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T
he popularity of laparoscopic surgery has
greatly increased during the last few years.
Compared with open procedures, laparo-
scopic surgery is associated with less tissue
trauma, a shorter recovery time, and

improved postoperative respiratory muscle function.
Respiratory muscle function returns more rapidly
than in open surgery, particularly in upper abdominal
procedures such as laparoscopic cholecystectomy.1

Although rare, pulmonary edema during laparoscopic
surgery has been cited in the literature.2-5 The present
report is about a patient with no cardiac history who
developed acute congestive heart failure (CHF) with
severe respiratory compromise after a laparoscopic
cholecystectomy. The patient required emergent rein-
tubation in the postanesthesia care unit (PACU) and
admission to the intensive care unit for postoperative
ventilation and aggressive diuresis.

Case summary
The patient was a 59-year-old woman who was admit-
ted as a surgical day patient for a laparoscopic chole-
cystectomy. Her medical history included obesity, gas-
troesophageal reflux disease (GERD), and chronic
obstructive pulmonary disease (COPD). The patient
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was 162.6 cm tall, weighed 112 kg, and had a body
mass index of 40 (morbid obesity). The COPD was sec-
ondary to a 63-pack-year smoking history. She quit
smoking 10 months before surgery. The patient stated
that she usually felt short of breath and tired after
climbing 1 flight of stairs. She also reported occasional
use of an albuterol inhaler and was never hospitalized
for COPD. She denied having any chest pain, chest
pressure, diabetes, and a family history of cardiac dis-
ease. A preoperative electrocardiogram (ECG) showed
normal sinus rhythm, no left ventricular hypertrophy,
no axis deviation, and no evidence of previous infarc-
tion. The preoperative chest roentgenogram displayed
clear lungs without infiltrates and normal heart and
pulmonary vasculature.

Before arriving in the preoperative holding area, the
patient received the institution’s standard preoperative
medications for GERD prophylaxis, which consisted of
metoclopramide, 10 mg, and ranitidine, 150 mg, both
by mouth. The patient was very anxious and received
5 mg of diazepam orally, 1 hour preoperatively, with
minimal effect. While in the preoperative holding area,
an 18-gauge intravenous catheter was inserted. To pro-
vide adequate anxiolysis, 2 mg of midazolam were
administered intravenously with good effect. She was
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calm and cooperative and only mildly sedated. Because
the patient was obese, she was preoxygenated with use
of a simple facemask at 6 L/min. The patient had been
intubated easily according to past anesthetic records,
and physical airway assessment revealed that she had
a visible soft palate and uvula. Since the patient had
tolerated morphine for past anesthetics and required
more narcotics for past procedures than other patients,
intravenous morphine (10 mg total) was titrated for
preemptive analgesia. The patient was noted to have
clear lungs to auscultation with a continuous oxygen
saturation of 98% to 99%. Sodium citrate, 30 mL, was
administered 5 minutes before the patient was taken
into the operating room.

In the operating room, the patient received a smooth,
rapid-sequence induction with propofol, a defasiculat-
ing dose of rocuronium, and succinylcholine. The
patient was intubated without difficulty, with an oxygen
saturation of 100% and a clear pharynx. Anesthesia was
maintained with 1% isoflurane and 50% nitrous
oxide/50% oxygen. When the neuromuscular block
from the succinylcholine resolved, rocuronium was
administered before abdominal insufflation.

During laparoscopic insufflation, the surgeons had
difficulty creating a pneumoperitoneum (adequate to
conduct the procedure) owing to the patient’s obese
abdomen. The surgeons increased the flow on the
insufflator to 40 L/min, with a resultant intra-abdom-
inal pressure (IAP) of 20 to 23 mm Hg, to improve
visualization. The IAP was stable at 20 mm Hg for the
remainder of the case.

The patient required a respiratory rate of 12 with
an inspiratory:expiratory ratio of 1:1.5 and a tidal vol-
ume of 750 mL to maintain an end-tidal carbon diox-
ide of 35 torr and a peak inspiratory pressure of 30 cm
H2O. After a stable anesthetic and a 40-minute surgi-
cal course, the patient received a full muscle relaxant
reversal with neostigmine. She exhibited 4 twitches
and a sustained tetanus after reversal. Since the
patient was obese and had GERD, she was not extu-
bated until she was fully awake with a positive gag
reflex. She opened her eyes to verbal command with
sustained head lift. Before extubation, the patient had
an SaO2 of 97% and an end-tidal carbon dioxide of 45
torr (owing to the respiratory depressant effects of
general anesthesia and underlying COPD history)
with adequate respiratory mechanics (a respiratory
rate of 15 breaths per minute, a tidal volume of 400 to
500 mL, and a negative inspiratory force of –33 cm
H2O). During awakening, nitroglycerin paste was
applied to the patient’s chest wall because the systolic
blood pressure was trending upward from the 120s to
the 160s (in mm Hg). After extubation, the patient

received flumazenil, 0.1 mg, administered twice to
reverse the benzodiazepines administered preopera-
tively, to optimize the patient’s laryngeal reflexes and
respiratory drive. The patient was awake and respond-
ing appropriately; a nonrebreather 100% facemask
was used with the head of the stretcher at 45° with an
SaO2 of 97% before transport to the PACU.

Several minutes later, while in the PACU, the
patient suddenly verbalized feeling short of breath
and developed acute respiratory distress with a respi-
ratory rate of 32 breaths per minute and an SaO2 of
71%. The patient went from calm and responding
appropriately to restless and unresponsive, requiring
assisted ventilation of 100% oxygen via bag valve
mask. Because the patient was in acute distress, a trial
dose of naloxone, 0.04 mg (to aid in a differential
diagnosis for the cause of the respiratory failure), was
administered over 1 minute without improvement.
The blood pressure (160-170/80s, in mm Hg) and
heart rate (88-100 beats per minute) did not change
after the naloxone was administered. To ensure ade-
quate ventilation and airway protection, the patient
received propofol and succinylcholine and was intu-
bated immediately. A copious amount of frothy pink-
tinged sputum was noted in the endotracheal tube,
and rales were auscultated throughout all lung fields.

Results of a chest roentgenogram were consistent
with CHF and revealed cardiomegaly. STAT arterial
blood gas measurements showed a pH of 7.27, a
PaCO2 of 61, and a PaO2 of 421 on 100% FIO2. No
changes were noted on the postoperative ECG when
it was compared with the preoperative ECG. The
patient’s primary care physician was notified, and fur-
ther consultations were obtained from pulmonary and
cardiology medicine.

The patient’s respiratory status improved with
diuretic administration (furosemide, 40 mg) and she
was weaned from the ventilator and extubated 3
hours postoperatively, based on improved clinical sta-
tus, in the intensive care unit. The next day, a
myocardial infarction was ruled out by enzymes and
ECG. An echocardiogram revealed no cardiac abnor-
malities and an ejection fraction of 65%. A subsequent
chest film revealed no cardiomegaly or CHF. The
patient was discharged to home with inhalers and
instructions for pulmonary and cardiology follow-up.
An outpatient stress test 1 month postoperatively
revealed no ischemic ECG changes, no chest pain, no
significant arrhythmias, and normal variations in
heart rate and blood pressure.

Discussion
Pulmonary edema after laparoscopic cholecystectomy
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is a rare occurrence, reported in fewer than 1% of
patients.2 Reported causes of pulmonary edema
related specifically to laparoscopic surgery, as cited in
the literature, include extreme Trendelenburg posi-
tioning,3 venous carbon dioxide embolism from direct
insufflation of gas into a vein,4 and fluid overload
from absorption of crystalloid irrigation fluid.5 In this
particular case, the aforementioned causes of pul-
monary edema were ruled out. On the contrary, the
patient was in reverse Trendelenburg position during
the procedure. There were no clinical signs of venous
carbon dioxide embolism (millwheel murmur,
hypotension, tachycardia, arrhythmias, oxygen desat-
uration, and decreased carbon dioxide by capnogra-
phy), which would most likely manifest periopera-
tively instead of postoperatively. Doppler ultrasound
was not used during the procedure to detect air
embolism. A millwheel murmur was not noted on
auscultation by precordial stethoscope at any time
during the procedure. The intake and output of crys-
talloid irrigation fluid was monitored carefully, and an
excess of absorption of the irrigation fluid was not
noted. Because the patient had nothing by mouth for
14 hours before surgery, the fluid deficit was partially
replaced with 1,300 mL of intravenous lactated
Ringer’s solution over a 1.5-hour period.

Other causes of pulmonary edema considered were
underlying cardiopulmonary disease, adverse drug
reactions, negative pressure (postobstructive pul-
monary edema), and physiological changes induced
by insufflation. The medications the patient received
preoperatively, without signs of an adverse reaction,
were diazepam, midazolam, morphine, and cefazolin.
Intraoperatively, the patient received succinylcholine,
rocuronium, ketorolac, neostigmine, and glycopyrro-
late. Postoperatively, once the patient developed signs
of respiratory difficulty, naloxone was administered,
but no improvement occurred.

Prough et al6 reported that 2 healthy teenagers
developed pulmonary edema after receiving general
anesthesia and various medications. The narcotics
were antagonized with intravenous naloxone. This
case report6 did not show a direct cause-and-effect
relationship between pulmonary edema and naloxone
because multiple medications combined with general
anesthesia were administered. Specific details of post-
operative airway management were not discussed in
either case. For example, the possibility of postob-
structive pulmonary edema was not considered. One
of the 2 patients, after an open appendectomy and
prior to extubation, received naloxone, 100 µg, intra-
venously for pinpoint pupils and apnea. After extuba-
tion, in the recovery room, the patient developed

tachypnea (24 breaths per minute) and tachycardia
(140 beats per minute) and appeared to be having
minor symptoms of respiratory distress. Ten minutes
later, he received additional naloxone, 100 µg intra-
venously and 300 µg intramuscularly, for continued
lethargy. Supplemental oxygen was not administered
until 1 hour postoperatively, when an arterial blood
gas revealed a pH of 7.31, a PCO2 of 49, and a PaO2 of
only 32 mm Hg. Perhaps prolonged hypoxia from
inadequate postoperative oxygen supplementation
was the cause of the teenager’s pulmonary edema and
was not the direct result of naloxone administration.

Michaelis et al7 reported 2 cases in which naloxone,
0.1 to 0.4 mg, was administered to reverse morphine
anesthesia (morphine/N2O technique) after tricuspid
valve and aortic graft surgery. Both patients immedi-
ately developed ventricular fibrillation or tachycardia
after receiving naloxone. The issue at hand is that
open-heart surgery patients usually are high risk (ASA
physical status III-IV) and are undergoing invasive and
painful surgery. Naloxone acutely reversed a primarily
morphine-based anesthetic, which most likely caused
severe pain, theorized to release massive amounts of
endogenous catecholamines8 and caused the patients
to experience cardiac arrest. Therefore, the case study
demonstrates that naloxone itself probably is not a
direct cause of adverse cardiac events but rather intro-
duces acute, severe pain to already compromised
patients, which leads to poor outcomes.

Naloxone has been administered many times in
much higher doses with an impressive safety record.9

In another case, 9 patients were admitted to the
Regional Poisoning Treatment Centre, Edinburgh,
Scotland, with narcotic overdose and induced coma.
Naloxone had been administered to the 9 uncon-
scious patients in doses of 0.4 to 1.2 mg; results were
therapeutic, and there were no adverse effects.10 In a
case study of 2 infants with opioid poisoning, nalox-
one was titrated to effect in repeated doses as high as
0.4 to 0.5 mg, along with a continuous infusion of 0.4
to 0.5 mg/h, with positive results and no adverse
effects.11 In a case of a 2-year-old with diphenoxylate
hydrochloride–atropine (Lomotil) poisoning, nalox-
one, 20 mg, was administered accidentally, and there
were no adverse effects.12

In the present case, however, the naloxone dose of
0.04 mg was so small that it could not have fully
reversed the opioid agonist effects of the morphine
and induce severe pain. The patient’s vital signs did
not change after naloxone was administered. Also of
importance, laparoscopic cholecystectomy surgery is
not nearly as invasive and painful as the aforemen-
tioned open-heart procedures, and the naloxone was
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administered after the patient developed true signs of
distress. Therefore the naloxone, most logically, was
not the cause of the pulmonary edema.

Inspiring against a closed glottis transmits negative
intrathoracic pressure to the alveoli, causing fluid to
shift from the pulmonary capillaries into the alveoli.
The result is negative pressure (postobstructive) pul-
monary edema. This was not a likely factor in the pres-
ent case because there was no airway obstruction from
a kinked or blocked endotracheal tube, no obvious air-
way swelling (stridor) after extubation, and no laryn-
gospasm. The patient was extubated awake with full
laryngeal reflexes present. Also of note, negative inspi-
ratory pulmonary edema usually resolves without
treatment within 24 hours.13 The results of the chest
roentgenogram were consistent with cardiomegaly and
CHF, which would not be the case if negative inspira-
tory pulmonary edema were the causative factor.

The patient in the present case had not received a
previous diagnosis of hypertension or cardiac disease.
Based on the patient’s negative cardiac history, her ele-
vated blood pressure (140/90 mm Hg) on the preop-
erative screening day and in the operating room
before induction (180/98 mm Hg) probably was
related to stress and anxiety (“white coat” syndrome);
therefore, she required more than the average amount
of preoperative benzodiazepines and narcotics. The
patient reported vague symptoms of shortness of
breath, which correlated with a long-standing history
of obesity and COPD.

It was considered that the patient might have been
developing cardiac symptoms that could have been
masked by obesity and COPD. Women, compared
with men, are known to develop different symptoms of
cardiac disease that often are missed clinically. Women
may have a higher incidence of noncardiac symptoms
and/or atypical chest pain. For instance, women expe-
rience symptoms such as pain at rest and during sleep,
neck pain, shoulder pain, abdominal pain, nausea, and
vomiting.14 Diagnosis of cardiac disease in women also
is clouded by the fact that, compared with men,
women who develop coronary artery disease usually
are older and have more comorbid factors.15 The
woman in the present case was not diagnosed with
coronary artery disease and did not have a family his-
tory of coronary artery disease, but did have risk fac-
tors such as obesity, smoking, and COPD. In this case,
a myocardial infarction was ruled out, and car-
diomegaly was not seen on the chest roentgenogram
the next day. The echocardiogram showed an ejection
fraction of 65% with no cardiac abnormalities. Also, 1
month postoperatively, the patient underwent an exer-
cise tolerance test that was negative for ischemia.

Other causative factors of CHF could be related to
the physiological changes from laparoscopic insuffla-
tion. There are several reported physiological changes
from carbon dioxide insufflation related to increased
IAP (>15 mm Hg). Pulmonary compliance and func-
tional residual capacity decrease. Mean arterial pres-
sure (MAP), systemic vascular resistance (SVR), and
afterload increase. During insufflation, preload, coro-
nary perfusion, and the cardiac index (CI) decrease.
The cardiac output (CO) diminishes with an IAP of
more than 15 mm Hg.12 When the abdomen is desuf-
flated, the preload is increased. Healthy patients often
tolerate these physiological changes.16 Westerband et
al,17 using cardiac radiography, reported a decreased
CI and an increased SVR of 79% at an IAP of 15 mm
Hg. The degree of decrease of CI was proportionate to
the insufflation pressure. In a study of cardiac patients
by Hein et al,18 the CI dropped 60% to 65% following
carbon dioxide insufflation but returned to baseline
when the abdomen was desufflated. Three of 17 car-
diac patients in that study required nitroglycerin
owing to increased MAP and SVR. One patient
required dobutamine to maintain a CI greater than 1.5
L/min per square meter. Hein et al18 concluded that
insufflation and head-up positioning significantly
reduced the CI and increased MAP, SVR, and pul-
monary artery occlusion pressure. Feig et al19 studied
patients with cardiac and pulmonary disease who
underwent laparoscopic surgery. Of 15 patients stud-
ied, 9 required intraoperative nitroglycerin, and 4 of
15 required the surgeon to decrease the insufflation
pressure from 15 to 10 mm Hg. The CO decreased
proportionately with the length of time insufflated. In
a study of healthy patients, Joris et al20 noted a 50%
reduction in the CI and a 65% increase in SVR fol-
lowing carbon dioxide insufflation with a gradual
return to normal 30 minutes after desufflation.
Despite the hemodynamic alterations in all of the
mentioned studies, there were no reported intraoper-
ative or postoperative cardiorespiratory complications
such as CHF. The results of these studies may be
reflective of tight control of hemodynamic parameters
by using invasive monitoring such as pulmonary
artery catheters, the administration of nitroglycerine
and dobutamine, and decreasing IAP as needed.

After summarizing the details of this case, it was
determined through a process of exclusion that the
primary cause of CHF was overinsufflation through
the laparoscope with an IAP of greater than 20 mm Hg
during the procedure. Studies on dogs by Ishizaki et
al21 demonstrated a significant decrease in CO with a
significant increase in SVR at an IAP of 16 mm Hg.
The investigators reported no significant hemody-
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namic changes at an IAP of 8 to12 mm Hg. The find-
ings of this study may correlate to humans undergo-
ing laparoscopic procedures in clinical practice.21 The
patient described in the present case study had an
increase in systolic blood pressure of 40 points when
desufflated and developed CHF with cardiomegaly.
She may have developed ischemia and/or a stunned
myocardium during insufflation, which further
caused the SVR to increase and the CO to fall. The
increased preload from desufflation would not be well
tolerated if ventricular function were impaired.

This theory of a stunned myocardium from
increased SVR supports the recent findings of a study
by Rist et al,22 who evaluated the right and left end-
systolic areas, end-diastolic areas, and ejection frac-
tions with use of transesophageal echocardiography
in healthy gynecological patients who were ASA phys-
ical status I or II. The left and right ventricular end-
diastolic areas increased by 65% and 45%, respec-
tively, and ejection fractions decreased by 18% in
these healthy patients. Increases in afterload caused
by a combination of humoral factors such as vaso-
pressin release along with an increased IAP from
pneumoperitoneum can contribute to global impair-
ment of ventricular shape and function. Rist et al22

concluded that global increases in end-systolic dimen-
sions could decrease biventricular function. Although
reverse Trendelenburg position was shown to improve
ventricular end-diastolic dimensions compared with
Trendelenburg positioning, increasing IAP up to 15
mm Hg demonstrated significant decreases in ventric-
ular function.

Anesthesia providers should be aware of these
potential cardiovascular changes, which can occur
with an increased IAP, and collaborate with surgeons
if the patient’s cardiac and/or respiratory status
becomes compromised. To reduce the risk of CHF,
surgeons should use lower insufflation pressures to
achieve an IAP of 15 mm Hg or less. If the condition
of the patient becomes compromised, desufflation to a
lower IAP is an appropriate intervention. If the patient
does not tolerate insufflation and visualization is a
problem, changing to an open procedure is necessary.
Invasive monitoring to provide interpretation of
hemodynamic parameters along with arterial blood
gas sampling may be useful during laparoscopic pro-
cedures in high-risk patients.

An indwelling urinary catheter should be placed
for urine output measurement. Pharmacological treat-
ment such as intravenous nitroglycerine, arterial
vasodilators (nitroprusside and hydralazine), and
inotropic agents (dobutamine, milrinone, and
digoxin) may be helpful in high-risk patients. Anes-

thesia technique should consist of gentle awakening,
with tight control of blood pressure and heart rate,
especially in high-risk patients. Morphine may be
beneficial for its venous dilatation effects, which
decrease preload, thus minimizing CHF. In this partic-
ular case, the patient was extubated awake owing to a
risk of aspiration because of GERD and obesity. Extu-
bating patients when they are fully awake can make it
more difficult to control blood pressure and heart rate.

Future research should expand on past studies by
using larger samples and maintaining tighter control of
variables. For example, a standardized IAP with blinded
treatment protocols, control groups, and randomization
of all patients (ASA physical status I-IV) undergoing
laparoscopic cholecystectomy should be used. This may
provide insight into the degree of hemodynamic
changes and the efficacy of the aforementioned inter-
ventions.

Laparoscopic surgery is a safe and effective surgical
intervention with many advantages over open proce-
dures. Careful surgical and anesthetic technique, thor-
ough preoperative screening, and collaboration with
primary care physicians to medically optimize the con-
dition of patients before surgery are essential to posi-
tive postoperative outcomes.
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