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Kotaro Takahashi*  , Koji Nishijima, Masayuki Yamaguchi, Kensuke Matsumoto, Shunya Sugai 
and Takayuki Enomoto

Abstract 

Background:  We report a case of pulmonary edema induced by tocolytic agents that was successfully managed 
with noninvasive positive-pressure ventilation     (NPPV)   and resulted in extended gestation.

Case presentation:  A 36-year-old Japanese pregnant woman received tocolytic therapy with ritodrine hydrochlo-
ride, magnesium sulfate, nifedipine, and betamethasone from 28 weeks of gestation. She developed respiratory 
failure. and her chest X-ray showed enlarged pulmonary vascular shadows. At 29 weeks and 1 day of gestation, she 
was diagnosed with pulmonary edema induced by tocolytic agents. Because respiratory failure worsened 2 days after 
ritodrine hydrochloride and magnesium sulfate were stopped, NPPV was initiated. Her respiratory status improved 
and she was weaned off of    NPPV   after 3 days. She underwent cesarean section because of breech presentation at 
30 weeks and 0 days of gestation due to initiation of labor pains.

Conclusions:  NPPV can be safely administered in cases of tocolytic agent-induced pulmonary edema during 
pregnancy.
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Background
Acute pulmonary edema in pregnant women is an 
uncommon but life-threatening event that requires emer-
gency care [1]. One cause of acute pulmonary edema is 
administration of tocolytic agents such as β-adrenergic 
receptor agonists and magnesium sulfate [2]. Therefore, 
in treatment of threatened preterm labor, development of 
acute pulmonary edema should be monitored.

Noninvasive positive-pressure ventilation (NPPV) is a 
form of noninvasive ventilation (NIV) that can be utilized 
for treatment of pulmonary edema, even in pregnancy 
[1]. However, few studies have investigated the efficacy of 

NPPV during pregnancy, and reports describing NPPV 
management for pulmonary edema due to tocolytic 
agents are scarce.

We report a case of hypoxemic respiratory failure due 
to pulmonary edema induced by tocolytic agents that was 
successfully and safely managed with NPPV and resulted 
in extended gestation.

Case presentation
A 36-year-old Japanese pregnant woman (gravida 3, para 
1) at 28 weeks and 6 days of gestation was admitted to 
a hospital for threatened preterm labor. Her past medi-
cal history was unremarkable. The patient received toco-
lytic therapy with intravenous ritodrine hydrochloride. 
Her uterine contractions increased and she was referred 
to our hospital at 29 weeks and 1 day of gestation. We 
administered intravenous magnesium sulfate and oral 
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nifedipine as tocolytic therapy and betamethasone for 
fetal maturation. Twelve hours after arrival at our hos-
pital, she developed dyspnea and her oxygen saturation 
(SpO2) fell to 88% on room air; therefore, oxygen admin-
istration was initiated. A chest X-ray revealed enlarged 
pulmonary vascular shadows (Fig.  1), diagnosed as pul-
monary edema induced by tocolytic agents. The patient’s 
blood pressure did not increase; therefore, pulmonary 
edema associated with preeclampsia was negative. On 
the other hand, the volume of infusion was approximately 
1000 ml per day due to the administration of ritodrine 
hydrochloride and magnesium sulfate, and thus overhy-
dration was a possibility. Consequently, administration 
of ritodrine hydrochloride and magnesium sulfate was 
stopped. After 2 days on 80% oxygen via a non-rebreather 
mask, the patient’s arterial blood gas results revealed 
oxygen tension (PO2) of 57 mmHg, pH of 7.46, and car-
bon dioxide tension (PCO2) of 20 mmHg, and she was 
diagnosed with type 1 respiratory failure. An echocardio-
gram showed a normal ejection fraction and a D-dimer 
test was negative; thus, we excluded cardiac insufficiency 
and pulmonary embolism. Fetal heart rate monitoring 
was reassuring, and the fetal biophysical profile score was 
8 out of 10 points, indicating normal amniotic fluid vol-
ume. Therefore, we decided to continue her pregnancy. 
She was transferred to the intensive care unit (ICU) for 
advanced respiratory management.      NPPV   and furo-
semide were initiated to treat pulmonary edema. Dur-
ing the next 3 days, her respiratory status dramatically 
improved; before the introduction of NPPV, the SpO2 
level was 93% or less even with oxygen, but after the 

introduction of NPPV, the SpO2 level was maintained at 
97% or more. In addition, her dyspnea was alleviated, and 
then, even with a reduced oxygen supply, the SpO2 level 
maintained at 97% or more, and the pulmonary vascular 
shadows observed by chest X-ray also shrank. Eventually, 
she was weaned off of NPPV, requiring only nasal can-
nulation. We monitored her fetal heart rate every day for 
reassurance while she was in the ICU. She left the ICU 
at 29 weeks and 6 days of gestation, but the next day her 
uterine contractions were difficult to control. Finally, she 
underwent a cesarean section due to breech presenta-
tion at 30 weeks and 0 days of gestation. She delivered a 
healthy, 1292 g female infant whose APGAR score was 7 
at 1 minute and 8 at 5 minutes. The patient’s chest X-ray 
was improved (Fig. 2), and she was discharged on day 7 
after delivery. The infant needed continuous positive air-
way pressure for 4 days. The infant’s development was 
satisfactory and she was discharged on day 55.

Discussion
To the best of our knowledge, this case is the first report 
of acute pulmonary edema due to tocolytic agents during 
pregnancy that was successfully managed with NPPV. In 
addition, by initiating NPPV before parturition, we suc-
ceeded in extending gestation by 5 days. This increase in 
gestational duration may contribute to better neonatal 
health outcomes in cases of threatened preterm labor [3, 
4].

There are numerous causes of acute pulmonary edema: 
cardiogenic hydrostatic edema, preeclampsia, acute 

Fig. 1  The chest X-ray taken in a sitting position after the patient 
developed dyspnea. Enlarged pulmonary vascular shadows indicated 
pulmonary edema

Fig. 2  The chest X-ray taken in a standing position 5 days after 
leaving the intensive care unit. The enlarged pulmonary vascular 
shadows were improved
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hemorrhage, sepsis syndrome, pneumonitis, vigorous 
intravenous fluid therapy, pancreatitis, and tocolytic 
agents [2]. In addition, diabetes mellitus is a synergistic 
risk factor with hypertension that can lead to acute heart 
failure, which may manifest as acute pulmonary edema 
during pregnancy [5]. Although less commonly utilized 
worldwide today, tocolytic therapy with β-mimetic drugs 
was at one time the cause of up to 40% of pulmonary 
edema [6, 7]. Long-term tocolysis with ritodrine hydro-
chloride has been implemented in patients and is asso-
ciated with pulmonary edema [8]. Combination therapy 
with magnesium sulfate or simultaneous administration 
of corticosteroids to induce fetal maturation are even 
more causative of pulmonary edema [2]. A report of pul-
monary edema caused by calcium blockers such as nica-
rdipine has also been published [9]. In our case, ritodrine 
hydrochloride and magnesium sulfate administration 
increased fluid volume, which may have caused overhy-
dration. Physicians should consider the risk of acute pul-
monary edema during treatment for threatened preterm 
labor.

Several case reports and small series have shown 
favorable outcomes of NPPV for hypoxemic respiratory 
failure in pregnancy. In some cases, NPPV during preg-
nancy improved hypoxemic respiratory failure before 
delivery, and the baby was delivered at term [10–12]. 
However, the etiologies were not pulmonary edema 
induced by tocolytic agents, but severe pneumonia [10], 
acute respiratory distress syndrome (ARDS) induced by 
transfusion-related acute lung injury [11], and ARDS 
induced by all-trans retinoic acid syndrome [12]. Another 
case series demonstrated that NPPV was effective in 
delaying delivery for patients with preeclampsia-induced 
pulmonary edema [13].

Two case reports describe pulmonary edema induced 
by tocolytic agents, and in those cases, NPPV was initi-
ated during vaginal delivery [14] or after cesarean section 
[15]. In both cases, NPPV was initiated during or after 
delivery, such that prolongation of gestational duration 
was not a goal.

In the present case of acute pulmonary edema induced 
by tocolytic agents, the risk of pulmonary edema was 
high because ritodrine hydrochloride, magnesium sul-
fate, and betamethasone were used. NPPV was initiated 
because respiratory failure worsened even after ritodrine 
hydrochloride and magnesium sulfate administration was 
stopped. NPPV improved respiratory status before deliv-
ery. Although the patient delivered prematurely because 
uterine contractions were difficult to control after she left 
the ICU, we were able to increase gestational duration by 
5 days.

After the initiation of NPPV, physicians should pay 
attention to the timing of intubation or termination. 

Pregnancy should be terminated when respiratory failure 
worsens despite NPPV management or fetal well-being 
deteriorates.

In conclusion, NPPV can be safely administered to 
pregnant women with hypoxemic respiratory failure due 
to tocolytic agent-induced pulmonary edema. NPPV may 
result in increased gestational duration by stabilizing the 
respiratory condition, thereby delaying delivery.

Abbreviations
NPPV: Noninvasive positive-pressure ventilation; NIV: Noninvasive ventilation; 
SpO2: Oxygen saturation; ICU: Intensive care unit; ARDS: Acute respiratory 
distress syndrome.
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