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ABSTRACT

Several clinical studies showed reduced levels of circulating insulin-like growth factor 1(IGF-1) in
patients with acute trauma. The aim of this study was to investigate postmortem serum IGF-1 levels in
traumatic deaths with special regard to the survival time and severity of trauma. This study was carried
out on eighty cases of mechanical traumatic deaths subjected to medicolegal autopsy in El-Mansura De-
partment of Forensic Institute during the period from the start of January 2014 to the end of October
2015. Only adult males aged 18 years or more were included. Decomposed bodies and/or those with no
confirmed survival period were excluded. For each case, the age, cause and site of trauma, survival peri-
od and the cause of death were reported. Additionally, Rt cardiac blood samples were taken using sterile
syringes for determination of IGF-1 levels. According to the affected body region, cases were grouped in
to: groupl (isolated head trauma, n=20), group 2 (body trauma without head trauma, n=30), and group
3 (combined head and other regional body trauma, n=30). A control group of ten male cases with non-
traumatic natural deaths matched for age were selected. There was significant decrease in IGF-1 levels
in all the studied groups of traumatic deaths compared to the control group. Additionally, mean IGF-1
levels in group 3 were significantly lower compared to groups 1 and 2. In all the studied groups, there
was significant negative correlation between serum IGF-1 levels and the survival time (hs) and prediction
of survival time (hs) was determined by simple linear regression analysis. A significant negative correla-
tion was also detected between IGF-1 levels and the total abbreviated injury scale (AIS). In conclusion,
this study demonstrated for the first time low postmortem serum IGF-1 levels in males died from mechan-
ical trauma with significant negative correlation with the survival time and trauma severity.

Keywords: Serum insulin-like growth factor 1, mechanical traumatic deaths, survival time, medicole-

gal autopsy, abbreviated injury scale.
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INTRODUCTION

Worldwide, there is an observed in-
crease in the incidence of traumatic deaths
(Rhee et al., 2014). Precise estimation of
post-injury survival time and the associa-
tion of injury to death is an important but
difficult task for the forensic pathologist
(Quan et al., 2010). However, there are
only few published autopsy studies on
length of survival time, and they are limit-
ed to specific types of wounds (Cros et al.,
2013). Another frequently asked question
to the forensic pathologist is the evalua-
tion of the severity of traumatic injuries
and whether the trauma is severe enough
to be lethal and considered as the cause of
death (Mimasaka et al., 2006).

Postmortem biochemistry has become a
potent ancillary procedure in forensic
death investigation which complements
the conventional autopsy procedures.
Measuring biochemical markers in tissues
or peripheral body fluids could provide
essential information about survival peri-
od, the cause of death, postmortem inter-
val, and pathophysiological conditions of
diseases and injuries (Maeda et al., 2011).

Insulin-like growth factor 1(IGF-1) is a
potent growth factor primarily produced
by the liver and to a lesser extent, locally
by many types of peripheral cells under
basal conditions and in response to in-
flammatory stimuli (Mangiola et al., 2015).
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Insulin-like growth factor 1 has variable
effects including metabolic insulin-like ef-
fects and stimulation of different cells pro-
liferation, differentiation and survival
(Walsh et al., 2002).

Several earlier clinical studies showed
reduced levels of circulating IGF-1 in pa-
tients with acute trauma (Byrne et al,
1993; Jeevanandam et al., 1995; Wojnar et
al., 1995). However, limited previous pub-
lished data regarding the practical analy-
sis of postmortem IGF-1 levels in humans
were detected in the literature.

The aim of this work was to investigate
postmortem serum IGF-1 levels in trau-
matic death cases with special regard to its
relationship with the survival time and se-
verity of trauma in forensic autopsies.

MATERIALS AND METHODS

Forensic autopsy cases and blood sam-
ples:

This cross sectional study was carried
out on eighty cases of mechanical traumat-
ic deaths subjected to medicolegal autop-
sy in El-Mansura Department of Forensic
Institute during the period from the start
of January 2014 to the end of October
2015.

Only male cases were included in this
study due to insufficient number of female
cases during the study period allowing
statistical analysis of both genders.
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The bodies had been preserved in re-
frigerated morgues for several hours or
overnight after police inspection and be-
fore the autopsy. To fulfill the inclusion
criteria of the study, each case had to meet
the following conditions: (a) adults of 18
years old or more, (b) postmortem period
less than 48h, (c) no significant decomposi-
tion, (d) cases where a witness and/ or cir-
cumstantial evidence was well established
to confirm survival, and (e) sufficient vol-
ume of the serum for biochemical analysis.
Exclusion criteria included (a) decom-
posed bodies, (b) cases with no confirmed
survival times in the traumatic cases.

The following information were record-
ed for each case: age, cause and site of
trauma, types and descriptions of injuries,
survival period and cause of death that
was determined on the basis of medical
records and full autopsy examination in-
cluding macropathology, histopathology,
toxicology, biochemistry, and postmortem
radiography.

According to the affected body region,
the studied cases were divided into the
following groups:

e Group 1: cases with isolated head
trauma (20 cases).

e Group 2: cases with regional body
trauma without head trauma (30 cases).

e Group 3: cases with combined head
and other regional body trauma (30 cases).
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As regards cause of trauma, it was ei-
ther:

¢ Blunt trauma including road traffic
accidents, fall from height, and other blunt
injuries.

e Sharp instrument trauma.

¢ Firearm injuries.

A control group of ten male cases with
non-traumatic natural deaths matched for
age were selected.

The survival time (time interval be-
tween the onset of fatal traumatic event
and the time of death) was divided as fol-
lows: 0.1-6h, > 6h-24h, and > one day up
to seven days. Cases with longer survival
time included those underwent medical
care involving critical cardiopulmonary
support, surgery to the site of injury, fluid
infusion, shock therapy, and blood trans-
fusion.

According to Mimasaka et al. (2006), to-
tal abbreviated injury scale (AIS) is the
most suitable scoring system for the evalu-
ation of trauma severity in postmortem
cases. Hence, the total AIS was calculated
only for forty cases from the studied trau-
matic deaths; in whom death occurred
within 6h after sustaining trauma (survi-
val period: 0.1-6 h) and description of inju-
ries in the medicolegal reports were suffi-
ciently detailed. Traumatic deaths with
long survival (> 6 h) were not included be-
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cause injuries in these cases were often
complicated, medically treated, and their
autopsy description was often not de-
tailed.

The abbreviated injury scale for each
traumatic injury was determined using the
1985 protocol of the American Association
for Automotive Medicine (Civil and
Schwab, 1988). The AIS score of each inju-
ry ranges froml to 6, and the total AIS is
the sum of all AIS scores in each of the fol-
lowing six body regions: head and neck,
face, chest, abdomen, extremities, and the
exterior skin.

For determination of IGF-1 levels, cardi-
ac blood samples (right side of the heart in
all the cases) from individual cases were
taken using sterile syringes. They were
centrifuged at 3000g for 10 min, and the
sera were stored at -30 °C until the time of
analysis.

Determination of serum IGF-1 levels:

The Assay Max Human IGF-1 ELISA kit
(Assaypro Company, Newyork, USA) is
designed for the detection of human IGF-1
in plasma, serum, and cell culture super-
natants. This assay uses a quantitative
sandwich enzyme immunoassay tech-
nique that takes 5hs to measure IGF-1 lev-
els. A monoclonal antibody specific for
human IGF-1 is precoated onto a micro-
plate. The human IGF-1 in standards and
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samples is sandwiched by the immobi-
lized antibody and biotinylated polyclo-
nal antibody specific for the human
IGF-1, which is recognized by a streptavi-
din-peroxidase conjugate. All unbound
material is then washed away, and a per-
oxidase enzyme substrate is added. The
color development is stopped, and the in-
tensity of the color is measured. Insulin-
like growth factor 1 levels were evaluated
according to the age dependent reference
ranges of the used kits for human ser-
um.

Statistical analysis:

A statistical software package, SPSS
(version 20) was used to perform statisti-
cal analysis. Categorical variables were
analyzed using Chi Square goodness of fit
test. Continuous data were tested for
normality and homogeneity of variance
and one way ANOVA followed by post
hoc Tukey’s test were used for compari-
son of IGF-1 levels between the different
studied groups. Pearson’s correlation coef-
ficient was used to investigate the associa-
tion between IGF-1 levels and the survi-
val time (h) followed by simple linear
regression analysis to establish regression
equations between them. Spearman’s rank
correlation coefficient was used to evalu-
ate the correlation between IGF-1 levels
and the total AIS. The association between
IGF-1 levels and the chronological age of
the studied cases was tested in the dif-
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ferent studied groups using Pearson’s cor-
relation coefficient.

RESULTS

All the studied cases were males died
from mechanical trauma. Their ages
ranged from 18-50 y with a mean age of
31.38 + 6.37 y. The age group of 30 - <40 y
showed significantly higher percentage of
cases compared to other age groups. No
significant differences between the three
studied groups of traumatic deaths (isolat-
ed head trauma, regional body trauma
without head trauma and combined head
with other regional body trauma). Blunt
trauma was the most common (70%) cause
of mechanical trauma in the studied cases
compared to sharp instrument trauma
(12.50%) and firearm injuries (17.50%)
with a statistically significant difference.
As regards the survival time, significantly
higher percentage (55%) of cases died 0.1-
6 h after trauma compared to those died
after 6hs and up to 7days (Table 1).

Table (2) shows that post mortem insu-
lin-like growth factor 1 levels in the stud-
ied cases ranged from 50-150 ng/ml.
There was significant decrease in IGF-1
levels in all the studied groups of traumat-
ic deaths compared to the control group
(natural death cases). Additionally, the
mean IGF-1 level was significantly lower
in groupl (104 + 20.49 ng/ml) in compari-
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son with group 2 (118.10 + 20.46 ng/ml)
(p=0.029). Moreover, combined head and
other body trauma group (group 3)
showed significantly lower mean IGF-1
level (83.60 = 15.34 ng /ml) in relation to
groups 1 and 2.

Table (3) demonstrates that mean IGF-1
level was significantly lower in cases with
long survival (died after 24hs post trauma
up to 7 days) compared to its level in
those who died earlier (0.1 -6 h and >6-24
h post trauma) in all the studied groups.
Additionally, post hoc Tukey’s test per
each studied group revealed rapid decline
in IGF-1 levels in both groups 1 and 3 with
significant differences between the three
survivals time periods (In group 1, mean
IGF-1 levels were 118.53 + 14.39, 99.66 =+
3.78, and 77.00 = 6.68 respectively while in
group 3 they were 109.00 = 8.01, 84.36 =
4.10, and 61.25 = 12.50 ng/ml respective-
ly). On the other hand, group 2 showed
no significant differences between IGF-1
levels in those died 0.1-6 h post trauma
and the cases died in the time period 6h
post trauma up to 24 h (p =0.701).

Figure (1) demonstrates absence of sig-
nificant association between IGF-1 levels
(ng/ml) and the chronological age (years)
in all the studied cases of traumatic deaths
(r=0.031, p=0.786). Figures (2, 3, and 4) il-
lustrate significant negative correlation be-
tween IGF-1 levels and the survival time
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(hours) in the different studied groups of
traumatic deaths. In group 1 (r =-.810, p <
0.001), in group 2 (r = -.838, p < 0.001), and
lastly in group 3 (r =-.907, p < 0.001).

Prediction of survival time (h) by the
detection of post mortem serum IGF-1 lev-
el was determined by simple linear regres-
sion analysis between IGF-1 levels and
the survival time (h) in each studied
group. In group 1; survival time (h) =
193.685 + (-1.619x IGF-1 level ng/ml) with
accuracy of 65.6%. In group 2; the survi-
val time (h) = 256.028 + (-1.887 x IGF-1
level ng/ml) with higher accuracy of
70.2%. Regarding the combined head
and body trauma group (3), the survival
time (h) = 123.340 + (-1.283 x IGF-1 level
ng/ml) with higher accuracy of 82.3%
(Table 4).
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The autopsy description of the injuries
was sufficiently detailed in only forty cas-
es from all the studied mechanical trau-
matic deaths (80 cases), in whom death oc-
curred within 6 h post trauma. The total
AIS could be calculated to evaluate the se-
verity of trauma. In these cases, the total
AIS ranged from six to 36 with a median
score of 17 and the interquartile range
(25th _75th percentile) was 13 - 28.75 re-
spectively. The IGF-1 levels in these cases
ranged from 85-150 ng/ml with a median
level of 111 ng/ml and the interquartile

5th percentile) —

range was 95ng/ml (2
131.25 ng/ml (75t percentile). Spearman’s
rank correlation coefficient was used to
evaluate the relationship between IGF-1
levels and the total AIS and revealed sig-
nificant negative correlation (r = -0.653, p

value < 0.001) as illustrated in figure (5).
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Table (1) : Base line characteristics of the studied cases of mechanical traumatic deaths

(n=80).
Characteristics n Percentage Chl-ifiuare p value
18-<30 35 43.75
Age groups (years) | 30-<40 38 47.50 21.92 <0.001*
40-50 7 8.75
Group 1 20 25
Region of trauma Group 2 30 37.5 2.50 0.287
Group 3 30 37.5
Fall from height 11 13.75
Rogd traffic 4 500
accidents
Cause of trauma Other blunt 41 51.25 52.12 <0.001*
trauma ’
Sharp instrument 10 12.50
trauma
Firearm injuries 14 17.50
0.1-6h 44 55.00
Survival time >6-24h 19 23.75 16.97 <0.001*
>1d-7d 17 21.25
Total 80 100

n: number, *: significant at p < 0.05, group (1): isolated head trauma cases, group (2): regional body
trauma with intact head cases, group (3): combined head and other regional body trauma cases, h:
hour, d: days.

Table (2) : Comparison of insulin- like growth factor 1(IGF-1) in the different studied
groups of mechanical traumatic deaths and the control group (n=90).

Traumatic deaths
Control group
Group (1) Group (2) Group (3) n=10
n =20 n=30 n=30
Range Range Range Range
mean + SD mean + SD mean £SD mean +=SD
IGF1 level 70 - 143 80— 150 50-115 139 -270
(ng/ml) 104+ 20.49 118.10 £20.46 83.60+ 15.34 190.50 + 45.59
F 25.71
P value <0.001*
ANOVA All groups are significant to each other.
,I;Oit h?c Group 1 versus group 2 (p=0.029%)
ukey’s
test Y Group 1 versus group 3 (p =0.001%)
Group 2 versus group 3 (p <0.001%)

n: number, *: significant at p < 0.05, group (1): isolated head trauma cases, group (2): regional body
trauma with intact head cases, group (3): combined head and other regional body trauma cases, con-
trol group: non-traumatic natural death.
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Table (3) : Comparison of insulin- like growth factor 1 (IGF-12) levels in the differ-
ent survival time periods in each studied group of mechanical traumat-
ic deaths (n =80).

Traumatic deaths
Groupl Group2 Group 3
Survival time periods n=20 n= 30 n= 30
IGF1 level IGF1 level IGF1 level
(ng/ml) (ng/ml) (ng/ml)
mean £SD mean + SD mean £SD
0.1-6h 118.53 129.93 109.00
+14.39 +14.54 +8.01
~6-24h 99.66 124.80 84.36
+3.78 +2.86 +4.10
.00 93. 61.2
>1-7d 77 3.33 5
+6.68 +10.88 +12.50
F 17.62 25.94 76.24
p value <0.001%* <0.001* <0.001*
ANOVA o All are significant All are significant
All are significant
Post hoc ) b other * to each other except to each other
o each other
Tukey’s test 0.1-6 h vs >6-24 h p <0.001*
(p=0.701)

n: number, *: significant at p < 0.05, group (1): isolated head trauma cases, group (2): region-
al body trauma with intact head cases, group (3): combined head and other regional body
trauma cases, h: hour, d: day.

a 0.1-6 h versus >6-24h: p = 0.017*

0.1-6 h versus >1-7d: p < 0.001*

>6-24 h versus >1-7d: p = 0.015*

Table (4) : Simple linear regression between insulin-like growth factorl (IGF-1) levels and
survival time (hs) in the different mechanical traumatic studied groups (n = 80).

Unpaired t- test 2
B coefficient Standard Beta npair s R
Error (accuracy)
T | p-value
Group 1
Constant 193.685 29.268 6.618 <0.001%*
65.6%
IGF1 -1.619 276 -.810 -5.859 <0.001%*
Group 2
Constant 256.028 27.836 9.198 <0.001*
70.2%
IGF1 -1.887 232 -.838 -8.122 <0.001%*
Group 3
Constant 123.340 9.543 12.925 <0.001%*
82.3%
IGF1 -1.283 112 -.907 -11.419 <0.001*

n: number, *: significant at p < 0.05, group (1): isolated head trauma cases, group (2): regional body
trauma with intact head cases, group (3): combined head and other regional body trauma cases.
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DISCUSSION

Medicolegal investigation of traumatic
deaths requires the determination of im-
portant issues like cause of death, post
mortem interval, and survival time by the
forensic pathologist (Jalalzadeh et al.,
2015).

The question of victim’s survival time
with the possibility of physical activity
and the association of injury to the event
of death is often raised in homicidal cases
(Cros et al., 2013). Besides gross and histo-
logic examination of the injury, post mor-
tem biochemistry is considered one of the
important tools in the forensic work (Mae-
da et al., 2009).

In this study, postmortem serum IGF-1
levels in males died from mechanical trau-
ma were studied with special regard to its
relationship with the survival time and
the severity of trauma.

This study demonstrated low postmor-
tem serum IGF-1 levels in males died from
mechanical trauma compared to the
matched control group of nontraumatic
natural deaths and age-related reference
values reported in the literature (Blum,
1996). The possible effect of age of the
studied cases on the measured IGF-1 val-
ues was statistically tested and revealed
non-significant correlation between serum

Mansoura J. Forensic Med. Clin. Toxicol.

72

IGF-1 levels and the chronological age of
all the studied cases. Therefore, all the an-
alyzed IGF-1 values in this study are not
confounded by the deceased age.

Regarding the differences between the
involved body regions, postmortem serum
IGF-1 levels were lower in both the isolat-
ed head trauma and combined head with
other regional body trauma cases com-
pared to those with regional body trauma
without head trauma. To the best of our
knowledge, this is the first study to meas-
ure postmortem serum levels of IGF-1 in
cases with fatal mechanical trauma. How-
ever, several previous studies investigated
IGF-1 levels in patients with acute trauma;
in head injury patients with or without fe-
moral fractures, Beeton et al. (2002) report-
ed lower circulating IGF-1 levels in head
injury and combined head injury and frac-
tures patients than those with only frac-
tures. Additionally, Sanus et al. (2007) re-
ported significant decrease in IGF-1 levels
in patients with severe head injury when
compared with controls. Other earlier
studies showed reduced serum IGF-1 lev-
els in patients with severe polytrauma
(Jeevanandam et al., 1992; Jeevanandam et
al., 1995; Houston-Bolze et al., 1996).

In traumatic brain injuries, IGF-1 is con-
sidered an endogenous neuroprotective
agent that helps to limit the injury (Guan
and Gluckman, 2009). In experimental ani-
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mals, studies of traumatic brain injuries
including cortical compact injury (Mada-
thil et al., 2010) and penetrating injury
(Kazanis et al., 2003; Kazanis et al., 2004)
reported induced IGF-lexpression and in-
creased IGF-1 levels in the injured brain
tissue. This is explained by selective pas-
sage of IGF-1 across the blood brain barri-
er via transcytosis in to the injured brain
tissues (Davila et al.,, 2007) with subse-
quent decline in the circulating IGF-1 lev-
els.

Growth hormone deficiency, the main
regulator of IGF-1 secretion from the liver,
is another suggested mechanism of the re-
ported low IGF-1 in head trauma cases
(Berryman et al., 2013). Growth hormone
deficiency was reported to be the most
common pituitary deficit in acute and
long-term pituitary insufficiency due to
moderate to severe traumatic brain injury
(Schneider et al., 2005; Klose et al., 2007;
Alavi et al., 2015; Prasanna et al., 2015).
Forensic autopsy of subjects who survived
12 h after traumatic brain injury showed
that 35% of them have infarction involving
approximately 70% of the anterior pitui-
tary in the peripheral region that is re-
sponsible for growth hormone secretion
(Kornblum and Fisher, 1996; Urban, 2006).
This could be explained by two proposed
mechanisms: compression of the pituitary
gland and/or the hypothalamic nuclei due
to oedema, skull fracture, haemorrhage,
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increased intracranial pressure, hypoxic
insult, or direct mechanical injury to the
hypothalamus, pituitary stalk or the pitui-
tary gland (Kelly et al., 2000; Bondanelli et
al., 2005).

The observed low IGF-1 levels in cases
with body trauma without head involve-
ment may be attributed to hypoxia and ac-
idosis that complicates trauma (Dinleyici
et al., 2006). This is supported by Hannon
et al. (2011) who stated that patients with
acute critical illness are usually associated
with hormonal changes including low
IGF-1 levels that most likely attributed to
physiological adaptation to severe physio-
logical stress. In addition, Jeevanandam et
al. (1995) reported a hyper catabolic state
in those acute polytraumatic patients who
survived for days. This hypercatabolic
state reduces growth hormone secretion or
actions on its receptors which in turn re-
duces IGF-1 levels. Moreover, reduced
IGF-1 levels with long survival could be
attributed to the involvement of IGF-lin
wound healing phases including prolifera-
tive and/ or migratory response of the epi-
thelial cells, deposition of various compo-
nents of extracellular matrix as well as
angiogenesis (Ando and Jensen, 1993;
Aghdam et al., 2012).

There is a need for precise determina-

tion of survival time in the medicolegal in-
vestigation of traumatic deaths. This may
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help to confirm or refute a witness and
statements (Itabashi et al., 2011). This was
considered in this study and there was a
significant negative correlation between
IGF-1 levels and the survival time with
time dependent decrease in IGF-1 levels.
Cases with long survival (died after 24 h
post trauma up to 7 days) showed signifi-
cant lower levels compared to those who
died earlier in all the studied groups of
traumatic deaths. This decline in IGF-1
levels occurred early in response to the
mechanical trauma even in cases of rapid
death in the scene (0.1 h) and the time
course of it was observed to be rapid in
both isolated head trauma cases and com-
bined head with other regional body trau-
ma cases that remained significant when
all the studied time points were consid-
ered.

On the other hand, isolated body trau-
ma cases with intact head region showed
early but gradual decline with no signifi-
cant differences between IGF-1 levels in
the first 24h following trauma. This agrees
with Schwab et al (1997) who demonstrat-
ed progressive decline in plasma IGF-1
levels over a period of 10 days in patients
with acute cerebral ischemia. In contrast,
Olivecrona et al. (2013) found a relatively
transient decrease in serum IGF-1 level af-
ter severe traumatic brain injury that was
restored towards normal on day 4. This
has been attributed to a state of acquired
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peripheral growth hormone resistance in
the critical illness phase of trauma (Van
den Berghe et al., 2000). It is worth to men-
tion that gradual increase in IGF-1 concen-
trations in the weeks following trauma
was only demonstrated in survivor pa-
tients with healing bony fractures and
traumatic brain injuries (Wildburger et al.,
2001).

The potential predictive value of the
post mortem serum IGF-1 level for the sur-
vival time (h) was studied by simple linear
regression analysis. This revealed regres-
sion equations with increasing accuracy
according to the involved body region
(65.6%, 70.2%, and 82.3% in isolated head
trauma, other regional body trauma with
intact head, and combined head and other
regional body trauma respectively). Insu-
lin-like growth factor 1 as a biochemical
predictor of survival time as demonstrated
in these equations is a new helpful tool
supportive to the hisopathological and im-
munohistochemical procedures of time de-
pendent changes of the injury site (Kondo
et al., 1999; Hausmann and Betz, 2002; Ka-
gawa et al.,, 2009). However, the severity
of tissue damage is a confounder factor
which may have an effect on the time and
pattern of IGF-1 response to trauma. Un-
fortunately, this could not be analyzed in
all the studied cases of mechanical trau-
matic deaths due to limitations in describ-
ing details of trauma. In forty out of the
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total studied cases with survival period up
to 6 h post trauma, total AIS was calculat-
ed and there was significant negative cor-
relation between IGF-1 levels and the se-
verity of anatomical traumas represented
by the total AIS.

In clinical practice, many trauma scor-
ing systems are available to evaluate the
severity of trauma and its outcome (Chaw-
da et al., 2004). However, most of them in-
clude physiological variables such as
blood pressure, heart rate, coma level, res-
piratory rate, etc., and are, therefore, un-
suitable for postmortem applications. The
simple AIS scoring system seems to be the
most appropriate system in forensic condi-
tions because it evaluates the anatomical
severity of injuries.

In conclusion, this study demonstrated
for the first time low postmortem serum
IGF-1 levels in males died from mechani-
cal trauma with significant negative corre-
lation with the survival time and trauma
severity. Insulin- like growth factor 1 re-
sponse to trauma differed by the involved
body region where postmortem IGF-1 lev-
els were lower in the isolated head trauma
and combined head and other body re-
gions trauma cases compared to regional
body trauma other than head cases.
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