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Abstract. Hypersplenism is a long‑term complication of 
Wilson's disease (WD). Patients often have to stop copper 
excretion treatment due to the decrease in blood cell count 
aggravation of abnormal liver function, anaemia, bleeding 
caused by coagulation dysfunction. The present study aimed 
to explore the effect of splenectomy on serum, biochemical 
indicators and neurological function in patients with hyper‑
splenism of WD to evaluate the impact of splenectomy on 
their survival and prognosis. Due to the non‑randomness of 
splenectomy in patients with hypersplenism in WD in the 
present study, the propensity scoring model and inverse prob‑
ability treatment weighting were used to evaluate the age, sex, 
duration of the disease. A total of 86 patients (40 with and 
46 without splenectomy) were included in the present study. 
The baseline and preoperative data were adjusted by the 
inverse probability weighting method using the propensity 
score model. There was no significant difference in distribu‑
tion of propensity scores between the two groups (P>0.05). 
There were significant differences in time‑weighted PLT 
levels in patients with hypersplenism of WD [after adjust‑
ment, odd ratio (OR)=0.010; 95% CI, 0.0013‑0.047; P<0.001]. 
The time‑weighted Child‑Pugh scores after adjustment also 
suggested a significant difference (OR=0.0684; 95% CI, 
0.018‑0.207; P<0.001). The time‑weighted modified Young 
scale scores demonstrated no statistical significance (after 
adjustment, OR=0.294; 95% CI, 0.074‑1.001; P>0.05). 
Survival data showed a mean survival time of 11.2±3.15 years 

with a 10‑year survival rate of 64.97% for patients with non-
splenectomy and 12.9±2.62 years with a 10‑year survival rate 
of 92.11% for patients with splenectomy, which was statistically 
significant (P<0.05). Due to crossover of survival curves at a 
later stage, the data were analysed using landmark analysis. 
The results suggested that splenectomy decreased death rate 
within 10 years by 84% compared with the non‑splenectomy 
group (HR=0.158; 95% Cl, 0.0198‑1.2545; P<0.05), but the 
survival rate of the two groups was not statistically significant 
after 10 years. (HR=0.445; 95% Cl, 0.2463‑0.8022; P>0.05). 
In conclusion, splenectomy significantly improved levels of 
PLT and liver function in patients with hypersplenism of WD, 
neurological function did not deteriorate and survival rate was 
improved.

Introduction

Hepatolenticular degeneration, also known as Wilson's disease 
(WD), is a rare autosomal recessive genetic disease associ‑
ated with copper ion metabolism disorder that is caused by 
ATPase copper transporting β gene mutation and dysfunc‑
tion. It involves a large amount of copper ion deposition in 
the liver, brain, cornea, kidney and other organs, which leads 
to liver damage, renal dysfunction, neurological impairment 
and dyskinesia (1). The liver is the primary affected organ. 
The patient develops liver fibrosis and even cirrhosis, resulting 
in abnormal liver function and portal hypertension, which 
further leads to splenomegaly and hypersplenism. The patient 
exhibits a decrease in peripheral hemogram, especially the 
blood platelet (PLT) count (2), followed by bleeding, immunity 
decline, susceptibility to infection and other clinical mani‑
festations. Treatment‑associated side effects, including bone 
marrow suppression caused by copper‑excreting drugs such as 
penicillamine, aggravate the symptoms (3).

Splenectomy, as an effective method for the treatment 
of WD with hypersplenism, is more affordable and feasible 
compared with liver transplantation and has been proven to 
improve liver fibrosis and cirrhosis by reducing portal pres‑
sure and reducing the inflammatory response (4). However, 
studies have shown that splenectomy in WD may aggravate 
neurological dysfunction and cause death (5,6). Cai et al (7) 
studied 42 patients with hypersplenism of WD and found that 
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neurological symptoms did not worsen after splenectomy, 
with a total success rate of 90.48%. Therefore, an increasing 
number of patients with hypersplenism of WD have chosen 
surgical splenectomy for treatment and domestic reports on 
this topic are also gradually increasing (8‑13).

The present study reviewed the medical records of patients 
with hypersplenism of WD at The First Affiliated Hospital 
of Anhui University of Traditional Chinese Medicine (Hefei, 
China) and used inverse probability weighting and a propensity 
score model to balance the differences in covariates between 
splenectomy vs. non‑splenectomy treatment groups, including 
age, sex, course of the disease and other factors. By decreasing 
confounding bias between different groups and improving the 
accuracy of efficacy evaluation, the causal association between 
treatment factors and effects was further explored  (14) to 
evaluate the impact of splenectomy on PLT count, liver func‑
tion, psychoneurological symptoms and survival prognosis.

Materials and methods

Case source, diagnosis and exclusion criteria. The present 
was a retrospective single‑centre cohort study that included 
individuals who sought medical advice at the First Affiliated 
Hospital of Anhui University of Traditional Chinese Medicine 
from January 1, 2012, to January 1, 2022, and met the diag‑
nostic criteria of WD, which include history of liver disease, 
presence or absence of extrapyramidal symptoms, notably 
decreased serum ceruloplasmin or increased liver copper 
levels, positive corneal K‑F ring examined under the slit lamp 
or positive family history (15‑17). Additional criteria for inclu‑
sion were (18): Moderate or severe splenomegaly based on 
colour Doppler ultrasound or laboratory examination; absent 
or mild ascites; pancytopenia, especially PLT <60x109/l and 
confirmation of the diagnosis by clinical follow‑up at ≥1 year. 
Patients with viral, toxic alcoholic or immune hepatitis and 
their complications, as well as those who had hepatic encepha‑
lopathy, hepatorenal syndrome, severe ascites infection, 
serious cardiopulmonary disease or coagulation dysfunction, 
severe psychoneurological symptoms or those aged <5 or 
>45 years old, were excluded. The present study was approved 
by The Institutional Review Committee of The First Affiliated 
Hospital of Anhui University of Traditional Chinese Medicine 
(approval NO. 2022AH‑25).

Liver and psychoneurological function evaluation. At the 
initial visit, the patient age, sex, symptoms, course of the 
disease and diagnostic test results were collected. PLT levels 
were recorded at each visit. Concomitantly, the Child‑Pugh 
classification system (19) was used to assign patients to three 
categories based on their liver function (A, good hepatic 
function; B, moderately impaired hepatic function; and C, 
advanced hepatic dysfunction; patients in the category C 
were not treated with surgery) that is determined through a 
scoring system that uses five clinical and laboratory criteria: 
Hepatic encephalopathy; ascites; serum bilirubin; albumin and 
prothrombin time.

In addition, improved Young scale was used to evaluate 
psychoneurological function (20). The survival time and status 
of patients receiving surgical and non‑surgical treatment were 
recorded during follow‑up. The follow‑up time of surgical 

patients was 13.16±2.43 years, and that of non‑surgical patients 
was 11.57±3.05 years.

Surgical procedure. Patients who underwent splenectomy 
for WD were routinely treated with Gandouling (The First 
Affiliated Hospital of Anhui University of Traditional Chinese 
Medicine) combined with 2,3‑dimercapto‑1‑propane‑sulfo‑
nate for 4‑6 courses before surgery. The operation was a 
simple splenectomy. After entering the abdominal cavity, the 
gastrocolic and inferior pole gastrosplenic ligaments were 
separated, and the splenic artery was routinely revealed and 
ligated to allow adequate return of splenic blood; the spleen 
was removed after dissecting and ligating the 2nd to 3rd level 
vessels of the spleen one by one in a near bloodless state, with 
all traumatic surfaces plasmapheresis sutured. Homeostatic, 
anti‑infection agents and sodium salt restriction and diuretics 
were used to treat patients with coagulation dysfunction, infec‑
tion or ascites, respectively. All patients underwent regular 
anti‑copper treatment including long‑term oral copper excre‑
tion drugs and regular intravenous copper excretion treatment.

Statistical analysis. Propensity score and inverse probability 
weighting were used to adjust the covariate imbalance caused 
by non‑randomization in patients with WD after splenec‑
tomy (21‑23). Baseline data and the preoperative data of patients 
were scored by the propensity score model to evaluate the 
probability of splenectomy in patients with WD. The obtained 
probability was adjusted by inverse probability weighting and 
the influence of splenectomy on time‑weighted PLT, liver func‑
tion levels and modified Young scale scores in patients with 
WD was analysed by a regression model after adjusting for 
confounding factors. The time‑weighted average was calculated 
by multiplying the index or score of each visit by the time interval 
between this visit and the previous visit. Paired t test was used 
for continuous variables while a χ2 test was used for categorical 
variables. A Cox proportional hazard model landmark analysis 
and Kaplan‑Meier curve were used to predict the effect of sple‑
nectomy on the survival and prognosis of patients with WD and 
hypersplenism. Schoenfeld, deviation and martingale residual 
tests were used to test whether the diagnostic requirements of 
Cox proportional risk model were met. Log‑rank test was used 
to test the difference of survival distribution Statistical analysis 
was performed using SPSS 23.0 (IBM Corp) and R language 
software 4.2.2 (r‑project.org). P<0.05 was considered to indicate 
a statistically significant difference.

Results

Patient selection. Of 287 patients initially screened, a total 
of 86 patients met the inclusion criteria. Of these, 40 patients 
underwent splenectomy and 46 received drugs to increase 
their leukocytes and PLTs. Of patients that were excluded 
from the study, eight did not obtain a final diagnosis, 10 
presented with other vascular diseases, including aneurysms 
and arteriovenous malformations, 13 were complicated with 
autoimmune hepatitis, systemic lupus erythematosus and 
vasculitis, eight had meningioma, glioma and other central 
nervous system tumour disease, 45 were excluded due to 
insufficient medical records and 117 had insufficient clinical 
follow‑up time.
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Baseline population and preoperative data. Compared with 
the non‑surgical group, the patients with hypersplenism of 
WD in the surgical group were older and had fewer women, 
a shorter course of disease, fewer patients with preoperative 
time‑weighted Child‑Pugh scores of grades A and B and 
higher preoperative time‑weighted modified Young scores, 
but the difference was not statistically significant (Table I). 
Preoperative time‑weighted PLT level may associated with 
splenectomy.

Predicting the probability of propensity score model. Baseline 
and preoperative data of the cases were sorted and propensity 
score model was used to predict the probability of splenectomy 
in patients with hypersplenism of WD. The median propensity 
score of patients in the surgical group was 0.517 [interquartile 
range (IQR), 0.412‑0.566], while that in the non‑surgical group 
was 0.410 (IQR, 0.373‑0.524). In addition, the difference in 
distribution of data between the two groups was not statisti‑
cally significant (Fig. 1).

Inverse probability weighting to correct confounding factors. 
According to the propensity scores, data with inverse prob‑
ability were weighted. The two groups had similar distribution 
of weights, suggesting that when both groups had a high 
prediction probability, the weight of the splenectomy group 
was lower than that of the non‑splenectomy group; by contrast, 
when the two groups had the same weight, the prediction 
probability of the splenectomy group was lower than that of 
the non‑splenectomy group (Fig. 2). Analysis of weighted data 
suggested that the confounding factors of baseline and preop‑
erative data were corrected (P>0.05; standard mean difference 
<10%; Table  II); thus, the covariate imbalance caused by 
non‑randomization was adjusted (Fig. 3).

Postoperative indices by inverse probability weighting. 
Changes in time‑weighted PLT and Child‑Pugh and modi‑
fied Young scale scores of patients with hypersplenism of 
WD were compared before and after weighting. Significant 
differences were found both before and after adjustment in 
time‑weighted PLT levels in patients with hypersplenism 

of WD [before adjustment, odds ratio (OR)=0.011; 95% 
CI, 0.0015‑0.049; after adjustment, OR=0.010; 95% CI, 
0.0013‑0.047; P<0.001; Table III], suggesting these were rela‑
tively stable. Time‑weighted Child‑Pugh scores also suggested 
significant differences (before adjustment, OR=0.0682; 95% 
CI, 0.018‑0.211; after adjustment, OR=0.0684; 95% CI, 
0.018‑0.207; P<0.001; Table III). Furthermore, the data of the 
time‑weighted modified Young scale scores also indicated 
that splenectomy was not associated with the scores of the 
modified Young scale (before adjustment, OR=0.293; 95% CI, 
0.073‑1.013; after adjustment, OR=0.294; 95% CI, 0.074‑1.001; 
P>0.05; Table III).

Cox proportional hazard model to predict the effect of 
splenectomy on the survival and prognosis of patients with 
hypersplenism. Statistical analysis on the survival time and 
status of patients with hypersplenism was performed. After 
weighting, Schoenfeld, deviance and martingale residual 

Table I. Baseline demographic and clinical data of patients with hypersplenism of Wilson's disease.

	 Splenectomy,	 Non‑splenectomy,		  Standard mean
Characteristic	 n=40	 n=46	 P‑value	 difference

Mean age, years	 22.33±7.23	 21.50±8.43	 0.630	 0.105
Female (%)	 16.00 (40.00)	 20.00 (43.48)	 0.915	 0.071
Mean disease course, years	 7.66±2.95	 7.78±3.97	 0.870	 0.036
Mean time‑weighted platelet	 49.49±6.19	 51.47±6.38	 0.150	 0.315
count before surgery, x109/l
Time‑weighted Child‑Pugh	
score before surgery				  
  Class A (%)	 13.00 (32.50)	 15.00 (32.61)	 1.000	 0.020
  Class B (%)	 27.00 (67.50)	 31.00 (67.39)		
Mean time‑weighted modified	 12.3±4.33	 11.85±3.92	 0.613	 0.109
Young score before surgery

Figure 1. Prediction of probability of splenectomy for Wilson's disease 
according to the propensity score model.
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tests were performed. The Schoenfeld residual diagram 
(Fig. 4; P>0.05) suggested that the model as a whole met the 
requirements of the equal scale model. The deviance residual 
diagram (Fig. 5) demonstrated that the residual values of each 
point were evenly distributed at ~0 and relatively symmetric, 
suggesting that the assumption that the model conforms to 
the risk proportional model was met. Moreover, the martin‑
gale residual diagram Figs. 6 and 7) revealed that continuous 
covariates had degree of non‑linearity. Therefore, the residual 
tests indicated that the data met the diagnostic requirements of 
the Cox proportional hazard model.

There was a mean survival time of 11.2±3.15 years with 
a 10‑year survival rate of 64.97% in the non‑splenectomy 

and 12.9±2.62 years with a 10‑year survival rate of 92.11% 
in the splenectomy group, which was statistically significant 
(P<0.05). Cox proportional hazard model prediction before 
and after weighting indicated that, compared with that in 
the non‑splenectomy group, splenectomy decreased risk of 
death by 71% [before adjustment, hazard ratio (HR)=0.296; 
95% CI, 0.1725‑0.5061; after adjustment, HR=0.295; 95% CI, 
0.1872‑0.4635] and the results were relatively stable and statis‑
tically significant (P<0.001). Kaplan‑Meier curve predicted by 
the Cox proportional hazard model after adjusting the baseline 

Figure 2. Propensity score and inverse probability weighted data in patients 
with hypersplenism of Wilson's disease.

Figure 4. Schoenfeld residual diagram of baseline data of patients with 
hypersplenism of Wilson's disease.

Figure 3. Baseline and preoperative data of patients with hypersplenism of 
Wilson's disease before (circles) and after (triangles) IPTW. IPTW, inverse 
probability treatment weighting; SMD, standard mean difference.

Figure 5. Deviance residual diagram of baseline data of patients with hyper‑
splenism of Wilson's disease.
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data is shown in Fig. 8. Due to crossover of survival curves at 
a later stage, the data were analysed using landmark analysis. 
Splenectomy decreased the death rate by 84% within 10 years 
(HR=0.158; 95% Cl, 0.0198‑1.2545; P<0.05) compared with 
that in the non‑splenectomy group, but there was no significant 
difference between the two groups after 10 years (HR=0.445; 
95% Cl, 0.2463‑0.8022; P>0.05; Fig. 9).

Discussion

All cases in the present study came from the First Affiliated 
Hospital of Anhui University of Traditional Chinese Medicine. 
Since 1973, the aforementioned hospital has taken the lead 
in conducting experimental and clinical research on WD for 
>40 years in China. Through in‑depth research and exploration 
of the aetiology and pathology, diagnostic typing, treatment 
and efficacy evaluation of WD, a suitable diagnosis and treat‑
ment system for WD have gradually been formed. As a leading 
WD diagnosis and treatment centre, the aforementioned 
hospital has gathered patients globally and receives thousands 
of outpatients and inpatients with WD every year. Therefore, 
the present study has a sufficient and reliable source of cases.

The present retrospective cohort study assessed the effect of 
splenectomy on PLT, liver function, psychoneurological symp‑
toms and survival prognosis in patients with hypersplenism 
of WD using the inverse probability weighting method of 
propensity score. Splenectomy significantly improved the 
PLT and liver function levels but did not affect the psycho‑
neurological symptoms. In addition, the mean survival time 
and 10‑year survival rate of non‑splenectomy group were 
lower than those of splenectomy group. After adjusting for 
confounding factors, the risk of death in the surgical group 
was reduced by 71% compared with that in the non‑surgical 
group. Splenectomy decreased death rate by 84% compared 
with that in the non‑splenectomy group within 10 years but 
there was no significant difference after 10 years.

Splenectomy, as an effective method to improve hyper‑
splenism, is now widely used in diseases such as liver cirrhosis 
caused by viral hepatitis and liver cancer following hematopoi‑
etic stem cell transplantation and liver transplantation (24‑26). 
As an important immune organ, the spleen is involved in 
the immediate immune response to blood‑derived antigens. 
However, for patients with severe liver disease, portal vein 
blood circulation disorder causes deposition of splenic blood 

Table II. Baseline demographic and clinical data of patients with Wilson's disease complicated with hypersplenism after inverse 
probability weighting.

	 Splenectomy,	 Non‑splenectomy,		  Standard mean
Characteristic	 n=40	 n=46	 P‑value	 difference

Mean age, years	 21.91±7.21	 21.77±8.33	 0.934	 0.018
Female (%)	 35.30 (41.20)	 36.00 (41.80)	 0.958	 0.012
Disease course, years	 7.71 (3.08)	 7.68 (3.77)	 0.966	 0.009
Mean time‑weighted platelet	 50.42± 6.08	 50.34±6.84	 0.957	 0.012
count before surgery, x109/l
Time‑weighted Child‑Pugh
score before surgery
  Class A (%)	 27.10 (31.60)	 28.00 (32.40)	 0.943	 0.016
  Class B (%)	 58.60 (68.40)	 58.30 (67.60)		
Mean time‑weighted modified	 12.01±4.34	 11.97±3.98	 0.969	 0.009
Young score before surgery

Table III. Time‑weighted platelet count and Child‑Pugh and modified Young scale score in patients with hypersplenism of 
Wilson's disease.

	 Splenectomy,	 Non‑splenectomy,	 Adjusted difference
Characteristic	 n=40	 n=46	 (95% CI)

Mean time‑weighted platelet	 141±32.56	 49.27±6.58	 0.010 (0.001‑0.047)
count before surgery, x109/l
Time‑weighted Child‑Pugh			   0.070 (0.023‑0.212)
score before surgery
  Class A (%)	 31.00 (77.50)	 13.00 (28.30)	
  Class B (%)	 9.00 (22.50)	 33.00 (71.70)	
Mean time‑weighted modified	 10.85±5.56	 10.98±3.69	 0.290 (0.071‑1.001)
Young scores before surgery	
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flow, resulting in splenomegaly and hypersplenism, which 
further leads to complications, such as haemopenia, aggra‑
vated coagulation dysfunction, bleeding and infection (27).

Although there are few studies on the mechanism changes in 
liver function in patients with hypersplenism of WD, research has 
shown that splenectomy significantly improves blood cell count 
and liver function in patients with liver cancer, viral hepatitis and 
liver cirrhosis (28‑30). Studies have also shown that splenectomy 
in the early stage of liver fibrosis blocks rapid deployment of 
monocytes to the liver, thus reducing the inflammatory response 
and delaying the progression of early liver fibrosis in mice (31,32). 

In addition, splenectomy enhances the mitotic cycle of hepatocytes 
by reducing the release of anti‑hepatocyte proliferation factor 
TGF‑β1 from the spleen, thus promoting proliferation of hepa‑
tocytes (33). Therefore, improvement in liver function in patients 
with hypersplenism following splenectomy may be related to the 
reduction in the inflammatory response, promotion of hepatocyte 
proliferation, antifibrosis (34,35) and improvement in haemody‑
namics (36). Splenectomy can significantly increase the PLT count 
of patients (8,9), even when preoperative PLT levels are ≤30x109/l, 
without affecting the operation and postoperative functional 
recovery of the patient (10). The liver function is also significantly 
improved after splenectomy (including aspartate transaminase, 
alanine aminotransferase, total bilirubin, albumin, prothrombin 
time), while prothrombin time is shorter compared with that before 

Figure 6. Martingale residual diagram (age) of baseline data of patients with 
hypersplenism of Wilson's disease.

Figure 7. Martingale residual diagram (disease course) of baseline data of 
patients with hypersplenism of Wilson's disease.

Figure 8. Kaplan‑Meier curve predicted by adjusted Cox proportional hazard 
model.

Figure 9. Changes in survival curves by landmark analysis between splenec‑
tomy and non‑splenectomy groups.
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the procedure (11). Even for children with hypersplenism of WD 
or patients with moderate to severe hypersplenism, a splenectomy 
yields improved curative effects and safety with sufficient peri‑
operative treatment (12,13). The results of the present study also 
suggested that splenectomy improves the levels of PLT and liver 
function in patients with hypersplenism of WD.

Improvement of neurological function in patients under‑
going splenectomy is controversial. An early study reported 
that splenectomy to treat WD can aggravate neurological 
dysfunction  (6). By contrast, another study suggested that 
splenectomy would improve the neurological function of 
patients following surgery (8). However, to the best of our 
knowledge, there are few studies on the neurological function 
of patients with WD after splenectomy. The current study 
found that the overall neurological function scores in both the 
splenectomy and non‑splenectomy groups decreased but this 
was not associated with whether the operation was performed 
or not. The decline in overall neurological function score may 
be associated with long‑term standardized intravenous or oral 
anti‑copper treatment before and after the operation.

A topical literature review has reported that splenectomy may 
increase the risk of complications such as bleeding, infection, 
splenic portal vein thrombosis, pulmonary embolism and dissemi‑
nated intravascular coagulation and may be associated with a 
postoperative hypercoagulable state, PLT activation, endothelial 
dysfunction and activation and lipid mass spectrum changes (37). 
In the present study, two patients died in the splenectomy group, 
whereas six patients died in the non‑splenectomy group. The 
causes of death in the operation group included liver coma induced 
by surgical anaesthetics and aggravation of postoperative infection. 
Patients in the non‑splenectomy group died due to the progression 
of the disease, including upper gastrointestinal bleeding caused 
by oesophageal and gastric varices, spontaneous cerebral haem‑
orrhage caused by further deterioration of coagulation function, 
hepatorenal syndrome and hepatic encephalopathy caused by 
further deterioration of liver function. Patients with hypersplenism 
of WD often have a decrease in blood cells, aggravation of 
liver fibrosis, and cirrhosis with the progression of the disease, 
accompanied by abnormalities in transaminase and protein and 
coagulation factor synthesis disorders (38). The long‑term use 
of anti‑copper drugs further aggravates abnormalities in clinical 
markers (39,40). In this regard, splenectomy not only decreases 
the mortality of patients with haemopenia and mild to moderate 
abnormal liver function but also ensures long‑term copper 
excretion treatment (7). Therefore, combined with the results of 
the present study, splenectomy improves the survival of patients 
by decreasing portal vein pressure in the short term, alleviating 
the negative effects of hypersplenism and thus improving PLT 
count and liver function. However, with the further progression 
of WD cirrhosis, the increase of long‑term venous reflux pressure 
causes vascular rupture and bleeding. In addition, the continuous 
deterioration of liver function can cause liver failure, hepatic 
encephalopathy and coma. This may be the reason splenectomy 
cannot reverse the poor prognosis of the disease in the long term.

As a retrospective clinical study, the present sample size 
was small due to doubtful diagnosis, lack of data and insuffi‑
cient follow‑up. In addition, due to the limited clinical data, the 
method of assessing the efficacy of was based on few clinical 
data, such as serological indicators and scale scores, and 
more objective alternative biomarkers should be evaluated. 

Therefore, a larger sample size should be included and an 
improved experimental design should be used when designing 
future prospective studies to improve reliability.

The present research suggested that splenectomy can 
improve the survival and prognosis of patients with WD 
However, a longer follow‑up time and a larger sample size are 
still needed to evaluate the clinical value of splenectomy in the 
treatment of hypersplenism in patients with WD.
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