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1. List of abbreviations

6MWT Six meter walk test
ABG Arterial Blood gas
BIS Bispectral index

CABG Coronary artery bypass graft

COPD Chronic obstructive pulmonary disease
CPB Cardio-pulmonary bypass

CRA Cardiac recovery area

CXR Chest x-ray

EF Ejection fraction

FT Fast-track

FTCA Fast-track cardiac anaesthesia
FTF Fast-track failure

GA General anaesthesia

IABP Intra-aortic balloon pumping

ICU Intensive care unit

IMC Intermediate care unit

IQR Interquartile range

LOS Length of stay

LQ Lower quartile

Lv Left ventricle

MAC Minimum alveolar concentration

Nu-DESC Nursing delirium screening scale

OR Operation room

P.S. Pressure support

PACU Post anaesthesia care unit

PCA Patient controlled analgesia

PCSU Post cardiac surgery unit

POCD Postoperative cognitive dysfunction

PONV Postoperative nausea and vomiting



PSV
Scvo;
SD
TEA
TOF
uQ
VAS
V1

Pressure support ventilation
Central venous oxygen Saturation
Standard deviation

Thoracic epidural anaesthesia
Train-of-four

Upper quartile

Visual analogue score

Tidal volume



2. Bibliographic description:

Waseem Zakaria Aziz Zakhary

A comparison of sufentanil versus remifentanil in fast-track cardiac surgery patients
Universitat Leipzig, Dissertation

46 Pages, 63 References, 8 Figures, 5 Tables.

3. Abstract:

A Fast-track pathway has become an integral part of cardiac anaesthesia. It enhances rapid
extubation and reduces intensive care unit length of stay, without affecting the quality of care[1].
The Leipzig Fast-track protocol has been applied since 2005 and uses remifentanil continuous
infusion as a main opioid for intraoperative maintenance of anaesthesia[2]. Remifentanil was
unavailable in Germany from February to July 2017, therefore the protocol had to be modified
and sufentanil was used instead.

In this study we retrospectively compared patients receiving remifentanil (February to July 2016)
with patients receiving sufentanil (February to July 2017) undergoing fast-track cardiac surgery to
evaluate differences between the two opioids concerning ventilation time (i.e. time from arrival

on the post-anaesthesia care unit until tracheal extubation), length of stay in the post-anaesthesia

care unit, visual analogue pain scores and piritramide consumption on the day of the operation.

Patients from the two time periods were matched using a propensity score matching resulting in
609 patients in each group. The remifentanil group had a significantly shorter median (IQR
[range]) ventilation time compared with the sufentanil group; 70(50-100 [5-315]) vs 110 (80-150
[15-370]) min, p=<0.001, shorter mean (SD) length of stay in the post-anaesthesia care unit; 263
(78) vs 277 (77) min, p=0.002 and longer hospital length of stay 15.5(8.8) vs 14.1(6.1), p=0.02. The
remifentanil group had a higher mean (SD) visual analogue pain score than the sufentanil group;
2.4 (1.5) vs 1.5 (1.2), p <0.001 and consumed more mean (SD) piritramide; 18.9 (7.3) vs 2.6 (4.7)
mg, p <0.001. The results of our study show that although remifentanil was more effective in
reducing time to tracheal extubation and length of stay in the post-anaesthetic care unit, there
was an increased requirement for piritramide with longer hospital length of stay when

remifentanil was used.



4. Introduction:

4.1 Fast track cardiac anaesthesia:

4.1.1 Definitions:

Fast track (FT) surgery is a concept described by Kehlet and colleagues[3] for patients undergoing
colonic surgery. It consists of proper integrated and interdisciplinary perioperative patient’s
management, which helps the patients’ quick recovery and discharge from the hospital without
affecting morbidity and mortality. Moreover, it reduces health care costs without increasing social
burden. Staff training, patient education and procedures plans reorganization are all involved in

fast-track surgery (Figure 1).
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Figure 1: Interventions needed for major improvement in surgical outcome[3].

On the other hand, post-cardiac surgery care is a multidisciplinary process that uses multimodal
managements to improve efficiency, patients’ safety and use of resources.
Combing FT in post-cardiac surgery care resulted in what is called “ Fast track cardiac anaesthesia”

(FTCA), which was first introduced in the early 1990s[4].



For long time, cardiac surgery patients were given a high-dose opioid anaesthesia regime with
long acting muscle relaxants to be ventilated overnight following their surgery. FTCA includes
early extubation (<6hrs) leads to avoidance or short intensive care unit (ICU) stay and
consequently early hospital discharge[5]. The imbalance between the demands and resources is

the main motivation for evolution of such technique.

4.1.2 Current evidence of FTCA:

The mainstay of FTCA studies are; the safety of the technique, its efficiency and the costs benefits.

The three topics were first discussed by the series of studies by Cheng et al. [6-8].

4.1.2.1 The safety of FTCA:

The safety of any new technique is usually tested by comparing its morbidity and mortality rate
with the conventional high dose opioids based management as gold standard. Myles and
colleagues[9] undergone a systematic review for six trials comparing mortality and morbidity for
FTCA versus the conventional management and found no evidence of increase mortality and
morbidity in FTCA patients. In a Cochrane review, comparing early extubation vs routine care,
there was no significant difference in common complications such as reintubation rate, stroke
and myocardial infarction as well as mortality rate during hospital length of stay (LOS), at 1 year
or at any time during follow up[1]. Two other large studies could not find significant difference
between both techniques [2, 10]. “Ultra-FT” is the term referred to immediate extubation in the
operating theater and also found to be safe [11].

Moreover, in the same Cochrane review, they also compared FTCA with low dose to regular dose

narcotic and found no differences in the risk of adverse events or mortality[1].

4.1.2.2 The efficiency of FTCA:

The effect of FTCA on reducing ventilation time (time to extubation), ICU- LOS, intermediate care
(IMC)-LOS and hospital-LOS is well studied. The use of low-dose opioid anaesthesia and/or a time-
directed extubation protocol is associated by reduction in time to extubation and in the ICU-
LOS[1]. These two FT interventions are not associated with reduction of hospital-LOS[1]. This may

attributed to organizational logistics and regulations that may hinder early hospital discharge for



suitable patients. To implement an effective FTCA pathway, the entire process of care must be
modified, which is sometimes difficult. Modifications may include creation of step-down units
that is separate from the ICU, modification to nursing coverage in ICU and using of telemetry
monitoring[12].

Comparing quality of life is less investigated. Van Mastrigt [13] could show improvement in the
physical and social functioning in FT patients at 1 month postoperatively. However, it was similar

in both groups after 1 year.

4.1.2.3 Economic Implications of FTCA:

Most countries (including Germany) have increased the number of ICU beds to face increased
demands [14, 15]. In Germany, the total ICU expenses consume about 20% of the overall hospital
costs [16]. The most costly units after uncomplicated CABG are ICU and OR[7]. Moreover it was
proved that, the first day of ICU admission has the highest impact on costs[17]. Therefore, FTCA
have high impact on cost reduction by shortening or avoiding ICU admission[18]. In FTCA, the
patients are transferred earlier to step-down units with lower nurse to patient ratio, leads to less
staff expenses. Staffing represents 45-62% of total ICU costs[19]. The rest ICU costs are made up
by supporting services (22-25%), supplies and equipment (15-20%) and drugs (4-13%)[19]. The
implementation of specialized postoperative care unit (PACU), rather with limited opening

hours[20], supports FT protocols implantation[21], increases safety and is cost effective[22].

4.1.3 Different FTCA pathways:

The primary driver for FTCA is cost reduction, which was difficult to be proved at the beginning of
FT era. The evidences that FTCA reduces ICU LOS were weak, despite of reduction of
postoperative ventilation time. This was hypothesized by incomplete switch of the hospital
system to suit the FT idea[12]. Effective FTCA includes change of the entire process during surgery
(e.g. maintain patient temperature, maneuvers to decrease postoperative bleeding) and
postoperative pathways or model of care which has huge impact on cost.

Cheng et al.[23] had presented different postoperative pathway models for FTCA.
Postoperatively, FT patients can be transferred either conventionally to common ICU, or to an

ICU with special FT section (Integrated model) or to a separate postoperative care unit (PACU)



(Parallel model) or directly to step down unit if ultra-FT had been used (Figure 2). The flexibility
in the staffing ratio according to the acuity of illness is the major advantage of these models and
is the primary source of costs reduction. Probst el al. [21] compared FT in conventional model
with that in PACU. The FT PACU patients were extubated faster (90 min. vs 478 min) and

transferred to step down unit earlier (3.3 vs 17.9 hours).
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Figure 2: modified from [12, 24] Process of care.
ICU, intensive care unit; CRA, cardiac recovery area; PCSU, post cardiac surgery unit; PACU, post

anaesthesia care unit

4.1.4 Patient selection and optimization:

Some authors suggested that, every patient could “basically” be suitable for FTCA.[25] However,
literature showed FT failure (FTF) rates between 15.6% and 45.5%.[26, 27] Avoidance of risk
factors that may lead to FTF or to prolonged ICU LOS, might be the best FTCA selection
criteria[28]. Combined preoperative and intraoperative factors were been suggested to prolong
ICU LOS independently. For example; age, chronic lung disease, high EuroScore [29], renal

dysfunction, unstable angina, heart failure, re-do or combined surgery, prolonged



cardiopulmonary bypass (CPB)[30], transfusion more than four red blood cells (RBC) or
plasma[31], sex, arrhythmias, mitral insufficiency, aortic surgery and intra-aortic balloon
pumping(lABP)[32]. Furthermore, risk model were constructed to predict if the patient will have
a prolonged ICU stay or not[32]. Prolonged ICU stay in cardiac surgery is related to postoperative
mortality rate [33].

On the same way, risk factors and predictors for FTF were intensively examined [10, 26, 28, 34,
35]. Accordingly, some authors tried to construct a prediction model to predict FTF[26]. More
recently, an operating room extubation prediction scoring system was validated by Subramaniam
and coworkers[36]. Different studies have been used to stratify the patients into three groups of
risk; low risk patients with higher success rate, medium risk and high risk with lower success rate

(Figure 3)[28].

/ IStep 1 basic criteria I IStep 2 additive criteria I \

surgical criteria Patient’s performance Low risk: 1 patient’s criteria
Operation <270 min COPD Gold=2, 6MWT<150m Medium risk: 2 patient’s criteria
CPB <150 min Renal dysfunction High risk: 2-3 patient’s criteria
No cooling Cardiac function EF<30%
bleeding <50ml/hr
Exclusion:
Exclusion: Frailty
Aortic surgery, re-do
Surgery

N /

Figure 3: Recommended selection criteria and patient stratification[28].

CPB: Cardiopulmonary Bypass, COPD: Chronic obstructive pulmonary disease, 6MWT: Six meter

walk test, EF: Ejection fraction.

Unfortunately, most of these factors are not modifiable (e.g. age, sex). However, patient
optimizing strategies should focus on the modifiable factors. For example, protecting renal
function can be reached by; keeping the hemodynamics stability, choice of fluids and reduce
intravenous contrast media exposure short before surgery. Preoperative anemia and respiratory

function can be modified in the same way.
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FTF prediction and patient stratification are very useful for OR organization. Scheduling the FT
patients first could be advantageous in keeping the FT program running well. Good
communication and close cooperation between all the subjects involved in the patient care (e.g.
OR manager, anesthesiologist, cardiac surgeon, cardiologist, perfusionist, nurses,
intensivist...etc.) (heart-team approach) are fundamental for patient selection and optimization

and finally a successful program.

4.1.5 Anaesthesia aspects of FT:

The previous standard of care in cardiac anaesthesia was based on high dose opioids (e.g
morphine, fentanyl) and long-acting agents (e.g. midazolam, pancuronium) with postoperative
sedation and mechanical ventilation for 6-24 hours. This protocol was largely shifted to short-
acting agents enhancing early extubation. This was initiated by using propofol as a hypnotic agent
(1-1.5mg/kg) or etomidate (0.2-0.3 mg/kg), reduced fentanyl dose (up to 15ug/kg) or using other
novel opioids (e.g. remifentanil (0.2-0.5ug/kg/min), sufentanil(0.25-0.5ug/kg)) and short acting
muscle relaxant as rocuronium 1mg/kg. Maintenance of anaesthesia may be achieved using
continuous remifentanil/sufentanil infusion plus propofol or sevoflurane[37]. However, for
successful FTCA, cardiac anesthesiologist has to do more than simple using of short-acting
anaesthetics allowing early extubation and recovery. For example, depth of anaesthesia
monitoring using derived cerebral electrical signals (e.g bispectral index (BIS) or Narcotrend)
supports FT management. It can prevent inadequate anaesthesia in form of light anaesthesia and
awareness or too deep anaesthesia and possible postoperative delirium especially in elderly
patients [38, 39]. Good Intraoperative (and postoperative) temperature management is another
prerequisite for successful FT. This can be achieved by practicing normothermic or mild
hypothermic (> 32°C) cardiac surgery with standard application of forced-air or circulating-water
devices and infusion warmer devices. Another challenge facing cardiac anesthesiologist is
excessive bleeding prevention and management. Preoperative coagulation and antiplatelet
optimization, intraoperative use of tranexamic acid, meticulous hemostasis and use of point-of-
care (e.g. visco-elastic tests) for early diagnosis and directed-management could reduce

postoperative bleeding and enhance successful FTCA.
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Using thoracic epidural anaesthesia (TEA) as a supplementary measure in FT program is still point
of debate. Its theoretical benefits of reducing intravenous opioids and better pain control with
better ventilatory function[40] must be weighed against the possible epidural hematoma

formation under systemic anticoagulation.

4.1.6 Cardiopulmonary bypass aspects of FT:

Many early postoperative complications (e.g. bleeding, respiratory and neurological
complications), which hindered FT process, can occur during CBP period. In general, avoidance of
CPB (e.g. off-pump coronary bypass or transcatheter valve implantation) is preferable. If CPB is a
must, short CPB is preferable. Some measures must be taken to reduce complications rate. Severe
hemodilution (hematocrit <24%) may lead to acute kidney injury[41]. It can be prevented by
minimizing priming volume, ultrafiltration and vacuum-assisted venous return. Biocompatible
CPB circuit and oxygenator are associated with shorter ICU LOS[42]. The use of “minimally
invasive CPB” using close circuits with separation of shed blood from the surgical field, with or
without the application of a reduced systemic anticoagulation [43], was shown to reduce

postoperative complication [44].

4.2 Leipzig FT Protocol:

Leipzig FT protocol was first introduced in November 2005 for elective cardiac surgery patients in
the heart center of Leipzig University. The primary main changes were switching of the opioid
regime to remifentanil and the postoperative management in a specialized PACU, bypassing ICU
admission [2, 22]. PACU consisted of 3 beds (upgraded to 8 beds on 2012) operated exclusively
by anesthesiologists and anaesthesia nursing staff with a nurse to patient ratio of 1:3 and
physician to patient ratio of 1:4. The PACU was operated daily Monday to Friday from 10:00am
to 6:30pm. As of 2012 it is operated from 10:00am to 10:30pm. A 24hour operating time model
was tested during the transitional period and was compared with 12hour model and found to be
less effective[20].

Patients included in this protocol were preselected according to the preoperative medical
condition and the planned surgery. Clinical judgment and communication between

anesthesiologists and the surgeons at the end of the operation is mandatory. All patients were
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admitted to the PACU (i.e. inclusion criteria) if they were hemodynamically stable, without or with
minimal inotropic support, without excessive bleeding, and with a core temperature of at least
36°C. Only patients scheduled for elective cardiac surgery were admitted to the PACU. Elective
surgeries include both elective and urgent (surgery performed on next working day) operations.

Emergency surgeries (surgery performed immediately) were excluded. (Table 1)

Table 1: Inclusion Criteria for Fast Tracking

e Hemodynamically stable

e + Low-dose inotropic support (continuous infusion of < 0.1pg/kg/min of
norepinephrine and/or < 0.05 pg/kg/min of epinephrine or <5 pg/kg/min)

e No excessive bleeding
e Core temperature >36°C

e Elective or urgent surgeries (not emergency surgeries)

Leipzig fast-track protocol consists of oral premedication with dipotassium clorazepate the
evening before and midazolam on the day of surgery. Recently, preoperative oral premedication
is omitted to reduce postoperative delirium rate[45] and to enhance fast extubation, except in
rare cases. Anaesthetic induction is performed with propofol (1-2 mg/ kg), fentanyl (200ug), and
rocuronium (0.6 mg / kg) or Atracurium (0.5 mg / kg). For maintenance of anaesthesia during the
pre-cardiopulmonary bypass period, a continuous infusion of remifentanil (0.2-0.3 pg / kg / min)
and sevoflurane (0.8— 1.1% minimum alveolar concentrations) is used. During and post-
cardiopulmonary bypass, a continuous propofol infusion (3 mg /kg /h) is administered. A
recruitment maneuver is carried out prior to weaning from cardiopulmonary bypass to prevent
atelectasis. An external convective warming system with an underbody blanket (Bairhugger®;
Arizant Healthcare, Eden Prairie, MN) is used after weaning from cardiopulmonary bypass to
ensure a core temperature of 36°C. After surgery, patients are admitted to the PACU if they are
in stable hemodynamic condition without (or with minimum) inotropic support and with a core
temperature of at least 36°C. Only patients scheduled for elective cardiac surgery are admitted

to the PACU. Postoperative analgesia consists of a bolus of piritramide (0.1 mg/kg) as required
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and metamizole (1 g every 6 h) to achieve a pain score <4 on visual analogue score from 0 to 10
(0= no pain, 10= worst pain imaginable). Patients are extubated when they are fully awake, alert,
hemodynamically stable, recovered full motor power (clinically and TOF>90%), without any
neurological deficit, core temperature 236°C, acceptable blood gases on FiO; 0.4 sufficient tidal
volume ( 6-8 ml/kg) on minimal ventilator support (P.S. 8cmH;0 and PEEP 5cmH,0) and normal
lactate ,ScvO,, ECG, CXR and without significant bleeding (<100ml/h chest tube drainage).
Immediately after extubation, all patients undergo a noninvasive ventilation period of 0.5-1h.

All patients are sent to the intermediate care unit (IMC) if the following criteria are fulfilled: the
patient must be awake, alert, no neurological deficit, pain score (VAS) <4, hemodynamically
stable, without or minimal inotropic support with acceptable blood gas analysis (PaO2>90mmHg
and PaCO; <46mmHg, Sp0; >96% on O3 flow 2-6L/min), no significant bleeding (< 50ml / h),
urinary output >0.5ml/kg/h, normal serum lactate, normal ScvO,, and when cardiac enzymes and
chest x-ray warrants no further intervention. IMC patients are discharged to the nursing ward
when they have stable rhythm and are able to mobilize independently. The weaning, extubation

and transfer criteria are mentioned in table 2.

Table 2: Weaning, extubation and transfer criteria for patients undergoing fast track

anaesthesia

Weaning Criteria:

e Neuromuscular Monitoring TOF> 90%

e Decrease the ventilator settings to PSV: PS 10-12 cm H,0, PEEP 8-5 cm H,0, 0,
<40%

e Acceptable ABG: Pao, 2100mmHg, Paco, <45mmHg ( or Horowitz index >200
with a fi02<0.4)

e Normal ventilation mechanics

e Sv0,>70%, s-Lactate < 4mmol.I"t without acidosis

e No bleeding: Chest drainage <200ml in first hour, £100ml in second hour then

<50ml.h?
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Criteria for Extubation:

Full consciousness, no neurologic deficit

Hemodynamically stable

Core temperature >236°C

Arterial blood gas: Pao, 2100 mmHg, Pacoz <44 mmHg on FI0; 0.4
Normal Svo,

Respiratory parameters: sufficient V1 (P.S. 8 cm H,0 and PEEP 5 cm H,0)
Bleeding: <100ml .h!

Normal serum lactate

No new ECG and CXR changes

Criteria for Transfer of Patients From PACU to IMC:

Fully awake and alert, no neurologic deficit.

Hemodynamically stable

Without (or minimal) inotropic support

Acceptable ABG (Pa02>90 mmHg, Paco,<46 mmHg, Spo2 >96% on o; insufflation
2-6 L.min™)

Urinary output >0.5 ml .kg*.h?

No significant bleeding (<50 ml .h7)

Normal serum lactate

Normal Scvo,

Cardiac enzymes and CXR: warrants no further intervention

VAS <4

TOF = Train-of-four, PSV= Pressure support ventilation, P.S. = Pressure support, Scvo; = Central

venous oxygen Saturation, CXR=Chest x-ray, ABG= Arterial Blood gas, VAS= Visual analogue score,

V1= Tidal volume, IMC= Intermediate care unit.
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4.3 Opioids:

The term “opioid” refers to all drugs, both synthetic and natural, that act on opioid receptors.
They are the oldest analgesics known in the human history and its use in the practice of
anaesthesia remains unchallenged[46]. They act through opioid receptors, which belong to the
family of G protein-coupled receptors. The standard exogenous opioids used in OR are morphine,

fentanyl, sufentanil, alfentanil and remifentanil (Figure 4).

NH,

- 0
M e0 0
d e f

9

Figure 4: Chemical structural formulas of clinically used opioids[47].

a. Morphine b. Fentanyl c. Sufentanil d. Remifentanil e. Alfentanil f. Piritramid g. Pethidine

4.3.1 Remifentanil:

Remifentanil is unique ultra-short-acting selective p-opioid receptor agonist. It is characterized
by very short context-sensitivity half-life (3-4 minutes) (figure 5), as it is metabolized by unspecific
blood and tissue esterases and eliminated independently of liver or renal function, and hence has
predictable pharmacokinetics[48]. At the beginning of remifentanil use, relatively large doses
were administered (1-5pg/kg/min) with stable intraoperative hemodynamics and early
extubation and awakening at the end of the procedure. Because of some associated

complications such as muscle rigidity and bradycardia, smaller doses (0.3 and 0.4 pug/kg/min) were
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examined in context of cardiac surgery and found to be effective and safe [49]. Patients treated
with remifentanil may suffer from severe pain immediately postoperatively[50].

Generally, in comparison with other short acting opioids in general anaesthesia (GA), remifentanil
was associated with clinical signs of deeper analgesia and anaesthesia, more bradycardia, more
hypotension, less hypertension, faster recovery, more frequent postoperative analgesic
requirements, fewer respiratory events requiring naloxone and more postoperative shivering
with no overall impact on postoperative nausea[50].

A meta-analysis was done for studies using remifentanil in patients undergoing cardiac surgery.
It has been suggested that remifentanil may reduce cardiac biomarker release, ventilation time
and hospital LOS[51]. At the beginning of FTCA era, Myles and Colleagues [52] discussed the
choice of anaesthetic agents, and they reached a logical conclusion favoring low-dose opioid

anaesthetic use.

4.3.2 Sufentanil:

Sufentanil was first synthetized in 1973. It took about 10 years to be considered as potent opioid
and can stand in front of routine use of fentanyl at early eighties. The potency of intravenous
sufentanil is 5-10 times higher than fentanyl. The suggested dose of sufentanil in balanced
anaesthesia during medium- long surgery is 0.5-1.5ug/kg with supplemental dose of 0.15-
0.7ug/kg and the total procedure dose 2-3ug/kg[53].

The continuous infusion doses range from 0.3-1ug/kg/h. The safety of this management is
determined by its context-sensitive half-time. In comparison with remifentanil, sufentanil has
longer context sensitive half time (30-35min) after 4-hours supply. After that, sufentanil curve
increases non-linearly[53](Figure 5). This may have impact on time of eligibility to be transferred
in lower-dependency unit, and hence the overall costs.

The pharmacokinetics of sufentanil follows the three compartmental model. Before CPB, the
linearity of the pharmacokinetics can accurately predict sufentanil concentrations[54]. During
extracorporeal circulation, marked fluctuation in plasma level was observed due to redistribution
from the lungs and muscles following a primary decrease in the drug concentration, mostly
resulting from hemodilution and redistribution to the cardiopulmonary depot. This substantially

prolongs the half time of elimination.
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In Vitro, it has found that both remifentanil and sufentanil has cardio-protective effect against re-

oxygenation hypoxia[55]. Moreover, sufentanil preserves hemodynamic parameters as well as

echocardiographic indices of LV function in patients with ischemic heart disease [56]. This stable

hemodynamic effects are similar between the patients receiving remifentanil and sufentanil, with

shorter time to recovery of spontaneous breathing and tracheal extubation in remifentanil

patients[57]. Contrary to remifentanil, the intraoperative use of sufentanil does not require high

postoperative analgesia.
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5. Objective of the work

The aim of this retrospective study was to compare the effects of remifentanil and sufentanil on
a well-established fast-track pathway. The primary end points were ventilation time (i.e. time
from arrival on the post-anaesthesia care unit until tracheal extubation), length of stay in the
post-anaesthesia care unit, visual analogue pain scores and piritramide consumption on the day
of the operation. The secondary end points were length of stay in intermediate care, hospital
length of stay, fast-track failure, in-hospital mortality and postoperative complications such as

postoperative nausea and vomiting, delirium and the incidence of tracheal re-intubation.

6. Methods

This retrospective observational study was performed in a single university-affiliated heart centre,
was approved by the local research ethics committee and individual patient consent was waived.
In the period from February to July 2017, we were obliged to change our opioid management
within our standard fast-track protocol due to the unavailability of remifentanil. During this period
we decided to use a continuous sufentanil infusion instead. We included all consecutive cardiac
surgery patients admitted to the post-anaesthesia care unit during this time period. This group
was compared to an historical group of patients from the same time period the previous year
(February to July 2016) who had received a continuous remifentanil infusion according to our

standard fast-track protocol [2].

For all patients, anaesthesia induction was performed with fentanyl (200 pg) and propofol (1-2
mg.kg™). A single dose of rocuronium or atracurium was used for neuromuscular blockade. For
maintenance of anaesthesia, a continuous infusion of an opioid, in addition to sevoflurane (0.8—
1.1% MAC) during the pre- cardiopulmonary bypass period were used. During cardiopulmonary
bypass, and until the end of the operation, a continuous propofol infusion (3 mg.kg*.h?) was

used.

For patients in the sufentanil group a continuous infusion of sufentanil was used during

maintenance of anaesthesia; 1 ug.kg*.h? until sternotomy, 0.5 pg.kg*.h? until cardiopulmonary
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bypass and 0.25 pg.kg*.h"2 after weaning from cardiopulmonary bypass and until chest closure
after which the infusion was stopped. The anaesthetist was allowed to give additional 10-20 ug
boluses if deemed necessary. Sufentanil group patients were transferred with a propofol infusion
2 mg.kgt.h? to the post-anaesthesia care unit. For postoperative analgesia, metamizole 1g was
given before extubation. Boluses of piritramide 0.02-0.03 mg.kg* could be given if necessary to
achieve a target visual analogue pain score of <4. For patients in the remifentanil group an
uninterrupted continuous infusion of remifentanil (0.2-0.3 pg .kg™*.min2) was used throughout
the operation. During patient transfer from operation room to post-anaesthesia care unit,
anaesthesia was maintained with remifentanil 0.1-0.15 pg.kg*.min2 and propofol 2mg.kg*.h2.
Postoperative analgesia was commenced immediately after arrival in the post-anaesthesia care
unit as a bolus of piritramide 0.1 mg.kg™* and intravenous metamizole 1g. Boluses of piritramide

0.02-0.03 mg.kg* could be given if necessary to achieve a target visual analogue pain score of <4.

At the end of the operation all patients had to fulfill the fast-track criteria. Patients were admitted
to the post-anaesthesia care unit if they were in a stable haemodynamic condition with a core
temperature of at least 36°C. Both the surgeon and the anesthetist agreed to a fast-track pathway
for each patient. The post-anaesthesia care unit operated daily, Monday to Friday from 10:00 h
to 22:30 h. It was managed by anaesthetists and nursing staff with a nurse to patient ratio of 1:3

and physician to patient ratio of 1:4.

Patients’ tracheas were extubated when they fulfilled the extubation criteria (table 2). Patient
controlled analgesia (PCA) was offered to patients with a high visual analogue pain score and high
analgesic consumption, either in post-anaesthesia care unit or later in the intermediate care unit,
according to the attending physician. All patients were monitored for at least 2 h after tracheal
extubation and were then transferred to the intermediate care unit once they fulfilled the transfer

criteria (table 2).

All patients received 4 mg dexamethasone before induction of anaesthesia as postoperative
nausea and vomiting prophylaxis. Upon arrival at post-anaesthesia care unit, all female patients,
patients scheduled for thoracotomy or patients with a post-operative nausea and vomiting
history received 1.25 mg droperidol. Ondansetron 4mg was added in patients with a history of
postoperative nausea and vomiting. Postoperative delirium was scored before transfer using the
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nursing delirium screening scale (Nu-DESC), where >2 is considered positive. Patients transferred
from the post-anaesthesia care unit to the intensive care unit (or directly back to the operating

room), were considered fast-track failure patients.

For data collection, our clinical information system iMedOne® (Deutsche Telekom Healthcare and
Security Solutions GmbH, Germany) and our machine-readable patient’s chart Medling® (Medling
Softwaresysteme GmbH, Hamburg, Germany) were used. StatsDirect® version 3.0, StatsDirect
Ltd, Cheshire, UK) for description and analysis. In order to minimise selection bias and to obtain
comparable groups, a propensity score matching approach was used. For each patient a logistic
regression model was calculated that included variables known to affect postoperative lengths of
stay. These included age, sex, co-existing diseases, left ventricular ejection fraction, logistic
European System for Cardiac Operative Risk Evaluation score (EuroSCORE), type and length of
surgery, and cardiopulmonary bypass and aortic cross clamp times. Pairs were matched 1:1 with
their nearest neighbor according to the closest propensity score of each subject. Based on the
pre-matching range of baseline variable differences, the maximum caliper width for pair-
matching was defined at 0.125 of the pooled logit score standard deviation. Categorical data were
compared using the x?-test or Fishers exact test where appropriate. Continuous variables were
assessed for normal distribution using the Shapiro-Wilks test and data were compared using
Student’s t-test or Wilcoxon-Mann-Whitney test where appropriate. A p value <0.05 was

considered statistically significant.
7. Results

There were 622 patients in the sufentanil group and 679 patients in the remifentanil group. Eighty
three patients were excluded during the 1:1 propensity score matching process, resulting in two

equal groups of 609 patients (Figure 6).
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Figure 6: Study flowchart for patients included in the study.

Total
n=1301
Sufentanil group Remifentanil group
Feb-July 2017 Feb-July 2016
N=622 N=679
\ [~
Propensity n= 1218 Propensity
/ match (nh= 609) match (n=609) \
IMC (n=558) ICU/OR (n=51) IMC (n=555) ICU/OR (n=54)

PACU, post-anaesthesia care unit; FT, fast-track; IMC, intermediate care unit; ICU, intensive care unit; OR,

operating room

The baseline characteristics and operative data for patients included in the study are shown in

table 3.

Ventilation time (i.e. time from arrival on post-anaesthesia care unit until tracheal extubation)
and post-anaesthesia care unit-length of stay were significantly longer in the sufentanil group
compared with the remifentanil group (Figures 7 and 8). Hospital length of stay was significantly
longer in the remifentanil group compared with the sufentanil group. There were no differences

between the groups in terms of intermediate care unit-length of stay (table 4).
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Table 3: Baseline characteristics and operative data for patients included in
the study. Values are mean (SD) or number (proportion).

FT- FT- p value
Sufentanil Remifentanil
group group
n=609 n=609
Age; years 65 (10) 65 (12)
Sex; female 170 (27.9%) 145 (23.8%)
Logistic Euroscore 5.05 (6.0) 5.63 (6.3) 0.096
Pre-operative ejection fraction; %  56.1 (10.3) 56.6 (10.5) 0.325
Pre-operative myocardial 133 (21.8%) 142 (23.3%) 0.548
infarction
Pre-operative diabetes mellitus 197 (32.3%) 187 (30.7%) 0.528
Pre-operative COPD 32 (5.2%) 36 (5.9%) 0.623
Pre-operative creatinine level; 88.1(36.8) 90.7 (51.7) 0.315
umol It
Pre-operative neurological 68 (11.1%) 72 (11.8%) 0.727
disorder
Urgent Surgery 49 (8.0%) 57 (9.3%) 0.422
Aortic cross-clamp time; min 53 (36) 54 (37) 0.409
Cardiopulmonary bypass time; 73 (48) 75 (49) 0.509
min
Operative time; min 193 (57) 190 (62) 0.411
Type of surgery: 0.923
e CABG 149 (24.4%) 151 (24.7%) 0.947
e OPCAB 142 (23.3%) 133 (21.8%) 0.583
o 1x Valve 188 (30.8%) 193 (31.6%) 0.804
replacement/repair
o 2x Valve 14 (2.2%) 13 (2.1%) 0.999
replacement/repair
o 3x Valve 1(0.16%) 2 (0.32%) 0.999
replacement/repair
e CABG+1x Valve 58 (9.5%) 60 (9.8%) 0.922
replacement/repair
e CABG+2xValve 1(0.16%) 2 (0.32%) 0.999
replacement/repair
e CABGH+ Others 5(0.82%) 6 (0.98%) 0.999

e Valve replacement/repair 37 (6.0%) 36 (5.9%) 0.999
+ Others
e Miscellaneous 14 (2.2%) 13 (2.1%) 0.999

COPD: chronic obstructive pulmonary disease; CABG: coronary artery bypass graft; OPCAB: off-

pump coronary artery bypass.
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Figure 7. Acomparison of the ventilation times between the sufentanil group and the remifentanil

group.

Ventilation time (min)
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Figure 8. A comparison of the time to tracheal extubation between the sufentanil group (blue)

and the remifentanil group (red).
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Piritramide requirement during post-anaesthesia care unit stay was significantly higher for patients in the
remifentanil group compared with those in the sufentanil group. There was no difference in patient controlled
analgesia requirement between the groups either during their stay in the post-anaesthesia care unit or
afterwards during their remaining hospital stay. The mean (SD) visual analogue pain score at the end of post-
anaesthesia care unit stay was significantly lower in the sufentanil group compared with the remifentanil

group (table 4).

Table 4: Postoperative outcome parameters for patients included in the study. Values are median (IQR [range]), mean
(SD) or number (proportion).

FT-Sufentanil group FT-Remifentanil p value 95% Confidence
group Interval of the
Difference

Ventilation time; min 110 (80-150 [15-370])  70(50-100 [5-315]) <0.001 36.3to 48.3
PACU-LOS; min 277 (78) 263 (78) 0.002 5.09to 22.6
IMC-LOS; h 65.1 (64.0) 68.7 (78.2) 0.364 -11.9t0 4.37
Hospital length of stay; d 14.1 (6.1) 15.5(8.8) 0.020 -2.22 to -0.50
Visual analogue pain score 1.5(1.2) 2.4 (1.5) <0.001 N/A
(VAS)
Piritramide requirement; mg 2.6 (4.7) 18.9 (7.3) <0.001 -17.0to -15.5
In-PACU PCA requirement 11 (1.8%) 17 (2.7%) 0.339 N/A
Out-PACU PCA requirement 62 (10.1%) 55 (9.0%) 0.559 N/A

PACU, post-anaesthesia care unit; IMC, intermediate care unit; LOS, length of stay; PCA, patient
controlled analgesia

Mean sufentanil consumption was 0.969 pg.kg*.h?, with a mean (SD) total consumption of 3.100
(0.100) pg.kg. There was no correlation between total sufentanil consumption and ventilation
time (r =0.174). There were no differences between the groups in terms of postoperative

complications (table 5).
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Table 5: Postoperative complications for patients included in the study. Values are number
(proportion).

FT-Sufentanil FT-Remifentanil p value
group

group
Fast-track failure 51 (8.3%) 54 (8.8%) 0.760
Tracheal re-intubation 3(0.4%) 5(0.8%) 0.725
Postoperative nausea and vomiting 95 (15.5%) 92 (15.1%) 0.873
Postoperative delirium (Nu-DESC>2) 9(1.8%)* 8(2.4%)8§ 0.721
Deaths 1(0.16%) 4 (0.6%) 0.374

*n=483 §n=321

Nu-DESC, nursing delirium screening scale

8. Discussion

We have demonstrated that a remifentanil infusion in cardiac surgery patients managed in a
specialised post-anaesthesia care unit using a fast-track protocol resulted in a significantly shorter
ventilation time and length of stay in the post-anaesthesia care unit compared with patients who
received a sufentanil infusion. However, the remifentanil group consumed more analgesics than
the sufentanil group in order to reach the targeted visual analogue pain score. Remifentanil group
patients had longer hospital stays, but there was no difference in intermediate care unit length
of stay. There was no difference in fast-track failure rate, tracheal re-intubation rate, in-hospital

mortality, postoperative nausea and vomiting, or incidence of early postoperative delirium.

In contrast to a recently published study [58], we demonstrated a reduction in ventilation time
and post-anaesthesia care unit length of stay with remifentanil. Bhavsar et al. did not
demonstrate a difference between the two opioids; the ventilation time in their study was much
longer, 311 vs 80 min for the remifentanil group and 261 vs 122 min for the sufentanil group. We
found that the longer the ventilation time, the smaller the difference between groups can be

noticed (figure 8). The explanation for shorter ventilation times in our study might be differences
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in our fast-track protocol. Bhavsar et al. attempted to wean patients one hour after their arrival
in the cardiac recovery unit whereas our weaning protocol started immediately after fulfillment
of predefined weaning criteria. Another explanation might be the different opening hours of the
post-anaesthesia care units; in Bhavsar et al.’s study the opening hours were from Monday
morning to Saturday afternoon whereas our post-anaesthesia care unit was closed overnight.
Grass et al. [20] showed that limited opening hours led to decreased ventilation time. Differences
in sufentanil dosages could be another explanation; however we were unable to demonstrate a
statistically significant correlation between total amount of sufentanil consumed and ventilation
time. This is in agreement with a study comparing different doses of sufentanil in fast-track
patients which showed no difference in ventilation time [59]. Different studies have used
comparable sufentanil dosages to ours but have reported much longer ventilation times. This
supports our hypothesis that it is not the specific opioid, or the amount of opioid given, but the

fast-track protocol itself that makes the difference [60, 61].

The increased requirement for piritramide in the remifentanil group is in agreement with previous
studies [50, 58, 60]. This may be explained by the shorter context-sensitive half time of
remifentanil (3-5 min) compared with sufentanil (30-35 min following a 4 h infusion). Visual
analogue pain scores were significantly higher in the remifentanil group immediately
postoperatively but were still within an acceptable range. Lison et al. [60] demonstrated similar
differences in pain scores during the first hours of weaning, although Gerlach et al. [61] did not
find any differences in repeated pain score measurements within the first 12 hours
postoperatively. In our study the need for patient controlled analgesia due to high analgesic
requirement caused by severe pain was comparable between the two groups, both during and

after post-anaesthesia care unit stay.

The sufentanil patients stayed longer in the post-anaesthesia care unit before intermediate care
unit transfer. Although this was statistically significant it is probably not clinically relevant;
transfer of patients between different units is subjected to logistical and administrative
regulations that affect the time of transfer. Other studies have failed to demonstrate a difference

in length of stay between the two groups [58, 60]. This can be explained by different fast-track
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pathways between studies (intensive care unit vs. post-anaesthesia care unit) and different

opening hours.

Hospital length of stay was longer in the remifentanil group. This may be due to health system
policy variance during the different time periods or due to less availability of step-down
rehabilitation facilities during certain time periods. The use of remifentanil and the resultant
postoperative pain might also possibly be the cause of this difference in hospital length of stay
and could not be excluded. However, a Cochrane review on fast-track cardiac anaesthesia [1],
indicated no difference in hospital length of stay, even in patients treated with high dose opioids

without a time-directed tracheal extubation protocol.

In our study fast-track failure was defined as any unplanned transfer of the fast-track patient from
post-anaesthesia care unit directly to the intensive care unit or a return to the operating theatre.
There was a comparable low fast-track failure rate of 8% in both groups. This is in agreement with
Lison et al. [60] who excluded approximately 10% in each of their groups due to failure in
completion of the fast-track pathway. In contrast to Lison et al. [60], we did not find a high
incidence of postoperative nausea and vomiting in our remifentanil group. This may be due to
our post-operative nausea and vomiting prophylaxis strategy and a remifentanil systematic
review supports our results [50]. We did not find any differences between our groups in the
incidence of postoperative delirium, assessed before transfer from the post-anaesthesia care
unit, suggesting that the type of opioid per se is not a risk factor for development of postoperative
delirium. This is in accordance with the findings of a prospective randomised study comparing the
incidence of postoperative cognitive dysfunction (POCD) in cardiac surgical patients [62]. A
ventilation time of more than 300 minutes, rather than the choice of opioid, was associated with
POCD. This is in agreement with a recent study investigating causes of post-cardiac surgery

delirium [63].

The main limitation of our study is its retrospective design resulting in a risk of potential bias. This
is especially true for the significant difference in length of hospital stay between the two groups
and may be the result of ‘immortal time bias’ i.e. the concept that overall improvements in patient
care occur more recently. An advantage of this study is the large number of patients included; it
enabled us to detect even small differences in ventilation time.
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In conclusion, although ventilation time and post-anaesthesia care unit length of stay were
shorter in the remifentanil group, sufentanil may be superior to remifentanil because it provided
improved analgesia and resulted in a shorter hospital length of stay. However, we believe that a
detailed and time-directed weaning protocol is more important than the use of a specific opioid

for fast-track cardiac surgery patients.
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p = 0.002. The sufentanil group had a lower mean (5 D) visual analogue painscore than the remifentanil group;
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hospital); 2.6 (4.7) we. 189 (7.3) mg, p < 0.001. The results of our study show that although remifentanil was
more effective in reducing time to tracheal estubation and length of stay in the recovery area, there was an
increased requirementfor postoperative analgesia when remifertanil was used.
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Introduction

Fasttrack pathways hawe become an inegral part of
cardiac ansesthesia in order to allow for rapid tracheal
extubation and to reduce intensve care unit length of say,
without affecting the quality of care [1]. It may lead © a
more effident use of resources espeically if there is a
shortage of intensve care unit (ICU) beds and increased
demands by a more efficient wse of resowees (3. ki
popular due to its cost-efeciveness [3]. Different fasttrack
protocols have been deweloped for 1ICU or for specialised
recovery areas Fast-tack pathways with the use of a
recovery area [4] are effective in reducing time to tracheal
extubation and ICU length of stay [1] Although several
studies have shown that the type of opicid plays a minor
rale in different fasttrack propeols [5-7) it has been

difficult i compare shudies due o the heterogeneity of
fasttrack protocolk and differing definitions of fasttrack
success. The aim of this retospecive study was to
compare the effecs of remifentanil and sulentanil on a
well-established fas-tack pathway. The primary end-
points were: mechanical wendilation time (e time fram
arrival in the recowery arm until tracheal extsbation);
length of stay in the recowery ares; vissal analogue pain
scores; and piftramide (an opicid analgesic in comman
wse in ouwr insfilution) conmsmption on the day of
operation. Secondary end-points were: length of stay in
intesrmedi abe cane; hompital ke th of:hr; fasttrack faihere;
inchompital mortality, and postoperative complicatons
such as postoperative nawsea and womiting, delifium and
theer inciclenc e of tracheal rei ntubation.
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Methods

Thits retrospective obaervational shedy was pedormed in a
sing b wnive rsity-affilisted heart centre, wasapproved bythe
local ressarch ethical committes and individual patient
consent was waived. In the period from Febreary to July
2017, we were obliged o change opioid management
within ow standard fasttrack protocol due © the
unavailability of remifentanil During this period, we
decided to vse a contineouws sufentanil infusion instead. We
included all conseoutive cardiac surgery patients adm ited
to thee rec owvery arm during thistime period. This group was
compared with an historical group of patients from the
same time period the previows year (Febrsary-July 2014)
who had received a continuous remifentanil infusion
according to owr standard fasttrack protocol [4]

For all patients, anaesthesia indwction was peformed
with fentanyl 200 pg and propokol 1-2 makg™". A single
dose of rocuronium or atracurium  was  wsed  for
meuromustular blockade. For mainenanoe of amesthesia,
a confinsows inhmion of an opicid, in addiion to
sevoflurane 0U8-1.1% MALC during the pre-cardiopulmanary
bypass period were wsed. During by pass, and undl the end
of the operation a cortinwous propofol infuson
3 mgkg W was wed.

For patients in te sdentanil group, a contineous
infusion of sufentanil was wsed dwring mainenance
of  anaesthesia: 1 pgkg h™  untl  stermomy;
05 pghkg "h™™ unti, and during, bypas:; and
02y J.I.g.hg_.l.h_z after weaning from bypassand wntil chest
closure after which the infusion was sopped The
ansesthetist was allowed to give addifonal 10-20 pg
bohses if deemed necessary. Sufentanil group pafients
wiere transferred with a propofolinfusion 2 mgkg ™" W 1o
ther rescovery area. For postoperative anal gesia, intravenous
metmimle 1 g was gven before tracheal extubation.
Bohmes of intravenous pirtramide  0.02-0.03 mgkg™"
could be gven if necessary to achieve a target viswal
anal ogue painscone of < 4.

For patientsin the remifentani| group, an uninermepied
confinous infesion of remientani 0203 pg kg~ min~
wias uesisd thinouwse hout the aperation. During patient tranher
fram the operating thieatre to the recowery anea, ansesthesia
was maintained with remifentinil 0.1-0.15 pgbkg ~"min
and propetol 2 mg kg~ h™7. Postoperative analgesia was
commenced immediately afer arrival in te recowery area
as an intravenows bohes of pirtramide 0.1 mgkg™" and
intravenous metamizole 1 g. Bohse of piriramide Q02
003 mgkg™" could be given i necessary to achieve a
targetvisua lanal ogue painscoreof< 4.

At the end of the surgery, all patients had to fulfil the
fasttrack criteria. Patients were admitted 4o the reoowery
area if they weere in a stable haemo dynamic condiion with a
core temperature of at keast 34 °C. Both the surgeson and
ther ansesthetist agreed to a fasttrack pathway for each
patient. The reco wery area o perated daily, Mond ay to Friday
from 10:00 h to 22:30 h. k was managed by anaesthetists
and mrsing staff with a nurse-patient ratio of 1:3 and
physici an-pafient ratio of 1:4.

Patients” trachens were extubatsd when they fulfilled
the  extchation  criteria (Table 1) Patient contro led
analbgesia (PCA) was offered o patients with a high visual
anabogue pain score and high analgesic oconeswm ption,
witheer in the recovery anea or laber in the intermediate care
unit, aceording to the atending physdan All patients were

Table 1 Weaning, extubation and transfer criteda for
patients undengoing fasttrack ansesthesia.

Weaning criteria:

#  Traineotfour (TOF)ratio > 09

* Presure support ventllason; PS5 10-12 amHz0, PEEP 0
5 cmiba O, Fia < 405%

Artenalblocd gases; Pal; > 13.3 kPa, Pal0s< 5.8 kPa
S = T, sorum lactate < 4 NDa cidoss
Chest drainage < 200 ml in 1= b, =< 100 ml in 2nd h then
= 50 mLh~"

Criteria for racheal extubation:

- e

& Full consooamnes, nonewological defiot

# Haomodynamically st ble

¢  Comtemperature> 36 °C

»  Srterial blood gases; Pa0y = 13.3 kPa, PaC0y < 58 kPa
wath FO, 04

®  Mormial Seog

# Acopptable ®dal wolumes with prssure support of
B cmibaOvand PEEP of 5 omiHa O

¢ Bloodloss< 100 mlh™

# Normal serum lactate

#  MNonewECGorCXRdhanges

Criteria for ransfer of patients from recovery area to IMC:

# [Fullyawake and alertwith noneurclogical defict

# Haomodynamic stab iy

# None, or minimal, inotropic support

# Arterial blood gases; Paly > 12 kPa, P20, < &1 kPa,
5.0; > P4 braathing 2-4 Lmiin~" cxpgen

# Usine cutput> 0.5 mlkg ™ b~

* Bloodloss< 50 mLh™"

# MNormal serum lactate

@ MNormal Seog

# Cardiac enzymes and CXRE wamanting no  further

inemwventon
# Vil analogue pain soore < 4

S, wenous oeygen saurabon; CXR, chest mdicgraph; IMC,
intenmediate care unit.
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monitared for atlest 2 b after tracheal extubation and were
then transferred o the intermediste care wnit once they
Fuilhed the transfer criteria(Table 1)

Al patients moeived 4 mg desamethasone  following
inducion  of amesthesa a2z postoperstive mawsea and
vomifing prophylads Upon arival in the recowsry aea, all
female patients received 125 mg dropeddd. Ondansetron
4 mg was added in paents with a history of postopemtve
naesen and womiing. Postoperatve deiium wes soored
bafore tormmher using the mursing defiviem sceening scale (M-
DELCL where > 7 s considened et Patents transerred
from the recowery ares o the ICU (or directly back to the
operating room |, were comsidensd fasttrack fiure patents.

For dats colledion, our clinical information syt
iMedOne™ (Deutsche Telekom Healthcare and Security
Soluions GmbH, Bonn, Germany) amd owr  machine-
readable  patets  chant  Medling®  (Mediing
Softearesysteme GmbH, Hamburg, Germany) were waed.
Data were imported to P55 ($P55™ Swmfisfes 220;
Chicaga, IL LISA) and St.ul.'.Diru:ttSt.ut.Dimct'wrsinn 30,
StatsDirect Lid, Cheshire, UK} for description and analysis.
In order to minimise selecfon bias and ®© obtin
comparable groups, a propensity score  makching
approach was used. For mach patient, a logistic regression
mode was caloulated that induded vardables known to
affect posoperative lengths of stay. Thess induded: age
e co-eisting diseases; left ventricular ejecton fraction;
logistic European system for cardiac operative risk
evaluation score (EuroSCOREL type and duration of
surgery; and bypass and aortic cress-clamp times. Pairs
were matthed 1:1 with their nearest neighbowr according
to the closest propensity score of each subject. Based an
the pre-matching range of baseline variable differences,
the maximum caliper width for pair-matehing was defined
at 0,125 of the pooled logit score standard deviafion.
Categorical dats were compared using the st or

Fisheer's exact test where appropriate. Coninuows variables
weere assessed for normal distribufion wsing the Shapino
Wilks test and data were compared wsing Swdent’s ttest
or Wilcoxon- Mann-Whitney test where appropriate. A
pvahee < 005 was considered statisically significant.

Results
There weere 422 patients in the sfentanil group and 479
patients in the remifentanil growp. Eightythree patients
were exchuded during the 1:1 propensity score matching
process, resulting in two equal groups, each containing S0F
patients (Fig. 1} Baseline characteristicsand operative data
for patients inched ed inthe study are shown in Table 2

Ventilafion time (Le time fom arreal in the PEsOORErY
area until racheal extubation) and recovery length of stay
were significantly longer in the sufentanil growp com pared
with the remifentanil group (Figz 2 and 3} Hospital length
of stay was significantly longer in the remikentanil growp
compared with the sulentanil group. There were no
differences between the groups in erms of inermediaie
care unitlength of stay (Table 3L

Postoperatwe analgesia (piriemide) requirement
during recowery area sty was sgnificantly higher for
patients in te remikentanil group compared with those in
the mdentanil group. Thee was no difference in PCA
rescquiremaent beteeen the groups e ther during their stay in
thee recowery area or aferwards during their remaining
hompital stay. Thee masan (S0} visual amlogue pain soone at
ther end of recowery area stay was significantly lower in the
sudentanil group compared with the remikentanil growp
(Table 3. Mean sufentanil Consumpticn was
0.94% pgkg ™" b with a mean (50} total consumpson of
3100 (00D} pg g 1 Thexre was no cormelaton betwesn
il sdentanl comumption and  wventilation  time
{r = @174}, Theere were no differences beteesn the groups
in teerms of postoperative complications (Table 4).
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Figure 1 Study flowchart for patients inchueded inthe shedy. IMC,inbermesdiate care wnit 10U, intensise care unit; OR, aperating

room
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Table 2 Baseline characterisfics and operative data for patients incheded in the stedy. Valees are mean (S0} or number

{proportion ).

Age; years
Sex; female
Logistic Eure3CORE
Pre-operative gjection fraction; %
Preoporatres mypo-cardial infanchion
Pre-operative diabetes meliius
Pre-operative COPD
Precporaties sorum creatning umall ™"
Pre-oporaties neurcogical disonder
Urgentsurgary
Aprdc omss-clamp Smie; min
Cardiopulmionany byparss time; min
Ohpeeim e timwe; min
Type ofsurgery:
CABG
OPCAR
1w Viahee repla comentropair
2 Vahve repla coment/repair
3 = Vahe repla coment/ropair
CABGH1w Valve replacementiropair
CABGH2: Vahwe ropla coment/repair
CABGHOrhers
Val ve replacement/repair + Othaers
Miscellancous

COPD, chronic obstructive pulmonary disease; CABG, coronary ariery bypass gratt; OPCAEB, offspump comnary arery bypass.

400 -

350 4

:

250 4

:

150 -

Sufentanil group
n = &9
A5
170(27.9%)
5.1 (4.0
Sé.1 (103}
133{21.8%)
197 (323%)
32(5.2%)
BE.1{348)
&8(11.1%)
A9 (8.0%)
S53{34)
T3ia8
19357

14%(24.4%]

142(233%)

188(30.8%)
142 2%}
11(0.2%)
S58(9.5%)
11025}
500.8%)
37 (4.0%)
14(2.2%)

:
8
0

Wentilation time [mim}

-
2
L

o

[ NN E—

Remifentanil gro up
n = &09
&5(12)
145(23 8%}
54043}
S8.6(10.5)
14223 356
187(30.76)
34 (5.9%)
W (51T
72(11.8%)
S57(93%)
54(37)
T5(47)
190 (&2}

151 (2475}

133(21.8%)

19331 .45}
13(21%)
2(03%)
&0(98%)
2033}
&(1.0%)
34(5.9%)
13(21%)

Sufentani| proup

Remifentanil group

pvalue

o4
0923
0547

0,804
0
0.999
0922
0999
0999
0.999
0.ee

Figure 2 A com parisan of wend lation times beteseen the sulentanil g rowp and the rem ifenta nil g roup. Horimnta | lineis median,
bomes are K2R, lower whishers are lowest range and upperwhishers are 1.5 upper IOR.
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Figure 3 A comparison of the time 1o tracheal extubation between the sulentanil growp (bhee ) and the remientanil growp (red L

Table 3 Postoperative outcome parameters for patients induded inthe shedy. Values are median (2R [range ), mean (S0} ar

rum ber {proporfonk
Sufentanil group

Ventilation fime; min 110{80150[15-320T

A0S min T (78}
IMC-LO5 h &5.1 (4.0
Heospital length ofstay; d 14.9 (4.1}
VAS pain soone 15012
Piritramide requirement; mg e
In- & PCA requirement 11 1.8}
Ot R& PCA requinement &2 10013

Remifentanil group pvalue 95%L) of the difference
TOS0-100[5-315] =00 Ao 43

283(78) U002 S50%mo 224

&8.7(782) 0344 11902437

15588} [1Xir.1] =2 33w =50
24(1.5) 0001 MA

18.9(7.3} 00N =170m =155
17(2.7% 0339 MA

550905 0.55% MA

RA, recowveny anes; IMC, intenme-diate cane unit; LOS, length ofstay; PCA, patien t-controlled anabgesia; VAS, visual analogue scale.

Table 4 Postoperative comp licati ons for patients inc wded in the shudy. Vahees are num ber (propo riion)

Sufentanil group Remifentanil group pvalue
Fastwack failure 51(8.3% S4{8.8% 0740
Trachasl reintubation (045 5(0.8% 0725
Postoparative nausea and vomiing F5015.5%) F2(15.1%) 0873
Postoperative deliium (Nu-DEC = 2} 1 A%a B(2.4%" L1EFg|
Dioaths 10025 4(0.4% 0374

M DESC, nursing delirum soreening scale.
*n=483% = 3.

Discussion

We have demonstrated that a remifertanil inhesion in
cardiac surgery patients managed in a spedalised recowery
area using a fasttrack proocol resdlied in a significantly
shorter ventilaon fme and length of stay in the recowery
area compared with patients who received a sufentanil

1] 20717 Th e A Aty

infision. Howewer, the remifentanil group required more
postoperative analgesia than the sufentanil group in order
o rmch the targeted wvisual analogee pain soone.
Remifentinil group patients had longer hospital stays, but
theere was no difference in intermediate care wnit kength of
stay. There was no difference in fasttrack filere rawe,

i bt ey o bhn'Wikiny & Sor Lad on behalfof Associainmol Snees et
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trachseal resd nvisbation rate, in-hospital mortality,
posioperative nausea and vomiting or inddence of early
posio perative deliriem.

In contrast o a recently published study [5L we
demonstrated a reduction in ventilation fime and recowery
area length of stay with remifentanil. Bhawsar et al. did not
demonstrate a difference between the two opicids the
ventilafion time in their study was much longer, 311
BO min for the remifentanil group and 261 vs. 122 min for
the suentanil group. We found that the longer the
wentilafion time, the smaller the diference between groups
(Fig. 3. Thes explanstion for =horeer wentil ation fmes inowr
study might be differences in owr fast-track protocol
Bhavsar et al. atem pted awabening patients 1 hafber their
arrival in the cardisc recowery unit, whereas our weaning
protoool started immediately afier fulfilment of predefined
wisaning or ieria. Another excpl anafion might be the different
opening howrs of the recovery areas in Bhawvsar o al’s
study the opening hours were from Monday moming to
Saturday afternoon, whereas our recovery anm was dosesd
owsrnight. Grass et al. [B] showed that limited apening
hiwrs bed 0 decreased wentlation time. Differences in
wrfusnta rildungu-: could be another explanation, howewer,
we were unable to demonstrate a statistically significant
correlaton  betwesn  toll  amownt of  sdentanil
administered and wentl ation time This is in agreement with
a study comparing different d cses of sfentanil in fast-track
patients which showed no difference in ventilation time [#].
Different studies hawe vad comparable suhentanil dosages
to ours but have reported much longer ventilation Smes.
Thits smupports our hypothesis thatitis not the specic opioid,
or the amount of opioid given, but the fasttrack protooo|
el that makes the diference[ 4, 10].

Thee incr e sed requirement for po goperative analgesia
in the form of pirramide in the remifentanil growp i in
agreement with previous studies [5, 4, 11] This may be
explained by the shorter contestsensifve half ime of
remifentanil (3-5 min} compared with sufertanil (30
35 min following a 4 h infusion) Viual ambogue pain
scores were significantly higher in the remifentanil group
immediately postoperatively but were =ill within an
acceptable range Lison et al [ demonstrated similar
differences in pain scores during the first howrs of weaning,
although Gerlach et al. [10] did mot find any differences in
repeated pain score mesurements during the fist 12 h
posio peratively . In owr shedy, the need for PCA due to high
analgesic requirement cauvsed by severe pain owas
comparable beteeen the two groups, both duwring and after

FesC ChETy A resa Sy,

Thee suhentanil patients stayed longer in the reoowery
area before inermediate care unit transfer. Although this
was statistically significant it & probably not dinically
relevant; transher of patients betwesn different wnits i
sshject to logisical and administratve regulstions thet
afect the fme of tansfer. Other stedies have failed to
demonstrate a difference in lenvgth of say between the two
groups[ 5, &) This can be explained by different fasttrack
pathways between sudie (KU ve recowery area) and
different o pening hours.

Hospital length of stay was longer in the remifent nil
group. This may be due i health system policy variance
chering the different time periods ordue to kess availabilityof
gep-down rehabiltafion hdlifies during certin time
perinds. A Cochrane review on fBst-tack  cardiac
anaesthesia 1] indicated no difference in hospital lengthof
stay, ewven in pafientstreatsd with high-d ose opicid s without
a time-directsd tracheal extubation protocol.

In ow swdy, fast-track filure was defined a5 any
unplanned tranger of the fasttrack patient from recowery
area directly to the ICU or a retumn to the operating theatre.
There was a comparably low fasttrack faihere rate of 8% in
both growps This is in agreement with Lison et al. [4] wha
excuded approximately 10% patients in each of their
groups due o failure in completion of the fasttrack
patheray. Incontrastto Lisonet al. [4], we did notfind a high
incidence of postoperative nawses and womiting in owr
remifentinil group. This may be due to our postoperative
naesea and vomifing prophylmis stategy and a recent
syshematic review supports ouwr resslis [ 11] We did not find
any differences betwesn our groups in the inddence of
postoperative delifium, mseswmd before trangfer from the
resconeTy area, suggesting that the type of opicid per se i
not a risk factor for the development of postoperative
delifium. This is in accordance with the findings of a
prospective randomised swdy comparing the ind dence of
postoperatie cognifve dysfunction (POCD) in cardiac
surgical patients [12] A wentilaon fime of maore than
300 min, rather than the choioe of opicid, was sssocisted
with POCD. This & in agreement with a recent study
investigating cavses of post-cardiac surgery delirium [13].

Thee main limitation of owr sudy is its retrospective
design resulting in a risk of powential bias. This s espedally
trwe for the significant difference in length of hospital stay
betwasen the teo growps and may be the result of immontal
fime bias’, that is, thes concept that overall improwements in
patient care oo more recenthy. An advantageof this study
is ther large number of patients incheded; it enabled = to
detect evensmal |diferences in wend lation time.
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In conchesion, although ventilsbon fme and recowry

arm length of stay were shorer in the memifentanil group,
sarfentanil may be superior o remifentanil becase it provided
im proved amalgesia and resuted in a shorter hoepital kength
uf:hy. Fiowsreeer, we beeve that a detied and time directed
wiaaning protocol s more important than the wse of a specific
opibid for istack cardiac surgery patients.
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The main drives of development of fast track cardiac anaesthesia are the increase burden of
health care cost and the shortage of intensive care beds. Fast track (FT) is multidisciplinary process
that leads to rapid patient recovery and discharge without affecting morbidity and mortality. Fast

track cardiac anaesthesia (FTCA) was proved to be safe, efficient and economically effective.

Leipzig FT protocol was first introduced in November 2005 for elective cardiac surgery patients in
the heart center of Leipzig University. It is characterized by using intraoperative remifentanil as
main opioid with treating the patients postoperatively in post-anaesthesia care unit (PACU)

completely bypassing ICU admission.
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Remifentanil was unavailable in Germany from February to July 2017, therefore the protocol had
to be modified and sufentanil was used instead. The aim of this retrospective study was to
compare the effects of remifentanil and sufentanil on the well-established FT concept. The
primary end points were ventilation time, LOS in PACU (LOS PACU), the visual analogue score
(VAS) and the piritramide consumption on the day of operation. The secondary end points were
LOS in intermediate care (LOS IMC), hospital LOS, FT failure (FTF), in-hospital mortality and
postoperative complications such as postoperative nausea and vomiting (PONV), delirium and the

incidence of reintubation.

All cardiac surgery patients consecutively admitted to PACU during the period from February to
July 2017 (n=622), received sufentanil (FT-S), were compared to patients (n=679) from the same
time period of the previous year treated with continuous remifentanil infusion (FT-R) according
to the standard FT protocol. To minimise selection bias and to obtain comparable groups, we used
a 1:1 nearest neighbour propensity score matching approach resulted in total 1218 patients

divided in 2 equal groups.

In FT-R, an uninterrupted continuous infusion of remifentanil (0.2-0.3 pg/kg/min) was used for
maintenance of anaesthesia throughout the whole operation. In FT-S, a continuous infusion of
sufentanil was used during maintenance of anaesthesia as follows: 1 pg/kg/h until sternotomy,
0.5 pg/kg/h until cardiopulmonary bypass and 0.25 pg/kg/h until chest closure, then the infusion

was stopped. Otherwise, the Leipzig FT protocol was used as previously published.

Remifentanil was more effective in reducing time to extubation (by 40 minutes) and length of stay
in the post anaesthetic care unit during fast track cardiac anaesthesia than sufentanil. There was
an increased need of piritramide when remifentanil was used. The hospital length of stay was
longer in remifentanil group. There were no differences between both groups regarding
postoperative complications. Clinically, a detailed and time-directed weaning protocol is more

important than the use of a specific opioid during fast track treatment in cardiac surgery patients.
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