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ABSTRACT

Background/aims: To determine whether the 17-hy-
droxyprogesterone (17-OHP)/cortisol ratio as a
marker of immaturell-beta hydroxylase activity can
predict severe systemic hypotension in preterm neo-
nates. Methods: Serum cortisol and 17-OHP concen-
trations were measured in capillary blood deposited
on blotter paper on day 3 post-natal age (Day 3) in
infants less than 32 weeks postmenstrual age (PMA).
The predictive value of 17-OHP/cortisol ratio for a
first episode of systemic hypotension occurring after
Day 3 (FESH) was evaluated. Results: Of 105 infants
included, 14 patients (13%) presented a FESH. Nei-
ther the 17-OHP/cortisol ratio, nor the 17-OHP or
cortisol concentrations were associated with the oc-
currence of a FESH when adjusted for potential con-
founding factors. 17-OHP and cortisol were inversely
associated to PMA (r = —0.36 and —0.40, respectively).
Cortisol, but not 17-OHP, was associated with the
type of hospitalization unit, the respiratory support
and the presence of a patent ductus arteriosus. The
17-OHP/cortisol ratio was associated with the type of
hospitalization unit only. Conclusions: The 17-OHP/
cortisol ratio at Day 3 did not predict the occurrence
of a first episode of systemic hypotension after Day 3
in preterm neonates.

“This study has been registered at the French National Registry (Direc-
tion Générale de la Santé¢) with the following number: DGS 2005/0503.
Corresponding author.
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1. INTRODUCTION

Adequate adrenal function is a major issue for patients
with acute life-threatening diseases. Elevated cortisol
levels in critically-ill patients, reflecting activation of the
pituitary-adrenal axis, are considered to be a homeostatic
adaptation. In prolonged critical illnesses such as multi-
organ failure, a state of relative or functional adrenal
insufficiency characterized by an inadequate production
of cortisol despite an increased demand could lead to
refractory hypotension and to hydrocortisone treatment
[1]. In preterm infants, severe hypotension refractory to
both volume expansion and inotropic agents have been
related to relative adrenal insufficiency [2]. These pa-
tients respond readily to hydrocortisone, suggesting that
an inadequate hypothalamic-pituitary-adrenal (HPA)
response to stress may be a major cause [2-4]. In preterm
infants, effective treatments are essential because severe
and prolonged hypotension is associated with increased
mortality and central nervous system morbidity [5,6].
During the first days of life, extremely premature in-
fants demonstrate adequate pituitary response to human
corticotrophin-releasing hormone (hCRH) [7,8]. Never-
theless, glucocorticoid precursors such as 17-hydroxy-
progesterone (17-OHP) are relatively elevated, compared
to cortisol, suggesting that the inadequate HPA response
to stress may be due to an immature 11-beta hydroxylase
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activity in the adrenal glands [9,10]. In premature infants,
low serum cortisol concentrations, an indicator of the last
step of glucocorticoid production, have been shown to be
associated to hypotensive episodes [11] and bron-
chopulmonary dysplasia [12] leading to the prophylactic
administration of low dose hydrocortisone [13].

In previous studies, 11-beta hydroxylase activity has
been assessed in premature infants by cortisol to 17-OHP
ratio after an adrenocorticotropic hormone (ACTH) test
performed after day 3 of age [9,10]. Combining serum
17-OHP and cortisol measurements during congenital
adrenal hyperplasia (CAH) screening programs on blood
spots may be an easy-to-perform and efficient means to
assess the 17-OHP/cortisol ratio in the blood sampling
limited population of preterm infants. This may contrib-
ute towards the identification of infants at highest risk for
adverse outcomes. In this study, our main objective was
to evaluate the relationship between the 17-OHP/cortisol
ratio measured on the 3rd day of life and the occurrence
of systemic hypotension after day 3 in extremely prema-
ture infants. We also evaluated the relationship between
the 17-OHP/cortisol ratio and the occurrence of bron-
chopulmonary dysplasia.

2. METHODS
2.1. Study Design and Population

We conducted a prospective, prognostic cohort study. All
infants born prior to 32 weeks postmenstrual age (PMA)
between September 2006 and September 2007 and ad-
mitted in the neonatal intensive care unit (ICU) or the
neonatology unit at the tertiary-care University Chil-
dren’s Hospital of Bordeaux (France) were eligible if
they did not present one of the following exclusion crite-
ria: death within the first 4 days of life, glucocorticoid
administration preceding blood sampling on the 3rd day
of life, congenital diseases of the heart/brain/lung/liver/
kidney diagnosed after birth and adrenal disorders diag-
nosed after birth (congenital adrenal hyperplasia, adrenal
tumor diagnosed by ultrasonography because of hyper-
corticisme, adrenal hemorrhage diagnosed by ultrasono-
graphy because of adrenal insufficiency). The study pro-
tocol was approved by the ethical clinical research com-
mittee of Bordeaux University Hospital.

2.2. Follow-Up and Outcome Measures

In the morning of the 3rd postnatal day (Day 3), capillary
blood was deposited on a disk of blotter paper for the
measurement of the cortisol level in addition to the usual
17-OHP measurement for neonatal screening of con-
genital adrenal hyperplasia (CAH).

When systemic hypotension was noted the same thera-
peutic regimen was applied to infants hospitalized in the
neonatal intensive care and conventional neonatology
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units. Monitoring of blood pressure was non-invasive
and hypotension was defined as a mean arterial blood
pressure (mmH,0) less than gestational age in weeks.
First line therapy was 1 or 2 volume expansions with 10
to 20 ml/’kg of 0.9% saline. Second line therapy after
echocardiographic assessment included the addition of
vasopressors (dopamine: 5 - 20 pg/kg/min) or inotropic
agents (dobutamine: 5 - 20 pg/kg/min). If hypotension
was life-threatening, noradrenaline was administered. As
described in the literature, hydrocortisone was adminis-
tered in case of vasopressor-resistant hypotension [4]. A
first episode of systemic hypotension (FESH) was
deemed to be present whenever the second line therapy
was required for the first time between Day 3 and 32
weeks + 3 days of corrected PMA. Bronchopulmonary
dysplasia was defined as oxygen (O,) dependence at 36
weeks of corrected PMA.

2.3. Laboratory Methods for Cortisol and
17-OHP Measurements

The blotter paper was dried and stored at room tempera-
ture. Two discs were then punched for 17-OHP and cor-
tisol assays. After elution in buffer, one disc was proc-
essed with the 17-OHP kit for radio-immunologic assay
(17-OHP-Neonatal, Cis Bio International®). This is the
routine procedure for neonatal screening of CAH at our
institution. 17-OHP detection threshold was 17 nmol/L.
The other disc for cortisol assay was eluted for 1 h and
30 min at room temperature in 1 ml with '*I-labelled
cortisol buffer and processed in uniplicate with the cor-
tisol kit (Spectria CORTISOL RIA, Orion Diagnostica®).
Cortisol detection threshold was 40 nmol/L [14]. 17-OHP
assay CV were 14.8% & 15.4% (for 33.5 & 89.7 nmol/L,
respectively) and cortisol assay CV were 5.2% & 6.5%
(for 63 & 425 nmol/L, respectively).

2.4. Statistical Analysis

2.4.1. Descriptive Analysis

Quantitative variables were described by frequency,
mean, standard deviation of the mean, median and inter-
quartile range (IQR). Qualitative variables were de-
scribed by frequency and percentage.

2.4.2. Modeling

Logistic regression models were performed to analyze
dichotomous outcomes, such as the occurrence of a
FESH or the occurrence of bronchopulmonary dysplasia.
Potential confounding factors associated with these out-
comes in univariate analysis (conservative threshold
p-value < 0.25) were then introduced in multivariate
analyses. Postmenstrual age, birthweight, patent ductus
arteriosus, hospitalization unit, respiratory support, mode
of delivery, sex, maternal-fetal infection and Apgar 1
min were considered. Results are summarized as ad-
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justed odds ratios and corresponding 95% confidence
intervals (95% CI). 17-OHP, cortisol and 17-OHP/cor-
tisol ratio levels were analyzed using linear regression
models, after a logarithmic transformation to respect the
normality hypothesis of the linear model. Same con-
founding factors as in logistic regression models were
tested in univariate analysis. For all analyses, hypothesis
testing was 2-sided, with p-values of <0.05 being con-
sidered statistically significant. All analysis was con-
ducted with SAS 9.1 software. As this was an explora-
tory observational study it was decided to perform analy-
sis on available data without any strategy to replace
missing values.

3. RESULTS
3.1. Characteristics of the Population

A total of 107 patients were eligible. Two patients were
excluded: one had received hydrocortisone prior to Day
3; the other died on Day 3. The characteristics of the
study population are described in Table 1. One hundred
and five patients were included in the analysis. Between
delivery and Day 3, 7 patients experienced hypotension
including 4 (3.8%) requiring inotropic agents. Ten pa-
tients (9.5%) died during follow-up (3 due to respiratory
complications, 3 due to circulatory failure, 3 with neuro-
logical complications and 1 from necrotizing enterocoli-
tis).

3.2. 17-OHP/Cortisol Ratio as Predictor of a
First Severe Episode of Hypotension

A FESH was observed in 14 (13.0%) patients. Three
patients received hydrocortisone treatment. The univari-
ate analysis showed that the 17-OHP/cortisol ratio was
not associated with the occurrence of a FESH (Odds Ra-
tio (OR): 1.23; 95% CI: 0.50 - 3.02; p = 0.64). In the
multivariate analysis (Table 2), postmenstrual age was
the only factor associated with the occurrence of a FESH:
the higher the gestational age, the lower the risk of sys-
temic hypotension (p < 107). Median 17-OHP/cortisol
ratio in patients with and without a FESH were 0.67
[range 0.11 - 3.19] and 0.98 [0.19 - 2.14], respectively.

3.3. 17-OHP and Cortisol as Predictors of a First
Severe Episode of Hypotension

In the univariate analysis, 17-OHP level but not cortisol
level significantly predicted a FESH (OR: 1.22; 95% CI:
1.06 - 1.41; p = 0.01 and OR: 1.05; 95% CI: 0.99 - 1.11;
p = 0.07, respectively). Adjusted on PMA, 1 minute Ap-
gar score and gender, 17-OHP significantly predicted the
occurrence of a FESH (OR: 1.21; 95% CI: 1.00 - 1.46)
(Table 2). In this multivariate analysis, gestational age
was also associated with a FESH (OR: 0.45; 95% CI:
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Table 1. Characteristics of the population studied.

Before delivery

Antenatal corticosteroids

Number of doses, N median [range] 89 1 [1-2]

Time between last dose and delivery

(days), VN median [range] 84/89 ! [0-27]
Mode of delivery (vaginal), /N (%) 12/105 (11.4)
Delivery
e et e R
Prematu(ri ;Zlitirﬁ/&f (r;lA)e)mbranes 18/102 (17.6)
Sex: male, VN (%) 58/105 (55.2)
B‘“E r‘:tvgcglﬁ;(i‘i%g’rgng‘eef'a” 105 11 [09-14]
APgar 1 miq, N median 100 7 (3 -9]
[interquartile range]
Day 3
Foeto-maternal infection, n/N (%) 6/104 (5.7)
Patent ductus arteriosus, /N (%)  42/105 (40.0)
(ntemsme care i, N (e 104 (519)
Respiratory support
None, /N (%) 30/105 (28.6)
Conventional/HFO, /N (%) 35/105 (33.3)
CPAP, n/N (%) 40/105 (38.1)
17—OHF" level (nmol/l), N median 105 53 38 - 83]
[interquartile range]
Cortiso} level (nn_lol/l), N median 105 79 [52- 113]
[interquartile range]
17-OHP/cortisol ratio, N median 105 0.7 [04-1.1]

[interquartile range]

Mean, SD for quantitative parameters; n, % for qualitative parameters, N
indicates the total number of cases. CPAP: continuous positive airway
pressure; HFO: high frequency oscillation.

0.27 - 0.74). In the multivariate analysis of the associa-
tion between cortisol and systemic hypotension, PMA
was the only factor associated with the occurrence of a
FESH (OR: 0.40; 95% CI: 0.25 - 0.64). Median 17-OHP
and cortisol in patients with and without a FESH were
83.7 nmol/1 [32.0 - 174.0] and 56.0 nmol/1 [13.0 - 218.0],
respectively, and 91.7 nmol/l [47.0 - 481.0] and 78.0
nmol/l [15.0 - 465.0], respectively.

3.4. 17-OHP/Cortisol Ratio, Cortisol and
17-OHP as Predictors of Bronchopulmonary
Dysplasia

Fifteen (14.0%) patients presented an O,-dependence at
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Table 2. Multivariate logistic regression model of plasma 17-
OHP/cortisol ratio, 17-OHP and cortisol as predictors of a first
systemic episode of hypotension.

Table 3. Multivariate logistic regression model of plasma 17-
OHP/cortisol ratio, 17-OHP and cortisol as predictors of bron-
chopulmonary dysplasia.

OR CI95% p-value

OR CI195% p-value

17-OHP/cortisol ratio

(for each increase of 10 points) 1.80 [0.62 - 5.26] 0.28

PMA (wk) 038  [024-061] <107

17-OHP

(for each increase of 10 nmol/l) 121 [1.00 - 1.46] 0.04

PMA (wk) 045  [027-0.74]  0.002

Apgar 1 min

(for each increase of 1) 0.78 [0.58 - 1.04] 0.09

Gender (male vs female) 0.23 [0.04 - 1.28] 0.09

Cortisol

(for each increase of 10 nmol/l) 1.02 (1.01-1.09] 0.48

PMA (wk) 040  [0.25-0.64] <107

PMA: postmenstrual age.

36 weeks of corrected PMA. Univariate analysis showed
no association between O,-dependence and the 17-OHP/
cortisol ratio (OR: 0.50; 95% CI: 0.16 - 1.56; p = 0.23),
cortisol (OR: 1.06; 95% CI: 0.90 - 1.23; p = 0.48) or
17-OHP (OR: 1.03; 95% CI: 0.96 - 1.11; p = 0.4) levels
at Day 3.

Adjusted on PMA and patent ductus arteriosus, 17-
OHP/cortisol ratio, cortisol and 17-OHP levels at Day 3
were not associated with O,-dependence at 36 weeks of
corrected PMA. In these adjusted analyses, PMA re-
mained the only predicting factor of bronchopulmonary
dysplasia (Table 3).

3.5. Factors Influencing 17-OHP or Cortisol
Levels and the 17-OHP/Cortisol Ratio

The 17-OHP and cortisol levels, as well as the 17-OHP/
cortisol ratio are shown in Table 1. In the univariate
analysis, 17-OHP and cortisol were negatively correlated
with PMA and birth weight (Table 4). However, these
associations were weak as the correlation coefficients
regarding PMA were —0.36 for 17-OHP and —0.40 for
cortisol, and regarding birth weight, —0.28 for 17-OHP
and —0.30 for cortisol, respectively. Cortisol was also
associated with the type of hospitalization unit (hospi-
talization in the ICU was associated to a higher cortisol
level compared to a conventional neonatology ward),
respiratory support (continuous positive airway pressure
(CPAP) or mechanical ventilation support-versus no
support-involved a higher cortisol level) and patent duc-
tus arteriosus (higher cortisol level for infants with a
patent ductus arterious) (Table 4). The 17-OHP/cortisol
ratio was associated with the type of hospitalization unit
only. Other potential confounding factors such as the
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17-OHP/cortisol ratio

(for each increase of 10 points) 0.69 [0.20-2.32] 0.55

PMA (wk) 0.66 [0.40 - 1.08] 0.09
Patent ductus arteriosus 11.45 [1.04 - 125.83] 0.05
17-OHP

(for each increase of 10 nmol/l) 0.97 [0.81-1.16] 0.76

PMA (wk) 0.65 [0.39-1.07] 0.09
Patent ductus arteriosus 11.49 [1.04 -126.77] 0.01
Cortisol

(for each increase of 10 nmol/l) 0.97 [0.89-1.07] 0.57

PMA (wk) 0.65  [0.40-1.07] 0.09

Patent ductus arteriosus 12.46 [1.12-139.15] 0.04

PMA: postmenstrual age.

number of doses of antenatal corticosteroids, delivery
mode, gender, Apgar score at 1 min, episodes of hy-
potension before Day 3, and feto-maternal infection
showed no significant association with 17-OHP, cortisol
or 17-OHP/cortisol levels. In the multivariate analysis,
17-OHP and cortisol levels were associated with PMA
only whereas 17-OHP/cortisol ratio was associated with
the type of hospitalization unit only, with a lower
17-OHP/ cortisol ratio in the ICU compared to the con-
ventional neonatology units.

4. DISCUSSION

Utilizing the routine procedure for CAH screening, our
study was designed to test the hypothesis that the 17-
OHP/cortisol ratio measured at 3 days of age as a marker
of immature 11-beta hydroxylase activity could predict
severe systemic hypotension in preterm neonates less
than 32 weeks of PMA. The limit of 32 weeks of PMA
was chosen because 17-OHP/cortisol ratio has been
found to be lower in less than 30 weeks of gestational
age (i.e. 32 weeks of PMA) neonates than in 30 to 33
weeks of gestational age (i.e. 32 to 35 weeks of PMA)
neonates [10]. We found that neither 17-OHP/cortisol
ratio nor serum 17-OHP or cortisol concentrations were
associated with a first episode of systemic hypotension
requiring second line therapy and occurring after Day 3.
Developmental immaturity of the HPA axis in preterm
infants may result in insufficient cortisol production to
maintain homeostasis. This state considered as relative
adrenal insufficiency is characterized by an inadequate
production of cortisol in relation to an increased demand
during periods of severe stress, such as severe systemic
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Table 4. Potential confounding factors associated with plasma 17-OHP, cortisol or 17-OHP/cortisol ratio: univariate linear regression

model.
17-OHP Cortisol 17-OHP/cortisol
n Parameter Parameter Parameter
estimation p-value estimation p-value estimation p-value
Gestational age (weeks) 105 —0.11 <107 —-0.13 <107 - -
Birth Weight* 105 —-0.04 0.003 —-0.05 0.003 - -
Hospitalization unit - - -
ICU vs. conventional 0.41 0.001 —0.34 0.01
Respiratory support - - - -
None Reference 0.002
CPAP vs. none 0.44 0.002
Mechanical ventilation vs. no support 0.48 0.001
Patent ductus arteriosus - - - 0.36 0.003 - -

Only significant associations are presented; “for each increase of 100 grams. CPAP: continuous positive airway pressure; ICU: intensive care unit.

hypotension or pulmonary distress in premature infants.
Based on a hCRH test, it has been shown that low corti-
sol levels were associated with the presence or the sever-
ity of systemic hypotension [2,11]. Adrenocorticotrophic
hormone (ACTH) tests performed on the 5th postnatal
day predicted the occurrence of bronchodysplasia in pre-
term infants [12]. However, responsiveness to the hCRH
test in this population appeared to be well-adapted [2]
and developmental immaturity of the HPA may be more
related to inadequate adrenal gland production of cortisol
and more precisely the enzymatic activity. It is well
known that 17-OHP levels are inversely correlated to
PMA, leading to false positive screening of CAH in pre-
term infants [15]. This enzymatic immaturity may in-
volve the 11-beta hydroxylase enzyme to a greater extent
than 3-beta hydroxylase, leading to high 17-OHP and
11-deoxycortisol levels, and low cortisol levels in pre-
term infants less than 30 weeks gestational age compared
to full term infants [9,10].

In the current study, we chose to test an easy-to-per-
form procedure during the CAH screening program to
evaluate the 11-beta hydroxylase activity early in life in
order to screen infants at risk for relative adrenal insuffi-
ciency with the perspective of a possible generalization
of our approach. Our study was designed with 17-OHP/
cortisol ratio as the main measure. These analytes were
measured in total capillary blood, thus comparison with
assays in venous serum should take this into account [ 14].
We found that serum 17-OHP/cortisol concentrations
ratio remained constant in the youngest infants aged less
than 32 weeks of corrected PMA. We did not confirm
expected low serum cortisol concentrations in the more
premature infants. On the contrary, we found inverse
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correlations between cortisol, 17-OHP levels and PMA.
One may argue that the use of only one blood sample is
not appropriated for the correct evaluation of adrenal
secretion. However, in neonates, a nycthemeral rhythm
of adrenal secretion does not appear until approximately
3 months of age [16]. The ultradian rhythmicity is more
discreet in premature infants compared to full term neo-
nates, with a longer secretory burst half-duration and a
lower maximal secretory rate of cortisol [17].

During one year of recruitment in our tertiary neonatal
centre, only 13% infants have presented systemic hy-
potension event requiring second line therapy after Day 3
and only three of them needed hydrocortisone as treat-
ment of refractory hypotension. These proportions could
be responsible for a lack of power of our study. However,
our results are in accordance to recently published data
from a multicenter trial for the prevention of early adre-
nal insufficiency, finding that cortisol concentrations at
day 5 to 7 were not predictive of adverse short-term out-
comes, and particularly not predictive of an open-label
hydrocortisone use [18]. In our study, we could expect
that an early cortisol concentrations measured at Day 3
could be more sensitive for detecting patients with rela-
tive adrenal insufficiency. Nevertheless, cortisol concen-
trations were more elevated in neonates admitted in in-
tensive care unit, with invasive respiratory support and a
patent ductus arteriosus, independently of gestational age,
showing an adapted stress secretion.

Then, the 17-OHP/cortisol ratio measured on post-
natal Day 3 as a marker of enzymatic adrenal immaturity
did not predict the occurrence of systemic hypotension in
premature infants. The relatively constant 17-OHP/cor-
tisol ratio and the adapted-to-stress cortisol secretion
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suggest relatively matured adrenal function in most of
the neonates less than 32 weeks of PMA.
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ABBREVIATIONS hCRH: human corticotrophin-releasing hormone;
ICU: intensive care unit;

IQR: interquartile range;

HFO: high frequency oscillation;

PMA: postmenstrual age.

17-OHP: 17-hydroxyprogesterone;

ACTH: adrenocorticotrophic hormone;
CAH: congenital adrenal hyperplasia;

CPAP: continuous positive airway pressure;
FESH: first episode of systemic hypotension;
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