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ABSTRACT
Ketamine HCl is a rapidly acting general anesthetic with sedative and analgesic properties that has been
reported to have favorable effects on the cardiovascular and pulmonary systems. The goal of this review is
to determine the hemodynamic and pulmonary effects of continuous intravenous (IV) ketamine infusion
in mechanically ventilated patients, and to determine whether sufficient evidence exists to support its use
as an agent for maintenance anesthesia. PubMed/Medline, EMBASE, and Index Medicus databases as well
as relevant bibliographies were searched. Studies were independently evaluated for inclusion and exclusion
criteria, as well as study parameters, by two evaluators. Any discrepancy was resolved by a third evaluator.
Twenty studies (281 patients) met the inclusion criteria for this review including 11 prospective studies (250
patients). Data suggests that ketamine decreases airway resistance, improves dynamic compliance, and preserves functional residual capacity, minute ventilation and tidal volume, while retaining protective pharyngeal
and laryngeal reflexes. In patients with refractory bronchospasm, continuous infusion of intravenous ketamine
decreases audible wheeze, bronchodilator requirements, and hypercarbia. It also improves respiratory rate and
oxygenation, and does not promote respiratory depression. Additionally, ketamine does not result in significant perturbations in blood pressure, heart rate, or vascular resistance. Ketamine may be a safe and effective
tool for maintenance sedation of mechanically ventilated patients, however a large prospective clinical trial is
warranted. (Minerva Anestesiol 2011;77:812-20)
Key words: Infusions, intravenous - Ketamine - Deep sedation.

K

etamine HCl is a rapidly acting general anesthetic with sedative and analgesic properties. The dissociative anesthetic action of ketamine provides excellent analgesia and anesthesia,
with retention of protective pharyngeal and laryngeal reflexes and without depressing respiration.1, 2 Numerous small series have documented
its favorable effects on cardiovascular and pulmonary parameters.3, 4 Its tendency to preserve
cardiac output and relax bronchiole smooth
muscles have made it an attractive anesthetic option for induction and maintenance of general
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anesthesia, particularly in those patients with reactive airway disease. The goal of this review is to
critically examine and characterize the published
data regarding the hemodynamic and pulmonary effects of continuous intravenous ketamine
infusion as an agent for maintenance sedation in
mechanically ventilated patients. Additionally,
we aim to elucidate whether sufficient evidence
of improved hemodynamic or pulmonary status
exists to support the further investigation and
use of ketamine as an agent for maintenance anesthesia.
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Table I.—Criteria for scoring included manuscripts as published by Jadad et al.6
No.

Items*

Points

1
2
3
4

Study described as randomized
Study described as double-blind
Description of withdrawals and drop-outs
For question 1, method to generate randomization sequence described and appropriate (table of
random numbers, computer generated, etc.)
For question 2, method of double-blinding described and appropriate (identical placebo, active
placebo, dummy, etc.)
For question 1, method to generate randomization sequence described and inappropriate (patients allocated alternately, according to date of
birth, hospital number, etc.)
For question 2, method of double-blinding described and inappropriate (comparison of tablet
vs. injection with no double dummy, etc.)
Maximum Total

1
1
1
1

5

6

7

8

1

-1

-1

5

* Score based on initial 3 item tool (1-3) with addendum criteria (47).  “Yes” (1 or -1 points) and “No” (0 points) answers are totaled for a
potential maximum score of 5 points.

A comprehensive search of PubMed/Medline,
EMBASE, and Index Medicus was performed
using the MESH and general search terms of
ketamine, pulmonary, respiratory, blood pressure, cardiovascular, and hemodynamics. As
ketamine is known to have species-specific effects,5 the search was limited to human studies
published in English, French, Spanish, or German. Relevant bibliographies were also scanned
for additional studies. Inclusion criteria included
1) patients treated with intravenous (IV) ketamine; 2) maintenance IV ketamine infusion for
>2 hours; 3) patient receiving mechanical ventilation via invasive positive pressure ventilation
(e.g. endotracheal intubation, tracheostomy,
etc). Exclusion criteria included 1) intermittent
ketamine bolus therapy; 2) continuous ketamine infusion for <2 hours; 3) patient not on
mechanical ventilation. All studies were independently evaluated and scored according to a
scale adapted from that published by Jadad et al.
(Table I).6 Evidence was rated according to the
Oxford Scheme.7
Inclusion and exclusion criteria, study parameters, Jadad score, and evidence level were assessed by two evaluators (AM and CJ). Any dis-
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crepancy was resolved independently by a third
(EE).
Results
Twenty studies (281 patients) met the inclusion criteria for this review including 11 prospective studies (250 patients). Additionally, 1
retrospective observational study (17 patients)
and 8 case series / reports (14 patients) were included. A description of the included studies is
listed in Table II.4-46
Respiratory parameters
Overall, 9 studies and 8 case reports/series
(223 patients) assessed the effects of continuous IV ketamine infusion on respiratory variables in mechanically ventilated patients. Two
studies and 4 case reports (73 patients) assessed
change in respiratory rate. In the 4 case reports
(6 patients) with refractory bronchospasm, there
was a decrease in the respiratory rates, but no
reports of respiratory depression. Of the 2 studies assessing respiratory rate (67 patients) in
non-asthmatics, neither reported a decrease in
respiratory rate. Three studies and 2 case reports
(41 patients) assessed the effects on chest wall
dynamic compliance. Most of these patients had
refractory bronchospasm (status asthmaticus),
and each patient series showed an increase in
chest wall dynamic compliance. Six case reports
(7 patients) reported a decrease in wheeze following ketamine administration, 1 study (5 patients) reported a decrease in bronchodilator use,
and 1 study (53 patients) reported a decrease in
clinical dyspnea. One patient series (5 patients)
showed a decrease in measured airway resistance,
and an additional 2 studies and 3 case reports
(32 patients) found a decrease in the peak inspiratory pressure. One study (14 patients) found no
change in tidal volume, 2 studies (23 patients)
found no change in functional residual capacity, and 2 studies (22 patients) found no change
in minute ventilation. Three studies and 7 case
series (64 patients) all found an increased PaO2
with continuous ketamine infusion, 1 case series
(2 patients) reported an increase in SaO2, and 3
studies and 5 case reports (46 patients) all found
a decrease in the PaCO2.
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Table II.—Review of studies assessing the physiologic effects and clinical utility of Ketamine maintenance sedation in ventilated
patients.
Study 1st  
Author (Year)

N

Indvall J  
(1979) 46

31

Shulman D
(1985) 42

9

Mankikian
B (1986) 41

14

Age
Years

Protocol

Dose

24-90 Prospective
(67±15) case series

2 mg/kg IV bolus
then 40 ug/kg/
min titrated to
sedation
0.8-8.3 Prospective 1.3-1.9 mg/kg
case series
IV or 2.0-3.7
mg/kg  IM bolus
then 45-200 ug/
kg/min
Mean 28 Prospective 3 mg/kg IV bolus
case series
then
20 ug/kg/min
4, 10 Retrospective 0.5-1.0 mg/kg IV
case series
bolus then 1-2.5
mg/kg/hr x24
-36 hr
13
Case report 50 mh bolus then
90 mg/hr x 8 hrs

Rock MJ
(1986) 35

2

Strube PJ
(1986) 27

1

Tokics L
(1987) 36

8

Park GR
(1987) 30

1

Tobias J
(1990) 37

5

Sarma VJ
(1992) 31

2

Achar MN
(1993) 32

1

Hemming
A (1994) 34
Nehama J
(1996) 33

1
1

0.8

Kolenda H
(1996) 1

24

16-70

33-55

Prospective
case series

2.4-5 mg/kg IV
bolus then 0.1
mg/kg/min
24
Case report   20 mg IV bolus
then 20-100
mg/h (he was
pre-sedated with
midazolam)
0.59-14 Retrospective 0.5-1 mg/kg
case series
bolus then 10-15
ug/kg/min
40, 43 Retrospective Bolus 0.75mg/
kg then
case series
0.15 mg/kg/hr
53
Case report 2 mg IV bolus
then 20-30 mg/
hr then tapered
to 10 then discontinued after
18 hours
28
Case report 2.5 mg/kg/hr

Study group

Results

Jadad Evidence
Score† Level ‡

Patients undergoing Transient ↑SBP, DBP, HR,
major abdominal
& CO resolved to baseline
surgery
levels w/in minutes.  No
change SI. ↑ PaO2
ASA-I pediatric
No change in FRC
patients for minor
surgery.

4

4

Patients for minor
surgery.

No changes in FRC, Vm
or TV

4

Refractory status
asthmaticus.

↓ PIP, ↑Cdyn, ↑PaO2,  
↑PaCO2,

4

↓Wheezing , ↓RR
↑PaO2, ↓PaCO2, no
change HR or BP
Patients for minor No change SBP,
surgery.
MAPpa, CO, ↑HR, ↑PaO2,  
↓PaCO2,
Patient with ALL
Better sedation, ↓ bronand bilateral
chospasm, ↓PIP, ↓HR,
pseudomonas pnue- ↑ SBP
monia
Refractory status
asthmaticus.

4

4

4

Pediatric ICU
patients of mixed
diagnoses
Refractory status
asthmaticus

↑PaO2, ↓PaCO2, no
change MAP, no change
vasopressor requirement
↓Wheezing, ↓RR, ↑SaO2

4

Refractory status
asthmaticus

↓Wheezing
↑PaO2, ↓PaCO2

4

↓Wheezing
↑PaO2, ↓PaCO2, ↑Cdyn
↓Wheezing
↑PaO2, ↓PaCO2 ↓PIP

4

Refractory status
asthmaticus
Case report Bolus 1.4 mg/kg Refractory status
x2 then 0.2 mg/ asthmaticus
kg/hr x 4 hours
then tapered
(total 40 hours)
Prospective 104-180mg/kg/ Prospective study
randomized day
of ketamine + midcontrol study
azolam vs fentanyl
+ midazolam in
moderate-severe
head trauma

↑MAP, ↑HR, ↓ vasopressor need,

4

4

1

2b

Table II continued
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Table II.—Review of studies assessing the physiologic effects and clinical utility of Ketamine maintenance sedation in ventilated
patients. (Continued)
Study 1st Author (Year)

N

Howton JC
(1996) 43*

53

YouseffAhmed MZ
(1996) 38

17

Heshmati F
(2003) 39
Hijazi Y
(2003) 47

11

Allen JY
(2005) 44 *

68

Williams
GD (2007)

15

Elamin EM
(2007 &
2009) 4**

5

12

40

Age
Years

Protocol

18-65 Prospective randomized doubleblind placebo
controlled trial
0.5-17 Retrospective
case series
15-40 Prospective case
series
21-64 Prospective  case
series
2-18

Dose

Study group

0.2mg/kg bolus
Refractory status
then 0.5 mg/kg/hr asthmaticus
x 3 hrs
2 mg/kg IV bolus
then 20-60 ug/
kg/min x 40 ± 31
hours
Bolus 1mg/kg then
1mg/kg/hr x 2 hrs
2 mg/kg IV bolus
then 2 mg/kg/hr x
2 hours
0.2mg/kg IV bolus
then 0.5 mg/kg/hr
x 2 hours

Prospective randomized doubleblind placebo
controlled trial
0.3-18 Prospective case 2 mg/kg IV bolus
series
then 10 ug/kg/
min

19-55 Prospective randomized doubleblind controlled
study

Results

No difference in
FEV1, PEFR, RR

Jadad Evidence
Score† Level ‡

4

Ventilated patients
↑ PaO2/Fio2,
with refractory bron- ↑ Cdyn, ↓ PCO2,
chospasm
↓ PIP
Refractory status
asthmaticus
ICU patients with
traumatic brain or
spinal cord injury.
ED patients with
acute asthma exacerbation

4

↑ PaO2, ↓ PaCO2
↓ PIP, ↑ Cdyn
No change SBP, DBP,
HR
No change in pulmonary index score

4
4
5

1 mg/kg IV bolus
then 1.0 mg/kg/
hr continuous
infusion titrated
by 0.5 mg/kg/h
every 5-20 minutes
to reach a Ramsay
Sedation Scale of 4
or to a max dose of
4.5 mg/kg/h

2b

4

Pediatric pulmonary
HTN patients for
cardiac catheterization

No change in PVR,
↑ PaO2, no change
PCO2, ↑ HR, no
change MAP, no
change MAPpa, no
change pH, HCO3,
or BE
Prospective study of ↑ MAP, ↓ incidence
ketamine vs fentanyl of shock, ↓ Raw,     
in adult med-surgical ↑ Cdyn, ↓ bronchodiICU
lator use

2b

5

2b

SBP: systolic blood pressure; DBP: diastolic blood pressure; HR: heart rate; CO: cardiac output; FRC: functional residual capacity; Vm: minute
ventilation; TV: tidal volume; PIP: peak inspiratory pressure; Cdyn: dynamic compliance; PaO2: partial pressure of oxygen arterial; PaCO2: partial
pressure of carbon dioxide; RR: respiratory rate; MAPpa: pulmonary artery mean arterial pressure; SaO2: oxygen saturation; FEV1: forced expiratory volume in 1 second; PEFR: peak expiratory flow rate; BE: base excess; Raw: airway resistance. †The scoring system reported by Jadad et al. was
designed to assess clinical trials, therefore results were not calculated or reported for case reports, case series, or observational studies.6 ‡According
to the Oxford Scheme. *These studies used a sub-anesthetic dose of ketamine. **The results of hemodynamic and respiratory parameters were published independently.  For this table they have been consolidated into 1 entry.3-4

Hemodynamic parameters
A total of 6 studies and 3 case reports/series
(102 patients) assessed the effect of continuous
IV ketamine infusion on hemodynamic and cardiovascular variables. The results of these studies
were less unanimous than with the respiratory
parameters. Two studies (20 patients) found no
change in systolic blood pressure (BP), whereas 1
case report (1 patient) found a decreased systolic
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BP. One study (12 patients) found no change in
diastolic BP. Two studies and 1 case report (21
patients) found no change in mean arterial pressure (MAP) during continuous ketamine infusion, whereas 2 studies (29 patients) found an
increased MAP. Two studies (29 patients) reported no change in the pulmonary artery pressure
(MAPpa). With regard to vasopressor usage, 1
study (5 patients) found no change in vasopres-
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sor use whereas another study (24 patients) reported decreased vasopressor use in the ketamine
group. An additional study (5 patients) reported
a decreased incidence of shock amongst patients
treated with continuous ketamine infusion. No
studies reported an increase in vasopressor use
amongst patients treated with ketamine.
Grading the evidence
Overall, no studies containing level 1 evidence
were identified (Table II). Four of 21 included
studies/reports were level 2b evidence. The remaining 17 studies were all comprised of level 4
evidence. As such, the current level of evidence
only supports a Grade C recommendation.
Discussion
Ketamine HCl is a rapidly acting general anesthetic with sedative and analgesic properties.
It is rapidly-acting with a short half-life, and the
dissociative effects allows for excellent analgesia and anesthesia, with retention of protective
pharyngeal and laryngeal reflexes and preserved
respiratory effort.1, 2 Its versatility, efficacy, safety
profile, and low cost have promoted its widespread use and inclusion in the World Health
Organization’s list of “Essential Medicines” for
a basic health care system.8 As a phencyclidine
derivative, ketamine is in a unique class that induces a functional disorganization between the
thalamoneocortical and limbic systems, producing a “dissociative state”. The effects of Ketamine are the product of a number of different
mechanisms of action. The primary anesthetic
properties of ketamine are due to its antagonism
of Central Nervous System (CNS) N-methylD-aspartate (NMDA) receptors.9-11 Ketamine
is also a potent analgesic and has been used effectively for post-surgical analgesia, spinal analgesia, and in chronic pain management settings.
Its analgesic mechanism is multifactorial and is
in part due to its effects on mu and kappa opioid
receptors.9 Additionally, ketamine inhibits the
‘Wind-up” phenomenon of pain. This action
is mediated through its inhibition of long-term
potentiation in dorsal horn neurons in the spinal
cord via NMDA receptor antagonism.9, 11 Keta-
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mine also promotes central sympathetic stimulation and inhibition of neuronal catecholamine
uptake.9, 10, 12 Moreover, it has also been reported
to have immune modulating effects including
the inhibition of TNF-α, IL-1, and IL-6 effects
to endotoxemia.13
Ketamine’s popularity as an agent for maintenance sedation has been related in part to its
favorable effects on the pulmonary and cardiovascular systems. Historically, its tendency to relax the bronchiole smooth muscle and preserve
cardiac output have led to ketamine’s use as an
agent for induction and maintenance of general
anesthesia, particularly in patients with pulmonary disease (e.g. asthma) or cardiovascular instability.14-16 Ketamine is frequently used in situations requiring a short, rapidly-acting general
anesthetic, post-operative short term analgesia,
and procedural sedation, particularly in pediatrics and emergency medicine.17 Additionally, it
is used as a co-analgesic in both general and spinal anesthesia.18-20
Ketamine has been successfully used to treat
patients with severe bronchospasm, refractory
to conventional bronchodilators.21-24 Because
of its beneficial effect on airway resistance, some
have advocated for its use as a preferred agent
for rapid induction and continuous anesthesia in
patients with reactive airways disease.25-27 Huber
et al. reported a two-thirds reduction in airways
resistance compared to pretreatment values, 90
seconds following injection of ketamine in patients with moderate to severe bronchospasm.26
Prior studies have reported that the respiratory
response to CO2 is maintained during ketamine
anaesthesia,28 and significant respiratory depression is uncommon. The ability of ketamine to
antagonize antigen-induced bronchospasm may
be related to its vagolytic and direct smooth
muscle relaxant effects.27 However, the major effect in vivo appears to be secondary to its sympathomimetic properties. Whether or not the
beta-adrenergic receptor stimulation is required
to achieve ketamine-induced bronchodilation is
still a subject of debate.5, 29 Such bronchodilator
effects can be prevented by beta-adrenoceptor
blockade. Reappearance of asthma each time
the depth of ketamine anesthesia is lightened
and clearing of the wheezing with the deepen-
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ing of the dissociative state, has been previously
observed.22
In addition to its efficacy in relieving bronchospasm via bolus administration, continuous
infusion of ketamine has also been shown to
safely improve pulmonary function. Ketamine
improves air entry and decreases wheezing in
patients with refractory bronchospasm, as well
as improving other objective measurements of
respiratory dynamics.3, 27, 30-34 Numerous studies
have demonstrated that ketamine infusion increases PaO2 and decreases PaCO2.27, 31-40 These
effects can be seen even after ketamine is added
to conventional treatment for patients with refractory bronchospasm.27, 31-35, 38-40 Tachypneic
patients in status asthmaticus who are placed on
ketamine infusion show an improved respiratory rate, increased oxygenation, and decreased
hypercapnia.27, 31, 32, 35 This is a reflection of the
improvement in their respiratory mechanics. In
fact, unlike with many other anesthetics, patients
receiving ketamine infusion for maintenance sedation maintain their respiratory tone. Despite
general anesthesia, patients treated with ketamine exhibit preservation of functional residual
capacity, minute ventilation and tidal volume.36,
41, 42 In addition to preserving respiratory tone,
ketamine also augments thoracic compliance.27,
34-36, 38-39 Dynamic compliance (C ) is an imdyn
portant factor in the successful management of
status asthmaticus, especially in asthmatics on
mechanical ventilation. Dynamic compliance
represents airway resistance and can be considered a surrogate marker for degree of bronchospasm.38 Likewise, increased peak inspiratory
pressure (PIP) also reflects airway resistance. In a
retrospective review of 17 pediatric patients with
refractory bronchospasm on mechanical ventilation, Youssef-Ahmed et al., found a significant
decrease in PIP and increase in Cdyn in patients
who received continuous ketamine infusion.38
Other studies have shown a similar increase in
dynamic compliance and/or a decrease in peak
inspiratory pressure (PIP) in patients with bronchospasm who are placed on continuous ketamine infusions.30, 33-35, 39 Of note, one study
failed to show similar improvement in FEV1,
peak expiratory flow rate, and respiratory rate
with continuous ketamine infusion in patients
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with status asthmaticus. However, in this emergency department-based study, patients were administered sub-anesthetic, and potentially subtherapeutic, doses of ketamine.43 In the Howton
et al. study, patients were administered ketamine
bolus of 0.2 mg/kg followed by continuous infusion of 0.5 mg/kg/h × 3 hrs instead of the typical
2 mg/kg bolus followed by 1-2 mg/kg/h typically administered in other studies.43 Similarly, one
other emergency department based study failed
to find significant improvement in the Pulmonary Index Score amongst asthmatics treated
with maintenance ketamine infusions; however,
this study suffered from a similar design flaw in
that patients were administered a sub-anesthetic
ketamine dose of 0.2 mg/kg IV bolus followed
by 0.5 mg/kg/h for 2 hours. 44
In addition to its favorable respiratory dynamics profile, the hemodynamic effects of ketamine
for maintenance sedation are also promising.45
In normotensive patients, ketamine has not been
shown to significantly alter systolic, diastolic,
mean arterial or pulmonary artery pressures.27, 40,
46, 47 Similarly, it has not been shown to change
peripheral vascular resistance.40 In tachycardic
and hypotensive patients, the heart rate and
systolic blood pressure have been reported to
improve following ketamine infusion.30, 40 Additionally, vasopressor requirements during ketamine maintenance infusion have variably been
reported to be decreased or unchanged.1, 37 This
was supported by a recent pilot study in which
the hemodynamic and bronchodilator effects of
continuous sedation with ketamine compared to
fentanyl in ICU patients.3 Although the study
included a small number of patients, the investigators reported that as compared to sedation
with fentanyl, the ketamine group demonstrated
a higher MAP, fewer vasopressor requirements,
and were less likely to be diagnosed with a shock
state.3 Moreover, the phenomenon of decreased
vasopressor requirements in patients sedated
with ketamine as compared to fentayl has also
been observed in neurosurgical patients.48 This
trend was likewise observed in patients who
sustained head trauma; Bourgoin et al., demonstrated significantly lower fluid requirements
and a trend toward lesser use of vasopressors in
patients with severe head injury who were rand-
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omized to ketamine plus midazolam vs sudfentanil plus midazolem.49 To date, there have been
no published reports of increased vasopressor
requirements during ketamine maintenance infusions.
Cautions
Despite ketamine’s safety and efficacy, clinicians should remain mindful of cautions and
potential adverse events. Ketamine may cause
hypersalivation which is easily treated with atropine or glycopyrrolate.9, 10 Emergence reactions may be successfully prevented or treated
with benzodiazapines, promethazine, thiopental
or propofol,9, 50 If available, the clockwise isomer S(+)-Ketamine may improve recovery from
anesthesia and decrease incidence of emergence
phenomena.48
Ketamine should be avoided in decompensated heart failure or cardiogenic shock. Whereas
ketamine has a favorable cardiovascular profile
related to central sympathetic stimulation and
inhibition of neuronal catecholamine uptake
which counteracts its direct negative inotropic
effects, this favorable profile may not be seen in
patients with decompensated heart failure. In
such patients, ketamine’s negative inotropic effects may be unmasked, resulting in deterioration in cardiac performance and cardiovascular
instability.12, 51 Also, ketamine may raise pulmonary artery pressures, thus it should be used with
caution in patients with pulmonary hypertension.45 Furthermore, since ketamine has been
reported to cause hypertension and supraventricular tachycardia in patients on thyroxine replacement; clinicians should employ additional
caution with such patients.9
Ketamine should be avoided in patients with
seizure disorder as it has variably been reported
to have both pro- and anti-convulsant properties.10 In the meantime, a recent literature review
of ketamine’s effect on the brain in patients with,
or at risk for, neurological injury reported that
it does not increase intracranial pressure when
used under conditions of controlled ventilation, co-administration of a g-aminobutyric acid
(GABA) receptor agonist, and without nitrous
oxide (level II evidence).52 Moreover, the same
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authors suggest that ketamine may be a preferred
agent in sedative regimens for patients with brain
injury due to the hemodynamic stimulation that
it induces and the resultant improvement cerebral perfusion pressures that have been observed
(level II and III evidence).52 Such findings were
supported by recent evidences that suggested the
safety of ketamine for maintenance of anesthesia
and analgesia in the neurosurgical patients.48
Ketamine should be avoided in patients with
glaucoma as it may further increase intraocular
pressure 10 or in those with a history of psychosis
as it may induce a “dissociative state”.9
Finally, although ketamine infusion related
laryngospasm has been reported to occur in
0.4% of patients, such cases are generally easily managed with non-invasive ventilation techniques and rarely requires intubation (0.02%).2
Limitations of the study
Strengths of this review include our systematic
approach in the searching the literature, selecting the relevant studies, and the independent
duplicate assessment of trial validity. However,
the heterogeneity of patients, medications, and
dosing regimens precluded a systematic metaanalysis of results. As with all systematic reviews,
readers are advised to review the original publications for any further details.
The review outcome of primary interest
was the quality of ketamine induced sedation.
While most trials assessed this end point using
the Ramsay scale,53, 54 this and other commonly
used sedation scales have not been rigorously
and formally validated.55 Furthermore, reported
sedation scales were numerical, and most assess
only a single item. Accordingly, such scoring
systems limit the reproducibility and ability to
interpret results across studies. Moreover, difficulty arises when different definitions of ideal
level of sedation were used. For example, studies
reported ideal sedation levels ranging from Ramsay level 2 to 5. Hence, this review highlights the
need for a reliable and valid sedation and analgesia scoring system to improve the interpretability
of future studies.
Blinding both patients and evaluators to treatment is of utmost importance when evaluating
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subjective outcomes. Among the studies reviewed, blinding was neither routinely employed
nor reported. Accordingly, interpretation of variables such as degree of sedation, audible wheeze,
duration of mechanical ventilation and length of
ICU stay may be biased.
Finally, all co-interventions, including general
anesthesia, use of analgesics (other than those
being directly studied), use of neuromuscular
blocking agents, and approach to weaning from
mechanical ventilation were neither standardized nor consistently reported. Monitoring and
reporting such measures will help reduce bias in
end-point interpretation, for example, quality of
sedation and length of ventilation and ICU stay.

8.

Conclusions

9.
10.

Ketamine has been shown to have beneficial
pulmonary and hemodynamic effects when administered as maintenance sedation via continuous infusion. It has been reported to decrease
airway resistance, improve dynamic compliance, and preserve functional residual capacity,
minute ventilation and tidal volume while retaining protective pharyngeal and laryngeal reflexes. In patients with refractory bronchospasm,
ketamine has been reported to decrease audible
wheeze, decrease bronchodilator requirements,
and improve respiratory rate and oxygenation,
and decrease hypercarbia when administered
via continuous IV infusion. Also, ketamine does
not promote respiratory depression. Additionally, it offers a favorable hemodynamic profile
compared to fentanyl, midazolam, or propofol
in that it does not result in significant blood
pressure, heart rate, or vascular resistance perturbations. The available evidence suggests that
ketamine may be a safe and effective tool for
maintenance sedation; however a large prospective clinical trial is necessary to further clarify the
utility of ketamine as an agent for continuous IV
maintenance sedation of patients on mechanical
ventilation.

3.

4.
5.
6.

7.

11.
12.
13.
14.
15.
16.
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