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Venous Air Embolism During 
Operative Hysteroscopy 

Introduction . 
A rare, but devastating complication of operative hys- 
teroscopy is venous air entrapment and subsequent 
room-air embolization. While this phenomenon has been 
reported to occur during neurosurgical (1) and urologi- 
cal (2) surgery and at caesarean section (3), its occurrence 
during operative hysteroscopy has been cited only in 
obscure instances except .as a complication of the inap- 
propriate use of a dextran pump (4). Two cases were 
reported in letters to the editor of an anesthesia journal 
(5, 6), and one case was described in a ietter to a British 
medical journal (7). Corson, in a recent publication on 
endoscopic air embolism in general (8), included several 
cases of hysteroscopic air embolism complications, some 
of which are included in this chapter. The author has 
been asked to review seven additional cases of this com- 
plication, either as a consultant for a hospital peer-review 
process or as an expert in a litigation. This chapter will 
describe these cases and the pathogenesis of this problem, 
with recommendations for its prevention and manage- 
ment when it occurs. Because some cases are still 
pending, they will be presented anonymously and with 
intentional minor changes. 

Pathogenesis 
In neurosurgery, when procedures are performed with 
the patient in the sitting position in order to gain access 
to posterior lesions, it is well recognized that, unless the 
brain is bathed in saline solution, opening venous sinuses. 
in the calvariurn or dura will permit venous air aspira- 
tion. This situation arises due to the fact that, because the 
heart is below the level of the brain, a negative intra- 
venous pressure occurs with each diastolic relaxation of 
the hearr (I). Such an event oc&rs in 25% to 50% of 
such neurosurgical operations, depending on the detec- 
tion method. Once the air enters the venous circulation, 
foaming appears in the right side of the heart and blood 
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outflow becomes obstructed, increasing the pulmon 
\arterial pressure. Early in the development of 
problem, end-tidal CO2 declines; ultimately, circulat, 
collapse and cardiac arrest occur. Because the press. 
increases in the right side of the heart to levels big! 
than those in the left heart, the previously closed foran 
ovale may open in more than 15% of adult patier 
resulting in paradoxical embolism to the brain and od 
organs (1). 

In gynecological procedures, the identical mechani: 
exists. Instead of the patient in the sitting positic 
however, his or her head is tipped down, putting t 
heart below the level of the uterus. If the surgeon ope 
some of the large sinuses deep in the myometrial wall al 
leaves an open paSsage to the outside, room air is asy 
rated.into the venous circulation. 

Review of cases 
In addition to the three cases cited earlier from letters 
the editors, seven cases of venous air embolism persol 
ally reviewed by the author are summarized in Tab 
44.1. Five of the patients were undergoing hysteroscof 
for the management of abnormal uterine bleeding, one ( 
which was following a spontaneous abortion. The othc 
two were undergoing repair of intrauterine defects fc 
fertility reasons, one a congenital defect (septum) and or 
an acquired defect (uterine synechiae). Five of thes 
patients were stated to be in a Trendelenburg positior 
one was reported not to be tipped, and the other had n 
statement as to the degree of tip. Difficulty with dilatin 
the cervix was reported in three of the seven procedure: 
two indicated no such difficulty, and no information wa 
available on the other two. No correlation was foun 
between the development of air embolism and the dis 
tention medium used, with three procedures employin; 
carbon dioxide at appropriate flow and pressure, am 
three using different low-viscosity liquids; the remainin! 
case had not yet started the hysteroscopy, as the first sigI 
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T&e 44.1. Summary of cases of venous air embolism occurring at operative hysferoscopy. 

. 

Case Reason for Trendel. Difficult Distention Time to Clinical Signs Result 

Nb. Surgery Position? Dilation? Medium Sign of Trouble 
-_____-.- --.__ --- __._.__.__________-_ ..-. ..--- -- 

1. 

2. 

Uterine 
septum 

Abnormal 
bleeding 

Yes 

n/s - 

n/s ' co:! 

Yes co2 

35s 5 E-T CO? .i. PO2 D.I.C., death 

3. Abnormal 
bleeding 

4. Menorrhage . ye5 ~ . . Yes none 

5. Menorrhage 

6. Incomplete 
abortion 

7. Synechiae Yes n/s saline <lOmin 

Yes 

no 

Yes 

no co2 

yes glycine 

no Ringer’s 
lactate 

9min 

1Omin 

“after D&C 

onlf 

15 min 

15 min 

Bradycardia; 
Doppler = bubbles, 
both sides of heart; 
septal defect 

Mill-wheel murmur; 
L E-T CO2 J. PO*; 
Doppler = bubbles, 
both sides of heart 

Bradycardia; 
.k E-T CO,; CVP 
line withdrew 

i bubbles 

d. E-T COz 1 POz; Resuscitated, 
mill-wheel murmur. recovered 

-h PO* L E-T COz; 
,WP line withdrew 
>SOcc bubbles 

Death 

1 POg bradycardia; 
inguinal crepitance; 
gas recovered from 
femoral vein and 
cardiac taps 

Death 

L 

Coma, death 

Hyperbaric 
chamber, 
survived 

Death 

n/s = not stated. 
E-T = end-tidal. 

of trouble occurred at the end of a preceding dilation and 
curettage. 

All of the complications emerged within 15 minutes 
after beginning the actual operative procedure. In each 
case the earliest signs of problems were dramatic changes 
noted by the anesthesiologist. These signs included either 
a sudden fall in end-tidal CO2 measurements, bradycar- 
dia, a fall in oxygen saturation, or the presence of the 
classic sign of air in the heart, a mill-wheel type of 
murmur auscultated over the precordium. Confirmation 
of the presence of gas in the circulation was achieved in 
two cases with the use of emergency echocardiography 
and by needle or central venous pressure catheter aspi- 
ration in three others. 

Five of the seven patients died from the complication, 
with the other two recovering. One recovery \ras attrib- 
uted to the brilliance of the anesthesiologist in turning the 
patient onto her right side, rapidly infusing physiologic 

saline solution intravenously, confirming the condition 
with a transesophageal echocardiogram, and ordering 
the transfer of the patient to a hyperbaric chamber. 

Discussion 
Drawing from the understanding of the development of 
venous air embolism during other surgical procedures, a 
fairly clear pattern emerges as to how this complication 
happens during operative hysteroscopy. Very often-if 
not for every procedure-the patient’s position on an 
operating table places the level of the heart and vena 
cava below the level of the uterus; this differential is 
often accentuated by requesting that the head of pahent 
be tipped even more downward (Fig. 44.1), mainly so 
that weighted specula stay in place better. With the 
current use of video cameras for hysteroscopic proce- 
dures, almost no other reason exists to tip the patient. 
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- When operative instruments are to be used, their larger 

caliber requires that the cervix be dilated more than with 

. diagnostic instruments. This process can result in either 
occult lacerations and false passages at the level of the 
internal cervical OS, or in partial penetrations into the 

myometrial wall at the top of the fundus from a Darti\ 

blunt dilator “popping” through the cervix after c&&i- 
erable force is applied to dilate the canal. At that point, 
while the surgeon is assembling and readying the opera. 
tive instruments, the cervix and vagina are left open tc, 
room air and the negative pressure in the vascular tree Jit- 
erally sucks the air in. : 

Evidence for large sinus communication with the 
venous circulation has been shown brilliantly by Garrl 
(9). In this research, following a biopsy deep into the 
myometrial wail, dye instilled at intrauterine pressure 
higher than venous pressure was seen radiographically to 
flow into the venous system at flow rates sufficient to give 
a clear venogram (Fig. 44.2). That cardiorespiratory 
function is altered so soon after the beginning of the pro- 
cedure attests to the fact that rhe bubbles noted must be 
room air, as carbon dioxide (used in three of the cases) 
has a wide margin of safety at the flow rates and pres- 
sures!,used in hysteroscopy, even if insufflated directly 
into the venous circulation (10). Because of its high sol- 
ubility in plasma, it would take much more time or much 
higher flow rates to create this condition using carbon 
dioxide. 

Fig. 44.1 Hysteroscopy in the Trendelenburg position. 

Detection and management 
Figure 44.3 shows the sensitivity of methods used to 
detect the presence of gas in the heart and great vessels 
and to monitor the subsequent physiological changes (8). 
Echocardiography, either by transesophageal probe or 

,; by precordial Doppler, may be the most sensitive tech- . _ 

Fig. 44.2 Hysterogram showing a fistulous communication 
between the uterine cavity and a major uterine blood vessei, 
created by a deep biopsy: (Photd coktesy of Ray Carry, M.D.) 

.I. nique to detect as little as I).SmL of gas bubbles in the 
heart (1). Neither method is w~ue~y used by anesthesiol- 
ogists, especially for “low-risk” gynecological proce- 
dures, because of the high false-positive readings 
obtained. As noted in the case summaries, however, 
both techniques were used to define and document the 
event. 

t 

Rate 
of 
Air 
Entry 

Subthreshold Subclinical 
Without Modest 
Physiological Physiological 
Changes Changes 

4 Pulmonary -L 
arterial 
pressure 

Clinical 

/ 

Increased 
central venous 
pressure 

Decreased 
cardiac output 

Increased Sensitivity of Detection 

Decreased BP 
Esophageal 

stethoscope 
ECG changes 
Increased 

respirations 
Increased PaCO, 

Fig. 44.3 Venous air embolism 
monitoring, showing the development 
of abnormal cardiorespiratory 
parameters as more air enters the 
vascular system. [Courtesy of Stephen L. 
Corson, M.D. (8).] 
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As more air enters the bloodstream, the fall in end- 
tidal CO2 is highly sensitive and specific for embolism. 
Most patients ..tlnderlgoinggener-~~~t~~. today are 
monitored- hv capnography, making this one or the most 
important earlv signs. It a Lentral venous pressure 
catneter is placea, eitht, prior to the procedure (for high- 
risk patients) or duringthe procedure (as difficulties 
arise), elevation of intracardiac and pulmonary arterial 
pressures &n he detected and monitored. Aspiration of 
the bG6bles; when detected, can assist in th’e correction of 
the problem. As more gas is entrapped, the increasing 
resistance to blood flow results in hypoxia. decreased 
cardiac output, hypotension, tachypnea, and carcliac 
arrest. Kesuscrtative ettorts at this point might be aided 
by stopping the source of the air inflow, turning the 
patient onto her right side, attempting to aspirate the 
bubbles as muSh as pos$ble and flushing the circulation 
with a large saline bolus. 

Prevention 
The events in venous air embolism are so sudden and 
so severe as to make their management extremely 
difficult. Consequently, this complication often results 
in death or severe disability. It is obvious that prevention 
is the most important lesson from the review of this 
problem. 

To begin with, avoid putting the patient in the Tren- 
delenburg position. As noted earlier, the use of video 
cameras essentially eliminates the need to tip the patient 
head-down. Dilate the cervical canal with care, attempt- 
ing to avoid lacerations and partial penetrations into the 

- -..s-.-_i--__.-.__x,- . 

myometrial wall. After the dilation, do not leave the 
cervix and vagina open to room air for any length of 
time. If the instruments were not prepared before the 
dilation is performed, allow the vagina to close or place 
a wet gauze sponge or packing against the cervix while 
they are assembled. Another suggestion would be to 
leave the last dilator in the cervical canal until the 
surgeon is ready to insert the hys&oscope and start the 
distention gas or liquid flowing. The best protection 
against a complication due to venous air embolism is 
understanding how it develops. 
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Risks of air embolism during obstetric and/or gy- 
necologic operative procedures were documented be- 
fore the advent of endoscopic technolo,T. Even non- 
surgical procedures, such as entry of air into the 
placental sinusoids during orogenital sexual activity 
during pregnancy, can result in death (1). The fa- 
mous gynecologic surgeon, C. Lee Buxton (21, de- 
scribed patient mortality in a case where room air 
was used to test tubal patency during surgery. Death 
has been described from misconnected suction ma- 
chines when the exhaust tubing was placed into the 
uterine cavity (3). There also is an extensive litera- 
ture on cesarean section-related room air emboli (4- 
7) as well as room air embolus occurring during hys- 
terectomy (8). 
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Gynecologic endoscopic procedures introduce the 
insufflating gas as another possible source of embolic 
phenomenon. The increased solubility of carbon di- 
oxide, which is the commonly used gas for peritoneal 
distension and the only gas used for hysteroscopy, 
is expected to give a wide margin of safety compared 
with room air. 

Functioning as medico-legal consultants and re- 
viewers, the authors have collected a series of gas 
embolic accidents occurring during gynecologic en- 
doscopy. These cases are presented to alert the gyne- 
cologist to these risks and to mention methods of 
early diagnosis and some maneuvers designed to- 
ward possible prevention of these catastrophic occur- 
rences. Because specific therapy usually is within 
the provence of the anesthesia team, aspects of acute 
management will not be discussed. 

CASE REPORTS 

Case 1 

A 27-year-old woman had sustained postpartum 
hemorrhage and a curettage was performed on two 
separate occasions. Subsequently, she developed 
amenorrhea. A hysterosalpingogram was diagnostic 
for severe uterine cavitary adhesions. Of note was 
significant intravasation of the dye during the study. 
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A few weeks afterward, she was taken to the op- 
erating room, given general inhalational anesthesia, 
and her cervix was dilated to 7 mm in order to accom- 
modate a hysteroscope. Uterine distention was cre- 
ated with saline delivered by gravity flow with the 
gradient of the pressure being approximately 1 m 
between the bag and the patient. She was in a “mod- 
erate” Trendelenburg position. The hysteroscope 
was removed to change over to an operating sheath; 
before reinsertion, the anesthesia team noted a sud- 
den and marked decrease in heart rate, falling oxy- 
gen saturation levels, falling blood pressure, and cy- 
anosis. Crepitance was detected in both inguinal 
areas and a femoral venous tap produced frothy 
blood. Gas was aspirated from both cardiac ventri- 
cles. Despite resuscitative efforts the patient died. 

the initial incision there was considerable bleeding. 
The hysteroscope was removed in order to clear the 
lens as the vision became obscured. Within 2 min- 

utes, anesthesia alarm systems were activated; end 
tidal CO2 plummeted, oxygen saturation decreased, 
and bradycardia was noted. Cardiac puncture pro- 
duced gas but it was not analyzed. She was resusci- 
tated and then developed disseminated intravascu- 
lar clotting. The patient was transferred from the 
community hospital to a university center but then 
developed renal shutdown. Brain waves ceased and 
at 10 days life support systems were removed. Au- 
topsy showed no thrombus formation in the heart 
and no atria1 septal defects. No uterine perforation 
or laceration was seen. 

Case 4 
Case 2 . -. 

A 27-year-old nulligravida was taken to the op- 
erating room for hysteroscopic examination because 
of abnormal uterine bleeding resistant to hormonal 
therapy. Under general anesthesia, cervical dilata- 
tion to 5 mm was achieved with some difficulty, after 
which the hysteroscope was inserted with carbon di- 
oxide at 70 mm Hg pressure (flow rate unknown) 
delivered with a standard hysteroscopic gas source. 
Before any surgical manipulation other than inspec- 
tion of the cavity, bradycardia developed at 9 min- 
utes into the case (total anesthesia time) and atro- 
pine was given IV. Cardiac asystole ensued. Trans- 
esophageal ultrasonography demonstrated gas in all 
four chambers of the heart and a large atria1 septal 
defect was noted. The vagina was packed to prevent 
further entry of room air (the presumed cause>. She 
was comatose for 7 days after resuscitative efforts. 
The family and her medical attendants agreed on 
removal of life support systems but were over-ruled 
by the Medical Ethics Committee. Subsequently, she 
made a good recovery but sustained permanent 
brain damage. 

A 32-year-old patient complaining of chronic pel- 
vic pain and abnormal uterine bleeding unrespon- 
sive to hormonal therapy was taken to the operating 
room for dilatation and curettage (D&C) and lapa- 
roscopy. She was 152.5 cm tall but weighed 109 kg. 
Under general anesthesia with intubation, a dilata- 
tion and curettage was performed without incident. 
An open-ended intrauterine cannula-manipulator 
was inserted into the uterus and the peritoneal cav- 
ity was distended with NzO with a Verress needle 

Case 3 

A 32-year-old patient was brought to the operating 
room for diagnosis and possible therapy after three 
consecutive pregnancy losses in the late first and 
early second trimesters. Laparoscopy, performed 
without apparent incident, disclosed a broad uterine 
fundus. After cervical dilatation, a hysteroscope with 
an operating sheath for optical scissors was intro- 
duced into the uterine cavity with the patient in 
the “usual Trendelenburg attitude.” Carbon dioxide 
delivered at a maximum of 75 mL/min anhat a maxi- 
mum of 90 mm Hg pressure was used as distention. 
The septal incision was begun and the real-time 
video recording documents that at 35 seconds from 

placed via the umbihcus. The laparoscom then was _ _--_. 
done in the usual fashion as a diagnostic procedure. 
Because of her obesity, the patient was placed in a 
steeper Trendelenburg position than usual. Vigorous 
manipulation with the uterine manipulator was nec- 
essary to help the surgeon visualize pelvic struc- 
tures. At the end of the procedure, the gas was re- 
leased from the abdominal cavity and the patient 
then was placed in the supine position. A suture was 
used to close the umbilical wound. As the patient 
was about to be extubated, the cardiac monitor 
alarm was activated, blood pressure fell, and a con- 
vulsion occurred. A millwheel murmur over the 
heart was detected and the patient was placed im- 
mediately on her left side. Needle aspiration of the 
heart showed frothy blood. Despite resuscita- 
tive efforts, the patient died within minutes. The 
eye grounds showed small bubbles in the retinal 
arteries. 

At autopsy the heart was filled with gas in all four 
chambers and an atria1 septal defect was seen. The 
meningeal arteries also had gas within the lumen. 
Before the heart was opened, a sampling of the gas 
was made and sent for analysis; the gas proved to 
be room air. 

During the postmortem discussions, attention was 
paid to the fact that because of the patient’s habitus, 
which necessitated a steep head-down position, the 
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handle of the uterine cannula was at least 26 cm 
above the level of the heart. It was proposed that 
with the active manipulation a passage was created 
such that room air was sucked into the uterine cavity 
and through a venous sinus opened by the D&C pro- 
cedure and then into the major vessels leading back 
to the heart. Because of the low venous pressure and 
the Trendelenburg position, the bolus of air may not 
have traveled to the heart until the patient was re- 
turned to the supine position. 

Case 5 

The patient was a 4%year-old with a history of 
abnormal uterine bleeding, dysmenorrhea, and asso- 
ciated anemia nonresponsive to hormonal treat- 
ment. An endometrial ablation was planned. Under 
general inhalation anesthesia, cervical dilatation to 
9 mm was performed and suction curettage was ac- 
complished. As the resectoscope was inserted into 
the uterus but, before the stopcocks were opened to 
admit the disten&g-liquid medium, end tidal CO:! 
was noted to fall precipitously, and cardiac arrest 
ensued. Resuscitation efforts were initiated and a 
central IV line was inserted. Approximately 15 mL 
of air was aspirated immediately, presumably from 
the right atrium via the superior vena cava. The 
patient died. 

DISCUSSION 

The prevalence of these tragic accidents is un- 
known. Incidents involving low degree of transient 
morbidity without permanent damage probably are 
unreported. We have collected 10 cases in all, and 
at least four represent embolism after D&C before 
or unassociated with hysteroscopy. Diagnostic 
hysteroscopy usually performed with small bore in- 
struments requiring little or no cervical dilatation 
probably constitutes an immeasurably small risk. 
Dilatation to 10 mm to accommodate resectoscopes 
and operating sheaths is more likely to cause cer- 
&o-lower segment lacerations. 

The literature on cesarean section-related room 
air embolus is understandable given the presence of 
large retroplacental sinusoids as conduits for entry 
of air into the circulatory system, especially when a 
deep Trendelenburg position is maintained and the 
placenta is elevated above the level of the heart, 
remembering that pressure within the inferior vena 
cava during systole is actually negative to room air 
pressure. The same phenomenon or mechanism of 
entry is probably operative during endos&pic proce- 
dures in which uterine venous channels become 
opened during hysteroscopic procedures, as a conse- 
quence of traumatic dilatation of the cervix, from a 
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preceding D&C, or with entry of room air via a uter- 
ine open-ended manipulator during laparoscopy. 

That insufflation of the peritoneal cavity with CO, 
is a safe procedure when performed -with properly 
designed and functioning equipment was suggested 
by an early study by Lindemann et al. (9) in large 
German Shepherd dogs. But work by Root et al. (10) 
in dogs after an operative death during laparoscopy, 
suggested that CO, could be trapped within the por- 
tal system with a delayed embolus. In their patient, 
a patent foramen ovale was detected at autopsy. 
When the right side of the heart has its outflow tract 
occluded with gas bubbles, gas can appear in the 
left chambers of the heart as the right side pressure 
increases if there is a patent foramen ovale or a sep- 
tal defect. However, in the case of Root et al. (lo), 
as with two other cases reported in the literature 
(11, 121, a D&C was performed first, raising the pos- 
sibility that the actual culprit was room air entering 
the venous yirculation via the vagina and the uterus 
as opposed ‘to a carbon dioxide pneumoperitoneum- 
related mechanism. 

Because of its great solubility in blood CO, affords 
a great margin of safety in procedures where it is 
used to distend the relatively avascular peritoneal 
cavity and the uterus as well. Corson et al. (13) stud- 
ied the cardiopulmonary effects of direct insufflation 
of COa into the femoral vein of the adult ewe. Up to 
90 ml/minute was delivered directly into the femo- 
ral vein. Provided that the animals were hyperventi- 
lated to prevent acidosis from this increased meta- 
bolic load, cardiopulmonary parameters remained 
within reasonable values. Pulmonary artery pres- 
sure did increase with time, and cardiac output in- 
creased as well. Oxygen saturation was within nor- 
mal limits and in only one animal was any cardiac 
abnormality at all seen on the tracing, and this was 
in the form of premature ventricular contractions. 
Because these animals weighed between 24 and 32 
kg, the conclusion was drawn that for the adult 
woman there was a large margin of safety for leak- 
age of COz into the vascular system with respect to 
disruption of metabolic parameters and cardiopul- 
monary function. So far as embolus was concerned, 
because CO, is so soluble in blood (54 mL/dL), true 
CO2 embolus from therapeutic procedures should be 
very rare. But as shown by Baggish and Daniel1 (141, 
this safety margin can be overcome when high flow 
rates of CO, are delivered to the uterus as with a 
neodymiumyttrium-aluminum-garnet laser fiber 
where the cooling of the fiber with CO2 is in the 
neighborhood of a 1 to 3 L/min flow rate. 

Our cases 3 and 5 probably have similar mecha- 
nism of action in which the integrity of the endome- 
trium was disturbed and air in the uterine cavity 
was forced into the circulatory system as a conse- 
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Figure 1 Methods of threshold detection of cardiovascular gas 
embolism versus increased rate of entry into the circulatory sys- 
tem. . . + 

quence of the piston-like action of the -hysteroscope 
as it was inserted. Case 4 demonstrates that room 
air can enter the uterus in sufficient quantity 
through an open-ended cannula so as to cause death 
even without the postulated piston effect, although 
this is seemingly quite rare. The venous crepitance 
noted in case 1 can be explained by some of the air 
being trapped in the external iliac and femoral veins 
as a consequence of the Trendelenburg position. 

Figure 1 demonstrates the sequence of events that 
occurs during an embolic episode. Although preven- 
tion of severe accidents is possible with early diagno- 
sis of intravasation by inserting devices such as pul- 
monary artery catheters, this maneuver during 
gynecologic outpatient surgery probably would re- 
sult in even more complications than it would pre- 
vent. Precordial stethoscopes are used frequently, 
but appearance of the characteristic millwheel mur- 
mur constitutes a late sign of impending cardiovas- 
cular collapse. 

Although a precordial placement of a Doppler de- 
vice sounds attractive, our experience with this tech- 
nique has been unsatisfactory with many false-posi- 
tive readings. This conclusion also has been reached 
in anesthesia texts devoted to this subject (15). The 
pulmonary tree is quite capable of dealing with small 
bubbles, and there is considerable difficulty in keep- 
ing the microphone exactly in the proper location. 

As the right outflow tract of the heart begins to 
be occluded, there is precipitous drop of end tidal 
CO2 as blood flow to the lungs decreases. All modern 
anesthesia machines record this measurement in a 
continuous fashion. Therefore, the ea&est practical 
parameter to follow in order to avoid a calamity is 
one that can be monitored by an alert anesthesia 
team. Dropping end tidal CO2 calls for immediate 
cessation of any gas delivery system, removal of 

uterine instruments, and occlusion of the open cervix 
and vagina as countermeasures. Whether a change 
in patient position is truly helpful is debatable. 

Avoidance of deep Trendelenburg position seems 
desirable. A steep head-down tilt may be necessary 
for certain laparoscopic procedures, but it is not a 
necessity for hysteroscopy. Traumatic cervical dila- 
tation cannot be avoided always, especially after 
prior cervical cone biopsy and other procedures. In 
such cases, use of osmotic dilatation preoperatively 
may be helpful. When it occurs, however, extension 
of the laceration into the lower segment of the uterus 
with tearing of the cervical vessels must be consid- 
ered. Previous roentgenogram documentation of in- 
travasation during infusion of dye also should alert 
the clinician to a situation in which the patient is 
operatively at greater risk. Excessive bleeding dur- 
ing hysteroscopy is an obvious sign that exchange of 
gas and blood by necessity must occur as the vessels 
are openled. We have been impressed with the size 
of blood Vessels seen in submucous myomas and also 
with the vascular supply in cases of multiple uterine 
polyps. Prophylactic use of pitressin to induce con- 
traction.of the uterus and the vascular tree in that 
organ may offer some protection. A recent study 
showed decreased operative bleeding and reduced 
intravasation of liquid media during hysteroscopic 
surgery when pitressin was used prophylacti- 
cally (16). 

If a D&C is to be performed, a decreasingly used 
procedure given the direct visual accuracy afforded 
by hysteroscopy, consideration should be given to 
making it the last, rather than the first, procedure 
performed. When uterine manipulators are used 
with a channel for delivery of fluids for tubal perfu- 
sion, the simple expedient of capping the exposed 
opening should be followed. All these suggestions 
and admonitions (Table 1) follow logical, albeit un- 
proven, reasoning and there is no documentation 
that these preventive measures actually will de- 
crease an admittedly rare complication. Yet, the pre- 
vention of mortality in what generally is considered 
to be a minor operation through exercising increased 

Table 1 Methods of Minimizing Room Air Embolism 

l Careful monitoring of end tidal CO2 
l Nontraumatic cervical dilatation 

l Preoperative osmotic dilators in selected cases 
(nonparous patients, prior cervical surgery) 

l Avoidance of steep Trendelenburg position 
l Prophylactic dilute pitressin injection in cervix 
l Lessen exposure of dilated cervix to room air 

l Remove weighted vaginal speculum 
l Place the last dilator used in cervix 
l Consider occluding the vagina with a sponge 

l Fill hysteroscopic system with fluid before insertion 
into uterus 
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vigilance and by instituting easily performed safety 
measures is prudent. It is hoped that this report, if it 
has no other effect, will serve to alert the gynecologic 
surgeon to the risk and possible prevention of room 
air embolus during endoscopy. 

1. 

2. 

3. 

4. 
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because of the potential for this complication they 
regard the use of saline, rathei: than air, should be 
mandatory when locating ‘the epidural space in patients 
who are -to undergo ESWL. 

A recent rep&-t has further implicated the use of air ‘i- 
to locate tlae eprdural space with the development- of 
neurological .complications.2 A 52”year-old woman 
-was described in’whoma lumbar epidur$ was inserted 
to treat chronic.back pain. ,She subsequently developed 
paraplegia and’an immediate CAT scan demonstrated 
significant.. displacement ,of the cauda equina’ by- air 
within the &pi&al space In this case, it &as proposed 
that nerve‘root compression was the cause of the.’ 
neurological sequel&, and that resorption of the air 
resulted in’the gradual resolution of her symptoms and 
signs. This scenario took place in the abscenci of 
ESWL, and could provide an alternative mechanism 
for the findings in the report of Deam and Scott. 

Although rare, a number of complications have been 
described when employing the loss-of-resistance-to-air 
technique, including incomplete analgesia, 3 
subcutaneous emphysema’ and venous air emboli.5 
We suggest that in the case reported by Deam and 
Scott, neurological damage may have resulted from 
nerve compression by extradural air rather than from 
ESWL per se. For this season, during the provision of 
analgesia for ESWL, the use of saline rather than air 
when locating the epidural space would appear to 
further minimise the risk of neurological 
complications. 

ablation ’ and would like to report another suspected 
case 

A 36-year-old previously well woman presented to-’ 
the Day Surgery Unit for endometrial ablation. She had 
had one uncomplicated general anaesthetic 10 years. 
-ago; No premeditation. was given. Anaesthesia was 
induced with propofol 150 mg, fentanyl 300 mcg and 
.droperidol 1 mg, and intubation of the trachea was 

/ 

facilitated with vecuronimn 6 mg. The lungs Were 
.I 

ventilated with nitrous -oxid< oxygen (FiOl 0;3) and 
i 
: 

isoflurane 0.7% min. with a total fresh.gas flow of .2 
Vmin. Monitoring consisted of ‘ECG; noninvasive 
blood pressure’(BP), pulse oximetry and capnbgmphy 
@CO,). HeriBP was stable at 120/80, heartrate 50-60 
bpm, 0, saturation 98% and EtCO, 32 mm Hg. The. 
patient was placed in the lithotomy position with slight 
head-up tilt. Endometrial ablation was performed with 
a loop resectoscope, 1.5% glycine and an Ellik 
evacuator used as in transurethral resection of prostate 
surgery. 

A. CONE 
s. SmTr 

Royal Perth Hospital, Perth, WA. 
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About 15 minutes into the procedure the SpO, 
suddenly fell to 92% and EtCO, to 18 mm Hg. The 
BP at this stafe was 90160 and pulse was 60 bpm. 
Auscultation of the heart and chest revealed a mill- 
wheel murmur and normal breath sounds. Despite 
immediate manual ventilation with 100% the 0, 
saturation and ETCO, continued to decrease. The 
procedure was abandoned and the patient placed in the 
left lateral position. A 14 gauge cannula was inserted 
peripherally and 1 litre of Hartmann’s solution infused. 
A triple-lumen catheter was inserted into the right 
internal jugular vein but no air was aspirated. 
At this stage the SpO, was 68% EtCO, was 8 mm Hg 
pulse was 30 bpm and the BP was unrecordable 
Asystole followed and external cardiac massage was 
immediately commenced while atropine 12OOmcg and 
adrenaline 1 mg were given intravenously. After about 
30 seconds the pulse had returned to 140 bpm and BP 
was restored to 140/80. The peak inspiratory airway 

pressure was 40 cm H,O and auscultation of .chest 
revealed mild bronchospasm. Two heart sounds were 
audible with no other added sounds. 

3. Dalens B, Barin JE, Huberer JP. Epidural bubbles as a cause of 
incomplete analgesia during epidural anaesthesia. Anesth Analg 
1987; 66679-83. 

4. Rosenberg B, Tischler S, Giick A. Abdominal subcutaneous 
emphysema: an unusual complication of Iumbar epidural block. 
Can J Anaesth 1988; 35:325. 

The patient was transferred to the Intensive Care 
Unit for monitoring and extubated one hour post 
cardiac arrest with no subsequent sequelae 

5. Jackson KE, Ra&k RL. Suspected venous air efhbolism during 
epidural anaesthesia. Anesthesiology 1991; 74:190-l. 

Cardiac Arrest During Endometrial Ablation 

1 read with interest the account of Andrew Michael’s 
experience of air embolism during endometrial 

As in Dr Michael’s case, air embolism has been 
reported previously in association with loop diathermy 
endometrial ablation, possibly from air in the glycine 
bag or tubing. One episode occurred in a patient 
breathing spontaneously and it was suggested that an 
anaesthetic technique employing positive pressure 
ventilation may be preferred.’ Several episodes of 
fatal air embolism have also been recorded, two of these 
during endometrial ablation using neodymium: 
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yttrium-aluminium-garnet laser. 3 This was attributed 
to installation of gas used for cooling the sapphire tip 
attached to the laser. Two other episodes have been 
reported during transurethral resection of prostate 
where the air may have entered through the Ellik 
evacuator, but could have also entered through a faulty 
connection or empty irrigant container.‘~ 

In this case I believe air was introduced via the Ellik 
evacuator as the incident occurred after 15 minutes and 
the first 3 litre bag of glycine still contained 2 litres 
(deficit 200 ml). Other possibilities include an acute 
vasovagal episode, allergic reaction or excessive 
absorption of glycine, all of which can present in a 
similar fashion. The presence of a mill-wheel murmur 
makes air embolism the most likely diagnosis. 
Anaesthetists should be aware that this procedure 
carries a risk of significant air embolism. 

D. EUGSTER 
Royal Hobart Hospital, 
Hobart. Tas. 
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Selectatec gas leak 

I wish to report an incident which involved a leak 
at the connection between a Cyprane Selectatec 
manifold, mounted on a newly acquired Ulco Minor 
anaesthetic machine and a Penlon PPV Sigma 
isoflurane vapouriser. 

Two children were scheduled to be anaesthetised for 
CT scan. The anaesthetic machine was checked with 
a Fluotec 3 halothane vapouriser in place The same 
anaesthetic technique was used for both patients. The 
first procedure, which lasted about 15 minutes, was 
uneventful. The second patient weighed IS kg and, in 
addition to the CTscan, was to have audit&y evoked 
potentials recorded as part of assessment for suitability 
for insertion of cochlear implant. An inhalational 
induction using halothane and nitrous oxide in oxygen 

was performed and a laryngeal mask airway inserted. 
Monitoring included capnography and nitrous oxide 
and oxygen analysis using side-stream gas sampling 
(Datex Oscar OxyrM). The halothane Fluotec 3 was 
then removed and replaced with the isoflurane 
vapouriser, which locked easily onto the Selectatec This 
Penlon vapouriser had been used without problem on 
other machines in the department but, unknown to the 
anaesthetist, not with this particular machine. 

The CT scan took about IS minutes, the child and 
anaesthetic machine were then moved into an adjacent 
room for the evoked-potential recording. The monitors 
were reconnected and after time had been allowed for 
re-equilibration it was noticed that the displayed value 
for the inspired concentration of oxygen (FiO,) was 
2l%. The rotameters, as set, should have given FiO, 
33%. The side-&ream port was disconnected and the 
accuracy of the oxygen analyser confirmed using room 
air. The presence of a large leak was suggested by the 
failure of the reservoir bag of the T-piece breathing 
system to inflate when the distal end was occluded. It 
was assumed that air was being entrained. As the 
source of the leak was not immediately apparent the 
nitrous oxide was discontinued and oxygen and 
isofhtrane administered, with an increased fresh gas 
flow, to ensure an adequate FiO,. The maximum FiO, 
achieved was 57% (FiN,O = 0), with a fresh gas flow 
of 8 1 min-! The isoflurane concentration set on the 
vapouriser was 2%. PE ’ CO2 remained at 48mm Hg, 
with a respiratory rate of approximately 28.min-’ but 
the child’s respiratory pattern became more irregular, 
with occasional sighs, consistent with a decreasing 
depth of anaesthesia. After approximately 15 minutes, 
as the recording was nearing completion, the child woke 
suddenly and removed the laryngeal mask. 

The machine was examined after the procedure With 
less background noise a leak was clearly audible at the 
proximal connection between the Selectatec manifold 
and the Penlon vapouriser. There was no leak without 
a vapouriser on the machine nor with the Fluotec 3 
on the Selectatec. The machine and vapouriser were 
removed from service and the supplied contacted. He 
examined the machine and found that the rear portion 
of the Penlon vapouriser, which contains the Interlock 
mechanism, overlapped the back bar. The difference 
in height between the machine back bar and the 
Selectatec was lifting the vapouriser off the manifold, 
preventing an adequate seal between the.0 ring of the 
Selectatec manifold and the vapouriser. The Fluotec 
3 vapourisers do not have the Interlock system and do 
not overlap the back bar when located on the manifold. 
The manu@pHITt6)PcpfIQr$. anaesthetic machine was 
informed of the problem and has modified the machine 
by millin 
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Venous Embolism of Diathermy Evolved Gases 
Complicating Endometrial Ablation using Glycine Irrigant 

p. D. HEBBARD 
Department Of Anaesthesia, Wangaratta District Hospital, Wangaratta, Victoria 

SUMMARY 
A case is reported of venous gas embolism in a 44-year-old woman undergoing hysteroscopic endomettial ablation 
Using glycine irrigation without gas insufjlation. The postulated source of gases are the vapour and combustion 
products produced by the diathermy. 

4. 
Key Words: EMB’OLISM: venous, air, hysteroscopy, diathermy 

Venous gas embolism under anaesthesia is 
normally associated with the entry of insufflating gas 
or air into the bloodstream. In the following report 
however no gas insufflation was used. 

CASE HISTORY 
A 44-year-old female of ASA grade 1 presented for 

hysteroscopic endometrial ablation. Planned spinal 
anaesthesia was performed. The height of the spinal 
blockade, however, was inadequate for the procedure 
and anaesthesia was supplemented with a bolus of 
propofol followed by placement of a laryngeal mask. 
Anaesthesia was maintained by isoflurane 1 to 2% 
in 35% oxygen and 65% nitrous oxide with spon- 
taneous ventilation. 

Endometrial ablation was commenced after posi- 
tioning the patient in the lithotomy position. Initial 
examination and hysteroscopy showed a markedly 
anteverted uterus. Warmed glycine 1.5% was used as 
an irrigant at a pressure of 75 to 80 mmHg via a con- 
trolled pressure irrigation pump (Zimmer, Black- 
burn, Vie.). Surgery proceeded for 30 minutes 
although the surgical field was impaired more than 
usual by bubbles derived from the diathermy of 
tissues. The diathermy electrode used consists of a 
metal ball rolling on a fixed axis between two sup- 
porting wires (Olympus Australia Ltd). The ball was 
otherwise free in the uterine cavity. There was no gas 
cooling or insufflation system. 

Forty minutes after the commencement of general 
anaesthesia, the pulse oximeter indicated a sudden 

* au 
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decrease in oxygen saturation (SpOz) from 97% to 
92%. The patient’s pulse was easily palpable with sys- 
tolic blood pressure unchanged and normal ventilato- 
ry pattern. The end-tidal carbon dioxide (PE+O~) 
was noted to be 24 mmHg during spontaneous venti- 
lation. On auscultation of the heart a tinkling sound 
similar to that of an ornamental fountain was heard 
widely over the precordium. A diagnosis of venous 
gas embolism was made, the patient commenced on 
100% inspired oxygen and surgery was ceased. The 
SpOz rose promptly to 98% and other observations 
remained stable.. Review of the automatically record- 
ed observations showed a gradual fall in the PETCO, 
over approximately ten minutes before the drop in 
saturation, this had been accompanied by an increase 
in pulse rate from 62 to 75 beats per minute and an 
increase in diastolic blood pressure from 45 to 60 
mmHg. The heart sounds remained abnormal for two 
to three minutes gradually becoming less distinct. As 
haemostasis was good and surgery completed, no fur- 
ther diathermy was used, and measured glycine loss 
was 300 ml. Anaesthesia was continued with iso- 
flurane in oxygen for 30 minutes and then the legs 
lowered from lithotomy and isoflurane discontinued. 
The patient regained consciousness uneventfully. 

i 

DISCUSSION 
Venous gas embolism has been reported in many 

cases in association with direct insufflation of gas into 
the uterus. A Medline search failed to find any report 
of clinical venous gas embolism in association with 
diathermy evolved gases. 

The diagnosis in this case was suggested by the 
unusually low PJ$O~ and confirmed by the distinc- 
tively abnormal cardiac sounds. CO2 measured at the 
upper airway or distal anaesthetic circuit is influenced 
by the respiratory pattern. During anaesthesia with 
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spontaneous ventilation the length of expiration may 
be insufficient to allow the end-tidal measurement to 
reflect a true mixed alveolar gas. This case demon- 
strates the effectiveness of airway COz monitoring in 
spontaneously ventilating patients. 

In the absence of altered inspiratory gas a reduc- 
tion in the PETCO~ is caused by a change in the bal- 
ance between minute ventilation and the quantity and 
distribution of CO2 presented to the lung in the 
blood via the pulmonary artery. This balance may be 
altered by sudden reductions in cardiac output, major 
changes in regional perfusion of the lung, reduced 
body production of CO2 or increased ventilation. 

Gas emboli occupy superior parts of the pulmonary 
arterial tree causing a reduction in perfusion to the 
upper zones and therefore increased deadspace 
ventilation. In the absence of a severe reduction in 
cardiac output this is probably the main mechanism 
of reduction of P&IO, in gas embolism. 

Cardiac output may be reduced due to the dis- 
placement of blood from the heart and altered car- 
diac valve function in the presence of gas. Ineffective 
cardiac pumping is seen in dogs with a bolus of 3 to 8 
ml/kg air’.‘. In the case reported here, a modest reduc- 
tion in cardiac output was manifest as an increase in 
diastolic blood pressure and pulse rate, reflecting 
reflex changes to maintain blood pressure in the face 
of decreased cardiac output. In the event of cardiac 
output decreasing suddenly, there is an immediate 
fall in the total quantity of COz presented to the lung 
through the pulmonary circulation. This returns to 
normal once venous COZ concentration increases to 
maintain body CO2 equilibrium. In the absence of a 
catastrophic fall in cardiac output the magnitude of 
this effect is relatively small as only approximately 
10% of the available CO2 in the blood is normally 
transferred to the alveolus. Any fall in the partial 
pressure of alveolar CO2 will cause extra readily avail- 
able COz to pass into the alveolus limiting any further 
fall in PACO~. A substantial decrease in cardiac 
output will also produce an increase in deadspace 
ventilation with upper zones in the lung receiving 
negligible perfusion compared with lower zones. 

Adornato et al’ noted two distinct abnormalities in 
cardiac auscultation during air embolism in dogs. At 
mean infusion rates of 1.7 ml/kg/min or a bolus of 25 
ml (1.2 to 2.5 ml/kg) a tinkling drum-like sound was 
heard. At mean infusion rates of 1.96 mUkg/min or a 
bolus of 200 ml (9.5 to 20 ml/kg) theclassic millwheel 
murmur was heard. The 200 ml bolus was uniformly 
fatal. The abnormal heart sounds heard in this case 
had a distinct tinkling quality and probably corres- 
pond to the drum-like sound heard in dogs. Although 
A~rucd~t~.~i~~ ctml I>mvtvit\~ Cow. Vol 26, No. I. kehnr~~~~ 19%~ 

it is useful to confirm the diagnosis, the late and 
unpredictable onset of this sound restricts its 
usefulness. 

In this case the only possible source of gas was 
bubbles evolved from the endometrial diathermy. 
These obscured the surgical field at times due to 
inadequate clearance through the endoscopic sheath. 
The pronounced anteversion of the uterus caused 
these bubbles to accumulate in the superior part of 
the uterine cavity under pressure from the infuser 
controlling the glycine irrigant. This created a strong 
gradient favouring the entry of gas into the circula- 
tion. Gas evolved from a diathermy contains water 
vapour and products of combustion. The water 
vapour will rapidly condense leaving CO2 as the 
major embolizing gas. Some particulate matter 
(smoke) may also be present .from the combustion. 
Fine particulate matter is filtered in the pulmonary 
circulation and removed by phagocytosis. 

Most gas emboli reaching the pulmonary circula- 
tion will pass through the pulmonary-alveolar mem- 
brane and be eliminated. Intravascular bubbles are 
not inert and cause platelet and leucocyte aggrega- 
tion, disrupt endothelium and activate the comple- 
ment and kinin systems3. This coating of blood com- 
ponents and damaged endothelium’will slow transfer 
into the alveolar gas and cause residual effects after 
clearance of bubbles. Air bubbles persist for a mean 
of 24.5 to 43 minutes after infusions of air at 0.1 to 
0.25 ml/kg/min for 15 minutes in dogs”. 

CO* is absorbed more rapidly than air as it is 34 
times more soluble in blood and therefore the time 
to clear bubbles will be much shorter. The lethal 
venous dose of COz is approximately five times that 
of air in dogs* with an air LD50 of 5.1 ml/kg and CO2 
LD50 of 25 ml/kg. In addition, dogs surviving a near 
fatal COz bolus recovered much more rapidly than 
those dogs that received a near-fatal bolus of air. 

Intravascular gas may distribute along either a flow 
or a gravity gradient. As the patient was in lithotomy 
the legs may have provided a large reservoir of 
venous gas due to retrograde flow of gas into the 
lower limb veins. The patient was therefore main- 
tained in lithotomy position for 30 minutes while 
administering 100% oxygen to promote absorption. 
The legs were slowly lowered while the heart was 
auscultated, however no further changes were heard 
and there were no changes in P~-t-C02 or SaOz. 

This patient demonstrated several features of gas 
embolism: PETCO, was reduced and a characteristic 
change in cardiac sounds occurred. These features 
rapidly resolved with cessation of the inflow of gas. 
Further support or treatment was unnecessary. The 
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appearance of changed cardiac sounds however, 
means that the patient may have been close to the 
limit of physiological reserve. Caution is advised 
when using diathermy inside confined spaces in the 
body, particularly if the bubbles are not quickly 
cleared through the endoscope sheath. 
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‘omplications of Hysteroscopy-Their 
Cause,-Prevention, and Correction 

Frmklin D. Loffer, M.D. 

Abstract 

C6mplications of hysteroscopy occur more frequently in operative than in diagnostic cases. Problems related 
to‘uterine distension are common, usually preventable, and potentially extremely serious. Perforation of the 
LFXIS may occur during hysteroscopy but do not always cause significant problems. In procedures of high risk 
i,r perforation the use of mechanical energy is safer than either laser or electrical energy. Laparoscopy and ulrra- 
sonography have some limited use in facilitating operative hysteroscopic procedures. Most complications occur 
during the hysteroscopic surgical procedure. However some problems may not be apparent until the post oper- 
ative period. 

Complications of hysteroscopy may occur when 
contraindications are ignored,’ for example, when 
Troper surgical techniques are not followed or equip- 
ment is used in an inappropriate fashion. They also may 
occur when the procedure has been performed correctly 
on well-chosen patients. 

Complications are not common, and many large 
series report no serious problems. When community 
wide experience is reviewed, complication rates exceed 
those published by experts.2 Therefore it is difftcult to 
discuss their true frequency, since most go unreported 
or, if reported, are included in case reports without 
reference to the number of similar cases done without 
difficulty. 

When complications do occur, most arise during 
operative rather than diagnostic hysteroscopy. Certain 
aspects of the procedures are more IikeIy to be asso- 
ciated with difficulties than others. 

Anesthesia 

Aparacervical or intracervical block is commonly 
used during diagnostic hysteroscopy, although the 
surgery can be performed without anesthesia. Operative 
hysteroscopy may be done with local infiltration into 
the cervix and pamcervical area, but patients commonly 
receive general or regional anesthesia. Hysteroscopy 
does not add any special risks to these anesthetic tech- 
niques except possibly the additive effect of the dis- 
tending medium? 

-Failure to Accomplish Hysteroscopy 

Inability to introduce the hysteroscope into the uter- 
ine cavity and to obtain an adequate view should be 
considered a complication. Failure to accomplish the 
procedure will occur in all large series regardless of 

. 
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the expertise of the surgeon: As experience is gained, 
however, the problem diminishes.J 

Complications Associated With Distending Media 

Uterine distention for panoramic hysteroscopy is 
necessary for two reasons. First, it must create a cav- 
ity by overcomin, 0 the resistance of the uterine mus- 
culature. Second, it has to be of sufficient pressure to 
prevent bleedin, 0 into the distending medium, which 
can obscure visualization. Complications are associ- 
ated primarily with intravasation of distending media. 
They may occur during both diagnostic and surgical 
hysteroscopies and result from excessive absorption 
of or idiosyncratic reactions to the medium. Unfortu- 
nately, the perfect medium does not exist. 

Carbon dioxide .(CO$ is the usual medium for diag- 
nostic office hysteroscopy. It is clean and safe, but has 
the disadvantage in operative cases of creating bub- 
bles that may obscure vision, In addition, its low vis- 
cosity makes uterine distention during surgical 
manipulation difficult because of leakage around the 
gaskets of the instruments. 

Thirty-two percent dextran 70 (Hyskon; Kabi 
Pharmacia, Piscataway, NJ) allows for good visual- 
ization since it is not miscible with blood. Because of 
its high viscosity, administration requires increased 
pressure, but leakage is seldom a problem. However, 
complications due to dextran 70 may be difficult to 
manage. 

flows into the uterus to equalize the pressure with the 
infusion source, and the rate at which the medium 
escapes from the uterus and must be replaced to main- 
tain intrauterine pressure. Infusion pressure may be 
created by a hand-held syringe’ for dextran 70 and low- 

viscosity fluids; by mechanical insufflators for C@, 
dextran 70, and low-viscosity fluids; and by gravity 
for low-viscosity fluids. Transmission of this infusion 
pressure into intrauterine pressure is limited by the rate 
of flow of the distending medium. The rate at which 
a medium can be delivered into the uterine cavity 1s 
determined by the viscosity of the medium and the 
diameter of the tubing and hysteroscope channels.6 

Intrauterine pressure is decreased by rhe medium’s 
outflow, which is not replaced. The medium may be 
lost due to leakage around the cervix, the outflow 
from continuous-flow equipment, passage into the 
abdomen through the fallopian tubes, and intravasa- 
tion. Its passage into the vascular system may cause 
serious complications. 

Low-viscosity fluids are the media of choice for 
most operative procedures because they are ideally 
suited for the continuous-flow hysteroscope. The most 
commonly used solutions are 5% or 10% dextrose 
and water, Ringer’s lactate, normal saline, and the 
urologic distending media 1.5% glycine, 3% sorbitol, 
and 2.7% sorbitol with 0.54% mannitol. A 5% man- 
nitol solution has also been suggested as a distending 
medium, but no reports of its use in hysteroscopy are 
available. Water should not be used since it causes 
hemolysis. Problems with intravasation of all these 
media have been recognized by urologists for over 40 
years, but only more recently by gynecologists, and 
are well summarized elsewhere.5 

Infusion pressures of approximately 60 to 75 mm 
Hg are generally more than sufficient for distention and 
result in intrauterine pressures of approximately 10 to 
1.5 mm Hg less.’ True intrauterine pressures are not 
measured by any available insufflating systems. Even 
if this were possible, the hysteroscopist should use the 
least infusion pressure necessary to distend the uterus 
and prevent bleeding into the medium.* Higher infu- 
sion pressures do not provide better visualizatior 
except when the diameter of the tube or instrument i: 
too small or the viscosity of the medium is too high 
to allow an adequate flow rate at usual pressures 
These exceptions apply to low-viscosity fluids use< 
with a 5-mm diagnostic.sheath and to dextran 70. FO 
both media, once good visualization is obtained, th 
infusion pressure should be reduced to the lowe: 
level that maintains visualization. 

Intravasation 

Intrauterine Pressure 

Intrauterine pressure is the single most importat 
variable the surgeon can control to prevent intravas: 
tion. A value greater than the mean arterial pressu: 
significantly increases the risk of intravasation? Othl 
factors also must be considered, for example. W 
teroscopic procedures that open vascular channels ai 
the length of the surgery. 

Three factors affect intrauterine pressure when cre- 
ating uterine distention: thepressure of the infusion 
source forcing the medium through the tubing and hys- 
teroscope into the uterus, the rate at which the medium 

I2 

Intravasation can occur when high pressures s 
used even when the endometrial surface is inta, 
However, procedures such as resection of myomata 
the endometrium, lysis of intrauterine adhesions, a 
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tr..nsection of septum increase the chance of intrava- 
,..tion since they may open vascular channels. The num- 
ber and size of openings are generally beyond the 
sui ;on’s control, but the increased risk in these oper- 
ations must be recognized. Intravasation can also occur 
if there has been a partial perforation of the uterus, such 
as when a false passage has been created or when cer- 
vical dilatation has cau’se’da tear in the upper cervical 
or lower uterine segment. Therefore, even diagnostic 
hysteroscopjes and cases of rollerball ablation may 
carry this risk.’ *’ 

Administration of oxytocin’O and vasopressin” 
ii. I pretreatment with a gonadotropin-releasing hor- 
nlone agonist” are suggested to be of value in pre- 
venting intravasation. Vasopressin can be associated 
with hypertension, hypotension, and cardiac function 
abnormalities,‘3 however, and its use to reduce the 
risk of intravasation was severely criticized because 
of its antidiuretic effect.14 Hysteroscopists should bal- 
ance the advantages of this agent against its possible 
risks. 

The length of cases is important, since, all other 
lactors being equal, more intravasation will-occur in 
longer cases than in shorter ones. The surgeon has lim- 
ited contro1 over this feature except to operate as 
quickly as is safe and to discon”tinue the procedure if 
the amount of intravasation becomes a problem. 

Even when intrauterine pressures are controlled, 
the risk of excessive intravasation exists.l”Therefore, 
the most important technique to determine if it is 
occurring is to monitor inflow and outflow of the dis- 
tending medium. 8 This is not possible with COz. 
Although there are technical problems with dextran 70 
and the viscous fluids, every effort should be made to 
ensure an accurate measurement. 

Complications Associated With Specific Media 

Carbon Dioxide 
Carbon dioxide is a very safe distending medium 

since it is rapidly absorbed into the blood and readily 
released dueng pulmonary ventilation.” No other gas 
can be used safely for this purpose. Little potential risk 
exists from the intravasatiofi of CO2 if a maximum pres- 
sure of 100 mm of Hg and a maximum flow rate of 
100 ml/minute are not exceeded. When CO2 hyster- 
oscopy is performed during pregnancy, the maximum 
pressure and flow rate should be reduced to 50 mm 
Hg and 60 ml/minute. 16* ” Higher pressure and flow 
rate may cause a large volume to be intravasted, which 
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may result in metabolic changes, embolization, and 
death.15 The metabolic changes that may Occur from 
excessive CO2 are an increase.in partial pressure of 
CO;! and a decrease in partial pressure of oxygen, 
which result in metabolic acidosis and cardiac irreg- 
ularity. ‘R-N Embolization of CO1 in small volumes is __., . ,-. .--- ..- 
not dangerous. It%%xh in 52% of patients undergo- 
ing a hysteroscopy with the wndino medium.” -d 
intravasatlon iS more frequent at instillation pres- 
sures of 60 to 120 mm of Hg. (57.7%) rhan when 
pressures are less then 60 mm Hg (14.7%). 

Despite the fact that thqusands of hysteroscopies 
are performed with CO2 without difficulty, significant 
complications have been reported.3* ‘s*22.23 All of these 
events occurred with excessive pressure and/or flow 
rates. Most often, equipment was used that was not 
designed for hysteroscopy. In one woman the instru- 
ment, flow rate, and pressure were appropriate, but 
the equipment malfunctioned and delivered a higher 
flow rate and pressure.3 These potentially catastrophic 
problems are prevented by using correct instrumen- 
tation that is checked periodically for accuracy and 
proper functioning. 

Treatment of excessive CO2 intravasation con- 
sists of immediate cessation of hysteroscopy, ventila- 
tion of the patient, and pulmonary and vascular 
supportive measures. If significant emboiization has 
occurred with accumulation of undissolved Co;! in the 
right side of the heart, blood flow may be increased 
by turning the patient on her left side. 

Another complication of COZ hysteroscopy is rup- 
ture of a blocked fallopian tube. In one report this was 
related to the excessive pressure.24 Hypothermia as 
occurs during laparoscopy25 would appear to be 
unlikely, since much smaller volumes of gas are used. 

Dextran 70 
Complications of dextran 70 intravasation are pul- 

monary edema, coagtilopathies, and allergic reactions 
including anaphylaxis. Some reports suggest that the 
pulmonary edema is related to a direct toxic effect on 
the pulmonary vasculature,26-29 although no good evi- 
dence exists to support this. Authors who believe there 
is a direct toxic effect on the lungs do not clearly state 
the amount of dextran 70 that was retained by the 
patient, and a direct toxic effect has been challenged.30‘3z 
Many surgeons believe the suggested noncardiogenic 
pulmonary edema is related to the osmotic properties 
of dextxan 70.*% The agent is a potent plasma expander, 
and for every 100 millimeters infused, the plasma 
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volume is expanded by an additional 860 rnlJ3 The sig- 
nificance of this can be demonstrated by the fact that 
infusion of 350 ml of dextran 70 intravascularly in a 
60-kg patient will essentially double her plasma vol- 
ume.-7’ 

intravascular coagulopathies’“-3’h x 36 may be 
related to an idiosyncratic reaction to dextran 70. but 

.are more likely related to the volume intravasated, 
since the agent’s anticlotting properties are related to 
the amount used. Anaphylactic reactions have been 
reported, 37--u) as well as minor allergic reactions man- 
ifes’ted by skin changes.3”” 

Pulmonary and coagulopathy complications of 
dextran 70 are prevented by limiting intravasation 
with careful monitoring of the intake and output to 
assess the amount that is retained. The manufacturer 
states that 500 ml is the maximum amount that should 
be used. It also states that hysteroscopies should be lim- 
ited to 45 minutes. This time limitation does not seem 
necessary as long as the amount retained by the patient 
is known. It is the amount intravasated through the dam- 
aged endometrium and myometrium rather than the 
amount of dextran 70 used that is important.J2 Never- 
theless, the recommendations are important, since 
when the suggested volume was exceeded, there was 
a 1.1% frequency of pulmonary edema and a 0.5% fre- 
quency of disseminated intravascuhar coagulation.36 

Another problem with this viscous material is not 
knowing the intrauterine pressure created, because a 
very high pressure is necessary to ensure an adequate 
flow. This may translate into very high uterine pres- 
sures. Once distention has been achieved with dextran 
70, only minimal additional pressure is necessary to 
obtain adequate visualization. 

Treatment of pulmonary edema resulting from 
dextran 70 intravasation is oxygen, ventilatory support, 
and attempted diuresis. Diuresis is difficult, as the 
agent’s half-life is several days.43 Since coagulopathies 
very likely are in part dose related, prevention is by 
limiting the amount intravasated. It is theoretically 
possible to prevent serious allergic reactions with 
administration of a hapten inhibitor.U Management is 
supportive until the problem has self-corrected, 
although epinephrine and possibly hydrocortisone or 
antihistamines have been suggested.3” 

Low-Viscosity Fluids 
*Low-viscosity fluids are the most commonly used 

distending media for opera&e hysteroscopy because 
they are ideally suited for the continuous-flow hys- 
teroscope. They must be electrolyte free when used with 

When excessive intravasation is recognized d’ 
ing the procedure, treatment is to discontinue the C: 

as soon as safely possible. If the problem is not r( 
ognized until it has occurred, it should be treated 
an emergency. Patients should be maintained on hl 
oxygen levels. Electrolytes should be measured : 
intravenous furosemide administered immediate 
however, furosemide would not appear to be necess 

14 ., 

ektfkaf instruments, or the electrical cur-rent will be 
dissipated away from the electrode, rendering it inef- 
fective. Complications related to these agents are prim 
marily those of excessive intmvasation. When excessive 
amounts are retained, edema with or without pul- 
monary edema may occur. “-” If the infusing medium 
is dextrose and water, glycine, or sorbitol. hyponatremj> 
or hypo-osmolarity may occur,47~4x~s5-60 since they are 
not isotonic electrolyte solutions. The addition of man- 
nitol to sorbitol may help prevent the problem but is 
not fully protective”‘; 5% mannitol may be prefer- 
able.6’ 

If electrical equipment is not used, hyponatremir 
and hypoosmolarity can be prevented by distending 
yith normal saline or Ringer’s lactate; however, pul- 
monary edema is still a potential problem with these 
media. Fluid overload occurred in 1.1% of patient: 
undergoing the high-risk procedure of resection o 
submucous myomas.4s A rate of 0.34% in I988 droppec 
to 0.14% in 199 1 and returned to 0.20% in 1993 
according to surveys of general gynecologists.636s 

Minimal changes in serum electrolyte levels ma: 
result in inconsequential problems,66 and significan 
changes may rest& in catastrophic problems. It is nc 
the hyponatremia per se that is serious, but the cere 
bra1 edema that occurs as the brain absorbs water i 
an attempt to become isosmotic with the remainder c 
the interstitial fluid and vascular system. Cerebn 
edema results in increased .intracranial pressure 
Subsequent hemiation of the brain stem may result i 
death.67*bs Young women appear to be at greater ris 
for this event thin postmenopausal women or men, 
perhaps because their endogenous progesterone inhibi 
the enzyme sodium-potassium adenosine tripho 
phatase. ‘O* ” Excessive intravasation of glycine rn: 
lead to hyperammonemia encephalopathy, whit 
causes transient blindness, muscle aches, and mer 
ory loss.5 

Some surgeons measure serum electrolytes ro 
tinely, but most do not consider this to be necessar) 
Excessive intravasation is prevented by using as lit 
pressure as possible to create adequate distension, a 
by accurately monitoring intake and output. 
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Uterine perforation rates and laparotomies to man- 
age bowel or urinary tract injuries have risen slightly 
from 1991 to 1993, even though the complexity of the 
procedures has changed little.W-65 
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ifthe distention fluid was 5% mannitol solution. A Foley 
,,,heter will help to monitor diuresis. A brisk diure- 
sis should occur that rapidly elevates the serum sodium 

JeW': !cpressed by the intravasation. If this does not 
hapl.i~~. adminisPration of hypertonic 3% sodium chlo- 
ride sofuc~on can be constdered. No treatment is nec- 
essary for hyperammonemia encephalopathy, as the 
disorder self-corrects in a matter of time. 

Illadequate Visualization 
. ~ -I 

Poor.visualization is much less of a problem with 
tl:t continuous-flow instrumentation now available. 
E%. .:li without this equipment, the uterine cavity can 
be cleaned to a satisfactory point in most cases.73 

Air and Gas Emboli- 

Intravascular air embolization cti occur whenever 
uterine veins are open during surgery and the air pres- 
sure is -mater than venous press~re;‘~ Although uncom- 
r on, it is a risk of hysteroscopic surgery when the 
I;Jtient is in Trendelenburg position and the uterus is ele- 
vated over the heart. Spontaneous ventilation may 
increase this risk. It may also occur from bubbles in the 
inflow tubing or gases that form during the procedure.75 

Early therapy of an air embolism is mandatory. 
Hyperbaric oxvsen can be used to treat patients who 
survive the initial insult. Hyperbaric consultation can 
be obtained without charge 24 hours a day through the 
Divers Alert Network, Duke University, Durham, NC, 
(9 19) 684-8 I I 1 .76 

Another cause of gaseous embolization that has 
resulted in death and serious injury is using air, CO?, 
and nitrous .oxide with coaxiaI fibers of the 
neodymium:yttrium-aluminum-garnet (Nd:YAG) 
laser.n*78 When gas is used with these fibers in the uterus 
with or without a sapphire tip, death and serious injury 
can occur because the high flow rate that is delivered 
does not vary with the pressure created. Only a liquid 
should be introduced into the uterus through the coax- 
ial Iaser fiber. 

Traumatic Injuries of the Uterine Cervix and Fundus 

Traumatic injuries related to hysteroscopy are more 
common during operative than diagnostic procedures 
because more dilatation is necetsary for inserting the 
larger-diameter operative hysteioscopes. These may be 
nuisance injuries, such as cervical mucosal lacerations 
from the tenaculum, or they may cause intraoperative 

or postoperative problems, such as partial uterine per- 
foration. They may also limit the ability to complete 
the procedure when adequate distention cannot be 
achieved after a complete uterine perforation. 

Cervical tearing by the tenaculum during dilatation 
is a common event without significant sequelae. ‘I! 
occurs most frequently with a single-tooth tenaculum. 
A Jacob’s tenaculum offers a firmer grip and is less 
likely to pull free and result in injury to the cervical 

, mucosa. Treatment is suturing if bleeding is brisk. 
Laceration of the cervical canal and lower uterine 

segment may also occur during dilatation. It results pri- 
marily when dilatation is required to accommodate 
larger instruments such as the resectoscope. These lac- 
eraiions can frequently be seen in the lateral margins 
of the canal. They ‘j,ry occasionally may cause post- 

*operative bleeding, both immediate and delayed. 
Correction is generally not necessary, although heavy 
bleeding could be coagulated with a resectoscope elec- 
trode. More commonly they become a source for fluid 
intravasation. Some authors prefer to avoid lacerations 
by inserting Laminaria the night before surgery.79 

The cervix or uterus may be perforated during 
dilatation or insertion of the hysteroscope. This is a 
potential problem especiaIly in an acutely anteflexed 
or retroflexed uterus and in women with a stenotic 
cervix. The incidence is not known but probably com- 
parable to that associated with endometrial curettage, 
4 to 13/l 000 procedures. 8o This complication is pre- 
vented by maintaining appropriate techniques for 
dilatation. Another preventive measure is to insert 
the scope under direct vision. This niay be difficult 
with the resectoscope, however, because of its width 
and sharp end. An obturator may be used, and the vis- 
ual obturator is especiaily helpful (Circon ACMI, 
Stamford, CT). 

Generally, perforations‘ even with the large dila- 
tors require no treatment. Partial perforation requires 
no corrective measures. Most full-thickness perfora- 
tions are in the fundal area, and although no treatment 
is necessary, adequate uterine distention is usually not 
possible and the procedure cannot be continued. 
Laparoscopy can be performed if there is any ques- 
tion as to the location of the perforation or the amount 
of intraabdominal bleeding. 

Uterine Perforation 
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Poor visualization and lack of uterine distension 
increase the risks of uterine perforation during hys- 
teroscopy. Although complica.tions from perforation 
are more common with thermal energy sources, they 
may also occur when mechanical energy is used.“’ 
Scissors ,may be used to transect polyps, eriucleate 
small fibroids, and transect uterine septa. and when a 
perforation occurs, the pelvic viscera usually is not dam- 
aged since the immediate outfIow of distending medium 
alerts the surgeon to the .event. 

The surgical procedure that carries a high chance 
of uterine perforation even with concomitant laparo- 
scopic control is transection of lateral and fundal uter- 
ine adhesions. The compljcation occurs with a frequency 
of2to3/100. 8283 The procedure generally must be dis- 
continued since uterine distention cannot be main- 
tained. Because it is sp common, it is my belief fhat it 
is inappropriate to use thermal energy to lyse these adhe- 
sions. In addition to the risk of injury to pelvic viscera, 
thermal damage may occur to the surrounding endo- 
metrium, which is already compromised. 

It is difficult to prevent perforation during lysis 
of adhesions. Concomitant laparoscopy offers some 
benefit and should be employed in most cases of lat- 
eral and fundal lesions. Ultrasound guidance is also 
helpful. Unless the perforation is lateral in the Iower 
uterine segment where branches of the uterine artery 
might be transected, no correction is generally nec- 
essary. Unless the case is near completion, it has to 
be rescheduled in 2 to 3 months after the wound has 
healed. 

The risk of a uterine perforation during septum tran- 
section would appear to be approximately l/100 pro- 
cedures.@ It can arise despite concomitant laparoscopy. 
In addition, the uterus or fallopian tube may be per- 
forated during tubal cannulation. The risk appears to 
be smaI1, occurring 4 (I 1%) times during cannulation 
of 36 tubes, with no complications reported.85 

Intraoperative and Postoperative Bleeding 

Intraoperative bleeding is usually not a problem 
since the pressure of the distending medium over- 
comes the pressure of most open vessels. Occasionally 
a small artery may spurt blood during a fibroid resec- 
tion, or if myometrium has been entered during a sep- 
tum transection or lysis of intrauterine adhesions. 
These can be easily controlled by using 40 W of a mod- 
ulated (coagulation) current &livered through the 
loop electrode. 

According to surveys of gynecplogists, intraope,.- 
ative and postoperative bleeding and associated corn-- 
plications have increased progressively.‘s3”s In a review 
of rhe literature of endometrial destruction by ablation 
or resection, the rates were between 0.2% and l.O%.8a 
The majority of these events occurred during endome- 
trial resection with a resectoscope or when a draggin: 
(touch) Nd:YAG laser technique was used. 

Postoperative bleeding is most common during 
removal of myomas, and reportedly occurred in 2.2% 
of cases.45 It should not be a difficulty with rollerbal] 
ablation unless there is a partial perforation of the 
uterus or a laceration has occurred in the lower uter- 
ine segment, since no vascular channels are other- 
wise open. It may occur after transection of the vascular 
utefine septum if the transection is too anterior, pos- 
terior, or high in the uterine. fundus, thus opening 
myometrial vessels. Similarly, bleeding after.transec- 
rion of uterine synechiae indicates that myometrium 
rat’her than scar tissue has been cut. 

It is difRult to prevent bleeding during removal 
of sessile fibroids since large vessels are exposed 
when the fibroid is enucleated from its base. This risk 
can be diminished if the myometrium is not damaged. 
This is accomplished by resecting only the portion of 
the fibroid that is protruding into the uterine cavity. 
Avoiding bleeding from transection of septum and 
Iysis of adhesions is based on careful techniques in an 
effort to identify the visual difference between scar- 
ring septum and normal myometrium. Lower uterine 
segment laceration during dilatation can be prevented 
by inserting Laminariu. 

At the termination of virtually every operative 
hysteroscopy there is the initial appearance of brisk 
bleeding. This generalIy is bloody distending medium 
draining from the uterine cavity. In bloodier cases such 
as fibroid resection, it may continue for a short time 
until the uterus contracts, very much like a postpartum 
uterus, and brings the bieeding to an acceptable level. 
OccasionaIly it is helpful to inject dilute vasopressin 
solution 3 u in IO ml saline into the cervix to hasten 
uterine contraction and stop the bleeding. Alternatives 
are inserting a pack containing vasopressin,87 a Foley 
catheter,*8 or a balloon into the uterus.89 

In over 200 fibroid resections, I have had to use 
an intrauterine tamponade in only 6. These were all 
in the first 4?cases and probably reflected anxiety and 
lack of appreciation that the uterus generafiy contracts 
to stop bleeding. None of these women required trans- 
fusion. Others reported a 3% transfusion rate and the 
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need for intrauterine balloons in one-half of all 
. ‘“I This is not the experience of most authors. paficnts. 

~f~cTlfr~~- i&ries Secondary to .Laser or Electrical 

EwgY 

Thermal injuries to surrounding organs can occur 
,,,hen either &CtIkd Or laser energy is used, and 
may result in significant morbidity and death. The 
“fcrus is a thick, muscular organ. It is relatively dif- 
/icult td :lppTy enough energy to its interior surface 
1,) 1”” . ‘: full-thickness necrosis with possible damage 
II<. .i Ihe outer surface, but such complications 
ll;l w been reported. 9’ Most injuries are the result of 
physical perforation of the uterus while the energy 
source is activated. _ 

In expert hands, these injuries are not common. 
ho injuries to intraabdominal organs by thermal energy 
were reported in a series of 850 endometrial and 
myoma resections, ‘a in a literature review of endome- 
trial ablation,86 or during the resection of intrauterine 
I ions even when a perforation had occurred.45 
I-however, a survey of physicians learning and per- 
forming endometrial resection reported that 52% of 
uterine perforations occurred during.the first five cases 
and 33% occurred during the first one.93 Injuries to other 
intraabdominal structures occurred only when the 
learning physician was not under direct supervision, 
and affected the bladder, ureters, and major blood ves- 
sels. Case reports describe ‘injuries to the bowe1.94-96 

Although uncommon, two injuries to pelvic vis- 
cera without perforation were described with the use 
of the resectoscope% and the Nd:YAG laser.W In one 
case a high-power setting of the Nd:YAG laser with 
slow movement of the laser fiber was the apparent 
cause, since higher powers have been applied safely.97 
An abnormally thin uterine wall was judged to be the 
problem in the second case. 

It is recognized by all hysteroscopists that the 
rerine comual area and possibly the cesarean section 

scar are the thinnest areas and therefore the most vul- 
nerable to perforation. The thinness of the uterine cor- 
nual area created a risk of bowel injury at the time of 
attempted electrical sterilization and was the main 
reason the procedure was abandoned.98 Obturator 
nerve stimulation with subsequent forceful adduction 
of the patient’s thighs may OCCUJ when operating in 
the comual region.99 

Damage to pelvic viscera is m&t frequent when 
ihe activated electrode or laser fiber is advanced away 

from the operator. Depth perception is difficult dur- 
ing hysteroscopy, and once the fiber or loop is out of 
sight, the depth to which it is penetrating cannot be 
determined easily. Perforation of:the uterus and injury 
to pelvic organs are best prevented by not advancing 
the activated laser fiber or electrode away from the end 
of the telescope, and not. resecting myomas below the 
level of the uterine caviry. OnIy a few exceptions to 
this rule exist. The special circumstances when the elec- 
trode or fiber may- be advanced away from the end of 
the hysteroscope are during transection of a septum 
and when undercutting a piece of partially resected 
fibroid that is hanging loosely in the uterine cavity. This 
can 9 done safely since the electrode or laser fiber is 
advanced only for very short distances and is always 
in direct view as it enters the tissue. 

It is not necessary to cut below the level of the uter- 
ine cavity to remove the intramural portion of the 
myoma, loo but it is necessary when removing lateral 
and fundal intrauterine adhesions. Because of the 
increased risk of perforation during adhesion removal, 
thermal energy source presents an increased danger that 
is not found when mechanical methods are used. 

If a perforation occurs and any question exists 
that thermal energy may have damaged the pelvic vis- 
cera, laparoscopy should be undertaken to determine 
if there is any blanching on the serosa of the uterus. 
If this is identified, abdominal exploration should usu- 
ally be the next step, since it is difficult to inspect all 
of the bowel laparoscopically to look for sites of injury. 
If an injury is identified, it should be resected with ade- 
quate margins, rather than oversewn. 

Instrument Breakage 

Intrauterine instrument breakage can occur, with 
separation of scissor tips and resectoscope loops. An 
effort must be made to try to retrieve tlie broken piece, 
and this may be time consuming and difficult. There 
are probably no risks to leaving the missing piece in 
the uterine cavity; in fact, the piece may spontaneously 
exit the uterine cavity. lo1 However, retrieval should be 
attempted io avoid the medicolegal risks of leaving a 
foreign body inside the patient. 

Concomitant Laparoscopy or Ultrasonography and 
Hysteroscopic Surgery 

Laparoscopy or ultrasonography has been rec- 
ommended to help avoid complications and increase 

1 , 
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the’accuracy of the surgery. I do not believe that rou- 
tine laparoscopy is eitherjustified or necessary except 
when extensive lateral and fundal intrauterine adhe- 
sions exist, or when the external configuration of the 
uterus is not known in the case of septate uterus. 

Use of the laparoscope during operative hyster- 
oscopy gives a false sense of security since the uterus 
is generally not in the laparoscopist’s view when the 
hysteroscopist is operating. This is because the uterus 
is tipped backward rather than elevated anteriorly out 
of the pelvis,.and therefore is hidden behind bowel. 
For the laparoscopist to view the uterine surface, the 
hysteroscopist must anteflex the uterus, which gener- 
ally makes additional intrauterine surgery at that time 
difficult or impossible. Laparoscopy does have a role 
in evaluating the external uterine surface if any ques- 
tions arise as to whether a perforation with injury to 
pelvic viscera may have occurred. 

Ultrasound is suggested as a better method than 
laparoscopy to assist the hysteroscopist.“‘-lo5 It has 
value in determining the external configuration of the 
uterus in cases of septum, determining the extent of 
an intramurai fibroid, identifying normal endome- 
trium in patients with Asherman syndrome, and locat- 
ing a hematometra after ablation.‘” In addition it can 
contribute to the safety of the procedure by demon- 
strating the closeness of the operating instruments to 
the uterine surface. 

Infection 

Infection is seldom a problem in diagnostic hys- 
teroscopy and is not reported in many large series. In 
4000 cases, most of which were diagnostic hysteros- 
copies, 8 (0.2%) infections were reported.i5 All occurred 
in the first 1000 cases and all were mild except one 
that occurred after laparotomy. The equipment was not 
sterilized between these cases, but only washed and 
rinsed with 70% alcohol. 

Operative hysteroscopy increases the risk of infec- 
tion not only by opening tissue planes, which allows 
the introduction of pathogens, but because the extended 
length of these procedures requires the hysteroscope 
to be removed and replaced into the uterine cavity 
through the vagina on numerous occasions. Infections 
may arise as endometritis, parametritis, or pyome- 
tra lo7 A review of endometrial ablation showed a risk 
of b.3%,86 and a general suf*ey of operative hyster- 
oscopy identified a rate of 1 .6%.93 The latter figure may 
have been elevated by the inexperience of many of the 

operators. A2.0% infection rate was found in review- 
ing the pubiished reports on fibroid resection.*s 
Infections were found in 0.5% of 850 operative hys- 
teroscopies even though the women received postop- 
erative prophylactic antibioticsYZ In performing over 
274 endometrial ablation cases, 156 fibroid resec- 
tions, and 44 myoma resections and ablations, I have 
not yet had a patient who developed infection. 

The first step in preventing infections is proper 
cleaning, disinfecting, and sterilization of equipment. 
Routines similar to those used in laparoscopy are sat- 
isfactory. rO’ Prophylactic administration of antibiotics, 
although practiced by some, is not universally employed 
by hysteroscopists and does not necessarily provide 
protection against infection.9’ It would appear, how- 
ever, that patients with a history of pelvic inflamma- 
tory disease should receive prophylacttc antibiotics. 

This recommendation is based on a series of 700 
patients, 200 of whom did not receive the agents.lW 
Four (2%) of the 200 had a history of pelvic inflam- 
matory disease, and three of them developed severe 
postoperative infections, including tubo-ovarian 
abscess. In the second group of 500 women, 10 (2%) 
had a history of pelvic inflammatory disease. All 
received doxycycline 200 mg twice/day starting at 
the time of Lammaria insertion. None developed a sub- 
sequent infection. 

Although no infection or other problems have 
been demonstrated clinically, contamination with par- 
ticulate matter in insufflated gas can occur, and the USE 
of filters has been recommended.‘tO 

Infection after hysteroscopy should be managec 
in the standard fashion. 

Nerve Znjuries 

Nerve injuries are a small but persistent problen 
in hysteroscopy, occurring 0.01% to 0.04% 0 
patients. 6365 They also occur with other gynecologi 
procedures, usually the result of stretching of the sciatic 
or peroneal nerve. itI Recovery generally is complete 
although it may be prolonged and associated with pair, 

Development Of Hematometra 

Hematometra after endometrial resection or ably 
tion is not reported frequently. One report found th: 
it occurred in 1.8% of patients.92 It caused cyclic pai 
with or without uterine bleeding between 2 and 1 
months after the procedure. Fourteen of the 16 wome 
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were managed by cervical dilatation. Two required ical dilatation. Two required 
transection of uterine synechiae to approach the *me synechiae to approach the 
hematonlctra tn the uterine fundus. Another’repon I tne uterine fundus. Another’report 

;I hematometria from cervical stenosis in 3 netria from cervical stenosis in 3 . .- 

for the adenomyosis is the transport of viable endome- 
trial debris into the myometrium by the vessels opened 
at resection.“5 

Or 6 1 ~~;~~ientS.“’ 
A variation of hematometra was described in 

wOmen undergoing rollerball ablation who were or had 
been previously sterilized.“-’ These patients experi- 
enced intermittent vaginal bleeding that was associ- 
ated with severe cramping pain. All had marked 
endometria! scZ!,rrin, 0 at hysteroscopy, and unilateral 
or bilateral swollen, blood-filled fallopian tubes that 
q?” .-;d similar to early ectopic pregnancy. Symptoms 
iI! .ost of these patients were alleviated by laparo- 
scopic removal of the remaining proximal tube or 
tubes. 

Adenomyosis may precede the ablation, and this 
is a matter of controversy. Whereas some patholo- 
gists are comfortable making a diagnosis of adeno- 
myosis from hysteroscopic resection chips, and a 
clinical correltiion appears to exist,“6 others are unwil!- 
ing to do so since a maximum depth of only 5 mm is 
obtained by resection. 

A review of my 247 cases of endometrial abla- 
tion demonstrated this postablation tubal steriliza- 
tion syndrome in 4 women and a suspicion that it 
existed in 3 others. Of interest, only one of the seven 
women had Nd:YAG laser ablation and six had resec- 
I scope rollerball ablation. In reviewing these find- 
::&gs it is. my opinion that better comual destruction 
was achieved with the Nd:YAG laser, since in-depth 
destruction occurred at approximately the same time 
surface changes were seen. Because of concern for the 
thinness of the comual area, destruction apparently 
was inadequate most frequently in cases in which a 
rollerball was used. This would have been caused 
not only by inadequate application of the rollerball at 
the comua, but also by the fact that the rolierball 
would have been touching tissue in its anterior, pos- 
terior, and forward positions, thus effectively dimin- 
ishing current density by two-thirds. I am now more 
conscientious about thoroughly destroying the comua! 
areas with the rollerball. 

Creation of Zatrogenic Adenomyosis 

The risk of creating iatrogenic adenomyosis may 
be more common with the resection technique than with 
the rollerball or Nd:YAG laser.“4* ‘Is One reason may 
be that resection does not uniformly remove all of the 
deeper-lying normal endometrium that is usually 
destroyed by- the Nd:YAG and rollerball. The 
orientation of the resected strips does not always allow 
the pathalogist to determine if the full thickness of the 
endometrium has been resected In such case, the 
remaining endometrium may be covered in scarring 
and qpp&u as iatrogenic adenomyosis. Another theory 
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Endometrial Cancer 

!Two concerns have been raised with regard to 
car&noma of the endometrium and hysteroscopic pro- 
cedures. The first is spreading of endometria! cancer 
cells during hysteroscopy. It is known that hysteros- 
copy even using CO;! can spread endometrial cells 
intd the peritoneal cavity. “’ It has been suggested this 
may increase the FIG0 staging from a I to III.‘i8 The 
viability of these cells and whether or not their pres- 
ence would have any long-term effect can be debated. 
It would, however, commit the patient to more aggres- 
sive therapy. 

I reviewed 34 patients in whom endometrial car- 
cinoma was identified at diagnostic hysteroscopy. 
Carbon dioxide only was used in 26 women. Four of 
them were switched from CO2 to a fluid medium 
because of poor visualization, and four had only fluid 
medium used. Positive cytology was found in two 
women. One in whom glycine was used already had 
ovarian spread. The other had moderately differenti- 
ated tumor extending two-thirds of the way through 
the endometrial surface; CO;! was the distending 
medium. Whether the positive cytology in these two 
patients related to the hysteroscopy cannot be deter- 
mined, but it would appear that the chance of this is 
of low magnitude. 

The other potential complication raise by detrac- 
tors of endometrial ablation is the risk of obscuring the 
early symptoms of bleeding from an endometria! car- 
.cinoma. Five patients were reported in whom carci- 
noma of the endometrium developed after endometrial 
ablation.““‘23 An early diagnosis was made in all four- 
However, in my opinion, none of these women was a 
good candidate for endometrial ablation. 

Four women were menopausal when the ablation 
was done. One had hyperplasia without atypia that had 
responded to progestin, but she was not given the 
agents after the ablation.“9 Endometrial cancer 
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developed 5 years postoperatively. The second woman 
had adenomatous hyperplasia with focal architectural 
atypia but no cytologic atypia,‘“’ She remained 
asymptomatic, and 1 year after ablation a predominantly 
grade I focal grade 2 carcinoma with greater than 50% 
myometrial invasion was found at a hysterectomy for 
urinary incontinence. The third patient was a morbidly 
obese diabetic who was 4 years postmenopausal at the 
time of ablation. Benign adenomatous hyperplasia had 
been found at dilatation and curettage (D&C) 2 years 
bef&e, but aD&C 5 months before ablation revealed 
only an atrophic endometrium.‘” She, too, did not 
receive progestins after ablation. The fourth patient 
had focally atypical endometrium at the time of the abla- 
tion. Fourteen months later she was diagnosed with 
metastatic carcinoma of the endometrium.iZ3 The one 
woman who was not menopausal was a 39-year-old 
chronic anovulator who had an endometrial ablation 
rather than cyclic progestins for dysfunctional bleed- 
ino 12’ She did not receive postablation progestins. P’ 

Offering endometrial ablation to postmenopausal 
and anovulatory women should always be looked upon 
skeptically. The postmenopausal women described 
above manifested considerable endogenous estrogen 
effect, and two even suggested some endomebial atypia 
The fifth patient probably could have been managed 
without surgery by cyclic progestins, All of these 
women were less than ideal candidates for the proce- 
dure, but once it was done, they should have received 
cyclic progestin therapy. 

Endometrial cancer associated with endometrial 
hyperplasiatz4 was found at the time of endometrial 
resection. No malignancy remained in the hysterec- 
tomy specimen. A complete preoperative work-up 
should be able to avoid this potential problem in all 
but the most unusual case. 

Intrauterine Adhesion Formation after Correctly 
Done Hysteroscopy 
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Complications of hysteroscopic surgery when 
taken in its broadest sense can occur when the proce- 
dure has been performed correctly and safely. 
Postoperative intrauterine adhesions are undesirable 
in women who seek to maintain their fertility. This is 
not a major problem after fibroid resection, having been 
reported in 6% of patients undergoing follow-up hys- 
teroscopy. I25 The removal’lbf numerous fibroids or 
fibroids on opposing walls probably increases this 
risk. Although it would be theoretically possible to 

introduce a balloon or intrauterine device (IUD) into 
the uterine cavity after fibroid resection, the problem 
is infrequent enough that it seems more prudent to per- 
form a repeat hysteroscopy in the office after the tirst 
spontaneous menses. If an adhesion is found. it can be 
easily lysed under direct vision. Consideration can 
also be given to administering oral estrogen to help 
reepithelize the raw surfaces. However, this was not 
found to be necessary after transection of uterine sep- 
tum where normal endometrium will cover the surface 
in 2 months.‘?‘j 

Recurrence of intrauterine synechiae is consider- 
ably more difficult to manage. The extent of adhesion 
r$formation depends on their location and the amount 
of uterine surface involved. When extensive adhesions 
are lysed, little normal endomettium remains to be 
reepithelized and the risk of recurrence is high.“’ It is 
difftcult to keep separate the walls of the lateral and 
fundal adhesions to allow reepithelialization. An effon 
can be made to separate the walls by inserting a non- 
copper, nonprogressive IUD for the short term, or ar 
intrauterine balloon or Foley catheter. Most author: 
believe estrogen should be administered to these patienu 
to facilitate endometrial regrowth. When the adhe 
sions are limited to the upper cervical canal and lowe 
uterine segment, IUDs are not necessary, and offxcc 
dilatation for several weeks wilI prevent reformatior 

The formation of scarring after a septum transec 
tion is seldom a problem, and-an intrauterine stem i 
not necessary. These cut surface are avascular and d 
not heal together. Reepithelization is rapid.lZ6 

Difficulties With Pregnancies 

No problems are expected after the uncompl 
cated removal of a fibroid or transecton of a septur 
and. fertility should be enhanced.45* I** However, 
pregnancy after intrauterine suigery may be une: 
petted or be associated with difficulties. 

Abnormal implantation resulting in a placenta a 
creta or a poor pregnancy outcome may occur in worn’ 
who have had lysis of uterine synechiae.‘lge ‘“Abnom 
implantation is caused by lack of normal endomettiu 
on which the placenta can form a normal attachme 
This is almost impossible to prevent. Correction CC 
sists of obstetric management similar to that when t 
disorder occurs spontaneously. 

Unplanned pregnancies may occur after endon 
trial ablation in patients who were not steriliz 
previousl)i. Their frequency isreported to be 0.2% 
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1.6% 

~2.13’ ! .’ but the true figure is probably much higher, 

&X maw wdmeq undergo hysteroscopic steriliza- 
lioF- *ruse other fqms of contraception. If a pregnancy. 
occurs alicr ablation, an ectoplc gestation should be 
&ll (’ . The woman who chooses to continue the 
prepnancy should be made aware of the fact that since 
[he vascular supply to the uterine surface has been dam- 
aged by the endometrial surgery, a placental insuffi- 
ciency-like syndrome could develop,‘3’ as well as 
*[her serious placental problems.“9+ “’ 

Uterine rupture has been reported during preg-’ 
,,ancy nfter a uterine perforation at hysteroscopy for 
septum transection for submucous myoma resection 
ill' 

illring lysis of adhesions.119. 133-137 One of my 
p.;zicnts experienced such an event at 28 weeks’ ges- 
tation. It was in the left fundal area, at the site of a 
perforation that occurred during lysis of severe intra- 
uterine adhesions. 

Even though the tubal ostia are easily approached 
hysteroscopically, pregnancies commonly occur after 
most hysteroscopic sterilizations.*38 Only formed-in- 
place silicone plugs (Ovabloc System; Aphation, 
*’ :)tterdam, The Netherlands) have been effective in 
,,reventing pregnancies. I39 Other ostial tubal plugs 
have not justified clinical trials. The primary reason 
that an electrical hysteroscopic sterilization techniques 
were abandoned was the high frequency of perfora- 
tion and bowel injuries. However, a second reason 
makes any type of tubal sterilization that attempts to 
close the tube at the ostium unreliable, even if the depth 
of the destruction could be controlled; that is, the 1% 
zctopic pregnancy rate, with three-fourths of them 
being interstitial ectopic pregnancies.‘38 

Death 

Fortunately, deaths related to hysteroscopy are 
infrequent, and many large series do not report any. 
The true rate is not known, since deaths may go unre- 
ported and the denominators are not generally given 
in published case reports. A rate of 1.7/10,000 cases 
has been reported.64 

Summary 

If the contraindications to hysteroscopy are 
observed, complications should be kept at a mini- 
mum. Therisk of fluid overload, specially in opera- 
tive cases, is the single most common and critical 
complication. Accurate recording of fluid intake and 
outflow are absolutely essential. This and all other 
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complications are most likely to arise in the hands of 
inexperienced and unsupervised surgeon.2*93 
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given four hours later. Thirteen hours after the 
ingestion the theophylline level was 31 pg/ml (170.5 
pmol/I) and had fallen further to 23.2 pg/rnl (128.8 
~mol/l) at 14.5 hours. No further dose of antiemetic‘ 
was required and she was discharged from hospital 
after psychiatric review at 36 hours. 

Although this girl may have reached her peak plasma 
-yheophylline level at the time of administration of 
ondansetron, the serotonin antagonist promptly 
f ‘switched off” her vomiting, allowing successful gut 

iaecontamination with activated charcoal. Despite the 
:expense of this drug, our Pharmaceutical Advisory 
Committee has, on the basis of this case, approved the 
use of ondansetron for r&-actory vomiting following 
theophylline overdose. We believe that use of this drug 
warrants consideration under such circumstances. 

DAVID DALY 
J~ESN.TAYLOR 

Emergency Department, 
Royal Melbourne Hospital, Melbourne, Vie. 
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Endometrial ablation and air embolism 

Dear Sir, 
A 40-year-old woman weighing 80 kg presented for 

endometrial ablation. She was generally in good health 
and had had previous uncomplicated anaesthetics. 
Preoperative haemoglobin and electrolytes were 
normal. 

She received temazepam 20 mg as premeditation and 
was induced with fentanyl 100 pg, followed by a sleep 
dose of thiopentone 350 mg. Intubation was facilitated 
with vecuronium 7 mg. After intubation, anaesthesia 
was maintained with nitrous oxide, oxygen (PiOt 0.3) 
and isoflurane 0.8%. Monitoring consisted of ECG, 
noninvasive blood pressure, pulse oximetry and 
capnography. 

During the course of the anaesthetic, her blood 
pressure was 120-130 nunHg systolic, pulse oximetry 
98%, and endtidal CO, 32 mmHg. 

Endometrial ablation was performed with the use 
of “roller ball” electrosurgery and 1.5% glycine under 
pressure of 90-100 mmHg. She was placed in the 
Iithotomy position with slight head-Qwn tilt. 
Approximately 40 minutes after commencement of the 
operation, the capnograph showed an endtidal carbon 
dioxide level of 20 mmHg and pulse oximetry reading 
of 90%. However, a radial pulse was easily felt, and 

Anaesthesia and lnnlensive Care, Vol. 2I. Na 4, Augusl, 1993 

blood pressure was 120 mmHg. There was no change 
in ventilation parameters. Auscultation of the chest 
showed equal air entry, normal heart sounds, with no 
added sounds. Surgery was immediately ceased and a 
presumptive diagnosis of air embolus was made. 
Within approximately two minutes pulse oximetry and 
endtidal carbon dioxide readings returned to normal. 
It was calculated that she had absorbed 600 ml of 
glycine solution. The acute changes in oximetry and 
ETCH, were verified on the trend mode .of the Datex 
monitor. ‘Inspection of the glycine bags and. tubing 
showed no evidence of air. As the patient’s clinical 
condition was stable and surgery was nearly finished, 
surgery was allowed to be completed. This took about 
five minutes. 

Muscle relaxation was reversed with neostigmine and 
atropine She .developed laryngeal spasm on extubation, 
requiring re-intubation, but recovery was uneventful 
and she was discharged from hospital the following day. 
Postoperative electrolytes and haemoglobin were 
normal. - 

Endometrial ablation with the use of “roller ball” 
electrosurgery is a new surgical procedure in which air 
embolus is a rare but possible complication. It has been 
reported with the use of “loop diathermy” endometrial 
ablation. Anaesthetists should be alert to the possibility 
of air embolus in this procedure Air could come from 
the glycine bag or tubing, but also from the “bubbles” 
produced by the diathermy in the glycine. The surgeon’s 
comment during this case was that the bubbles 
generated by the diathermy were “very small”. How- 
ever, they are under pressure of 90-100 mmHg and 
would expand when in the venous system with a much 
lower pressure. It may also be argued that an acute 
absorption of glycine may have caused.the changes in 
pulse oximetry and EtCOz. 

ANDREWMICHAEL 
Lye11 McEwin Health Service, 
Elizabeth Vale, S.A. 
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Use of a size 2 LMA to relieve life-threatening 
hypoxia in an adult with quinsy 

Dear Sir, 
One of the major advantages of the LMA is the 

rapid relief of hypoxia following failure to intubate 
where alternative airway techni ues rove inadequate. 
We would like to report the u!&&%!e &% size 2 
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GAS EMBOLISM 

CLAUS M. MUTH, M.D., AND ERIK S. SHANK, M.D. 

AS embolism, the entry of gas into vascular 

G 
structures, is a largely iatrogenic clinical prob- 
lem that can result in serious morbidity and 

even death.1 Since gas embolism can result from pro- 
cedures performed in almost all clinical specialties 
(Table l), it is important for all clinicians to be aware 
of this problem. In most cases, gas embolism is air 
embolism, although the medical use of other gases, 
such as carbon dioxide, nitrous oxide, and nitrogen, 
can also result in the condition. There are two broad 
categories of gas embolism, venous and arterial, which 
are distinguished by the mechanism of gas entry and 
the site where the emboli ultimately lodge. 

VENOUS GAS EMBOLISM 

Venous gas embolism occurs when gas enters the 
systemic venous system.2 The gas is transported to 
the lungs through the pulmonary arteries, causing 
interference with gas exchange, cardiac arrhythmias, 
pulmonary hypertension, right ventricular strain, and 
eventually cardiac failure. Physical preconditions for 
the entry of gas into the venous system are the in- 
cising of noncollapsed veins and the presence of sub- 
atmospheric pressure in these vessels. Noncollapsing 
veins include the epiploic veins, the emissary veins, 
and the dural venous sinuses. Air may enter these 
veins during neurosurgical operations, especially those 
performed with the patient in the sitting position.3 
The veins of the throat, and in some cases the veins 
in the coagulated operative field,* may also be entry- 
ways for air. Air may also enter veins through central 
venous and hemodialysis catheter@ and may enter 
the veins of the myometrium during pregnancy and 
after delivery.78 
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Pathophysiology 

The most frequent form of venous gas embolism 
is the insidious venous aeroembolism,‘in which a se- 
ries of gas bubbles resembling a string of pearls en- 
ters the venous system. Rapid entry or large volumes 
of gas put a strain on the right ventricle because of 
the migration of the emboli to the pulmonary circu- 
lation. The pulmonary arterial pressure increases, and 
the increased resistance to right ventricular outflow 
causes diminished pulmonary venous return. Because 
of the diminished pulmonary venous return, there is 
decreased left ventricular preload, resulting in dimin- 
ished cardiac output and, ultimately, systemic cardio- 
vascnlar collapse. 9 Tachyarrhythmias often develop, 
but bradycardias are possible as well. When large quan- 
tities of gas (over 50 ml) are injected abruptly, acute 
car pulmonale, asystole, or both are likely to occur.2 
The alteration in the resistance of the lung vessels and 
the mismatch between ventilation and perfusion cause 
intrapulmonary right-to-left shunting and increased 
alveolar dead space, leading to arterial hypoxia and 
hypercapnia.. 

Diagnosis 

To diagnose venous gas embolism, the physician 
should assess the clinical findings. The so-called mill- 
wheel murmur, a splashing auscultatory sound due 
to the presence of gas in the cardiac chambers and 
great vessels, is often present and can be auscultated 
by a precordial or esophageal stethoscope. A decrease 
in the end-tidal carbon dioxide levels, as determined 
by capnometry, suggests a change in the relation be- 
tween ventilation and perfusion due to the obstruc- 
tion of the pulmonary arteries.10 Doppler ultrasonog- 
raphy is a sensitive and practical means of detecting 
intracardiac air, and it is often used during neurosur- 
gical procedures,3~11 procedures with the patient in 
the sitting position, and other procedures that entail 
a high risk of gas embolism. An even more sensitive 
and definitive method for detecting intracardiac gas 
is transesophageal echocardiography, although it re- 
quires training in performance and interpretation 
(Fig. 1).2,3~12 

Treatment 

When venous gas embolism is suspected, further 
entry of gas must be prevented. In certain cases, 
therapy with catecholamines is required, and, if nec- 
essary, aggressive cardiopulmonary resuscitation is per- 
formed. Adequate oxygenation is often possible only 
with an increase in the oxygen concentration of the 
inspired gas (up to 100 percent oxygen). Supplemen- 
tal oxygen also reduces the size of the gas embolus 
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TABLE 1. MEDICAL SPECIALTIES WITH DOCUMENTED CASES OF GAS EMBOLISM. 

%XlALN 

All medical specialties 

All surgical specialties 

Anesthesiology 

Cardiac surgery 

Cardiology 

Critical care and pulmonology 

Diving and hyperbaric medicine 

Endoscopic and laparoscopic 

SLugcry 
Gastrocntcrology 

Neonatolbgy and pedi&ics 

Nephrology 

Neurosurgery 

Obstetrics and gynecology 

otolaryngology 

orthopedics 

Badiology 

Thoracic surgery 

Urology 

-Vascular “rgery 

MECHANISM of GAS EMBOLISM 

Inadvertent entry of air through peripheral intravenous circuit 

Intraoperativc USC of hydrogen peroxide, causing formation of arterial and venous oxygen emboli 

Entry of air through disconnected intravascular catheter, inadvertent infusion of air through intravascu- 
lar catheter 

Entry of air into extracorporeal-bypass pump circuit, incomplete removal of air from heart afier canho- 
p&c arrest, carbon dioxide-assisted hatvesting of peripheral veins 

Entry of air through intravascular catheter during angiographic study or procedure 

Entry of air through disconnected intravascular catheter, pulmonary barotrauma, rupture of inaaaottic 
balloon, entry of air into extracorporeal-membrane-oxygenator circuit 

Pulmonary barotrauma, paradoxical embolism after decompression injury, entry of gas through discon- 
nected intravascular catheter 

Enuy of gas into veins or arteries during insufflation of body cavities 

Enuy of gas into veins during upper or lower endoscopy or cndoscopic retrograde pancreatography 

Pulmonary barotrauma in treatment of premature infants 

Inadvertent entry of air through hemodialysis catheter and circuit on hcmodialysis machine 

Entry of air through incised veins and calvarial bone, especially during craniotomy with the patient in 
a sitting position 

Cesarean section, gas insufllation into veins during endoscopic surgery, intravaginal and intrauterine gas 
insufnation during pregnancy 

Nd:YAG laser surgery on the larynx, trachea, or bronchi’ 

Gas insufllation into veins during arthroscopy, total hip arthroplasty, or spine surgery with the patient 
in a prone position 

Injection of air or gas as a contrast agent, inadvertent injection of air during angiography 

Entty of air into pulmonary vasculature during lung biopsy or video-assisted thoracoscopy, chest trauma 
(penetrating or blunt), lung transplantation 

Entry of air during transurethral prostatectomy or radical prostatectomy 

Entry of air during carotid cndarterectomy 

l Nd:YAG denotes ncodymium:yttrium-aluminum-garnet, 

by increasing the gradient for the egress of niuogen 
from the bubble.13 Rapid resuscitation with volume 
expansion is recommended to elevate venous pres- 
sure, thus preventing the continued entry of gas into 
the venous circulation. 

Some authors recommend attempting to evacuate 
air from the right ventricle with the use of a central 
venous catheter (a multiorifice catheter may be more 
effective than one with a single lumen) or a pulmo- 
nary arterial catheter. 2~4~s It may be possible to as- 
pirate about 50 percent of the entrained air from an 
appropriately placed right auial catheter,V4 but de- 
pending on the placement of the catheter and the 
position of the patient, a smaller effect is more like- 
ly.aJs Hyperbaric oxygen therapy is not a first-line 
treatment but may be a useful adjunct in severe cas- 
es. It should certainly be considered if there is evi- 
dence of neurologic changes. In this case, it should 
be assumed that a paradoxical embolism is present. 

Paradoxical Embolism L 

A paradoxical embolism occurs when air or gas 
that has entered the venous circulation manages to 
enter the systemic arterial circulation and causes symp- 

toms of end-artery obstruction. There are a number 
of mechanisms by which this can occur. One is the 
passage of gas across a patent foramen ovale into the 
systemic circulation. A patent foramen ovale, which 
is detectable in about 30 percent of the general pop- 
ulation, makes possible right-to-left shunting of gas 
bubbles.16 If there is a patent foramen ovale and if 
the pressure in the right atrium exceeds the pressure 
in the left atrium, right-to-left flow through the fo- 
ramen ovale may occur. 17 Elevated pulmonary arte- 
rial pressure due to venous gas embolism may result 
in elevated right atrial pressure, making it possible 
for a bubble to be transported through a patent fo- 
ramen. Furthermore, the decrease in left atrial pres- 
sure caused by conuolled ventilation and the use of 
positive end-expiratory pressure may create a pressure 
gradient across the patent foramen ovale, favoring the 
passage of gas into the systemic circulation.2~3 

In other situations, venous gas may enter the ar- 
terial circulation by overwhelming the mechanisms 
that normally prevent arterial gas embolism. Studies 
in animals suggest that either a large bolus of gas (20 
ml or more) or small continuous amounts (11 ml 
per minute) introduced into the venous system may 
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Figure 1. Transesophageal Echocardiogram from a Patient Eval- 
uated for the Presence of a Patent Foramen Ovate. 

Saline was agitated and injected’rapidly into a central venous 
catheter. The bubbles appear as echodense areas in the right atrium (doubit! aiioks)*m~ff ih,iih pa&,eiit ~~~~.~-.,8~~~~~~~fdramen 

ovale, bubbles would be seen crossing the interatrial septum 
(thin arrow) and entering the left atrium (arrowhead). (Echocar- 
diogram provided courtesy of S. Streckenbach.) 

generate intraarterial bubbles.rs-20 There have been 
reports of fatal cerebral arterial gas embolism caused 
by a large venous gas embolus, although no intracar- 
diac defects or shunt mechanisms could be demon- 
strated.21 Various anesthetic agents diminish the ability 
of the pulmonary circulation to filter out gas embo- 
li.22 Studies in animals have shown that volatile anes- 
thetics, specifically, may raise the threshold for a spill- 
over of venous bubbles into systemic arteries. This 
finding may have relevance to surgical procedures that 
carry a substantial risk of venous gas embolism. 

The treatment of paradoxical embolism is identi- 
cal to that of primary arterial gas embolism (discussed 
below). Every venous gas embolism has the poten- 
tial to evolve into an arterial gas embolism. 

ARTERIAL GAS EMBOLISM 

Arterial gas embolism is caused by the entry of gas 
into the pulmonary veins or directly into the arteries 
of the systemic circulation. Gas may enter the arteries 
as a result of overexpansion of the lung by decompres- 
sion barotrauma or as a result of paradoxical embo- 
lism. Any cardiac surgical operation that uses extracor- 
poreal bypass may also cause arterial gas embolism.a3 
Even if only small amounts of gas enter the arterial 
system, the flow of gas bubbles into functional end 
arteries occludes these vessels. Although obstruction 
is possible in -any artery, obstructior+of either the 
coronary arteries or the nutritive arteries of the brain 
(cerebral arterial gas embolism) is especially serious 
and may be fatal because of the vulnerability of the 
heart and brain to short periods of hypoxia.24 

Fai~-%p.“~brbg~ 
,. 

The entry of gas into the aorta causes the distri- 
bution of gas bubbles into nearly all organs. Small em- 
boli in the vessels of the skefetal muscles or viscera 
are well tolerated, but embolization to the cerebral or 
coronary circulation may result in severe morbidity 
or death. 

Embolization into the coronary ‘arteries induces 
electrocardiographic changes typical of ischemia and 
infarction; dysrhythmias, myocardial suppression, car- 
diac failure, and cardiac arrest are all possible, depend- 
ing on the amount of gas embolized.25 Circulatory 
responses may also be seen with embolization to the 
cerebral vessels.26 

Cerebral arterial gas embolization typically involves 
the migration of gas to small arteries (average diam- 
eter, 30 to 60 pm) .a5 The emboli cause pathologic 
changes by two mechanisms: a reduction’in perfusion 
distal to the obstruction and an inflammatory response 
to the bubble (Fig. 2).24 

Symptoms 

The symptoms of cerebral arterial gas embolism 
develop suddenly. The clinical presentation, however, 
is determined by the absolute quantity of gas and the 
areas of the brain that are affected. Thus, there may 
be minor motor weakness and headache or moderate 
confusion; conversely, complete disorientation, hem- 
iparesis, convulsions, loss of consciousness, and coma 
may occur. 27 Asymmetry of the pupils, hemianopia, 
and impairment of the respiratory and circulatory cen- 
ters (manifested as bradypnea, Cheyne-Stokes breath- 
ing, cardiac arrhythmias, and circulatory f&lure)2sJ6 
are other well-known complications. In patients who 
have undergone surgical procedures that carry a risk of 
gas embolism, a delayed recovery from general anes- 
thesia or a transitional stage of impaired consciousness 
may be a clue to the occurrence of cerebral arterial 
gas embolism. The diagnosis is not easy to establish 
in such patients, because complications of anesthesia, 
such as the central anticholinergic syndrome or the 
presence of residual anesthetic or muscle relaxant, can 
mimic mild cerebral arterial gas embolism. 

Diagnosis 

The most important diagnostic criterion is the pa- 
tient’s history, because the clinical suspicion of em- 
bolism is based on the initial neurologic symptoms 
and the direct temporal relation between these symp- 
toms and the performance of an invasive procedure. 
The procedures that carry the greatest risk of venous 
or arterial gas embolism are craniotomy performed 
with the patient in the sitting position, cesarean sec- 
tion, hip replacement, and cardiac surgery with car- 
diopulmonary bypass. All these procedures have in 
common an incised vascular bed and a hydrostatic 
gradient favoring the intravascular entry of gas. 

Cerebral arterial gas embolism can sometimes be 

478 - February 17, 2000 



. 

The New England Journal of Medicine 

protection after cerebral ischemia, the use of barbi- 
turates for ischemic brain lesions has certain advan: 
tages. They reduce cerebral oxygen consumption, in- 
tracranial pressure, the production of fi-ee radicals, and 
the release of endogenous catecholamines.sJJs High 
doses of barbiturates depress respiration; ventilatory 
support must therefore be available when a patient 
is given barbiturates. 

Hyperbaric-Oxygen Therapy 

With hyperbaric-oxygen therapy, the patient 
breathes 100 percent oxygen at a pressure above that 
of the atmosphere at sea level. This therapy decreases 
the size of the gas bubble both by raising the ambi- 
ent pressure (Fig. 3) and by causing systemic hyperox- 
ia. An arterial partial pressure of oxygen greater than 
2000 mm IIg is frequently achieved. The hyperoxia 
produces enormous diffusion gradients for oxygen 
into the bubble and for nitrogen out of the bub- 
ble.siJ2 The hyperoxia also allows much larger quan- 
tities of oxygen to be dissolved in the plasma and in- 
creases the extent of oxygen diflirsion in tissues.27 
The improvements in the oxygen-carrying capacity 
of plasma and in the delivery of oxygen to tissues 
of&et the embolic insult to the microvasculature. 

Other benefits of hyperbaric oxygen have been 
proposed. It may help prevent cerebral edema by re- 
ducing the permeability of blood vessels while sup- 
porting the integrity of the blood-brain barrier.s@r 
Furthermore, experiments have suggested that hyper- 
baric oxygen diminishes the adherence of leukocytes 
to damaged endothelium.38 

These benefits suggest that all patients with clini- 
cal symptoms of arterial gas embolism should receive 
recompression treatment with hyperbaric oxygen. Al- 
though immediate recompression produces the best 
response,23 delayed treatment in a hyperbaric cham- 
ber may still be indicated to ameliorate the patient’s 
condition.39 Hyperbaric oxyg en is the first-line treat- 
ment of choice for arterial gas embolism.2sJsJl~~ Thus, 
as soon as cardiopulmonary stabilization has been 
achieved, the patient should be transferred to a hy- 
perbaric chamber. 

Infusion Therapy 

There is some evidence that gas embolism may 
cause hemoconcentration, which increases blood vis- 
cosity and impairs the ah-eady compromised micro- 
circulation.29 Therefore, normovolemia should be 
achieved to optimize the microcirculation. Hypovo- 
lemia is always tolerated less well than relative ane- 
mia. It is therefore acceptable to decrease the hem- 
atocrit, within certain limits. In animals, moderate 
hemodilution to a hematocrit of 30 percent reduces 
neurologic damage .4i Colloid solution!!%re preferable 
to crystalloid solutions for hemodilution, because the 
latter may promote cerebral edema. Hypertonic so- 
lutions (e.g., 75 percent sodium chloride solution) 
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Figure 3. Relation between the Size of the Bubble and Pressure. 

The surface area and volume of the gas bubble are inversely 
proportional to pressure at a constant temperature (Boyle’s law). 
Thus, as the patient is exposed to increasing ambient pressure, 
the gas bubbles shrink. 

may become the first choice for volume replacement, 
but their use is still controversial and therefore can- 
not yet be recommended. 

The goal of infusion therapy is normovolemia. 
Placement of a central venous catheter is strongly 
recommended to assess central venous pressure, which 
should be maintained at approximately 12 mm Hg. 
As a further method of ensuring adequate volume 
status, the urinary output should be monitored with 
a Foley catheter and maintained above 1 to 2 ml per 
kilogram of body weight per hour. 

Anticoagulant Therapy 

There is evidence that heparin may be beneficial in 
the treatment of gas embolism.42 Studies have shown 
that the clinical course of arterial gas embolism is 
less severe if the patient has been treated with hep- 
arin before the embolic event occurs. An argument 
against heparin therapy is the risk it entails of hem- 
orrhage into the infarcted tissue. At present, the use 
of heparin for the short-term treatment of cerebral 
arterial gas embolism is not generally recommended. 

Corticosteroid Therapy 

The use of corticosteroids in patients with arterial 
gas embolism remains controversial. Some authors 
recommend treatment with corticosteroids to com- 
bat the brain edema43 that results from gas emboliza- 
tion in the cerebral arteries. Cerebral gas embolism ini- 
tially induces the rapid development of cytotoxic brain 
edema, with diminished extracellular space and en- 
larged intracellular areas. This form of edema does not 
usually respond to corticosteroidsJ4 Some authors re- 
~ort that corticosteroids aggravate ischemic iniurv after 
I , 
occlusion of the vessels.Gz6 Thus, since corticoster- 
oids appear to offer no benefit in patients with cyto- 
toxic edema and since these drugs may aggravate neu- 

.ronal ischemic injury, we do not recommend them. 
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TABLE 2. TRFATMENT OF GAS EMBOLISM. 

TYPE OF Tmzmwzrm 

Prevention of linther entry 

ofgas 

Primary therapy 

supportive thyapy 

Positioning of patient 

Evacuation of cmboiized gas 

Adjunctive therapy 
. . 

VENOUS GAS EMSOUSM 

Measures to increase venous pressure (e.g., Valsaha 
maneuver or intravenous administration of fluids) 

Idcmi0catioti and shutting down of cnuyway for gas 

supportivc 

Oxygeq intravascular volume expansion, 
catcchokamincs 

Supine, Oat 

Aspiition with multiluminal central venous catheter 
(with pat&n in left lateral decubitus position) 

Hyperbaric oxygen 

Lidocaine Therapy 

Although the results of clinical studies of hdocaine 
for the treatment of arterial gas embolism are not yet 
available, studies in animals suggest that lidocaine may 
be beneficial.47-51 In animals given prophylactic doses 
of lidocaine, the depressant effects of gas embolism on 
somatosensory evoked potentials and the elevations 
in intracranial pressure caused by gas embolism were 
both reduced. In a clinical trial, lidocaine provided 
cerebral protection during cardiac surgery.51 There- 
fore, a strong argument can be made for administer- 
ing lidocaine in a bolus dose of 1.5 mg per kilogram 
and maintaining a therapeutic concentration, with 
continuous intravenous administration in patients with 
severe arterial gas embolism. However, an overdose 
of lidocaine may cause central nervous system depres- 
sion, cerebral convulsions, and bradyarrhythmias. 

CONCLUSIONS 
The entry of gas into the venous or arterial system 

is a risk in virtuahy all areas of clinical care. Venous 
emboli may lead to cardiovascular collapse or to par- 
adoxical arterial emboli. Arterial emboli may occlude 
end arteries throughout the body and may cause se- 
rious morbidity or death if they occlude cardiac or 
cerebral vessels. 

Regardless of the mechanism responsible for the 
embolism, rapid and aggressive treatment is essential 
to preserve life and function (Table 2). For venous gas 
embolism, the mainstays of treatment are the pre- 
vention of Cn-ther entry of gas, volume expansion, 
the administration of 100 percent oxygen, often with 
ventilatory support; positive inotropic support; and 
cardiopulmonary resuscitation, if necessary. For ar- 
terial gas embolism, hyperbaric oxygen& the treat- 
ment of choice, as soon as cardiopulmonary stabili- 
zation has been achieved. 
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Although hysteroscopy is considered a safe pro- 
cedure, potentially fatal complications such as car- 
diac CO2 embolism and anaphylactic reaction have 
been reported (1,2), We report a fatal outcome after 
operative hysteroscopy using a 32% dextran-70 
pump. 

CASE REPORT 

A 27-year-old woman was admitted for operative 
bysteroscopy because of intrauterine adhesions di- 
agnosed by hysterosalpingogram. Her past medical 
history was unremarkable. The procedure was per- 
formed under epidural block. Thirty-two percent 
dextran-70 in dextrose (Hyskon; Pharmacia, Upp- 
sala, Sweden) was administered through a pump 
(Quinones pump; Storz, Tuttlingen, Germany). Ap- 
proximately 75 minutes after the beginning of the 
operation, a Hyskon bottle was replaced, apparently 
while the pump was still functioning. The patient 
became restless and coughed. Severe bradycardia 
appeared (50 beats/min), followed by electrome- 
chanical dissociation lasting 30 seconds, cyanosis, 
and respiratory arrest. A generalized rash was also 
noted and disappeared a few minutes later. The pro- 
cedure was terminated. During the vigorous resus- 
citative efforts, crepitant femoral pulses were pal- 

Received September 18, 1991; revised and accepted June 11, 
1992. 

* Hyskon, Pharmacia, Uppsala, Sweden. 
t F&print requests: Shahar Kol, Mg., Israeli Naval Hyperbaric 

Institub, Post Office Box 8040, 31 080 Haifa, Israel. 

pated, and when an arterial line was introduce 
blood with foam was obtained. Initial arterial bl& 
gases were PCOz, 77 mm Hg; PO,, 16 mm Hg; pi 
7.18. Massive air embolism was suspected by th 
attending team, and the patient was transferred t 
our institute for hyperbaric oxygen (HBO) therapj 

On arrival at our institute, 3 hours after the eve& 
the patient was in deep coma and artificially ven 
tilated via an endotracheal tube. She was unresponi 
sive to painful stimuli, with dilated pupils unreacti; 
to light, and no tendon reflexes could be elicid 
Systolic blood pressure was 80 mm Hg with in& 
venous dopamine drip. Chest x ray revealed inter- 
stitial congestion compatible with pulmonary edema 
and ruled out pneumothorax. Arterial blood g& 
before initiation of HBO were (FIOs, 1.0); POz, 4% 
PCO:!, 35; pH, 7.34; bicarbonate, 19; base exceti 
-6. Hyperbaric oxygen treatment was given in s 
multiplace hyperbaric chamber while the patient wari 
ventilated with a gas mixture according to the fols 
lowing treatment protocol: [l] 30 minutes at 6 at3 
mospheres of absolute (ATA), 50% Oz, 50% Nz. (21: 
Three cycles of 20 minutes at 2.8 ATA, 100% 
[3] 30 minutes slow decompression to 1.9 ATA, 

023 
100 

Oz. [4] Two cycles of 60 minutes at 1.9 ATA, 100 
. Oz. During the treatment, a neurological exam 

tion revealed that the patient was in coma but 
= regained spontaneous breathing. Right hand mo 

ments were noted, both spontaneously and as a re 
sponse to pain. The pupils were dilated and unre 
tive to light-General hypotonia was noted more 
the left side. Biceps reflexes w.ere weak bilater 
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rad the Achilles reflex was absent on the right side. 
.~lcerial blood gases were PO,, 361; PCOz, 42; pH, 
YSi bicarbonate, IS; base excess, -9. Throughout 
Ihe j-hour treatment the patient was hemodynam- 
oll>e unstable, and the pulmonary edema did not 
resolve. The patient was transferred to an intensive 
Ne facility, where she died 2 days later. 

The main findings at autopsy were cerebral 
dIDa, hemorrhagic infarction of the left occipital 

w, epicardial and pleural effisions, pulmonary 
&ma, and ascites. The heart was examined under 
,mme&on, and a few gas bubbles escaped from the 
kft ventricle. Microscopic examination of the en- 
bs&urn fevea!ed $rflammatory infiltrates, ne- 
crosis, and hemorrhage. The tubes and ovaries were 
somral. The pathologist’s diagnosis was anaphylac- 

tic shock. 

DISCUSSION 

The pump used during the procedure can generate 
a maximal pressure of 300 mm Hg, which is sufficient 
fF push air or dextran into the endometrial vascular 
),cd during operative hysteroscopy. The same mech- 
anism of introducing gas under pressure into a body 
cavity resulting in gas embolism has been reported 
ia laparoscopy and in orogenital sex during preg- 
nancy (3). The resultant massive venous air embo- 
lism would explain the acute respiratory failure, the 
electromechanical dissociation, and the prolonged 
pulmonary edema, as large volumes of air are 
trapped in the right ventricle and in the pulmonary 
vascu!ature. 

Ivlassive venous air embohsm can lead to arterial 
embolism in one of two ways. First, the increase in 
right atria1 pressure may open a potentially patent 
foramen ovale, which has been reported in 20% to 
55% of the general population. Unfortunately, the 
pathologist did not rule out this possibility in our 
patient. Second, large volumes of air in the pulmo- 
nary vascular bed may be transferred to the left 
atrium by means of physiological pulmonary shunts, 
or by overcoming a critical volume. 

The crepitant pulses, the frothy blood obtained 
through the arterial line, the sudden neurological 
and cardiovascular collapse at the time the pump 
was functioning without Hyskon, and the initial fa- 
vorable reaction to HBO all support the diagnosis 
of massive arterial air embolism. Generalized rash 
may also accompany air embolism. 

Ahmed et al. (4) describe three caps of severe 
anaphylactic reaction associated with the use of 32% 
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dextran 70 during hysteroscopy. In all three cases, 
the anaphylactic reaction occurred approximately 
10 minutes after exposure to dextran. The authors 
emphasize that sensitization may occur even without 
previous exposure to dextran. According to the pa- 
thologist’s report in our case, the fact that shock 
occurred 75 minutes after exposure to dextran does 
not rule out the possibility that the cause of death 
was anaphylaxis. 

The use of HBO for air embolism is well docu- 
mented. The treatment .is based on mechanical 
compression of the air bubbles to reduce their size 
(volume and pressure are inversely related). A ref 
duction in the bubbles’ volume relieves the vas; 
cular ohnt.r!!ctioa and restores perfusion: con-. 
comiGn&. HBO increases the gas gradient 
6eGeen the bubbles (mainly nitrogen) and the 
surrounding tissue (mainly oxygen) and hastens 
their resorption. Hyperoxygenation may oxygen- 
ate hypoxic neural tissue and by means of vaso- 
constriction reduce brain edema, which may result 
from gas embolism. 

Hysteroscopy is generally a safe and reliable di- 
agnostic and therapeutic procedure. However, the 
gynecologist must be aware of the possible serious 
complications. Cardiac CO, embolism and ana- 
phylactic complications have both been described 
(1, 2). The practicing gynecologist must realize 
that the female genital tract is a potential portal 
of entry of gas into the venous plexus that drains 
the uterus; gas embolism has been reported after 
orogenital sex (3), criminal and therapeutic abor- 
tions (5), hysteroscopy (l), and cesarean section 
(6). The pregnant woman is at a higher risk of this 
complication. However, the possibility must be 
borne in mind when treating the nonpregnant pa- 
tient too. 

SUMMARY 

Although considered a safe procedure, operative 
hysteroscopy has been reported to result in seri- 
ous and even fatal complications. A fatal outcome 
is described after operative hysteroscopy. The 
attending team made a diagnosis of massive 
air eml)olism. However, HBO therapy, which is 
the specific treatment for air embolism, yielded 
only transient improvement. The pathologist’s 
diagnosis on autopsy &as anaphylaxis. These two 
complications must be borne in mind during the 
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procedure, and a contingency plan developed for 
dealing with them should they arise. 

2. Trimbos-Kemper TCM, Veering BT. Anap 
from intracavitary 32% dextran-70 during 
Fertil St.&l 1989;51:1053--4. 
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tran-70, air embolism, anaphylaxis, hyperbaric ox- 
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CASE REPORTS 

Anesthesiology 
73:546-547. 1990 

A Complication of Hysteroscopy: Air Embolism 

PA-rK!czIA M. PEKRY. M.D..* VERA L. BAUGHMAN, M.D.t 

Hystcroscopy is an established gynccologic procedure 

that has been used for the past 20 yr as a diagnostic tech- 

nique. It is also used therapeutically to remove foreign 

bodies and intrauterine devices and more recently to treat 

Asherman’s syndrome, excise uterine septa and submu- 

cosal myomas, and for endometrial ablation for intractable 

uterine bleeding. These newer applications use the neo- 

dymium:yttrium-aluminum-garnet (Nd:YAG) laser or the 

urologic resectoscope. We present two cases of air em- 

bolism during operative hysteroscopy using the Nd:YAC 

laser and the resectoscope. 

CASE REPORTS 

Cow 1. Pa:icnt I was a healthy 35yr-old woman, ASA Physical Status 

I. weighing 65 kg. scheduled for outpatient laser hystcroscopy for 
menorrhagia. Genetat anesthesia was induced with thiopcntat, and 
succinylcholine was used LO facilitate tracheal intubation. Anesthesia 
was maintained with isofluranc. nitrous oxide. and oxygen, and vc- 
coronium was administcrcd for relaxation. Intraopcrative monitors 
included blood prcssurc cuff, ECG. pulx oximctcr, tempctature probe, 
and capnograph. The cervix was dilated. and a dual-channel hystcr- 
oscope with attached video camera was inscrtcd into the cndometrial 
cavity. The uterus was distended using lactated Ringer’s sohnion in 5- 
I bags cnnncctcd to clear y-type TUR tubing with gravity drainage. A 
600~rm bare laser fiber was inserted through theaccessory portal. The 
cndomctrium was ablated using a combination of “dragging touch” 
and “nontouch” techniques at powers of 50-65 watts. Intermittently 
the uterine cavity was drained and redistcndcd. Approximately 30 min 
into the cast “cxccssive bubbling” was noted within the Ruid d&ending 
the uterine cavity. Sotnc bubbles had been noted in the tubing of the 
irrigam solution as bags were changed. The end-tidal CO, dccrcascd 

from 34 IO 22 mmHg. The gynecologist discontinued laser ablation 

and uterine irrigation. One hundred percent oxygen was administered. 

The patient remained hcmodynamically stable: thus, patient position 

was not changed. The end-tidal CO* returned to normal within 3-4 
min. A prccordial dopplcr was idded as an additional monitor and 
surgery resumed. Again. the end-tidal CO, decreased from 35 to 21 
mmHg with a change in the dopplcr tones characteristic ofair embolism. 
No bubbles had been noted in the tubing. The surgical procedure was 
discontinued and the lungs were ventilated with 100% oxygen. Again, 

l A=xiatc Attending Physician; Assistant Profcs.sor of Ancsthc- 
. . 

.- 

thcrc were no hcmodynamic changes and the end-tidal CO* returned 

to normal within minutn without additional treatment. Neuromuscular 
blockade was reversed. the trachea was cxtubatcd. and the 

was inserted into the uterine cavity. Uterine distention was achieved . 

with 1.5% glycine solution attached to tubing suspcndcd above the 
patient. Glycine solution was released from the uterus intermittently 
&I a port of the rcscctoscope controlled by the surgeon. A wire loop 
was placed in the endomctrial cavity, and cutting and coagulation modes 
were used for rcscction and hemostasis. 

After 30 min of surgery. while the uterus was being irrigated using 
a urologic bulb syringe, the dopplcr sounds suddenly increased. p&c 

oximetcr readings dccrcascd from 99% to 90%. end-tidal CO2 dc- 
crcascd from 3 I to I7 mmHg, and the blood pressure decreased from 
120/80 to 90/60 mmHg. Hysteroxopy was suspended and the lungs 
were ventilated with 100% oxygen. The end-tidal CO* had sponta- 
neously increased to 25 mmHg when an arterial blood gas was drawn 
and showed a PH = 7.30. Pa- = 43. P& = 267. and hemoglobin 
saturation = 98%. The patient’s pulse oximeter readings, end-tidal 
CO,. and blood pressure returned to baseline within 5 min without 
additional Lreatment and hysteroscopy was resumed. A central venous 
catheler was inserted following an increase in peak vcntilatory prcssurcs 
from 24 to 40 cm water and concern about both intrauterine fluid 

absorption and further air emboli. No air was aspirated nor were other 

signs of air embolism noted. The initial central venous pressure was 
25 mmHg and plasma sodium was 12 I mF.q/l, indicating a dilutional 
hvnonatremia and hmmia. Treatment was initiztcd with 10 mg 

iv furosemide, resulting in a diuresis of approximately 2 I over the 
next 2 h. The operalive hysteroscopy portion of the surgery lasted for 
90 min and was followed by a laparotomy for myomcctomy. with total 
surgical time of 150 min. At compMon of surgery neuromuscular 
blockade was reversed and the paiicnt’s tnchca was cxtubatcd without 
incident in the operating room. The patient was discharged home 2 

sto1ogy. 

t Attending Physician: Assistant Professor of Ancsthcsialogy. 
Received from the Dcpartmcnt of Ancsthcsiology. Michael Rccsc 

DISCUSSION 

Hospital and Medical Ccntcc., and the University of Illinois (1Mlcgc of 
Mcdicinc. Chicago. Illinois. Acccptcd for publication February 6, 1990. 

Complications of hysteroscopy result primarily from 

Addrcu reprint requests to Dr. Perry: Dcpartmcnt of Ancsthcsiol- 
the media used for distending the uterus. The distending 

ogy. Michael Rccx Hospital and Medical Ccntcr, Lake Shore Diive medium for hysteroscopy done as an office procedure is 

at 3111 Street. Chicago. Minois 60616. C02, although small infusions of dextran 70 are some- 

Key words: Air embolism. Surgery: hystcroscopy; laser. times used to irrigate out blood, mucus, smoke, and de- 
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btis.$* Sicglcr and Valle’ warned lliat intrauterine gas 

pressures should not exceed 200 mmHg ad that CO2 

flow should not exceed 100 ml/min at standard temper- 

ature and pressure to avoid air c~iifwfus. During opcmive 

fiystcroscopy a liquid distending medium is used. Utcrinc 

distention is achicvcd by gravity ffow or manual ptmipiiig 

of lfic liquid into the uterus with outflow controlled 

fly an outflow catheter. leakage around the laser or 

rescctoscope, or removal of tfic instrument from the 

cervix.‘-s 

With either the Nd:YAG laser or resectoscopc, endo- 

metrial blood vessels are disrupted and bleeding occurs. 

A high distending pressure tamponades blood vessels and 

reduces blood loss. ‘*‘*’ However, fluid absorption occurs 

i+in the raw surface of severed venous channels.“-” 

The possibility of gas embofiattion from gas under 

pressure and a denuded endometrium was reportetf by 

Loffer2 and Baggish and Baftoyannis.” They noted that 

the use of a coaxial quartz fiber with sapphire tip on tfle 

Nd:YAG laser required a gas or liquid coolant tnnsmitted 

ztin a sheath to the fiber tip and that introduction ofa gas 
into the distended uterus could pose a risk of embolism. 

Baggish and DanielI recently reported two deaths.from 
. 
Eous emboli and cardiovascular corn 

laser opentive hystero=ies using such sheathed coaxial 

fibers an-hire ties cooled with nitrogen and air. Prior -+,4- .-s--,11..% WI** WY .,..“--M-c 
to mtroduction of sapphire tips in 1985. however, bare 

fibers were used that kquircd ;lo coofinfi mecf~anism. and 

these remain in USC. 

We report two more cases of air embofi. For laser hgs- 

teroscopy our gynecologists use the bare fiber requiring 

no coolant instead of the coaxial sapphire tip. One possible 

explanation for our cases is air in the irrigation solution 

entering open venous sinuses under pressure. Another 

possible explanation is the VPtlnlLCabsorotiol,f 

the bubbles from vaporization of tissue. Gas bubbles, en- 

dometrial fragments, blood, and debris occur with laser 

vaporbation and resectoscope coagulation of endome- 

trial tissue and are evacuated from the uterus by the irri- 

gant.‘?--These bubbles may contain particulates. @ 

&bk -7-3 ide. and other pt~adil’&-&%&~l.$ 

$ Ncuwirth RS: Some new applications for hystcro.uopy. Gmtrmp 
OB/Cyn Special Iwtc I I-28. I9H7 

8 hfirrhcll hf hf: Ancsthcsin for Iascr surgery: C.cncral mnridcr;uions. 
Rrfrcshrr Courses in Ancsthcsiology 14: I5!l- 169. 1986 

Although they have been observed to wash out of the 

uterus, it merits investigation whether these bubbles under 

pressure can pass into the disrupted vasculature of the 

distended uterus without immediately dissolving in the 

blood. 

Our precautions and recommendations for operative 

hysteroscopy therefore now include continuous prec&1 

doppler n~onit~~~~d~~iotl..~lo,.,e~~.~~ti.~at CO, moni- -,- 
toringandpufse oximetry. We do not recommend rot&e 

insertion ot’centrdl venous catheters, but in the event of 

a suspected embolus not immediately resolving on halting 

surgery, insertion of such a catheter should be considered I---.-;--;--- I_-... 
along with rmttonmg the patimjzi,R !Xt-latera!-dsu- 

@t~At>.-p&i0n. WCafso+v&i mtrous oxidato prevent 
enlarging an occult air embdfus.” Special attention is paid 

to complete evacuation of air from the irrigation fluid 

and tubing. Finally, prospective studies using intraoper- 

ative transesophageal ecfmcardiognphy or precordial 

doppler ultrasound in cases of operative hysteroscopy 

would be helpful to clarify the risk of gas emkfkation 

during this procedure. 
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, definitive roult> to conhrm or negate the putative 
asso&tiun. 

‘rhc sample size needed to achicvr the desired 
study pnvcr in a case-control study is determined 
bv the prevalence oi vasectomy rather than by the 
incidence of testicular cancer. In a number at 
countries. including the United Kingdom, about 
10% of couples of reproductive age rely on vasec- 
tomy for contraception.’ With this prevalence, a 
case-control study will need 221 pairs to detect a 
twofold increased risk for tr=O-IO (two sided) and 
p=O.ZO. Only 78 pairs are needed IO detect a 
threefold difference in relative risks for same study 
power.” The prevalence of vasectomy should be 
higher in big cities where more hospitals are 
lwated. and thus fewer testicular cancer patients 
will be needed. If, in practice, the needed number 
of cases cannot be reached in a reasonable period of 
time then multicentre study, retrospective case 
finding. and increasing the number of controls 
relative to cases offer solutions. Little suspicion of 
such an association is entertained by the.general 
population and the exposure variable (vasectomy) 
is an event not easily forgotten by the study 
subiects. Both these aspects will help avoid the bias 
due to selective recall and memory decay, and they 
will add validity to this much less costly and more 
easily manageable approach, which produces 
results more quickly. I believe that the case-control 
approach is the method of choice. 

I-CHENG CHt 

Air embolism during 
transcervical resection of 
endometrium 

SIR,-Dr Ralf Baumann and colleagues in their 
report point out the risk during transcervical 
resection of the endometrium from systemic 
absorption of irrigating fluid from the denuded 
myometrium and through transtubal loss.’ We 
have attempted to reduce transtubal absorption by 
combining laparoscopic tubal occlusion (using 
Silastic rings) with transcervical endometrial 
resection. In nine cases by this combined technique 
the mean fluid deficit was 259 ml (range O-900 ml) 
compared with 643 ml (100-2030 ml) reported by 
Dr Baumann and colleagues. This small number of 
cases is insufficient to prove the value of tubal 
occlusion, but the study gave 9s the opportunity 
of observing a hitherto undescribed hazard of 
endometriaf resection. 

A 46 year old woman suffering from uncontrolled 
menorrhagia was found at hysteroscopy to have a 
small (diameter of 1 cm) adenomatous endometrial 
polyp. After two months’ treatment with danazol 
she underwent hysteroscopic resection of the polyp 
followed by total endometrial resection by a 
modification of the diathermy loop technique.: 

and maintained with nitrous oxide, oxvgen, and 
isoflurane breathed spc&neousl< “thrnugh a 
laryngeal mask. The electrocardiogram, blood 
pressure. and pulse oximetry were monitored 
continuously. Dextran 40 (loo/) was used as the 
irrigating fluid: 1900 ml was used, of which 
4300 ml was recovered. 

On completion of the resection the pelvic organs 
were inspected by laparoscopy, with the patient in 
a head’down position. The uterus was intact but 
there was congestion of the broad ligaments, from 
which air bubbles could be seen entering small 
calibre veins in the lateral pelvic wall. Over the 
next four minutes the patient’s oxygen saturation 
fell from, 97’% to 84Yo an!. her pulse rate rose from 
72 to 110 beats/min, consistent with air embolism. 
Her blood pressure was unchanged. The head 
down position was reversed and positive pressure 
ventilation started with IOOYo oxygen. The oxygen 
saturation and pulse returned to normal within 
IO minutes and the patient made a full recovery. 

Air emboli can occur during surgery whenever a 
vein is open and the air pressure exceeds venous 
pressure. This can be the result of a rise in air 
pressure, such as occurs during insertion of a 
cemented femoral prosthesis,’ or a fall in venous 
pressure caused by raising the operative site above 
the level of the heart, which is a particular risk 
when the patient is breathing spontaneously. 
Air emboli have been reported to occur during 
neurosurgery’ ‘ and less commonly during 
caesarean section* and transurethral resection of 
the prostate.. 

We present these data to warn others embarking 
on the newly developed procedure of tramcervical 
resection of the endometrium that an anaesthetic 
technique employing positive pressure ventilation 
may be preferred. Our experience also suggests 
that patients should not be nursed in a head down 
position after operation. 

F= 
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” I Haumann R. h&w AL, Ray JVS. Turnbult AC. Abwrprion oi 
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4 hl~chcnt’eldrr JV. Miller RH. Gmncrt GA. E~luanon ol’ 

t. 1) Seven patients had occlusion of the main 
portal vein and bifurcation. Five of thcze had no 
history of important illness and one patient had 
undergone an operation for duodenal atresia. 
Cavernous transformation of the portal vein was 
seen in patients in this group, which might have 
represented a congenital anomaly of the portal 
vein. 

(2) Five patients had occlusion of the main porta 
vein and distal intrahepatic branches. Four of 
these had a history of severe illness and two 
had undergone neonatal catheterisation of the 
umbilical vein. 

(3) Six patients had total occlusion of the portal 
venous system excluding the. splenic vein. Five 
of this group had been treated for abdominal 
problems and two had undergone catheterisation 
of the umbilical vein. 

(4) Nine patients had total occlusion of the portal 
venous system. Six of these patients had haemato- 
logical abnormalities including polycythaemia, 
prekailikrein deficiency, and myeloid dysplasia. 
Three had associated hepatic. vein occlusion 
(the Budd-Chiari syndrome). No haematological 
anomaly was found in three patients, who had 
histories of pancreatitis, surgical trauma to the 
superior mesenteric artery, and catheterisation of 
the umbilical vein. 

The preliminary analysis, of patients with 
portal venous occhtsion suggests that congenital 
anomalies may spare the splettic and superior 
mesenteric veins, which may be used for surgical 
decompression if indicated. At the other end of the 
range total occlusion of the splat~chnic veins may 
indicate an underlying haematological disorder. 
Catheterisation of the umbilical vein and intra- 
abdominal sepsis are associated with occlusions of 
variable extent that usually extend beyond the 
portal vein itself. 

In conclusion, accurate visualisation of the 
anatomical distribution of venous occlusion may 
be helpful in determining the aetiology of as well as 
in managing exrrahepatic portal hypertension. 

King‘sCultege Hospital. 
London SE5 9RS 
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Portal vein thrombosis in 
myeioproliferative disease 

SIR,-The extensive thrombosis of the portal 
venous svstem that may accompany the myelo- 
proliferative diseases was clearly described in the 
recent Hammersmith Hospital staff round &on.’ 
Haematological disorders, however, represent 
only one of several possible aetiologies of portal 
vein occlusion, which include congenital malfor- 
mations, trauma, sepsis, tumours, and invasive 
procedufhs such as catheterisation of the umbilical 
vein. Our recent analysis of portal venous occlu- 
sion in 27 patients suggested a relation between 
the aetiology and the anatomical distribution of 
the occlusion. Each patient was investigated 
with digital subtraction angiography, and the 
anatomical features were interpreted by one 
observer (JK), who was without knowledge of the 
clinical history of the case. The angiographic 
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Clinical directorates 

SIR,-?& J N Johnson’s editorial on clinical 
directorates raises several important issues in the 
style of hospital management, both the version that 
has evolved (and isstill evolving) at Guy’s Hospital 
and the predictablv different versions that need to 
be constructed flexibly to fit local circumstances.’ 1 
will do little more than offer a few personal 
observations from the vantage of my fifth (and last) 
year as director of clinical services in medicine at 
Guy’s Hospital. Some of mv fellow directors may 
see things in a different iight; Professor Cyril 
Chantler, who was largelv responsible for intro- 
ducing the system at Gu)r’s, has written about it 
before.: 

I agreed to take on the task reluctantly, seeing it 
partly as a device for administering unpleasant 
medicine to my colleagues which they might accept 
less readily from a lay manager. There was indeed 
much foul tasting medicine to be swallowed in our 
first few years as we “slimmed down” to try to live 
within budget. It became clear that we had to do 
that if only to practise the besr medicine possible 
under the circumstances; it was equally clearly my 
responsibility to identify where that “best” was not 
good enough and to argue forcibly against the 
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tieneral anaesthesia was induced with propotol features were ciassmeo mto tour mam groups: constramts, someumes almost cnppnng, tnat we 


