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ABSTRACT

Background: Traumatic brain injury is a major public health concern, resulting in substantial
mortality and long-term disability. So, it was important to search for novel therapeutic mod-
alities that play an important role in reducing cerebral edema and had neuro- protective effect.
A number of studies showed the feasibility, safety, and effectiveness of early parenteral
administration of progesterone in acute severe traumatic brain injury patients compared
with standard care.

Objective: The study aimed to assess the effect of the progesterone on the neurologic
outcome in non-operable patients with acute severe traumatic brain injury.

Patients and Methods: This study was conducted on 50 patients presented with severe
traumatic brain injury with GCS less than or equal to 8 after resuscitation and stabilization
including both sexes. They were categorized into two groups according to applying the
progesterone protocol. Patients were subjected to informed consent from next of kin, history
taking, clinical neurological examination, routine laboratory and radiological investigations as
needed and progesterone administration to patients in group 2which was given intramuscu-
larly in dose of 1 mg/kg every12h for 7 consecutive days.

Results: Early parenteral administration of progesterone was associated with significant
decrease in the mortality rate at day 28, significant improvement in Glasgow outcome scale
of the patients by the end of day 28, significant improvement in level of consciousness of the
patients (GCS), SOFA score, and CT brain Marshall scoring.

Conclusion: Progesterone administration in acute severe traumatic brain injury patients was
associated with significant decrease in 28" day mortality, period of ICU stay, and mechanical
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ventilation days. Also, it was feasible and safe without noted complications.

1. Introduction

Traumatic brain injury(TBI) is a major public health
concern, resulting in substantial mortality and long-
term disability; it continues to be a major health epi-
demic, not just in terms of prevalence but also in terms
of the deaths and injuries that occur in the population
that they most commonly affect [1]. It is estimated that
TBI accounts for 45-50% of all traumatic deaths and is
the leading cause of death among trauma victims [2].
Head injury is divided into blunt and penetrating
types; road traffic injuries are the most common
cause of closed-head injury worldwide. These include
injuries to drivers of cars, pedestrians, motorcyclists,
and bicyclists [3]. Falls are the second most common
cause of injury, while gunshot injuries are the main
cause of penetrating head injury [3].

Brain trauma is an acute biomechanical event char-
acterized by multiple processes of pathophysiology
which evolve in a continuum over time which includes
white matter degradation, protein misfolding, persis-
tent inflammatory response, neurorestorative processes.

Brain damage results in extensive brain structure,
perfusion, metabolism and functional abnormalities.
With closed head trauma, the initial effect leads to
a mechanical destruction of cellular integrity and sup-
porting tissue membranes [4]. Numerous secondary
effects eventually arise when blood and fluid retention
in the brain causes the patient’s condition to deterio-
rate [5].

Head injuries are classified into primary head inju-
ries which occur at impact time and secondary head
injuries which include breakdown of blood-brain
membranes, release of inflammatory factors, free radi-
cal overload, excessive release of neurotransmitter glu-
tamate (excitotoxicity), calcium and sodium ions into
the neurons, and mitochondrial dysfunction.

Due to long-term morbidity of traumatic brain
injury, it was very important to search for novel
therapeutic modalities that play an important role
in reducing effect of traumatic brain injury [6].And
from that point was the role of sex hormones. Early
parenteral administration of sex hormones has anti-
apoptotic, anti-inflammatory and anti-oxidant
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properties through various models, and may pro-
mote reparative processes that avoid long-term TBI
sequelae. Progesterone belongs to an essential cate-
gory of endogenous steroids called neurosteroids,
such as pregnenolone and dehydroepiandrosterone
(DHEA). It is metabolizable in all areas of the cen-
tral nervous system. Neurosteroids are neuromodu-
lators  that control neurotransmission and
myelination and are neuroprotective and
neurogenic.

Potential long-term reparative action of progester-
one produces a significant protein that regulates and
guides differentiation of neural stem cells, thereby
affecting brain repair by producing new neurons
whenever possible. Progesterone-induced acceleration
of protein production can represent a potential path-
way for neuroregeneration and neuroprotection [7].

1.1. Aim of the study

The study aimed to assess the effect of the progester-
one on the neurologic outcome in non-operable
patients with acute severe traumatic brain injury.

2. Patients and methods

This study was conducted on 50 patients presented
with severe traumatic brain injury with Glasgow coma
scale(GCS) less than or equal 8 after resuscitation and
stabilization including both sexes. Informed consent
was taken from patients’ next of kin as well as approval
from local ethical committee.

Type of study was comparative prospective rando-
mized single-blinded study. Patients were randomly
allocated to one of two groups according to simple
randomization method where cases in odd number
(case 1, 3, 5 ...) were allocated in group 1 and cases
in even number (2, 4, 6 ...) were allocated in group 2.

Group 1:Included 25 patients to whom main lines
of management of traumatic brain injury were applied
without giving progesterone (control group)

Group2:Included 25 patients who received proges-
terone in addition to main lines of management of
traumatic brain injury (progesterone group or cases).

Selected patients were subjected to the following:

History taking which included personal data;
name, age, and gender, past history of chronic diseases
as  diabetes mellitus, hypertension, cardiac,

Table 1. Marshall scoring of TBI.

pulmonary, neurological, renal, hepatic problems
and thyroid diseases, and drug history.

Clinical examinationwhich included vital signs
(blood pressure, heart rate, temperature, and respira-
tory rate), complete neurological examination on
admission including GCS [Appendix A], acute phy-
siology, and chronic health evaluation (APACHE II)
score [Appendix B] calculated on admission, ECG,
CXR, CT brain done for all patients on admission,
and MRI when needed.

Laboratory investigations including CBC, urea,
creatinine, SGOT, SGPT, total protein, serum albu-
min, electrolytes as Na, K and PT, PTT, total and
direct bilirubin.

Measurements and outcome parametersincludin-
gassessment of GCS daily, SOFA score [Appendix C]
every 48 hours, and CT brain Marshall scoring at dayl1,
and 7 according to the following criteria as described
in Table 1. Outcome data as Glasgow outcome scale
(GOS) [Appendix D] at day 7 and day 28,7" and 28"
day mortality, ICU stay and mechanical ventilation
days were recorded.

2.1. Progesterone administration

Patients in group II received progesterone (prontogest
amp 100 mg/2 ml by MARCRYL company) within
8 hours after the documented time of injury at
a dose of 1 mg/kg via intramuscular injection in the
buttocks and then once per 12 hours for 7 consecutive

days.

2.2, Statistical analysis of the data

Data were fed to the computer and analyzed using
IBM SPSS software package version 20.0. (Armonk,
NY: IBM Corp). The significance of the obtained
results was judged at the 5% level.

3. Results

The mean age of patients in the progesterone group
was 33.36 + 11.56 years, while the mean age of patients
in the control group was 35.28 + 13.61 years. The male
to female ratio was almost 2:1 in the two groups,
without statistically significant difference between the
two groups regarding age and sex. (Table 2)

MLS Cisterns High or mixed-density lesion Notes
| None Present None No visible pathology on CT scan
Il 0-5 mm Present None
1] 0-5 mm Compressed or absent None Swelling
v >5 mm None
\Y Any Any Any Any lesion surgically evacuated
Vi >25 cm® Not surgically evacuated

*MLS-midline shift.
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Table 2. Comparison between the two studied groups according to demographic data.

Cases (group 2)

(n = 25) Control (group 1)(n = 25)
No. % No. % Test of Sig. p
Sex
Male 17 68.0 17 68.0 X*=0.0 1.000
Female 8 32.0 32.0
Age (years)
Min. - Max. 18.0-55.0 18.0-60.0 t=0.538 0.593
Mean + SD. 33.36 + 11.56 35.28 + 13.61
Median (IQR) 31.0 (26.0-40.0) 32.0 (25.0-45.0)
X% Chi square testt: Student t-test.
p: p value for comparing between the studied groups.
The mean APACHE II score on admission for the  there was significant improvement regarding

progesterone group was 18.68 + 2.94 while for the
control group was 17.88 + 3.18 with no significant
difference.(Table 3)

The mean SOFA score at day 1 for the progesterone
group was 11.32 + 2.27 while the mean for the control
group was 11.48 + 2.83.The SOFA score was signifi-
cantly lower in progesterone group compared to con-
trol group at day 3, 5 and 7. (p = 0.007,<0.001,<0.001,
respectively). Also, the mean SOFA score at day 7 was
significantly lower than that at day 1 in both groups.
(Table 3)

According to GCS, there was significant improve-
ment of GCS at day4, 6 and day 7 in comparison to day
1 in progesterone group, respectively (p = 0.048,
p < 0.001, p < 0.001).Alsothe GCS was significantly
higher in the progesterone group in comparison to
control group starting from day 2 till day 7
(p = 0.045, 0.012, 0.007,0.004, 0.002, 0.003, respec-
tively, Figure 1)

Regarding CT brain (Marshall scoring), there was
statistically significant difference between the proges-
terone and control group at day 7 (M“p = 0.002) with
improvement toward the progesterone group. Also

Marshall scoring in day 7 in comparison to day 1 in
progesterone and control groups (p < 0.001, p = 0.001,
respectively), as we notice that a lot of cases with grade
II1, IV, and VI changed to grade I and II. (Figure 2)

3.1. Outcome parameters

According to Glasgow Outcome Scale (GOS) at day
28, there was statistically significant difference
between the two studied groups (p = 0.012) that was
better toward the progesterone group. Also there was
significant worsening of GOS at day 28 in comparison
to day 7 in control group (p < 0.001, Table 4).
According to ICU duration, the mean for the proges-
terone group was 7.20 * 1.71 days while the mean for the
control group was 10.48 + 2.76 days; there was significant
lower ICU duration for the progesterone group com-
pared to the control group (p < 0.001, Table 4).
According to mechanical ventilation days, the
mean for the progesterone group  was
424 + 1.33 days while the mean for the control
group was 852 * 2.16 days; there was significant
lower duration of mechanical ventilation days

Table 3. Comparison between the two studied groups according to APACHEII score and SOFA score.

Cases (group 2)(n = 25) Control (group 1)(n = 25) t p
APACHEII score On admission
Min. — Max. 14.0-25.0 13.0-23.0 0.924 0.360
Mean + SD. 18.68 + 2.94 17.88 £3.18
Median (IQR) 18.0 (17.0-21.0) 17.0 (15.0-21.0)
SOFA score Day 1
Min. — Max. 8.0-16.0 7.0-19.0 0.221 0.826
Mean + SD. 1132 £2.27 11.48 +£2.83
Median (IQR) 11.0 (9.0-13.0) 11.0 (9.0-13.0)
Day 3
Min. — Max. 7.0-14.0 8.0-18.0 2.808* 0.007*
Mean + SD. 9.56 + 1.78 11.24 £ 2.40
Median (IQR) 10.0 (8.0-11.0) 11.0 (9.0-13.0)
Day 5
Min. — Max. 5.0-12.0 8.0-17.0 5.296* <0.001*
Mean + SD. 7.76 + 1.67 10.60 £+ 2.10
Median (IQR) 8.0 (7.0-9.0) 10.0 (9.0-12.0)
Day 7
Min. — Max. 3.0-11.0 7.0-16.0 7.221% <0.001*
Mean + SD. 6.36 + 1.85 10.28 £ 1.99
Median (IQR) 6.0 (5.0-7.0) 10.0 (9.0-11.0)
P <0.001* <0.001*

t: Student t-testp: p value for comparing between the two studied groups.

ps: p value forPaired t-testfor comparing between day 1and day7in the same group.

*: Statistically significant at p < 0.05.
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Figure 1. Comparison between the two studied groups according to GCS.
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Figure 2. Comparison between the two studied groups according to CT brain Marshall scoring.

consumed by the progesterone group in comparison
to the control group (p < 0.001, Table 4).

Regarding 7" day mortality, progesterone group
showed lower mortality than control group but with-
out significance (6 patients versus 12 patients, respec-
tively, p = 0.077).However, the 28" day mortality
showed that the progesterone group had statistically
significant lower mortality than the control group (8
patients versus 17 patients, respectively, p = 0.024,
Table 4).

4. Discussion

Brain injuries can be life-threatening and have major
impact on the mortality rate all over the world so it
was important to search for novel therapeutic modal-
ities that play an important role in reducing cerebral
edema and had neuro- protective effect [8].

In our study, we assessed the role of sex hormones
(progesterone) that has anti-apoptotic, anti-
inflammatory, and anti-oxidant properties in patients

with severe TBI. It was conducted on 50 patients
presented with severe traumatic brain injury with
GCS less than or equal 8 after resuscitation and stabi-
lization including both sexes; they were categorized
into 2 groups.

Patients in group 2 received progesterone within
8 h after the documented time of injury at a dose of
1 mg/kg via intramuscular injection and then once per
12 hours for 7 consecutive days

In Apr 2008, Xiao et al. [9], clinical trial, Patients
for the treatment group were given progesterone at
1.0 mg/kg via intramuscular injection and then once
per 12 hours for 5 consecutive days

On December 25, 2014, Wright et al., [10] clinical
trial, patients for the treatment group were given pro-
gesterone within 4 h after injury and consisted of a 1
h loading dose, 71 h of maintenance infusion, and
a 24-h infusion taper. The study drug was infused
continuously through a dedicated intravenous cathe-
ter at a dose of 14.3 ml per hour for 1 h and then at
10 ml per hour for 71 h; the dose was then tapered by
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Table 4. Comparison between the two studied groups according to GOS, mechanical ventilation days, ICU duration and mortality

rate.
GOS Cases (group 2)(n = 25) Control (group1)(n = 25) t p
Day 7
Min. — Max. 1.0-5.0 1.0-5.0 2.085*% 0.042*
Mean + SD. 2.84 +1.43 3.56 + 0.96
Median (IQR) 3.0 (1.0-4.0) 4.0 (3.0-4.0)
Day 28
Min. — Max. 1.0-5.0 1.0-5.0 2.621* 0.012*
Mean + SD. 3.0+ 1.63 1.92 £1.26
Median (IQR) 3.0 (1.0-4.0) 1.0 (1.0-3.0)
P 0.637 <0.001*
Mechanical ventilation days Cases (group 2)(n = 25) Control (group 1)(n = 25) t p
Min. — Max. 2.0-8.0 5.0-15.0 8.426* <0.001*
Mean + SD. 424 £133 8.52 +2.16
Median (IQR) 4.0 (3.0-5.0) 8.0 (7.0-9.0)
ICU duration (days) Cases (group 2)(n = 25) Control (group1)(n = 25) t p
Min. — Max. 4.0-11.0 6.0-16.0 5.059* <0.001*
Mean + SD. 7.20 + 1.71 10.48 £ 2.76
Median (IQR) 7.0 (6.0-8.0) 10.0 (8.0-13.0)
Mortality rate Cases (group 2)(n = 25) Control (group1)(n = 25) )(2 p
No. % No. %
Day 7
Died 6 24.0 12 48.0 3.125 0.077
Survived 19 76.0 13 52.0
Day 28
Died 8 32.0 16 64.0 5.128* 0.024*
Survived 17 68.0 9 36.0

¥2: Chi square test t: Student t-test.

pq: p value for Paired t-test for comparing between day 7 and day 28 in the same group.
p: p value for comparing between the two studied groups*: Statistically significant at p < 0.05.

2.5 ml per hour every 8 h, for total treatment duration
of 96 h.

In our study, we noted that there was significant
improvement of GCS in progesterone group com-
pared to control group from day 2 up to day 7.

Also we noted that there was significant improve-
ment of GCS at day 6 and day 7 in comparison to day 1
in both groups.

In agreement with our study, in Xiao et al., [9]
clinical trial, daily evaluations of neurologic status
done via the GCS score for all patients involved in
the study, with the number of patients with GCS
from 3 to 5 was 22 for the progesterone group and
20 for the control group and the mean GCS scores
increased progressively in the two groups during
the 14-day acute phase of the study, but in contrast
to our study, there was no apparent differences
among the treatment groups.

In Wright et al, [10] clinical trial, seventy-two
patients had an index GCS score of 4 to 8; the remain-
der (28 patients) had an index GCS score of 9 to 12
with significant improvement of GCS as severe trau-
matic brain injury patients (index GCS scores 4 to 8)
randomized to placebo remained in coma longer than
those who received progesterone (10.1 days versus
3.9 days).

In our study, the mean SOFA score at day 7 was
significantly lower than that at day 1 in both groups
denoting improvement in all patients after receiving
management.

Also in our study, we compared the duration of
mechanical ventilation between the two studied

groups which was less in progesterone group with
mean 4.24 * 1.33 (days) in comparison to the control
group with mean 8.52 + 2.16 (days) and that was
statistically significant (p < 0.001).

Also, the period of ICU stay was less in proges-
terone group with mean 7.20 + 1.71 (days) in
comparison to the control group with mean
10.48 + 2.76 (days) and that was statistically sig-
nificant (p < 0.001).

Also, in our study, we compared the mortality rate
at day 7 between the two studied groups which was
lower in the progesterone group in comparison to the
control group but was not statistically significant
(p = 0.077). However, the mortality rate at day 28 in
progesterone group was significantly lower than the
control group (p = 0.024).

Death of the patients was mainly from other causes
than trauma as septic shock due to hospital-acquired
infections as respiratory tract infections, urinary tract
infections, bed sores, Acute Respiratory Distress
Syndrome (ARDS) and multi-organ failure (MOF)
with no complications noted after progesterone
administration

A meta-analysis of randomized clinical trials for
effect of progesterone administration on the prognosis
of patients with severe traumatic brain injury done on
January 11, 2019 with the aim of this study was to
assess the neuroprotective effect of progesterone
administration on severe traumatic brain injury
(TBI) for different follow-up periods and administra-
tion route by completing a meta-analysis of rando-
mized clinical trials [11].
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Patients treated with progesterone had better
neurologic outcomes within 3 months post-injury
than those given placebo (RR = 1.51, 95% CI [I.-
12-2.02], P = 0.007). High heterogeneity was
observed among trials concerning GOS scores at
6 months post-injury (P = 0.06, I 2 = 60%), and
similar neurologic outcomes were observed for
both the progesterone and placebo groups
(RR = 1.09, 95% CI [0.93-1.27]). Also, progester-
one administration improved the clinical outcomes
of severe TBI patients within 3 months post-injury
but may not have significant long-term benefits at
6 months post-injury [11].

4.1. Study limitation

Proposed dose of progesterone in our study was via
intramuscular injection and then once per 12 hour for
7 consecutive days which can be prolonged in other
studies for better assessment of progesterone effect, the
lack of advanced medical advices such as intracranial
pressure monitoring catheters, the small sample size
enrolled in the study. Also, the study was applied on
restricted types of patients.

4.2. Conclusions

Early parenteral administration of progesterone in
acute severe traumatic brain injury patients was asso-
ciated with significant decrease in the morality rate
at day 28,and significant decrease in the period of ICU
stay and mechanical ventilation days. It was also asso-
ciated with significant improvement in Glasgow out-
come scale of the patients by the end of day 28.
Progesterone administration was associated with sig-
nificant improvement in level of consciousness of the
patients (GCS), SOFA score and CT brain Marshall
scoring. Progesterone administration was feasible and
safe without noted complications.
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Appendix A.

Glasgow Coma Scale

Eyes:

Opens eyes spontaneously.

Opens eyes in response to verbal command.
Opens eyes in response to painful stimuli.
Does not open eyes.

Verbal:

Oriented, converses normally.

Confused, disoriented.

Inappropriate words.

Incomprehensible sounds.

Makes no sounds.

Motor:

Obeys commands. 6
Localizes painful stimuli. 5

BN NNTNN

=N Wb

(Continued)



Eyes:

Withdrawal to painful stimuli.
Flexion to painful stimuli.
Extension to painful stimuli.
Makes no movements.

_ N WD

Appendix B.

APACHE Il score

Appendix C.

The sequential organ failure assessment (SOFA)
score

SOFA Score01234Respiration PaO,/FIO,(mmHg)
Sa0,/Fl0,>400<400

221-301<300

142-220<200

ALEXANDRIA JOURNAL OF MEDICINE . 81

67-141<100

<67Coagulation

Platelets (10°/mm?)>150<150<100<50<20Liver

Bilirubin (mg/dL)<1.21.2-1.962.0-5.96.0-11.9>12.0Cardiovascular
HypotensionNoMAP<70Dopamine <5 or dobutamine (any)Dopamine>5
or norepinephrine <0.1Dopamine>15 or norepinephrine >0.1CNS
Glasgow Coma Score (GCS)1513-1410-126-9<6Renal

Creatinine (mg/dL) or urine output (mL/d)<1.21.2-1.92.0-3.43.5-4.9 or
<500>5.0 or <200

Minimum = 0, maximum = 24.

Appendix D.

The Glasgow Outcome Scale (GOS)

Is a global scale for functional outcome that rates patient
status into one of five categories: Dead, Vegetative State,
Severe Disability, Moderate Disability or Good Recovery.

1. DeathSevere injury or death without recovery of consciousness2.
Persistent vegetative stateSevere damage with prolonged state of unre-
sponsiveness and a lack of higher mental functions3. Severe
disabilitySevere injury with permanent need for help with daily living4.
Moderate disabilityNo need for assistance in everyday life, employment is
possible but may require special equipment.5. Low disabilityLight damage
with minor neurological and psychological deficits.
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