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our institution suggests that positioning the tip of the
transducer to produce a long-axis two-dimensional image
enveloping the interatrial septum and the mitral valve
orifice optimizes the chances of detecting interatrial
shunting in echocontrast studies.

In summary, transesophageal echocardiography was
used to demonstrate acute paradoxical right-to-left intra-
cardiac shunting through a PFO during a life-threatening
adverse reaction to protamine. The transesophageal
echocardiographic findings during the acute phase of a
pulmonary vasoconstrictive response to protamine in a
human demonstrate an acute decrease in left ventricular
preload. This case report suggests that the risk of para-
doxical emboli is increased in pathologic conditions as-
sociated with an increased right-to-left interatrial pressure
gradient in patients with PFO. Intraoperative echocar-
diography is providing insight into the pathophysiology
of clinical problems encountered during anesthesia.
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Management of Peripartum Congestive Heart Failure Using Continuous Arteriovenous
Hemofiltration in a Patient with Myotonic Dystrophy
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Cardiac decompensation can occur during pregnancy in
patients with cardiac dysfunction because of cardiovas-
cular changes that stress cardiac reserve, including in-
creases in total blood volume (35-40%) and cardiac output
(30-40%), both of which peak early in the third trimes-
ter.!? Further increases in venous return and cardiac out-
put occur during labor and in the postpartum period.®
Cardiomyopathy is a well-recognized component of the
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multisystem disease seen in myotonic dystrophy. Overt
congestive heart failure (CHF) related to myotonic dys-
trophy is rare, but diffuse, often subclinical, myocardial
involvement is common. We report here the case of a
woman in the third trimester of pregnancy with CHF from
myotonic dystrophy-related cardiomyopathy. We de-
scribe the use of continuous arteriovenous hemofiltration
(CAVH) for the treatment of refractory CHF in prepa-
ration for operative delivery.

CASE REPORT

During the 1st month of her pregnancy, this 25-yr-old gravida 1,
para 0 woman underwent an electromyographic study that was diag-
nostic of myotonic dystrophy. This workup was prompted by the recent
diagnosis of a sister with myotonic dystrophy. Her pregnancy was un-
eventful until presentation at the 30th week with rapidly progressive
orthopnea, shortness of breath, and dyspnea on exertion. Evaluation
at that time was significant for an ECG with sinus tachycardia, first-
degree atrioventricular block, and loss of R wave; an echocardiogram
revealing moderate mitral regurgitation and severe global hypokinesis,
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with estimated ejection fraction of 20%; and an endomyocardial biopsy
consistent with myotonic dystrophy (fibrotic change without inflam-
mation). Uterine ultrasound examination showed a normal-appearing
fetus at 30 weeks gestation in a breech presentation, The patient im-
proved symptomatically after treatment with furosemide and digoxin,
and she was discharged home on the 9th hospital day.

The patient was readmitted at 33 weeks gestation with an exacer-
bation of CHF and the complaint of decreased fetal movement. De-
teriorating renal function was noted, with a creatinine clearance of 40
ml/min. Evaluation of the fetus included a nonstress test that showed
adequate fetal activity and heart rate accelerations, and an ultrasound
examination that showed normal growth and persistent breech pre-
sentation. Over the ensuing 3 days the patient experienced modest
symptomatic improvement with bed rest and intravenous furosemide.
Dexamethasone was given to hasten fetal lung maturation, and am-
niocentesis for determination of the lecithin/sphingomyelin ratio was
scheduled. Prior to obtaining the amniocentesis, the patient’s clinical
condition deteriorated further, necessitating admission to the cardiac
intensive care unit (CCU).

In the CCU the patient became increasingly dyspneic, tachypneic,
and tachycardiac (range 116-130 beats per min), While breathing 50%
oxygen via face mask her arterial blood gases were pH 7.46, arterial
carbon dioxide tension 31 mmHg, and arterial oxygen tension 75
mmHg. An oximetric pulmonary artery catheter was inserted dem-
onstrating hemodynamic parameters listed in table 1. The first 6 h in
the CCU were characterized by pharmacologic attempts at improving
the patient’s CHF. Urine output was scant (< 20 ml/h) despite the
increases in the doses of intravenous furosemide (100, 160, and 160
mg). Concomitantly, dobutamine was administered (up to 8.0
pg-kg™! - min™") with improvement in cardiac index, but oliguria per-
sisted and filling pressures remained high (table 1). With the patient
tiring and exhibiting worsening respiratory distress, it was decided
that her deterioration necessitated a cesarean section. It was hoped
that her condition would improve with removal of the cardiovascular
stressor imposed by the fetus and placenta. Anesthesia consultation
was obtained for consideration of an urgent cesarean section. Faced
with a patient in florid pulmonary edema who required an upright

posture, we believed that her perioperative cardiac risk could be re-
duced and positioning for operative delivery facilitated if preload re-
duction could be achieved. We therefore delayed the cesarean section
to institute CAVH. The dobutamine infusion was continued during
this procedure.

An Amicon Diafilter 20 (Amicon Co, Danvers, MA) was used for
ultrafiltration. Vascular access was obtained via 10-Fr femoral arterial
and venous catheters. Heparin 600 units/h was infused into the prox-
imal side of the filtration circuit (fig. 1). This maintained the activated
clotting time at 1.5 times the baseline value proximal to the filter.
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Concomitarit systemic coagulation parameters were prothrombin time
18.1 s and partial thromboplastin time 54. s. After 5 h a net negative
fluid balance of 1,500 ml had been achieved, and the patient was im-
proved symptomatically: she was no longer dyspneic at rest and was
able to lie supine with left uterine displacement. Cardiac filling pressures
and mixed venous oxygen saturation improved in parallel with symp-
toms. Cardiac index decreased 18% but remained significantly greater
than values obtained on arrival to the CCU (table 1). The fetal heart
rate was continuously monitored, and it remained in the normal range
with good variability. Systemic coagulation parameters returned to
normal within 1 h of cessation of CAVH.

Six hours after hemofiltration had been initiated and after normal
coagulation parameters had been documented, the patient was trans-
ported to the operating room. Maternal monitoring intraoperatively
included an ECG, pulse oximeter, and radial arterial and pulmonary
arterial catheter pressures. With the patient in the sitting position, a
lumbar epidural catheter was placed with the loss-of-resistance tech-
nique. After a 3-m! test dose additional increments of lidocaine 2%
with epinephrine 5 pg/ml were administered toa total of 20 ml. Sensory
blockade to T4 on the right and T8 on the left was noted within 20
min. Concomitant hemodynamic parameters are provided in table 1.
An epinephrine infusion was instituted with the onset of the epidural
block because of a decrease in systolic blood pressure to 90 mmHg.

For the balance of the surgical procedure, epinephrine (as much as
2 ug/min) was titrated to maintain an acceptable cardiac index and
mean arterial pressure. Dobutamine was discontinued. The cesarean
section proceeded uneventfully, with delivery of a viable infant with
Apgar scores of 9 and 10 at 1 and 5 min, respectively. Umbilical-cord
venous blood gases were pH 7.33, carbon dioxide tension 47 mmHg,
and oxygen tension 30 mmHg. The uterus did not contract sponta-
neously despite massage and parenteral oxytocin (Pitocin, Parke Davis).
Prompt contraction occurred with 10 units of intrauterine Pitocin.
Crystalloid infusion was used to replace blood loss, which was estimated
at 800 ml. The only hemodynamic perturbations noted during the

blood loss was a decrease in mixed venous oxygen saturation (from 72
to 68%) and systolic blood pressure (from 110 to 95 mmHg). Total
fluid infused for the operative procedure was 1,800 ml of crystalloid.
An epidural infusion of bupivacaine 0.125% (1.25 mg/ml) with fen-
tanyl 3 pg/ml was maintained for 36 h postoperatively to provide for
analgesia and afterload reduction. Despite this, the patient had an ex-
acerbation of CHF while in the CCU immediately postoperatively (table
1). Her condition steadily improved after she received CAVH for an
additional 24 h (the catheters remained in situ intraoperatively), and
she was discharged from the CCU on the fourth postoperative day.
On the ninth postoperative day the patient was discharged from the
hospital. She was able to walk without symptoms on a medical regimen
that included digoxin, furosemide, and captopril. Two months after

TABLE 1. Serial Hemodynamic Parameters

Initial Dobutamine S/P Epidural Epinephrine

Data +Furosemide CAVH Onset Infusion Postpartum
HR (beats per min) 136 135 129 115 115 122
MAP (mmHg) 99 97 68 61 65 96
CVP (mmHg) 9 11 0 NR 11 10
MPAP (mmHg) 40 39 16 16 19 35
PCWP (mmHg) 32 35 8 10 NR 30
Svoy (%) 44 64 68 79 70 52
Cl(l*min™'-m™®) 1.8 2.8 2.3 2.8 2.7 2.2
SVR (dynes+s™' -cm™) 2000 1180 1200 NR 710 1560

Measurements obtained in supine position while in the operating
room (epidural onset and with addition of epinephrine). Remaining
data obtained in semi-upright posture.

HR = heart rate; MAP = mean arterial pressure; CVP = central

venous pressure; MPAP = mean pulmonary arterial pressure; PCWP
= pulmonary capillary wedge pressure; Svo, = mixed venous oxygen
saturation; CI = cardiac index; SVR = systemic vascular resistance;
NR = not recorded.
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FiG. 1. CAVH components.

hospital discharge the patient suffered an out-of-hospital cardiac arrest
from which she could not be resuscitated.

DISCUSSION

This case demonstrates the successful use of CAVH in
the urgent treatment of an obstetric patient with severe
diuretic-resistant CHF. The peripartum use of CAVH has
not, to our knowledge, been previously described.

Traditional management of CHF, including bed rest,
salt and fluid restriction, diuretics, and digoxin was inef-
fective in this patient. Dobutamine, through its positive
impact on inotropy and/or afterload reduction, improved
the cardiac index, although filling pressures remained
high, oliguria persisted, and the patient continued to de-
teriorate symptomatically. Because of the potential neg-
ative impact of a-adrenergic stimulation on both utero-
placental and renal perfusion, the cardiology team avoided
the use of other sympathomimetic agents.*

When we were consulted for consideration of cesarean
section, we recommended surgery be delayed, for two
reasons. The first reason was the substantial risk of peri-
operative cardiac morbidity and mortality in a person with
overt CHF. This contrasts to the lesser degree of risk in
patients with compensated heart failure.> We hoped to
reduce this patient’s cardiac risk by improving her he-
modynamic status. The second reason for delay was that
we favored, for reasons discussed below, epidural anes-
thesia and were concerned that the patient would be un-
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able to tolerate a position that would facilitate surgical
delivery while awake. CAVH was instituted because it is
an effective and expeditious means of correcting hyper-
volemia in oliguric patients.5-®
Other management options that were considered in-
cluded intravenous nitroglycerin, immediate surgery un-
der epidural anesthesia, and phlebotomy. Although ni-
troglycerin would have likely been an effective tempor-
izing measure—decreasing preload by redistributing
blood volume—we believed this grossly hypervolemic pa-
tient would ultimately require treatment directed at re-
ducing total body fluid overload. A factor in this decision
was the potential for hemodynamic deterioration imme-
diately postpartum. Despite the usual blood loss associated
with vaginal delivery, venous return, central venous pres-
sure, and cardiac output increase to peak levels immedi-
ately postpartum.® Similarly, we rejected the option of
immediate surgery under epidural anesthesia, despite the
potentially favorable impact of afterload reduction (from
epidural anesthesia) and blood loss, because we believed
that it the CHF was better compensated at the time of
surgery the risk of cardiopulmonary complications would
be less. The option of phlebotomy also was rejected, be-
cause with an initial hemoglobin of 10 mg/dl, conserva-
tion of red cell mass was a priority in this patient with
limited cardiopulmonary reserve. Preoperative phlebot-
omy would likely have been well tolerated, and perhaps
beneficial, but would have been ill-advised given the po-
tential for excessive postpartum blood loss in patients with
myotonic dystrophy.®!°
CAVH has recently been documented as an effective
and well-tolerated treatment for the temporary control
of severe diuretic and vasodilator resistant CHF.®” In
contrast to hemodialysis, it does not require specially
trained personnel, is simple and more readily instituted,
and is less likely to cause significant hemodynamic per-
turbations.§ CAVH is quite efficient in the rapid removal
of plasma ultrafiltrate but limited in its ability to correct
azotemia or profound electrolyte abnormalities.®
Operational characteristics of CAVH are described
elsewhere.§1 In brief, CAVH is an extracorporeal therapy
relying on the patient’s arterial-to-venous pressure gra-
dient to provide flow through the ultrafilter. The ultra-
filtrate consists of plasma water, electrolytes, and other
solutes of molecular weight less than 10,000 D. The rate
of fluid removal (ultrafiltration rate) can be controlled by

§ Paganini EP, O'Hara P, Nakamoto S: Slow continuous ultrafiltra-
tion in hemodialysis resistant oliguric acute renal failure patients.
Transactions of the American Society for Artificial Internal Organs
30:173-178, 1984

1 Bosch JP: Continuous arteriovenous hemofiltration (CAVH): op-
erational characteristics and clinical use. American Kidney Foundation
Nephrology Letter 3:15-26, 1986
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altering the transmembrane hydrostatic pressure. This is
accomplished by raising or lowering the ultrafiltrate res-
ervoir (fig. 1). The net negative fluid balance is ultimately
determined by the ultrafiltration rate (usually 12-15 1/
day) relative to the rate at which crystalloids and colloids
are simultaneously reinfused. With large net negative fluid
balances, some degree of hemoconcentration occurs be-
cause of the net loss of plasma volume with an unchanged
red cell mass.

Potential complications of short term CAVH include
intravascular volume depletion, electrolyte disturbances,
bleeding, and problems associated with obtaining vascular
access. Hypovolemia with resultant decreased cardiac in-
dex and hypotension was of particular concern in this
patient because of the need to maintain adequate utero-
placental perfusion. Though we are unaware of data ex-
amining the impact of CAVH on uteroplacental perfusion,
several reports®’ demonstrate that cardiac index and
mean arterial pressure are well maintained if excessively
rapid fluid removal is avoided. In two series, patients with
severe, diuretic-resistant, CHF had 2,000-3,000 ml fluid
removed over 4-6 h with no change in cardiac index or
mean arterial pressure despite decreased filling pres-
sures.5” In our patient, mean arterial pressure and cardiac
index decreased by 30 and 18%, respectively (table 1).
We postulate that the decrease in cardiac index was sec-
ondary to rapid fluid removal in this patient with severe
left ventricular dysfunction and a dependence on a high
preload. Despite the decrease in cardiac index and mean
arterial pressure, there was no evidence of uteroplacental
insufficiency from either the fetal heart rate tracing or
subsequent umbilical cord gases.

In addition to excessive volume loss, electrolyte deple-
tion can occur. This is avoided by measuring serum elec-
trolytes and adjusting the electrolyte composition of the
substitution fluid infusion. Bleeding complications sec-
ondary to the anticoagulant required to prevent clotting
within the filter were a concern in this patient not only
because she was peripartum but because of the apparent
association of myotonic dystrophy with postpartum
bleeding.*!® By administering the minimum requisite dose
of heparin, we believed the risk of bleeding would be
acceptably low. This was accomplished by infusing heparin
into the circuit proximal to the filter to maintain an ac-
tivated clotting time at 1.5 times the baseline value im-
mediately proximal to the filter. In this case, 600 units/
h heparin was required, resulting in some degree of sys-
temic anticoagulation. Systemic anticoagulation can be
avoided altogether by infusing protamine into the circuit
distal to the filter and titrating it to return the activated
clotting time to baseline (i.¢., regional heparinization). Fi-
nally, the usual complications associated with establishing
vascular access must be considered. Of particular concern
with CAVH are the large catheters required with the po-
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tential for ischemic injury to the distal extremity. In our
experience, this complication has been limited to elderly
patients with concomitant peripheral vascular disease.

Detailed discussion of the perioperative management

of patients with myotonic dystrophy is discussed in a recent

review by Aldridge.!' Muscle weakness and myotonia are

the hallmarks of the disease. Involvement of pharyngeal,

diaphragmatic, and intercostal musculature contribute to

a high incidence (20%) of postoperative pulmonary com-

plications. Although cardiomyopathy with overt CHF is

rare, cardiac involvement—usually conduction abnor-
malities and arrhythmias—is common. There is substan-
tial anecdotal evidence that some patients with myotonic
dystrophy are particularly sensitive to thiopental, opioids,
and perhaps other CNS depressants, with the potential
for prolonged apnea and respiratory depression. The use
of muscle relaxants is complicated by an unpredictable
response to succinylcholine and anticholinesterase (re-
versal) agents. It has been advised that succinylcholine be
avoided because of reports of rigidity and of difficulty in
ventilation associated with its use. Similarly, reversal of
nondepolarizing neuromuscular blocking drugs with
neostigmine has been complicated by inadequate reversal,
necessitating repeated administration as well as exacer-
bation of weakness postulated to be a depolarization
blockade. Although the muscle relaxation achieved in this
case was adequate, it should be noted that the myotonia
manifest in these patients is not abolished by muscle re-
laxants or spinal blockade. Additional concerns in the
pregnant patient with myotonic dystrophy include an ap-
parent association with postpartum uterine atony and
hemorrhage.®!? Intrauterine Pitocin was ultimately re-
quired to achieve uterine contraction in this patient. In-
heritance and the potential for congenital myotonic dys-
trophy has been reviewed elsewhere.'?

We favored epidural anesthesia in this patient for a
number of reasons. First, favorable hemodynamic impact
of a sympathectomy with preload and afterload reduction
was anticipated. Second, using an epidural infusion post-
operatively allowed us to maintain a sympathectomy as
well as to provide for postoperative analgesia. The ben-
eficial impact of epidural analgesia on postoperative pul-
monary function''* was critical in this patient with min-
imal cardiopulmonary reserve. Finally, regional anesthesia
and analgesia allowed us to circumvent the potential
problems associated with the use of muscle relaxants and
central nervous system depressants, discussed above.

In summary, we present a case in which CAVH was
used to prepare a pregnant patient with refractory CHF
for cesarean section. The patient’s symptoms and he-
modynamic parameters improved during CAVH without
apparent deleterious effect ‘on the mother or the fetus.
With the use of continuous fetal monitoring ‘“low-dose”
heparinization and careful attention to the rate of fluid
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and electrolyte removal, we were able to use CAVH safely
in the peripartum period.
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