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Endotracheal intubation is a common procedure performed for critically ill patients that can have immediate
life-threatening complications. Induction medications are routinely given to facilitate the procedure, but most
of these medications are associated with hypotension. While etomidate is known for its neutral hemodynam-
ic profile, it has been linked with increased mortality in septic patients and increased morbidity in trauma pa-
tients. Ketamine and propofol are effective anesthetics with counteracting cardiovascular profiles. No data are
available about the use of this combination in critically ill patients undergoing endotracheal intubation.

We describe 6 cases in which the combination of ketamine and propofol (“ketofol”) was used as an induction
agent for endotracheal intubation in critically ill patients with a focus on hemodynamic outcomes. All patients
received a neuromuscular blocker and fentanyl, while 5 patients received midazolam. We recorded mean arte-
rial pressure (MAP) 1 minute before induction and 15 minutes after intubation with the combination. Of the 6
patients, 5 maintained a MAP 265 mmHg 15 minutes after intubation. One patient was on norepinephrine in-
fusion with a MAP of 64 mmHg, and did not require an increase in the dose of the vasopressor 15 minutes af-
ter intubation. No hemodynamic complications were reported after any of the intubations.

This case series describes the use of the “ketofol” combination as an induction agent for intubation in critical-
ly ill patients when hemodynamic stability is desired. Further research is needed to establish the safety of this
combination and how it compares to other induction medications.

Anesthetics, Combined ¢ Critical Illness ¢ Drug Combinations e Intubation, Intratracheal ¢ Ketamine ¢
Propofol
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Background

Endotracheal intubation is frequently performed as a lifesav-
ing procedure in critically ill patients. However, endotracheal
intubation may lead to increased morbidity and mortality if
not conducted with care and vigilant selection of the right in-
duction sedatives, anesthetics, analgesics, and paralytics [1,2].
Patients requiring endotracheal intubation are often elderly,
debilitated, and have multiple co-morbidities, which predis-
pose them to an increased risk of post-intubation hypoten-
sion [3-5]. A number of agents with varying hemodynamic
profiles are available for procedural sedation during intuba-
tion. Etomidate was, until recently, a popular choice for induc-
tion during intubation. However, in recent years, studies have
shown that the administration of etomidate is associated with
increased mortality, especially in septic patients [6,7]. This as-
sociation has been observed not only in the intensive care unit
(ICV), but also in the operating room as reported by at least 1
study [8]. Additionally, in trauma patients, etomidate was re-
lated to increased morbidity and lower serum cortisol concen-
trations post-intubation [9]. Patients in the ICU are frequently
admitted with sepsis or suspicion of sepsis, which could make
etomidate an unsuitable choice for most critically ill patients.

Even though the literature on the combination of ketamine
and propofol goes back 3 decades [10], more recent data
have been published evaluating its potential benefits [11,12].
Perhaps the renewed interest in “ketofol” is due to the re-
cent reports of adverse events associated with etomidate.
This combination offers cardiovascular stability, presumably
due to a neutral hemodynamic profile [13]. Most of the lit-
erature on “ketofol” has involved patients presenting to the
emergency department or operating room for elective surgery
[13-16]. However, there are no reports evaluating the use of

Table 1. Patient characteristics and hemodynamic data.

Colloid fluids
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“ketofol” in the general ICU population where its potential
benefits may not yet be fully known. Therefore, we report on
the efficacy and safety of the combination of ketamine and
propofol when used for induction during endotracheal intu-
bation in 6 critically ill patients.

Case Series

In this case series, we report on 6 critically ill patients who
received a combination of ketamine and propofol as induc-
tion agents for endotracheal intubation in the ICU. Ketamine
and propofol were given as an admixture, in the same sy-
ringe. All patients had previously provided research authori-
zation for use of their medical records and were cared for di-
rectly by 1 or more of the authors. Through our Institution’s
Institution Review Board (IRB) Wizard tool we obtained an
exemption, because this is a case series, and patients were
cared for using standard medical practice. All data were ob-
tained from the hospital’s electronic database [17]. Data on de-
mographics, Acute Physiologic and Chronic Health Evaluation
(APACHE) 1l scores within 24 hours from ICU admission, co-
morbidities, and primary ICU diagnoses were collected. Data
collected during endotracheal intubation included total dose
for both ketamine and propofol, total crystalloid and colloid
volume 24 hours pre- and post-intubation, documented intu-
bation complications, and Confusion Assessment Method for
the ICU (CAM-ICU) scores 24 hours pre- and post-drug admin-
istration. Hemodynamic data consisted of noninvasively mea-
sured systolic blood pressure (SBP), diastolic blood pressure
(DBP), mean arterial pressure (MAP), and heart rate (HR) dur-
ing the initial 15 minutes after drug administration. All co-in-
terventions (e.g., narcotics, paralytics, vasoactive agents, ben-
zodiazepines) were recorded during the same time interval.

CAM-ICU Vasopressor (ml)
APACHE Ill 24 hr prior/ ' 2>°P ;
24 hr after use 24 h prior/
24 h after
Patient 1 83 +/- Yes 0/0
Patient 2 51 —/+ No 500/500
Patient 3 46 —/+ No 0/100
Patient 4 56 —/+ No 0/0
Patient 5 60 —/- No 0/0
Patient 6 46 +/+ No 0/500

Crystalloid fluids MAP Heart rate
(ml) (mmHg) (beats/min)
24 h prior/ 15’ prior/ 15’ prior/
24 h after 15’ after 15’ after
3180/2675 64/64 93/94
1000/3110 79/69 119/120
3960/750 87/85 124/123
925/645 77/65 142/116
1800/1630 103/123 133/129
1270/4393 94/97 93/91

APACHE (Acute Physiology and Chronic Health Evaluation) Il in the first 24 hours of admission; MAP — mean arterial pressure;
15’ — 15 minute vital signs after intubation. CAM ICU — confusion assessment method for the intensive care unit; “+” implies CAM-ICU

”

positive and “~” implies CAM-ICU negative.
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Table 2. Technique and medications used during intubation.

Weight Technique Fentanyl Midazolam

(kg) (mcg) (mg)

Patient 1 58.2 DL 25 None
CPatient2 428 oL s0 2
CPatient3 833 oL s0 2
CPatients 978 v 50 2
CPatients 724 w50 2
CPatients 812 v 50 2

Ketamine Propofol Paralytic Phenylephrine
(mg/kg) (mg/kg) (mcg)
0.5 0.5 SCh 60 mg 0

”””””” 05 05  Rec2smg 0
”””””” 05 05  schiomg 200
”””””” 100 10*  schioomg 0
”””””” 05 05  Recsomg 0
”””””” 05 05  Rocg8Omg 0

DL —direct laryngoscopy; VL — video laryngoscopy; SCh — succinylcholine; Roc — rocuronium. * Two doses of 0.5 mg/kg were required

due to two intubation attempts.

Patient characteristics and hemodynamic data are presented
in Table 1, while details of intubation, including medication
doses, are presented in Table 2.

Patient #1

A 77-year-old male with end-stage primary sclerosing cholangi-
tis status post orthotopic liver transplant and Roux-en-Y choled-
ochojejunostomy was transferred to our ICU for Pseudomonas
bacteremia and septic shock. He received meropenem, genta-
micin, fluconazole, and vancomycin, along with multiple crys-
talloid boluses and norepinephrine infusion. After a period of
initial improvement, he developed hypoxemic respiratory fail-
ure, tachycardia, and hypotension, necessitating non-invasive
positive pressure ventilation (NIPPV) and increasing vasopres-
sor support. A transesophageal echocardiogram was planned
and the patient was electively intubated for the procedure.
Norepinephrine dose remained at 0.14 mcg/kg/min prior to,
during, and 15 minutes after intubation with no change in MAP.

Patient #2

A 25-year-old male with Noonan syndrome, complex congen-
ital heart disease treated with multiple surgical procedures,
and mechanical mitral valve replacement (on chronic warfa-
rin therapy) was admitted with pneumonia and severe sep-
sis. His blood pressure had stabilized after 5 liters of crystal-
loid were given prior to ICU admission. NIPPV was initiated
for respiratory distress. He was soon noted to be bacteremic
with Streptococcus agalactiae with a concern for prosthetic
valve endocarditis. The patient was electively intubated prior
to transesophageal echocardiogram (TEE).

Patient #3

A 63-year-old male with alcoholic cirrhosis was admitted with
hematemesis and melena. He was started on octreotide and

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported License

pantoprazole infusions. The patient was electively intubated
prior to esophagogastroduodenoscopy (EGD). The patient re-
ceived phenylephrine 200 mcg after an initial failed intuba-
tion attempt; however, the MAP was >65 mmHg when the
dose was delivered.

Patient #4

A 70-year-old male with atrial fibrillation, hypertension, and
chronic alcoholism was admitted to an outside hospital with
hyponatremia (116 mmol/L) and atrial fibrillation with rap-
id ventricular rate. On the second day, he was suspected to
have pneumonia and was started on levofloxacin. He devel-
oped hypoxemic respiratory failure requiring NIPPV and was
subsequently transferred to our ICU. The patient required en-
dotracheal intubation due to evolving respiratory failure. Two
attempts were required to place the endotracheal tube ow-
ing to laryngeal edema and additional doses of ketamine and
propofol were given prior to the second attempt.

Patient #5

A 70-year-old male with primary biliary cirrhosis was admitted
with massive hematemesis. Due to tachycardia during EGD, the
procedure was terminated. The patient was transferred to the
ICU and the EGD was performed following elective intubation.

Patient #6

A 61-year-old female with morbid obesity, diabetes mellitus,
liver cirrhosis, hepatic encephalopathy, and Mobitz type 2 heart
block status after pacemaker placement was transferred to the
ICU for aspiration pneumonitis and acute hypoxemic respira-
tory failure. After failing to respond to NIPPV, she was intu-
bated for acute respiratory distress syndrome and placed on
invasive mechanical ventilation.




Discussion

We describe a series of cases where we used a combination
of induction agents for endotracheal intubation in critically ill
patients. It was intended to generate the hypothesis that the
combination of ketamine and propofol was safe and effec-
tive for pre-intubation sedation in critically ill patients. Since
no prior study has used this combination in ICU patients, our
case series fills a void in the existing knowledge on this sub-
ject. Our case series demonstrates that, in a wide spectrum of
co-morbidities and primary disease processes encountered in
ICU patients, the combination of ketamine and propofol was
successful in providing adequate sedation for intubation with
minimal adverse hemodynamic effects.

Choosing an appropriate and safe induction agent for endo-
tracheal intubation is challenging due to the varying degree
of adverse effects of the available medications. In 1 study, he-
modynamic collapse occurred in 26% of cases and there was
at least 1 severe complication in 27% of patients [1]. Due to
its favorable hemodynamic profile, etomidate is an attractive
option for providers. However, recent studies have shown that
etomidate is associated with increased mortality and adrenal
insufficiency in septic patients [6]. In addition, etomidate has
been linked to worse 30-day outcomes when used for induc-
tion of anesthesia when compared to propofol [8].

Ketamine and propofol combinations are being increasingly
used for sedation and analgesia, especially in the emergency
department [18,19]. Ketamine has been associated with emer-
gence hallucinations and emesis [20], and with prolonged re-
covery time when compared to propofol [21-23]. It is associ-
ated with increases in systemic vascular resistance (SVR) and
HR due to sympathetic stimulation from inhibition of norepi-
nephrine reuptake [13]. Propofol use is limited by respirato-
ry depression and dose-dependent hypotension, presumably
caused by decreased SVR and, infrequently, increase in HR from
primarily arteriolar vasodilation [24,25]. The combination of
ketamine and propofol is a beneficial option due to the coun-
teracting cardiovascular effects of the individual drugs while
maintaining adequate sedation.

Typically, hemodynamically unstable patients are given ket-
amine alone, which may increase the risk of emergence de-
lirium, especially if used as a single agent (typical dose 1-2
mg/kg). Our case series provides proof-of-concept that a ket-
amine-propofol combination using 0.5 mg/kg of each agent
reduces the ketamine-induced delirium as well as propofol-in-
duced hypotension and may be a suitable alternative in these
patients. This is evidenced by our findings, which showed that
CAM-ICU scores did not worsen after receiving the ketamine-
propofol combination. We propose that, by combining 0.5
mg/kg doses of ketamine and propofol, we can successfully
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limit their adverse effects while providing adequate sedation.
Additionally, this combination has no known risk of causing
adrenal suppression.

The use of “ketofol” has been studied in the emergency de-
partment for procedural sedation [26]. Recent studies dem-
onstrate that the combination is satisfactory for sedation and
analgesia, and is associated with less hemodynamic instability
and adverse effects [16,26,27]. The combination of ketamine
and propofol has also been studied during induction of gener-
al anesthesia in the operating room, where it was found to be
associated with better hemodynamics when compared to pro-
pofol alone [13] or to the combination of propofol and fentan-
yl[10]. However, at the time of our literature review, no stud-
ies on the safety profile of the “ketofol” combination in the
ICU setting had been published. The ICU population is signif-
icantly different from the operating room population, primar-
ily due to the incidence of sepsis and suspected sepsis and
associated reduced systemic vascular resistance, as well as
increased circulation of inflammatory mediators. The diagno-
sis of sepsis has been described as a risk factor for intubation
requirement [28], as the single culprit of hypotension in burn
patients [29], and as a predictor of mortality if documented
during the immediate period prior to intubation [5]. Given the
association of sepsis and poor prognosis after orotracheal intu-
bation, combined with the physiological knowledge that sep-
sis causes decreased SVR, we hypothesize that the combina-
tion of ketamine and propofol should be expanded from the
ED and operating room to the ICU.

This case series reports on the presentation, events, and he-
modynamic outcomes of 6 critically ill patients that received
endotracheal intubation using the combination of ketamine
and propofol as the induction agent. The patients had differ-
ent primary diagnoses and circumstances under which intu-
bation took place, but all patients received “ketofol.” All pa-
tients except patients #3 and #4 were intubated in the first
attempt. Of the 6 patients, 4 maintained MAP above 65 mmHg
up to 15 minutes post-intubation without the need for vaso-
active agents. Patient #4 received phenylephrine 200 mcg for
SBP <90 mmHg, although the MAP was >65 mmHg. Patient #1
was on norepinephrine infusion for the management of septic
shock before, during, and after intubation, and received the
ketamine-propofol combination without requiring dose escala-
tion of norepinephrine. Fluid resuscitation was no different in
the 24 hours before and after intubation. On the other hand,
only 2 patients received more volume in the 24 hours after in-
tubation compared to the same period before intubation. Upon
detailed chart review, we discovered that this volume was not
administered for resuscitation due to acute hemodynamic in-
stability in the post-intubation period. Patient #2 was taken to
the operating room after intubation, and most of the volume
was given during the operation. Patient #6 developed septic
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shock several hours after intubation and received crystalloid
and colloid resuscitation, and the heart rate was not affected
by the use of “ketofol.” There was no documentation of re-
covery agitation in our patients’ records. These results are in
agreement with the theoretical benefit of preserved hemody-
namics and decreased dysphoric emergence phenomena when
a combination of ketamine and propofol is used.

Our series is limited by the small number of patients reviewed
and the lack of comparison with an alternative induction agent.
Although it is standard practice in our ICU to have continuous
cardiorespiratory monitoring, pulse oximetry, and blood pres-
sure checks every 2-3 minutes in the peri-intubation period,
these vital signs were pulled into the electronic medical record
at varying frequencies. Some patients had vital signs pulled
at 5-minute intervals, while others had pulls up to 15 minutes
apart. We may have potentially missed short-lived hemody-
namic changes due to the retrospective nature of the case se-
ries. However, any hemodynamically significant drops in blood
pressure would have promptly been corrected with intermit-
tent doses of phenylephrine, which we recorded. Additionally,
“ketofol” is not used by all providers performing endotrache-
al intubations in the ICU at our institution, which may intro-
duce selection bias in the patients in this series.
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Our case series raises several questions: 1) Would the stable
hemodynamics observed in our case series with the use of
“ketofol” become apparent in a larger ICU population? 2) How
would the ketamine-propofol combination compare with al-
ternatives such as etomidate or ketamine alone? 3) Do these
hemodynamic changes, or lack thereof, have any impact on
patient outcomes?

Conclusions

We present the first case series to describe the use of ketamine
and propofol in critically ill patients as an induction agent for
endotracheal intubation. The combination was associated with
adequate sedation along with hemodynamic stability for up to
15 minutes following intubation. Our report generates impor-
tant proof-of-concept data to plan further research, including
randomized controlled trials comparing “ketofol” with other
induction agents in critically ill patients.
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