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Abstract
Background Inadequate activation of the innate immune system after trauma can lead to severe
complications such as Acute Respiratory Distress Syndrome and Multiple Organ Dysfunction Syndrome.
The spleen is thought to modulate the cellular immune system. Furthermore, splenectomy is associated
with improved outcome in severely injured trauma patients. We hypothesized that a splenectomy alters
the cellular immune response in polytrauma.

Methods All adult patients with an ISS ≥ 16 and suffering from splenic or hepatic injuries were selected
from our prospective trauma database. Absolute leukocyte numbers in peripheral blood were measured.
White blood cell kinetics during the �rst 14 days were compared between splenectomized patients,
patients treated surgically for liver trauma and nonoperatively treated individuals.

Results A total of 129 patients with a mean ISS of 29 were included. Admission characteristics and
leukocyte numbers were similar in all groups, except for slightly impaired hemodynamic status in patients
with operatively treated liver injuries. On admission, leukocytosis occurred in all groups. During the �rst
24 hours, leukopenia developed gradually, although signi�cantly faster in the operatively treated patients.
Thereafter, leukocyte levels normalized in all nonoperatively treated cases whereas leukocytosis persisted
in operatively treated patients. This effect was signi�cantly more prominent in splenectomized patients
than all other conditions.

Conclusions This study demonstrates that surgery for intra-abdominal injuries is associated with an early
drop in leucocyte numbers in peripheral blood. Moreover, splenectomy in severely injured patients is
associated with an altered cellular immune response re�ected by a persistent state of prominent
leukocytosis after trauma.

Background
Trauma activates the innate immune system [1–3]. Extensive tissue damage in severe trauma evokes
systemic in�ammation and initiates a clinical condition known as Systematic In�ammatory Response
Syndrome (SIRS) [4, 5]. Polymorphonuclear neutrophils (PMNs) are essential effector cells in
in�ammation in trauma. According to the SIRS-criteria, cellular immunity is altered if white blood cell
(WBC) counts < 4 × 109 cells/liter, total WBC count exceeds 12 × 109 cells/liter, or in the case of > 10
percent immature PMNS in circulation [5].

Literature showed that excessive PMN tissue in�ux is associated with the occurrence of early Acute
Respiratory Distress Syndrome (ARDS) or Multiple Organ Dysfunction Syndrome (MODS) after trauma. [1,
6]. Excessive immune activation is also a risk factor for late septic complications after trauma [1, 7]. The
in�ammatory response to trauma has a bimodal pattern in which a pro-in�ammatory phase is followed
by an anti-in�ammatory phase, however, genetic studies suggest that both pro- and anti-in�ammatory
pathways are activated directly after insult [8–11]. In�ammatory complications account for 50–80
percent of late mortality in surgical intensive care unit (ICU) patients. Potential interventions have beenLoading [MathJax]/jax/output/CommonHTML/fonts/TeX/fontdata.js
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studied extensively [12, 13]. Unfortunately, no effective therapies or immunomodulatory interventions
have yet been implemented [3].

According to several large database studies of severely injured patients, however, splenectomy and
thereby removal of the spleens �lter function, is associated with improved outcome [14, 15]. Experimental
studies further showed splenectomy to be associated with altered immunology, thereby underlining the
immunomodulatory role of the spleen [16–23]. Splenectomy in systemic in�ammation correlated with
lower high mobility group box 1/Tumor necrosis factor (TNF)α-release, interleukine-6 levels and altered
cellular immunity, namely impaired PMN accumulation in vital organs [16–23]. Further, the clinical
relevance of neutrophil responses to trauma has been demonstrated by improved outcome after
neutrophil depletion in experimental studies as well [24]. As neutrophils are the most abundant circulatory
immune cells, their behavior dictates total blood leukocyte kinetics [25]. The current study aimed to
investigate the impact of splenectomy on early cellular immune responses to severe trauma. We
hypothesized that:

Splenectomy is associated with altered leukocyte kinetics in peripheral blood of polytrauma patients,
re�ected by diminished leukopenia after insult.

Methods

Patients
This study was conducted in a level one trauma center in the Netherlands (University Medical Center
Utrecht). All trauma patients are registered prospectively in the institutions trauma database. We utilized
this database to identify patients with blunt liver or splenic injury, between 01.01.2007 and 01.04.2015.
Adults with an Injury Severity Score (ISS) ≥ 16 were included [26]. Patients transferred from other
institutions and individuals who died within 24 hours were excluded. Individuals with concurrent hollow
organ injuries, a combination of splenic and hepatic injuries and individuals treated by angio-
embolization were excluded as well.

Leukocyte kinetics of the following groups were compared:

1. blunt splenic trauma + splenectomy (OM/S)
2. blunt splenic trauma + nonoperative management (NOM/S)
3. blunt liver trauma + operative therapy (OM/H)
4. blunt liver trauma + nonoperative management (NOM/H)

Clinical parameters
Patient and trauma characteristics as well as hemodynamic parameters including systolic blood pressure
(SBP), diastolic blood pressure (DBP) and pulse rate (PR) were documented. Injury severity was
determined by the Abbreviated Injury Scale of individual organ injuries and subsequent calculation of theLoading [MathJax]/jax/output/CommonHTML/fonts/TeX/fontdata.js
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ISS [26]. Further, data regarding all operative interventions, length of intensive care unit stay (ICU-LOS),
hospital length of stay (H-LOS) and mortality was collected.

Sampling
Blood samples were routinely collected in an Ethylenediaminetetraacetic acid-coated Vacutainer. The �rst
sample was collected on admission (t1). Thereafter, blood was drawn 6 and 16 hours after admission or,
in the case of a surgical intervention, after surgery. We further gathered blood samples at day 2, 3, 4, 5 or
6, 7 and after 2 weeks. Samples were analyzed by using the Cell-Dyn Sapphire hematology analyzer
(Abbott Laboratories, Abbott Park, IL, USA). Blood leukocyte reference values range between 4.0–10.0 × 
109 cells per liter.

Ethics
This work has been carried out in accordance with the Declaration of Helsinki and has been approved by
the institutions Medical Research Ethics Committee.

Statistical analysis
Data were analyzed using SPSS version 22.0 software (IBM, Amsterdam, The Netherlands) and Graphpad
Prism 5.0 (Graphpad software, La Jolla,San Diego, CA, USA). Results are expressed as mean +/- Standard
error of mean (SEM) unless described otherwise. Normality of variance was tested by the Lavene’s test.
Student’s T-test was used to analyze differences in continuous data between experimental groups with
normal distributed data. In the case of discontinuous data or not normally distributed data, Mann-
Whitney U tests were applied to compare groups. Categorical data were analyzed by Chi-square testing or
the Fischer’s Exact test. Statistical signi�cance was de�ned as p < 0.05.

Results
A total of 129 patients, of whom 92 males and 37 female patients with a mean (std) age of 34 (21–54)
years were included. Forty-seven patients were injured in a motor vehicle accident, while 34 and 22
patients were injured in motorcycle and bicycle accidents, respectively. Seven patients suffered a fall
from < 3 meter, and 7 patients fell from a height exceeding 3 meters. Three patients suffered a sport
related injury and one person was hit by a falling object.

A mean (std) Glasgow Coma Scale-score of 14 (9–15) was encountered. The mean ISS (std) of our
population was 29 (22–34). The mean (std) systolic blood pressure on admission was 120 (110–137)
mmHg, a mean (std) heart rate of 90 (76–110) beats per minute was documented and overall injury
severity was further re�ected by a mean (std) admission serum Hemoglobin level of 8.0 (7.2–8.9) g/dl.

Fifty-six patients were diagnosed with blunt splenic injury, 18 of which were splenectomized (OM/S) while
38 were selected for nonoperative therapy (NOM/S). Seventy-three patients with blunt liver (hepatic)
injury were identi�ed. Twelve required emergency surgery (OM/H), while 61 patients were treated non-
operativaly (NOM/H). A comparison of baseline parameters between groups is shown in Table 1.Loading [MathJax]/jax/output/CommonHTML/fonts/TeX/fontdata.js
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Table 1
Baseline characteristics of all treatment groups

  Nonoperative

spleen

(NOM/S)

N = 38

Nonoperative
liver

(NOM/H)

N = 61

Splenectomy

(OM/S)

N = 18

Operative liver

(OM/H)

N = 12

Age (years) a 34 (22–55) a 33 (19–53) a 38 (21–50) a 39 (22–57) a

Gender (M/F) a 34/4a 37/24a 12/6 a 9/3 a

AIS a 2 (2–3) a 2 (2–3) a 4 (3–5) a 3 (2–4) a

ISS a 25 (20–33) 29 (21–34)b 29 (24–41) a 37 (28–47)b

GCS a 14 (9–15) a 14 (6–15) a 15 (13–15) a 14 (5–15) a

SBP (mmHg) a 129 (120–
140)c

126 (113–141)b 110 (84–120)c 90 (77–120)b

HR (bpm) a 83 (68–94)a 90 (80–110)a,b 92 (75–111)d 100 (100–125)b,d

Serum Hb (mmol/L)
a

8.7 (7.8–9.1)c 8.0 (7.4–8.9)b 7.3 (6.5–
8.4)c,d

6.2 (4.7–7.3)b,d

Abbreviations: m, male; f, female; AIS, abbreviated injury scale; ISS, injury severity score; GCS, glasgow
coma scale; SBP, systolic blood pressure; HR, heart rate; Hb, hemoglobin; bpm, beats per minute.
Continuous data are presented as median (IQR) unless stated otherwise.

Signi�cance:

(a); p < 0.05 NOM/S vs. NOM/H

(b); p < 0.05 NOMH/vs. OM/H

(c); p < 0.05 NOM/S vs. OM/S

(d); p < 0.05 OM/H vs. OM/S

Polytrauma induces a homogeneous circulatory leukocyte response

Mean admission WBC count was 15.8 ± 0.53 × 106 cells/ml. Given a reference upper peak cut-off value of
10.0 × 106 leukocytes/ml for homeostatic values in our laboratory, post-trauma leukocytosis was present
in our trauma population. Thereafter, a statistically signi�cant gradual drop in leukocyte numbers was
observed, with lowest values seen 24 hours after trauma. Leukocyte numbers dropped to a mean
minimum of 9.36 ± 0.42 × 106 cells/ml, p < 0.01.

Loading [MathJax]/jax/output/CommonHTML/fonts/TeX/fontdata.js
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From the second day on, leukocyte numbers tend to further normalize and remain stable until the 5th day
of hospitalization. Later, white blood cell counts rise again and heterogeneity of circulatory leukocyte
counts between cases increases. After 2 weeks, a mean (SEM) of 14.9 ± 0.76 × 106 cells/ml was
observed. Leukocyte kinetics are shown in Fig. 1.

Splenectomy is associated with an early drop in leukocyte numbers postoperatively and a subsequent
persistent leukocytosis

Admission WBC counts are similar in both the non-operative and operative splenic injury treatment
groups. Directly after surgery, WBCs were lower in the operative group vs. nonoperatively treated patients
(10.0 ± 1.36 × 106 L/ml vs 15.9 ± 1.66 × 106 cells/ml, p = 0.017). Sixteen hours after trauma, leukocyte
numbers in the nonoperatively treated patients normalized as well, dropping to 10.3 ± 0.68 × 106 cells/ml
while the WBC count in operatively treated patients fell slightly further to 8.63 ± 1.33 × 106 cells/ml, p > 
0.05.

After the �rst day following trauma, leukocyte numbers in splenectomized patients again increased and
remained signi�cantly elevated (with the exception of day 4) compared to nonoperatively treated patients
(S/NOM). WBC counts in nonoperatively treated patients remained near homeostatic levels between day
1 and 5. From day 6 onwards, peripheral leukocyte counts showed a renewed increase in both groups,
with the absolute counts remaining higher in splenectomized patients vs. the non-operative S/NOM
group. Two weeks post-trauma, a striking difference between WBC counts in splenectomized patients and
nonoperatively treated patients (20.07x ± 1.30 × 106 L/ml vs 12.97x ± 1.82 × 106 cells/ml, p < 0.01) was
encountered. Overall, higher leukocytes numbers were seen in spelenctomized patients compared with
nonoperatively treated patients with splenic trauma. Leukocyte kinetics of patients with splenic trauma
are displayed in Fig. 2.

Surgical treatment for solid intra-abdominal organ injuries causes long-term leukocytosis, which is more
prominent in splenectomized patients

In order to further determine the speci�c effect of splenectomy vs. intra-abdominal surgical intervention
on leukocyte kinetics we selected patients with liver and splenic trauma. Baseline leukocyte numbers
between groups were comparable at 17.1 ± 1.9 × 106 L/ml in the splenic trauma group and 19.1 ± 2.17 × 
106 cells/ml in the liver trauma group (p > 0.05).

In both study groups an early drop in absolute cell counts occurred directly after surgery. Minimum WBC
counts in circulation were seen 16 hours after trauma and were similar in both groups (OM/S: 7.0 ± 1.43
vs. OM/H: 7.0 ± 1.03 × 106 cells/ml, p > 0.05). After the �rst day a similar pattern was encountered in both
groups where absolute WBC counts rose gradually and peaked after two weeks. At two weeks, leukocyte
numbers in patients after splenectomy were signi�cantly higher than in the surgically treated liver trauma
group (21.2 ± 1.77 × 106 L/ml vs. 15.3 ± 2.34 × 106 cells/ml, p = 0.038). Leukocyte kinetics of surgically
treated patients are shown in Fig. 3.

Loading [MathJax]/jax/output/CommonHTML/fonts/TeX/fontdata.js
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Leukocyte kinetics in nonoperative management of splenic and hepatic injuries are similar

In order to determine the organ-speci�c effect of parenchymal tissue damage to the spleen we compared
nonoperative treatment of the injured spleen with that of the injured liver. Patients treated nonoperatively
for splenic and liver injuries showed similar leukocyte kinetics in peripheral blood during the 2 weeks of
observation. The leukocyte pattern in the splenic and hepatic injury groups was characterized by early
leukocytosis on admission (15.5 ± 0.94 × 106 cells/ml vs. 15.4 ± 0.75 × 106 cells/ml, p > 0.05).
Leukocytosis resolved within 24 hours with normalized WBCs. After the �rst day leukocyte numbers
remained within normal ranges. There was a trend toward slightly increased WBC count after two weeks,
but statistical signi�cance was not reached. Leukocytes after two weeks in non-operatively treated
patients with splenic and hepatic trauma were 13.0 ± 1.82 × 106 cells/ml and 13.7 ± 0.96 × 106 L/ml (p > 
0.05), respectively. Leukocyte kinetics of nonoperatively treated patients are shown in Fig. 4.

Clinical outcome parameters: major complications and mortality did not differ between study conditions

Patients with operatively managed liver injuries had signi�cantly longer ICU-stays compared to all other
groups (11 vs 1–3 days, p < 0.05). Hospital stay (31 days) in this patient group was also signi�cantly
prolonged compared to all other groups (mean stays of 14–15 days). A total of 89 complications were
encountered in our study. Both the type of complications as well as the complication rate were
comparable between groups. Mortality was also not signi�cantly different between groups. Outcome
parameters are summarized in Table 2.

Loading [MathJax]/jax/output/CommonHTML/fonts/TeX/fontdata.js
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Table 2
Outcome parameters in all groups

  Nonoperative

spleen

(NOM/S)

N = 38

Nonoperative
liver

(NOM/H)

N = 61

Splenectomy

(OM/S)

N = 18

Operative
liver

(OM/H)

N = 12

ICU-LOS median, (IQR) 2 (0–6) b 3 (0-10.5)b 1 (0-6.5)d 11 (4–
18)b,d

Hospital-LOS median, (IQR) 15 (9–26) d 14 (7–32) d 14 (5–29) d 31 (17–
46)d

Major complications (%) 0 (0–1)

Mean: 0.56

0 (0–1)

Mean: 0.45

0 (0–1)

Mean: 0.50

1 (0-1.75)

Mean:
1.08

Patients with uncomplicated course
(%)

21 (55%) 38 (62%) 12 (72%) 4 (33%)

Mortality (%) 1 (2.6%) 3 (4.9%) 1 (5.6%) 1 (8.3%)

Abbreviations: ICU, intensive care unit; LOS, length of stay in days. Data displayed as N, unless
otherwise stated.

Signi�cance:

(a); p < 0.05 NOM/S vs. NOM/H

(b); p < 0.05 NOMH/vs. OM/H

(c); p < 0.05 NOM/S vs. OM/S

(d); p < 0.05 OM/H vs. OM/S

Discussion
This study demonstrated that:

1. surgical intervention for intra-abdominal injuries is associated with an early drop in circulatory
leucocyte numbers.

2. splenectomy in severely injured patients is associated with an altered cellular immune response
compared with non-splenectomized trauma patients, and more speci�cally,

3. splenectomy after splenic trauma is associated with a persistent state of prominent leukocytosis
postoperatively.

Loading [MathJax]/jax/output/CommonHTML/fonts/TeX/fontdata.js
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This study is thereby the �rst to demonstrate that splenectomy in severely injured patients is associated
with a modi�ed cellular immune response. These �ndings suggest that the spleen plays an important
immunomodulatory role in peripheral blood leukocyte homeostasis after severe trauma.

We identi�ed a persistent state of leukocytosis in splenectomized polytrauma patients which may be the
result of decreased neutrophil apoptosis as a consequence of asplenia, and subsequent prolonged
survival of competent immune cells incapable of extravasating into tissue compartments [27–30].
Alternatively, asplenia may 1) stimulate an increased bone marrow release of immune cells or 2) enhance
immune cell re-migration from the tissue compartment back into circulation.

Large database studies suggest that severely injured trauma patients have lower mortality rates and
incidences of MODS after splenectomy [14, 15]. Various animal models of acute systemic in�ammation
have also shown that splenectomy is associated with improved outcome in association with altered
humoral or cellular immune response to different insult conditions [16–22]. Based on these �ndings and
results of the current study it is tempting to speculate that early splenectomy in severely injured patients
results in an altered innate cellular immune response in severely injured trauma patients and thereby
in�uences outcome.

The reactive leukocytosis immediately following trauma has been well described and is mainly due to an
increase in circulating neutrophils [31–33]. A number of studies have shown that high neutrophil counts
within the �rst hours after trauma is associated with increased risk of organ failure and mortality [34–36].
A key factor in the pathogenesis of MODS is the migration of blood PMNs into the tissue compartment
[35, 37]. It has been shown that ARDS-related trauma fatalities were characterized by massive neutrophil
in�ux into non-injured tissues and vital organs [38]. Circulating neutrophils are not harmful per se and
peripheral blood can only function as an indicator of neutrophil behavior in the tissue compartment. So,
we hypothesize that splenectomy causes shifts in neutrophil compartmentalization and the increase in
circulatory leukocyte numbers seen are a result of decreased leukocyte numbers in the tissue
compartment. This may explain the improved outcomes of severely injured, splenectomized patients seen
in the above mentioned studies.

The pattern of leukocyte kinetics in this human study is similar to that seen in other animal studies. For
example, Eurenius et al. observed a very similar pattern in a thermal injury rat model in which early
leukocytosis within the �rst 4 hours after insult was followed by severe neutropenia [39]. The
representability of our study is further supported by Botha et al. who again encountered very similar
serum leukocyte patterns in laparotomized trauma patients with an ISS > 15. They demonstrated an initial
increase of PMNs in peripheral blood in all patients within the �rst 3 hours following injury. After
laparotomy, neutrophil numbers normalized. Twenty-four hours after trauma, patients developed
neutrophilia once again [34]. The kinetics of leukocyte alterations over time in this investigation are in line
with other human trauma studies [34, 42].

Early leukocytosis, as seen on admission, in acute systemic in�ammation is believed to be due to
neutrophil activation in combination with mobilization of new neutrophils from the bone marrow [31–33,Loading [MathJax]/jax/output/CommonHTML/fonts/TeX/fontdata.js
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40]. The observed subsequent drop in WBC count can be explained by increased tissue migration of
activated neutrophils. Leukocyte numbers drop as activated neutrophils abandon the circulation and
migrate into the tissue compartment. One possibility that explains why WBC counts drop faster after
laparotomy is that it acts as a potent secondhit as an additional stressor on the body and its immune
system [34]. This ‘second hit’ ampli�es the activation of the cellular immune system and primes blood
neutrophils [2, 41]. Priming of blood neutrophils results in increased tissue migration and leukocyte
depletion in peripheral blood [37]. Previous studies further showed that a faster decline in leukocyte count
is associated with the development of MODS [34, 35]. Except for a slightly faster decline in leukocyte
numbers after surgery, leukocyte kinetics within the �rst 24 hours were homogeneous between groups.
Overall, in our opinion neither laparotomy, nor an additional splenectomy signi�cantly alter leukocyte
kinetics within the �rst 24 hours of surgery.

More than two days after trauma, splenectomized patients had signi�cantly higher leukocyte numbers in
peripheral blood, compared with all other patient groups. Splenectomized patients again developed
leukocytosis during hospital day 2 and a long-lasting leukocytosis was subsequently observed. This
effect could not be explained by differences in infectious complications in asplenic patients as infectious
complications did not differ between groups. Therefore, we deem this observation a result of the intrinsic
effect of removing the spleen in trauma patients. This might be a direct result of the loss of splenic
function as the spleen plays an important role in removing immune cells from the circulation [43].
Interestingly, neutrophil kinetics in our study were not different between patients diagnosed with
pneumonia and patients without pneumonia (Supplemental data 1). We think that the impact of trauma
and related tissue damage may have outweighed the additional effect of infection on the cellular immune
response. As a consequence, we believe that monitoring leukocyte counts in splenectomized patients
should be considered as suboptimal in detecting infectious complications.

The spleens modulatory role in neutrophil homeostasis has been suggested by several experimental
investigations. Systemic in�ammation in mice is associated with a 10-fold increase in splenic PMN-
homing [44]. The characteristics and function of the splenic PMN pool is unclear. As splenic neutrophils
predominantly reside in the red-pulp area of the spleen and co-localize with splenic macrophages, they
are likely about to be phagocytized [45]. Thereby asplenia after trauma might result in suboptimal acute
neutrophil clearance. This theory is supported by human data from Mikoluc et al. They found increased
receptor membrane expression of CD16 (FcyRIII) on blood neutrophils in splenectomized children. High
levels of membrane expression of CD16 are associated with phenotypical features of a more matured
neutrophil population [28]. Moreover, a comparison between afferent and efferent splenic vessels
suggests that the spleen promotes and modi�es neutrophil apoptosis in vivo [30]. We therefore propose
that the spleen modulates neutrophil clearance and the enhanced and long-lasting leukocytosis seen
after splenectomy vs. nonoperatively managed trauma patients might be due to inadequate acute
neutrophil clearance.

The importance of neutrophil apoptosis after trauma has been studied before and trauma is thought to
delay PMN apoptosis [27, 29]. Surgery should be considered as iatrogenic trauma and may enhance PMNLoading [MathJax]/jax/output/CommonHTML/fonts/TeX/fontdata.js
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apoptosis. This phenomena might, for example, explain the slightly increased absolute leukocyte counts
observed in operatively vs. non-operatively managed patients with liver injuries.

Given that improved outcomes have been observed in splenectomized trauma patients in both large
database studies as well as animal studies, the spleens’ assumed role in leukocyte and neutrophil
regulation, and the results of the current study, it is tempting to hypothesize that improved outcomes seen
after splenectomy in polytrauma patients is due to modulation of the innate cellular immune response to
trauma [14]. A possible alternative explanation is based on the splenic role in neutrophil subtype
homeostasis and/or leukocyte functionality [27, 35, 42]. During systemic in�ammation Pillay et al.
identi�ed different neutrophil subtypes with speci�c functional capacities [46, 47]. The spleen may play a
role in the modulation of these different PMN-subtypes.

A �nal consideration is that splenectomy may also affect the adaptive immune system. However,
Walusimbi et al. found no differences in splenectomized or angio-embolized trauma patients with respect
to total, helper or suppressor T-lymphocytes, complement or properdin. B-lymphocytes and natural killer
cell numbers were, however, slightly higher in patients who had undergone splenectomy [48]. Additionally,
Tominaga et al. could �nd no differences at all in serum IgM, IgG, complement and lymphocyte levels
between splenectomized individuals and those treated by angio-embolization[49].

This study has several limitations. We were unable to document the time interval between the actual
accident and admission to our emergency department. Nevertheless leukocyte kinetics in our study
resemble the patterns described by Botha et al. [34]. Further, this analysis was restricted to leukocyte
measurements only. However it has been shown that leukocyte kinetics mimic neutrophil behaviour in
peripheral blood [25]. Therefore, in our opinion total leukocyte counts in peripheral blood can be utilized to
indirectly assess neutrophil dynamics.

Conclusions
This is the �rst human study to demonstrate that splenectomy is associated with altered post-insult
leukocyte kinetics in peripheral blood of trauma patients. These observations contribute to the
assumption that the spleen plays a modulatory role in the innate cellular immune response to trauma.
Moreover, these �ndings posit a potential explanation for the improved outcomes of splenectomized,
severely injured trauma patients that has been observed in the literature. Further investigations are
necessary to determine the spleens immunomodulatory role in trauma. Upcoming studies should focus
on speci�c characteristics of leukocyte homeostasis in splenectomized and non-splenectomized trauma
patients.
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Figure 1

Leukocyte kinetics after blunt abdominal solid organ injury. Absolute leukocyte numbers over time in all
included trauma patients. Data are expressed as mean +/- SEM. *** p<0.001, signi�cant alteration
compared with the previous timepoint. The timepoints (in days) utilized in all further tables of the study
are highlighted in grey.

Figure 2

Leukocyte kinetics in patients with splenic trauma. Absolute leukocyte numbers in peripheral blood of
patients treated for splenic trauma. OM, operative management group; NOM, nonoperative management
group. Data are expressed as mean +/- SEM. *p<0.05/ ** p<0.01 signi�cant difference between groups.
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Figure 3

Leukocyte kinetics in operatively treated patients. Absolute leukocyte numbers in peripheral blood of
operatively treated patients. OM, operative management group. Data are expressed as mean +/- SEM. *
p<0.05 signi�cant difference between groups.

Figure 4

Leukocyte kinetics in non-operatively managed patients. Absolute leukocyte numbers in peripheral blood
of nonoperatively treated patients. NOM, non-operative management group. Data are expressed as mean
+/- SEM (*p<0.05).
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