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KEYWORDS Abstract  Study objective: This study evaluated the haemodynamic effects of general anaesthesia
General: versus combined spinal epidural anaesthesia in patients undergoing caesarean section in the pres-
Combined spinal epidural; ence of mild to moderate pericardial effusion.

Pericardial effusion; Design: A prospective randomized study.

Caesarean section Setting: The study setting included a hospital where a surgical team performed elective caesarean

section in the presence of mild to moderate pericardial effusion.

Patients and interventions: Thirty healthy patients were randomly divided into two groups, general
anaesthesia (GA) (group I) and combined spinal epidural (CSE) anaesthesia (group II).
Measurements and main results: Heart rate, central venous pressure, mean arterial blood pressure,
and pulmonary capillary wedge pressure were measured 10 min before anaesthesia, after 20 and
30 min of anaesthesia, and 30 min after recovery. Blood loss was significantly lower in group 11
[465.33 (72.78) ml] as compared to group I [548.20 (22.73) ml]. The pain score in group I was sig-
nificantly lesser [1.66 (0.72)], than in group I [2.60 (0.73)]. The HR was significantly higher in group
I as compared to that in group II at 20 and 30 min after anaesthesia, and 30 min after surgery, being
81.53 (2.72), 94.80 (3.12) and 82.8 (2.85) (beats/min), respectively. However, the CVP was signifi-
cantly higher in the group I at 20 and 30 min after induction, being 8.40 (0.63) and 7.80 (0.67)
(cmH20) respectively. The MAP was significantly higher in group II than in group I at 20 and
30 min after induction, being 80.86 (1.30) and 81.00 (1.00) (mmHg) respectively. The PCWA was
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significantly higher in group I compared to group II at 20 and 30 min after induction, being 10.13
(1.35) and 11.80 (0.94) (mmHg), respectively.
Conclusion: CSE anaesthesia appeared to be more advantageous, in patients undergoing caesarean
section with mild to moderate pericardial effusion, with less haemodynamic changes, decreased
blood loss, and better postoperative analgesia than general anaesthesia patients.

© 2012 Egyptian Society of Anesthesiologists. Production and hosting by Elsevier B.V.

Open access under CC BY-NC-ND license.

1. Introduction

Pericardial effusion in pregnancy is a clinically silent entity as
neither pericardial pain nor pericardial friction rub can be ob-
served and it appears typically transiently late in pregnancy
after the 32nd week, and cannot be detected at 2 months after
delivery [1]. The etiology of pericardial disease causing pericar-
dial effusion in pregnant women is the same as in non-preg-
nant women [2]. There is an excessive water and salt
retention in women, hence a significantly higher mean weight
gain in late gestation. Patients who gain more than 12 kg dur-
ing pregnancy are reported to have pericardial effusion than
those who gain less than 12 kg. In a cohort study, primigravi-
das appeared to be more likely to have effusions than multi-
gravidas, with an incidence of 9/13 (69.2%) versus 14/39
(35.9%) [3]. Pericardial effusions are classified as large, moder-
ate, and small based on Horowitz’s criteria [4].

Since pericardial effusion cannot be detected by clinical
examination or ECG, echocardiography affords a recent non-
invasive diagnostic approach [5-7]. The use of echocardiogra-
phy permits one to estimate as well as to evaluate myocardial
performance, chamber size in the basal state and different stages
of pregnancy and in the perperium. Rubier et al. [7] has stated
that echo-Doppler study is the only technique that can be em-
ployed with complete safety, reliable, repeated frequently and
entirely without patient discomfort so, the reluctance to utilise
X-rays and other invasive diagnostic tools during pregnancy
which has been a limiting factor in the ability to differentiate be-
tween normal physiologic changes and organic heart disease [5,6].

Prevention of hemodynamic instability during caesarean
delivery during anaesthesia has been the aim of several studies
[8—10]. Non-invasive monitoring has been used in all previous
studies. But we used continuous invasive monitoring in preg-
nant women undergoing caesarean section with mild to moder-
ate pericardial effusion. Hemodynamic monitoring with a
balloon flotation pulmonary artery catheter is useful in mild
to moderate effusion as it helps to avoid hemodynamic compli-
cations and aids in fluid and inotropic resuscitation [10]. The
aim of this randomized trial was to investigate the effects of
mild to moderate pericardial effusion on the suitability of
Combined Spinal Epidural (CSE) using a double interspace
technique in patients undergoing caesarean. CSE is associated
with the advantages of decreased liability for cardiac decom-
pensation, decreased blood loss, lower failure rate, better post-
operative pain scores, lower incidence of hypotensive episodes,
and lower maternal and umbilical cord blood concentrations
of local anaesthetics [10].

2. Patients and methods

Study approval was obtained from the Institutional Ethics and
Research Committee and informed written consent was

obtained from all patients included in this study, which was
performed in the Obstetric and Gynaecology Department.
117 pregnant women of ASA grade I/II, with a mean age of
35 (25-40) years were selected during a 2 year period. They
were examined systematically and clinically and were investi-
gated by echocardiography on the 12th, 24th, and 34th weeks
of gestation, and on the 8th week after delivery.

Echocardiography was performed on the left lateral posi-
tion using the M-mode and two dimensional modalities in
the parasternal long axis, short axis and apical four-chamber
views utilising SONO S1000 (Hewlett Packard Ultrasound
Imaging System) as well as ATL MK700 System with
2.5 MHz transducer.

Echocardiographically, pericardial effusion was defined by
the presence of persistent posterior echo-free space throughout
the cardiac cycle, and separating the epicardium from the peri-
cardium associated with flattening of the pericardial echo rel-
ative to the epicardial echo. This was obvious and clear in
the short axis plane of the left ventricle. Specific attention
was focused on the echocardiographic anatomy of the pericar-
dial space and the distribution of different sized effusions. The
ellipsoid formula was used to measure the pericardial volume
which is the difference between the two volumes (the pericar-
dial sac volume and the cardiac volume [6]).

Pericardial effusion was classified as a mild (pattern C with
<10 mm), moderate (pattern D with 10-20 mm), and large
effusion (pattern D with >20 mm) based on Horowitz’s crite-
ria described by Weitzman et al. [9] and Horowitz et al. [11].
All participants included in the study were free of any cardiac
problems; pregnancy was within normal limits according to
obstetric criteria in all instances at 37th weeks of gestation to
avoid the stress of labour and vaginal delivery and with mild
to moderate pericardial effusion. Pregnant women undergoing
emergency surgery, pericardial rub or any sign of pericardial
involvement, sinus tachycardia (> 100 beats/min), with aller-
gies to any of the drugs used during anaesthesia or with large
effusion were excluded from the study.

Peripheral wide bored venous canulae were placed in all pa-
tients before anaesthesia induction; the heart rate and non
invasive mean arterial blood pressure recorded served as base-
line observations for subsequent comparison. A Swan-Ganz
catheter was inserted in patients of the (GA) group immedi-
ately after endotracheal intubation or after local anaesthesia
and 1 pm/kg fenatyl for (CSE) group. In addition, we per-
formed electrocardiography and pulse oximetry, and continu-
ously monitored pulmonary artery pressure, end tidal carbon
dioxide, anaesthetic agent concentrations, and hourly urine
output in all patients. The patients were randomly divided into
general anaesthesia (GA) group combined spinal epidural
(CSE) group by the sealed envelopes method [12]. The anesthe-
siologist responsible for the further evaluation of the patient of
both groups was unaware of the group allocated and replaced
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the colleague who had performed the anaesthesia. Heart rate,
central venous pressure, mean arterial blood pressure, and pul-
monary capillary wedge pressure were measured10 min before
anaesthesia, after 20 and 30 min of anaesthesia, and 30 min
after recovery.

In the general anaesthesia (GA) group, preoxygenation was
administered with 10 L/min for at least 3 min, followed by
intravenous induction of anaesthesia using ketamine at a dose
of 2mg/kg, followed by 2 mg/kg suxamethonium. Cricoid
pressure was applied as consciousness was lost and maintained
until tracheal intubation and cuff inflation was performed and
confirmed to be leak free. Further, 50% nitrous oxide: 50%
oxygen was administered with 0.75% isoflurane which was
continued until the end of the procedure.

Muscle relaxation was achieved with 0.15 mg/kg of pancu-
ronium after the suxamethonium was weaned off, and a
peripheral nerve stimulator was used to assess the neuromus-
cular blockade. Following delivery of the baby, the anaesthesia
was deepened with 0.1 mg/kg morphine i.v., reducing the in-
spired oxygen concentration to 33%, and removing the wedge.
Finally, any residual neuromuscular block was reversed by
neostigmine 0.08 mg/kg and atropine 0.02 mg/kg, and the pa-
tient was given 100% oxygen, extubated lying sideways, and
kept awake after thorough suction of the pharynx. The risks
of aspiration were reduced by emptying the stomach before
extubation. Patients were moved to the recovery area where
the pain score was assessed at 30 min after surgery using a vi-
sual analogue scale (VAS) (0 = no pain; 10 = most severe
pain), and analgesia was simultaneously administered with pa-
tient control analgesia(PCA) in a dose of 2 mg with a lockout
of 6 min for 30 min postoperative.

The CSE group was given anaesthesia via a combined
spinal epidural (CSE) using the double interspace technique.
Under aseptic precautions, with the patient in the sitting posi-
tion, an epidural catheter was inserted in the L2-L3 interspace.
Subsequently, a subarachnoid block with 7 mg of 0.5% hyper-
baric bupivacaine with 20 mcg of fentanyl [8,13] (total volume,
1.8 mL) was administered in the lower interspace. The sensory
level was achieved at T8. Further, 3 mL of 2% lignocaine with
15 pg adrenaline was administered through the epidural cathe-
ter to achieve a T6 level. Oxygen at 4 L/min was administered,
and left uterine displacement of 15° was maintained through-
out the procedure. Postoperatively, patients were shifted to
the PACU with the epidural catheter in situ. For postoperative
pain relief analgesia was simultaneously administered using
PCA under intensive monitoring and VAS scores were as-
sessed, and. Subsequently, the catheter was removed.

For both groups, following the delivery of the baby, a slow
oxytocin drip (20 units in 500 mL normal saline at 100 mL/h)
was started. The average volume of total fluids received was
500 mL crystalloid, and the mean urine output was 400 mL.

3. Statistical analysis

Sample size was calculated from a power analysis with a two-
sided #-test based on data from previous studies [1,3—6] which
showed significantly, pericardial effusion of variable volume
but always asymptomatic and latent was observed in 40.1
per 100 of patients at the end of pregnancy on echocardio-
graphic examination. Considering potential loss of data, we
decided to recruit 117 parturients. A minimum of 15 subjects

in each group was calculated as being necessary to demon-
strate a difference, with a power greater than 80% and at a sig-
nificance level of 0.05 Statistical analysis was performed using
the unpaired Student’s f-test or rank-sum test, and the chi-
square or Fisher’s exact test, as appropriate. Significance was
indicated by P < 0.05.

4. Results

Using the Horowitz criteria, pericardial effusion was detected
by M-mode and cross-sectional echocardiography in 37 cases.
The effusion was found to be large in seven cases using the
ellipsoid formula and these cases were excluded from the
study. Statistical analysis was performed in the remaining 30
(10 moderate and 20 mild cases), which were further divided
into 15 cases in each group. Eight weeks after delivery, echo-
cardiographic studies did not show any evidence of pericardial
effusion in 17 participants, but there was major reduction in
the posterior echo-free space in 20 participants.

No significant differences were observed between the two
groups with respect to age, height, weight, or duration of study
and monitoring. Intraoperative blood loss was significantly
lower in group II (CSE group) than in group I (GA group)
(Table 1).

The immediate (30 min) postoperative pain score and mor-
phine consumption (mg) in group II was 1.66 (0.72) and 4.2
(1.3), which was significantly lower than that in group I [2.60
(0.73)] and [7.4 (2.2)] (Table 2).

Table 3 shows the haemodynamic values before, during,
and after induction of anaesthesia and surgery. No significant
differences were noted between the two groups for the heart
rate, MAP, CVP or PCWP 10 min before the induction of
anaesthesia.

The HR was significantly higher in group I as compared to
that in group II at 20 and 30 min after anaesthesia, and 30 min

Table 1 Demographic data and intraoperative blood loss of
the study patients in both groups. Values are means (SD).

Group I (GA) Group II (CSE)

(n = 15) (n = 15)
Age (years) 42.66 (3.97) 41.13 (4.48)
Height (cm) 171.53 (2.29) 170.33 (2.05)
Weight (kg) 83.73 (2.84) 88.33 (6.34)

Duration of study and 115.27 (5.45) 112.87 (4.58)
monitoring (min)

Total blood loss (ml) 548.20 (22.73) 465.33 (72.78)"

* Indicates p < 0.05 (statistically significant) when compared with
the other group.

Table 2 Pain scores and Morphine consumption of the study
groups. Values are means (SD).

Group I Group II

(GA) (n = 15) (CSE) (n = 15)
30 min postoperative pain score 2.60 (0.73) 1.66 (0.72)"
30 min post operative Morphine 7.4 (2.2) 42 (1.3)"

consumption (mg)

* Indicates p < 0.05 (statistically significant) compared to other
group.
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Table 3 Haemodynamics data for patients in the two groups of the study. Values are presented as mean (SD).

Parameter 10 min before induction 20 min after induction 30 min after induction End of

30 min after

of anesthesia of anesthesia of anesthesia surgery end of surgery
Group 1 (GA) (n = 15) Heart rate  79.20 (3.00) 97.13 (4.08)" 98.20 (3.87)" 89.73 (3.61) 86.00 (2.75)"
CVP 9.80 (1.08) 8.40 (0.63)" 7.80 (0.67)" 7.80 (0.67)  7.33 (0.72)"
MAP 80.66 (1.11) 74.86 (2.13) 74.3 (2.38) 71.93 (1.03) 71.93 (1.03)
PCWP 11.46 (0.83) 10.13 (1.35)° 11.80 (0.94)° 8.66 (0.61) 9.66 (1.17)
Group 2 (CSE) (n = 15) Heart rate 79.20 (3.16) 81.53 (2.72) 94.80 (3.12) 90.40 (3.45) 82.8 (2.85)
CVP 9.53 (0.91) 7.20 (0.56) 6.26 (0.59) 7.53 (0.83)  6.06 (0.59)
MAP 80.53 (0.83) 80.86 (1.30)" 81.00 (1.00)" 71.20 (1.14) 72.13 (1.18)
PCWP 11.40 (0.50) 5.86 (0.63) 6.93 (0.59) 8.40 (0.98) 9.20 (0.67)

HR = heart rate (beats/min); CVP = central venous pressure (cmH20); MAP = mean arterial blood pressure (mmHg); PCWP = pulmonary

capillary wedge pressure (mmHg).
* Denotes p < 0.05 compared with the other group.

after surgery, being 81.53 (2.72), 94.80 (3.12) and 82.8 (2.85)
(beats/min), respectively. However, the CVP was significantly
higher in the group I at 20 and 30 min after induction, being
8.40 (0.63) and 7.80 (0.67) (cmH2O) respectively. The MAP
was significantly higher in group II than in group I at 20 and
30 min after induction, being 80.86 (1.30) and 81.00 (1.00)
(mmHg) respectively. The PCWA was significantly higher in
group I compared to group IT at 20 and 30 min after induction,
being 10.13 (1.35) and 11.80 (0.94) (mmHg), respectively.

5. Discussion

Although the true incidence of pericardial disease in pregnancy
remains unknown, many pregnant women are known to devel-
op minimal to moderate pericardial effusion by the third
trimester of pregnancy; this process tends to be transient and
clinically silent [1]. Low voltage is one of the ECG manifesta-
tions of pericardial effusion, but it is not specific or sensitive
enough to diagnose the presence of pericardial effusion and
most of these effusions disappear within a month postpartum
and are simply reflected as an incidental findings in echocardi-
ography [3].

Abduljabbar et al. [3] evaluated 52 normal pregnant women
by serial echocardiography during their first, second, and third
trimesters; asymptomatic effusions were found to be relatively
common as follows. Eight women (15.4%) showed effusion on
echocardiography in the first trimester, while in 10 (19.2%)
and 23 (44.2%) women, effusions were noted in the second
and third trimesters, respectively. Haiat et al. [1,4] performed
serial M-mode and 2-dimensional echocardiography at various
stages of gestation in 123 asymptomatic gravida women. Of
these, 19 (15.4%) showed unexpected signs of pericardial effu-
sion on the echocardiogram. The effusions were categorised as
large in 2, moderate in 4, and small in 13. Apart from the signs
of pericardial effusion, the echocardiograms in 16 of the 19
women appeared normal Haemodynamic abnormalities,
caused by pericardial effusion, range from undetectable or
mild, to life threatening. The pericardium is scarred and thus
adds an element of constrictive pericarditis. Pericardial adhe-
sions or organisation of the fluid can result in localised, and
thus atypical and tamponade, which are the causes of a num-
ber of distinct clinical and haemodynamic syndromes [14-16].

Pericardial effusions and tamponade are often obscured by
the haemodynamic changes that occur in normal pregnancy.

Sinus tachycardia, ventricular premature beats, and ECG
changes of pericarditis are sometimes difficult to discern from
slight ST-segment depressions and T-wave changes that are
typically observed in normal pregnancy. Pulsus paradoxus,
which is helpful in diagnosing cardiac tamponade, can also
be noted in normal late pregnancy even in the absence of peri-
cardial effusion, as well as in approximately 50% of patients
with chronic constrictive pericarditis, chronic obstructive lung
disease, pulmonary embolus, obesity, and hypovolemic shock
[4].

The infrequency of effusive and compressive pericardial dis-
ease limits the feasibility of large, randomized studies to com-
pare the effectiveness of different anaesthetic strategies in
patients undergoing caesarean sections. The present study
was designed to compare the haemodynamic effects of GA
and CSE anaesthesia in patients undergoing caesarean section
diagnosed with pericardial effusion. We accordingly evaluated
the incidence of tachycardia, hypotension, and increased cen-
tral venous pressure and pulmonary capillary wedge pressure
with increased liability for cardiac decompensation. The pres-
ent study evaluated the efficacy of a combined spinal epidural
anaesthesia, which was assumed to be identical to those of epi-
dural anaesthesia with the added benefit of rapid onset due to
the spinal component. A low dose of local anaesthetic in the
spinal component can be used, with later extension with the
epidural if necessary. Further, the advantages of CSE over epi-
dural anaesthesia alone include a lower failure rate, better
postoperative pain scores, lower incidence of hypotensive epi-
sodes, and lower maternal and umbilical cord blood concen-
trations of local anaesthetics [13].

Our findings revealed that CSE anaesthesia is a safe alterna-
tive anaesthetic technique in patients undergoing caesarean
sections with mild to moderate pericardial effusion for the
advantageous in of lower intraoperative blood loss, lesser
immediate postoperative VAS pain score and more haemody-
namic stability compared to GA.

Disadvantages of GA technique that agree with the present
study results have been reported previously, suggesting that
while GA may be used for emergent caesarean sections, its
use is associated with severe tachycardia and hypotension in
patients with pericardial effusion [14,15]. This was well docu-
mented by Murray and Robertson [14] in two patients with
unsuspected tamponade who were anaesthetised with low con-
centrations of nitrous oxide and halothane. The resulting
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hypotension in both these patients was unresponsive to rapid
intravenous administration of fluids, termination of anaesthe-
sia, and the administration of typical vasopressors. It was only
corrected when the pericardial effusions were relieved. Simi-
larly, hypotension and cardiac arrest have been reported in pa-
tients with tamponade after the administration of thiopental,
d-tubocurarine, atropine, most general anaesthetics, and even
preoperative sedations [16]. All inhalation and most intrave-
nous anaesthetics are known to decrease myocardial contrac-
tility [15].

Moreover, cyclopropane, ether, and possibly ketamine are
peripheral vasodilators, except when used at low concentra-
tions [17,18]. Although agents that maintain vascular tone
and venous return by stimulating the release or preventing
the uptake of norepinephrine would not cause these effects
[7,8], since a patient with cardiac tamponade may be under
the effects of maximum endogenous catecholamine stimulation
before the induction of anaesthesia, even such agents may re-
sult in vasodilatation and a reduced venous return.

Arrhythmias are common in patients with tamponade [7,8].
In these patients, even minimal hypoxia and hypercarbia can
trigger arrhythmias [15]. Intermittent positive-pressure breath-
ing may cause further tamponade of the heart, lungs, and
intrathoracic great veins. Similar to the findings of present
study, Ammar et al. [19] previously suggested that controlled
ventilation may be a major cause of hypotension in an anaes-
thetised patient with tamponade. However, such ventilation is
an essential component of the general anaesthesia technique in
these patients in order to prevent hypoxia and hypercarbia.

As indicated in the present study, several authors have pre-
viously suggested the use of ketamine for analgesia or anaes-
thesia because ketamine causes less respiratory depression
and tends to support heart rate, contractility, and systemic vas-
cular tone better as compared to other drugs [25,20,21]. Spon-
taneous ventilation and intravascular volume expansion may
help in maintaining and enhancing venous return and subse-
quently improve ventricular filling pressures [25,22].

Our findings revealed that HR, CVP and PCWP seems to be
significantly higher in group I (GA group) than group II (CSE
group) which agreed with the results of Teoh and Sia [13] and
explained as the stress of laryngoscopy and intubation coupled
with the cardiodepressant effects of general anaesthetics which
explain significantly higher MAP in group II than in group I at
20 and 30 min after induction thus points towards the need for
an alternative, i.e. a regional anaesthetic technique.

While vasodilatation produced by regional anaesthesia is
beneficial in reducing the after-load and improving the forward
flow, spinal anaesthesia can result in a precipitous fall in blood
pressure that can be detrimental in a patient with already com-
promised cardiac function and this explain the underlying fact
at our study that the CVP and PCWP were lower in the CSE
group may be simply interpreted as a physiological haemody-
namic consequence of the sympatholysis and vasodilatation
associated with epidural anaesthesia. On the contrary our find-
ings revealed that The MAP was significantly higher in group
II than in group I at 20 and 30 min after induction which re-
flected from decreasing MAP in group I and stability of
MAP in group II.

In our study the use of invasive monitoring made it possible
to detect the immediate hemodynamic changes after CSE
anaesthesia. The vasodilatory effect of spinal anesthesia is ex-
pected, but the immediate effect on SVR and CO has been

invasively continuously monitored. These changes are of clin-
ical relevance regarding regional anaesthesia to pregnant wo-
men at risk (i.e., cardiac disease) where prominent
hemodynamic changes could be harmful and should be pre-
vented. Similar to our procedure Langesaeter et al. [23]. Gam-
bling et al. [24] described that the haemodynamic state should
be optimised by careful fluid replacement under the control of
invasive monitoring prior to the institution of a regional block.
Since our subjects were relatively asymptomatic and remained
haemodynamically stable throughout pregnancy, we chose to
monitor central venous pressure and pulmonary capillary
wedge pressure. However, similar cases have been previously
managed successfully with non-invasive monitoring alone [25].

In cases of symptomatic pericardial effusion, Breen and his
colleague Janzen [25] preferred catheterisation of the right
heart using a Swan-Ganz catheter, which may be necessary
to document cardiac tamponade and/or to exclude constric-
tion. However, Shibli et al. [26] used left heart catheterisation
with appropriate shielding, indicating that this may be neces-
sary for confirming the diagnosis of constriction or aortic dis-
section, particularly if surgery is planned. For such
symptomatic patients, the brachial approach may be prefera-
ble to avoid foetal exposure to radiation.

Our study has an important limitation of small sample size.
The study included only 30 participants who fulfilled all the
inclusion criteria and had undergone caesarean section in the
presence of mild to moderate pericardial effusion. The sample
size was restricted to 30cases because of logistical reasons;
Swan-Ganze was provided free of cost to the study partici-
pants, limiting the inclusion of more cases. Another limitation
was the absence of images in this study, we thought that it will
not add relevant information for the reader, as the article con-
tains many Refs. [5-7,17] which include a good (photo) images
and detailed description for the types effusion.

6. Conclusion

This prospective, randomised study was designed to evaluate
and assess the haemodynamic effects of GA versus CSE anaes-
thesia in patients undergoing caesarean section diagnosed with
pericardial effusion and to clarify the advantages of CSE over
GA in such patients. Based on our findings of significant low
HR, CVP and PCWP and significant high MAP, further ran-
domised controlled trials are needed, to consider CSE to be
a safe and acceptable option for patients with pericardial effu-
sion undergoing caesarean section, with preoperative evalua-
tion and invasive haemodynamic monitoring are the key
determinants of successful outcome.
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