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Abstract

Background Subarachnoid hemorrhage (SAH) is an

independent prognostic indicator of outcome in adult

severe traumatic brain injury (sTBI). There is a paucity of

investigations on SAH in pediatric sTBI. The goal of this

study was to determine in pediatric sTBI patients SAH

prevalence, associated factors, and its relationship to short-

term outcome.

Methods We retrospectively analyzed 171 sTBI patients

(pre-sedation GCS B8 and head MAIS C4) who underwent

CT head imaging within the first 24 h of hospital admis-

sion. Data were analyzed with both univariate and

multivariate techniques.

Results SAH was found in 42 % of sTBI patients (n = 71/

171), and it was more frequently associated with skull frac-

tures, cerebral edema, diffuse axonal injury, contusion, and

intraventricular hemorrhage (p < 0.05). Patients with SAH

had higher Injury Severity Scores (p = 0.032) and a greater

frequency of fixed pupil(s) on admission (p = 0.001). There

were no significant differences in etiologies between sTBI

patients with and without SAH. Worse disposition occurred

in sTBI patients with SAH, including increased mortality

(p = 0.009), increased episodes of central diabetes insipidus

(p = 0.002), greater infection rates (p = 0.002), and fewer

ventilator-free days (p = 0.001). In sTBI survivors, SAH

was associated with increased lengths of stay (p < 0.001)

and a higher level of care required on discharge (p = 0.004).

Despite evidence that SAH is linked to poorer outcomes on

univariate analyses, multivariate analysis failed to demon-

strate an independent association between SAH and

mortality (p = 0.969).

Conclusion SAH was present in almost half of pediatric

sTBI patients, and it was indicative of TBI severity and a

higher level of care on discharge. SAH in pediatric patients

was not independently associated with increased risk of

mortality.
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Introduction

Severe traumatic brain injury (sTBI) is a major cause of

pediatric morbidity and mortality [1, 2]. Head computed

tomography (CT) imaging is recommended on hospital

presentation after sTBI, but only a few pediatric studies have

evaluated outcome prediction based on head CT abnormal-

ities [3–7]. The most frequently reported findings on head CT

after pediatric sTBI include diffuse axonal injury (DAI),

edema with ventricular and/or cistern compression, midline

shift, subdural hematoma, and intraparenchymal hemor-

rhage [3, 4, 8–10].

Subarachnoid hemorrhage (SAH) on head CT is less

frequently reported after sTBI; however, it may be an

important element in determining pediatric sTBI prognosis.

The reported SAH incidence in adult sTBI is 33–60 %

[11]. The causes of SAH in sTBI include tearing, stretch-

ing, and laceration of subarachnoid blood vessels [2, 12].

Cerebral vasospasm, ischemia, hypoxia, edema, seizures,

and hydrocephalus are all sequelae of SAH [11]. The risk

of cerebral vasospasm is increased by SAH, and in adult,

sTBI patients are associated with ischemic injury [11, 13–

16]. In contrast, a link between traumatic SAH and cerebral

vasospasm in children is lacking [17, 18]. It is also unclear

whether SAH is independently associated with poor out-

come after sTBI or if the presence of SAH simply reflects

TBI severity [11, 19].

To our knowledge, SAH has not been specifically

investigated in pediatric sTBI. SAH has been reported in a

wider prognostic sTBI study [8] or in mixed pediatric and

adult sTBI populations [20, 21]. Clarification of SAH as a

potential outcome predictor in pediatric sTBI may aid

clinical sTBI management and, if appropriate, limitations

of care. Based on the paucity of data surrounding SAH in

pediatric sTBI, the aim of this study was to determine SAH

incidence, associated factors, and its relationship to short-

term outcome in pediatric sTBI patients.

Materials and Methods

The Health Sciences Research Ethics Board at Western

University approved this study. We retrospectively ana-

lyzed sTBI patient data obtained from the prospectively

collected written and electronic admission records of the

pediatric intensive care unit (PICU), collated with the data

from the provincially mandated London Health Sciences

Centre (LHSC) Trauma Registry [22–25]. We first

screened all pediatric trauma patients (<18 years) over a

12-year period (January 2000–December 2011) with an

Injury Severity Score (ISS) C12. Patients suffering a sTBI

were then identified by a pre-sedation GCS B8 and a head

Maximum Abbreviated Injury Scale (MAIS) C4. Our sTBI

population included patients with and without multi-system

trauma.

All sTBI patients were admitted to the PICU located in

the Children’s Hospital at LHSC, which is a regional

Pediatric Level I trauma centre for South Western Ontario.

Our Children’s Hospital serves a geographic area of 19,000

square kilometers with a pediatric population of over

500,000. Patients who were admitted more than 12 h after

their injury were excluded.

The patient data collected included demographics,

injury data, neuroimaging studies, interventions, and out-

comes. Pre-sedation GCS was determined at either the

scene, referring hospital, or on arrival to LHSC trauma

centre. The pupillary response and hypotension were

recorded on arrival to our trauma room. Hypotension was

defined as a systolic blood pressure (SBP) <70 for infants

(<1 year of age), a SBP <70 + (2*age) for toddlers (1–

3 years of age) and children (4–9 years of age), and a SBP

<90 for children C10 years of age [26].

The reports of the first head CT imaging, obtained

within 24 h of patient admission, were collected. Images

were not re-reviewed as all were read by fellowship-trained

neuro-radiologists, and the inter-observer variability for

radiologists interpreting TBI on head CT is considered low

[27]. Specific abnormalities documented included skull

fractures, cerebral edema (focal and diffuse), DAI, SAH,

subdural hemorrhage (SDH), intracranial hemorrhage

(ICH), brain herniation, midline shift, cerebral contusion,

and ischemia.

Interventions recorded included placement of an ICP

monitor, treatment with mannitol and/or 3 % hypertonic

saline, induction of thiopental coma, and decompressive

craniectomy. Controlled hypothermia was administered in

a subset of sTBI patients as part of a larger randomized-

controlled trial [28]. Additional interventions included

transfusion of packed red blood cells (PRBC) or other

blood products, and treatment with desamino-8-D-arginine

(DDAVP) and/or vasopressin [22].

Over the study period, patients with sTBI in our insti-

tution were placed on a temperature-modulating blanket in

supine position, with the head elevated to 30�. Normo-

thermia was targeted in those sTBI patients not enrolled in

hypothermia trial [28] with administration of antipyretics

as needed, passive cooling and/or use of the temperature-

modulating blanket. Antibiotics were not routinely

administered, except for the inconsistent prophylactic use

of cefazolin after ICP monitor placement [29]. Adequate

analgesia and sedation were obtained with opioid and

benzodiazepine infusions, respectively.
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Raised ICP was generally managed as per published

protocol [30]. If the ICP >20–25 mmHg for >5 min or

for a rapidly raising ICP: (1) drain cerebrospinal fluid for

5 min if external ventricular drain in situ [29]; (2) mannitol

0.5 g/kg intravenously over 20 min every 6 h as needed;

(3) 3 % NaCl given in boluses of 1–2 mL/kg over 5 min

every 12 h as needed (first dose 2–4 mL/kg); (4) hyper-

ventilation to a PaCO2 35 mmHg; (5) barbiturate infusion

titrated to ICP and CPP; and (6) neurosurgical consult for

potential decompressive craniectomy. Mannitol and 3 %

NaCl were held if the measured osmolality was greater

than 320 and 360 mOsm/L, respectively. Low cerebral

perfusion pressure (CPP) secondary to arterial hypotension

and without raised ICP was managed as follows: 0.9 %

NaCl (or colloid) 10 mL/kg IV over 5–30 min as needed,

followed by administration of inotropes/vasopressors.

Severe TBI outcomes in those with and without a SAH

included in-hospital mortality, PICU and hospital lengths

of stays (LOS), ventilator-free days (unventilated days in

the first 28 days of admission), and discharge destination.

Discharge destinations included chronic rehabilitation

hospital, acute care hospital, or home. Discharge to a

chronic rehabilitation hospital is a less favorable outcome,

as it indicates that the patient was less functionally inde-

pendent on discharge.

Acute central diabetes insipidus (CDI) was defined as

polyuria (urine output >4 mL/kg/h for children <70 kg;

>300 mL/h for adult size children C70 kg) for at least 2

consecutive hours, hypernatremia (serum Na >145 mmol/

L), high serum osmolality (>300 mOsm/kg), and low

urine osmolality (<300 mOsm/kg) at the time of diagnosis

[22]. Confirmation of CDI was based on symptom reversal

with administration of DDAVP and/or vasopressin.

Infections in sTBI patients were described previously

[23]. Culture positive urinary tract infections (single

organism; C105 colony forming units/mL) were deter-

mined within the first 48 h of admission. Nosocomial

infections recorded were identified by Centers for Disease

Control criteria and included ventilator associated pneu-

monia (http://www.cdc.gov/hai/vap/vap.html), catheter-

associated urinary tract infection (http://www.cdc.gov/

HAI/ca_uti/uti.html), and central line blood stream infec-

tion (http://www.cdc.gov/hai/bsi/bsi.html). Meningitis and

wound infections were confirmed by positive cultures of a

single organism.

Continuous variables were found to deviate considerably

from normality and, hence, medians with interquartile ran-

ges (IQR) were presented. Between-group comparisons

were made using the Mann–Whitney U test. For categorical

variables, the frequencies and percentages were presented,

and between-group comparisons were made using the

Pearson’s Chi square or Fisher’s exact test where appropri-

ate. PICU and hospital LOS and post-discharge destination

were assessed for survivors only. For all analyses, a p value

of <0.05 was considered statistically significant.

Multivariable logistic regression modeling was per-

formed with SAH as the outcome variable. Variables

identified a priori to be assessed for inclusion in the model

were age, gender, ISS, motor vehicle collision, laboratory

results (INR, PTT, and platelets), and associated CT find-

ings (cerebral contusion, edema, DAI, IVH, SDH, EDH,

midline shift, herniation, and ischemia). Variables found to

be significant in univariate analyses at the 0.25 level were

then entered and allowed to be removed from the model at

the 0.10 level in a backward elimination strategy. Sensi-

tivity analyses were performed using different modeling

methods (i.e., forward stepwise logistic regression) [31].

For the forward stepwise method, variables were also

entered at the 0.25 level and removed at the 0.10 level.

A second multivariable logistic regression analysis was

undertaken to determine the association of patient’s

demographics, physiologic variables, neuroimaging

abnormalities, including SAH, and overall injury severity

on mortality, while controlling for the possible confound-

ing effects of these variables on the relationships. Possible

confounders were identified a priori. Variables considered

included age [assessed both as a continuous variable and

dichotomized into adolescent (age 13–17 years) or non-

adolescent (age B12 years)], gender, ISS, hypotension on

arrival to hospital, pre-sedation motor GCS, fixed pupillary

response on hospital admission, SAH, and all other types of

TBI on CT findings. A backward elimination procedure

was utilized in which variables considered a priori to be

clinically important (i.e., ISS, SAH) were forced into the

model. Other variables found to be significant in univariate

analyses at the 0.25 level were then entered and allowed to

be removed from the model at the 0.10 level. Sensitivity

analyses were performed using different modeling methods

(i.e., forward stepwise logistic regression) [31].

For both models, the Hosmer–Lemeshow statistic was

calculated to evaluate model fit, and the C statistic was

calculated to evaluate the predictive accuracy of our

logistic regression model. Multi-collinearity was assessed

with a correlation coefficient analysis, and variables were

removed with strong collinearity. The final models were

used to determine the estimated odds (OR) of SAH and

mortality, respectively, for each variable, adjusted for

confounders. All analyses were performed using IBM�

SPSS� Statistics Version 21 (IBM Corporation, Armonk,

NY).

Results

A total of 818 pediatric severe trauma patients were

screened, with 180 patients meeting the sTBI study
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inclusion criteria (GCS B8 and MAIS C4). Of those 180

sTBI patients, 171 had an admission head CT available for

review. SAH was found in 42 % (n = 71/171) of sTBI

patients.

The admission head CTs were compared for additional

abnormalities in those sTBI patients with and without SAH

(Table 1). Patients who had SAH on initial head CT were

also found to have a greater number of imaging signs

suggestive of worse injury, including skull fractures

(p < 0.001), cerebral edema (p = 0.015), contusion

(p = 0.007), DAI (p < 0.001), and IVH (p < 0.001).

When comparing the admission demographics and

injury variables between sTBI patients with and without

SAH, there were no differences between the age, sex, and

weight of the patients (Table 2). A total of 20 patients were

abused/assaulted, with 18 patient cases defined as shaken

baby. There were also no differences in etiologies between

sTBI patients with and without SAH. The only significant

findings between groups were higher ISS (p = 0.032) and

more frequent fixed pupil(s) on admission (p = 0.001) in

the sTBI patients with SAH (Table 2) .

A comparison of admission laboratory values in patients

with and without SAH (Table 3) showed that both partial

thromboplastin time (PTT) and international normalized

ratio (INR) were significantly higher in SAH patients

(p = 0.003 and p = 0.017, respectively), with platelets

significantly lower with a median of 153 in the SAH group

(vs. 210.5; p = 0.005). The other laboratory values did not

differ between the SAH and no SAH groups (Table 3).

Severe TBI patients with SAH were more likely to receive

an ICP monitor and ICP lowering therapies including man-

nitol, hypertonic saline, decompressive craniectomy, and

thiopental coma (p < 0.05; Table 4). Additionally, SAH

patients received more transfusions, including both PRBC and

other blood products (p < 0.05). Administration of DDAVP/

vasopressin, as treatment for acute CDI, was also used more

frequently in those sTBI patients with SAH (p = 0.002).

Patients enrolled in the therapeutic hypothermia trial were

randomized similarly between sTBI patients with and without

SAH (Table 4).

The outcomes for sTBI patients with and without SAH

are presented in Table 5. Patients with SAH had increased

rates of mortality, acute CDI, and infection (p < 0.01).

Fewer ventilator-free days were documented in sTBI

Table 1 Admission head CT abnormalities in pediatric sTBI patients

with and without SAH

Variable With SAH

(n = 71)

Without SAH

(n = 100)

p value

Skull fracture 41 (58) 28 (28) <0.001

Cerebral edema 41 (58) 39 (39) 0.015

Contusion 31 (44) 24 (24) 0.007

Diffuse axonal injury 28 (39) 15 (15) <0.001

Intraventricular hemorrhage 27 (38) 13 (13) <0.001

Subdural hemorrhage 37 (52) 41 (41) 0.151

Epidural hemorrhage 8 (11) 8 (8) 0.483

Herniation 8 (11) 9 (9) 0.625

Ischemia 8 (11) 9 (9) 0.625

Midline shift 12 (17) 19 (19) 0.726

Data presented as n (%)

Table 2 Comparison of demographic and admission criteria in

pediatric sTBI patients with and without SAH

Variable With SAH

(n = 71)

Without SAH

(n = 100)

p value

Age (years) 15 (6–17) 12 (5–16) 0.161

Weight (kg) 55 (22–73) 45 (20–70) 0.249

Male [n (%)] 44 (62) 65 (65) 0.685

Etiology [n (%)] 0.107

MVC 60 (85) 69 (69)

Falls 5 (7) 11 (11)

Abuse/assault 4 (6) 16 (16)

Other 2 (3) 4 (4)

Injury Severity Score 38 (29–45) 32.5 (26–43) 0.032

Injury profile

MAIS head 5 (5–5) 5 (5–5) 0.909

MAIS neck 2 (2–3) 2 (2–2) 0.500

MAIS face 2 (1–2) 2 (1–2) 0.918

MAIS chest 3 (3–4) 4 (3–4) 0.744

MAIS abdomen 2 (2–3) 2 (2–4) 0.542

MAIS extremities 3 (2–3) 3 (2–2) 0.754

MAIS external 1 (1–1) 1 (1–1) 0.731

Glasgow Coma Scale 4 (3–7) 5 (3–7) 0.066

Fixed pupil(s) [n (%)] 31 (44) 20 (20) 0.001

Hypotension [n (%)] 15 (21) 23 (23) 0.772

Data presented as median (IQR) unless otherwise stated

Table 3 Comparison of admission laboratory values in patients with

SAH and without SAH

Variable With SAH

(n = 71)

Without SAH

(n = 100)

p value

PTT (s) 36 (30–43) 31 (28–40) 0.017

INR ([PTt/PTn]ISI) 1.4 (1.2–1.8) 1.2 (1.1–1.4) 0.003

Platelets (*109/L) 153 (99–250) 211 (155–281) 0.005

Creatinine (lmol/L) 63 (53–79) 59 (43–74) 0.083

Glucose (mmol/L) 10.2 (8.4–13.9) 9.5 (7.4–12.8) 0.213

Albumin (g/L) 32 (23–39) 35 (28–38) 0.378

Urea (mmol/L) 4.3 (3.7–5.1) 4.5 (3.8–5.4) 0.774

Hemoglobin (g/L) 102 (80–124) 101 (87–121) 0.775

Magnesium (mmol/L) 0.68 (0.64–0.78) 0.69 (0.64–0.82) 0.864

PTT partial thromboplastin time, INR international normalized ratio
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patients with SAH (p = 0.001). For sTBI survivors, those

with SAH had significantly greater PICU and hospital LOS

(p < 0.001; Table 5). Patients with SAH were less likely

to be discharged home and more likely to be sent to a

chronic rehabilitation center (p = 0.004).

The first multivariate logistic regression modeling ana-

lysis was conducted to examine the association of patient

and injury variables with SAH in this group of sTBI

patients (Table 6). Our sensitivity analysis revealed the two

nearly identical models with both forward stepwise and

backward elimination, with no multi-collinearity of the

variables evident in either model. The strength of associ-

ation for all variables was very similar in both models. The

only difference in the models was SDH that was statisti-

cally associated with SAH in the forward entry regression

(p = 0.049 vs. 0.060). This model was selected as it had

slightly improved model performance in classifying

outcome. For the model performance evaluation, a test of

the full model against a constant only model was statisti-

cally significant, indicating that the predictor variables

reliably distinguished between patients with or without

SAH (Omnibus test of model coefficients, X5
2 = 41.43,

p < 0.001). A good fit of the model was achieved (Hosmer

and Lemeshow X7
2 = 9.17, p = 0.241) with overall clas-

sification success of mortality at 73 % for the final model.

The C statistic was 0.780, indicating fair predictive accu-

racy of our model. The Wald criterion demonstrated that

SAH was significantly associated with fixed pupillary

response (OR 2.48, p = 0.020), cerebral contusion (OR

3.32, p = 0.002), DAI (OR 3.56, p = 0.003), IVH (OR

3.08, p = 0.010), and SDH (OR 2.09; p = 0.049).

The unadjusted OR of SAH on mortality was 2.46

(p = 0.010). The results of the second multivariable

logistic regression are presented in Table 7. Review of the

correlation coefficient matrix did not reveal any multi-

collinearity between the variables in the final model. The

same final model was achieved with a forward stepwise

procedure as with backward elimination. There was no

evidence of a lack of fit (Hosmer and Lemeshow

Table 4 Interventions in pediatric sTBI patients with and without

SAH

Intervention (%) With SAH

(n = 71)

Without SAH

(n = 100)

p value

Mannitol 39 (55) 33 (33) 0.004

Hypertonic saline 35 (49) 24 (24) 0.001

Thiopental coma 13 (18) 7 (7) 0.023

Decompressive craniectomy 17 (24) 8 (8) 0.004

PRBC transfusion 40 (56) 38 (38) 0.018

Other transfusion 38 (54) 27 (27) 0.001

DDAVP/vasopressina 24 (34) 14 (14) 0.002

ICP monitor 34 (48) 29 (29) 0.012

Therapeutic hypothermia 6 (9) 7 (7) 0.724

Data are presented as n (%)

PRBC packed red blood cells
a Specifically used to treat central diabetes insipidus [24]

Table 5 Pediatric sTBI patient outcomes in patients with and without SAH

Variable With SAH (n = 71) Without SAH (n = 100) p value

Mortality rate [n (%)] 27 (38) 20 (20) 0.009

Acute CDI [n (%)] 21 (30) 11 (10) 0.002

Infection [n (%)] 20 (28) 10 (10) 0.002

Ventilator free days [median (IQR)] 15.0 (0–21) 24.5 (17–27) 0.001

Survivors only With SAH (n = 44) Without SAH (n = 80) p value

PICU LOS days [median (IQR)] 11 (7–16) 5 (3–9) <0.001

Hospital LOS days [median (IQR)] 31.5 (18–47) 15 (7–32) <0.001

Discharged to [n (%)] 0.004

Home 21 (48) 59 (74)

Acute care 4 (9) 8 (10)

Chronic rehabilitation 19 (43) 13 (16)

CDI central diabetes insipidus, PICU pediatric intensive care unit, LOS length of stay

Table 6 Multivariate logistic regression of pediatric sTBI admission

and imaging variables with SAH as the outcome variable

Variable Beta SE OR 95 % CI p value

Cerebral contusiona 1.199 0.388 3.32 1.55–7.10 0.002

DAIa 1.269 0.428 3.56 1.54–8.22 0.003

IVHa 1.124 0.437 3.08 1.31–7.25 0.010

Fixed pupils 0.909 0.391 2.48 1.15–5.35 0.020

SDHa 0.735 0.373 2.09 1.00–4.34 0.049

Constant beta (SE) = -1.936 (0.372)
a Findings on initial head CT, acquired within the first 24 h of PICU

admission
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X8
2 = 2.59, p = 0.958), with an overall classification suc-

cess of mortality at 94 % for the final model. The C

statistic was 0.989, indicating excellent predictive accuracy

of our model. CDI (OR 282.42, p < 0.001), fixed pupillary

response (OR 34.51, p = 0.001), pre-sedation motor GCS

(OR 0.18, p = 0.006), ischemia (OR 28.69, p = 0.006),

and hypotension upon hospital arrival (OR 11.91,

p = 0.027) were found to be significantly associated with

mortality. However, after adjusting for other characteristics

in the model, there was no evidence of a difference in

mortality between those with and without SAH (OR 1.04,

p = 0.969).

Discussion

We investigated SAH incidence, associated factors, and its

relationship to outcome in pediatric sTBI patients. Our data

showed that SAH was a frequent finding in 42 % sTBI

patients, and while reflective of TBI severity failed to be

independently associated with mortality. To our knowl-

edge, this study is the first to specifically analyze SAH in

pediatric sTBI.

Head CT imaging is critical in the acute evaluation of

sTBI, and identified abnormalities have been used previ-

ously to predict outcome in both pediatrics [3–5] and adults

[20, 32]. Multiple adult studies have demonstrated SAH to

be a prognosticator of poor outcome after sTBI [19, 33–

35]; however, only one pediatric study had examined this

relationship [8]. SAH was shown to be an independent

predictor of mortality in a large cohort of 753 adult sTBI

patients [32]. Furthermore, adding SAH to the prognostic

performance of the Marshall CT classification was shown

to further assist in predicting outcome in moderate to

severe TBI patients aged 15–65 [20]. While the IMPACT

(Independent Mission for Prognosis and Analysis of Clin-

ical Trials in sTBI) database indicated that age was the

single most important predictive factor, followed by GCS

motor score and pupil reactivity, addition of the Marshall

CT classification, and SAH provided further independent

predictive information [21]. The CRASH (Corticosteroid

Randomization After Severe Head Injury) study investi-

gated 10,008 adult patients and found SAH to be an

independent prognostic indicator, and included SAH in

there prognostic online tool with GCS, age, pupil reactiv-

ity, major extra cranial injury, and four additional CT

findings [36].

Prognostic studies for pediatric sTBI are generally

lacking [9, 10, 37], with some studies focusing specifically

on head CT imaging [3, 4]. The use of neuroimaging in

predicting poor outcome of pediatric sTBI patients has

included the Marshall CT classification, which does not

incorporate SAH [3]. To our knowledge, only one pediatric

sTBI study included SAH, together with other clinical

factors, to predict poor functioning on a dichotomized

Glasgow Outcome Scale [8]. This latter study failed to find

an independent association between SAH and functional

outcome after sTBI but suffered from a limited patient

number relative to the number of variables investigated.

Laboratory values are infrequently included in sTBI

prognostic evaluation; however, they have been shown to

assist in determining patient outcome [21, 24, 38, 39].

Traumatic brain injury has been shown to increase risk of

coagulation abnormalities [39–44], which can lead to

progressive hemorrhagic injury [45, 46] and poorer out-

comes [39, 41, 44]. Our data showed that coagulation

factors including PTT, INR, and platelets were signifi-

cantly worse in the sTBI patients with SAH. However,

upon regression analysis, the coagulation variables were

not independently associated with SAH. SAH was inde-

pendently associated with fixed pupils, contusion, DAI,

IVH, and SDH.

Adult studies have generally demonstrated an indepen-

dent association between SAH with TBI outcomes [19, 33,

34]. One study investigated the clinical significance of

SAH on initial head CT in 819 TBI patients and found

SAH to be correlated with worse outcome [33]. Others

investigated 750 adult patients from the European Brain

Table 7 Multivariate logistic regression of pediatric sTBI variables and their impact on mortality

Variable Beta SE OR 95 % CI p value

Central diabetes insipidus 5.643 1.528 282.417 14.128–5645.463 <0.001

Absent pupillary reflex(s) 3.541 1.048 34.506 4.422–269.264 0.001

Ischemiaa 3.356 1.221 28.686 2.622–313.795 0.006

Glasgow Coma Score (motor) -1.711 0.622 0.181 0.053–0.612 0.006

Hypotension 2.477 1.124 11.909 1.316–107.754 0.027

Injury Severity Score 0.062 0.042 1.064 0.981–1.155 0.134

Subarachnoid hemorrhagea 0.036 0.927 1.037 0.168–6.384 0.969

Constant beta (SE) = -4.325 (2.02)
a Findings on initial head CT, acquired within the first 24 h of PICU admission
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Injury Consortium and found SAH to be independently

associated with lower GCS and increased mortality [19].

This latter study also reported that the distribution of SAH

on head CT was not associated with outcome.

Our data suggested that the presence of SAH reflects

worse TBI, but it is not independently associated with

mortality. Increased TBI severity in the SAH cohort is

illustrated by the increased number of patients with fixed

pupils, the greater number of abnormalities found on initial

head CT and the larger number of interventions provided.

Additionally, sTBI patients with SAH also suffered

increased complications (infections and CDI), had a greater

LOS, and had a worse disposition on discharge. Despite a

greater percentage of deaths in the SAH cohort, SAH was

not independently associated with mortality. Similar to

previous studies, mortality was independently associated

with motor GCS, absent pupillary reflex, hypotension, and

ischemia on initial head CT [8, 9, 21, 24, 25].

In our study, sTBI patients with SAH were more likely

to develop acute CDI [22]. The presence of SAH has been

reported to be associated with pituitary dysfunction [47]. In

a population of adults who required neurocritical care for

CDI, 41 % of cases were secondary to SAH and in those

with sTBI, SAH was associated with impending brain

death and mortality [48]. Although traumatic SAH and

acute CDI may be associated merely because of their

shared relationship with more severe brain injury, SAH-

induced vasospasm may place patients at higher risk of

CDI through neurohypophyseal ischemic injury [49].

There is no clear consensus on the pathophysiology of

SAH in sTBI. Adult studies have shown that SAH results in

cerebral vasospasm leading to ischemia [14–16, 50], versus

SAH being solely a marker of increase TBI severity [11,

19, 51]. Vasospasm has been shown to occur in pediatric

sTBI patients in one study; however, the vasospasm was

not shown to be specifically secondary to SAH [18]. The

relationship between SAH and vasospasm in children

remains unknown.

Our study has limitations. First, ours was a retrospective

single center study. Nonetheless, we believe our data to be

relevant for other Level 1 trauma centers, as we used strict

inclusion criteria for sTBI. Second, there was a risk of

missed data; however, we minimized this possibility by

using our provincially mandated, quality-controlled trauma

registry to capture most data points. Third, we did not

differentiate either the anatomical location of SAH [35], or

the maximal thickness of subarachnoid blood [52]. Using a

SAH, CT grading scale could help predict outcome at time

of discharge but would require a greater number of sTBI

patients to investigate [35, 53]. Fourth, our study cannot

control for clinician bias and whether or not they were

more likely to treat a patient based on initial head CT

findings. Finally, we used mortality as the primary outcome

and discharge destination as a surrogate for functional

outcome in survivors. Future studies should attempt to

include larger patient populations with functional outcome

scoring (i.e., Glasgow Outcome Score and/or Pediatric

Cerebral Performance Category) at defined times (i.e.,

6 months post-discharge).

Conclusion

We report that SAH was a frequent finding after pediatric

sTBI, occurring in almost half of the patients. SAH was

associated with worse sTBI short-term outcomes on uni-

variate analyses, but it was not independently associated

with mortality on multivariate analysis. The presence of

SAH may be predictive of outcomes in sTBI survivors,

including longer recovery times and worse functional out-

comes. Future prospective investigations should utilize an

SAH grading system in a larger cohort of pediatric sTBI

patients and incorporate functional outcome scoring at

defined periods. In addition, the potential relationship

between SAH and cerebral vasospasm should be delineated.
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