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Pituitary dysfunction after Traumatic brain injury (TBI)

 Hypophyseal dysfunction after TBI originally reported in 1918.
* Little attention until some years ago ~

v'An increasing number of series among adult and pediatric survivors warned
endocrinologists about “TBI-induced pituitary dysfunction”

* International Consensus Guideline was published in 2005 and 2017 and
recommends identifying pituitary dysfunction in “adult TBI survivors”.

] Neurol Neurosurg Psychiatry 2017; 88(11):971-981

* The literature concerning “children” was limited.

Arch Dis Child 2017;102:572-57%
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Pathophysiologic mechanisms underlying pituitary damage in TBI

Primary injury Secondary injury

Excitotoxicity

excitatory neurotransmitters (mostly glutamate)
Diffuse axonal injury

*if/

Ischemia

If;;’\_‘ ) > :‘-"_ .
\: f’:»:_ > ] . \ ‘0
Hematomas/Hemorrhages

. Pro-inflammatory cytokines

interleukin 1 (IL-1)
tumor necrosis factor a (TNF-a)

& / AHA/APA

Inflammatlon

anti-hypothalamus antibodies (AHA)
and/or antipituitary antibodies (APA)
é ApoE genotype

J000

individual intrinsic
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of internal carotid artery)
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Acute stage (first 2weeks after trauma)

* The most common hormonal changes in this phase are represented by gonadotropin
and GH deficiency, but clinical presentation are “not” the most evident.

* In fact, the most fearsome complication of the acute stage is adrenal insufficiency.

v’ Hyponatremia, hypoglycemia, hypotension, fatigue, mental confusion (-417]5 A 3}%)

v’ Patients affected by hypocortisolism require a higher dose of vasopressors and have a
higher mortality rate; therefore hormone replacement therapy is crucial.

- Impaired vasopressin secretion (2.5-%) could also be life-threatening, contributing
to the hydro-electrolytic imbalance of the acute phase.

 Hypothyroidism (444 # 3}5°) can be also reported, due to the adaptive response
after trauma and the use of steroids.

Front. Endocrinol. 2021;12:634415.



Pediatric studies that evaluated acute hormonal changes of anterior pituitary function

TBI Time from TBI Endocrine abnormalities

severity
Srinivas etal. 37 (27 males) Severe Days (1,3,7) Elevation of cortisol and ACTH on day 1 followed by reduction
[Childs Nerv Syst on day 3 and 7 On day 3, 57% and 39% of T3 and T4 levels

2010;26(5):647- were subnormal Mild hyperprolactinemia on days 3 and 7

653]
Einaudi etal. Prospective Severe/mod Within72h (T0), (T0):no ACTH deficiency,low T3 syndromein 7/30, (T6): one
[J Pediatr group 30 erate/mild 6 months (T6),12 with ACTH deficiency, (T12): one with GH deficiency

Endocrinol Metab

2006; 19(5):691- patients (23 months(T12) for
703] males) the prospective

group
Ulutabanca 41 (27 boys) Sever/mode First24hand 12 Inacute period, 44.3% had at least one pituitary hormone
et al. [Childs rate/mild months after dysfunction (17.1% TSH,2.4% FSH/LH, and 24.4% ACTH
Nerv Syst 2014; injury deficiencies), (7.3%) had high PRL, pubertal children had

30(6):1021-1028] normal hormones,1 patient in minipuberty had low

gonadotrophins 12 months: 100% recovery

Krahulik 58 (37 boys) Moderate/s Days (2-14),3,6, (T0)45% central hypothyroidism; 25% of adolescents had
et al. [Biomed evere 12 months hypogonadotropic hypogonadism, 35% high PRL, and 10%
Pap Med Fac Univ high F and ACTH, low IGF-1 in 5 patients T3: 2 boys with
Palacky Olomouc combined pit deficiencies T6: 1 boy with i bert
Czech Repub pit deficiencies T6: 1 boy with precocious puberty
2017;161(1):80- and 1 with GH deficiency T12: 5 new deficiencies

85]

Pituitary (2019) 22:283-295



Chronic stage (starts at 3 months after TBI)

* The clinical features could be very variable and not specific, depending on
the different axes involved.
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M| A3 TBI severity ]

N

I Proposed algorithm to assess

mild [ Moderate } Severe pituitary function after TBI
(GCS >13) (GCS 9-12)  (6Cs3-8) )
i X T i K N
Check for other Life expectancy .
conditions reduced .
:f 7 ’ - | [ Screening recommended ]
- skull fractures \ X
- longer time of coma No

Timing for evaluation

I o
Yes
- older age I
- polyuria, polydipsia No *
- repetitive injuries

) screening Y0 YT h
\ (i.e. sport-related) — 1-7 days after TBI 3-6, 12 months after TBI Long term .an nual
I_/ ) screening
I . > 3 <
No [ Yes ] Screen fml c?rticutmpin Screen for TSH, GH, FSH, In selected cases both
I \ deficlency y LH deficiency and screen for new
No ﬁre:va I':JEBEE;?{ insufficiencies and
. corticotropin deficiency
screening . - reevaluate for
\ ) [ Screening recommended ] AH %':, Mol and diabetes insipidus corticotropin deficiency
if diagnosed previously and diabetes insipidus
_hll_ﬂ 7| %x.l -6'_% \if diagnosed previuuslyj
= > “MXF =
- =< o .
nE= A o A [ - 7" 7=||'*°|'AL'| I'I '6"-5 ”I_'!Eol_l- AI7IO'" AI'T'_'yl lx_IOOHOI‘EXI "
=0| &> — ¢ e ZHAM 7|1 ZE|S
H o '— o, +=-"1=3, IGF-1
=
2T S

Endocrine Connections (2020) 9, R1 12-R123
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Epidemiology of TBI-related hypopituitarism

* Arecent systematic review including 1,203 adult patients with TBI reported
a pooled prevalence of hypopituitarism of 27.8% and 6.2% of multiples

deficiencies.
Endocr Rev 2015;36:305-42

* The rate of TBI increases throughout childhood and young adult life and, by
age 25, approximately 1/3 of the population has experienced a head injury.

* The prevalence in pediatric studies widely ranged from 5% to 57%,
depending on TBI severity (mild to severe), and study protocol or design.

* Interestingly, pediatric cases had an “interval episode between injury and
diagnosis” ranging from 1 to 42 years.

Horm Res 2007;68(Suppl 5):14-17
Eur ] Endocrinol 2006; 155:663-669



Pituitary deficiency and precocious puberty

after childhood severe traumatic brain injury:

a long-term follow-up prospective study

N =87

Glasgow Coma Scale < 8 (severe TBI)
v 513 0| A X

Inflicted TBI (n =9)

Accidental TBI (n = 52)

: Fall (n=15), Road accident (n=35),
Others (n=2)

v/ 5 O[Llj =A

Accidental TBI (n=5, 1F/4M)

: Fall (n=1), Road accident (n=4)

During follow-up, we observed that

8/61 (13%) had pituitary dysfunction

I-year
posi-THT

Long-term

follow-up

(10% GHD, 3% TSH deficiency and 2%

prolonged ACTH deficiency)

and 4/61 (7%) central precocious puberty.

Pituitary dysfunction
61/87 (67%)

Initial study? after severe TBI
n f'-’ (median 7y)

' | v v '
Declined" Normal GHD GHD TSHD VCTHD
qu nr';'::' n=1h *1“!"1_|I||'| n=l n=1

|
I.ost aor I Laost or
=" declined -|—| —# declined
1l L] I A=3
: 1.5 yrs
I - lﬂll::';up
! I GH normal
—_ 1
[ T ]
: l I ll—: ! n=4
Y ¥ ¢ GHD N ¥
Normal CPP +TSHD TSHDY ACTHD ]
n=d49 n=4 =1 n=1 n=1

Eur | Endocrinol (2019) 180, 281-290




Grow hormone deficiency (GHD) after TBI

* Regardless of the height velocity, a controversial issue is whether patients
with a transient or permanent GHD should be treated early with GH.

* GHD may have a role in post-concussion syndrome. GHD may interfere with
cognitive and physical rehabilitation of children with severe brain injury.

 Several studies have demonstrated beneficial effects of GH on cognitive
function in patients with other etiologies (prader willi syndrome etc).

* Thus, in children with early GHD diagnosed 1 year post TBI, transient or
permanent, further randomized clinical trials examining the effects of early
GH treatment are needed to assess the potential impact on recovery,
rehabilitation and QOL.

Eur | Endocrinol (2019) 180, 281-290



Should We Assess Pituitary Function
in Children After a Mild Traumatic e ———
Brain Injury? A Prospective Study . /109 (24.7%) at baseline

3 normal hormonal function
7/109 (7.2%) at 12months ACTH def
after mild TBI M. partil GHD
N = 109 severe (fHD
Ace at TBI: 2~16 Pituitary evaluation at traumatism (M0), E;ﬁ[ 3;
& ' y 6 months (M6) and 12 months (M12) after TBI = DI
Glasgow C.Ioma Scale 20- . MO 1007 12 months after TBI
13-15 (mlld TBI) M6 n=12 ;? 90 -
e 15- el (sub n=10 Egg:
Impact (n =10) 2 clinical) g 207
Falls (n = 60) £ 10 215
Cycler (n =13) E n=>5 n=4 ; 10-
Moto vehicle (n=26) =3 n=2 n=1 E 5
z
ol — ol== | | il
?Cf‘ Glasgow scale

Front. Endocrinol. (2019) 10:149.



Prospective pediatric studies assessing pituitary deficiency 1 year after TBI

Source N
Einaudi et al. (5) 20
Kaulfers et al. (15) 31
Norwood et al. (16) 32
Aimaretti et al. (17) 23
Jourdan et al. (18) 27
Ulutabanca et al. (19) 41
Casano-Sancho et al. (4} 23
Personnier et al. (20) a7
Krahulik et al. (21) 58

GCS

=15
=12

=15

=12

<15
<15+4skull fracture

<8

<12

Pit. def (%)

o
29
25
30

13
NA
36
18

GHD (%)

o
4]
16
30
4
9
39
21
4]

GHD test

GHRH/O.S GH
Arg/0.5 GH
Arg-gluc/O.S GH
GHRH-Arg

NA

GHRH-arg
Gluc/clonidine
Gluc-betax/Arg-insulin
LdopaorlTT

ACTH def (%)

ACTH axis test

Gluc. test

Low dosage ACTH test
Bas. cort

Bas. Cort/UFC

Bas. cort

Bas. cort

Glucagon
ACTH test

Bas. cort /ITT

N, number; GCS, Glasgow Coma Scale; Pit Def, Pituitary deficiency; def, deficiency; OS GH, overnight spontaneous GH; Arg, Argining; gluc, glucagon; betax, Betaxolol; ITT, insulin
tolerance test; Bas. Cort, basal cortisol 8 a.m.

(5) ] Pediatr Endocrinol Metab. (2006) 19:691-703.

(15) J Pediatrics. (2010) 157:894-9

(16) Clin Pediatrics. (2010) 49:1044-9.

(17) ] Endocrinol Invest. (2005) 28:984-9

(18) Dev Med Child Neurol. (2012) 54:624-8.
(19) Childs Nerv Syst. (2014) 30:1021-8.

(20) J Clin Endocrinol Metab. (2014) 99:2052-60.
(21) Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. (2017) 161:80-5.

Front. Endocrinol. (2019) 10:149.



The best time for screening

* The best time for screening is controversial.

* Most authors agree that 1 year after TBI is the best time to identify
permanent abnormalities.

* However, some authors recommend starting screening at 6 months so that
endocrine problems could be detected early.

« If TSH, ACTH or LH/FSH deficiencies are present, they should be treated,
although frequently alterations at 3 or 6 months resolve within 1 year.

* At the same time, new deficiencies may be identified 1 year after TBI, and
those are usually permanent.

Arch Dis Child 2017;102:572-57%



Endocrine monitoring after pediatric TBI

Growth velocity (GV) 3 &&= 3~67 2 OtLCt
Height, weight, and body mass index percentile 7|, | =, A & 2] 4= ()
Sexual characteristics AF=7] 74 %!

Basal Hormone 7| A 2 &
e Thyroid function test 7734 7|5 AA}
* IGF1 73 &1 =}
 Morning cortisol ©}% 8A] ZE| &
« LH/FSH, sex hormone (or GnRH X} AN A<=7] A &) 4] A

AAET 712 or IGF1 5% 7HAh => A F T 2 2 3544 (29349 1Y

Morning cortisol S &5 => #] &% ACTH A=A} (&l ol A 715)
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A k| Sh+H| (2 H bright signal)
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18-08-30] (2] %) SNa 139, UOsm 39/UNa 13.3

18-09-10] (2| F) Cortisol 6.1, free T4/T3/TSH (‘& H <)

18-10-11] Mol & H A 142/4.1/110, UOsm 67/UNa 18

free T4/T3/TSH (A& H ), IGF1 61 (&), Cortisol 6.9 (&)

18-11-20] MRI sella; Not visualized posterior pituitary gland, c/w central diabetes insipidus,

Focal cortical defects in right inferior frontal lobe and right temporal lobe
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LSt K| 7| S AF (TBI O|Z= 87HEM, B 44))

18-11-20] Y HS 22 X1FHAL: Hak
(1) clonidine A}= & Al GH peak 10.15 (5=
(2) L-dopa At=Z& Al GH peak 1.63
18-11-21] M-8 2F ACTH A= Z At Cortisol 8.1 — 30.5 (5 =), ACTH 32.3

T Serum Na/Osm 151/311 (&45) &0 285 =7
> OS2 R2 50 T A 5= (UrineOsm 663) T/ HM ES LIEE S A 5
Na/Osm 141/286 (B&2h £[0 S8 255 =1
OF 4M Of 2l HH At=7| H MEIE GnRH A=A ALE A|HSHA| §S



BMI
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LSt 7| S4B Ar (TBI 0] 2'AR|, Tt 5.5A])

MESBEXIAHA. MEIs =22 o=

(1) clonidine At=4 Al GH peak 5.5 (5%
(2) L-dopa A= & Al GH peak 0.57 (£
X8 ACTH A= AL Cortisol 6.1 - 21.0 (5&), ACTH 24.3

MRI sella; Not visualized posterior pituitary gland,

S3XNE A LDLE Y AHE S5(+) => XS HARE JH



LIO] A AL NES =5 BMI aloses e
3.5 95.0 15 16.6 L —
40| 984 17.7 18.3 6.9 =071, HI (2017)
4.5 101.5 20.7 20 .1 6.2 190
50| 103.5 23 21.5 4.0 MEE=E |8 150
55| 105.0| 25.0 22.7 3.0 H= 9|
6.0 109.0 | 26.0 21.9 8.1 (H[2HE ZHA) 170
6.5 | 114.0 27 20.8 9.9 -
7.0 118.0 28 20.1 8.0
Lo} BMI (2017) > 10
30 o 85 GH AIE!- 140
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