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1 Introduction

The therapeutic value of fenoterol and other pre-
dominantly beta-sympathomimetic agents for the
treatment of premature labor is undisputed [11].
Recently several cases of pulmonary edema have
been reported in patients with beta-sympatho-
mimetic agents alone or in combination with corti-
costeroids [1, 2, 4, 8, 9, 10, 12, 18]. The mechanism
of the development of pulmonary edema in
women in premature labor and with tocolytic
treatment remains speculative. Our observation
suggests that in some cases increased pulmonary
capillary permeability may be a likely mechanism.

2 Case report

A 26-year old woman, with 4 interruptions of
pregnancy in her history was admitted because of
premature labor at 30 weeks pregnancy. Her past
medical history was unremarkable and physical
examination was normal. The following values
were recorded for vital signs: blood pressure 100/
60 torr; pulse 84 beats/min; respiration 16 breaths/
min. The chest was clear to auscultation and
percussion and no murmur or gallop rhythm was
noted. ECG was normal. Because of regular con-
tractions persisting four hours after admission
with effacement of the cervix and beginning dilata-
tion of 2 cm a continuous infusion of fenoterol at
a rate of 2 ug/min together with low-dose magne-
sium-sulfate/magnesium-aspartate-hydrochloride
(40 mmol/24 hours) for cardioprotection was
started [17]. There was no oral fluid restriction

* See also Comment on page 50.

© 1988 by Walter de Gruyter & Co. Berlin - New York

Curriculum vitae

Dr. BE.W.Russt is Oberarzt
at the Department of Inter-
nal Medicine, University
Hospital, Zurich. He trai-
ned in internal medicine in
Solothurn and Zurich as
well as in neurology at the
Inselspital,  Bern.  He
worked as a clinical and re-
search fellow for two yvears
at the pulmonary Division
of Mount Sinai Medical
Center in Miami Beach, Fla. USA. His major research
interest Is bronchial hyperreactivity.

and parenteral fluid was administered at a rate of
60 ml/h.

Furthermore the patient received two intravenous
injections of 12 mg of bethamethasone 12 hours
apart. On the following day spontaneous rupture
of membranes was noticed. Because of a hemoglo-
bin of 9.7 g/100 ml two units of packed red cells
were transfused over a period of 6 hours. At
the end of the transfusion the patient started to
complain about a tight feeling in her chest and
two hours later she became short of breath. The
pulse rate was 96 beats/min the respiratory rate
increased to 40 breaths/min and the patient be-
came slightly cyanotic despite 4 I/min of oxygen.
The temperature at this point was 37.6°C, and
the heart rate 140/min. Arterial blood gases while
receiving oxygen at 8l/min were Po2:33 torr,
Pcoa:34.8 torr, and pH:7.41. Tocolytic therapy
was stopped immediately. Chest-x-ray was con-
sistent with alveolar pulmonary edema. Treatment



46

Russi et al, Pulmonary edema during tocalytic therapy

with furosemide, digoxin and nitroglycerin was
started bul with no significant effect. The total
urine output during the first five hours following
treatment was 570 ml. Because of further deterio-
ration, the patient had to be intubated and venti-
lated, For induction of labor an intravenous infu-
sion of PGE: was started. Because of signs of fetal
distress in the fetal heart rate tracing, a male of
1220 g was delivered by low forceps with an Apgar
score of 2 at 1 min, 4 at 5 min and 7 at 10 min
with an umbilical artery pH of 7.12.

Three hours after delivery the infant could be
extubated and remained in good condition. After
blood cultures had been oblained treatment with
amoxycillin and gentamicin was started which
could be stopped after 48 hours since cultures
remained negative. Suddenly on the fifth postpar-
tum day the condition of the previously healthy
infant deteriorated with clinical signs of sepsis.
In spite of agressive treatment with antibiotics,
immunoglobulins and mechanical ventilation
there was rapid progression and the infant died
on the sixth day. Blood as well as cercbrospinal
fluid cultures grew klebsiellue suggesting a noso-
comial infection.

In view of early signs of chorioamnionitis the
mother was started on cefiriaxon and she was
transferred to the medical ICU. A Swan-Ganz
catheter wus inserted; right atrial pressure was
5 mmHg; right ventricle 25/5 mmHg; pulmonary
artery 25/12 mmHg;, wedge pressure 10 mmHg;
cardiac output as measured by thermo-dilution
was 4.4 [/m*/min. The electrocardiogram was nor-
mal. Ventilator settings, arterial blood gas analysis
and total thoracic quasi static compliance (em-
ploying the formula described by Bowng [3]) are
summarized in table I. The analysis of the tracheo-
bronchial secretion revealed a protein content of
6.4 g/100ml (plasma: 6.1 g/100ml) with 3.29 g/

n PLASMA
TOTAL PROTEIN: 6.1 g/d1

Albumin: 2.9 g/dl
Globulins: 3.2 g/dl

| EDEMA FLUID
TOTAL PROTEIN: 6.4 q/d1

Albumin: 3.3 g/dl
Globulins: 3.t g/di

J

Figure 1. Protein electrophoresis ol plasma and lung
edema [luid.

100ml albumin (plasma: 2.94 g/160ml) (figure 1).
On gram stains no microorganisms were seen and
blood cultures remained sterile.

Table 1. Ventilalor settings and resulting arterial blood gases.

Date time FIO: TV £ PEEP Poa* Pcox* pH Csr
29. 7. 7.15 1.0 200 12 10 68 43.5 7.35 37
12.30 0.5 800 10 7.5 75 53.3 7.4 64
30. 7. 8.30 0.3 800 10 5 119 9.0 7.46 53
11.00 0.3 800 10 0 107 285 7.46 66
1. 8. 8.00 0.21 spontancous ! 33.0 7.43 —

F10z fractional inspiratory oxygen concentration; TV: tidal volumc (ml); f: respiration rate (breaths;min); PEEP:
positive endexspiratory pressure {cmH>0); Cyr: quasi-static compliance (ml/emH20). *: Torr.
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Serum electrolytes including calcium and magne-
sium, creatinine. blood urea nitrogen und glucose
were normal as well as all coagulation parameters
and there were no signs of increased fibrinolysis.
The hemoglobin was 13.6 /100 ml, leucocytes
15°500 with 27.5% bands. 55% segments. 0.5%
eosinophilis, 1.0% basophils, 5.0% monocytes
and 11.0% lymphocytes. Because of initial suspi-
cion of sepsis, piperacillin and netromycin were
administered under blood level monitoring. The
patient’s respiratory condition improved rapidly
and she was extubated after 36 hours of ventila-
tory support. During this time she had received a
total of 3060 ml of intravenous fluids and her
urine cutput was 2650 ml. Her chest roentgeno-
gram cleared completely and pulmonary function
analysis eight days later revealed normal static
and dynamic lung volumes. An idiopathic hyper-
trophic aortic stenosis or other cardiac abnormali-
ties were excluded by an echocardiography. The
patient’s blood group was 0 Rh positive. The
serum was lested for red cell antibodies and dem-
onstrated negative standard compatibility tests
with red cells of both donors. The patient’s serum
and the serum of both doners were further tested
for lymphocyte and granulocyte cytotoxicity {di-
rectly and in white cell puncl), All these tests were
negative.

3 Biscussion

Fenoterol and other beta-sympathomimetic ap-
ents are widely used for the treatment of prema-
ture labor. These agents increase maternal pulse
rate and cardiac cutput and cause peripheral vaso-
dilatation. In addition they have an antidiuretic
effect with retention of sodium and water [7].
Although pulmonary edema has been infrequently
reported [1, 2, 4, 8, 9, 10, 12, 18], it is a serious
complication that has even resulted in maternal
death [1]. Since beta-sympathomimetic agents may
further increase the physiologic high output state
of pregnancy it has been speculated that the most
likely cause of pulmonary edema is heart failure
triggered or aggravated by fluid overload [1, 8,
18]. Although cheslt pain and electrocardiographic
changes consistent with myocardial ischemia have
been reported during lerbutaline treatment in
young women with presumably normal coronary
arteries {9] an echocardiographic study demon-
strated increases in left ventricular function para-
meters even in a patient who developed clinically
manifest pulmonary edema [21]. These data sug-
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gest that pulmonary edema probably is not due
to left ventricular failure. In most of the reported
cases a positive fluid balance was documented
before the development of pulmonary edema and
the respiratory symptoms would markedly im-
prove after the induction of diuresis so that fluid
overload might play a crucial role as a trigger
[8, 9]. The respiratory distress which developped
under tocolytic therapy in this 26-year old women
apparently was of a different nature and fulfills the
criteria of an adult respiratory distress syndrome
(ARDS). ARDS is commonly defined as a clinical
pathophysiologic condition of sudden onset char-
acterized by progressive dyspnea, severe hypox-
emia which is relatively refractory to high inspira-
tory oxygen concentrations, diffuse pulmonary
infiltrates , and “stiff lungs™. Tt may develop fol-
lowing a variely of acute lung injuries, usually in
persons with no prior lung disease [13]. Of specific
interest to the obstetrician are eclampsia, sepsis,
aspiration and amniotic fluid embolism as pos-
sible underlying causes. Clinical symptomatology
is often inadequate to differentiate between car-
diogenic pulmonary edema and ARDS since the
usual clinical findings are remarkably similar.

The central pathophysiologic feature of ARDS
is increased permeability of the alveolar-capillary
membranes with resultant progressive interstitial
and alveolar edema. The measurement of pulmon-
ary capillary wedge pressure (reflecting left ven-
tricular filling pressure) by a Swan-Ganz balloon
flotation catheter permits to differentiate between
this condition and cardiac causes. In ARDS, al-
though pulmonary arterial pressure and pulmon-
ary vascular resistance may be elevated, the capil-
lary pressure remains normal or low. To our
knowledge this is the first case where the diagnosis
of high permeability pulmonary edema occurring
under tocolylic therapy was firmly established by
simultaneous hemodynamic measurements and
protein analysis of pulmonary edema fluid. Re-
cently there has been another report of ARDS as
a comptlication of pyelonephritis in pregnancy [3].
Although tocolysis with beta-sympathomimetic
agents was also applied endotoxin mediated injury
of the pulmonary capillaries may have contributed
to the development of ARDS in that case. Animal
studies in which alveolar fluid was obtained by
direct alveolar micropuncture have shown that the
protein concentration of alveolar fluid is similar
to that of fluid in the airways in both cardiac and
permeability types of pulmonary edema [19, 20].
Clinical studies have shown that the analysis of
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edema protein relative to plasma protein concen-
trations is useful in separating these two types of
pulmonary edema. In a study by FEIN et al. [6]
the mean edema fluid to plasma total protein ratio
was .94 in patients without clinical or hemody-
namic evidence of cardiovascular disease us
opposed to a mean ratio of (.46 in patients with
cardiogenic pulmonary edema.

Although our patient received two units of blood
before the onset of dyspnea, we do not see 4 causal
relation with the development of pulmonary ed-
ema. The improvement of gas exchange and the
clearance of the pulmonary infiltrates were not
preceded or accompanied by a negative fuid bal-
ance. Furthermore, the transfusion of blood
would lead to an expansion of the intravascular
volume with an increase in left ventricular filling
pressure and not to pulmonary capillary leakage.
Pulmonary edema may be induced by blood trans-
fusion as a conseugence of mechanisms other than
circulatory overload. Immunologic reactions
against granulocytes due to previous sensitization

Abstract

A 26 year old previously healthy woman who was
freated with {enoterol for premature lubor at 30 gesta-
tional weeks developed pulmonary edema requiring in-
tubation and mechanical ventilation. Vaginal delivery
was accomplished with forceps after tocolytic therapy
had been stopped. Right heart catheterization with
measurement of pulmonary wedge pressure did not re-
veal left ventricular failure. Protein determination in

Keywords:

Zusammenfassung

Permeabilititslungenoedem (ARDS) unter tokolytischer
Therapie

Eine 26jdhrige, vorher gesunde Frau wurde wegen vor-
zettiger Wehen in der dreiffigsten Schwanperschaftswo-
che mit einer Tropfinfusion des beta»-Mimetikums Fe-
nolerol behandelt. Wegen der Entwicklung einer respira-
torischen Tnsuffizienz bei Lungeniddem war eine Intuba-
tion und maschinelle Beatmung notwendig. Dic tokolyti-
sche Behandlung wurde gestoppt und die Patientin
vaginal mittels Zange entbunden. Der durchgefiihrie
Rechisherzkatheter ergab keinen Anhaltspunkt fiir cine

Schliisselwirter:

or by passively transfused antibodies leading to
pulmonary edema have been reported [14, 13].
Careful immuno-hematological work-up of our
patient and the two blood donors had excluded
this possibility.

The hypothesis that at least some of the cases of
pulmonary edema during tocolytic treatment are
due to a transient increase in pulmonary capillary
permeability is supported by the measurement of
normal pulmonary capillary pressure by other in-
vestigators [2, 10]. Furthermore, we have exper-
imental evidence that beta-sympathomimetic de-
crease the carbon monoxide diffusion capacity
in the lungs of healthy volunteers which would
indicate a direct effect on the alveolar-capillary
membranes [16].

The contribution of the various factors like defects
in the alveolar-capillary membrane, fluid over-
load, blood transfusion and corticosteroids for
the development of the full blown clinical picture
of pulmonary edema will vary in different cases.

lung edema fluid provided evidence of increased pul-
monary capillary permeability. Recovery was rapid and
ventilatory support was stopped after 36 hours. [t is
suggested that the infusion of beta-sympathomimetic
drugs may alter the permeability of the alveolar-capillary
membranes which together with triggering factors such
as fluid overlead might lead to clinically manifest pul-
monary edema.

ARDS, high permeabilily, pulmonary edema, tocolysis.

Linksherz-Insuffizienz. Der hohe Proteingehalt der ab-
gesaugten Lungenddem-Flissigkeit deutete auf cine er-
hihte Permeabilitit der Lungenkapillaren hin. Die Pa-
tientin erholte sich ausgesprochen rasch, so daB sic nach
36 Stunden extubiert werden konnte. Es ist moglich, daB
die [nfusion eines betas-Adrenergikums in der Schwan-
gerschaft die Permeabililiit der alveolo-kapiltiren Mem-
bran erhéht, so daB es vor allem dann, wenn zusitzliche
Momente wic z. B. eine Flissigkeitsiiberladung vorlie-
gen, zum Aufireten eines klinisch manifesten Lungen-
ddems kommen kann.

ARDS, Lungenddem, Permeabilititserhéhung.

J. Perinat. Med. 16 (1988)
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Résumeé

(Edéme pulmonaire 4 haute perméabilité (A.R.D.S.) au
cours du traitement tocolytique

Une patiente de 26 ans jusqu'alors en bonne santé,
traitée par du Fénotérol pour une menace d’accouche-
ment prématuré a 30 semaines a présenté un mdéme
pulmonaire necessitant une intubation et une ventilation
artificielle. Un accouchement par voie basse avec applica-
tion de forceps s’est déroulé aprés Uarrét de la tocolyse.
Un cathéiérisme droit avec mesure des pressions pulmo-
naires n’a pas mis en évidence de défaillance ventriculaire

Mots-clés: A.R.D.S., ;edéme pulmonaire, perméabilité
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Comment

Aspects of the pathophysiology of maternal lung edema during

tocolytic therapy

Friedrich Wolff! and Jiirgen Hartmut Fischer?

'Department of Gynecology and Obstetrics and 2Institute of Experimental Medi-
cine, University of Cologne, West Germany

Beta-2-mimetics are currently the drugs of choice
for the treatment of premature labor. The presence
of beta-2-adrenoceptors in numerous organs of
the body and the limited receptor specificity of
the beta-2-stimulant give rise to a number of car-
diopulmonary and metabolic side effects. While
most of these side effects are explicable there is
no satisfactory explanation for the occasional de-
velopment of maternal pulmonary edema. In the
last years systematic experimental and clinical in-
vestigations of GROSPIETSCH and co-workers [2]
and our group [3, 4] have elucidated the patho-
physiology of cardiopulmonary changes during
tocolytic treatment by betamimetics,

The monitoring of 40 pregnant patients under
tocolytic treatment with fenoterol by using heart
catheter techniques showed a 30% increase in
cardiac output (figure 1) and cardiac index [4].

157 Hzv

10

Fenctaral  2-4 ug/min

O 4 B8 18 24 32 4D 48 56 64 72 W

Figure 1. Cardiac output in pregnant women under
tacolylic treatment by fenoterol.

This considerable increase lead to 4 rise in pul-
maonary artery pressure of close to 50%. The close
correlation between the increase of cardiac output
and pulmonary artery pressure proves that the
rise in pressure is primarily dependant on a change
in outpul rather than resistance. At the same time
a small but not significant increase in pulmonary
capillary pressure indicates that the treatment with
normal dosis of fenoterol does not impair left
ventricular function. These results are confirmed
by other investigators. Therefore based on cur-
rently available information a cardiac cause of
pulmonary edema is unlikely. An exception are
women with preexisting heart disease. Together
with the treatment of premature labor cortico-
steroids are frequently given in order to accelerate
maturation of fetal lungs. In animal experiments
we found evidence suggesting that the simultane-
ous administration of glucocorticoids leads to an
additional increase in resistance within the pul-
monary circulation, while betamimetics alone are
lowering pulmonary resistance [3]. In connection
with the possible increase in vascular permeability
with movement of fluid into the interstitium this
may be the underlying cause for the development
of maternal lung edema. Furthermore the cxperi-
ments by GROSPIETSCH and co-workers showed
an increased water-retention under betamimetic
treatment due to renal changes [1].

Animal experiments by GROSPIETSCH showed a
decrease of renal blood flow and a reduction in
urinary excretion of potassium and fluid after
fenaterol [1]. At the same time plasma renin activ-
ity increased. Though these results could not be
confirmed in all details by other investigators,
they also found the increase of fluid retention.

J. Perinat. Med. 16 (198%)
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The described changes are predisposing factors
for the development of interstitial lung cdema.
The risk is further increased by drugs, chorioam-
nionitis and other factors.

The case presentation by Russt et al. underlines
the difficulties one encounters in trying to find an
explanation for the development of pulmonary
edema in pregnant women under treatment with
betamimetics. The multitude of polential
contributing factors like drugs including glucocor-
ticoids, blood transfusion and infection due to
premature rupture of membranes does not permit
a straightforward explanation for the pulmonary
edema. The presence of interstitial and alveolar
edema with high protein contant is consistent with
the appearance of the typical pulmonary edema us
has been described before. Although an increased
pulmonary capillary permeability induced by glu-
cocorticoids appears as possible major causative
factor prove for this hypothesis cannot be deduced
from the presented clinical data. Further system-
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atic clinical and experimental studies will be need-
ed.

The following recommendations should be

derived from the presented cases:

1. Tocolysis with betamimetics requires close
monitoring of the pregnant patient with par-
ticular care as to the use of additional drugs.

2, In particular the simultaneous administration
of glucocorticoids during the initial stage of
high dose treatment with betamimetics may be
hazardous.

3. In patients with predisposing factors for pul-
nonary edema like heart disease or pregnancy
induced hypertension the infusion of tocolytics
should be restricted to delected cases and used
only under conditions of intensive care moni-
toring.

4. The administration of fluids requires close

monitoring and the use of laevulose for the
infusion of tocolytics may be advantageous.
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