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12Spleen Stiffness

Antonio Colecchia, Élise Vuille-Lessard, 
and Annalisa Berzigotti

�Rationale for the Use of Spleen Stiffness 
for Portal Hypertension

Splenomegaly is a hallmark of portal hypertension. Once portal pressure increases, 
whatever the cause, passive congestion of the spleen occurs, leading to its increase 
in size and stiffness. In addition, splanchnic arterial vasodilation leads to increased 
splenic arterial flow, further aggravating this phenomenon. From a microscopical 
point of view, splenic lymphoid tissue activation, angiogenesis, and fibrogenesis 
occur. Altogether, this leads to an increase in the stiffness of the organ [1].

Using spleen stiffness measurement (SSM) as a marker of portal hypertension in 
cACLD potentially overcomes two of the main limitations of liver stiffness mea-
surement (LSM), since SSM a) is devoid of the confounding effect of liver conges-
tion, inflammation, infiltration, or cholestasis and b) takes into account the 
flow-related component of portal hypertension, not mirrored by LSM [2].

After the initial papers published by Stefanescu et al. [3] and Colecchia et al. [4] 
showing that, using transient elastography (standard 50  Hz probe, FibroScan, 
Echosens, France), spleen stiffness measurement (SSM) correlates with the size of 
esophageal varices and with HVPG, there has been an increasing interest in the use 
of this novel parameter in patients with cACLD. Up to now, about 50 studies pre-
sented data on SSM measured either by ultrasound elastography (transient elastog-
raphy, TE; point shear wave elastography, pSWE; 2D shear wave elastography, 
2D-SWE) or by magnetic resonance elastography (MRE) as a marker of portal 
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hypertension or varices using HVPG measurement or endoscopy as gold standards. 
The studies with a larger sample size are summarized in Table 12.1.

A recent systematic review and meta-analysis of 32 studies using any of the 
above-mentioned techniques in 3952 patients concluded that spleen stiffness had 
a summary area under the ROC curve (sAUROC) of over 0.90, with a sensitivity 
of 0.85 and specificity of 0.86 for detecting CSPH.  As for high-risk varices 
(HRV), the sAUROC was 0.83 with a sensitivity of 0.87 and specificity of 0.66. 
The performance of SSM was superior in Asian subjects, who had a lower body 
mass index.

�SSM Using Transient Elastography

Ten large (n > 100) studies on SSM using TE have been published so far. Over 80% 
of study patients had a viral etiology of liver disease (untreated HCV or HBV, or 
HBV on viral suppression). SSM was measured using the standard liver probe with 
50 Hz frequency in all studies except one. Reproducibility has been proven excel-
lent [5–7]. Due to technical requirements not being met in small spleens, SSM had 
a high failure rate up to 15%–27%, which constitutes a major limitation of the 
method. When ultrasound was used to locate the spleen, applicability improved 
significantly [5, 8]. Similarly, the failure rate of SSM using a novel, spleen-dedicated 
probe with 100 Hz frequency improved to 7.5% [9].

Since the spleen is stiffer than the liver, with normal values up to 21 kPa, a 
ceiling effect at 75 kPa was occurring with the standard probe in patients with 
ACLD, as proven by the use of a modified software able to provide a range up 
to 150  kPa [10]. The novel spleen-dedicated probe provides values up to 
100 kPa [9].

In the published studies using HVPG as a gold standard, SSM correlated with 
the HVPG with a similar or even closer correlation coefficient than LSM. The 
best cutoff value to rule out and rule in CSPH has not yet been set. From the 
analysis of the existing data, mainly in patients with cACLD due to HBV or HCV 
and using the standard 50 Hz probe, it seems that SSM < 21–30 kPa can rule out 
CSPH with a sensitivity >90%, while SSM above 50 kPa could rule in CSPH 
with a specificity >90%. Validation in other etiologies and large prospective 
series is needed.

As for ruling out and ruling in HRV, the available data suggest that SSM below 
40 kPa (standard probe) rules out HRV with a sensitivity >90% (Tables 12.1 and 
12.2). In two independent studies which proposed [8] or applied [11] a slightly 
higher SSM cutoff value (46  kPa), SSM alone or used in combination with the 
Baveno VI criteria increased the rate of spared endoscopies in comparison to the 
Baveno criteria, while maintaining the rate of missed varices requiring treatment 
below 5% (Table 12.2). In the only study published so far, using a spleen specific 
100 Hz TE probe allowed improving the results obtained by the standard 50 Hz 
probe in terms of spared endoscopies [9].
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�SSM Using Other Ultrasound Elastography Methods

The applicability of pSWE and 2D-SWE is affected by similar factors, including the 
absence of splenomegaly, obesity, movements caused by heart beating and ascites 
[12]. Even though several studies are available with both methods (Table  12.1), 
there is a considerable heterogeneity in the type of included patients, and several 
studies included decompensated ACLD patients.

With these limitations, the analysis of the data suggests that using pSWE (Virtual 
Touch Siemens; pSWE by other devices has too limited data) SSM values <2.5 m/s 
could be used to rule out CSPH and HRV, while values >3.5 m/s might suggest EV 
(see Table 12.1). In a prospective study using pSWE (Virtual Touch Siemens) in 
patients with cACLD mostly due to HBV, SSM predicted variceal bleeding with an 
AUROC of 0.911 [13]. The best cutoff value discriminating patients developing 
variceal bleeding from those who did not (with an incidence of 7.3% over 32 months 
of follow-up) was 3.48 m/s.

As for 2D-SWE (Supersonic Imagine; 2D-SWE by other devices has too limited 
data), values of SSM < 21–25 kPa could be used to rule out CSPH (cutoff value 
closer to TE), while values <35 kPa could be used to rule out HRV (see Table 12.1). 
Karagiannakis et al. [14] showed that SSM by this method might help sparing a 
larger proportion of endoscopies than the Baveno VI criteria, without missing 
more HRV.

�SSM Using Magnetic Resonance Elastography

SSM by MRE has been evaluated in eight studies, most of which included a very 
small number of patients. Data regarding the prediction of varices and HRV are in 
line with those provided by ultrasound elastography methods, but a direct compari-
son of the accuracy of these methods is not possible yet [15]. Availability and cost 
limit the routine use of MRE to measure SSM in cACLD.

�SSM for the Prediction of Liver-Related Events, Mortality, 
and Response to Therapy

SSM predicted the first clinical decompensation and mortality in five studies [4, 
16–19] and predicted HCC recurrence in one study [20]. The best cutoff value pre-
dicting decompensation using TE was 54 kPa. In patients with HCV cirrhosis expe-
riencing sustained virological response, SSM decreases significantly [21, 22], and 
SSM was an independent predictor of liver-related events (decompensation [23] and 
HCC [24]). Two studies (one using pSWE [25] and one with TE [26]) showed that 
SSM might predict the hemodynamic response to NSBB in patients started on pri-
mary prophylaxis. SSM decreases after TIPS, suggesting that it parallels the 
decrease in portal pressure [27–31].
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�Summary

The data summarized in this chapter show that SSM can be considered as a marker 
of portal hypertension and should be included as a complementary noninvasive test 
in the armamentarium of hepatologists to assess CSPH and varices in addition to the 
Baveno VI criteria. In patients with cACLD due to viral causes, SSM used in com-
bination with the Baveno VI criteria seems to allow to safely expand the rate of 
spared endoscopies. However, SSM applicability remains an issue, and evidence is 
not strong enough to recommend cutoff values to rule out/rule in varices requiring 
treatment by techniques other than TE. In addition, data in patients with cACLD due 
to non-viral causes are scarce, and it is still difficult to draw solid conclusions in this 
context. Furthermore, whether the use of the novel TE spleen-specific probe allows 
better risk stratification remains to be ascertained in future studies.
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