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Levothyroxine Sodium Administration and
Late Circulatory Collapse in Premature
Infants with Thyroid Dysfunction

Objective: Levothyroxine sodium (LT4) is considered safe, and widely administered to premature
infants with thyroid dysfunction. Late circulatory collapse (LCC) has not been defined clearly, but it
has been characterized as refractory hypotension in premature infants. Recently, LCC after LT4 admini-
stration was reported in Japan. However, there is controversy on the aspect of LT4 as a risk factor of
LCC. The purpose of this study was to investigate relations between LT4 administration and LCC in
premature infants.

Methods: We retrospectively reviewed medical records of premature infants (<32 weeks gestation)
admitted in Gyeongsang National University Hospital between 2011 and 2018. To investigate the
relation between [T4 supplementation and LCC, clinical and laboratory findings were reviewed and
compared between premature infants with and without LCC.

Results: Among 347 premature infants, LCC occurred in 21 (6.1%) on median 19.0th day. Sixteen
(76.29%) of 21 infants with LCC were receiving LT4 and LCC was developed on median 3.0 days after
LT4 initiation. Gestational age <28 weeks, birth weight <1.5 kg, hemodynamically significant patent
ductus arteriosus, culture proven sepsis, necrotizing enterocolitis, congenital hypothyroidism, use
of LT4 and diuretics, values of serum thyroid stimulating hormone, free thyroxine and sodium were
significantly statistically different between LCC and no LCC group. Prematurity <28 weeks of gestation
and LT4 replacement were risk factors of LCC on multivariate logistic regression analysis.

Conclusion: Supplementation of LT4 should be carefully considered in premature infants with thyroid
dysfunction and serial monitoring of blood pressure should be warranted if LT4 was administered.
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Introduction

Thyroid hormones are important in central nervous system development. Congenital
hypothyroidism (CH) defined as low thyroxine (T4) and elevated thyroid stimulating hormone
(TSH), can cause cognitive deficit and growth abnormality. The newborn screening test
(NST) has contributed to improve the outcome in infants with CH, as levothyroxine sodium
(I'T4) administration has been initiated at an early stage.' With the advent of NST, it is clear
that thyroid dysfunction in preterm infants has been more prevalent than in term infants.' ™ A
surge of TSH develops within hours of birth and then TSH declines steadily to below 5 mIU/L
during the first postnatal week in infants with term gestation. However, TSH surge is weaker
or absent at birth in premature infants because of immature hypothalamic—pituitary—thyroid
axis.” Patterns of thyroid dysfunction in premature infants could be classified as typical
hypothyroidism or CH with delayed TSH elevation, transient hypothyroxemia of prematurity
(THOP), and hyperthyrotropinemia, respectively."*** Although treatment of THOP or hyper-
thyrotropinemia in premature infants has been controversial to prevent poor cognitive out-

come or neurodevelopment, T4 has been considered safe and widely used in premature
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infants with thyroid dysfunction."*®

Late circulatory collapse (LCC) in premature infants has not
been defined clearly, but has been characterized as refractory
hypotension occurring after the early neonatal period (>7 days)
in stable very low birth weight (BW) infants.” Systemic hypoten-
sion is one of common problems in premature infants, which can
be caused by hypovolemia, hemorrhage, myocardial dysfunction,
sepsis, necrotizing enterocolitis NEC), etc. So, apparent causes
should be eliminated for diagnosis of LCC. Most LCC patients
respond to glucocorticoid but do not respond to fluid and ino-
tropes. So, relative adrenal insufficiency associated with prema-
turity has been suggested as pathophysiology of LCC.® Recently,
LCC has been reported in Korea and Japan, and L'T4 supple-
mentation before LCC was mentioned in the previous studies.” *?
However, LT4 supplementation as a risk factor of LCC has
been controversial. Therefore, the purpose of this study was
to investigate if L T4 administration to premature infants with
thyroid dysfunction could affect development of LCC by compar-

ing clinical and laboratory findings among premature infants.

Methods

Protocol of this study was reviewed and approved by the Insti-
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tutional Review Board of the Gyeongsang National Universtiy
Hospital (GNUH 2019-04-006).

1. Study population and clinical information

Medical records of 401 premature infants born with <32
weeks of gestation between January 2011 and March 2018 were
retrospectively reviewed. Of them, premature infants who were
admitted for at least 2 weeks in Gyeongsang National University
Hospital were included (n=347). Exclusions were decided as
follows; premature infants with <32 weeks of gestation who
discharged in 2 weeks after birth including death (birth asphyxia,
sepsis, or major congenital malformation) or transfer to other
hospital (major congenital anomalies including congenital heart
disease requiring open heart surgery) and premature infants
who had acute refractory hypotension with apparent causes
(Fig. 1). To investigate relation and relating factors between
LT4 administration and LCC, incidences of LCC and LT4
administration were reviewed, and then clinical and laboratory
findings including thyroid functions in patients with and without
LCC were compared.

Clinical variables were collected from medical records regar-
ding weeks of gestation, BW, sex, use of antenatal steroid, ma-
ternal thyroid disease, obstetric problems, multiple gestation,

mode of delivery, Apgar score at 5—minute, type of feeding

Admissions of
22-32 weeks of gestation
401

Excluded 54
Death before 2 weeks 17

Discharges or transfers before 2

Exclusion due to predefined criteria 7

weeks 30
[
LT4,99 v
99
[ ] 1
Lt z?”ggr;'a’}t';&';“ Hyperthyrotropinemia || Hypothyroidism
Dysfunction, 2 64 33
166 | | |

LCC, 21 2 d .

No
248
[ I L 1 1
N Sya H{,?m;t'{}:{;"a Hyperthyrotropinemia | | No TFT
177 3 64 4
2 3

Fig. 1. Number of subjects in this study. Thyroid function was classified as normal (TSH <5 mlIU/L and fT4 <0.9 ng/dL), hypo-
thyroxinemia of prematurity (TSH <5 mIU/L and fT4 <0.9 ng/dL), hyperthyrotropinemia (TSH =5 mIU/L and fT4 >0.9 ng/dL),
and hypothyroidism (TSH =5 mIU/L and fT4 <0.9 ng/dL), respectively. Thyroid function was defined with the last values of
serum TSH and fT4 during hospital stays or prior to LT4 administration. LT4 was initiated when serum TSH was >20 mlU/L, TSH
was 5 to 20 mIU/L or rising, and/or fT4 was <0.9 ng/dL on 2 or more consecutive tests with 1 or 2-week interval. LT4,
levothyroxine sodium; LCC, late circulatory collapse; TFT, thyroid function test; TSH, thyroid stimulating hormone; fT4, free T4.
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formula. Use of antenatal steroid was defined as complete beta-
methasone injection to mother prenatally. Maternal thyroid dis-
ease was defined as hypothyroidism or hyperthyroidism of
mother during pregnancy regardless of underlying cause. Among
obstetric problems, prolonged premature rupture of membrane
(PPROM) was defined as rupture of amniotic membrane over 18
hours before birth. Hypertensive condition included essential
hypertension, pregnancy induced hypertension, or preeclampsia.
Placenta problem contained bleeding from placenta previa or
abruption. Premature labor pain was defined as labor pain and
uterine contraction, which could not be controlled by tocolytics.

Prematurity—associated diseases were diagnosed as follows;
respiratory distress syndrome was diagnosed as ground glass
opacity on chest X-ray. Hemodynamically significant patent
ductus arteriosus (hsPDA) was defined as ductal shunt from
left to right and ratio of left atrium and aorta 1.4 on echocardio-
graphy.”® NEC was diagnosed based on modified Bell's classi-
fication'* and intraventricular hemorrhage (IVH) was diagnosed
as subependymal, intraventricular or intracerebral hemorrhage on
brain ultrasonography.'” Sepsis was defined as use of antibiotics
and positive result of culture with blood, urine, cerebrospinal
fluid or others.

Clinical variables associated with short—term outcome were
also investigated from medical records regarding bronchopul-
monary dysplasia (BPD), retinopathy of prematurity (ROP), gross
motor delay and mortality in 1 year, respectively. Premature
infant who required supplemental oxygen or positive pressure
ventilation at 36 weeks of gestation or postprandial 28th day was
defined as having a BPD."® An ophthalmologic examination for
detecting ROP was performed based on screening guideline in
3 or 4 weeks after birth and diagnosed as ROP with zone I —1II,
stage I -1, and plus."” Gross motor delay was considered as
premature infants who were undergoing rehabilitation therapy
and mortality was investigated as infants who died in 1 year

after birth in this study, respectively.

2. Definition of LCC and treatment

LCC was diagnosed retrospectively as follows.” First, LCC
occurs outside the transitional period. Second, a stable period
exists before onset of LCC. Third, no apparent cause such as
sepsis, massive bleeding, or NEC exists prior to onset of LCC.

Fourth, hypotension and/or oliguria occur suddenly. Acute onset
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hypotension could be defined as systolic pressure reduced by
20% of previous value, and oliguria could be defined as urine
output that abruptly decreased to less than 1 ml/kg/hour
during a 4-hour interval. Fifth, hypotension and/or oliguria are
resistant to intravascular volume expanders and inotropes.
To be satisfied with the first and second definitions of LCC,
premature infants who survived more than 2 weeks with stable
period for at least 7 days were included in this study. Of inclusions,
premature infants who had experienced LCC after postprandial
7th day were considered as LCC group. To dismiss apparent
causes of acute hypotension in LCC group, we excluded patients
with volume and inotropes resistant hypotension if they pre-
sented a hsPDA, hemodynamically significant congenital heart
disease, any kind of surgery including ligation of PDA, NEC with
modified Bell's stage 2 and more,** IVH with grade 3 and more, "
sepsis, acute blood loss, renal replacement therapy, or use of
diuretics within 7 days from at the time of hypotension.

In Gyeongsang National University Hospital, blood pressure
was serially monitored using noninvasive blood pressure mea-
surement with oscillometric technique. When LCC was suspected,
fluid challenge (intravenous normal saline of 10 mg/kg/dose,
twice) and inotropes (continuous intravenous infusion of dopa-
mine with or without dobutamine of 10-25 pg/kg/minute) were
administered at first. And then intravenous injection of hydro-
cortisone (1 mg/kg/dose every 8 hour) was used if the fluid and
inotropes were not effective. After recovery of blood pressure
into previous range was accomplished, hydrocortisone was dis-
continued as soon as possible due to fear of incomplete exclusion
of underlying causes such as sepsis or NEC at the time of hypo-
tension and concern for aggravation of underlying causes by

steroid.

3. Criteria of thyroid dysfunction and LT4 administration

Since thyroid dysfunction was relatively prevalent in prema-
ture infants with normal TSH or T4 on capillary NST, serum TSH
and free T4 (fT4) were performed on postprandial 5-7th day
together with NST.** When serum TSH of 5 to 20 mIU/L or T4 of
<0.9 ng/mL were reported on initial examination, serial TSH and
fT4 were checked with a 1 or 2-week interval. In Gyeongsang
National University Hospital, low fT4 was defined as a serum
{T4 concentration of <0.9 ng/dL, and elevated TSH as >5 mIU/L.

Thyroid dysfunction was classified as hypothyroxinemia of

www.e-kjp.org



Perinatology

prematurity, persistent hyperthyrotropinemia and hypothyroidism
based on the last values of serum TSH and fT4 during hospital
stays or before L'T4 initiation. Hypothyroxinemia of prematurity
was defined as low T4 (<0.9 ng/dL) and normal TSH (<5 mIU/L),
hyperthyrotropinemia as normal fT4 (0.9-2.2 ng/dL) and elevated
TSH (5 mIU/L), and hypothyroidism as low T4 (<0.9 ng/dL)
and elevated TSH (>5 mIU/L). CH was defined as a serum TSH
>20 mIU/L and T4 <0.9 ng/dL."® LT4 (10-15 ng/kg/day) was
initiated to patients with the following conditions; serum TSH
of >20 mIU/L, serum TSH of 5 to 20 mIU/L and rising, or {T4 of

0.9 ng/dL on 2 or more consecutive tests, respectively.

4, Statistical analysis

Data analyses were performed using SAS 9.4 (SAS Institute,
Cary, NC, USA). A continuous variable was reported as median
and interquartile range (IQR) or mean and standard deviation
(SD) and a categorical variable was reported as number and
percentage, respectively. Differences of continuous variables
between two groups (LCC and no LCC) were compared using
Wilcoxon rank—-sum test because the variables did not satisfy the
assumptions of normality and equal-variance based on results
of Shapiro-Wilk test and Leven's F test. Differences of catego-
rical variables between LCC and no LCC group were compared
using Fisher’'s exact test. To evaluate risk for LCC among
characteristic factors and LT4 supplementation, the authors
performed univariate Firth's logistic regression for each factor
because 21 events of LCC were relatively rare. And then we
performed multivariate Firth’s logistic regression to calculate
the adjusted odds ratio (OR) of LT4. When multivariate analysis
was performed, the statistically significant factors in univariate
logistic regression analyses were included for adjustment. The
authors also checked the multicollinearity between the factors
for adjustment using correlation coefficient and excluded one
of them when the coefficient was more than 0.7. Differences of
short-term outcomes between the two groups and risk of LCC
were evaluated as the same manner. Two-sided /<0.05 was set

to determine the significance of variables in all analyses.

Results

In total, 347 premature infants were included in this study.

www.e-kjp.org
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Exclusions were decided as premature infants who were dis-
charged before 2 weeks after birth due to discharges with good
condition, transfers to other hospitals, or death (n=47). Patients
with acute refractory hypotension who did not fit predefined
criteria of LCC were excluded acute refractory hypotension on
day 4 (n=1), and refractory hypotension with NEC (n=3), culture
proven sepsis (n=1), IVH >stage 3 (n=1) and ligation of PDA
(n=1), respectively (Fig. 1). Among the 347 premature infants,
mean gestational age (GA) was 30.4+2.1 (range: 23'-32%)
weeks and BW was 1,509.3£395.0 g (range: 550-2,840), res-
pectively. Males were 184 (53.0%). Mean hospital stays were
48.2+30.1 days (range: 14-228). Rehabilitation in 1 year after
birth was needed to 6.2%, and mortality in 1 year was 3.3% of

347 premature infants.

1. Incidences and clinical characteristics of LCC, thyroid dys-
functions and use of LT4 in premature infants

LCC occurred in 21 (6.1%) of 347 premature infants on post-
prandial 19.0th day (IQR: 15-23.5, mean£SD: 19.5£5.9). All the
patients with LCC received hydrocortisone of 1 mg/kg/dose and
treated for median 2.0 (IQR: 1.0-4.0, meanSD: 2.5+1.7) days
after LCC. Detailed characteristics of LCC patients were pre-
sented in a Supplementary Table 1.

Sixteen of 21 (76.2%) patients with LCC received LT4 (Fig.
1), and experienced refractory hypotension in median 3 (IQR:
1.0-13.5, mean®SD: 5.9%6.6) days after LT4 initiation. LCC
occurred within 14 days after L T4 initiation in 13 (81.3%) of 16

Number of patient with LCC

<=7 days 8-14 days =14 days

Interval between LT4 initiation and LCC development

Fig. 2. Time interval (days) from initiation of LT4 and development of
LCC, and number of patients with LCC in premature infants with <32
weeks of gestation. LCC, late circulatory collapse; LT4, levothyroxine
sodium.
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Table 1. Clinical and Laboratory Characteristics of Premature Infants with and without Late Circulatory Collapse

Total (n=347) LCC (n=21) No LCC (n=326) P-value OR (95% Cl) P-value*
Demographic variables
Week of gestation <0.0001"
<28 66 (19.02) 13(61.90) 53(16.26) 8.119(3.266-20.184) <0.0001
>28 (reference) 281 (80.98) 8(38.10) 273 (83.74) 1.00
Birth weight () 0.0002"
<1,500 160 (46.11) 18 (85.71) 142 (43.56) 6.844 (2.132-21.971) 0.0012
>1,500 (reference) 187 (53.89) 3(14.29) 184 (56.44) 1.00
Sex 06965
Male 184 (53.03) 12 (57.14) 172(52.76) 1.178 (0.492-2.823) 0.7125
Female (reference) 163 (46.97) 9(42.86) 154 (47.24) 1.00
Use of antenatal steroid 0.1082'
No (reference) 98 (29.17) 9(45.00) 89 (28.16) 1.00
Yes 238(70.83) 11 (55.00) 227 (71.84) 0476 (0.194-1.168) 0.105
Maternal thyroid disease 0.0543'
No (reference) 332(95.68) 18 (85.71) 314(96.32) 1.00
Yes 15(4.32) 3(14.29) 12 (3.68) 476 (1.283-17.663) 0.0197
Obstetric problems 04453
PPROM 28(36.89) 121(37.12) 7(3333) 0.951(0.333-2.711) 0.9245
Hypertensive condition 35(10.09) 33(10.12) 2(9.52) 1.149 (0.257-5.148) 0.8557
Placenta problem 25 (7.20) 21 (6.44) 4(19.05) 3223 (0.901-11.526) 0.0718
GDM 21(6.05) 20(6.13) 1(4.76) 1.127(0.177-7.179) 0.8994
Premature labor pain 16 (4.61) 16 (491) 0(0.00) 0467 (0.023-9.311) 06178
None (reference) 122 (35.16) 115(35.28) 7(3333) 1.00
Number of gestation 0.805
Singleton (reference) 245 (70.5) 14 (66.7) 231(70.8) 1.00
Multiple 102 (29.5) 7(333) 95(29.2) 0.826 (0.323-2.111) 0.690
Outborn 03963'
Inborn (reference) 339(97.69) 20 (95.24) 319(97.85) 1.00
Outborn 8(2.31) 1(4.76) 7(2.15) 3.117(046-21.1) 0.244
Mode of delivery 05449
VD 137(39.60) 7(3333) 130 (40.00) 0.775(0.311-1.929) 0.5835
CS (reference) 209 (60.40) 14 (66.67) 195 (60.00) 1.00
AS at 5-minute 7(69) 7(69) 7(5-8) 00343’
Feeding formula 0918" 0.767 (0.630-0.933)
Breast milk 243 (7043) 15(7143) 228(70.37) 1.007 (0.389-2.604) 0.9883
WM/mixed (reference) 102 (29.57) 6(28.57) 96 (29.63) 1.00
Prematurity-related diseases and medications
Surfactant for RDS 0.7385' 0.769 (0.232-2.551) 0.6672
No (reference) 44(12.68) 3(14.29) 41(12.58) 1.00
Yes 303 (87.32) 18(85.71) 285 (87.42)
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Table 1. Continued

Total (n=347) LCC (n=21) No LCC (n=326) P-value OR (95% Cl) P-value*
Ibuprofen for hsPDA 0.0002' 9.15(3.3-25.373) <0.0001
No (reference) 323(93.08) 14 (66.67) 309 (94.79) 1.00
Yes 24(6.92) 7(3333) 17(5.21)
IVH (=grade 3) 0075' 4.078 (1.123-14.809) 0.0327
No (reference) 330(95.10) 18(85.71) 312(95.71) 1.00
Yes 17 (4.90) 3(14.29) 14 (4.29)
Sepsis, culture proven 0.0041" 3.864 (1.595-9.362) 0.0028
No (reference) 275 (79.25) 11(52.38) 264 (80.98) 1.00
Yes 72(20.75) 10 (47.62) 62(19.02)
NEC (=stage 2) 00025' 7.742 (2494-24.036) 0.0004
No (reference) 329(94.81) 16(76.19) 313(96.01) 1.00
Yes 18(5.19) 5(23.81) 13(3.99)
Congenitial hypothyroidisim 0.0493' 3.795(1.204-11.957) 0.0228
No (reference) 319(93.00) 17 (80.95) 302 (93.79) 1.00
Yes 24.(7.00) 4(19.05) 20(6.21)
Use of LT4 <00001" 8748 (322-23.766)  <0.0001
No (reference) 248 (71.47) 5(23.81) 243 (74.54) 1.00
Yes 99 (28.53) 16(76.19) 83 (25.46)
Use of diuretics 00017' 4466 (1.835-10.871) 0.001
No (reference) 282 (81.27) 11(52.38) 271(83.13) 1.00
Yes 65 (18.73) 10 (47.62) 55(16.87)
Use of caffeine 0.008" 14.746 (0.869-250.278)  0.0625
No (reference) 83(23.92) 0(0.00) 83 (25.46) 1.00
Yes 264 (76.08) 21(100.0) 243 (74.54)
Dopa/dobutain 7 days 0.1208" 2(0.837-4.781) 0.1191
No (reference) 235(67.72) 11(52.38) 224 (68.71) 1.00
Yes 112(32.28) 10 (47.62) 102 (31.29)
Laboratory findings
Serum cortisol (pg/dL) 4.35(16,1.90-8.65) 3.57 (6, 2.04-6.08) 5.80(10,1.85-14.71) 0495’ 0914 (0.744-1.121) 0.388
TSH (mIU/L) 5.58(343,359-1478) 1591 (21,6.55-38.25) 5.36 (322,3.54-14.12) 0,003’ 1.019(1.01-1.03) 0.006
fT4 (ng/dL) 1.37(335,1.10-1.61) 097 (21,097-1.25) 140(314,1.13-1.61) <0001° 11.236 (3497-35.714)  <0.001
Serum sodium (mEq/L)H 130.7 (145,127.7-132.1) ~ 125.9(18,124.7-127.0) 131.0(127,129.3-132.4) <O.OO1§ 1.326(1.153-1.522) <0.001

Values are presented as number (%) or median (IQR), or median (n, IQR).

Abbreviations: LCC, late circulatory collapse; OR, odds ratio; Cl, confidence interval; PPROM, prolonged premature rupture of membrane with more than 18 hours;
hypertensive condition included essential hypertension, pregnancy induced hypertension, or preeclampsia; GDM, gestational diabetes mellitus; VD, vaginal delivery; CS,
cesarean section; AS, Apgar score; RDS, respiratory distress syndrome; hsPDA, hemodynamically significant patent ductus arteriosus; IVH, intraventricular hemorrhage;
NEC, necrotizing enterocolitis; LT4, levothyroxine sodium; TSH, thyroid stimulating hormone; fT4, free T4; IR, interquartile range.

*P-value was derived from logistic regression model with Firth's peneralized likelihood.

'Pvalue was derived from Fisher's exact test, respectively.

* Prvalue was derived from Chi-square test, respectively.

¢ Prvalue was derived from Wilcoxon rank-sum test, respectively.

IThe lowest serum sodium during hospital stays in each premature infant was analyzed.
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patients (Fig. 2). LCC preceded L.T4 administration, in one of the
patients (No. 9 on Supplementary Table 1).

To investigate whether L'T4 administration could be a risk
factor of LCC or not, clinical characteristics including use of
LT4 were compared between LCC and no LCC group (Table
1). Weeks of gestation (27.8%2.5 vs. 30.6£2.0, /X0.001), BW
(1,066.7£326.3 g vs. 1,5637.9£382.2 g, /X0.001), and Apgar
score at 5-minutes (6.1+2.4 vs. 7.2£1.7, P=0.034) were less in
LCC than in no LCC group, respectively. Ratio of gender, use of
antenatal steroid, maternal thyroid disease, obstetric problems,
multiple gestation, ratio of outborn, mode of delivery, or breast
milk was not significantly different between the two groups. Use
of Ibuprofen for hsPDA, sepsis, NEC (=stage 2), and congenital
hypothyroidism were more prevalent in patients with LCC
than in patients without LCC, respectively. L'T4, caffeine and
diuretics during hospital stays were more often administered in
patients with LCC than in patients without LCC, respectively.

Median value of serum cortisol was 4.35 pg/dL (IQR: 1.90-
8.65, mean®SD: 4.34%3.27) in total (n=16) and there was no
statistical difference between the two groups (/2=0.495). Median
value of TSH was higher in LCC than in no LCC group (15.91 vs.
5.36 mIU/L, P=0.003) and fT4 was lower in LCC than in no LCC
group (0.97 vs. 1.40 ng/dL, X0.001). The lowest serum sodium
level during hospital stays in each patient was investigated and
patients with LCC presented lower serum sodium than patients
without LCC (median 125.9 vs. 131.0 mEq/L, 2X0.001, Table 1)

Three-hundred forty—three infants underwent serum thyroid
function test (serum TSH and £T4) simultaneously with capillary
NST (Guthrie or tandem mass spectrometry) on postprandial day
5-7 (Fig. 1. If serum TSH was 5-20 mIU/L or T4 was <0.9 ng/dL.
on Initial examination, serial tests were performed with 1 or
2-week interval. The last values of TSH and fT4 during hospital
stays or immediately prior to L'T4 administration were included in
this study, which were reported on median 18.0 (IQR: 12.0-28.0,
mean=SD: 21.5£14.0) after birth. Thyroid dysfunction was pre-
sented in 166 (47.8%) premature infants during hospital stays, and
99 (28.5%) patients were prescribed LT4 on median 17.0 (IQR:
13.0-22.0, meanSD: 20.5+15.0) days after birth. Thyroid dys-
functions were diagnosed as hypothyroxinemia (TSH <5 mIU/L
and fT4 <0.9 ng/dL) in 5, persisted hyperthyrotropinemia (TSH
>5 mIU/L and normal fT4) in 128, and hypothyroidism (persisted
elevation of TSH >5 mIU/L and T4 <0.9 ng/dL) in 33 patients,
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respectively (Fig. 1). Among 33 pateints with hypothyroidism, 24
patients with congential hypothyroidism (TSH >20 mIU/L and fT4
<0.9 ng/dL) were included. LCC developed in 19 of 166 (11.4%)
patients with thyroid dysfunctions, and 2 of 177 (1.1%) infants
with normal thyroid function (Fig. 1 and Supplementary Table 1).
LT4 was more frequently prescribed in LCC than in no LCC group
(76.2% vs. 25.5%, <0.001).

2. Risk factors of LCC

To investigate risk factor of LCC, variables with statistically
significant differences between the groups (Table 1) were an-
alyzed using multivariable logistic regression model with Firth's
peneralized likelihood (Table 2). GA <28 weeks (OR 3.51,
P=0.041, 95% confidence interval [CI] 1.05-11.75) and LT4
administration (OR 9.18, 2£0.001, 95% CI 2.81-30.01) were risk
factors of LCC. BW was not included in analysis for risk factor
of LCC because it showed high correlation with GA (r=0.795,

X0.001). Use of diuretics was statistically significant variable

Table 2. OR of Risk Factors for Late Circulatory Collapse in Premature
Infants

OR (95% Cl) P-value

Week of gestation

<28 3512(1.050-11.749) 0.0415

>28 (reference) 1.00
Ibuprofen for hsPDA

No (reference) 1.00

Yes 3.258(0.883-12.016) 0.0762
Sepsis, culture proven

No (reference) 1.00

Yes 2488(0.854-7250)  0.0948
NEC >stage 2

No (reference) 1.00

Yes 2493 (0591-10.516) 0.2136
Use of LT4

No (reference) 1.00

Use of LT4 (without congenital hypothyroidism)* 9.184 (2.811-30.009) 0.0002
6.168 (1.335-28506) 0.0198

P-value was derived from logistic regression model with Firth's peneralized likeli-
hood.

Abbreviations: OR, odds ratio; Cl, confidence interval; hsPDA, hemodynamically
significant patent ductus arteriosus; NEC (>stage 2), necrotizing enterocolitis with
modified Bell's class stage 2 and more; LT4, levothyroxine sodium.

*Use of LT4 (without congenital hypothyroidism) means LT4 supplementation
in cases with thyroid dysfunction except congenital hypothyroidism, such as
persistent hypothyroxinemia or hyperthyrotropinemia.

Use of LT4 (with congenital hypothyroidism)
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between the two groups (=0.002) and had high OR for LCC
on univariate analysis (OR 4.47, P=0.001, 95% CI 1.84-10.87)
(Table 1). However, use of diuretics was not included as a risk
factor of LCC on multivariate regression analysis because uses
of diuretics within 7 days of LCC were already excluded as an
apparent cause of acute hypotension in this study. T4 was also
one of statistically significant variables between LCC and no LCC
group (/X0.001) and it showed high OR for LCC on univariate
analysis (OR 11.236 per 1 ng/dL decrease, <0.001, 95% CI
3.497-35.714) (Table 1). However, when fT4 was analyzed ad-
justed with GA and LT4 using multivariate regression analysis,
there was no statistical significance as a risk factor for LCC (OR
2.320, P=0.233, 95% C10.582-9.259).

3. Short-term outcomes and risk of LCC

On the aspect of short—term outcome of LCC, BPD (81.0% vs.
17.2%, X0.001) and ROP (31.6% vs. 11.3%, P=0.002) were more
prevalent in premature infants with LCC than in premature
infants without LCC, respectively. Number of infants with hospital
stays =50 days were higher in LCC than in no LCC group (71.4%
vs. 29.5%, PX0.001). Gross motor delay adjusted with corrected
age in 1 year (9.5% vs. 6.0%, P=0.631) was not different between
the two groups, but mortality in 1 year after birth (19.1% vs. 2.2%,
P=0.003) was higher in LCC than no LCC group. LCC could in-
fluence development of BPD (OR 12.0, /X0.001, 95% CI 3.0-47.6)
when multivariate logistic regression model was performed with
adjusted GA (Table 3).
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Discussion

Incidence of LCC in Gyeongsang National University Hospital
was 6.1% in total and more prevalent in patients with . T4 (16.2%,
16/99) than in patients without L T4 administration (2.0%, 5/248,
X0.001) (Fig. 1). LCC was also more frequently developed in
premature infants with <28 than in infants with 28-32 weeks of
gestation (/X0.001, Table 1). According to previous studies, the
incidence of LCC has been reported between 4 and 43%.>11
In one Korean facility, LCC was diagnosed in 6.7% of premature
infants with <33 weeks of gestation and in Japan, 11.6% of very
low BW infants experienced LCC, respectively.!!

Prematurity with <26 weeks of gestation, LT4, amidotrizoic
acid, antenatal steroid and fentanyl were reported as risk factors
for LCC."* "2 [ this study, 1.T4 and prematurity less than and 28
weeks of gestation were the risk factors of LCC (Table 2). As a
risk factor of LCC, L'T4 administration in premature infants has
been still inconsistent according to reported studies. 2 9101220
Kawai et al'' and Okada et al®

could develop LCC in premature infants, respectively. Shimokaze

reported LT4 administration
et al."? insisted practice changes such as use of antenatal steroid
and fentanyl could have more impact on development of LCC than
use of LT4.

Many confounding factors that could affect systemic circula-
tion in premature infants, different neonatal care strategies per
facility, various inclusion of each study and the unestablished
definition of LCC could attribute to the various incidences of LCC

and the inconsistent results for T4 as a risk factor of LCC.>*** Tn

Table 3. Short-term Outcomes and Influences of Late Onset Circulatory Collapse in Premature Infants

Total (n=347) LCC(n=21) No LCC (n=326) P-value Adjusted OR (95% Cl) P-value*
Outcome variables
BPD 73(21.10) 17 (80.95) 56(17.23) <00001" 13919 (3.883,49.895) <0.0001
ROP 42(1243) 6(31.58) 36(11.29) 00202 1.045(0.326,3.343) 0.94
Hospital stays <50 days 111(31.99) 15(71.43) 96 (29.45) <00001" 0411 (0.124,1.355) 0.1441
Gross motor delay§ 21(6.23) 2(9.52) 19(6.01) 0.6305" 1477 (0.322,6.77) 06153
Mortality' 11(329) 4(19.05) 7(224) 0.0029' 345 (0.83,14.335) 0.0884

Values are presented as number (%).

Abbreviations: LCC, late circulatory collapse; OR, odds ratio; Cl, confidence interval; BPD, bronchopulmonary dysplasia; ROP, retinopathy of prematurity.
*P-value was derived from logistic regression model adjusted to gestational age with Firth's peneralized likelihood (event="LCC").

"Pvalue was derived from Fisher's exact test, respectively.
*P-value was derived from and Chi-square test, respectively.

“Gross motor delay was investigated as premature infants undergoing rehabilitation therapy in 1 year with adjusted gestational age.

HI\/lorat\ity was investigated as premature infants who were died in 1 year after birth.
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this study, the definition of LCC and inclusion were very strictly
decided. To exclude apparent cause that affect systemic circula-
tion, the authors excluded subjects with early death in 2 weeks
after birth, or unstable clinical courses before and after 1 week of
LCC development. The exclusions might contribute a small num-
ber of inclusions and LCC in this study.

Thyroid dysfunctions during hospitalization were presented
in 47.8% of premature infants with <32 weeks of gestation,
and L'T4 administered to 28.5% of them. Incidences of thyroid
dysfunction and LT4 administration in premature infants have
been reported as 9.1-53.3% and 8-59%, respectively >*%11219
Compared with other studies, incidences of thyroid dysfunction
and L'T4 administration were relatively prevalent in this study.
Exposure to povidone iodine, dopamine or dobutamine, and
amidotrizoate may affect thyroid function, and thus potentiate
prescription of LT4."?" In Gyeongsang National University
Hospital, umbilical venous catheter or peripherally inserted
central venous catheter was often inserted to neonates born
prematurely with <32 weeks of gestation with skin preparation
using 10% povidone iodine. Dopamine with or without dobutamine
was often started with 2.5-5 pg/kg/min to maintain mean blood
pressure of appropriate for GA and subsequent urine output in
7 days after birth (Table 1). In addition, relatively early venous
thyroid function test on the postprandial 5th to 7th day might
be one of the reasons for relatively high incidence of thyroid
dysfunction in Gyeongsang National University Hospital. And
thyroid dysfunctions were strictly defined as low T4 of <0.9,
compared with T4 of <0.7 or 0.8 ng/dL on previous reports.”
Those factors could affect relatively frequent occurrence of
thyroid dysfunction in Gyeongsang National University Hospital.
And LT4 administration has been relatively liberally dispensed
in Gyeongsang National University Hospital because thyroid
dysfunction in premature infants may induce poor developmental
outcome and LT4 administration was considered safe in prema-
ture infants.

Maternal thyroid dysfunction can affect fetal or neonatal thy-
roid function'® and the authors investigated maternal thyroid
disease unlike other studies. Maternal thyroid dysfunction con-
tained Graves disease, Hashimoto's thyroiditis, or any other
possible cause of hyper or hypothyroidism in this study. A total
of 15 mothers had thyroid disease, and 13 babies born from the

mothers presented thyroid dysfunction during hospital stays.
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Eight of 13 babies received L'T4 but maternal thyroid disease
was not statistically significantly different between LCC and no
LCC group (P=0.0543, Table 1).

A wide range of serum cortisol (0.85-9.94 png/dL) and diverse
thyroid functions were reported in patients with LCC (Supple-
mentary Table 1). Relative adrenal insufficiency has been con-
sidered as an underlying pathophysiology of LCC in premature
infants.”** Thyroid hormone replacement is well known to
increase cortisol metabolism and clearance. L'T4 administration
to premature infants may have risk of inducing relative adrenal
insufficiency.™ Although serum cortisol was examined in only six
patients with LCC before use of hydrocortisone, a wide range of
serum cortisol and temporal relation with L.T4 initiation (except
No. 9 case Supplementary Table 1) might support a relative
adrenal insufficiency as a underlying pathophysiology of LCC,
indirectly.

In this study, serum fT4 and sodium were lower in LCC than
in no LCC group, respectively (Table 1). Although lower T4
did not have statistically significant OR for LCC on multivariate
regression analysis in this study and hyponatremia is frequently

#7241 CC occurrence should be

presented in premature infants,
monitored when LT4 was administered to premature infants
with hyponatremia and low T4 after the transitional period.

When risk factors of LCC were analyzed, congenital hypothy-
roidism and T4 administration were included together because
they did not show high collinearity and correlation (r=0.431,
X0.001) and it was necessary to confirm which factors had
more influence on development of LCC. Based on the result,
LT4 administration was one of risk factors of LCC rather than
congenital hypothyroidism (Table 2).

Persistent hypothyroxinemia was diagnosed in five patients
in this study. Of them, L'T4 administered to 2 infants and both
experienced LCC. Since LCC occurred after L T4 initiation even
though in small number of patients with hypothyroxinemia, LCC
could affect development of BPD (Table 3) and L T4 replacement
in patient with transient hypothyroxinemia of prematurity has not
been established on the aspect of long—termneurologic outcome,
LT4 administration might be considered carefully in premature
infants with hypothyroxinemia without TSH elevation. Further
study with large numbers of hypothyroxinemia of prematurity
would be warranted.

Our study has limitations. First, this was a retrospective case—
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control study in one center only. Second, a small number of LCC
patients and extremely premature infants were included. Third,
LCC preceded LT4 administration in one of the patients (No. 9 on
Supplementary Table 1) in this study. However, this study has
several meanings and strengths despite such limitations. First,
LCC was strictly defined. Case of refractory hypotension with
apparent cause could lead to circulatory collapse within 7 days
before and after the onset of hypotension, were excluded. Second,
LT4 administration had relatively higher OR on development of
LCC adjusted with GA in strictly selected stable premature infants
without apparent cause. Third, we reviewed laboratory tests
including TSH and T4, and investigated the correlation or
difference between premature infants with LCC and without LCC.

The major purpose of LT4 administration is to prevent poor
developmental outcome. However, since there has been a lack
of consensus In treating thyroid dysfunction of premature in-
fants especially in case of hypothyroxinemia of prematurity
and hyperthyrotropinemia, deciding on LT4 administration has
been remained a paradox.”” A large-scale controlled study
and consensus on LT4 administration in premature infants with
thyroid dysfunctions would be necessary. Based on results of
this study, LT4 administration to premature infants with per-
sistent hypothyroxinemia or hyperthyrotropinemia might be
considered cautiously. And careful monitoring of blood pressure

should be performed when L.T4 was initiated.
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Supplementary Table 1. Clinical and Laboratory Findings of Patients with Late Circulatory Collapse

Chage of urine

No GAday/7 BW(G)  Sex dg;ssae;ter Ch;:(_?;cr:*-lmg?an output Duration of Inl_i;iz‘atij(;r;sf TSH T4 Cortisol Outcome
(weeks™”) birth) (mL/kg/hour)  HC (days)* after birth) (mIU/L)  (ng/dl)  (pg/dL)
Before After  Before After

1 25" 840 F 18 ) 25 386 122 1 17 >100 0.29 - NS
2 29”7 950 M 28 0 20 242 10 1 14 804 077 - NS
3 25" 820 M 21 44 3 40 14 2 20 414 097 - NS
4 25" 70 F 16 49 29 516 049 4 14 1392 073 - Death
5 30" 1480 M 24 45 20 439 09 1 12 >100 02 - NS
6 237 680  F 1 43 18 443 126 4 7 558 085 - NS
7 297 990 M 15 432 276 152 3 15 3825 136 - NS
8 26" 600  F 3 4 2 402 04 5 8 3239 073 - NS
9 27 1080 M 16 40 21 397 01 1 2 1339 12 9.94 NS
10 214" 680 F 21 44 21 326 085 3 7 2296 11 - NS
1 29 130 M 20 45 26 373 126 1 16 5441 109 - NS
12 28 100 M 29 48 28 339 036 1 17 3464 094 - Death
13 217 780 M 14 4 25 331 063 1 13 1591 092 - NS
14 29 1580 M 10 4 24 507 088 5 8 12 081 395  DD/death
15 307 1270 F 23 4% 25 32 15 5 21 1727 127 - NS
16 32" 1790  F 25 45 25 666 045 2 10 054 073 204 DD
17 27" 1040 F 14 50 33 306 0 5 - 6.59 156 - NS
18 28 1230 M 15 45 30 351 07 1 - 899 101 - Death
19 27 1130 M 31 45 26 373 126 1 - 457 146 608 NS
20 327 1550  F 17 41 B 507 0 1 - 6.55 186 085 NS
21 28 1060 M 19 39 20 431 12 4 - 498 125 3.19 NS

Abbreviations: GA, gestational age; BW, birth weight; BP, blood pressure; HC, hydrocortisone; LT4, leveothyroxine sodium; TSH, thyroid stimulating hormone; fT4, free T4; F,
female; M, male; NS, no specific; DD, gross motor developmental delay.
*Duration of HC (days) means treatment duration of hydrocortisone with 1 mg/kg/dose at least every 8 hour.
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