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Abstract
BACKGROUND 
In a previous study, autologous bone marrow infusion (ABMI) was performed in 
patients with decompensated liver cirrhosis (DLC) and acquired immunodefi-
ciency syndrome and achieved good results, but whether splenectomy affected 
outcome was unclear.

AIM 
To investigate the efficacy of ABMI combined with splenectomy for treatment of 
DLC.

METHODS 
Eighty-three patients with DLC were divided into an intervention group (43 
cases) and control group (40 cases) according to whether splenectomy was 
performed. The control group was treated with ABMI through the right omental 
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vein, and the intervention group was additionally treated with splenectomy.

RESULTS 
After ABMI, the prothrombin time, serum total bilirubin levels, ascites volume and model for end-stage liver 
disease score in both groups were significantly lower, while the albumin levels were significantly higher than 
before ABMI (P < 0.01), but there were no significant differences between the groups (P > 0.05). After ABMI, the 
white blood cell and platelets counts in both groups were significantly higher than before ABMI (P < 0.01), and the 
counts in the intervention group were significantly higher than in the control group (P < 0.01). After ABMI the 
CD4+ and CD8+ T cell counts in both groups were significantly higher than before ABMI (P < 0.01). The CD8+ T cell 
counts in the intervention group increased continuously and the increase had a shorter duration compared with 
control group.

CONCLUSION 
ABMI through the portal vein in patients with DLC can significantly improve liver synthetic and secretory 
functions, and splenectomy promotes improvement of bone marrow hematopoietic and cellular immune functions.

Key Words: Autologous bone marrow; Splenectomy; Cell therapy; Cirrhosis; Cellular immunity

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this study, autologous bone marrow infusion (ABMI) through the portal vein in patients with decompensated 
liver cirrhosis (DLC) can significantly improve liver synthetic and secretory functions and is effective in patients with DLC. 
And it is the first attempt to investigate the impact of splenectomy on bone marrow hematopoietic function and cellular 
immune function after ABMI in patients with DLC.

Citation: Liu BC, Cheng MR, Lang L, Li L, Si YH, Li AJ, Xu Q, Zhang H. Autologous bone marrow infusion via portal vein 
combined with splenectomy for decompensated liver cirrhosis: A retrospective study. World J Gastrointest Surg 2023; 15(9): 1919-
1931
URL: https://www.wjgnet.com/1948-9366/full/v15/i9/1919.htm
DOI: https://dx.doi.org/10.4240/wjgs.v15.i9.1919

INTRODUCTION
Cirrhosis is the end stage of liver fibrosis and has several causes. In the global ranking of causes of death in 2012, cirrhosis 
ranked 14th[1], and drug treatment was not effective. At present, liver transplantation is still the most effective treatment 
for advanced liver disease. However, due to the lack of donor livers and high costs, there is an urgent need to find a safe 
and effective alternative that can be widely used[2]. Cell therapy has achieved outstanding results in basic and clinical 
research and is a promising new treatment. In animal experiments, bone marrow stem cells (BMSCs) can be transformed 
into hepatic oval cells, hepatocytes and bile duct cells in the liver, which play an important role in the repair of liver 
damage[3]. In a clinical experiment, it was found that after transplantation of male bone marrow cells (BMCs) to female 
patients, Y-chromosome-positive hepatocytes were detected in the liver, and it was confirmed that BMSCs can be 
transformed into hepatocytes[4]. Liver-derived liver stem cells have a positive contribution to hepatocyte regeneration. 
Lu et al[5] induced hepatocyte apoptosis by targeted deletion of Mdm2, and then transplanted liver progenitor cells into 
mouse liver. The transplanted liver progenitor cells differentiated into hepatocytes and bile duct cells, significantly 
improving the structure and function of the damaged liver.

Several studies have reported positive effects of BMCs transplantation for treatment of decompensated liver cirrhosis 
(DLC). Most studies used BMCs, peripheral blood hematopoietic stem cells and umbilical cord blood stem cells. BMCs 
were separated by gradient centrifugation, and the suspension of BMCs was injected into the liver through the hepatic 
artery by interventional methods. Liver function was repaired, but the specific mechanism is still not clear[6]. The anti-
DLC effect of autologous BMSCs has been established in animal models[7]. In addition, clinical trials have shown that 
autologous BMSC transplantation can quickly improve liver function without obvious side effects. However, there are 
not many clinical trials about autologous BMSCs for cirrhosis, and there is no unified treatment plan[8,9]. In a previous 
study, BMSCs were used to treat human immunodeficiency virus (HIV) patients with DLC, and achieved good results. 
This treatment method has the following advantages: BMSCs do not need to be centrifuged, and are reproducible, 
nonimmunogenic, and free of graft-versus-host disease[10]. Therefore, autologous BMSCs have received much attention 
in basic and clinical research, and are increasingly used in clinical treatment of various diseases[11-13]. BMSCs are 
transplanted to the liver mainly through the hepatic artery, portal vein and peripheral vein. This has a significant effect 
on DLC, is safe and feasible, and can significantly improve the clinical symptoms and liver function[14-16]. It is readily 
accepted by DLC patients. Other transplantation routes such as intrasplenic transplantation, intraperitoneal and 
peripheral vein transplantation are commonly used clinically. In a study of four patients with DLC who were treated with 
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peripheral intravenous injection of autologous mesenchymal stem cells, after 2 years of follow-up, it was found that the 
scores of the end-stage liver disease model in two patients were significantly improved[17], but the number of cases was 
too small. The mechanism by which stem cells repair liver cells through systemic blood circulation is still unclear, and no 
effective induction method has been found to orient stem cells to migrate and home to the target organ. This 
transplantation method is the most applied method in liver cirrhosis.

Due to the rich blood supply and nutrients in the portal vein, stem cells stay in the liver sinusoids for a long time, with 
good selectivity distribution, and the portal system contains high concentrations of hepatotropic cytokines, which are 
important for the survival and growth of BMCs that are returned to the liver. In previous clinical trials surgery was 
performed to insert an infusion port into the right omental vein (ROV), autologous BMCs were returned through the 
infusion port, and good results were observed in the treatment of HIV patients with DLC[18]. However, it remains 
unclear whether splenectomy has an effect on patient outcomes. In this study, the efficacy of autologous bone marrow 
infusion (ABMI) combined with splenectomy was observed in the treatment of patients with DLC.

MATERIALS AND METHODS
Patients
This was a retrospective analysis of 83 patients with DLC who received ABMI, including 52 males and 31 females, aged 
27-75 years, with an average age of 47.53 ± 8.82 years from January 2016 to December 2018 from Shanghai Public Health 
Clinical Center Affiliated to Fudan University, Shanghai Dongfang Hospital Affiliated to Tongji University, Shanghai 
Dongfang Hepatobiliary Surgery Hospital Affiliated to Naval Medical University, and Renji Hospital Affiliated to 
Shanghai Jiao Tong University. There were 60 cases of hepatitis B cirrhosis, four of alcoholic cirrhosis, 11 of hepatitis C 
cirrhosis and eight cases of schistosomiasis cirrhosis. Child–Pugh classification was grade B in 77 cases and grade C in six.

Inclusion was in accordance with the diagnostic criteria for DLC[19]: (1) Computed tomography (CT), color Doppler 
ultrasound, or liver biopsy suggested the formation of liver cirrhosis; (2) liver cirrhosis was diagnosed by liver hardness 
scan; (3) albumin level < 35 g in liver function; (4) gastroscopy showed signs of esophageal and gastric varices; (5) platelet 
count < 1011/L; (6) esophageal and gastric varices; (7) prothrombin time was longer than normal for 3 s; and (8) ascites 
formation. If any three items in (1)-(5) were met and any item in (6)-(8), it was possible to diagnose DLC. Exclusion 
criteria were: (1) Age < 18 years; (2) pregnant and breastfeeding women; (3) malignant tumors of the liver or other organs; 
(4) spontaneous peritonitis or active gastrointestinal bleeding; (5) patients who could not tolerate the treatment, such as 
severe those with heart disease and pulmonary insufficiency; (6) hormone therapy; and (7) intellectual disability or 
mental illness.

Informed consent was signed by all patients and the study was approved by the Ethics Committee of the Shanghai 
Public Health Clinical Center (2013-030).

Treatment
Conventional liver protection and diuresis were used for all patients. In addition, viral liver cirrhosis was treated with 
anti-hepatitis B or C drugs.

According to whether splenectomy was performed during the operation, the patients were divided into an 
intervention group (43 cases) and control group (40 cases). The control group was treated with ABMI through the ROV, 
and the intervention group underwent splenectomy in addition to ABMI.

Under general anesthesia, a midline incision was made in the upper abdomen, the ascites was removed after entering 
the abdominal cavity, the spleen was fully exposed and then the spleen was removed (in the intervention group). The 
infusion port was embedded in the ROV. During the operation, 40 mL of bone marrow was extracted from the anterior 
superior iliac spine by puncture, and 40 mL of ABM (without washing, filtration and concentration) was slowly injected 
with a syringe through the puncture window of the infusion port, and entered the portal vein through the ROV. Saline (5 
mL) was injected into the infusion port to prevent coagulation. At 1 and 3 mo after the operation, 40 mL of ABM was 
infused once again through the infusion port. Five milliliters of cubital venous blood were drawn before surgery, at 1, 3, 6 
and 12 mo after ABMI, placed in an anticoagulation tube, and allowed to stand at room temperature for 30 min. The 
samples were centrifuged centrifugal radius was 9 cm, centrifugal speed was 3000 rpm, 15 min (Tengying Machinery 
Manufacturing Co., Ltd., Zhangjiagang, China), and supernatants were collected and stored at -80 °C.

Biochemical analysis
Serum total bilirubin (TB), serum albumin and creatinine levels were detected using an AU5800 automatic biochemical 
analyzer (Beckman Coulter Co. Ltd., CA, United States). Prothrombin time (PT) and international normalized ratio (INR) 
were measured by CA-500 automatic coagulation analyzer (Sysmex Corporation, Kobe, Japan) using the coagulation 
index detection kit. The white blood cell (WBC) and platelet counts and hemoglobin level were detected by automatic 
blood analyzer (Mindray BC-5000, Shenzhen, China).

Flow cytometry
FACS Calibur flow cytometer, CD4-FITC/CD8-PE, TruCOUNT absolute counting tube, four-color fluorescent standard 
microspheres, and FACS hemolysin (10 ×) were the products of BD Company in the United States. Multiset tri-color 
reagent (20 μL) and 50 μL whole blood were added to a TruCOUNT absolute counting tube, mixed thoroughly, and 
placed in the dark for 15 min. Then, 450 μL of FACS hemolysin (10 ×) was added, mixed well, and placed in the dark for 
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15 min. After sample preparation, the Multiset program was run on the computer immediately for detection, and the 
absolute counts of CD4+ and CD8+ T cells in the total T cells were analyzed.

Determination of ascites
Inadomi et al[20] reported a method of measuring the volume of ascites with ultrasound in 1996. Two variables were 
observed: Abdominal circumference and maximum ascites depth. Specific operation: Instruct the patient to lie on his back 
and lie on the stomach, and we measured the abdominal circumference (C) around the umbilicus, and then the patient 
changed to the prone position. The ultrasonic probe probed the maximum depth of ascites at the umbilical circumference 
(d), that is, the maximum vertical distance from the interface of the floating intestinal loop to the probe. We used the 
following formula to calculate the amount of ascites: r = C/2π; V (volume of ascites) = 1/3 [πd2 (3r-d)] (Note: r is radius, π 
is constant).

Model for end-stage liver disease
Model for end-stage liver disease (MELD) score is often used as an indicator of liver function. The formula was MELD 
score[21] = 3.78 × ln[TB (μmol/L)] + 11.2 × ln(INR) + 9.6 × ln[creatinine (mmol/L)] + 6.4 × (etiology: Biliary or alcoholic 
was 0, and other diseases were 1).

Statistical analysis
SPSS 19.0 was used for statistical analysis. The normal distribution was tested using the Shapiro-Wilk test. The 
measurement data conforming to the normal distribution were expressed as mean ± SD. Before and after treatment, the 
paired t test was used for comparison of the intervention group and control group. The data with non-normal distri-
bution were expressed in M (P25, P75), using the Mann-Whitney test. Numerical data were used to describe the percent, 
using the χ2 test. P < 0.05 was considered statistically significant. The test standard was α = 0.05.

RESULTS
Comparison of general baseline data between control and intervention groups
There was no significant difference in gender, age, etiology of liver cirrhosis and Child–Pugh grading between the 
intervention group and control group (P > 0.05), and the baseline data of the two groups were comparable (Table 1).

Comparison of postoperative complications
In the intervention group, 43 patients underwent splenectomy and had an infusion port placed in the right gastroepiploic 
vein. Three patients (all Child-Pugh grade B before surgery) had liver failure due to oozing blood in the splenectomy 
wound, and died within 3 d after surgery. The surgery-related fatality rate was 6.98%. In the control group, 40 patients 
had an infusion port placed in the right gastroepiploic vein, and two patients (1 Child-Pugh grade B and 1 grade C before 
surgery) died of liver failure caused by gastrointestinal bleeding after surgery, and the fatality rate was 5.0%. There was 
no significant difference in the fatality rate between the two groups after surgery (χ2 = 0.007, P > 0.05). In the intervention 
group, two cases were Child-Pugh grade C. Due to emergency surgery for gastrointestinal bleeding, the portal vein 
pressure was high. If splenectomy is not performed, it may recur to bleed after surgery, so splenectomy was performed. 
After 1-year follow-up, both patients showed good improvement in liver function, similar to that in the Child–Pugh 
grade B patients.

Liver synthetic and secretory functions after surgery
Figure 1A and Table 2 show that there was no significant difference in serum PT levels between the control and 
intervention groups before ABMI (P > 0.05). After ABMI, serum PT in both groups was significantly lower than before 
ABMI (P < 0.01), but there was no significant difference between the two groups at each time point (P > 0.05).

Figure 1B and Table 3 show that there was no significant difference in serum albumin levels between the two groups 
before ABMI (P > 0.05). After ABMI, albumin level in both groups was significantly higher than before ABMI (P < 0.01), 
but there was no significant difference between the two groups at each time point (P > 0.05).

Figure 1C and Table 4 show that there was no significant difference in serum TB level between the two groups before 
ABMI (P > 0.05). After ABMI, serum TB level in both groups was significantly lower than before ABMI (P < 0.01), but 
there was no significant difference between the two groups at each time point (P > 0.05).

Figure 1D and Table 5 showed that there was no significant difference in ascites volume before ABMI between the two 
groups (P > 0.05). After ABMI, ascites volume in both groups was significantly lower than before ABMI (P < 0.01), but 
there was no significant difference between the two groups at each time point (P > 0.05).

Figure 1E and Table 6 showed that there was no significant difference in MELD score before ABMI between the two 
groups (P > 0.05). After ABMI, MELD score in both groups was significantly lower than before ABMI (P < 0.01), but there 
was no significant difference between the two groups at each time point (P > 0.05).

Hematopoietic function before and after ABMI
Figure 2A and Table 7 show that there was no significant difference in WBC count between the control and intervention 
groups before ABMI (P > 0.05). After ABMI, WBC count in both groups was significantly higher than before ABMI (P < 
0.01). The increase in the intervention group at each time point was significantly higher than in the control group (P < 
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Table 1 Comparison of general baseline data between control and intervention groups

Etiology Child-Pugh 
grade

Group Sex 
(M/F) Age (yr)

Hepatitis B 
cirrhosis

Alcoholic 
cirrhosis

Hepatitis C 
cirrhosis

Schistosomiasis 
cirrhosis B C

Control 27/13 47.53 ± 
9.21

30 1 6 3 36 4

Intervention 25/18 47.53 ± 
8.51

30 3 5 5 41 2

χ2/t 0.428 0.000 1.484 0.266

P value 0.513 0.999 0.686 0.606

M: Male; F: Female.

Table 2 Serum prothrombin time levels in control and intervention groups before and after autologous bone marrow infusion

Group Before 1 mo t/P value 3 mo t/P value 6 mo t/P value 12 mo t/P value

Control 19.42 ± 3.95 17.55 ± 2.42 5.603/0.000 16.16 ± 1.82 5.811/0.000 15.26 ± 1.81 8.008/0.000 14.42 ± 1.80 9.909/0.000

Intervention 19.50 ± 3.89 17.55 ± 2.39 6.053/0.000 16.15 ± 2.13 8.780/0.000 15.13 ± 2.03 10.528/0.000 14.43 ± 2.10 11.755/0.000

t 0.089 0.005 0.018 0.317 0.009

P value 0.929 0.996 0.986 0.752 0.993

Results are expressed as s mean ± SD.

Table 3 Serum albumin levels in control and intervention groups before and after autologous bone marrow infusion (mean ± SD, g/L)

Group Before 1 mo t/P value 3 mo t/P value 6 mo t/P value 12 mo t/P value

Control 29.45 ± 4.26 35.05 ± 3.45 16.560/0.000 37.13 ± 3.20 12.024/0.000 39.55 ± 2.33 14.535/0.000 40.24 ± 2.24 18.460/0.000

Intervention 29.38 ± 4.16 34.83 ± 3.54 17.465/0.000 36.85 ± 3.70 18.241/0.000 38.25 ± 3.97 17.519/0.000 39.53 ± 3.28 19.131/0.000

t 0.076 0.287 0.359 0.980 1.114

P value 0.940 0.775 0.721 0.330 0.369

Results expressed as mean ± SD (g/L).

Table 4 The serum total bilirubin levels in control and intervention groups before and after autologous bone marrow infusion

Group Before 1 mo t/P value 3 mo t/P value 6 mo t/P value 12 mo t/P value

Control 44.89 ± 20.56 35.11 ± 15.20 6.536/0.000 29.95 ± 12.69 7.379/0.000 27.26 ± 11.77 7.896/0.000 24.29 ± 8.57 8.255/0.000

Intervention 42.90 ± 19.77 31.48 ± 14.12 7.534/0.000 27.58 ± 12.55 9.014/0.000 26.05 ± 11.02 9.021/0.000 23.65 ± 8.44 9.120/0.000

t 0.437 1.093 0.830 0.470 0.332

P value 0.663 0.278 0.409 0.640 0.741

Results expressed as mean ± SD (µmol/L).

0.01).
Figure 2B and Table 8 show that there was no significant difference in serum platelet count between the two groups 

before ABMI (P > 0.05). After ABMI, platelet count in both groups was significantly higher than before ABMI (P < 0.01). 
The increase in the intervention group at each time point was significantly higher than in the control group (P < 0.01).
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Table 5 Ascites volume in control and intervention groups before and after autologous bone marrow infusion

Group Before 1 mo Z/P value 3 mo Z/P value 6 mo Z/P value 12 mo Z/P value

Control 3000 (1500-4125) 1000 (0-2000) 5.386/0.000 500 (0-1500) 5.388/0.000 250 (0-1125) 5.392/0.000 0 (0-1000) 5.394/0.000

Intervention 3000 (1500-4000) 750 (0-1875) 5.519/0.000 0 (0-500) 5.519/0.000 0 (0-500) 5.525/0.000 0 (0-500) 5.457/0.000

Z 0.226 0.780 1.379 1.353 1.374

P value 0.790 0.436 0.168 0.176 0.170

Results expressed as M (P25-P75) (mL).

Table 6 Comparison of model for end-stage liver disease scores in two groups before and after autologous bone marrow infusion

Group Before 1 mo t/P value 3 mo t/P value 6 mo t/P value 12 mo t/P value

Control 21.53 ± 6.17 18.87 ± 5.09 2.050/0.044 17.73 ± 6.42 2.631/0.010 13.76 ± 5.51 5.790/0.000 12.58 ± 4.64 7.147/0.000

Intervention 22.61 ± 5.61 18.92 ± 4.85 3.147/0.002 16.67 ± 5.75 4.677/0.000 15.42 ± 5.61 5.732/0.000 11.94 ± 5.00 8.980/0.000

t 0.804 0.044 0.770 1.325 0.577

P value 0.424 0.965 0.443 0.189 0.566

Results are expressed as mean ± SD.

Table 7 Comparison of white blood cell in control and intervention groups before and after autologous bone marrow infusion

Group Before 1 mo t/P value 3 mo t/P value 6 mo t/P value 12 mo t/P value

Control 3.14 ± 0.76 5.17 ± 1.32 12.975/0.000 3.42 ± 0.98 3.363/0.002 3.27 ± 0.93 2.311/0.026 3.33 ± 0.82 3.505/0.001

Intervention 3.20 ± 1.17 8.00 ± 1.28 23.457/0.000 6.44 ± 1.54 11.474/0.000 6.15 ± 1.37 13.409/0.000 5.89 ± 0.97 13.776/0.000

t 0.258 9.625 10.211 10.768 12.531

P value 0.797 0.000 0.000 0.000 0.000

Results expressed as mean ± SD (cell count × 109/L).

Table 8 Comparison of platelet counts in control and intervention groups before and after autologous bone marrow infusion

Group Before 1 mo t/P value 3 mo t/P value 6 mo t/P value 12 mo t/P value

Control 42.82 ± 12.66 44.64 ± 13.08 2.776/0.009 45.79 ± 12.67 3.433/0.001 47.45 ± 12.02 5.037/0.000 49.26 ± 13.37 5.093/0.0000

Intervention 44.30 ± 13.51 231.63 ± 57.78 22.601/0.000 226.50 ± 47.92 27.006/0.000 226.68 ± 41.32 31.942/0.000 222.90 ± 39.36 32.647/0.000

t 0.500 19.475 22.503 25.719 25.812

P value 0.618 0.000 0.000 0.000 0.000

Results expressed as mean ± SD (cell count × 109/L).

Figure 2C and Table 9 showed that there was no significant difference in serum hemoglobin level between the two 
groups before ABMI (P > 0.05). Serum hemoglobin level in both groups at 3, 6 and 12 mo after ABMI was significantly 
higher than before ABMI (P < 0.01). The increase at 6 and 12 mo in the intervention group was significantly higher than in 
the control group (P < 0.05 and P < 0.01).

Comparison of CD4+ and CD8+ T cell counts before and after ABMI
Figure 3A and Table 10 show that there was no significant difference in CD4+ T cell count before ABMI between the 
control and intervention groups (P > 0.05). After ABMI, CD4+ T cell count in the intervention group at 1, 3, 6 and 12 mo, 
and in the control group at 3, 6 and 12 mo was significantly higher than before ABMI (P < 0.01), but there was not 
significant difference between the two groups at each time point (P > 0.05).
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Table 9 Comparison of hemoglobin levels in control and intervention groups before and after autologous bone marrow infusion

Group Before 1 mo t/P value 3 mo t/P value 6 mo t/P value 12 mo t/P value

Control 94.74 ± 20.86 95.03 ± 19.39 0.387/0.701 99.47 ± 19.12 4.211/0.000 102.84 ± 18.11 6.286/0.000 104.13 ± 17.19 7.498/0.000

Intervention 97.48 ± 23.20 97.03 ± 20.19 0.394/0.696 106.70 ± 18.97 6.716/0.000 113.08 ± 16.69 9.445/0.000 117.33 ± 11.70 8.318/0.000

t 0.547 0.446 1.675 2.596 3.980

P value 0.586 0.657 0.098 0.011 0.000

Results expressed as mean ± SD (g/L).

Table 10 Comparison of CD4+ T cell count in control and intervention groups before and after autologous bone marrow infusion

Group Before 1 mo t/P value 3 mo t/P value 6 mo t/P value 12 mo t/P value

Control 432 ± 190 432 ± 183 0.384/0.703 440 ± 184 2.805/0.008 445 ± 189 5.259/0.000 447 ± 186 4.796/0.000

Intervention 436 ± 243 487 ± 227 9.029/0.000 492 ± 219 8.140/0.000 507 ± 223 10.150/0.000 510 ± 213 8.566/0.000

t 0.106 1.177 1.148 1.329 1.400

P value 0.916 0.243 0.255 0.188 0.166

Results expressed as mean ± SD (cells/µL).

Figure 3B and Table 11 showed that there was no significant difference in CD8+ T cell count before ABMI between the 
two groups (P > 0.05). After ABMI, CD8+ T cell count in the intervention group at 1, 3, 6 and 12 mo, and in the control 
group at 1, 3 and 6 mo were significantly higher than before ABMI (P < 0.01), but there was no significant difference 
between the two groups at each time point (P > 0.05).

DISCUSSION
Stem cells are not highly differentiated and have the potential to regenerate various tissues and organs in the human 
body. They are called universal cells in the medical field. Under certain conditions, they can differentiate into multiple 
functional cells. According to different differentiation potentials, they can be divided into four categories[22]: (1) 
Totipotent stem cells that can develop into independent individuals; (2) multipotent stem cells that are the descendants of 
universal stem cells; they cannot develop into individuals, but they can develop into multiple tissues; (3) pluripotent stem 
cells that can only differentiate into cells of specific groups, such as specific tissues or organs; and (4) unipotent stem cells 
that can only produce one cell type and have a self-updating property. BMSCs are a type of stem cells with multidirec-
tional differentiation potential and self-renewal. They can differentiate into specific tissues under special circumstances, 
including liver cells and cardiomyocytes. BMSC transplantation, as a new technology for repairing regenerated damaged 
organs, has become a research hotspot for stem cell transplantation due to the advantages of convenient collection, low 
rejection, safety and reliability, and low cost[23,24]. BMSCs can replace damaged hepatocytes by inducing differentiation 
into hepatocytes in severe liver disease, improve function of the damaged liver, and bring new hope for the treatment of 
cirrhosis[25,26]. In our previous study, ABMI for patients with DLC and acquired immunodeficiency syndrome 
significantly prolonged survival. ABMI has the following advantages over traditional treatment: (1) It is simple and easy 
to collect autologous bone marrow, and there is no shortage of donors; (2) there is usually no immune rejection; (3) it is 
safe, with almost no adverse reactions, exogenous pollution, and disease transmission; and (4) it has remarkable efficacy 
at a low cost. Whether splenectomy has an impact on the efficacy of patients with DLC remains unclear. In this study, 
regardless of whether the spleen was removed, serum PT, TB, and ascites volume after ABMI were significantly lower 
than before ABMI, and albumin levels were significantly higher. TB is an index for evaluating liver reserve function, 
albumin is an important index for evaluating liver synthetic function, and PT is an index for evaluating the degree of liver 
cell necrosis. If these indexes increase or decrease, it indicates that liver function is damaged. The possible mechanism is 
that after ABMI through the ROV, BMSCs can secrete a large number of different growth factors themselves, stimulate 
damaged liver cells, promote production of hepatocyte growth factors, promote BMSC differentiation, and exert anti-
apoptosis, so that the fibrotic liver regenerates and repairs liver function[27,28]. Liver function improvement also 
improves coagulation function and reduces the risk of spontaneous bleeding. Most DLC patients still have bleeding in the 
digestive tract after endoscopic ligation and compression of the three-lumen two-balloon tube in other hospitals, and it is 
often difficult to undergo further treatment. For patients with gastrointestinal bleeding, conservative treatment such as 
blood transfusion, hemostasis, and hepatoprotective diuresis can alleviate the condition. We adopt elective splenectomy + 
infusion port placement. For patients who fail conservative treatment, emergency surgery is required. If the liver function 
is above Child-Pugh grade B, splenectomy and infusion port placement can be selected. Child-Pugh grade C increases the 



Liu BC et al. ABMI for decompensated liver cirrhosis

WJGS https://www.wjgnet.com 1926 September 27, 2023 Volume 15 Issue 9

Table 11 Comparison of CD8+ T cell count in control and intervention groups before and after autologous bone marrow infusion

Group Before 1 mo t/P value 3 mo t/P value 6 mo t/P value 12 mo t/P value

Control 338 ± 210 349 ± 215 2.961/0.000 361 ± 211 4.917/0.000 363 ± 213 3.432/0.001 356 ± 204 1.092/0.282

Intervention 328 ± 210 357 ± 211 9.594/0.000 376 ± 210 10.948/0.000 396 ± 212 12.880/0.000 408 ± 207 12.709/0.000

t 0.206 0.169 0.328 0.684 1.119

P value 0.837 0.866 0.744 0.496 0.267

Results expressed as mean ± SD (cells/µL).

risk of postoperative complications. It is necessary to consider the comprehensive conditions and the pros and cons of 
splenectomy in patients with DLC. If conditions permit, splenectomy can be considered. In the intervention group, there 
were two DLC patients with acute gastrointestinal hemorrhage with Child-Pugh grade C. If splenectomy is not 
performed, postoperative bleeding may occur. Therefore, splenectomy was still selected during the operation. After 1-
year follow-up, the Child-Pugh grade C patients achieved the same curative effect as the patients with grade B, so liver 
function classification is not a barrier for choosing splenectomy, and we will expand the number of DLC patients in our 
future clinical work. In DLC patients, splenectomy can be selected if one of the following three indications was met: (1) 
Giant spleen, which affects the daily life of the patient; (2) the hypersplenism is serious; and (3) preventing bleeding 
caused by portal vein pressure. This study showed that splenectomy does not increase the complications caused by 
surgery, and can improve the symptoms caused by hypersplenism. We found that there was no significant difference 
between the surgical mortality of the intervention and control groups. The intervention group mainly suffered from 
bleeding on the wound surface due to splenectomy, while the control group mainly suffered from gastrointestinal 
bleeding after surgery. There was no obvious relationship between gastrointestinal bleeding and ABMI. The infusion 
volume in this group was approximately 40 mL, the infusion speed was slow, and the possibility of gastrointestinal 
bleeding was small. So the bleeding is mainly related to the stress of surgical trauma.

In this study, the surgical complications in both groups had some relationship with coagulation dysfunction, and after 
ABMI, the coagulation function gradually improved. Ascites is an important indicator of liver dysfunction. After ABMI, 
the levels of ascites in both groups were significantly less than before ABMI, indicating that both treatments had a 
significant effect on improving liver function. There was no significant difference in PT, albumin, ascites and MELD score 
between the two groups at each time point after ABMI, indicating that ABMI improved liver synthetic and secretory 
functions and this was not related to splenectomy. The MELD score estimated liver disease severity according to the three 
parameters of INR, TB and creatinine reflecting not only liver injury but also kidney function. Fung et al[21] studied 
patients with acute onset of chronic hepatitis B and found that MELD score accurately predicted short-term mortality of 
patients. When MELD score was ≥ 10.51, the risk of death increased 3.057 times, which has clinical significance for 
guiding assessment of later follow-up and prognosis.

There are multiple reasons for anemia in patients with liver cirrhosis. The deposition of fibrous tissue in the liver leads 
to impaired portal vein blood flow, thereby limiting liver hyperplasia[29,30]. Long-term anorexia leads to malnutrition, 
which makes the intake of iron inadequate, and patients generally have portal hypertension gastrointestinal disease, 
which reduces iron absorption. Chronic blood loss in turn causes the loss of iron to exceed the amount of iron supple-
mentation, and the stored iron decreases. The possible mechanisms are: (1) Hepatitis B virus causes bone marrow 
hematopoietic stem cells and hematopoietic regulatory factors to fail to function normally[31]; (2) hematopoietic stem 
cells proliferate, maintain stemness, or are blocked for differentiated into myeloid stem cells and lymphoid stem cells[32]; 
(3) hepatitis B virus infection causes immune damage, resulting in hematopoietic stem cell apoptosis, leading to bone 
marrow hematopoietic failure[33]; and (4) virus-mediated autoimmune abnormalities cause liver dysfunction, reduce 
degradation of toxic metabolites, resulting in ischemia and necrosis of pluripotent stem cells, proliferation of 
hematopoietic stem cells is inhibited, and peripheral blood cell production is reduced from the source[34]. Cirrhosis 
causes portal hypertension, increased splenic vein pressure, splenic congestion and hypersplenism, leading to increased 
destruction of peripheral blood cells. In this study, after ABMI through the ROV in two groups, liver function was 
improved, and the levels of WBC count, hemoglobin, and platelet count were higher than before ABMI, but the increases 
in the intervention group were more obvious than in the control group, indicating that splenectomy can relieve hypers-
plenism caused by liver cirrhosis. Peripheral blood T cell subsets mediate the adaptive cellular immune response, which 
is often regarded as an indicator of immune function in clinical practice. In particular, the immune response of virus-
specific T cells has an important effect and regulation in liver pathology and virus clearance[35]. CD4+ T cells are helper T 
cells, CD8+ T cells are cytotoxic T cells, and they secrete different cytokines to exert immune effects[36]. In a previous 
study, after ABMI through the ROV in the treatment of HIV patients with DLC[18], the CD8+ and CD4+ T cells showed 
obvious changes, and we found that CD8+ and CD4+ also changed in non-HIV patients with DLC, so we found that ABMI 
had an impact on immune function, so we retained these two indicators in the present study. We found that after ABMI, 
the CD4+ T cell count at each time point in the control and intervention groups was significantly higher than before 
ABMI, but there was no significant difference between the two groups. The CD8+ T cell count in the control group 
showed a significant increase after ABMI at 1 and 6 mo, but decreased at 12 mo, which was not significantly different 
from that before ABMI. In the intervention group, the CD8+ T cell count continued to increase after ABMI at 3, 6 and 12 
mo, and there was no obvious decrease in CD8+ T cell count, indicating that splenectomy can promote continuous 
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Figure 1 Scatter plots of serum prothrombin time, albumin, total bilirubin, ascites volume and model for end-stage liver disease score 
before and after autologous bone marrow infusion in control and intervention groups. A: Scatter plot of serum prothrombin time levels before and 
after autologous bone marrow infusion (ABMI) in both groups; B: Scatter plot of serum albumin levels before and after ABMI in both groups; C: Scatter plot of serum 
total bilirubin levels before and after ABMI in both groups; D: Scatter plot of ascites volume before and after ABMI in both groups; E: Scatter plot of model for end-
stage liver disease score before and after ABMI in both groups. Compared with before ABMI, aP < 0.01. PT: Prothrombin time; TB: Total bilirubin; MELD: Model for 
end-stage liver disease; ALB: Albumin.

increase of CD8+ T cell count. Without removing the spleen, there was a transient increase in CD8+ T cell count, and after 
12 mo of ABMI the CD8+ T cell count was continuously decreased in the spleen because of hypersplenism.

This study had some limitations. The follow-up time was too short to analyze the 5-year survival of patients. The 
specific mechanism of nucleated cells in treatment of DLC is still unclear. In order to address the above shortcomings, we 
will further follow up the patients, extend the follow-up time to > 5 years. We will also carry out animal experiments to 
further explore the mechanism of nucleated cells in treatment of DLC.

CONCLUSION
ABMI through the ROV in patients with DLC can significantly improve liver synthetic and secretory functions but cannot 
relieve hypersplenism. ABMI combined with splenectomy can improve liver function and alleviate hypersplenism. 
However, splenectomy in patients with DLC has a higher risk of surgery-related complications.
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Figure 2 Scatter plots of white blood cell, platelet and hemoglobin levels before and after autologous bone marrow infusion in control 
and intervention groups. A: Scatter plot of white blood cell count before and after autologous bone marrow infusion (ABMI) in both groups; B: Scatter plot of 
platelet count before and after ABMI in both groups; C: Scatter plot of hemoglobin level before and after ABMI in both groups. Compared with before ABMI, aP < 0.01; 
compared with control group, bP < 0.05, cP < 0.01. WBC: White blood cell; PLT: Platelet; Hgb: Hemoglobin.

Figure 3 Scatter plot of CD4+ T and CD8+ T counts in control and intervention groups before and after autologous bone marrow infusion. A: 
Scatter plot of CD4+ T cell count in both groups before and after autologous bone marrow infusion (ABMI); B: Scatter plot of CD8+ T cell count in both groups before 
and after ABMI. Compared with before ABMI, aP < 0.01.

ARTICLE HIGHLIGHTS
Research background
Autologous bone marrow infusion (ABMI) was performed in patients with decompensated liver cirrhosis (DLC), with 
good results, but whether splenectomy affects outcome is still unclear.
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Research motivation
The main purpose of this study was to determine the efficacy of ABMI combined with splenectomy in the treatment of 
DLC, to clarify the impact of splenectomy on liver and bone marrow function, and to provide a basis for routine 
splenectomy in patients with DLC.

Research objectives
To clarify the efficacy of ABMI combined with splenectomy in the treatment of DLC, and the impact of splenectomy on 
liver and bone marrow function, so as to provide basis for rational treatment of DLC.

Research methods
In this study, ABMI combined with splenectomy was used to treat DLC, and the impact of splenectomy on liver and bone 
marrow function was observed. These common clinical indicators (such as the prothrombin time, serum total bilirubin, 
ascites volume, white blood cell and platelets counts and so on.) were used to evaluate liver and bone marrow function, 
which were easy to be popularized in clinic.

Research results
This study shows that ABMI combined with splenectomy is effective in the treatment of DLC, which can help to recover 
liver and bone marrow function, and alleviate hypersplenism. However, the sample size of this study is small and the 
follow-up time is short, which needs to be further improved in future studies.

Research conclusions
ABMI combined with splenectomy is a new method for the treatment of DLC, which provides a theoretical basis for the 
treatment of other chronic diseases.

Research perspectives
Whether ABMI is suitable for other diseases such as osteoarthropathy, cerebral infarction sequelae, diabetes and other 
chronic diseases, they still need further study.
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