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Background: Sedation after open heart surgery is important in preventing stress on the heart. The unique sedative features of propofol
prompted us to evaluate its potential clinical role in the sedation of post-CABG patients.
Objectives: To compare propofol-based sedation to midazolam-based sedation after coronary artery bypass graft (CABG) surgery in the
intensive care unit (ICU).
Patients and Methods: Fifty patients who were admitted to the ICU after CABG surgery was randomized into two groups to receive
sedation with either midazolam or propofol infusions; and additional analgesia was administered if required. Inclusion criteria were
as follows: patients 40-60 years old, hemodynamic stability, ejection fraction (EF) more than 40%; exclusion criteria included patients
who required intra-aortic balloon pump or inotropic drugs post-bypass. The same protocol of anesthetic medications was used in both
groups. Depth of sedation was monitored using the Ramsay sedation score (RSS). Invasive mean arterial pressure (MAP) and heart rate
(HR), arterial blood gas (ABG) and ventilatory parameters were monitored continuously after the start of study drug and until the patients
were extubated.
Results: The depth of sedation was almost the same in the two groups (RSS=4.5 in midazolam group vs 4.7 in propofol group; P = 0.259) but
the total dose of fentanyl in the midazolam group was significantly more than the propofol group (12.5 mg/hr vs 4 mg/hr) (P = 0.0039). No
significant differences were found in MAP (P = 0.51) and HR (P = 0.41) between the groups. The mean extubation time in patients sedated
with propofol was shorter than those sedated with midazolam (102 ± 27 min vs 245 ± 42 min, respectively; P < 0.05) but the ICU discharge
time was not shorter (47.5 hr vs 36.3 hr, respectively; P = 0.24).
Conclusions: Propofol provided a safe and acceptable sedation for post-CABG surgical patients, significantly reduced the requirement for
analgesics, and allowed for more rapid tracheal extubation than midazolam but did not result in earlier ICU discharge.
Keywords:Propofol; Analgesics; Coronary Artery Bypass; Deep Sedation; Midazolam; Airway Extubation; Length of Stay

1. Background

Sedation after open heart surgery is very important
because most cardiac surgeons and anesthetists prefer
CABG patients to awake slowly, to prevent any stress on
the heart. Most patients require both sedation and analgesia to promote natural sleep, facilitate assisted ventilation, and modulate physiologic responses to stress (e.g.
tachycardia and hypertension) (1-3). Pain after the cardiac
surgery can have many sources, including the sternotomy
incision, chest tubes, and leg incisions. Some of the deleterious effects of postoperative pain after cardiac surgery
are due to the stress response and enhanced sympathetic
tone (4, 5), which can increase the heart rate, pulmonary
vascular resistance, myocardial work, and myocardial
oxygen consumption. Post-cardiac surgical pain can also

negatively affect the respiratory system. Inadequate sedative techniques may adversely affect morbidity and even
mortality rates in the intensive care unit (ICU) (6-9). Currently, several sedatives, analgesics, and other agents are
used to achieve these goals alone, or in combination (6,
10-12); however, these drugs may cause other problems.
Propofol and midazolam are commonly used for the care
of post–coronary artery bypass graft (CABG) patients in
the ICU, but compared with midazolam, propofol provides equal or better control in maintaining sedation (6,
13, 14) and more rapid recovery (15-17), more rapid extubation when the sedation is terminated (18, 19) and less
requirement for analgesic drugs to control pain (15-17,
20). In some studies, rapid extubation has equated to a
shorter ICU stay (3, 21, 22); however, in other studies, the
duration of stay was the same (23, 24). The unique seda-

Implication for health policy/practice/research/medical education:
Coronary artery bypass grafting (CABG) is one of the most common cardiac surgeries performed worldwide. Post-CABG patients are at risk for myocardial
ischemia. Sedation after coronary artery bypass surgery is important in preventing the stress imposed on the heart which can increase the heart rate,
pulmonary vascular resistance, myocardial work, and myocardial oxygen consumption and cause myocardial ischemia. Several sedatives, analgesics,
and other agents are used to achieve these goals alone or in combination; nevertheless the unique sedative characteristics of propofol prompted us to
evaluate its potential clinical role in sedation of post cardiac surgery patients in the ICU.
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tive characteristics of propofol prompted us to evaluate
its potential clinical role in the sedation of post cardiac
surgery patients and to compare a propofol-based sedation regimen to a midazolam-based sedation that is currently used for the care of post–coronary artery bypass
graft (CABG) patients in the ICU.

2. Objectives

To evaluate the potential clinical role of propofol in the
sedation of post cardiac surgery patients and to compare
the sedative properties, safety profiles, cardiovascular responses and ventilation and extubation characteristics
of propofol with those of the commonly used i.v. sedative
agent midazolam in the cardiac intensive care unit.

3. Patients and Methods

In this randomized clinical trial, all the consecutive
patients undergoing elective CABG in Shahid Rajaei Hospital, Tehran, Iran were enrolled in the study. After the
study protocol was approved by the Ethics Committee of
Shahid Rajaei Hospital, all of the 50 adult patients signed
informed written consent to participate in this study.
Fifty adult patients, who had undergone coronary artery bypass graft surgery, were postoperatively assigned
to one of two treatment regimens for sedation, if it was
expected that they would require a minimum of 8 h
mechanical ventilation after the surgery. These patients
were ASA physical status II, 40-60 years old and had ejection fraction (EF) ≥ 40% who were scheduled for elective
coronary artery bypass graft surgery under general anesthesia. Exclusion criteria were patients with underlying
and co-existing diseases (hypertension, diabetes mellitus, renal disease, endocrine diseases), opium addiction
and patients requiring post-bypass intra-aortic balloon
pump or inotropic drugs. Protocol of anesthetic medications used in all of patients was the same and according
to standard clinical practices. Before the induction of anesthesia, all patients were pre-medicated with 1 mg intramuscular lorazepam and 0.1 mg/kg morphine sulfate one
hour before entering the operating room. Induction of
anesthesia was performed under the monitoring of ECG,
pulse oximetry and invasive arterial blood pressure with
0.2 mg/kg etomidate, 2.5 μg/kg sufentanil and 0.2 mg/kg
cisatracurium and maintenance of anesthesia after the
insertion of central venous line was achieved with continuous infusion of midazolam, sufentanil, and atracurium in both groups.

3.1. Interventions

On arrival in the ICU, patients were allocated randomly,
using sealed envelopes provided by the supervisor of ICU
to receive i.v. infusions of either midazolam (Midazolex,
Manufactured by: EX IR Iran) or propofol (Propofol 1%
Fresenius Vial 50 cc, Manufactured by: Fresenius Kabi
Austria) while being mechanically ventilated, together
2

with the short‐acting opioid fentanyl by continuous infusion, for analgesia if required. An initial loading dose
infusion of midazolam or propofol was given to rapidly
achieve a steady‐state plasma concentration. The loading dose infusion of midazolam was 0.05 mg/kg over 10
min followed by a maintenance infusion of 0.04- 0.1 mg/
kg/h using a peripheral or central vein. Propofol was given undiluted (ropofol 1%) as an infusion of 1-3 mg/kg/hr,
after a loading dose infusion of up to 1 mg/kg over 10 min.
Fentanyl was infused at 1-5 µg/kg/hr after a bolus of 1 µg/
kg if the patient was in pain.

3.2. Study Measures

Since the most common sedation scale in the previous
studies was the Ramsay scale, the degree of sedation was
measured and recorded hourly using the Ramsay Sedation Score (RSS) (Box 1) and patients were maintained at
RSS= 3-5 by adjusting the sedative regimen. Pain measurement was done by the Behavioral Pain Scale (Figure 1),
which is validated for use in the mechanically ventilated
patients.

Pain Rating Scale© Mosby
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Chart I — The Behavioral Pain Scale Analyzes:
Facial expression
Retaxed: 1
Partially tense: 2
Totally tense: 3
Grimace: 4
Movements of upper lirrs
Retaxed: 1
Partially flexed: 2
Totally flexed: 3
Totally contracted: 4
Mechanical ventilation
Tolerating movements: 1
Coughing, but tolerating during most of the time: 2
Fighting the ventilator: 3
lmpossible to control the ventilator: 4

Figure 1. The Behavioral Pain Scale Analysis
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Box 1. Ramsay Sedation Scale
1

2
3

4
5

6

Ramsay Sedation Scale
Anxious and agitated, or restless, or both
Cooperative, oriented, and tranquil
Responding to commands only
Brisk response to glabellar tap
Sluggish response to glabellar tap
No response to light glabellar tap

Also, the staff determined the need for analgesia by direct
communication with the patient or by monitoring the
signs of pain (e.g. sweating, increased blood pressure, and
elevated heart rate above 20% or more of the patient's baseline blood pressure and heart rate) and checking again for
pain. Patients were ventilated mechanically in SIMV mode
with oxygen under pulse oxymetry and arterial blood gas
monitoring. Guidelines used for the weaning process included a decrease in the FIO2 every 30 minutes by 0.1, while
a SpO2 ≥ 95% was maintained until an FIO2 ≤ 0.4 was
reached. Extubation time was defined as the time from cessation of sedative infusion to extubation. The sedative and
analgesic infusion was discontinued, in preparation for the
extubation, when there was no evidence of bleeding and the
patient was awake, cooperative and comfortable, cardiovascularly stable, normothermic, and with an acceptable blood
gas on FIO2 ≤ 0.4, positive end-expiratory pressure ≤ 5 cm
H2O, pressure support ≤ 10 cm H2O, tidal volume ≥ 5 mL/
kg, and spontaneous respiratory rate < 20/min. The patient
status was assessed every 30 minutes and recorded every 2
hours. Blood pressure and heart rate were monitored continuously but recorded every 30 minutes during the first
hour after the start of study drug and hourly until study
drug was stopped. SpO2 was monitored continuously. ABG,
Na, K, Cl, Ca, Hgb, Hct, and lactate were checked every two
hours until the extubation. Venous samples were taken for
routine hematological (hemoglobin, hematocrit, coagulation panel) and biochemical (electrolytes, urea, creatinine,
glucose, phosphate and calcium) profiles immediately on
arrival in the ICU, and then at 24 and 48 h; but the results are
not shown in this report. Discharge from the ICU was performed if there were no signs of neurological (Ramsay sedation score 2), respiratory (SpO2 ≥ 92%, paO2 > 69 mmHg,
paCO2 = 35 to 45 mmHg, inspired O2 < 3 l/minute), hemodynamic (no catecholamines or inotropes, no significant fluid
deficit) or surgical (no anticipated surgical complication)
impairment and if the pain score on the pain rating scale or
visual analogue scale (VAS) was < 4.

3.3. Statistical Analysis

The statistical analysis of data was performed using the
SPSS Version 15.0 statistical software (SPSS Inc, Chicago,
IL) The intragroup differences of the circulatory variables
recorded over the time were analyzed using the repeated
measures analysis of variance. Differences in the mean val-
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ues of circulatory variables and analgesic requirement were
analyzed using independent samples t test. The categorical
variables in the two groups were analyzed using Chi-square
test or Fisher's exact test. Extubation time and ICU stay time
variables were analyzed by K-S test for assessing the normal
distribution; and if not distribute normally, Mann-Withney
U test was used for the analysis. The hypothesis of this study
was that there would be a clinically meaningful difference
in the hemodynamic responses, extubation time, ICU stay
and analgesic requirement between the groups receiving
two different sedative drugs. The quantitative data were expressed as mean ± SD. A P value of ≤ 0.05 was considered
statistically significant for all tests.

4. Results
There were no statistically significant differences between
the two patient groups with respect to age, weight, gender
and left ventricular ejection fraction (Table 1). Mean duration of sedative infusion in ICU was 10 hours (8-12 hr) in the
propofol group and 12 hours (9-15 hr) in the midazolam
group (P > 0.05). Only one patient in the propofol group
had criteria for extubation before 8 hours and so received
sedation less than 8 hours. There were no significant differences in mean Ramsay sedation scores between two
groups during assisted ventilation (4.5 for the midazolam
group vs 4.7 for the propofol group; P = 0.259). There was no
difference in time percentage within the target RSS range
between two groups (77.3% for propofol group vs 75.1% for
midazolam group; P = 0.18). Patients receiving midazolam
infusions required significantly more fentanyl [mean =
12.5 (11–14.5) mg/hr] than patients receiving propofol [mean
= 4 (3.25–6) mg/hr] (P = 0.0039) (Figure 2). The midazolam
group received about three times more fentanyl compared
with patients sedated with propofol. Sixteen percent of patients in the midazolam group (n = 4) and 28% of patients
in propofol group (n = 7) did not require an analgesic drug
(P = 0.49). No significant differences were seen between the
baseline and throughout the study values of BPs and HRs in
two groups (Figures 3 , 4). There were no differences in heart
rate (P = 0.41) and mean arterial pressure between the two
groups (P = 0.51) during sedative infusion and at the time
of sedative discontinuation. Mechanical ventilation variables and arterial blood gas analysis were similar between
the two groups for the first 8 h of intubation and artificial
ventilation. There were no significant differences in arterial
blood gas parameters and mechanical ventilation variables
between the two groups at the baseline and throughout the
study (P > 0.05) (Figure 5). Extubation times in patients sedated with propofol were shorter than those sedated with
midazolam (102 ± 27min vs 245 ± 42 min, respectively; P <
0.05) following discontinuation of the sedation but there
was no significant difference in ICU discharge time (47.5 hr
vs 36.3 hr, respectively) between the two groups (P = 0.24).
There were no respiratory adverse events after extubation in
both groups, and no patient required re‐intubation.
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Table 1. Demographic and Cardiac Variable Status
Age, Mean ± SD, y

Weight, Mean ± SD, kg
Gender, Male, No. (%)
LVEF a, Mean ± SD
a

P-Group a

M-Group a

P value

51 ± 4.2

52 ± 4.5

0.52

19 (76)

14 (56)

0.23

73 ± 19

69 ± 17

45 ± 4.2

Mean arterial pressure (mmHg)
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0.82

45 ± 4.0

0.75

Abbreviations: LVEF, left ventricular ejection fraction; M-Group,
midazolam group; P-Group, propofol group.
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5. Discussion
Until recently, ICU care focused on correcting medical/
surgical issues without worrying about the oversedation
or prolonged ventilation time. This randomized trial
study was designed to compare the propofol based sedation for post-CABG patients with the midazolam-based
sedation regimens in the ICU. In our study, an equivalent
depth of sedation between midazolam and propofol
receiving ICU patients was achieved. These results are
consistent with previous studies in patients admitted
to ICU after a variety of major surgeries (15-17, 25-27). On
the other hand, studies have shown that the practice of
keeping patients heavily sedated during mechanical ventilation extends their stay time in the ICU, but the use of
short acting sedative drugs like propofol can solve this
problem. This did not happen in our study for the propofol receiving patients. Because propofol alone has no analgesic activity, opioids are given to control pain (20), but
not in all patients (18). The propofol-sedated patients in
this study required significantly less analgesia and thus
respiratory stability was not compromised. Propofol may
cause hypotension specially in patients who have limited
myocardial reserve (28) and also respiratory depression,
which can be exaggerated in the presence of opioids (29).
As a result, we have adapted its use to minimize these
risks and avoid respiratory depression by using minimal
dose of propofol that is suitable for maintaining target
level of sedation and discontinuing sedative and analgesic drugs before weaning patients off the ventilator.
Some other clinicians like Kress et al. (30) improved patient outcomes with a daily administration of the sedatives. Prolonged tracheal intubation and mechanical ventilation may be associated with adverse clinical events,
including development of nosocomial pneumonia (31)
and barotrauma (32). So drugs that reduce the time that
a patient receives mechanical ventilation should lead to
reduction in such adverse events. There are many studies
which have shown propofol is more effective compared
with midazolam regarding the quality of sedation, and
shortening of the time between the termination of sedation and extubation (18, 19), but not necessarily the ICU
stay time. Our trial confirms the findings of the majority
of previous randomized studies, which have demonstrated more rapid times for awakening (15-17, 27, 33, 34) and
reduced times for tracheal extubation (18, 19) with the use
of propofol for ICU sedation but not regarding the ICU
stay time (33, 34). However, Higgins et al. did not find a
difference in time for tracheal extubation when comparing propofol to midazolam for sedation in a cardiac surgical patient population.The hemodynamics of propofol
has been shown in the previous studies, in patients under
anaesthesia, (26, 27) and, more recently, ICU patients (35,
36). Vasodilatation, which manifests itself as a reduction
in arterial pressure, is a feature of sedation with both propofol (27, 37) and midazolam (38). In this study, equipotent sedative doses of these agents, infused in patients,
Anesth Pain Med. 2014;4(1):e17109

resulted in equivalent mild reductions in arterial pressures and heart rates. Our results about the length of the
ICU stay might not be valid due the small sample size. In
summary, although propofol is safe and effective for the
postsurgical sedation of CABG patients when compared
with midazolam-based sedation, further studies with
larger sample sizes are needed to have a firm conclusion
regarding all effects of this sedative drug.

5.1. Study limitations

Inadequate sample size to evaluate some issues such as
the length of ICU stay.
Sedation and analgesia are essential components of
care for many mechanically ventilated patients in the intensive care unit (ICU). This study and several other studies during recent years have shown propofol to be an effective and safe agent for use as post‐operative sedation
in the ICU. Propofol and midazolam are commonly used
for the care of post–coronary artery bypass graft (CABG)
patients in the ICU, but compared with midazolam, propofol provides equal or better control in maintaining the
sedation and more rapid recovery, more rapid extubation
when sedation is terminated and less requirement for
analgesic drugs for pain control. These properties have
advantages for patients at risk for myocardial ischemia.

Acknowledgements

The authors have nothing to declare.

Authors’ Contribution

N. Aghdaii contributed to the study concept and design, data collection, critical revision and approval of the
manuscript. F Yazdanian and S.Z. Faritus contributed to
the data collection. H Bakhshandeh contributed to the
biostatistcal analysis and data interpretation.

Financial Disclosure

The authors declared no financial interest.

Funding/Support

There are no funding sources.

References
1.

2.

3.
4.
5.

Dewitt J, McGreevy K, Sherman S, Imperiale TF. Nurse-administered propofol sedation compared with midazolam and meperidine for EUS: a prospective, randomized trial. Gastrointest Endosc.
2008;68(3):499–509.
Hsiao PC, Tang YY, Liaw WJ, Yue-Cune Chang YH, Chen FC, Wang
KY. Postoperative sedation after major surgery with midazolam
or propofol in the ICU: effects on amnesia and anxiety. Acta Anaesthesiol Taiwan. 2006;44(2):93–9.
Puntillo KA, Arai S, Cohen NH, Gropper MA, Neuhaus J, Paul SM, et
al. Symptoms experienced by intensive care unit patients at high
risk of dying. Crit Care Med. 2010;38(11):2155–60.
Brown DL, Carpenter RL. Perioperative analgesia: a review of
risks and benefits. J Cardiothorac Anesth. 1990;4(3):368–83.
Mangano DT, Siliciano D, Hollenberg M, Leung JM, Browner WS,

5

Aghdaii N et al.

6.

7.

8.

9.
10.

11.
12.

13.

14.

15.
16.

17.
18.

19.
20.

6

Goehner P, et al. Postoperative myocardial ischemia. Therapeutic trials using intensive analgesia following surgery. The Study
of Perioperative Ischemia (SPI) Research Group. Anesthesiology.
1992;76(3):342–53.
Celiker V, Basgul E, Sahin A, Uzun S, Bahadir B, Aypar U. Comparison of midazolam, propofol and fentanyl combinations for sedation and hemodynamic parameters in cataract extraction. Saudi
Med J. 2007;28(8):1198–203.
Hohl CM, Sadatsafavi M, Nosyk B, Anis AH. Safety and clinical effectiveness of midazolam versus propofol for procedural sedation in the emergency department: a systematic review. Acad
Emerg Med. 2008;15(1):1–8.
Pandharipande P, Shintani A, Peterson J, Pun BT, Wilkinson GR,
Dittus RS, et al. Lorazepam is an independent risk factor for transitioning to delirium in intensive care unit patients. Anesthesiology. 2006;104(1):21–6.
Patel SB, Kress JP. Sedation and analgesia in the mechanically
ventilated patient. Am J Respir Crit Care Med. 2012;185(5):486–97.
Mesnil M, Capdevila X, Bringuier S, Trine PO, Falquet Y, Charbit
J, et al. Long-term sedation in intensive care unit: a randomized
comparison between inhaled sevoflurane and intravenous propofol or midazolam. Intensive Care Med. 2011;37(6):933–41.
Qadeer MA, Vargo JJ, Khandwala F, Lopez R, Zuccaro G. Propofol
versus traditional sedative agents for gastrointestinal endoscopy: a meta-analysis. Clin Gastroenterol Hepatol. 2005;3(11):1049–56.
Saito M, Terao Y, Fukusaki M, Makita T, Shibata O, Sumikawa K. Sequential use of midazolam and propofol for long-term sedation
in postoperative mechanically ventilated patients. Anesth Analg.
2003;96(3):834–8.
Kim MS, Moon BE, Kim H, Lee JR. Comparison of propofol and
fentanyl administered at the end of anaesthesia for prevention
of emergence agitation after sevoflurane anaesthesia in children. Br J Anaesth. 2013;110(2):274–80.
Kongkam P, Rerknimitr R, Punyathavorn S, Sitthi-Amorn C, Ponauthai Y, Prempracha N, et al. Propofol infusion versus intermittent meperidine and midazolam injection for conscious sedation in ERCP. J Gastrointestin Liver Dis. 2008;17(3):291–7.
Devlin JW, Roberts RJ. Pharmacology of commonly used analgesics and sedatives in the ICU: benzodiazepines, propofol, and
opioids. Crit Care Clin. 2009;25(3):431–49.
Gasparovic S, Rustemovic N, Opacic M, Premuzic M, Korusic A,
Bozikov J, et al. Clinical analysis of propofol deep sedation for
1,104 patients undergoing gastrointestinal endoscopic procedures: a three year prospective study. World J Gastroenterol.
2006;12(2):327–30.
Poulos JE, Kalogerinis PT, Caudle JN. Propofol compared with
combination propofol or midazolam/fentanyl for endoscopy in
a community setting. AANA J. 2013;81(1):31–6.
Huey-Ling L, Chun-Che S, Jen-Jen T, Shau-Ting L, Hsing IC. Comparison of the effect of protocol-directed sedation with propofol vs.
midazolam by nurses in intensive care: efficacy, haemodynamic
stability and patient satisfaction. J Clin Nurs. 2008;17(11):1510–7.
Tomita S, Matsuura N, Ichinohe T. The combined effects of midazolam and propofol sedation on muscle power. Anaesthesia.
2013;68(5):478–83.
Han T, Kim D, Kil H, Inagaki Y. The effects of plasma fentanyl
concentrations on propofol requirement, emergence from anesthesia, and postoperative analgesia in propofol-nitrous oxide
anesthesia. Anesth Analg. 2000;90(6):1365–71.

21.

22.
23.
24.
25.
26.
27.

28.
29.
30.
31.

32.
33.
34.

35.

36.
37.

38.

Barrientos-Vega R, Mar Sanchez-Soria M, Morales-Garcia C, RobasGomez A, Cuena-Boy R, Ayensa-Rincon A. Prolonged sedation of
critically ill patients with midazolam or propofol: impact on
weaning and costs. Crit Care Med. 1997;25(1):33–40.
Makino A, Miyake N, Yamasaki T, Murakawa T. [A comparison of
propofol and midazolam in sedation of mechanically-ventilated
postoperative patients]. Masui. 2001;50(10):1101–5.
Anis AH, Wang XH, Leon H, Hall R, Propofol Study G. Economic
evaluation of propofol for sedation of patients admitted to intensive care units. Anesthesiology. 2002;96(1):196–201.
Rowe K, Fletcher S. Sedation in the intensive care unit. Continuing
Education in Anaesthesia, Critical Care & Pain. 2008;8(2):50–5.
Kress JP. New insights into symptoms experienced by high-acuity
intensive care unit patients. Crit Care Med. 2010;38(11):2262–3.
McQuaid KR, Laine L. A systematic review and meta-analysis of
randomized, controlled trials of moderate sedation for routine
endoscopic procedures. Gastrointest Endosc. 2008;67(6):910–23.
Patki A, Shelgaonkar VC. A comparison of equisedative infusions
of propofol and midazolam for conscious sedation during spinal anesthesia - a prospective randomized study. J Anaesthesiol
Clin Pharmacol. 2011;27(1):47–53.
Aitkenhead AR, Pepperman ML, Willatts SM, Coates PD, Park GR,
Bodenham AR, et al. Comparison of propofol and midazolam for
sedation in critically ill patients. Lancet. 1989;2(8665):704–9.
Leino K, Mildh L, Lertola K, Seppala T, Kirvela O. Time course of
changes in breathing pattern in morphine- and oxycodoneinduced respiratory depression. Anaesthesia. 1999;54(9):835–40.
Kress JP, Christenson J, Pohlman AS, Linkin DR, Hall JB. Outcomes
of critically ill cancer patients in a university hospital setting. Am
J Respir Crit Care Med. 1999;160(6):1957–61.
Craven DE, Kunches LM, Kilinsky V, Lichtenberg DA, Make BJ, McCabe WR. Risk factors for pneumonia and fatality in patients
receiving continuous mechanical ventilation. Am Rev Respir Dis.
1986;133(5):792–6.
Fan E, Villar J, Slutsky AS. Novel approaches to minimize ventilator-induced lung injury. BMC Med. 2013;11:85.
Rahman NH, Hashim A. Is it safe to use propofol in the emergency department? A randomized controlled trial to compare
propofol and midazolam. Int J Emerg Med. 2010;3(2):105–13.
Xu AY, Hong GL, Zhao GJ, Wu B, Qiu QM, Lu ZQ. [Comparison of
sedative effects of propofol and midazolam on emergency critical patients on mechanical ventilation]. Zhonghua Wei Zhong
Bing Ji Jiu Yi Xue. 2013;25(6):356–9.
Hasen KV, Samartzis D, Casas LA, Mustoe TA. An outcome study
comparing intravenous sedation with midazolam/fentanyl
(conscious sedation) versus propofol infusion (deep sedation)
for aesthetic surgery. Plast Reconstr Surg. 2003;112(6):1683–1.
Soliman HM, Melot C, Vincent JL. Sedative and analgesic practice
in the intensive care unit: the results of a European survey. Br J
Anaesth. 2001;87(2):186–92.
Sandiumenge Camps A, Sanchez-Izquierdo Riera JA, Toral
Vazquez D, Sa Borges M, Peinado Rodriguez J, Alted Lopez E. Midazolam and 2% propofol in long-term sedation of traumatized
critically ill patients: efficacy and safety comparison. Crit Care
Med. 2000;28(11):3612–9.
Wilson KC, Reardon C, Theodore AC, Farber HW. Propylene glycol
toxicity: a severe iatrogenic illness in ICU patients receiving IV
benzodiazepines: a case series and prospective, observational
pilot study. Chest. 2005;128(3):1674–81.

Anesth Pain Med. 2014;4(1):e17109

