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Abstract

Purpose Levobupivacaine is metabolized hepatically.
Whether postoperative epidural analgesia with levobupi-
vacaine can lead to critical accumulation in patients
undergoing major hepatic resection is unknown. Therefore,
levobupivacaine concentrations were prospectively moni-
tored in patients undergoing major liver resection and
compared to patients undergoing rectal resection, who
served as controls. Furthermore, we correlated levobupi-
vacaine plasma concentrations with established liver
function tests.

Methods We analyzed plasma concentrations of levo-
bupivacaine in 20 patients each scheduled for major liver
or anterior rectal resection. All patients received general
and epidural anesthesia (10 ml levobupivacaine 0.5% fol-
lowed by 10 ml levobupivacaine 0.375% every 90 min)
and postoperative continuous epidural analgesia (levobup-
ivacaine 0.2%). Intraoperatively, and for 3 days postoper-
atively, levobupivacaine plasma concentrations were
measured and correlated with bilirubin, fibrinogen, indo-
cyanine green (ICG) clearance, and cholinesterase activity.
Data (mean + SD) were analyzed by two-way analysis of
variance (ANOVA) with post hoc analysis or regression
analysis (P < 0.05).

A.-E. Lauprecht - O. El Fadil - H. Groeben ([X)
Department of Anesthesiology,

Critical Care Medicine and Pain Therapy,
Kliniken Essen-Mitte, Henricistr. 92,

45136 Essen, Germany

e-mail: h.groeben @kliniken-essen-mitte.de

F. A. Wenger - M. K. Walz
Department of General Surgery,
Center of Minimal Invasive Surgery,
Kliniken Essen-Mitte, Essen, Germany

Results Intraoperatively and postoperatively, patients
undergoing liver resection revealed significantly higher
levobupivacaine concentrations (P=0.0013 and P =
0.0016, respectively). Furthermore, significant differences
were found for bilirubin (P = 0.0002), fibrinogen
(P = 0.0002), and ICG (P < 0.0001). Highest levobupiva-
caine concentration correlated significantly with lowest ICG
(P = 0.0004; R = 0.69), highest bilirubin (P = 0.0267;
R = 0.49), lowest fibrinogen concentration (R = 0.32), but
not with cholinesterase activity (R = 0.02).

Conclusion Patients undergoing liver resection revealed
significantly higher levobupivacaine concentrations com-
pared to patients undergoing anterior rectal resection.
However, although intraoperative levobupivacaine concen-
trations remained below 2.0 pg/ml, postoperative concen-
trations accumulated to a concentration above this threshold.
This risk of levobupivacaine accumulation in patients with
compromised liver function correlated best with ICG
clearance.

Keywords Levobupivacaine - Local anesthetic
intoxication - Liver resection

Introduction

For abdominal surgery, combined general with thoracic
epidural anesthesia has been established as a part of the fast
track concept [1-3]. In general, amide local anesthetics are
used for intraoperative anesthesia and postoperative anal-
gesia. Amide local anesthetics, such as levobupivacaine, are
metabolized hepatically [4]. How liver resections alter the
metabolism of local anesthetics is unclear. Therefore, the
question arises whether epidural administration can lead to
critical accumulation [5-7]. In particular, intraoperative
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epidural administration of high concentrations of levobup-
ivacaine may lead to different results compared to epidural
administration of rather low concentrations for postopera-
tive analgesia. Furthermore, to avoid critical accumulation
of levobupivacaine, a routine parameter to predict levo-
bupivacaine plasma concentrations would be desirable.

The use of routine parameters, such as bilirubin or
fibrinogen plasma concentration or cholinesterase activity,
to indicate the accumulation of levobupivacaine plasma
concentrations is complicated by the transfusion of blood
products or hemodilution.

However, indocyanine green (ICG) clearance can give
information independent of these effects [8—11].

Overall, the primary aim of the study was to compare
prospectively levobupivacaine plasma concentrations in
patients undergoing major liver resection to patients
undergoing rectal resections. Furthermore, the secondary
aim of the study was to evaluate possible correlations of
levobupivacaine plasma concentrations with bilirubin,
fibrinogen plasma concentrations, cholinesterase activity,
and ICG clearance.

Materials and methods
Patients

After approval by the local ethics committee, 20 patients
scheduled for major liver resection (at least two liver
segments) or laparoscopically assisted low anterior rectal
resection gave their informed written consent. Patients with
compromised plasmatic coagulation or thrombocytopenia
were excluded. All patients received combined general and
thoracic epidural anesthesia. Anthropometric data are pre-
sented in Table 1.

Table 1 Anthropometric data, duration of surgery, and transfusion
requirements

Liver (n = 10) Rectum (n = 10)
Height (cm) 174 £ 10 175 £ 8
Weight (kg) 72 £ 11 74 + 16
Gender (f/m) 3/7 3/7
Age (years) 54 £ 14 62 + 12
Surgery (min) 268 £+ 76 250 £ 62
Infusioncrystalloid (ml) 5950 £ 791 5370 £ 1112
Infusioncolloid (ml) 375 4+ 443 389 + 333
RBC (units) 3.1 +£32 1.1 £29
FFP (units) 22+ 4.1 04+13

There are no differences between the groups
Data are mean £ SD
RBC red blood cells, FFP fresh-frozen plasma
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Methods

Plasma concentrations of levobupivacaine were measured
by high pressure liquid chromatography (HPLC) (Waters,
Eschborn, Germany) with photodiode array detector and
spectrophotometric election at 200 nm. The lower level of
detection was 0.01 pg/ml with a coefficient of variation
less than 0.5%.

The technique of ICG measurements is based on the
transcutaneous measurement of ICG and fast hepatic
elimination of the dye under normal excretory function
(LiMon; Pulsion Medical Systems, Munich, Germany).
Following a bolus of ICG (0.25 mg/kg body weight dis-
solved in 10 ml water) via a central venous catheter, the
plasma disappearance rate (PDR) can be measured nonin-
vasively with a finger clip in percent per minute [8, 9].

Venous blood was drawn for measurements of bilirubin,
fibrinogen plasma concentrations, cholinesterase activity,
platelet count, and partial thromboplastin time preopera-
tively and daily in the morning until the third postoperative
day. ICG clearance was repeated every morning; levo-
bupivacaine plasma concentrations were determined every
12 h until the third postoperative morning.

Experimental protocol

On the day of surgery a thoracic epidural catheter was placed
(T6-T7 or T7-T8 thoracic vertebral interspace) in sitting
position with loss of resistance technique and administration
of a test dose of 3 ml levobupivacaine 0.5%. Subsequently,
general anesthesia was induced with propofol, rocuronium,
and remifentanil, and a baseline ICG test was performed.
Two intravenous lines, a gastric tube, a temperature probe, a
tri-lumen central venous catheter, and an arterial catheter
were placed. Body temperature was maintained above
36.0°C. General anesthesia was maintained with isoflurane
and remifentanil. Thirty minutes before skin incision, epi-
dural anesthesia was initiated with 10 ml levobupivacaine
0.5% and maintained with additional doses of 10 ml levo-
bupivacaine 0.375% every 90 min. At 30 min after epidural
administration of levobupivacaine, 8 ml blood was drawn
for determination of plasma concentrations [12]. Intraoper-
ative fluid management was left to the discretion of the
attending anesthesiologist. Duration of surgery and trans-
fusion requirements were documented. At the end of sur-
gery, all patients were awakened, extubated, and transferred
to the intensive care unit.

In the evening, blood samples for levobupivacaine
plasma concentrations were taken.

Postoperatively, patients received levobupivacaine 0.2%
with 0.5 pg sufentanil/ml epidurally with 6 ml/h (range,
5-9 ml/h) depending on the demands of the patients [visual
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Table 2 Preoperative baseline and postoperative results of liver function tests, partial thromboplastin time (PTT), and platelet count
Surgery Baseline Day 1 Day 2 Day 3 P value

Total bilirubin (mg/dl) Liver 0.79 +£ 0.72 2.10 £0.72 2.34 £ 0.75 2.19 £ 1.02 0.0002
Rectum 0.65 £+ 0.27 1.10 £ 0.71 0.80 & 0.48 0.60 = 0.31

Fibrinogen (mg/dl) Liver 494 £ 193 238 £ 32 362 + 146 383 + 89 0.0002
Rectum 364 £ 113 359 +£ 90 549 £ 121 673 + 133

Cholinesterase (U/1) Liver 5829 £+ 1776 3544 £+ 1161 3390 £ 1201 3161 £ 997 0.2479
Rectum 6687 + 3147 5082 £ 2623 4786 £ 2526 5066 + 2863

PTT (s) Liver 319 £59 444 + 6.3 391 £22 37.8 £ 3.4 0.2917
Rectum 31.6 £ 43 373 £4.7 375 £ 82 34.6 £9.2

Platelets (x10°/1) Liver 350 £ 160 195+ 72 219 £+ 98 249 + 107 0.2624
Rectum 268 £ 57 182 + 81 177 £ 84 192 £ 89

Mean + SD; P values of two-way ANOVA for type of surgery

analogue (VAS) score < 3]. Patients were visited two times
a day and on request. If pain increased above a VAS score
of 3, boluses of levobupivacaine (5 ml, 0.25%) were
injected and added to the cumulating dose. Epidural anal-
gesia was maintained until the afternoon of the third day
and prolonged when required by the patients.

Segments 5-8 for right hemihepatectomy and segments
4-8 for right extended liver resection were removed. Low
anterior rectal resection was performed in a standardized
laparoscopically assisted technique creating a stapled cir-
cular supraanal anastomosis.

Data analysis

Data are presented as mean = SD. Sample size was cal-
culated based on an alpha-error of 0.05, a beta-error of 0.1,
a standard deviation of 0.3 pg/ml, with a minimal differ-
ence to be detected of 0.5 pg/ml [12]. To test the null
hypotheses, levobupivacaine plasma concentrations during
and after operation between the two groups were compared
by two-way analysis of variance (ANOVA) followed by
post hoc test with Bonferroni correction for multiple
comparisons. Null hypotheses were rejected and significant
differences assumed with P < 0.05.

As secondary outcome parameters, maximal levobupi-
vacaine plasma concentrations were correlated with mini-
mal ICG test results, maximal bilirubin, minimal fibrinogen
plasma concentrations, and minimal cholinesterase activity.
Anthropometric parameters were tested by Student’s 7 test.

Results
Anthropometric data and surgery

There were no significant differences in the anthropometric
data and the preoperative baseline liver function tests

Table 3 Cumulated levobupivacaine dose

Liver (n = 10) Rectum (n = 10)

Day of surgery (mg) 229 + 34 226 + 35
1. Postoperative day early (mg) 402 + 62 386 £ 55
1. Postoperative day late (mg) 568 + 79 553 £ 68
2. Postoperative day early (mg) 717 = 114 737 £ 92
2. Postoperative day late (mg) 894 £ 166 916 £+ 123
3. Postoperative day early (mg) 1064 + 214 1084 + 159

Mean £+ SD

between patients who underwent liver resection versus
patients who underwent laparoscopically assisted low
anterior rectal resection (Tables 1, 2). There was no differ-
ence in the time of surgery and no difference in the number
of transfused blood units (Table 1). Mean weight of
liver parenchyma resected was 1,221 &+ 562 g (range,
570-2,482 g).

Surgical procedures

Hepatic resections (n = 10) included right hemihepatec-
tomies (n = 3), extended right hemihepatectomies (n = 6),
as well as segmental liver resection (IV a/b, I) (n = 1) for
colorectal metastases, cholangiocellular, gallbladder, and
hepatocellular carcinoma. The control group (n = 10)
underwent laparoscopically assisted low anterior resection
of rectal carcinoma.

Levobupivacaine plasma concentrations

During surgery as well as during subsequent epidural anal-
gesia, the same amount of levobupivacaine was adminis-
tered in both groups of patients (Table 3; P = 0.9159).
Intraoperatively, and for the first postoperative measure-
ment, the levobupivacaine plasma concentrations were

@ Springer



372

J Anesth (2011) 25:369-375

significantly higher in patients undergoing liver resection
(Fig. 1; P = 0.0013). In the next following 3 days, levo-
bupivacaine plasma concentrations increased significantly
for both groups (Fig. 2; P < 0.0001). In comparison of the
two groups of patients, plasma concentrations increased
significantly for patients who underwent liver resection
(Fig. 2; P = 0.0016).

Laboratory findings and liver function tests

At baseline there were no significant differences for fibrin-
ogen and bilirubin concentrations, cholinesterase activity,

[pg/mi]

1.5  Liver Resection

p= 00013

/i‘i

Rectum Resection

Levobupivacaine
Concentration
1

/1

T
Basellne 30 120

T T 1
210 postop. 0

Fig. 1 Plasma concentrations of levobupivacaine during surgery of
ten patients undergoing major liver resection (circles) and ten patients
undergoing laparoscopically assisted low anterior rectal resection
(squares, mean £ SD). Following a test dose of 3 ml levobupiva-
caine 0.5%, epidural anesthesia was initiated with 10 ml levobupi-
vacaine 0.5% and maintained with 10 ml levobupivacaine 0.375%
every 90 min. Plasma concentrations were measured 30 min after
injection
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Fig. 2 Plasma concentrations of levobupivacaine during postopera-
tive continuous epidural analgesia following major liver resection
(circles, n = 10) or laparoscopically assisted low anterior rectal
resection (squares, n = 10, mean = SD). Epidural analgesia was
maintained with levobupivacaine 0.2% at 5-10 ml/h according to the
patients’ pain score (VAS less than 3). Plasma concentrations were
measured twice a day
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thrombocyte count,
(Table 2).

Until the third postoperative day, patients who under-
went liver resection showed significantly lower fibrinogen
and significantly higher bilirubin plasma concentrations
compared to patients undergoing rectal resection
(P = 0.0002 for both) and to their baseline (P < 0.0001).

Partial thromboplastin time was not significantly differ-
ent between the two groups (P = 0.2917), but was signifi-
cantly elevated for liver resection patients compared to their
baseline (P < 0.0001). Cholinesterase activity and throm-
bocyte count decreased significantly postoperatively for
both groups (P < 0.0001 and P < 0.0001, liver; P =
0.0018 and P < 0.0001, rectum) but did not differ between
the groups (P = 0.2479 and P = 0.2624, respectively).

At baseline, under mechanical ventilation, ICG clearance
was not different between groups (P = 0.2884). Postoper-
atively compared to baseline, ICG clearance decreased
significantly for patients with liver resection (Fig. 3;
P = 0.0005) and increased significantly for patients with
low anterior rectum resection (Fig. 3; P = 0.0251). ICG
clearance was significantly different between groups
(Fig. 3; P < 0.0001).

and partial thromboplastin time

Correlation of maximal levobupivacaine plasma
concentrations with liver function tests

Correlations were tested for maximal levobupivacaine
plasma concentrations with minimal ICG clearance, max-
imal plasma bilirubin concentration, minimal plasma
fibrinogen concentrations, and minimal cholinesterase

activity.
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Fig. 3 Indocyanine green (ICG) clearance (plasma disappearance
rate in percent, mean £ SD) for ten patients with liver or rectal
resection each, at baseline, after induction of anesthesia, following
surgery (postop.), and at the morning of the first 3 postoperative days.
At baseline there was no difference between the two groups of
patients. Following surgery, ICG clearance increased in patients with
rectal resection whereas clearance decreased significantly in patients
undergoing liver resection
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Individual maximal levobupivacaine concentrations
correlated best with minimal ICG clearance (R = 0.69;
Fig. 4) and subsequently less with maximal bilirubin con-
centrations (R = 0.49; Fig. 5), minimal fibrinogen plasma
concentration (R = 0.32), and minimal cholinesterase
activity (R = 0.02).

Hemodynamic and fluid management

Intraoperative hypotension was managed with infusion of
crystalloid (Ringer’s solution), or colloid (6% hetastarch
130/0.4) solutions at the discretion of the responsible
anesthesiologist. Depending on the expected individual
anemia tolerance of the patient, the anesthesiologist
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Fig. 4 Individual minimal ICG clearance presented with respect to
the respective, maximal levobupivacaine plasma concentrations in ten
patients following liver and rectal resection each. Individual results
show a significant correlation (R = 0.69). All levobupivacaine
concentrations >2.0 pg/ml occur with an ICG clearance of less than
16%. PDR, plasma disappearance rate
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Fig. 5 Individual maximal bilirubin concentrations correlated with
maximal levobupivacaine plasma concentrations in ten patients
following liver or rectal resection (mean + SD). Individual maxima
show a significant correlation (R = 0.49). All levobupivacaine
concentrations >2.0 pg/ml occurred with a bilirubin concentration
higher than 1.5 mg/dl

decided to transfuse blood components. In addition a mild
vasopressor (cafedrine/theodrenaline) was administered to
maintain a mean blood pressure of more than 60 mmHg.
There was no need for continuous administration of direct
sympathomimetics.

Discussion

Following major liver resection, patients developed sig-
nificantly higher levobupivacaine plasma concentrations
compared to control patients. The maximal plasma con-
centrations correlated best with ICG clearance and biliru-
bin plasma concentrations.

We enrolled patients scheduled for major liver resection,
as patients having minor resection do not have much
impairment of their liver function [13, 14]. Patients under-
going laparoscopically assisted low anterior rectal resection
served as control patients and were matched with their
anthropometric data, duration of surgery, and need for
postoperative analgesic therapy. Overall, the same total
amount of levobupivacaine was administered epidurally in
both groups.

Levobupivacaine is metabolized via the cytochrome
P-450 pathway (CYP3A4 and CYP1A2) [4]. To avoid
alterations of the capacity of cytochrome P-450 activity,
none of the patients received medication that is metabo-
lized via this pathway such as aminophylline, phenytoin, or
barbiturates. We deliberately chose ICG clearance as a
liver function test that does not interfere with cytochrome
P-450 activity [4]. Tests such as the MEGX test, which
involves P-450 activity, would have given more informa-
tion about the metabolic capacity of the liver parenchyma
but also would have altered the capacity to metabolize
levobupivacaine.

Levobupivacaine plasma concentration measurement is
usually not available as a routine laboratory parameter.
Hence, a standard parameter to give an estimate of the risk of
local anesthetic accumulation would be desirable. As
potential candidates to predict levobupivacaine accumula-
tion the correlation of cholinesterase activity, bilirubin
and fibrinogen plasma concentration, and ICG clearance
were compared to the maximal levobupivacaine plasma
concentrations.

Because of the differences in the dose of levobupiva-
caine, the perioperative determination of levobupivacaine
plasma concentrations was split into two separate obser-
vational periods. At first, we observed the course of levo-
bupivacaine concentrations resulting from the high-dose
administration for intraoperative epidural anesthesia.
Thereafter, we assessed levobupivacaine concentrations
resulting from low-dose continuous administration for
postoperative analgesia. The observation period ended at

@ Springer



374

J Anesth (2011) 25:369-375

the third postoperative day. After 3 days, postoperative
administration decreased and the dose of levobupivacaine
was constantly reduced and finally terminated [15, 16].

To date, there is no exact plasma concentration defined as
a threshold for levobupivacaine toxicity. Although with
meticulous measurements cardiac effects, such as QRS
widening and decrease of stroke volume index, can be
detected at plasma concentrations below 2 pg/ml, subjective
symptoms of intoxication occur with plasma concentrations
of levobupivacaine higher than 2 pg/ml [4, 17-24]. The first
symptoms that are described are neurological symptoms
such as disorientation, restlessness, and slurred speech at
plasma concentration of 2.70 pg/ml and higher [22]. Life-
threatening cardiac symptoms and cardiovascular collapse
are described in animal studies at plasma concentrations of
9.4 pg/ml and higher [23, 24]. However, all these results
were described in settings of acute intoxication from unin-
tentional intravascular injections in humans or deliberate
high-dose intoxications in animals.

In 1975 Scott had already demonstrated that the
threshold of critical intoxication with amide local anes-
thetics depends on the duration of administration. Admin-
istration over a longer period of time leads to tolerance of
higher plasma concentrations [25]; this might explain why
we did not find any neurological symptoms of intoxication
in our patients.

Intraoperatively, levobupivacaine was administered as
0.5% and subsequently 0.375% concentration. Although a
significant accumulation of levobupivacaine in patients
with major liver resection compared to patients with rectal
resection could be detected, the intraoperative concentra-
tions were still far below toxic thresholds. Therefore, we
see no reason to recommend a restriction for the intraop-
erative administration of local anesthetics.

During postoperative epidural analgesia, we found again
significantly higher levobupivacaine plasma concentrations
in patients following liver resection. Until the third post-
operative day, levobupivacaine plasma concentrations
increased to a mean concentration of 2.4 + 1.8 pg/ml. In
individual patients, levobupivacaine concentrations excee-
ded concentrations of 3.0 pg/ml. None of these patients
complained about signs of local anesthetic intoxication.

To prevent the risk of local anesthetic intoxication under
prolonged continuous epidural analgesia, a reliable surro-
gate parameter for the prediction of levobupivacaine
plasma concentrations would be desirable. Hence, we tes-
ted the correlation of three routine laboratory parameters
reflecting liver function and the ICG clearance with the
maximal levobupivacaine plasma concentrations.

The usefulness of classical parameters of liver function
is determined in part by its half-life. Therefore, the corre-
lation of levobupivacaine concentration with cholinesterase
activity with a half-life of 7.8-12 days is very poor [26].
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Fibrinogen has a shorter half-life, but plasma concentration
changes also according to the activation of coagulation
following surgery. Therefore, minimal fibrinogen concen-
trations as well did show a poor correlation with maximal
levobupivacaine concentrations.

In contrast, bilirubin concentrations have been described
as a predictor of early liver dysfunction [27-29]. Accord-
ingly, the increase in bilirubin concentrations reflects
maximal levobupivacaine concentrations with a higher
correlation (R = 0.49).

Finally, we performed ICG clearance tests. ICG is
excreted unmetabolized into the bile. The advantage of this
test over most of the classical liver function tests is that it is
unaltered by hemodilution and transfusion of blood
components.

Starting from the same baseline, patients following liver
resection revealed significantly lower results directly after
surgery, which remained low for the next 3 days. Following
rectal resection, patients show significantly increased results
directly after surgery. The low baseline in patients who
underwent rectal resections can be explained by the side
effect in mechanically ventilated patients, i.e., decreased
liver function, which is aggravated by mild volume deple-
tion from overnight fastening [29, 30]. Accordingly, ICG
clearance improved significantly in these patients under
postoperative spontaneous breathing and normalized vol-
ume status.

The fact that all our nonseptic patients with liver resection
survived despite a PDR less than 17% in nine of ten patients
(3 postoperative days) can be explained by their transient
single organ failure compared to septic patients with mul-
tiorgan failure. In the group of patients with rectal resection,
only one patient developed a decrease in his PDR results
below 17%, caused by a transient liver failure in the course
of a septic episode. The levobupivacaine plasma concen-
tration of this patient also increased (third postoperative day,
3.74 pg/ml) far beyond the average of the group,
1.33 £ 1.02 pg/ml, which range would have been
1.03 £ 0.43 pg/ml without including this patient. With the
idea of an intention to treat, we retained this patient in the
analysis of the control group.

Overall, the minimal ICG clearance results correlated
best (R = 0.68) with the maximal increase of levobupi-
vacaine concentrations. All patients with levobupivacaine
concentrations above 2.0 pg/ml developed an ICG clear-
ance less than 17%.

In general, the ICG clearance is a measure of the acute
liver function at the respective time and reveals an altered
liver function long before the cholinesterase activity has
decreased or the bilirubin and levobupivacaine concentra-
tions have increased because of accumulation.

In conclusion, we found that thoracic epidural anesthesia
and analgesia, with an equal total dose of levobupivacaine,
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led to significantly higher levobupivacaine plasma concen-
trations in patients following major liver resection compared
to control patients. However, concentrations resulting from
high-dose intraoperative epidural anesthesia remained far
below toxic concentrations, whereas plasma concentrations
caused by postoperative epidural analgesia accumulated at
the third day in seven patients to concentrations in a range
that can be considered as toxic. However, these concentra-
tions are in the low toxic range, far below cardiac toxic
concentrations, and none of the patients felt symptoms of
levobupivacaine intoxication. Therefore, we see no need to
restrict the intraoperative use of local anesthetics. Maximal
levobupivacaine concentration correlated best with minimal
ICG clearances (PDR < 16%) and second best with maximal
bilirubin concentrations (>2.0 mg/dl).
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