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Introduction: This study aimed to evaluate the features and injury mechanisms of pediatric head trauma, demographics 
of the patients and factors affecting the outcome and to present the common experience of neurosurgery and pediatric 
intensive care unit (PICU) in light of the current literature.
Methods: Ninety-six of 110 children under the age of 18 who had sufficient data and were treated in PICU for head trauma 
between 2014 and 2018 were evaluated retrospectively. The association between age, sex, mechanism of injury, neurolog-
ical examination at presentation, Glasgow coma scale (GCS) score, history of cardiopulmonary resuscitation, shock, blood 
glucose level, hypoxia, convulsion, mean arterial pressure, heart rate per minute, body temperature, intracranial pressure 
(ICP) values, surgical interventions and Glasgow outcome scale (GOS) scores was investigated. 
Results: There were 32 patients (33.3%) in mild head trauma group, 28 patients (29.1%) in moderate head trauma group and 
36 patients (37.5%) in severe head trauma group. Isolated head trauma was present in 49 patients, and multitrauma was 
observed in the remaining. The rate of favourable outcome was 72.9% (70 patients), and that of unfavourable outcome was 
27.1% (26 patients) with the mortality rate of 15.6%. A moderate and negative correlation between presenting GCS scores 
and presenting blood glucose levels (rho: -0.422 p<0.001), and a moderate and positive correlation between presenting GCS 
scores and presenting body temperature were observed (rho: 0.422 p<0.001). A highly significant positive correlation was 
observed between GCS and 1-year GOS scores (rho: 0.762 p<0.001).
Discussion and Conclusion: Analyzing the characteristics of pediatric head trauma, knowing the prognostic factors, devel-
oping a common algorithm and standardizing the management parallel to current literature will contribute to a favourable 
prognosis.
Keywords: Child; Glasgow outcome scale; guideline; Head trauma; intracranial pressure; pediatric; prognosis.

Traumatic brain injury has been reported as the lead-
ing cause of mortality and morbidity in the pediatric 

age group. In particular, the increase in urbanization, con-
struction of skyscrapers and the widespread use of motor 

vehicles are the most important factors that can be pre-
vented [1]. Although the injury sites and mechanism of in-
jury are similar to adults, they differ from adults in terms of 
pathophysiology and management. Age-related variables, 
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structural differences, given that the child is a developing 
individual and the difficulties of fully evaluating the neuro-
logical examination play a role [2]. 

In the United States, 475.000 children are exposed to 
head trauma each year, while 37.000 of them are hospi-
talized and 2.685 of them die [3]. Especially in children un-
der four years of age, mortality and disability rates have 
been reported to be higher than other age groups with 
the addition of child abuse rates [4]. It has been reported 
that sports injuries are very common in children older 
than one year and children are the victims of 60-80% of 
total sports injuries [5]. Between 1997 and 2007, 73,276 
children were reported to die from traumatic brain injury 
and related complications in the United States [6]. Corso 
et al. [7] calculated the lifetime cost of children under the 
age of 14 who suffered from a traumatic brain injury as 
$60.4 billion. 

It is necessary to know the pathophysiology and prognos-
tic factors of head trauma to improve the results of pedi-
atric head traumas, especially severe head traumas, and 
to succeed in the treatment aiming to reduce the damage 
caused by secondary injury [2]. In the last 30 years, factors, 
such as the safety of motor vehicles and the development 
of infant seat technology, increased use of helmets, the de-
velopment of intensive care equipment, the advancement 
of monitoring techniques and the increase in the number 
of experienced personnel have led to the improvement of 
the outcomes of head trauma. 

Understanding the importance of providing management 
of treatment by calculating cerebral perfusion pressure 
(CPP) by monitoring intracranial pressure (ICP ) especially 
in severe head trauma and its frequent use by pediatric 
Intensive Care Unit (PICU) specialists and neurosurgical 
specialists have improved the results even though to 
a small extent [8, 9]. However, there is not enough data 
about how widespread ICP monitoring is used in PICUs 
in our country.

It has been repeatedly emphasized and included in the lit-
erature that it is essential to follow published guidelines, 

manage the treatment according to these guidelines and 
to refer this patient group to experienced, equipped ad-
vanced centers to achieve effective outcomes in pediatric 
head trauma [10]. This research aims to present the results 
of 96 pediatric severe head trauma cases treated by neuro-
surgery and PICU in the light of current literature.

Materials and Methods 

Patients

Since the pediatric patient group is defined as individuals 
aged under 18 years in many guidelines [11], our series in-
cludes children of this age group. A total of 110 patients 
under 18 years of age who were treated in the PICU be-
tween 2014-2018 with the diagnosis of head trauma were 
retrospectively analyzed. Ninety-six patients with complete 
records and one year Glasgow Outcome Scale (GOS) values 
were included in the study. Patients who presented to the 
emergency trauma unit of our hospital, and also patients 
who were referred to our hospital from external centers 
were enrolled in our study. The patients were taken to the 
PICU immediately after their first evaluation in the Emer-
gency Department. 

Age, gender, injury types, additional organ injuries, present-
ing Glasgow Coma Scale (GCS) values, cardiopulmonary 
resuscitation (CPR), pupillary reactions at admission, shock 
status, blood sugar values, hypoxia, seizure, mean arterial 
pressure, heart rate, body temperature, mechanical ventila-
tion, brain CT examination, neurosurgical surgical interven-
tions and ICP values were examined from hospital records. 
Then, 1-year GOS (Table 1) values were recorded by calling 
the families or the patient if he/she was alive.

Treatment Approach

As soon as the patients were admitted to the clinic, the first 
physical and neurological examinations were performed 
and the patients were classified as having mild (GCS: 14-
15), moderate (GCS: 9-13), and severe (GCS≤8) head trau-
mas. After the hemodynamic and respiratory stabilization 
of the patients, laboratory and radiological examinations 

Table 1. Glasgow outcome scale

Outcome Score                                                                                                                   Definition

Good recovery 5 Minimal disability not interfering with normal daily activities Favorable prognosis  
Moderate disability 4 Disable but not dependent on someone for care, and  can work, in sheltered workplaces (4 and 5)
Severe disability 3 Open conscious ness but needs care during daily life and can not return to work Unfavorable   
Vegetative state 2 Absence of awareness of self and environment prognosis
Dead 1 He/she is not living   (1-3)
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were planned. In patients with severe head trauma, Grade 
4 patients according to Marshall Brain Computed Tomogra-
phy (CT) criteria [12] were first monitored with ICP monitor-
ing device (Integra Camino® Pressure Monitoring Catheter 
Kits). Patients who could not undergo ICP monitoring were 
followed up by intermittent neurological examinations 
and radiological imaging (Fig. 1 a-f ). Magnetic Resonance 
Imaging (MRI) was used to determine the degree of injury 
and hence, to estimate the prognosis of the patients with 
diffuse axonal injury (Fig. 2a-c). 

In the initial evaluation of brain CT of the patients, the neu-
rosurgery team performed emergency surgery if there was 
a condition requiring surgical intervention regardless of 
the severity of the head trauma (Fig. 1a, c). Unilateral de-
compressive craniectomy was performed in addition to the 
evacuation of hematoma in patients with a significant shift 
in midline structures (>5mm) together with hematoma 

(Fig. 3a-b). If there was no requirement for surgical inter-
vention, follow-up and treatment in cooperation with the 
neurosurgery department were started. Bilateral decom-
pressive craniectomy was performed in patients with se-
vere head trauma whose ICP values were >20 mmHg and 
did not regress despite maximal medical therapy (Fig. 4a-
b). In patients whose ICP values were presumably high or 
conceivably high based on CT examination according to 
Marshall criteria, medical treatments aimed at lowering 
ICP were administered in accordance with the triage and 
doses specified in the guidelines. Intermittent neurological 
examinations were performed and recorded to monitor 
treatment outcome.

Statistical Analysis

Descriptive data were shown as n, % values in categor-
ical data and median 25-75 percentile values in contin-

Figure 1. (a) Axial non-contrast cranial CT scan shows left frontoparietal acute subdural hematoma and left parietal fracture. (b) Axial non-con-
trast cranial CT scan shows right frontal epidural hematoma and cochlear implant artifact. (c) Axial non-contrast cranial CT scan shows left 
occipital intracerebral hematoma, left frontal horn hematoma and left occipital fracture line. (d) Axial non-contrast cranial CT scan shows trau-
matic subarachnoid hemorrhage in the left silvian fissure and left parietal region. (e) Right occipital linear fracture is seen in axial non-contrast 
cranial CT scan (f) Axial non-contrast cranial CT demonstrating right occipital linear fracture and pneumocephalus.

a

d
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c
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uous data. Chi-square and Fisher's tests were used to 
compare categorical data. Measured data were tested by 
Kolmogorov-Smirnov tests for the assumption of normal 

distribution. Mann-Whitney U test was used to compare 
the non-normally distributed measurement data. Spear-
man correlation analysis was used to investigate the cor-
relation of two measurements. For all analyzes, p<0.05 was 
accepted as the level of statistical significance. The analyses 
were performed using IBM © SPSS 20 version software.

Results
Of the 96 cases included in this study, 63 (65.6%) were male 
and 33 (34.4%) were female. The ages of the patients ranged 
from 29 days to 17.6 years, with a mean age of 6.16±5.09 
years. When the GOS scores were classified as favorable 
and unfavorable results (Table 1), 72.9% (70 patients) of the 
patients were found to have a poor outcome at 1-year fol-
low-up and 26 patients (27.1%) had a good prognosis. Of 
96 patients in the series, 15 (15.6%) died within one year.

Falling from height ranked first with a rate of 56.3%. Motor 
vehicle accidents (in-vehicle and out-of-vehicle traffic acci-
dents) ranked second (34.4%). No significant relationship 
was found between the type of injury and GCS scores (Table 
2). Our series consisted of 49 patients with isolated head 
trauma, 31 multi-trauma cases with predominantly head 
trauma and 16 multi-trauma patients with mainly abdomi-
nal and thoracic trauma. The GCS values were significantly 
lower in multi-trauma patients presenting predominantly 
with head trauma compared to those without (p<0.001), 
and GCS values were significantly higher in multi-trauma 
patients presenting mainly with thoracic trauma relative to 
those without (p<0.001) (Table 3). 

The cases in our series were grouped according to GCS 
scores in line with the recommendation cited in the litera-

Figure 2. (a-c) Axial diffusion cranial MRI studies of three different patients show areas of restricted diffusion characteristic of diffuse axonal injury.

a b c

Figure 3. (a) Axial non-contrast cranial CT scan shows left frontopa-
rietal acute subdural hematoma and shift in midline structures. (b) 
Postoperative cranial CT examination of the same patient revealed 
that the hematoma was evacuated and unilateral decompressive cra-
niectomy was performed on the hematoma side.

a b

Figure 4. (a) Axial noncontrast cranial CT scan shows areas of intrace-
rebral hematoma, subarachnoid hemorrhage, contusion and pneu-
mocephaly in the right frontal area. (b) Postoperative cranial CT of 
the patient who had undergone bilateral decompressive craniecto-
my reveals that sufficiently wide craniectomy had been performed.

a b



276 Gürbüz et al., Pediatric Head Trauma / doi: 10.14744/hnhj.2019.38980

ture [13]. Patients had been exposed to mild (n=32: 33.3%), 
moderate (n=28:29.1%) and severe (n=36: 37.5%) head 
traumas. In addition, a linear relationship between GCS, 
and GOS (Glascow Outcome Scale) scores was observed. 
When the relationship between GCS and blood glucose, 
mean blood pressure, heart rate, body temperature and 
GOS scores at the end of one year was examined; there was 
a moderately negative significant correlation (rho: -0.422 
p<0.001) between presenting GCS scores and blood glu-
cose levels, and a moderately positive significant correla-
tion between presenting GCS scores and body tempera-
ture (rho: 0.422 p<0.001) (Table 4).

In addition, a significant positive correlation was found be-
tween the presenting GCS and one year GOS scores (rho: 
0.762 p<0.001). GCS scores were found to be significantly 
lower in patients who underwent CPR, in patients whose 
pupillary reflexes could be elicited in cases presented with 
anisocoria, patients who were in shock at admission, in indi-
viduals with neurological diseases, and in patients treated 
with mechanical ventilation compared to patients without 
these indicated criteria (p<0.001) (Table 3).

Favourable outcomes had been achieved in indicated 
number of patients who underwent hematoma surgery 
(n=2; 10/2: 20%), ICP monitoring (n=1; 1:9: 11%), and de-
compressive craniectomy (n=1; 1/10; 10%). The high rate of 
poor outcome was due to the fact that 17 out of 18 patients 
already belonged to the group of severe head trauma. The 
average GCS scores in the groups of hematoma surgery,  
de compressive craniectomy and ICP monitoring were 5.6, 
4.8 and 5.3 respectively.

Discussion
Pediatric brain injury is different from that of adults in 
terms of both injury types and its effects. Secondary dam-

age caused by trauma results in less oxygen and metab-
olite access to the neural tissue and inability to remove 
metabolic residues and toxins. With the addition of va-
sogenic and/or cytotoxic edema to the clinical picture, 
pathologies, such as increased ICP, herniation syndromes, 
brain stem compression and focal ischemia are inevitably 
seen [14, 15]. Damage may increase exponentially, espe-
cially in the case of hypotension, hypoxia, hyperglycemia 
and seizures. Initially mild or moderate head trauma can 
turn into severe head trauma.

As a result, in many developed countries, more than half 
of child deaths result from traumatic brain injury which 
corresponds to approximately 18 times the tumor-related 
deaths [1]. Of the 96 patients in our series, 15 (15.6%) died 
within one year and unfortunately this figure may increase 
in long-term follow-up. When we add three patients who 
live a vegetative life, this rate increases to 18.7%. The inci-
dence rate of poor prognosis was 27.1% with the addition 
of 8 patients with severe disability.

Considering types of injuries, falling from height and mo-
tor vehicle accidents lead the way in children under 14 
years of age. In children under the age of four, child abuse 
is also included in the clinical picture [3]. In our series, fall 
from height (56.3%) and motor vehicle accidents (34.4%) 
were the most frequent injury mechanisms observed in 
parallel with the literature. This reveals the necessity of 
obeying the traffic rules, the importance of the wearing 
seat belt and use of safe baby seat. The data show how 
careful parents and caregivers should be, and that educa-
tion and awareness should be raised. 

It is clear that the education process for trauma prevention 
should start at school age. Furthermore, public services, 
such as wide pavements, appropriate pedestrian crossings 
and bicycle lanes, especially to avoid non-vehicle traffic ac-

Table 2. Mechanisms of injury and their correlations with GCS, and GOS

                  GOS(n)

                          Favorable outcome      Unfavorable outcome p

  n % GCS (median n % n % 
    (25-75 Percentile))

Mechanism of Injury
 Fall from height 54 (56.3) 5.0 (3.0-5.0) 40 (74.1) 14 (25.9) 0.272
 Motor vehicle accident 33 (34.4) 5.0 (4.0-5.0) 25 (75.8) 8 (24.2)
 Fall of TV  5 (5.2) 4.0 (3.0-5.0) 3 (60.0) 2 (40.0)
 Blunt trauma of  the head  2 (2.1) 5.0 (5.0-5.0) 2 (100.0) 0 (.0)
 Fall from stairs 1 (1.0) 1.0 (1.0-1.0) 0 (.0) 1 (100.0)
 Fall down from a bike 1 (1.0) 3.0 (3.0-3.0) 0 (.0) 1 (100.0)

GCS: Glasgov coma scale, GOS: Glasgov outcome scale.
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cidents, will also be effective in preventing traumatic brain 
injuries. As a result, any treatment modality no matter how 

effective it is will not be more life-saving than taking mea-
sures to prevent such accidents. 

Table 3. The association between presenting findings of the patients and their GOS scores is demonstrated

                                              1-year-GOS   p

                                        Favorable                                          Unfavorable

  n % n %

Isolated head trauma
 No 15 (57.7) 32 (45.7) 0.297
 Yes 11 (42.3) 38 (54.3)
Multiple trauma, predominantly head trauma
 No 11 (42.3) 54 (77.1) 0.001
 Yes 15 (57.7) 16 (22.9)
Multiple trauma, predominantly chest trauma
 No 26 (100.0) 54 (77.1) 0.008
 Yes 0 (0.0) 16 (22.9)
CPR
 No 19 (73.1) 70 (100.0) <0.001
 Yes 7 (26.9) 0 (0.0)
Pupillary reflex
 No 11 (42.3) 4 (5.7) <0.001
 Yes 15 (57.7) 66 (94.3)
Anisocoria at admission
 No 22 (84.6) 67 (95.7) 0.063
 Yes 4 (15.4) 3 (4.3)
Shock at presentation
 No 6 (23.1) 58 (82.9) <0.001
 Yes 20 (76.9) 12 (17.1)
Admission hypoxia
 No 20 (76.9) 67 (95.7) 0.005
 Yes 6 (23.1) 3 (4.3)
Neurologic deterioration
 No 13 (50.0) 66 (94.3) <0.001
 Yes 13 (50.0) 4 (5.7)
Seizures
 No 21 (80.8) 64 (91.4) 0.145
 Yes 5 (19.2) 6 (8.6)
Mechanical ventilation
 No 0 (0.0) 54 (77.1) <0.001
 Yes 26 (100.0) 16 (22.9)
Hematoma surgery
 No 18 (69.2) 68 (97.1) <0.001
 Yes 8 (30.8) 2 (2.9)
ICP catheter
 No 18 (69.2) 69 (98.6) <0.001
 Yes 8 (30.8) 1 (1.4)
Decompression
 No 18 (69.2) 68 (97.1) <0.001
 Yes 8 (30.8) 2 (2.9)

GOS: Glasgov outcome scale, CPR: Cardiopulmonary resuscitation, İCP: Intracranial pressure.
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Head trauma may be in the form of isolated head trauma 
or multi-trauma with abdominal or thoracic injuries. In our 
series 49 patients had isolated head traumas. 

In 31 of the remaining 47 multi-trauma patients, head 
trauma was in the foreground. The admission GCS scores 
were significantly lower in multi-trauma patients who pre-
sented also with head trauma, which indirectly indicated 
poor prognosis. 

The prognostic informative feature of classification of 
head trauma according to GCS is indisputable. First of all, 
health care professionals should gain information about 
the severity, outcome of injury, and prognosis of the pa-
tients by subjecting them to this scoring system. Making 
this classification also guides the treatment. In mild head 
trauma where conservative treatments such as follow-up, 
analgesics, and antiemetics are usually sufficient, whereas 
further medical treatments may be required to reduce ICP 
in moderate head trauma [16]. 

The management of severe head trauma is completely dif-
ferent. Early recognition, and follow-up of the findings of 
raised ICP and keeping it within normal limits with treat-
ment determines the outcome of the treatment [10, 17]. In 
this study, a favourable outcome was obtained in all (100%) 
cases with mild and moderately severe head trauma, and 
72.2% of the patients with severe head trauma. In conclu-
sion, all patients who died as a result of head trauma be-
long to the group of severe head trauma. These data clearly 
demonstrate the therapeutic importance, and the prog-
nostic value of GCS classification of head trauma [13].

In consideration of the relationship between findings at 
admission, GCS and GOS scores should be calculated to 
determine whether these variables have prognostic value. 
Blood sugar levels, mean blood pressure, heart rate, body 
temperature, hypoxic status, application of CPR, pupillary 
areflexia, presence of shock, neurological deterioration and 

treatment with mechanical ventilation were examined at 
admission in our series, and patients who underwent CPR, 
those with pupillary areflexia, anisocoria, neurological de-
terioration, individuals in shock, and those under mechan-
ical ventilation had lower GCS values and worse prognosis. 
It has been reported in the literature that hyperglycemia is 
an independent risk factor for poor prognosis [18, 19]. In our 
series, hyperglycemia was seen as a poor prognostic factor 
in accordance with the literature. Hypothermia, hypoxia 
and hypotension are also known to predict poor prognosis 
[20, 21]. In our series, hypothermia was associated with low 
GCS scores. 

While ICP rarely increases in mild head trauma, it is a 
common finding in moderate and severe head trauma. 
Especially in severe head trauma, increase in ICP is almost 
inevitable. While observation in mild head trauma is gen-
erally sufficient, in moderately severe head trauma clinical 
course and neurological status of the patients are care-
fully monitored and ICP-lowering medications are admin-
istered [10, 16, 22, 23]. 

Hyperosmolar treatment given because of its anti-ede-
matous, and ICP lowering effect consists of mannitol and 
hypertonic saline. Although both have been widely used 
to lower ICP, the use of hypertonic saline has increased in 
recent years [24]. In our ICU, hyperosmolar therapies used 
to lower ICP are administered as infusions of 20% manni-
tol at a dose of 0.5-1 g/kg or hypertonic saline (3% NaCl) 
(3% NaCl) at a dose of 2-5 meq/kg within 10-20 min in 
parallel with the pediatric traumatic brain injury guide-
lines. In terms of complications of this treatment, blood 
osmolarity is closely monitored on the basis of pediatric 
guidelines [25]. 

Routine ICP monitoring is recommended in severe head 
trauma [10]. All medical treatments should be adminis-
tered as indicated in the guideline and at doses specified 
to keep ICP below 20 mmHg, and SBP above 40-50 mmHg. 

Table 4. The association between presenting findings of the patients and their GCS scores is demonstrated

    1-Year GOS    p

   Favorable   Unfavorable

  Median Percentile 25 Percentile 75 Median Percentile 25 Percentile 75

Age (year) 3.83 1.42 10.75 4.79 1.92 9.17 0.856
Admission GCS 5.50 3.00 6.00 13.00 11.00 14.00 <0.001
Admission blood sugar (mg/dL) 227.00 164.00 364.00 129.00 113.00 170.00 <0.001
Blood pressure (mmHg 63.50 46.00 86.00 75.50 65.00 88.00 0.026
Heart beat per minute 128.00 94.00 150.00 120.00 103.00 140.00 0.928
Body temperature (oC) 36.00 35.50 36.40 36.55 36.40 36.70 <0.001

GOS: Glasgov outcome scale, GCS: Glasgov coma scale.
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In spite of all medications, if ICP still remains above 20 
mmHg, the patient undergoes bilateral extended fron-
totemporoparietal decompressive craniectomy [26, 27]. 
Evacuation of hematomas, and correction of depressed 
fractures requiring surgery, insertion of ICP monitoring kit 
in severe head trauma, CSF drainage and decompressive 
craniectomy are performed by the neurosurgery team. 
In our series, hematoma surgery was performed in 10, 
ICP monitoring in 9, and decompressive craniectomy in 
10 patients. Favourable outcomes were noted in two of 
10 patients who underwent hematoma surgery, in 1 of 9 
patients who received ICP monitoring and in only one of 
10 patients who had decompressive craniectomy at the 
postoperative first year.

The reason for poor outcomes in this group was related 
tothe fact that 17 out of 18 patients belonged to the group 
of severe head trauma. These data clearly show the ex-
tremely worse prognosis of this patient group with an 
average GCS score of 5.2. On the other hand, the proper 
use of analgesia and sedation is very important in terms 
of preventing the increase in ICP due to pain caused by in-
vasive interventions, insertion of central venous lines and 
mechanical ventilation. However, prolonged administra-
tion of these drugs masks the findings of neurological ex-
amination [10]. Because of the risk of reducing CPP, bolus 
administration of midazolam and/or fentanyl to lower ICP 
is not recommended [28].

Prolonged propofol infusion is not recommended for seda-
tion or the management of refractory increase in ICP. How-
ever, in spite of all medications, if ICP cannot be reduced, 
then, barbiturate coma may be applied provided that close 
monitoring of ICP is performed [29]. 

In general, seizure thresholds of infants and children are 
known to be relatively lower and this rate increases up 
to 70% in severe head trauma [30]. Seizures were seen in 
11 patients in our series and all of these patients were in 
the severe head trauma group (mean GCS: 3.6). Therefore, 
seizure prophylaxis is recommended for the prevention of 
early (first 7 days) posttraumatic seizures. Although there 
is insufficient evidence to demonstrate the superiority of 
levetiracetam over phenytoin [31], in all pediatric head trau-
mas in our center, the patient is routinely administered lev-
etiracetam a loading dose of 40 mg/kg followed by a main-
tenance dose of 20 mg/kg/day. 

Corticosteroids are not recommended in both pediatric 
patients and adults, and this is clearly stated in the current 
guidelines [10, 32]. In our center, steroids are not used in the 
treatment of head trauma in parallel with the guidelines. 

Conclusion
Pediatric head trauma patients should be followed up and 
treated in a multidisciplinary approach by neurosurgery 
and pediatric ICUs of the centers experienced in the man-
agement of trauma in the light of current guidelines. Know-
ing the characteristics of the injury and prognostic factors 
will guide the determination of the steps to be followed. 
Neurosurgery and pediatric ICU specialists can establish 
a common algorithm and standardize their approaches 
which will contribute positively to prognosis.
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