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ORIGINAL ARTICLE

Relationship between quality-of-life after 1-year follow-up and severity of
traumatic brain injury assessed by computerized tomography

Miguel Angel Prieto-Palomino1, Emilio Curiel-Balsera1, Maria Dolores Arias-Verdú1, Monica Delange-Van Der Kroft2,
Alfonso Muñoz-López1, Juan Francisco Fernández-Ortega1, Guillermo Quesada-García1, Emilio Sanchez-Cantalejo3,
& Ricardo Rivera-Fernández 4

1IBIMA, Intensive Care Unit, Hospital Regional Universitario, Málaga, Spain, 2Intensive Care Unit, Hospital Comarcal de la Axarquia, Velez-Málaga,
Málaga, Spain, 3Escuela Andaluza de Salud Pública, Instituto de Investigación Biosanitaria de Granada (Granada.ibs), CIBERESP, Madrid, Spain, and
4Intensive Care Unit, Hospital de la Serranía de Ronda, Málaga, Spain

Abstract

Purpose: This paper studies the relationship between computed tomography (CT) scan on
admission, according to Marshall’s tomographic classification, and quality-of-life (QoL) after 1
year in patients admitted to the Intensive Care Unit (ICU) with traumatic brain injury (TBI).
Methods: This study used validated scales including the Glasgow Outcome Scale and the
PAECC (Project for the Epidemiologic Analysis of Critical Care Patients) QoL questionnaire.
Results: We enrolled 531 patients. After 1 year, 171 patients (32.2%) had died (missing data
= 6.6%). Good recovery was seen in 22.7% of the patients, while 20% presented moderate
disability. The PAECC score after 1 year was 9.43 ± 8.72 points (high deterioration). Patients
with diffuse injury I had a mean of 5.08 points vs 7.82 in those with diffuse injury II, 11.76
in those with diffuse injury III and 19.29 in those with diffuse injury IV (p < 0.001).
Multivariate analysis found that QoL after 1 year was associated with CT Marshall classifica-
tion, depth of coma, age, length of stay, spinal injury and tracheostomy.
Conclusions: Patients with TBI had a high mortality rate 1 year after admission, deterioration in
QoL and significant impairment of functional status, although more than 40% were normal or
self-sufficient. QoL after 1 year was strongly related to cranial CT findings on admission.
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Background

Traumatic brain injury (TBI) is a major cause of death
among young Europeans [1]. Evaluating results according
to mortality provides incomplete information, because mor-
tality does not include the impact that TBI can have in the
long-term, with other aspects such as social, emotional and
physical capacity being of great importance. Many pub-
lished articles have measured functional outcomes
(Glasgow Outcome Scale (GOS)/Extended Glasgow
Outcome Scale (GOSE)) [2–4], productivity or return to
work and other aspects [5–7], but most studies assessing
outcomes in patients with TBI used the GOS or mortality
as the prediction end-points. Although there have been a
substantial number of studies of quality-of-life (QoL) after
TBI over the past few years, fewer papers address the issue
of QoL of patients with TBI in the long-term, despite the
fact that TBI is widely recognized as a major cause of
disability in young people in developed countries and sev-
eral aspects remain to be addressed.

Patients with TBI routinely undergo computed tomo-
graphy (CT) on admission for evaluation and manage-
ment. In 1991, Marshall et al. [8] classified patients into
six groups based on cranial CT findings. This classifica-
tion categorizes the extensive information provided by
cranial CT and its use has become widespread to describe
radiologic findings and to study the relationship of these
findings to other aspects such as severity and outcome.
The association between lesions found on CT and mortal-
ity is widely known and has been documented in many
studies [3,8–11], as well as the association with other
factors such as the initial Glasgow Coma Scale (GCS),
APACHE II, ISS. The association between the Marshall
CT classification and mortality and functional outcomes
has been described extensively in the literature [3,11–13],
but the relationship between cranial CT findings and QoL
has been poorly studied.

A study by Temkin et al. [12] examined the QoL of
patients with TBI after 3–5 years using the Marshall CT
classification at admission. However, this aspect was not
examined in great depth, as the pool of 209 patients included
in the study had low severity, with a mean GCS of 12.1.

Recently, Forslund et al. [13] carried out a study involving
a sample of 91 patients with moderate-to-severe TBI. Their
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results showed poorer QoL at 2 years in patients who had
more serious findings on cranial CT during the first 24 hours
after admission. These authors used a modified Marshall
classification, which reduces the traditional six categories to
just two.

There are a lack of studies involving large samples of
intensive care unit (ICU) patients with TBI examining the
relationship between the lesions seen at admission on CT and
the QoL these patients in the medium- and long-term. If such a
relationship is demonstrated, it would contribute to identifying
groups of patients with an unfavourable course in order to plan
specific treatments and improve the outcome of these patients.

The objective of this study was to analyse the relationship
between QoL and intracranial lesions on admission according
to the Marshall classification, providing a detailed study of
this relationship and of the QoL aspects examined.

Materials and methods

A prospective cohort study was carried out of all patients with
TBI admitted consecutively to the ICU of the Regional
Hospital of Malaga between 2004–2008. The study was
approved by the Ethics Committee of the hospital and met
the legal guarantee for confidentiality of information. The
inclusion criteria were: patients diagnosed with TBI at the
time of ICU admission. The exclusion criteria were: (i)
patients younger than 14 years old and (ii) patients having
severe psychiatric disorders.

Patients were treated according to the clinical guidelines in
use at the time of admission. This study recorded demographic
and clinical variables, different severity scores (APACHE II,
APACHE III, SAPS II, ISS), days of mechanical ventilation
and length of stay in the ICU.

The CT scans obtained on admission, which were per-
formed by the radiologist on duty, were studied. Depending
on the radiologist’s report and whether the patient had under-
gone surgery soon after admission, lesions were classified into
one of the six categories of the Marshall’s classification
(Appendix 2), where the lesions are classified as Diffuse injury
type I (less severe) to type IV (most severe), Surgically evac-
uated lesion as type V and > 25 cm3 not surgically evacuated
lesion as type VI. This classification was performed by ICU
doctors with substantial experience in assessing and treating
this type of patient. In those cases where the radiological
report, along with the advice of the staff involved in the
study, was not enough to determine the category of the lesions,
radiologists were consulted to ensure a correct classification
according to the Marshall scale.

We also analysed hospital mortality, functional outcome
after 1 year according to the GOS, and QoL using the PAEEC
questionnaire for critically ill patients. This study assessed the
functional status with the GOS prior to admission, but did not
study QoL prior to ICU admission. The information was
collected at ICU admission.

The PAEEC, a specific questionnaire for critical care
patients designed and validated by our group [14], includes
15 items and analyses three dimensions: daily physiological
activities (four items, 0–9 points), normal activities of daily
living including physical, social and work activities (eight
items, 0–15 points) and emotional state (three items, 0–5

points). Appendix 1 provides a detailed list of the items
addressed. The overall score ranges from 0 points (best
QoL) to 29 points (worst QoL). The questionnaire can be
used to explore baseline QoL status during the 2 months
before its admission and its internal consistency was vali-
dated, giving a Cronbach’s alpha of 0.85. The questionnaire
showed high inter-observer (Spearman’s correlation = 0.92)
and intra-observer (0.92) reproducibility, high reproducibility
between patients and family members (0.92) and high repro-
ducibility between telephone and direct interviews (0.96).
Analysis of the convergent validity demonstrated that, when
the GOS-assessed QoL worsened, there was also a statisti-
cally significant worsening in the mean scores of the scale
and the three sub-scales. The responsiveness of the survey
was also evaluated and showed an adequate capacity to detect
changes [14]. The adequate performance of the questionnaire
was confirmed in the assessment of a different critical care
population by other authors [15]. These authors studied the
validity by dividing the study population, according to their
pre-ICU health status, between those with acute or chronic
disease and those who were healthy before their ICU admis-
sion, finding significant differences between the groups in the
overall score and the three sub-scale scores.

Several ICU doctors who took part in this project assessed
the QoL of the patients. Work sessions were carried out to
plan the working methods, unify criteria and address queries
and issues relating to the QoL surveys. If the patient was
unable to respond to the questionnaire due to functional
limitations, the closest relative with whom they lived was
asked to reply on their behalf by telephone or personal inter-
view. After 1 year from admission, there were few patients
classified by GOS with ‘vegetative state’, so it was agreed to
give them the highest score in the emotional sub-scale items
so they could reach a high enough value of total score to be
included in the statistical analysis. Data were collected from
questionnaires specifically designed for this purpose and sub-
sequently entered into a database designed in PSPP.

This study used the same questionnaire as used previously
with large groups of patients, 429 of which were patients with
TBI. An earlier version of the scale was used to assess
polytraumatized patients 2 years after ICU admission [16].
This team, as well as other authors, has used the second
version of the QoL questionnaire [17–21].

To help the reader interpret the survey scores, it is believed
that scores seen in other studies may be useful. Thus, the
scores in the validation study [14] were 0.95 ± 1.62 points for
patients without disability, 5.2 ± 2.73 points in the patients
classified with ‘disability but self-sufficient’ and 11.29 ± 4.38
points in those patients classified as ‘not self-sufficient’. In a
multi-centre study [19] in which the QoL was analysed prior
to admission, the score was 3.74 ± 4.42 points.

Data were expressed as the mean and standard deviation
for quantitative variables and percentages for qualitative vari-
ables. The median and interquartile range for quantitative
variables was used, where appropriate. The Student t-test
was used to compare means between two categories. An
ANOVA was performed to compare means between more
than two categories and the Newman-Keuls test was then
applied if there were statistically significant differences. The
Chi-square or Fisher’s exact test were used to compare
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proportions; the Pearson correlation coefficient was used to
evaluate the association between two quantitative variables.
Multivariate analysis was performed using multiple linear
regression and binary logistic regression. Dummy variables
were created in the categorical variables with more than two
categories. Regression models were checked by examining
residuals. GNU PSPP Statistical Analysis Software (http://
www.gnu.org/software/pspp/get.html)—version 0.7.9—was
used to analyse the data. A p-value < 0.05 was considered
significant.

Results

This study included 531 adult patients consecutively admitted
to the ICU for TBI. The mean age was 40.35 ± 19.75 years.
Table I shows the characteristics of the study population.
After 1 year of admission, 35 patients were lost from the
study (6.6%). One hundred and seventy-one patients died
during the time of the study (32.2% of 531 patients included
at admission or 34.5% of 496 patients followed after 1 year):
133 in the ICU (25% of 531 patients), 19 in the hospital but
outside the ICU (hospital mortality 28.6%) and 19 outside the
hospital during the follow up.

The patients who died in hospital were older (47.07 ±
21.41 vs 37.65 ± 18.39 years; p < 0.001), had greater severity
assessed according to the APACHE II (23.71 ± 6.23 vs 15.63
± 5.82 points, p < 0.001), higher ISS (36.43 ± 18.12 vs 25.35
± 13.73, p < 0.001) and greater depth of coma on hospital
admission (5.17 ± 3.01 vs 8.47 ± 3.71 points, p < 0.001).
Hospital mortality was higher among women and there was a

significant relationship with the morphological lesion
observed on CT at admission, assessed using the Marshall
tomographic classification: the mortality of patients with
diffuse injury I was 5.5% vs 68.2% with diffuse injury IV
(Table II).

Multiple logistic regression analysis showed that hospital
mortality was related to the APACHE II score (OR = 1.127
[1.071–1.186]), age (OR = 1.027 [1.012–1.042]), ISS (OR =
1.03 [1.011–1.050]), GCS on admission (OR = 0.875 [0.791–
0.969]) and the CT lesion at admission according to the
Marshall classification: Diffuse injury type I (OR = 1),
Diffuse injury type II (OR = 1.425 [0.319–6.363]), Diffuse
injury type III (OR = 4.137 [1.002–17.074]), Diffuse injury
type IV (OR = 15.637 [3.353–72.919]), Evacuated mass
lesion (OR = 6.907 [1.622–29.41]) and Non-evacuated mass
lesion (OR = 19.953 [3.834–103.831]).

This study monitored the patients for 1 year after
admission and assessed their functional status using the
GOS: 22.7% presented good recovery and 20% presented
moderate disability, representing 65.3% of the 325
patients who survived after 1 year and were evaluated
(35 missing). Of the patients 57.3% had a poor evolution
(Died: 34.5%, Vegetative: 3%, Severe disability: 19.8%).
A total of 99.3% of the patients showed no disability or
moderate disability on admission.

The evaluation of QoL using the PAECC questionnaire
provided a mean score of 9.43 ± 8.72 points after 1 year,
which translates into a high deterioration in QoL (0 points
is the best score and 29 the worst level of QoL). Similar
results were observed with the three sub-scales of the

Table I. Characteristics of the study population.

Total (n = 531) Survival after 1 year (n = 325)

Age 40.35 ± 19.75 (22,35,56) 35.87 ±17.44(21,31,50)
GCS at admissiona 7.53 ± 3.83 (4,7,10) 8.32 ± 3.64 (6,7,11)
APACHE II 17.94 ± 6.97 (13,17,23) 15.46 ± 5.68 (12,15,19)
APACHE III 59.87 ± 26.39 (39,57,78) 49.74 ±20.36(35,48,61)
SAPS II 38.73 ± 15.39 (27,37,50) 32.42 ±11.96(24,32,40)
ISS 28.52 ± 15.91 (14,27,38) 26.10 ±13.69(14,26,35)
ICU stay 10.27 ± 11.23 (2,6,15) 12.70 ± 12.79 (3,7,18)
Days of mechanical ventilation 6.76 ± 8.08 (1,3,10) 7.93 ± 9.27 (1,4,13)
Gender
Male (n, %) 443 (83.4%) 281 (86.5%)
Female (n, %) 88 (16.6%) 44 (13.5%)

CT at admissionb

Diffuse injury type I (n, %) 55 (10.4%) 49 (15.1%)
Diffuse injury type II (n, %) 149 (28.1%) 115 (35.4%)
Diffuse injury type III (n, %) 130 (24.5%) 82 (25.2%)
Diffuse injury type IV (n, %) 44 (8.3%) 14 (4.3%)
Evacuated mass lesion (n, %) 120 (22.6%) 58 (17.8%)
Non-evacuated mass lesion (n, %) 33 (6.2%) 7 (2.2%)

Spinal injuryc

Yes (n, %) 24 (4.5%) 14 (4.3%)
No (n, %) 507 (95.5%) 311 (95.7%)

GOS before injuryd

Normal 509 (95.9%) 312 (96%)
Moderate disability 18 (3.4%) 11 (3.4%)
Severe disability 4 (0.8%) 2 (0.6%)

* Quantitative variables are expressed as mean ± standard deviation (25th percentile, median, 75th percentile).
a Glasgow Coma Scale at admission.
b Injury assessed at admission according to Marshall’s tomographic classification.
c Spinal injury with spinal canal lesion.
d Glasgow Outcome Scale before injury assessed at admission and coded as: ‘Normal’ and ‘Moderate Disability, Severe disability or Vegetative’.
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survey (basic physiological functions, activities of daily
living and subjective aspects).

The QoL scores in the GOS categories after 1 year
were: 28.73 ± 0.46 points in the vegetative patients,
17.03 ± 6.12 in those with severe disability, 8.29 ± 4.06
in those with moderate disability and 1.27 ± 2.04 in those
with good recovery (p < 0.001 by ANOVA, differences
between all groups according to the Newman-Keuls Test).
The QoL score after 1 year was associated with age (r =
0.24, p < 0.001), APACHE II (r = 0.308, p < 0.001), GOS
at admission (r = –0.303, p < 0.001), length of stay in the
ICU (r = 0.379, p < 0.001), and tracheostomy (Table III).

Table IV shows the association between the QoL and the
CT classification (ANOVA, p < 0.001) and the differences
between groups. In diffuse injuries the QoL score increased
with the severity of the injury. In Diffuse injury type I the
score was 5.08 ± 5.49 and in Diffuse injury type IV it was
19.29 ± 6.92 points. The score improved in the ‘evacuated
mass lesions’ category in relation to category IV. The corre-
lation between the total QoL score after 1 year and the
Marshall classification was studied, but only in diffuse injury
categories (I, II, III and IV) (n = 259), and a Pearson correla-
tion coefficient was obtained of 0.398 (p < 0.001).

Using multiple linear regression, the relationship
between the total QoL score after 1 year (dependent vari-
able) and the GCS (B coefficient = –0.49 ± 0.13, Beta
coefficient = –0.206, p < 0.001) was studied, with the
Marshall classification introduced into the multivariate
analysis as a dummy variable. The results showed:
Reference category (Diffuse injury type I), Diffuse injury
type II (B = 1.80 ± 1.39, Beta = 0.099, p = 0.197),
Diffuse injury type III (B = 4.83 ± 1.54, Beta = 0.241,

p = 0.002), Diffuse injury type IV (B = 10.99 ± 2.59, Beta
= 0.257, p < 0.001), Evacuated mass lesion (B = 4.03 ±
1.58; Beta = 0.177, p = 0.011) and Non-evacuated mass
lesion (B = 8.78 ± 3.25, Beta = 0.146, p = 0.007). The R2

of this model was 0.166 and, for the model with only the
Marshall classification as an independent variable, the R2

was 0.130. The multivariate analysis showed that the
Marshall classification complements the information pro-
vided by the GCS.

Table V provides detailed information about the QoL of all
patients evaluated after 1 year and its association with the
lesions observed on CT at admission. In general, as the state
of the cranial CT worsened, the number of patients showing
normality in the different items of the questionnaire
decreased. After 1 year, 54.8% (95% Confidence Interval
[CI] = 49–60%) of the patients had normal oral communica-
tion; 93.9% in those with diffuse injury type I, 36.6% with
diffuse injury III and 0% with diffuse injury IV. For the other
three items (feeding, urine and defecation control) normal
scores were observed in ~ 80% of patients; 90% in those
with diffuse injury I and less than 60% in those with diffuse
injury IV.

Regarding the second sub-scale, 70.2% (90% CI =
65–75%) were able to sustain normal social relationships
and similar rates were obtained regarding performing preci-
sion movements and tolerating minimal effort. Although tol-
erance of major effort was normal in 35.1% (95% CI =
30–40%) of the patients, only 28.3% (95% CI = 23–33%)
had returned to normal work activities after 1 year. The rate
of normality in all items of this second sub-scale decreased
with worsening CT lesions on admission, as was the case with
the first sub-scale.

Table II. Relationship between hospital mortality and qualitative variables.

Mortality p

Gender 0.011
Women (n = 88) 39.8%
Men (n = 443) 26.4%

GCS at Admission recodeda < 0.001
≥ 9 points (n = 172) 12.2%
≤ 8 points (n = 359) 36.5%

CT at admissionb < 0.001
Diffuse injury type I (n = 55) 5.5%
Diffuse injury type II (n = 149) 8.1%
Diffuse injury type III (n = 130) 31.5%
Diffuse injury type IV (n = 44) 68.2%
Evacuated mass lesion (n = 120) 36.7%
Non-evacuated mass lesion (n = 33) 66.7%

Tracheostomy < 0.001
Yes (n = 145) 17.2%
No (n = 386) 32.9%

Spinal injuryc 0.325
Yes (n = 24) 37.5%
No (n = 507) 28.2%

GOS before injuryd 0.284
Normal (n = 509) 28.9%
Moderate disability (n = 18) 16.7%
Severe disability (n = 4) 50%

a Glasgow Coma Scale at admission recoded.
b Injury assessed at admission according to Marshall’s tomographic classification.
c Spinal injury with spinal canal lesion.
d Glasgow Outcome Scale before injury assessed at admission and coded as: ‘Normal’ and ‘Moderate Disability, Severe
disability or Vegetative’.
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The third sub-scale observed that, although these patients
sometimes recovered their functional capacities, their subjec-
tive aspects were severely affected. This is important, even in
patients with TBI who need ICU admission but have very few
visible lesions on cranial CT. This ill state is increased with
the severity of the injuries. There was a low rate of 41% (95%
CI = 36–45%) and 40% (95% CI = 35–45%) in items of
subjective well-being and state of mind, which equated to
61.2% and 55.1% in patients with diffuse lesion type I and
worsened with lesion severity.

Special attention was given to work activity and, in addi-
tion to results shown in Table V, detailed analysis of work
activities showed that, after 1 year, 28.3% (95% CI =
23–33%) of 325 patients evaluated had no difficulties with
work, 4.6% (95% CI = 2.33–6.9%) had difficulties but

worked as before, 10.2% (95% CI = 7–13%) worked only
part-time or changed to a job requiring minimum effort and
56.9% (95% CI = 51–62%) did not work. Of 49 patients with
Diffuse injury type I, 38.3% (95% CI = 25–52%) did not work
and 46.9% (95% CI = 33–61%) had no difficulties with work;
53.9% (95% CI = 43–61%) of 115 patients with Diffuse
injury type II did not work and 33.1% (95% CI = 23–40%)
had no difficulties; 70.7% (95% CI = 61–81%) of 82 patients
with Diffuse injury type III did not work and 13.4% (95% CI
= 6–21%) had no difficulties; 92.9% of 14 patients with
Diffuse injury type IV did not work and 0% had no difficul-
ties; 48.3% of 58 patients with Evacuated mass lesions did not
work and 31% (95% CI = 19–43%) had no difficulties; 71.4%
of seven patients with Non-evacuated mass lesions did not
work and 28.6% had no difficulties (p < 0.05).

Table IV. Relationship between CT scan lesion and quality-of-life after 1 year evaluated using the PAEEC questionnaire (total score and sub-scales).

Type of lesion QoLa Sub-scale-1b Sub-scale-2c Sub-scale-3d

Diffuse injury type I 5.08 ± 5.49 0.47 ± 1.21 3.29 ± 3.62 1.33 ± 1.8
Diffuse injury type II 7.82 ± 7.64 1.26 ± 2.03 4.65 ± 4.36 1.9 ± 1.99
Diffuse injury type III 11.76 ± 8.62 2.24 ± 2.76 6.82 ± 4.75 2.7 ± 1.96
Diffuse injury type IV 19.29 ± 6.92 4.79 ± 3.17 10.79 ± 3.49 3.71 ± 1.38
Evacuated mass lesion 10.07 ± 10.37 2.22 ± 3.24 5.55 ± 5.63 2.29 ± 2.19
Non-evacuated mass lesion 14.14 ± 9.24 3.14 ± 2.86 8.14 ± 5.34 2.86 ± 1.77
Total patients 9.43 ± 8.72 1.75 ± 2.61 5.49 ± 4.86 2.19 ± 2.03

a PAEEC quality-of-life scale. Total score (ANOVA, p < 0.001). Differences between groups by Newman-Keuls test. Differences between diffuse
injury type I and all groups except diffuse injury type II and evacuated mass. Differences between diffuse injury type II and all groups except diffuse
injury type I, type III and evacuated mass. Differences between diffuse injury type III and all groups except diffuse injury type II, evacuated mass and
non-evacuated mass lesion. Differences between diffuse injury type IV and all groups. Differences between evacuated mass lesion and diffuse injury
type IV. Differences between evacuated mass lesion and all groups except diffuse injury type III.

b Sub-scale 1 of PAEEC quality-of-life scale (Basic physiological activities) (ANOVA, p < 0.001). Differences between diffuse injury type IV and all
groups and differences between diffuse injury type I and non-evacuated mass lesion and diffuse injury type IV (Newman-Keuls test).

c Sub-scale 2 of PAEEC quality-of-life scale (Normal daily activities) (ANOVA, p < 0.001). Differences between diffuse injury type IV and all groups
and differences between diffuse injury type I and non-evacuated mass lesion and diffuse injury type IV (Newman-Keuls test).

d Sub-scale 3 of PAEEC quality-of-life scale (Emotional state) (ANOVA, p < 0.001). Differences between diffuse injury type IV and type I and II
(Newman-Keuls test).

Table III. Relationship between quality-of-life score after a year and others variables.

Quality-of-life score
after one year

p

Gender 0.213
Men (n = 281) 9.19 ± 8.47
Women (n = 44) 10.95 ± 10.11

Agea

≤ 45 years (n = 232) 8.42 ± 8.37 < 0.001
45–65 years (n = 67) 11.51 ± 9.03
> 65 years (n = 26) 13.12 ± 9.24

GCS at Admission recodifieda 0.002
> 8 points (n = 105) 7.24 ± 7.38
≤ 8 points (n = 220) 10.48 ± 9.11

Spinal Injuryb 0.01
Yes (n = 14) 15.29 ± 5.90
No (n = 311) 9.17 ± 8.73

Tracheostomy < 0.001
Yes (n = 105) 14.66 ± 9.31
No (n = 220) 6.94 ± 7.20

GOS before injuryc 0.008
No disability (n = 312) 9.17 ± 8.66
Disability (n = 13) 15.69 ± 7.97

a Statistically significant differences between age ≤ 45 years and > 65 years by Newman-Keuls.
b Spinal injury with spinal canal lesion.
c Glasgow Outcome Scale before injury assessed at admission and coded as: ‘Normal’ and ‘Moderate Disability, Severe disability or Vegetative’.
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Table V. Percentage of patients with normality in quality-of-life questionnaire items 1 year after admission to ICU.

Items
Total

(n = 325)
CT1a

(n = 49)
CT2b

(n = 115)
CT3c

(n = 82)
CT4d

(n = 14)
CT ELe

(n = 58)
CT NELf

(n = 7)

Sub-scale1: Basic physiological activities
Oralcommunication*** (%) 54.8% (49–60) 93.9% 60% 36.6% 0% 53.4% 28.6%
(n) 178 46 69 30 0 31 2
Urination control** (%) 79.1% (75–84) 91.8% 83.5% 76.8% 42.9% 72.4% 71.4%

(n) 257 45 96 63 6 42 5
Defecation control* (%) 79.1% (75–83) 91.8% 86.1% 78% 57.1% 77.6% 71.4%
(n) 266 45 99 64 8 45 5
Intake of food*** (%) 80.9% (77–85) 89.8% 87% 75.6% 35.7% 81% 71.4%
(n) 263 44 100 62 5 47 5
Sub-scale II: Normal daily activitie
Movements of precision*** (%) 83.1% (79–87) 100% 89.6% 75.6% 50% 74.1% 85.7%
(n) 270 49 103 62 7 43 6
Tolerance of minor effort*** (%) 71.1% (66–76) 83.7% 78.3% 64.6% 21.4% 67.2% 71.4%
(n) 231 41 90 53 3 39 5
Tolerance of major efforts**(%) 35.1% (30–40) 53.1% 35.7% 26.8% 7.1% 41.4% 0%
(n) 114 26 41 22 1 24 0
Walking** (%) 63.7% (59–69) 71.4% 69.6% 58,5% 21.4% 67.2% 28.6%
(n) 207 35 80 48 3 39 2
Mobility*** (%) 46.5% (41–52) 59.2% 53.9% 32.9% 0% 53.4% 28.6%
(n) 151 29 62 27 0 31 2
Dressing*** (%) 63.2% (58–69) 85.7% 70.4% 52.4% 14.3% 63.8% 28.6%
(n) 207 42 81 43 2 37 2
Work activities** (%) 28.3% (23–33) 46.9% 33.1% 13.4% 0% 31% 28.6%
(n) 92 23 38 11 0 18 2
Social relationships** (%) 70.2% (65–75) 87.8% 76.5% 63.4% 28.6% 65.5% 42.9%
(n) 228 43 88 52 4 38 3
Sub-scale III: Emotional state
Subjective well-being** (%) 40.9% (36–46) 61.2% 45.2% 28% 7.1% 43.1% 28.6%
(n) 133 30 52 23 1 25 2
State of mind** (%) 40% (35–45) 55.1% 48.7% 25.6% 0% 43.1% 14.3%
(n) 130 27 56 21 0 25 1
Vitality* (%) 64.3%(54–69) 85.7% 69.6% 54.9% 35.7% 56.9% 57.1%
(n) 209 42 80 45 5 33 4

a CT1, Diffuse injury I; CT2, Diffuse injury II; CT3, Diffuse injury III; CT4, Diffuse injury IV; CT EL, Evacuated mass lesion; CT NEL, Non-
evacuated mass lesion.

* Statistical significant differences by χ2 (p < 0.05).
** Statistical significant differences by χ2 (p < 0.01).
*** Statistical significant differences by χ2 (p < 0.001).
In the ‘Total patients’ column the figures in parentheses are the 95% confidence interval of patients with normal percentages in the items.
In the column ‘Total’, 95% confidence intervals are shown in brackets.

Table VI. Multivariate analysis by multiple linear regression. Dependent variable: quality-of-life evaluated after 1 year using PAEEC questionnaire.

B coefficient B SE Beta coefficient p

Glasgow Coma Scale –0.45 0.128 –0.188 < 0.001
Age 0.13 0.02 0.269 < 0.001
GOS before injurya 6.22 2.11 0.14 0.003
ICU stay 0.13 0.04 0.187 0.004
Tracheostomy 2.12 1.23 0.114 0.087
Spinal injuryb 6.65 2.03 0.155 0.001
Injury assessed at admission with CT
Diffuse injury type II 1.03 1.24 0.056 0.408
Diffuse injury type III 3.47 1.41 0.173 0.015
Diffuse injury type IV 9.57 2.36 0.223 < 0.001
Evacuated mass lesion 2.99 1.42 0.131 0.036
Non-evacuated mass lesion 4.96 2.93 0.083 0.092
Constant 3.23 1.79

R = 0.604, R2 = 0.365.
a Glasgow Outcome Scale before injury coded as: 0 ‘Normal’, 1 ‘Moderate Disability, Severe disability or Vegetative’.
b Spinal injury with spinal canal lesion.
c Injury assessed on hospital admission according to Marshall’s tomographic classification. This was introduced into the multivariate analysis as a
dummy variable, the reference category being diffuse injury type I.
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Multivariate analysis with multiple linear regression, with
the dependent variable being QoL assessed after 1 year by the
PAEEC questionnaire, found that QoL was associated with
the Marshall CT classification, depth of coma evaluated with
the GCS, age, length of hospital stay, need for tracheostomy,
spinal injury and functional status, as assessed with the GOS.
Table VI shows detailed information about this multivariate
analysis. There was no significant association between the
PAECC and gender, severity according to APACHE II or
the ISS.

Discussion

The findings showed that the outcome for patients with TBI
in terms of mortality and QoL after a 1-year follow-up is
related to CT findings on admission to the ICU, evaluated
using the Marshall classification [8].

The association between lesions found on CT and mortal-
ity is widely known and has been documented in many
studies [3,8–11]. In addition, studies relating CT findings on
admission (evaluated using the Marshall classification) with
functional status assessed with the GOS have been described
previously [22,23]. However, the relationship between CT
scan findings and QoL has been poorly studied, which
explains the reason for this report. Some studies demonstrate
this relationship [12,13], although these deal with patients in
less serious situations than those admitted to the ICU or with
smaller groups of patients or they do not consider and exam-
ine every single category of the Marshall classification or the
relationship between CT and QoL in depth, as has been done
in this study. This study analysed these aspects in a sample of
ICU patients which was large enough to study QoL in most
categories of the Marshall classification. Moreover, the rela-
tionship was studied in an exhaustive manner, to highlight
little known aspects with high impact potential.

This study used the PAEEC questionnaire, specially
designed for critical patients, which has been validated and
used by other authors in ICU patients [15,17,20,21] as well as
by this team [16,19], one of these studies involving a large
sample of 8685 ICU patients, out of which 429 were patients
with TBI. Like other questionnaires [7], this questionnaire
examines physical, physiological and emotional aspects,
which are particularly important in patients with TBI in
whom a cognitive, emotional or physical aftermath has been
observed [24].

This study found that QoL 1 year after admission was
associated with the abnormalities seen on CT scan, with
better outcomes for less severe abnormalities. This study
showed that patients admitted to the ICU with TBI were
still experiencing a significant impact on their QoL 1 year
later, with a mean score of 9.44 (range = 0–29, where 0
points is the best score and 29 points maximum impair-
ment) (Table IV). This represents a significant effect on
QoL. A multi-centre study in Spain in critically ill patients
assessed QoL prior to admission with this scale, finding
that the average pre-QoL was 3.74 points in the 8685
patients evaluated. There were 330 non-operated patients
with TBI, with a mean score of 0.87 points and 99 operated
patients with TBI with an average score of 1.04 points [19].
These results are much lower than those found in this study

after 1 year, which show that after patients with TBI pre-
sent significant deterioration. This study did not measure
QoL prior to admission, but it did study prior functional
status with GOS. Prior to admission, 95.9% of the patients
presented a normal functional status and 1 year after TBI
only 22.7% had a normal functional status or a status
similar to that prior to admission, the remaining patients
having died or presenting dysfunction. When the relation-
ship between QoL and the CT was analysed, differences
were found in the total score and in the three sub-scales
between the categories of the Marshall classification
applied to cranial CT on admission. The patients with
diffuse injury I had a mean of 5.08 points, 7.82 points in
cases with diffuse injury II, 11.76 in patients with diffuse
injury III and 19.29 in those with diffuse injury IV.

This study showed that the lesions observed on CT at
admission evaluated with the Marshall classification, in addi-
tion to being associated with QoL after 1 year, also add to the
prognostic value of the depth of coma assessed with the GCS.

The multivariate analysis (Table VI) showed that the mean
score on the QoL questionnaire after 1 year was 3.47 points
higher in patients with diffuse injury type III than in patients
with diffuse injury type I for similar values of the other
variables included in the multivariate analysis (age, GCS at
admission, tracheostomy, length of ICU stay, etc.). This is
9.58 points higher in patients with diffuse injury type IV than
patients with diffuse injury type I for similar values of the
other variables and 2.99 points higher in patients with evac-
uated mass lesion than diffuse injury type I, etc.

These noticeable differences in QoL between the injuries
found on the first CT show the major influence that these
findings have on their progression. TBI has a direct impact on
mortality during the clinical stay and it also leaves long-
lasting effects closely related to the early-stage findings,
such as on admission. This study demonstrates that there is
a relationship between QoL and CT abnormalities showing
that, after 1 year of having a TBI, those patients diagnosed by
CT with the most severe injuries present the worst QoL and
those patients diagnosed with less severe injuries present a
moderate QoL deterioration.

A previous study [16] conducted in this setting using a
prior version of the QoL questionnaire in polytraumatized
patients showed similarities with the current study. The
authors concluded that QoL after 2 years of follow-up had
deteriorated and was related to age, severity of illness and
previous QoL. The relationship between CT and QoL in
patients with TBI was not examined. The present study,
however, examined this issue and found that the CT evalua-
tion of lesions at admission was strongly related to the QoL of
patients with TBI after 1 year.

Analysis of the items in the three sub-scales of the ques-
tionnaire revealed a decline in the normality score as radi-
ological classification worsened. These data show that the
ability to carry out basic activities of daily living was main-
tained in most patients that survived after 1 year and was only
affected in more severe injuries, except for linguistic abilities,
which were more greatly impaired than the other activities.

This study shows that distinct sub-scales and, therefore,
distinct aspects of the patients QoL are affected by TBI. It
shows that there is a high percentage of patients with less

DOI: 10.3109/02699052.2016.1141434 Qol and CT Scan in TBI 447

D
ow

nl
oa

de
d 

by
 [

H
os

pi
ta

l R
am

on
 Y

 C
aj

al
] 

at
 0

5:
51

 1
2 

M
ay

 2
01

6 



severe injuries that are affected on subjective aspects, on the
competence to perform major efforts and on the work activity.
However, these same patients are not affected to perform
precision movements, minimal efforts, basic activities of
daily living and to develop social relationships. In addition,
the study shows that the increment on the injury severity
correlates with a higher percentage of patients affected for
all the different aspects analysed. These results are consistent
with results in the literature [12,13,25] showing a high per-
centage of patients with less severe lesions affected on sub-
jective aspects and on work activity.

The detailed findings of this study show the evolution of
each of the categories, serving as a reference. Furthermore, it
shows which aspects are more intensely affected and their
specific relationship with CT abnormalities at admission. This
thorough analysis of all the aspects may allow planning the
type of treatment, which treatment is more urgently needed
and for which groups such treatment is necessary. This study
was limited by the fact that it was performed in a single
hospital, thus it is difficult to make generalizations.
However, our results were similar to those of other studies
in mortality and functional status [12,13].

Unlike other QoL surveys in widespread use in many types
of patients, such as the SF-36 [26] or EuroQoL [27], the
PAECC questionnaire is not very well known, which can repre-
sent a limitation of the study. The PAECC QoL questionnaire
was designed to be universally applied to all types of critical
care patients. It can be completed by a close family member
when the patient is unable to respond, which is a frequent
situation in critical care; it can be expressed as a score; and it
can be completed easily and rapidly to permit routine use. It is
suitable for use not only in follow-up studies after discharge
from the ICU, but also at the time of admission to the ICU,
evaluating a previous stable period and differentiating this from
the particular situation prompting admission. The questionnaire
evaluates many aspects of the patient’s functional status in a
similar way as other questionnaires, such as the Barthel Index
[28] and the Functional Independence Measure [29]. Subjective
aspects are also assessed, although those subjective aspects that
are difficult to assess in many cases where the patient cannot
respond are addressed to a lesser extent than in other QoL
surveys. Despite not being well known, the survey has been
validated by the authors and the adequate performance of the
survey was later confirmed by others [15] in the assessment of a
different critical care population. It has been used in various
studies analysing the QoL of ICU patients [17–21]. It is
believed to be a useful tool for studying QoL in these patients
and to obtain valid and reliable conclusions.

Another limitation was the small number of patients for
some of the studied categories according to Marshall’s tomo-
graphic classification, such as diffuse injury type IV or non-
evacuated mass lesions. Both groups would require a larger
number of patients in order to analyse the different aspects
within the groups and draw more reliable conclusions.

Finally, some studies have found inter-observer variability
in the interpretation of radiological lesions [30], which sug-
gests that other radiological methods, such as the measure-
ment of midline shift, should be used as an objective measure
of radiological findings [31]. However, other studies show the
reproducibility of the results with the Marshall classification

[3], which has been widely validated and is widely used at
present. Despite the limitations mentioned above, it is
believed that this study provides relevant information about
the QoL of patients with TBI and provides a starting point for
subsequent studies on specific aspects.

In conclusion, this study shows an important deterioration
in QoL 1 year after TBI in patients admitted to the ICU and
that QoL is associated with the lesions seen at admission and
assessed with the Marshall classification. This classification
complements the prognostic information of the GCS in these
patients. QoL is worse in the more serious injuries according
to the Marshall classification. After 1 year most patients
maintain the capacity to carry out basic activities of daily
living, normal social relationships, precision movements and
tolerate minimal efforts. However, only a small percentage of
patients maintain tolerance of major effort and normal work
activities. Subjective aspects are affected in many patients.
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Appendix I: Quality-of-life questionnaire, second
version

Is the patient orientated in time and space? Yes/No
If the patient cannot respond, who responds? . . .. . .. . ..

Sub-scale 1: Basic physiological activities

Item 1. Oral communication

Is there difficulty with speech?
(0) No.
(1) Yes, a dialogue can be held, but with difficulty, due to:

softness of voice or faltering speech; short phrases or
single words (monosyllables).

(2) Yes, incoherent speech, either sporadic or permanent.
(3) Yes, no oral communication.

Item 2. Urination control

Is there difficulty in controlling urination?
(0) No.
(1) Yes, sporadically, due to: urinary retention; incontinence.
(2) Yes, permanently, due to: need for urinary catheter or

bags.

Item 3. Defecation control

Is there difficulty in controlling defecation?
(0) No.
(1) Yes, due to ileostomy/colostomy; sporadic incontinence;

persistent constipation requiring regular enemas.
(2) Yes, permanent incontinence.

Item 4. Intake of food

Is there difficulty in ingesting food?
(0) No.
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(1) Yes. Although feeding is by the mouth, there are difficul-
ties due to: difficulty in swallowing; difficulty in handling
cutlery; lack of appetite, rejection of food.

(2) Yes. No feeding by mouth and requires: nutrition by
nasogastric tube; parenteral nutrition.

Sub-scale 2: Normal daily activities

Item 5. Movements of precision

Can the following movements be carried out?
Pouring a glass of water Yes No
Using cutlery Yes No
Using a key Yes No
Shaving Yes No
Sewing Yes No

(0) Can carry out more than 3 activities.
(1) Cannot carry out more than 3 activities.

Item 6. Tolerance of minor effort

Can the following activities be carried out?
Go up one floor Yes No
Walk two blocks Yes No
Carry a full shopping bag, a full brief-case or similar

Yes No
(0) Carries out these activities in the same way as before.
(1) Cannot carry out one or more of these activities now, but

could before.

Item 7. Tolerance of major effort

Can the following activities be carried out?
Walking 5 kilometres Yes No
Running 1 kilometre Yes No
Going up 4 floors without stopping Yes No
Practicing a sport requiring a high level of physical Yes No
effort such as football, tennis, swimming or similar

(0) Can carry out at least one of these activities.
(1) Can carry out none of these activities.

Item 8. Walking

Is there difficulty in walking?
(0) No.
(1) Yes, walks with help (crutch or people).
(2) Yes, does not walk, and uses wheelchair.
(3) Yes, is permanently bedridden and depends on others.

Item 9. Mobility

Is there difficulty in making normal journeys?
(0) No, can make all the normal journeys.
(1) Yes, only moves about the immediate locality.
(2) Yes, only moves about the house.
(3) Yes remains in his/her room.

Item 10. Dressing

Does the patient have difficulty in getting dressed?
(0) No.
(1) Yes, need some help.
(2) Yes, and is totally dependent on others.

Item 11. Work activities or activities appropriate to age

Are there difficulties with the patients work?
(0) No.
(1) Yes. He/she has difficulties, but works as before.
(2) Yes. Works only part-time or has changed to a job requir-

ing minimum effort.
(3) Does not work because of his/her condition.

For patients retired due to age, the question is: are there
difficulties with the patient’s activities as a retired person?
(0) No, continues with regular scheduled activities.
(1) Yes, continues with regular scheduled activities, but with

difficulty.
(2) Yes, activities are no longer regular and are only sporadic or

have been changed for alternatives requiring less activity.
(3) Yes, and has completely abandoned them.

Item 12. Social relationships

Are there difficulties with social relationships?
(0) No, they continue normally within and outside the family.
(1) Yes, and relationships only continue within the family

environment.

Sub-scale 3: Emotional state

Item 13. Subjective well-being

How do you normally feel?
(0) Fine.
(1) Not too bad.
(2) Bad.

Item 14. State of mind

How do you normally feel?
(0) I am happy.
(1) I am sad or I feel like crying some days every week (less

than 3 days).
(2) I am sad or I feel like crying every day of the week (4 or

more days).

Item 15. Vitality

Do you feel like initiating activities?
(0) I feel like doing things/starting activities.
(1) I don’t feel doing like doing anything/nothing interests me.

450 M. A. Prieto-Palomino et al. Brain Inj, 2016; 30(4): 441–451
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Appendix 2: Marshall’s tomographic classification

Diffuse injury I (no visible
pathology)

No visible intracranial pathology seen on CT scan

Diffuse injury II Cisterns are present with midline shift of 0–5 mm and/or lesions densities present; no high or mixed density lesion >
25 cm3 may include bone fragments and foreign bodies

Diffuse injury III (swelling) Cisterns compressed or absent with midline shift 0–5 mm; no high or mixed density lesion > 25 cm3

Diffuse injury IV (shift) Midline shift > 5 mm; no high or mixed density lesion > 25 cm3

Evacuated mass lesion Any lesion surgically evacuated
Non-evacuated mass lesion High or mixed density lesion > 25 cm3; not surgically evacuated
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