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Summary
Increased survival rates after orthotopic liver
transplantation (OLT) in patients with end-stage
liver disease have become possible due to an advanced understanding of the pathophysiology of
liver disease, the establishment of multiorgan procurement and preservation techniques, and the development of safer and more potent immunosuppressive drugs. In addition, standardisation of surgical techniques and advances in anaesthetic management have contributed significantly to this development. The up-to-date concept of improving
patient outcome following OLT includes a fast
track approach in selected patient populations,
which may shorten ICU and/or hospital stay and
reduce costs. In particular, immediate postoperative extubation has been identified as an excellent
tool to achieve both improved clinical results and
a reduced drain on financial resources.

Studies on fast tracking protocols have shown
clearly that prolonged mechanical ventilation following surgery is no longer justified in the majority of patients. On current evidence at least
70–80% of transplant recipients can be extubated
immediately following surgery. The incidence of
reintubation is not increased hereafter when compared to patients extubated later. However, special
attention should be focused on liver transplant recipients in poor clinical condition at the time of
OLT, undergoing complicated surgery, or receiving liver grafts with severe preservation injury.
These patients might not be eligible for fast tracking protocols and may be at increased risk of prolonged postoperative mechanical ventilation.
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Since the first successful human liver transplantation was performed in 1963 this procedure
has become an accepted therapy for acute and
chronic end-stage liver disease [4]. Several improvements with regard to pre-, intra-, and postoperative management of liver transplant recipients have had a markedly favourable effect on patient outcome and resulted in 1-year survival rates
of more than 90% in experienced transplant centres.
In recent years, fast tracking has been implemented in clinical pathways aiming at more efficient use of medical resources. Fast tracking, a
term once used to characterise rapid career advancement, now describes a procedure to (i) improve quality of care, (ii) to shorten surgical patients’ ICU and hospital length of stay (LOS) and
(iii) to reduce total treatment costs. A fast track approach to liver transplantation can theoretically be

defined as a process aiming at rapid progress from
preoperative preparation of the transplant recipient throughout surgery and at early discharge from
hospital. Due to the nature of liver disease in patients awaiting a cadaver liver donor graft, fast
tracking clinically refers to specific intra- and postoperative surgical and anaesthesiological strategies
once a donor liver becomes available. In liver
transplantation, fast tracking essentially means a
reduction in postoperative ventilation time.
Today, new drugs and techniques, advanced
monitoring and improved perioperative patient
care mean rapid and uneventful recovery from surgery, fewer postoperative complications, shorter
hospitalisation, increased patient satisfaction and a
better overall outcome. As a prerequisite for fast
track strategies patients should be free from postoperative complications or these should be minimised.
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Fast tracking uses tools such as short-acting
medication and early enteral feeding protocols.
Previous anaesthetic regimens for fast track in
OLT were characterised by balanced anaesthesia
with reduced doses of fentanyl combined with
Table 1

Premedication with midazolam (1 mg iv.)

Current protocol for
fast track anaesthesia
in OLT, Charité –
University Medical
Centre, Berlin.

Fentanyl (1–3 μg/kg iv.)
Thiopental (3–5 mg/kg)
Succinylcholine (1–2 mg/kg iv.)
Desflurane (2–6 Vol%, not in ALF)
Cisatracurium (0.15–0.25 mg/kg, repetition using TOF guidance),
no nitrous oxide

Table 2
Criteria for immediate extubation after
OLT [9].

When patients are awake and responsive, appropriate criteria for
extubation in fast track anaesthesia are:
a) Haemodynamic stability
b) Normoxia
c) Normothermia
d) Sufficient tidal volume [VT 5–8 ml/kg]
e) Respiratory rate (RR) of less than 20 breaths/min
f) Adequate minute ventilation (VE)
g) Positive gag reflexes
After tracheal extubation, oxygen should be given in the intensive
care unit by nasal mask in order to maintain oxygen saturation >92%.

isoflurane [7]. The use of desflurane in current approaches further contributes to shortening anaesthesia action time (Table 1). Mechanical ventilation should be terminated as early as possible if
extubation criteria are fulfilled (Table 2). Several
investigators have documented a reduction in resource utilisation in coronary artery bypass patients extubated at an early stage after surgery.
Thus early extubation, even performed immediately after an invasive procedure such as liver transplantation, appears to be an important component
of fast tracking, though the two are not
synonymous [7, 21].
Although clinical acceptance is now increasing, fast tracking is still incompletely implemented
as a standard procedure for OLT. Recently published results from a survey among departments of
anaesthesiology cooperating with transplantation
centres in Germany show that 87% of these aimed
at early extubation of OLT patients in the ICU.
Only one department, however, routinely performed immediate postoperative extubation in the
operating theatre [19], documenting a widespread
lack of confidence in the success of fast extubation
in most transplantation centres. This review therefore focuses on current evidence for the feasibility
and effects of immediate postoperative extubation
for fast tracking in liver transplantation.

Concept of the fast tracking approach in liver transplantation
Historically, liver transplant recipients have
been ventilated for up to 48 hours on a routine
basis following the operative procedure. As rationale for these protocols, several investigators
have claimed that postoperative positive airway
pressure ventilation with sedation may decrease
surgical stress response, improve haemodynamic
stability, and facilitate early postoperative recovery [20, 26].
Meanwhile it has been shown that increased
intrathoracic pressures induce elevated pulmonary
vascular resistance, increasing right ventricular
afterload [5]. Moreover, backward flow into the inferior vena cava and hepatic veins from associated

tricuspid regurgitation may induce venous congestion of the liver graft [10]. In contrast, spontaneously breathing patients show reduced intrapleural pressures, thus improving venous return
and hepatic blood flow and potentially resulting in
better liver graft recovery [11]. Consequently,
Rossaint and co-workers combined early postoperative extubation with restrictive intraoperative
fluid management in liver transplant recipients
[24]. The latter contributes to reduce oedema formation in the lung, thus preventing the need for
high airway pressures during mechanical ventilation. This procedure resulted in rapid recovery of
hepatic function and favoured early extubation.

Effects on patient outcome
Successful early extubation is now feasible in
the majority of patients within 5–6 hours following surgery. Findlay and colleagues demonstrated
that using fast track anaesthesia concepts significantly reduced postoperative ventilation time from
1081 minutes to 553 minutes. However, this did
not shorten ICU stay in their study [7]. Neelakanta
and coworkers reported similar results showing
that in a subgroup of patients extubation could be

safely performed in the OR at the end of liver
transplant surgery [17]. With respect to survival
rate, liver transplant recipients undergoing fast
tracking in our hospital certainly benefited from
this approach. In a retrospective analysis of n = 546
OLT patients, immediate tracheal extubation in
the operating theatre was achieved in 19% and extubation within 24 h was possible in a further 70%
(median duration of postoperative mechanical
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ventilation: 5 h). These patients experienced significantly higher survival rates compared to patients requiring prolonged postoperative mechanical ventilation, i.e. 90 % versus 70% during the
first three years (p <.05) (Figure 1) [8]. These find-
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ings were confirmed in a recent study by Biancofiore and coworkers, who reported significantly
decreased mortality during primary hospitalisation following fast tracking (mortality rates: 1% in
transplant recipients with immediate extubation;
4% in patients extubated within 24 h; 42% in patients extubated after 24 h; p <.05) [2]. In addition,
fast tracking had been shown to be cost effective,
since a reduction in ICU resource utilisation results in lower overall costs [14, 16, 22]. Mandell
and coworkers reported that a 13% reduction in
total liver transplantation costs had been achieved
by a fast track anaesthesia protocol in their institution [14]. Whether fast tracking may have the potential to reduce susceptibility to nosocomial infections or to decrease the incidence of respiratory
failure in OLT patients should be addressed in future studies.

Feasibility of immediate postoperative extubation
It has been demonstrated that immediate postoperative extubation in the operating room (OR)
could be successfully performed in a large fraction
of patients without an increased risk of subsequent
reintubation [8, 13, 17]. With regard to possible
failure of immediate postoperative extubation,
Biancofiore and colleagues reported that variables
such as primary graft dysfunction, renal and/or
cardiovascular failure, serious neurological impairment, transfusion of more than 12 units of
intraoperative red blood cells and pulmonary
oedema were predictive for delayed tracheal extubation (more than 3 hours postoperatively), as indicated by logistic regression analysis in 168 patients [1]. Interestingly, neither severity of liver
disease, duration of surgery, nor duration of graft
cold ischaemia significantly influenced the time of
extubation in their analysis. Only a MELD(Model for End-stage Liver Disease)-score <11
Table 3

No extubation in the OR (147 patients) [15]

Risk factors for
prolonged mechanical ventilation after
OLT; results from
multivariate logistic
regression analyses.

– Encephalopathy
– Body mass index (>34)
No extubation within 3 h (168 patients) [1]
– Primary graft dysfunction
– Renal failure
– Cardiovascular failure
– Neurological impairment
– Use of >12 units red blood cells
– Pulmonary oedema
No extubation within 24 h (546 patients) [8]
– Acute liver failure
– Retransplantation
– Severe preservation injury
– Mechanical ventilation prior to transplantation
– Use of >15 units red blood cells and fresh frozen plasma

was predictive for successful extubation in the OR
[2]. A further statistical analysis in a similar patient
population demonstrated that encephalopathy and
increased body mass index (>34) were significantly
associated with an increased risk of immediate extubation failure (Table 3) [15].
Prolonged mechanical ventilation in liver
transplant recipients is still required in some patients, though the criteria predictive of posttransplant ventilation time are still incompletely
understood. It was suggested that a history of encephalopathy and poor graft function are contraindications for early extubation [13]. In a recent
study Mandell et al. demonstrated that immediate
postoperative extubation may succed in up to 75%
of patients after liver transplantation, though this
excludes patients with retransplantation, donor
graft dysfunction, living donation liver transplant,
multiorgan transplants, or United Network for
Organ Sharing (UNOS) status 1 [14].
Using a multivariate descriptive regression
analysis, the indications of acute liver failure and
retransplantation, as well as mechanical ventilation
prior to OLT, massive intraoperative bleeding
(transfusion of >15 units red blood cells and fresh
frozen plasma, and severe reperfusion injury of the
liver graft were identified as risk factors for prolonged postoperative mechanical ventilation (>24
hours postoperatively) [8].
Pulmonary complications requiring reintubation include aspiration, atelectasis, pulmonary
oedema and pneumonia [12, 23]. Surgical complications are primarily associated with acute postoperative bleeding or severe peritonitis in cases of
bile duct insufficiency. With respect to cerebral
complications, drug-induced seizures or immunosuppressant (tacrolimus/cyclosporine) overdose
have also been reported [9]. To avoid these complications frequent drug monitoring is strongly
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Figure 2
Percentage of patients (%) with successful immediate
postoperative extubation in the operating
room after liver transplantation during the
last decade (Charité,
1989–2005, n = 1483
patients). The data
demonstrate that
immediate extubation
has become feasible
in 70–80% of OLT patients since fast track
was implemented in
1997.
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recommended. In this context, cardiac complications such as heart failure, myocardial infarction or
cardiac arrest are rare events, since preoperative
evaluation makes it possible in most cases to identify patients with preexisting cardiovascular diseases [1, 9]. Accordingly, in a subset of patients in
which factors such as retransplant, donor graft dysfunction, living-related liver transplantation, multiorgan transplantation, or United Network for

Organ Sharing (UNOS) status 1 were excluded,
the reintubation rate after immediate extubation in
the OR was as low as 1–2% [2, 14]. This underlines the feasibility and safety of immediate postoperative extubation as part of fast tracking in
otherwise stable liver transplant recipients. Consequently, the reported number of immediately extubated patients has markedly increased in recent
years and now approximates 70–80% of all recipients [2, 6, 18, 25]. In accordance with studies from
Biancofiore et al. and Salizzoni et al. [2, 25], we
currently extubate up to 80% of all OLT patients
in the OR (Figure 2). This finding also applies to
paediatric and living-related liver transplant recipients [3, 27, 28]. Noteworthy is that patients in our
own study who were immediately extubated in the
OR following liver transplantation had the lowest
reintubation rate (8%) when compared to patients
extubated on average 5 h postoperatively (13%), or
those requiring prolonged mechanical ventilation
of more than 24 h (36%) [8].

Conclusion
In conclusion, early extubation has become the
desirable goal for the transplant team, since early
liver graft recovery is significantly associated with
early patient recovery. Postoperative mechanical
ventilation after OLT is no longer required in the
majority of patients, since immediate postoperative extubation is usually feasible, safe and well tolerated. However, in liver transplant recipients in
poor clinical condition at the time of OLT, or receiving liver grafts with severe preservation injury,
special attention is required. These patients may
not be eligible for fast tracking protocols and may
be at increased risk of prolonged postoperative
mechanical ventilation. Future prospective controlled clinical trials should aim to confirm the advantages of fast tracking with respect to duration

of mechanical ventilation, length of ICU stay and
a possible reduction in the incidence of postoperative nosocomial infections in OLT.

Correspondence:
Prof. Dr. Udo Kaisers
Klinik und Poliklinik für Anästhesiologie und Intensivtherapie
Universitätsklinikum Leipzig
Liebigstr. 20
04103 Leipzig
Germany
E-Mail: udo.kaisers@medizin.uni-leipzig.de

References
1 Biancofiore G, Romanelli AM, Bindi ML, et al. Very early tracheal extubation without predetermined criteria in a liver transplant recipient population. Liver Transpl. 2001;7:777–82.
2 Biancofiore G, Bindi ML, Romanelli AM, et al. Fast track in liver
transplantation: 5 years’ experience. Eur J Anaesthesiol. 2005;22:
584–90.
3 Cammu G, Decruyenaere J, Troisi R, et al. Criteria for immediate postoperative extubation in adult recipients following living-related liver transplantation with total intravenous anesthesia. J Clin Anesth. 2003;15:515–9.
4 Consensus statement on indications for liver transplantation:
Paris, June 22–23, 1993. Hepatology. 1994;20:63S–68S.
5 Dorinsky PM, Hamlin RL, Gadek JE. Alterations in regional
blood flow during positive end-expiratory pressure ventilation.
Crit Care Med. 1987;15:106–13.
6 Ferraz-Neto BH, Silva ED, Afonso RC, et al. Early extubation
in liver transplantation. Transplant Proc. 1999;31:3067–8.
7 Findlay JY, Jankowski CJ, Vasdev GM, et al. Fast track anesthesia for liver transplantation reduces postoperative ventilation
time but not intensive care unit stay. Liver Transpl. 2002;8:670–5.

8 Glanemann M, Langrehr J, Kaisers U, et al. Postoperative tracheal extubation after orthotopic liver transplantation. Acta
Anaesthesiol Scand. 2001;45:333–9.
9 Glanemann M, Kaisers U, Langrehr JM, et al. Incidence and
indications for reintubation during postoperative care following
orthotopic liver transplantation. J Clin Anesth. 2001;13:377–82.
10 Jullien T, Valtier B, Hongnat JM, et al. Incidence of tricuspid
regurgitation and vena caval backward flow in mechanical ventilated patients. A color Doppler and contrast echocardiographic
study. Chest. 1995;107:488–93.
11 Kaisers U, Langrehr JM, Haack M, et al. Hepatic venous
catheterization in patients undergoing positive end-expiratory
pressure ventilation after OLT: technique and clinical impact.
Clin Transplant. 1995;9:301–6.
12 Leitch EA, Moran JL, Grealy B. Weaning and extubation in the
intensive care unit. Clinical or index-driven approach? Intensive Care Med. 1996;22:752–9.
13 Mandell MS, Lockrem J, Kelley SD. Immediate tracheal extubation after liver transplantation: experience of two transplant
centers. Anesth Analg. 1997;84:249–53.

S W I S S M E D W K LY 2 0 0 7 ; 1 3 7 : 1 8 7 – 1 9 1 · w w w . s m w . c h

14 Mandell MS, Lezotte D, Kam I, et al. Reduced use of intensive
care after liver transplantation: influence of early extubation.
Liver Transpl. 2002;8:676–81.
15 Mandell MS, Lezotte D, Kam I, et al. Reduced use of intensive
care after liver transplantation: patient attributes that determine
early transfer to surgical wards. Liver Transpl. 2002;8:682–7.
16 Merritt WT. Practice patterns and anesthesia-related costs for
liver transplantation. Liver Transplant Surg. 1997;3:449–50.
17 Neelakanta G, Sopher M, Chan S, et al. Early tracheal extubation after liver transplantation. J Cardiothor Vasc Anesth. 1997;
11:165–7.
18 Park GR, Evans TN, Hutchins J, et al. Reducing the demand
for admission to intensive care after major abdominal surgery
by a change in anaesthetic practice and the use of remifentanil.
Eur J Anaesthesiol. 2000;17:111–9.
19 Pietsch UC, Schaffranietz L. Anaesthesiological management
in orthotopic liver transplantation – results of a survey. Anästhesiol Intensivmed Notfallmed Schmerzther. 2006;41:21–6.
20 Plevak DJ, Southorn PA, Narr BJ, et al. Intensive-care unit experience in the Mayo liver transplantation program: The first
100 cases. Mayo Clin Proc. 1989;64:433–45.
21 Plevak DJ, Torsher LC. Fast tracking in liver transplantation.
Liver Transplant Surg. 1997;3:447–8.

191

22 Quiroga M, Rodriguez MG, Montalvan C, et al. Trends in mechanical ventilation and immediate extubation after liver transplantation in a single center in Chile. Transplant Proc. 2004;36:
1683–4.
23 Rashkin MC, Davis T. Acute complications of endotracheal intubation. Relationship to reintubation, route, urgency, and duration. Chest. 1986;89:165–7.
24 Rossaint R, Slama K, Jaeger M, et al. Fluid restriction and early
extubation for successful liver transplantation.Transplant Proc.
1990;22:1533–4.
25 Salizzoni M, Cerutti E, Romagnoli R, et al. The first one thousand liver transplants in Turin: a single-center experience in
Italy. Transpl Int. 2005;18:1328–35.
26 Stock PG, Payne WD. Liver transplantation. Crit Care Clin.
1990;6:911–26.
27 Ulukaya S, Ayanoglu HO, Acar L, et al. Immediate tracheal extubation of the liver transplant recipients in the operating room.
Transplant Proc. 2002;34:3334–5.
28 Ulukaya S, Arikan C, Aydogdu S, et al. Immediate tracheal extubation of pediatric liver transplant recipients in the operating
room. Pediatr Transplant. 2003;7:381–4.

Established in 1871

F o r m e r l y : S c h w e i ze r i s c h e M e d i z i n i s c h e W o c h e n s c h r i f t

Swiss Medical Weekly
Official journal of the Swiss Society of Infectious
diseases, the Swiss Society of Internal Medicine
and the Swiss Respiratory Society

The many reasons why you should
choose SMW to publish your research
What Swiss Medical Weekly has to offer:
•
•
•
•

•
•
•
•
•
•
•
•

SMW’s impact factor has been steadily
rising. The 2005 impact factor is 1.226.
Open access to the publication via
the Internet, therefore wide audience
and impact
Rapid listing in Medline
LinkOut-button from PubMed
with link to the full text
website http://www.smw.ch (direct link
from each SMW record in PubMed)
No-nonsense submission – you submit
a single copy of your manuscript by
e-mail attachment
Peer review based on a broad spectrum
of international academic referees
Assistance of our professional statistician
for every article with statistical analyses
Fast peer review, by e-mail exchange with
the referees
Prompt decisions based on weekly conferences of the Editorial Board
Prompt notification on the status of your
manuscript by e-mail
Professional English copy editing
No page charges and attractive colour
offprints at no extra cost

Editorial Board
Prof. Jean-Michel Dayer, Geneva
Prof. Peter Gehr, Berne
Prof. André P. Perruchoud, Basel
Prof. Andreas Schaffner, Zurich
(Editor in chief)
Prof. Werner Straub, Berne
Prof. Ludwig von Segesser, Lausanne

International Advisory Committee
Prof. K. E. Juhani Airaksinen, Turku, Finland
Prof. Anthony Bayes de Luna, Barcelona, Spain
Prof. Hubert E. Blum, Freiburg, Germany
Prof. Walter E. Haefeli, Heidelberg, Germany
Prof. Nino Kuenzli, Los Angeles, USA
Prof. René Lutter, Amsterdam,
The Netherlands
Prof. Claude Martin, Marseille, France
Prof. Josef Patsch, Innsbruck, Austria
Prof. Luigi Tavazzi, Pavia, Italy
We evaluate manuscripts of broad clinical
interest from all specialities, including experimental medicine and clinical investigation.
We look forward to receiving your paper!
Guidelines for authors:
http://www.smw.ch/set_authors.html

E ditores M edicorum H elveticorum

All manuscripts should be sent in electronic form, to:
EMH Swiss Medical Publishers Ltd.
SMW Editorial Secretariat
Farnsburgerstrasse 8
CH-4132 Muttenz
Manuscripts:
Letters to the editor:
Editorial Board:
Internet:

submission@smw.ch
letters@smw.ch
red@smw.ch
http://www.smw.ch

