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Abstract: Background: Burn wound dressing and debridement are excruciatingly painful procedures
that call for appropriate analgesia—typically multimodal. Better post-procedural pain management,
less opioid use, and consequently fewer side effects, which could prolong recovery and increase
morbidity, are all benefits of this type of analgesia. Intravenously administered ketamine can be
effective as monotherapy or in combination with opioids, especially with procedural sedation such
as in burn wound dressing. Methods: This observational study investigated the effect of ketamine
administered in subanesthetic doses combined with opioids during burn wound dressing. The study
was conducted from October 2018 to October 2021. A total of 165 patients met the inclusion criteria.
A total of 82 patients were in the ketamine group, while 83 patients were dressed without ketamine.
The main outcome was the effect of ketamine on intraprocedural opioid consumption. The secondary
outcome included the effect of ketamine on postprocedural pain control. Results: Patients dressed
with ketamine were significantly older (p = 0.001), while the mean doses of intraoperatively admin-
istered propofol and fentanyl were significantly lower than in patients dressed without ketamine
(150 vs. 220 mg, p < 0.001; and 0.075 vs. 0.150 mg, p < 0.001; respectively). Conclusions: Ketamine was
an independent predictor of lower intraoperative fentanyl consumption, according to the multivariate
regression analysis (p = 0.015). Contrarily, both groups of patients required postoperative tramadol
treatment, while intraoperative ketamine administration had no beneficial effects on postoperative
pain management.

Keywords: acute pain control; burns; burn wound dressing; multimodal analgesia; opioid consumption;
postoperative analgesia; postoperative pain; ketamine

1. Introduction

Burns present some of the most painful injuries; thus, pain control in such trauma
remains challenging and demanding [1]. The importance of effective acute burn pain
management is reflected in the reduction in acute suffering as well as the prevention of
neuropathic and chronic pain [2].

When selecting an analgesic, it is important to consider the changes that take place
during the acute phase of a burn injury. These changes include decreased blood flow
through tissues, which lowers drug clearance, changes in acute phase protein concentration,
which affects drug binding to proteins, as well as metabolic changes and volume shifts [1].
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The American Burn Association Guidelines (ABA) state that a variety of drugs, including
opioids, non-steroidal anti-inflammatory drugs (NSAIDs), gabapentin, pregabalin, alpha-2
agonists, lidocaine, and ketamine, can be used to treat pain in burn patients [1]. Lidocaine
given intravenously ought to be used as a second- or third-line adjuvant analgesic [1].

Burn wound dressing and debridement are extremely painful procedures that call for
appropriate analgesia—typically multimodal. The combination of medications with various
but complementary or additive mechanisms of action is suggested by the multimodal
analgesia principle in order to provide the optimal pain management [3]. Better post-
procedural pain management, less opioid use, and consequently fewer side effects, which
could prolong recovery and increase morbidity, are all benefits of this type of analgesia [3–5].
Despite studies that demonstrate the effectiveness of multimodal analgesia in reducing
postoperative pain, it is important to consider both the patient’s specific pain response and
the pain mechanism particular to the treatment when selecting non-opioid medications [5].

There exists a growing interest in the use of ketamine for the management of acute pain
to reduce the dose-dependent adverse effects of opioids [1]. Ketamine induces dissociative
anesthesia with effects of sedation, amnesia, and pain relief [6]. Intravenously administered
ketamine can be effective as monotherapy or in combination with opioids, especially with
procedural sedation such as in burn wound dressing, as it is a non-competitive N-methyl
d-aspartate (NMDA) receptor antagonist with anesthetic, analgesic, anti-inflammatory,
and antidepressant effects [7–9]. Ketamine is a drug of choice for short-term procedures
when muscle relaxation is not required [10]. A patient’s management of acute trauma pain
might be complicated due to the patient’s mental state, age, or alteration in their state of
consciousness [11]. Ketamine is frequently used in severely injured patients and appears to
be safe in this group. It has been widely used for emergency surgery in field conditions in
war zones [12]. A 2011 clinical practice guideline supports the use of ketamine as a sedative
in emergency medicine, including during physically painful procedures [13].

Another benefit of ketamine is reflected in its characteristic of not inducing hypoten-
sion or bradycardia [14,15]. Ketamine releases catecholamines by inhibiting neuronal and
extraneuronal reuptake, raising cardiac output, heart rate, and arterial pressure [15]. White
et al. found that during anesthesia induction ketamine increased mean arterial pressure
by 10% [15]. According to clinical practice guidelines, ketamine is the drug of choice for
people in traumatic shock who are at risk of hypotension [13]. It is also frequently used to
provide analgesia and anesthesia to patients with hemodynamic instability and to morbidly
obese patients who require high opioid doses [3,16]. Burn shock incorporates distributive,
hypovolemic, and cardiogenic features, and is characterized by a diffuse capillary leak in
which electrolytes, proteins, and plasma decrease the volume of the circulatory system, as
well as interfere with end-organ perfusion, leading to cellular hypoxia [17–19]. Considering
the circulatory changes as well as the high risk of hemodynamic instability, the use of
ketamine for short-term procedures such as wound dressing in burn patients would have
great benefits. Even though it has been used as an anesthetic for years, there is a lack of
data showing the effect of subanesthetic doses of ketamine combined with opioids during
burn wound dressing. Thus, further studies are still needed to elucidate their indications
in this context.

The aims of this study are to examine the effect of ketamine administered during burn
wound dressing on intraprocedural opioid consumption, particularly its effect in relation
to burn size and depth, as well as its effect on postprocedural pain control.

2. Materials and Methods
2.1. Study Design and Population

This study was designed as a retrospective observational study and included patients
with burn injuries treated at the Clinic for Burns, Plastic, and Reconstructive Surgery,
University Clinical Centre of Serbia in Belgrade in the period from October 2018 to October
2021. The study was approved by the Institutional Review Board (date 20 September 2021,
approval number 415/66) and performed in accordance with the tenets of the Declaration
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of Helsinki. Inclusion criteria were patients of both sexes, older than 15 years, with burn
injuries of various extents, who required burn wound dressings and debridement in the
operating room under intravenous anesthesia between the 3rd and the 5th day post-injury
(following the initial 48 h of hemodynamic stabilization and before the planned definitive
surgical treatment). Patients with superficial partial-thickness burns, deep partial-thickness
burns, as well as patients with a combination of deep and superficial burns, were included.
Of the 295 patients admitted to the burn unit, 165 met the inclusion criteria for the study
while 130 patients were excluded from the study. Patients with inhalation injuries, intubated
patients on mechanical ventilation, and patients with well-known contraindications for
the use of ketamine were excluded. Due to the pathophysiological response to pain in
deep burns, patients with full-thickness burns were also excluded from the study. Another
exclusion criterion was insufficient postoperative pain data (Figure 1).
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Figure 1. Flow chart of the study. A total of 130 of the 295 patients were excluded from the study.
A total of 165 of patients met the inclusion criteria. A total of 82 of the included patients were dressed
with ketamine, while 83 were dressed without ketamine.

2.2. Anesthetic Management

The choice of anesthetic management was decided by the senior anesthesiologists.
All patients received premedication of 0.1 mg/kg midazolam and 0.5 mg atropine intra-
muscularly, 30 min before the burn wound dressing was performed. The position of the
patient on the operating table depended on the location of the burns and included a back
position, a side position, and a prone position. To secure the airway, laryngeal masks of
appropriate size were used, while anesthesia was maintained with a gas mixture of air
(2 L/min) and oxygen (2 L/min).

Patients were divided into two groups based on whether they received ketamine
during burn dressing: 82 patients in the ketamine group and 83 patients in the non-
ketamine group. A subanesthetic dose of ketamine (0.5 mg/kg) was prescribed to patients
in the ketamine group at the beginning of the intervention. Patients from both groups
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received fentanyl and propofol in a dose individually determined by their requirements
during the burn wound dressing. The depth of the burn injury, the total body surface area
burned (TBSA), the age and sex of the patient, the duration of the treatment, as well as
the impact of the administration of subanesthetic doses of ketamine (0.5 mg/kg) on the
intraoperative requirements for opioid analgesics (fentanyl), were noted.

After burn wound dressing was performed, the patients were admitted to the intensive
care unit (ICU). Standard hemodynamic parameters (pulse rate, blood pressure, oxygen
saturation), and electrocardiogram (ECG) were continuously monitored and recorded every
hour during the first 24 h after the procedure. Standard laboratory variables such as blood
counts, coagulation status, and biochemical analyses were checked.

Pain intensity at rest was measured using the numerical pain intensity scale (NPIS)
1 h, 3 h, 6 h, 12 h, and 24 h after wound dressing. The intensity of pain in motion was
not measured, considering the fact that different parts of the body were affected by burns,
and it was thus not possible to define a specific motion that would be valid for all patients.
A combination of NSAIDs and paracetamol was used for postprocedural analgesia; thus,
all patients received paracetamol 1 g and ketorolac 30 mg every 8 h during the first 24 h.
In patients whose non-opioid analgesic therapy was not satisfactory (when the intensity
of pain on the NPIS scale was over 4), tramadol was prescribed in a dose of 100 mg,
which was repeated according to the patient’s requirements. Additionally, the impact of
intraprocedurally administered ketamine on the need for additional postoperative analgesia
and the need for postoperative tramadol was examined.

2.3. Study Outcomes and Data Collection

The main outcome was assessing the effect of ketamine on intraprocedural opioid con-
sumption, while the secondary outcome included the effect of ketamine on postprocedural
pain control. Demographics, medical histories, and perioperative variable data, including
the type and amount of anaesthetic used, pain intensity, as well as the need for additional
analgetic, were collected from medical records. Due to the lack of information, the side
effects of ketamine could not be analyzed.

2.4. Statistical Analysis

SPSS software for Windows version 20.0 was used for statistical data analysis. Numer-
ical variables are shown in the form of mean values ± standard deviation, coefficient of
variation, and minimum and maximum values, while categorical variables are shown as
absolute numbers and percentages. Using the Kolmogorov–Smirnov test, the normality
of the data distribution was checked. Pearson’s χ2 test (contingency tables) was used to
analyze data with normal distribution, while the Mann–Whitney U test was used to analyze
data without normal distribution. Predictors of differences between the analyzed groups of
patients (the group without ketamine and the group with ketamine) were determined by
logistic regression analysis. Values of p < 0.05 were considered statistically significant.

3. Results

Of the 165 patients included in the study, 63% were male while 37% were female. The
mean age was 51.86 ± 11.42 years (the youngest patient was 15 years old, while the oldest
was 93). The mean TBSA was 23.97 ± 15.45%, with the least TBSA burned being 3%, and
the largest TBSA burned being 66%. According to TBSA burned, patients were divided into
6 groups (TBSA less than 10%, TBSA 11–20%, TBSA 21–30%, TBSA 31–40%, TBSA 41–50%,
and TBSA above 50%). Most patients (33.9%) were in the 11–20% TBSA burned group,
while the fewest (6.1%) were in the 41–50% TBSA burned group. There were about 10.3%
of patients with burns greater than 50% TBSA. The patients’ characteristics are shown in
Table 1.

There was no statistical significance in the difference between the genders in the
ketamine and the non-ketamine group. Patients in the ketamine group were significantly
younger (46.03 ± 19.59 vs. 55.38 ± 17.95, p = 0.001, Mann–Whitney U test). However, there
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were no differences between groups according to TBSA burned (p = 0.733, Mann–Whitney
U test).

Table 1. Patients’ characteristics.

Variable N (%)

Included patients 165 (100%)
Age (mean ± SD), years 51.86 ± 11.42

Sex: male 104 (63.0%)
TBSA burned (mean ± SD)% 23.97 ± 15.45%

Patients with TBSA burned <10% 25 (15.2%)
Patients with TBSA burned 11–20% 56 (33.9%)
Patients with TBSA burned 21–30% 39 (23.6%)
Patients with TBSA burned 31–40% 18 (10.9%)
Patients with TBSA burned 41–50% 10 (6.1%)
Patients with TBSA burned >51% 17 (10.3%)

SD—standard deviation; N—number of patients; TBSA—total body surface area.

The mean body weight in the ketamine group was 71.94 ± 8.04, while in the non-
ketamine group it was 72.95 ± 7.55, with no statistical difference (p = 0.393, Mann–Whitney
U test). The median dose of intraoperatively administered propofol in the ketamine group
was 150 mg (minimum 0 mg, maximum 480 mg), compared to the 220 mg (minimum 70 mg,
maximum 500 mg) in the non-ketamine group, with a statistically significant difference
(p < 0.01, Mann–Whitney U test). Additionally, patients in the ketamine group received
significantly lower doses of fentanyl during wound dressing than patients in the non-
ketamine group (0.075 mg vs. 0.150 mg, p < 0.01, Mann–Whitney U test) (Table 2).

Table 2. Characteristics of patients dressed with and without ketamine.

Variable With Ketamine N (%) Without Ketamine N(%) p Value

Patients 82 (49.7%) 83 (50.3%)
Age (mean ± SD), years 46.0.3 ± 19.59 55.38 ± 17.95 0.001

Sex:
0.599male 52 (31.5%) 52 (31.5%)

TBSA burned (mean ± SD)% 24.75 ± 16.27 23.37 ± 14.84 0.733
TBSA% subgroups: 0.918
TBSA burned <10% 13 (7.9%) 11 (6.7%)

TBSA burned 11–20% 26 (15.8%) 30 (18.2%)
TBSA burned 21–30% 18 (10.9%) 21 (12.7%)
TBSA burned 31–40% 9 (5.5%) 10 (6.1%)
TBSA burned 41–50% 7 (4.2%) 3 (1.8%)
TBSA burned >51% 9 (5.4%) 8 (4.8%)

Body wight (mean ± SD), kg 71.94 ± 8.04 72.95 ± 7.55 0.393
Fentanyl median (range) mg 0.075 (0.00–0.40) 0.150 (0.05–0.50) <0.001
Propofol, median (range) mg 150 (0–480) 220 (70–500) <0.001

Tramadol postoperatively
0.631Yes 30 (18.2%) 24 (14.5%)

SD—standard deviation; N—number of patients; TBSA—total body surface area.

Although rest pain intensity measured by NPIS was lower in the first 12 h after wound
dressing in the ketamine group, statistical significance was not observed compared to the
non-ketamine group (Table 3). About 32.7% of patients received tramadol in the postopera-
tive period, while 67.3% of patients did not require additional analgesia. The requirement
for tramadol was quite uniform in patients who received intraoperative ketamine, com-
pared with the patients who did not receive intraoperative ketamine (p = 0.631, Pearson χ2

test) (Table 2).
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Table 3. Rest pain intensity measured with numerical pain intensity scale 1 h, 3 h, 6 h, 12 h, and 24 h
after procedure. No statistical significance was observed between two groups.

Variable With Ketamine Without Ketamine p Value

Rest pain 1 h after procedure 1.8 ± 0.2 2.2 ± 0.2 0.691
Rest pain 3 h after procedure 3.3 ± 0.7 3.6 ± 0.2 0.851
Rest pain 6 h after procedure 5.0 ± 0.2 5.4 ± 0.6 0.776
Rest pain 12 h after procedure 5.3 ± 0.1 5.5 ± 0.3 0.966
Rest pain 24 h after procedure 3.8 ± 0.4 3.7 ± 0.3 0.899

The logistic regression analysis showed that patients who received ketamine dur-
ing burn wound dressing were significantly older; moreover, they received significantly
lower doses of both propofol and fentanyl than patients who did not receive ketamine
(Table 4). Additionally, using multivariate logistic regression analysis, intraoperative use
of ketamine was found to be an independent predictor of reduced intraoperative use of
fentanyl (Table 5).

Table 4. Univariate regression analysis showed that patients who received ketamine during burn
wound dressing were significantly older; moreover, they received significantly lower doses of both
propofol and fentanyl than patients who did not receive ketamine.

Characteristics OR (95% CI) p Value

Gender 1.187 (0.626–2.252) 0.599
Age 1.027 (1.009–1.044) 0.002

TBSA burned 0.994 (0.975–1.014) 0.567
TBSA burned in subgruops 0.952 (0.775–1.170) 0.641

Body weight (kg) 1.017 (0.977–1.058) 0.410
Propofol (mg) 1.007 (1.003–1.010) <0.001

Fentanyl 5247.123 (73.202–376,112.12) <0.001
CI—confidence interval; TBSA—total body surface area.

Table 5. Multivariate regression analysis showed that intraoperative use of ketamine was an indepen-
dent predictor of reduced intraoperative use of fentanyl.

Characteristics OR (95% CI) p Value

Propofol (mg) 1.005 (1.000–1.009) 0.095
Fentanyl 822.330 (3.693–183,088.334) 0.015

CI—confidence interval.

4. Discussion

This study demonstrated that when ketamine was used in subanesthetic doses
(0.25–0.5 mg/kg) during burn wound dressing under intravenous anesthesia in patients
with burns of various extents between the third and the fifth day after injury, the patients
received lower doses of propofol and fentanyl. The study also demonstrated that ketamine
was an independent predictor of decreased intraoperative fentanyl use.

In a meta-analysis, McGiness et al. demonstrated that ketamine had the best analgesic
impact on burn patients when compared to other analgesics [8]. They claimed that ketamine
given intravenously at a dose of 0.3 mg/kg/h considerably decreased the occurrence of
secondary hyperalgesia when compared to a dose of 0.15 mg/kg/h, whereas the addition
of morphine had no effect [8]. Moreover, they demonstrated that adverse effects like
nausea and vomiting occurred following the injection of morphine, but sleepiness was, as
anticipated, dose-dependent [8]. They did not investigate if hallucinations occurred. In this
study, it was demonstrated that ketamine’s coanalgesic action might be used to effectively
manage pain during burn wound dressing at subanesthetic doses. However, the occurrence
of side effects from ketamine were not investigated.
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In patients who underwent skin grafting, Lennertz et al. investigated how peri-
operative multimodal analgesia affected both intraoperative and postoperative opioid
consumption [20]. They demonstrated that the most significant predictors of postoperative
opioid usage were age and TBSA burned [20]. Younger patients in their study required
larger morphine doses; morphine intake fell by 2.7 morphine equivalents (ME) for every
year of age (1 ME = 1 mg of oral morphine) [20]. They also demonstrated that for every
10% rise in TBSA burned, there was a 1.8 ME increase in opioid intake, with the average
amount of opioid use rising from 166 ± 94 ME preoperatively to roughly 218 ± 117 ME in
the first 24 h postoperatively [20]. Similar to our findings, this study demonstrated that the
single administration of ketamine, whether as preemptive analgesia or intraoperatively,
had no impact on the postoperative reduction in opioid consumption. Patients with a
larger %TBSA burned are likely to require longer time in the OR necessary for burn wound
dressing, resulting in a higher consumption of fentanyl which decreases the level of pain
in the early post-procedural course. In this study, however, the patients who received
ketamine during wound dressing had significantly lower fentanyl use; thus, a higher level
of pain in the post-procedural course would be expected. Given how this study found
no difference in pain intensity after dressing between the groups, it can be assumed that
ketamine had some effect on pain intensity. The injection of ketamine in a bolus dose
without further continuous infusion administration may be one explanation for this. The
average percent of body surface area burned was higher (8.1% vs. 23.7% TBSA), and a
positive correlation was found between the %TBSA burned and the intraoperative use of
opioids. This was to be expected given that patients with extensive burns required more
intraoperative analgesic administration due to the longer duration of burn wound dressing
and the intensity of their pain.

Ketamine was utilized by Brennan et al. in a bolus dose of 1.2 mg/kg, repeated
as needed for 5 min during burn wound dressing, along with benzodiazepines at an
average dose of 3 mg, and opioids (fentanyl at an average dose of 10 ME) in 26% of pa-
tients [21]. Dysphoric reactions were seen in 6% of individuals, whereas the remaining 6%
experienced ketamine-induced hypertension that responded positively to labetalol given
intravenously [11]. They used a higher dose of ketamine (0.25–0.5 mg/kg vs. 1.2 mg/kg)
and did not utilize propofol, which increased the risk of complications such as ketamine-
induced hypertension [21]. In order to achieve the desired level of analgosedation during
wound dressing in burn patients, Gündüz et al. investigated the effects of various drug
combinations (1 mg/kg ketamine followed by 1 mg/kg dexmedetomidine, 0.05 mg/kg
midazolam, and saline solution) [22]. The dexmedetomidine–ketamine combination per-
formed better than other combinations in terms of blood pressure and heart rate, as well
as analgesia and postoperative sedation duration [22]. In addition, Zor et al. analyzed
the ideal analgesic combination for the dressing of burn wounds [23]. The participants in
their study were split into three groups: the first received a dose of 2 mg/kg of ketamine
alone; the second, 1 mg/kg of tramadol and, after 30 min, 1 g/kg of dexmedetomidine and
2 mg/kg of ketamine; and the third, 1 mg/kg of tramadol and, after 30 min, 0.05 mg/kg
of midazolam and 2 mg/kg of ketamine [23]. With regard to pain management and side
effects, the second group performed better [23].

Ketamine can be taken orally, rectally, or intranasally in addition to intravenously.
There have been some investigations into ketamine taken orally [24,25]. Kundra et al.
investigated the effects of oral ketamine (5 mg/kg) and dexmedetomidine (4 g/kg) on pain
management during burn wound dressing [24]. They showed noticeably lower pain scores,
with 67% in the ketamine group and 44% in the dexmedetomidine group (the mean for the
groups being 2.6 ± 0.6 and 3.8 ± 0.8, respectively) [24]. In a retrospective study, Lintner
et al. found that patients who received oral ketamine in doses of 0.5–3 mg/kg with 2–4 mg
of midazolam as premedication had statistically significantly lower doses of intravenously
administered opioids (fentanyl or hydromorphine, 50 mg vs. 75 mg, p = 0.009) [25].
Ketamine, whether administered orally or intravenously, reduces the requirement for
intraoperative opioid consumption and, as a result, the likelihood of side effects associated
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with the use of opioids in large doses. Furthermore, according to Grossmann et al., children
with burns less than 6% TBSA burned can achieve a satisfactory level of analgosedation
with a reasonable recovery period and few side effects when receiving rectally administered
ketamine at a dose of 6 mg/kg combined with 0.5 mg/kg of dormicum [26].

The effectiveness of ketamine as a coanalgesic in postoperative pain control follow-
ing various types of surgery, as well as the prevalence of side effects, were evaluated by
Subramaniam et al. in a meta-analysis and systematic review [27]. A total of 20 out of the
37 studies included in the analysis revealed that the addition of ketamine to opioids had a
positive impact on postoperative pain management, particularly when it was given as a
bolus or continuous infusion [27]. It was not demonstrated, however, how the timing of
ketamine administration affected its analgesic impact (before incision, during operation,
or after surgery). In individuals who had developed an acute tolerance to opioids, the
favorable effects of ketamine on the lowering of pain intensity and the opioid sparing effect
are described in the literature [28]. The use of ketamine was considered when the severity
of postoperative pain necessitated high doses of opioids, such as in major abdominal
and thoracic surgery, given how a combination of local anesthetics, NSAIDs, and opioids
typically provided adequate analgesia in surgical procedures like appendectomy, tonsillec-
tomy, laparoscopic surgery, and knee arthroscopy [27]. Additionally, the administration of
ketamine had no impact on the incidence of psychomimetic side effects or the reduction in
respiratory depression, pruritus, or postoperative nausea and vomiting [27].

According to Brinck et al., preoperative ketamine injection considerably decreased the
need for postoperative opioids by 8 ME in the first 24 h and by 13 ME in the next 48 h [29].
Additionally, pain intensity at rest decreased by 19% during the first 24 h and by 22% during
the next 48 h, whereas pain intensity during movement decreased by 14% during the initial
24 h and by 16% during the subsequent 48 h [29]. In addition, administering ketamine
added a 54 min delay before the administration of the first analgesic in the postoperative
phase [29]. Similar outcomes were obtained by Laskowski et al., and Wang et al., but none
of them demonstrated a connection between the ketamine dose delivered and the desired
outcome [30,31].

This study is limited by its retrospective nature, the single-center design, as well as
a small number of participants. Additionally, the study’s limitations stem from the fact
that just one parameter of postprocedural rest pain was examined, which fails to take into
account the multidimensional characteristics of pain pathways as well as patient-specific
perceptions of pain. The use of subanesthetic doses of ketamine as part of multimodal
analgesia in other, less painful procedures could produce different results in terms of even
better pain control and lower postoperative pain score values, since burns are considered
an extremely painful trauma and burn wound dressing and debridement are a typically
very painful procedure. Furthermore, the post-procedural side effects of ketamine were not
investigated in this study.

5. Conclusions

Administering ketamine intraoperatively in subanesthetic (analgesic) doses showed a
considerably decreased need for intraoperative opioids. Patients with burns less than 20%
TBSA burned as well as patients with burns larger than 21% TBSA burned both showed
positive effects in terms of the reduction in use of opioids (fentanyl) and propofol. Ke-
tamine was an independent predictor of lower intraoperative fentanyl use, according to
the multivariate regression analysis. Contrarily, both groups of patients required postoper-
ative tramadol treatment, while intraoperative ketamine administration had no statistically
significant effects on postoperative pain management.
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A.Ð., K.R., I.R., J.M., B.S.; writing—original draft preparation, M.S. (Marina Stojanović), M.M., B.M.,
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6. Biliškov, A.; Ivančev, B.; Pogorelić, Z. Effects on Recovery of Pediatric Patients Undergoing Total Intravenous Anesthesia with
Propofol versus Ketofol for Short—Lasting Laparoscopic Procedures. Children 2021, 8, 610. [CrossRef]

7. MacPherson, R.D.; Woods, D.; Penfold, J. Ketamine and Midazolam Delivered by Patient-Controlled Analgesia in Relieving Pain
Associated with Burns Dressings. Clin. J. Pain 2008, 24, 568–571. [CrossRef]

8. McGuinness, S.K.; Wasiak, J.; Cleland, H.; Symons, J.; Hogan, L.; Hucker, T.; Mahar, P.D. A Systematic Review of Ketamine as an
Analgesic Agent in Adult Burn Injuries. Pain Med. 2011, 12, 1551–1558. [CrossRef]

9. Zanos, P.; Moaddel, R.; Morris, P.J.; Riggs, L.M.; Highland, J.N.; Georgiou, P.; Pereira, E.F.R.; Albuquerque, E.X.; Thomas, C.J.;
Zarate, C.A., Jr.; et al. Ketamine and Ketamine Metabolite Pharmacology: Insights into Therapeutic Mechanisms. Pharmacol. Rev.
2018, 70, 621–660. [CrossRef]

10. Krupitsky, E. Attenuation of Ketamine Effects by Nimodipine Pretreatment in Recovering Ethanol Dependent Men Psychophar-
macologic Implications of the Interaction of NMDA and L-Type Calcium Channel Antagonists. Neuropsychopharmacology 2001, 25,
936–947. [CrossRef]

11. Fabbri, A.; Voza, A.; Riccardi, A.; Serra, S.; Iaco, F. The Pain Management of Trauma Patients in the Emergency Department.
J. Clin. Med. 2023, 12, 3289. [CrossRef]

12. Cohen, L.; Athaide, V.; Wickham, M.E.; Doyle-Waters, M.M.; Rose, N.G.W.; Hohl, C.M. The Effect of Ketamine on Intracranial and
Cerebral Perfusion Pressure and Health Outcomes: A Systematic Review. Ann. Emerg. Med. 2015, 65, 43–51.e2. [CrossRef]

13. Green, S.M.; Roback, M.G.; Kennedy, R.M.; Krauss, B. Clinical Practice Guideline for Emergency Department Ketamine Dissocia-
tive Sedation: 2011 Update. Ann. Emerg. Med. 2011, 57, 449–461. [CrossRef] [PubMed]

14. White, P.F. Comparative Evaluation of Intravenous Agents for Rapid Sequence Induction—Thiopental, Ketamine, and Midazolam.
Anesthesiology 1982, 57, 279–284. [CrossRef] [PubMed]

15. Ishimaru, T.; Goto, T.; Takahashi, J.; Okamoto, H.; Hagiwara, Y.; Watase, H.; Hasegawa, K.; Morita, H.; Kawano, T.; Kamikawa, Y.;
et al. Author Correction: Association of Ketamine Use with Lower Risks of Post-Intubation Hypotension in Hemodynamically-
Unstable Patients in the Emergency Department. Sci. Rep. 2020, 10, 2208. [CrossRef]

16. Chaouch, M.A.M.A.; Daghmouri, M.A.; Boutron, M.-C.; Ferraz, J.-M.; Usai, S.; Soubrane, O.; Beaussier, M.; Pourcher, G.; Oweira,
H. Ketamine as a Component of Multimodal Analgesia for Pain Management in Bariatric Surgery: A Systematic Review and
Meta-Analysis of Randomized Controlled Trials. Ann. Med. Surg. 2022, 78, 103783. [CrossRef] [PubMed]

https://doi.org/10.1097/AAP.0000000000000806
https://www.ncbi.nlm.nih.gov/pubmed/29870457
https://doi.org/10.1089/wound.2019.0963
https://www.ncbi.nlm.nih.gov/pubmed/31827977
https://doi.org/10.1016/j.anclin.2017.01.018
https://www.ncbi.nlm.nih.gov/pubmed/28526156
https://doi.org/10.1111/1440-1681.13742
https://www.ncbi.nlm.nih.gov/pubmed/36440985
https://doi.org/10.1097/j.pain.0000000000001243
https://www.ncbi.nlm.nih.gov/pubmed/30113942
https://doi.org/10.3390/children8070610
https://doi.org/10.1097/AJP.0b013e31816cdb20
https://doi.org/10.1111/j.1526-4637.2011.01220.x
https://doi.org/10.1124/pr.117.015198
https://doi.org/10.1016/S0893-133X(01)00346-3
https://doi.org/10.3390/jcm12093289
https://doi.org/10.1016/j.annemergmed.2014.06.018
https://doi.org/10.1016/j.annemergmed.2010.11.030
https://www.ncbi.nlm.nih.gov/pubmed/21256625
https://doi.org/10.1097/00000542-198210000-00005
https://www.ncbi.nlm.nih.gov/pubmed/7125264
https://doi.org/10.1038/s41598-020-58489-3
https://doi.org/10.1016/j.amsu.2022.103783
https://www.ncbi.nlm.nih.gov/pubmed/35600177


J. Clin. Med. 2024, 13, 764 10 of 10

17. Jeschke, M.G.; van Baar, M.E.; Choudhry, M.A.; Chung, K.K.; Gibran, N.S.; Logsetty, S. Burn Injury. Nat. Rev. Dis. Primers 2020,
6, 11. [CrossRef] [PubMed]

18. Rae, L.; Fidler, P.; Gibran, N. The Physiologic Basis of Burn Shock and the Need for Aggressive Fluid Resuscitation. Crit. Care
Clin. 2016, 32, 491–505. [CrossRef]

19. Guillory, A.; Clayton, R.; Herndon, D.; Finnerty, C. Cardiovascular Dysfunction Following Burn Injury: What We Have Learned
from Rat and Mouse Models. Int. J. Mol. Sci. 2016, 17, 53. [CrossRef]

20. Lennertz, R.; Zimmerman, H.; McCormick, T.; Hetzel, S.; Faucher, L.; Gibson, A. Perioperative Multimodal Analgesia Reduces
Opioid Use Following Skin Grafting in Nonintubated Burn Patients. J. Burn. Care Res. 2020, 41, 1202–1206. [CrossRef]

21. Phg, B.; Landry, J.K.; Miles, V.P. Intravenous Ketamine as an Adjunct to Procedural Sedation during Burn Wound Care and
Dressing Changes. J. Burn Care Res. 2019, 40, 246–250.
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