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Abstract

Background

Anaemia is common among patients with TBI, and it might contribute to the development of secondary
brain injury. However, the impact of anaemia on outcome among TBI patients remains controversial. The
aim of this study was to investigate the association between acute anaemia and short-term neurological

outcome and mortality among patients with moderate to severe TBI.

Methods

The retrospective cohort study included all successive patients admitted to Tampere University Hospital
emergency department with moderate to severe TBI between August 2010 and July 2012. Information of
patient demographics, trauma-related characteristics and post-traumatic care was collected, including all
in-hospital haemoglobin (Hb) values. Hb concentration below 100 g/L at any point during the
hospitalisation was defined as severe anaemia. The main outcome variable was the Glasgow Outcome Scale
(GOS) at hospital discharge, dichotomized as poor (GOS 1 to 3) and good (GOS 4 to 5) outcome. The

secondary outcome variables were mortality rates at 3, 6 and 12 months after TBI.

Results

145 patients with moderate to severe TBI met the inclusion criteria. Severe anaemia was detected in 45.5%.
In univariate analyses, severe anaemia was associated with poor unfavourable functional outcome at
hospital discharge (83.3% vs 55.6%, p<0.001), and higher 3-month, 6-month and 12-month mortality rates
(28.8% vs 13.9%, p=0.028; 30.3% vs 16.5%, p=0.048; 36.4% vs 17.7%, p=0.011, respectively). In
multivariable analysis, severe anaemia was independently associated with unfavourable functional

outcome (OR 4.06, 95% ClI 1.54—10.72, p=0.005), but not with higher long-term mortality.

Conclusion



Among patients with moderate to severe TBI, severe anaemia with an Hb level below 100 g/L during

hospitalisation was independently associated with unfavourable functional outcome at hospital discharge.



Introduction

Background

Anaemia is common after acute traumatic brain injury (TBI), affecting approximately a half of the patients
during hospitalisation 2. Oxygen content of blood is highly dependent on haemoglobin concentration, so
diminished haemoglobin (Hb) levels might contribute to the development of secondary brain injury by
reducing the oxygen carrying capacity of circulating blood and thus predisposing the injured brain to
hypoxia *#. Reduced brain tissue oxygen tension has been associated with poorer outcome among patients

with TBI in several studies >.

Despite this association between low brain oxygen and poor outcome, the impact of anaemia on outcome
of TBI patients remains unclear and prior study results are contradictory. In a relatively recent, large
retrospective study, the initial and lowest measured Hb during hospitalisation were independently
associated with poor outcome in TBI 8. Additionally, Griesdale and colleagues demonstrated in their work
that an increased area and time index of Hb above 90 g/L was associated with improved neurological
outcomes °. In addition, in an animal study by Hare and others, severe haemodilutional anaemia increased
cerebral contusion area and promoted cell death °. However, in a retrospective study of Carlson and
colleagues, no association between anaemia and mortality was detected, and on the contrary, more days of
haematocrit under 30% were associated with better neurological outcome . In another large,
retrospective study of 1150 patients, a logistic regression analysis including both anaemia and red blood
cell transfusions (RBCTs) indicated that only transfusions were associated with higher mortality and more
complications 2. Also, in a recent, large, randomised clinical trial comparing restrictive (Hb 70 g/L) and
liberal (Hb 100 g/L) RBCT thresholds among anaemic patients with TBI, no statistically significant difference
in outcomes between the lower and higher Hb groups was detected 2. In another recently published
randomised clinical trial including patients with acute brain injury (TBI, subarachnoid haemorrhage, or

intracerebral haemorrhage), liberal RBCT threshold (90 g/L) was associated with a better neurological



outcome compared to a restrictive RBCT threshold (70 g/L), but in a subgroup analysis of patients with TBI,
no statistically significant association was found 4. Although the difference did not reach statistical
significance, both studies indicated a trend towards improved neurological outcomes with higher
transfusion thresholds. The lack of unequivocal benefit from RBCTs might reflect either the independent

negative impact of RBCTs or the relatively minor role of anaemia in the outcome.

Study Obijectives

The aim of this study was to investigate the association of acute anaemia with short-term gross
neurological outcome and 3-month, 6-month and 12-month mortality among patients hospitalised for
moderate to severe TBI. Our hypothesis was that severe anaemia with an Hb level below 100 g/L would be

associated with poorer Glasgow Outcome Scale (GOS) at hospital discharge and higher long-term mortality.



Methods

Study design and setting

This retrospective cohort study was conducted between August 2010 and July 2012 in Tampere University
Hospital, a tertiary care hospital providing demanding specialised care for nearly 1,000,000 inhabitants of

52 municipalities located in western Finland. The same study population is part of the Tampere Head and

Brain Injury Study and was used in our previous study that investigated the incidence and associated

factors of anaemia in TBI patients 2.

The study included all successive patients admitted to the Tampere University Hospital’'s emergency
department who underwent head CT imaging for head trauma. The World Health Organization’s (WHQO’s)
Collaborating Centre for Neurotrauma Task Force on Mild Traumatic Brain Injury definition from 2004 *°
was applied to determine the minimum criteria for TBI. Classification into moderate and severe TBI was
made using The Department of Veterans Affairs/Department of Defence (VA/DOD) guideline’s definition 6.
In addition, the following exclusion criteria were applied: 1) no traumatic intracranial lesions in primary CT,
2) age below 18 years on the date of trauma, 3) length of stay in the university hospital less than 48 hours
for any reason or 4) withdrawal of life-sustaining care after the first assessment in the emergency

department.

Main Variables and Data Sources

Data were acquired from medical records and the Tampere Traumatic Head and Brain Injury Study
database retrospectively. Patients or their representatives were not directly contacted. The main study
variables comprised patient demographics, injury-related information, and major comorbidities (e.qg.,
chronic cardiovascular, pulmonary, kidney or liver diseases). All the head CT scans were interpreted and

coded by a neuroradiologist in compliance with the Common Data Elements by the National Institute of
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Neurological Disorders and Stroke *’. Also, information of major neurosurgical operations (including
craniotomy, hemicraniectomy, trepanation and repair of skull fractures), number of RBCTs, duration of

intensive care unit (ICU) and ward admissions and information on discharge institutions were collected.

Severe anaemia was defined as Hb level below 100 g/L at any point during hospitalisation. Despite the
evidence of the safety of lower RBCT transfusion thresholds in general critical care population®*®, Hb
concentration 100 g/L has traditionally been the threshold for RBCTs in neurocritical care *2°, and applied as
a liberal transfusion threshold in recent randomised clinical trials *2122, reflecting the clinical impact of this

Hb level.

Every in-hospital haemoglobin value with corresponding time label was collected until hospital discharge,
interinstitutional transfer, death, or for the maximum of 30 days. To reflect the clinical setting, Hb values
from both blood count samples and arterial blood gas analysis samples were regarded. Main outcome
variable was GOS at hospital discharge, dichotomised into poor (GOS 1 to 3) and good (GOS 4 to 5)

outcome %, Secondary outcome variables were 3-month, 6-month and 12-month mortality rates.

Statistical Methods

Variable distributions were determined with the Kolmogorov-Smirnov and Shapiro-Wilk test. Mean with SD
and median with IQR were used with normally and non-normally distributed variables, respectively. An
independent-samples t-test was performed for normally distributed and Mann-Whitney U-test for non-

normally distributed variables. A chi-square test was used for categorical variables.

To evaluate the independent role of severe anaemia in neurological outcome, a multivariable analysis with
binary logistic regression was performed. Variables in the multivariable analysis were chosen based on
clinical relevance and included age, gender, comorbidity, presence of extracranial traumas, haemoglobin

level below 100 g/L and presence of three or more different TBI lesion types in the primary head CT as a



11

surrogate for more severe, diffuse TBI (either epidural haematoma, subdural haematoma, traumatic

subarachnoid haemorrhage, intracerebral contusions/haemorrhage, or diffuse axonal injury lesions). To
investigate the impact of RBCTs on the outcome and survival, a similar multivariable analysis with binary
logistic regression was performed including age, gender, comorbidity, presence of extracranial traumas,

RBCTs, and the presence of three or more different TBI lesion types in the primary head CT.

IBM SPSS Statistics (Armonk, New York, USA) versions 27, 28 and 29 were used for statistical analysis. For

all analyses, a p value of <0.05 was considered statistically significant.

Study Ethics

The original Tampere Traumatic Head and Brain Injury Study was approved by the Ethical Committee of
Pirkanmaa Hospital District, Tampere, Finland (ethics code: R10027). Approval from institutional ethics and
research board was also obtained. Due to a retrospective, medical record-based study protocol, written

informed consent from the patients was not required for this additional data search.
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Results

Study Population

A total of 3022 patients underwent head CT scanning in the emergency department for head trauma during
the study period (August 2010 to July 2012). Of all the scanned head injury patients, 266 had moderate to
severe TBI. After applying the exclusion criteria, 145 patients were included in the study. The flowchart of

the study sample is presented in Figure 1.

Descriptive Data

Of the 145 patients included in the study, 121 (83.4%) were male. The mean age was 55.0 years (SD 17.5).
Seventy-four (51.0%) had long-term comorbidity, of which 66 (45.5%) had cardiovascular comorbidities and
26 (17.9%) had antithrombotic medication. Antithrombotic medication was significantly associated with
severe anaemia (27.3% vs 14.2%, p=0.007). Twenty-two patients (15.2%) had a prior TBI, of which 13 (9.0%)
had recurrent head injury during the study period. Isolated TBI was diagnosed in 117 (80.7%), and 131
(90.3%) were admitted to the ICU. The median length of stay (LOS) in the ICU was 2 days (IQR = 1 to 5 days)
and in tertiary care hospital 6 days (4 to 10 days). Severe anaemia (Hb <100 g/L at any point during
hospitalisation) was detected in 66 (45.5%) patients, of which 7 (10.6%) had anaemia at admission, the rest
developed an Hb decrease during the hospitalisation. The median of the lowest Hb among anaemic
patients was 91 (85—95) g/L and among non-anaemic patients 116 (108—127) g/L, p<0.001. During the
hospital stay, 57 (86.4%) of the severely anaemic patients and 6 (7.6%) of the non-anaemic patients
received RBCTs. The median number of received RBCT units was 3.0 (IQR = 2.0—5.0). Patient demographics

are presented in Table 1. The data were complete for all patients for all variables included in the study.
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Outcome Data

Based on the dichotomised GOS, functional outcome at hospital discharge was poorer among anaemic
patients: GOS 1 to 3 was observed in 55 (83.3%) anaemic patients and in 44 (55.7%) non-anaemic patients
(p<0.001). Severe anaemia was also associated with higher 3-month, 6-month and 12-month mortality
rates and longer LOS both in the ICU and in the hospital, as summarised in Table 2. The distribution of the

lowest measured Hb value and GOS at the hospital discharge is demonstrated in Figure 2.

In the multivariable analysis, severe anaemia was independently associated with unfavourable neurological
outcome at hospital discharge, in addition to older age and more diffuse TBI, as presented in detail in Table
3. In other multivariable models, anaemia did not reach a statistically significant association with 3-month,
6-month or 12-month mortality. The detailed results of the multivariable analysis of mortality are

presented in the supplementary material (Supplementary tables 1a-c).

The results of the analysis with RBCTs were similar to the results for anaemia and are presented in the

supplementary material (Supplementary tables 2a and 2b).
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Discussion

In this study, severe anaemia with an Hb level below 100 g/L was independently associated with
unfavourable functional outcome at hospital discharge both in univariate and in multivariable analysis. In
addition, although univariate comparisons showed higher mortality at 3, 6, and 12 months in the severe
anaemia group compared with the non-anaemia group, no association between mortality at any time point
and severe anaemia was observed after adjustment in the regression model for age, sex, comorbidity, and

the number of TBI lesions.

The studies investigating the associations between anaemia and outcome among patients with TBI are
difficult to compare due to high heterogeneity in anaemia definition, timing of haemoglobin samples,
differences in TBI severity, different outcome measurements, and multiple other methodological variations.
However, the results of our study are somewhat similar to the results of a methodologically comparable
study by Litofsky and colleagues regarding the association between the lowest measured Hb during the
hospital admission and poor neurological outcome 8. Similarly, Carlson and colleagues reported an
association between the lowest measured haematocrit and a poor short-term outcome in their
retrospective study, although interestingly, persistent anaemia was positively correlated with better
outcomes . This might be partially attributable to survivorship bias: patient who survive longer have
greater opportunity to develop prolonged anaemia, and at the same time, prolonged survival itself is

associated with better outcome.

The development of anaemia in critical iliness is multifactorial, including diminished erythropoietin
production, impaired erythrocyte proliferation, altered iron metabolism, and structural and functional
changes in red blood cells, as well as haemodilution and blood loss due to bleeding and repeated blood
samples 225, In addition, anaemia is also a sign of severe illness and frailty 27, so it seems only natural that
patients with more severe trauma and brain injury, and likely also poorer prognosis, develop anaemia

during acute, critical iliness. The role of anaemia as a surrogate of severe illness might also partly explain
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the lack of association with mortality in multivariable analysis: anaemia participates in secondary brain
injury and thus worsens the neurological outcome, but other factors either overlap or are more prominent
risk factors for short-term mortality. Due to the retrospective nature of our study, the role of bleeding from
extracranial injuries and possible haemodilution in anaemia development is speculative. In the
multivariable analysis, extracranial injuries did not show a statistically significant association with mortality

Or poor prognosis.

In the multivariable analysis, RBCTs were also associated with unfavourable functional outcome. However,
due to the high rate of RBCTs (86.4%) among anaemic patients and the apparent overlapping of the two
groups, it is not possible to distinguish the independent association of RBCTs with the outcome in our
study. In some previous studies, RBCTs have been independently associated with poor outcome %2, but in a
systematic review and meta-analysis by Boutin and colleagues, no association between RBCTs and mortality
was detected 8, Although no randomised, controlled trial has so far shown a statistically significant
improvement in outcome among TBI patients after transfusion of red blood cells 31421.222% 'hoth recent,
large randomised controlled studies suggested the clinical benefit of higher transfusion thresholds 314, In
the study by Oddo and colleagues, anaemia with simultaneous low brain tissue oxygen tension, but not
anaemia alone, was associated with poor neurological outcome at 30 days after the trauma #, which can
partly explain why correcting anaemia with RBCTs might not improve patient outcome unless the markers

of transfusion-responsive brain tissue desaturation are present.

Limitations

Our study has several limitations. Firstly, Given the retrospective, single-centre nature of the study, the
results should be viewed as exploratory, since this design cannot establish causality between severe
anaemia and neurological outcome or mortality. The single-centre, retrospective study design is inherently

prone to bias due to incomplete medical record logging and local treatment practices and modalities, and
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weaken the generalisability of the results. In addition, long-term survival is probably affected by factors
outside the scope of this study, which may partly account for the lack of association in multivariable
analyses. Secondly, the final sample size is relatively small in comparison to some other studies of this same
topic and is possibly underpowered to reliably detect weaker associations. Thirdly, exclusion of patients
with LOS in the hospital of less than 48 h might lead to selection bias by excluding the most severely injured
patients. Lastly, due to the lack of long-term neurological follow-up, no association between anaemia and

long-term neurological outcome can be identified.



Conclusions

Among patients with moderate to severe TBI, severe anaemia with an Hb level below 100 g/L was
independently associated with unfavourable functional outcome. Long-term mortality rates were also
higher among severely anaemic patients in univariate analysis, but the association was not present in the

multivariable analysis.

17
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Table 1. Study population demographics. ED, emergency department; GCS, Glasgow Coma Score; Hb,

haemoglobin; Q, quartile; SD, standard deviation; TBI, traumatic brain injury.

Hb <100 g/L (n=66) Hb >100 g/L (n=79)
n/mean/median  %/(SD)/IQR n/mean/median  %/(SD)/IQR p
Age, years 57.7 (17.6) 52.7 17.2) 0.043
Gender, male 50 75.8 71 89.9 0.023
Major comorbidity, n 42 63.6 32 40.5 0.006
Cardiovascular 35 53.0 21 26.6 0.001
Diabetes 18 27.3 6 7.6 0.001
Pulmonary 7 10.6 10 12.7 0.702
Antithrombotic medication, n 18 27.3 8 14.2 0.007
Previous TBI, n 10 15.2 12 15.2 0.995
GCSinED, n 9 3—13 11 6—13 0.224
GCS <8 19 442 18 32.7 0.246
Extracranial injuries, n 19 28.8 9 11.4 0.008

Requiring surgery 4 6.1 6 7.6 0.717




Table 2. Outcome among severely anaemic (Hb <100 g/L) and non-anaemic TBI patients. Hb,

haemoglobin; ICU, intensive care unit; LOS, length of stay; IQR, interquartile range.

Hb <100 g/L (n=66) Hb >100 g/L (n=79)
n/median %/IQR n/median %/IQR p
LOS in ICU, days 3.0 2.0—75 2.0 1.0—-3.0 <0.001
LOS in hospital, days 8.0 5.0—13.0 5.0 3.0—-8.0 <0.001
3-month mortality, n 19 28.8 11 13.9 0.028
6-month mortality, n 20 30.3 13 16.5 0.048

12-month mortality, n 24 36.4 14 17.7 0.011




Table 3. Association of patient- and trauma-related factors with poor Glasgow Outcome Scale (GOS
1—3) at hospital discharge. The results of multivariable analysis. Hb, haemoglobin; HR, hazard ratio;

OR, Odds ratio; TBI, traumatic brain injury; 95% Cl, 95% confidence interval.

OR 95% Cl p
Age 1.08 1.04—1.12 <0.001
Male gender 0.65 0.17—2.59 0.546

Severe anaemia of Hb <100 g/L 4.06 1.54—-10.72 0.005
Comorbidity 0.63 0.22—1.80 0.389
Extracranial traumas 1.27 0.39—4.10 0.688

3 or more different TBI lesions 4.34 1.60—11.78 0.004




Figure 1. Flowchart of the study. CT, computed tomography; ED, emergency department; LOS, length of

stay; TBI, traumatic brain injury.



Figure 2. Distribution of the lowest measured haemoglobin during hospitalisation
across different Glasgow Outcome Scale groups at hospital discharge or 10 days after
trauma, whichever occurred first. Hb, haemoglobin; GOS, Glasgow Outcome Scale.



