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BACKGROUND: Gastric tube necrosis is a major cause of anastomotic leak after
esophagectomy. A correlation has been shown between reduced flux at the
anastomotic end of the gastric tube and anastomotic leaks.
METHODS: We prospectively studied the effect of intraoperative thoracic epidural
bupivacaine and subsequent adrenaline infusion on hemodynamics and flux in the
gastric tube.
RESULTS: Administering the epidural bolus significantly decreased flux at the
anastomotic end of the gastric tube (P ! 0.01). Gastric flux was returned to baseline
by an adrenaline infusion.
CONCLUSIONS: The administration of a thoracic epidural bolus may decrease flux at
the anastomotic end of the gastric tube.
(Anesth Analg 2008;106:884–7)

Anastomotic leakage is a major cause of mortality
after esophagectomy.1–3 Patients usually undergo an
esophageal resection with immediate reconstruction
using tubularized stomach based on a blood supply
from the right gastroepiploic artery; the left gastric,
left gastroepiploic, and short gastric arteries are di-
vided. The anastomotic end of this newly formed
gastric tube is vascularized by an intramural plexus of
vessels supplied from branches of the right gastroepi-
ploic artery. Ischemia of the anastomotic end of this
gastric tube is a major cause of anastomotic leaks.4,5

Laser Doppler flowmetry was introduced in 1972.6

The technique has been validated against other meth-
ods of measuring tissue blood flow7–9 and is an
established method of measuring gastric blood flow.10

Thoracic epidurals containing a mixture of local
anesthetics and opioids are widely used to provide
analgesia for patients undergoing esophagectomy.
The effect of thoracic epidurals on blood flow in the
newly fashioned gastric tube is unknown. Vasodilata-
tion from an epidural-induced sympathetic block to

the stomach (T6–10)11 may increase blood flow to the
gastric tube. Conversely, epidural-induced hypoten-
sion may decrease gastric tube blood flow. The aims of
this study were to determine the effect of a thoracic
epidural and subsequent IV adrenaline infusion on
blood flow in the newly formed gastric tube.

METHODS
With local research ethics committee approval and

written informed consent, adult patients consecutively
scheduled to undergo an esophagectomy and receive
thoracic epidural analgesia for postoperative analgesia
were recruited for the study. Patients with a contrain-
dication to epidural analgesia, patients with a history
of ischemic heart disease, and patients receiving
!-blockers or other antihypertensive medications
were excluded from the study.

Patients were premedicated with diazepam. On
arrival in the anesthetic room, arterial and venous
cannulae and a midthoracic epidural catheter were
inserted under local anesthesia. No epidural test dose
was administered. After administration of oxygen,
anesthesia was induced with fentanyl and propofol.
Placement of an appropriate-sized double-lumen en-
dobronchial tube was facilitated by succinylcholine.
Anesthesia was maintained with isoflurane in an
oxygen/air mixture. Neuromuscular blockade was
maintained by intermittent boluses of atracurium.
Patients’ lungs were ventilated to normocapnea.
Before being placed in a lateral position, patients
received a central venous catheter and a study
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pulmonary artery catheter via the left internal jugu-
lar vein. Fluid management was standardized.
Warmed lactated Ringer’s solution was adminis-
tered at 10 mL ! kg"1 ! h"1. Blood loss was replaced
with colloid if the hemoglobin concentration was #8
g/dL, or with allogeneic blood if the hemoglobin
concentration was !8 g/dL.

All resections were performed via a left thoracoab-
dominal sixth intercostal space incision. The tumor
was resected en-bloc with adjacent tissue, including
lymph nodes. After construction of a gastric tube
based on a blood supply from the right gastroepiploic
artery, laser Doppler flow probes (DP8C, Moor Instru-
ments, Axminister, UK) were sutured to the serosal
surface of the anastomotic and pyloric end of the
tubularized stomach (Fig. 1). The flow probes were
attached to a laser Doppler monitor (DRT4, Moor
Instruments). Data from the laser Doppler monitor
were archived to an attached computer. After the
tubularized stomach was covered with a damp swab,
surgery was stopped for the duration of the study.

Data were collected during three 5-min study peri-
ods. The baseline study period commenced when
patients had been hemodynamically stable for 10 min.
The laser Doppler flux trace was marked, pulmo-
nary artery wedge pressure was measured, and
three thermodilutional cardiac output measure-
ments were averaged. Standard hemodynamic vari-
ables were calculated. After 5 min, the flow trace
was re-marked, cardiac outputs were remeasured,
and hemodynamic variables recalculated.

Patients then received a 0.1 mL/kg bolus of epi-
dural 0.25% bupivacaine, a dose higher than usually
used in clinical practice. The second study stage
commenced when the systolic arterial blood pressure
had decreased by 30% (30 min after the epidural

bolus). During the second 5-min study period, the
laser Doppler flux trace was marked and hemody-
namic measurements were made as described above.
At the end of the second study period, patients
received an IV infusion of adrenaline titrated to
achieve baseline arterial blood pressure. When base-
line arterial blood pressure had been achieved, or our
predetermined maximum adrenaline infusion rate of
400 "g/h was reached, the third 5-min study period
started. After all measurements had been taken, the
Doppler flux probes were removed and the surgery
was completed.

Flux measurements acquired during each of the
three 5-min study periods were averaged using Moor-
Soft for Windows/DRT4 version 1.2 (for DRT4 Moni-
tor v5.02). The average of the hemodynamic values
obtained at the start and the end of each study period
was calculated. Statistical analysis was performed
using Microsoft® Excel 2002. Nonparametric tests
were used to analyze the data. The Friedman test was
used to analyze the overall differences among the
three study periods. In case of significant overall
effects, changes were evaluated in detail with the
Wilcoxon’s signed rank test, to determine the signifi-
cance of differences between baseline and epidural
periods and between epidural and adrenaline periods.

RESULTS
Twelve patients were recruited. One patient was

excluded because surgery was unexpectedly diffi-
cult, and a second patient was excluded because the
epidural was not sited at the midthoracic level.
Demographic data for the 10 patients studied are
summarized in Table 1.

To examine the effect of the epidural bolus, we
compared the epidural and baseline periods. The
administration of a thoracic epidural bolus resulted
in a significant decrease in anastomotic flux (Table 2
and Fig. 2), a significant decrease in arterial blood
pressure and cardiac index (Table 2), but no signifi-
cant change in pyloric flux (Table 2 and Fig. 3).
Comparing the epidural and adrenaline periods, the
administration of an adrenaline infusion resulted in
significant increases in anastomotic flux, pyloric
flux, arterial blood pressure, and cardiac index
(Table 2 and Figs. 2 and 3).

The upper limit of the sensory block level was
above T4 in all patients. The lower limit of the
sensory block level was below T10 in all patients.

Figure 1. Formation of the gastric tube. A $ anastomotic
end, P $ pyloric end, dotted line represents resection line.

Table 1. Demographic Data

Patients’ details
Sex (M/F) 6/4
Age (yr) 70 % 6
Weight (kg) 69 % 19
Height (cm) 165 % 13
ASA grade 1/2/3 1/7/2
Data are mean % SD.
ASA $ American Society of Anesthesiologists.
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DISCUSSION
This study shows that, compared with the pyloric

end, blood flow at the anastomotic end of the newly
formed gastric tube is reduced (Table 2) and a thoracic
epidural bupivacaine bolus further decreases this
flow. Ischemia of the gastric tube is a major cause of
anastomotic leaks.4,5 As a relationship has been shown
between low blood flow at the anastomotic site, mea-
sured by laser Doppler, and subsequent anastomotic
leak,12 this further reduction in gastric tube blood flow
by a thoracic epidural may be clinically important.

In this study, epidural bupivacaine resulted in a
significant decrease in cardiac output and arterial

blood pressure, probably by blocking the cardiac
sympathetics.13,14 We postulate that arterial blood
pressure has a greater effect on blood flow through the
plexus of vessels supplying the anastomotic end of the
gastric tube than on the relatively undisturbed arterial
blood supply to the pyloric end of the gastric tube.

We considered adrenaline as an appropriate drug
to reverse the predicted thoracic epidural-induced
decrease in cardiac output and arterial blood pressure.
The effect of IV adrenaline on gastric tube perfusion
has not been described. Our study demonstrated that
an adrenaline infusion significantly increased blood
flow at both ends of the newly formed gastric tube
(Figs. 2 and 3). This study suggests that anesthesiolo-
gists should be cautious in accepting intraoperative
hypotension secondary to epidural administration in
patients undergoing esophagectomy.

Limitations of this study include small sample size
and short study period. We are studying the effect of
vasoconstrictors on blood flow in the gastric tube. In
conclusion, the administration of a thoracic epidural
bupivacaine bolus may decrease the flux at the anas-
tomotic end of the gastric tube.
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Table 2. Flux and Hemodynamic Data

Variable
Baseline
period

Epidural
period

Adrenaline
period P* P†
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MAP (mm Hg) $ mean arterial blood pressure; DAP (mm Hg) $ diastolic arterial blood pressure; CI (L/min/m2) $ cardiac index; SVR (dyn ! s/cm5) $ systemic vascular resistance; HR $
heart rate; CVP (mm Hg) $ central venous pressure; PAWP (mm Hg) $ pulmonary artery wedge pressure; NS $ not significant.
* Baseline vs. epidural.
† Epidural vs. adrenaline.
‡ P ! 0.001; § P ! 0.05, ! P ! 0.01; for overall effect.
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