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Combined general–epidural anesthesia with 
continuous postoperative epidural analgesia 
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A B S T R A C T

Background: In elective open infrarenal aortic aneurysm repair the use of epidural 
anesthesia and analgesia may preserve splanchnic perfusion. The aim of this study was 
to investigate the effects of epidural anesthesia on gut perfusion with gastrointestinal 
tonometry in patients undergoing aortic reconstructive surgery. Methods: T hirty 
patients, scheduled to undergo an elective infrarenal abdominal aortic reconstructive 
procedure were randomized in two groups: the epidural anesthesia group (Group A, 
n=16) and the control group (Group  B, n=14). After induction of anesthesia, a 
transanally inserted sigmoid tonometer was placed for the measurement of sigmoid and 
gastric intramucosal CO2 levels and the calculation of regional–arterial CO2 difference 
(∆PCO2). Additional measurements included mean arterial pressure (MAP), cardiac 
output (CO), systemic vascular resistance (SVR), and arterial lactate levels. Results: 
There were no significant intra‑ and inter-group differences for MAP, CO, SVR, and 
arterial lactate levels. Sigmoid pH and PCO2 increased in both the groups, but this 
increase was significantly higher in Group B, 20 min after aortic clamping and 10 min 
after aortic declamping. Conclusions: Patients receiving epidural anesthesia during 
abdominal aortic reconstruction appear to have less severe disturbances of sigmoid 
perfusion compared with patients not receiving epidural anesthesia. Further studies 
are needed to verify these results.
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safely detect and prevent systematic hypotension with the 
accompanying consequences of  organ hypoperfusion and 
generalized metabolic de‑arrangement, the intraoperative 
assessment of  adequate global perfusion and oxygenation 
is of  vital importance. The above‑mentioned parameters 
are mainly evaluated by monitoring cardiac output, global 
oxygen delivery or consumption, arterial pH, and lactate 
blood concentration.[2]

Nevertheless, it should be taken into consideration that 
an apparently sufficient global perfusion does not always 
guarantee adequate regional perfusion of  various organs, 
while, making a further step, deterioration in systemic and 
regional perfusion may increase the rate of  postoperative 
complications, leading even to multiple organ dysfunction 
and failure.[3]

INTRODUCTION

Open surgical repair of  abdominal aortic aneurysms is 
definitely associated with intraoperative hypovolemia, 
significant blood loss and thus impaired systemic 
oxygenation, even when the procedure is conducted on 
scheduled basis and not upon rupture of  the aneurysm.[1] To 
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Being in accordance with these remarks, there is an 
increasing amount of  data that highlight the existence 
of  considerably high prevalence of  ischemic colitis in 
patients undergoing open elective repair of  abdominal 
aortic aneurysms (AAA), particularly in cases of  prolonged 
cross‑clamping of  the aorta.[4,5] Although transient 
episodes of  gut mucosal ischemia are inevitable in open 
AAA surgery, the maintenance of  hemodynamic stability 
with adequate perfusion of  the vital organs, as well as the 
diminishment of  the period when aorta is clamped, are the 
key components in terms of  preventing the catastrophic 
consequences of  irreversible intestinal ischemia, which 
occur due to activation of  coagulation cascade, release 
of  inflammatory mediators, systemic acidosis, and 
de‑arrangement of  the intestinal barrier.[6,7]

In the absence of  special biomarkers that could be used to 
assess the level of  intestinal perfusion, sigmoid tonometry 
has been implemented in a variety of  relevant studies, 
appearing both reliable and sensitive in detecting bowel 
ischemia.[1,4,8] Moreover, regarding the possible impact the 
implemented anesthetic techniques may have on intestinal 
perfusion in elective open AAA repair, solid data suggest 
that the use of  epidural anesthesia has a definitively 
beneficial effect concerning intestinal perfusion, mainly 
due to sympathetic blockade.[9,10]

In order to investigate whether combined general–epidural 
anesthesia with perioperative continuous epidural analgesia 
alters splanchnic perfusion in patients undergoing infrarenal 
abdominal aortic surgery, we conducted a prospective 
control study in which, apart from the assessment of  the 
conventional parameters of  hemodynamic and metabolic 
monitoring, sigmoid tonometry was used, being a minimally 
invasive and highly reliable way to measure intestinal 
perfusion and oxygenation.

METHODS

Our initial study sample constituted of  44 male patients, 
admitted to undergo elective open repair of  infrarenal 
aortic aneurysm. Setting as exclusion criteria the existence 
of  positive history of  previous operations in the 
gastrointestinal track and chronic intestinal inflammation, 
14 patients were excluded from the study (n=30).

The study was approved from our local Human Ethics 
Committee and informed written consent was obtained from 
all participating patients. Patients were randomly allocated in 
two groups: Group A (n=16) received combined anesthesia 
(general and epidural anesthesia), whereas Group B (n=14) 
received only general anesthesia. The day before surgery, 
the epidural catheter in patients of  Group A was inserted at 
L1–L2 or L2–L3 segment using a standard loss of  residence 

technique. On the day of  surgery, when patients entered the 
operation room and before induction of  general anesthesia, 
a monitor of  online calculation of  cardiac output by 
impedance cardiogaphy (Lifeguard ICG, Analogic, Boston, 
USA) was instituted in all patients. Under local anesthesia 
with lidocaine, a 20‑gauge radical arterial catheter and a 
right internal jugular venous catheter, which was used for 
fluid infusions and central venous pressure monitoring were 
inserted percutaneously.

All patients received premedication with 0.02  mg/kg 
lorazepam 30–45 min before surgery. Before induction of  
1–2.5 mg midazolam, a prophylactic antiemetic regimen with 
0.5 mg droperidol and 3 mg granisetron was administered in all 
patients. Electrocardiogram (ECG), invasive blood pressure, 
and SpO2 monitoring was used in all patients from the time 
they entered the operating theater until 24 h postoperatively. 
Induction of  general anesthesia was standardized and 
included intravenous infusion of  remifentanil 1 μg/kg, 
propofol 2 mg/kg, and cis‑atracurium 0.2 mg/kg. Anesthesia 
was maintained with sevoflurane 2–3%, air 50%, and oxygen 
50%. Mechanical ventilation was used in all patients with 
a positive end‑expiratory pressure (PEEP) of  3 cm H2O. 
Cis‑atracurioum was infused to supplement general anesthesia 
and ventilation. Group  E patients received before the 
beginning of  the operation 10–15 mL levobupivacaine 0.25% 
(0.6–1 mL/segment depends on the age) with 100 μg fentanyl 
and then perioperatively at 4–6 mL/h. Anesthetic blockade 
was achieved until T4. The evaluation was performed 
with the cold/hot difference. Group B patients received a 
continuous intravenous infusion of  remifentanil with a rate 
of  0.25–1.0 μg/kg/min. Perioperatively nitroglycerine was 
used for the management of  hypertension, when systolic 
blood pressure exceeded 160 mmHg and phenylephrine 
was used when systolic blood pressure was less than 
90 mmHg. For postoperative pain management, Group A 
patients had a patient controlled epidural analgesia (PCEA) 
pump, whereas Group B patients had a patient controlled 
intravenous analgesia (PCIA) pump. Postoperative pain 
management was achieved with continuous epidural infusion 
of  levobupivacaine 0.125% and fentanyl 5 μg/mL, with an 
infusion rate of  3–5 mL/h in Group A. Group B patients 
had a PCIA pump and received fentanyl 10 μg/ mL with a 
rate of  1–2.5 mL/h intravenously.

To assess intestinal mucosal perfusion, we utilized a sigmoid 
tonometer (Tonocap, Datex Ohmeda, Helsinki, Finland). 
The sigmoid tonometer was inserted in the sigmoid colon 
by a sigmoidoscope and its correct position was verified 
intraoperatively by the surgeon. Sigmoid mucosal pH (pHi), 
PCO2 (PsCO2), and ∆PCO2 (difference between arterial 
PCO2 and PCO2 in sigmoid colon) were measured during 
the intra‑ and postoperative periods, while pHi was calculated 
using a modification of  the Henderson–Hasselbach equation.
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In all patients, the following parameters were recorded 
for our analysis: Cardiac output (CO), mean arterial blood 
pressure (MAP), and systemic vascular resistance (SVR) 
were measured at immediate preoperative period (T0 baseline), 
before aortic clamping (T1), 20 min after aortic clamping 
(T2), 10 min after aortic declamping (T3), before tracheal 
extubation (T4), as well as 2, 6, 12, and 24 h postoperatively 
(T5, T6, T7, and T8, respectively). Tonometric parameters (pHi, 
PsCO2, ∆PCO2) in sigmoid colon were measured at T1–T8, 
following the guidelines of  the manufacturer. Duration of  
surgery, duration of  aortic clamping, intraoperative fluid–
blood infusions, and arterial lactate were also recorded.

As far as statistical analysis is concerned, results for 
continuous variables were expressed as mean and standard 
deviation (SD). Categoric variables were presented as 
numbers. Continuous and categoric data were compared 
by the Mann–Whitney test. Probability (P) values less than 
0.05 were considered statistically significant.

RESULTS

The patients of  the two study arms did match concerning 
their demographic characteristics [Table 1]. The fluctuation 
of  the main parameters of  conventional intraoperative 
hemodynamic monitoring, CO, SVR, and MAP is 
demonstrated in Figure 1 and Table 2. More specifically, CO 
decreased at T1 and T2 in Group A and in T2 in Group B, 
but there was no statistically significant difference between 
groups at any time point of  evaluation [Figure 1a]. Regarding 
SVR, it decreased in both groups at time points T3 and T4, 
but again no significant difference was noted comparing the 
two groups [Figure 1b]. At last, MAP decreased at T1 and T3 
from baseline in Group A and at T1, T3, and T4 in Group B, 
with significant differences between groups occurring at 
T3–T4 [P=0.009 and P=0.036, respectively, Figure 1c].

In contrast to the slight favorable effect the combined 
anesthesia appeared to have on basic hemodynamic 

Table 1: Demographic and perioperative data
Group A (n=16) Group B (n=14) P value

Age (years) 69.4 (5.8) 72.6 (5.9) 0.146
Weight (kg) 80.5 (7.58) 77.0 (5.19) 0.157
Height (cm) 176.5 (8.0) 174.57 (3.39) 0.390
Comorbid diseases

Cardiovascular disease 10/16 9/14 0.489
Previous myocardial infraction 9/16 8/14 0.554
Diabetes mellitus 5/16 5/14 0.286
Hyperlipidemia 12/16 11/14 0.689
Renal disease 1/16 2/14 0.765

Αrterial hypertension 11/16 10/14 0.538

Body mass index 25.78 (2.5) 25.28 (1.87) 0.535
Occlusion time of aorta (min) 65.67 (9.31) 62.74 (8.76) 0.382
Duration of surgery (min) 241.13 (37,87) 247.86 (35.5) 0.621
Crystalloids (mL) 4500.0 (516.40) 4321.43 (952.87) 0.436
Colloids (mL) 1156.25 (301.04) 1214.29 (256.78) 0.577
Blood (U) 2.5 (0.63) 3.36 (1.15)* 0.016
Nitroglycerine infusion (mg) 0.928 (0.99) 0.5625 (0.63) 0.233
Phenylephrine infusion (mg) 0.664 (0.24) 0.575 (0.20) 0.282
Data are expressed as mean and standard deviation; *P<0.05 statistically significant

Figure 1: Monitoring and fluctuation of cardiac output (a) systematic vascular resistance (b) and mean arterial pressure (c) between groups A 
and B (T0–T8)

cba
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parameters, sigmoid tonometry clearly revealed the 
supremacy of  combined anesthesia concerning the 
preservation of  intestinal perfusion and oxygenation 
[Table 2 and Figure 2]. As expected, intestinal pH (pHi) 
decreased in both groups; nevertheless, sigmoid pH values 
were significantly higher in the group of  patients that 

received combined anesthesia (Group A), as measured at 
time points T2–T6 (P=0.005, P=0.011, P=0.004, P=0.017, 
and P=0.017 respectively) [Figure 2a]. In accordance with 
the fluctuation of  intestinal pH values, sigmoid tonometry 
findings demonstrated that despite PsCO2 increased 
significantly at T2–T4 time points, compared with baseline 

Table 2: Hemodynamic parameters, tonometric variables, and arterial lactate during 
surgery and 24 h postoperatively

Group A (n=16) Group B (n=14) P value Group A (n=16) Group B (n=14) P value

SVR (dyn.sec.cm⁻⁵) pHi‑sigmoid
T0 1398.63 (357.26) 1314.14 (384.19) 0.540
T1 1211.38 (558.11) 1288.36 (325.28) 0.654 T1 7.44 (0.06) 7.40 (0,06) 0.073
T2 1433.63 (365.74) 1584.36 (404.21) 0.293 T2 7.34 (0.11) 7.3 (0.08)* 0.005
T3 1169.38 (272.44) 1157.64 (313.95) 0.923 T3 7.30 (0.10) 7.18 (0.14)* 0.011
T4 1140.06 (266.75) 1125.50 (333.16) 0.895 T4 7.36 (0.07) 7.25 (0.11)* 0.004
T5 1349.00 (307.30) 1280.86 (316.36) 0.555 T5 7.41 (0.07) 7.32 (0.11)* 0.017
T6 1393.13 (335.14) 1363.71 (317.25) 0.808 T6 7.43 (0.06) 7.35 (0.10)* 0.017
T7 1438.06 (388.85) 1392.00 (393.12) 0.750 T7 7.45 (0.06) 7.38 (0.13) 0.062
T8 1383.94 (368.22) 1383.36 (362.79) 0.997 T8 7.44 (0.07) 7.39 (0.11) 0.125

MAP (mmHg) PsCO2

T0 90.75 (15.43) 88.43 (15.84) 0.688
T1 82.06 (11.91) 78.21 (10.29) 0.355 T1 35.31 (5.03) 39.00 (6.71) 0.097
T2 80.69 (9.29) 82.86 (9.61) 0.535 T2 42.50 (9.84) 55.21 (10.1)* 0.002
T3 82.50 (10.36) 73.00 (7.88)* 0.009 T3 43.25 (8.23) 56.14 (19.0)* 0.031
T4 81.00 (10.80) 72.71 (9.58)* 0.036 T4 38.81 (6.21) 49.71 (16.6)* 0.034
T5 88.69 (7.69) 81.36 (13.05) 0.067 T5 35.31 (3.46) 41.50 (8.15)* 0.017
T6 88.13 (10.16) 84.50 (13.52) 0.410 T6 33.44 (4.28) 38.43 (7.93)* 0.038
T7 88.25 (12.93) 87.43 (15.10) 0.874 T7 32.50 (3.35) 36.93 (8.36) 0.081
T8 86.38 (11.95) 88.50 (13.13) 0.646 T8 32.56 (4.65) 35.86 (8.35) 0.205

CO2 (L/min) ∆PCO2

T0 4.92 (0.99) 5.12 (0.78) 0.544
T1 5.16 (1.13) 4.46 (0.96) 0.083 T1 −2.13 (5.41) 1.00 (6.08) 0.147
T2 4.23 (0.95) 3.83 (1.05) 0.279 T2 4.94 (9.38) 15.43 (8.54)* 0.004
T3 4.91 (1.25) 4.41 (1.50) 0.335 T3 0.47 (10.2) 13.23 (15.1)* 0.014
T4 5.05 (1.30) 4.52 (1.28) 0.272 T4 −0.81 (9.21) 11.00 (13.1)* 0.007
T5 4.88 (1.11) 4.51 (1.06) 0.365 T5 −4.20 (5.19) −0.36 (13.4) 0.330
T6 4.81 (1.01) 4.61 (1.01) 0.583 T6 −5.69 (5.22) 0.31 (10.8) 0.059
T7 4.83 (0.92) 4.65 (0.89) 0.603 T7 −6.63 (4.84) 0.57 (10.9)* 0.024
T8 4.91 (1.09) 4.91 (0.93) 0.998 T8 −6.13 (5.23) −0.71 (10.8) 0.086

MAP - Mean arterial pressure; SVR - Systemic vascular resistance; Data are expressed as mean and standard deviation; *P<0.05 statistically significant, T0 - Before induction 
of anesthesia; T1 - Before aortic clamp; T2 - 20 min after aortic clamping; T3 - 10 min after aortic declamping; T4 - Before tracheal extubation; T5 - 2 h postoperatively; T6 - 6 h 
postoperatively; T7 - 12 h postoperatively; T8 - 24 h postoperatively

Figure 2: Sigmoid pH (a) PCO2 (b) and ∆PCO2 (c) values between groups A and B during the observation period T1–T8

cba
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levels in both Groups  A and B, combined anesthesia 
resulted in maintaining lower PsCO2 levels from the time 
aorta was clamped up to the first 6 postoperative hours 
(T2–T6) [Figure 2b]. ∆PCO2 increased in Group A at T2 
and decreased at T7–T8, while it increased in Group B 
at T2–T4. There was a significant difference between the 
groups at T2–T4 with higher values in Group B [Figure 2c]. 
Arterial lactate was significantly higher in Group B at T5–
T6 (P=0.042 and P=0.019, respectively) [Figure 3].

DISCUSSION

In patients undergoing abdominal aortic surgery, 
hemodynamic stability appears to be a prerequisite to avoid 
postoperative organ dysfunction.[11] Particularly when it 
comes to open AAA repair, the occurring hypovolemia, 
the increase of  the sympathetic tone, the significant blood 
loss, mesentery traction, and prolonged time of  aortic 
clamping stand for the major factors that predispose to 
intestinal hypoperfusion.[12‑14] In addition, the systemic 
hemodynamic effects of  infrarenal aortic cross‑clamping 
are unfavorable, as clamping increases myocardial 
work, reduces cardiac output, causing progressive tissue 
hypoxia, while aortic declamping results in reperfusion 
of  the ischemic tissue, causing further de‑arrangement 
of  physiologic metabolic homeostasis and adequate 
compensation of  the oxygen debt.[15] As a result, all the 
above‑mentioned pathophysiologic changes that occur 
during open AAA repair, pose justified concerns regarding 
the feasibility of  maintaining sufficient splachnic flow. 
Thus, ischemic colitis is a not uncommon complication 
of  elective open surgery for abdominal aortic aneurysms, 
being observed in approximately 5%–25% of  patients 
and considered to be a major factor for development 
of  multiple organs dysfunction syndrome, mainly due 
to increased mucosal permeability of  the intestine and 
consequent endotoxinemia.[5,16,17]

Taking all these considerations into account, the maintenance 
of  an adequate intestinal perfusion appears to be a crucial 
factor for reducing the postoperative complication rates, 
mortality, and morbidity, in patients that undergo open 
AAA reconstruction.

As expected, and in accordance to these remarks, evaluating 
the main hemodynamic parameters recorded in our study, 
CO reduced in both groups after aorta was clamped (T2), 
compared with baseline values. MAP decreased at T1, T2, 
and T3 from baseline in Group A and at T1, T3, and T4 in 
Group B, with significant difference between the groups 
at T3–T4, with lower values in Group B. Vesainen et al.[12] 
similarly observed a reduction in MAP before aortic clamp 
and during clamping compared with preoperative value. On 
the other hand, Piper et al.[18] reported significant difference 
in MAP before clamping and after release of  clamp, with 
lower values in patients under combined general–epidural 
anesthesia. Finally, SVR was significantly lower in Group A 
at T3–T4 compared with T0, whereas in Group B SVR was 
significantly higher during clamping (T2) compared with T0, 
highlighting the beneficial effect of  epidural anesthesia on 
sympathetic blockage. Our results indicate that immediately 
after aortic clamping, both epidural and general anesthesia 
groups suffered a significant drop of  sigmoid intramucosal 
pH, as calculated from mucosal CO2, as well as regional–
systemic CO2 level difference increase in comparison with 
their respective preclamping values, indicative of  the adverse 
outcomes of  aortic clamping in sigmoid mucosal perfusion. 
However, these perfusion abnormalities were significantly less 
severe in the epidural anesthesia group in comparison with the 
general anesthesia group. Interpreting these results, epidural 
anesthesia seems to have a positive effect on intestinal 
blood flow, in the colonic portion perfused by the inferior 
mesenteric artery, after its inflow has been interrupted. These 
effects on intestinal blood flow may be due to vasodilatation 
and decreased mesenteric vascular resistance secondary to 
sympathetic block, resulting in an adequacy of  intramucosal 
oxygenation.

Epidural anesthesia has proven to be extremely useful in 
terms of  preventing intestinal hypoperfusion during open 
AAA reconstruction surgery. Specifically, the consequent 
sympathetic blockage appears to reduce the metabolic 
demands of  the intestine and improve oxygen delivery, 
due to favorable re‑distribution of  gut mucosal blood 
flow.[19] Moreover, sympathetic blocking inhibits a potential 
increase of  the intestinal arteriole or precapillary sphincters, 
preventing tissue hypoxia and acidosis.[20] Additionally, 
epidural anesthesia exhibits both a favorable effect upon 
intestinal inflammation status, modifying local entrapment 
of  leukocytes,[21] as well as upon rapid restoration of  
bowel motility, preventing the complications of  prolonged 
intestinal paralysis.[22]

Figure 3: Comparison of arterial lactate levels between groups A and 
B (T0–T8)
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Previous studies have examined the clinical benefit of  
application of  epidural anesthesia. Kapral et  al.[23] and 
Suttcliffe et  al.[24] demonstrated that thoracic epidural 
analgesia prevented a decrease in gastric intramucosal pH 
in patients undergoing major abdominal surgery. Also, in 
patients undergoing aortic surgery, Seeger et al.[15] reported 
lower blood pH levels after declamping in patients with 
general anesthesia compared with patients with epidural 
plus general anesthesia.

In our study, we attempted to investigate the effect of  
lumbar perioperative continuous epidural analgesia 
on intestinal perfusion. We chose to insert an epidural 
catheter in lumbar region because there is less possibility 
for complications. We administrated an appropriate 
initial dose epidurally, in order to produce and maintain a 
blockade up to T4 level. Postoperative doses were sufficient 
enough to maintain the analgesic effect. We examined the 
impact of  continuous epidural infusion, since no previous 
study has demonstrated similar results in humans under 
combined general–epidural anesthesia with continuous 
perioperative epidural analgesia. Piper et al.[18] concluded 
that perioperatively administration of  bupivacaine 
epidurally has no beneficial effects on hemodynamics or 
intestinal pH, but in this particular study local anesthetic 
was administered at bolus doses in constant time intervals.

In order to monitor intraoperatively and postoperatively 
the status of  intestinal perfusion, we implemented 
gastrointestinal tonometry. Although various techniques 
have been proposed for this reason, tonometric monitoring 
of  regional CO2 and subsequent calculation of  intramucosal 
pH appear to be the most accurate and reliable predictors 
of  intestinal ischemia and other complications after 
abdominal aortic surgery, with a reported sensitivity of  
100% and specificity of  92% for major morbidity.[7,8] 
Furthermore, the regional–systemic difference of  CO2 
levels stands for a sensitive marker in identifying regional 
splachnic hypoperfusion, as well as an independent 
predictor of  postoperative organ failure.[25,26]

CONCLUSIONS

These data indicate that the severe consequences of  
aortic cross‑clamping during abdominal aortic surgical 
reconstruction can be mitigated by the use of  epidural 
anesthesia. Our study suggests that epidural anesthesia 
addresses effectively the distal colonic reduced perfusion 
by positively affecting indirect indices of  intestinal mucosal 
blood flow and oxygenation. It could serve as a valuable 
method for improving intestinal blood perfusion, as long 
as anesthetic manipulation handles hypotension effectively, 
which consists one of  its major adverse effects.
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