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Acute Pulmonary Edema

in Pregnancy
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Pubmonary cdemma is 4 secondary disease process characterized by an exocas accumulatkion of fuid
in the pulmonary interstitial and alvenlar spaces, preventing adcquate diffision ol both oxygen
and carbon dioxide, The excess fuid accwmulation interferes with matermal oooygs naticn and. i
e sdesstified and corrected, can bead to maternal and feal hypoxemia. The purpose of this arti
cle is to review principles of oxygen iransport and the pathophysiokogy, diagnosis, Managcemc,
ard svursingy Implications of acute pslminnary edema in proonancy. ey winrlss gorle resiiraiory
dysfienetion, HELLP syndrome, materng] comWiCalions, rveellieergan cdysfnciion syraren
wepgenation, preeckinbsia, pregrancy, PERORary riterne, fncodpitc o Coraicaices

ULMONARY EDEMA s a secondary dis-
PL‘.IM‘ process characterized by an excess
accumulatton of fluid in the pulmonary in-
perstitial and alveolar spaces, preventing xd-
equate diffusion of both oxygen and carbon
dioxide ¥ The development of pulmonary
edema quickly leads 1o pulmonary dysfunc-
tion and is potentially life-threatening for the
woman and her fetus.®

During jwegnancy, pulmonary cdema is
commonly associated with preechunpsit, pre-
existing cardiac disease, tocolytic therapy
infection, and (uid and blood replacement
|i'||_'1';||:-:.' L Discontinuation of the inciting
medication usually resolves tocolyticinduced
pulmonary edema. However, when acuis Pl
monary dysfunction presents as a comorbid
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process in the patient weith wnderlying discase
or préeclampsia, pulmonary edema is assoc
ated with substantial perinatal mortdiry ?

Acute pulmonary dysfunction can quickly
produce a state of neaternal  hypoxemia.
Maternal hypoxemia, in turm, may bead 1o
feral hypoxemia. Clinical situations where
maternal hypoxemia presents a challenge 10
care providers for feral management include,
but are not mited to, acute cespiratory dis
tress, pulmonary cdema with or without
preeclampsia, and pulmonary edema from wn
derlying cardiac decompensation (eg, s Alvular
disease). Fewal and neonatal ourcomes are de
pendent on the underlying maternal discase
process that precipitated the development of
pulmonary edema and on matermal stnes, Re-
cent mortality data indicate a signiflcant in-
crease in maternal mortalicy when medical
comnditions, including pulmonary edema, com
plicate the pregnancy 3 Of all maternal deaths
from medical conditions, 34% were from car
diovascular problems and 1 1% were related wo
pulmonary complications.'* The purpose of
this article is o review principles of oxXygen
transport and the pathophysiclogy, diagnosis
nrinagement, ampd mursing implicitions of pul
IMOEryY Elema in pregmincy.
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PHYSIOLOGIC ADAPTATION OF THE
MATERNAL PULMONARY SYSTEM

Cardiopulmonary adaptations

Pregmancy s a dynmamic physiclogic stte
pesulting in dramatic mechanical and hio-
chemical changes in maternal cardiovascnlar
and pulmoniary systems affecting resrnitory
function and gas exchange, These prhvsiologic
adaptations and increassd metabolic demands
of pregnancy may increase the risk of acute
pulmomary edema,

Maternal blood volume increases by ap-
proximately 45% w 30% by 32 weeks of
pestation, with plasma volume CXPANSIon -
countng for a greater froportion of  the
inerease -6 Ihis increased plasma volme
produces @ hypervolemic, dilutional effect
on serum albumin, fibrinogen, and globulins,
thereby decreasing serum colloid osmotic
pressure (OO, COP i the [pressure o
sulting from the effect of plasma proweins e
albumiin, fibrinosen, and globulinsg) to haold
water in the intravascular space. ™' This de-
Crease in intravascular COP during Pregnancy
miy predispose a pregnant woman to the de-
velopment of pulmonary edema. See Table 1

for a summary of the cardlopulmonary adap-
tations of pregnancy. See Figure 1 for an illus
tratiom of normal Starling's forces within the
Pulmonary bed.

Uxygenation

The physiologic adaprations of the car
diopulmonary system during pregnancy en-
abile a woman 10 optmize oxygen delivery (o
maternal tissues, the uwteroplacental bed. and
the: fetus, Although plasma volume EXpinEion
resulls in a dilutional reduction in heo welabin
concentrtion and arterial oxvgen content,
maternal oxygen delivery remains at or above
normal levels because of 3 50% increase in
cardiac outpur 1% This adaptation makes
the woman more dependent on cardia
Outpest for maintenance of oxvgen delivery
during pregnancy as cofpared o the non
Pregnant womsg, 2
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UxXygen consumption  increases steaclily
throughout the pregnancy and increases [ur-
ther during labor™ Normally oxygen deliv
£y 1o the tssues exceeds COMSUMPHON, %o
4 woman during pregnancy is able to meet
oxyoen needs for hersell and her fetus during
pregnancy and labor ' However, when Y-
gen delivery is insufficient to meet metabolic
demands, the fraction of delivered OXYEED
actually consumed, or the OXVECH EXtraction
ratio, increases. A mormal OXYRCN CXIncticn
ritio is approximately 25%; the extraction -
Lo inCreases as q Compensatory mechanism
W meel increasing oxveen needs, 520 f the
maternal cardiopulmonary svstem becomes
compromised, thereby reducing DXYIEN SUp-
ply. oxygen extraction from the blood in-
CTEASCS [0 mulnidin oxygen CONSUmpticn. As
oxyeen delivery decreases, ox VRN eXIrEciion
ratios contimee oo rise until the limits of Oxy
BCN extraction are roached; tissues are une
able o maintain aerobic cnerEy production,
and oxygen consumplion decreases 1921 4y
this point, the individual is in an OXYECT
dependent state, having reached critcal XY~
gen delivery. "2 If 4 presnant woman's
oxygen delivery decreases, she will quickly
reach critical oxvgen delivery, COIMPICTES 5]
both herself and her fetus.' Since fetal nxy-
genation is dependent on matermal OXVEEE
tiou, it is critical o carefully assess and mon-
0T materil cardiopulmonary function for
signs of decreased oxypen delivery

Acid-base staius

Physiologic adaptations of the maternal
cardiopulmonary and renal systems induce
4 state of chronic compensated respinitory
alkalemia. "% Alveolar and arterial Poo, lev
els decrease because of an increased minute
ventilation, Bicarbonate excretion by the re
nal system increases during Pregrancy  to
compensate for the lowered Poo, 115 gince
fetal excretion of carbon dioxide is depren-
dent on the maternal respirtory system, the
decrease in maternal ooy allows the fems
o offtoad carbon dioxide ar the uteroplacen
tal level when maternal acid-hase stams s
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Table 1. Maternal physiologic idlaplations”

Sywtem Increased

Cardiovasclar  Blosmsd wolume l:|11iIHI1I.L

= REC)

Cardiac casipun

Seroke volumee

Heart raie

eerine Bood oy

Mvocarcial
Iypeeriroply

Fulmonary Slate of Compensatory
respiratory alkalemia
with increased pH,
P

Urygen consnmption

Respirfory rale,
mimuee vendilaticn

Tudal volume,
[nspEmAIOry rescrve
voluime, spUrainey
capacity

Airway Conduciance
{elilagaticm of larger
girways below
lurynx)

Elevation of diaphragm

Tharmcic cape
clreumierence;
anteraposterior and
rransverse ddameiers

Capillary engorgement
of masal amd
r:rnpluan'ny'ul
mucosae and aryne

Decreased Clinical significance
Syslemnac vasoular Increased risk for pulmonary
ressiance cdemna
Fulimonary vascolar Cilpgsonal ancmia 1% comaon
resispance with decreases seen in
Blooad pressure hermglobdn and homateds it
Mean arterial COnCeiranonn
pressune May unmask undedying
Caalhaid ool candiovascular discase |
[rEssuTe Champes may exacerbare

decompensation from chrmnic
underying discase process

Functiomal residual Hypermetabobic
capacity, expirmtory Diminisbeed bulfering capacicy
rservie volume, resules in rapid developoent o
resicdual volume hypoxemia and acidemia
Internal diameter of during periods of
trachea reduced hypoventilation and apmea
Towal lung capacity Adrway coematons 2nd lissue
{wvital capacity oeore friable, which
unchamgeds predisposcs o inbation
Py, HOO, difficulties. need smaller
UFyREN reserve endciracieel ulse

Surmical abreay equipmiemnt
readily availabde; avoid
naesortmic hesl intwhation

Hypoventilation possible |
secomndary to parenteril ogpiosd
amalpesia

Secondstage labor, especially
wiith chosed ghottls, results in
increased oxygen
COAVSUM LIy andd lactmie
comoenralion

Changes may exacerhate
decmmpensation brom Chronic
uncerlying disease prooess

' From Backbarn, ™ Morwite of al'® and Whiny and Dambrooeski, '

normal, "% See Table 2 for arterial blood gas  system's ability to meet the metabolic and

values in pregnancy:

Fetal oxygenation

oxygemition needs of both herself and her fe-
tus. Fetal oxvpen delivery depends oa mul
tiple Gctors, including, bur not hmited o,

Delivery of oxygen to the fetus is de-  uteroplacental blood flow, differences in mi-
pendent on the maternal cardiopulmonary termal and fetal partial pressures of oxygen,
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Figare 1. Colloid  omcotic pressures aid  Fludd
mwvement: Starling ferces i normal lung. From
Darowic'™ Clark et al,'" and Guyton.® o I imwli-
cates collodd osmotic pressure,

maternal oXygen-carrying capacity, and pla
cental surface areg, 447

To facilitate feral oxypen delivery fcarbon
dioxide excretion, the maternal oxyhemo-
plobin dissociation curve shifts to the righi
increasing release of OxXygen rom miternal
hemoglobin at the uteroplacental bed. Fetal
hemoglobin releases carbon dioxide o Pind

Table 2. Arterial blood gas  values in
pregnancy”

Arameter Refercnoe range
pH TA0-T 46
Py, 20-32 mm He
Fix I6- 108 mm He (sea bevel)
LERL =10k mimy Hig (third
trimesier
— 13 inm HE {supine
posrtion in third trimester)
HCO, 18-22 mm Hg
Base deficir 310 —4 mBgyl
M0, (b mm Hyg
ki mim Hg (supine POsitiomn
i third rimester)

From Blackbum, " Morwicg er gl 15 imd Gesi amgl

Sumrez,

Actite Puimonary Fdema in Pregnancy
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with oxygen. As the ferus releases carhon
divexide, fetal pH rises, shifting the fetal oxyhe-
moglobin curve to the keft. This shifting of the
axyhemoglobin dissociation curve inCreases
the affinity of feeal hemoghobin for OXYEEN
Within the placental vascylar Bed, as the dis-
tance berween the maternal and feral oxyhe
mrlobin dissociation curves INCTEESCS, axy-
gen tmnsfers rapidly from materns) circula
tiom to fotal circulition 1427

Maternal hypoxemia especially when Pos
15 below 60 mm Hyg, shifis the maternal (Y-
hemoglobin curve to the lefi towarnd the o
tal curve, decreasing axygen aviilable for
the fetus. "™ Maternal hyperventilation also
shifts the maternal curve to the feft, e
LIeasing reboase of oxypen from msternal
hemaglobin, which in mrn decreases fe:tal
OxyEention.

PATHOPHYSIOLOGY OF PULMONARY
EDEMA

Ihe most simplistic description of  the
pathophysiologic mechanism fos prulmonry
edema defines Ciardisgenic o nomcardicsmenic
factors. However, the underdying  discase
-[:'F'ZIL'-L'."."- i5 more complex. A ConiCmporry
classification scheme defines the oy e of pul
monary edema by the mechanisms that pro-
duce increased  Fluid movement acress the
pulmonary capillary membrane, " This move-
ment of fluid results froam an imbalance of
|I}"§.‘|I.'I'i-.\l:l|!'l_' amcl Protein osmaotis Pressures, n-
cremsed  endothelial permeability, lymphatic
insufficiency, and unknown or poordy un-
derstood  mechanisms!™1# (see Fipures |
amd 23, The urilerlying mechanisms, while
discussed as isolared EVENLS, may overlap or
be multicausal,

Hydrostatic pulmonary edema

Hydrostatic, or high-pressure, pulmairy
edema results from an imbalance af - in-
travascular volume and intravascular and in-
ferstitinl  pressures. The underlving mech-
anisms  that lead o the development  of
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(a)
7\ Capilary pressure = 25mm Hg
| COP = 23 mm Hg | ]
=k L
irtarstiial fuld pressune = & mim HY
Tissue COP = 10 mm Hy
(o)
.-"'... .-"'-. Capiary pregsure = 7 mm Hg ,-',--
l _,.I COP = 14 min Hy
S LR
Intarstitial flusd pressure = G mm Hg
Tisswe COF = 10 mm Hg
{c)
P v
i \‘u. Capiliary prassure = T mim H ¢ H\.I
| | COP =20 mm Hg | |
L % A
imerstiial Auid pressure = 2 men HY
Tissue COF = 25 mm Hg
(d)
/7 ™ Capillary pressure = 25 mm Hg e
| | COF =14 mem Hg |

Interatifial flued pressure = 8 mm Ha
Tisswe COP = 28 mm Hg

Figure 2. Underlying mechanisoes for iy
cdema (a3 Increased capiltary hydrostatic pres
sure (ki low ||-'|.|'\1|'||:I cidlodd osmotic pressune, L]
increased copillary permeabiliny; () obstrsction
af pubmomary mphatics, From Drarowic, '™ Clark
et al"™ and Guyton ™ COP indicates collodd o

I gor CESUNE

hydrostatic pulmonary edema include cardio-
genic causes, decreased COP, and increased
negative interstitial pressure,’’ Cardiogenic
cavises and decreased COP are the mode com-
mon mechanisms for hydrostatic pulmarnary
edema in pregnancy and are discussed in this

article, '™ Negative interstitial pressure from
such causes as acule adrwiy obsireciion or
rapid reexpansion of a pneumothorax maiy o

cur during pregnancy, but these are the least
commaon mechanisms involved in the devel-
opment of pulmonary cdemsa

Cardiogenic prilmonary edemd

Cardiogenic  pulmonary odema oocurs
when the cardiac muscle 5 in a state of
dysfunction. This dysfunction may be systolic
dysfunction (decreased myyocandial soueccee,
gjectlon fraction <45%), diastolic dysfunc
tion {impaired ventricular muscle relixanon
resulting in high filling pressures), or vabular
disease.’”” One of the major causes of pul-
mondry edema i pregnancy and congestive
heeart fuilure is systolic dysfunction, ***

Systolic dysfunction ocours with failure of
either the left heart (pulmonary edemal or
right heart {congestive heart Bilure). Left wen
tricular filure, or backward failure, ocours
when there is an accumulation of excess fluid
behind the falling left ventricle secondary
1o inadequate ventricular emplying. As cx
cess Tuid accumulates, left ventricular end-
diastalic pressure, pulmonary artery wedge
PrEssune, and L'II.I:']]‘|I,'|I_I:I1':| ACLETY Pressurcs in-
crease, causing 3 redistribution of intravas
cubar volume from systemic clroulation o
the pulmonary circulatory circuil 17 Simply
put, hydrostatic pressure increases within the
pulmonary capillary bed, pushing fluid out of
the capillaries into lung tissue.

If the: systolic dysfunction results from a bor
ward faihare, there is an inadequate discharge
of Bood inte the arterial system. Whercas
backward failure results in pulmonary con-
pestion, forward failure decreases systemic
perfusion.! With left ventricular forward
failure, cardine ouiput decreases and blood
pressure falls. This decrease in candiac out-
put causes a reduction in effective blood flow
throuzh the renal vascular svstem, with a com-
pensatory increased renin, angiotensin, and
aldosterone production. Renal secretion of
salt and water deceeases and SYSICnic vas
cular resistance increases. Right ventricular
forward failure results In an accumulation of
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excess Dlood in the right ventrlcle and a lefi
interventricular septal shift compromising left
ventricular capacity, with a resulting decrease
in stroke volume. Uldmatcly, right ventricu-
lar forward filure causes an increase in left
ventricuwlar filling pressure. This in turn reslts
in a decreased lefi preload, leading vo a e
creased left ventricular owtput and svstemic
blood pressure, 17182132

While diagnostic procedures can identify
an underlying mechanism for cardiogenic pul-
monary odema, the venrricular muscles are
interdependent. Cnce one ventricle fails, the
ather will also fil

The third mechanism leading to cardingenic
pulmonary edems is valvular heart discase.
In pregmancy, rheumatic mitral stenosis is
the most common vabvular lesion resulting
i pulmcnary edema, Hypervolemia of preg-
nancy coupled with an increase In matermal
heart rate leads w decreasing ventricubar fll-
ing time and allows for an accumulation of ex
coss blood volume, or left preload. '™ Maternal
tachycardia, intravascular fluid overload, de-
creased cardiac oumput states, or conditions
leading 1o increased pulmonary vascular re-
sistance will further impede left ventricubir
filling, leading 10 pulmonary congestion and
edema. During active labor, the nurse must re-
member that cardiie output will increase 200
b 3 above normal pregnancy resting val
ues, further increasing the risk of pulmonary
edema W17

Women with wvalvular lesions are at an
increased risk for postpartum  pulmonary
edemiy. Following childbirth, the bloesd that
perfused the uteroplacental bed now returns
o central circulation as an aulodransfusion.
Marternal candinc output increases further by
an adilitional 10% to 208 in the immedi
ate postpartum  period, M43 This e
transfusion increases the pulmonary artery
wedge pressure, causing redistribution  of
the blood volume into the pulmonary cir
cuilation, leading w the development ol
pdminary congestion. Other hemadynamic
changes thit may exacerbate normal st
partum pulmonary congestion amd contribute
to the development of pulmomary edema in

clude the presence of a relative hradyeardia
and a decrease in myocardial contractility
These changes may persist for up o 2 weeks
postpartum. 1911733

Decreased colloid osmotic pressure

As previously mentioned, COP is the pres-
sure resulting from the ability of plasma [rro-
teins (eg, albumin, fibrinogen, and globulins
to hold water in the intravascular space, 1718
Intravascular COP opposes hydrostatic pres-
sure and interstitial COP which tend o pall
water from the intravascular bed. The de-
crease in intravascular COP during pregnancy
may predispose the woman to the develop-
ment of pulmonary edema, Blood loss and
crystalioid fludd replacement will further re-
duce the woman's ntravascular COP Women
dingnosed with preeclampsia also  demon-
strate i lower intravascular COP, secondary o
endothelial permeability and proteinuria, De-
creased COP is rrely an independent cawse of
pulmonary edem; however, it can exacerbate
the edema that occurs from another [rrecipi-
tating event.'* See Table 3 for COP values in
Pregnancy,

Permeability pulmonary edema

Permeability pulmonary edema is a severe
form of acute resplratory failure that aocurs
when the tight junctions berween the en
dothelial cells open, allowing passage of wa-
ter, proteins, amd cells o the interstital
and alveolar spaces.)”™1® The degree of pul-
mormary insult singes from acute hung injury to
the development of acute respiratory distress
syndrome.' """ “Acute lung injury (ALD is
clinically characterized by an intense inflam-
matory response and fibrosis of lung tissue o
infectious or noninfectious insults. Pathvogpliys-
iobogric and clinical charcteristics  include
diffuse alveolar damage, increased permeabil
ity of the pulmonary membeane that allows a
ledk of protein-rich fluid into the interstitial
and alveolar spaces, hypoxemia that is poorky
TEEONSIVE [0 oxXygen supplementation, in
creasing dyspnes and tachypnen, and a pro-
gressive decrease in lung compliance, W57

=ﬁ
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Table 3. Collokd csmotic pressure in pregnancy®

Varialle

Colloid osmotic pressare
{mean = 5000, oumn Hg

Normal pregnancy AnieparTum (A term
Postparium (first 24 1)
Antepaniem

oS

Preectamysia

Betarmimetic therapy
|

"From Chark of al ™

Acute respiratory distress syndrome §s the end
stigge of acute lung mnjury.

presentations for hydrostatic
and  permeability  pulmomary  edema  are
simular, However, management and Clinical
courses differ. Hydeostatic pulmonary edema
appressive  divresis
Permeability pulmonary edema wakes davs o
W 'i."'l."‘-.h [ Clesar

Clamiczal

respomds ||||Ii|;L"I:.' [Th]

Oither mechandsims

The hist category used to describe mecha-
nisms of pulmonary edema includes discase
proceases in which the development of pul-
monary edema s elther unbnown or poaely
understood, Unfortunately, this category in-
cludes many pregnancy-related cases of pul-
maormry edema, inclhuding tocolytic-induced
and precclampsia

locolmicindeced pulmonary edema is as
stcidted with multifetal gestanions, maternal
anemua, o maternal weight, use of intra-
vienons betamimetic therapy for longer than
24 hours, simuliancous use of 2 0 more
tecolylic agents, and cortcosteroid therapy
to accclerare fetal lung maturity,. Proposed
umrlerlying mechanisms for the development
of tecelyticdinduced pulmonary edema in-
clude marernal hearr discase, floid  over
toad, occult chorivammnicnitis, hypokalemia,
myocardial  ischemia
fect of coricosteroids, catecholamine  in-
jury b the myoccardium, and permeabiliny
¢dema, S 719+12.20 3040

minertlocorticoid of

12 h post-intravenous therapy Oritedrine

22423 |
15,4+ 2.1
179+ 0.7
15,74+ 0.5
143+ 1.7

Pulmonary edema thar occurs in women
diagnosed  with  preeclampsia  also  falls
inte  this category. This patient  popula
multiple  abnormal-
simultaneously,  inchding

ton  frequently  has
ities  present
increased capillary  permeability secondary
toe endothellal dysfuncion
mii, ad afterlopd-indoced left ventricular
dvstunmction. -5 T8 0130417, 26,57 41-45

Iy |:l|r_1:|:-||1:|:|i||-e'

DIAGNOSIS

Diagnosis of pulmonary edema is based on
patient history, physical examination lindings,
laboratory data, and chest radiograph. Infor-
mation ohtained in the higtory includes, but is
moel liviked to, the onset and duration of symp-
toms, precipiraiing Botors, comorbidities (eg,
anemin, underlying disease processes), cur-
rent medicarions, and a review of  risk

factors (Table 43, Symptoms sugpeestive of

evolving pulmonary edemia include dyspnea,
orthopnei, paroxysmal nocturnal dyspnea,
and decreased exercise olemnoe
cxamination findings include tachypnea, up-
right posture, air hunger, sweating, rales, use
of accessory muscles of respdmtion, resting
tachycardia, displiced point of maximal im-
pulse, and presence of thied heart soumd,
neck/ugular vein distention, hepatojugular
reflux, hepatomegaly, jaundice, and periph
eril edema,

Labortory  studies,  including  complere
blood cownt, serum electmlvie valoes, and

Physical




Table 4. Risk Bictors for pulmonary edema in
PrCRmanCy

Multiple gestation
Precckampsia
HELLP synadroms:
ECkamgpsia
Tecodytic therapy
Cardizc dysfunction
Blood replacement thergoy
Fludd owverlomd
Fricumonia

Sepuic shock
ASrirgLion

renal function studies (blood urea nitrogen,
serum  creatinine) should be immediagely
asscssed for any woman experiencing acute
pulmonary edena. Since pregnancy s also
a hypercoagulable state, evaluation for a
pulmaonary embolus may also be indlcared

Chest radiography reveals bilateral air space
disense, with prominence in the bases; per-
ihilar infiltrates in a “bat-wing” distribution,
redistribution of blood Mow with prominent
upper-lobe veins, or pleural effusions may be
present. Interstitial edema is also present. Un-
lortunatedy, chest mdiography doses not differ
ennate between hydrostatic and permeabillty
pulmonary edem,

Loy gemition status is monitored through a-
terial blood gas analysis or noninvasive pulse
oximerry, Arterial blood gases are indicated to
rule out acidosis and evaluate for carbon diox
idde retention,

Cardiomegaly may be present on chest G
diography. A 12-lead clecirocardiogram. will
help determine the presence of chamber hy
pertrophy, schemia, conduction defects, or
dysehiythmias. Echocardiogram allows evalua
tion of cardiae structure and function and can
b a vzetul diagnoseic mool

For the woman falling 1o respond to
traditional therapy, a pulmonary anery (Swan
Ganz) catheter may be indicated to establish
a differential disgnosis for the underbying
mechamism causing the pulmonary edema.

Acute Prilmonary Edema in Propnancy

3213

Indications for a pulmonary artery catheter
include tight mitral stenosis fvalve anea <1
cim’), severe systolic dysfunction (ejection
fraction = 30%), a “white out™ on chest Xeray,
and for those patients who do not respond
after 2 hours of apgressive diuresis with
furosemide.'™ While a pulmonary artery
catheter can provide information about spe-
cific  hemodynamic  parameters—including
right preload {centeal venous pressure), left
preload (pulmonary artery wedge pressure),
cardiac output, mixed venous oxypen saru-
ration {5v0;), and right ventricular ejection
fraction—the use of this technology is mot
without risk and controversy. While the
use of 4 pulmonary artery catheter has not
demonstrated improved outcomes, the dat
gencratcd may challenge readitional manage-
ment plans, allowing for better understanding
of the underlying causative mechanisms and
improvement of patient care !4

MANAGEMENT

Ihe management of pulmonary edema fo-
cuses on removal of the underlving couse,
Management options include pharmacologic
and  nonpharmacologic measures, Table 5
SUMMANZes  management  options,  Critical
carg management of pulmonary edema will
not be discussed in this article,

Positioning

Lipright posidoning is critical to manage
ment of pulmonary edema to help displace
blood valume to the dependent parts of the
body. When positioning the woman who is
still pregnant, uterine displacement will fur
ther facilitate respiratory effort. Since cen-
tral hemodynamic values are equivalent when
comparing the left lateral position 1o sitting
with uterine displacement, maternal cardiac
cutput is maintined and resplratocy function
Is optimized, &

Oxygenation

supplemental oxygen s administered by
nasal cannuby or a tightfiming Beemask o
mintain 4 Fao, higher than &0 mm Hg and
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Table 5. Summary of management for pulmonary edema in pregnancy

Plarmacologic interventions

Supplemental oxygen wsing a nonrehreather mask

FRuid and sodivm restriction
Discontinuation of any i_-;x'u['!;nn:'k;

MNonpharmacologic imerventions
Continuos letal heart tracing

Liuretic teerzpy will be indtiated mtcivenously with furosemide (Lasix) w proowote dinresis
Electrolytes (especially petassinm) should be supplemented as neeced’

Heduction of preload and afterboad by the wse of vasodilacors such as nivrapes!™

Intravenous morphine can relieve pain and anxiery, decrease e work of hreathing, ancd
decrease venous and anmeriolar constriction®

Mimnitoring the patkent’s vial signs Ginchsding continuons momitoring of axygen saturation using
i pudse oxmeler) and arterial Blood gas monitoring

Fodey catheter placement for accurte measurement of urinary outpur as well as preventing
unnecessary physical exertion, and Fecilitating continuous EFM

Kepaosition the patient. Elevate the head of the bed ag least 30° 1o prevent Iypoventilagon and
facilitate deep breathing This position improves ventilation by reducing pulmonary capiltary
wedge presure” Some patients may breathe easier in a siting or SEN-Silling puosition

Care should be taken (o continue to enhance uteroplacental perfusion by wedging 1 hip e
relicve any aortal-vena caval compression. This positioning may incresse the difficulty of
continuees elecinsc (el monitoring, Before repositioning the mother o * keep the baby on
thee momitod.” remember thar increasing the mother's respintory diffeculey will further
comprimise feol oxypenition, resdring in a nonreassuring CEICEE

IF the: patiend docs oot respond mpldly t o shove mterventions, prepare o proceed with hemodynamic monioring,
Ituibation and mechanical vemilation with pasitive pressure may be reduianed in patients with hyposia whio &% e

sponsive to indtis] diucctics and supplemencal axpgen, Nencardogonic pulmonary edema thar does nod nespond o the

absive msisnes METY Fefressnt acwle respirtory distress syndrome.®

i oxygen saturaton (sacs ) of more than
OO, O LIRATIRAT o dministration of oxygen
by nasal cannula does not increase the Mow
rate to more than 4 L/min; higher cates do
not ampeove the inhaled oxygen fraction and
cause nasil irritation, 17 higher flow rates are
required o miintain oxygenation, facemasks
are required. Flow rtes up to 15 mlfmin
can he used to administer oxvgen by non-
rebreathing facemasks. Continuows positive
arway pressure may be maintsined noninva-
sively by using a ughe-firting ficemask or nasal
mask. Continuous positive airway pressuce is
aften vsed as a temporizing measure to main-
tin oxvgenation until furosemide-indeced
diuresis reduces preload to clear the lungs. Ad-
vantages of continuous positive airway pres
sure include increased intra-alveolar pressure,

reduced transudation of fluid from alveolar
ciapillaries, and impeded venows return to
the thorx. If continuous positive airway pres-
sure fils 10 maintain adequate oxygenation,
miechanical ventilation may be indicated.

Diuretic therapy

latrogenic fhudd overload from inadverient
LNLEAYVEMOLES Ih||;r.|p:,' or aggressive  (ludd/
ol replacement wsually resalves quickly,
The priorities  for management  inchwle
administration of divectic therapy, fluid re-
striction, amnd supplemental oxygen therapy
For patients with preexisting candine disease,
a sudden onset of pulmonary edema iy
indicare left ventricular failure, necessitating
HERrESSive MANIECmen
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Diurenc therapy or preload reduction with
furosemide (Lasix} helps relieve intravascu-
lar volume overload, Furosemide is a high-
protency divretic that inhilits reabsorption of
socdinm, water, amnd chloride from the ascend-
ing limb of the Loop of Henle; it also de
¢reases reabsorption of sodium and water and
increases potassinm excretion in the distal re
nal tubule.*” This drug causes a wasodilatory
effect on the renal vascular system, increasing
renal biood flow. Effective renal Blood ow
is incroascd during pregnancy, and coupled
with the further increased flow secondary to
the effects of furosemide; any drug received
by the woman that is eliminated by renal ex-
Ccretion may have a decreased seram bevel and
subcptimal therapeutic effect.®”

Furascmide acts as an immediate venodil
vor, increasing venows capacitance, which fur-
ther decreases preload, Dosing s ttrated 1o
paticnt response. Typical dosing is 20 to 80
g, 45 3 Slow intravenous bolus adminissered
over 2 to 3 minutes. In the absence of o di
urctic response in 30 w G0 minutes, an addi
tional dose may be admindstered. Additicnal
dosing may be incremental, increased by 20
tr 4 mg. The goal is to obtain approximately
2000 ml diuresis over several hours. The
cffectiveness of furosemide s generally evi
dent by radiobogical clearing of the pulmonary
edema, I the underying mechanism for pul-
monary edema is cardiogenic, preload reduoc-
ton produces clinical improvement within

minutes, before diuresis hegins 7184

Venodilator therapy

Morphine sulfate, in doses of 2 to 5 mg in-
travenously to a possible toal of 15 mg, helps
relieve anxiety and promote a sense of well-
being, reduces the sympathetically induced
anteriolar/venows constriction, and increases
YEnous cipacitance, This actlon reduces the
preload, afterload, and weorklomd of the heart,
while increasing the stroke volume and car-
diac output. Morphine therpy, furosemide,
and  Oxypen supplementation may be the
only interventions required in the obsteiric
paticnt

Acute Pulmonary Edema in Pregnancy
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While the goal is to reduce intravascular
vilume, divretic and venodilator therapy is
not without risks, Diuretic and venodilator
therapy both decrease left venteicular filling
pressure and stroke volume. Care should be
taken to avoid hypotension and further wors-
ening the imbalance of systemic and myocar
dial oxygen supply and demgand.

Pulmonary edema with comorbidities

In the obstetric patient with severe hy-
pertension or preeclampsia who develops
pulmonary edema, management will include
antiyperiensive  therapy,  Traditional  ane
hypertensive therapy with hydralazine, 1a-
betalol, or nicardipine will reduce afterlomd,
tmproving cardiac performance.  Additional
antihyvpertensive agents such as sodium nites
prusside or nitroglycerine mav be used in the
critical care setting. Sodium nitroprusside, a
potent balanced arterial and venons vasodila-
tor, can provide minute-to-minute ttration o
control afterload. However, this dreg is rrely
used in obstetrics because of the risk for feral
cyanide and thiocyamate toxicity. In compari-
som, although nitroglveerine, which is primar
iy a venular vasodilator, crosses the placenta
il appears gafe for the fems

In the obstetric patient with systolic ihys-
lunction complicated by pulmonary edema,
management focuscs on supportive therapy.
Such management focuses first on afterlood
reduction and then inotropic therapy

When first-line therapics fail to obiain the
desired response, critical care management is
required. The scope of critical care manage
ment Will not be discussed in this aricle,

NURSING IMPLICATIONS

Mursing vigilance is a key COMPONent to
possible prevention and early diagnosis of
pulmonary edema. The development of pul-
monary edema quickly leads to pulmonary
dysfunction and becomes an obstetrical emer-
gency that potentially threatens the life of the
mother and the fetus,? Early diagnosis and in-
tervention improve perimital outcomes and
MAY prevent more severe complications.
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Pulmonary function and gas exchange

Intluencing care of the pregmant woman
diagnosed with pulmanary edema are the
principles of pulmonary. funcoion, oxygen
Imnsport, and gas exchange Pregnancy is
characterized by a state of chronic compen-
sated respiratory alkalemia, which places the
Wi it greater risk for alierations in oxyvgen
transpornt and gas exchange when pulmonary
dysfunction ocours. Pulmonary edema resulis
in redeced lung distensibility and alveolar
cdema. Alveolar edema prevents ventilation
of the alveoli, which in turn prevents pecfu-
sion of the unventilated alveoli; this results
in shunting amnd hypoxemia. The resulting
hypoxemia causes pulmonary vasoconsirc
tivm, which decreases shunting but increases
pulmonary vascular resistance. The increased
prolmonary viascular resistance increases right
afterload, increasing right ventricular work
load. As right afterdoad and right ventricu-
lar workloml increase, airway resistance is
increased, fluid to fill the
Urways

Pulmonary function is more than just a
respiratory mte. The respiratody
includes veniilation and oxvigen-carbon diox-
ide exchange Ventilation involves the pro
Druring
inspiration, exvgen is obmined from an ex
ircorporal source (either the atmosphere

ciausng  more
funcrion
oess of inspiration amnd  expiration

or a4 ventiliner) amd transferred o the pal
momary bed, where oxygen transfers across
the alveolar-endothelial barrier, where it inds
with hemogelobin and is carried 1o the tisspes.,
Wt the tisswe level, hemoglobin releases oxy-
gen and picks up carbon disxide prior to re-
turning o the alveolar-endothellal barrier in
the pulmonary bed, with remaoval of carbon
disxide through expiration. Any process thar
interferes with tnhakation or exhalation sets
up i potential imbalance that can quickly lead
o pulmonary dysfunction, decreased oxypen
transpaort, and inefhicient gas exchange.

Maternal assessrment

Mitermal asscssment will inclode  assess-
ment for fisk factors as well as clinical find-

ings. see Table 4 for risk frcoors, These are
i be assessed by review of prenatal and
inrrapartl records as well as patient inter-
view, The most common eticlogies include
hyperiension, multiple gestation, use of o
colyvtic agents, cardiac disease, Muid overload
feolloid andfor blood products), infection,
andl precclampsda, LA Tocolytic-induced pruil-
monary edema s associated with curremt
or recent use of Sadecnergic drogs, primar-
ily fzagonists like terbutaline or ritodrine
The onset of symploms can cocur within
as little as 24 hours of the inidation of (o
colytic therapy; symploms can oocur within
the first 12 hours postpartum.” Concurrent
use of multdple tocolytics hns been associ-
ated with the development of pulmonary
cdema. The most common combination of to-
colytic agenis keading to the development of
pulmonary edema were subcutaneons terhu-
taline and intravenous magnesim sulfae ?
Accurte intake and owtpar reconds will abect
the nurse o the possibility of fluid overload

In a sample of women with preeclampsia,
pulmonary edema was found o have devel
oped in 62%; onset of symploms can ocour
more than 72 hours postpartum.” For most
women, this may well be after hospital dis-
clearge. It is important to note that the like
lihood for pulmonary cdemas increases with
the addition of each risk factor {eg, teeolytic
wiage and muldple gestations), The absence
of these risk Bctors is not blind reassurance,
howewver, Ina group of 51 women diagnosed
with pulmonary edema during pregnancy or
in the postpartum period, & of the 13 with
cardiac discase had previously undizgnosed
structural heart disease

Cardiopulmonary assessment

Early clinical features of pulmonary cdema
inclode tachypnea, tachycardia, and dyspnea
The nurse will frequently be the healthear
provider who must frst assess @ woman's re-
port of dyspnea during pregnancy, labor, or
childbirth. This is a commwmn and gemerally
INOCCUIOLES  CONSSqUEnCE of narmal pll:._‘i.--..
bogic changes during pregnancy. Proposed ex-
planations for dyspoea of pregnancy include




progesterone-induced respiratory center stim:
plation, with resultant hyperventilation, amd
pressure exerted by the enlarging weres on
the diaphragm, which may compromise resid-
ual capacity.” Whether the nurse is at the bed-
side in A Woamen's center, or triaging phone
cills for a midwife or physiclan's office, it is
esscintol that shie assess all Ccoamiplaints of dys-
pnea against risk fctors and symptoms for
pulmonary edema. The nurse should ask the
woman o describe the dyspnca, A woman
with pulmonary edema might feel as if suffo-
cating; one with a reactive alrways disorder
miay feel beeathing to be tighi,

The woman should be assessed for tachype
ned (respiriiory mte =20-28) and tachycar-
dia (heart rate =110). In the antepartum and
postparium setting, these are significant clin
ical findings. These findings can present a
challenge in the aboring woman, however,
where tachypnca and tachycardia can also be
symplomatic of ineffective pain managemen
As edema worsens, the woman may exhibyit
anxicty and diaphoresis®; although these are
it normal findings for the antepartum or
postpartum winman, they are symptoms that
Are meEne Comman i active abor. Therefore,
thorough lung avscubtation is peeded imme-
diately for any dyspneic complain, cspecially
those associated with tachypnea and tachy-
cardia. Bascline asscssments should ocour at
A minimum of every 8 to 12 hours throwgh-
out the intrapartal period. In the presence
of pulmomary edema, idtally bibasilar crack-
bes will be heard. As the condition worsens,
the nurse may hear crackles throughout the
* Frothy and blosd-tinged secretions
may appedr. Wheering and carbon dioxide re-
tenticn can ocour because of peribronchial
edema and increased airway resistance.® One
of the complications of pulmonary edema is
poeor oxvEen situration, so one of the best
methads of monitoring oxyvegen statws is con-
linuous measurement of oxygen saturation
with a pulse oximeter,™ Values should be
#5% or higher during pregnancy to prevent
T3 Postparmum values
should be maintained within a range consis-
tent wilth institutional guidelines for inten-

lungs
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sive care unit or postanesthesia care wnit
dischare.

In addition to the physical assessments, the
nurse caring for the woman with pulmonary
edema must also provide emotional support
during this hospitalization. Care providers
can have excellent clinical skills, but for the
WOImin experiencing pulmonary dysfunction,
care and compassion are equally important
A vicious oycle beging when the woman ex-
pericnces shortness of breath or complains
thit #he is "having difficulty breaching.” A feel-
ing of suffecation will cause an increase in
the woman's pulse rate, blood pressune, amd
oxygen consumption—all further increasing
the work of breathing, The increased work of
breathing further increases the workload of
the beart to meet the woman's oxypenation
and perfusion needs. Coupled with the in-
creased cardiac workload there is pulmonary
congestion and increased anxiety and diffi
culty breathing for the woman,

Women enter pregnancy with preser as
sumptions and plans, Emotional support for
the woman and her family is important. If she
i% O AN antepartum unit, the woman ey
concerned for her own wellbeing and the
well-being of her ferus: pustpartum she may
feel stresses from impaired parentinfmt in-
teractions. This steess increases if the woman
gives birth o a preterm, lows-lvirth-weight, or
critically il infant admitted L an inlensive
care nursery, The nurse shouwld explain all pro-
cedures, and the woman should have SUpport
persons present, The nurse should encour-
age the woman w cxpress her conoerns and
feelings. If the woman desires pastoral sup-
port, the nurse can mdify the woman's [z
toral care (e, priest, rabbi, pastor, minister),
or available hospital pastoral personnel, The
nurse Can also provide Information about hos-
pital or community supportive social services

Fetal assessments

Fewal well-being is dependent on the effec-
tiveness of the maternal cardiopulmonary
system's ability to deliver oxygen to the
fetus while compensating to meet her own
oxygcnalion/perfusion needs. A guiding
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principle  for mamagement of  pregnancy
complicaved by underlyving maternal condi-
vons, maternal wellkbeing s the first priosny
Woreower, for the woman Jdiagnosed with
pulmonary therapies directed o
imprivee materncl oxygemation will also im-
prove fetal oxyvien delivery and overdl feral
status, Depending on the gestational age of
the fetus, naternal stabilization is preferable
L immediate delivery,

Lonunwous electronic feral monitering al
lows the assessment of Fetal status. Fetal as-
sesament may show the offects of mesnernal
hypoxemia even before the mother voloes a
complant of clinical symptoms. Even small
decreases im maternal Po; can lead to a slg-
nificant drop in fetal oxveenation.” Early mild
Fetal hypoxia may prodece the compensatory
mechanism of increased variabilite. As the
hypoxia increases, the fetus will become
tachycardic sccondary o activation of the
sympathetic nervous system because of nad-
equEile axygenation. Vaciahilivy decreases and
flattens, If the hypoxin becomes profound,
bradycardia and decelerations appear, If the
mather has received medications with simdlar
fetal side effects, this fetal early warning sys
tem miay not be given adeguate credence. As
abways, it s important o know the baseling
fetal heart rate and to thoroughly investigate
dieviations.

ColaEma

Monitoring response to therapy

Assesament of maternal Feral statuas is jrart
o the clindcal picture evaluated by the peri
natal care provider. In addition to the generl
assessments for maternal/fetal well-being, the
nuerse must also evaluare and monitor the
maternal and fetal responses to therapies ini-
viared wr improve maternal cardiopulmonary
function  and  improve
perfusion

OXVECnation and

Positioning

As mentened previowsly, an uptight ma
ternal position is critical (o the management
of woman diagnosed with pulmonary edema
In an upright position, with uterine displace-
ment maintained, approximately 75% of the

blood displaced to the dependent parts of
the body comes from pulmonary circulation.
This displacement of blood to the dependent
body parts may reduce pulmonary blood vol-
ume by approximately 25%.'% By reducing
pulmonary blood volume, pulmonary capil-
lary hyrdrostatic pressure and fluld movement
from the interstitial arcas inte the lung de-
crease. Upright positioning s an casy, non-
Invasive measure o signilicantly reduce right
preload and decrease pulmonary congestion

While an upright position is beneficial, the
nurse must be aware of the woman's troe
hody position. Placing a bed in a semi-Fowler's
or high-Fowler's position does not ensure that
the woman will maintain an upright position.
With the head of the bed mised and the foo
of the bed remaining flar, the woman's legs
are in a horizontal position. If the begs e
main horizontal, the force of gravity is not
maximized, and the displacement of Bloo is
minimized. Furthermore, in an unsupported
upright position, the woman will typically
slip down in bed after approximately 5 to 10
minutes and assume a flatter or more supine
position, further compromising macernal car-
diopulmonary function.

T assist the woman maintain a true upright
positicn, the fisod of the bed must be bowered
of, il possible, adjusted into a chair position.
The =ide rails are in the up position o assist
the woman to “pull up”in the bed, if needed.
Pillows can be placed to support the woman
in the upright positdon and 1o maintain uter-
ine displacement; the overbed table may he
uscful as well. A& pillow placed vertically be-
tween the woman's scapulbae brings the shoul-
ders back and facilitares effective ventilatory
MOVEMENLS

Chwyprenation status

Supplemental oxygen is administered by i
ther facemask or nmasal cannula 19 maintaln
=y at or above 95% during pregnancy o
r.'r1:'|'1:|1|: r-i.'|il.| I.'I:l|'|'|J1j'l::||'|_'|I:\-\.-;_"_I'I"'l.I 4
ORYRen saturation, a8 measured by continuous
or intermittent pulse oximetry, is only part of
the oxygenation/perfusion equation. To madn
tain adequate meternal/fetal oxygemation and

2 Hlosw e ver,




perfusion, the woman must have adecguaie
heemmwzlobin 1o Transpor thie OXYVECN 1O the
pissues and adeguate cardiac output to per
[he underdying assumption
for pulse oximetry monitoring is that a nor
mal Sac imdicates thay oxygen is being deliv-
cred o the lungs, that the lungs are diffusing
GXYEEN it the E1l.i|l1!|I!-II:dr'\_v. arterial blood, and
that hemaoglobin binds with oxypen, and is de-
livered 1o the tissues, However, even when
pulse oximeiry readings are within the refer
ence mingge, therne 15 1o guarantiec theat O3V
gen s being delivered to or used by end-organ
eells ar I1-:u!:. Hsses

Assessment for adequate oxygenation in-
wilves .1:.'\||:,'1!!.illi{' review ol l:l.lll:i'|'||l:' factors,
including marernal and fetal parameters. Ma
termal assessments consEsient with adcguate
ttssue oxygenation include stable wital signs;
;||'.-|'.-|'-:_||1r'i:|lr lewel ol Consciousness, menta-
ticen, werbal responses, and behaviors; skin
color amd emperature :|.|::-|:lr~|r|r|'i:t[-:.' for race:;
and urinary output of at least 2% o 30 mLAh
Fetal assessments consistent with .'|-L:|r_'l.|lc':.I1L'
uteroplacental perfusion include a stable base
line et mue and variabilicy appropriate for
gestational age, presence of accelerations, and
absence o decelerations. bor the wWoman on
an antepartum or intrapartum umnit, fecal statog
5 an ;||:-|:-r|r'||'r'i:||l.' inclicaror of maternal OXy-
genation and perfusion.

fuse the ssues

Furosemide

Furosemide is 3 high-potency divretic used
in the management of acute pulmonary
edema 1o decrease vight preload and pul-
monary congestion. When administered intra-
venously, onser of divecsis is 5 1w 15 minuies,
peak action within 20 to 60 minuees, with du-
ration of approximatcly 2 hours,

Furosemide and supplemental oxygen ther-
apry are generally the only therapdes required
when women develop pulmonary edems dur
Hiwever, since the doug is
climinated by hepatic metabolism and renal
CRCTelion, and preeclumpaid S a COommon pre-
cipitating event for pulmonary edema in preg
nancy, careful monitoring of lab daa s indi-
cated, Maternal pulse rate and blood pressure

ing Pregmancy
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||1"irs:||':|' Ui, Serum elecin rI]'l:-e;\. {imc h.l-:|:ir|.!.-.
potassivum, sodium, chloride, and magnesiom
levelsy, and acid-base status should be maoni-
tored during divretic therapy.

Sprct intake and ot recortds must be
maintiained. Administration of furosemide can
result in profound diveesis, with resolzing hy-
povilemia and electrobte losses, Attempts to
foree divresis in a potentially hypovolome o
volume-contracted state swch as preeclamp
s may lead o hypovolemic shock and pos-
sibly wvascular thrombosis. Loop  diumetics,
fike furpsembde, may cause significant losses
of potassinm, sodiom, chloride, and muagne
sium. Electrolyie levels must be monitored,
with resulis evaluated within the context of
the undcrlyving discase process and the use
of furosemide. Tinnitus, hearing impairmant,
amid reversible deafness have been reported
to occur with mpid ntravenous adminisica
tion of ferosemide; doses must be admin-
istered H|4.I\\'|1_-' [.-'I1~t|‘_r. |'.-ri-:|lr tiy aclmindsicring
furnsemide the woman's medication albergies
shoubd be verified; if o sullomamide sensitivity
is present, furosemide may cause an allergic
reAaction

-

Morphine sulfane

:\jljﬁ]]]irll_‘ sulbite 15 a '\.\"iL!L,'l_:.' admuinispened
marconc analgesic that also allays anxiety
and creates a sense of wellkbeing, For the
woman diagnosed with pulmonary edema,
the=e actions reduce levels of Girculating cate-
cholamines and decreases cardiac worklowd
An additional benefit ol 111|:-r|r||i11|:' sulfare
admindstcation s the venodilatory effect of
the drug: increased venous capacitance, de-
creased pulmonary antery blood flow and
pressure {r.iH_hl ]11'|;!|:-\.'n:_1.":|II|.'1'I|:-\.'||:!I:|I e peased
left ventricular end-dHastolic volume  and
pressure {Jeft prelowdd, and improved soroke
volume. For the woman diagnosed with pul-
monary edema, these cardiopulmomary cf-
fects are uscful in improving  myocardial
oxygenation/perfusion amd  Jdecreasing  car
dine workload, myocardial oxygen consump-
tiom, and pulmonary  vascubir  congestion.
With intravenous administration, the effect of




A0

morphine is immediate and plasma levels de-
crease rapddly over the first hour following
administeation

Beciuse morphine is a central nervous svs
tem depressant, maternal vital signs, ing luding
pulse mte, respirtory mite, level of conscions
eSS, and oxyien saturanon, are monitored:
this is important especially if the woman
is receiving magnesium sulfate. Respirtory
depression and ||:.|5-:|1|_'r:.:.'i_|,:-|1 are  potentilly
serious side effects of morphing administea-
o, %0 naloxone and resuscitative equipament
must be immediately available

COMNCLUSIONS
Pulmonary edema complicating pregnancy

Cark GoCur as an acule condition, threatening
both maternal and fetal well-being. The peri-
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