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#1 Paroxysmal sympathetic hyperactivity assessment measure (3CHk.1)

Clinical Feature Scale (CFS)

0 1 2 3 Score
Heart rate <100 100-119 120-139 =140
Respiratory rate <18 18-23 24-29 230
Systolic blood pressure <140 140-159 160-179 =180
Temperature <37 37-319 38-38.9 239.0
Swealing Nil Mild Moderate Severe
Posturing during episodes Nil Mild Mod Severe
| CFS subtotal
Nil 0
; s Mild 1-6
Severity of clinical features Moderate 712
Severe 213
Diagnosis Likelihood Tool (DLT)
Clinical features occur simultaneously
Episodes are paroxysmal in nature
Sympathetic over-reactivity to normally non-painful stimuli
Features persist =3 consecutive days
Features persist =2 weeks post -brain injury
Features persist despite treatment of altemative differential diagnoses
Medication administered to decrease sympathetic features
22 episodes daily
Absence of parasympathetic features during episodes
Absence of other presumed cause of features
Amntecedent acquired brain injury
(Score 1 point for each feature present) [ DLT subtotal
| Combined total (CFS+DLT) |
Unlikely <8
PSH diagnostic likelihood Possible 8-16
Probable >17




Paroxysmal Sympathetic Hyperactivity 39

5% & L7z, #aEt##H Y 7 11X, BellCurve for
Excel (Ver. 3.02), (Social Survey Research
Information Co., Ltd.) ZfiH L 7-.

] ES

VA MEOTHI, PSH (+) #1161, PSH (-)
BE86HI, Ulitiik TOPSHFIEFRIZ11.3%TH - 7.
AITIERIF, AERSIXED 53T, T URAEIZT705
THo7z. PSHRIER O —8 % FK2Z/R_ 3. PSH
(+) BEDIERZARD SR T, ZHhkilE 13 a g
Horl, B (AEEX) 14, HH1scdhy, B

PE6MI, ZPESHITdH - 72. PSHE Bk S 7z eI,
Zh%56 400 H (P £H#ERESE) Tho /.
TCDB# ¥ T, diffuse injury 44, focal injury 7
1T, magnetic resonance imaging (MRI) T#ZW
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#2 Paroxysmal sympathetic hyperactivity assessment measure 116D % & %

Lesion
_Age | Sex Cause GCS | Dicncephalon/Brainstem. OPE_ | TTM TCDB | Meds ___GOS3M
Case 1 29 F Traffic accident 8 - - + Diffuse injury  Bromocriptine SD
Case 2 4 F Traffic accident 6 - + + Focal injury | Bromocripline GR
Case 3 8 M Traffic accident 7 - i + Diffuse mjury | Bacrofen Vs
Casc 4 9 M Traffic aceident 7 - + + Focal mjury | Bacrofen SD
Case 5 16 M Traffic accident 3 + + + Focal injury | Bromocriptine Vs
Case 6 25 M Traffic accident 7 - + + Focal injury | Bromocriptine MD
Case 7 68 F Traffic accident 8 * + Focal injury | Bromocriptine SD
Case 8 48 M Traffic accident 7 - + Diffuse mjury | Bromocriptine sD
Case 9 54 M Tumble 9 + | - Focal injury | Bromocriptine D
Case 10 90 F Traffic accident 9 + - Focal injury | Bromocriptine D
Case 11 25 F Suicide (Fall down) 3 Diffuse mjury  Bromocripline D

OPE : surgical operation, TTM : Targeted temperature management,
TCDB : Traumatic Coma Data Bank, Meds : medications, GOS : Glasgow outcome scale,
GR : good recovery, MD : moderate disability, SD : severe disability, VS : vegetative state

%3 Paroxysmal symptomatic hyperreactivity D $5#;

A AR, KBERFGCS, D-dimer, Fibrinogen, Ui Py #13]fit

PSH + PSH - P-value
‘Age (y.0) 34.2427.6 625254  <0.00l  mean+SD | ttest |
GCS (pts) 7 (6.5-8.5) 12 (10-15) <0.001 median (IQRs) MWU test
D-dimer (pg/ml) 62.4 (45.1-139.1) 113(34-529)  <0.001  median (IQRs) MWU test |
Fibrinogen (mg/dl) 208 (174-221) 260(214-319)  0.0051  median (IQRS) MWU test |
Initial ICP (mmHg) 25.0 (20-39.5) 7 (4.5-16) 0.0042 median (IQRs) MWU test
B : TCDBZ 8, [l - sm Aok, 35 H Pk
' PSH+ | PSH- P-value *
mn 0, 0,
TCDB F.ocal injury 7 (63.6%) 23 (26.7%) 0.0318
Diffuse injury 4 (36.4%) 63 (73.3%)
0, 0,
Diencephalon/Brain stem lesion Yes 2{15.1%) 10111.6%) 0.6225
No 9 (81.8%) 76 (88.4%)
0, 0,
Ortoome at% mods Poor outcome | | 9(81.8%) 17 (19.8%) <0.001
Favourable outcome 2 (18.2%) 69 (80.2%)
* two-taild test

PSH : paroxysmal sympathetic hyperactivity, GCS : Glasgow coma scale, ICP : intra-cranial pressure,
TCDB : Traumatic Coma Data Bank, SD : standard deviation, IQRs : inter-quartile ranges,
MWU test : Mann-Whitney's U test, Fisher : Fisher's exact Test (two tailed).
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Univaniate analysis Multivariate analysis
OR (95% CI) P-value OR (95% CI) P-vahe
Age: 0-50y.0 vs. 5ly.0- 1.14 (0.4171-3.1154) 0.7984 |
Sex: Male vs. Female 1.47 (0.5614-3.8235) 04352 | |
|GCS: Mild-moderate (9-15pts) vs. Severe (3-8pts) 9.76 (3.4668-27.4772) <0.001 | 4.65(1.4272-15.1229) | 0.0108
[PSH:Novs. Yes 18.26 (3.6092-92.4300) | <0.001 | 8.60(1.4848-49.8383) | 0.0164

TCDB: Focal injury vs. Diffise injury

6.51 (2.4379-17.4068) <0.001

3.53 (1.1162-11.1811) 0.0318

PSH : paroxysmal sympathetic hyperactivity, GCS : Glasgow coma scale, OR : odds ratio,
CI : confidence interval, TCDB : Traumatic Coma Data Bank

D-dimer, fibrinogen, U3 W #MH % F3A IR
§. PSH (+) BEOERNIZ342+276 (P + pEi
fi7) W&, PSH (-) B1X625+254%TH D,
PSH (+) #FIZAH BICE#ME2 > 72, PSH (+)
BEO R BERFGCSO YL X725, PSH (—) #ix12
HTHY, PSH (+) BEIZAFICGCSHEA - 7.
HIZ, D-dimer, JHZFWEMWIE L HICPSH (+)
HCHBEICEMZ R L, fibrinogenid A &I E %
w72 (£3A). %72, TCDBAEIC X BWMETIE
focal injury®EEHPSH (+) BETHEIZZ L, ¥
it/ BN T 25 D A e L 20 B LS A3 A o 72 (£3B).
ZH3n AR OFHRICHT 2 W TFoME cid, kb
REGCSIEAE, PSHIHRED U, diffuse injuryss, Aliiy
LTHRICTHRARLMEL TV (F£4).

Z £

AWFGETIRBERAMEITHI R 11BICPSHZ 88, &
IR BT I % OPSHOBRFHNI B W TIZHR D
WEPIBDE L, SRAMAEATLLEZOND. DL
TISARBIZEC 1) 2 PSHIEBI LI D FERICD & £ %52
T 5.

=¥ EBRE

PSHAEBI OB IZZHTH Y, KEZEOFEDL R
RENTWD DD, HEHBEIDOK80% FHFHEFIME T
H5HO, EIEFERIMVEICRIUEI0 - 32% D HE, §F
W210% iR & 3 2 MEA L v 5 2w BEERTO
PSHEIEHIZ113%TH ), MhIhFEFToORED
HIFIIH o7z, RIFTOMERIINT TALI o7
B3, AAEFIAME O A O TR D B VI
B3 BN G OF3 B R0 A I D X
A% o7z, THIZPSHOEK & LT R/ i b
ERBEENRTVE O ZLERIFALTVAS.

INET, EHIBIMEICBWTD, B/ I
D% E &N B diffuse injury % H 9 5 B TR E
MR L0 PSPSHORIER FHITEL 32 EHE
BERLVPEEZONTEL LIL, ABETI
ZHIMRITHEANCHRE LTwAICH b 5, PSH
(+) BELLB A -C R/ ok i 22 % G 7= i 191 1 2451
WM&, F/PSH (+) BETIIPSH (-) #ELlb
~focal injuryDFERAERICL VHIRLE Lo 72,
HEBIASER S T & 7R &/t O MRIBE SR D%
EEMET L, ThETIIME SN TEZERT
MRIZSHiAT E N2z hnweEZ 2 b5h b 720, [
it /R 2 R & 3 5 2 F T OB O FRGE
ALEETH Y, W5 MRUGITRER O ERE AL
BWLEZOLND.

AWFETIE, PSH (+) B CTRPilhy o FHEEE % R
FTCCSHHBITEMTH Y, ThETofe &
MThorz. BHIZ, PSH (+) BETIZARCRIEZEN
HELHABICEHMTH Y, FAERBERBRERY
(D-dimer & fifi & Ufibrinogenffifii) 3 327243, R
T PN R 358 [ s S5 L SR A MBS o0 Fie B2 & AR BE 3
LB IhTB 2, KFFEICHE VT HPSHIE
FREPITRIEL TS EFZ25. 72, PSH (+)
FEDERIE3422276TH Y, HEOBEICEAL
FBIELTBY, SThIETOHELFEETH - 7222,
L, AMEICBLTIE, BEIBIMED10% & FEIC
PSH RO H N A& 1xH 552, 18%LL T OIS
HHE36F & SR 722 TR, X VIERBEFAEICS
{PSHZFIELTE Y, PSHIZ/MNBITEIEE W)
LD IFFHFERIRTHEEZZIIIDBRIE L
N,

Tk & FEZH - A
KBy D GCSIAR A BRI ME; O FAE BE % XS %
—7C, PSHb BHIRIMBEERERICL RS 2 2 & A%t



Paroxysmal Sympathetic Hyperactivity 41

H3INTBEY L5 2w KRBV THPSHIE R
BElREGCSIRAE T % BERAME EHEHI T S FA L T
Wiz, HIZ, BEFRAMVES s HBEO T HRICHET SN
T & LT, REERGCSE PSHFEHE X ENZHNT L
TP THo7, ZORMBIBFHICEELEZZION
5. Thbbt, KBREGCSEPSHAAE DM, L72F
BAROHMN T TH o722 Lix, KBEREGCSOK
W HEEERAME B C D PSHO R IR & 3B & 47 9
LT, THREUHELISILEZRBLTVS.
PSHOGHHiE & LTk, ®#h, Bk, SRR,
ISR DY, SHOPTFRIEEL G2 5100
® LPHENTWES, OEHHEIZPSHO R Z24
LB ThEHEE ST TwaHp%e 79 KRB
HAAKRZRMT 2 ENROBEETH L2 0,
Hughes 5 O #1520 Tlx, ABEH» 52 T THEY
BIIZ83HTH -7 FeEET H L, KADHRE
HO56HIZH L TELIE AW, BRI OFEM
N ERLLEDND A, F2dE, MiZERiE,
TEVENE B B 25 O S AR ASRIRIRTB & 2 H B L
2, PSHAMAAET 2 W REME & fiie R rhinit IC¥ b %
BERIDSAI > TV Z EMIRDEREEER L. EWik
Wida7avyh—, p7avyh—, TLLR, NV
IVITEEY, AINRVFV, Nryuyzy, 7n
V)T FVE, SRGEAORED D B3 67D,
ErEnNruzzy, Taes2)7rF U EHEHL,
JEROYFHE R, LrL, "ru7z ol
BRI TH B WiE 2, WXV F U ER L SR
THMEDH DY, TAZ T, PSHYE P oOMAKIR
EARME FAIC X 2 ZRIWINIREE Y A 7 2R L
T, HRIREHZ & 72 b 74 B 55 B % 8191 CTRUMR
MIZAT o7z, Lo L, 3BNIMERAL o445 % 1 9 &
HIEGIT, PTEBRGEARE % 72 DRIRE BE A 1T
TELRhol WRIZHLT, SREIENZER
L, TETF VAR METLLENRDLLEEZONS.

KR DRF

AT HIEE OB AMEETH Y, HEOM
PUIBREREZZ oMb, 72, sV A5 4 v 7N
TR BT, R A B2 266) (i REHL7161)
R LTSN CTRAT L, 72PSHIE A JE B 511
BITH o770, FERKEISHVERSZI RV, £
DizD, SHEIEMEZERL T, BELXEDTY

RCEPRREERD.

]

ol
jul

Y DEIAMEIEBNC T, ARIEOHEG O TR
b % WI11BOPSHIEIES] & B L 72, UFHZ BT
HPSHAIER X, ST TOME L By B/ M
WMIRE DA% L, focal injurylZZ { FHE LT W7z,
VHERAME O F #1C I L CTix, PSH® ZEIE HY K B Iy
GCSHAl & v, L TP RARICHEL Tz, T4
bb, KEERGCSHEWEEFTH-TH, PSHE
RINCRAILTHBEMNATH I LICLY, PHREE
RND DD D, T2, PSHATFEAET 5 T
P % AR AR PR I HE D B EERIAY 5 & L 2N D
PEEZD.

E i B

ARECBELT, S22 uHibas s BRs
WAL SEARMRORIEAE, IR R B R
FRWFEREE AT 00 FIDCRkEE, RSB
FERRAL R AR SRR —J6E, IO KRR
= R Y i Y R E S ) Y L U SRSV A A e L )
WwzLE9.

T/, BV E T LR MICTRE VA
LT

51 A 3 ¥

1) Baguley 1J, Perkes IE, Fernandez-Ortega JF, et
al. Paroxysmal sympathetic hyperactivity after
acquired brain injury : consensus on conceptual
definition, nomenclature, and diagnostic criteria.
J Neurotrauma 2014 ; 31 : 1515-1520.

2) Rabinstein AA. Paroxysmal sympathetic
hyperactivity in the neurological intensive
care unit. Neurol Res 2007 ; 29 : 680-682.

3) Baguley IJ. Autonomic complications following
central nervous system injury. Semin Neurol
2008 ; 28 : 716-725.

4) Perkes IE, Menon DK, Nott MT, et al.
Paroxysmal sympathetic hyperactivity after

acquired brain injury : a review of diagnostic



42

5)

6)

7)

INCTEEZE #70% 815 (2021)

criteria. Brain Inj 2011 ; 25 : 925-932.
Choi HA, Jeon SB, Samuel S,
Paroxysmal sympathetic hyperactivity after

et al.

acute brain injury. Curr Neurol Neurosci Rep
2013 ; 13 : 370.

Perkes I, Baguley IJ, Nott MT, et al. A review
of paroxysmal sympathetic hyperactivity
after acquired brain injury. Ann Neurol
2010 ; 68 : 126-135.

Teasdale G, Jennett B. Assessment of coma
and impaired consciousness. A practical scale.
Lancet 1974 ; 2 : 81-84.

8) Jennett B, Snoek J, Bond MR, et al. Disability

9)

10)

11)

12)

13)

14)

15)

after severe head injury : observations on the
use of the Glasgow Outcome Scale. J Neurol
Neurosurg Psychiatry 1981 ; 44 : 285-293.
Marshall LF, Eisenberg HM, Jane JA, et al. A
new classification of head injury based on
computerized tomography. J Neurosurg
1991 ; 75 : s14-s20.

Baguley IJ, Nicholls JL, Felmingham KL, et al.
Dysautonomia after traumatic brain injury : a
forgotten syndrome? J Neurol Neurosurg
Psychiatry 1999 ; 67 : 39-43.

Heffernan DS, Inaba K, Arbabi S, et al
Sympathetic hyperactivity after traumatic
brain injury and the role of beta-blocker
therapy. J Trauma 2010 ; 69 : 1602-1609.
Fernandez-Ortega JF, Prieto-Palomino MA,
Garcia-Caballero M,
sympathetic hyperactivity after traumatic brain

et al. Paroxysmal
injury : clinical and prognostic implications. J
Neurotrauma 2012 ; 29 : 1364-1370.

Hendricks HT, Heeren AH, Vos PE.
Dysautonomia after severe traumatic brain
injury. Eur J Neurol 2010 ; 17 : 1172-1177.
Morinaga Y, Nii K, Sakamoto K, et al. Efficacy
of trazodone for treating paroxysmal
sympathetic hyperactivity presenting after
thalamic hemorrhage : A case report. Drug
Discov Ther 2019 ; 13 : 168-171.

Inoue D, Miki K, Mori M, et al. Two Case
Reports of

Paroxysmal Sympathetic

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

Hyperactivity Following Craniotomy for
Cerebral Hemorrhages. No Shinkei Geka
2019 ; 47 : 79-84.

Yamada H, Kikuchi R, Katayama J, et al.
Paroxysmal Sympathetic Hyperactivity after
Surgery for Cerebral Hemorrhagic
Arteriovenous Malformation : A Case Report.
J Stroke Cerebrovasc Dis 2018 ; 27 : 2768-2769.
Lv LQ, Hou LJ, Yu MK, et al. Prognostic
influence and magnetic resonance imaging
findings in paroxysmal sympathetic
hyperactivity after severe traumatic brain
injury. J Neurotrauma 2010 ; 27 : 1945-1950.
Nakae R, Yokobori S, Takayama Y, et al. Age-
related differences in fibrinolytic parameters
in patients with acute traumatic brain injury.
Surg Neurol Int 2017 ; 8 : 214.

Suehiro E, Fujiyama Y, Kiyohira M, et al.
Probability of Soluble Tissue Factor Release
Lead to the Elevation of D-dimer as a
Biomarker for Traumatic Brain Injury.
Neurol Med Chir (Tokyo) 2019 : 59 : 63-67.
Hayakawa M, Maekawa K, Kushimoto S, et al.
Hyperfibrinolysis in severe isolated traumatic
brain injury may occur without tissue
hypoperfusion : a retrospective observational
multicentre study. Crit Care 2017 ; 23 : 222.
Hughes JD, Rabinstein AA. Early diagnosis of
paroxysmal sympathetic hyperactivity in the
ICU. Neurocrit Care 2014 ; 20 : 454-459.
Rabinstein AA. Paroxysmal sympathetic
hyperactivity in the neurological intensive
care unit. Neurol Res 2007 ; 29 : 630-682.
Eijck MM, Sprengers MOP,
Oldenbeuving AW, et al. The use of the PSH-

AM in patients with diffuse axonal injury and

van

autonomic dysregulation : A cohort study and
review. J Crit Care 2019 ; 49 : 110-117.

Kirk KA, Shoykhet M, Jeong JH, et al.
Dysautonomia after pediatric brain injury.
Dev Med Child Neurol 2012 ; 54 : 759-764.
Alofisan TO, Algarni YA, Alharfi IM, et al.
Paroxysmal Sympathetic Hyperactivity After



Paroxysmal Sympathetic Hyperactivity 43

Severe Traumatic Brain Injury in Children :
Prevalence, Risk Factors, and Outcome.
Pediatr Crit Care Med 2019 ; 20 : 252-258.

26) Dolce G, Quintieri M, Leto E, et al. Dysautonomia
and Clinical Outcome in Vegetative State. J
Neurotrauma 2008 Sep 4. doi : 10.1089/neu.2008.
0536. Online ahead of print.

27) Rabinstein AA, Benarroch EE. Treatment of
paroxysmal sympathetic hyperactivity. Curr
Treat Options Neurol 2008 ; 10 : 151-157.

28) Heffernan DS, Inaba K, Arbabi S, et al.
Sympathetic hyperactivity after traumatic
brain injury and the role of beta-blocker
therapy. J Trauma 2010 ; 69 : 1602-1609.

29) Baguley IJ, Heriseanu RE, Gurka JA, et al.
Gabapentin in the management of

dysautonomia following severe traumatic

brain injury : a case series. J Neurol

Neurosurg Psychiatry 2007 ; 78 : 539-541.

Paroxysmal Sympathetic Hyperactivity
after Traumatic Brain Injury Experienced
in Yamaguchi University

Yuichi FUJIYAMA

Department of Neurosurgery, Yamaguchi
University Graduate School of Medicine, 1-1-1
Minami Kogushi, Ube, Yamaguchi 755-8505, Japan

SUMMARY

[Background and purpose]

Paroxysmal sympathetic hyperactivity (PSH)
is a syndrome characterized by paroxysmal
hyper-activation of sympathetic system which
can manifest as tachycardia, high blood pressure,
hyperventilation, hyperthermia, perspiration, and
excessive muscle rigidity. In this study, we
examined the actual state of the PSH following
traumatic brain injury (TBI) as there were few
reports of PSH associated with TBI.

[Clinical cases and method]

Ninety-seven patients with TBI were included
in this study. PSH was diagnosed according to the
criteria reported by Baguley et al. In order to
verify factors for developing PSH, and factors
influencing outcome three months after injury,
we analyzed epidemiologic, physiological and
biochemical data, and images of computed
tomography scan.

[Results and interpretation]

Eleven patients were identified as having PSH,
and incidence was 11.3%. PSH was significantly
frequent in young, severe patients, and in those
with focal injury. Multivariate analysis clarified
that severity of TBI, PSH, and diffuse injury
significantly and independently influenced poor
prognosis after injury. The results suggest that
we may expect better outcomes if we find and
treat PSH in the early stage following injury even
in serious TBI cases.






