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A case of acute respiratory distress syndrome treated with

surfactant and low dose methylprednisolone
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Jong Seo Yoon, M.D. and Joon Sung Lee, M.D.
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The major pathogenesis of acute respiratory distress syndrome (ARDS) is an inflammatory process
that results from a diversity of injuries to the body. Due to the various cytokines and vasoactive
peptides released from the endothelium, the vascular permeability is increased; the migration of
inflammatory cells and the leakage of plasma proteins then occur and edema develops in the alve-
olus. There is a hypothesis that the impairment of alveolar recruitment in ARDS is caused by a de-
fect of the surfactant system and the resultant increase of alveolar surface tension. This has been
studied in pediatric patients in ARDS; after the administration of surfactant, hypoxia, respiratory
symptoms and survival chances were improved. To alleviate the major pathogenic mechanism in this
disease, that is to say, inflammation of the lung, steroids have been used and studied as another
treatment modality for ARDS, and it has been concluded that the administration of low dose
methylprednisolone may improve patients’ symptoms and survival rates. We report here on a case of
a young infant admitted with ARDS, who, after the intratracheal administration of 120 mg/kg sur-
factant, on PaO»/FiO; was elevated. Subsequent low doses of methylprednisolone were given, and the
symptoms did not recur, and no fibrotic change was shown during the follow-up period of 2

months. (Korean J Pediatr 2006;49:455-459)
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Introduction

Acute respiratory distress syndrome (ARDS) is the pul-
monary manifestation of a systemic inflammatory process
that is triggered by various events. Because of the various
cytokines and vasoactive peptides secreted by the damaged
endothelium, the vascular permeability is increased and this
results in the migration of neutrophils, eosinophils, macro-
phages and other inflammatory cells, and also the leakage
of protein-rich fluid. Edema consequently develops in the
alveolus, and respiratory distress and hypoxia are then in-
duced. Various attempts have recently been reported as
conservative treatments for ARDS, but most of these treat-
ments are at the experimental stage, and the mortality still
reaches up to 40-60%' .
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One hypothesis for the pathogenesis of ARDS is that
the impairment of alveolar recruitment and a ventilation-
perfusion mismatch occur due to a defect of the lung sur-
factant system, and there have been several reports that
supplying surfactant to the ARDS lung may improve the

49 To alleviate

hypoxia and other respiratory symptoms
the inflammatory process in the ARDS lung, several at-
tempts have been made to introduce steroid as treatment,
and it has recently been concluded that in the late stage of
ARDS,

symptoms and the survival. However, these two studies

low dose methylprednisolone may improve the
are still at the experimental stage and they require the
larger scale assessment. We report here on a case of a
young infant in ARDS who showed improvement of signs
and symptoms with the administration of surfactant and

steroid.

Case Report

A 61-day-old female infant was admitted to our hospital
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for dyspnea for 3 days. She had cough, sputum, rhinorrhea
without fever for a week and intermittent perioral cyanosis
that developed a few days later, and symptoms are grad-
ually worsened. She was admitted to a local clinic, but the
frequency of cyanosis was increased, and the tachypnea as
well as the dyspnea were aggravated, she was then trans-
ferred to our hospital. For her birth history, her gestation
age was 39 weeks, her birth weight 3.1 kg, it was normal
vaginal delivery and the hepatitis B and bacille Calmette—
Guerin (BCG) vaccination were administered. Her accurate
family history and social history could not be obtained
since she was born to an unmarried mother and was being
raised in an orphanage. The vital signs at the time of ad-
mission were a blood pressure of 80/50 mmHg, pulse rate
160/min, respiratory rate 36/min, body temperature 36.7°C
and she had an acutely ill appearance. On the chest exam-
ination, the breathing sound was coarse without wheezing
or rale, the heart beat was regular without murmur and
mild subcostal retraction was detected. The bowel sound
was normal and organomegaly was not detected. For the
laboratory tests at admission, the complete blood count
(CBC) was total white blood cell (WBC) 13,620/mm’, neu-
trophils 43.8%, lymphocytes 48.2%, monocytes 5.6%, eosin-
ophils 2%, hemoglobin (Hb) 9.8 g/dL, hematocrit (Hct) 29.1
9%, platelets 425,000/mm’, ESR 7 mm/hr, C-reactive protein
(CRP) 046 mg/dL; on the arterial blood gas analysis
(ABGA), the pH was 745, PaCO; 34 mmllg, PaO. 44.4
mmHg, HCO3; 224 mmol/L, and Sa0O., 89.8% in room air,
and any abnormal result wasn’t detected on the blood
chemistry and urinalysis. On the immunologic tests, the
immunoglobulin (Ig) G was 1,020 mg/dL, Ig A was 26 mg/
dL, Ig M was 330 mg/dL, complement C3 was 77 mg/dL,
C4 was <56.8 mg/dL, total hemolytic complement activity
(CHso) was 2.1 U/mL, the percentage of the clusters of dif-
ferentiation (CD) 19 lymphocytes were 34.1%, CD3 were
24.6%, CD4 were 19.5% and CD8 were 13.4%. On the mi-
crobiological study, the serum cytomegalovirus (CMV) Ig G
was 1:8400, CMV Ig M was negative, and Chlamydia
trachomatis Ig M was negative, and influenza, parainflu-
(RSV)

were not detected from nasopharyngeal aspirate by immu-

enza, adenovirus and respiratory syncytial virus
nofluorescent-antibody (IFA) test for the virus culture in
Hep-2 cell, and the Bordetella pertussis culture from the
nasopharyngeal aspirate was negative. The chest PA at the
time of admission showed increased patchy or streaky in-
filtration in both lungs (Fig. 1A).

On the 4™ day of admission, the dyspnea and hypoxia
were aggravated and the patient was transferred to the
intensive care unit. She was administered intravenous im-
munoglobulin (IVIG) 400 mg/kg/d iv for 5 days; however,
the symptoms did not improve. Any abnormal results were
not detected on the echocardiography and electrocardio-
gram. On the 6" day, pneumothorax developed and then
100% oxygen was supplied and methlyprednisolone 1 mg/
kg q 6 hr for 3 days IV was started, but her symptoms
were not improved and the pneumothorax waxed and
waned repeatedly.

On the 12" day, the pneumothorax was aggravated (Fig.
1B) and on the ABGA, the pH was 7.26, PaCO; 479
mmHg, Pa0, 38.3 mmHg, HCO3 21 mmol/L and SaO, 64%
with 10 L/min oxygen supplied through a head hood; in
addition, respiratory acidosis was detected. After thoracen-
tesis and a ventilator was applied with the continuous
positive airway pressure (CPAP) mode and positive end
expiratory pressure (PEEP) of 5 mmHg (Fig. 1C), 400 mg/
kg/d IVIG was administered again for 5 days, but the res-
piratory distress symptoms continued. No evidence of bron-
chial anomaly, congenital cyst or congenital lobar emphy-
sema was detected on the chest computed tomography
(CT). On the 16™ day, the ABGA repeatedly showed the
evidence of ARDS with in FiO2=0.4, pH 7.45, PaCO. 42
mmHg, PaO; 56 mmHg, HCO3 29 mmol/LL and Sa0O; 90.6%
(Pa02/Fi02=140). We administered 120 mg/kg surfactant
(Newfactan, Yuhan, Seoul, Republic of Korea) intratrache-
ally, and 2 hours later, the ABGA was improved to pH
749, PaCO; 33.9 mmHg, PaO, 65 mmHg, HCO3; 25 mmol/L
and Sa0; 94.6% (pO/Fi02=163), and also the improvement
of the bilateral infiltration was shown on the radiological
study (Fig. 1D). On the 18" day, the surfactant was sup-
plied for the second time, and 2 hours later, the ABGA
was improved to pH 7.5, PaCO; 30.3 mmHg, PaO: 130
mmHg, HCO3 25 mmol/L, and SaO, 98.9% (PaO./Fi0,=325).
From the 19" day, methylprednisolone (Predisol, Reyon
Pharmaceutical Co., Seoul, Republic of Korea) treatment
was started at 2 mg/kg/d for 14 days, then 1 mg/kg/d for
7 days, 05 mg/kg/d for 7 days, 0.25 mg/kg/d for 2 days
and finally 0.125 mg/kg/d for 2 days. On the 20" day, ex-
tubation of endotracheal tube was performed and she was
discharged on the o7 day. At the follow-up during 2
months, she is doing well without dypnea and no fibrotic

change was shown on the follow-up X-ray.
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Fig. 1. Serial chest PA. (A) On admission, streaky and patchy increased densities were seen in both
lungs with focal aeration in the right lower medial lungs. (B) On day 12, right air trapping and pneu-
mothorax were noted. An endotrachial tube is inserted. (C) After thoracentesis, the amount of bilateral
pneumothorax was decreased. (D) After surfactant was use, there was mild improvement of the
haziness of the both lungs.

Discussion

in 1976 by

Ashbaugh et al. in 12 adult patients and it was termed as

ARDS was reported for the first time

adult respiratory distress syndrome6). It was subsequently
found that the symptoms could be developed at all ages,
and so it was termed as the current name. In children, this
disease is often preceded by sepsis, pneumonia, malignancy,
shock, trauma over a wide area, burns and intoxication.
The risk groups are premature infants with chronic lung
disease who develops respiratory syncytial viral infection or
other viral pneumonia, and the risk group for older children
are immunocompromised hosts or the cases with underly-
ing diseases such as malignancys’ ? In ARDS, the onset is
characteristically acute and pulmonary edema develops via
the increased vascular permeability. On X-ray, the bilateral
pulmonary infiltration is specific and symptoms such as

tachypnea, hypoxia and rapidly progressing dyspnea are in-

cluded in diagnostic criteria’.

There have been reports of improvement of symptoms
and the reduction of mortality with such conservative
treatments as controlled mechanical ventilation based on a
low tidal volume® 9), PEEP™ H), permissive hypercapnea, the
use of high frequency ventilator, the inhalation of nitric ox-
ide (NO) gas, the introduction of extracorporeal membrane
oxygenation (ECMO), and S -agonist. Nevertheless, the
death rate of ARDS is still high for children' ™.

In ARDS patients, the synthesis of lipid surfactant com-
ponents such as phosphatidylicholine, dipalmitoyl phospha-
tidylcholines and phosphatidylglycerol and the surfactant
proteins SP-A, SP-B, SP-C and SP-D is decreased. In
addition, their biochemical properties are changed and the
function is inactivated by the leakage of serum proteinsw.
In addition, the surface tension of the alveolus of ARDS
lungs is higher than that of normal lungs. Surfactant acts
as an important factor in alveolar recruitment and a defect

of the surfactant system is a decisive etiology for devel-
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oping ARDS. Thus, supplying surfactant to patients may
contribute to the improvement of hypoxia and it can be an
important treatment modality. In addition, surfactant has
the function of suppressing inflammatory reaction, and it
forms a protective system for the lung against bacterial or
viral infection”. Surfactant can also facilitate the spreading
of drugs such as antibiotics and immunoglobulin on the
alveolar surface'”.

Based on such reports, in 1989 the hypothesis was pro-
posed that the administration of surfactant may be effec-
tive for respiratory distress syndrome not only in pre-
mature infants, but also in adults. It has been reported
several times that in ARDS/pneumonia adult patients, the
administration of 300-500 mg/kg bovine-extract surfactant
improved the oxygenation. It was concluded in many ran-
domized controlled studies that the bolus administration of
bovine-extract surfactant at low concentrations can im-
prove oxygenation and patient surviva'”. Yet spraying syn-
thetic surfactant as an aerosol form was ineffective'.

In several prospective randomized controlled trials on the
use of surfactant in children, it has been reported that ox-
ygenation and the ventilator-associated measurements were
improved after the administration of the surfactant. The
most recently performed large scale randomized controlled
study proved that the administration of 80 mL/m? surfac-
tant can improve the oxygenation and reduce patient mor-
talityS). With appropriate conversion, this dosage was same
as that used in our case (120 mg/kg) and PaO+/FiO, was
increased from 140 to 163 after the first administration of
surfactant. But this increment was not sufficiently and the
patient remained tachypneic. PaO»/FiO; was not increased
dramatically to 325 until the second booster was adminis-
tered 48 hours after the first dose. Even in the recent
large scale studies, the optimal dosage, timing and the fre-
quency of surfactant have not been established yet. The
problems to be solved prior to the introduction of surfac-
tant as a treatment for ARDS in children are not only to
determine the optimal time and the dosage of surfactant
administration and but also to consider economic aspect. In
other words, producing synthetic surfactant that is safe,
not expensive, and more resistant to the inactivation mech-
anism within the alveolus is expected in the future.

Another important treatment modality for ARDS is the
administration of low dose steroid. Steroid suppresses the
body reaction to inflammation such as fever and tachypnea,

it reduces serum epinephrine, CRP and tumor necrosis fac-

tor (TNF)-e, and it stimulates the release of interleukin
(IL)-1, sTNF-R, IL-10 and other anti-inflammatory cyto-
kines. Based on such principles, high dose of corticoster-
oids (30 mg/kg/day) was administered to patients with se-
vere sepsis or ARDS for a short time. However, in the
late 1980s, it was established that this treatment failed to
improve the survivalm), and in addition, it has been re-
ported that high dose of corticosteroids may induce sepsis
as a result from adrenal insufﬁciencym, and systemic in-
flammation can be caused by glucocorticoid resistance in
the peripheral tissues™. Therefore, high dose steroid treat-
ment was discontinued.

Low dose of methylprednisolone was reported to reduce
the aminoterminal propeptide of procollagen type I and type
III in the serum and bronchoalveolar lavage fluid from the
ARDS lunglg). In the late stage of ARDS or sepsis, the use
of low dose methylprednisolone (1-8 mg/kg/day) for longer
times (3-150 days) was shown to improve the survival
Such an effect was proven in 1998 in the randomized con-
trolled trial performed by Meduri et al™, However, the
effect of supplemental glucocorticoid treatment during the
early stage of ARDS has not yet been assessed. In Me-
duri’s study, they reported that after the administration of
2 mg/kg/day methylprednisolone for 2 weeks, then 1 mg/
kg/day for one week, 0.5 g/kg/day for one week, 0.25 mg/
kg/day for 2 days and 0.125 mg/kg/day for 2 days, the
hospital stay in the intensive care unit was shortened and
the mortality was reduced. The identical protocol was ap-
plied in our case study, and no specific complication has
appeared in our patient during this administrations. She
improved easily and no fibrotic change was shown on the
follow—up X-rays in 2 months - period after discharge.
However, for children, a large scale clinical trial for ARDS
has not been performed, so the safety and efficacy of this
treatment are unproven. Therefore, prior to its application,

it may be essential to perform a study for children.
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