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ABSTRACT

Purpose: This study aimed to investigate the incidence and clinical features of late-
onset circulatory collapse (LCC) in preterm infants.

Methods: Medical records of 327 preterm infants (born before 32 gestational weeks)
admitted to the neonatal intensive care unit of Seoul National University Bundang
Hospital between January 2014 and December 2017 were reviewed. LCC was defined
as sudden onset of refractory hypotension occurring after 7 days of life without obvious
causes, which responded to glucocorticoid administration. Clinical characteristics and
outcomes in infants with LCC were compared with those in infants with hypotension
associated with identifiable causes, which developed after 7 days of life.

Results: Among 327 preterm infants who enrolled in this study, 65 infants developed
hypotension with oliguria after 7 days of life. Among these 65 infants, 35 (53.8%) met
the criteria for LCC and 30 (46.2%) were diagnosed with hypotension associated with
other identifiable causes. No statistically significant differences were observed in the
baseline pre- and perinatal characteristics between infants with LCC and those with
hypotension associated with other causes. Infants with hypotension associated with
other causes showed a higher mortality rate than those with LCC (33.3% vs. 5.7%, P=
0.004). The mean gestational age and birth weight of infants with LCC were 27*°+2"!
weeks and 963+245 g, respectively. LCC occurred at a mean postnatal age of 18 days.
The median body weight at the time of diagnosis of LCC was 1,200 g. No association
was observed between LCC and gestational age.

Conclusion: Among preterm infants born before 32 gestational weeks who developed
hypotension after 7 days oflife, nearly 50% were diagnosed with LCC without apparent
identifiable causes. Infants with LCC showed a lower mortality rate than those with
hypotension associated with other causes.
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327 Total eligible preterm (<32 weeks) infants

24 Exclusion
5 Major congenital malformations
16 Death within the first 7 days
3 Incomplete data

62 Circulatory collapse (hypotension & oliguria) after 7 days of life

(21.5%)

35 Last-onset circulatory
collapse (53.8%)

30 Other causes
8 Sepsis

T~

5 Symptomatic PDA
6 NEC
6 Pulmonary hypertension

17 Simple LCC 18 Refractory LCC

12 Relapse during HCS tapering
4 Relapse after HCS course
2 Prolonged HCS replacement

5 Miscellaneous

l

| 10 LD ACTH stimulation test

Figure 1. Flow diagram of the study population. Abbreviations: LCC, late-onset cir-
culatory collapse; HCS, hydrocortisone; PDA, patent ductus arteriosus; NEC, necroti-
zing enterocolitis; LD, low-dose; ACTH, adrenocorticotropic hormone.
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Table 1. Comparison of Peri- and Neonatal Characteristics between the Late-Onset and Non-Late-Onset Circulatory Collapse
Hypotension Groups

Characteristic LCC (n=35) Non-LCC hypotension (n=30) P-value
Gestational age (wk) 272" 27"'+2" 0.272
Birth weight (g) 9631245 8721294 0.180
Admission duration (d) 84.6+27.7 90.6+87.4 0.722
SGA 3(8.6) 9(30) 0.026
Male sex 18 (51.4) 16 (53.3) 0.878
Multiple pregnancy 17 (48.6) 6(20.0) 0.016
Cesarean delivery 28 (80.0) 22(73.3) 0.525
Antenatal steroid 32(91.4) 28(93.3) 0.774
PROM 16 (45.7) 11(36.7) 0.461
HCAM 16 (45.7) 14 (46.7) 0.939
Preeclampsia 2(5.7) 5(16.7) 0.534
Hypotension on the first day 11(31.4) 8(26.7) 0.067
PMA at the time of hypotension* (wk) 307+2" 29%12° 0.402
Weight at the time of hypotension* (g) 1,124+265 1,065+437 0.525
PND at the time of hypotension* (d) 19.8+1.8 20.6+2.9 0.072
Postnatal steroid 4(11.4) 10(33.3) 0.032
RDS 29 (82.9) 28(93.3) 0.200
Pulmonary hypertension 6(17.1) 13 (43.3) 0.021
Pulmonary hemorrhage 0 4(13.3) 0.026
Treated PDA 9(25.7) 12 (40.0) 0.220
Sepsis 3(8.6) 12 (40.0) 0.003
NEC 5(14.3) 4(13.3) 0.912
ROP stage 3 12(34.3) 6(20) 0.070
IVH 2-4 7(20) 8(26.6) 0.525
Cystic PVL 4(11.4) 4(13.3) 0.816
Hypothyroidism 10(28.6) 9(30.0) 0.900
Severe BPD 14 (40) 13 (43.3) 0.004
Mortality 2(5.7) 10(33.3) 0.004

Values are expressed as meanztstandard deviation or number (%).

*Hypotension after 7 days of life.

Abbreviations: LCC, late-onset circulatory collapse; SGA, small for gestational age; PROM, premature rupture of membrane; HCAM, historical
chorioamnionitis; PMA, postmenstrual age; PND, postnatal day; RDS, respiratory distress syndrome; PDA, patent ductus arteriosus; NEC, necrotizing
enterocolitis; ROP, retinopathy of prematurity; IVH, intra-ventricular hemorrhage; PVL, periventricular leukomalacia; BPD, bronchopulmonary
dysplasia.
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Figure 2. (A) Gestational age (GA) and (B) birth weight distribution of 35 infants with late-onset circulatory collapse (LCC).



neonatal
medicine

AR ¥ Z2gubelld 22 Wrlo] gele 9= F 77(20.0%)
oA A= o] Fell 19 ellA B Hell A3t = 27138 7
ZAAFoll A v G e 2= ) A A3} (non-cystic periventricular
leukomalacia)o] @1E Yt} o=z TE)E ] =0 2 A 9
HH FEZE FEv 11.451.0 ng/dLo|QaL, Sto| =2 T E|E=S &
21.5%8.0€47F FAH AL, F 728 F2 33.656.7 mg/kgo] L
], 97 F 1}o] 33740 F o] FoFo] FTHE|QJTH(Table 2).

4, 238 7[R0 BEAT|s

LCC7} AL 3518 9] Zabol s 2 187 (51,4%)-2 refractory
LCCE] A o] F-8}5} it} Refractory LCC7} AT 189 = 107 o]
A A& ACTH A5 A Al H ], o] 5 782 oA d =
Azl upe} sto| =2 FE|ES Fregste =l A8 go] Adst

of thi) Sfo| E 2 TE| & FHR S} ol 5 ThA] g B ok

Neonatal Med 2019 August;26(3):128-137
https://doi.org/10.5385/nm.2019.26.3.128 133

Ez‘s}gi.ﬂ 14L& LCCT7} AIRE 2H5 721 23] jEAYS)e] 3lo| = 2 S E]
Fol 2A1EE 224 ARl e, UA] 272 sho| =R SE]

£8 FUHA| $3te] BT sho| = 2 EES X3k H 98]
t}. o] 10" oA 2] 714 HH FEE FTEE 3.0912.70 png/dLo] S
1, o]5 % 31 (30%) il ACTHO| thgh B35} Fal9] 4 wl-g-o|
A AT}, A8 ACTH A=7AEe] A= Table 39 7155813

Kl
k8

Z2boboll A ARGEE o}2] el Watel] 933 7k e 7
@9 A8 7)50] kAN, Aol E At olN Ea) ek &
AOIH5 2 3 242171 o o] FFUL % ]85 A

Table 2. Clinical Characteristics of 35 Preterm Infants with Late-Onset Circulatory Collapse

Characteristic Value
Onset time of LCC
PND (d) 18 (7-55)
PMA (wk) 30" (24°-34")
Weight (g) 1,200 (600-1,500)

Clinical features during the LCC event
Baseline MBP (<48 hr before the first HCS administration) (mm Hg)
MBP at the time of the first HCS administration (mm Hg)
Degree of MBP drop* (%)
Time interval from hypotension to the first HCS administration (hr)
Time interval from the first HCS admin. to the recovery of hypotension (hr)
Oliguria
Pre-existing (<6 hr before the first HCS administration)
Around the LCC event (-6 to 6 hr from the first HCS administration)
Prolonged (6-24 hr after the first HCS administration)
Electrolyte imbalances (hypoNa+ or hyperK+)
Pre-existing (<24 hr before the first HCS administration.)
Around the LCC event (-24 to 24 hr from the first HCS administration)
Late (>24 hr after the first HCS administration)
Adverse events around LCC event
Step-up of respiratory supports
New findings on brain ultrasound
Associated endocrinologic factors
Baseline serum cortisol (ug/dL)
Total HCS accumulated dose (mg/kg)
Total duration of HCS administration (d)
Time of the last HCS administration (PMA in wk)

43 (37-55)
31(17-41)
32.1(5-61)
2.8+1.8 (1-8)
6.3+4.9 (1-27)

16 (45.7)
35 (100.0)
3(8.6)

7(20.0)
29 (82.9)
6(17.1)

8(22.9)
7(20.0)

11.4+1.0
33.6£6.7
21.5+8.0
33+4i0+5

Values are expressed as median (range), meansstandard deviation (range), number (%), or mean+standard deviation.
*(Baseline MBP- MBP at the time of the first HCS administration)/baseline MBPx100.
Abbreviations: LCC, late-onset circulatory collapse; PND, postnatal day; PMA, post-menstrual age; MBP, mean blood pressure; HCS, hydrocortisone.
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Table 3. Clinical Characteristics of Preterm Infants with Refractory Late-Onset Circulatory Collapse Who Underwent the Low-Dose

Adrenocorticotropic Hormone Stimulation Test

Serum cortisol (pg/dL)
Patient GA/BW (wk/g) PND at test (d) PMA at test (wk)
Basal After 30 min

1 26%/700 71 36" 0.8 10.4
2 26"/690 77 37" 2.9 10.7
3 25"/640 108 41" 2.1 26

4 27"°/1,100 53 35" 1.8 16.8
5 25'°/1,010 86 38" 1.8 19.1
6 28"/1,230 47 35" 1.8 233
7 30%/1,370 33 35" 1.8 19.2
8 25"/740 104 39" 10.1 20.9
9 26"/610 36 31° 2.9 34
10 27%/940 16 29" 49 11.4

Refractory late-onset circulatory collapse (n=18): low dose adrenocorticotropic hormone stimulation test (n=10); endocrinologic evidence of

hypothalamic-pituitary-adrenal axis suppression (n=3).

Abbreviations: GA, gestational age; BW, birth weight; PND, postnatal day; PMA, postmenstrual age.
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