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ABSTRACT

Hypoxic-ischemic encephalopathy in neonates is an important cause of brain
damage that leads to severe neurological sequelae or death. Brain injury patterns on
magnetic resonance imaging (MRI) scans are used to predict neurodevelopmental
outcome severity. This case series describes the clinical manifestations and neurolo-
gic outcomes of four preterm infants with isolated deep gray matter injuries. Basal
ganglia and thalamic lesions were noted without white matter and cerebral cortex
lesion on brain MRI. All patients were preterm infants born at less than 33 weeks’
gestation and required resuscitation in the delivery room. All had seizures during the
neonatal period requiring anti-seizure medications. Severe neurologic disability was
identified in three patients using neurodevelopmental assessment tools. Another
patient has not been evaluated with assessment tools yet as he was 2 months’
corrected age, but he was supported by home ventilation via a tracheostomy due
to insufficient self-respiration. This case series demonstrates that isolated deep
gray matter injuries in preterm infants could predict severe neurodevelopmental
outcomes.
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AR5 A(deep brain gray matter)> ¥ F2E 3 =1
Aol X3t 2 o]Q] WA AAE= YR, FH SfFHQ
T2EZE 7|Ad(basal ganglia), Al4(thalamus)¥ Al4dskE:
(hypothalamus)7} It} 0152 71542 A&o] thsfrl= &5
AA| 24, B3y, /1A 7]%01] gghg = Aoz SHFHY®. 71A
Ay} AJAF] &4 AT S A AX(mild), 27 AE(moderate),
183 ARt = (severe) & T 4= 9121, o] whe} Alo] XY,
Aojdrd AJE, dhd X4(developmental quotient) & FAH 9] A
Tofl Zo|7} Qlgo] LHHY. gt Ao} HIES Ak ghat
o tACoE 3F oA Aol wWEH 7| AT} Aol HEro] 3l
+ HIE &AIAA &5 X AX7]5 Zoli7t 7 AsHA e
o= 3071¥7 HAJuH = o|gsk= A= A o] Sl &Y
FTHO, SRAut, o2jgt ARy | g o] AL thE o & YEh=

79 Heks W ol w3 o) Sl 4w Suteo] ek
A9/} et
Bholol A 7] ska} AAakRe] F5l o] Gl Bxjol

x| Z}7] 5 JAHmagnetic resonance imaging, MRI) AZA4} 4]
T 42 Uil 29 14519 o7t 2gsict B asgt
1112, 410} 5 HIES Ak SRjoll 14 ¥ MRIOIA 2.0l 4)
#19i0] w2 o w]20] chet A7 4 B E GO 14}
whaol tg Aok vl mstol Aow, ARusnd g5 &40l 9)
= zAlolo] thek Qi BEEH Aol

ojof] AFAFEE EUoA Aol FA BA X85 W2 A
SR ARusld B o] Sl 24tk 40] diet 94t
F L A o ol o] thef| B askarAf ghet
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1. Chéd

20061 1€+¥ 20224 397HA] Atk of o A4
oFYFARANA A m2 AoeE ti o= stk &4 A
% 1,000 g B]¥E =2 QJAlo] 295 w]Rke] RAtotolAf Bl A
S MRS Agls108], 1 8l #4071 W o1 2%
5 4174 A% BRI ¥ MRIE A3151 o]
—’EJ?J'O] gl AlAgot 4750 Hisl S3FA e
AT A EA JA o]F AL Al A
£71% 2 o) 2483 Q1% e A4097 SAATE B
= 7138852 9198 (Institutional
Review Board)9] 5-¢1& ®OITHIRB No.: 2205-058-1322, 521
UAT: 2022.06.20).
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2. | MRI &

Y MRI&= 1.5 T MR system (Avanto 1.5T, Siemens Health-
care, Brlangen, Germany), Ingenia Elition X2} 3.0 T MR sys-
tem (SIGNA Premier 3.0T, GE Healthcare, Chicago, IL, USA)2.
2 ARy, 7tEH(axial)Q T1-7FIAH(T1-weighted con-
ventional spin echo image), T2-7F59AHT2-weighted fast
spin echo image), HA|7F4] 9 3] E(fluid attenuated inversion
recovery), 2HE3F 94 Hdiffusion weighted Imaging), 2X. 7%+
AHAl4(apparent diffusion coefficient)& &AL e TiA)
ok= 3&o| PYskE AeiellA 2ol 7hsgt Al7]o] = MRI &9
< Aotoich FFE B2 g T o]ite] Aotg et ARl
7} B=519 . National Institute of Child Health and Human
Development (NICHD) Neonatal Research Network (NRN)
score”ofl A= Fhatolofl A TS MAkAA B84 H WS ERo
11 Itk NICHD-NRN score 02 A4} 1A= A5 (frontal)2F T4
H(parietal) T &5} P9 HHol Ql= 4% 1B= BTN AT,
74 9 T (occipital) 325t G ol o] U= 4% 2A% 714
A&} 2 &9 (internal capsule)oll o] Q= A9 2B=
7| A8 9 ’\Vz} YT} TA o] G ol Rl Sl 7% 32
W] T A Q1 &4to] Sl A& Aot At a9 A &
MRI #H50f|4 A3 o] &5l m]4td(caudate nucleus),
A = (lentiform nucleus)oll 5 £410] oA FA = S]H A,
=9 5 £4Jo] @l AL, & NICHD-NRN score 2A°] dfdah=
RS o & Sirh HAWEE ¢ Hiopr]d £32 & MRIO
A ERIE|A] GEEte S48 7)ol Al | 2guto A A s 4

9= ZFlgIcH,

3. O Lldote] et A
2 Aol A i Aldote] sl o782 FFAeE £
Atk 4 40, AP FA 23 AR At HAY )14l A
H, Y AN, £ 5 Hot] HEYE A s =8
ZA(intrapartum sentinel events), 4 A] ofZL7} A<=, Al
A& Al o7, 24 AT, thEjol 24 of i, dAH o= g
Z(clinical seizure) o4, A% hypotonia), F+2S(apnea)
FE5 ERlsklth. 0] 9] H&4 A, ”""01' A 524 A 5 I
o 2 T A RE SUYA ARG o7, B 2F7] ARG o7, A
A 2|5 AlFY of 7, Ao FA 54 ?JQJ 717k 0] 3= AT
oh&d | ] Wt Al o], T 2J W2 Al Al A1

AAA Zzi# 3‘41*]0“0}‘?4%*7&/\}734 o2l 2 A A,
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4. MOl oL}

NS HAK= AT 2L SH7A) BhA|et Sl A
& gt A, AgsHAQl A 9 g T A AR 44
SFA

st 7} =91 Gross Motor Function Classification System
(GMFCS), s 9gfof wdAdEAANKorea Developmental
Screening Test for Infants & Children, K-DST)E HIEO2 A
it H/grtH]| 7} Q= 7450l GMECS 4 level 4 &= level 5
0l A= 33, level 2 & level 32 355, level 12 A= Ao

Table 1. Perinatal Characteristics and Clinical Case Presentations
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2 TR,

5. ThA} BiXjol QAx S5

& 4730 @A} Aol
Ak 28 WAE 29 4 Steislon, 9 dolsick da
o] 29%37e] 32750 ST OISO, BAZE 1250
5 2,400 golgiet. AeFIZHZA A9l o]F BE oA 7
o] Selslo] YAUA) B2 ARSIHOH, 3] Bl

cHE &ARS Holl A0 g Fo]

0= 5

ot

N
Sé’
(o

GA Bl_rth Out- Multiple Sei- Hypo- Perinatal Mode of Apgar ResuscTtatlon Cord Diagnosis during
(wk) ST e born birth zure tonia problem FHRP delivery score atdelivery BGA NICU care
(8) room (pH/BE)
A 32° 1250 M Yes No + NA Placental Normal EmCS 0-3-6 Intubation(+) NA HIE, ROP stage 3, 2'ASD,
abruption CM (+) mild BPD
B 29 1510 M Yes No + + PTL Deceleration EmCS 0-1-4 Intubation(+) NA HIE, recurrent aspira-
CM (+) tion pneumonia, CRE
sepsis, TPN-induced
cholestasis, ROP stage 2
C 31" 1690 M No Yes* + +  Cord entangle- Deceleration EmCS 3-7 Intubation(+) 7.33/ HIE, AKI, ROP stage 1,
ment CM(-) -3.3 GMH
D 29° 136 M Yes No + + GDM, pneu- Deceleration EmCS 3-4 Intubation(+) 7.316/ HIE, recurrent aspiration
monia due due to ma- CM (+) -0.5  pneumonia, ROP stage
to COVID-19 ternal car- 3, TPN induced chole-
infection diac arrest stasis

ROP stage: 1-demarcation line, 2-ridge, 3-ridge with extra retinal fibrovascular proliferation, 4-subtotal retinal detachment, 5-total retinal detachment.
*No significant injury in co-twin.
Abbreviations: GA, gestational age; FHRP, fetal heart rate pattern; BGA, blood gas analysis; BE, base excess; NICU, neonatal intensive care unit; NA, not
available; EmCS, emergency Cesarean section; CM, cardiac massage; HIE, hypoxic ischemic-encephalopathy; ROP, retinopathy of prematurity; ASD, atrial
septal defect; BPD, bronchopulmonary dysplasia; PTL, preterm labor; CRE, carbapenem-resistant Enterobacteriaceae; TPN, total parenteral nutrition; AKI,
acute kidney injury; GMH, germinal matrix hemorrhage; GDM gestational diabetes; COVID-19, coronavirus disease 2019.

Table 2. Radiologic Findings and Neurodevelopmental Outcomes of Preterm Infants with Deep Gray Matter Injuries

Age at PMA at initial Reading NICHD-NRN Age of Neurologic developmental
brain MRI ~ brain MRI score last OPD FU outcome
A 1 month 38" Symmetric hyperintense both thalamus 2A - 3-year-old GMEFCSlevel 5 (at CA 10 months),
T1WIs epilepsy
Relatively symmetric T2 high/T1 low CP, severe disability
lesions at both BG (mainly globus
pallidus) and insula subcortex
B 2 months 40" T1 high Sl lesions at bilateral thalamus 2A - 5-year-old GMFCS level 5 (at 5-year-old)
CP, severe disability
C 23 days 34" Symmetric T1 high signal intensity in the 2A + Gradel 5-year-old K-DST: all zero (until 4- year-
bilateral thalamus, hippocampus and old), epilepsy, tube feeding
parahippocampal gyrus through PEG tube
CP, severe disability
D 1 month 34" Bilateral symmetric T1 high signal lesion 2A - CA2months Tracheostomy with home ven-

at the globus pallidus and thalamus

tilator apply

Abbreviations: MRI, magnetic resonance imaging; PMA, post menstrual age; NICHD-NRN, National Institute of Child Health and Human Development
Neonatal Research Network; IVH, intraventricular hemorrhage; OPD, out-patient department; FU, follow-up; T1WI, T1-weighted image; BG, basal ganglia; SI,
signal intensity; GMFCS, Gross Motor Function Classification System; CP, cerebral palsy; K-DST, Korean Developmental Screening Test for Infants & Children;
PEG, percutaneous endoscopic gastrostomy; CA, corrected age.
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tA7170] K Table 1). 278 2] EA7F Ao SA =24 9
o} b Z(retinopathy of prematurity) &2 &4 91
Srom, 219 A7t S M ILTF(total parenteral
nutrition) 2.2 {13t &= H|Z0] FelE|ir}, A} Co AL Al
ot A md A4 5LB7HA] A otE Y Aol A&E 54 Al
4ol FRlE Ao AltiAl 8 ¥ 52 A= §lo] == ItkTable
2). Yl B9 Aol A Aztet A gto|u A R d g Ak
S A173A A 52 ERIEA] ekttt
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6. AR U FAMI| EF-
17g9] AtofA] Aojgto 2 iﬁﬂ% A
diabetes)”} 313101, 0]Q] YAI0.

ok, 199] Ahm 7} chefo stol 9o,
3

A4 Fie(gestational
FHZEQ ol Al olo)
FE A 2Jgt o2 Aol
X

= A4 AR TS Btk E"“ 59| gzt ]"1 Ejob4lHk
a7t el om, BlopEte 4o] 19 % 247r 271718, Al
¥ A(cord entanglement), /&E«] A5t gg o2 Qlsl AlH A
& A3 Solqlth T gt o] A= HintRT ke & Sk A
Hr} o] 24| SFAGFENES Al Wkt BE Aol S5 A

FANES %oﬂ Eotstdtt. 18 Apgar d4E 5 33 o|sta2 &
A=A 0™, 58 Apgar 4= 47 5 3980] 44 olstqiet. tidet
A} B= Bulbgol A 7| BAFTRS A|3) Higko o 3tgo] Hulatof| A
AR 9l S9UA Tk okt AgordFA = A4 o]%
of ABYLO = Q18] £UA) Aol A0z AR ol |
Ho]AtHTable 2).

7. = MRI Y Zat Y MFE
o SRS A5 23

2390
& Al S99 &

AT
IHE

= "ot
S5 3704 ool A = MRI &%

o] O 7= T1 protocolof Al &= 714
Sl Aol A H o &2 1A ST GR1E 9 o (Figure 1), 71
A Aol &4 Qo &} Aol = i 2R A (insula
subcortex), A ColAl+= dluHhippocampus)ll $440] A=
& &o] Ao Hidspotty) B WHY| A7]= A &
SftH(Table 2).

A x| MRI A3 o]F 375 9] SRt A] | MRI 82 A5t
Aot A A= 2417 A 2EE 9l AU Al FHAAE
P51, T2 protocoloﬂ/ﬂ TS 71 AT A4 R ofu=h
AYot7]ofli= APSHA] | F5 A o WA} B A o Wi o
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A o= FHo R B sty A 97Tt 5 108
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A Bl FATES 913 B MRI AIRsk3laL, 71&0] A
3 G4Hglobus pallidus)2t A4 BHo] € FEA Hol=
27 o] Qo] F7HA 0 = golHE W
49 % 27%o] GMFCSE ©]-&3t 4179} g
A9 11704, =t SAJof| AJgstlor, B level 4 oo = 47}
2t X Aol 7} FRl= gt 2Rt C= 1
A A2 AlgsE K-DSTolA 2% 08
WA 2T o] 83t Y4 A3 Folth T A&Al £ 11
9 AR AR 2 FA] 2 B0 R P AARL HEo
baclofen, diazepam, clonazepam= FoFolal Qlt}. 24} D
A wZAY 27NEE ATA A B7E APsHA] ZR}

Figure 1. Transverse T1l-weighted brain magnetic resonance
imaging findings of all patients. (A) Images of patient A taken at
a post-menstrual age (PMA) of 38" weeks. (B) Images of patient
B taken at a PMA of 40** weeks. (C) Images of patient C taken at a
PMA of 34** weeks. (D) Images of patient D taken at a PMA of 34**
weeks. The arrows indicate T1 high signal intensity lesions in the
deep gray matter.
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