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Abstract

Background Clinical studies have caused blood transfu-

sion practices in critically ill patients to become more

conservative in the last decade. However, few studies have

focused on trauma patients, particularly those with severe

isolated traumatic brain injury.

Methods We conducted a retrospective study to test the

hypothesis that patients with severe brain injury would not

benefit from aggressive red blood cell transfusion (RBCT).

End points of the study were in-hospital mortality and

morbidity (pneumonia, urinary tract infection, deep venous

thrombosis, pulmonary embolus, decubitus ulcer, bactere-

mia, septic shock, myocardial infarction, and seizure).

Included in our retrospective study were patients at two

urban, level I trauma centers who were admitted with a

diagnosis of isolated head injury and with a Glasgow Coma

Scale (GCS) score of 8 or less. We recorded demographic,

interventional, and outcome variables.

Results In 289 patients, 24 of 25 (96%) were transfused if

their lowest recorded intensive care unit (ICU) hemoglobin

level was 8.0 g/dl or less. In contrast, only 9/182 (5%) of

these 289 patients were transfused if the hemoglobin levels

were 10.0 g/dl or greater. In the remaining 82 patients with

lowest ICU hemoglobin levels of 8.0–10.0 g/dl, 52% were

transfused. These 82 patients (43 underwent RBCT and 39

did not) were included in our analysis.

Discussion The overall in-hospital mortality rate was

32%; rates were similar between the two groups (29%,

non-RBCT; 35%, RBCT) (P = 0.64). Likewise, in-hospi-

tal morbidity was similar between groups. Logistic and

proportional hazard regression analyses identified RBCT as

one predictor of mortality.

Conclusions Our results suggest that a restrictive trans-

fusion practice is safe for severely head-injured patients.
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Introduction

The impetus to limit red blood cell transfusion (RBCT) in

the 1980s stemmed primarily from fears of rare but dev-

astating infectious risks such as hepatitis and HIV.

However, a growing body of recent evidence suggests that

(i) RBCT is associated with additional immunomodulatory

and inflammatory risks and (ii) a moderate degree of ane-

mia (with minimum hemoglobin levels of 7–8 g/dl) is

usually well tolerated, even in critically ill patients. Con-

sequently, RBCT guidelines have been published;

transfusion practices have shifted toward less transfusion,

toward transfusion based on clinical need, and toward

lower acceptable hemoglobin (7–8 g/dl) and hematocrit

(21–24%) levels [1].

Less evidence is available detailing the risks and bene-

fits of RBCT in trauma patients, especially those with

severe traumatic brain injury. Only a few large studies have

addressed RBCT in trauma patients, only one of which

focused on patients with severe traumatic brain injury [2].
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The non-profit, New York-based Brain Trauma Foundation

has not published guidelines for RBCT, and traditional

transfusion triggers as outlined in neurosurgery textbooks

(‘‘the 10/30 rule’’: using RBCT to maintain hemoglobin

levels of at least 10 g/dl or a hematocrit of at least 30%)

seem to be more commonly used in brain-injured patients

than in critical care patients in general [3, 4]. In our study,

we tested the hypothesis that patients with severe isolated

traumatic brain injury would not benefit from traditional

aggressive RBCT.

Materials and Methods

The institutional review boards at Hennepin County Med-

ical Center (HCMC, Minneapolis, MN) and North

Memorial Medical Center (NMMC, Robbinsdale, MN)

approved our study. These two level I urban trauma centers

are separated by 4.5 miles. They both admit >85% blunt

trauma and have similar numbers of traumatic brain-

injured patients admitted annually. During the study period

from January 1, 1998, through December 31, 2002, each

institution averaged about 2,000 trauma admissions annu-

ally. Of these admissions, approximately 500 included

traumatic brain-injured patients; 20% of these were severe

with a Glasgow Coma Scale (GCS) score B8.

The clinical practices for treating head injury and

management of intracranial pressure (ICP) are similar

between institutions. These best evidence practices are

based on guidelines first published by the Brain Trauma

Foundation in 1996 and revised once during the study

period in 2000 [5, 6]. The guidelines address the impor-

tance of organized trauma systems, early treatment of

hypotension and hypoxia, antiseizure prophylaxis, indica-

tions for ICP monitoring, treatment of elevated ICP, and

maintenance of cerebral perfusion pressure (CPP) to pre-

vent secondary brain injury (using vasopressors, diuretics,

hypoventilation, and barbiturates), and nutritional support.

The 2000 revision discusses prognostic features of severe

traumatic brain injury [computed tomography (CT) scan

features, pupillary diameter and light reflex, age, and GCS

score], and emphasizes the importance of ICP monitoring.

Note that these guidelines do not address RBCT in the

treatment of traumatic brain injury. Neither hospital has

formal transfusion protocols; however, one institution has

liberal indications for RBCT for trauma patients (minimum

hemoglobin levels in ICU patients are usually maintained

at 10 g/dl) while the other has adopted a more conservative

RBCT practice (patients in the ICU tend not to be trans-

fused until hemoglobin levels fall below 8 g/dl).

First, we queried the trauma registry at each hospital for

patients who were admitted to an ICU from January 1,

1998, through December 31, 2002, who met the following

criteria: (i) they had an isolated traumatic brain injury and

(ii) their admission GCS score was 8 or less. Excluded

from our study were patients who met any of the following

criteria: (i) penetrating brain trauma, (ii) age under18

years, (iii) pregnancy at the time of their injury, (iv) history

of chronic anemia, or (v) death within 72 h after admission.

Data extracted from each trauma registry included patient

age and gender, date of admission, admission GCS score,

head and neck abbreviated injury scale score (AIS), injury

severity score (ISS), Marshall head CT score, and admis-

sion blood alcohol level (BAL). Isolated traumatic brain

injury was defined by excluding patients with any non-head

and neck AIS of >2 or a sum non-head and neck AIS > 3.

We calculated GCS score, ISS, and Marshall Head CT

score as previously described [7–12].

After we identified our study patients from each trauma

registry, we retrospectively reviewed their medical records

with regard to the following additional variables: hospital

length of stay (HLOS), ICU length of stay (ICULOS), lowest

recorded hemoglobin and sodium levels while in the ICU,

and type of intracranial injury (subdural hematoma, epidural

hematoma, subarachnoid hemorrhage, or intraventricular

hemorrhage). We recorded interventions, including trans-

fusion of blood products, surgery, tracheostomy, and ICP

management. We calculated total units of RBCT during their

hospital admission. As detailed above, transfusion practices

differed between institutions but neither hospital used

transfusion protocols during the time period of this study. We

reviewed the medical record for patient in-hospital mortality

and morbidity. Specifically, we recorded the diagnosis of

pneumonia, urinary tract infection (UTI), deep venous

thrombosis (DVT), pulmonary embolus (PE), decubitus

ulcer, bacteremia, septic shock, myocardial infarction (MI),

and seizure. We noted any prophylactic measure adminis-

tered for DVT. For our final analysis, we focused on patients

with the greatest variability in RBCT patterns which corre-

sponded to patients with a lowest recorded ICU blood

hemoglobin level of C8.0 and <10.0 g/dl.

Data Analysis

We calculated and evaluated means, standard deviations,

and normality for all continuous and discrete variables,

which are presented as mean ± standard deviation. Cate-

gorical variables are presented as totals with percentage

calculated. To compare continuous and discrete variables,

we used a Wilcoxon Two Sample Test; categorical vari-

ables, a Fisher’s Exact Test. A P value of B0.05 defined

significance. We created a univariate and multivariate

regression analysis model to assess predictors of mortality.

After examining correlations among variables, we incor-

porated into our model age, gender, motor GCS score, total
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GCS score, admission BAL, head and neck AIS score, ISS,

presence of subarachnoid hemorrhage (SAH), minimum

ICU sodium level, minimum ICU hemoglobin level,

packed red blood cell (PRBC) transfusion, and develop-

ment of any complication. Last, we performed a Cox

proportional hazard regression using these same variables

to assess predictors of mortality. All statistics were per-

formed with SPSS 11 for Macintosh (SPSS, Chicago, IL).

Results

From January 1, 1998, through December 31, 2002, a total

of 289 patients treated at the two level I trauma centers met

our study criteria described above. Figure 1 shows that in

289 patients, 24 of 25 (96%) were transfused if their lowest

recorded intensive care unit (ICU) hemoglobin level was

8.0 g/dl or less. In contrast, only 9 of 182 (5%) of these 289

patients were transfused if the hemoglobin levels were

10.0 g/dl or greater. In the remaining 82 patients with

lowest ICU hemoglobin levels of 8.0–10.0 g/dl, 52% were

transfused. Of these 82 patients 43 underwent at least 1

RBCT and 39 did not. We included these 82 patients in our

final analysis because the transfusion practices in this

group showed the most variability. The number of patients

included, excluded, and stratified based on injury, hemo-

globin level, and RBCT are illustrated in Fig. 2.

Patient characteristics are summarized in Table 1. The

RBCT and non-RBCT groups were similar in age, male-to-

female ratio, admission BAL, ISS, Marshall head CT score,

and prevalence of subdural hemorrhage, epidural hemor-

rhage, intraventricular hemorrhage, and SAH. Differences

between the two groups included a lower minimum ICU

blood hemoglobin level and a lower admission GCS motor

score in the RBCT group.

The type and frequency of interventions for the two

groups are shown in Table 2. The mean HLOS for study

patients was 15.4 days. RBCT patients had a longer ICU-

LOS, but not a longer HLOS. RBCT patients were also

more frequently transfused with fresh frozen plasma (FFP)

and underwent surgery, ventriculostomy placement, and

tracheostomy placement more frequently than non-RBCT

patients. All study patients were treated with vasopressors

similarly.

The overall in-hospital mortality rate was 32%. Mor-

tality rates were similar between the two groups (29%, non-

RBCT; 35%, RBCT) (P = 0.64). Mortality rates did not

differ significantly between the two hospitals. Additionally,

we found little difference in the overall in-hospital mor-

bidity—the rates of pneumonia, UTI, decubitus ulcer,

bacteremia, systemic inflammatory response syndrome,

myocardial infarction, and seizure activity were similar.

The rate of DVT was higher in patients who were trans-

fused with PRBC (24%, RBCT; 6%, non-RBCT)

(P = 0.03), but the two groups had similar rates of pul-

monary embolus. Outcome data are summarized in Table 3

Fig. 1 Red blood cell transfusion patterns in 289 patients with

isolated traumatic brain injury based on lowest recorded ICU

hemoglobin level. Ninety-six percent (24/25) of patients were

transfused if their lowest hemoglobin level was 8.0 g/dl or less. In

contrast, only 5% (9/182) of these 289 patients were transfused if the

hemoglobin levels were 10.0 g/dl or greater. In the remaining 82

patients with lowest ICU hemoglobin levels of 8.0–10.0 g/dl, 52%

were transfused. RBCT, red blood cell transfusion

ICU Traumatic Head Injury Admissions 
447

Excluded: 
GCS score > 8  

                                                                                              or any AIS > 2 or sum AIS > 3 (92) 
       Age < 18 years (36) 
       Penetrating head trauma (8) 
       Chronic anemia (3) 
       Missing data (17) 
       Other (2) 

Total Severe Isolated Head Injury 
289

Excluded: 
      Hgb > 10.0 g/dL (182) 

       Hgb < 8.0 g/dL (25) 

Lowest ICU Hemoglobin Level 
8.0 to 10.0 g/dL 

82

Non-RBCT Group                                     RBCT Group 
39 43

Included: 
Isolated head trauma 
Admitted to ICU 
Survived at least 72 hours

Fig. 2 Establishment of a cohort of trauma patients for analysis. ICU,

intensive care unit; GCS, Glasgow Coma Scale; AIS, abbreviated

injury score (non-head and neck); Hgb, hemoglobin; RBCT, red blood

cell transfusion
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and thromboembolic prophylactic measures are shown in

Table 4.

In all 82 patients combined, our univariate and multi-

variate regression analyses revealed that the best predictors

of mortality were (i) older age (P = 0.0469), (ii) motor

GCS score (P = 0.0045), (iii) higher admission BAL

(P = 0.0397), and (iv) lowest recorded ICU sodium level

(P = 0.0190). Similarly, Cox proportional hazard regres-

sion identified these same variables and also revealed

Table 1 Patient characteristics

Note: RBCT, red blood cell

transfusion; BAL, blood alcohol

level; CT, computed

tomography; ICU, intensive

care unit; GCS, Glasgow Coma

Scale

Variable Non-RBCT group

(n = 39)

RBCT group

(n = 43)

P value

Age (years) 54.6 ± 23.9 52.6 ± 19.5 0.69

Gender (male/female) 22/13 32/14 0.64

Admission BAL (g/dl) 0.09 ± 0.12 0.09 ± 0.11 0.97

Abbreviated injury score, head and neck 4.77 ± 0.54 4.88 ± 0.50 0.34

Injury severity score 23.5 ± 4.5 25.0 ± 3.3 0.12

Marshall head CT score 5.2 ± 1.7 5.4 ± 1.4 0.47

Type of intracranial hemorrhage

Subdural 66% 76% 0.33

Epidural 17% 13% 0.75

Subarachnoid 31% 41% 0.49

Intraventricular 11% 20% 0.38

Lowest ICU hemoglobin (g/dl) 9.2 ± 0.6 8.6 ± 0.5 <0.001

Lowest ICU sodium (mEq/ml) 135 ± 5 134 ± 5 0.92

Admission GCS score 5.5 ± 2.4 4.2 ± 1.7 0.013

Eye 1.3 ± 0.7 1.1 ± 0.4 0.19

Verbal 1.1 ± 0.4 1.1 ± 0.3 0.44

Motor 3.1 ± 1.7 2.1 ± 1.5 0.010

Table 2 Interventions

Non-RBCT

group (n = 39)

RBCT

group (n = 43)

P value

Blood products transfused

PRBC (units) 0 2.8 ± 1.6 <0.001

FFP (units) 0.6 ± 1.5 1.6 ± 3.1 0.046

ICULOS (days) 11.0 ± 8.6 16.7 ± 12.2 0.02

HLOS (days) 13.0 ± 9.9 17.1 ± 11.7 0.09

ICP treatment 69% 83% 0.19

3% saline 23% 39% 0.15

Mannitol 31% 50% 0.12

Pressors 17% 39% 0.07

Propofol 54% 65% 0.36

Paralytics 0% 22% 0.004

Barbiturates 0% 9% 0.13

Surgery (%) 54% 87% 0.002

Ventriculostomy (%) 31% 56% 0.04

Tracheostomy (%) 14% 50% 0.001

Note: RBCT, red blood cell transfusion; PRBC, packed red blood

cells; FFP, fresh frozen plasma; ICULOS, intensive care unit length of

stay; HLOS, hospital length of stay; ICP, intracranial pressure

Table 3 Outcomes

Non-RBCT group

(%) (n = 39)

RBCT group

(%) (n = 43)

P value

In-hospital mortality 29 35 0.64

In-hospital morbidity 69 85 0.11

Pneumonia 31 30 1.00

UTI 11 11 1.00

Bacteremia 9 4 0.65

Sepsis 6 2 0.58

Decubitus ulcer 0 7 0.26

Myocardial infarction 3 0 0.43

Seizure 3 7 0.63

DVT 6 24 0.03

Pulmonary embolus 0 2 1.00

Note: RBCT, red blood cell transfusion; UTI, urinary tract infection;

DVT, deep venous thrombosis

Table 4 Prophylactic measures

Non-RBCT group

(%) (n = 39)

RBCT group

(%) (n = 43)

P value

DVT prophylaxis 86 89 0.74

TEDS 34 76 <0.001

SCD 83 87 0.75

Heparin 9 20 0.22

Low molecular

weight heparin

14 17 0.77

Note: RBCT, red blood cell transfusion; DVT, deep venous throm-

bosis; TEDS, thromboembolic deterrent stockings; SCD, sequential

compression device
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RBCT (P = 0.0463) and development of any complication

(P = 0.0015) as predictors of mortality (Table 5).

Discussion

In our study, two groups of patients with severe traumatic

brain injury had similar outcomes whether or not they

underwent RBCT. Specifically, in patients whose lowest

ICU hemoglobin level was between 8.0 and 10.0 g/dl,

RBCT did not appear to alter the mortality rate. Our

multivariate and Cox proportional hazard regression mod-

els demonstrated that the lowest measured ICU

hemoglobin level was not predictive of mortality. Carlson

et al. [2] showed that traumatic brain-injured patients tol-

erate persistent anemia (defined as multiple days with a

hematocrit level less than 30%). In their review of 169

patients, linear regression analysis showed that patients

who had more days with a hematocrit less than 30% had

slightly better neurologic outcomes as measured by dis-

charge and follow-up neurologic scores. Furthermore,

transfusion was associated with significantly lower out-

come scores at discharge. This review is the only one

currently that specifically examined anemia and transfusion

thresholds in traumatic brain-injured patients.

A number of large trials have investigated transfusion

practices, risks, and benefits in critical care patients. The

results have gradually effected a paradigm shift toward

more conservative transfusion practices. The Transfusion

Requirements in Critical Care (TRICC) trail randomized

838 patients to a restrictive (target hemoglobin, 7.0–9.0 g/

dl) or liberal (target hemoglobin, 10.0–12.0 g/dl) transfu-

sion strategy [13]. Survival tended to be higher in the

restrictive group, but the difference did not reach statistical

significance. However, a clear survival benefit for less

transfusion was demonstrated in a subset of younger and

healthier patients.

An earlier study by the same TRICC group showed that

survival, as measured by an adjusted odds ratio, decreased

in proportion to the volume of blood transfused for nearly

4,500 critically ill patients [14]. However, that study sug-

gested that patients with cardiac disease or high APACHE

(acute physiology and chronic health evaluation) scores do

not tolerate anemia as well as other patients.

The CRIT study prospectively examined nearly 4,900

patients [15]. Aside from demonstrating that the number of

RBCTs was an independent predictor for worse clinical

outcome, the study showed that practitioners have been

reluctant to adopt selective and restrictive transfusion

protocols. These results are mirrored in a multicenter

European study of 3,500 patients [16].

Subset analyses of both the TRICC and the CRIT trials

for trauma patients have been published [17, 18]. The

TRICC subset analysis included 203 resuscitated critically

ill trauma patients (about 25% had head injuries). As with

the parent TRICC study, mortality rates were no better in

the liberal RBCT group than in the restrictive transfusion

group.

The CRIT subset analysis included examination of 576

trauma patients (but excluded those admitted to neurosci-

ence ICUs). Over half of the patients were transfused, but

tended to remain anemic despite RBCT. Also, transfused

patients tended to have longer ICULOS and HLOS,

although illness severity was not controlled.

We found RBCT to be an independent predictor of

mortality using our Cox proportional hazard regression

Table 5 Logistic and Cox proportional hazard regression results

Variable Univariate

P value

Multivariate analysis Cox univariate

P value

Cox multivariate analysis

Retained

(Y/N)

P value Retained

(Y/N)

P value

Age 0.0668 Y 0.0469 0.1000 Y 0.0258

Gender 0.9951 N NS 0.8006 N NS

Admission GCS score, motor 0.3035 Y 0.0045 0.3998 Y 0.0163

Admission GCS score, total 0.8900 N NS 0.9391 N NS

Admission BAL 0.0379 Y 0.0397 0.0334 Y 0.0030

Abbreviated injury score, head and neck 0.5876 N NS 0.9848 N NS

Injury severity score 0.4384 N NS 0.8012 N NS

Subarachnoid hemorrhage 0.2457 N NS 0.3858 N NS

Lowest ICU sodium 0.1103 N 0.0190 0.0053 Y 0.0103

Lowest ICU hemoglobin 0.8412 Y NS 0.9726 N NS

RBCT 0.4703 N NS 0.9834 Y 0.0463

Any complication 0.0237 N NS 0.0009 Y 0.0015

Note: GCS, Glasgow Coma Scale; BAL, blood alcohol level; ICU, intensive care unit; RBCT, red blood cell transfusion; NS, not significant
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model; our finding echoes previously cited studies.

Immunomodulatory effects of RBCT have been impli-

cated as a significant risk and may, in part, explain the

association between transfusion and poorer outcome [19].

Moore et al. [20] found that, in 513 trauma patients, early

transfusion had a dose-dependent association with the

development of multiple organ dysfunction, likely due to

proinflammatory mediators contained in cellular blood

products. In victims of head trauma, injured brain astro-

cytes may be particularly sensitive to inflammatory

mediators. Reactive astrocytosis (the process by which a

glial scar is formed) peaks at 4 days post-injury, then

tapers over the next 2–3 weeks; it is often associated with

astrocyte swelling (vasogenic edema). It has been

hypothesized that both reactive astrocytosis and vasogenic

edema are upregulated by interleukin-6 and tumor necro-

sis factor-a, which are in turn upregulated with RBCT

[21].

The goal in treating patients with severe traumatic brain

injury is to limit secondary brain injury by decreasing

intracranial pressure and increasing CPP, thus minimizing

further brain ischemia [22–25]. The traumatically injured

brain is thought to be particularly susceptible to injury

from hypoperfusion and hypoxia and neuronal vulnera-

bility to ischemia has been well documented. A commonly

cited reason for transfusing such patients is to increase

oxygen delivery to injured tissue. However, the cerebral

response to RBCT is not predictable and uniform. Studies

measuring brain tissue partial pressure of oxygen (PbtO2)

in brain-injured patients show that most PbtO2 values

increase after RBCT, but the effects are transient; some

patients actually experience a drop in PbtO2. Furthermore,

PbtO2 measurements have little correlation with hemo-

globin levels [26, 27]. Similar studies in other critical care

patient populations have documented a lack of the

expected increase in local tissue oxygen delivery after

RBCT [28, 29].

In addition to an incomplete understanding of cerebral

physiology and healing after trauma, the microvascular

response to injury and transfusion is poorly characterized.

Cerebral blood flow (CBF) is dependent on CPP, blood

viscosity, and vessel caliber. Transfusion increases blood

viscosity and may limit CBF. Two studies have examined

outcomes after nontraumatic aneurysmal SAH, but the

results are conflicting. Smith et al. [30] demonstrated that

transfusion was associated with worse outcomes in 441

patients undergoing surgery for ruptured aneurysms and

SAH. In the patients who underwent RBCT, angiographic

vasospasm was observed more frequently. In contrast,

Naidech et al. [31] found no association between transfu-

sion and poor outcome (after correction for injury severity)

and no correlation between transfusion and vasospasm in

103 aneurysmal SAH patients.

In our study, Cox proportional hazard regression anal-

ysis revealed that the development of in-hospital

complications was the best predictor of mortality. Age,

motor GCS score, admission BAL, and minimum ICU

sodium level were also strong predictors of mortality. The

correlation between mortality and RBCT was weaker but

still statistically significant. This correlation might argue

against routine RBCT for patients with traumatic brain

injury, especially for lowest recorded hemoglobin levels

>10 g/dl. Similar risk factors have been described in other

studies [32]. Additionally, in our study, patients who

underwent RBCT were apparently more likely to develop

DVT, despite similar prophylactic measures. Although this

complication may be a surrogate marker for a slightly

sicker patient population, it is also suggestive of another

potential risk with transfusion. In a recent large observa-

tional study of perioperative allogenic transfusion, venous

thromboembolism was associated with transfusion in

women [33]. Alternatively, longer ICULOS and higher use

of paralytic drugs in the RBCT group may contribute to a

higher DVD rate.

Certainly, our study has limitations. Although the RBCT

and non-RBCT groups were well-matched in terms of head

and neck AIS, ISS, Marshall head CT score, and type of

injury, the motor portion of the GCS score was signifi-

cantly lower in the RBCT group. Patients in the RBCT

group were more likely to undergo ventriculostomy and

surgery; thus this group may have represented slightly

sicker patients. The bias toward a slightly sicker group

undergoing RBCT suggests that transfusion may have

helped these patients achieve an outcome similar to that of

less sick patients. However, our regression analysis argues

against this possibility. We did not have data available for

post-procedural blood loss or the temporal relationship

between procedures and RBCT, so it is difficult to know if

an increased rate of procedures and surgery in the trans-

fused group contributed to anemia. Second, we were

unable to collect neurologic outcome data in the survivors,

which would have allowed examination of longer-term

affects of RBCT similar to Carlson et al’s study [2]. Third,

the management of traumatic brain injury has undergone

changes since the completion of this study including

increased use of ICP monitors, PbtO2 monitoring, and

substitution of hypertonic saline for mannitol (although

there are no formal guidelines for the use of PbtO2 moni-

tors or hypertonic saline). Finally, given the retrospective

methodology and relatively small sample size, this study

may be underpowered to detect small differences between

groups.

Our results suggest that in the acute setting it is safe to

use a lower RBCT threshold in patients with anemia and

severe isolated traumatic brain injury. A more powerful

prospective study to determine optimal blood transfusion
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thresholds, benefits, and risks in patients with severe

traumatic brain injury is warranted.
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