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Abstract We describe the use of continuous spinal anesthesia
(CSA) for an elective cesarean section in a 29-year-old partu-
rient with Eisenmenger’s syndrome at 30 weeks of gestation.
It is essential in patients with Eisenmenger’s syndrome to
prevent significant increases in right-to-left shunt following
the reduction in systemic vascular resistance. In this case, the
patient hoped to be awake during the operation because of
her fear of death. We therefore applied CSA to this patient
because single-shot spinal anesthesia and epidural anesthesia
might cause sudden cardiovascular depression. In fact, sudden
cardiovascular changes were avoided by the titration of local
anesthetics and the operation was uneventful, although
prompt treatment of hypotension was essential and adjust-
ment of the anesthetic levels was difficult. Postoperative
patient-controlled spinal analgesia provided satisfactory pain
relief with hemodynamic stability and no significant side ef-
fects. However, thorough experience with the requisite tech-
niques is critical in CSA because of the technical difficulty of
the procedure, and anesthesiologists must gain such experi-
ence in less-demanding cases before attempting to administer
it in patients presenting extreme challenges as described in
this case report.
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Introduction

When managing patients with Eisenmenger’s syn-
drome, it is important to prevent significant increases
in right-to-left shunt [1,2]. This is especially true for
parturients, who tolerate such increases poorly due to
the reduction in systemic vascular resistance (SVR)
that occurs during pregnancy [3]. Major regional anes-
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thesia, such as spinal or epidural anesthesia, causes
extensive sympathetic blockade and therefore has been
considered to be contraindicated for patients with
Eisenmenger’s syndrome [4]. We describe the use of
continuous spinal anesthesia (CSA) for an elective
cesarean section in a parturient with Eisenmenger’s
syndrome.

Case report

A 29-year-old pregnant woman with Eisenmenger’s
syndrome was admitted to our hospital at 27 weeks of
gestation. When she was 8 years old she was diagnosed
as having a ventricular septal defect (VSD), but the
condition had remained untreated since that time.
After becoming pregnant, she had refused a therapeutic
abortion at 12 weeks of gestation.

By echocardiography, the patient’s pulmonary arte-
rial pressure was estimated to be 100/50 mmHg (sys-
temic arterial pressure, 120/60 mmHg), and Qp/Qs was
estimated at 1.9. A membranous VSD (2.3cm) with
bidirectional shunt was confirmed. On breathing room
air, the arterial blood gases were PaO2

 58.3mmHg, PaCO2

29.3 mmHg, and pH 7.46. Arterial oxygen saturation
was 90%. Hemoglobin was 15.0 g·dl�1, hematocrit was
43.7%, and platelet count was 217 � 109 · l�1. Electro-
lytes and prothrombin time were within normal ranges.
Transvaginal ultrasonography showed normal fetal
growth.

An elective cesarean section was scheduled at 30
weeks of gestation. The patient’s exercise tolerance was
severely limited. To prevent pulmonary embolism, sub-
cutaneous heparin at 10 000U per day was started 6 days
before cesarean section and was continued until the day
before the operation. On the operative day, the acti-
vated clotting time (ACT) was 108 s.

The patient was premedicated with ranitidine 150mg
2 h prior to the operation. In the operating room,
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the oxygen saturation was 89% while the patient
was breathing room air. A radial arterial and a central
venous catheter were placed under local anesthesia.
The central venous pressure was 10mmHg.

A 22-gauge over-the-needle spinal catheter
(Spinocath, B. Braun, Sheffield, UK) was placed
between the 3rd and 4th lumbar intervertebral space in
the left lateral position on the second attempt. The cath-
eter was inserted to a depth of 2cm into the subarach-
noid space. However, cerebrospinal fluid (CSF) could
not be aspirated through the catheter. After the patient
was placed in the supine position with left uterine
displacement, 15µg of fentanyl was injected via the
spinal catheter, followed by 2.0ml of 0.5% isobaric
bupivacaine in incremental doses over 8min. However,
sensory blockade reached only to the level of L3. Hy-
perbaric tetracaine, 11mg in 10% glucose (2.2ml), was
then given in incremental doses over 10min, and sen-
sory blockade to T6 was achieved. The systemic arterial
pressure decreased from 130 to 110mmHg. Oxygen
saturation (FIO2

 0.4) decreased from 94% to 91%.
A bolus of 50 µg of phenylephrine was injected to
restore the arterial pressure. During the operation,
systemic arterial pressure was maintained by intermit-
tent boluses of phenylephrine and ephedrine (total
doses, 1.3mg and 12mg, respectively). Fluid balance
was maintained with acetate Ringer’s solution and
hydroxyethyl starch. Oxygen saturation was maintained
above 91%.

The 46-min operation was uneventful, and blood loss
was minimal. Patient-controlled spinal analgesia [rate,
1ml·h�1; bolus, 0.5 ml; lockout time, 10min; contents
fentanyl 300µg (6 ml), 0.5% isobaric bupivacaine 3ml,
saline 21ml] and continuous intravenous infusion of
phenylephrine (0.4mg·h�1) were started at the end of
the operation. The latter was stopped 4h after its start
because the systolic blood pressure was maintained
above 130mmHg.

The patient was transferred to the intensive care unit
(ICU). Intravenous heparin at 600U·h�1 was com-
menced 2h after catheter placement and stopped 4h
before removal of the catheter. Heparin infusion was
restarted 2 h after removal of the catheter. The spinal
catheter was removed on postoperative day (POD) 1.
The ACT was 101s at removal of the catheter. After
removal of the catheter, postoperative pain was con-
trolled by intravenous patient-controlled analgesia
[rate, 0.5ml·h�1; bolus, 1ml; lockout time, 10min; con-
tents morphine 50mg (5 ml), saline 43ml, Droperidol
5mg (2ml)] from POD 1 to POD 3. The patient re-
mained in the ICU for 2 days. Oxygen saturation was
maintained above 86% while the patient was breathing
oxygen (FIO2

 0.4). The patient did not complain of any
postdural puncture headache (PDPH) and was dis-
charged on POD 12.

Discussion

Childbirth presents significant risks to both mother and
child in patients with Eisenmenger’s syndrome. Mater-
nal and fetal mortalities are reported as high as 40% and
8%, respectively [5]. Despite being informed of these
risks, the patient in this report refused therapeutic abor-
tion. Because the maternal mortality of Eisenmenger’s
patients in vaginal deliveries (34%) is much lower than
that in cesarean sections (75%) [6], we cannot recom-
mend cesarean section as the method of choice for all
patients. However, we suggest that it may provide an
acceptable method of delivery for patients at notable
risk in order to avoid the stress induced by possible
prolonged labor for depressed cardiopulmonary func-
tion [7]. Furthermore, the use of oxytocin may cause
cardiovascular changes [8].

During pregnancy, there typically a 50% increase in
intravascular volume and cardiac output, which peaks in
the second trimester and remains constant throughout
the remainder of the pregnancy [9]. Considering these
physiological changes and the fact that the patient’s
limited exercise tolerance might have increased the risk
of maternal mortality and possibly retarded the intra-
uterine growth of the fetus, we scheduled an elective
cesarean section to be performed at the 30th week of
gestation.

The goal of anesthetic management of a patient
with Eisenmenger’s syndrome is the maintenance of
SVR to prevent increases in right-to-left shunt [1,10].
Both general and regional anesthetic techniques
for parturients with Eisenmenger’s syndrome have
been reported. In the respiratory management of
general anesthesia, intermittent positive pressure venti-
lation causes decreases in venous return and cardiac
output and increases in pulmonary arterial pressure,
which together produce an increase in right-to-left
shunt [2,10]. Nonetheless, general anesthesia is pre-
ferred to regional anesthesia, because the latter may
induce excessive sympathetic block and decreased SVR
[11]. Regional anesthesia is also associated with the
additional risk of subdural hematoma, because heparin
is frequently given to parturients with Eisenmenger’s
syndrome [2]. Despite having been informed of
these risks, the patient in this report requested regional
anesthesia.

The application of epidural anesthesia has been
reported in parturients with Eisenmenger’s syndrome
undergoing elective cesarean section [7,12,13]. The
onset of effect is slower than that of single-shot spinal
anesthesia, and cardiovascular changes are relatively
gradual. However, the large doses of local anesthetics
used can cause myocardial depression and hypotension
[10,13], and the risk of bleeding into the epidural
space is higher than in spinal anesthesia. Incomplete
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epidural anesthesia may induce undesirable sympa-
thetic stimulation or the need for intraoperative conver-
sion to general anesthesia [10].

On the other hand, CSA provides a titratable and
reliable neuroaxial block using minimal doses of local
anesthetics, and has been used successfully in the anes-
thesia of a parturient with Eisenmenger’s syndrome
undergoing cesarean section [10]. By giving local anes-
thetics in small incremental doses, the CSA technique
enables the anesthesiologist to reduce the likelihood of
sudden cardiovascular changes.

The U.S. Food and Drug Administration (FDA)
banned the use of spinal catheters smaller than 24
gauge in 1992 [14] after case reports of cauda equina
syndrome induced by CSA with microcatheters [15],
and manufacturers abandoned their production [10].
We therefore used the 22-gauge over-the-needle spinal
catheter (Spinocath system). The Spinocath system
represents a methodological change in the approach to
spinal puncture, because the bevel of the introducer
needle punctures the dura, while the larger gauge of
the catheter exerts a dilatory effect, thereby adapting to
the dural perforation and theoretically sealing the dura
hole [16]. However, past studies have indicated that the
incidence of PDPH with Spinocath is higher than
that with the smaller catheter [16,17]. We explained
these side effects to the patient and obtained informed
consent.

During the procedure, we had to use phenylephrine
and ephedrine to treat hypotension and maintain SVR.
There were, however, some technical challenges; aspi-
ration of CSF through a fine catheter is sometimes
difficult or even impossible, and confirmation of the
catheter position can be problematic and the results
misleading. It is indicated that maldistribution of local
anesthetics results from a caudal orientation of the tip
of the catheter and not from the level of the tip or from
the baricity of the injected solution [18]. Therefore, the
sensory blockade to the expected level achieved even
with difficulties made us believe that the catheter posi-
tion was correct in this patient.

CSA can be used for postoperative analgesia as a
natural progression from its intraoperative use [19,20].
Patient-controlled spinal analgesia provides better post-
operative analgesia and better hemodynamic stability
and has fewer postoperative side effects, such as nausea
and vomiting, than single-shot spinal anesthesia fol-
lowed by morphine patient-controlled intravenous anal-
gesia [19]. Also, intrathecal infusion of small doses of
opioids and local anesthetics prevents the high peaks of
these drugs in the CSF and can minimize the incidence
of undesirable side effects with the larger doses [20].
Therefore, we applied CSA with the same regimen
of the solution that was reported in the previous study
[20] to postoperative analgesia. The patient obtained

satisfactory pain relief without the need for any other
analgesics.

In summary, CSA can provide a useful anesthetic
approach for parturients with Eisenmenger’s syndrome,
as sudden cardiovascular changes can be avoided by the
titration of local anesthetics, although careful monitor-
ing of vital signs and prompt treatment of hypotension
are essential. However, thorough experience with the
requisite techniques is critical in CSA because of the
technical difficulty of the procedure, and anesthesiolo-
gists must gain such experience in less-demanding cases
before attempting to administer CSA in patients
presenting extreme challenges as described in this case
report.

References

1. Pitkins RM, Perloff JK, Koos BJ, Beall MH (1990) Pregnancy and
congenital heart disease. Ann Intern Med 112:445–454

2. Kandasamy R, Koh KF, Tham SL, Reddy S (2000) Anaesthesia
for caesarean section in a patient with Eisenmenger’s syndrome.
Singapore Med J 41:356–358

3. Sung CS, Chang WK, Tsou MY, Lur JY, Lin SH, Chu CC, Lee
TY (1998) Anesthetic management of a parturient with
Eisenmenger’s syndrome and preeclampsia during cesarean sec-
tion—a case report. Acta Anaesthesiol Sin 36:159–164

4. Lumley J, Whitwam JG, Morgan M (1977) General anesthesia in
the presence of Eisenmenger’s syndrome. Anesth Analg 56:543–
547

5. Yentis SM, Steer PJ, Plaat F (1998) Eisenmenger’s syndrome in
pregnancy: maternal and fetal mortality in the 1990s. Br J Obstet
Gynaecol 105:921–922

6. Gleicher N, Midwall J, Hochberger D, Jaffin H (1979) Eisen-
menger’s syndrome and pregnancy. Obst Gynecol Surv 34:721–
741

7. Spinnato JA, Kraynack BJ, Cooper MW (1981) Eisenmenger’s
syndrome in pregnancy: epidural anaesthesia for elective Cesar-
ean section. N Engl J Med 304:1215–1217

8. Crawford JS, Millis WG, Pentecost BL (1971) A pregnant patient
with Eisenmenger’s syndrome. Br J Anaesth 43:1091–1094

9. Colman JM, Sermer M, Seaward PG, Siu SC (2000) Congenital
heart disease in pregnancy. Cardiol Rev 8:166–173

10. Cole PJ, Cross MH, Dresner M (2001) Incremental spinal anaes-
thesia for elective caesarean section in a patient with
Eisenmenger’s syndrome. Br J Anaesth 86:723–726

11. Foster JM, Jones RM (1984) The anaesthetic management of the
Eisenmenger syndrome. Ann R Coll Surg Engl 66:353–355

12. Rosenberg B, Simon K, Peretz BA, Roguin N, Birkhahn HJ
(1984) Eisenmenger’s syndrome in pregnancy: controlled
segmental epidural block for Cesarean section. Reg Anaesth
7:131–133

13. Atanassoff P, Alon E, Schmid R, Pasch T (1989) Epidural anes-
thesia for cesarean section in a patient with severe pulmonary
hypertension. Acta Anaesthesia Scand 33:75–77

14. FDA. Safety alert. Cauda equina syndrome associated with use of
small-bore catheters in continuous spinal anesthesia. May 29,
1992

15. Rigler ML, Drasner K, Krejcie TC, Yelish SJ, Scholnick FT,
Defontes J, Bohner D (1991) Cauda equina syndrome after
continuous spinal anesthesia. Anesth Analg 76:1154–1157

16. De Andrés J, Valía JC, Olivares A, Bellver J (1999) Continuous
spinal anesthesia: a comparative study of standard microcatheter
and Spinocath. Reg Anesth Pain Med 24:110–116



S. Sakuraba et al.: Continuous spinal anesthesia for cesarean section 303

17. Mollmän M, Van Steenberge A, Sell A, Pitkänen M, Holst D, Van
Dongen A, Berg S (1996) Spinocath, a new approach to continu-
ous spinal anaesthesia—preliminary results of a multicenter trial.
Int Monitor 8:74

18. Biboulet P, Capdevila X, Aubas P, Rubenovitch J, Deschodt J,
d’Athis F (1998) Causes and prediction of maldistribution during
continuous spinal anesthesia with isobaric or hyperbaric
bupivacaine. Anesthesiology 88:1487–1494

19. Maurer K, Bonvini JM, Ekatodramis G, Serena S, Borgeat A
(2003) Continuous spinal anesthesia/analgesia vs. single-shot spi-
nal anesthesia with patient-controlled analgesia for elective hip
arthroplasty. Acta Anaesth Scand 47:878–883

20. Michaloudis D, Petrou A, Fraidakis O, Kafkalaki K, Katsamouris
A (1999) Continuous spinal anaesthesia/analgesia for abdominal
aortic aneurysm repair and post-operative pain management. Eur
J Anaesthesiol 16:810–815


