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Aims Operative hysteroscopy is associated with complications including the development of gas embolism. The aim of this
study was to utilize continuous echocardiographic imaging during operative hysteroscopy to assess the extent and the
haemodynamic effects of gas embolism in these patients.

Methods
and results

Women undergoing operative hysteroscopy under general anaesthesia without a history of cardiac disease were eli-
gible. Transthoracic echocardiography (TTE) was performed continuously in all study participants with assessment of
the extent and frequency of gas embolism, right ventricular function and pulmonary hypertension. Twenty-three
women (mean age: 48.0+9.4 years) participated in the study. All subjects had evidence of bubble embolism in
the right atrium (RA) and 20 of 23 (85%) had evidence of continuous flow of bubbles. In the 17 patients with ade-
quate assessment, estimated pulmonary artery systolic pressure was 19.1+ 3.7 mmHg prior to the procedure and
23.3+ 3.4 following the procedure, a statistically significant difference (P , 0.05). There were no significant
changes between the two groups in right ventricular end-diastolic area, end-systolic area, or fractional area change.

Conclusion Our study demonstrates a high frequency of continuous gas embolism during hysteroscopy, which is associated with a
small but statistically significant increase in pulmonary artery systolic pressure without affecting right ventricular
function.
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Background
Operative hysteroscopy is a minimally invasive surgical technique
commonly used in treating intrauterine pathology. While generally
considered safe, hysteroscopy is associated with complications
including the development of gas embolism reported to be up to
0.8%.1– 2 Large uterine venous sinuses communicate with the
general venous circulation and if opened during the procedure,
gases may be aspirated into the venous circulation, the right
heart, and the pulmonary circulation.3 Although clinically evident
gas embolism is considered unusual it is a life-threatening compli-
cation, particularly in patients with intravascular right to left shunts
such as patent foramen ovale.4 –5 The clinical diagnosis of gas

embolism may be difficult, particularly in the anesthetized patient
as the wide range of signs and symptoms may mimic other,
more recognized cardiovascular conditions.6

A recent study using transthoracic echocardiography demon-
strated a high incidence of gas embolization during hysteroscopy7

and the incidence of subclinical gas embolization may be more
common than previously suspected.8 No report has systematically
examined the extent of gas embolism during operative hystero-
scopy or its haemodynamic effects on the pulmonary vasculature
or the right ventricle. The objective of this study was to utilize con-
tinuous echocardiographic imaging during operative hysteroscopy
to assess the extent and the haemodynamic effects of gas embo-
lism in these patients.
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Methods
Candidates for the study were women over the age of 18 undergoing
advanced operative hysteroscopy under general anaesthesia without a
previous history of structural cardiac disease. We included subjects
undergoing hysteroscopic myomectomy or endometrial resection,
relatively complicated procedures. The patients were premenopausal
women suffering from menorrhagia or menometrorrhagia who were
referred to our department by their primary gynecologist. Once
referred, they were further evaluated by the gynaecologic staff and if
hysteroscopy was indicated they were recruited for the study after
signing informed consent. Only one patient refused participation.
The study was approved by the institutional ethical review board
and informed consent was obtained from all participants. All surgical
procedures were performed by a single experienced surgeon (Y.H.)
and included endometrial ablation or myomectomy. The hysteroscopic
procedures were performed with a bipolar system resectoscope using
normal saline as distension media. The procedures were performed
under general anaesthesia with laryngeal mask and positive pressure
ventilation with tidal volumes of 7–9 cc/kg. Positive end-expiratory
pressure was constant at 4 mmHg in all patients. Standard monitoring
including heart rhythm, non-invasive blood pressure, arterial blood sat-
uration (SaO2), and capnography was performed in all patients. The
position of the operating table was flat in all subjects and Trendelen-
burg position was not used.

Transthoracic echocardiography (Sonos 5500, Agilent Technologies)
was performed continuously using an S3 probe and second harmonic
imaging by a single experienced cardiologist (D.L.) in the apical four-
chamber view from induction of anaesthesia until removal of the resec-
toscope. All studies were recorded on videotape for further analysis.
The extent of gas embolism was graded on a five-point scale as pre-
viously described with 0 being absence of bubbles in the RA, 1 being
non-continuous, individual bubbles, 2 non-continuous groups of
bubbles, 3 continuous groups of bubbles filling less than half the
right atrium and 4 continuous bubbles filling more than half of the
right atrium7 (Figure 1). The total amount of time during the procedure
for each of the types of bubble flow was assessed for each subject.

Using continuous wave Doppler, the peak velocity gradient over the
tricuspid valve was measured prior to and immediately following
the procedure. The right ventricular pressure was estimated with the
modified Bernoulli equation and added to the estimated right atrial

pressure to obtain pulmonary artery systolic pressure. Measurement
of the end-diastolic and end-systolic areas of the right ventricle were
also performed prior to and following the procedure and fractional
area change was calculated as a marker of right ventricular function.

Statistical analysis was performed using the paired t-test for para-
metric intragroup comparisons and the Wilcoxon signed-ranks test
for non-parametric intragroup comparisons. Categorical variables
were analysed using the Fishers exact or x2 tests where appropriate.
A P-value of "0.05 was considered statistically significant.

Results
Twenty-three women (mean age 48.0+ 9.4 years) were entered
into the study of whom 6 underwent myomectomy and 17 endo-
metrial ablation. Mean time of the procedure was 17.1+ 8.1 min.
All subjects had evidence of gas embolism in the RA during the
procedure and 20 of 23 (85%) had evidence of continuous flow
of bubbles (grades 3 and 4) at some point. Evidence of gas embo-
lism in the RA appeared at a mean of 2.8+ 2.6 min after the start
of the procedure generally in conjunction with myometrial inva-
sion. Once bubbles appeared, the flow was constant in many
patients and the study group had grade 3 and 4 flow for a mean
of 48+ 39% of total procedure time. Four patients (17%) had indi-
vidual bubbles noted in the left side of the heart at the time of
grade 4 embolism in the RA consistent with right to left shunting
(Figure 2). Seven subjects (30%) had episodes of desaturation
(defined as SaO2 saturation ,95%) during the procedure that
resolved spontaneously without the need for intervention. In
three of these patients desaturation occurred during grade 4
bubble embolism, in three during grade 3 and in one during
grade 2.

Of the 23 study subjects, 17 (74%) had adequate measurement
of tricuspid valve gradients prior to and following the procedure.
Estimated systolic pulmonary artery pressure was 19.1+
3.7 mmHg prior to the procedure and 23.3+3.4 following the
procedure, a statistically significant difference (P , 0.05). There
were no significant changes in right ventricular end-diastolic area,
end-systolic area or fractional area change (Table 1).

Figure 1 Example of grade 2 gas embolism during
hysteroscopy.

Figure 2 Example of isolated bubbles in the left ventricle
during grade 4 embolism.
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Discussion
Our study demonstrates a high frequency of continuous gas embo-
lism during hysteroscopy, which is associated with a small but stat-
istically significant increase in pulmonary artery systolic pressure
without affecting right ventricular function. In 30% of patients,
this finding was associated with a transient reduction in oxygen
saturation.

Previous reports have documented the occurrence of gas
embolism in patients undergoing hysteroscopy.4– 6,9 Bloomstone
et al.7 prospectively examined 11 women using tranthoracic echo-
cardiography and demonstrated gas bubbles in the RA in 10
patients, a study supporting our findings. Our study extends their
findings by describing the amount of time the bubbles were
present relative to the length of the procedure and correlating
them with haemodynamic changes. Although the increase in pul-
monary pressure was modest and did not result in haemodynamic
impairment in any of the patients, the study population was healthy
and free of cardiopulmonary disease. It is possible that patients
with pulmonary hypertension at baseline undergoing the pro-
cedure may suffer from even a slight increase in pulmonary
pressure and caution should be exercised in these patients.
Another important subgroup of patients at increased risk for
adverse events, specifically paradoxical embolism, given the find-
ings of our study is patients with known significant intracardiac
shunts.4,10,11

The limitations of our study include the lack of blinded interpret-
ation of the echo results given the study design. In addition, not all
study subjects had adequate measurement of TR gradients, due to
the lack of significant TR in this young healthy population. Techni-
cal imaging was satisfactory in all patients. There is no reason to

assume that the subgroup with measurements is not representative
of the study cohort as a whole. We utilized TTE imaging to assess
gas embolism. While transesophageal echocardiography (TEE) is
considered the gold standard for the detection of intracardiac
gas embolism, recent studies have shown excellent sensitivity for
TTE which is comparable to TEE.12– 14 It is therefore unlikely
that the incidence of gas embolism was underestimated in our
study.

In conclusion, operative hysteroscopy is associated with a high
frequency of gas embolism, which may be associated with slight
increases in pulmonary artery pressure, which in our study were
not clinically significant. Physicians caring for these patients
should be aware of this potential complication.
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Table 1 Assessment of right ventricular function in
the study group

Pre-procedure Post-procedure P-value

End-diastolic area
(cm2)

18.5+3.4 18.6+2.9 NS

End-systolic area
(cm2)

10.2+2.5 10.1+4.6 NS

Fractional area
change (%)

41+8.6 43.5+6.0 NS

NS, non-significant.
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