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Massive Pulmonary Hemorrhage in Newborn Infants Successfully
Treated with High Frequency Oscillatory Ventilation

Massive pulmonary hemorrhage (MPH) in newborn infants is a catastrophic
event with a fatal result. The aim of this study was to assess the efficacy of
high frequency oscillatory ventilation (HFOV) as a rescue therapy for MPH in
newborn infants. Eighteen newborn infants with MPH refractory to conventional
mechanical ventilation were treated with HFOV. Changes in oxygenation were
assessed using arterial-alveolar oxygen tension ratio (a/APOz) and oxygenation
index (Ol) during HFOV. The most common underlying disorder of MPH was
preterm patent ductus arteriosus (PDA). Thirteen out of 18 (72%) newborn
infants with MPH responded to HFOV and survived. Five out of 18 (28%) did
not respond to HFOV and died. There were no differences between responders
and nonresponders in gestational age, birth weight, pre-HFOV Ol, and age of
MPH onset. In responders, there was a rapid increase in a/APQO: from 0.18 +
0.04 to 0.40+£0.08 at 30 minutes after HFOV. There was also significant
decrease in Ol from 14.9+4.7 10 8.1+1.5 at 1 hour after HFOV. We conclude
that HFOV shows rapid and dramatic improvements and has ultimately life-
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INTRODUCTION

Massive pulmonaty hemotthage (MPH) in newborn
infants is invatiably fatal and its mortality rate goes up
to 75-90% (1). Its incidence varies between 1-4/1,000
live-births, and most cases occur in premature ot in new-
born infants small for their gestational age (2). The com-
mon undetlying disorders are asphyxia, infection, coag-
ulopathy, and hypothermia (3). Some studies reported
that the risk for pulmonary hemorrhage associated with
respiratory distress syndrome and surfactant therapy has
increased (4-6).

In MPH, accumulation of the hemorthagic fluid in
alveoli forms alveolar diffusion batriet (7). It causes ina-
bility of gas exchange and results in acute detetioration
with increased ventilatory support. Newborn infants with
MPH who need high levels of assisted ventilation require-
ments ate often refractory to conventional mechanical
ventilation (CMV) and have a fatal result. They may be
substantial motbidity in survivors resulting from second-
aty lung injury due to barotrauma ot volutrauma. Previous
studies repotted that HFOV was effective in severe respi-
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ratory failute refractory to CMV, and decreased the occut-
rence of chronic lung disease in survivors (8, 9).

The putpose of out study was to determine the efficacy
of HFOV as a rescue therapy for MPH refractory to
CMV in newbotn infants.

MATERIALS AND METHODS

Study population

In our study, 18 newborn infants were included, who
had MPH and HFOV treatment and admitted to the
NICU of the Samsung Medical Centet from December
1994 to Match 1997. We reviewed each patient’s record
to analyse vatious parameters including epidemiological
characteristics, ventilator parameter, arterial blood gases,
and respiratoty index (artetial-alveolar oxygen tension
ratio, oxygenation index). MPH was defined as the pres-
ence of blood-stained frothy effluence from the trachea,
acute change in the chest X-ray with total opacification
of both lungs, and drop in the hematocric (10).
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High frequency oscillatory ventilatory strategy

All patients were initially managed with conventional
mechanical ventilators in a time-cycled, pressure-control-
led mode (Infant star, Infrasonics Inc. San Diego, CA).
HFOV was delivered with a ventilator SensorMedics
model 3100 (Critical Care Corp., Yorba Linda, CA.) or
Humming V (Metran medical instrument MFG. Co.,
LTD.). HFOV was provided when sevete respiratory fail-
ure occurred, as reflected by a/APO, (arterial-alveolar ox-
ygen tension ratio) <0.2 and/ot oxygenation index (OI)
>10, despite the mean air way pressure (MAP) of >10
cm H,O and 1.0 of FO,; of CMV settings.

In HEOV strategy, initial MAP was set at 2-3 cm
H,O above the MAP used on CMV just priot to the
beginning of HFOV treatment. MAP was increased by
1 cm HyO increments untl optimal oxygenation and
adequate lung recruitment were obtained. Adequate lung
recruitment was confirmed by chest radiography which
showed evidence of normal lung inflation with the dia-
phragm level dropping to the eighth ot ninth postetior
rib level. FiO, was set at the same concentration as in
CMV.

The initial delta P (amplitude or stroke volume) was
selected on the basis of adequate chest wall vibration and
was adjusted later by monitoring of arterial CO, tension.
Ventilator frequency was fixed at 15 Hz. Inspiratoty to
expiratoty time tatio was maintained at 0.33 in Sensot-
Medics.

To wean, FiO, was first decteased to less than 0.7,
and then FiO, and MAP were alternatively decreased
(MAP wete decreased in 1 cm H,O inctements). The
patient was considered to wean to CMV when adequate
oxygenation was maintained with less than 0.5 of HO;
and 8 cm H,O of MAP. The MAP decreased whenever
chest radiograph showed hypetinflation. A chest radio-
graph was obtained at 2 hours after HFQV, then ob-
tained when necessary.

Outcomes

Our patients wete divided into two groups based on
theit responses to HFOV. The responder was defined as
one who responded to HFOV treatment and sutvived.
The nonresponder was defined as one who could not
maintain oxygenation with HFOV treatment and died.
OI and a/APQ, wete calculated as [(Paw X FiQ,)/PaQ, X
100] and [PaO,/(713 X FiO,-PaCO,/R)]. We compared
the baseline of OI and a/APO, and each measures at 30
min, 1,2, 6,12, and 24 hts after HFOV. Differences
between the two groups wete analysed using repeated-
measures analysis of variance (ANOVA) and student t-
test by SAS software ver. 6.04. A p<0.05 was considered
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statistically significant.

RESULTS

Characteristics of patients

We studied 18 newborn infants with MPH. Their mean
birth weights and gestational age were 1,5831163 ¢
(709-3,180 g) and 31.8+1.0 weeks (25-41 weeks). The
most common undetlying disorder was preterm patent
ductus artetiosus (PDA) (11/18, 61%), and seven of them
had respiratoty distress syndrome (RDS) and received sut-
factant therapy. The undetlying disorders were RDS with-
out PDA (4/18, 22%), meconium aspiration syndrome
(2/18, 11%), and birth asphyxia (1/18, 6%) (Table 2).

Outcomes

Thirteen out of 18 (13/18, 72%) with MPH responded
to HFOV and sutvived. But 5 infants (5/18, 28%) did
not respond to HFOV and died. The birth weighe, ges-
tational age, onset of MPH, and pre-HFOV OI did not
differ significantly between the two groups (Table 1).

The response rate according to the undetlying disot-
dets was shown in Table 2. Most diffuse alveolar diseases

Table 1. Characteristics of patients according to response to

HFOV

Responders (survivor) Nonresponders (death)

(n=13) (n=5)

Gestational age (wk)  32.4+0.9 (27-38) 30.3+£27 (2541)
Birth weight (g) 1,644 182 (903-3180) 1,426+371 (709-2800)
Sex (M:F) 75 3:2
Ol prior to HFOV 149x47 97x15
Duration of HFOV 25106 1.1£0.3
(days) (0.5-8.1) (0413
Age of MPH onset 76+27 2+7
(hours after birth) (2-147) (7-48)

Values are presented as mean=SE.
HFOV, high frequency oscillatory ventilation; MPH, massive pulmo-
nary hemorrhage; Ol, oxygenation index.

Table 2. Response rate of HFOV according to underlying dis-
orders in massive pulmonary hemorrhage of newborn infants

Responders Nonresponders Response rate

=13 (n=5) (%)
PDA (11) 8 3 73
RDS without PDA (4) 3 1 75
MAS (2) 2 0 100
Birth asphyxia (1) 0 1 0

PDA, patent ductus arteriosus; RDS, respiratory distress syn-
drome; MAS, meconium aspiration syndrome.
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responded well. But birth asphyxia patient did not te-
spond (Table 2).

In responders, a/APQ» increased at 30 minutes and OI
decreased significantly at 1 hour after HFOV therapy
(Table 3). Also in responders, thete was a rapid imptove-
ment in chest radiographic findings (Fig. 1). In non-
responders, however, there wete no improvements in OI
and a/APQO, at any tme during HFOV therapy (Table
3).

In respondets, MAP decteased significantly at 24 houts
after HFOV treatment (18.211.2 cm H,O at 30 min
to 13.71+1.4 cm H,O at 24 hr after HFOV). In non-
responders, however, MAP did not dectease during HFOV
therapy.

Fig. 1. This baby with a birth weight of 990 g and 31 weeks
of gestational age was born to a pregnancy-induced hyperten-
sion mother. She had no respiratory distress syndrome initially.
But on the 2nd day of life, she developed large patent ductus
arteriosus and received indomethacin treatment. Chest radio-
graph on the 2nd day of life when MPH developed, showed
severe bilateral air space disease with air-bronchograms (A).
There has been some improvement at both upper lung field
with residual parenchymal densities in both lung field at 2 hours
after HFOV treatment (B). Two days after HFOV treatment,
chest radiograph showed marked improvement in the bilateral
air space disease (C). Subsequently she could wean to CMV
successfully.

Table 3. Ol & a/APO; prior to and during HFOV

Responders (survivor) Nonresponders (death)

(n=13) (n=5)
al a/APO, Ql a/APO,
pre-HFOV 149147 0.18+0.04 9.7+t15 0.14=0.01
HFOV
30 min 126+36 040+008* 127x7.1 0.22+0.09
1 hr 81+1.5% 0.36+014* 139 0.15
2 hr 43+2.0* 0.13+0.02 19.2+32 0.25+0.08
12 hr 10626 033£004* 17.7+47 0.16£0.01
24 hr 74+£12% 038+£0.05% 127+50 0.25+0.06

Values are presented as mean=SE.

HFOV, high frequency ventilation; Ol, oxygenation index; a/APQx,
arterial-alveolar O, tension ratio.

* p<0.05 compared to pre-HFOV.
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DISCUSSION

In our study, thitteen of 18 newbotn infants with
MPH responded to HFOV and sutvived. Our results
suggest that HFOV could be used as a highly efficacious
therapeutic modality in MPH of newborn infants.

MPH mostly afflicted low birth weight infants (11).
Even if our patients’ birth weights were in wide range
(903-3,180 g), most of them were low birth weights
(16/18, 89%) and premature infants (15/18, 83%).

Since exogenous sutfactant was introduced, frequency
of MPH in premature RDS has increased significantly
(12). In our study, the most common undetlying disorder
of MPH was PDA associated with prematurity. Majority
of them had RDS and received sutfactant therapy. It
shows that improved pulmonary compliance has an effect
on these results which lead to reduced pulmonary vas-
cular resistance (13). Decreased pulmonaty vascular resis-
tance can inctease pulmonary blood flow and results in
an acute rise in lung capillary pressure (14). Therefore in
most instances pulmonary hemorrhage is a reflection of
advanced pulmonary edema.

Paranka et al. reported a disease-specific response rate
in ECMO candidates treated with HFOV (15). Even
though there is few data about HFOV treatment in pul-
monaty hemorthage, the efficacy of HFOV in idiopathic
pulmonaty hemotthage of infancy was repotted by Pap-
pas et al. (16). In our clinical trial, those newborn infants
who survived showed rapid and dramatic improvements
of gas exchange within 1 hr after HFOV treatment.

We employed a ventilatoty strategy designed to rap-
idly rectuit and maintain optimal lung volume, the
so-called “high-volume strategy” (17). As our data dem-
onstrate, this approach produced rapid improvements in
oxygenation and radiographic findings with increase in
MAP. In responders, MAP also significantly decreased at
1 day after HFOV. In general, responders received HFOV
treatment for about 2.5 days, and wete successfully
weaned from HFOV within 3 days.

Age of MPH onset in our patients was of vatious range
(2-147 hrs after birth). Thirteen out of 18 newborn
infants had MPH within 48 hrs after their birth. All
deaths of MPH newborn infants occutted within 48 hrs.
It seemed to have different responses depending on age
of MPH onset although it is not significant statistically.
We think that this may be due to the severity of the
undetlying disorder and unstable conditions of newborn
infants right after birch.

We would like to analyse the causes of death in our
study. The newbotn infants with asphyxia had multiple
organ failure. They usually suffered from acute left ven-
tricular failure which is caused by hypoxia and acidosis.
This causes an increase in pulmonary capillary pressure
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with rapid evolution of hemorthagic edema fluid into the
air spaces (18). Our birth asphyxia patient developed
airleak syndrome duting HFOV therapy. The aitleak syn-
drome may aggravate this patient’s condition and lead
to catdiopulmonary instability. In general, HFOV is a
relative contraindication in hypotensive shock state such
as birth asphyxia. Therefore, patients with catdiovascular
instability requites cateful assessment in HFOV treat-
ment. Qur birth asphyxia patient also had a seizute
attack. So we think that his cardiovascular compromise
may be due to a central nervous system dysfunction as
well as aitleak syndrome. The other two nonresponders
had RDS and also developed aitleak syndrome. To man-
age these patients with diffuse alveolar lung disease and
aitleak syndrome, we first had to decide what is the
prominent problem. For those who had severe airleak
syndrome as a ptimary problem, we used the lowest
MAP that will allow adequate gas exchange. Unfortu-
nately our patients’ undetlying lung conditions required
high MAP, so they could not maintain oxygenation with
the above strategy and rapidly progressed to cardiopul-
monaty atrest due to aitleak itself.

Another two nonresponders had disseminated intravas-
cular coagulopathy (DIC). While most pulmonaty hem-
orthages ate reflection of advanced pulmonary edema,
our cases of two nontespondets represented true hemot-
thages, although we did not check hemoglobin in the
pulmonaty effluent. Their MPH did not cease and hemo-
globin level in blood dropped rapidly. We think that in
these cases the above mechanism may be involved. As
long as their underlying conditions causing hemotrhage
were not improved, HFOV could not help them to
recover from MPH and they deteriorated rapidly.

In conclusion, about 72% patients showed rapid and
dramatic improvements with HFOV therapy and sut-
vived in our study. We determine that HFOV is a safe
and effective rescue treatment modality in MPH of
newborn infants.
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