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Abstract

This prospective, randomised study aimed to assess the efficacy of ketamine/propofol (K/P) compared to the commonly used
fentanyl/midazolam (F/M) combination in providing analgesia for patients with severe pelvic and spinal trauma. The study,
conducted over 30 months on 154 patients, found that the K/P group experienced significantly lower perceived pain levels, as
measured on the numerical pain scale, when compared to the F/M group (p < 0.0001). Additionally, patients in the K/P group
achieved adequate sedation with an average Ramsay scale score of 3.1, while the F/M group had a more profound sedation
with a score of 5.5 (p < 0.0001). Furthermore, the study demonstrated that analgesia with K/P significantly improved the
physiological severity score (PSS) (p < 0.0001) and resulted in a notably lower incidence of oxygen desaturation, with only
one patient experiencing this in the K/P group compared to 16 patients in the F/M group (p = 0.0003). These findings suggest
that co-administration of low-dose ketamine and propofol provides safe and effective sedation and analgesia, both in the
emergency department and pre-hospital settings. The study highlights the importance of adequate pain management in severe
trauma cases and emphasizes the potential advantages of using the K/P combination over F/M, particularly due to the reduced
risk of oxygen desaturation and the more moderate level of sedation achieved with K/P. These results underscore the potential
clinical utility of this approach in improving the overall care and outcomes of patients with severe pelvic and spinal trauma.

Rezumat

Acest studiu prospectiv, randomizat, a avut ca scop evaluarea eficacitatii combinatiei ketamina/propofol (K/P) in comparatie
cu fentanil/midazolam (F/M) pentru inducerea analgeziei la pacientii cu traume severe ale pelvisului si coloanei vertebrale.
Studiul, efectuat pe o perioada de 30 de luni la 154 de pacienti, a constatat ca grupul K/P a prezentat niveluri semnificativ mai
scazute ale durerii percepute, méisurate pe scara numerici a durerii, comparativ cu grupul F/M (p < 0,0001). In plus, pacientii
din grupul K/P au obtinut o sedare adecvata, cu un scor mediu pe scara Ramsay de 3,1, in timp ce grupul F/M a obtinut un scor
de sedare mai profundi de 5,5 (p < 0,0001). in plus, studiul a demonstrat ci analgezicele K/P au imbunitatit semnificativ scorul
de severitate fiziologica (PSS) (p < 0,0001) si au dus la o incidentd mai scazuta a pacientilor care au avut nevoie de oxigen
suplimentar, doar un singur pacient din grupul K/P comparativ cu 16 pacienti din grupul F/M (p = 0,0003). Aceste constatari
sugereazd ca administrarea concomitentd in doze mici de ketamina/propofol produce o sedare si o analgezie mai sigure si mai
eficiente, atat in departamentul de urgenta, cat si in ingrijirea prespitaliceasca. Studiul evidentiazd importanta managementului
adecvat al durerii in cazurile de traumatisme severe si subliniaza potentialele avantajele ale utilizarii combinatiei K/P in
comparatie cu F/M, in special datorita riscului redus de desaturare a oxigenui si a nivelului mai scazut de sedare obtinut cu

rezultatelor pacientilor cu traumatisme severe ale pelvisului si ale coloanei vertebrale.
Keywords: severe pelvic and spine trauma, ketamine/propofol, fentanyl/midazolam, analgesia, sedation

Introduction painful infusion, transient cognitive dysfunction and
cardiovascular and respiratory depression. It is also
not analgesic [3-5].

Ketamine is a phencyclidine derivative with dissociative,
sedative, analgesic and amnestic properties that preserve
muscle tone and protect airway reflexes and spontaneous
breathing [6]. Associated with propofol, it prevents
pain during propofol infusion [7-8], and counteracts
the hemodynamic, cardiovascular and respiratory
depression of propofol. Side effects such as dysphoria,

Recent changes in trauma treatment include an emphasis
on pain treatment to decrease the potent inflammatory
response that results in hypercoagulability, organ
dysfunction, systemic inflammatory response, lung
injury, brain injury, depression and post-traumatic
stress disorder [1].

Propofol is classified as a sedative-hypnotic medication
characterised by its rapid onset and short duration of
action [2]. Propofol has some disadvantages, such as a
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vomiting, or laryngospasm may be observed [9-11]
when used alone. The combination of ketamine and
propofol decreases dose-dependent side effects [12].
The effectiveness of ketamine and propofol administered
as a bolus has been established in several settings,
including the operating room [13], the emergency
department for rapid sequence induction of orotracheal
intubation, and for analgesia during painful procedures
[14-16].

The London Helicopter Emergency Medical Service
reported using ketamine for procedural analgesia
and sedation. It has been concluded that ketamine is
safe when used by physicians in pre-hospital trauma
care [17]. There are few scientific studies on the pre-
hospital use of analgesics [18], and under-treatment
of pain is frequently reported [19].

In Romania, combining an opioid with a benzodiazepine
is frequently used for the analgo-sedation of critical
patients, the most commonly used combination being
fentanyl with midazolam. Hence, there is a lack of
scientific studies that have provided conclusive evidence
on the efficacy of the ketamine/propofol combination
in the treatment of critical trauma patients.

Based on the available data, a prospective, randomised,
interventional trial was undertaken to investigate the
potential benefits of using a combination of ketamine
and propofol compared to the more frequently employed
midazolam/fentanyl combination in patients with
severe pelvic and spine trauma. The study aimed to
assess the significance of analgo-sedation in this patient
population, which typically experiences hemodynamic
instability. The study was approved by the hospital's
ethics committee, and written informed consent was
obtained from all patients.

Materials and Methods

Study design

The research conducted in this study encompasses a
duration of 30 months, specifically from September
2019 to February 2022. The study population consisted
of 154 patients, who were randomly assigned to two
groups in a 1:1 ratio. The first group, referred to as
the Ketamine/Propofol group, comprised 77 patients,
while the second group, known as the Fentanyl/
Midazolam group, also consisted of 77 patients. In
this context, rigorous inclusion and exclusion criteria
were established to ensure the appropriate selection
of participants. The inclusion criteria encompassed
patients who exhibited severe pelvic trauma and
spine trauma and were aged 18 years or older.

On the other hand, exclusion criteria were methodically
defined in order to exclude individuals who did not
satisfy the predetermined criteria. Patients with an
American Society of Anaesthesiology (ASA) physical
status score of 3 or higher were excluded. Additionally,
individuals with a documented history of adverse
reactions to specific medications, namely ketamine,
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propofol, midazolam, fentanyl, or egg products, were
ineligible for participation. The presence of pregnancy
in potential participants was another exclusion criterion.
Moreover, individuals with concurrent brain trauma
associated with pelvic or spinal trauma were also
excluded.

The study employed specific dosage regimens to
administer the selected medications to eligible participants.
The dosages were as follows: Ketamine was administered
in a range of 0.125 to 0.5 mg/kg in combination with
propofol at a dosage of 0.5 mg/kg. Additionally,
fentanyl was administered at a dosage range of 1 to 2
pg/kg, accompanied by midazolam at a dosage of 0.1
mg/kg. The medication for continuous intravenous
infusion was prepared with a 50 mL syringe with 500
mg ketamine (10 mg/1 mL) and a 50 mL syringe with
500 mg propofol (10 mg/1 mL). No patient became
hypotensive at this dose. Midazolam was provided at
a concentration of 1 mg/1 mL, and fentanyl at 20
pg/l mL. For the K/P group, patients received a
combination of 0.2 mg/kg of ketamine and 0.5 mg/kg
of propofol. In contrast, the F/M group received 1
pg/kg of fentanyl and 0.1 mg/kg of midazolam. The
following parameters were evaluated: pain intensity
using the numerical rating scale (NRS) (Figure 1),
pulse rate, respiratory rate, oxygen saturation, systolic
blood pressure and state of consciousness using the
Glasgow Coma Score (GCS) (Table I).

| | | | | | | | | |
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No Moderate Worst
pain pain poss_ible
pain
Figure 1.
Numerical rating scale (NRS)

Table |

Glasgow Coma Score
Eye(s) Spontaneous 4
opening To speech 3
To pain 2
No response 1
Verbal Oriented to time, place, person 5
response  |Confused/disorientated 4
Inappropriate words 3
Incomprehensible sounds 2
No response 1
Best motor |Obeys commands 6
response Moves to localised pain 5
Flexion withdraws from pain 4
Abnormal flexion 3
Abnormal extension 2
No response 1
Best response 15

Comatose patient 8 or less
Totally unresponsive 3
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The primary outcome variable was a change in the
Physiological Severity Score (PSS) and pain severity

(Table I1). The level of sedation was assessed by the
Ramsay Sedation Scores (RSS) (Table Il1).

Table 1l
Physiological Severity Score (PSS)
0 points 1 point 2 points 3 points | 4 points
Respiratory rate (breaths/minute) | No breathing <10 > 35 25-35 10 - 24
Systolic blood pressure (mmHg) No pulse <50 50 - 69 70 -90 > 90
Level of consciousness No response | Pain response | Sound response | Confused | Normal
Table 111

Ramsay Sedation Score — RSS [20-21]

The patient is anxious, agitated and/or restless

The patient is cooperative, oriented and tranquil

The patient responds to commands only

The patient sleeps and exhibits brisk response to light glabellar tap or loud auditory stimulus

G WIN|F-

The patient sleeps and exhibits a sluggish response to light glabellar tap or loud auditory stimulus

6 | The patient exhibits no response

This score is used in anaesthesiology and intensive care, having a score between 1 - 6 points.

Statistical analysis methods

To develop a consistent and relevant statistical study,
the methods of medical statistics in the Anglo-Saxon
specialised literature were studied. All information
was stored and processed using the Microsoft® Excel®
2010 programme (Microsoft® Corporation, USA),
constituting the database of the statistical study.

In our study, we employed statistical analysis methods,
including the t-test for comparing means and the test
for comparing proportions. These analyses were
conducted using the medical statistics application
MedCalc® version 12.2.1.0, developed by MedCalc®
Software in Mariakerke, Belgium. A p-value less than
0.05 indicates a statistically significant difference
between the groups under study.

Results and Discussion

Analysing the clinical characteristics after initiation
of analgo-sedation, the results of the study show a
more significant decrease in pulse rate in patients who
received analgesia with fentanyl/midazolam compared

to those who received ketamine/propofol, with a
statistically significant difference (p < 0.0001) (Table
IV). However, no patient had hypotension between
the two groups.

Oxygen desaturation occurred in 16 cases in the
fentanyl/midazolam group and at one point in the
ketamine/propofol group, the latter causing apnoea,
with a statistically significant difference (p = 0.0003).
They required tank-mask ventilation, but none were
intubated (Table IV and Table V).

Perceived pain, using the Numerical Pain Rating Scale,
was significantly lower in the ketamine/propofol group
compared to the fentanyl/midazolam group (p < 0.0001)
(Table IV).

According to the Ramsay scale, patients had adequate
sedation on average at 3.5 (2 - 4) points in the
ketamine/propofol group, compared to 5.5 (5 - 6)
points, where sedation was more profound, with a
significant difference between groups (p < 0.0001).
Analgesia showed a substantial improvement in PSS
(Physiological Severity Score) (p <0.0001) (Table IV).

Table IV

Clinical characteristics after initiation of analgo-sedation

Changes in the value of the parameters after analgo-sedation (K/P,n=177) (F/IM, n=177) pf
(mean, range, SD)
Pulse rate (b/min) 6.5(4-9;17) |9.35(4-15;3.45)| p<0.0001*
TAS mmHg 7.17 (4 - 10; 2.15) |7.78 (4 — 12; 2.76)| p =0.1281*
Respiratory rate (breaths/minute) 0.9(0-2;0.9) 0.7(0-2;0.8) | p=0.1471*
Number of patients experiencing a decrease in oxygen saturation < 90% 1 (1.30%) 16 (20.78%) p = 0.0003**
Patients requiring mask and balloon ventilation 1 (1.30%) 16 (20.78%) p = 0.0003**
Mean decrease in pain scale 05(0-1;0.5) 3,3(1-6;1.7) p <0.0001*
Ramsay Sedation Score - RSS 3.1(2-4;09) 55(5-6;0.5) | p<0.0001*
Physiological Severity Score (PSS) before analgo-sedation 9.97 (9-11;0.81)|7.21 (4 - 11; 2.26) | p <0.0001*
Physiological Severity Score (PSS) after analgo-sedation 1.4897 (1.4-1.6; | 1.4242 (1.2 - 1.6; | p <0.0001*
0.0567) 0.1119)

*Comparison of means test2, **Comparison of proportions test, Tp < 0.05 proves a statistically significant difference between the studied

groups
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Table V
Comparison between the adverse effects and the medication used
(KIP,n=77) | (FIM,n=77) pt
No adverse effects 65 (84.41%) | 59 (76.62%) | p =0.3092*
Adverse effects 12 (15.58%) | 18 (23.37%) | p=0.3091*
Agitation 5 (6.49%) 0 p =0.0691*
Involuntary movements 3 (3.89%) 0 p = 0.2443*
Apnoea 1 (1.30%) 0 p = 0.9992*
Oxygen desaturation 1 (1.30%) 16 (20.78%) | p = 0.0003*
Cough 1 (1.30%) 0 p = 0.9992*
Bradycardia 0 1 (1.30%) p = 0.9992*
Hiccup 0 1(1.30%) | p=0.9992*
Vertigo 1 (1.30%) 0 p = 0.9992*

**Comparison of proportions test, Tp < 0,05 proves a statistically significant difference between the studied groups

In terms of adverse effects, no statistically significant
difference was observed between the two groups of
patients overall (p = 0.3091). Oxygen desaturation
was the only negative impact, with a statistically
significant difference between the two groups (p =
0.0003) (Table V).

Five patients in the ketamine/propofol group developed
agitation, but only one required intravenous midazolam
0.025 mg/kg with prompt episode resolution. Three
patients in the ketamine/propofol group had involuntary
movements. One patient (1.30%) in the ketamine/
propofol group presented a short, self-limited cough
episode immediately after medication administration
without statistical significance. Other adverse effects
were bradycardia and hiccups, which resolved spontaneously
in the fentanyl/midazolam group, and one patient in
the ketamine/propofol group developed vertigo but
without statistical significance (Table V).

Although propofol has been shown to have adverse
effects on hemodynamic and respiratory parameters,
our study showed that there were no cases of hypo-
tension, bradycardia, or hypoxia requiring invasive
management. In the fentanyl/midazolam group, the
rate of oxygen desaturation (SpaO; < 90%) was 20.78%,
and in the ketamine/propofol group, it was 1.30%,
probably due to the patency of the airways and
preservation of muscle tone by the use of ketamine
and the use of a lower dose of propofol, a result found
in the existing literature [22]. In previous studies,
hypoxia secondary to propofol occurred in only about
5% of patients, and respiratory support by mask
ventilation was required in 0.8% [23-24]. The hypoxia
rate recorded in our study is consistent with the findings
reported in the existing literature on sedation using
ketamine/propofol. Akin et al. showed that the addition
of low-dose ketamine to propofol maintained mean
arterial pressure and reduced the risk of respiratory
depression [25-26].

Goh et al. found that ketamine/propofol optimise
hemodynamic and minimise apnoea [27]. Green et
al. found a significant incidence of mild transient
laryngospasm (8.2%) in a group of children sedated
for gastroscopy with ketamine as a single agent at a
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total dose of 1.3 mg/kg [28]. Miner et al. detected a
higher rate of subclinical respiratory depression in
patients undergoing procedural sedation with ketamine
for painful procedures in the emergency department
than propofol. However, there was no difference in
the rate of clinical interventions related to respiratory
depression between groups [18]. Risk factors predicting
respiratory and respiratory ketamine-related events are
high intravenous doses and the use of co-administered
anticholinergics or benzodiazepines [29].

Agitation or delirium is more common in adults than
children and is an adverse effect of ketamine [30-31].
Five patients (6.49%) in our study developed agitation;
only one was severe enough to be treated with midazolam.
In a study of 1,022 paediatric and adolescent patients,
Green et al. [12] reported the occurrence of mild
agitation in 17.6% and moderate/severe fever in 1.6%
of patients. Chudnofsky et al. described the phenomenon
of agitation in 50% of adults [32]. Compared with
these studies, our results suggest that ketamine/propofol
combination is associated with a lower agitation rate
than ketamine alone [33]. The effect is self-limiting,
and the treatment remains symptomatic, relying on
benzodiazepines and/or antipsychotics (e.g., haloperidol)
[34-35]. Concomitant midazolam has been shown to
reduce the incidence of recovery agitation after procedural
ketamine analgesia in adults in the emergency department.
However, this is not a consistent finding across
studies [36-37]. Nagata et al. and Mortero et al.
suggested that ketamine in sedative doses is associated
with electroencephalographic activation [2, 38]. The
excitatory effects of ketamine may partially antagonise
the sedative effects of propofol. In addition, low doses
of ketamine increase thalamic sensory output and
excitation. This could be a dose-dependent interaction
of ketamine with a central nervous system depressant
such as propofol [39].

Ketamine has the potential to induce emesis, while
lower doses of propofol are reported to possess anti-
emetic properties through the antagonism of dopamine
D2 receptors. These lower dosages have been observed
to effectively alleviate refractory nausea and vomiting
among patients undergoing chemotherapy [40-41].
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Early adolescence is the peak age for ketamine-
associated emesis, and its rate is higher with intra-
muscular administration and unusually high intravenous
doses [42]. In this study, there were not observed any
nausea or vomiting as adverse effects.

In the present investigation, the assessment of experienced
pain was conducted using the numerical pain scale.
Notably, the ketamine/propofol group exhibited considerably
lower levels of perceived pain compared to the fentanyl/
midazolam group. This observation aligns with previous
research findings as documented in the literature [43].
The administration of propofol independently has
been observed to be linked to a reduction in systemic
blood pressure. On the other hand, the administration
of ketamine has been found to result in a notable
increase in systolic blood pressure, which can be
attributed to the stimulation of the sympathetic nervous
system and concurrent moderate elevations in heart
rate and systolic blood pressure. Ketamine does not
affect breathing or laryngeal reflexes; under ketamine
analgesia, patients breathe spontaneously and maintain
airway control [44].

The existing literature also confirms etomidate's use
in a rapid sequence of anaesthetic induction therapy
in critical, hemodynamically unstable patients. However,
its long-term use for sedation causes adrenal insufficiency
and the aggravation of SIRS and sepsis, increasing
the mortality rate. In the present study, we chose to
use propofol as a sedative-hypnotic.

Conclusions

Concomitant administration of low-dose ketamine
and propofol provided adequate sedation and analgesia
with a lower oxygen desaturation than the fentanyl/
midazolam combination, which has a deeper level of
sedation and analgesia according to the Ramsay score,
making it a safe and valuable technique in both the
emergency department and in the prehospital. As
with all procedural sedation and analgesia regimens,
adverse effects are possible, and therefore adequate
monitoring and the ability to intervene with cardio-
respiratory support remain essential.
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