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Abstract. In China, there have been few meta‑analyses of 
the epidemiology and management of splenic injury. Due 
to the success of Chinese military hospitals in the domestic 
treatment of splenic injury, the present study conducted a 
systematic review of such cases, identifying a high occurrence 
rate of splenic trauma, as well as a number of strategies of 
managing splenic injury in China. Data were collected from 
sixteen Chinese military hospitals between July 2000 and 
March 2009, and retrospectively reviewed. It was observed that 
between July 2000 and March 2009 a total of 7,807 patients 
(84.32% male and 15.68% female) with splenic injury were 
admitted to hospital. The mean duration of hospital stay was 
17.9±18.6 days and the gender distribution of splenic injury 
over the successive years did not differ significantly (P>0.05, 
c=0.034). However, there was a significant difference in the 
gender distribution of splenic injury patients in different 
months (P<0.05, c=0.063). In addition, admission numbers 
for splenic injury were highest in September, October and 
November. It was also found that splenic injury may occur 
at all ages, though patients of working age (20‑50 years), 
which comprises 85.59% of patients, the highest proportion 
of all recorded cases. Associations between mortality rate 
and each management strategy were as follows: Operative 
management, 0.11% and non‑operative management, 0.15%. 
Furthermore, multivariate analysis demonstrated that trans-
fusion, New Injury Severity Score and management strategies 
were all correlated with mortality rate. Thus, despite a lack of 
data for inpatients from civilian hospitals, the present study 
has, in part, identified the epidemiology and management 
strategies of splenic injury in China. These findings may 
supplement those from previous analyses of splenic injury in 
other countries and regions.

Introduction

Trauma is a global healthcare issue and is the fourth most 
common cause of human mortality after cardiovascular 
diseases, cancer and chronic respiratory disease  (1). 
Therefore, trauma is responsible for a considerable social 
economic burden and greatly affects society. Among the 
abdominal organs, the spleen and liver are most vulnerable 
to injury (2), with splenic injury typically being caused by a 
blunt or penetrating injury. As such, splenic trauma can occur 
at any age. The management of splenic injury has shifted from 
observational and initial management strategies to the current 
practices of operative management, including splenorrhaphy, 
partial splenectomy, splenic artery ligation and splenectomy 
and non‑operative management (NOM), primarily including 
transfusion and observation (3). Although the use of NOM 
regarding the treatment of splenic injury has improved, its 
safety and effectiveness are not well established.

Compared with developed countries, trauma and emer-
gency care system is virtually non‑existent in developing or 
low and middle‑income countries (LMICs). Furthermore, 
>90% of injury‑related mortality occurs in LMICs (4). China 
is a densely populated developing country endangered by 
a high rate of trauma According to Wang et al (5), 10% of 
all mortalities and 30% of all potentially productive life 
years lost were due to trauma related injuries. Road traffic 
trauma, suicide, drowning, falls and poisoning were the 
leading causes of trauma‑related mortality in China between 
2002 and 2006 (5). Costa et al (6) reported that up to 45% 
of patients with blunt abdominal trauma also present with a 
splenic injury. In order to improve the prognosis of patients 
with splenic trauma, it is necessary to understand its epide-
miology and the different potential management strategies. 
However, there is a lack of data regarding the epidemiology 
and management strategies of splenic injury in China. It is 
established that Chinese military hospitals are experienced 
in the management of trauma, due to their involvement in 
natural disaster rescue missions, transportation accidents 
and trauma research. For instance, trauma experts from 
military hospitals have aided in a number of domestic rescue 
missions, such as the 1976 Tangshan and 2008 Wenchuan 
earthquakes (7).

In the present study, a retrospective analysis of splenic 
injury admissions in Chinese military hospitals between 
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July 2000 and March 2009 was performed, with the aim of 
identifying the frequency, patterns and management strate-
gies of splenic injury that lead to patient mortality. General 
epidemiological characteristics and management strategies 
were also reviewed. The results of the present study may 
prove useful in the prevention and management of splenic 
trauma, thus improving patient prognosis.

Materials and methods

Source of data. Data in the present study was from the 
ʻNo. 1 Military Medical Projectʼ information system (8), 
which was created and promoted by the Medical Department 
Information Center of the Ministry of General Logistics of 
the Chinese People of Liberation Army (PLA). The infor-
mation system, created to manage clinical information and 
medical economics, contains three main function modules: 
Patient information management, medical economic manage-
ment and medical material management. It also includes 
major hospital management functions and key procedures of 
clinical practice.

From September 1995, this information system has been 
used in >200 military hospitals and >100 civil hospitals (8).

Inclusion criteria. The patient data abstracted from the  
‘No. 1 Military Medical Project’ information system between 
July 2000 and March 2009 included information on standard 
demographics, New Injury Severity Score (NISS), age, gender, 
time distribution, transfusion requirements, length of hospital 
stay (LOS), intensive care unit LOS (ICU LOS), hospitaliza-
tion expenses and mortality rates. The grade of splenic injury 
was classified according to the Abbreviated Injury Scoring 
(AIS) system of the American Association for the Surgery of 
Trauma (9). Patients were additionally classified according to 
whether they underwent operative management (OM) or NOM. 
Cases of splenomegaly, liver cirrhosis and iatrogenic injury 
were excluded from the current study, as well as patients with 
splenic injury who underwent splenectomy as part of another 
procedure without a primary splenic injury or for a splenic 
artery injury without splenic parenchymal damage. Informed 
consent was obtained from all participants whose hospital 
information was included in Chinese Trauma Databank 
(CTDB). The study, including the consent procedure, was 
approved by the Ethics Committee of the Third Affiliated 
Hospital of the Third Military Medical University.

Data analysis. Statistical analyses were performed using 
SPSS 19.0 software (IBM SPSS, Armonk, NY, USA). For 
categorical variables, associations between data were analyzed 
by the χ2 test. As the χ2 value is affected by association 
strength and sample size, the value may be overrepresented 
by a large sample size, as in the current study. Therefore, a 
contingency coefficient was used in order to moderate the 
statistical significance of results. For continuous variables, 
the Mann‑Whitney U test was applied for the comparison of 
two groups. A multivariate analysis with a stepwise logistic 
regression model was also performed, using the patients 
with splenic injury and their corresponding mortality rates 
as dependent variables. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Patient demographics. Between July 2000 and March 2009, 
a total of 7,807 patients with splenic injury were admitted to 
Chinese military hospitals. Of these patients, 84.3% (6,398) 
were male and 15.7% (1,409) were female, and the mean age 
was 34.4±13.7 years. The mortality rate was 0.9% (67/7807).

Gender and age distribution of admissions. The admission 
of rates of splenic injury victims did not greatly differ from 
2001‑2008 (Fig. 1). No significant difference was observed 
between gender distribution of splenic injury incidence from 
year to year (P=0.454, c=0.034; Table I), or from months to 
month (P<0.01, c=0.063; Table I). Splenic injury admissions 
were more prevalent in September, October and November 
than in any other months  (Fig.  2). In addition, those of 
working age (20‑50 years) had the highest incidence of splenic 
injury relative to other age groups: 0‑9, 10‑19, and 50+ years, 
accounting for 60.4% of all recorded admissions (Fig. 3). 
Gender disparity in age distribution was statistically signifi-
cant (P<0.01, c=0.090; Table I). Male patients 30‑39 years 
old accounted for a large number proportion (29.2%) of the 
total number of male victims (Table I).

Distribution of patient study variables based on management 
strategy. Transfusion rate, age, LOS, ICU LOS, hospitaliza-
tion cost, NISS, spleen AIS grade and mortality rate were 
determined according to management strategy (OM or NOM), 
as depicted in Table II. A total of 48.3% of spleen injuries 
grade were IV or V, 32.9% were I or II, while the remaining 
18.8% were III. The mean age of the study population was 
34.4±13.7 years and 7.6% of the population was >55 years old. 
The mean age of patients managed by OM was significantly 
lower than that of patients managed by NOM (32.3±13.7 vs. 
34.9±13.8, respectively; P<0.001), while for patients >55 years 
old, the proportion managed by OM was significantly greater 
than that managed by NOM (8.1 vs. 6.0%, respectively; 
P<0.001). In addition, relative to patients managed by NOM, 
those managed by OM had a significantly higher NISS 
(P<0.001), likelihood of blood transfusion (P<0.001) and 
hospitalization cost (P<0.001), as well as a significantly longer 
LOS (P<0.001) and ICU LOS (P<0.001; Table II).

Predictors of mortality from multivariate analysis. As depicted 
in Table III, six patient variables were entered into a logistic 
regression model. Age, ICU LOS and gender were excluded by 
the model, while management strategy, NISS and transfusion 
rate were included as independent risk factors of mortality: 
A total of 67 patients succumbed to their injuries and the 
management strategy (P<0.005), transfusion rate (P<0.001) 
and NISS (P<0.001) were observed to be statistically indepen-
dent variables correlating with the mortality rate of patients. 
The multivariate analysis of mortality demonstrated that OM 
and transfusion are protective factors of splenic injury. In addi-
tion, patient mortality rate increased as NISS increased.

Discussion

Trauma is a major cause of mortality, particularly in patients 
who have undergone abdominal trauma and splenic injury, 
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for which a mortality rate of 45% has been documented (10). 
These patients generally undergo immediate operative or 
non‑operative management, depending on the patients' 
condition and clinicians' judgment (10). The present study 
analyzed the data of inpatients admitted to Chinese military 
hospitals with splenic injury, with the aim of identifying 
the pattern, incidence and management strategies of splenic 
trauma. Understanding the epidemiology and management of 
splenic injury may aid in the prevention of splenic injury and 
reduce its incidence, fatality and disability rates.

In accordance with a previous study (11), the results of 
the present study demonstrated that splenic injury occurred 
most frequently in patients aged between 20‑50 years old in 
which males were more likely to suffer from splenic injury. 
This may be due to economic pressures of family leading to 
higher rates of employment within this age group. In addition, 

compared with other developed countries, the insurance 
status and socioeconomic standards are less advanced in 
developing countries (12,13). Therefore, a number of citizens 
may work in poor working environments, where the risks of 
abdominal injuries are higher.

The present study demonstrated that there was no signifi-
cant change in the number of yearly splenic injury admissions 
between July 2000 and March 2009, the reason for which is 
unknown, due to the absence of a regional base population. 
It was also observed that splenic injury incidences peaked 
in September, October and November, possibly due to the 
majority of Chinese citizens experiencing workplace pres-
sure to achieve a satisfactory end‑of‑year bonus during this 
period.

Management strategies for splenic injury have improved in 
the last 30 years, however NOM remains controversial (14‑16). 

Table I. Gender distribution of splenic injury patients based on age group and admission date.

Variable	 Male, n (%) 	 Female, n (%)	 χ2	 P‑value 	 C

Yeara			   8.824	 0.454*	 0.034
  2000	 232 (3.6)	 40 (2.8)
  2001	 782 (12.2)	 168 (11.9)
  2002	 785 (12.2)	 171 (12.1)
  2003	 799 (12.5)	 164 (11.6)
  2004	 767 (12)	 148 (10.5)
  2005	 700 (10.9)	 158 (11.2)
  2006	 774 (12.1)	 182 (12.1)
  2007	 770 (12)	 189 (13.4)
  2008	 686 (10.7)	 160 (11.4)
  2009	 104 (1.6)	 28 (2)
Monthb			   30.721	 0.001	 0.063
  January	 413 (6.5)	 125 (8.9)
  February	 389 (6.1)	 90 (6.4)
  March	 518 (8.1)	 92 (6.5)
  April	 545 (8.5)	 122 (8.7)
  May	 542 (8.5)	 137 (9.7)
  June	 516 (8.1)	 119 (8.5)
  July	 529 (8.3)	 124 (8.8)
  August	 555 (8.7)	 120 (8.5)
  September	 600 (9.4)	 154 (11)
  October	 653 (10.2)	 118 (8.4)
  November	 631 (9.8)	 106 (7.5)
  December	 508 (7.9)	 101 (7.2)
Age group, yearsc			   65.211	 <0.001	 0.090
  0‑9	 145 (2.3)	 76 (5.4)
  10‑19	 770 (12)	 124 (8.8)
  20‑29	 1496 (23.4)	 320 (22.7)
  30‑39	 1867 (29.2)	 399 (28.3)
  40‑49	 1360 (12.2)	 264 (18.8)
  >50	 761 (11.9)	 215 (15.3)

*P>0.05, the difference has no statistical significance. aMales vs. female distribution from year to year; bmale vs. female distribution from month 
to month; cmale vs. female distribution in all age groups. P‑value estimated by chi‑square tests; c, contingency coefficient (α=0.05).
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Stassen et al  (17) documented that NOM of blunt splenic 
injuries is generally suitable for patients with hemodynamic 
stability, irrespective of injury grade, patient age or the 
presence of coexisting injuries. However, Frandon et al (18) 
demonstrated that 55% of patients with splenic injury experi-
enced ≥1 adverse event during their recovery period, with this 
rate increasing up to 96% for those who had undergone OM. 
However, it was concluded this rate was unrelated to manage-
ment strategy and more likely due to the severity of injury and 
presence of coexisting injuries. The present study indicated 

that patients in the NOM group were significantly older than 
those in the OM group, and that the LOS, hospitalization 
cost, spleen AIS grade and NISS of patients in the NOM 
group were all lower than those in the OM group. Although a 
number of previous studies suggest that NOM may be suitable 
for patients with splenic injury with hemodynamic stability 
<55 years (19‑21), the present study observed that 8.1% of 
patients aged >55 with low NISS underwent surgical treat-
ment. These data indicate that the evaluation of the severity 

Table II. Distribution of splenic injury patient study variables based on management strategy.

Variable	 OM patients	 NOM patients	 Total patients	 P‑value

n	 5786	 2021	 7807
Transfusion (%)	 69.3	 3.9	 54.2	 <0.001
Age (mean)	 32.3±13.7	 34.9±13.8	 34.3±13.8	 <0.001
Age >55 (%)	 8.1	 6.0	 7.6	 <0.001
LOS (mean ± SD)	 19.7±19.9	 12.6±12.8	 17.8±18.6	 <0.001
ICU LOS (mean ± SD)	 0.6±2.6	 0.2±1.2	 0.5±2.4	 <0.001
Hospitalization cost (mean ± SD)	 18245.9±22493.1	 5569.9±7195.9	 15097.2±20495.5	 <0.001
NISS (mean ± SD)	 5.81±5.21	 4.49±3.91	 5.47±4.94	 <0.001
Spleen AIS grade (%)
  1/2	 20.2	 69.3	 32.9
  3	 19.2	 17.5	 18.8
  4/5	 60.6	 13.2	 48.3
  Mortality (%)	 1.1	 0.1	 0.9	 <0.001

OM, operative management; NOM, non‑operative management; LOS, length of stay; ICU LOS, intensive care unit length of stay; NISS, New 
Injury Severity Score; AIS, abbreviated injury scale; SD, standard deviation.

Figure 1. Annual splenic injury admissions to Chinese military hospitals from 
2000‑2009. The gender distribution of admission rate is presented relative to 
the total number of splenic injury admissions. No significant difference was 
observed between the gender distributions of splenic injury incidence from 
year to year, assessed using a χ2. P=0.426, c=0.034.

Figure 2. Total monthly admissions of splenic injury to Chinese military 
hospitals between July 2000 and March 2009. The gender distribution of 
admission rate is displayed relative to the total number of splenic injury 
admissions. No significant difference was observed between the gender 
distributions of splenic injury incidence between months, assessed using 
a χ2. P<0.01, c=0.063. Splenic injury admissions were more prevalent in 
September, October and November than in any other months.
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Table III. Multivariate analysis of mortality rate in splenic injury patients.

	 95% CI per Exp (B)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 B	 S.E	 Wals	 df	 Sig.	 Exp (B)	 Lower	 Upper

Step1a

  Management (OM)	‑ 1.346	 0.630	 4.567	 1	 0.033	 0.260	 0.076	 0.894
  ICU LOS	 0.008	 0.039	 0.038	 1	 0.845	 1.008	 0.934	 1.087
  Transfusion	‑ 1.006	 0.354	 8.070	 1	 0.004	 0.366	 0.183	 0.732
  Age	‑ 0.008	 0.009	 0.797	 1	 0.372	 0.992	 0.974	 1.010
  NISS	 0.042	 0.010	 17.622	 1	 0.000	 1.043	 1.023	 1.064
  Constant	‑ 4.290	 0.346	 153.883	 1	 0.000	 0.014
Step 2a

  Management (OM)	‑ 1.347	 0.630	 4.575	 1	 0.032	 0.260	 0.076	 0.893
  Transfusion	‑ 1.010	 0.353	 8.169	 1	 0.004	 0.364	 0.182	 0.728
  Age	‑ 0.008	 0.009	 0.787	 1	 0.375	 0.992	 0.974	 1.010
  NISS	 0.042	 0.010	 17.674	 1	 0.000	 1.043	 1.023	 1.064
  Constant	‑ 4.285	 0.345	 154.347	 1	 0.000	 0.014
Step 3a

  Management (OM)	‑ 1.341	 0.630	 4.537	 1	 0.033	 0.262	 0.076	 0.898
  Transfusion (transfused)	‑ .992	 0.353	 7.909	 1	 0.005	 0.371	 0.186	 0.7490
  NISS	 0.041	 0.010	 16.978	 1	 0.000	 1.042	 1.022	 1.062
  Constant	‑ 4.562	 0.161	 805.732	 1	 0.000	 0.010

B, β coefficient; S.E, standard error; Wals, weighted alternating least squares; df, degrees of freedom; Sig, significance; Exp, exponential; CI, 
confidence interval; OM, operative management; ICU LOS, intensive care unit length of stay; NISS, New Injury Severity Score; avariables 
entered at step 1: Management, ICU LOS, transfusion, age and NISS.

Figure 3. Age distribution of total admission between July 2000 and March 2009.
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of splenic injury, intensive care unit stay, age and transfusion, 
are necessary prior to initiating NOM.

In a systemic review by Olthof et al (22), ten cohort studies 
(between 1995 and 2011) were analyzed, in which a total of 
25 prognostic factors associated with a high risk of NOM 
failure were evaluated. It was observed that a patient age of 
≥40 years and ISS >25 were key prognostic factors of NOM 
failure. In the present study, age, gender, LOS and ICU LOS 
were not significantly correlated with mortality rate, while 
NISS, as a measure of overall trauma severity, was identified 
as an independent risk factor that was significantly correlated 
with mortality rate. Previous studies have observed that 
polytrauma patients have a higher mortality rate than those 
with an isolated organ injury (6,23,24). Polytrauma patients 
typically receive a blood transfusion due to the associated 
risk of exsanguinations, hemorrhage shock and/or low blood 
pressure; however, Robinson et al (25) determined that blood 
transfusion is key prognostic marker of mortality in patients 
with splenic injury. Specifically, after controlling for indices 
of shock and injury severity, it was demonstrated that those 
patients receiving blood within the first 24  h were x4.75 
more likely to succumb to their injuries as those who were 
not administered a transfusion. In the present study, trans-
fused patients had a higher mortality rate (83.5%) relative 
to non‑transfused patients (16.5%). The percentage of total 
patients receiving a blood transfusion was 54.9%, with 69.3% 
of these patients receiving surgery. Therefore, patients with 
splenic injury who underwent transfusion were more likely 
to have hemodynamic instability and splenic injury of greater 
severity than non‑transfused patients.

The majority of patients that present with splenic injury 
managed by NOM experience adequate recovery, particularly 
pediatric patients (26,27). This may be due to the development 
of artery angiography and embolization, and the increasing 
use of computed tomography (CT) scanning. Although the use 
of NOM in managing lower grades of splenic injury remains 
a topic of debate, NOM is currently the preferred treatment 
strategy for hemodynamically stable patients. To determine 
the efficacy of NOM, future studies evaluating patient hemo-
dynamic stability, imaging applications and failures in NOM 
are warranted.

The present study had several limitations. Data in the 
ʻNo. 1 Military Medical Projectʼ information system concerns 
inpatient information from military hospitals, and is not 
a specific platform for recording trauma data. Therefore, 
the aetiology of some patients was incompletely described, 
including missing information on splenic trauma diagnosis 
and subsequent operational procedures, leading to a reduced 
data set. In addition, the information system did not include 
laboratory or clinical data of patients, including Glasgow 
Coma Scale scores, hemodynamic values, blood pressure, CT 
results and injury distribution. Operation times, post operation 
infections and the failure rate of NOM were also not recorded 
in the information system, resulting in some loss of data 
regarding the analysis of management strategies.

In conclusion, the present study evaluated a large sample 
of patients admitted to Chinese military hospitals with splenic 
injuries over a ~10 year period. Analysis of the patient data 
suggested that there were differences in admission dates, 
patient ages and factors influencing mortality rate, relative to 

studies conducted in other countries and regions. The present 
findings also indicate the epidemiology and management strat-
egies of splenic injury in China, which may aid in improving 
the prognosis and treatment methods for splenic trauma 
patients in the future.
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