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More patients required vasopressors: 27 (50.9%) vs 9 (17%) in patients
receiving fentanyl compared to ketamine (p<0.05). There were no
significant changes in hemodynamic variables after the initiation of the
study drug in both the groups. Infusion was discontinued for adverse
effects in seven (13%) patients in both the groups.
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Conclusion: When compared with fentanyl, continuous ketamine infusion
was tolerated similarly by critically ill adults, with similar duration of
mechanical ventilation. Ketamine sedation was associated with decreased
requirement for vasopressors.
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Comparison of intravenous ketamine and fentanyl sedation in duration of mechanical

INTRODUCTION

Sedation depresses awareness of the environment and
response to external stimulation.! Whereas anxiolysis is
the reduction of emotional and physical responses to real
or perceived danger the patient experiences in the ICU.%?
Analgesia refers to alleviation of pain which needs to be
addressed in mechanically ventilated patients as inadequate
analgesia can cause tachycardia, hypertension, increased
myocardial oxygen consumption, and can induce myocardial
ischemia.*

Critically ill, mechanically ventilated patients experience
pain and anxiety. Inadequate analgesia and sedation might
have detrimental physiological consequences, including
an increase in sympathetic nervous activity and ventilator
dyssynchrony.®

Fentanyl, when used forsedation and analgesiain mechanically
ventilated patients has a prolong effect after repeated dosing
or infusion. It is metabolized in liver and excreted by kidneys
and may accumulate in patients with renal insufficiency,®
causes dose dependent depression of ventilation, which is a
major concern in a critically ill. It also inhibits bowel function
and can cause constipation or ileus.”

Ketamine is recently being explored for sedation in ICU
setting.® Ketamine has a positive inotropic action and induces
vasoconstriction, which preserves hemodynamic stability,
has bronchodilator activity and also has anti-inflammatory
properties.” Ketamine clearance is not affected by kidney
diseases.’ It has analgesic effect and has opioid sparing effect
when used as adjunct to opioid sedation in ICU.®

Since the current evidence regarding the effect of ketamine
as an analgo-sedative in mechanical ventilation is lacking in
literature, we aimed to assess if ketamine sedation decreased
the duration of ventilation when compared with fentanyl in
mechanically ventilated patients.

METHODS

A prospective, comparative study was conducted to evaluate
and compare intravenous ketamine and fentanyl in duration
of mechanical ventilation in intensive care unit. The study
adhered to ethical principles outlined in the Declaration
of Helsinki and approval from the institutional review
committee was obtained for the study. Prior to enrollment,
written consent was obtained from the first-degree relative
of the patient.

The study was conducted in ICU of a tertiary care center.
All patients aged 18 years and more requiring mechanical
ventilation for greater than 24 hours in the ICU were
included. Patients with pregnancy, head injury, hypertension
(systolic blood pressure>180mmHg or diastolic blood
pressure>100mmHg), tachycardia>150 bpm and seizures
were excluded.

ventilation in intensive care unit

This study considered 95% confidence interval and 80%
power. Sample size was estimated as 48 in each arm.
Considering 10% dropouts the total sample size considered
was 106.

After arrival in the ICU, eligibility was assessed in the patients
who required intubation or were already intubated elsewhere.
Each eligible consecutive patient was randomized on 1:1
basis in to two groups, group A and B. Randomization was
done using computer generated random numbers that were
concealed in a sealed envelope. Group A received infusion of
ketamine and Group B received fentanyl infusion titrated to
achieve a sedation goal of Richmond Agitation Sedation Scale
(RASS) Score of -1 to 0 and Behavioral Pain Scale (BPS) score
of 3to 7.

Group A patients received intravenous ketamine 1 mg/kg
bolus followed by initial infusion rate of 0.4 mg/kg/hr that
was increased depending upon clinical need up to a maximum
of 0.8 mg/kg/hr, titrated to the desired Richmond agitation
sedation scale (RASS) and Behavior Pain Scale (BPS).

Group B patients received intravenous fentanyl as bolus of
1 mcg/kg followed by continuous infusion at 0.3 mcg/kg/hr
that was titrated to achieve sedation goal (RASS score -1 to
0 and BPS 3 to 7). Infusion was increased up to a maximum
of 0.5 mcg/kg/hr. Patients were considered under-sedated
if desired level of sedation was not achieved with the study
drugs. Intravenous midazolam 1 mg bolus was administered
as rescue sedative. Patients were considered to be over-
sedated when the RASS score was less than -1. The study
drugs were stopped till RASS score reached 0.

The infusion of ketamine was terminated if there was evidence
of new onset atrial fibrillation/flutter with rapid ventricular
response, heart rate >150 bpm, supraventricular tachycardia,
ventricular tachycardia and ventricular fibrillation.

The infusion of fentanyl was terminated if there was
evidence of gastroparesis (gastric residual volume >500ml),
hypotension (SBP<90mmHg or DBP<50mmHg) despite
using two vasopressors, ventricular tachycardia, fibrillation,
bradycardia (HR<50 bpm). Rest of the patient management
followed the institutionalized ICU protocol.

Weaning and Extubation:

Patients underwent spontaneous breathing trials when they
met the following screening criteria: Pa02/FiO2 ratio >200,
positive end-expiratory pressure 5 cm of H20, intact cough and
airway reflexes, one minute frequency to tidal volume ratio of
over 105 (RSBI) and not requiring vasopressors. Extubation
was performed if there were no signs of major respiratory
impairment with tidal volume>5ml/kg, respiratory rate 10 to
25/min, Pa02>70mmHg, PaCO2<55mmHg at F102<0.5. The
patient was discharged from ICU if he/she was cooperative,
with hemodynamic stability and normal ABG analysis
(Pa02>60mmHg, PaCO2 of 35-45mmHg).
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Outcome parameters included duration of ventilation,
sedation score using RASS, analgesia score using BPS and use
of vasopressors (Figure 1).
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Figure 1. Study design.

Analgesia and sedation were recorded in the printed
proforma by nursing personnel using RASS and BPS at six
hourly intervals till three days, or extubation whichever
occurred first. Mean arterial pressure (MAP) and heart rate
(HR) were recorded every six hour. The dose requirement of
study drugs was noted.

Statistical Analysis:

The data was entered into microsoft excel, and was analyzed
for normality using Shapiro Wilk test. Categorical data were
expressed as numbers (%), normally distributed continuous
dataas mean = SD and ordinal data or not normally distributed
data as median (IQR). The p value of <0.05 was accepted as
significant. For intergroup comparison, normally distributed
continuous variables were compared with Students t test.
Not normally distributed continuous variables and ordinal
data were compared with Mann Whitney U test. Categorical
variables were compared with Pearson Chi Square or Fishers
exact test as appropriate. For intragroup comparisons
for repeated measures at different time points, repeated
measurement ANOVA was used to compare normally
distributed parameters assessed at different time points on
the same patients. Ordinal data and not normally distributed
data that were measured repeatedly were assessed with
Friedman's test.
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RESULTS

A total of 120 patients aged greater than 18 years who
required mechanical ventilation for greater than 24 hours
were assessed for eligibility. Fourteen patients could not
be included because of varied reasons (five presented with
head injury, four were in atrial fibrillation and five presented
with seizures). There was no significant difference in the two

groups in age, sex and distribution of diseases (Table 1).

Table 1. Baseline characteristics of the patients

Characteristics Fentanyl group | Ketamine group
Age (years) 44.5+17.3 (20-78) | 43.6+7.5 (20-77)
Sex 26/27 (M/F) 33/20 (M/F)
0.43+.07 (mcg/ 0.6+.14 (mcg/

Mean dose i ke/hr)
Diagnosis at admission
Stroke 1 (1.9%) 0 (0%)
Abdominal 16 (30.2%) 10 (18.9%)
surgery
COPD 3(5.7%) 5(9.4%)
Cardiothoracic 2 (3.8%) 3 (5.7%)
surgery
Dengue 1 (1.9%) 1(1.9%)
Head and neck 1(1.9%) 1(1.9%)
surgery
Gynaecological

1(1.9%) 1(1.9%)
surgery
Liver disease 3 (5.7%) 3 (5.7%)
Metabolic Q 0
encephalopathy 2 (3:8%) il
Necrotising & @
fasciitis L) 0 (0%)
Neurotoxic 2 (3.8%) 2 (3.8%)
envenomation
Organqphosphate 3 (5.7%) 0 (0%)
poisoning
Orthopedic 0 (0%) 1(1.9%)
surgery
Renal disease 2 (3.8%) 2 (3.8%)
Sepsis 14 (26.4%) 20 (37.7%)
Urosurgery 1 (1.9%) 0 (0%)




Comparison of intravenous ketamine and fentanyl sedation in duration of mechanical
ventilation in intensive care unit

Duration of Ventilation:

The mean+SD duration of ventilation was 2.7+0.8 days in patients receiving ketamine and was 2.2+1.07 days in patients

receiving fentanyl infusion. Student's t test revealed that duration of ventilation was comparable between the two groups
(p=0.136) (Figure 2).

Figure 2. Mean duration of mechanical ventilation.

Richmond Agitation Sedation Scale (RAAS):

RASS scores were similar (p >0.05) at various time points in patients receiving infusion of ketamine, whereas RASS scores were
significantly variable at different time points (p<0.05) in patients receiving infusion of fentanyl. Wilcoxon tests with Boneferroni

correction was applied to follow up this finding, which revealed no significant variations in RASS scores in patients receiving
fentanyl at various time points (Figure 3).

Figure 3. RASS score in two groups at various time points.
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Behavioral Pain Scale (BPS) score:

Friedman’s test was used for intragroup comparison of BPS score at various time point in each group. BPS score was reduced
(p<0.05) significantly at various time intervals in the patients receiving ketamine as infusion compared to fentanyl infusion at
different time groups (Figure 4).

Figure 4. BPS score in two groups at various time points.

Use of Vasopressors:

Nine patients receiving ketamine infusion and 27 patients receiving fentanyl infusion were administered vasopressors. Pearson's
Chi Square test revealed that the number of patients receiving vasopressors were significantly less in the patients receiving
ketamine infusion compared to those receiving fentanyl infusion (p < 0.05) (Figure 5).

Figure 5. Vasopressor requirement in two groups.
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DISCUSSION

In this single centered comparative study involving 106
mechanically ventilated patients, we compared the effects of
ketamine and fentanyl with respect to duration of ventilation,
sedation, analgesia, use of bronchodilators and use of
vasopressors. We found that ketamine was similar to fentanyl
when compared to duration of ventilation, but the use of
rescue sedatives was found to be more in group receiving IV
fentanyl infusion. The patients in group receiving ketamine
and fentanyl infusion were sedated as per target sedation
score (RASS 0 to 1) and were more comfortable during
procedures (BPS 3 to 7). More patients receiving fentanyl
infusion required vasopressors. Use of bronchodilators was
similar in the both groups and ICU length of stay and duration
of ventilation did not differ in between the groups receiving
ketamine and fentanyl infusion.

In a study done by Rozendaal et al., the authors found that
continuous infusion of remifentanil and propofol decreased
the duration of ventilation in the patients who were
mechanically ventilated. The mean duration was 2 days,
which was similar to our study where the mean duration
of ventilation was 2.2 days in patients receiving fentanyl
infusion and 2.5 days in patients receiving intravenous
infusion of ketamine.!' Fraser et al compared the effect of
benzodiazepines and non-benzodiazepine sedative in 1235
mechanically ventilated patients and concluded that use
of non-benzodiazepines as sedative was associated with
decrease in duration of ventilation by half.*?

In this study majority of patients receiving infusion of
intravenous ketamine and fentanyl were found to achieve
defined sedation scale (RASS 0 to-1). There was no statistically
significant difference observed regarding duration of
ventilation in the both study groups. Similarly, in a study done
by Umunna and colleagues also found efficacy of ketamine
as a continuous agent in achieving appropriate sedation
with motor activity assessment scale (MAAS) averaging 1.9.
However, the scoring system in our study was different from
one used by Umunna and colleagues. The sedative action of
ketamine reflects its action on NMDA receptors.’* Elamin
et al. in their study of 66 mechanically ventilated patients
who received ketamine as continuous infusion concluded
that ketamine provided adequate sedation and analgesia
(defined as Ramsay sedation score of four) and can be used
for continuous infusion in ICU.1

We studied the analgesic effect of ketamine in mechanically
ventilated patients using behavioral pain scale with targeted
BPS score of 3 to 7. In our study only ten patients had their BPS
scores more than 7. As mentioned in the study by Patanwala
and colleagues, the patients receiving continuous infusion of
ketamine had 1.5 times lesser requirement of opioids when
compared to opioid only group in controlling pain.'®

Nine out of 53 patients (16.9%) required vasopressors in
our study when compared with control where 27 out of 53

ventilation in intensive care unit

(50.9%) patients required vasopressors. This decreased
vasopressor requirement in ketamine group can be attributed
to the sympathomimetic action of ketamine. The finding of
our study was similar to the study done by Schmittner et al.,
in 24 patients with traumatic brain injury where the authors
compared the effects ketamine and opioids and found that
there was decrease in need for use of vasopressors by more
than half in the patients receiving ketamine as infusion when
compared with patients receiving opioids.®

Infusion was discontinued for possible adverse effects in
seven (13%) patients receiving ketamine due to development
of tachyarrhythmia’s in six patients with one patient being
over sedated (RASS score -1), whereas seven (13%) of
patients receiving infusions of fentanyl had their infusion
discontinued due to over sedation and feed intolerance. Six
or 11% of patients had tachyarrhythmia in ketamine group.
A similar rate was also seen in study done by Riker et al.
with 10% patients in remifentanil and morphine reporting
tachyarrhythmia’s.}” The study elucidates that ketamine can
safely be used in mechanically ventilated patients with no
added adverse effects when compared to fentanyl.

The study has several limitations. Firstly, it was a single
centered study with small sample size and we did not stratify
the patients (medical/surgical) equally in both groups.
Secondly, the investigators were not blinded and lastly, we
had a small sample size to draw conclusion on the duration of
mechanical ventilation.

CONCLUSION

The result of this study suggests that continuous ketamine
infusion for light sedation was similarly tolerated by critically
ill adults, with similar duration of mechanical ventilation, and
lesser need for vasopressors when compared with fentanyl.

REFERENCES

1. RoweK, FletcherS. (2008). Sedation in the intensive care
unit. Continuing Education in Anaesthesia Critical Care
& Pain. 2008;8:50-5. [ Google Scholar ]

2. Young CC, Prielipp RC. Benzodiazepines in the intensive
care unit. Crit Care Clin. 2001;17:843-62. [ PubMed |
Google Scholar | DOT ]

3. MisraS§, Ganzini L. Delirium, depression, and anxiety. Crit
Care Clin. 2003;19:771-87. [ PubMed | Google Scholar |
DOI]

4. Sanders RD, Hussell T Maze M. Sedation &
immunomodulation. Crit Care Clin. 2009;25:551-70. [
PubMed | Google Scholar | DOI ]

5. Devabhakthuni S, Armahizer M], Dasta JF, Kane-Gill SL.
Analgosedation: a paradigm shift in intensive care unit
sedation practice. Ann Pharmacother. 2012;46:530-40.
[ PubMed | Google Scholar | DOI ]

6. Devlin JW, Roberts R]. Pharmacology of commonly used
analgesics and sedatives in the ICU: Benzodiazepines,

JNSCCM | JANUARY 2024 | VOLUME 2 | ISSUE 1

15


https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Rowe%2C+K.%2C+%26+Fletcher%2C+S.+%282008%29.+Sedation+in+the+intensive+care+unit.+Continuing+Education+in+Anaesthesia+Critical+Care+%26+Pain%2C+8%282%29%2C+50%E2%80%9355.+Retrieved+from+&btnG=
https://pubmed.ncbi.nlm.nih.gov/11762264/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Benzodiazepines+in+the+intensive+care+unit+C+C+Young+1%2C+R+C+Prielipp+Affiliations+expand+PMID%3A+11762264+DOI%3A+10.1016%2Fs0749-0704%2805%2970183-4&btnG=
C:\Users\Dell\Desktop\10.1016\s0749-0704(05)70183-4
https://pubmed.ncbi.nlm.nih.gov/14601719/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Delirium%2C+depression%2C+and+anxiety+Sahana+Misra+1%2C+Linda+Ganzini+Affiliations+expand+PMID%3A+14601719+DOI%3A+10.1016%2Fs0749-0704%2803%2900048-4&btnG=
C:\Users\Dell\Desktop\10.1016\s0749-0704(03)00048-4
https://pubmed.ncbi.nlm.nih.gov/19576530/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sedation+%26+immunomodulation+Robert+D+Sanders+1%2C+Tracy+Hussell%2C+Mervyn+Maze+Affiliations+expand+PMID%3A+19576530+DOI%3A+10.1016%2Fj.ccc.2009.05.001&btnG=
C:\Users\Dell\Desktop\10.1016\j.ccc.2009.05.001
https://pubmed.ncbi.nlm.nih.gov/22496477/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Analgosedation%3A+a+paradigm+shift+in+intensive+care+unit+sedation+practice+Sandeep+Devabhakthuni+1%2C+Michael+J+Armahizer%2C+Joseph+F+Dasta%2C+Sandra+L+Kane-Gill+Affiliations+expand+PMID%3A+22496477+
C:\Users\Dell\Desktop\10.1345\aph.1Q525

. Original Article

16

10.

11.

propofol, and opioids. Anesthesiol Clin. 2011;29:567-
85. [ PubMed | Google Scholar | DOT ]

Alviar MJM, Hale T, Dungca M. Pharmacologic
interventions for treating phantom limb pain. Cochrane
Database Syste Rev. 2016;10:CD006380. [ PubMed |
Google Scholar | DOI |

Moitra VK, Patel MK, Darrah D, Moitra A, Wunsch H. Low-
Dose Ketamine in Chronic Critical Illness. ] Intensive
Care Med. 2016;31:216-20. [ PubMed | Google Scholar |
DOI ]

Subramaniam K, Subramaniam B, Steinbrook RA.
Ketamine as adjuvant analgesic to opioids: a quantitative
and qualitative systematic review. Anesth Analg.
2004;99:482-95. [ PubMed | Google Scholar | DOT ]

Capel MM, Jenkins R, Jefferson M, Thomas DM. Use of
ketamine for ischemic pain in end-stage renal failure. ]
Pain Symptom Manag. 2008;35:232-4. [ PubMed | Google
Scholar | DOI]

Rozendaal FW, Spronk PE, Snellen FF, et al. Remifentanil-
propofol analgo-sedation shortens duration of
ventilation and length of ICU stay compared to a
conventional regimen: a centre randomised, cross-over,
open-label study in the Netherlands. Intensive Care Med.
2009;35:291-8. [ PubMed | Google Scholar | DOI']

JNSCCM | JANUARY 2024 | VOLUME 2 | ISSUE 1

12.

13.

14.

15.

16.

17.

Fraser GL, Devlin JW, Worby CP, et al. Benzodiazepine
versus  nonbenzodiazepine-based  sedation  for
mechanically ventilated, critically ill adults: A systematic
review and meta-analysis of randomized trials. Crit Care
Med. 2013;41:S30-8. [ PubMed | Google Scholar | DOI ]

Umunna B-P, Tekwani K, Barounis D, Kettaneh N, Kulstad
E. Ketamine for continuous sedation of mechanically
ventilated patients. ] Emerg Trauma Shock. 2015;8:11-5.
[ PubMed | Google Scholar | DOI ]

Elamin EM, Huges LF, Drew D. Is ketamine the right
sedative for mechanically ventilated patients? Chest.
2007;132:574A. [ PubMed | Google Scholar | DOI ]

Erstad BL, Patanwala AE. Ketamine for analgosedation
in critically ill patients. ] Crit Care. 2016;35:145-9. |
PubMed | Google Scholar | DOI ]

Schmittner MD, Vajkoczy SL, Horn P, et al. Effects of
fentanyl and S(+)-ketamine on cerebral hemodynamics,
gastrointestinal motility, and need of vasopressors in
patients with intracranial pathologies: a pilot study. ]
Neurosurg Anesthesiol. 2007;19:257-62. [ PubMed |
Google Scholar | DOI ]

Riker RR, Fraser GL. Altering intensive care sedation
paradigms to improve patient outcomes. Anesthesiol
Clin. 2011;29:663-74. [ PubMed | Google Scholar | DOI ]


https://pubmed.ncbi.nlm.nih.gov/22078910/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Pharmacology+of+commonly+used+analgesics+and+sedatives+in+the+ICU%3A+benzodiazepines%2C+propofol%2C+and+opioids+John+W+Devlin+1%2C+Russel+J+Roberts+Affiliations+expand+PMID%3A+22078910+DOI%3A+10.1016%25
C:\Users\Dell\Desktop\10.1016\j.anclin.2011.09.001
https://pubmed.ncbi.nlm.nih.gov/27737513/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Pharmacologic+interventions+for+treating+phantom+limb+pain+Maria+Jenelyn+M+Alviar+1%2C+Tom+Hale%2C+Monalisa+Dungca+Affiliations+expand+PMID%3A+27737513+PMCID%3A+PMC6472447+DOI%3A+10.1002%2F14651858.CD
C:\Users\Dell\Desktop\10.1002\14651858.CD006380.pub3
https://pubmed.ncbi.nlm.nih.gov/26025196/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Low-Dose+Ketamine+in+Chronic+Critical+Illness+Vivek+K+Moitra+1%2C+Mona+K+Patel+2%2C+Daniela+Darrah+3%2C+Alika+Moitra+4%2C+Hannah+Wunsch+5+Affiliations+expand+PMID%3A+26025196+DOI%3A+10.1177%2F08850666
C:\Users\Dell\Desktop\10.1177\0885066615587868
https://pubmed.ncbi.nlm.nih.gov/15271729/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Ketamine+as+adjuvant+analgesic+to+opioids%3A+a+quantitative+and+qualitative+systematic+review+Kathirvel+Subramaniam+1%2C+Balachundhar+Subramaniam%2C+Richard+A+Steinbrook+Affiliations+expand+PMID%3A+1
C:\Users\Dell\Desktop\10.1213\01.ANE.0000118109.12855.07
https://pubmed.ncbi.nlm.nih.gov/18201864/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Use+of+ketamine+for+ischemic+pain+in+end-stage+renal+failure+Margred+M+Capel%2C+Rhian+Jenkins%2C+Melanie+Jefferson%2C+David+M+Thomas+PMID%3A+18201864+DOI%3A+10.1016%2Fj.jpainsymman.2007.10.002+Free+ar
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Use+of+ketamine+for+ischemic+pain+in+end-stage+renal+failure+Margred+M+Capel%2C+Rhian+Jenkins%2C+Melanie+Jefferson%2C+David+M+Thomas+PMID%3A+18201864+DOI%3A+10.1016%2Fj.jpainsymman.2007.10.002+Free+ar
C:\Users\Dell\Desktop\10.1016\j.jpainsymman.2007.10.002
https://pubmed.ncbi.nlm.nih.gov/18949456/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Remifentanil-propofol+analgo-sedation+shortens+duration+of+ventilation+and+length+of+ICU+stay+compared+to+a+conventional+regimen%3A+a+centre+randomised%2C+cross-over%2C+open-label+study+in+the+Netherl
C:\Users\Dell\Desktop\10.1007\s00134-008-1328-9
https://pubmed.ncbi.nlm.nih.gov/23989093/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Benzodiazepine+versus+nonbenzodiazepine-based+sedation+for+mechanically+ventilated%2C+critically+ill+adults%3A+a+systematic+review+and+meta-analysis+of+randomized+trials+Gilles+L+Fraser+1%2C+John+W+De
C:\Users\Dell\Desktop\10.1097\CCM.0b013e3182a16898
https://pubmed.ncbi.nlm.nih.gov/25709246/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ketamine+for+continuous+sedation+of+mechanically+ventilated+patients+Ben-Paul+Umunna+1%2C+Karis+Tekwani+1%2C+Dave+Barounis+1%2C+Nick+Kettaneh+1%2C+Erik+Kulstad+1+Affiliations+expand+PMID%3A+25709246+P
C:\Users\Dell\Desktop\10.4103\0974-2700.145414
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4335149/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Elamin%2C+E.+M.%2C+Huges%2C+L.+F.%2C+%26+Drew%2C+D.+%282007%29.+IS+KETAMINE+THE+RIGHT+SEDATIVE+FOR+MECHANICALLY+VENTILATED+PATIENTS%E2%80%AF%3F+CHEST%2C+132%284%29%2C+574A.&btnG=
C:\Users\Dell\Desktop\10.4103\0974-2700.145414
https://pubmed.ncbi.nlm.nih.gov/27481750/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ketamine+for+analgosedation+in+critically+ill+patients+Brian+L+Erstad+1%2C+Asad+E+Patanwala+2+Affiliations+expand+PMID%3A+27481750+DOI%3A+10.1016%2Fj.jcrc.2016.05.016&btnG=
C:\Users\Dell\Desktop\10.1016\j.jcrc.2016.05.016
https://pubmed.ncbi.nlm.nih.gov/17893578/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effects+of+fentanyl+and+S%28%2B%29-ketamine+on+cerebral+hemodynamics%2C+gastrointestinal+motility%2C+and+need+of+vasopressors+in+patients+with+intracranial+pathologies%3A+a+pilot+study+Marc+D+Schmittn
C:\Users\Dell\Desktop\10.1097\ANA.0b013e31811f3feb
https://pubmed.ncbi.nlm.nih.gov/22078915/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Altering+intensive+care+sedation+paradigms+to+improve+patient+outcomes+Richard+R+Riker+1%2C+Gilles+L+Fraser+Affiliations+expand+PMID%3A+22078915+DOI%3A+10.1016%2Fj.anclin.2011.09.006&btnG=
C:\Users\Dell\Desktop\10.1016\j.anclin.2011.09.006

