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The risk of upper gastrointestinal bleeding (UGIB) after transesophageal
echocardiography (TEE) in patients with high grade esophageal varices (EV) that are
undergoing Orthotopic Liver transplantation (OLT) is poorly understood. This was a
retrospective single-centre cohort study in all patients that underwent OLT at Queen
Elizabeth Hospital Birmingham between September 2016 and September 2018. The
primary outcome was to determine the incidence of UGIB in patients that have
undergone OLT with EV that received TEE. 401 patients were included in the
study, of which 320 (80%) received TEE. The incidence of post-operative UGIB in
patients that received TEE was 1.6% (5/320) in the entire cohort: 2.7% (4/149) in
patients with no evidence of EV and 0.6% (1/171) in patients with EV. UGIB occurred in
1 patient with grade 2 EV and did not occur in patients with grade 1 or 3 EV. The
incidence of UGIB in patients that received TEE was not statistically different to patients
that did not: 1.6% (5/320) vs. 3.7% (3/81) p = 0.218. In conclusion, in patients that
underwent OLT, intra-operative TEE use was associated with low rates of UGIB, even in
cohorts with high grade EV. This suggests that TEE is a relatively safe method of
haemodynamic monitoring in patients undergoing OLT.
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INTRODUCTION

Cardiovascular instability is common during Orthotopic Liver
Transplantation (OLT) and may be precipitated by cross-
clamping the inferior vena cava and portal vein, surgical
manipulation and reperfusion [1]. Haemodynamic
monitoring is therefore vital in administering fluid/blood
products and vasoactive agents during OLT and
transesophageal echocardiography (TEE) is increasingly
being utilised in this regard [1]. TEE has the ability to
quickly detect rare but devastating intraoperative
complications during OLT, such as intracardiac thrombosis
and pulmonary embolism, as well as guide therapy for them.
Numerous studies have demonstrated the effectiveness of TEE
in the diagnosis and treatment of cardiovascular perturbations
during OLT [2].

Large multicentre studies have established that TEE is a
relatively safe procedure [3,4], but patients with esophageal
varices (EV) were excluded from these analyses as TEE has
previously been considered relatively contraindicated in this
patient cohort due to concerns of precipitating upper
gastrointestinal bleeding (UGIB) [5]. Recently small
retrospective studies in patients with EV that received TEE
demonstrated similarly low rates of UGIB, however the
number of patients with high grade EV (grade 2–3) were
small [6,7,8,9,10,11]. As the risk of bleeding is proportional to
the size of the varix [12], this is an important omission.

As EV are present in almost 3/4 patients with end-stage liver
disease (ESLD) awaiting OLT [13] and bleeding from EV is a
serious complication with a 20% mortality rate [14], evaluating
the safety of TEE in patients with high grade varices undergoing
OLT is of paramount importance. Therefore, the main aim of this
study was to determine the incidence of UGIB in patients with EV
that received TEE during OLT. Secondary aims were to compare
the rates of UGIB in patients with different grades of varices and
in patients that underwent OLT with and without TEE.

METHODS

Ethical Approval
This study was a retrospective service evaluation of anonymised,
routinely collected data as defined by the UK NHS Health
Research Authority (http://www.hra.nhs.uk). The study was
registered with the hospital’s clinical audit registration system
(CARMS-14529) and specific ethical permissions were not
required.

Data Collection
This was single-centre retrospective cohort study of patients that
underwent OLT at the Queen Elizabeth Hospital Birmingham
(University Hospitals Birmingham NHS Foundation Trust)
between September 2016 and September 2018. Data were
retrieved retrospectively from the hospital’s electronic patient
records, surgical and anaesthetic records and included
demographic data, MELD score, blood test results on the day
of OLT (biochemistry, full blood count and coagulation profile),
blood product transfusion during OLT and medical history of
previous EV treatments including beta blocker, transjugular
intra-hepatic portosystemic shunt (TIPSS) insertion, band
ligation or sclerotherapy. Varices were graded in accordance
with the modified Paquet classification [15]. UGIB was defined
as the presence of blood in the oesophagus or stomach at the time
of oesophago-gastric duodenoscopy. Clinically significant UGIB
was defined by a transfusion requirement of packed red cells or if
there was a drop in haemoglobin of >2 g/dl.

Statistical Analysis
All statistical analysis was performed using GraphPad Prism
v.8.0. Categorical data are presented as n (%) and compared
using a chi squared test. Continuous data were tested for
normality using Shapiro-Wilk’s test. If not normally
distributed, continuous were presented as median
(interquartile range) and were compared using a Mann-
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Whitney U test. This was a pragmatic study and post-hoc power
calculations to determine study size were not performed. All tests
performed were two-sided and a p value < 0.05 was considered
statistically significant.

Transesophageal Echocardiography
The decision to perform a TEE was at the discretion of the treating
consultant liver transplant anaesthetist. The echocardiogram was
conducted and interpreted by this anaesthetist, who had relevant
experience in perioperative TEE use. A standardised protocol of
obtaining mid-esophageal and transgastric views was followed
using a Phillips TEE probe and Phillips CX50 ultrasound
machine (Phillips Healthcare, Andover, MA, United States). The
TEE probes were routinely inserted after induction of anaesthesia
and placement of an endotracheal tube and withdrawn at the
closure of the abdomen at the end of the surgery.

RESULTS

401 patients were included in the study and had a median age of
56 (IQR 46–64), were 66%male and had a medianMELD score of
14 (IQR 10–19). The most common indication for OLT was
alcoholic cirrhosis (n = 119, 30%) and the most common graft
type was donation after brain death (DBD) (n = 267; 67%). ICU

mortality for the entire cohort was 4% (n = 15). Additional
demographics are listed in Table 1.

Of the 401 patients, 320 (80%) received TEE. Of these patients,
149 (47%) had no evidence of EV, 107 (33%) had grade 1 EV, 54
(17%) had grade 2 EV and 10 (3%) had grade 3 EV. No episodes
of intra-operative UGIB occurred. The incidence of post-
operative UGIB in patients that received TEE was 1.6% (5/
320) in the entire cohort: 2.7% (4/149) in patients with no
evidence of EV and 0.6% (1/171) in patients with EV. A post-
operative UGIB occurred in 1 patient with grade 2 EV, however
this was not associated with a drop in haemoglobin or red blood
cell transfusion. An UGIB did not occur in patients with grade
1 or 3 EV. The rates of UGIB were not statistically different
between patients with and without EV and across different grades
of EV. There were no incidences of clinically significant UGIB in
patients that underwent TEE. Patients with high MELD scores
(≥18) had no statistically significant difference in UGIB incidence
compared to those with low MELD scores (<18; 2/93 (2.2%) vs 3/
227 (1.3%); p = 0.630).

Comparison to Patients That did not
Receive TEE
81 patients underwent OLT but did not receive a TEE. There were
no differences in the demographics or incidence of EV between

TABLE 1 | Comparing clinical and demographic parameters in OLT patients that did and did not receive TEE.

Demographic All (n = 401) Received
TEE (n = 320)

No TEE (n = 81) p value

Age (years) 56 (46–64) 56 (46–64) 57 (46–64) 0.975
Sex (%male) 263 (65.6) 210 (65.6) 53 (65.4) 0.755
MELD score 13.9 (10.2–18.8) 14.1 (10.2–18.9) 13.8 (10.2–15.8) 0.283
Indication for OLT 0.757
Alcoholic 104 (25.9) 80 (25.0) 24 (29.6)
PSC 68 (17.0) 53 (16.6) 15 (18.5)
NASH 54 (13.5) 45 (14.1) 9 (11.1)
PBC 41 (10.2) 35 (10.9) 6 (7.4)
Hepatitis C 26 (6.5) 21 (6.6) 5 (6.2)
Other 108 (26.9) 86 (26.9) 22 (27.2)

Grade of varices 0.228
None 193 (48.1) 149 (46.6) 44 (54.3)
1 133 (33.2) 107 (33.4) 26 (32.1)
2 61 (15.2) 54 (16.9) 7 (8.6)
3 14 (3.5) 10 (3.1) 4 (4.9)

Bilirubin μmol/L 35 (17–64) 35 (16–65) 37 (17–57) 0.905
INR 1.4 (1.2–1.6) 1.4 (1.2–1.6) 1.3 (1.2–1.5) 0.330
Platelets x109/L 92 (65–144) 91 (65–143) 105 (66–154) 0.435
Donor type (%DBD) 267 (66.6) 212 55 0.778
Blood product transfusion (units)
Packed red cells 2 (0–4) 2 (0–4) 2 (0–4) 0.674
FFP 4 (0–6) 4 (0–6) 4 (0–6) 0.771
Platelets 1 (0–10) 1 (0–5) 0 (0–5) 0.145
Cryoprecipitate 0 (0–0) 0 (0–0) 0 (0–0) 0.210
Cell saver (mls) 450 (0–780) 450 (0–770) 460 (0–990) 0.924
UGIB incidence 8 (2.0) 5 (1.6) 3 (3.7) 0.218
OGD performed 18 (4.5) 14 (4.4) 4 (4.9) 0.827
ICU mortality 15 (3.7) 10 (3.1) 5 (6.1) 0.197

Legend: OLT, orthoptic liver transplantation; TEE, transesophageal echocardiography; PSC, primary sclerosing cholangitis; PBC, primary biliary cirrhosis; NASH, non-alcoholic
steatohepatitis; MELD, model for end-stage liver disease; INR, international normalized ratio; DBD, death brain stem donation; FFP, fresh frozen plasma; UGIB, upper gastro-intestinal
bleeding; OGD, oesophago-gastric duodenoscopy; ICU, intensive care unit.
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patients that did and did not receive TEE (Table 1). The incidence
of UGIB in patients that received TEE was not statistically
different to patients that did not [1.6% (5/320) vs 3.7% (3/81);
p = 0.218]. The number of blood products transfused intra-
operatively were also similar between cohorts, as was the ICU-
mortality rate.

DISCUSSION

In one of the largest studies in this field to date, we demonstrate a
low rate of gastro-intestinal bleeding (<1%) following TEE in
patients with EV undergoing liver transplantation. This
relatively low risk of bleeding was also present in patients with
high grade EV (Grade 2 or 3; 1.6%), a cohort that has previously
been sparsely assessed in the literature. Furthermore, the rate of
UGIB in patients that received TEE was no different to those that
did not receive TEE during their OLT. Altogether, this suggests the
relative safety of this semi-invasive monitoring technique in
patients undergoing OLT, although larger, multi-centre studies
are required to validate these findings. It is worth noting that this
patient cohort (by definition) are all intubated, have excellent IV
access and have available cross matched blood prior to TEE
insertion. This provides a safety net should UGIB occur.

COMPARISON TO PREVIOUS LITERATURE

Numerous large, multi-centre studies have demonstrated the
relative safety of TEE, with GI bleeding rates of 0.02–1% and a
GI tract perforation risk of 0.01% [3, 4]. However, these studies
largely excluded patients with EV, likely secondary to the historic
recommendation that the presence of portal hypertension or EV
were relative contraindications to TEE examination [5]. Since then,
smaller retrospective studies have demonstrated a low bleeding risk
following TEE in hospitalised patients with EV [6–9]. However, to
the best of our knowledge, only one patient with grade 3 varices was
included in these studies. Furthermore, portal venous pressures
during the process of liver transplantation are likely to be markedly
different to hospitalised patients with EV, hence the risk profile
identified in these studies may not be directly applicable to TEE use
in OLT.

In patients undergoing OLT with varices, a similarly low risk of
GI bleeding following TEE was identified by Burger-Klepp et al
[10] and Pai et al [11], however only 7 patients had Grade 3 varices.
Here we identified 171 patients with EV, 10 of whom had grade
3 varices and also demonstrated a <1% risk of GI bleeding with
TEE in these patients. If data from all of these studies are combined,
the rate of UGIB following TEE is 0.2% (3/619) in patients with EV
undergoing OLT. In the present study, there were no incidences of
clinically significant UGIB (necessitating > 2 units packed red
blood cell transfusion or drop in haemoglobin by 2 g/dl) following
TEE. Importantly, this is also the first study to our knowledge to
demonstrate equivalent UGIB rates in patients that underwent
OLT with and without TEE, suggesting that the rates of bleeding
identified may be independent of TEE use. This finding is
corroborated by reports that variceal rupture is precipitated

more commonly by intrinsic pressure in the portal system, after
clamping the portal system at the start of the anhepatic phase,
rather than direct external pressure [15]. Unfortunately, we were
unable to analyse the duration of the anhepatic phase
comprehensively in all patients to test this hypothesis.
Furthermore, rates of UGIB were equivalent in patients with
and without EV, suggesting that the presence of EV should not
be a contraindication to intra-operative TEE examination during
liver transplantation.

Strengths and Limitations
Despite assessing bleeding risk following TEE in the largest number
of patients with grade 3 EV to date, the small patient numbers with
high grade EV and low event rate of UGIB means that the study
lacks sufficient power to detect clinically significant complications
of TEE in this patient cohort and is at risk of type 2 statistical error.
The retrospective nature of the study may have led to reporting
bias, with only clinically significant bleeding being documented in
the notes. Nevertheless, occult UGIB that does not precipitate
OGD examination, RBC transfusion or drop in haemoglobin, is
unlikely to contribute significantly to patientmorbidity. The cohort
had lower median MELD scores (13.9 (IQR 10.2–18.8) than other
published OLT cohorts [8–11] and therefore the generalisability of
these findings may not extend to patients with very severe hepatic
insufficiency. However, there was no statistically significant
difference in the incidence of UGIB in patients with high
MELD scores (≥18) compared to low MELD scores (<18). We
therefore have no evidence to suggest that TEE is unsafe/
precipitates UGIB in patients with a greater severity of hepatic
insufficiency. Lastly, the study may have been influenced by
selection bias, as the choice to perform TEE was at the
discretion of the treating anaesthetist, and patients that did not
receive TEE may have had a clinically perceived increased risk of
variceal bleeding. However, variceal grade, severity of liver disease
and markers of coagulopathy did not differ between patients that
did and did not receive TEE.

CONCLUSION

In patients that underwent OLT, intra-operative TEE use
was associated with low rates of UGIB, even in cohorts
with high grade EV. This suggests that TEE is a relatively
safe method of haemodynamic monitoring in patients
undergoing OLT.
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