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ORIGINAL ARTICLE

Impact of fast-track management on adult cardiac

surgery: clinical and hospital outcomes

Impacto do fast track em cirurgia cardiaca de adultos: desfechos

clinicos e hospitalares

ABSTRACT

Objective: To compare the impact
of two fast-track strategies regarding the
extubation time and removal of invasive
mechanical ventilation in adults after
cardiac surgery on clinical and hospital
outcomes.

Methods: This was a retrospective
cohort study with patients undergoing
cardiac surgery. Patients were classified
according to the extubation time as the
Control Group (extubated 6 hours after
admission to the intensive care unit,
with a maximum mechanical ventilation
time of 18 hours), Group 1 (extubated
in the operating room after surgery) and
Group 2 (extubated within 6 hours after
admission to the intensive care unit).
The primary outcomes analyzed were
vital capacity on the first postoperative
day, length of hospital stay, and length
of stay in the intensive care unit. The
secondary outcomes were reintubation,
hospital-acquired pneumonia, sepsis,
and death.

Results: For the 223 patients
evaluated, the vital capacity was
lower in Groups 1 and 2 compared

to the Control (p = 0.000 and p =
0.046, respectively). The length of
stay in the intensive care unit was
significantly lower in Groups 1 and 2
compared to the Control (p = 0.009
and p = 0.000, respectively), whereas
the length of hospital stay was lower
in Group 1 compared to the Control
(p = 0.014). There was an association
between extubation in the operating
room (Group 1) with reintubation (p =
0.025) and postoperative complications
(p = 0.038).

Conclusion: Patients undergoing
fast-track management with extubation
within 6 hours had shorter stays in the
intensive care unit without increasing
postoperative complications and death.
Patients extubated in the operating
room had a shorter hospital stay and a
shorter stay in the intensive care unit
but showed an increase in the frequency
of reintubation and postoperative
complications.
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INTRODUCTION

Cardiac surgery is a high-risk invasive procedure and is widely used as
the treatment of choice for several cardiovascular diseases in different age
groups.!"? Given that it is an invasive procedure, it is common for the duration
of mechanical ventilation in patients to vary from until the end of surgery to

hours after admission to a recovery unit.
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The concept of fast-track management in cardiac
surgery is associated with the use of anesthetic drugs that
allow the rapid discontinuation of mechanical ventilation
in the postoperative period of patients undergoing
cardiac surgery.®¥ Studies show that fast-track cardiac
surgery management is associated with improved patient
recovery, shorter lengths of stay in the intensive care unit
(ICU), shorter hospital stays, and reduced health costs.
In addition, some studies have shown that the procedure
does not increase the risk of postoperative complications,
mortality or reintubation rates.®>®

However, there is no standard definition of the fast-
track strategy. Short-acting opioids are used in low doses
to extubate the patient within a certain time, and this
time is chosen arbitrarily by the surgical team because
there are no physiological or pathological factors available
to determine this time frame.”” Some studies have
established a fast-track criterion for endotracheal tube
(ETT) removal within 12, 10,09 9,0D g (2149 G (517
7,09 40 or 2 hours" after the surgery, with the patient
in the ICU. In contrast, other protocols recommend the
removal of the ETT while in the operating room, between
5 and 30 minutes after the surgery.?**" This approach is
called ultra-fast track.

There is little consistent data regarding the changes in
lung mechanics and function in the postoperative period
of fast-track cardiac surgery. Furthermore, it is important
to more accurately assess the effects on lung mechanics
and function, occurrence of reintubation, incidence of
postoperative complications, length of ICU stay, and
length of hospital stay in the different time intervals
included in the fast-track concept to determine which
extubation strategy promotes the best recovery of patients
undergoing cardiac surgery.

The objective of this study was to evaluate the impact
of fast-track management in the postoperative period of
adult cardiac surgery on clinical and hospital outcomes at
two different time points of ETT removal compared to a
control group.

METHODS

This was a retrospective cohort study conducted by
collecting data from the medical records of patients
admitted from March 2013 to June 2013 to the Real
Hospital Portugués de Beneficéncia located in Pernambuco.
It was approved by the Human Research Ethics Committee
of the Hospital Agamenon Magalhdes under opinion
475,522.
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All patients undergoing cardiac surgery, aged between
20 and 80 years, extubated in the operating room or who
remained under invasive mechanical ventilation for a
period of up to 18 hours after admission to the ICU were
included in the study.

Patients with surgical incisions other than sternotomy,
history of thoracic surgery in the past year, need for
intra-aortic balloon pump or extracorporeal membrane
oxygenation, or with liver disease or chronic obstructive
pulmonary disease were excluded.

The patients included were stratified into two groups
of early extubation (fast-track) according to the time of
ETT removal and a Control Group (CG). The CG was
composed of patients who, despite undergoing similar
anesthetic procedures as the other groups, were extubated
after 6 hours from admission to the ICU, respecting the
time limit of 18 hours. Group 1 (G1) consisted of patients
undergoing ultra-fast track, with extubation occurring
in the operating room 5 to 30 minutes after the end of
surgery. Group 2 (G2) comprised patients extubated
within 6 hours after admission to the ICU.

The following data were collected: age, gender, body
mass index (BMI), type of surgery, and mortality risk for
cardiac surgery according to the European System for
Cardiac Operative Risk Evaluation II (EuroSCORE).®? The
primary outcomes analyzed were vital capacity (VC) on the
first postoperative day (maximum amount of air that can
be expelled from the lungs after a maximum inhalation),
length of ICU stay (days) and length of hospital stay (days).
The secondary outcomes analyzed were reintubation (new
endotracheal intubation after unsuccessful ETT removal),
hospital-acquired pneumonia (HAP), sepsis, and death.
HAP is defined as pneumonia that occurs 48 hours or
more after hospital admission, and notification is made
after medical diagnosis. The diagnosis of sepsis was made
according to the hospital’s protocol which defines it as an

increase of two or more points on the Sequential Organ
Failure Assessment (SOFA) after 24 hours.

Patient management in the operating room and
intensive care unit

The choice for fast track, as well as the selection of the
time for ETT removal, was based on specific protocols of
the surgical team and sedation depth. Anesthetic induction
was similar in all three groups, using propofol, etomidate
or thiopental, supplemented with midazolam, fentanyl
or remifentanil; anesthesia was maintained with propofol
or inhalational anesthetic (sevoflurane). Pancuronium or
rocuronium was used for neuromuscular blockade. Thus,



certain surgical-anesthetic teams opted for extubation in
the operating room, while others maintained anesthesia
so that extubation of the patient occurred after arrival in
the ICU.

Patients who were going to be extubated in the ICU
started the process of mechanical ventilation weaning after
waking up. The spontaneous breathing trial was performed
with the patient still under mechanical ventilation in
pressure support mode with a pressure Delta of 7emH,O
and a positive end expiratory pressure (PEEP) of 5emH, O
for 30 minutes. Following extubation, all patients
underwent noninvasive ventilation in the bilevel positive
airway pressure (BiPAP) mode with IPAP (inspiratory
positive airway pressure) between 10 and 16cmH,O
to maintain the tidal volume at 6mL/kg and the EPAP
(expiratory positive airway pressure) at between 5 and
6cmH, O. The patients’ VC, regardless of the extubation
time, was evaluated on the first postoperative day, with
all patients already breathing spontaneously. The team
performed the procedure through spirometry to determine
the appropriate lung expansion therapy for each patient.

Standard intra- and postoperative monitoring included
monitoring of radial artery pressure, central venous
pressure, electrocardiogram, temperature, and peripheral
oxygen saturation. Postoperative pain was treated with
morphine and dipyrone to reduce the impact of pain on
the patient’s lung function.

Statistical analysis

Statistical analysis was performed using the Statistical
Package for Social Science (SPSS) software, version 20.0,
considering p < 0.05 as the statistical significance threshold
for all tests.

The Kolmogorov-Smirnov test was performed to test
the normality of the variables, followed by appropriate
statistical treatment, according to the data distribution.

Qualitative variables were expressed as absolute and
relative frequencies. The chi-squared test was used to assess
the association of categorical variables and the incidence of
HAP, sepsis, reintubation, nonrespiratory complications,
and death between groups.

Normal quantitative variables were expressed as the
mean #* standard deviation, and nonnormal variables were
expressed as median and interquartile range (IQ) (25 -
75). The Kruskal-Wallis test with the post hoc t-test was
used to characterize the sample and to analyze the VC
variables, whereas the Kruskal-Wallis test with the post
hoc Mann-Whitney test was used to analyze the lengths of
ICU and hospital stay.
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RESULTS

A total of 223 patients grouped in G1 (n = 48), G2
(n = 78), and CG (n = 97) were included in the study,
with a mean total time of ETT and total mechanical
ventilation, from surgery to extubation, of 4 hours and
12 minutes, 8 hours and 43 minutes, and 15 hours and
48 minutes, respectively. Most patients were male, with
a mean age of 57.45 years and overweight on average
(27.61kg/m?). The stratification of mortality risk after
cardiac surgery was evaluated by the EuroSCORE, with
88.1% of patients classified as low risk (zero - 2 points),
20% as medium risk (3 - 5 points) and 2.8% as high risk
(> 6 points), with no difference between groups, as shown
in table 1.

Table 2 shows that there was an association between
the occurrence of reintubation and the profile of the
groups. There were only two cases of reintubation in
G1, and both were due to respiratory depression and
hypoventilation due to residual anesthetic effects. Thus,
patients undergoing the ultra-fast track protocol, in which
extubation was performed in the operating room, had
a significantly higher occurrence of reintubation due to
extubation failure.

There was also an association between the group profiles
and the occurrence of nonrespiratory complications.
G1 exhibited the highest frequency of complications,
with 14.6% of cases due to cardiac tamponade (4),
mediastinitis (1), pulmonary hypertension (1) or partial
intestinal obstruction (1). In G2, the main complications
were cardiac tamponade (1), acute renal failure (3), and
pulmonary hypertension (1). The CG had the lowest
frequency (3.2%) of complications, including acute renal
failure (1), mediastinitis (1), and pulmonary hypertension
(1).

There was no difference between the groups regarding
the occurrence of HAP, sepsis, or number of deaths
(Table 2).

The VC on the first postoperative day and the length of
ICU/hospital stay showed a significant difference between
the groups (p = 0.010; p = 0.001; p = 0.004, respectively).
The VC was significantly lower for G1 (16.87 + 3.66; p
< 0.001) and G2 (18.67 + 5.59; p = 0.046) compared
to the CG (21.03 + 6.75), without significant differences
between G1 and G2. The length of ICU stay was
significantly lower in G1 compared to the CG (p = 0.009),
with a median and IQ (25 -75) of 1 (1 - 3) and 2 (1 - 4),
respectively. The length of ICU stay was also lower in G2,
with a median IQ (25 - 75) of 1 (1 - 2.25), compared to
the CG (p = 0.000), and there was no difference between
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Table 1 - Characterization of the sample population

Total f,'l"ﬂ;) (?lr:ugsz) cm(:": g;())up p value

Male gender* 140 (62.8) 35(72.9) 47 (60.3) 58 (59.8)

Age (years)' 57.45 = 13.33 55.47 = 13.7 55.42 = 13.7 59.34 = 111 0.058
BMI (kg/m2)" 27.61 + 4.47 26.81 = 4.1 287 +73 2752 + 4.7 0.280
EuroSCORE* 0.072
Low risk 192 (88.1) 45(93.8) 65 (85.5) 82 (87.2)

Medium risk 20(9.2) 2(4.2) 11 (14.5) 7(7.4)

High risk 6(2.8) 1(2.1) 0(0) 5(5.3)

Surgery* 0.412
CABG 112 (50.2) 25 (52.1) 40 (51.3) 47 (48.5)

MVR 39 (17.5) 6 (12.5) 13 (16.7) 20 (20.6)

AVR 26 (11.7) 5(10.4) 11 (14.1) 10 (10.3)

CABG and/or MVR and/or AVR 22 (9.9) 3(6.3) 6(7.7) 13 (13.4)

Other 24 (10.8) 9(18.8) 8(10.3) 7(7.2)

Drains* 0.501
Mediastinal 172 (77.1) 34 (70.8) 61(78.2) 77 (79.4)

Chest 5(2.2) 1(2.1) 3(3.8) 1(1)

Both 45(20.2) 13 (27.1) 13 (16.7) 19 (19.6)

ECC* 152 (68.2) 35(72.9) 55 (70.5) 62 (63.9)

BMI - body mass index; EuroSCORE - European System for Cardiac Operative Risk Evaluation Il; CABG - coronary artery bypass grafting; MVR - mitral valve replacement; AVR - aortic valve
replacement; ECC - extracorporeal circulation. * Variables compared by the chi-squared test. ' variables compared by the Kruskal-Wallis test. The results are expressed as n (%) or mean =+

standard deviation.

Table 2 - Association between the groups and occurrence of hospital-acquired pneumonia, sepsis, reintubation, postoperative complications, and death

Group 1 Group 2 Control Group "

(n = 48) (n=18) (n = 97) p value
HAP 2(4.2) 2(2.6) 7(7.2) 0.355
Sepsis 1(2.1) 1(1.3) 4(4.1) 0.492
Reintubation 2(4.2) 01(0) 0(0) 0.025
Complications 7 (14.6) 5 (6.6) 3(3.2) 0.038
Death 01(0) 3(3.8) 2(1.94) 0.410

HAP - hospital-acquired pneumonia. * Chi-squared test. The results are expressed as n (%).

G1 and G2. Regarding the length of hospital stay, only
G1 was significantly lower when compared to the CG (p
=0.014), with a median IQ (25-75) of 6 (5-7) and 7 (6
- 9), respectively. There was no difference in the length of
hospital stay between G2, 6 (6 - 7), and the other groups
(Figure 1).

DISCUSSION

In cardiac surgery, patients conventionally receive
anesthesia using high doses of opioids and would,
consequently, be under invasive mechanical ventilation for
a long period of time. In the early 1990s, the concept of
fast-track procedures, which involves the use of low doses
of opioids for achieving rapid extubation, was introduced
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to meet the growing demand for cardiac surgery. Currently,
many surgical teams use an anesthesia protocol that
involves the removal of the ETT in the operating room or
within a few hours after the end of surgery.®?2%

Many studies have demonstrated the benefits of using
fast-track protocols in cardiac surgery. More recently,
a systematic review of 28 clinical trials showed that
fast-track management reduces the length of ICU stay
without impacting mortality, postoperative complications
(myocardial infarction and stroke), or reintubation within
24 hours when compared to the conventional protocol.?

Such evidence is in accordance with the results of this
study regarding the analysis between G2 and CG. There
was no difference in mortality, occurrence of postoperative



Figure 1 - Intergroup analysis of vital capacity on the first postoperative day (A),
length of stay in the intensive care unit (B), and length of hospital stay (C). vc - vital
capacity; G1 - group 1; G2 - group 2; CG - control group; ICU - intensive care unit. * G1 versus CG (p = 0.000);
" G2 versus CG (p = 0.046), Kruskal-Wallis test with post hoc T-test; * G1 versus CG (p = 0.009); * G2
versus CG (p = 0.000), Kruskal-Wallis test with post hoc Mann-Whitney test; * G1 versus CG (p = 0.014),
Kruskal-Wallis test with post hoc Mann-Whitney test.

Impact of fast-track management on adult cardiac surgery 365

complications, reintubation, HAP sepsis, or length
of hospital stay between these groups, but there was a
reduction in the length of ICU stay in G2 when compared
to the CG.

However, despite the recent evidence on the fast-track
strategy presented by Wong et al.??, the systematic review
revealed heterogeneity in the protocols of the studies
included in the analysis, especially regarding the choice
of time for ETT removal, grouping patients extubated
in the operating room with patients extubated within 8
hours after their admission to the ICU. In our study, the
analysis stratified patients according to the extubation
time and identified some divergences from the previous
investigation when analyzing the patients in G1 and the
CG.

We found an association between the ultra-fast track
protocol and the reintubation rate due to failure in the
ETT removal. There were two (4.2%) cases of reintubation
in GI1 due to respiratory depression caused by residual
narcosis. In addition, there was an association between
the ultra-fast track and the occurrence of postoperative
complications not related to the respiratory system. A
similar result was also described by Montes et al.?” in a
study where patients extubated in the operating room
had a significantly higher incidence of reintubation (8%)
compared to patients extubated in the ICU, and all cases
were due to respiratory depression. The same study found
a higher incidence of postoperative complications in the
ultra-fast track group, but without statistical significance.

In contrast to the results found by Montes et al.®?, our
study showed a reduction in both the length of hospital
stay and the length of ICU stay in G1 compared to the
CG. Both clinical outcomes are important and desired
because they reduce hospital costs and public health
expenditures. Corroborating our findings, the studies
performed by Cheng et al." and Michalopoulos et al."®
showed a reduction in the length of hospital stay with
an early extubation protocol and, more specifically, the
study conducted by Saad et al.?" showed a shorter length
of ICU stay in patients undergoing extubation in the
operating room.

Despite the association found for postoperative
complications and reintubations in G1, there was no
difference in mortality compared to the GC and G2. The
low mortality rate found in the three groups is probably
related to the low EuroSCORE of the population, as
described by Shoji et al.,*” who reported that the lower
the severity indices, the lower the possibility of death in
this population.
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The occurrence of reduced VC is common in the
postoperative period of cardiac surgery due to a number
of factors that include the surgical procedure itself, the use
and time of extracorporeal circulation, sternotomy, and
postoperative pain. Our results revealed a lower VC on the
first postoperative day in the two fast-track groups when
compared to the CG. However, this difference has little
clinical impact because, in all cases, the VC had values
below 25mL/kg, which reflects low lung expansion, capable
of generating atelectasis and favoring the occurrence of
respiratory complications. Pinheiro et al.*® noted that
VC values lower than 25mL/kg predispose patients to the
appearance of atelectasis and respiratory complications,
and our results showed no difference in the occurrence of
HAP between the groups.

This study had some limitations. Because it is a
retrospective study based on the collection of data from
medical records, there was no control regarding sample
selection or randomization in the stratification of the
groups, and the baseline characteristics of the patients
could have influenced the results. It was also not possible
to collect data on the time of extracorporeal circulation
and the VC in the preoperative period because that is not
a routine protocol in the hospital studied. Thus, evaluating
the reduction in the VC based on individual baseline
values was impossible. In addition, although there was no
difference between the fast-track and control groups, the
low EuroSCORE may have influenced the low incidence
of the evaluated outcomes (HAD sepsis, nonrespiratory
complications, reintubation, and death).

Additionally, the lack of description in the medical
records of an ultra-fast track operating room protocol
can be indicative of a lack of standardization for the
tracheal extubation procedure in this group of patients

and, consequently, of a possible bias in the results. Thus,
the results of the group that underwent such procedure
should be evaluated with caution.

CONCLUSION

This study demonstrated that in our sample the fast-
track protocol with endotracheal tube removal in the
intensive care unit is associated with a shorter stay in
the intensive care unit without increasing the occurrence
of postoperative  complications,  hospital-acquired
pneumonia, sepsis, reintubations, or death compared
with the conventional protocol. In turn, the ultra-fast
track protocol reduces the length of stay in both the
hospital and the intensive care unit; however, extubation
of the patient in the operating room is associated with
an increased occurrence of reintubation and postoperative
complications.

The external validity of our results is limited, and
therefore we emphasize that other studies should be
conducted to determine the ideal time for removal of the
endotracheal tube after cardiac surgery.
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RESUMO

Objetivo: Comparar o impacto de duas estratégias de fasz
track quanto ao momento de extubagio e retirada da ventila-
¢A0 mecinica invasiva de adultos no pds-operatdrio cardiaco em
desfechos clinicos e hospitalares.

Métodos: Estudo de coorte retrospectivo com pacientes
submetidos a cirurgia cardfaca. Os pacientes foram classificados
de acordo com o tempo de extubagio em Grupo Controle (extu-
bados apés 6 horas de admissdo na unidade de terapia intensiva,
com tempo méximo de ventilagio mecanica de 18 horas), Gru-
po 1 (extubados em sala de operagio apés término da cirurgia)
e Grupo 2 (extubados em até 6 horas pés-admissio na unidade
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de terapia intensiva). Os desfechos primdrios analisados foram:
capacidade vital no primeiro dia de pés-operatério, tempo de
internamento hospitalar e na unidade de terapia intensiva. Os
desfechos secunddrios foram reintubagio, pneumonia adquirida
no hospital, sepse e dbito.

Resultados: Para os 223 pacientes avaliados, a capacidade
vital foi menor nos Grupos 1 e 2 comparados ao Controle (p
= 0,000 e p = 0,046, respectivamente). Os dias de internamen-
to em unidade de terapia intensiva foram significativamente
menores nos Grupos 1 e 2 quando comparados ao Controle
(p = 0,009 ¢ p = 0,000, respectivamente), j4 os dias de interna-



mento hospitalar foram menores no Grupo 1 quando compara-
do ao Controle (p = 0,014). Houve associagio entre a extubagio
na sala de operacio (Grupo 1) com reintubagio (p = 0,025) e
complicagdes pds-cirirgicas (p=0,038).

Conclusio: Pacientes submetidos ao fast rrack com extuba-
¢do em até 6 horas apresentaram menor tempo de internamento
em unidade de terapia intensiva sem aumentar complicacbes
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pés-cirtirgicas e dbito. Pacientes extubados em sala de operagio
tiveram menor tempo de internamento hospitalar e em unidade
de terapia intensiva, mas apresentaram aumento na frequéncia
de reintubacio e complicacdes pds-cirirgicas.

Descritores: Extubacio; Procedimentos cirtirgicos cardia-
cos; Respiragao artificial; Capacidade vital; Tempo de interna-
¢a0; Unidades de terapia intensiva

REFERENCES

1. Almeida FF, Barreto SM, Couto BR, Starling CE. Fatores preditores da
mortalidade hospitalar e de complicagdes per-operatdrias graves em
cirurgia de revascularizagdo do miocdrdio. Arq Bras Cardiol. 2003;80(1):41-
50.

2. Borges JB, Ferreira DL, Carvalho SM, Martins AS, Andrade RR, Silva MA.
Avaliagdo da intensidade de dor e da funcionalidade no pés-operatério
recente de cirurgia cardfaca. Braz J Cardiovasc Surg. 2006;21(4):393-402.

3. Nogueira TM, Monteiro DS. Fast track em cirurgia cardiaca: quando e
como fazer. Rev Med Minas Gerais. 2010;20(4 Supl 1):S31-6.

4. Lee A, Zhu F, Underwood MJ, Gomersall C. Fast track failure after cardiac
surgery: external model validation and implications to ICU bed utilization.
Crit Care Med. 2013;41(5):1205-13.

5. Konstantakos AK, Lee JH. Optimizing timing of early extubation in coronary
artery bypass surgery patients. Ann Thorac Surg. 2000;69(6):1842-5.

6. Guller U, Anstrom KJ, Holman WL, Allman RM, Sansom M, Peterson ED.
Outcomes of early extubation after bypass surgery in the elderly. Ann
Thorac Surg. 2004;77(3):781- 8.

7.Zhu F, Lee A, Chee YE. Fast-track cardiac care for adult cardiac surgical
patients. The Cochrane Database Syst Rev. 2012;10:CD003587.

8.Silva PS, Cartacho MP. Castro CC, Salgado Filho MF, Branddo AC.
Evaluation of the influence of pulmonary hypertension in ultra-fast-track
anesthesia technique in adult patients undergoing cardiac surgery. Rev
Bras Cir Cardiovasc. 2015;30(4):449-58.

9. Arom KV, Emery RW, Petersen RJ, Schwartz M. Cost-effectiveness and
predictors of early extubation. Ann Thorac Surg. 1995;60(1):127-32.

10. Higgins TL. Pro: early endotracheal extubation is preferable to late
extubation in patients following coronary artery surgery. J Cardiothorac
Vasc Anesth. 1992;6(4):488-93.

11. Simeone F, Biagioli B, Scolletta S, Marullo AC, Marchet-Ti L, Caciorgna
M, et al. Optimization of mechanical ventilation support following cardiac
surgery. J Cardiovasc Surg (Torino). 2002;43(5):633-41.

12.Berry PD, Thomas SD, Mahon SP. Jackson M, Fox MA, Fabri B, et al.
Myocardial ischaemia after coronary artery bypass grafting: early vs late
extubation. Br J Anaesth. 1998;80(1):20-5. Erratum in: Br J Anaesth.
1998;80(4):572. Br J Anaesth. 1998;81(1):111.

13. Dumas A, Dupuis GH, Searle N, Cartier R. Early versus late extubation
after coronary artery bypass grafting: effects on cognitive function. J
Cardiothorac Vasc Anesth. 1999;13(2):130-5.

14. van Mastrigt GA, Heijmans J, Severens JL, Fransen EJ, Roekaerts P Voss
G, et al. Short-stay intensive care after coronary artery bypass surgery:
randomized clinical trial on safety and cost-effectiveness. Crit Care Med.
2006;34(1):65-75.

15. Cheng DC, Karski J, Peniston C, Raveendran G, Asokumar B, Carroll J, et
al. Early tracheal extubation after coronary artery bypass graft surgery
reduces costs and improves resource use. A prospective, randomized,
controlled trial. Anesthesiology. 1996;85(6):1300-10.

16. Cheng DC, Wall C, Djaiani G, Peragallo RA, Carroll J, Li C, et al. Randomized
assessment of resource use in fast-track cardiac surgery 1-year after
hospital discharge. Anesthesiology. 2003;98(3):651-7.

17. Gruber PC, Gomersall CD, Leung P Joynt GM, Ng SK, Ho KM, et al.
Randomized controlled trial comparing adaptive-support ventilation with
pressure-regulated volume-controlled ventilation with automode in weaning
patients after cardiac surgery. Anesthesiology. 2008;109(1):81-7.

18. Michalopoulos A, Nikolaides C, Antzaka C, Deliyanni M, Smirli A,
Geroulanos S, et al. Change in anaesthesia practice and postoperative
sedation shortens ICU and hospital length of stay following coronary artery
bypass surgery. Respir Med. 1998;92(8):1066-70.

19. Pettersson PH, Settergren G, Owall A. Similar pain scores after early
and late extubation in heart surgery with cardiopulmonary bypass. J
Cardiothorac Vasc Anesth. 2004;18(1):64-7.

20. Montes FR, Sanchez SI, Giraldo JC, Rincén JD, Rincén IE, Venegas MV, et
al. The lack of benefit of tracheal extubation in the operating room after
coronary artery bypass surgery. Anesth Analg. 2000;91(4):776-80.

21. Saad H, Salah M, Hosny H, Salah M. Ultra-fast track cardiac anesthesia: risks,
benefits, and predictors of outcome. Med J Cairo Univ. 2015;83(2):47-55.

22. Nashef SA, Rogues F, Michel P Gauducheau E, Lemeshow S, Saloamon R.
European system for cardiac operative risk evaluation (EuroSCORE). Eur J
Cardiothorac Surg. 1999;16(1):9-13.

23. Wong WT, Lai VK, Chee YE, Lee A. Fast-track cardiac care for adult cardiac
surgical patients. Cochrane Database Syst Reviews. 2016;9:CD003587.

24. Malbouisson LM, Oliveira RA. Ventilagdo mecénica protetora intraoperatoria:
0 que ha de novo? Rev Bras Ter Intensiva. 2017;29(4):404-7.

25. Shoji CY, Figueiredo LC, Calixtre EM, Rodrigues CD, Falcdo AL, Martins
PP et al. Reintubacéo de pacientes submetidos a cirurgia cardiaca: uma
anélise retrospectiva. Rev Bras Ter Intensiva. 2017;29(2):180-7.

26. Pinheiro AC, Novais MC, Neto MG, Rodrigues MV, de Souza Rodrigues E Jr,
Aras R Jr, et al. Estimation of lung vital capacity before and after coronary
artery bypass grafting surgery: a comparison of incentive spirometer and
ventilometry. J Cardiothorac Surg. 2011,6:70.

Erratum
In the article Impact of fast track on adult cardiac surgery: clinical and hospital outcomes, with DOI number: 10.5935/0103-
507X.20190059, published in the journal Revista Brasileira de Terapia Intensiva, 31(3):361-7, on page 361:

Where it read:

Maria Karoline Ritchrmoc
Read:

Maria Karoline Richtrmoc

Rev Bras Ter Intensiva. 2019;31(3):361-367




