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Heart surgery with cardiopulmonary bypass

In pregnant women
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Summary

Objective: Definite data in heart surgery with
extracorporeal circulation during pregnancy is
limited. This report analyzes our experience in this
area. Methods: Fifteen women underwent open
heart surgery under cardiopulmonary bypass
during pregnancy at our institution between 1972
and 1998. Surgical procedures included valve
replacement in 13 patients (12 mitral, 1 aortic),
declotting of a tilting disk mitral prosthesis in one
and closure, of an atrial septal defect in the
remaining patient. Results: Thirteen patients
were in New York Heart Association functional
class Il to IV and were operated on urgently. Eight
of these women had severe acute dysfunction of
either a mechanical or a biological mitral
prosthesis. There were 2 maternal operative
deaths for a rate of 13.3%. Fetal losses resulted
at the time of these maternal deaths. Fetal deaths
occurred in 5 of the 13 pregnancies (38.5%) in
women who survived the surgical procedure.
Conclusions: Because of the fetal risks, open
heart surgery during pregnancy should be advised
only in extreme emergencies. Although pregnancy
per se does not increase the maternal risk, a high
maternal mortality results from the emergency
nature of the surgical intervention. Fetal mortality
remains high.

Resumen

CIRUGIA DE CORAZON CON CIRCULACION EXTRACORPOREA
EN PACIENTES EMBARAZADAS

Objetivo: Se analiza la experiencia del Instituto
Nacional de Cardiologia Ignacio Chavez con ci-
rugia a corazén abierto con circulacion extra-
corpérea en pacientes embarazadas. Hay poca
informacion disponible a este respecto. Métodos:

Quince pacientes se sometieron a cirugia a co-
razén abierto con circulacion extracorpoérea du-
rante el embarazo entre los afios 1972 y 1998.
En 13 pacientes el procedimiento consistiéo en
reemplazo valvular con prétesis (12 mitrales, una
aodrtica), en una se practico reseccion del trombo
en una proétesis mitral de disco y en la paciente
restante se cerr6 una comunicacion interauricular.
Resultados: Trece pacientes estaban en clase
funcional Ill a IV y se operaron en situaciéon de
extrema urgencia. Ocho de estas mujeres pre-
sentaban disfuncion aguda de una protesis mitral
mecanica o biolégica. Hubo dos muertes
operatorias para una incidencia de 13.3%. En
estos dos casos hubo también muerte fetal. Cin-
co muertes fetales (38.5%) ocurrieron en las tre-
ce mujeres que sobrevivieron al procedimiento
quirargico. Conclusiones: Debido al gran ries-
go fetal, la cirugia con circulacién extracorporea
durante el embarazo debe indicarse sélo en ca-
sos de extrema urgencia. El embarazo no aumen-
ta el riesgo materno per se pero la mortalidad
elevada es resultado de la grave situacion que
conduce a la intervencion quirargica. La mortali-
dad fetal permanece alta.
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Introduction surgical commissurotomy or during percutaneous
he overall incidence of organic heart di- balloon valvotomy. Two patients had emergency
I sease in pregnancy has been estimatedsurgery because of critical mitral lesions not ame-
at less than 2%The frequency of the nable to these procedures. Eight other patients had
various categories of cardiac disorders in womenacute complications of a cardiac valve prosthesis:
of childbearing age, as reported from different five patients presented acute massive thrombosis of
centers, is determined by the general prevalencea tilting-disk mitral valve and three more had acute
of heart disease in the geographic area under condysfunction of a mitral bioprosthesis. One additio-
sideratior?® In industrialized countries, the de- nal patient had severe mitral and aortic regurgita-
clining incidence of rheumatic heart disease hastion. All these operations were carried out in extre-
resulted in an increase in the relative frequencyme emergency situations for patients in NYHA clas-
of congenital cardiac malformations in pregnant ses lll to IV. Finally, two patients had congenital
patients’ However, rheumatic valvular disease is cardiac malformations, were in NYHA class | and
still the most common cardiac complication of 1l and were operated upon in the first trimester, be-
pregnancy comprising approximately 60% of the fore they were aware they were pregnant. Surgery
total number of casésThe incidence is likelyto  was performed during the first trimester in seven
be higher in countries where rheumatic fever is patients and in the second trimester in six women.
still endemic. The remaining two patients were operated upon in
Functional deterioration of patients with heart the 27 and 32 weeks of pregnancy, respectively.
disease during pregnancy may require surgical orSurgical procedures.Open heart surgery was per-
invasive interventions. In gravid patients with formed in the usual manner. Several models of bu-
significant mitral stenosis, closed surgical mitral bble oxygenator were used in 11 patients and mem-
commisurotomy® and percutaneous balloon brane oxygenators in the last four women. The di-
valvotomy?°have been successfully used. Balloon fferent types of oxygenator employed reflect com-
valvotomy has occasionally been employed in mon usage at the time of surgery. Intraoperative
pregnant patients with critical aortic stendsis. monitoring included electrocardiogram, invasive
Open heart surgery is seldom an issue in the graarterial blood pressure measurement through an ind-
vida with heart disease, even less so in those withwelling radial catheter, pulmonary artery and filling
congenital heart diseasélowever, in some ca- pressures through a Swan-Ganz catheter, blood flow
ses it is apparent, from clinical and hemodyna- rates, nasopharyngeal temperature, and frequent
mic evidence, that the survival of the mother is sampling of arterial POPCQ and pH. Fetal Do-
threatened without the cardiac surgical interven- ppler ultrasonography and uterine activity monito-
tion under cardiopulmonary bypass (CPB). The ring were not available during surgery.
literature is scarce in this afé® and more in-  To avoid compression of the vena cava by the
formation is needed to permit a better assessmenénlarged uterus, those patients who were operated
of the maternal and fetal risks when such surgeryon after the first trimester, were positioned with
is performed. In this report we describe our ex- the right hip elevated 15 to 20 degrees. The aorta
perience with the management of 15 gravid pa-was used for arterial cannulation and the vena
tients operated under CPB at the Instituto Nacio- cava for venous drainage. All patients received

nal de Cardiologia Ignacio Chéavez. heparin for a target activated clotting time (ACT)
over 400 sec. Hyperkalemic, hypothermic,
Methods crystaloid cardioplegic solutions (St. Thomas)

Patients. The study series comprises 15 pregnantwere used in all cases. Mildly hypothermic
women who underwent open heart surgery in ourconditions (mean temperature > 28°C) were
institution from 1972 to 1998. The clinical data on maintained in all patients throughout the
the subjects are summarizedable L The age of procedure. At the end of the intervention
the patients ranged from 17 to 38 years with a mearanticoagulation was reversed with protamine to
of 26.7+ 6.6 years. The gestational age at the timeachieve the basal ACT.

of surgery was 3 to 32 weeks (mean 1¥.9.4 Bovine pericardial xenoprostheses were implan-
weeks). Thirteen patients had rheumatic heart di-ted in mitral position in nine women and in the
seasgTable Il). Of these, two were subjected to aortic position in one. One patient was treated with
open cardiac surgery because of the developmentiébridement and declotting of a thrombosed Bjork-
of acute severe mitral regurgitation during closed Shiley mitral valve. Mitral mechanical valves were
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Table I. Open heart surgery in 15 pregnant women. Clinical data.

E Salazar y cols.

Case /year Age Lesion NYHA class Gestational Procedure Qutcome of Fetal
(Years) at age (weeks) pregnancy result
operation
1 1972 38 RHD. MS. Ruptured cusp \% 27 Starr-Edwards Stillbirth; immediate
during closed surgical mitral prosthesis post-op Stillbirth.
commissurotomy
2 1977 21 CHD. AV canal. Perforated 1l 6 Closure of ASD. Term vaginal Normal infant
mitral valve Bjork-Shiley delivery
mitral prosthesis
3 1981 27 RHD. Severe Mitral re- v 25 Mitral bovine Premature vaginal Prematurity
stenosis pericardial delivery; 33
prothesis week
4 1984 33 RHD. Thrombosis of a \ 9 Mitral bovine Spontaneous Abortion
mitral Bjork-Shiley pericardial abortion; immediate
prosthesis prosthesis post-op
5 1985 20 RHD. Severe MR and v 3 Aortic bovine Vaginal delivery; Prematurity.
severe AR pericardial 36" week Respiratory
prosthesis. Mitral distress
Carpentier ring syndrome
6 1985 34 RHD. MS. \% 22 Mitral bovine Term vaginal Normal infant
pericardial delivery
prosthesis
7 1986 20 RHD. Acute dysfunction of \% 32 Mitral bovine Stillbirth; immediate Stillbirth
a mitral duramater pericardial post-op
prosthesis prosthesis
8 1987 31 RHD. Infective endocarditis \ 24 Mitral bovine Operative death Operative
and acute dysfunction of pericardial death
duramater mitral prosthesis prosthesis
9 1988 19 RHD. Thrombosis of a v 10 Débridement and Premature vaginal Prematurity.
mitral Bjork-Shiley declotting delivery; 315t week Respiratory
prosthesis distress
syndrome
10 1989 27 RHD. Thrombosis of a v 13 Mitral bovine Operative death Operative
mitral Bjork-Shiley pericardial death
prosthesis prosthesis
11 1989 31 RHD. Acute dysfunction of 1] 26 Mitral bovine Term cesarean Normal infant
a mitral duramater pericardial section
prosthesis prosthesis
12 1990 33 RHD. Thrombosis of \ 10 Mitral bovine Spontaneous Abortion
Bjork- Shiley mitral pericardial abortion; immediate
Prosthesis prosthesis post-op
13 1995 28 RHD. MS. Ruptured cusp \% 26 Mitral bovine Term cesarean Normal infant
during PMBV pericardial section
prosthesis
14 1996 21 RHD. Thrombosis of a Sorin Y 24 ATS mitral Stillbirth; immediate Stillbirth
mitral prosthesis. Aortic prosthesis post-op
Sorin prosthesis with
normal function
15 1997 17 ASD. | 10 Closure of ASD Term vaginal Normal infant

Mean + SD 26.7 + 6.6 179+9.4

NYHA Class: New York Heart Association Class; RHD: Rheumatic Heart Disease; MS: Mitral Stenosis; MR: Mitral Regurgitation; AR: Aortic Regurgitation; PMBV:
Percutaneous Mitral Balloon Valvotomy; CHD: Congenital Heart Disease; AV Canal: AtrioVentricular Canal; ASD: Atrial Septal Defect.

used in three patients (Starr-Edwards, Bjork-Shi- Statistical analysis.Data are presented as mean

ley and ATS respectivelf)rable 1)

+ standard deviation.

Follow-up. After discharge the patients were

followed at the out patient department. Obstetric careResults

was provided in high-risk obstetrics hospitals of the Intraoperative data. Measurements obtained
city. Information about peripartum and perinatal during surgery are listed imable Ill. The
events was obtained from the patients themselves.information was not available in case No. 1.
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Table Il. Open heart surgery in 15 pregnant women. Indication for surgery. were admitted to the Institute after they had been

N ” in severe heart failure during several hours and
0

Rheumatic heart disease

Severe mitral stenosis or restenosis

Ruptured mitral cusp during valvotomy

Acute thrombosis of a mitral tilting-disc prosthesis
Acute dysfunction of a mitral bioprosthesis
Severe mitral and aortic regurgitation

Congenital heart disease

AV Canal and mitral regurgitation

Atrial septal defect

went to surgery in extremely critical condition.
13 86.7% There were two operative maternal deaths for an
operative mortality of 13.3%. Patient No. 8 was
hospitalized during the 24week of pregnancy
because of an alpha-hemolytic streptococcal en-
docarditis on a mitral duramater alloprosthesis.
Antibiotic therapy was instituted on admission
but on the B hospital day she suddenly developed
1 acute pulmonary edema and arterial hypotension.
A ruptured prosthetic cusp and multiple

P WOaNN

2 13.3%

[N

vegetations were found at operation. Patient No.
Cardiopulmonary bypass was used during 89.110 developed massive thrombosis of a mitral
+ 31.7 min. (range 36 to 149) whereas aortic Bjork-Shiley prosthesis during the*l@estational
cross-clamping lasted 624831.2 min. (range 15 week. She was operated on 5 hours after the onset
to 125 min). Non-pulsatile pump flow rates used of a rapidly progressing pulmonary edema. These
resulted in a cardiac index of 2t3.4 Lmin/M two women could not be weaned from CPB. The
(range 1.7 to 3.1 L/min/R). A mean arterial remaining 13 patients survived the operation,
pressure of 67.8& 10.8 mmHg (range 50 to 90 were discharged from the Institute 7 to 19 days
mmHg) was achieved. In patient No. 10, a cardiac postoperatively and were in NYHA functional
index of only 1.7 L/min/Mwas obtained which  class | one year later.
was associated with a mean arterial pressure ofOutcome of pregnancy(Table 1V) Two fetuses
63 mmHg. This patient died during surgery. Mild were lost when the patients died during operation.
hypothermia was used in all cases. The meanFetal deaths occurred in 5 of the 13 pregnancies
temperature was 31.# 2.1°C. The lowest in patients who survived the surgical procedure
temperatures were 25 to 28.5°C in the first seven(38.5%). Pregnancy ended in spontaneous
patients and above 30°C in the more recent ca-abortion few hours post-operatively in two
ses. Finally, the pQpCQ, and pH remained in  patients who were operated upon for massive
adequate levels during all procedures. thrombosis of a mitral Bjork-Shiley prostheses.
Maternal results. As indicated previously, the Stillbirths occurred in the immediate post-
13 women in this series who had valvular diseaseoperativeperiod in three women who were

Table IlIl. Open heart surgery in pregnant women. Summary of intraoperative measurements in 14 pregnant patients*.

Case CPB Aortic Clamp Blood Flow Arterial Temp m pO, m pCO, m pH M
Time Time M Pressure m (lowest)
(min) (min) (L/min/m?) (mmHg) (°C) (mmHg) (mmHg) (mmHg)
2 136 97 2.3 68 28 (25) 155 27 7.41
3 89 51 2.2 50 30.9 27) 221 27.1 7.43
4 55 25 2.1 62 30 27) 160 30 7.37
5 149 125 2.3 61 30 (26) 225 235 7.49
6 78 51 3.1 67 31.6 (27.5) 178 21.8 7.38
7 103 81 2.3 90 31 (28.5) 178 25 7.43
8 70 49 2.7 74 31.1 (30) 141 27 7.40
9 80 61 2.6 64 33.8 (32) 140 22.9 7.42
10 65 38 1.7 63 30.2 (26.5) 190 24 7.31
11 105 69 2.0 76 32.3 (30) 142 28.3 7.41
12 125 109 2.2 81 33 (31.5) 172 334 7.36
13 70 46 2.7 73 345 (34) - - -
14 86 62 2.2 51 33.3 (25.0) - - -
15 36 15 19 69 35.4 (33.7) 203 235 7.43
Mean + SD 89.1 + 31.7 62.8 +31.2 23+04 67.8 +10.8 31.8+2.0 175.4 + 30.0 26.2+34 7.4+0.03

* Information for case 1 was not available.
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Table IV. Open heart surgery in 15 pregnant women. Outcome of pregnancy. nancy ended in spontaneous abortion in one of
these women (case No. 12) and in stillbirth in
N % : -
another patient (case 14). The remaining four

Operative maternal and fetal death 2 13.3% pregnancies resulted in liveborn babies.

Normal term 5 33.3% Statistical analysis.In this small number of ca-
Vaginal delivery s ses, the available data did not allow a meaningful
Cesarean section 2 Ivsis of th iabl died

Prematurity 3 20.0% analysis of the variables studied.

Spontaneous abortion 2 13.3%

Stillbirth 3 20.0% Discussion

Open heart surgery under CPB is seldom neces-
sary during pregnancy. Data regarding the results
subjected to emergency surgery for a rupturedof this surgery in the gravid are scarce. Early re-
mitral cusp during closed mitral commisurotomy, ports were usually of anecdotal cases and presu-
for acute dysfunction of a bioprosthesis and for mably inspired by success. A significant portion
acute thrombosis of a mitral Sorin valve in the of the available information was collected by re-
27", 329 and 24 gestational weeks, respectively. views of the literature or by means of surveys ob-
In summary, fetal deaths occurred in 6 of the 8 tained through questionnaires sent to selected car-
cases of acute prosthetic dysfunction. diovascular surgeons in which they were asked
Eight mothers continued their pregnancy abouttheir experience as well as for details of their
postoperatively. Two of them received a mitral cases!!4In 1986, Bernal and Mirall&eviewed
Bjork-Shiley valve and were treated with long- the literature and collected 45 cases. Maternal
term anticoagulation with acenocoumarol. Five mortality in these early collective reviews was 1.5
patients had a bovine pericardial bioprosthesisto 5.0% but the risk to the fetus was substantial
implanted, were in sinus rhythm and required no with a fetal mortality of 16.2% to 33%.
anticoagulant therapy. Closure of an atrial septalln 1991, Strickland et &t.presented the cases of
defect had been performed in the remaining eight women with severe cardiac or aortic disease
patient. Six women had vaginal deliveries who were operated on under CPB during the first
whereas the other two underwent cesareanor second trimester of gestation. There was one
sections for obstetric indications. Prematurity fetal death (12.5%) and all the mothers survived.
occurred in three cases: pregnancy ended in thdRossouw and co-workéfgeported seven cases
339 week of gestation in a patient who had been of gravid women with severe valvular disease who
subjected to surgery for a critical mitral restenosis underwent open heart surgery. One baby was
8 weeks previously. The child is alive and well. stillborn, but the others were normally delivered
Two additional patients, who had been operatedat full term and all the mothers survived. More
on in the first trimester, for severe mitral and aortic recently, Pomini et &t collected 69 reports of
regurgitation and for acute thrombosis of a mitral cardiac surgery with CPB during pregnancy.
Bjork-Shiley prosthesis, delivered premature Maternal mortality was 2.9% and fetal mortality
babies in the 36and 3% weeks of pregnancy, was 20.2%. A search of the literature by Parry
respectively. Both these infants developed aand Westaby showed 133 cases informed up to
respiratory distress syndrome. Five patients 1996. Maternal mortality was 4.3% and fetal
carried their pregnancy to full term and delivered mortality was 19%.

normal babies. Three of them had surgery duringPublished collective reviews suggest that
the second trimester for severe mitral disease orimproved medical management and surgical
for acute dysfunction of a mitral bioprosthesis. techniques have reduced maternal and fetal
The remaining two patients had congenital mortality in gestant women with heart disease
malformations, were in NYHA functional class | who require open heart surgery. Thus, when
and Il, and they were not known to be pregnant Pomini et al® examined the last 40 cases of their
at the time of operation during the first trimester. collected series, maternal and fetal mortality
Vasopressors were needed pre and intraoperatiwere 0% and 12.5%, respectively. Maternal
vely in seven cases. Three patients received domortality would not differ from that expected in
pamine and norepinephrine whereas the remai-the overall population according to the type of
ning four women received only dopamine. One surgical procedure performed. It should be
of the latter died at surgery (case No. 10). Preg-appreciated, however, that the functional status
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of the patients is a prime determinant of employed to treat these catastrophic cardiac
mortality and that the surgical results are likely pathologies during pregnancy would be expected
to be less favorable in patients who are in critical to be high. Our results are similar to those
condition. Nevertheless, in their review of the informed by Born and his grodpThey recently
literature, Bernal and Mirallésfound that 37  reported a maternal mortality of 13.3% in 30 ca-
(80.4%) of the 46 surgical procedures in the ses of pregnant women operated upon for
cases they collected were carried out as relativerheumatic valvular disease under CPB. Their
elective surgery and only nine (19.6%) were patients were in NYHA classes Ill and IV.
performed in emergency situations. Because of The risk to the fetus has been related to the
the fetal risks involved, there should be no unphysiologic and potentially harmful effects of
indication for elective open cardiac surgery CPB?!® Fetal mortality, which was 38.5% in our
during pregnancy. The exception would be an study, may also have been adversely affected by
asymptomatic gravid patient with critical aortic the emergency nature of the surgical intervention
stenosis. In young women with cardiac lesions and the critical and unstable maternal status. Thus,
amenable to surgery, the optimum time for six of the eight pregnancies complicated by mitral
elective procedures is outside of pregnancy. prosthetic dysfunction resulted in fetal loss. Born
Open cardiac surgery in the gravida should beet al?® also reported a fetal mortality of 33.3%
indicated only in patients refractory to medical which was related to prolonged surgical time and
therapy in whom further delay could seriously to maternal complications such as peri-operative
compromise their health. hemorrhage.

In our series, maternal mortality was 13.3% and The technical aspects of CPB in the pregnant
fetal wastage was 38.5%. In these cases thepatient have been detailed in several recent
specific cardiac lesion and the priority of surgery reviews!®1%2” Cardiac surgery under CPB in
obviously influenced the surgical result. Thirteen pregnant patients can be made safer for the fetus
of the patients in this series were in extremely by avoiding perfusion hypothermia, by the use
critical condition when taken to surgery. Eight of of short perfusion times, high flow rates and
these cases corresponded to acute dysfunction gbressure and by avoiding vasopressors. As noted
either a mechanical or a biological prosthesis. before, the small number of cases in this series
Although the clinical presentation of prosthetic precluded an analysis of these variables in relation
dysfunction may be subacute, in many casesto either fetal or maternal mortality. Un-
symptoms develop over few hours and the patientsfortunately, complicated valve operations fre-
present with acute pulmonary edema and quently require a prolonged period of perfusion.
cardiogenic shock2When a mechanical valve Mildly hypothermic conditions were maintained
thrombosis presents as an emergency then the patients of this series. A mean cardiac index
mortality may approach 50%.Immediate  of 2.3 L/min/n? and a mean arterial pressure of
recognition of the problem is essential to improve 67.8 mmHg were achieved. It has been indicated
the outcome. Although thrombolysis has been that, during surgery, the cardiac index should be
occasionally successful in cases of thrombosis ofmaintained in at least 2.5 L/minfrand that a

a mechanical cardiac valve prosthesis in gravid mean arterial pressure of 70 mmHg or greater may
women?*% this therapy has been considered a be necessary.?’ Finally, despite their effects on
relative contraindication during pregnancy due to placental perfusion, inotropic drugs are often
the maternal and fetal risk of hemorrhagic required in these critically ill patients. Fetal
complications. In patients with acute valve Doppler ultrasonography and uterine activity
thrombosis associated with cardiogenic shock andmonitoring®1%2” should be used during surgery
pulmonary edema, immediate surgery would to allow the necessary adjustments of flow to
seem preferable. It is generally recognized thatensure adequate perfusion of the fetoplacental
when a prosthesis fails, reoperation is technically unit. Our institution is a tertiary care hospital
more difficult and carries an increased AsE. devoted to cardiology where these monitoring
In patients with prosthetic valve thrombosis, facilities are not readily available.

Devries et af? reported a total perioperative Open heart surgery in the third trimester of preg-
mortality rate of 12.3%,which increased to 17.5% nancy may be managed by cesarean section fo-
in patients in functional class IV. The overall llowed by the cardiac procedure under CPB.
maternal mortality for the emergency procedures Strickland et at® reported the cases of two wo-
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men who had cesarean sections performed im-Conclusion

mediately before surgery in the '8@nd 3% Because of the risks of CPB to the fetus, open
weeks of gestation, respectivdbpth infants were  heart surgery during pregnancy should not be
live born but one of the mothers died intraoperati- advised except in emergency cases. Maternal
vely. In the case reported by Westaby ét alce- mortality does not appear to be affected by
sarean section was performed with the chest operpregnancy. It is rather related to the basic car-
ready for cannulation in a women who underwent diac lesion, to the functional status of the heart
emergency aortic valve replacement for prosthe-at the time of surgery, and to the specific sur-
tic valve endocarditis. A 19 year old woman, not gical procedure performed. The overall mater-
included in our series, was admitted to the Institu- nal mortality for emergency surgery in these
te in severe heart failure due to mitral stenosis andcritically ill patients would be expected to be
regurgitation, during the 34veek of pregnancy. high. Fetal mortality remains high and is in-
A live born infant was delivered by cesarean sec-creased by the unstable hemodynamic status
tion. The clinical status improved on medical ma- of the mother. Whenever possible, delivery of
nagement and a mitral bovine pericardial prosthe-the child before commencing CPB is a prefe-
sis was successfully implanted one week later. Itrable option. The principles of CPB to be used
would appear safer to deliver an infant at 28 wee-during pregnancy are high pressure-high flow,
ks or more in preference to exposing the fetus tonormothermia and fetal heart and uterine con-

the risks of CPB? tractions monitoring?*8.19-27
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