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Blunt splenic injury and severe brain injury: 
a decision analysis and implications for care

Background: The initial nonoperative management (NOM) of blunt splenic injuries in 
hemodynamically stable patients is common. In soldiers who experience blunt splenic 
injuries with concomitant severe brain injury while on deployment, however, NOM may 
put the injured soldier at risk for secondary brain injury from prolonged hypotension. 

Methods: We conducted a decision analysis using a Markov process to evaluate 2 strat-
egies for managing hemodynamically stable patients with blunt splenic injuries and 
severe brain injury — immediate splenectomy and NOM — in the setting of a field hos-
pital with surgical capability but no angiography capabilities. We considered the base 
case of a 40-year-old man with a life expectancy of 78 years who experienced blunt 
trauma resulting in a severe traumatic brain injury and an isolated splenic injury with an 
estimated failure rate of NOM of 19.6%. The primary outcome measured was life 
expectancy. We assumed that failure of NOM would occur in the setting of a prolonged 
casualty evacuation, where surgical capability was not present.

Results: Immediate splenectomy was the slightly more effective strategy, resulting in 
a very modest increase in overall survival compared with NOM. Immediate splenec-
tomy yielded a survival benefit of only 0.4 years over NOM.

Conclusion: In terms of overall survival, we would not recommend splenectomy unless 
the estimated failure rate of NOM exceeded 20%, which corresponds to an American 
Association for the Surgery of Trauma grade III splenic injury. For military patients for 
whom angiography may not be available at the field hospital and who require prolonged 
evacuation, immediate splenectomy should be considered for grade III–V injuries in the 
presence of severe brain injury.

Contexte  : La gestion non chirurgicale (GNC) initiale des traumatismes spléniques 
fermés chez les patients hémodynamiquement stables est fréquente. Toutefois, dans les 
cas de traumatismes spléniques fermés accompagnés de graves lésions cérébrales con-
comitantes durant leur déploiement, la GNC peut exposer les soldats blessés à un risque 
de lésion cérébrale secondaire par suite d’une hypotension prolongée. 

Méthodes : Nous avons appliqué un modèle de Markov à l’analyse décisionnelle pour 
évaluer 2 stratégies de prise en charge des patients hémodynamiquement stables porteurs 
de traumatismes spléniques fermés et de graves lésions cérébrales, soit la splénectomie 
immédiate et la GNC, dans le contexte d’un hôpital de campagne doté d’installations 
chirurgicales mais non d’installations angiographiques. Nous avons étudié le scénario de 
référence d’un homme de 40 ans ayant une espérance de vie de 78 ans, victime d’un trau-
matisme fermé entraînant une lésion cérébrale grave et un traumatisme splénique isolé, 
avec un taux estimé d’échec de la GNC de 19,6 %. Le principal paramètre mesuré était 
l’espérance de vie. Nous avons présumé que l’échec de la GNC surviendrait dans le con-
texte d’une évacuation prolongée des blessés en l’absence d’installations chirurgicales.

Résultats : La splénectomie immédiate s’est révélée être une stratégie légèrement plus 
efficace, entraînant une augmentation très modeste de la survie globale comparative-
ment à la GNC. La splénectomie immédiate a produit un avantage de 0,4 an seulement 
au plan de la survie par rapport à la GNC.

Conclusion : Au plan de la survie globale, nous ne recommanderions pas la splénecto-
mie, à moins que le taux d’échec estimé de la GNC n’excède 20 %, ce qui correspond à 
un traumatisme splénique de grade III selon l’American Association for the Surgery of 
Trauma. Pour le personnel militaire blessé chez qui il est impossible de procéder à une 
angiographie dans un hôpital de campagne, et qui requiert une évacuation prolongée, il 
faut envisager une splénectomie immédiate pour les traumatisme de grade III V en 
présence de graves lésions cérébrales.
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T he spleen is the intra-abdominal organ most fre-
quently injured from blunt trauma.1 For most of the 
twentieth century, splenectomy was the treatment of 

choice for splenic injuries.2 However, nonoperative man-
agement (NOM) of blunt splenic injuries in hemodynam
ically stable patients became attractive after reports detailed 
the significance and seriousness of asplenic sepsis.3,4 
Another impetus for this shift was the frequency of opera-
tive complications associated with splenectomy.5 Since 
then, numerous investigators have reported their successful 
experiences with NOM in children and adults.6–11

Initially, patients were selected for NOM only if they had 
isolated low-grade splenic injuries and were neurologically 
intact. More recent reports have broadened the selection 
criteria to allow for concomitant trauma brain injury (TBI) 
and higher grades of splenic injury.12–16 Watson and 
colleagues13 analyzed all blunt splenic injuries (n = 22 887) 
entered into the US National Trauma Data Bank from 1997 
to 2003. They reported that the frequency of attempted 
NOM for severe splenic injuries increased from 20.9% in 
1997 to 43.4% in 2003. Furthermore, 30% of these patients 
with severe splenic injuries also had accompanying severe 
TBI (Glasgow Coma Scale [GCS] score < 9).

However, there are several reasons to suspect that NOM 
may result in worse outcomes in patients with severe TBI. 
First, NOM is associated with complications that may be 
detrimental to brain injury. One such complication is 
hypotension.12 When NOM fails, hypotension can ensue 
from the resulting hemorrhage. One episode of hypotension 
doubles the mortality for patients with severe TBI compared 
with stable patients.17–19 Another complication of NOM is 
increased exposure to allogenic blood products;12 increasing 
blood transfusion requirements is another indication that 
NOM has failed. However, blood transfusions are also 
associated with increased mortality in trauma patients, both 
from long-term causes, such as transfusion-related infections 
(HIV, hepatitis B and C), and from short-term causes, such 
as sepsis, major transfusion reactions and multiple organ 
failure.20–23

Soldiers who experience blunt splenic injuries while on 
deployment are particularly challenging to manage. First, 
field hospitals may not have angiographic capabilities. Also, 
injured military patients often require evacuation from a 
field hospital within the theatre of operations to a larger 
treatment facility outside the theatre of operations. For 
example, during Canada’s involvement in Southern Afghan
istan, injured Canadian soldiers were evacuated from the 
Canadian Role 3 facility at Kandahar Airfield Base to the 
U.S. Role 4 Facility in Landstuhl, Germany, making 
surgical care inaccessible to the patient for at least 7 hours.24 
In this situation, NOM of splenic injuries may put the 
injured soldier at risk for prolonged hypotension. American 
military guidelines recommend immediate splenectomy if an 
ultrasound confirms hemoperitoneum and if the patient has 
a severe brain injury. The same guidelines recommend 

immediate splenectomy for blunt grades IV and V splenic 
injuries, independent of the presence of severe brain injury.25

To our knowledge, there are no clinical trials or cohort 
studies that explicitly study the optimal management strategy 
for splenic injuries in patients with severe brain injury. In the 
absence of such data, decisional analytic techniques are useful 
because they can explicitly model trade-offs between the risks 
and benefits of each treatment option.

Methods

Reference case definition

This study considered the base case of a 40-year-old man 
with a life expectancy of 78 years26 who experienced blunt 
trauma resulting in a severe TBI (GCS score < 9 unrelated 
to alcohol or drug effects) and an isolated splenic injury 
(American Association for the Surgery of Trauma [AAST] 
grade III with estimated failure rate of NOM of 19.6%). 
We assumed that this patient did not require surgical 
intervention for his brain injury, arrived directly from the 
scene of injury, required no blood transfusions, and was 
hemodynamically stable from the time of injury to the time 
of assessment. The primary outcome measured was life 
expectancy. We chose a societal perspective to capture all-
important clinical outcomes in these trauma patients.

Decision model

We created a multistate Markov analytic model (TreeAge 
Pro 2005) to evaluate overall survival with the adoption of 
2 strategies: immediate splenectomy or NOM with obser
vation in an intensive care setting (Fig. 1). Indications for 
delayed splenectomy for the NOM arm would include 
hypotension or a transfusion requirement of 2 or more 
units of packed red blood cells (PRBCs). To maintain a 
sharp focus on our initial question, we did not consider the 
possibility of performing splenic repair in either arm. 
Angioembolization was considered an adjunct to NOM 
that reduced the probability of failure of NOM for each 
grade of splenic injury and was not considered separately.

Time was represented using a 1-year cycle in which 
patients could move among health states according to varying 
probabilities of mortality until a lifetime horizon was reached. 
Assignment into 1 of multiple chronic health states occurred 
only after considering the probabilities of 1 of several acute 
complications developing. Therefore, these probabilities were 
considered immediately after selecting either strategy during 
the first cycle (Fig. 1). Transitions among resulting chronic 
health states then occur in subsequent cycles.

First cycle — acute hospitalization

In this model, we considered the probability of receiving 
PRBC transfusions with each strategy. Acute transfusion-
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related mortality can be secondary to major hemolytic 
transfusion reactions, sepsis and immune-related 
complications (e.g., transfusion-related acute lung injury).23 
We considered the probability of in-hospital death per unit 
of PRBCs received from all causes during the first cycle. 

We also considered the possibility of acutely contracting a 
chronic infectious disease from PRBC transfusions. We 
assumed that the patient could contract only HIV, hepatitis 
B or hepatitis C from transfusion and that 1 of these 
infections would preclude the other 2.

Fig. 1. Decision model for management of blunt splenic injury. HV = hepatitis virus; TBI = traumatic brain injury.
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We also considered the probability of death after severe 
brain injury. In this model, we assumed that differences in 
acute brain injury mortality between the 2 groups were 
solely due to the probability of secondary brain injury from 
hemodynamic instability.

Chronic health states

Each chronic health state in the Markov model was the 
product of 3 factors that were determined during the first 
cycle: surgical complication, neurologic outcome and 
transfusion-related disease state. The transition among 

health states for each factor is represented by simplified 
Markov health state diagrams (Fig. 2A–C). We assumed that 
HIV would begin progressing to AIDS only after the tenth 
year of infection27 but that cirrhosis could complicate either 
hepatitis B or hepatitis C within the first year of infection.28 
We assumed that hepatitis B and C would progress only to 
cirrhosis and then death. We also assumed that all changes 
in neurologic status would occur within the first 2 years of 
injury29 and that no neurologic changes would occur sub
sequently. We did assume, however, that “chronic care” 
patients could progress onwards to death,30 but that 
“disabled” or “well” patients would not die from their 
neurologic disabilities (Fig. 2A). The outcomes of splen
ectomy, including its potential complications, apply to all 
patients undergoing the procedure (either early or late) at 
the same rate. Acutely (first cycle), patients may die from 
surgical complications, or experience short-term compli
cations from which they recover uneventfully (e.g., ventral 
hernia, wound infections, postoperative bleeding). We 
considered recurrent small bowel obstruction and asplenic 
sepsis as long-term complications. We considered mortality 
associated with asplenic sepsis only after the first cycle and 
assumed that this risk was constant over time.

Data sources, probabilities

We reviewed the English-language literature to determine 
probabilities for each of the branches in the tree. We 
searched Medline using the terms “spleen” and “blunt 
trauma.” Publications were evaluated for best evidence and 
where possible, data were restricted from 2000 onwards 
given the evolution of trauma care. If possible, case series 
were excluded in favour of cohort studies when estimating 
probabilities. Otherwise, data from multiple case-series were 
weighted by their respective number of patients to estimate 
the transition probability used for modelling. Where 
possible, we obtained probabilities for outcomes associated 
with severe brain injury from the Brain Trauma 
Foundation’s Guidelines for the Management of Severe 
Traumatic Brain Injury.30 Likewise, where possible, prob
abilities for short-term complications associated with 
transfusion were obtained from the Canadian Blood Services 
guidelines on transfusion medicine31 (Table 1).

Nonoperative management

Failure rates for NOM have ranged from 6% to 52% in 
reviewed studies.12,13,39–49 Most studies were retrospective, 
single-institution studies of relatively small numbers of patients 
and likely reflected the criteria and practices of individual 
surgeons. We found 1 well-designed, multi-institutional 
retrospective cohort study in our literature review that 
described rates of failure for NOM based on the initial grade 
of splenic injury and reported the probability of hypotension 
and transfusion stratified by grade of splenic injury in patients 

Fig. 2. Transition states for (A) neurological morbidity, (B) trans-
fusion diseases and (C) surgical complications. Cirr = cirrhosis.
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for whom NOM failed.12 We chose the reported failure rate of 
NOM for AAST grade III splenic injury as our base case 
probability for NOM failure (19.6%). We did not assume 
angioembolization was available to make the results useful to 
all trauma centres. However, we considered the effect of 
angioembolization on the probability of failure of NOM by 
performing a sensitivity analysis of the effect of the probability 
failure of NOM on overall survival (Table 1).

Recently, numerous centres have reported on the role of 
angioembolization as an adjunct to reduce the failure rate of 
NOM.50–54 Although most studies agree that a protocol-
driven approach appears to be associated with the lowest 
rates of failure of NOM, no clear consensus exists on the 
optimal strategy for its use. The spectrum of approaches has 
ranged in the literature from routine admission angiography 
for all patients with blunt splenic injury,50 to the application 
of strictly defined selection criteria for angioembolization 
based on independent risk factors for failure.53 All of these 
studies reported an extremely low failure rate for NOM, 
which is much lower than our base case of 20%. 

Unfortunately, few of the reviewed studies stratified their 
failure rates by grade of splenic injury or reported the 
incidence of hypotension before angioembolization. As 
hypotension is likely to have the biggest effect on mortality 
associated with brain injury, we did not explicitly include 
angioembolization in our NOM strategy arm. Because the 
probability of failure varied so widely in different studies and 
will vary with angioembolization, we conducted our sensi
tivity analysis using a range from 0% to 100%. We also hope 
to report a threshold value for the probability of failure, 
where immediate splenectomy becomes the dominant 
strategy over NOM. Then, each centre could look at their 
own failure rates with angioembolization to decide whether 
or not NOM should be applied to all patients with severe 
TBI and blunt splenic injury (Table 1).

Head injury mortality

For our base case scenario, we choose a probability of 
death from severe TBI of 27%. This was based on a  

Table 1. Probabilities for important variables

Variable Base case (range)
Reference 

studies

Failure of NOM 0.25 (0–1.0) 12

Severe traumatic brain injury (TBI) mortality 0.27 (0.11–0.41) 32–34

Multiplier (effect of hypotension on TBI mortality) 2.4 (1.0–2.4) 32

Probability of hypotension for NOM 12

Probability failure = 0.05 0.15

Probability failure = 0.13 0.4

Probability failure = 0.2 0.45

Probability failure = 0.75 0.7

Probability of hypotension for immediate splenectomy 0.05 (0–0.15) 35,36

Mean units RBCs transfused (failed NOM) 4.1 (0–11) 12

Mean units of RBCs transfused (successful NOM) 1.2 (0–4.2) 12

Mean units of RBCs transfused (immediate splenectomy) 0.68 (0–1.88) 35,36

Probability of contracting HIV (per unit RBC) 0.0000003 23

Probability of contracting hepatitis B (per unit RBC) 0.000012 23

Probability of contracting hepatitis C (per unit RBC) 0.0000002 23

Probability of dying from asplenic sepsis (per yr) 0.0002 (0–0.00034) 35,36

Probability of fatal surgical complication 0.03 (0–0.08) 5

Postoperative complication (yr 1 of cycle) 0.10 37

Persistent postoperative complication (yr 2–38) 0.005 37

Progression of hepatitis B to cirrhosis (per yr) 0.017 28

Progression of hepatitis C to cirrhosis (per yr) 0.013 28

Progression of cirrhosis to death (per yr) 0.04 38

Progression of HIV to AIDS (per yr, yr 1–10) 0 27

Progression of HIV to AIDS (per yr, yr 11–38) 0.054 27

TBI disability upon hospital discharge requiring chronic care 0.25 29

TBI disability upon discharge allowing community living 0.2 29

No measurable TBI disability upon discharge 0.55 29

TBI disability (chronic care) if hypotension occurs 0.65 32–34

No measurable TBI disability if hypotension occurs 0.15 32–34

No change in neurologic state in year 1 after discharge 0.76 29

No change in neurologic state in years 3–38 1 29

NOM = nonoperative management; RBC = red blood cells; TBI = traumatic brain injury.
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well-designed prospective study of 717 patients, which 
controlled for other injury factors.32 Because moderate 
brain injuries have a reported mortality of 7%–10%,55 we 
choose 11% as the estimate for the lower range of severe 
TBI mortality. A mortality multiplier of more than 2-fold 
(2.4)32 was used to describe the effect of hypotension on 
brain injury mortality; as such, the uppermost range for 
TBI mortality was defined as 41% to allow us to use the 
multiplier (Table 1).

Effect of hypotension on TBI mortality

Many studies described the effect of uncorrected pre-
hospital hypotension on brain injury mortality. In our study, 
we assumed that patients were stable during the prehospital 
and initial trauma room phases of their care. As a result, they 
were eligible for NOM. Hypotension resulted only from 
ongoing splenic bleeding during their admission, either 
from NOM or during immediate splenectomy. We used a 
multiplier of 2.4 for the effect of hypotension on TBI 
mortality in our base case scenario. Our choice was based on 
a well-designed prospective study that controlled for other 
injury factors and found that in-hospital hypotension was 
associated with a 65% mortality in severe TBI patients 
compared with 27% for those without hypotension.56 
However, this reported increase in brain injury mortality 
may be the result of unmeasured confounders, as to our 
knowledge no randomized controlled trial has been 
performed to measure the effect of hypotension on brain 
injury mortality. Therefore, a multiplier of 2.4 also likely 
represents the uppermost range of the mortality multiplier; 
we used a multiplier of 1 as the estimate of the likely 
lowermost range (Table 1).

Hypotension

The NOM of blunt splenic injuries carries a risk of 
hypotension. In fact, hypotension is an indication that 
NOM has failed and that splenectomy is required.43,44 The 
probability that hypotension occurs as a consequence of 
NOM varies with the grade of the splenic injury:12 the 
worse the splenic injury, the more likely hypotension will 
occur from ongoing bleeding. As a result, for our base 
case (probability failure = 0.25), the probability of 
hypotension was 0.45.12 However, for our sensitivity 
analysis on the probability of NOM, we varied the 
probability of hypotension with the probability of failure, 
as described by Peitzman and colleagues12 in a multicentre 
trial of NOM of splenic injuries (Table 1).

One difficulty in estimating probabilities for the base case 
scenario arose when considering the strategy of immediate 
splenectomy. There are currently no data on hypotension 
rates in patients treated by immediate splenectomy. Because 
NOM is the standard of care for the initial treatment of 
stable patients with splenic injury, the only complications 

reported for splenectomy are for those cases that proceed 
immediately to splenectomy because of instability or cases 
where NOM failed.12,39 These cases reflect a sicker cohort 
than patients eligible for NOM (Table 1).

As a result, we chose to estimate probabilities using 
studies describing complications from open splenectomies 
performed for idiopathic thrombocytopenic purpura 
(ITP).35,36 In ITP, the spleen is of normal size, unlike many 
other hematological disorders. Although the spleen is not 
injured in patients with ITP, low platelet counts also make 
the likelihood of intraoperative bleeding a possibility, as 
with trauma cases. For our base case scenario, we guessed 
that the range for hypotension for immediate splenectomy 
was between 0 and 0.15 (Table 1).

Sensitivity analyses

We assessed the effect of uncertainty in key variables by 
performing sensitivity analyses over plausible ranges. We 
selected pairs of variables that were influential and 
correlated for multiway sensitivity analyses.

Results

Table 2 presents the results of our 2 strategies for managing 
blunt splenic injuries in stable patients with severe brain 
injury: immediate splenectomy or initial NOM. Immediate 
splenectomy was the slightly more effective strategy, 
resulting in a very modest increase in overall survival 
compared with NOM. Immediate splenectomy yielded a 
survival benefit of only 0.4 years over NOM for the 38-year 
time horizon. In fact, the survival curves for both strategies 
show that they were almost identical (Fig. 3).

Sensitivity analyses

We assessed the sensitivity of the model to the probability of 
NOM failure. When we varied the failure rate for NOM, 
we found that immediate splenectomy was equivalent to 
NOM at a threshold failure rate of 0.2 (Fig.  3). As the 
probability of NOM failure increased beyond 0.2, 
immediate splenectomy became superior to NOM. In our 
base case scenario, the probability of failure of NOM was 
0.25; therefore, the strategies were almost identical, with 
immediate splenectomy being slightly superior to NOM.

We also performed 2-way sensitivity analyses on pairs 
of correlated and important variables. We assessed the 
sensitivity of the model to the probability that patients 
undergoing immediate splenectomy became hypotensive 

Table 2. Survival of the 2 strategies

Strategy Life expectancy

Splenectomy 25.8 yr

Nonoperative management 25.4 yr



RECHERCHE

S114	 J can chir, Vol. 58 (No 3 Suppl 3) juin 2015	

and to the effect of hypotension on TBI mortality 
(mortality multiplier; Fig. 4A–B). As expected, our model 
was sensitive to these 2 variables. The survival benefit of 
immediate splenectomy (compared with NOM) is because 
hypotension is avoided, which has beneficial effects on 
brain injury mortality. If patients who undergo immediate 
splenectomy also become hypotensive, this benefit is lost; 
also, if hypotension does not increase brain injury 
mortality, the benefit of immediate splenectomy is lost.

We also assessed the sensitivity of the model to the 
probability of fatal operative complications from 
splenectomy and to the probability of asplenic sepsis 
(Fig.  4C). As expected, our model was sensitive to these 
2  variables as well. The survival benefit of immediate 
splenectomy is progressively lost as the rate of fatal surgical 
complications increases. Also, if an increasing number of 
splenectomized patients die from asplenic sepsis, the 
survival benefit of immediate splenectomy is lost.

Discussion

Traumatic brain injury is the leading cause of death and 
disability in young adults.37 The pathophysiology of TBI 
is such that not all neurologic damage occurs immediately, 
but rather evolves over time.38 This secondary brain injury 
results from ongoing ischemia and contributes to the 
overall mortality of TBI. Avoiding hypotension and 
maintaining cerebral perfusion is the basis of the modern 
medical management of TBI.38

Splenic injuries often accompany TBI, especially from 
blunt trauma. There is substantial literature that supports 
NOM for isolated, blunt splenic injuries in hemodynamic
ally stable patients. Two decision analyses have been 

performed that show a survival advantage of NOM in these 
patients;7,8 in these studies, mortality from asplenic sepsis 
and from operative complications increase the relative 
survival benefit of NOM over immediate splenectomy. 
However, the base case scenarios for these studies did not 
involve patients with brain injuries. Furthermore, mortality 
from asplenic sepsis and from transfusion diseases was not 

Fig. 4. (A) One-way sensitivity analysis on probability of nonopera-
tive management failure. (B) Two-way sensitivity analysis on hypo-
tension from immediate splenectomy and on the mortality effect of 
hypotension on traumatic brain injury (TBI). (C) Two-way sensitivity 
analysis on probability of asplenic sepsis mortality and probability of 
fatal surgical complication. EV = expected value; P = probability.
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modelled as a Markov process, but as immediate events, 
which would bias the results toward an apparent benefit of 
NOM over immediate splenectomy.

For the present study, we conducted a decision analysis 
using a Markov process to evaluate splenectomy and NOM 
for managing hemodynamically stable patients with blunt 
splenic injuries and severe brain injury. Over a time 
horizon of 38 years, we found a survival benefit of 
immediate splenectomy over NOM for patients with a 
probability of NOM failure greater than 0.2. This would 
correspond to grade IV and V splenic injuries. The 
2  strategies were equivalent for patients with grade III 
splenic injuries (probability of failure = 0.2); reasons to 
perform immediate splenectomy on patients with grade III 
splenic injuries would include other predictors of failure of 
NOM, such as age older than 55 years40,41 and arterial 
contrast extravasation on computed tomography.57 For 
military patients who may face prolonged transport from a 
field hospital to a Role 4 facility outside of the theatre of 
operations, the risk of bleeding to death while in flight 
likely pushes the decision-making around grade III splenic 
injuries to favour immediate splenectomy, if there were a 
concomitant severe brain injury.

Angioembolization can reduce the failure rate of 
nonoperative management of splenic injuries. In recent 
reports, the probability of failure rates of NOM were 
reduced to below 10% for grade V injuries with the inclusion 
of angioembolization in the protocol for NOM.53 In this type 
of situation, irrespective of the grade of the splenic injury, 
immediate splenectomy would never result in a better 
survival benefit than NOM, as the 2 strategies are equivalent 
only. Therefore, at institutions where the failure rate of 
NOM is below 20% irrespective of the grade of the splenic 
injury, all stable patients with blunt splenic injury and severe 
TBI should undergo a trial of NOM.

Immediate splenectomy, however, would not be 
appropriate at institutions that demonstrate high operative 
mortality from trauma splenectomies. Likewise, if patients 
undergoing immediate splenectomy were frequently noted 
to be hypotensive intraoperatively because of inadequate 
resuscitation by anesthesia or because of poor selection, 
immediate splenectomy would no longer be the appropriate 
initial strategy. And if surgeons were not aggressive in 
reducing the mortality of asplenic sepsis (i.e., appropriate 
vaccinations and/or prophylactic antibiotic use), the survival 
advantage of performing immediate splenectomies in severe 
TBI patients with high grade splenic injuries would decrease.

Limitations

The major limitations of our study include the assumption 
that 1 episode of hypotension doubles the mortality in 
patients with severe brain injuries. This assumption is 
derived from multiple retrospective studies of patients with 
severe brain injuries and suffers from a major potential bias: 

patients with hypotension are more severely injured than 
patients without hypotension and are therefore at increased 
risk of dying. Despite this potential bias, however, all brain 
injury management is based on this assumption. Both the 
Committee on Trauma of the American College of 
Surgeons17 and the Brain Trauma Foundation30 teach 
trauma clinicians that hypotension doubles the mortality of 
patients with severe brain injuries. Furthermore, a 
randomized controlled trial will likely never be performed 
to test this assumption. Therefore, our assumption that 
hypotension doubles the mortality of patients with severe 
brain injuries has face validity, and our decision analysis 
provides the mechanism to evaluate the appropriate 
strategy, given this widely held assumption.

Another limitation includes our assumptions surrounding 
asplenic sepsis. Much of the literature on asplenic sepsis is 
from splenectomies performed for hematologic diseases. 
Also, much of the literature on asplenic sepsis predates the 
utilization of multiple vaccinations or the use of prophylactic 
antibiotics postsplenectomy. However, many of these 
methods for reducing asplenic sepsis are used in clinical 
practice today. Therefore, our assumptions may result in an 
overestimate of the asplenic sepsis rate. Trauma splenectomy 
patients tend to have lower asplenic sepsis rates than those 
splenectomies resulting from hematologic diseases.58 The 
addition of multiple vaccinations and/or prophylactic 
antibiotics in today’s practice might also reduce the asplenic 
sepsis rate compared with previously published reports. 
Therefore, overestimating the asplenic sepsis rate in our base 
case scenario would make our findings even more robust.

Another limitation is the simplicity of our simple base 
case. Our base case scenario involved a patient with an 
isolated blunt splenic injury with concomitant severe brain 
injury that did not require operative intervention. This is a 
very limited scenario in that most splenic injuries are 
associated with other visceral injuries. However, this 
limitation also makes our findings more robust. Concomitant 
visceral injuries may require operative intervention; 
therefore, the strategy of immediate splenectomy has the 
advantage of identifying other visceral injuries, such as bowel 
injuries before delayed complications (sepsis) can occur. 
Likewise, including severe brain injuries with extra-axial 
hemorrhage also tends to make immediate splenectomy a 
preferred strategy for similar reasons. Epidural and subdural 
hematomas often require emergency drainage, which 
precludes appropriate evaluation of the abdomen for other 
injuries. Immediate splenectomy has the advantage of 
identifying all visceral injuries before complications occur.

Other limitations include our extrapolating known 
utilities to define brain injury utilities and our simplifi
cation of the natural history of transfusion-related diseases 
(e.g., HIV to AIDS to death). Our assumptions simplify 
complex medical diseases, and may not reflect the natural 
history of the disease in many cases. However, our model 
was insensitive to all utilities and the transfusion-related 
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disease assumptions. Therefore, our simplifications likely 
did not appreciably affect our results.

Conclusion

Historically immediate splenectomy has been the preferred 
strategy for patients with severe TBI, considering the 
deleterious effects of hypotension on head injury–related 
mortality. In terms of overall survival, we would not 
recommend splenectomy unless the estimated failure rate 
of NOM exceeded 20%, which corresponds to an AAST 
grade III splenic injury. For military patients requiring a 
prolonged evacuation, immediate splenectomy should be 
considered, even for grade III injuries, in the presence of 
severe brain injury. 
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