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Abstract

Background/Aims: Preterm newborns with a very low birth
weight (VLBW) of <1,500 g have an atypical form of hypothy-
roidism with a delayed rise in TSH, necessitating a second
newborn screening specimen collection. The aims of this
study were to survey the compliance with second newborn
screening to detect delayed TSH rise in VLBW preterm in-
fants at a tertiary care center, and to determine the rate of
atypical hypothyroidism. Methods: Retrospective review of
the records of 104 preterm VLBW infants. Late TSH rise was
defined as an increase in TSH concentration after 14 days of
age in the presence of a normal initial screen. Results: The
compliance rate was 92% for the second screening. High
rates of hypothyroidism (16.3%) and of late TSH rise (4.8%)
were detected. Patients with hypothyroidism had a signifi-
cantly lower birth weight (p = 0.01) and longer hospital stay
(p=0.004). Patients with late versus those with early TSH rise
had a significantly lower mean birth weight (851 £ 302 vs.
1,191 £ 121 g, p = 0.004). Conclusion: The rates of early and
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late TSH rise in this VLBW population were higher than those
in the literature and could be due to the use of povidone-
iodine disinfectants. The yield of a second TSH screening in
this study was high indicating the need for vigilance in

screening VLBW preterm infants. ©2018 S. Karger AG, Basel

Introduction

A special form of congenital hypothyroidism (CH)
with a delayed TSH rise is reported in preterm infants es-
pecially those with very low birth weight (VLBW) [1-4].
These infants may be missed on initial TSH screening [1]
prompting several centers to adopt a second screening
strategy [5, 6]. The utility of the second screening, its op-
timal timing, and the optimal TSH cutoffs to be used re-
main subjects of active debate [7, 8]. Some argue against
second screening citing its low yield [9-11], the transient
nature of most detected cases [11], and the conflicting
long-term neurodevelopmental outcome data [12-15].
On the other hand, supporters of a second screening
strategy cite the multiple reports of relatively high inci-
dence of delayed TSH rise particularly among VLBW in-
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Patients identified by ICD-9 codes
(n =202)
Excluded (n = 98):
— Chart not available (n = 1)
— Born before Jan 1, 2009 (n = 4)
— Admission at age >2 weeks (n = 3) —
— Death (n = 19)
— Transferred to another hospital (n = 2)
- Birth weight >1,500 g (n = 69)
Included
(n =104)
Hypothyroidism No hypothyroidism
(n=17) (n=287)
Early TSH rise
(n=12)
Late TSH rise
(n=75)
Fig. 1. Flow chart of the study patients.
fants [1-4, 7, 8, 16], the presence of cases of permanent Methodology

CH [1-4, 7, 8, 17], and the available, albeit limited, data
on the positive neurodevelopmental effects of treatment
[13]. The most recent CH screening consensus guidelines
acknowledge this controversy, and emphasize the need
for vigilance to detect infants with “masked” hypothy-
roidism on initial screening [18].

Published data suggest an overall CH incidence of
1:1,823 in Lebanon among term and preterm infants
combined [19], which is slightly higher than reported
rates from the US [20, 21], Europe [21], and some coun-
tries in the region [22-25]. To our knowledge, there are
no published data in Lebanon regarding screening proto-
cols or rates of CH among VLBW infants. Based on re-
ports of mild iodine deficiency in Lebanon [26], we hy-
pothesized that the incidence rates of CH among VLBW
preterm infants are higher than the ones reported in the
literature. The aims of this study were: (1) to survey the
compliance rates with screening guidelines for CH and
for late TSH rise among VLBW infants at a tertiary care
center in Lebanon; (2) to determine the incidence rates of
CH and of late-rise TSH in this population over a 6-year
period and to explore the associated risk factors.
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Data Collection

The medical records of all VLBW infants admitted to the neona-
tal intensive care unit (NICU) at the American University of Beirut
Medical Center, Beirut, Lebanon from January 1, 2009 to December
31, 2014 were reviewed. Records were identified by the following
ICD-9 codes: preterm, premature or prematurity and VLBW (birth
weight <1,500 g). The exclusion criteria were: unavailable or incom-
plete records, death, transfer to another facility with subsequent loss
to follow-up, and admission beyond 2 weeks of age. Gestation, de-
livery and neonatal history with specific attention to history of re-
spiratory distress syndrome (RDS), respiratory support, presence of
cardiac problems, and the use of medications that could affect thy-
roid function or measurements were collected. Maternal history
data included the presence of thyroid disorders, hypertension, pre-
eclampsia or diabetes. The timing and modality of thyroid newborn
screening and treatment data were collected. Patients were catego-
rized by gestational age: extremely preterm (<28 weeks), moder-
ately preterm (>28 to <34 weeks) and late preterm (>34 to <36
weeks). Gestational age was determined by the obstetrician’s best
estimate by using first-trimester ultrasonography and/or the date of
the last menstrual period. For the subset of patients with a diagnosis
of hypothyroidism, more data were collected regarding treatment
status upon discharge from the NICU. The study was approved by
the Institutional Review Board (IRB) of the American University of
Beirut Medical Center. Informed consent was waived by the IRB due
to the retrospective nature of the study.
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Table 1. Perinatal characteristics of the total cohort and of the groups with and without hypothyroidism

Total Hypothyroidism No hypothyroidism P
(n=104 (n=17) (n=287)
Female, 1 (%) 66 (63.5) 11 (64.7) 55 (63.2) 1.0
Birth weight, g 1,218+206 1,091+243 1,243+189 0.01
Length of NICU stay, days 59.4+26.8 79.5+39.4 55.4+21.7 0.004
Gestational age category, n (%)
<28 weeks 18 (17.3) 1(5.9) 17 (19.5) 0.18
>28 to <34 weeks 78 (75) 16 (94.1) 62 (71.3)
>34 to <36 weeks 8(7.7) 0(0) 8(9.2)
Twin or more gestation, 1 (%) 58 (55.8) 8(47.1) 50 (57.5) 0.44
C-section, 1 (%) 93 (89.4) 16 (94.1) 77 (88.5) 0.69
In vitro fertilization, # (%) 49 (47) 5(4.8) 44 (42.3) 0.14
Respiratory distress syndrome, 1 (%) 63 (60.6) 14 (82.4) 49 (56.3) 0.058
Respiratory support, 1 (%)
Invasive 54 (51.9) 11 (64.7) 43 (49.4) 0.41
Noninvasive 41 (39.4) 6 (35.3) 35 (40.2)
None 9(8.7) 0(0) 9(10.3)
Cardiac problems, 1 (%) 37 (35.6) 10 (58.8) 27 (31.0) 0.050
Surgery, n (%) 7 (6.7) 1(5.9) 6(6.9) 1.0
Neonatal medications, 1 (%)
Aminophylline 83 (79.8) 17 (100) 66 (75.9) 0.021
Dexamethasone® 6 (5.8) 5(29.4) 1(1.1) <0.0001
Dopamine 13 (12.5) 7 (41.2) 6(6.9) 0.001
Phenobarbital 9 (8.7) 2(1.9) 7 (6.7) 0.62
Metoclopramide 3(2.9) 0 (0) 3(2.9) 0.44
Hearing screen, n (%)
Failed 5(4.8) 0(0) 5(5.7) 0.59
Passed 86 (82.7) 15 (88.2) 71 (81.6)
Not done 13 (12.5) 2(11.8) 11 (12.6)
Transfusion, n (%) 63 (60.6) 13 (76.5) 50 (57.5) 0.18
Maternal history, n (%)
Thyroid dysfunction 6 (5.8) 0(0) 6 (6.9) 0.59
Diabetes 3(2.9) 0(0) 3(3.4) 1.0
Hypertension 17 (16.3) 3(17.6) 14 (16.1) 1.0
Pre-eclampsia 13 (12.5) 3(17.6) 10 (11.5) 0.44

Figures in italics are significant. * p values for the differences between the group with and the group without hypothyroidism. ® All

patients who received dexamethasone received dopamine as well.

Congenital Hypothyroidism Screening Methods

The CH newborn screening program at our center is TSH
based. Dried blood spot screening samples (DBS) are collected by
a heel prick on a filter paper collection card, after 24 h of life and
before 7 days of age for all newborns. DBS cards are sent to the
University of Hamburg, Germany, for analysis. The center proto-
col recommends obtaining an additional DBS at 30 days of life for
infants born preterm. Traditionally a DBS TSH >20 IU/mL was
reported as abnormal. As of 2012, the laboratory cutoff was low-
ered to 151U/mL. For patients with abnormal screening tests, con-
firmatory serum TSH and free T4 concentrations are measured.
Since the turnaround time for the DBS is 10-14 days, serum TSH
and/or free T4 concentrations are also obtained for patients with
high clinical suspicion of hypothyroidism, and/or if the extended
newborn screen cannot be collected before the age of 1 week. Se-

Late TSH Rise in Very-Low-Birth-Weight
Infants

rum TSH concentration is measured by electrochemilumines-
cence immunoassays (Cobas e601 analyzers, Roche, Mannheim,
Germany). Late TSH rise was defined as an increase in TSH con-
centration above the cutoff for age, detected after 14 days of age in
the presence of a normal initial screen. The cutoff age of 14 days
was chosen based on the published guidelines [18].

Statistical Analysis

Descriptive statistics were carried out by reporting the number
and percent for categorical variables, whereas the mean and stan-
dard deviation (£SD) were presented for continuous ones. The
characteristics of the patients with hypothyroidism versus those
without hypothyroidism and those with delayed TSH rise versus
those with early TSH rise were compared using either the Student
t test or the Mann-Whitney test for continuous variables, or the X
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test or the Fisher exact test for categorical ones, based on the non-
violation of statistical assumptions. Statistical analyses were per-
formed using SPSS version 23.0 (IBM SPSS Statistics for Windows,
IBM Corp., Armonk, NY, USA). p value significance was set at
<0.05.

Results

Study Population

Two hundred and two medical records were identified
by the ICD-9 codes. Ninety-eight were excluded for the
reasons listed in Figure 1. The study cohort consisted of
104 preterm infants, 66 females, with a mean birth weight
of 1,218 + 206 g (range 487-1,500 g) and a mean NICU
stay of 59.4 + 26.8 days. The characteristics of the study
patients are summarized in Table 1. Most of the patients
were in the moderately preterm category (75%). Multiple
gestations were frequent (55.8%): 40 babies were the
product of twin gestation, 11 the product of triplet gesta-
tion, and there was one set of quadruplets. The majority
of the patients was delivered by C-section (89.4%), and
required respiratory support (91.3%). Sixty percent suf-
fered from RDS, 37.5% received surfactant, and 35.6%
had cardiac problems (26 patent ductus arteriosus, 3 atri-
al septal defects, 7 ventricular septal defects, 1 pulmonary
stenosis). Aminophylline was commonly used for apnea
of prematurity (79.8%), dopamine was only used in
12.5%, and phenobarbital in 8.9%. Dexamethasone and
metoclopramide were not frequently used (5.8 and 2.9%,
respectively) (Table 1).

Maternal hypertension and pre-eclampsia were re-
ported in 16.3 and 12.5% of the pregnancies, respectively.
Only 6 mothers were diagnosed with hypothyroidism
and were on replacement during pregnancy; one of those
mothers had a prior history of papillary thyroid cancer.
Several pregnancies were high-risk (e.g., 1 HELLP syn-
drome, 10 placenta problems [placenta accreta, previa or
abruptio], 3 intrauterine demise of the second member of
twins, 1 ruptured appendix, 1 oligodendroglioma, 1 neu-
roendocrine tumor of the pancreas, and 1 pulmonary
edema with maternal death).

Screening Methodology and Compliance with Late

TSH Rise Screening

All patients were screened for congenital hypothyroid-
ism, with a compliance rate of 100% for the first screen-
ing. A second screening test was performed in 92% of the
patients, and a third screening in 58.6%. All patients had
DBS filter paper tests for extended newborn screen col-
lected at least once during their NICU stay. The first sam-
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ple for hypothyroidism screening was collected on filter
paper in 23.1% and by serum samples in 76.9% of the pa-
tients (41.3% TSH only and 58.7% TSH and free T4).

Timing of the first screening sample collection was
variable: 92.4% were collected by age 14 days; however,
3.8% were not collected until after the age of 28 days. The
second screening was collected after the age of 14 days in
64.4% of the patients, while 27.9% of the patients had a
second test collected by the age of 14 days. The third
screening was collected after the age of 14 days in 58.6%
of the patients (Fig. 2). Most of the samples collected ear-
ly for a second screen were duplicates (patients who had
both a DBS and a serum sample collection), and some
were follow-ups for previously abnormal results.

Incidence of Hypothyroidism and Late TSH Rise

Seventeen patients (16.3%) were diagnosed with hypo-
thyroidism and started on thyroxine replacement. Twelve
of those (11.5%) were diagnosed by age 14 days, while 5
(4.8%) had a late TSH rise and were diagnosed after 2
weeks of age.

Characteristics of the Patients Diagnosed with

Hypothyroidism versus those with Normal Thyroid

Function

Patients with hypothyroidism had a significantly low-
er birth weight than those without hypothyroidism (1,091
+243vs. 1,243 £189 g, p=0.01), and a longer NICU stay
(79.5 + 39.4 vs. 55.4 + 21.7 days, p = 0.004). Aminophyl-
line, dexamethasone and dopamine use was more fre-
quent in those with hypothyroidism (100, 29.4, and
41.2%, respectively) versus those without hypothyroid-
ism (75.9, 1.1, and 6.9%, respectively); there was no dif-
ference in the use of metoclopramide and phenobarbital
between the two groups (Table 1). The 5 patients with
hypothyroidism who received dexamethasone also re-
ceived dopamine. Patients with hypothyroidism tended
to have more RDS (82.4%) than those without hypothy-
roidism (56.3%, p = 0.06) and more cardiac problems
(58.8 vs. 31.0%, p = 0.05); however, this did not reach sta-
tistical significance. Two sets of twins were concordant
for thyroid dysfunction (patients No. 5 and 10 and pa-
tients No. 2 and 3). However, there were no differences in
gestation number, sex distribution, degree of prematuri-
ty, mode of delivery, use of respiratory support, need for
transfusions or for surgical procedures between the 2
groups. None of the mothers of the patients with hypo-
thyroidism had thyroid dysfunction or diabetes. There
were no differences between the 2 groups in the rates of
maternal hypertension and pre-eclampsia (Table 1).
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Characteristics of the Patients with Early versus Those

with Late TSH Rise

The demographics, age at diagnosis, serum TSH and
free T4 concentrations at diagnosis, and the status at dis-
charge of the 17 patients with hypothyroidism are sum-
marized in Table 2. Hypothyroidism was detected in 5
patients by 1 week of age, in 7 patients in the second week
after birth and in 5 patients at ~4 weeks of age. Patients
diagnosed by age 14 days were grouped in the “early TSH
rise,” while those diagnosed after age 14 days were
grouped in the “late TSH rise” category.

Patients No. 1-9 were diagnosed after the first serum
collection based on either a high TSH or a combination
of elevated TSH and low free T4 concentrations. Patient
No. 10 had a TSH concentration of 9.47 pU/mL and a
normal free T4 concentration in the first test collected at
age 7 days; she was started on treatment at age 13 days due
to an increase in TSH with a decline in free T4 concentra-
tions. Patient No. 12 had a TSH concentration of 14.3 pU/
mL in the first test collected at the age of 7 days, and was
started on treatment at the age of 14 days for persistently
elevated TSH with alow free T4. Patient No. 11 had a high
TSH level (21.5 pyU/mL) with a normal free T4 concentra-
tion in the first test collected at the age of 7 days, and was
started on treatment at age 14 days for a low free T4 con-
centration in the presence of normal TSH (Table 2).

Patients No. 13, 14, and 16 had normal TSH concen-
trations (8.76, 0.7, and 7.42 uU/mL) in the first samples
collected at the age of 7 days and were started on treat-

Late TSH Rise in Very-Low-Birth-Weight
Infants

ment due to a later significant rise in TSH, with a decline
in free T4 in patient No. 16. Patients No. 15 and 17 were
started on treatment due to persistent elevation in TSH
despite a normal free T4 concentration. All patients were
discharged from the NICU on thyroxine replacement.
Patients with a late TSH rise had a significantly lower
birth weight than those with early hypothyroidism (851 +
302 vs. 1,191 + 121 g, p = 0.004). However, it should be
noted that out of the 5 patients, patient No. 16 had ex-
treme prematurity and low birth weight (247 weeks) and
patient No. 17 had intrauterine growth retardation. There
were no differences in sex, degree of prematurity, twin
gestation, mode of delivery, presence of RDS, cardiac
problems, need for ventilation or transfusion, length of
stay in the NICU, use of aminophylline, dexamethasone
or dopamine, or maternal history between the two groups.

Discussion

The compliance rates with screening for congenital
hypothyroidism in VLBW infants in this study were 100%
for the first and 92% for the second specimen collection.
These compliance rates are excellent compared to pub-
lished rates for second specimen collection from the USA
[8,20]. One gap identified in compliance was the delay in
collecting the first screening samples in 3.8% of the in-
fants until after age 28 days; fortunately, none of these
infants had abnormal test results. Another gap was the
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Table 2. Characteristics of the treated patients

Patient  Sex GA, BW, Early TSH rise Late TSH rise Treatment status
weeks g age,  TSH, FT4, age, TSH,  FT4, Ztlgﬁg:;e
days  pU/mL ng/dL days pU/mL  ng/dL yes/no
1 F 311/7 1,155 3 47.3 1.22 yes
2 F 287 1,145 5 59.06  0.55 yes
3 F 287 1,005 6 34.9 0.82 yes
4 M 31 1,255 6 52.8 1.34 yes
5 M 2847 1,135 7 21.45 0.71 yes
6 M 297 1,305 9 48.56 0.56 yes
7 F 2927 1,120 10 >100.0 0.35 yes
8 M 29 1,335 10 >100.0 0.31 yes
9 F 2847 1,150 11 44.6 0.79 yes
10° F 2847 1,009 13 13.26 0.98 yes
11° F 2927 1,345 14 1.5 0.35 yes
128 F 28%7 1,330 14 14.8 0.57 yes
13¢ M 3037 878 7 8.76 1.38 26 23.8 1.38 yes
14¢ M 3237 1,145 4 0.7 N/A 33 17.98 N/A yes
154 F 2847 1,150 7 6.9 1.39 34 10.3 1.19 yes
16¢ F 2457 595 7 7.42 0.87 27 26.7 0.39 yes
17¢ F 2917 487 4 3.87 1.37 65 8.82 1.48 yes

GA, gestational age; BW, birth weight. The values in bold correspond to the age, and to the TSH and free T4 concentrations at which
the patients were started on thyroxine treatment. The TSH and free T4 concentrations are from serum samples. Laboratory reference
ranges: TSH: 1-7 days: <20 pU/mL, 1-3 weeks: <10 uU/mL; free T4: 1-7 days 2.0-8.0 ng/dL, 1 week to 5 years 1.1-3.1 ng/dL. The refer-
ence ranges are not adjusted for gestational age. ® Patients No. 10 and 12 had normal TSH on first screening collected at age 7 days. ° Pa-
tient No. 11 had an elevated TSH (21.5 pU/mL) on first screen collected at age 7 days, with normal free T4, treatment was started at age
14 days due to the presence of low free T4. ¢ Patients No. 13, 14, and 16 had late TSH rise and were started on treatment. ¢ Patients No.

15 and 17 had persistent TSH elevation (although mild).

variability in the infants’ ages at specimen collection. Al-
though all patients had filter paper DBS sent at least once
during their NICU stay, as recommended by the guide-
lines, the first screening sample for CH was serum based
for the majority. This delay and variability were largely
affected by the day-to-day decisions of the treating neo-
natologist in the severely ill infants.

The most striking finding in this study was the high
incidence rate of hypothyroidism in this population of
VLBW infants: 16.3% for combined typical and atypical
hypothyroidism and 4.8% for late TSH rise. These rates,
reaching 1:6 for combined typical and atypical late TSH
rise, are significantly higher than the reported 1:153 from
Boston [1], 1:250 from New England [2], and 1:95 from
Rhodes Island [3]. This brings up several questions re-
garding the population studied: (a) are rates of congenital
hypothyroidism among the general background popula-
tion of term and normal-weight newborns in Lebanon
higher?; (b) are we overdiagnosing hypothyroidism in
these VLBW infants?; (c) does this study population have
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risk factors increasing the incidence rates?; (d) and last
but not least, were these infants weaned off treatment or
do they suffer from permanent congenital hypothyroid-
ism?

There are no published data regarding the rates of con-
genital hypothyroidism in Lebanon on a nationally rep-
resentative level. Data from our tertiary care center indi-
cate an incidence rate of 1:1,823 [19]. Data from another
large screening program in Lebanon report a prevalence
of 1:1,700 [27]. These rates are comparable to those re-
ported from the United Arab Emirates (1:1,873) [28], and
from the Greek Cypriot population (1:1,800) [29] but
higher than some of the reported rates from Turkey
(1:2,326) [22], Egypt (1:3,587) [23], and from different
regions in Saudi Arabia (1:2,759 [24] and 1:4,208 [25]).
Nevertheless, this apparently higher rate in the overall in-
cidence of congenital hypothyroidism in Lebanon does
not explain the magnitude of the increase in the rates de-
tected in our population of VLBW infants. To our knowl-
edge, there are no published data from the region regard-
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ing the hypothyroidism incidence rates in preterm VLBW
infants. The rates reported in this study are not necessar-
ily reflective of rates among VLBW infants in Lebanon or
those reported in VLBW infants from other NBS pro-
grams.

We reviewed the records of the 17 patients with hypo-
thyroidism to ascertain how the diagnosis and treatment
decisions were reached. The current guidelines for the di-
agnosis of congenital hypothyroidism recommend start-
ing treatment if the serum free T4 concentration is below
normal for age or if the TSH concentration is more than
20 pU/mL irrespective of free T4 concentrations [18].
Eleven of our patients (patients No. 1-9, 13, and 16) had
serum TSH concentrations >20 pU/mL, with or without
low free T4. Two patients (patients No. 11, 12) had low
free T4 concentrations, and most likely had a combina-
tion of hypothyroxinemia of prematurity and nonthyroi-
dalillness. One patient (No. 14) had elevated TSH for age
and a significant increase from the initial screen, but no
free T4 concentration was measured. The 3 remaining pa-
tients were started on treatment for less compelling rea-
sons: patient No. 10 due to an increase in TSH with a de-
cline in free T4, and patients No. 15 and 17 for persistent
elevation in TSH concentrations. Thus, if one is to follow
strictly the guidelines [18], 3 of our 17 patients could po-
tentially be classified as “overdiagnosed.” In addition, 2
patients (No. 11 and 12) had most likely thyroid dysfunc-
tion due to nonthyroidal illness. Excluding these 5 pa-
tients would decrease our rates of overall hypothyroidism
to 11.5%, and of late rise TSH to 2.9%, which is still sig-
nificantly higher than the reported rates in the literature.
Another limitation to be noted is that free T4 concentra-
tions were not rechecked by equilibrium dialysis, and the
free T4 ranges were not adjusted for gestational age.

Postnatal iodine deficiency and postnatal iodine ex-
cess are two major risk factors believed to play a crucial
role in the high rates of hypothyroidism in preterm new-
borns. According to the 2004 WHO global database, Leb-
anon falls in the mild iodine deficiency category [30]. Re-
cent studies indicate mild iodine deficiency in Lebanese
school age children [26]. Although there are no published
data on the status of pregnant and lactating women in
Lebanon, one could assume by extrapolation that they
may fall into this category. Nevertheless, women followed
in a tertiary care center for high-risk pregnancies are
more likely to be receiving prenatal vitamins and iodine
supplementation. We did not specifically calculate the io-
dine intake of mothers or infants in this study.

On the other hand, postnatal iodine excess may have
played a major role in our results mainly via exposure to

Late TSH Rise in Very-Low-Birth-Weight
Infants

iodine-containing skin disinfectants. Povidone-iodine
10% antiseptic solutions were mainly used for steriliza-
tion in all procedures during the study period, and iodine
is the main disinfectant agent used in our obstetric unit.
The developing thyroid of preterm infants is extremely
sensitive to the inhibitory effect of excess iodine (Wolft-
Chaikoff effect), which leads to the development of goiter
and/or hypothyroidism [31]. There is evidence that pre-
term infants are more vulnerable to iodine exposure than
term infants because of their thyroid gland immaturity,
increased skin permeability and decreased renal iodine
clearance [7]. The newborn can be further exposed indi-
rectly to high maternal iodine concentrations prenatally
via transplacental transfer. The major source of maternal
exposure is through skin disinfection with povidone-io-
dine prior to C-section [32]. In our study, the high rates
of C-section deliveries, the degree of prematurity neces-
sitating several procedures with povidone-iodine disin-
fectant use, may have contributed to the observed high
rates of hypothyroidism. This study was retrospective in
nature and there were no measurements of urinary iodine
concentrations in either the newborns or their mothers to
directly address these issues; however, this should be an
important element to consider in future studies.

In addition, the study center is a referral center in Leb-
anon for in vitro fertilization, high-risk pregnancies and
high-risk newborns requiring tertiary level neonatal care
including those with congenital heart disease necessitat-
ing surgery. Thus, in addition to prematurity and VLBW,
our patient population had a high prevalence of several
risk factors that may affect thyroid gland function, in-
cluding a high rate of in vitro fertilization [33, 34], twin
gestations, RDS, cardiac problems, and frequent use of
dopamine. There were no differences in the prevalence of
these risk factors between patients with and without hy-
pothyroidism in our study, or between those with early
versus those with late TSH rise. This finding is limited,
however, by the small number of patients included in this
study.

The remaining question to be answered is whether
those infants had persistent or transient congenital hypo-
thyroidism. The majority of VLBW patients diagnosed
with hypothyroidism were weaned off treatment by 24
months of age in some studies [35, 36]. All our patients
were on treatment at discharge from NICU. The original
study design and IRB approval did not include contacting
patients to address their current status, and none of the
patients had imaging studies of the thyroid, which is an-
other limitation in full interpretation of the nature of the
thyroid disorders in this study.

Horm Res Paediatr 7
DOI: 10.1159/000487637

8 6:29:23 PM



In conclusion, the rates of hypothyroidism and of
atypical late TSH rise hypothyroidism in this study are
significantly increased compared to the published litera-
ture, and could be related to the use of povidone-iodine

disinfectants. These results warrant further research to

better understand the underlying causes of this high inci-
dence and whether our single-center experience is reflec-
tive of the rates of hypothyroidism in VLBW infants
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