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OPEN

What do we know 
about this issue?
No systematic reviews or meta-analyses 
assessing the hemodynamic changes in 
patients with the use of low-dose ketamine 
during the post-operative period were 
identified. 
There is no evidence suggesting that 
low doses of ketamine are significantly 
associated with heart rate or blood 
pressure alterations in patients with acute 
postoperative pain, treated with this 
analgesic approach.

What does this study
 contribute to?
Considering that the cardiovascular 
effects of ketamine at anesthetic doses 
are contraindicated for patients with 
cardiovascular disease, these low-dose 
ketamine infusion findings contribute with 
new information allowing to consider its 
use for a larger population of patients with 
cardiovascular risk, based on its well-known 
opioid-sparing effect and analgesia in cases 
of pain complicated with hyperalgesia/opioid 
tolerance.
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Abstract

Introduction: Low-dose ketamine infusions have shown analgesic effectiveness for the 
management of postoperative pain. The impact of low-dose ketamine infusions on 
cardiovascular response is dose-dependent and requires a better knowledge about its 
effects on this population.

Objective: To conduct a systematic review to describe changes in systolic, diastolic and mean 
arterial pressure, and heart rate 24, 48 and 72 hours after surgery.

Methods: Randomized, controlled trials were reviewed in the  Cochrane Library, PubMed, 
EMBASE, SciELO, Lilacs and grey literature on low-dose ketamine infusions for the study 
variables. The quality of the studies was assessed using the Cochrane’s risk of bias tool.

Results: Six randomized, controlled trials with 641 patients were included. Low-quality evidence 
was found suggestive of a lack of certainty of any significant differences in the systolic blood 
pressure variables at 24 hours (mean standard deviation  -1.00, 95 % CI: -7.27 to 5.27). A statistically 
significant higher mean heart rate at 24 hours was identified in the low-dose ketamine infusion 
group, (mean standard deviation 1.64 95 % CI: 0.38 to 2.90) which did not reach clinical significance. 
A lower pain level and less use of opioids was identified in the low-dose ketamine infusion group. 

Conclusions: Low quality evidence was found, suggesting that low-dose ketamine infusions 
are not associated with significant changes in blood pressure or heart rate 24 – 48 hours after 
surgery. It is important to individualize cardiovascular risk for each case, before initiating 
treatment.

Keywords: Ketamine; Postoperative pain; Hemodynamics; Blood pressure; Heart rate; Opioids; 
Psychomimetic; Anesthesiology.
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INTRODUCTION

Ketamine is effective for postoperative 
pain analgesia. Its antagonistic effect 
on the NMDA receptor reduces central 
sensitization in the dorsal horn during  
nociception, in addition to promoting the 
descending pain inhibition through the 
monoaminergic pathway. (1,2) The use of 
low-dose ketamine infusion (LDKI) has 
increased in postoperative pain models 
associated with severe pain. (3,4)

Ketamine is associated with dose-
dependent adverse effects – such as 
psychomimetic – which according to the 
various studies published so far apparently 
do not impact the recovery.  (4,5) The 
cardiovascular effects are usually less 
frequent, but may be a contraindication for 
high risk patients.

There is a limited amount of information 
about the cardiovascular effects, most of 
which are reported for anesthetic doses 
of ketamine during the perioperative 
period. The cardiovascular effects of LDKI 
are described in the literature mostly with 
regards to healthy patients, but there is 
limited information about the impact 
on high-risk patients, or patients with 
cardiovascular disease. Cardiopulmonary 

toxicity is rare in high-dose ketamine, with 
limited effects on the transient sympathetic 
activation. (6-8)

A recent consensus showed that 
analgesia is associated with plasma 
concentrations of 100-200 ng/mL. 
(1) Individual pharmacokinetic and 
pharmacodynamic differences are also 
argued for  LDKI. This is mainly due to the 
bicompartmental model of ketamine which 
accounts for the poor response to single 
doses during the postoperative period.  (9)

There is limited knowledge about 
the impact of LDKI in the treatment 
of acute postoperative pain in primary 
studies on the hemodynamic changes 
associated with such intervention. This is 
an important consideration when making 
decisions involving patients with frequent 
cardiovascular diseases.

The objective of this study was to 
conduct a systematic review of clinical 
trials comparing LDKI versus placebo in 
the postoperative setting. The idea was to 
determine whether the use of ketamine 
in continuous infusion at analgesic doses 
during the postoperative period generates 
hemodynamic changes in blood pressure 
and heart rate during the first 24 hours 
of initiation of the infusion, as compared 
against placebo. Additionally, the use of 

ketamine at analgesic doses was compared 
against placebo, in terms of the following 
clinical outcomes: systolic, diastolic and 
mean arterial blood pressure, heart rate, 
pain visual analogue scale at 24, 48 and 72-
hour intervals, as well as the equivalent use 
of morphine at 24 hours and the incidence 
of psychometric symptoms at 24 hours.

METHODS

A systematic literature review was 
performed, including randomized clinical 
trials without any language restriction, 
which assessed treatment with ketamine, 
or sketamine for the management of post-
operative pain, with an infusion ≥ 24 h at 
sub-anesthetic doses; these trials were 
published from January 1st, 2077 until 
December 31st, 2022, including completed 
and published trials. Studies with pregnant 
women, non-sub-anesthetic doses of 
ketamine (>0.3 mg/kg), and duplicate 
studies were excluded.  

Sources of information and 
search strategies 

A search of illegible articles without any 
language restriction was conducted, from 

Resumen

Introducción: Las infusiones en dosis bajas de ketamina han mostrado eficacia analgésica en el manejo del dolor posoperatorio. El impacto de las infu-
siones en dosis bajas de ketamina en la respuesta cardiovascular es dosisdependiente y requiere un mejor conocimiento de sus efectos en esta población.

Objetivo: Realizar una revisión sistemática para describir los cambios en la presión arterial sistólica, presión arterial diastólica, presión arterial media, 
frecuencia cardiaca a las 24, 48 y 72 horas del posoperatorio.

Métodos: Se revisaron ensayos controlados aleatorizados en Cochrane Library, PubMed, EMBASE, SciELO, Lilacs y literatura gris de infusiones en dosis 
bajas de ketamina para las variables del estudio. La calidad de los estudios se evaluó usando la herramienta de riesgo de sesgos de Cochrane.

Resultados: Se incluyeron seis ensayos controlados aleatorizados con 641 pacientes. Se encontró evidencia de baja calidad sugestiva de ausencia de cer-
teza de diferencias significativas en las variables presión arterial sistólica a las 24 horas (diferencia de medias estandarizada -1,00, IC95 %: -7,27 a 5,27). 
Para las 24 horas se halló una media de frecuencia cardiaca mayor en el grupo de infusiones en dosis bajas de ketamina, estadísticamente significativa 
(diferencia de medias estandarizada 1,64 IC95 %: 0,38 a 2,90) sin alcanzar significancia clínica. Se encontró menor nivel de dolor y consumo de opioides en 
el grupo de infusiones en dosis bajas de ketamina.

Conclusiones: Se encontró evidencia de baja calidad, sugestiva de que las infusiones en dosis bajas de ketamina no se asocian a cambios significativos en 
la presión arterial o frecuencia cardiaca a las 24-48 horas en el posoperatorio. Es importante individualizar el riesgo cardiovascular para cada caso previo al 
inicio del tratamiento.
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January 1st 2007, until December 31st, 
2022 in Cochrane, PubMed, EMBASE, 
SciELO, and Lilacs, using a combination of 
controlled terms such as Medical Subject 
Heading (MeSH), Emtree and free text 
terms with several English synonyms. The 
terms used included: “pain, postoperative”; 
“postoperative pain”; “post-surgical pain”; 
“acute postoperative pain”; “ketamine”; 
“esketamine”. The strategy used was 
a high sensitivity strategy (annex). 
Additionally, a manual and grey literature 
search was conducted, using the sources 
from Anesthesiology and Resuscitation-
Pain Congresses. Also a search over the 
last 15 years of international anesthesia 
congresses and an analysis of the titles of 
the clinical trials submitted at the various 
congresses. The following resources were 
also reviewed: La Referencia - https//www.
lareferencia.info/es, RedCol (https://redcol.
minciencias.gov.co/vufind/), OpenAIRE 
(http://explore.openaire.eu/).

Trial selection process 

The Zotero bibliography manager was used. 
The studies were selected in two phases; 
the first for titles and abstracts selected for 
illegibility by two independent reviewers 
and any duplicates were ruled-out. The 
investigators’ agreement was estimated.  

The second phase was a complete 
reading of the studies included and 
the ones excluded were listed. Any 
disagreements arising at these detection 
levels were settled through a consensus 
discussion and a third-party review. The 
reasons for exclusion were illustrated in a 
studies flowchart (Figure 1).

Process of extraction and list of data 

The process was conducted by two 
independent investigators and in duplicate 
using an electronic Excel form, to collect 
the data from the articles included. The 
information obtained was then verified 
with the reviewers. Any disagreements 

identified at this level were solved through 
a consensus discussion and/or a third-party 
review.

The characteristics of the studies 
assessed were: authors, year of the study, 
year of publication, journal, study design. 
The characteristics of the study population 
included: population size, age, and gender. 
Intervention: dose, time of dosing, control 
group. Surgical model. Initial systolic 
blood pressure (SBP), (mean and standard 
deviation). Maximum change in SBP 
(mean and standard deviation); Initial 
diastolic blood pressure (DBP) (mean and 
standard deviation), maximum change 
in DBP (mean and standard deviation); 
initial heart rate (HR) (mean and standard 
deviation); maximum change in HR (mean 
and standard deviation. Time point over 
the infusion period when the maximum 
SBP, DBP and HR were observed. Pain 

assessment using the numerical rating 
scale (NRS), accumulated use of opioids. 
Psychomimetic symptoms. 

Assessment of risk of bias 
of individual trials 

Two investigators independently assessed 
the risk of bias of the studies included, 
using the risk assessment Cochrane 
collaboration tool (Review Manager version 
5.4.1), for randomized clinical trials. Any 
disagreements arising with regards to the 
risk of bias or justification thereof, were 
solved through dialogue until a consensus 
was reached, with a third author as a 
referee.  

The following domains were evaluated: 
biases from randomization, biases due to 
deviations in the interventions planned, 

Articles by means of 
bibliography search

(n=1509)

Articles excluded for a reason 
 (n=1136). 

- No hemodynamic (n= 623).
- Pedriatic population (n=88).
- Pregnant/puerperium females (n=37).
- Type of study (n=178).
- Route of administration other than IV 
(n=219).

Articles excluded for a reason (n=84)

- No sub-anesthetic doce (n=77)
- Ketamine infusion only during the 
intraoperative period (n=5)
-Fail to comply with accesability to 
study   (n=2)

Published elements
 (n=283)

Articles included a�ter 
removing (n=1226)

Complete articles assessed 
for illegibility (n=90)

Illegible studies based on 
inclusion criteria(n=6)

Studies according to database
- Cochrane (n=443)

- Embase (n=613)
- Lilacs (n=38)

- PubMed (n=376)
- ScieELO (n=39))
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Figure 1. Prisma diagram.

Source: Authors.
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biases due to neglected outcomes data, 
biases in outcomes measurement, biases of 
selection of published results.   

A table of risk of biases was developed 
for each of the studies included, which 
was part of the data collection form. 
Additionally, a risk of bias summary was 
developed for all the studies using risk 
figures and traffic-light charts with green 
if the domain complied with the standards, 
yellow if the domain was questionable, and 
red in case of failure to comply.  

Effect measurements

For the analysis and synthesis of the 
relevant outcome variables, different 
effect measurements were used, according 
to the type of variable. The quantitative 
variables, whether continuous or discrete, 
were analyzed through the differences in 
standardized measurements (DSM), with 
their corresponding confidence intervals; 
in contrast, the quantitative variables 
were analyzed through the difference of 
proportions and the RR (Risk Ratio) with its 
corresponding confidence interval. 

Synthesis methods 

For the analysis and synthesis of 
information different statistical models 
were used, depending on the level of 
heterogeneity identified in the data of each 
particular variable subject to analysis. For 
quantitative, low heterogeneity variables, 
the differences in means were used, based 
on fixed effects models; on the contrary, 
in case of significant heterogeneity, 
random effect models were developed. 
For dichotomous qualitative variables, 
the Mantel-Haenszel (MH) method was 
used, which involves a fixed effects model 
to estimate the above-mentioned effect 
measures for the case. 

Assessment of publication bias 

The assessment was made in two different 
ways: a chart through the funnel plot, using 

the relative risk of each study and the 
standard error in one of them; the second 
option used the Egger (linear weighted 
regression) statistical test considering a 
statistical bias of publication with a p<0.05. 

Quality of evidence evaluation 

The evidence was evaluated through each 
outcome using the system suggested 
by the Grading of Recommendation 
Assessment, Development and Evaluation 
(GRADE) Working Group, and the evidence 
was classified as high, moderate, low and 
very low. Several traditional factors of 
the GRADE system were analyzed: risk of 
biases, inaccuracy, inconsistency, lack of 
direct evidence and publication biases. The 
Guideline Development Tool platform was 
used in this process. 

RESULTS

Selection of studies 

A total of 1509 results were identified in the 
databases, 283 were duplicates and were 
ruled out, for a total of 1226 publications. 
The illegibility criteria were reviewed 
and 1136 were excluded due to lack of 
hemodynamic data, pregnant women 
or in immediate puerperium, pediatric 
patients, route of administration other 
than IV, and type of study. Of the 90 illegible 
articles, 84 were excluded due to failure to 
meet the inclusion criteria – for example, 
using sub-anesthetic doses of ketamine 
or administering infusions during the 
intraoperative period only. Finally, a total of 
six studies were included in the systematic 
review (figure 2). The characteristics of the 
studies selected are illustrated on Table 1. 
The findings show clinical heterogeneity 
in the surgical model and methodological 
heterogeneity which prevent adding 
the LDKI effect in a meta-analysis for 
hemodynamic variables in a population of 
patients with postoperative pain  (POP).

Characteristics of the studies 

Six randomized clinical trials (RCTs) 
were included for a total of 641 patients. 
Webb et al. conducted a RCT with 120 
patients undergoing elective laparotomy, 
administering an intraoperative 0.3 mg/kg 
bolus and a ketamine infusion of 0.1 mg/
kg/h as compared against a normal saline 
solution control group. All patients received 
intraoperative tramadol (3 mg/kg), and a 
tramadol infusion (0.2 mg/kg/h) for 48 h 
after surgery, and had patient-controlled 
analgesia available with morphine for 
rescue analgesia. (10)

Aveline et al. conducted a RTC with 
75 patients undergoing total knee 
replacement, comparing a group with a 
ketamine bolus of 0.2 mg/kg and a 0.12 
mg/kg/h intraoperative infusion, followed 
by postoperative infusion with 0.06 mg/
kg/hour for 48 hours, as compared to the 
nefopam 60 µg/kg/hour infusion group  
for 48 hours and a third group with saline 
solution using the same infusions. (11)

Deng et al. conducted an RCT with 
200 patients with lower limb fractures 
undergoing surgery, with 4 groups of 
intervention: 3 with a 0.5 mg/kg bolus 
followed by an infusion of 0.1 mg/kg/hour, 
0.05 mg/kg/h, 0.01 mg/kg/h for 24 hours 
and a fourth group receiving an equivalent 
volume of normal saline solution. 
Additionally, every group received PCA 
(patient-controlled analgesia) with a basal 
infusion of remifentanil and on-demand 
boluses. The three of ketamine infusion 
groups were independently compared 
for the purposes of this review, since they 
were all independent and at sub-anesthetic 
doses. (12)

Joseph et al. conducted a RCT with 
60 patients undergoing thoracotomy. 
All patients received a thoracic epidural 
catheter placed before surgery and 
general anesthesia. Moreover, patients 
were assigned to two groups to receive 
ketamine with an initial bolus of 0.5 mg/kg, 
intraoperative infusion of 0.18 mg/kg/h, and 
postoperative infusion of ketamine of 0.09 
mg/kg/h over 48 hours, or an intravenous 
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placebo. The placebo group received a 
combination of continuous IV infusion of 
saline solution and PCA with ropivacaine 
1.5 mg/mL during the postoperative period 
following the thoracotomy. (13)

Garg et al. conducted a RCT with 
76 patients undergoing spinal surgery, 
distributed into three groups: the first 
received a 0.25 mg/kg bolus of ketamine, 
an infusion of 0.25 mg/kg/h and midazolam 
bolus of 10 μg/kg, followed by a 10 μg/
kg/h infusion through the same infusion 
pump. The second group received a bolus 
of dexmedetomidine of 0.5 μg/kg for 10 
minutes, followed by a 0.3 μg/kg/h infusion. 
The third group received an infusion bolus 
of saline solution in equivalent volume. (14)

Arikan et al. carried out a RCT with 
120 female patients undergoing total 

abdominal hysterectomy  assigned to three 
groups: one group received a ketamine 
infusion of 0.05 mg/kg/h, the second group 
a 50 mg/kg magnesium sulphate bolus, 
followed by a 10 mg/kg/hour infusion; and 
a third group received saline solution  (15).

Risk of bias of individual trials 

In five of the trials included in the revision, 
the patients were randomized into the 
different groups; however, this could not be 
established in one trial.

All of the studies provided complete 
outcome data.  50 % of the trials included 
met the allocation concealment criteria, 
blinding of participants/practitioners and 
outcomes, and in the remaining 50% it was 

impossible to establish these conditions.  
83 % of the trials exhibited reporting bias. 
Only one trial reported registering the 
protocol.

Figure 2a shows the summary of biases 
of the various trials and Figure 2b depicts 
the biases for each trial.

RESULTS OF THE INDIVIDUAL 
TRIALS AND SYNTHESIS 

Hemodynamic changes in SBP, DBP, 
MAP, HR at 24 hours 

In terms of SBP at 24 hours the study by 
Webb et al. (10) showed a standardized 
mean difference (SMD) -1,00 (95 % CI: -7.27 
to 5.27) (Figure 3A), which is not considered 

Reference Study type Intervention Postoperative 
infusion dose 

Size of the 
population 

Mean age 
(years) Surgical model Result 

studied

Webb et al. 
(10)

RCT, controlled 
with saline solution 

IV ketamine 
infusion 

0.1 mg/kg/h in 48 
hours 120 63 ± 15

Major 
abdominal 

surgery 
SBP, HR

Aveline et 
al. (11)

RCT, controlled 
with saline solution 

and nefopam

IV ketamine 
infusion

0.06 mg/kg/h in 
48 hours 75 72 Total knee 

replacement 
Presence of  
tachycardia

Deng et al. 
(12)

RCT, controlled 
with saline solution 

salina

IV ketamine 
infusion

0.01-0.1 mg/kg/h 
for  24 hours 200 49 ± 6.1

Reduction of 
lower limb 

fractures 
MAP, HR

Joseph et al. 
(13)

RCT, controlled 
with saline solution 

salina

IV ketamine 
infusion

0.09 mg/kg/h for  
48 hours 60 60 Open 

thoracotomy 
Presence of 

hypotension 

Garg et al. 
(14)

RCT, controlled 
with saline 

solution and 
dexmedetomidine 

group

IV ketamine 
infusion

0.25 mg/kg/h for 
24 hours 66 36.45±

13.39 Spine surgery PAM, FC, PAS

Arikan et al. 
(15)

RCT controlled 
with saline solution 

and magnesium 

IV ketamine 
infusion

0.05 mg/kg/h for 
48 hours 120 59.35 ± 4.96

Total 
abdominal 

hysterectomy 

Presence of 
hypotension 

and 
bradycardia

Table 1. Characteristics of the trials selected for the systematic review.  

HR: Heart Rate; MAP: Mean Arterial Pressure presión arterial media; RCT: Randomized Controlled Trial; SBP: Systolic Blood Pressure.
Source: Authors.
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to be statistically significant and it was 
impossible to make a heterogeneity 
analysis due to the lack of availability of 
trials for comparison purposes. A trial by Garg 
et al. (14) was identified during the search, 
but the data were incomplete and hence 
the means and standard deviation analysis 
was not performed; however, they claim that 
no SBP alterations were seen at 24 hours, 
as compared to the placebo group. None of 
the patients required rescue medications to 
maintain hemodynamic stability.

For MAP at 24 hours, Deng et al. (12) 
showed a SD of 1.40 (95 % CI: -0.64 to 3.44) 
with no statistically significant difference 
between ketamine and the control group 
(Figure 3B). There was a non-representative 
heterogeneity among the three groups of 
ketamine, as evidenced by a P value for Chi² 
of 0.88 and I² of 0 %.

In the terms of the results for HR at 24 
hours, the SMD was 1.64 (95 % CI: 0.38 
to 2.90), which is statistically significant 
in favor of the control group. (10,12) The 
heterogeneity was not representative, as 
evidenced by a P value for Chi² of 0.99 and 
I² of 0 % (Figure 3C).

SBP, SBP, MAP, HR at 48 hours 

In terms of the results for SBP at 48 hours, 
Webb et al. showed an SMD of 5 (95 % 
CI: -1.69 to 11.69) (Figure 3D). There is no 
statistically significant difference and it 
was impossible to assess the heterogeneity 
since there were no comparative trials. (10) 
The search and selection resulted in three 
trials which contributed with incomplete 

data and hence could not be included in 
the statistical analysis; however, at the 
individual level, Josep et al. described 
hypotension during the 48 hours following 
the initiation of the infusion, defined as 
SBP <80 mm Hg, in 32 % of the population 
in the ketamine group, against 8 % in the 
placebo group (p 0.063), which the authors 
did not consider statistically significant. 
(13) Arikan et al. reported hypotension in 
around 7.5 % in the control group and 2.5 
% in the magnesium group at 48 hours 
post-surgery; in contrast, no hypotension 
developed among the ketamine group. 
However, the parameters to define this 
variable were not defined. (15) In the study 
by Garg et al. no SBP alterations were 
identified at 48 hours, as compared against 
the placebo group. None of the patients 
required any rescue medication to maintain 
hemodynamic stability. (14)

In terms of HR at 48 hours, Webb et 
al. showed an SMD 1 (95 % CI: -3.1 to 5.12) 
(figure 3E). There was no statistically 
significant difference and it was impossible 
to assess the heterogeneity due to the lack 
of comparative studies. (10)

The search and selection identified two 
trials which contributed with incomplete 
data and hence could not be included in 
the statistical analysis; however, at the 
individual level, Arikan et al. reported 
bradycardia of 2.5 % in the magnesium 
group and 5 % in the control group, 48 
hours post-operatively. In contrast, there 
was no hypotension or bradycardia in the 
ketamine group.  However, the parameters 
for this variables were not reported. (15) The 
trial by Aveline et al., reported the presence 
of tachycardia at 48 hours (HR above 100 
beats per minute for 5 continuous minutes) 
in 4 % of the ketamine group, in 12.5 % in 
the nefopam group and in  8.3 % in the 
placebo group; these findings were not 
statistically significant according to the 
authors. (11)

None of the studies provided DBP 
data at 24, 48 hours, neither were any data 
available for SBP, DBP or HR at  72 hours.

Figure 2. Summary of biases of the various trials and biases for each trial depiction.

A) Biases throughout the trials. B) Biases for each individual trial.
Source: Authors.
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Figure 3. Forest plot of hemodynamic variables and pain at 24 hours.

A) Systolic blood pressure at 24 hours. B) Mean arterial pressure at 24 hours. C) Heart Rate at 24 hours. D) Systolic blood pressure at 48 hours. 
E) Heart rate at 48 hours. F) Pain at 24 hours.
Source: Authors.
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Figure 4. Pain Forest plot, use of opioids and psychometric symptoms.

 A) Pain at 48 hours. B) Use of morphine at 24 hours. C) Use of morphine at 48 hours. D) Psychometric symptoms (difference of proportions). 
E) Psychometric symptoms . RR: Relative risk.
Source: Authors.



9 /12c o lo m b i a n  jo u r n a l  o f  a n e st h e s io lo g y.  2 0 2 4 ; 5 2 : e 1 0 9 9

Pain at 24 hours after surgery 

In terms of outcomes for pain at 24 hours, 
the combined results of the three trials 
showed an SMD of  -0.56 (95 % CI: -0.89 to 
-0.23), with statistical significance and a P 
value for Chi² of 0.0010 and I² 78 %, with re-
presentative heterogeneity which could be 
explained on the basis of the clinical hetero-
geneity resulting from the difference in the 
surgical model, the use of adjuvant medi-
cations, the anesthetic technique, different 
analgesia doses as well as methodological 
heterogeneity associated with the differen-
ce in the size of the population, pain assess-
ment times, concealment of blinding  (Fi-
gure 3F) (12,14,15). The search and selection 
showed three studies with incomplete data 
and hence could not be included in the sta-
tistical analysis. Webb et al. and Aveline et 
al. assessed pain at rest and on movement. 
This study considered just the pain at rest 
values. Aveline et al. showed that the VAS 
scores at rest were significantly lower in 
patients receiving ketamine as compared 
to nefopam at 24 hours (p < 0.0001). The 
study by Webb et al. reported that pain sco-
res (VAS) were lower at rest (P = 0.01, versus  
on movement (P = 0.02) during 24 hours 
and the study by Joseph et al., reported a 
similar accumulated epidural consumption 
of ropivacaine among the various groups at 
24 hours after surgery. The VAS scores were 
identical at rest, coughing and at 24 hours, 
with no significant difference. (10,11,13)

Postoperative pain at 48 hours 

The postoperative 48-hour pain outcome 
in both studies showed an SMD of -0.38 
(95 % CI: -0.73 to -0.02) with statistical 
significance, with a P value for Chi² of 0.23 
and I² 32 %, with a non-representative 
heterogeneity  (Figure 4A). (14,15)

The search and selection identified 
three trials which contributed incomplete 
data and hence should be excluded from 
the statistical analysis. However, the 
Aveline et al. study showed that the VAS 
scores at rest were significantly lower in the 

patients receiving ketamine as compared 
to those receiving nefopam at 48 hours 
(P < 0.0001). (11) The study by Webb et 
al. established that the VAS scores were 
lower at rest (P = 0.01) and on movement 
(P = 0.02) over the first 48 hours (10) and 
the study by Joseph et al. showed that the 
accumulated epidural use of ropivacaine 
was similar among the different groups at 
48 hours after surgery. The VAS scores were 
identical at rest and when coughing at 48 h, 
with no significant difference. (13) For pain 
outcomes at 72 hours, the studies failed to 
contribute with any data. 

Use of opioids at 24, 48 and 72 hours

The combined results regarding morphine 
use at 24 hours of the three trials showed 
an SMD of  -51.61 (95 % CI: -78.66 to -24.56), 
and hence the use of morphine was 
considered to decrease in the ketamine 
groups as compared to the control group, 
with a statistically significant difference, 
a representative heterogeneity based on 
a P value for Chi2 of 0.00001 and I2 90 
% (Figure 4B). (11,12,14) The search and 
selection identified the trial by Webb et al. 
which was individually analyzed because of 
incomplete data, but reported that the use 
of PCA-morphine was 46 % higher in the 
control group (33.5 mg) versus the ketamine 
group (23 mg) during the period between 0 
to 24 hours (P = 0.003). (10)

The analgesia interventions, defined 
as the need to increase the PCA-morphine 
bolus or add a basal morphine infusion, were 
more frequent among the control patients 
(21 interventions) as compared against 
the ketamine patients (4 interventions) in 
the period from 0 to 24 hours (P = 0.01). 
In terms of morphine use at 48 hours, the 
SMD was -33.95 (95 % CI: -46.03 to -21.88) 
evidencing a decline in the morphine 
requirement in all groups receiving 
ketamine, as compared against the control 
group, with a statistical significance. 
There was a representative heterogeneity 
expressed by a P value for Chi2 0.00001 
and I2 93 % (figure 4C). (11,14,15) The search 

and selection identified the study by Webb 
et al., which was individually analyzed 
because of incomplete data, reporting a 
use of PCA-morphine of 150 % higher in 
the control group (30 mg) as compared 
against the ketamine group (12 mg) during 
the 24-48 hour period (P = 0.001). The 
analgesia interventions – defined as the 
need to increase the PCA-morphine bolus 
or add a basal morphine infusion over 
the 24-48 hours period – experienced 9 
interventions in control patients and 3 in 
patients receiving ketamine  (P = 0.13). (10) 
In terms of opioid use at 72 hours, none of 
the studies reported any data. The trial by 
Joseph et al. failed to provide specific data 
on the use of opioids and hence was not 
included in the analysis. (13)

Incidence of psychometric symptoms 

In terms of the results for psychometric 
symptoms, a combination of the six 
studies included in this review showed a 
proportions difference of 0.06 (95 % CI: 0.01 
to 0.12) and a RR of 1.48 (95 % CI: 1.08 to 2.04) 
which indicated that the use of ketamine is 
a risk factor for the development of such 
symptoms, with a  P for Chi2 0.92 and I2 0 %, 
showing non-representative heterogeneity 
(figures 4D and 4E). (10-15)

Publication biases 

The funnel plot shows symmetry in the 
distribution of the trials, maintaining the 
funnel shape and showing in the upper 
section the studies with the largest sample 
size; thus, the risk of publication bias is 
considered low (figure 5). Due to the very 
small number of trials identified, it was 
impossible to conduct the Egger test. 

The quality of information for each 
outcome is illustrated in Table 2, with a 
summary of the certainty of the evidence 
according to the GRADE system. 

DISCUSSION

The purpose of these study was to conduct 
a systematic review of the hemodynamic 
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effects of ketamine infusion at sub-
anesthetic doses (< 0.3 mg/kg/h IV) as 
adjuvant analgesia for POP pain.

The evidence was found to be low 
quality, suggestive of a non-association 
between  LDKI and hemodynamic 
alterations, as compared against the 
control group. No significant differences 
were found for blood pressure or heart 
rate between the LDKI and control 
groups. One finding to be highlighted is 
that only two trials showed a lower mean 
HR in the control group as compared 
against the LDKI group at 24 hours (SMD 
1.64, 95 % CI: 0.38 to 2.90), which was not 

Figure 5. Funnel plot.

Source: Authors.

Certainty assessment 

Impact Certainty ImportanceN.° of 
studies

Study design 
Risk of 

bias 
Inconsistency

Indirect 
evidence

Inaccuracy 
Other 

considerations 

Hemodynamic changes (assessing: heart rate, systolic blood pressure, diastolic blood pressure, mean arterial pressure)

6 Randomized 
trials  Severe a Severe b Very 

severe c
Very severe 

d None

In view of the high clinical and statistical heterogeneity 
present in all the trials, it is impossible to arrive at a 

common summarized effect to define the hemodynamic 
changes resulting from the ketamine infusion at 

analgesic doses, compared against placebo.

⨁◯◯◯
Very low Critical

Pain at 24, 48 and 72 hours (follow-up: range 24 to 72 hours; measured using the numerical analogue scale)

6 Randomized 
trials Severe e Not severe Not 

severe Severe  f None

Given the high clinical and statistical heterogeneity 
among all the studies, it is impossible to generalize 

the effect on postoperative pain of the ketamine infu-
sion at analgesic doses as compared to placebo.

⨁⨁◯◯
Low Important

Use of opioids 24, 48 and 72 hours post-op (follow-up: range 24 to 72 hours; measured with morphine equivalent day)

5 Randomized 
trials  Severe g Not severe Very 

severe h Very severe i None

Given the high clinical and statistical heterogeneity 
among all the trials, it is impossible to generalize the 
effect of the use of opioids in patients with ketamine 
infusion at analgesic doses as compared to placebo.

⨁◯◯◯
Very low Important

Incidence of psychomimetic symptoms  (follow-up: range 24 to 72 hours; measured based on nightmares, terror episodes, delirium, hallucinations or agitation)

6 Randomized 
trials Severe j Very severe k Very 

severe l Not severe None

Given that the heterogeneity was not representative 
for this outcome, the ketamine infusion at analgesic 

doses is considered to have a higher incidence of 
psychometric symptoms as compared to placebo.

⨁◯◯◯
Very low Important

a. Some of the studies reviewed failed to provide data on hemodynamic changes; additionally, they fail to contribute clear information about  the mode of randomization, blinding, and do not specify 
the protocol registration number.
b. Lack of information about the end-point variables of the study 
c. These results were secondary findings in all the studies and it was impossible to collect all the data planned. 
d. Due to lack of information about the end-point variables of the study.
e. Some studies reviewed fail to provide pain scales 72 hours after the intervention, Some studies fail to contribute with clear information about the type of randomization, blinding, and do not specify 
the protocol registration number.
f. Pain scales after 72 hours could not be found and this was one of the objectives of the study. 
g. Some of the studies reviewed fail to provide opioid use data at 72 hours, or clear information about the randomization approach, blinding and do not specify the protocol registration number.
h. These results were secondary findings in all the trials; it was impossible to collect all the planned data.
i. Due to lack of data regarding the use of opioids 72 hours after the intervention.
j. Some studies fail to contribute clear information about the randomization approach, blinding, and do not specify the protocol registration number. 
k. Due to differences in the results of the incidence of psychometric symptoms in the various studies.
l. These results were secondary findings in all the studies.

Source: Authors.

Table 2. Quality of the evidence using GRADE for each outcome. 
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classified as tachycardia (> 90 beats per 
minute), and considered of no clinical 
relevance. (10,12)

The descriptive results of the studies 
assessed did not report any changes in 
hemodynamics that required treatment, 
suggesting a relative cardiovascular safety 
with the use of LDKI, in the surgical models 
studied. (14)

The results of this review are in 
contrast with the effect of tachycardia 
and hypertension of bolus doses or doses 
over 0.5 mg/kg reported in the literature. 
(7) The idea of LDKI was introduced into 
the clinical practice over two decades 
ago. Schmid et al. described the analgesic 
effect of LDKI in a review including surgical 
models associated with severe pain. (16) 
The short half-life of ketamine and the lack 
of a preventive effect of pain using single 
preoperative doses, have led to a growing 
use of LDKI in POP analgesia. Jouguelet et 
al. report the analgesic effect of LDKI up 
to 48 hours, in at least eight trials. (2) The 
author reported outcomes such as lower 
VAS scores and opioid use, favoring  LDKI.

On the other hand, KDLI resulted 
in lower VAS scores at 24 and 48 hours 
after surgery. This is consistent with its 
analgesic effect broadly described in the 
literature. (3,5,17) Likewise, a reduction in 
the use of opioids was identified, which 
could be accounted for by the multimodal 
strategy in pain control; these findings 
were already reported in previous studies. 
(4,18-20) While LDKI has a clear value in 
the use of opioids and the prevention of 
opioid-induced tolerance/hyperalgesia, 
there is very little information about its 
potential cardiovascular effects at doses 
lower than the bolus, or those used during 
the perioperative period. With regards to 
the psychomimetic symptoms, ketamine 
at analgesic doses was found to represent a 
higher risk as compared to placebo, as has 
been reported in the literature (4); however, 
this is not a contraindication for its use and 
should be individually assessed. 

Currently, the contraindications 
for ketamine include uncontrolled 

cardiovascular disease and liver failure 
(1); however, the criteria to select LDKI in 
patients with cardiovascular conditions 
such as uncontrolled hypertension or 
coronary heart disease, are not well 
defined in the literature. In general, the 
recommendation is to avoid conditions 
such as tachycardia or hypertension in case 
of recent onset MI. (21)

The results of this study contribute 
with important information for decision-
making regarding the use of LDKI. 
Changes in the ST segment in previous 
analyses were observed at single ketamine 
doses above 0.5 mg/kg. (22) The authors 
consider that additional trials are needed, 
including baseline hemodynamic data 
and different time intervals using LDKI to 
assess the behavior of such variables in the 
perioperative setting. 

CONCLUSION

This systematic review suggests that LDKI 
analgesia does not significantly change 
the hemodynamic behavior of the patients 
treated for acute POP pain and hence 
this analgesic option may be considered 
for patients with cardiovascular risk. The 
increasing use of  LDKI as a strategy in 
multimodal analgesia warrants further 
clinical trials to more accurately assess the 
hemodynamic behavior of LDKI.

Registry and protocol

The Protocol was registered under the 
Prospero registry (NIHR), with the name: 
Hemodynamic response to sub-anesthetic 
doses of ketamine in patients with 
postoperative pain. Systematic review and 
meta-analysis. Registration number 411659.

Ethical Responsibilities 

The design of this study was a secondary 
research project in which the unit of 
analysis is not patients. In accordance with 

Resolution 8430 of 1993 which establishes 
the scientific and technical guidelines for 
research in humans, this research project is 
free of risk and therefore does not require 
any informed consent, or approval by the 
ethics committee for institutional research.

Financing

The financing of the study was provided by 
the investigators.

Conflicts of interest 

The authors have no conflicts of interest to 
disclose.

Availability of the data,
 codes and other materials 

An annex document is available including 
the bibliography search strategies of each 
database. 

REFERENCES

1. Schwenk ES, Viscusi ER, Buvanendran A, 
Hurley R, Wasan A, Narouze S, et al. Con-
sensus guidelines on the use of intravenous 
ketamine infusions for acute pain manage-
ment from the American Society of Regional 
Anesthesia and Pain Medicine, the American 
Academy of Pain Medicine, and the Ameri-
can Society of Anesthesiologists. Reg Anesth 
Pain Med. 2018;43(5):456-66. doi: https://doi.
org/10.1097/AAP.0000000000000806

2. Jouguelet-Lacoste J, La Colla L, Schilling D, 
Chelly JE. The use of intravenous infusion or 
single dose of low-dose ketamine for posto-
perative analgesia: a review of the current 
literature. Pain Med. 2015;16(2):383-403. doi: 
https://doi.org/10.1111/pme.12619

3. Zhou L, Yang H, Hai Y, Cheng Y. Periope-
rative low-dose ketamine for postopera-
tive pain management in spine surgery: 
A systematic review and meta-analysis of 
randomized controlled trials. Pain Res Ma-
nag. 2022;2022:1507097. doi: https://doi.
org/10.1155/2022/1507097

https://doi.org/10.1097/AAP.0000000000000806
https://doi.org/10.1097/AAP.0000000000000806
https://doi.org/10.1111/pme.12619
https://doi.org/10.1155/2022/1507097
https://doi.org/10.1155/2022/1507097


c o lo m b i a n  jo u r n a l  o f  a n e st h e s io lo g y.  2 0 2 4 ; 5 2 : e 1 0 9 9 12/12

4. Brinck EC, Tiippana E, Heesen M, Bell RF, 
Straube S, Moore RA, Kontinen V. Periopera-
tive intravenous ketamine for acute postope-
rative pain in adults. Cochrane Database Syst 
Rev. 2018;12(12):CD012033. doi: http://doi.
org/10.1002/14651858.CD012033.pub4

5. Gorlin AW, Rosenfeld DM, Ramakrishna H. 
Intravenous sub-anesthetic ketamine for 
perioperative analgesia. J Anaesthesiol Clin 
Pharmacol. 2016;32(2):160-7. doi: https://doi.
org/10.4103/0970-9185.182085

6. Domino EF. Taming the ketamine tiger. 1965. 
Anesthesiology. 2010;113(3):678- 684. doi: ht-
tps://doi.org/10.1097/ALN.0b013e3181ed09a2

7. Strayer RJ, Nelson LS. Adverse events associa-
ted with ketamine for procedural sedation in 
adults. Am J Emerg Med. 2008;(26):985-1028. 
doi: https://doi.org/10.1016/j.ajem.2007.12.005

8. Vankawala J, Napoles G, Ávila-Quintero VJ, 
Ramirez K, Flores J, Bloch M, Dwyer J. Me-
ta-Analysis: hemodynamic responses to 
sub-anesthetic doses of ketamine in patients 
with psychiatric disorders. Front Psychiatry. 
2021;12:549080. doi: https://doi.org/10.3389/
fpsyt.2021.549080

9. Kamp J, Jonkman K, Van Velzen M, Aarts L, 
Niesters M, Dahan A, Olofsen E. Pharmacoki-
netics of ketamine and its major metabolites 
norketamine, hydroxynorketamine, and de-
hydronorketamine: a model-based analysis. 
Br J Anaesth. 2020;125(5):750-61. doi: https://
doi.org/10.1016/j.bja.2020.06.067

10. Webb AR, Skinner BS, Leong S,Kolawolw 
H, Crofts T, Taverner M, Burn S. The addi-
tion of a small-dose ketamine infusion to 
tramadol for postoperative analgesia: a 
double-blinded, placebo- controlled, rando-
mized trial after abdominal surgery. Anesth 
Analg. 2007;104(4):912-17. doi: https://doi.
org/10.1213/01.ane.0000256961.01813.da

11. Aveline C, Gautier JF, Vautier P, Cognet F, 
Hetet HL, Attali JY, Leconte V, Leborgne P, 
Bonnet F. Postoperative analgesia and early 
rehabilitation after total knee replacement: 
a comparison of continuous low-dose in-
travenous ketamine versus nefopam. Eur J 
Pain. 2009;13(6):613-9. doi: https://doi.or-
g/10.1016/j.ejpain.2008.08.003

12. Deng GF, Zheng JP, Wang S, Tian B, Zhang 
SG. Remifentanil combined with low-do-
se ketamine for postoperative analgesia of 
lower limb fracture: a double-blind, contro-
lled study. Chin J Traumatol. 2009;12(4):223-
27. doi: https://doi.org/10.3760/cma.j.is
sn.1008-1275.2009.04.007

13. Joseph C, Gaillat F, Duponq R, Lieven R, 
Baumstarck K, Thomas P, Penot-Ragon C, 
Kerbaul F. Is there any benefit to adding in-
travenous ketamine to patient-controlled 
epidural analgesia after thoracic surgery? A 
randomized double-blind study. Eur J Cardio-
thorac Surg. 2012;42(4):e58-e65. doi: https://
doi.org/10.1093/ejcts/ezs398

14. Garg N, Panda NB, Gandhi KA, Bha-
gat H, Batra YK, Grover VK, Chhabra R. 
Comparison of small dose ketamine and 
dexmedetomidine infusion for postope-
rative analgesia in spine surgery--a pros-
pective randomized double-blind placebo 
controlled study. J Neurosurg Anesthesiol. 
2016;28(1):27-31. doi: http://doi.org/10.1097/
ANA.0000000000000193

15. Arıkan M, Aslan B, Arıkan O, Horasanlı E, But 
A. Comparison of the effects of magnesium 
and ketamine on postoperative pain and mor-
phine consumption. A double-blind rando-
mized controlled clinical study. Acta Cir Bras. 
2016;31(1):67-73. doi: https://doi.org/10.1590/
S0102-865020160010000010

16. Schmid RL, Sandler AN, Katz J. Use and effi-
cacy of low-dose ketamine in the manage-

ment of acute postoperative pain: a review 
of current techniques and outcomes. Pain. 
1999;82(2):111-25. doi: https://doi.org/10.1016/
S0304-3959(99)00044

17. Kaur S, Saroa R, Aggarwal S. Effect of in-
traoperative infusion of low-dose ketamine 
on management of postoperative analgesia. 
J Nat Sci Biol Med. 2015;6(2):378-82. doi: ht-
tps://doi.org/10.4103/0976-9668.160012

18. Wang X, Lin C, Lan L, Liu J. Periopera-
tive intravenous S-ketamine for acute 
postoperative pain in adults: A systema-
tic review and meta-analysis. J Clin Anes-
th. 2021;68:110071. doi: https://doi.or-
g/10.1016/j.jclinane.2020.110071

19. Zakine J, Samarcq D, Lorne E, Moubarak M, 
Montravers P, Beloucif S, Dupont H. Posto-
perative ketamine administration decrea-
ses morphine consumption in major abdo-
minal surgery: a prospective, randomized, 
double-blind, controlled study. Anesth 
Analg. 2008;106(6):1856-61. doi: https://doi.
org/10.1213/ane.0b013e3181732776

20. Gupta A, Mo K, Movsik J, Al Farii H. Statis-
tical fragility of ketamine infusion during 
scoliosis surgery to reduce opioid tolerance 
and postoperative pain. World Neurosurg. 
2022;164:135-42. doi: https://doi.org/10.1016/j.
wneu.2022.04.121

21. Picariello C, Lazzeri C, Attanà P, Chiostri M, 
Gensini GF, Valente S. The impact of hyperten-
sion on patients with acute coronary syndro-
mes. Int J Hypertens. 2011;2011:563657. doi: 
https://doi.org/10.4061/2011/563657

22. Goddard K, Simpson C, Bedy SM, Ghadban 
R, Stilley J. Effect of ketamine on cardiovas-
cular function during procedural sedation of 
adults. Cureus. 2021;13(3):e14228. doi: https://
doi.org/10.7759/cureus.14228

http://doi.org/10.1002/14651858.CD012033.pub4
http://doi.org/10.1002/14651858.CD012033.pub4
https://doi.org/10.4103/0970-9185.182085
https://doi.org/10.4103/0970-9185.182085
https://doi.org/10.1097/ALN.0b013e3181ed09a2
https://doi.org/10.1097/ALN.0b013e3181ed09a2
https://doi.org/10.1016/j.ajem.2007.12.005
https://doi.org/10.3389/fpsyt.2021.549080
https://doi.org/10.3389/fpsyt.2021.549080
https://doi.org/10.1016/j.bja.2020.06.067
https://doi.org/10.1016/j.bja.2020.06.067
https://doi.org/10.1213/01.ane.0000256961.01813.da
https://doi.org/10.1213/01.ane.0000256961.01813.da
https://doi.org/10.1016/j.ejpain.2008.08.003
https://doi.org/10.1016/j.ejpain.2008.08.003
https://doi.org/10.3760/cma.j.issn.1008-1275.2009.04.007
https://doi.org/10.3760/cma.j.issn.1008-1275.2009.04.007
https://doi.org/10.1093/ejcts/ezs398
https://doi.org/10.1093/ejcts/ezs398
http://doi.org/10.1097/ANA.0000000000000193
http://doi.org/10.1097/ANA.0000000000000193
https://doi.org/10.1590/S0102-865020160010000010
https://doi.org/10.1590/S0102-865020160010000010
https://pubmed.ncbi.nlm.nih.gov/10467917/
https://pubmed.ncbi.nlm.nih.gov/10467917/
https://pubmed.ncbi.nlm.nih.gov/26283834/
https://pubmed.ncbi.nlm.nih.gov/26283834/
https://doi.org/10.1016/j.jclinane.2020.110071
https://doi.org/10.1016/j.jclinane.2020.110071
https://doi.org/10.1213/ane.0b013e3181732776
https://doi.org/10.1213/ane.0b013e3181732776
https://doi.org/10.1016/j.wneu.2022.04.121
https://doi.org/10.1016/j.wneu.2022.04.121
https://doi.org/10.4061/2011/563657
https://doi.org/10.7759/cureus.14228
https://doi.org/10.7759/cureus.14228

