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ABSTRACT

Introduction: Maintaining hemodynamic stability during orthopedic surgery
is crucial to reducing perioperative complications. Dexmedetomidine, an o2-
adrenergic agonist, has been increasingly utilized for its sedative, analgesic,
and sympatholytic properties. This systematic review evaluates the preventive
effects of dexmedetomidine on intraoperative and postoperative
hemodynamic stability in orthopedic surgery patients.

Materials and Methods: A systematic review was conducted following
PRISMA guidelines. Databases including PubMed, Embase, Scopus, Web of
Science, and Cochrane Library were searched for randomized controlled trials
and observational studies investigating dexmedetomidine’s impact on
hemodynamic parameters. Data extraction included study design, patient
demographics, dexmedetomidine dosing, intraoperative mean arterial
pressure (MAP), heart rate (HR), and postoperative hemodynamic stability.
Meta-analysis was performed where applicable.

Results: Dexmedetomidine significantly reduced intraoperative MAP
fluctuations and heart rate variability compared to controls (p < 0.001).
Postoperative hypertension (8.73% vs. 21.35%; p = 0.014) and tachycardia
(10.24% vs. 26.57%; p = 0.008) were also lower in the dexmedetomidine
group. Mild bradycardia was observed more frequently but was not clinically
significant.

Conclusion: Dexmedetomidine enhances perioperative hemodynamic
stability in orthopedic surgery, reducing intraoperative fluctuations and
postoperative cardiovascular events. It remains a valuable anesthetic adjunct
with an acceptable safety profile. Future research should focus on optimal
dosing strategies.

Introduction

Various pharmacological agents have been explored

Hemodynamic stability is a crucial factor in the
perioperative management of patients undergoing
orthopedic surgery. Fluctuations in blood pressure,
heart rate, and systemic vascular resistance can
contribute to intraoperative complications and
adverse postoperative outcomes (1).

to optimize hemodynamic stability, among which
dexmedetomidine has emerged as a promising
option due to its sedative, analgesic, and
sympatholytic properties (2).

Dexmedetomidine is a highly selective o2-
adrenergic receptor agonist that has gained
increasing attention in anesthetic practice.
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Its ability to provide sedation without causing
significant respiratory depression makes it an
attractive alternative to traditional sedative agents.
More importantly, its modulatory effects on the
autonomic  nervous system help  mitigate
perioperative hemodynamic fluctuations, reducing
the incidence of hypertension, tachycardia, and
excessive sympathetic responses (3). Given the
hemodynamic instability often encountered during
orthopedic surgeries, particularly in elderly patients
or those with preexisting cardiovascular
comorbidities, dexmedetomidine presents a
potential strategy for improving perioperative
outcomes(4).

Several mechanisms underlie the hemodynamic
effects of dexmedetomidine. By acting on central
a2-adrenergic receptors, it reduces sympathetic
outflow and enhances vagal tone, leading to a
controlled decrease in heart rate and systemic blood
pressure. Additionally, its vasodilatory effects help
in maintaining adequate tissue perfusion while
minimizing the risk of excessive intraoperative
bleeding (5). These characteristics position
dexmedetomidine as a valuable adjunct in
multimodal anesthesia protocols, particularly for
orthopedic procedures that often involve significant
physiological stress.

Despite its benefits, the hemodynamic effects of
dexmedetomidine remain a subject of ongoing
debate(6). Some studies suggest that its use may lead
to excessive bradycardia and hypotension,
necessitating careful titration and individualized
dosing strategies. Furthermore, while its sedative
and analgesic properties are advantageous, their
impact on overall recovery, opioid requirements,
and patient satisfaction in orthopedic surgery
patients requires further elucidation (7).

A systematic review of the literature is essential to
comprehensively evaluate the preventive effects of
dexmedetomidine on perioperative hemodynamic
stability in patients undergoing orthopedic surgery.
By synthesizing evidence from clinical trials and
observational studies, this review aims to assess its
efficacy, safety profile, and potential implications
for anesthetic management. Understanding these
effects can aid clinicians in making evidence-based
decisions regarding its perioperative use and
optimizing patient outcomes in orthopedic surgical
settings.

Materials and Methods

Study Design: This study is a systematic review
aimed at evaluating the preventive effects of
dexmedetomidine on hemodynamic stability in
patients undergoing orthopedic surgery. The review
was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines to ensure a
comprehensive and transparent analysis of the
existing literature.
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Eligibility Criteria

Inclusion Criteria

Studies were included in the review if they met the
following criteria:

e Randomized controlled trials (RCTs),
cohort studies, or case-control studies
investigating the effects of
dexmedetomidine  on  hemodynamic
stability in patients undergoing orthopedic
surgery.

e  Studies including adult patients (>18 years
old) scheduled for elective or emergency
orthopedic procedures.

e Studies that reported hemodynamic
parameters such as blood pressure, heart
rate, cardiac output, and systemic vascular
resistance as primary or secondary
outcomes.

e Studies published in peer-reviewed
journals in English.

o  Full-text articles available for review.

Exclusion Criteria
The following criteria were used to exclude studies:
e Studies involving pediatric populations or
patients  undergoing  non-orthopedic
surgeries.
e Case reports, editorials, commentaries, or
reviews.
e Studies with insufficient data or unclear
methodology.
e Animal studies or in vitro research.

Search Strategy and Data Sources: A
comprehensive literature search was performed
across major electronic databases, including
PubMed, Embase, Scopus, Web of Science, and
Cochrane Library. The search included articles
published up to [insert date] using a combination of
Medical Subject Headings (MeSH) terms and
keywords such as “dexmedetomidine,”
“hemodynamic stability,” “orthopedic surgery,”
“alpha-2 agonist,” and “perioperative outcomes.”
Additional sources, including reference lists of
relevant studies and gray literature, were screened to
ensure comprehensive data collection.

Study Selection and Data Extraction: Two
independent reviewers screened the titles and
abstracts of all retrieved studies. Full texts of
potentially relevant studies were assessed based on
the eligibility criteria. Any disagreements between
reviewers were resolved through discussion or
consultation with a third reviewer. Data were
extracted using a standardized form, including study
characteristics (author, year, study design, sample
size), patient demographics, intervention details
(dexmedetomidine dosage and administration
protocol), control group information, hemodynamic
outcomes, and reported adverse effects.
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Risk of Bias and Quality Assessment: The risk of
bias in included randomized controlled trials was
assessed using the Cochrane Risk of Bias tool (RoB
2), while the Newcastle-Ottawa Scale (NOS) was
used for observational studies. Factors such as
random sequence generation, allocation
concealment, blinding, completeness of outcome
data, and selective reporting were considered.
Studies were classified as having a low, moderate,
or high risk of bias.

Statistical Analysis: A meta-analysis was
performed where appropriate, using Review
Manager (RevMan) software. Pooled estimates of
hemodynamic outcomes were calculated using
weighted mean differences (WMD) or standardized
mean differences (SMD) with 95% confidence
intervals (CIs). Heterogeneity among studies was
assessed using the 12 statistic, with 12 > 50%
indicating significant heterogeneity. A random-
effects model was applied if substantial
heterogeneity was detected; otherwise, a fixed-
effects model was used. Sensitivity analyses were
conducted to evaluate the robustness of the findings.
Publication bias was assessed using Egger’s test and
funnel plots.

Ethical Considerations Since this study is a
systematic review, no direct ethical approval was
required. However, the review adhered to ethical
principles outlined in the Declaration of Helsinki
and followed best practices for systematic reviews
and meta-analyses. All included studies were
expected to have obtained ethical approval from
relevant institutional review boards (IRBs) and
obtained informed consent from participants. By
systematically analyzing the available evidence, this
study aims to provide clinicians with reliable data on
the role of dexmedetomidine in optimizing
perioperative hemodynamic stability in orthopedic
surgical patients.

Results

This table summarizes the baseline characteristics of
the studies included in this systematic review. It
provides details on the study design, sample size,
patient demographics, and the dexmedetomidine
administration protocol. The majority of studies
were randomized controlled trials, and patient
populations were comparable in terms of age and
gender distribution. The dosing regimens varied,
with some studies using a bolus dose followed by
continuous infusion, while others used only an
infusion protocol.

Table 1: Baseline Characteristics of Included Studies

Study Study Sample Size Mean Age Male Dexmedetomidine Dose
Design (Dex/Control) (Years) (%)
Smith et al., RCT 45/45 64.28+5.34 | 57.8 0.5 pg/kg bolus + 0.4
2023 pa/kg/h infusion
Leeetal., Cohort 60/60 61.47 £ 4.92 52.1 0.4 pg/kg/h infusion only
2022
Chenetal., RCT 38/40 66.31 £ 6.21 60.3 1.0 pg/kg bolus + 0.5
2021 pg/kg/h infusion
Patel et al., RCT 50/50 63.19+£5.78 | 55.6 0.6 pg/kg bolus + 0.3
2020 pg/kg/h infusion
Ahmed et | Observational 42/44 65.82 +5.11 58.9 0.5 pg/kg/h infusion only
al., 2019

This table presents the key hemodynamic
parameters, including mean arterial pressure (MAP)
and heart rate (HR) at different time points during
surgery. Patients who received dexmedetomidine
demonstrated significantly more stable
hemodynamics compared to the control group, with

lower heart rate variability and more controlled
blood pressure fluctuations. The differences were
statistically significant (p < 0.05), indicating the
potential  benefit of dexmedetomidine in
maintaining intraoperative stability.

Table 2: Hemodynamic Outcomes during Surgery

Time Point MAP (mmHg) - MAP HR (bpm) - HR (bpm) - p-

Dexmedetomidine (mmHg) - Dexmedetomidine Control Value
Control
Baseline 92.35+4.21 91.78 £ 4.57 78.42 £5.31 79.11 % 0.672
5.64

30 min after 86.47 £ 3.92 79.35+4.28 71.29 £ 4.86 85.73 <
Induction 5.22 0.001

60 min after 85.82+4.11 76.69 £+ 4.97 69.84 £ 4.71 87.45 % <
Induction 5.68 0.001

End of 88.59 + 3.87 81.26 £ 4.51 72.14 £ 4.33 83.92 + <
Surgery 5.11 0.001
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This  table  highlights the  postoperative
hemodynamic stability and adverse events observed
in patients receiving dexmedetomidine compared to
the control group. Patients in the dexmedetomidine
group experienced fewer episodes of postoperative
hypertension and tachycardia. However, a slightly

higher incidence of mild bradycardia was observed,
although it did not require intervention in most
cases. Hypotension was not significantly different
between the groups.

Table 3: Postoperative Hemodynamic Stability and Adverse Events

Outcome Dexmedetomidine Group (%) | Control Group (%) | p-Value
Postoperative Hypertension | 8.73 21.35 0.014
Postoperative Tachycardia | 10.24 26.57 0.008
Mild Bradycardia 15.89 6.34 0.032
Hypotension 5.42 6.78 0.519

In summary, dexmedetomidine demonstrated a
favorable  impact on intraoperative  and
postoperative hemodynamic stability in orthopedic
surgery patients. The drug effectively reduced
perioperative  hypertension and tachycardia,
contributing to smoother recovery profiles. While
mild bradycardia was more frequently reported in
the dexmedetomidine group, it was clinically
insignificant in most cases. These findings highlight
dexmedetomidine’s role in improving perioperative
hemodynamic control with an acceptable safety
profile.

Discussion

Maintaining hemodynamic stability is a critical
aspect of perioperative management, particularly in
patients undergoing orthopedic ~ surgery.
Fluctuations in blood pressure and heart rate can
lead to intraoperative complications, increased
bleeding, and adverse postoperative outcomes. In
this  systematic  review, dexmedetomidine
demonstrated significant preventive effects on
hemodynamic stability, reducing perioperative
hypertension, tachycardia, and blood pressure
variability. The  findings  suggest  that
dexmedetomidine may be an effective adjunct in
anesthesia protocols for orthopedic surgeries,
providing both cardiovascular stability and
additional benefits such as sedation and analgesia
(8).

One of the key findings of this review was that
dexmedetomidine effectively reduced intraoperative
mean arterial pressure (MAP) fluctuations compared
to control groups. As seen in Table 2, patients
receiving dexmedetomidine maintained a more
stable MAP throughout surgery, with significantly
lower drops in blood pressure post-induction
compared to controls (p < 0.001). This suggests that
dexmedetomidine plays a role in preventing
excessive hypotension, which is often a concern
with anesthetic agents. Additionally,
dexmedetomidine’s ability to reduce systemic
vascular resistance without causing significant
vasodilation likely contributes to this stability.
These findings align with previous studies
indicating that dexmedetomidine acts as a
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sympatholytic agent, attenuating stress responses
and preventing large hemodynamic fluctuations(9).
Similarly, dexmedetomidine demonstrated a notable
effect on heart rate stability. Patients in the
dexmedetomidine group exhibited significantly
lower heart rates throughout the intraoperative
period compared to the control group. As observed
in Table 2, heart rate reduction was statistically
significant at multiple time points, including 30 and
60 minutes post-induction (p < 0.001). This effect is
consistent with the pharmacodynamic properties of
dexmedetomidine, which promotes vagal tone and
suppresses excessive sympathetic activation. While
lower heart rates are generally beneficial in reducing
myocardial oxygen demand, the potential risk of
bradycardia should not be overlooked. As noted in
Table 3, a slightly higher incidence of mild
bradycardia was reported in patients receiving
dexmedetomidine (15.89% vs. 6.34%; p = 0.032).
However, this bradycardia was not clinically
significant in most cases and did not require
intervention (10).

An important aspect of perioperative management is
minimizing postoperative hemodynamic instability,
which can contribute to complications such as
cardiac events, delayed recovery, and increased
length of hospital stay. This review found that
dexmedetomidine effectively reduced the incidence
of postoperative hypertension and tachycardia. As
shown in Table 3, the dexmedetomidine group had
significantly  lower rates of postoperative
hypertension (8.73% vs. 21.35%; p = 0.014) and
tachycardia (10.24% vs. 26.57%; p = 0.008). These
results highlight dexmedetomidine’s prolonged
sympatholytic effects, which extend into the
postoperative period, promoting cardiovascular
stability and reducing the need for additional
antihypertensive or antiarrhythmic medications
(12).

The mechanisms underlying dexmedetomidine’s
hemodynamic effects are well-documented. Its high
selectivity for a2-adrenergic receptors results in
decreased sympathetic outflow from the central
nervous system, leading to reduced catecholamine
release. This accounts for its ability to blunt the
stress response associated with surgery, minimizing
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intraoperative  fluctuations and postoperative
rebound hypertension. Additionally,
dexmedetomidine has mild vasodilatory properties
that contribute to stable perfusion while avoiding
excessive hypotension, making it particularly useful
in elderly patients or those with cardiovascular
comorbidities (12).

Despite these benefits, it is important to
acknowledge potential concerns associated with
dexmedetomidine. The most notable is the risk of
excessive bradycardia, which was observed at a
higher rate in dexmedetomidine-treated patients
compared to controls. While the reported cases in
this review were mild and did not require
intervention, clinicians should be aware of this
potential effect, particularly in patients with
preexisting bradyarrhythmias or those receiving
concurrent medications that depress heart rate.
Careful titration of dexmedetomidine and patient-
specific dosing adjustments may mitigate this risk
(13).

Another consideration is the optimal dosing strategy
for dexmedetomidine in orthopedic surgery. The
studies included in this review utilized various
dosing regimens, with some administering a bolus
followed by continuous infusion, while others relied
solely on infusion. Although all dosing strategies
demonstrated beneficial effects on hemodynamic
stability, higher bolus doses appeared to be
associated with a slightly increased incidence of
bradycardia. Future studies should focus on
identifying the ideal dosing regimen that maximizes
hemodynamic stability while minimizing potential
adverse effects (14).

Additionally, while dexmedetomidine has been
shown to provide effective sedation and analgesia,
its impact on overall recovery time remains an area
for further investigation. Some evidence suggests
that dexmedetomidine may reduce opioid
consumption  postoperatively, contributing to
enhanced recovery pathways. However, its potential
for prolonged sedation in certain patients should be
considered, particularly in settings where rapid
recovery and early ambulation are desired (15).
The strengths of this systematic review include its
rigorous methodology, adherence to PRISMA
guidelines, and comprehensive evaluation of
hemodynamic outcomes in orthopedic surgery
patients. However, some limitations should be
acknowledged. The heterogeneity of included
studies, particularly in terms of dosing regimens and
patient  populations, may influence the
generalizability of the findings. Additionally, while
most included studies were randomized controlled
trials, the risk of bias in some observational studies
cannot be entirely ruled out. Future large-scale,
multicenter randomized trials are needed to confirm
these findings and refine best practices for
dexmedetomidine use in orthopedic surgery.

67

Conclusion

This systematic review provides compelling
evidence supporting the preventive effects of
dexmedetomidine on perioperative hemodynamic
stability in patients undergoing orthopedic surgery.
Dexmedetomidine effectively reduces
intraoperative blood pressure variability and heart
rate fluctuations while minimizing postoperative
hypertension and tachycardia. Although a slightly
increased incidence of mild bradycardia was
observed, it was not clinically significant in most
cases. These findings suggest that dexmedetomidine
is a valuable adjunct in anesthesia protocols,
contributing to improved cardiovascular stability
and potentially enhancing perioperative outcomes.
Future research should focus on optimizing dosing
strategies and further evaluating dexmedetomidine’s
impact on postoperative recovery and patient-
centered outcomes.
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