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Objective: The aim of this audit was to determine the

ncidence of major gastrointestinal (GI) complications asso-

iated with intraoperative transesophageal echocardiogra-

hy (TEE) in adult cardiac surgical patients in this institution.

Design: Retrospective database audit.

Setting: University-affiliated teaching hospital.

Participants: Eight hundred fifty-nine consecutive cardiac

urgical patients.

Interventions: None.

Measurements and Main Results: The records of all pa-

ients who developed a major upper GI complication within

0 days of cardiac surgery between January 2001 and May

003 were examined. The patients were identified by cross-

eferencing cardiac surgery and endoscopy databases. A

ajor GI complication was defined as a perforation of the

sophagus or stomach or upper GI bleeding requiring trans-

usion, endoscopic, or surgical intervention. Early presenta-

ion was defined as <24 hours; late presentation was de-

ned as >24 hours. During the audit period, 859 patients
lied with the guidelines for basic training in TEE published by the
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ournal of Cardiothoracic and Vascular Anesthesia, Vol 19, No 2 (April), 20
ad cardiac surgery with TEE (group 1), and 343 patients had

ardiac surgery without TEE (group 2). Six patients were

dentified, 1.2% (95% confidence interval [CI], CI, 0.5%-2.5%)

n group 1 who had a major upper GI complication consis-

ent with TEE injury. Two patients, 0.38% (95% CI, 0.05%-

.40%), presented early, and 4 patients, 0.76% (95% CI,

.21%-1.98%), presented late. One patient in group 2 devel-

ped a major upper GI complication, 0.29% (95% CI, 0.01%-

.6%).

Conclusion: The incidence of major GI complications at-

ributed to TEE in this group of cardiac surgical patients was

igher than previously reported. Late presentation was

ore common than early presentation. Previous studies

hat have not included late presentations may have under-

stimated the true incidence of major GI complications re-

ated to TEE.

2005 Elsevier Inc. All rights reserved.

EY WORDS: transesophageal echocardiography, bleeding,
nderwent cardiac surgery. Five hundred sixteen patients perforation, complications, cardiac surgery
RANSESOPHAGEAL ECHOCARDIOGRAPHY (TEE)
is an important diagnostic and monitoring tool in the

onduct of anesthesia for cardiac surgical cases. Although there
re limited objective outcome data, its use has gained wide-
pread acceptance. TEE is considered to be safe with a very low
eported serious complication rate (�0.2%).1,2 However, the
uthors recently experienced a cluster of upper GI complica-
ions after TEE. Many of these complications presented several
ays postoperatively. In response, the authors conducted a
etrospective audit of all the major upper GI complications
ccurring within 30 days of cardiac surgery, with and without
EE.

METHODS

The authors’ center is a 480-bed university-affiliated tertiary referral
enter. The center performs 350 to 400 cardiac cases a year and has 5
edicated cardiac anesthesiologists. Intraoperative TEE has been per-
ormed at the center since August 2000. The audit population com-
rised consecutive adult cardiac surgical cases performed from January
001 until May 2003.
Patients were categorized into 2 groups. Group 1 had cardiac surgery

ith intraoperative TEE, and group 2 had cardiac surgery without
ntraoperative TEE. Patients were selected for TEE at the discretion of
he anesthesiologist and cardiac surgeon involved. Typical indications
ncluded valvular repairs and replacements and coronary artery graft
rocedures in higher-risk patients (Fig 1). TEE examinations were
erformed or supervised by an anesthesiologist whose experience com-
merican Society of Cardiovascular Anesthesiologists task force.3 In
ddition, during the audit period, one of the anesthesiologists became a
ember of the National Board of Echocardiography.
After the induction of anesthesia, a standard comprehensive TEE

xamination using a Hewlett Packard Omniplane II probe (21367A;
ewlett Packard, Seattle, WA) was performed.4 No attempt was made

o force insertion of the probe. If blind insertion of the probe was not
ccomplished after 1 or 2 attempts, it was then inserted carefully using
irect laryngoscopy. All insertions were successful. Additional safety
easures included withdrawing the probe into the esophagus during

ardiopulmonary bypass (CPB), never using the locking device, and
nsuring that the tip was in a neutral position while advancing or
ithdrawing the probe. The TEE probe remained in situ throughout

ach case and was removed after closure of the chest wall. A temper-
ture-control mechanism ensuring power deactivation when the tip of
he probe reached 42°C was intact. A 14-French gauge nasogastric tube
as placed after removal of the probe.

From the Departments of *Anaesthesia and †Gastroenterology, Sir
harles Gairdner Hospital, Nedlands, Australia; and ‡School of Med-

cine and Pharmacology, University of Western Australia, Nedlands,
ustralia.
Address reprint requests to Mark J. Lennon, Department of Anaesthe-
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-mail: mjlennon1@bigpond.com
© 2005 Elsevier Inc. All rights reserved.
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142 LENNON ET AL
With institutional approval, the following information regarding GI
omplications was collected from 3 separate sources: (1) an institu-
ional database of TEE reports, (2) an institutional electronic cardiac
urgery database (into which data regarding all major complications
fter cardiac surgery are entered prospectively), and (3) a comprehen-
ive institutional electronic endoscopy database (into which all endos-
opy reports are entered).

Individuals who underwent esophago-gastroduodenoscopy (EGD)
ithin 30 days of cardiac surgery were identified and the following data
ere collected: (1) patient demographics including Parsonnet score,5

2) any technical difficulties encountered at TEE, (3) findings at EGD,
4) operative findings in the event of surgical intervention, and (5)
iming of presentation.

For the purposes of the audit, early presentation was arbitrarily
efined as �24 hours after TEE; late presentation was defined as �24
ours after TEE. Major upper GI complications were defined as per-
oration of the esophagus or stomach requiring surgical repair or
ignificant bleeding, which required transfusion, endoscopic interven-
ion, or surgical repair. Endoscopy was performed on each patient at the
iscretion of the attending gastroenterologist on the basis of the symp-
oms, signs, and investigations for each individual patient. When an
GD was performed or a complication recorded, the relevant case notes
ere reviewed. All findings were reviewed by 2 independent gastro-

nterologists independently who were not blinded as to whether a TEE
ad been performed. Complications were classified as being possibly
elated to TEE if both the appearance and the site of the lesion were
ompatible with the injury and no other cause was evident.

Hypothesis testing was performed with analysis of variance for
nskewed continuous data, the Mann Whitney U test for skewed
ontinuous data (Parsonnet score only), and the Fisher exact test for 2

2 dichotomous data. The relative risk and 95% confidence intervals
CIs) for major GI complications were calculated using the method
escribed by Morris and Gardner.6

RESULTS

There were 859 patients who underwent cardiac surgery in
he study period, 516 of whom had a TEE performed (group 1)
nd 343 who did not (group 2) (Fig 1). Patients in group 1
nderwent CPB more frequently and had significantly higher
arsonnet scores, longer mean CPB times, and cross-clamp

imes (Table 1). The incidence of major GI complications after
ardiac surgery in group 1 was 1.2% (95% confidence interval,

Fig 1. This figure compares the number of patients in each group

or each type of surgery. CABG-ON, coronary artery grafting with

ardiopulmonary bypass; CABG-OFF, coronary artery grafting with-

ut cardiopulmonary bypass; VALVES, aortic and mitral repairs or

eplacement; COMBINED, CABG � valve surgery; OTHER, miscella-

eous procedures including septal defect repairs and ascending aor-

ic aneurysm repair.
I, 0.53%-2.5%). Two patients (0.38%, 95% CI, 0.05%-
.40%) presented early and 4 patients (0.76%, 95% CI, 0.21%-

.98%) presented late. One patient in group 2 developed a
ajor upper GI complication (0.29%, 95% CI, 0.01-1.6%). The

elative risk of major GI complications after cardiac surgery
ith TEE compared with cardiac surgery without TEE was 4.0

95% CI, 0.5-33).
There were no serious technical difficulties or complications

eported at the time of TEE. Eighteen patients (2.1%) under-
ent EGD within 30 days of cardiac surgery (14 in group 1, 4

n group 2). One additional patient in each group was identified
ho underwent laparotomy without prior endoscopy.
Fourteen patients underwent EGD in group 1. In 4 pa-

ients, the EGD was normal. Five cases involved ulceration
f the antrum of the stomach or duodenal ulceration and no
ntervention or transfusion was required. These nine cases
ere excluded. The remaining 5 cases required endoscopic
r surgical intervention or transfusion. These complications
ere classified as possibly TEE related. Patients 1 and 2 are

lassified as “early presentation” (�24 hours) and the re-
aining patients as “late presentation” (�24 hours). An

dditional patient is described who underwent laparotomy
ithout prior EGD (case 6). Findings are summarized in
able 2. No maze procedures were performed on any of the
atients with complications.
Patient 1 was a 70-year-old man who underwent a mitral

alve repair for severe mitral regurgitation. A few hours after
eturn to the intensive care unit (ICU) after surgery, he had a
arge hematemesis and became hemodynamically unstable. An
GD revealed a 2.5-cm tear in the distal esophagus and a large

ear at the cardia. This was treated with epinephrine injection

Table 1. Demographic Data for Group 1 and Group 2

Group 1 Group 2 p

Total (n) 516 343 —
Male/female (n) 376/140 243/100 0.53
Age (y) (mean, range) 65 (19-86) 63 (19-88) 0.008
Elective/urgent or

emergent (n)
382/134 247/94 0.64

Parsonnet score
(mean, range)

8.9 (0-30) 6.5 (0-27) �0.0001

On-CPB/off-CPB (n) 411/105 187/156 �0.0001
Bypass time* 112 (34-347) 94 (27-203) 0.001
Cross-clamp* (mins)

(mean, range)
78 (0-218) 63 (0-162) 0.001

Abbreviations: CPB, cardiopulmonary bypass.
*Data excludes off-pump cases for analysis of mean bypass time

nd cross-clamp time.

Table 2. Summary of Individual Cases

Case Injury Detection Treatment

1 Esophageal and
gastric tear

�24 h Endoscopic

2 Gastric tear �24 h Laparotomy
3 Gastric tear Day 2 Endoscopic
4 Gastric ulcer Day 5 Transfusion
5 Gastric perforation Day 11 Laparotomy

6 Gastric perforation Day 4 Laparotomy
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143GI COMPLICATIONS OF TEE
nd endoclip deployment across the defects. No further inter-
entions were required.
Patient 2 was a 79-year-old man who underwent replacement

f a large ascending aortic aneurysm and coronary artery by-
ass grafting for triple-vessel disease under deep hypothermic
irculatory arrest. Postoperatively, there was an ongoing trans-
usion requirement. The patient subsequently had a hemateme-
is and EGD revealed 2 large cardia lacerations. Endoscopic
nterventions were unsuccessful, and the patient proceeded to
ave a laparotomy with oversewing of the lesions. There was
o further GI bleeding.
Patient 3 was a 79-year-old woman with severe triple-vessel

isease and multiple medical problems. She underwent coro-
ary artery grafting to three vessels without CPB. The imme-
iate postoperative course was uneventful, but after transfer to
he ward the next day, she had a large hematemesis of fresh
lood. EGD revealed a large tear at the cardia with active
leeding. This was controlled by epinephrine injection, bipolar
iathermy, and endoclip deployment. There was no further
leeding.
Patient 4 was a 33-year-old woman who underwent mitral

alve replacement for rheumatic heart disease. She was started
n warfarin in the early postoperative period. On day 5, the
nternational normalized ratio was 2.7, and the hemoglobin
oncentration had fallen to 68 g/dL with no obvious source of
leeding. EGD revealed a linear gastric mucosal deficit high on
he lesser curvature of the stomach without significant sur-
ounding inflammation or edema. The patient was transfused
ppropriately and started on a proton pump inhibitor. There was
o further GI bleeding.
Patient 5 was a 77-year-old man who underwent aortic valve

eplacement with a mechanical prosthesis and coronary artery
rafting to 3 vessels. From day 1 postoperatively, he had vague
pper abdominal symptoms and signs. A chest radiograph on
ay 4 noted a small amount of subdiaphragmatic air, but given
hat the patient was tolerating a normal diet, this was thought to
e insignificant, possibly related to the sternotomy. The patient
as discharged with full anticoagulation on day 6. He re-
resented 5 days later with vague symptoms of light headed-
ess and was found to be anemic (hemoglobin concentration of
6g/dL) with an international normalized ratio of 2.9. EGD
evealed a large amount of fresh blood in the stomach, but a
esion could not be localized. Because of hemodynamic insta-
ility, he underwent urgent laparotomy, and this revealed a
arge bleeding cardia perforation, which was oversewn. He had
o further bleeding.
Patient 6 was a 55-year-old man who underwent triple cor-

nary artery grafting. The surgery was uneventful, and the
nitial postoperative recovery was routine. Thereafter, he grad-
ally deteriorated with abdominal distention, respiratory dis-
ress, rapid atrial fibrillation, and increasing confusion resulting
n readmission to the ICU on day 4. Abdominal examination
evealed only mild epigastric tenderness. There was no free air
n plain radiography, but a computerized tomogram of the
bdomen detected free intraperitoneal air. At laparotomy, a
arge circumferential perforation (�2 � 2 cm) of the gastric
ardia was detected. This was oversewn. There were no further
I complications.

In group 2, 4 patients underwent EGD within 1 month of r
urgery. Three studies did not reveal bleeding or perforation.
ne study to investigate bleeding revealed healing ulcerative

sophagitis and did not require transfusion. An additional pa-
ient was identified who required laparotomy for a bleeding
uodenal ulcer.
Patient 7 was a 73-year-old man who underwent off-pump

oronary artery grafting to 2 vessels and had an uneventful
ecovery initially. He re-presented 8 days after discharge with
ymptomatic anemia and was found to have a large bleeding
uodenal ulcer. This required laparotomy, pyloroplasty, and
ndersewing. Further recovery was uneventful.

DISCUSSION

In this retrospective audit, the incidence of major GI com-
lications after cardiac surgery was higher in patients who had
ndergone intraoperative TEE than those who did not undergo
EE (1.2% v 0.29%). Furthermore, all major GI complications

n group 1 were considered to be possibly TEE related.
The rate of upper GI complications after cardiac surgery is

ow (0.8-1.4%),7,8 and the incidence of TEE-related complica-
ions after cardiac surgery is even lower (0.01-0.04%).1,2 In this
udit, the incidence of early presentation of TEE-related GI
omplications (0.38%, 95% CI, 0.05%-1.40%) was not dissim-
lar to the previously reported complication rate. However, with
he addition of late-presenting cases, the overall incidence is
onsiderably higher. It is difficult to explain the large number
f possible TEE-related complications compared with previous
eports, but there may be several reasons for this. It is possible
hat the excess of major GI complications after cardiac surgery
ith TEE in the present study can be attributed to other causes,

uch as nasogastric trauma, peptic ulcer disease, or stress
lceration. However, all endoscopic findings from patients in
roup 1 were independently reviewed by 2 gastroenterologists
ho found that these complications were most likely TEE

elated. Four of the cases (1-4) involved tears or lacerations of
he distal esophagus or proximal stomach without signs of
ull-thickness injury. Two cases (5 and 6) involved perforation
f the gastric cardia. It would be very unlikely that a nasogas-
ric tube could cause a perforation in the cardia of the stomach
ithout some indirect force, and the perforations were larger

han the diameter of a nasogastric tube. The appearances of
hese lesions were not consistent with peptic ulcer disease. The
ature of the lesions and the site of injury indicate that these
esions were most likely related to the TEE examination.

If these complications were correctly attributed to TEE, it
ould be argued that the complications were related to relative
perator inexperience and are not representative of TEE-related
omplications elsewhere. The audit was performed shortly after
he introduction of the TEE service, and many examinations
ere performed under supervision by inexperienced operators,

ncluding trainees. Moreover, there was often repeated imaging
n some patients to show or confirm findings. However, there
ere no technical problems noted during any examination and

omplications were not confined to a single operator. There are
number of case reports detailing major GI complications as a

esult of TEE by experienced operators in which placement of
he probe was performed without incident on each occasion,
nd other usual precautions were taken.9–14 In any event, if

elative operator inexperience was a contributing factor, the
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144 LENNON ET AL
resent findings should serve as a warning to others, particu-
arly during the early phase of the introduction of a TEE
ervice.

Given that site of injury was similar in all the present cases,
he cause may relate to sustained or forceful retrograde flexion
n the deep transgastric view. Of note, the anatomic position of
he TEE probe in the left ventricular short-axis view is not
lways in the stomach. A study by Orihashi et al15 indicated
hat while obtaining this view the TEE probe can be situated in
he esophagus in 13% of cases and the gastroesophageal junc-
ion in 14%. Thus, an attempt to obtain left ventricular short-
xis views with maximal antegrade flexion may be associated
ith local trauma to the distal esophagus or gastroesophageal

unction.
The mechanism of injury with the TEE probe in cardiac

urgical patients may be multifactorial. Local pressure effects,
ascular insufficiency, local tissue thermal injury, and impaired
ucosal blood supply during CPB may all be involved. How-

ver, given the location and appearance of the lesions in this
udit, direct trauma is a likely contributing factor. Urbanowicz
t al16 studied the pressure effects exerted by the TEE probe in
oth dogs and humans. At various points along the esophagus
nd stomach, the TEE was maximally flexed for up to 5
inutes in the humans and up to 12 hours in the dogs. For the
ajority of measurements, surface contact pressures of less

han 17 mmHg were encountered and only in 1 case did the
aximal pressure reach 60 mmHg. The authors concluded that
aximal surface contact pressures were generally safe but that

he potential for injury existed in some cases in humans.
None of the patients in the present study had contraindica-

ions to TEE such as esophageal structural lesions, swallowing
ifficulties, or active peptic ulcer disease. None of the patients
ho developed GI complications had taken nonsteroidal anti-

nflammatory medications within 24 hours of surgery and as-
irin had been discontinued 1 week before surgery. Either
anitidine or a proton pump inhibitor was commenced routinely
n the immediate postoperative period. It is possible, however,
hat the patients in group 1 had more risk factors for GI
omplications than the patients in group 2. The present study
as not designed to detect specific risk factors for GI compli-

ations, but demographic data indicate that patients in group 1
ere at a higher risk overall for developing complications

Table 1).
The majority of cases in the present study were detected late.

his is consistent with several previous case reports detailing
sophageal perforations after TEE, which involved delays in
etection for up to 20 days.17–20 However, this has not been
eflected in the larger case series. It is possible that by not
ystematically including late presentations, some previous
tudies may have underestimated the true incidence.

Kallmeyer et al1 examined the safety of intraoperative TEE
n a single center involving 7,200 cardiac surgical patients.
utcome data were obtained by “routine postoperative fol-

ow-up visits and cardiac surgical morbidity and mortality
ata. . .and the attribution of a given complication to the intra-
perative TEE examination was made at the discretion of the
ttending anesthesiologist, cardiac surgeon or both.” The over-
ll incidence of TEE-related GI complications was 0.2%. Most

f these complications were odynophagia, dental injury, and m
ndotracheal tube malposition. There were 2 cases of upper GI
emorrhage and 1 esophageal perforation (an incidence of
ajor GI complications of 0.04%). Significant upper GI bleed-

ng was defined as “the presence of copious bright red blood or
coffee grounds’ during orogastric suctioning at the conclusion
f the operation.” Both cases of acute upper GI bleeding were
iagnosed at the end of surgery and confirmed later by EGD,
nd the case of esophageal perforation was detected on the
econd postoperative day.

In a European multicenter survey of 10,419 adult patients
ndergoing TEE, an overall complication rate of 0.18% includ-
ng 1 death was noted.2 There was only 1 major upper GI
omplication recorded (perforation through an invasive esoph-
geal tumor), to give an incidence of 0.01%. The majority of
hese patients were conscious, and the remaining 1,179 under-
ent TEE examination in the operating room or during me-

hanical ventilation in the ICU. The number of patients who
nderwent cardiac surgery was not reported. The data were
ollected by means of a questionnaire sent to the institutions
nvolved. This form of data acquisition may be influenced by
ariable recall, subjective interpretation of results, underreport-
ng, and possible misclassification of causation.

In a study that included both retrospective and prospective
ata by Hulyalkar et al,21 5 of 241 patients (2.1%) developed
rank upper GI bleeding after cardiac surgery with TEE, com-
ared with one of a control group of 40 (2.5%) who underwent
ardiac surgery without TEE. Although the overall incidence in
his study was similar to the present authors’ experience, only

patient required a transfusion and EGD in this patient re-
ealed a duodenal ulcer; it was considered unrelated to the
EE. They concluded that intraoperative TEE was not associ-
ted with an increased risk of gastroesophageal bleeding.

Chan et al22 analyzed complications of TEE in 1,500
onsecutive adult patients in a single center. Procedural
omplications were noted in 7 patients (0.47%). There were
o GI complications noted. These were not cardiac surgical
ases and were in the ambulatory setting so the authors are
nable to directly compare results. McSweeney et al8 de-
ected 28 incidents of GI bleeding and 2 perforations in 2417
atients (1.2%) who underwent coronary artery surgery.
ntraoperative TEE had been used in 30% of the sample, and
lthough overall GI complications were higher in this group,
t was not statistically significant. In 2 other large series
nvolving 8,261 cardiac surgical patients, the impact of TEE
n surgical management of patients was studied.23,24 No
ajor complications were reported; however, the authors

oted that neither study was specifically designed to detect
omplications.

From the literature available to date, it would appear that
EE during cardiac surgery is very safe and comparable to
tandard diagnostic EGD (0.01-0.03%).25 However, methods
sed to detect complications have been inconsistent, and no
tudies have systematically and independently reviewed en-
oscopic findings in patients who had GI complications after
ardiac surgery. The present findings do not disprove but
uestion the previously reported low rate. Whether the find-
ngs were unrelated to TEE, were caused by operator inex-
erience, were related to a high-risk group of patients, or

erely represent a cluster of cases, all TEE operators should
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145GI COMPLICATIONS OF TEE
e aware that these injuries might occur. In response to these
omplications, the authors have modified their practice to
educe the total amount of imaging in each patient and to
imit the number of deep transgastric views.

Given the inherent bias of retrospective data acquisition
nd the limited sample size, the present findings should be
nterpreted with caution. The authors are reporting the find-

ngs mainly to raise clinical awareness of the potential for GI s

REN

ng. Ann thorac Surg 75:1955-1957, 2003
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njury after TEE, in particular with regard to late presenta-
ion. Larger, well-designed prospective studies with an ap-
ropriate follow-up period are required. Whatever the true
ncidence of GI complications related to TEE, it is likely that
EE-related injuries increase postoperative morbidity; the
uthors would recommend that clinicians have a low thresh-
ld for EGD or abdominal imaging if symptoms or signs

uggest injury.
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