalopathy; PPG, portal pressure gradient;

TIPS, transjugular intrahepatic portosystemic shunt.

complicated TIPS procedure and increased the risk of shunt dys-
function and OHE after TIPS, without affecting the incidence of
mortality and recurrent bleeding or ascites. Additionally,
splenectomy history and endoscopic therapy were confirmed as
independent predictors of shunt dysfunction.

In the current study, patients with splenectomy had significantly
higher rate of shunt dysfunction after TIPS, and splenectomy was
confirmed as a risk factor for the outcome in both Cox regression
model and competing risk model. The hemodynamic changes and
hypercoagulable states may be the possible explanations. First, de-
creased portal blood flow and the subsequent reduction in portal
vein diameter and blood velocity, as well as platelet elevation
and activation, increased the risk of shunt thrombosis.2%?' Second,
preexisting thrombus in the portal system affected portal hemody-
namics and exacerbated stent stenosis. According to previous
reports, the incidence of PVT ranges from 24% to 64% after
splenectomy.”** In our study, patients with splenectomy had
smaller portal vein diameter, higher platelet count, and higher pro-
portion of PVT before TIPS, and both portal vein diameter and
platelet count were associated with the outcome in univariate anal-
ysis. Moreover, prior endoscopic therapy was another independent
predictor of shunt dysfunction in our analysis, which was in accor-
dance with a recent study, and the potential mechanisms might
also be related to the hemodynamic changes of portal system and
PVT formation.®* Thus, postoperative anticoagulation therapy
may be an optimal choice and should be considered in patients
with history of splenectomy and endoscopic therapy.

Splenectomy was suggested to prevent variceal bleeding and as-
cites with the potential mechanisms of decreasing portal pressure,
raising platelet count and eliminating risky collaterals.>'®*°
However, the cumulative rate of recurrent bleeding or ascites did
not significantly differ between two groups. This may be
interpreted as compared with TIPS, the long-term effectiveness
of splenectomy on controlling PHT remains unfavorable as this
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approach is unable to ameliorate intrahepatic vascular resistance
fundamentally.?® Besides, variceal bleeding is predominantly
caused by PHT instead of thrombocytopenia,?” and varices and
variceal bleeding may recur as a result of thrombus formation
and shunt stenosis. In our cohort, 27% of recurrent bleeding
or ascites were related to shunt dysfunction, indicating the risk
of clinical relapse after TIPS may not mitigate in this subset
of patients.

Although the incidence of OHE was in the reported ranges in
both groups,'”*® the splenectomy group showed significantly
higher risk of the outcome, which was in conflict with a recent
study suggesting a decreased portal perfusion before TIPS place-
ment could prevent post-TIPS HE because of the slight impact
on hepatic hemodynamics.? This discrepancy may be attributed
to the following reasons. First, blood containing ammonia and
other gut-derived neurotoxins passing through TIPS shunt does
not decline despite the elimination of splenic flow, and the concen-
tration of these substances may even be higher when losing the
buffer response provided by splenic blood. Second, spleen was
revealed to act as a net ammonia-removing organ as it involves
in the peripheral urea synthesis.*® Additionally, PVT leads to a
reduction in portal perfusion and a relative increment in shunt
flow, further reducing hepatic clearance of neurotoxins. The earlier
factors may abolish the protective effect of decreased portal perfu-
sion and consequently increase the risk of post-TIPS OHE.

During follow-up, liver failure was the major cause of death in
both groups. Several studies suggested that splenectomy may
improve liver function and inhibit liver fibrosis because spleen
secretes cytokines, which aggravate cirrhosis in the presence of
hypersplenism.*'*? However, subsequent researches reported that
spleen also releases cytokines, which could delay -cirrhosis
progression.*® Furthermore, although patients with splenectomy
had lower portal perfusion because of PVT, total liver perfusion
might not or minimally be affected in the chronic setting as a result
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Figure 3 Cumulative incidence of different outcomes for patients with and without splenectomy based on competing risk models. (a) Shunt dysfunc-
tion. (b) Clinical recurrence of bleeding or ascites. (c) Overt hepatic encephalopathy (OHE). (d) Death. Pvalues were calculated by Fine and Gray tests.
Cl, confidence interval; sHR, subdistribution. -, splenectomy+; -, splenectomy—.

of collateral formation.** In our study, the cumulative survival rate
showed no significant difference between two groups, indicating
splenectomy may have no apparent impact on post-TIPS mortality.
According to our experience, splenectomy history would in-
crease the complexity of TIPS procedure, manifested by prolonged
procedure time and higher rates of assisted puncture techniques.
This complexity is mainly attributed to the following reasons.
First, reduced portal vein diameter increases the difficulty of portal
vein puncture. Second, the portal system shrinks gradually and fi-
nally progresses to CTPV in the presence of chronic PVT, which
makes access even harder.>> Moreover, splenectomy makes the
trans-splenic approach impossible, which is an important route to
recanalize the occluded portal vein. Therefore, physicians should
be aware of the complexity of TIPS procedure in this subgroup
of patients and a rational procedural plan should be developed.
Our study has several limitations. First, a portion of patients
with splenectomy history who had complete portal vein occlusion
or extensive CTPV that could not undergo TIPS were excluded,
which might lead to an underestimation of the current results.

2900

Second, hemodynamic parameters were not available in the
present study to support our results. Third, the duration between
splenectomy and TIPS insertion varied in this study, and the effect
on the correlation between splenectomy and post-TIPS outcomes
needs further investigation. Forth, a few baseline characteristics
were not comparable between two groups. However, similar
results obtained after adjusting for potential confounders
and conducting sensitivity analysis confirmed the robustness of
our results.

In conclusion, our results showed that splenectomy prior to
TIPS complicated TIPS procedure and favored the development
of postoperative shunt dysfunction and OHE. The mechanisms
linking splenectomy history and shunt dysfunction may be related
to the alternation in hemodynamic changes and hypercoagulable
states caused by this surgery. Patients with splenectomy history
should be carefully evaluated before TIPS treatment, and postoper-
ative anticoagulation therapy and more intensive follow-up
may help reduce the risk of shunt dysfunction and hepatic
encephalopathy.
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Table 4 Univariate and multivariate analysis of risk factors for shunt dysfunction

Effect of splenectomy on TIPS procedure

Variables No. (%) Univariate analysis Multivariate analysis
HR (95% CI) P value HR (95% Cl) P value
Splenectomy 0.004 0.02
With (vs without) 74 (26.0) 2.78 (1.39-5.59) 2.31(1.13-4.97)
Age (per year) — 0.99 (0.96-1.02) 0.403 — —
Sex 0.085 — —
Male (vs female) 182 (64.1) 1.95 (0.84-4.52)
Etiology 0.536 — —
Virus (vs non-virus) 190 (66.9) 1.30 (0.56-3.03)
TIPS indication 0.775 — —
Ascites (vs bleeding) 18 (6.3) 1.23 (0.29-5.19)
Child-Pugh score — 1.10 (0.88-1.36) 0.399 — —
Child-Pugh class 0.750 — —
B+ Cl(vsA 203 (71.5) 1.15 (0.49-2.71)
MELD score — 0.98 (0.88-1.09) 0.683 — —
MELD-Na score — 0.97 (0.89-1.06) 0.481 — —
Total bilirubin — 1.01 (0.99-1.02) 0.178 — —
Albumin — 0.96 (0.90-1.02) 0.225 — —
Creatinine — 0.99 (0.97-1.01) 0.244 — —
Platelet count 0.009 — —
> 100 x 10° (vs< 100 x 107 89 (31.3) 2.59 (1.26-5.31)
Prothrombin time — 1.01 (0.88-1.17) 0.836 — —
INR — 0.92 (0.45-1.89) 0.818 — —
Ascites 0.785 — —
With (vs without) 227 (79.9) 1.05 (0.75-1.46)
Portal vein diameter — 0.89 (0.79-1.00) 0.061 — —
PVT' 132 (46.5) 1.51 (0.74-3.09) 0.256 — —
CTPV 24 (8.4) 1.67 (0.68-3.93) 0.354 1.21 (0.47-2.59) 0.53
Endoscopic therapy 0.013 0.04
With (vs without) 57 (20.7) 2.51 (1.22-5.19) 1.95 (1.02-4.07)
PPG (mmHg) — — —
Pre-TIPS 1.01 (0.94-1.09) 0.773
Post-TIPS 0.98 (0.90-1.08) 0.742
PPG change 1.03 (0.94-1.13) 0.482

'PVT indicates patients with at least one thrombosis in the portal system.
Cl, confidence interval; CTPV, cavernous transformation of portal vein; HR, hazard ratio; INR, international normalized ratio; MELD, model for end-stage
liver disease; No., number of events; PPG, portal pressure gradient; PVT, portal vein thrombosis; TIPS, transjugular intrahepatic portosystemic shunt.
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