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The present issue of Jurnal Anestesiologi
dan Terapi Intensif highlights a timely and
meaningful development in contemporary
anesthesiology. Across original articles,
review articles, and case reports, regional
anesthesia appears as a recurring and
dominant theme, particularly in relation to
peripheral nerve block techniques and
ultrasound-guided practice. This
concentration is not merely coincidental;
rather, it reflects a broader transformation
in the field, in which regional anesthesia is
increasingly recognized as a strategic
component of modern perioperative care.'?

Over the last decade, regional anesthesia
has moved well beyond its traditional role
as an adjunct to perioperative analgesia. It
is now widely regarded as an important
approach to
outcomes through better pain control,
opioid  exposure,
mobilization, and more individualized
planning. In this context,
peripheral nerve blocks have gained
particular ~ prominence they
provide targeted analgesia while limiting
the systemic adverse effects commonly
associated with general anesthetics and
opioids. Their growing use also mirrors
larger shifts in perioperative medicine
toward
recovery, and patient-centered care.!?

improving perioperative
reduced earlier

anesthetic

because

precision, safety, enhanced

One of the principal drivers of this
development has been the widespread
adoption  of

ultrasound  guidance.

Ultrasound has transformed regional
anesthesia from a practice that was once
largely dependent on surface landmarks
and operator experience into one that is

more visual, anatomy-based, and
reproducible. By enabling real-time
identification of nerves, surrounding

structures, needle trajectory, and local
anesthetic =~ spread, ultrasound has
improved not only procedural confidence
but also educational value. For both
trainees and experienced practitioners,
ultrasound-guided blocks represent more
than a technical refinement; they also
promote a deeper
sonoanatomy and contribute to safer, more
consistent block performance.>*

understanding  of

The concentration of manuscripts on this
topic in the current issue may also be
interpreted as a reflection of changing
priorities in  anesthesiology practice.
Increasingly, anesthesiologists are expected
to contribute not only to intraoperative
stability, but also to multimodal analgesia,
enhanced recovery pathways, and opioid-
sparing perioperative strategies. Regional
anesthesia aligns naturally with these
expectations. Whether used as the primary
anesthetic technique in selected patients or
as part of a broader multimodal analgesic
plan, peripheral nerve blocks are now
closely associated with efforts to improve
the quality and value of perioperative
care.!?

Jurnal Anestesiologi dan Terapi Intensif | © Senapathi (2026). Published by Universitas Udayana



At the same time, the growing enthusiasm
for regional should be
accompanied by equal attention to
standardization, training, and safety.
Ultrasound guidance, although highly
valuable, does not eliminate the need for
strong anatomical knowledge, careful
patient selection, appropriate dosing of
local anesthetics, and
potential complications. The expansion of
block techniques in routine practice must
matched by
supervision, competency-based education,
and clear reporting standards in the
literature.>® Technical innovation should
not advance more quickly than the systems
required to ensure its safe and consistent
application. In this regard, journals play an
important role not only in disseminating
developments, but also in
shaping the
standards by which those developments
are evaluated.?

anesthesia

vigilance for

therefore be structured

technical

academic and clinical

The current issue therefore offers more
than a thematic collection of manuscripts.
It provides a wuseful snapshot of an
evolving discipline in which regional
anesthesia is becoming increasingly central
to perioperative decision-making. The
prominence of peripheral nerve blocks and
ultrasound-guided techniques signals a
field that is moving toward greater
precision  and  integration,
procedural expertise must remain aligned

where
with  patient-centered outcomes and
evidence-based practice. At the same time,
this evolution raises important questions
regarding equitable access to training,
consistency in technique reporting, and the
extent to which current expansion is
supported by robust

evidence.l

outcome-based

As readers engage with the articles in this
issue, they may recognize that regional

OPEN a ACCESS.

10.24843/8p9kj40
anesthesia is no longer a peripheral
interest anesthesiology. It is
becoming one of the defining expressions
of contemporary practice. Its growing
prominence also suggests that the role of
the anesthesiologist is being reshaped —not
only as a provider of intraoperative
anesthesia, but also as a perioperative
physician expected to deliver precise, safe,
and recovery-oriented care. The challenge
ahead is therefore not simply to expand
technical capability, but to ensure that
innovation in regional anesthesia remains
grounded in education, standardization,
safety, and clinical relevance.'> Future

within

progress in this field should be
accompanied by  stronger  training
frameworks, more rigorous reporting

standards, and continued emphasis on
clinically meaningful outcomes.
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Abstract

Introduction: Weaning from mechanical ventilation is a critical step in intensive
care, and inaccurate assessment may increase the risk of complications. The
rapid shallow breathing index (RSBI) is widely used to evaluate weaning
readiness but does not directly assess diaphragmatic function. Diaphragm
thickening fraction (DTF), measured by bedside ultrasound, has been proposed
as an additional predictor of weaning success. This study aimed to compare the
diagnostic performance of DTF and RSBI in mechanically ventilated ICU patients.

Patients and Methods: This prospective diagnostic accuracy study was
conducted in a tertiary hospital in Denpasar, Indonesia, from September to
December 2022, in accordance with STARD 2015 guidelines. Adult patients aged
18-65 years who received invasive mechanical ventilation for >24 hours and were
considered ready for weaning were included. RSBI and right-sided DTF were
measured at the fifth minute of a spontaneous breathing trial. Weaning success
was defined as extubation without reintubation, noninvasive ventilation, or
death within 48 hours.

Results: Fifty-six patients were included, of whom 73.2% achieved successful
weaning. DTF demonstrated high sensitivity (95.4%) and moderate specificity
(75.0%), with a positive predictive value of 93.3% and a negative predictive value
of 81.8%. RSBI showed sensitivity of 97.5% and specificity of 80.0%, with higher
discriminative performance (AUC 0.88 vs 0.79). Confidence intervals and
statistical comparisons between AUCs were not performed.

Conclusion: Both RSBI and DTF were associated with weaning success. RSBI
demonstrated superior overall diagnostic performance and remains the primary
assessment tool. DTF may provide additional physiological information on
diaphragmatic function and serve as a complementary parameter during
weaning assessment.

Keywords: Diaphragm; Intensive Care Mechanical

Ultrasonography; Ventilator Weaning

Units; Ventilation;
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Introduction

Weaning from mechanical ventilation is a
critical component of the care of critically ill
patients and is often challenging in the
unit. A
proportion of the total
mechanical ventilation is spent during the
weaning phase, and inappropriate timing
may adversely affect patient outcomes.
Premature extubation can lead to
respiratory muscle fatigue and the need for
reintubation. Conversely, delayed weaning
increases the risk of ventilator-associated
pneumonia, prolonged ICU stay, and
higher mortality."? Therefore, identifying
patients who are likely to achieve successful
weaning is essential.

intensive  care substantial

duration of

The Rapid Shallow Breathing Index (RSBI)
is widely used to assess readiness for
weaning. An RSBI <105
breaths/min/L is considered
predictive of successful weaning.?

value of
generally

However, RSBI has several limitations. It
does not directly assess diaphragm
function, which plays a crucial role in
spontaneous breathing. In addition, RSBI
may be influenced by factors such as fever,
sepsis, anxiety, patient positioning, and
airway resistance, potentially reducing its
accuracy in certain clinical conditions. 3

Diaphragm dysfunction is common in
patients receiving mechanical ventilation
and represents a major cause of weaning
failure. Recently, diaphragm ultrasound
has emerged as a bedside, noninvasive
method for evaluating diaphragm function.
One parameter, diaphragm thickening
fraction (DTF), diaphragmatic
contraction during inspiration and has
shown potential in predicting weaning
outcomes.® However, reported cutoff values
for DTF vary considerably, and its
diagnostic accuracy remains inconsistent.

OPEN a ACCESS
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Previous studies have reported

heterogeneous cutoff values, ranging from
approximately 20% to 40%, likely due to

differences in  patient  populations,
ventilator  settings, and  ultrasound
techniques.  Furthermore, data from

Indonesian or regional ICU populations
limited, patient
characteristics and clinical practices may
differ.

remain where

Therefore, this study aimed to compare
diaphragm thickening fraction and rapid
shallow breathing index in predicting
weaning success in mechanically ventilated
adult ICU patients. In addition, this study
sought to identify an optimal cutoff value
for diaphragm thickening fraction and to
evaluate whether DTF could serve as an
adjunct to RSBI during weaning
assessment. We hypothesized that RSBI
would demonstrate
diagnostic performance, while DTF would
additional physiological
information as a complementary parameter
in predicting weaning success.

superior overall

provide

Patients and Methods -
This was a prospective diagnostic accuracy
study conducted in a tertiary hospital in
Denpasar, Indonesia, between September
2022. The study was
reported in accordance with the STARD
2015 guidelines for diagnostic accuracy
studies. Ethical approval was obtained from
the Institutional Ethics Committee of the
Faculty of Medicine, Universitas Udayana
and RSUP Prof. Dr. . G.N.G. Ngoerah (No.
2887/UN14.2.2.VIL.14/LT/2022,
2022). Written
obtained from all patients or their legal
representatives prior to enrollment. A
formal sample size calculation was not
performed. The

and December

issued in

informed consent was

sample size was
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determined based on consecutive eligible
patients during the study period.

Furthermore, a journal article is not similar
to textbook writing or thesis report. That
implies that authors should follow the
design-specific =~ guidelines  that are
presented on our website (i.e., clinical trials

should follow CONSORT checklist,
observational studies should follow
STROBE checklist, etc.).

Adult  patients  receiving  invasive

mechanical ventilation and undergoing the
weaning process in the ICU were screened
for eligibility. Inclusion criteria were age
18-65 years, duration of mechanical
ventilation >24 hours, and readiness for
weaning based on clinical
assessment by the attending intensivist.
Attending clinicians were not blinded to
patient condition as part of standard care.
Patients were excluded if they had known
diaphragmatic  disease,
disorders, prior diaphragmatic weakness,
phrenic nerve palsy, open wounds or recent
surgery at the ultrasound probe placement
site, or other conditions that could interfere
with diaphragm ultrasound assessment.
Ultrasound examinations were performed
by a trained operator experienced in
bedside diaphragm ultrasonography who
was not involved in clinical decision-
making; however, full blinding to RSBI
values and clinical outcomes was not
implemented, and intra- and interobserver
variability were not formally assessed.

routine

neuromuscular

All included patients underwent a
breathing  trial  (SBT)
according to standard ICU protocol. At the
fifth minute of the SBT, the rapid shallow
breathing index (RSBI) and diaphragm
thickening fraction (DTF) were measured
simultaneously. RSBI was calculated as the
ratio of respiratory rate to tidal volume

OPEN a ACCESS

spontaneous

10.24843/bnr74z53
(breaths/min/L), using a cutoff value of <105
breaths/min/L to predict weaning success.
Diaphragm ultrasound was performed on
the right hemidiaphragm using a high-
frequency linear transducer placed at the
zone of apposition. Diaphragm thickness
was measured at end-expiration and end-
inspiration, and DTF was calculated as
follows: DTF (%) = [(thickness at end-
inspiration — thickness at end-expiration) /
thickness at end-expiration] x 100.

An initial cutoff value of DTF >26% was
applied based on previous literature. The
reference standard was the clinical outcome
of weaning. Weaning success was defined
as successful extubation without the need
for reintubation, noninvasive ventilation, or
death within 48 hours after extubation.
Patients requiring ventilatory support or
reintubation within this

classified as weaning failure.

period were

Statistical analysis was performed using
STATA software. Categorical variables are
presented as frequencies and percentages.
Diagnostic accuracy of RSBI and DTF was
assessed by calculating
specificity, positive
negative predictive value, and overall
accuracy. Receiver operating characteristic
(ROC) used to
determine the area under the curve (AUC)
and to identify the optimal cutoff value for
diaphragm thickening fraction. A p-value

sensitivity,

predictive  value,

curve analysis was

<0.05 ~was  considered  statistically
significant.
Results -

A total of 56 patients receiving mechanical
ventilation and undergoing the weaning
process were included in the analysis. The
study population consisted of equal
numbers of male and female patients (28
each). Successful weaning was achieved in
41 patients (73.2%), while 15 patients
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(26.8%) experienced weaning failure within
48 hours after extubation. No significant
difference in sex distribution was observed
between patients with successful weaning
and those with weaning failure.

Table 1. Diagnostic Test of the Diaphragm
Thickening Fraction

Weaning
Success Total
Success Failure
DTF(%) > 38 4 42
26%
< 3 11 14
26%
Total 41 15 56

The diagnostic performance of diaphragm
thickening fraction (DTF) for predicting
weaning success is presented in Table 1.
Using a cutoff value of 2>26%, DTF
demonstrated a sensitivity of 95.4% and a
specificity of 75.0%. The positive predictive
93.3%, and the negative
predictive value was 81.8%, resulting in an
overall diagnostic accuracy of 91.0%.

value was

Receiver operating characteristic (ROC)
curve analysis showed an area under the
curve (AUC) of 0.79, indicating good
discriminative ability. Further analysis
identified a higher cutoff value of >33% as
the optimal threshold, providing a better
balance between sensitivity and specificity
for predicting successful weaning (Table 2
and Figure 2).

Table 2. Optimal Cutoff Value of Diaphragm
Thickening Fraction

Cutoff Sensitivity Specificity
(%)
>26 95.4% 75.0%
>33 95.5% 100.0%

The diagnostic performance of the rapid
shallow breathing (RSBI) is
summarized in Table 2. Using a cutoff value

OPEN a ACCESS

index
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of <105 breaths/min/L, RSBI demonstrated a
sensitivity of 97.5% and a specificity of
80.0%. The positive predictive value and
negative predictive value were 93.0% and
92.3%, respectively, with an overall
diagnostic accuracy of 92.0%. ROC curve
analysis demonstrated an AUC of 0.88 for
RSBI, indicating superior discriminative
performance compared with DTF (Figure
1).

Comparative ROC analysis showed that
RSBI had a higher AUC than DTF (0.88 vs
0.79), suggesting better overall diagnostic
performance. However, the statistical
significance of the difference between AUC
values was not evaluated (e.g., using the
DeLong test), and confidence intervals for
AUC were not calculated.
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Figure 1. ROC Graph of RSBI and DTF

This study aimed to evaluate the diagnostic

Discussion

accuracy of diaphragm thickening fraction
(DTF) compared with the rapid shallow
breathing index (RSBI) in predicting
weaning success in mechanically ventilated
ICU patients. The main findings indicate
that both parameters demonstrated high
sensitivity and acceptable diagnostic
accuracy. RSBI showed superior overall
discriminative ability, as reflected by a
higher area under the ROC curve, whereas
DTF may serve as a clinically useful adjunct
in assessing readiness for weaning.
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In this most patients
successfully weaned, and no significant
difference in sex distribution was observed
between the successful and failed weaning
groups. These findings are consistent with
previous  reports  suggesting  that
demographic factors alone have limited
predictive value for weaning outcomes.
Variations in weaning success rates across
studies may be attributable to differences in
patient
mechanical ventilation, and local weaning
protocols.”

study, were

characteristics, = duration  of

Cutoff curve

120.0%

100.0% Ol

80.0%
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Figure 2. Cutoff Curve of RSBI and DTF

RSBI is widely used as a simple and
sensitive predictor of weaning success, and
its performance in the present study is
consistent with previous studies.*> The
high sensitivity and relatively high AUC
observed support its role as a primary
screening tool in routine ICU practice.
However, RSBI may be influenced by non-
respiratory factors such as fever, sepsis,
anxiety, and patient positioning, which
may reduce its reliability in certain clinical
settings.* These limitations underscore the
need for complementary tools that more
directly assess respiratory mechanics.

Diaphragm ultrasound has increasingly
been used to evaluate respiratory muscle
function at the bedside. In this study, DTF
demonstrated high sensitivity and good
diagnostic consistent ~ with
previous studies.®® The

OPEN a ACCESS

accuracy,
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optimal cutoff value identified (=33%)
suggests  that diaphragmatic
contraction is associated with successful

greater
spontaneous breathing. Variability in
reported cutoff values across studies may
be explained by heterogeneity in patient
settings, and
ultrasound measurement techniques.”!° The
novelty of this study lies in the direct
comparison of DTF and RSBI within the
same population during the
weaning process, highlighting the role of
DTF as an adjunct rather than a replacement
for RSBI. Although RSBI demonstrated
superior overall diagnostic performance,
DTF provides additional physiological
insight by directly reflecting diaphragm
function, which is often impaired in
patients prolonged
mechanical ventilation. Previous studies

populations,  ventilator

patient

critically ill after
have suggested that combining diaphragm
ultrasound parameters with conventional
indices may improve clinical decision-
making, particularly when RSBI results are
inconclusive.!'? The findings of this study
support the role of DTF as a complementary
tool to enhance weaning assessment in
selected patients.

The relatively lower discriminative
performance of DTF compared with RSBI
observed in this study may be explained by
several physiological factors. Although DTF
directly reflects diaphragmatic contractility,
it is influenced by patient effort during
spontaneous breathing trials, ventilatory
support  settings,
variability. In contrast, RSBI integrates
respiratory rate and tidal volume, thereby
indirectly reflecting the balance between
respiratory load and muscle capacity.

and measurement

From a practical perspective, diaphragm
ultrasound requires operator expertise,
specialized equipment, and additional time
compared with RSBI, which may limit its
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routine use in all ICU settings. However,
DTF may be particularly useful in selected
patients in whom RSBI results are
inconclusive  or diaphragmatic
dysfunction is suspected. The optimal
cutoff value identified in this study (=33%)
was derived from the same dataset and may
therefore be subject to overfitting; external
validation in larger and more diverse
populations is warranted before clinical
implementation.

when

Several limitations should be
acknowledged. The absence of a formal
sample size calculation may limit statistical
power, particularly for comparisons
between diagnostic parameters. Although
ultrasound measurements were performed
by an operator not involved in clinical
decision-making, incomplete blinding may
introduce observational bias. In addition,
subgroup analyses based on underlying
diagnoses were not performed. Larger
with
ultrasound protocols are needed to better
define the role of diaphragm thickening
fraction in predicting weaning outcomes.
Furthermore, detailed data on causes of
weaning failure, such as indications for

multicenter studies standardized

reintubation or causes of mortality, were
not systematically collected. The lack of
comprehensive baseline
characteristics, including severity scores
(e.g., APACHE 1II or SOFA) and primary
diagnoses,
potential confounding factors.

clinical

limits the assessment of

Conclusion -

Both diaphragm thickening fraction and the
rapid shallow breathing
demonstrated  high  sensitivity = and
diagnostic ~ accuracy  for

index

acceptable
predicting weaning success in mechanically
ventilated ICU patients. RSBI showed
superior overall

OPEN a ACCESS

discriminative
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performance and remains a practical

primary tool for routine weaning
assessment.
Nevertheless, = diaphragm  thickening

fraction provides additional physiological
insight by directly assessing diaphragm
function and may serve as a complementary
parameter, particularly when the reliability
of RSBI is limited.

Further multicenter studies with larger
patient populations and
ultrasound protocols are needed to clarify
the role of diaphragm ultrasound as an
adjunct in weaning prediction. The optimal
cutoff value identified in this study requires
external validation before widespread
clinical application.

standardized
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Abstract

Introduction: General anesthesia induction-related hypotension is
common and is associated with postoperative organ injury. Dynamic
indices derived from echocardiography may help identify patients at risk,
although stroke volume variation (SVV) is conventionally more robust
under controlled mechanical ventilation than during spontaneous
breathing. We investigated whether pre-induction transthoracic
echocardiography-derived SVV was associated with arterial pressure 10
min after induction in adult elective non-cardiac surgical patients.

Patients and Methods: This single-centre cross-sectional observational
study enrolled consecutive adult patients undergoing elective non-
cardiac surgery with general anesthesia at a tertiary hospital (August-
September 2022). Pre-induction SVV was measured in the supine
position using the left ventricular outflow tract method during
standardized spontaneous breathing. Anesthesia was induced with
propofol 1.5 mg kg-1, fentanyl 2 pg kg-1, and atracurium 0.5 mg kg-1.
Non-invasive arterial pressure was recorded for 10 min after induction.
The prespecified primary outcomes were systolic blood pressure (SBP)
and mean arterial pressure (MAP) at 10 min. Spearman'’s rank correlation
was used.

Results: Sixty-four patients were analysed (mean age 48.4 yr; 57.8%
male; 62.5% ASA physical status Il). Mean pre-induction SVV was 13.4%
(SD 4.3). Mean systolic blood pressure (SBP) decreased from 116.1 (7.9)
mmHg pre-induction to 93.3 (6.3) mmHg at 10 min; mean arterial
pressure (MAP) from 93.4 (12.3)to 76.8 (6.1) mmHg. Higher pre-induction
SVV correlated with lower SBP at 10 min (Spearman r = —-0.494; 95% Cl
-0.660 to -0.282; P < 0.001) and lower MAP at 10 min (r = -0.676; 95% Cl
-0.790 to -0.516; P < 0.001).

Conclusion: Pre-induction transthoracic echocardiography-derived SVV
was associated with lower arterial pressure 10 min after induction.
Because the study was observational and measurements were obtained
during spontaneous breathing, the findings should be interpreted as
hypothesis-generating and warrant confirmation in prospective studies.

Keywords: Echocardiography; General Anesthesia; Hemodynamics;
Hypotension; Stroke Volume; Surgical Procedures, Operative
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Introduction
General
hypotension (GAIH) is a common and
clinically
anesthetic practice, often occurring before
surgical incision.! Even brief episodes of
mean arterial pressure (MAP) below widely
accepted thresholds have been associated
with adverse postoperative outcomes,
including myocardial injury and acute
kidney injury. These findings underscore
the importance of early hemodynamic
optimization during the peri-induction
period. However, predicting which patients
will develop hypotension immediately after
induction remains challenging, particularly
in elective non-cardiac surgery. Early
identification of at-risk patients may enable

anesthesia  induction—related

significant event in routine

clinicians  to  tailor  pre-induction
optimization  strategies and  select
appropriate induction techniques to

mitigate hemodynamic instability.

Stroke volume variation (SVV) is a dynamic
hemodynamic parameter that reflects
heart-lung interactions and serves as an
indicator of preload
Traditionally, SVV is derived from arterial
analysis during controlled
ventilation, where
intrathoracic pressure are

responsiveness.'?

waveform
mechanical cyclic
changes in
predictable and reproducible. In recent
years, transthoracic
(TTE) has emerged as a non-invasive
alternative for estimating stroke volume
using the left ventricular outflow tract
(LVOT) method. This approach offers the
potential to assess hemodynamic status at
the bedside before induction of anesthesia.
Pre-induction TTE-derived SVV may
therefore represent a practical tool for
anticipating post-induction hypotension.
Nevertheless,
outside controlled ventilation
remains uncertain, as

OPEN a ACCESS

echocardiography

its physiological validity
settings
spontaneous
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breathing introduces variable intrathoracic
pressure fluctuations that may affect
measurement reliability.'

these considerations, further
evaluation of pre-induction SVV obtained
using TTE is warranted to determine its
clinical

Given

utility in  predicting early
hemodynamic changes after induction of
anesthesia. Therefore, this study aimed to
investigate the association between pre-
TTE-derived SVV  (LVOT
method) and arterial pressure 10 minutes
after induction of general anesthesia in
adult patients undergoing elective non-
cardiac surgery. We hypothesized that
higher pre-induction SVV would be
associated with systolic blood
pressure (SBP) and mean arterial pressure

(MAP) following induction.

induction

lower

Patients and Methods -
This single-centre cross-sectional
observational study was conducted in the
operating theatre of a tertiary general
hospital from August to September 2022.
The study protocol was approved by the
Research Ethics Committee of the Faculty of
Medicine, Udayana University, Denpasar,
Indonesia (No.
2284/UN14.2.2.VIL.14/LT/2022; approved on
22 August 2022). Written informed consent
was obtained from all participants prior to
enrolment.

Consecutive adult patients scheduled for
elective non-cardiac surgery under general
anesthesia were screened for eligibility.
Eligibility criteria were designed to ensure
reliable left
(LVOT)  Doppler  assessment  and
appropriate hemodynamic interpretation.

ventricular outflow tract

Detailed inclusion and exclusion criteria are
provided in Online Supplementary File S1.
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Pre-induction echocardiographic
measurements were performed using
transthoracic echocardiography.

Participants were instructed to breathe
slowly and deeply (approximately 6-8
breaths min™) and to avoid talking or

movement during image acquisition.
Although respiratory rate was
standardised, tidal volume was not

quantified and may have influenced stroke
volume variation (SVV) measurements.

Using a parasternal long-axis view, the
LVOT diameter was measured in mid-
systole, 1 cm proximal to the aortic valve,
and averaged over three measurements.
LVOT velocity—time integral was obtained
using pulsed-wave Doppler with the
sample volume positioned 1 cm proximal to
the aortic valve and aligned parallel to
blood flow. Values were averaged over
three consecutive beats, or five beats in
cases of irregular rhythm. Stroke volume
was calculated by the ultrasound system,
and SVV was computed as: SVV (%) =
[(SVmax — SVmin) / SVmean] x 100.

SVmax and SVmin were derived from

Doppler-based stroke volume
measurements across at least three
consecutive respiratory cycles during

spontaneous breathing. Each acquisition
was repeated three times, and the mean
SVV  value was wused for analysis.
Measurements were obtained after a 2-

minute stabilisation period.

All echocardiographic examinations were
performed by a single trained operator with

experience in more than 50 focused
transthoracic echocardiography
examinations. Standardised acquisition

settings were applied, and consistent LVOT
landmarks were used. If image quality was
inadequate, measurements were repeated;
patients were excluded if adequate imaging

OPEN a ACCESS
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could not be obtained. LVOT diameter and
velocity—time integral were measured three
times and averaged to reduce intraobserver
variability. Formal reproducibility metrics
were not assessed. *

Standard  intraoperative = monitoring,
including non-invasive blood pressure,
pulse oximetry, and heart rate, was applied.
Baseline hemodynamic parameters were
recorded before induction. Preoxygenation
was performed with 100% oxygen at 6 L
min! Anesthesia was
induced with propofol 1.5 mg kg?
(administered via syringe pump at 200 mL
h7), fentanyl 2 ug kg™, and atracurium 0.5
mg kg1. Blood pressure was recorded for 10
minutes after induction.

for 3 minutes.

Hypotension was defined as mean arterial
pressure <65 mmHg, blood
pressure <90 mmHg, or a >30% decrease
from baseline. Management followed a
standardised  protocol consisting of
crystalloid administration (200 mL over 2
minutes, repeatable up to 400 mL), followed
by intravenous ephedrine 5 mg if
hypotension persisted. Potential
confounders, including baseline blood
ASA physical status,
comorbidities, medication use, and pre-

systolic

pressure,

induction fluid status, were considered.®

The primary outcomes were systolic and

mean arterial pressure measured 10
minutes after induction. The primary
explanatory variable was pre-induction
SVV. This time point was selected to
capture early hemodynamic effects before

surgical stimulation.

Data are presented as mean (standard
deviation). Normality was assessed using
the Kolmogorov-Smirnov  test. The
association between pre-induction SVV and
arterial analysed using
Spearman’s rank correlation with a two-

pressure was
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sided a of 0.05. Given the exploratory
design and limited sample size, analyses
were restricted to bivariable correlations
without multivariable adjustment or
receiver operating characteristic analysis.

Statistical analyses were performed using

SPSS version 25.

Results -
A total of 64 participants were included in
the final analysis. Baseline characteristics
are summarised in Table 1. The mean (SD)
age was 48.39 (6.37) years, 57.8% of
participants were male, and 62.5% were
classified as ASA physical status II. Mean
body mass index was 22.35 (2.05) kg m,
and mean pre-induction stroke volume
variation (SVV) was 13.39% (4.30).

Hemodynamic parameters decreased after
induction of general anesthesia. Mean
systolic blood pressure decreased from
116.07 (7.95) mmHg before induction to
93.26 (6.31) mmHg at 10 minutes after
induction. Mean arterial pressure similarly
decreased from 93.37 (12.30) mmHg to 76.80
(6.06) mmHg. Because the analysis focused
on hemodynamic values at the 10-minute
time point, cumulative burden metrics,
such as the duration of mean arterial
pressure below 65 mmHg, were not
assessed.

10.24843/s6hn5y93
Correlation analysis showed a significant
inverse association between pre-induction
SVV and post-induction arterial pressure.

Table 1. Baseline characteristics (n=64)

Variable Value

Age, yr 48.39 + 6.37
Male sex, n (%) 37 (57.8)
ASA physical statusI, 24 (37.5)

n (%)

ASA physical status I, 40 (62.5)

n (%)

Body mass index, kg 22.35+2.05
m-—2

Pre-induction SVV, %  13.39 +4.30
Pre-induction SBP, 116.07 £ 7.95
mmHg

Pre-induction MAP, 93.37 +12.30
mmHg

SBP at 10 min, mmHg  93.26 +6.31

MAP at 10 min, mmHg 76.80 + 6.06

*Values are presented as mean + standard
deviation unless otherwise indicated. ASA =
American Society of Anesthesiologists; SVV =
stroke volume variation; SBP = systolic blood
pressure; MAP = mean arterial pressure.

Pre-induction SVV  was
negatively correlated with systolic blood
pressure at 10 minutes after induction
(Spearman r = —0.494; 95% CI -0.660 to
-0.282; P < 0.001) and lower MAP at 10 min
(r = -0.676; 95% CI -0.790 to -0.516; P <
0.001), as shown in Table 2.

moderately

Table 2. Correlation between pre-induction SVV and arterial pressure at 10 min after induction

Outcome Spearman r P value

SBP at 10 min —0.494 (95% CI —0.660 to <0.001
—0.282)

MAP at 10 min —0.676 (95% CI —0.790 to <0.001

—0.516)

*ClI calculated using Fisher z transformation.

Discussion -

In this single-centre observational study of
adult patients undergoing elective non-
cardiac surgery, higher pre-induction TTE-

OPEN a ACCESS

derived SVV was associated with lower SBP
and MAP at 10 minutes after induction of
general anesthesia. These findings suggest
that greater preload dependency prior to
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induction may be linked to a more
pronounced early post-induction decrease
in arterial pressure. However, because of
the observational design, causality cannot
be inferred.

This association is biologically plausible
and consistent with established
hemodynamic principles. Higher stroke
volume variation reflects greater preload
dependency and positioning on the steeper
portion of the Frank-Starling curve, where
cardiac output is more sensitive to changes
in venous return. During induction of
anesthesia, vasodilatation and myocardial
depression caused by hypnotic agents and
opioids may reduce venous return and
output, thereby precipitating
hypotension. In patients with higher pre-
induction SVV, this reduction in preload
may be less well tolerated, resulting in a

cardiac

greater decline in arterial pressure
following induction.®”
These findings complement previous

literature highlighting the clinical relevance
of early post-induction hypotension and
support the potential role of non-invasive
hemodynamic assessment in peri-induction
Compared  with
conventional predictors such as baseline
blood pressure, age, and comorbidity
burden, TTE-derived SVV provides a
physiological =~ measure of  preload
responsiveness, although it remains
operator dependent. This approach may be
particularly wuseful in resource-limited
settings where
monitoring or advanced predictive tools,
such as the Hypotension Prediction Index,
are not readily available.®#°

risk stratification.

invasive hemodynamic

This study has several strengths. The use of
a standardised anesthetic induction and
hypotension management protocol reduced
treatment variability and improved internal

OPEN a ACCESS
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validity. In addition, the echocardiographic
method used to estimate stroke volume
variation was clearly defined and applied
participants. These
teatures support the reliability of the
observed associations within the study
context.

consistently across

should also be
acknowledged. The single-centre design
and relatively homogeneous population,
including a restricted ASA physical status
range, may limit generalisability. Blood
pressure was
using non-invasive monitoring, which may
have underestimated the incidence and

Several limitations

measured intermittently

duration of transient hypotensive episodes.
In addition, SVV was measured during
spontaneous breathing prior to induction,
whereas dynamic preload indices are
classically validated wunder
mechanical Variability in
intrathoracic pressure and unmeasured
differences in respiratory depth may
affected measurement

controlled
ventilation.

therefore have
accuracy. Echocardiography-derived stroke
volume calculations are also subject to

variability in LVOT diameter and VTI

measurements,  despite  efforts to
standardise acquisition and average
repeated measurements. Formal

intraobserver reproducibility metrics were
not assessed, which may have further
influenced measurement precision. The
statistical analysis was limited to bivariable
correlation and did not adjust for potential
confounders, including age,

hemodynamics, comorbidities,

baseline
ASA
classification, and preoperative medication
use. Moreover, the study assessed arterial
pressure at a single time point and did not
evaluate cumulative hypotension burden or
postoperative clinical outcomes.

studies should wvalidate these
findings in larger multicentre cohorts with

Future
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broader patient populations and use
multivariable models to adjust for
confounding factors. Prospective

interventional studies are also needed to
determine = whether  stroke
variation-guided pre-induction
optimization strategies, such as targeted
fluid administration, early vasopressor use,
or modified induction techniques, can
improve clinically meaningful outcomes,
including reduced hypotension burden and

postoperative organ dysfunction.
Conclusion -

This study demonstrates that higher pre-
induction TTE-derived SVV is associated
with lower systolic and MAP shortly after
induction of general anesthesia. These
findings highlight the potential role of pre-
induction hemodynamic assessment in
identifying patients at risk of early post-
induction hypotension. The use of non-

volume

invasive, = bedside  echocardiographic
parameters may support more
individualised anesthetic planning,

particularly in settings where advanced
monitoring is limited. However, given the
methodological limitations and absence of
multivariable adjustment, these results
should be interpreted with caution. Further
prospective, adequately powered studies
are required to validate the predictive value
of pre-induction SVV and to determine

whether SVV-guided optimization
strategies can improve clinically relevant
outcomes.
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Abstract

Cesarean section (CS) is a major obstetric surgery with a prevalence of moderate
to severe postoperative pain exceeding 80% within the first 24 hours. Pain
involves both somatic and visceral components, and inadequate pain
management may impair early mobilization, hinder breastfeeding, increase the
risk of postpartum depression, and contribute to chronic pain. The Transversus
Abdominis Plane (TAP) block is an effective regional analgesia technique that can
reduce somatic pain after CS and decrease opioid requirements. Two commonly
used approaches are the linea semilunaris and lateral approaches; however,
direct comparisons of their effectiveness in CS patients remain scarce in
Indonesia. This narrative review was conducted through a literature search
between 2015 and 2025 and included clinical studies evaluating pain intensity,
analgesia duration, opioid requirements, and adverse effects in post-CS patients.
The results show that linea semilunaris may offer broader analgesic coverage
and longer duration of analgesia compared to the lateral approach in post-CS
patients. Large-scale, well-designed RCTs are needed to confirm its clinical
superiority and establish optimal dosing guidelines.

Keywords: Anesthesia, Local; Cesarean Section; Enhanced Recovery After
Surgery; Postoperative Pain; Visual Analog Scale

Introduction -
Postoperative pain remains a major concern in patients
undergoing caesarean section. According to World Health
Organization data, the incidence of moderate to severe pain
within the first 24 hours after CS exceeds 80%. Such pain may
impair early mobilization, disrupt breastfeeding, and increase
the risk of chronic postoperative pain.!

Postoperative pain may be somatic or visceral. Somatic pain
originates from abdominal wall incision, while visceral pain
results from uterine manipulation and traction of surrounding
tissues.! Pain mechanisms involve activation of peripheral
nociceptors by inflammatory mediators such as prostaglandins,
bradykinin, hydrogen ions, interleukin-1f3, and tumor necrosis
factor-a. These nociceptive impulses are transmitted through A-
0 and C fibers to the dorsal horn of the spinal cord, then relayed
to the thalamus and perceived in the cerebral cortex.
Inadequate pain control may lead to central sensitization,
increasing pain intensity and prolonging recovery.?
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A multimodal analgesia approach has
become the standard for post-CS pain
management, including the TAP block. This
technique aims to block pain transmission
from the thoracolumbar nerve plexus (T6—
L1) that innervates the abdominal wall.?
Two commonly used approaches are the
lateral and linea semilunaris approaches.
The lateral approach is technically simpler
and effective for infraumbilical analgesia,
whereas the linea semilunaris approach
provides
including the supraumbilical region, with a
longer analgesic duration.*

wider dermatomal coverage,

In the context of CS, selection of the optimal
TAP block technique
analgesic coverage, opioid-
sparing effects, and potential adverse
events. Studies indicate that high-quality
regional blocks
mobilization, reduce postoperative nausea
and vomiting, and patient
satisfaction.® Therefore, direct comparison
between lateral and linea semilunaris
approaches  is
particularly in resource-limited healthcare
settings.

must consider

duration,

facilitate earlier

improve

clinically  relevant,

Semilunaris versus Lateral TAP .
Block

TAP block is a regional analgesic technique
targeting somatic nerves of the abdominal
wall, particularly the anterior branches of
the intercostal nerves (T6-T11), the
subcostal (T12), and the
iliohypogastric and ilioinguinal nerves (L1).
injected into the
interfascial plane between the internal
oblique and
muscles, thereby blocking nociceptive
transmission from the skin, muscles, and
parietal peritoneum.5.¢ This peripheral
nerve conduction blockade significantly
reduces nociceptive input to the spinal cord,
attenuating central pain pathway activation

OPEN a ACCESS

nerve
Local anesthetic is

transversus abdominis

10.24843/qg4fmvo8
and decreasing systemic  analgesic
requirements. TAP block functions as a field
block rather than a classic nerve block, as it
targets tissue planes traversed by sensory
nerves rather than a single nerve trunk.
Consequently,
depends on anesthetic volume and spread
within the interfascial space.®

the extent of analgesia

Two main TAP block approaches are used:
the semilunaris and lateral approaches,
which differ in
dermatomal

anatomical
and analgesia
duration. The semilunaris approach, also
known as the paramedian umbilical TAP,
follows the linea semilunaris at the junction

targets,
coverage,

of the rectus sheath with the internal

oblique and transversus abdominis
muscles. Injection at this site produces a
combined effect of medial TAP and rectus
sheath  block, potentially  covering
dermatomes T7-T12. In contrast, the lateral
TAP block is performed at the mid-axillary
line and primarily covers dermatomes T10-

T12, without significant cranial spread.*’

TAP block typically uses 20-30 mL of local
anesthetic per side
approximately 12 hours of analgesia.”®
Adjuvants
lipophilic opioids, or magnesium sulfate
may further prolong analgesia through
synergistic mechanisms. Dexmedetomidine
acts on presynaptic «a-2
receptors, reducing norepinephrine release
and decreasing postsynaptic neuronal
excitability in the dorsal horn. This
mechanism not only enhances analgesia but
also attenuates sympathetic responses and
promotes hemodynamic stability.*

and  provides

such as dexmedetomidine,

adrenergic

Clinically, the linea semilunaris TAP block
demonstrates a longer duration of
analgesia, with a delayed requirement for
rescue analgesics (>6-8 hours) and lower
VAS scores in the early postoperative
period. In comparison, the lateral TAP block
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has an average effective duration of
approximately 4-6 hours and is associated
with higher opioid requirements. The
advantages of broader coverage and longer
analgesic with  the
semilunaris approach are offset by greater
technical complexity and the need for more
advanced skills.
Conversely, the lateral approach is simpler,
quicker to perform, and more suitable for
resource-limited settings. These
fundamental differences are important
when selecting a TAP block technique for
caesarean section, as they influence pain
control, opioid consumption,
mobilization, and implementation of
obstetric Enhanced Recovery After Surgery
(ERAS) protocols.’

duration linea

ultrasonographic

early

Postoperative Pain Scores -
A single-arm study in laparotomy patients
demonstrated that the semilunaris TAP
block significantly reduced VAS scores at
multiple postoperative time points.®
Median VAS scores were 2 (IQR: 1-2) at 4
hours and increased to 4 (IQR: 4-5) at 10
postoperatively. = The  broader
analgesic distribution —extending below
the xiphoid process, above the pubic
laterally
midclavicular line—likely contributed to
lower early pain scores due to the combined
rectus sheath and TAP block effects.*”

hours

symphysis, and from the

A study also reported higher Numeric
Analog Scale (NAS) scores in the lateral
TAP group compared with the posterior
TAP group at 6 hours (2.94 + 0.51 vs 2.65 +
0.62; p=0.03), 12 hours (4.63 + 0.75 vs 3.15 +
0.67; p<0.001), and 24 hours (4.02 + 0.85 vs
3.47 + 0.76; p=0.004) postoperatively. This
study indicates shorter analgesia duration
and reduced
approach.®

efficacy of the lateral

OPEN a ACCESS
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Time to First Rescue Analgesia

Analgesia duration was assessed by the
time to first patient-controlled analgesia
(PCA) demand. Xu et al. reported that the
semilunaris TAP block provided rapid and
effective analgesia with moderate duration,
attributable to extensive interfascial spread
and combined block effects, while
maintaining a favorable safety profile due
to lower total anesthetic doses.”

A study observed that patients receiving
TAP blocks required
analgesia at a mean of 6.73 hours
postoperatively, compared with 13.3 hours
in the posterior TAP group. Although direct
comparisons with semilunaris TAP in CS
remain limited, the wider analgesic area
suggests a potentially longer effective
duration for the semilunaris approach.?

lateral rescue

Postoperative Opioid Consumption -
Total
within 24-48 hours postoperatively is an
important indicator of TAP block efficacy. A
study demonstrated that semilunaris TAP
blocks significantly reduced postoperative
analgesic requirements following open
abdominal surgery.*”

intravenous opioid consumption

A meta-analysis  reported  higher
meperidine consumption in lateral TAP
block patients compared with posterior
TAP blocks within the first 24 hours.’
Although not a direct comparison with
semilunaris TAP, these findings suggest
that lateral TAP blocks may require greater
opioid supplementation due to limited
coverage.” Another meta-analysis also
confirmed that TAP blocks, particularly
using 0.375% ropivacaine, significantly
reduce opioid consumption during the first
24 hours postoperatively.!
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Table 1. Literature Comparison

No.

1.

2.

Writer (Year)
Faiz et al.
(2017)

Xuet al
(2023)

Title

Comparison of
ultrasound-guided
posterior transversus
abdominis plane block
and lateral transversus
abdominis plane block
for postoperative pain
management in
patients undergoing
cesarean section: A
randomized double-
blind clinical trial

study.

Effectiveness and
safety of new
umbilical paramedian
semilunaris approach
for transverse
abdominis plane
block: a prospective,
single-arm,
observational,
evaluation study

Objective
To compare
the
effectiveness
of posterior
versus lateral
transversus
abdominis
plane (TAP)
blocks for
postoperative
pain
management
in patients
undergoing
caesarean
gection.

To evaluate
the
effectiveness
and safety of
the linea
semilunaris
approach fo
the
transversus
abdominis
plane (TAP)
block in open
abdominal

surgery.

Study Design Intervention

RCT, double-
blind

Prospective,
observational,
single-arm

study

Posterior TAP
block versus
lateral TAP
block using
bupivacaine.

Linea
semilunaris
TAP block
using
ropivacaine.

Result

Pain scores were higher in the
lateral TAP block group at 6,

12, and 24 hours

postoperatively compared
with the posterior technique;
the mean time to first request
for rescue analgesia was 6.73
hours in the lateral TAP group

versus 13.3 hours in the
posterior group; and

meperidine consumption
within the first 24 hours was
higher in the lateral TAP
group (41.8 mg) than in the
posterior group (29.2 mg).

The median VAS score at 4
hours postoperatively was 2
(IQR: 1-2), increasing to 4

(IQR- 4-5) at 10 hours;

analgesic distribution was
broad (3.46 cm below the
xiphoid process, 1.74 cm
above the pubic symphysis,
and 2.02-2.19 cm lateral to
the midclavicular line); the
duration of analgesia was
moderate, with a delayed time
to first analgesic request
compared with the lateral

TAP block; and opioid
consumption was

significantly reduced (specific

values not reported).

Study Strength

A double-blind
randomized
controlled trial
comparing two TAP
block techniques;
with an adequate
sample size; and
clearly measured
outcomes including
pain scores,
analgesia duration,
and opioid

consunption.

A prospective study
with detailed
documentation of
analgesic
distribution; an
innovative technique
(linea semilunaris)
that has not been
extensively evaluated
previously; and
measured VAS
scores and opioid
consumption.

Study Limitation
Included only a
caesarean section
population; did not
evaluate long-term
outcomes; and the
results cannot be
generalized to all type
of abdominal surgery.

There was no control
group; the single-arm
design limited direct
comparisons; and the
duration of analgesia
follow-up was
restricted to the early
postoperative period.
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3.

4.

Sun et al.
(2017)

Uppal et al.
(2019)

Postoperative
Analgesia by a
Transversus
Abdomunis Plane
Block Using Different
Concentrations of
Ropivacaine for
Abdominal Surgery: A
Meta-Analysis

Transversus
Abdominis Plane
(TAP) and Rectus
Sheath Blocks: A
Technical Description
and Evidence Review.

To analyze the Meta-analysis

effects of TAP
block using
different
concentrations
of ropivacaine
on
postoperative
analgesia after
abdominal

guUrgery.

To describe
TAP block
and rectus
sheath block
techniques
and review
the evidence
for their
effectiveness.

Narrative
Review

TAP Block
with
ropivacaine
0,25-0,5%

TAP block
using various
approaches
(lateral,

posterior,

subcostal, and
linea
semilunaris).

The TAP block, particularly
with 0.375% ropivacaine,
significantly reduces pain
scores and opioid
consumption within the first
24 hours postoperatively.

Evidence indicates that TAP
approaches providing wider
coverage (e.g., linea
semilunaris and posterior
approaches) offer better pain
control and reduce opioid
requirements compared with
the lateral approach,
particularly for extensive
INCIS10NS.

A meta-analysis
including a large
number of studies
and patients;
comparing different
concentrations of
ropivacaine; and
providing
standardized
analyses of pain
outcomes and opioid
consumption

A comprehensive
narrative review that
discusses TAP and
rectus sheath block
techniques in detail
and compares
different approaches
and their analgesic
coverage.

The quality of the
included studies
varied; heterogeneity
was high; and most
studies had short
follow-up periods.

Did not perform
quantitative analysis;
gome evidence was
derived from small or
non-RCT studies; and
there was potential
publication bias.
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Research Gap -
Although TAP block has been extensively

investigated  in abdominal
procedures, evidence
comparing the linea semilunaris and lateral
approaches specifically in the context of CS
remains limited. Most of the existing
literature compares a single TAP block
technique with a control group or contrasts
TAP blocks with other regional analgesia
such as the quadratus
lumborum block or epidural analgesia.®!
Consequently, specific data delineating the
relative advantages of the linea semilunaris
versus lateral approach for caesarean
delivery are still scarce.

various

direct scientific

techniques,

Several findings suggest that the linea
semilunaris approach may provide broader
dermatomal coverage and longer analgesic
duration; however, this argument is largely
supported by non-head-to-head studies,
single-arm study designs, or investigations
conducted in non-CS  populations
evaluating the wumbilical paramedian
semilunaris approach in open abdominal
surgery. Meanwhile, available studies in CS
populations compared
posterior versus lateral TAP approaches
rather than linea semilunaris versus lateral
techniques. This indicates that current
evidence suggesting the superiority of the
linea semilunaris approach over the lateral
approach in CS patients remains inferential,
derived from anatomical extrapolation,
physiological
population data that have not been directly
tested.*?

have primarily

rationale, and  cross-

Furthermore, existing studies demonstrate
substantial heterogeneity in study design,
inclusion criteria, and outcome measures.
Variations in dosing (20-30 mL versus 15—
20 mL per side), type and concentration of
local anesthetics (0.25% bupivacaine versus
0.375% timing of block

OPEN a ACCESS

ropivacaine),

10.24843/9g4fmvo8
administration = (preoperative  before
incision versus postoperative before wound
closure), and inconsistent use of ultrasound
guidance may all influence study outcomes
and complicate meta-analyses in drawing
robust conclusions.”
In other words, well-designed randomized
controlled trials with standardized dosing
and techniques, homogeneous populations
(elective  and
sections), and comprehensive outcomes

emergency  caesarean
encompassing pain, functional recovery,
safety, and cost are still required. Only
through such studies can scientific evidence
provide a strong foundation for clinical
practice recommendations specific to the
obstetric population.

Conclusion -

TAP block is an effective regional analgesia
technique for reducing postoperative pain
after caesarean section, and the linea
approach  offers  both
theoretical and practical advantages over
the lateral approach through a wider
distribution of local anesthetic. Available
data suggest that the linea semilunaris
approach tends to provide better pain
control in the early postoperative period,
prolong pain-free duration, and reduce
opioid requirements, which collectively
contribute to faster recovery and a lower
risk of opioid-related adverse effects.

semilunaris

However, direct head-to-head evidence
comparing the linea semilunaris and lateral
approaches in caesarean section patients
remains very limited. The advantages
reported to date are largely derived from
anatomical extrapolation and findings from
studies conducted in
populations or using non-comparative
study designs, and therefore cannot be
regarded as definitive clinical superiority.
Consequently,

non-caesarean

large-scale randomized
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controlled  trials with standardized
protocols—particularly regarding dosing,
ultrasound technique, local anesthetic
volume, and both short- and long-term pain
outcomes—are needed to establish the
effectiveness and safety of the linea
semilunaris approach in the obstetric
population.  Until
available, this
considered a

evidence is
technique should be
promising  yet  still
investigational approach rather than a

such

definitive standard of care.
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Ultrasound-guided supraclavicular brachial plexus block (SCBPB) is a widely used
regional anesthesia technique for upper extremity surgery; however, variability
in block onset and success remains a clinical concern. Differences in injection
strategies, particularly single versus double injection techniques, have been
proposed to improve anesthetic spread and block reliability. In parallel, the
perfusion index (PI), derived from pulse oximetry, has emerged as a potential
objective and non-invasive indicator for early assessment of block success. This
narrative review aims to synthesize current evidence comparing single and
double injection techniques in supraclavicular brachial plexus block and to
evaluate the clinical value of the perfusion index as an objective monitoring tool.
A narrative literature search was conducted using PubMed, ScienceDirect, and
Google Scholar with keywords related to supraclavicular brachial plexus block,
injection techniques, and perfusion index, focusing on studies published
between 2015 and 2025. The reviewed literature suggests that the double
injection technique is generally associated with faster sensory and motor onset,
longer block duration, and higher block success rates compared with the single
injection approach, although it requires longer procedural time and may slightly
increase the incidence of transient neurological symptoms. Studies assessing
perfusion index consistently demonstrate a significant increase following
successful blocks, often preceding conventional sensory and motor assessments,
with reported threshold values showing high sensitivity and specificity despite
variability among studies. Overall, double injection supraclavicular brachial
plexus block appears to offer improved block characteristics, while perfusion
index monitoring represents a promising, rapid, and objective adjunct for early
block evaluation. Further studies integrating injection techniques with
standardized perfusion index assessment are required to optimize clinical
application.

Keywords: Brachial Plexus Block; Injections; Perfusion Index; Supraclavicular
Region; Ultrasonography

Introduction .
Supraclavicular brachial plexus block (SCBPB) is an effective
and relatively safe regional anesthesia technique for upper
extremity surgery; however, it requires adequate onset time and
reliable assessment of block success. Prolonged onset or partial
block may compromise operating room efficiency, increase
surgical team stress, and negatively affect healthcare delivery as
well as hospital financial outcomes.!? SCBPB is commonly
performed under ultrasound guidance to accelerate onset,
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improve block success, and reduce
complications.? The double injection (DI)
technique, involving anesthetic deposition
at two strategic locations, has been shown
to produce faster sensory and motor onset
and higher block success rates compared
with the single injection (SI) technique.*®
Nevertheless, several studies have reported
a higher incidence of transient paresthesia
associated with the DI technique compared
with SL”

Block success is traditionally evaluated
using pinprick testing and the modified
Bromage scale; however, these methods are
subjective, time-consuming, and dependent
on patient cooperation. The perfusion index
(PI) represents an objective, non-invasive,
and rapid parameter for predicting SCBPB
success by detecting perfusion changes that
may occur within the first minute and up to
10 minutes after block placement.51°

The literature for this narrative review was
identified through searches of PubMed,
ScienceDirect, and Google Scholar using
keywords related to “supraclavicular
block,” “perfusion index,” and injection
techniques. Publications from 2015 to 2025
that discussed injection strategies and the
role of perfusion index in predicting
brachial plexus block
success were considered. Articles were
selected based on relevance to the clinical
topic and clarity of methodology, and the
included appraised
narratively to support a structured and
critical synthesis.

supraclavicular

literature was

Despite increasing interest in both injection
strategies and objective monitoring, studies
directly comparing SI and DI techniques in
relation to perfusion index changes, sensory
onset, and motor onset remain limited.
Therefore, this narrative review aims to
synthesize and critically appraise the

OPEN a ACCESS.

10.24843/es2j4f98
available literature regarding single and
double injection supraclavicular brachial
plexus block techniques and to evaluate the
role of the perfusion index as an objective
indicator of block
extremity surgery.

success in upper

The brachial plexus is a complex neural
network originating from the cervical spine
that provides sensory,
sympathetic innervation to the upper
extremity.1? It is anatomically organized
into five sequential components, beginning
with the roots and extending to the terminal
branches. These structures arise from the
ventral rami of the C5-T1 spinal nerves,
which combine to form five roots, three
trunks, six divisions, three cords, and five

Anatomy of the Brachial Plexus

motor, and

terminal branches.!

The brachial plexus is enclosed within a
neurovascular sheath, a fascial structure
derived from the prevertebral fascia, which
also surrounds the subclavian artery.
Several = anatomical
demonstrated the presence of internal
fascial septations within this sheath. These
septa may consist of thin connective tissue
partitions that partially separate trunks or
individual nerve fascicles from one another,
potentially influencing the spread of local
anesthetic

techniques.’

studies have

during anesthesia

regional
Supraclavicular Brachial Plexus .
Block
Brachial plexus block can be performed at
different anatomical levels, including the
interscalene,
infraclavicular, and axillary approaches.
Among these, the supraclavicular approach
is the most commonly used for upper
extremity surgery because the brachial
plexus at this level lies relatively superficial

supraclavicular,
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and appears as a compact cluster, allowing
for a dense block with rapid onset.51415
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Figure 1. Brachial Plexus Anatomy.!

Various techniques may be used to deposit
local anesthetic around the brachial plexus,
including single, double, and multiple
injection approaches. An increased number
of needle passes is associated with a higher
risk of paresthesia and other transient
neurological complications.”!® This risk can
be reduced by limiting injections using the
single injection (SI) technique; however, SI
is more frequentlyassociated with partial
block and delayed onset. Internal fascial
septations within the brachial plexus sheath
restrict local anesthetic spread,
resulting in non-uniform blockade or
prolonged onset. The double injection (DI)
technique,  which
anesthetic into two strategic locations, is
intended to enhance anesthetic spread
throughout the plexus, thereby reducing
partial block and accelerating onset,
although it requires a longer procedural
time.*516

may

distributes local

The onset of supraclavicular brachial plexus
block is influenced by multiple factors
affecting the distribution and penetration of
local anesthetics into the target nerves.

These factors include injection technique
(number of and guidance
modality), properties of the local anesthetic
(volume, concentration, and type), and
patient-related variables such as anatomy,
age, index'3—5,13,17,18
Ultrasound-guided supraclavicular block
offers

injections

and body mass
several advantages over nerve
guidance, including direct
visualization of anesthetic spread, faster
onset, and prolonged block duration.?

stimulator

In the SI technique, the entire volume of
local anesthetic is injected at the junction
between the first rib and the subclavian
artery, commonly referred to as the “corner
pocket.” In contrast, the DI technique
involves injecting half of the anesthetic
volume into the corner pocket and the
remaining half into the superior-lateral
aspect of the subclavian artery.**

Pulse Oximetry and Perfusion Index .
Finger-clip pulse oximetry uses light-
emitting diodes and photodetectors to
measure arterial oxygen saturation (SpO.)
based on differential light absorption by
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oxyhemoglobin (O.Hb) and
deoxyhemoglobin (HHb). Oxyhemoglobin
absorbs more infrared light, whereas
deoxyhemoglobin absorbs more red light,
and these absorption patterns fluctuate
with the cardiac cycle. The pulsatile
component (AC) represents arterial blood
flow and is variable, while the non-pulsatile
component (DC) reflects relatively stable
tissues such as venous blood, capillaries,
bone, fat, and skin. Variations in light
absorption
photoplethysmographic waveform (PPG)."

over time form the

The perfusion index (PI) is derived from the
ratio of the pulsatile to non-pulsatile
components of the PPG signal and reflects
peripheral perfusion. PI decreases during
hypoperfusion and is influenced by patient-
such as age, body
temperature, anxiety, and vasopressor use,
as well as external conditions including
ambient light, nail polish, and probe
movement.”!%2 Normal PI values generally

related factors

range from 0.02 to 20.1°

Perfusion Index and
Supraclavicular Brachial Plexus
Block

The success of peripheral nerve blocks is
traditionally assessed using sensory and
motor function tests. Common sensory
evaluation includes the pinprick test,
graded as 0 (no block), 1 (presence of
sensation without pain), and 2 (absence of
sensation).*® Motor function is commonly
assessed using the Modified Bromage Scale
(MBS), where 0 indicates no motor block, 1
indicates inability to lift the arm with
preserved wrist movement, 2 indicates
inability to move the wrist with preserved
finger movement, and 3 indicates complete
inability to move the arm and fingers.*> A
block is generally considered successful

OPEN a ACCESS.
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when the patient does not respond to
sensory stimulation.!%12

The perfusion index represents an objective,
rapid, patient-
independent assessing
vasomotor tone. Supraclavicular brachial
plexus block results in sympathetic nerve
fiber blockade, leading to regional
vasodilation, increased blood flow, and a
subsequent rise in perfusion index. PI
values measured at 10 minutes after block
placement have demonstrated high
sensitivity and specificity for predicting
block success and appear superior to
conventional = pinprick  testing  or
response.l%?1-2  Reported

non-invasive, and
method  for

temperature
threshold values, including absolute P1>3.3
or PI ratios ranging from 2.8 to 3.0, have
been associated with high diagnostic
accuracy for successful supraclavicular
brachial plexus block.9%

Critical Analysis of the Current .
Evidence

Although the available literature provides
valuable insights into
brachial plexus block techniques and
perfusion
methodological and conceptual limitations
must be acknowledged. Most randomized
controlled trials comparing single and
double injection techniques demonstrate
favorable onset and block quality with the

double injection approach; however, these

supraclavicular

index monitoring, several

studies are frequently limited by small
sample sizes and incomplete reporting of
blinding procedures. In several trials,
operator blinding was not feasible,
potentially introducing performance bias,
while outcome assessors were not
consistently blinded, which may influence
subjective assessments of sensory and

motor block.
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Another important limitation relates to
heterogeneity in block technique execution.
Variations in local anesthetic type, volume,
concentration, and injection sites limit
direct comparability across studies. In
addition, adjunctive maneuvers such as
hydrodissection
applied, particularly in the double injection
groups, which may independently enhance
anesthetic spread and confound
interpretation of technique superiority.

were inconsistently

Evidence supporting the perfusion index as
an objective marker of block success is
largely derived from observational studies.
Although these studies consistently report
high sensitivity and specificity, their non-
randomized design limits causal inference.
Furthermore,
measurement protocols vary substantially
across studies with respect to sensor
location, timing of measurements, and
calculation of absolute versus ratio values.
The lack of standardized cut-off thresholds

perfusion index

reduces external validity and limits
immediate clinical generalizability.
Importantly, the existing literature

evaluates  injection techniques and
perfusion index largely in isolation. Studies
directly correlating injection strategy with
perfusion index dynamics are scarce,
leaving uncertainty regarding whether
observed  improvements in  block
characteristics with double injection are
reliably reflected by objective perfusion
changes. These limitations highlight the
need for cautious interpretation of current
findings and underscore the importance of
integrating anatomical, physiological, and
methodological considerations in future
investigations.

Clinical Implications and Future
Research Directions

OPEN a ACCESS.

10.24843/es2j4f98
From a clinical perspective, the double
injection technique for supraclavicular
brachial plexus block appears
advantageous in situations where rapid
onset and high block reliability are
prioritized, such as high-throughput
operating rooms or procedures with limited
tolerance for block failure. However, the
increased procedural time and slightly
higher incidence of transient neurological
symptoms emphasize the importance of
operator expertise and careful patient
selection. Single injection techniques may
remain appropriate in settings where
simplicity, speed, and minimal needle
manipulation are preferred.

Perfusion index monitoring offers a
practical and objective adjunct for early
block assessment, particularly in sedated,
anxious, or non-cooperative patients where
conventional sensory testing is unreliable.
Incorporating perfusion index into routine
practice may allow earlier identification of
block failure and facilitate timely corrective
interventions,  potentially
operating room efficiency and patient
safety.

improving

Future research should focus on well-
designed randomized controlled trials that
simultaneously
techniques and perfusion index responses
using standardized protocols. Establishing
uniform measurement timing,
placement, and validated cut-off values for
perfusion index is essential to enhance
reproducibility and clinical applicability.
Additionally, broader patient populations,
including pediatric, geriatric, and vascular-
compromised patients, should be studied to
determine the generalizability of perfusion-

compare injection

sensor

based assessment.

Finally, integrating objective perfusion
monitoring ~ with  ultrasound-guided
injection strategies represents a promising
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anatomical visualization and real-time
physiological feedback.

avenue toward  precision  regional
anesthesia, where technique selection and

block evaluation are guided by both

Table 1. Comparison of Injection Techniques and Perfusion Index Assessment in Supraclavicular

Brachial Plexus Block
Aspect Single Injection (SI) Double Injection (DI) Perfusion Index (PI)

Injection Entire local anesthetic =~ Local anesthetic divided  Not an injection

strategy volume injected at a into two injections at technique; monitoring
single site (corner strategic locations around parameter derived from
pocket) the plexus pulse oximetry

Anesthetic May be limited by Improved circumferential Reflects physiological

spread internal fascial spread, potentially response to sympathetic
septations, leading to ~ overcoming fascial blockade rather than
non-uniform barriers drug distribution
distribution

Onset of block  Generally slower Faster sensory and motor Pl increases early after

Block success

Procedure time

sensory and motor
onset

Higher incidence of
partial or delayed
block

Shorter procedural
time

Neurological Lower risk of transient
complications paresthesia
Assessment Relies on subjective
characteristics  sensory and motor

Clinical role

testing

Suitable for simple
cases prioritizing
speed and minimal
needle passes

onset reported in most
studies

Higher and more
consistent block success
rates

Longer procedural time
due to additional needle
manipulation

Slightly higher incidence
of transient paresthesia

Relies on subjective
sensory and motor
testing

Preferred when rapid
onset and reliable block
are critical

successful block, often
preceding sensory and
motor signs

High sensitivity and
specificity for predicting
block success

No additional
procedural time
required

Non-invasive and not
associated with
neurological risk
Objective, rapid, non-
invasive, and
independent of patient
cooperation

Useful adjunct for early
block assessment and
decision-making

This narrative review aimed to synthesize
current evidence on single and double
injection techniques in supraclavicular

Conclusion

brachial plexus block and to examine the
role of perfusion index as an objective
marker of block success. The analysis
indicates that the double injection

OPEN a ACCESS.

technique generally provides faster onset
and more reliable block characteristics,
while perfusion index monitoring offers a
rapid, non-invasive, patient-
independent method for early block
assessment. A key insight emerging from
this the
complementary role of optimized injection

and

synthesis  is potential
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strategies and objective perfusion-based
monitoring in enhancing both technical
precision and clinical efficiency in regional
anesthesia. From a practical perspective,
these findings support more
individualized technique selection and
earlier identification of block failure, while
theoretically they highlight the value of
integrating anatomical, physiological, and
monitoring-based approaches. Future
research should prioritize standardized
protocols that jointly evaluate injection
techniques and perfusion index dynamics,
establish validated cut-off values, and
assess broader patient populations to
inform evidence-based guidelines and
policy development in regional anesthesia
practice.
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Abstract

Tetanus is an acute infectious disease caused by Clostridium tetani and remains
associated with high mortality, particularly in severe cases requiring intensive care
unit (ICU) admission. The neurotoxin tetanospasmin induces persistent muscle
spasms, autonomic dysfunction, and respiratory failure, rendering ICU
management complex and resource-intensive. This narrative review aims to
synthesize current evidence on multimodal supportive care strategies that
improve clinical outcomes in patients with severe tetanus managed in the ICU.
This literature review identifies several interrelated components as central to
successful management, including early airway control and mechanical
ventilation, optimized sedation and spasm control using benzodiazepines,
magnesium sulfate, and selected adjuvant agents, targeted nutritional and
metabolic support through early enteral feeding, prevention of ICU-related
complications, and early rehabilitation to mitigate ICU-acquired weakness.
Collectively, evidence indicates that a comprehensive, evidence-based supportive
care approach improves hemodynamic stability, reduces complication rates, and
facilitates functional recovery in patients with severe tetanus.

Keywords: Tetanus; Intensive Care Units; Supportive Care; Mechanical

Ventilation; Sedation

Introduction -
Tetanus is a life-threatening acute infectious disease caused by
Clostridium tetani, which produces a potent neurotoxin known
Despite being preventable through
immunization, tetanus continues to occur frequently in low and
middle income countries, including Indonesia, and remains
associated with high mortality, particularly in patients with
severe disease requiring intensive care unit (ICU) admission.!
Global vaccination programs have substantially reduced the
incidence of tetanus; however, the disease continues to impose a
significant burden in resource-limited settings, where severe
complications and poor outcomes are more commonly

as tetanospasmin.

encountered.’® The epidemiology of tetanus has also shifted in
recent decades. An increasing proportion of cases is now
observed among older adults, especially in countries that have
successfully eliminated neonatal tetanus.!.* Age-related
immunodeficiency has emerged as an important risk factor
contributing to this demographic transition.!® In settings with
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limited access to advanced critical care,
mortality rates among patients with severe
tetanus may still range between 20% and
50% in the absence of adequate intensive
care support? In addition, recent
observational data have highlighted a
substantial burden of autonomic and
complications  in  this
population, underscoring the importance of
early risk stratification and comprehensive
ICU management.>”

respiratory

The pathogenesis of tetanus is primarily
mediated by disruption of inhibitory
neurotransmitter  release,  particularly
gamma-aminobutyric acid (GABA) and
glycine, resulting in sustained muscle
spasms,  rigidity, @ and  autonomic
dysfunction. These complex
pathophysiological processes necessitate a
comprehensive approach to care in the ICU
that extends beyond antimicrobial therapy
and  toxin Effective
management multimodal

neutralization.
requires
supportive strategies, including airway
stabilization, control of muscle spasms,
adequate  nutritional  support, and
prevention of complications related to
prolonged immobilization and mechanical
ventilation.?

The objective of this narrative review is to

identify, synthesize, and summarize
evidence-based multimodal supportive
care strategies that improve clinical

outcomes in patients with severe tetanus
requiring intensive care. The discussion
key components of
management:

focuses on four
supportive
ventilatory support, sedation and spasm
control, nutritional and metabolic support,
and prevention of complications. This
provide a scientific
development of

clinical ~protocols to

airway and

review aims to
foundation for the

evidence-based

OPEN a ACCESS
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optimize the management of severe tetanus
Theoretical

in the ICU.

and .
Pathophysiology
Tetanus is an acute infectious disease
caused by the toxin
tetanospasmin, produced by Clostridium
tetani, a gram-positive, anaerobic, spore-
forming bacillus capable of long-term
survival in the environment. Infection
occurs when bacterial spores enter the body
through an open wound, where anaerobic
conditions facilitate germination into the
vegetative form. The organism
subsequently produces two principal
toxins, tetanospasmin and tetanolysin, of
which  tetanospasmin  is
responsible for the characteristic clinical
manifestations of tetanus. Following local
production, the toxin disseminates via
lymphatic and perineural pathways to the
central nervous system, particularly the
brainstem and spinal cord.®

Basis

neurotropic

primarily

From a pathophysiological perspective,
tetanospasmin exerts its effects by
inhibiting the release of inhibitory
neurotransmitters, specifically GABA and
glycine, at inhibitory interneurons within
the spinal cord and brainstem. This
inhibition results in the loss of inhibitory
control over alpha motor neurons, leading
to sustained muscle rigidity and recurrent
Spasms. Concurrently, continuous
stimulation of the autonomic nervous
system induces sympathetic hyperactivity,
manifesting as blood pressure lability,
tachycardia, cardiac arrhythmias, and an
increased risk of sudden cardiovascular

collapse.2.?

The severity of tetanus is influenced by
several factors, including the incubation
period, the speed of symptom onset, and
the anatomical location of the primary
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wound. Injuries located closer to the central
nervous system, such as those involving the
head or neck, are typically associated with
a shorter incubation period and more
severe clinical manifestations. Disease
severity has traditionally been assessed
using the Ablett classification, which grades
tetanus based on the frequency and
duration of muscle spasms, respiratory
involvement, and autonomic stability. In
addition, the Dakar scoring system has been
developed to provide a more objective
prognostic assessment by incorporating
patient age, incubation period, time to
symptom onset, spasm frequency, and the
presence of autonomic dysfunction.
Airway and

Ventilatory
Management

Respiratory failure remains one of the
leading causes of mortality in patients with
tetanus, making
management a central priority in intensive
care. Respiratory compromise in tetanus
may result from multiple mechanisms,
including sustained spasms of the
respiratory muscles, laryngospasm, upper
airway obstruction due to
secretions, and respiratory depression
secondary to sedative or muscle relaxant
therapy. Consequently,
control is essential to prevent hypoxemia,
aspiration, and
collapse.2

severe airway

excessive

early airway

sudden  respiratory

Tracheostomy is generally preferred over
prolonged
patients with severe tetanus, as it provides
greater airway stability, reduces the risk of

endotracheal intubation in

laryngeal spasm, facilitates secretion
clearance, and  enables  prolonged
mechanical ventilation. In addition,
tracheostomy minimizes repetitive

mechanical stimulation of the larynx, which
can precipitate reflex spasms which could

OPEN a ACCESS
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potentially be fatal in this patient
population.®  Early consideration of
tracheostomy is therefore recommended in
patients anticipated to require extended
ventilatory support.”

Mechanical ventilation is indicated in cases
of refractory respiratory muscle spasm
despite adequate sedation, as well as in
patients develop  respiratory
depression related to sedative or
neuromuscular blocking agents. Ventilatory
modes should be individualized based on
the patient’'s hemodynamic status and

who

severity of muscle spasms, with particular
attention to patient—ventilator synchrony to
avoid excessive stimulation. Continuous
monitoring of oxygenation, airway
pressures, and arterial blood gas
parameters is essential to assess ventilatory
effectiveness and  guide  ongoing
management.’

In addition to invasive  airway
interventions, supportive care measures
include regular chest physiotherapy and
aggressive
maintain airway patency. Environmental
modification within the ICU-—such as
reduced lighting, control, and
minimization of sensory stimulation—
plays an important role in preventing
stimulus-induced
multimodal approach integrating early
airway stabilization, appropriate
ventilatory  support, effective spasm
control, and a low-stimulation environment
has been associated with reduced mortality
and improved outcomes in patients with

severe tetanus requiring intensive care.?

Sedation and Spasm Control -
Sedation and spasm control represent core
components of supportive management in
severe tetanus, as intense muscle spasms
not only cause severe pain but also interfere

secretion management to

noise

spasms.10,11 A

Jurnal Anestesiologi dan Terapi Intensif | © Jaya et al (2026). Published by Universitas Udayana



with ventilation and may precipitate life-

threatening  complications,  including
respiratory  failure and  malignant
arrhythmias secondary to autonomic

overstimulation. The primary objectives of
sedative therapy are to suppress excessive
neuromuscular attenuate
sympathetic stress responses, and enable
safe mechanical ventilation and patient rest
in the intensive care setting.?

activity,

Benzodiazepines, such as diazepam and
midazolam, are considered first-line agents
for spasm control due to their action as
GABA-A receptor agonists. By enhancing
inhibitory neurotransmission within the
central nervous system, these agents reduce
excitability,  thereby
alleviating muscle rigidity and spasms
while providing anxiolytic and sedative
effects. Benzodiazepines are commonly
administered as continuous infusions with
dose titration based on clinical response,
with careful monitoring for respiratory
depression and
instability.2,12

motor heuron

hemodynamic

Adjunctive use of ar-adrenergic agonists,
including dexmedetomidine and clonidine,
has been employed to mitigate sympathetic
hyperactivity,
requirements, and stabilize heart rate and
blood pressure. Dexmedetomidine offers
sedative and analgesic effects with minimal
respiratory depression,
potentially valuable option in patients with
severe autonomic dysfunction. However,
current evidence supporting its routine use
in tetanus remains limited, and close
hemodynamic essential
during therapy.!12

reduce sedative

making it a

monitoring is

Magnesium sulfate plays an important
adjunctive role in the management of severe
tetanus by
properties, reducing acetylcholine release at

OPEN a ACCESS
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the neuromuscular junction, and inhibiting
catecholamine release from sympathetic
nerve terminals and the adrenal medulla.
Magnesium therapy may enhance spasm
control and contribute to
stabilization, particularly in patients with
refractory symptoms. Opioids, such as
morphine, may also be administered to
alleviate pain and blunt
responses associated with recurrent muscle
spasms.2.12

autonomic

sympathetic

In patients with severe tetanus who develop
refractory spasms
compromise despite maximal sedative
therapy, the use of neuromuscular blocking
agents (NMBAs) becomes a definitive
intervention. Agents such as vecuronium,
rocuronium, atracurium, and pancuronium
have been utilized for this purpose.
Pancuronium possesses sympathomimetic
properties that may exacerbate tachycardia
and should be used with caution in patients
with autonomic instability. In contrast,
vecuronium and rocuronium are often

causing ventilatory

preferred due to their more stable
hemodynamic profiles.!.2,13
A multimodal strategy = combining

benzodiazepines, magnesium sulfate, and
selected agents
dexmedetomidine or clonidine has been
shown to provide more effective spasm
control, reduce spasm frequency, and
improve stability. This
approach requires close ICU monitoring to
prevent adverse effects related to drug
synergy, including respiratory depression,
hypotension, and bradycardia.

adjuvant such as

cardiovascular

Nutritional and Metabolic Support -
Nutritional and metabolic support is a
critical ~ component of  supportive
management in patients with severe tetanus
requiring intensive care. The disease is
associated with a hypermetabolic state and
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accelerated protein catabolism resulting
from persistent muscle spasms, fever, and
severe physiological stress. These factors
markedly increase energy and protein
requirements, while dysphagia, aspiration
risk, and the need for deep sedation further
compromise nutritional intake. Adequate
and timely nutritional support is therefore
essential to preserve lean body mass,
promote tissue repair, and improve overall
clinical outcomes.?

Early enteral nutrition is recommended
once hemodynamic stability has been
achieved, preferably via a nasogastric or
nasoduodenal tube, as the enteral route
helps maintain gut mucosal integrity and
reduces the risk of nosocomial infections. In
patients with severe spasms or a high risk
of aspiration, partial or total parenteral
nutrition may be considered temporarily
until a safe transition to enteral feeding is
feasible. Energy requirements typically
range from 30 to 35 kcal/kg/day, while
protein needs may reach 1.5-2.0 g/kg/day,
depending on the severity of muscle spasms
and the degree of catabolic stress. Balanced
provision of carbohydrates and lipids is
necessary to optimize metabolic efficiency
and prevent complications such as
hyperglycemia.’

Close metabolic monitoring is required to
prevent and promptly address common
disturbances, including electrolyte
hypokalemia,
hypomagnesemia, and hypophosphatemia,
which may be exacerbated by increased

metabolic

imbalances such as

the use of
sulfate therapy. Regular
of blood glucose levels,
electrolyte profiles, and fluid balance is
essential to guide nutritional adjustments
and minimize metabolic complications. In

demands and
magnesium
assessment

addition to macronutrients, micronutrient
supplementation —including

OPEN a ACCESS
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vitamins, vitamin C, and zinc—plays an
important role in supporting energy
metabolism, regeneration, and
immune function Careful attention to
hydration status and fluid balance is also
particularly in  patients
diaphoresis  or
increased insensible fluid losses due to

tissue

necessary,
experiencing  profuse

sustained muscle spasms.2,15

Prevention of Complications and .
Early Rehabilitation
Prevention of complications is an essential
component of supportive management in
patients with severe tetanus requiring
intensive care, given the prolonged disease
immobilization, and
frequent need for deep sedation and long-

course, extended
term mechanical ventilation. These factors
substantially increase the risk of secondary
morbidity, with reported
complications including ventilator-
associated pneumonia (VAP),
thromboembolism, stress-related
gastrointestinal bleeding, and pressure
injuries.  Systematic and  proactive
preventive strategies are therefore critical to

commonly

venous

reducing mortality and facilitating
recovery.®
Ventilator-associated pneumonia

represents one of the most frequent
complications associated with prolonged
mechanical
airway secretions in patients with tetanus.
Preventive measures should adhere to
established ventilator care bundles,
including elevation of the head of the bed to
3045 degrees, regular oral hygiene with

ventilation and excessive

antiseptic agents, scheduled airway
suctioning, and routine reassessment of
ventilatory requirements. Early

tracheostomy, when indicated, may further
reduce pulmonary infection risk compared
with prolonged endotracheal intubation by
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improving  secretion clearance and
minimizing airway irritation.!6

The risk of venous thromboembolism is

increased as a result of prolonged
immobilization and heightened
sympathetic  activity.  Pharmacological

prophylaxis with low-dose unfractionated
heparin or low—molecular weight heparin is
recommended,
nonpharmacological measures such as
passive limb mobilization and the use of
elastic compression stockings to promote
venous
gastrointestinal ulcers may occur due to
severe systemic stress and increased gastric
acid secretion; therefore, prophylactic
administration of proton pump inhibitors
or histamine Hs-receptor antagonists is
warranted to reduce the risk of upper
gastrointestinal bleeding.1”

complemented by

return. Stress-related

Pressure injuries and musculoskeletal
complications, including joint stiffness and
muscle contractures, can be mitigated
through regular repositioning,
pressure-relieving mattresses, and early
initiation of passive physiotherapy. These
interventions help preserve skin integrity,
improve peripheral circulation, and prevent
long-term impairment.
Adequate skin hydration, and
nutritional support further contribute to
wound healing and reduce susceptibility to
infection, particularly in patients with

prolonged critical illness.'®

use of

functional
care,

Following prolonged ICU stays, patients
with severe tetanus are at risk of developing
ICU-acquired weakness as a consequence of
extended immobilization and prolonged
exposure to blocking
agents. Early rehabilitation strategies are
therefore crucial and should be initiated
during ICU care, beginning with passive
mobilization and progressing gradually to

OPEN a ACCESS
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active exercises as clinical stability permits.
Early physiotherapy has been shown to
shorten
recovery time, and enhance the ability to
resume independent activities after critical
illness.”1* Overall, effective prevention of
complications in severe tetanus requires an
integrated, multidisciplinary approach
involving medical management, nursing
care, and rehabilitation to ensure long-term
stability and optimal functional recovery in
the intensive care setting.?®

improve functional outcomes,

Evidence and Recent Research
Trends in Supportive Management

of Tetanus in the ICU

Recent literature increasingly emphasizes
the importance of multimodal supportive
strategies in the management of severe
tetanus in the intensive care unit (Table 1).
Contemporary narrative syntheses have
highlighted that the implementation of
modern ICU-based care—including early
mechanical ventilation, effective spasm
control, and integrated
management—has been associated with a
substantial reduction in mortality, from
approximately 50% in settings without
intensive care facilities to 10-20% in
hospitals equipped with advanced airway
management and invasive hemodynamic
monitoring. These findings underscore the
critical role of tracheostomy,
continuous monitoring, and coordinated

supportive

early

ICU care in improving survival outcomes.
However, as these conclusions are largely
derived from narrative syntheses, the
absence of pooled quantitative analyses
limits the strength of causal inference.!

studies conducted in

settings
demonstrated that autonomic dysfunction
is a frequent complication in patients with
severe tetanus and is strongly associated

Observational

resource-limited have
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with prolonged ICU stay and extended
duration of mechanical ventilation. Mean
ICU lengths of stay exceeding two weeks
and ventilator dependence averaging more
than 16 days have been reported in patients
with significant autonomic instability, with
overall  prognostic
observed in this subgroup.® These findings
highlight autonomic dysfunction as a key

worse outcomes

determinant of disease severity and

resource utilization in the ICU.2

More recent retrospective data from high-
income
demographic pattern, with an increasing
proportion of tetanus cases occurring in
elderly populations. Although mortality
rates in these cohorts are relatively low
when comprehensive ICU care is available,
survivors frequently experience significant
declines in physical function and prolonged
hospitalization, with reported mean lengths
of stay exceeding two months.> These
observations suggest that improved
survival does not necessarily translate into
favorable functional outcomes, particularly
among older patients.’?

settings indicate a shifting

Prospective observational evidence has

further demonstrated that structured,
protocol-based multimodal supportive
management —encompassing airway

control, sedation, and nutritional support —
can shorten ICU length of stay, reduce the
incidence of refractory
improve survival in patients with severe
tetanus. The principal strength of this
approach lies in its real-world applicability
and comprehensive integration of ICU
interventions. Nevertheless, the absence of
control groups and multivariate analyses in
such studies limits definitive conclusions
regarding causality and
potential selection bias.?

spasms, and

introduces
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Additional exploratory evidence has
examined the role of advanced monitoring
and adjunctive therapies. Case-based
reports have suggested that the use of a»-
adrenergic agonists may contribute to rapid
stabilization of heart rate and blood
pressure in patients with severe autonomic
dysfunction, without significant respiratory
depression. While these findings provide a
plausible physiological rationale for their
use as sedative adjuncts, the lack of
comparative data precludes
generalization.? prospective
studies evaluating heart rate variability as a
marker of autonomic function have
identified abnormal variability patterns as
potential predictors of poor prognosis.
Although innovative, these studies are
limited by small sample sizes and the
absence of interventional evaluation, and
therefore should be
hypothesis-generating
definitive.!

Similarly,

interpreted  as
rather than

Practice-based clinical guidelines derived
from modern ICU experience consistently
emphasize the importance of early spasm
control, adequate ventilatory support,
structured nutritional management, and
systematic prevention of complications
such as pneumonia and autonomic
instability. These guidelines advocate a
multidisciplinary and coordinated ICU
approach to severe tetanus management.
However, many recommendations remain
based on expert consensus rather than high-
quality controlled trials, underscoring the

need for further empirical validation.!3

Collectively, current evidence supports the
concept that supportive management of
severe tetanus in the ICU must be
comprehensive and multimodal,
integrating early airway and ventilatory
support, effective spasm control, autonomic

stabilization, and adequate nutritional
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therapy. Although individual studies tetanus.”? A synthesis of recommended
exhibit methodological limitations, together =~ supportive management strategies for
they contribute meaningful insights into severe tetanus in the ICU is summarized in
contemporary ICU management of  Tablel.

Table 1. Recommended Multimodal Supportive Strategies for Severe Tetanus in the Intensive Care

Unit

Intervention Domain

Recommendations

A. Airway and Ventilatory
Management

e Perform early airway control to prevent hypoxemia and aspiration.

e Tracheostomy is preferred over prolonged endotracheal intubation
to improve airway stability and secretion management.

e Initiate mechanical ventilation in cases of refractory respiratory
muscle spasms or sedative-induced respiratory depression;
ventilatory modes should be individualized according to
hemodynamic status.

e Monitor arterial blood gases and airway pressures regularly to
assess ventilatory effectiveness.

e Maintain a low-stimulation ICU environment (reduced noise and
lighting) to minimize reflex spasms.

B. Sedation and Spasm
Control

¢ Use benzodiazepines (e.g., diazepam, midazolam) as first-line
agents to suppress muscle spasms.

¢ Consider a,-adrenergic agonists (dexmedetomidine or clonidine)
for autonomic dysfunction control and to reduce ventilatory
requirements.

¢ Add magnesium sulfate for muscle relaxation and autonomic
stabilization.

e Administer opioids (e.g., morphine) for analgesia and attenuation
of sympathetic stress responses.

e Titrate sedative doses carefully with close monitoring for
respiratory depression, hypotension, and bradycardia.

C. Nutritional and
Metabolic Support

e Initiate early enteral nutrition via nasogastric or nasoduodenal
tube once hemodynamic stability is achieved to preserve gut
integrity.

e Consider partial or total parenteral nutrition in patients with high
aspiration risk or intolerance to enteral feeding.

e Target energy intake of 30-35 kcal/kg/day and protein intake of
1.5-2.0 g/kg/day.

e Perform regular monitoring of blood glucose, electrolytes
(potassium, magnesium, phosphate), and fluid balance.

e Ensure adequate micronutrient supplementation, including B-
complex vitamins, vitamin C, and zinc, to support metabolism and
immune function.

OPEN a ACCESS
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D. Complication
Prevention

e Apply ventilator care bundles to prevent ventilator-associated
pneumonia (head-of-bed elevation, oral hygiene, routine
suctioning).
¢ Provide venous thromboembolism prophylaxis using low-dose
unfractionated heparin or low-molecular weight heparin,
combined with passive mobilization

¢ Administer proton pump inhibitors or Hp-receptor antagonists for
stress ulcer prophylaxis.

e Implement regular repositioning, use pressure-relieving
mattresses, and initiate early passive physiotherapy to prevent
pressure injuries and contractures.

¢ Maintain skin hygiene, hydration, and adequate nutritional status
to promote wound healing and reduce secondary infections.

E. Rehabilitation e Initiate passive mobilization as early as possible, even during deep
sedation, to prevent joint stiffness and muscle contractures.

e Progress to active mobilization once sedation is reduced or
discontinued and clinical stability permits.

e Perform regular functional assessments to enable early detection

and prevention of ICU-acquired weakness.

for spasm control, timing of tracheostomy,
and effective nutritional interventions in
this patient population.

Limitations and Future Research
Directions
The primary limitation of this narrative

review lies in its descriptive nature, as the )

o . To strengthen the evidence base, future
synthesis is largely based on observational . .
research should prioritize well-designed

studies, case series, and case reports with "
wit

prospective  studies controlled

varying levels of evidence. Consequently,

the strength of generalizability to broader
clinical practice limited. In
addition, most of the included studies

remains

originate from intensive care settings with
heterogeneous resource availability, which
may influence clinical outcomes through

differences in  sedation  protocols,
ventilatory strategies, and nutritional
support. Variability in drug dosing,
combination regimens, and duration of
supportive interventions further
complicates direct comparison across

studies and underscores the absence of
universally accepted standards for the
management of severe tetanus in the ICU.
These limitations highlight
evidence gaps in defining optimal strategies

OPEN a ACCESS

existing

methodologies to objectively evaluate the
impact of multimodal supportive care on
mortality, ICU
hemodynamic stability. Multicenter studies

length of stay, and

employing standardized protocols are
particularly needed to identify prognostic
factors associated with treatment success
and to reduce variability in clinical practice.
In addition, the
physiological biomarkers, such as heart rate

incorporation  of

variability, may offer a promising approach

for early detection of autonomic
dysfunction and for monitoring therapeutic
response in patients with severe tetanus.
Collectively, these research directions may

contribute to the development of more
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robust, evidence-based guidelines and
improve the consistency and effectiveness
of supportive care strategies in the intensive

care setting.

review highlights that
multimodal supportive management in the
intensive care unit is a decisive factor in
improving outcomes of patients with severe
tetanus. The synthesis indicates that the
primary contribution of supportive care lies
in coordinated stabilization,
effective spasm control, metabolic and
nutritional optimization, and systematic
prevention of ICU-related complications,
rather than single
therapeutic intervention. A key insight
emerging from this review is that the
effectiveness of tetanus management is
strongly determined by the integration and
timing of supportive strategies, particularly
in addressing autonomic instability and
prolonged critical illness.

Conclusions
This narrative

airway

reliance on any

From a practical perspective, these findings

reinforce the need for structured,
multidisciplinary ICU protocols that
prioritize early airway control,

individualized sedation strategies, and
proactive complication prevention. At a
theoretical level, the review underscores the
importance of viewing severe tetanus as a
complex neurocritical condition in which
supportive care directly influences survival
and functional recovery. Future research
should focus on prospective, multicenter
studies with standardized protocols to
define optimal combinations of supportive
interventions, establish objective prognostic
markers, and inform evidence-based policy
and guideline development for the
management of severe tetanus in the
intensive care setting.
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Abstract

Major obstetric hemorrhage remains a critical cause of maternal morbidity and
mortality, requiring rapid yet precise transfusion management to prevent
coagulopathy and adverse outcomes. We report a case series of seven obstetric
patients with major perioperative hemorrhage managed using rotational
thromboelastometry (ROTEM) guided transfusion at a tertiary referral center.
The patients, predominantly with placenta accreta spectrum disorders, placenta
previa, uterine atony, and one case of idiopathic thrombocytopenic purpura,
experienced a wide range of estimated blood loss from 200 to 4500 mL. ROTEM
assessment using EXTEM and FIBTEM parameters was performed during active
bleeding to identify specific coagulation abnormalities and guide transfusion
decisions. All patients received packed red cell transfusion, while fibrinogen
replacement, fresh frozen plasma, platelet concentrates, and tranexamic acid
were administered selectively based on viscoelastic findings rather than
estimated blood loss alone. Four patients received tranexamic acid due to
evidence of impaired clot stability, whereas others with preserved clot firmness
were managed without empiric plasma or antifibrinolytic therapy despite
significant hemorrhage. One patient with minimal bleeding required platelet
transfusion after ROTEM detected qualitative platelet dysfunction. All patients
achieved hemodynamic stabilization without major transfusion-related
complications or need for reoperation. This case series highlights the clinical
value of ROTEM in enabling goal-directed, individualized transfusion strategies in
obstetric hemorrhage, emphasizing that viscoelastic-guided management may

optimize hemostasis while limiting unnecessary blood product exposure..

Keywords: Antifibrinolytic Agents, Hemostasis, Platelet Transfusion,
Thromboelastography, Tranexamic Acid
Introduction .

Obstetric hemorrhage remains one of the leading causes of
maternal morbidity and mortality worldwide, accounting for a
substantial proportion of preventable maternal deaths.! Rapid
blood loss during obstetric surgery or postpartum hemorrhage
may lead to acute coagulopathy, hemodynamic instability, and
multiorgan dysfunction if not promptly and appropriately

managed. Early recognition of coagulation abnormalities and
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timely, targeted transfusion therapy are
therefore essential components of modern

obstetric critical care.

Massive obstetric hemorrhage is commonly
defined as blood loss exceeding 1500 mL, a
decrease in hemoglobin greater than 4 g/dL,
or the need for transfusion of four or more
units of packed red cells (PRC) within a
short time frame.! Traditionally, massive
transfusion protocols (MTPs) employ fixed-
ratio strategies, most commonly PRC, fresh
frozen plasma (FFP), and platelet
concentrates in a 1:1:1 ratio to rapidly
restore circulating volume and coagulation
factors.? Although this approach is widely
adopted, it does not account for individual
variations in coagulation status and may
result in unnecessary transfusion of blood
products, increasing the risk of transfusion-
related complications such as transfusion-
associated circulatory overload (TACO) and
transfusion-related
(TRALI).

acute lung injury
Conventional coagulation tests (CCTs),
including prothrombin time (PT) and
activated partial
(@PTT), have limited wutility in acute
obstetric hemorrhage due to delayed
turnaround times and their inability to
reflect the dynamic process
formation and fibrinolysis.3 In contrast,
testing using Rotational
thromboelastometry (ROTEM) provides a
real-time, global assessment of hemostasis,
allowing clinicians to identify specific
coagulation deficits and guide targeted
transfusion therapy at the bedside. Key
parameters such as EXTEM and FIBTEM
amplitudes enable differentiation between
fibrinogen deficiency, platelet dysfunction,
and impaired clot thereby
facilitating individualized, goal-directed
transfusion strategies.4 Increasing evidence
the use of ROTEM-guided

thromboplastin  time

of clot

viscoelastic

kinetics,

supports

OPEN a ACCESS.
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algorithms in obstetric hemorrhage to
reduce unnecessary plasma and platelet
transfusion while maintaining effective
hemostasis.5 This approach is particularly
relevant in obstetric patients, where early
hypofibrinogenemia  and  qualitative
platelet dysfunction may occur even before
classical thresholds for massive transfusion
are met.6

This case series aims to describe the clinical

characteristics, ROTEM findings,
transfusion strategies, and outcomes of
seven obstetric patients with major

perioperative hemorrhage managed using
ROTEM-guided transfusion. By presenting
a series of cases with varying degrees of
blood loss and distinct coagulation profiles,
this report highlights the practical role of
ROTEM in tailoring transfusion therapy
and optimizing hemostatic management in
complex obstetric hemorrhage.

Case Presentation -
This case series included seven obstetric
patients ~ who  experienced  major
perioperative  hemorrhage and were
managed using ROTEM-guided
transfusion strategies. All
treated at a tertiary referral hospital, and
clinical data were collected retrospectively
from medical records following patient
consent. The indications for surgery and
transfusion, estimated blood loss, ROTEM
parameters, transfusion components, and

cases were

clinical outcomes

descriptively.

were  analyzed

Context
The patients comprised six multiparous
women with high-risk obstetric conditions,
primarily  placenta spectrum
disorders

Patient Characteristics and Surgical .

accreta

and placenta previa, who

underwent cesarean delivery followed by

Jurnal Anestesiologi dan Terapi Intensif | © David et al (2026). Published by Universitas Udayana



hysterectomy. One patient was diagnosed
with idiopathic thrombocytopenic purpura
(ITP) and underwent cesarean delivery
without hysterectomy. General anesthesia
with orotracheal intubation was used in
four cases, while three patients received
regional anesthesia via subarachnoid block.
Estimated blood loss (EBL) ranged widely
from 200 mL to 4500 mL, reflecting the
heterogeneity of clinical severity within the
series.

ROTEM Findings and Transfusion .
Strategy

ROTEM  analysis was  performed
intraoperatively or immediately following
the onset of significant bleeding. The
primary parameters assessed were EXTEM
clotting time (CT) and amplitude at 5
minutes (A5), as well as FIBTEM A5, to
evaluate clot initiation, clot firmness, and
fibrinogen contribution.

All patients received packed red cell (PRC)
transfusion, with requirements ranging
from 1 to 4 units (approximately 254-759
mL). Transfusion decisions were guided by
ROTEM findings rather than estimated
blood loss alone. Patients with preserved
clot firmness (FIBTEM A5 >12 mm and
EXTEM A5 235 mm) were managed with

10.24843/7nf7vg96
PRC transfusion alone, without empiric
administration of plasma or antifibrinolytic
therapy, despite blood loss exceeding 1500
2000 mL in some cases.

In contrast, patients demonstrating
hypofibrinogenemia on ROTEM (FIBTEM
A5 <12 mm)
replacement in the form of cryoprecipitate.
Two patients with severe reductions in clot
amplitude (FIBTEM A5 <9 mm) received 5
units of cryoprecipitate in addition to PRC
transfusion. Fresh frozen plasma (FFP) was
administered selectively in cases with
prolonged EXTEM CT or ongoing bleeding
despite initial correction.

received  fibrinogen

Use of Antifibrinolytic Therapy -

Tranexamic acid (TXA) was administered to
four of the seven patients based on ROTEM
evidence of impaired clot stability and
clinical assessment of bleeding severity.
TXA use was not routine and was avoided
in patients with preserved viscoelastic
parameters, even when estimated blood
loss exceeded traditional thresholds for
massive  transfusion. This  selective
approach underscored the role of ROTEM
in preventing unnecessary antifibrinolytic
exposure.

FEIBIEM € EXTEM. C

ssssssss

Figure 1. Normal ROTEM
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Figure 2. Postoperative FIBTEM C rotational thromboelastometry showing reduced clot
amplitude, indicating impaired fibrin-based clot formation
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Figure 3. Postoperative EXTEM C rotational thromboelastometry demonstrating abnormal
clotting kinetics with altered clot amplitude.

accreta

Representative Clinical Scenario
One patient with placenta
experienced massive hemorrhage with an
estimated blood loss of 4500 mL. ROTEM
demonstrated marked hypofibrinogenemia
(FIBTEM A5 9 mm) and reduced clot
firmness (EXTEM A5 41 mm). Management
included transfusion of 3 units of PRC, 5
units of FFP, 5 units of cryoprecipitate, and
TXA,  resulting in  hemodynamic

stabilization and cessation of bleeding.

Conversely, another patient with an
estimated blood loss of 2000 mL showed
preserved coagulation profiles (FIBTEM A5
14 mm; EXTEM A5 45 mm) and was
managed  with ~ PRC
alone, without plasma,
cryoprecipitate, or TXA.

successfully
transfusion

with
purpura

The patient
thrombocytopenic

idiopathic
exhibited

minimal blood loss (200 mL); however,
OTEM revealed reduced clot amplitude
platelet
dysfunction. Based on these findings,
platelet
administered despite the low volume of
bleeding, highlighting the sensitivity of
ROTEM in detecting clinically relevant
coagulopathy not apparent from blood loss
estimation alone.

suggestive ~ of  qualitative

concentrate transfusion was

Outcome
All  patients achieved hemodynamic
stability following ROTEM-guided
transfusion. No major transfusion-related
complications,  including transfusion-
associated  circulatory = overload or
transfusion reactions, were observed. None
of the patients required reoperation for
bleeding, and all survived to hospital
discharge
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Discussion - hemostasis and may reduce overall

This case series demonstrates the practical
value of rotational thromboelastometry
(ROTEM) in guiding
management during major
hemorrhage. Across seven heterogeneous
cases with estimated blood loss ranging
from 200 to 4500 mL, ROTEM enabled
individualized correction of coagulation
abnormalities, rather than reliance on fixed-
ratio massive transfusion protocols. The
findings highlight how viscoelastic testing
can refine transfusion decisions even when
classical thresholds for massive transfusion
are approached or exceeded.

transfusion
obstetric

Obstetric  hemorrhage is frequently
complicated by early hypofibrinogenemia,

which has been identified as an
independent  predictor  of  severe
postpartum hemorrhage and adverse

maternal outcomes.! In this series, reduced
FIBTEM A5 values (<12 mm) consistently
guided fibrinogen supplementation using
cryoprecipitate. This targeted approach
aligns with current evidence suggesting
that early fibrinogen replacement improves

OPEN 8 ACCESS.

transfusion requirements.* Importantly, not
all patients with large-volume blood loss
exhibited fibrinogen deficiency,
underscoring the limitation of estimated
blood loss as a sole trigger for empiric
plasma or cryoprecipitate administration.

Traditional massive transfusion protocols
are  designed to rapidly  correct
coagulopathy using fixed ratios of PRC,
plasma, and platelets. While effective in
trauma settings, such protocols may result
in over-transfusion in obstetric patients,
particularly when coagulation deficits are
selective rather than global.?* In the present
case series, ROTEM-guided management
limited the use of fresh frozen plasma and
platelet cases with
demonstrable abnormalities in EXTEM
clotting time or clot amplitude. This
selective strategy may reduce the risk of
transfusion-related complications such as
TACO and TRALI, which are of particular
concern in peripartum patients.®

concentrates to
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The role of antifibrinolytic therapy in
obstetric hemorrhage has
established, particularly following the
results of large trials supporting early TXA
administration. However, indiscriminate
use of TXA may expose patients to
unnecessary thrombotic risk. In this series,
TXA was administered to four patients
based on ROTEM evidence of impaired clot
stability and clinical bleeding severity.
Patients
parameters did not receive TXA, even in the
presence of significant blood loss. This

been well

with  preserved viscoelastic

approach supports the concept that
viscoelastic testing may help refine
antifibrinolytic therapy, complementing

clinical judgment rather than replacing it.*

An important observation from this case
series is the ability of ROTEM to identify
clinically coagulopathy
independent of bleeding volume. The
patient with idiopathic thrombocytopenic
purpura experienced minimal blood loss
but demonstrated reduced clot amplitude
on EXTEM, prompting platelet transfusion.
This finding illustrates the advantage of
viscoelastic assays in detecting qualitative
platelet dysfunction that may not be
apparent from standard laboratory values
or clinical estimation alone.?

relevant

Several studies have reported favorable
outcomes associated with viscoelastic-
guided transfusion in
hemorrhage. One study demonstrated
reduced plasma transfusion and improved
hemostatic control using a ROTEM-guided
algorithm in postpartum hemorrhage,
while a recent meta-analysis found that
viscoelastic-guided strategies
associated ~ with  lower  transfusion
requirements and reduced rates of
emergency hysterectomy.*” Although the
present case series is descriptive and not

OPEN a ACCESS.

obstetric

were

10.24843/7nf7vg96
designed to establish causality, the
observed hemodynamic stabilization and
absence of transfusion-related
complications are consistent with these
reports.

major

This study has several limitations. The
small sample size and retrospective design
generalizability = and  preclude
statistical comparison with conventional
transfusion strategies. The heterogeneity of
underlying  obstetric
surgical interventions may also influence
transfusion requirements and outcomes.
Additionally, the availability of ROTEM
and institutional expertise may limit the
applicability of this approach in resource-
limited settings. Nevertheless, the strength
of this case series lies in its detailed clinical
characterization and real-world
demonstration of ROTEM-guided
transfusion across a spectrum of obstetric
hemorrhage severity.

limit

conditions and

In conclusion, this case series supports the
role of ROTEM as a valuable adjunct in the

management of major obstetric
hemorrhage. By enabling real-time
identification of specific coagulation

deficits, ROTEM facilitates goal-directed
transfusion, empiric blood
product use, and may enhance patient
safety. Larger prospective studies are
warranted to further define standardized
ROTEM-guided algorithms and to clarify
their impact on maternal outcomes in
obstetric hemorrhage

minimizes
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Abstract

Femoral head fracture accompanied by hip dislocation during pregnancy is an
uncommon clinical event that presents significant challenges in maternal
analgesia and fetal safety. Traumatic hip dislocations account for a small
proportion of joint dislocations, while their occurrence during pregnancy is rarely
reported, particularly when associated with femoral head fractures.
Management becomes more complex because timely reduction and defenitive
orthopedic fixation must be achieved while ensuring adequate analgesia and
minimizing systemic drug exposure. We describe the case of a 32-year-old
woman in early pregnancy (11 weeks of gestation) who presented with a
posterior dislocation of the left hip accompanied by a Pipkin type | femoral head
fracture following a traffic accident. To provide effective analgesia and reduce
fetal risk, a pericapsular nerve group (PENG) block was selected as part of the
anesthetic strategy. This regional technique enabled optimal positioning for
reduction, minimized the requirement for systemic opioids, and supported early
mobilization. Maternal hemodynamics and fetal parameters remained stable
throughout the perioperative period. This case highlights the potential role of the
PENG block as a focused regional analgesic technique in pregnant trauma
patients, particularly during early gestation, where minimizing systemic drug
exposure is a critical priority.

Keywords: Case Reports; Femoral Fractures; Hip Dislocation; Nerve Block;
Pregnancy

Introduction -
Pain control in pregnant trauma patients represents a complex
clinical dilemma, particularly in the first trimester when fetal
susceptibility to teratogenic influences is highest. Systemic
analgesic such as opioids and NSAIDs have been associated
with adverse fetal outcomes, making regional anesthesia
techniques an attractive alternative.'?

Hip dislocation occurring during pregnancy is an exceptionally
uncommon orthopedic condition and poses substantial
challenges in selecting safe and effective analgesic strategies.’
Although hip dislocations constitute approximately 2-5% of all
joint dislocations,* their incidence in pregnant patients is
exceedingly rare and only sporadically documented in the
literature.® The presence of a Pipkin type I femoral head
fracture combined with a posterior hip dislocation further
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complicates management, as prompt
reduction and adequate analgesia are
essential, yet must be achieved without
compromising fetal safety.

In this report, we describe the case of a 32-
year-old woman in early pregnancy (11
weeks of gestation) who sustained a
Pipkin type I fracture of the femoral head
associated with a posterior dislocation of
the left hip following a traffic-related
injury. Given the need to control severe
pain while avoiding systemic medications
with known teratogenic potential, PENG
block was selected as the primary
analgesic technique. The PENG block is a
relatively recent regional anesthesia
approach that targets the articular sensory
branches of the femoral nerve and the
accessory  obturator nerve” When
performed wunder ultrasound (USG)
guidance, this technique delivers localized
analgesia with minimal systemic drug
absorption, making it particularly suitable
for trauma management in early
pregnancy.’ To our knowledge, reports
describing the use of ultrasound-guided
PENG block for analgesia in pregnant
trauma patients remain extremely limited.

Case Presentation -

A 32-year-old woman, gravida 3, was
transferred from a secondary hospital to a
tertiary referral center, after being
involved in a traffic-related accident. She
had been seated as a passenger in a car and
was propelled forward during the
collision, causing her left knee to impact
the front passenger seat. The patient
experienced acute, severe pain localized to
the left groin, with onset seven hours prior
to admission. There was no loss of
consciousness, shortness of breath, chest
pain, abdominal pain, or vaginal bleeding.
There was no history of head, thoracic, or
abdominal trauma.

10.24843/3eb6hh34
The patient was in her third pregnancy at
11-12 weeks of gestation and had been
receiving routine antenatal care without
prior complaints. She had no significant
past medical or surgical history, no known
drug or food allergies, smoking, or alcohol
use. Preoperative examination showed a
cooperative patient with stable vital signs
and no signs of acute illness. On arrival,
pain assessment using the Numerical
Rating Scale (NRS) revealed severe pain
(8/10). Following administration of 750 mg
paracetamol, the pain
partially improved to 3/10 at rest but
remained significant during movement
(6/10), limiting optimal positioning for
reduction.

intravenous

MIL4T TIS

Figure 1. USG Guided PENG Block

Routine laboratory tests, including
complete blod count, clinical chemistry,
and coagulation profile, were within
acceptable limits (Table 1). Initial pelvic
radiography did not
evidence of hip dislocation or fracture.
However, due to persistent and unrelieved
severe left groin pain despite initial
management, further imaging was
pursued. Pelvic CT scan was obtained,
which revealed a displaced left femoral
head fracture with surrounding soft tissue
swelling. CT Scan imaging was carefully
considered and justified

demonstrate

following
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multidisciplinary ~ discussion;  when shielding and optimized protocols,
performed, radiation exposure from pelvic keeping exposure well below threshold
CT imaging was minimized using associated with fetal harm.

Table 1. Laboratory Findings and Imaging Studies

Test Result Normal Range / Notes
Hemoglobin (Hb) 11.7 g/dL 12-16 g/dL (female)
Leukocytes 11.560/uL 4.000-11.000/pL
Platelets 237.000/uL 150.000-450.000/pL
SGOT (AST) 68 U/L <40 U/L
SGPT (ALT) 62 U/L <41 U/L
Creatinine 0.53 mg/dL 0.5-1.1 mg/dL (female)
eGFR 125 mL/min/1.73m? > 90 mL/min/1.73m?
APTT 28.9 seconds 25-35 seconds
PT 13.6 seconds 10-13 seconds
INR 1.03 0.9-1.2

No active dislocation observed

Pre reduction pelvic

Radiology (X-ray) condition (10 July 2025)

Displaced left femoral head fracture

Consistent with Pipkin
Pelvic CT Scan Type I fracture (14 July
2025)
Single viable intrauterine pregnancy
with an estimated gestational age of
11-12 weeks, consistent with biometric
measurements
Obstetric USG No fetal abnormalities

detected

The patient was scheduled for ORIF (Open =~ managed by using a combined approach,
Reduction Internal Fixation) Screwing of  with an ultrasound-guided PENG block,
the left femoral head. This case was  followed by a subarachnoid block. A
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unilateral left PENG Block was performed
under ultrasound guidance low-frequency
curvilinear probe. Local anesthetic (20 mL
of 0.25% bupivacaine combined with 5 mg
of dexamethasone) was injected into the
pericapsular plane between the superior
pubic ramus and the psoas tendon.
Afterward, that the patient was placed in
the left lateral decubitus position, spinal

10.24843/3eb6hh34
anesthesia was performed at L4-L5 using a
27G Quincke needle, injecting 10 mg of 0.5%
hyperbaric bupivacaine, followed by lateral
positioning for 15 minutes The procedure
lasted 2 hours and 32 minutes, during
which hemodynamic parameters remained
stable, with an estimated blood loss of 50
mL; detailed intraoperative hemodynamic
data are presented in Figure 2.

Vital Signs Over Time
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Figure 2. Intraoperative Hemodynamic
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Figure 3. Postoperative NRS Score

Postoperatively, the patient remained
hemodynamically  stable and  was
transferred to the general ward for

continued multidisciplinary monitoring.
Analgesia was effective, with NRS scores of
1/10 at rest and 2/10 during movement,

OPEN a ACCESS.

maintained with oral paracetamol 500 mg
every 6 hours. Importantly, the patient was
able to tolerate gentle passive and active-
assisted hip flexion without significant
pain, facilitating early sitting and bedside
mobilization on the first postoperative day.
No motor weakness of the quadriceps was
observed. Maternal and fetal conditions
stable throughout
hospitalization. She was discharged 2 days
after  the without  any
complications. The clinical course of the

remained
surgery

patient is summarized in Figure 4.
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Discussion -

The PENG block has recently gained
recognition as a targeted regional
anesthesia technique for managing pain in
femoral head fractures and pelvic trauma.
Since its introduction in 2018,
reports and observational studies have
consistently demonstrated its ability to

clinical

July 10
2025 /

L

July 10-14,
2025 -

July15-16, R <
2025 :

July 17 2025)

i

administered.

10.24843/3ebbhh34
reduce hip-related pain while preserving
motor function.”

Evidence on the use of PENG block in
pregnant  patients
Nonetheless, within the broader context of
regional anesthesia and concerns about
systemic drug exposure in early pregnancy,
its  application = appears  justified.

remains scarce.

Patient (f, 52 years, CF Disolcation Left Hip

+ Posterior Hip Dislocation + 11-12 weeks — 11-12 weeks
pregnant) transferred for tertiary hospital following

a traffic accident. Stable ASA 1. Initial pelvic X-Ray

Persistent severe left groin pain despite initial management.
Pelvic CT scan revealed displaced left femoral head fracture.

Patient planned for open reduction and internal fixation (ORIF)
with screw fixation of left femur.
Admitted for preoperative optimization and observation.

Preoperative fating, IV fluids, PENG block (spinal + PENG)

July 18 2025 : Day of Surgery: Unilateral left PENG block with 20 mL 0.5%
@

mL, 60-min duration.

July 18 2025
(post-op) /™

July 19 2025\¢
(post-op) / :

bupivacaine + IV 5 mg dexmedetomidine. ORIF with screw
fixation of left femur. Intra-op: adjunct analgesic, blood loss ~50

Postoperative Day 0: Patient remained stable, 6-hourly
acetaminophen 500 mg PO, NRS 1/10.

Postoperative Day 1: Patient remained stable, 6-hourly
acetaminophen 500 mg PO, NRS 1/10.

July 19 2025 Postoperative Day 2: Condition stable, early mobilization

initiated, minimal pain (NRS 1-2).

July 20 2025 Postoperative Day 2: Condition good, mobilization initiated,

wounds clean. Discharged home in stable condition.

Total Duration of Hospitalization: 3 days (July 17-20, 2025)

Outcome: Good postoperative recovery, stable condition,
effective pain control, no complications in mother

or fetus

Figure 4. Case Timeline

OPEN a ACCESS.
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Observational studies have linked first-
trimester NSAID use to
miscarriage risk, while data suggest opioid
exposure may negatively affect fetal
neurodevelopment.'”?  These  findings
reinforce the importance of minimizing
systemic analgesics during this critical
stage. Bupivacaine is commonly used in
regional anesthesia during pregnancy due
to its relatively limited placental transfer
when administered in appropriate doses.?

increased

Studies in non-pregnant populations
further support these benefits. In elderly
patients with femoral neck fractures, the
PENG block provided faster analgesia,
longer pain-free intervals, and reduced
opioid use compared with the fascia iliaca
compartment  block.®  Similarly, a
randomized trial in hip fracture patients
showed that ultrasound-guided PENG
block with ropivacaine reduced morphine
consumption compared with standard care,
though analgesia was limited to the early
post-block period.!” In contrast, the present
case achieved prolonged pain control with
dexamethasone,
suggesting that adjuvant use may extend
block duration—a particularly valuable
effect in pregnancy, where systemic drug
avoidance is paramount Mechanistically,
femoral head fracture pain arises from
sensory input via the femoral, obturator,
and quadratus femoris nerves. The PENG
block targets the interfascial plane between
the psoas tendon and superior pubic ramus,
and ultrasound-guided deposition of local
space effectively
interrupts nociceptive transmission while
minimizing systemic absorption. This
makes the technique especially suitable for
vulnerable populations such as pregnant
women.” The advantages of this approach
include effective analgesia with minimal
fetal drug exposure, avoidance of general
anesthesia, and facilitation of

OPEN a ACCESS

bupivacaine plus

anesthetic in this

early

10.24843/3ebbhh34
mobilization, which reduces postoperative
complications  such  as
pneumonia  and
However, limitations include the need for
advanced operator skill and ultrasound
equipment, as well as the lack of high-
quality evidence specifically in pregnant
patients.
and close fetal monitoring were essential to
the favorable outcome in this case.

aspiration
thromboembolism.!!

Multidisciplinary collaboration

Supporting evidence from a randomized
clinical trial further reinforces the utility of
the PENG block. In geriatric patients with
proximal femoral fractures, this technique
was associated with superior analgesia
compared with femoral nerve block during
positioning for spinal anesthesia, reflected
by significantly lower pain scores and
improved patient Although
pregnant individuals were not included,
these findings highlight the practical
advantage of the PENG block in facilitating
regional anesthesia in orthopedic trauma
settings.'?

comfort.

In conclusion, the PENG block represents a
highly effective and appropriate analgesic
strategy for pregnant patients with pelvic or
hip trauma. Its opioid-sparing and motor-
sparing properties, combined with its role
in supporting early mobilization, make it
particularly
analgesics pose significant fetal risks.

valuable when systemic

This report has several limitations. As a
single case report, the findings cannot be
generalized. In addition,
maternal and neonatal outcomes were not
evaluated.

long-term
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Abstract

Cesarean section is a major surgical procedure frequently associated with
significant postoperative pain, which may delay mobilization and prolong
hospital stay, particularly in rural hospitals with limited healthcare resources.
Wound infiltration with local anesthetic represents a simple and practical
analgesic component within the multimodal pain management strategy of the
Enhanced Recovery After Cesarean Surgery (ERACS) pathway. This case series
describes ten parturients scheduled for elective cesarean section with American
Society of Anesthesiologists (ASA) physical status Il and body mass index (BMI) <
30 kg/m2. All patients received regional anesthesia using subarachnoid block
without intrathecal adjuvants. Local wound infiltration was performed before
skin closure using 0.2% isobaric bupivacaine with adrenaline (1:200,000) along
the incision margins. Postoperative outcomes included pain intensity was
assessed by the Visual Analog Scale (VAS) at 2, 4, and 6 hours, as well as
postoperative nausea and vomiting, early ambulation, early initiation of
breastfeeding and length of hospital stay. Across all cases, low early
postoperative pain scores were observed, with VAS score < 2 during the first 4
hours and decreasing to 1 at 6 hours postoperatively. Eight patients achieved
early ambulation and successfully initiated breastfeeding within 24 hours. Two
patients experienced postoperative nausea and vomiting, which delayed
mobilization and prolonged hospital stay beyond 24 hours. No wound
complications or signs of local anesthetic systemic toxicity were observed. In this
rural hospital setting, wound infiltration with bupivacaine and adrenaline was
associated with favorable early postoperative outcomes and appears to be
feasible, low-resource adjunct within ERACS protocols to support early recovery
after cesarean delivery.

Keywords: Anesthesia, Local; Cesarean Section; Pain, Postoperative; Rural
Health Service; Wound Infiltration.

Cesarean section is one of the most frequently performed

Introduction

obstetric surgical procedures worldwide, with global rate
increasing from approximately 7% in 1990 to 21% in 2021.1
Women undergoing cesarean delivery frequently experience
moderate to severe postoperative pain during the first 48
hours,? which may impede early mobilization, delay mother-
infant bonding, and prolong hospital stay. These challenges are
particularly pronounced in rural healthcare settings, where
limited resources may restrict comprehensive perioperative
advanced
Postoperative pain management after cesarean section

care and access to analgesic techniques.!
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commonly relies on multimodal analgesia
combining  non-opioid and  opioid
medications. opioid-based
regimens may be insufficient to achieve
optimal pain control and are associated
with adverse effects such as postoperative
nausea and vomiting, delayed recovery,
and impaired maternal function.?

However,

Local anesthetic wound infiltration has
been reported to reduce postoperative pain
intensity and opioid requirements, offering
a simple and affordable adjunct to
multimodal analgesia, particularly in
resource-limited settings.>*

ERACS is a standardized perioperative care
pathway  encompassing preoperative,
intraoperative, and postoperative elements
aimed at optimizing maternal recovery and
improving patient-centered
Although international guidelines support
the use of wound infiltration as part of
multimodal analgesia, evidence describing
its practical implementation within ERACS
frameworks in rural and resource-limited
hospitals remains limited. This case series
describes early postoperative outcomes
associated with wound infiltration using
local anesthetic as part of an ERACS-
oriented approach in a rural hospital

setting.
Case Presentation -
This case series includes ten consecutive

outcomes.®

elective cesarean deliveries that met the
inclusion criteria during the observation
period at this rural hospital. The ten
parturients were women in their early 20s
to late 30s, all with a body mass index (BMI)
below 30 kg/m2 and classified as American
Society of Anesthesiologists (ASA) physical
status II. Obstetric indication included
previous cesarean section (PCS), transverse
fetal lie and fetal macrosomia. Preoperative
stable maternal

assessment showed

OPEN a ACCESS

10.24843/t9an4z51
conditions without clinically relevant

abnormalities.

All patients received subarachnoid block
without intrathecal adjuvants. Following
fetal delivery and before skin closure, local
wound infiltration was performed as part of
anesthetic

multimodal analgesia. The

solution was prepared by diluting
adrenaline in normal saline and combining
it with isobaric bupivacaine to obtain 20 mL
0.2%  bupivacaine  with
(1:200,000). The infiltration was
administered in a standardized manner
along the subfascial and subcutaneous

layers on both margins of the Pfannenstiel

adrenaline

incision. Postoperative analgesia consisted
of scheduled paracetamol and non-
steroidal anti-inflammatory drugs
(NSAIDs), with opioids reserved for rescue

therapy.

Pain intensities were assessed using the
Visual Analog Scale (VAS) at 2, 4, and 6
hours postoperatively. Additional observed
outcomes included postoperative nausea
and vomiting (PONYV), early ambulation,
early initiation of breastfeeding (EIBF), and
length of hospital stay. Individual patient
characteristics and postoperative outcomes
are summarized in Table 1.

Across all ten cases, low early pain scores
were observed, with VAS values < 2 during
the first four postoperative hours and
decreasing to 1 by six hours
postssssssssssoperatively. None of the
patients required opioid rescue within the
first six postoperative hours. Eight patients
achieved progressive early ambulation and
initiated breastfeeding within 24 hours.
Two patients experienced PONV, which
was associated with delayed mobilization
and prolonged hospital stay beyond 24
hours.
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Table 1. Clinical characteristics and postoperative outcomes of parturients of undergoing

wound infiltration analgesia.

Case Age Parity (kBgIXIJZ) ASA I?Id{lfﬁgfyn

1 Mid 30s G2P1 28 II  PCS
Late 20s G2P1 23 II PCS

3 Early GIP0 24 II  Transverse
20s lie

4 Mid 30s G3P2 28 II PCS

5 Early GIP0 27 II  Transverse
20s lie

6 Late 30s G2P1 23 II PCS

7 Early GIP0 25 II
20s

8 Mid 30sG3P2 29 II  Transverse

lie
9 Late 20sG1P0 25 II
10 Mid 20sG2P1 28 II PCS

Macrosomia 1/1/0 No

Macrosomia 1/1/0 No

VAS Ambulation Hospital
2h/4h/ PONV Level EIBF Stay
6h 2h /4h /6h >24h
1/1/0 Yes 2—2-3 No Yes
2/1/0 No 3—4—4 Yes No
1/0/0 No 3—4—4 Yes No
1/1/0 No 3—4—4 Yes No
1/1/0 Yes 2—2—-3 No Yes
1/0/0 No 3—4—4 Yes No

3—4—4 Yes No

2/1/0 No 3—4—4 Yes No
3—4—4 Yes No

1/1/0 No 3—4—4 Yes No

*Age presented in de-identified categories (early/mid/late)
**Ambulation level: Level 1 = sitting upright, Level 2 = sitting at bed edge, Level 3 = standing next to bed, Level

4 = walking ambulation.

Abbreviations: VAS = Visual Analog Scale; PONV= postoperative nausea and vomiting;
EIBF = early initiation of breastfeeding; PCS = previous ceaseran section.

No wound complications, surgical site

infections, or clinical local

anesthetic systemic toxicity were observed.

Discussion -

Postoperative pain control is a central
component of the ERACS pathway,
particularly in rural
hospitals where access to advanced regional
analgesic techniques may be restricted.
Simple and feasible analgesic strategies are
therefore support
postoperative recovery. In this descriptive
case series, patients had comparable
preoperative characteristics, which reduced
variability in analgesic response and

signs of

resource-limited

essential to early

OPEN a ACCESS

allowed a clearer description of early
postoperative outcomes associated with
wound infiltration as part of multimodal
analgesia.®”

Local wound infiltration using bupivacaine
combined with adrenaline was applied as
an intraoperative ERACS-aligned analgesic
strategy. Low early postoperative pain
scores were observed during the first six
postoperative hours, findings that are
with  previous
demonstrating reduced postoperative pain
following wound infiltration in cesarean
delivery.>*

consistent studies
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Figure 1. Wound Infiltration with Local
Anesthetic

The dosing regimen used in this series was
selected with particular attention to safety
considerations. A total dose of 40 mg
bupivacaine (0.2%, 20 mL) combined with
adrenaline (1:200,000) was administered
following fetal delivery and prior to skin
closure. For adult parturients with an
body
approximately 50-80 kg, this corresponds to
a dose of approximately 0.5-0.8 mg/kg,
which remains well below the commonly
accepted maximum recommended dose of
bupivacaine with adrenaline (3 mg/kg).
This conservative dosing strategy was
intentionally chosen to maintain a wide
safety margin, which is especially relevant
in rural healthcare settings with limited
monitoring resources.?

estimated weight range of

Although the concentration of bupivacaine
used in this series (0.2%) was slightly lower
than that commonly described in ERACS
guidance (0.25%),° favorable early pain
scores were still observed. This may be
related to the timing of administration
immediately after fetal delivery and before
skin closure, allowing the local anesthetic to
act during peak nociceptive activation. The
combined subfascial and subcutaneous
infiltration technique likely facilitated
adequate distribution of the anesthetic

OPEN a ACCESS.

10.24843/t9an4z51
across somatic pain pathways. The addition
of adrenaline further enhanced the local
anesthetic effect by reducing systemic
absorption through vasoconstriction.? Pain
assessment was intentionally focused on
the early postoperative period, which
corresponds to the expected analgesic
window of wound infiltration and the
critical recovery phase emphasized in
ERACS pathways.

From a physiological perspective, wound
infiltration with local anesthetics primarily
attenuates somatic incisional pain by
blocking voltage-gated sodium channels in
peripheral nerve endings. Surgical tissue
injury induces the release of inflammatory
mediators such as prostaglandins and
bradykinin, which
sensitivity at the
interrupting
transmission during the early phases of
pain  processing,
contributes to reduced pain perception
during the postoperative

period.3”

increase nociceptor
incision site. By
nociceptive signal

wound infiltration

immediate

Pharmacologically, while the duration of
analgesia provided by wound infiltration is
generally shorter than that achieved with
interfascial plane blocks such as the
transversus abdominis plane (TAP) block,
wound infiltration remains a simple and
cost-effective option.? In resource-limited
rural facilities where ultrasound-guided
regional techniques may not be available,
this approach represents a pragmatic
component of multimodal analgesia.>*

Previous studies demonstrate reduced
opioid
infiltration, and ERACS postoperative
guidelines emphasize opioid minimization
as an important strategy to reduce PONV.8
In this series, two patients experienced

PONYV, which was likely influenced by

requirements following wound
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multifactorial contributors such as spinal
anesthesia-related hypotension ~ and
individual rather than
inadequate analgesia.> These events were
associated with delayed ambulation and
prolonged hospitalization.
adequate early somatic analgesia supported
early ambulation and early initiation of
breastfeeding in most patients, in line with
ERACS principles aimed at optimizing
maternal recovery.?

susceptibility

In contrast,

In this descriptive case series, wound
infiltration using bupivacaine combined
with adrenaline was feasible and associated
with low early postoperative pain scores
after cesarean delivery in a rural hospital
setting, supporting early ambulation and
early initiation of breastfeeding as part of an
ERACS-oriented multimodal approach.
However, these findings are limited by the
small sample size, absence of a control
group, and the short observation period
restricted to the first six postoperative
hours, as well as the single-center design,
which may limit generalizability to other
patient populations and healthcare settings.
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Abstract

Supraclavicular block (SCB) is a well-established regional anesthesia technique
for upper limb surgery; however, its application in patients with end-stage renal
disease (ESRD) receiving antiplatelet therapy presents distinct clinical challenges.
This case is noteworthy because of the coexistence of ESRD, ongoing clopidogrel
therapy, anemia, and potential respiratory compromise, all of which complicate
anesthetic decision-making. We report a 44-year-old female with ESRD on regular
hemodialysis who sustained a comminuted intra-articular distal humerus
fracture and underwent open reduction and internal fixation under ultrasound-
guided SCB. The block was performed using 15 mL of 0.75% ropivacaine with
dexamethasone as an adjuvant, following careful consideration of bleeding risk,
local anesthetic dosing, and pneumothorax prevention. The procedure provided
effective intraoperative anesthesia and prolonged postoperative analgesia
without neurological, respiratory, or bleeding complications. Postoperative pain
scores remained low, opioid consumption was minimal, and motor function
recovered uneventfully. This case highlights that ultrasound-guided SCB can be
safely and effectively performed in carefully selected ESRD patients receiving
antiplatelet therapy when meticulous technique, dose justification, and risk
mitigation strategies are applied. The key learning point is the importance of
individualized anesthetic planning rather than a generalized preference for
regional over general anesthesia.

Keywords: Anesthesia, Regional; Chronic Kidney Disease; Fracture Fixation,
Internal; Nerve Block; Ultrasonography

Introduction -
Supraclavicular block (SCB) is a widely used regional
anesthesia technique for upper extremity surgery because it
provides rapid onset, dense sensory and motor blockade, and
effective postoperative analgesia. The introduction of
ultrasound guidance has significantly improved the safety and
accuracy of SCB by allowing real-time visualization of the
brachial plexus, surrounding vascular structures, and pleura.'?
The subsequent incorporation of ultrasound technology
resulted in notable improvements in both procedural safety and
effectiveness. By using real-time imaging, anesthesiologists can
visualize the brachial plexus and surrounding anatomy,
guiding the needle with precision while avoiding critical
structures. This advancement has made SCB more accurate,
efficient, and much safer, particularly for patients with complex
medical conditions.??
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Patients with end-stage renal disease
(ESRD) present wunique challenges in
anesthetic management. Impaired drug
clearance, fluid and electrolyte imbalance,
and multiple comorbidities increase the risk

associated with  general anesthesia,
including  cardiovascular  instability,
prolonged recovery, and respiratory

complications.*

Regional anesthezsia techniques such as
ultrasound-guided SCB offer a valuable
alternative by minimizing systemic drug
exposure, reducing opioid requirements,
and providing effective analgesia with
fewer systemic side effects.!34

This report describes a 44-year-old woman
with ESRD undergoing
hemodialysis who sustained a comminuted
distal humerus fracture. Considering her
multiple comorbidities, including
hypertension and type 2 diabetes mellitus,
ultrasound-guided SCB was selected as the
primary anesthetic technique. The block

regular

provided effective intraoperative
anesthesia and prolonged postoperative
analgesia without complications,

supporting its role as a safe and practical
option in high-risk patients.

This case highlights how ultrasound-
guided SCB can be a safe, effective, and
practical anesthetic choice for high-risk
patients, supporting its role as a preferred
technique in modern anesthesia practice.

Case Presentation -
A 44-year-old female with end-stage renal
disease (ESRD) on regular maintenance
hemodialysis presented with left elbow
pain following a fall. Imaging studies
confirmed a comminuted intra-articular
distal open
reduction and internal fixation (ORIF) was
planned. The clinical course and the

OPEN an:czss

humerus fracture, and

10.24843/vk6kyr32
radiographic findings are illustrated in
Figures 1 and 2.

Figure 1. X-ray examination of the left
humerus (anteroposterior and lateral
Views)

The patient had been undergoing
scheduled hemodialysis three times per
week for several years. She was on long-
term antiplatelet therapy with clopidogrel
for cardiovascular risk reduction.

Table 1. Preoperative Laboratory Values

Parameter Value Reference
Range
Hemoglobin 9.5 11.4-15.1
g/dL

MCV 81.7 fLL 80-93

MCH 284pg  27-31

Platelet Count 389 x 142-424
103/mL

Random Blood 157 <180

Glucose mg/dL

Pain related to the fracture had been
managed conservatively with oral non-
opioid analgesics prior to admission, with
inadequate relief. No surgical
procedures  or  regional  anesthetic
interventions were documented. Relevant
comorbidities included poorly controlled
hypertension, type 2 diabetes mellitus
treated with insulin, and chronic anemia

prior
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related renal disease.
laboratory
anemia and

without

Preoperative
evaluation demonstrated
impaired renal function

severe thrombocytopenia or

10.24843/vk6kyr32

significant coagulation

Preoperative  laboratory
values are summarized in Table 1.

clinically
abnormalities.

Figure 1. Clinical Course of The Patient

Baseline History

* ESRD on regular maintenance

hemodialysis * Fall Injury
* Long-term clopidogrel therapy .
* HT,DMT2

limitation

Presentation

Left elbow pain and functional

Diagnosis
—» + X-Ray: comminuted intra-articular
distal humerus fracture

¢ Chronic Anemia

¥y

Anesthetic Intervention

Anesthetic Planning

Preoperative Assessment

* Anemia and impaired renal function

¢ SCB with 15 ml 0,75% T | * General Anesthesia considered high risk « Oneoine antinlatelet therany identified
ropivacaine + dexamethasone * Decision: ultrasound-guided SCB . Mu%ti digciplis ary risk strat% cation
T
|
|
: ' Postoperative Assessment
Surgical Procedure .+ Low pain scores (NRS 1-2/10)
* ORIF of distal humerus + No rescue opioids

* No bleeding, pneumothorax, or neurological deficit

Several factors complicated anesthetic

planning in this patient. Ongoing
clopidogrel therapy increased the risk of
bleeding
associated with deep peripheral nerve
blocks. ESRD-related anemia and altered

drug pharmacokinetics raised concerns

and hematoma formation

regarding systemic anesthetic exposure and
delayed drug In addition,
supraclavicular block carries an inherent
risk of pneumothorax due to the proximity
of the pleura, a concern that may be
amplified in ESRD patients who are prone
to fluid overload and reduced pulmonary
reserve. These considerations necessitated
careful  risk-benefit
meticulous procedural planning.

clearance.

evaluation and

Given the elevated perioperative risk
associated with general anesthesia, an
ultrasound-guided supraclavicular brachial
plexus block was selected. The block was
performed wusing 15 mL of 0.75%

OPEN aMCESS

ropivacaine combined with dexamethasone
as an adjuvant. This reduced yet clinically
effective volume was chosen to provide
adequate coverage
minimizing total local anesthetic exposure,
which is particularly important in patients

neural while

with  ESRD  because of  altered
pharmacokinetics and increased
susceptibility = to  systemic  toxicity.
Continuous real-time ultrasound

visualization allowed identification of the
brachial plexus, subclavian vessels, and
pleura, enabling precise needle placement
and reducing the risk of vascular puncture
and pneumothorax. The
completed with a single needle insertion
and without immediate complications. The
supraclavicular block provided complete
sensory and motor blockade of the
operative limb, allowing ORIF to proceed
without supplemental general anesthesia.
Postoperative outcomes were assessed

block was

Jurnal Anestesiologi dan Terapi Intensif | © Kusumadewi et al (2026). Published by Universitas Udayana E



using standardized measures and are
summarized in Table 2.

Table 2. Postoperative Outcome Assessment

Outcome Result
Parameter
Pain Score in 1/10
PACU (NRS)
Pain Score at 24 2/10
hours (NRS)
Duration of Approximately 18
sensory block hours
Motor function Complete within 24
recovery hours
Rescue opioid None

requirement

No adverse events were observed during or
after the procedure. There were no signs of
bleeding or hematoma at the injection site,
no neurological deficits, no respiratory
complications including pneumothorax,
and no evidence of local anesthetic systemic
toxicity. These potential complications were
anticipated and actively monitored due to
the patient’s antiplatelet therapy, renal
impairment,
associated with supraclavicular block.

and the anatomical risks

The patient reported high satisfaction with
the anesthetic technique. She expressed
relief at avoiding general anesthesia and
described minimal postoperative pain,
which facilitated comfort during recovery.
She did not experience nausea, respiratory
discomfort, or other distressing symptoms
following the procedure.

Discussion -

This case demonstrates the successful use of
ultrasound-guided supraclavicular block as
the primary anesthetic technique for distal
humerus fracture surgery in a patient with
ESRD ongoing
therapy. Anesthetic

MEHaMﬂESS

receiving antiplatelet

management was

10.24843/vk6kyr32
challenging due to  ESRD-related
physiological alterations, chronic anemia,
clopidogrel use, and the anatomical risks
associated with supraclavicular block.!?

In patients with ESRD, anesthetic planning
must consider altered pharmacokinetics,
impaired drug clearance, fluid balance
instability, and increased sensitivity to
opioids and sedatives. In this patient, these
factors raised concerns regarding general
anesthesia,
prolonged
compromise, and hemodynamic instability.
The decision to use SCB was therefore
based on individualized risk assessment

particularly the risks of

recovery, respiratory

rather than a generalized preference for
regional anesthesia.*®

The distal humerus fracture required a
dense and reliable block extending to the
elbow joint. Ultrasound-guided SCB was
selected because it provides consistent
anesthesia for surgeries at and below the
distal humerus while allowing precise
visualization of neural and non-neural
structures.'>®

A total volume of 15 mL of 0.75%
ropivacaine was deliberately chosen to
balance efficacy and safety. Ultrasound
guidance enables effective blockade with
lower volumes of local anesthetic compared
with techniques. In
patients with ESRD, minimizing total local
anesthetic dose is particularly important
due to altered drug distribution and
clearance, which may increase the risk of
systemic addition of
dexamethasone as an adjuvant was
intended to prolong block duration and
postoperative analgesic
requirements, contributing to minimal
opioid use in this case.”?

landmark-based

toxicity. The

reduce

Ongoing clopidogrel therapy represented a

significant consideration because
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supraclavicular block is classified as a deep
peripheral nerve block with potential
bleeding risk. In this case, the absence of
severe coagulopathy, careful ultrasound-
guided needle placement, avoidance of
vascular puncture, and use of a single-
insertion technique supported the decision
to proceed. Continuous postoperative
monitoring allowed early detection of
potential complications, none of which
occurred.’!

Pneumothorax is a recognized complication
of supraclavicular block due to the
proximity of the pleura. This risk may be
heightened in patients with ESRD because
of reduced pulmonary reserve related to
fluid overload or anemia. In this case, real-
time ultrasound visualization of the pleura
and continuous needle tracking were
critical risk. No
respiratory complications occurred during
or after the procedure, underscoring the
importance of ultrasound guidance in high-
risk patients.!!-3

in minimizing this

The block provided effective intraoperative
anesthesia and prolonged postoperative
analgesia, as reflected by low postoperative
pain scores, absence of rescue opioid
requirements, and
recovery within 24 hours. These outcomes
highlight the value of systematic outcome

complete  motor

assessment rather than  descriptive
reporting alone. Importantly, no
neurological, respiratory, or bleeding

complications were observed, despite the
patient’s elevated baseline risk.!>*

This case emphasizes that ultrasound-
guided SCB can be safely performed in
carefully selected ESRD patients receiving
antiplatelet
technique, appropriate dose selection, and
vigilant monitoring are applied. The key
clinical lesson is the importance of

OPEN aMCESS

therapy when meticulous

10.24843/vk6kyr32
individualized anesthetic decision-making
based on patient-specific risks, rather than
broad  assumptions regarding  the
superiority of regional versus general
anesthesia.!%15
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Abstract

Emergency neurosurgical procedures in geriatric patients with an anticipated
difficult airway pose major anesthetic challenges due to limited physiological
reserve and the risk of hemodynamic instability during general anesthesia. We
report the use of a scalp nerve block (SNB) as the primary anesthetic technique
for urgent external ventricular drain (EVD) placement in a female patient in her
mid-70s with intracerebral hemorrhage and obstructive hydrocephalus. She
presented with decreased consciousness and a LEMON score of 6, indicating a
high likelihood of difficult airway, and was classified as American Society of
Anesthesiologists (ASA) physical status IlIE. Given the elevated intracranial
pressure and anticipated difficulty in airway management, SNB with lidocaine
and dexmedetomidine as an adjuvant was performed under standard
monitoring. The procedure was completed uneventfully, with stable
hemodynamics and adequate analgesia, without the need for airway
manipulation or conversion to general anesthesia. This case highlights that SNB
may be a feasible alternative anesthetic approach for selected high-risk geriatric
patients undergoing EVD placement, particularly when airway intervention may
be hazardous or when advanced airway and critical care resources are limited.
Further reports and larger studies are required to determine safety and
generalizability.

Keywords: Diaphragm; Intensive Care Mechanical

Ultrasonography; Ventilator Weaning

Units; Ventilation;

Introduction -
Emergency neurosurgical procedures in geriatric patients are
associated with increased anesthetic risk because of age-related
physiological changes, reduced cardiopulmonary reserve, and
increased sensitivity to anesthetic agents. The presence of an
anticipated difficult airway further complicates anesthetic
management, as airway manipulation during induction and
emergence from general anesthesia may precipitate hypoxia,
increases in

hemodynamic fluctuations, and secondary

intracranial pressure.!?

External ventricular drain (EVD) placement is a critical
intervention for managing elevated intracranial pressure in
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conditions such as obstructive
hydrocephalus, intraventricular
hemorrhage, and intracerebral

hemorrhage.® In selected high-risk patients,
general anesthesia may not be the optimal
approach. Scalp nerve block (SNB) provides
scalp analgesia by blocking sensory input
from multiple cranial nerve branches,
thereby attenuating sympathetic responses
to surgical stimulation.* Evidence from
systematic
suggests  that
hemodynamic

neurosurgical procedures.?

reviews and meta-analyses
SNB

stability

may improve

during

Although SNB has been widely studied as
an adjunct to general anesthesia and in
awake craniotomy, reports describing its
use as the sole anesthetic technique for
emergency EVD placement in geriatric
patients with an anticipated difficult airway
remain limited. Evidence regarding its
application in resource-limited settings is
also scarce. This gap highlights the need for
clinical reports
anesthetic strategies for high-risk patients.

exploring alternative

10.24843/zfaszb91
EVD placement under SNB as the primary
anesthetic technique.

Case Presentation -
A female patient in her mid-70s was
admitted with a sudden decrease in
approximately 8 hours
before presentation. There was no history of

consciousness

trauma or fever. Her medical history was
notable for long-standing uncontrolled
hypertension.

On examination, the vital signs were stable:
blood pressure 130/80 mmHg, heart rate 90
beats/min, respiratory rate 18 breaths/min,
oxygen saturation 96% on room air, and
axillary temperature 36.8°C. Neurological
examination revealed a Glasgow Coma
Scale score of E2V2M5, isocoric pupils, and
neck stiffness. Thyroid enlargement was
noted. There was no audible stridor or
orthopnea before the deterioration in
consciousness. Chest radiography showed
no significant tracheal deviation. However,
a detailed dynamic airway assessment was
limited by the patient’s neurological status.

This report describes the anesthetic = Cardiopulmonary and abdominal

management and clinical outcome of a examinations were otherwise

geriatric patient with an anticipated  unremarkable.

difficult airway who underwent urgent

Table.1 Laboratory Findings
Laboratory Examination Result Laboratory Examination Result
Hemoglobin 13.8 g/dL Urea 32.1 mg/dL
Hematocrit 423 % Serum Creatine 0.45 mg/dL
Leukocyte count 11.670 /uL Aspartate aminotransferase (AST) 22.9 U/L
Platelet count 136,000 /uL Alanine aminotransferase (ALT) 13.9 U/L
Blood Glucose 171 mg/dL Potassium (K) 3.97 mmol/L
Bleeding Time (BT) 3 minutes Sodium (Na) 136.6 mmol/L
Clotting Time (CT) 12 minutes Chloride (Cl) 100.1 mmol/L

Ionized Calsium (Ca ion)

1.094 mmol/L
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Head computed tomography demonstrated
intracerebral hemorrhage with obstructive
hydrocephalus. Chest radiography also
revealed cardiomegaly. Laboratory
investigations were largely within normal
limits (Table 1).

The patient was diagnosed with decreased
consciousness  due to
hemorrhage with
hydrocephalus and was scheduled for
urgent EVD insertion. Preanesthetic airway
evaluation indicated a high likelihood of
difficult airway, with a LEMON score of 6,
which consisted of a large tongue on
external inspection, an abnormal 3-3-2 rule
indicating reduced inter-incisor distance
and thyromental space, Mallampati class
III, and limited neck mobility. These
findings suggested a high probability of
difficult laryngoscopy and
intubation. The patient was classified as
American Society of Anesthesiologists
(ASA) physical status IIIE.

intracerebral
obstructive

tracheal

Given the elevated intracranial pressure,
anticipated difficult airway, and limited
resources, SNB was selected as the primary
anesthetic technique. The team agreed to
convert immediately to general anesthesia
with airway control if the block proved
inadequate, the patient became
uncooperative, or clinical deterioration
occurred. Therefore, an airway rescue plan
was established prior to the procedure,
despite a noted lack of advanced airway
devices. This limitation further supported
the decision to avoid primary general
anesthesia and intubation in this high-risk
patient.

Standard ASA monitoring was applied,
including continuous noninvasive blood
pressure monitoring, electrocardiography,
pulse oximetry, and observation of
respiratory rate. Premedication included

OPEN a ACCESS
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intravenous midazolam 3 mg, ketorolac 30
mg, and fentanyl 25 pg. Midazolam was
titrated incrementally in 0.5-1 mg with
continuous reassessment of respiratory
effort and level of
Supplemental oxygen was
through a non-rebreathing mask (NRM).
Neurological
reassessed
preservation of spontaneous ventilation
and protective airway reflexes.

consciousness.
delivered

responsiveness was

after sedation to ensure

SNB was performed using a landmark-
based technique because of the limited
availability —of wultrasound guidance.
identified
supraorbital,

Anatomical landmarks were
before  injection.  The
supratrochlear, and zygomaticotemporal
nerves were selectively blocked to provide
analgesia to the frontal scalp corresponding
to the site of EVD insertion. Because the
surgical field was confined to the anterior
frontal region, posterior scalp nerves were
not included. The procedure included
supine positioning, sterile preparation of
identification  of

the injection sites,

anatomical landmarks, incremental
aspiration before injection, slow infiltration
of the anesthetic solution, and assessment
of analgesic adequacy before incision. A 25-
gauge needle was used for infiltration. A
total of 10 mL of 2% lidocaine (200 mg)
combined with dexmedetomidine 20 pg
(0.2 mL) was administered incrementally,
with
injection. The total lidocaine dose was 2.5
mg/kg, which
recommended maximum dose of 4.5 mg/kg

careful aspiration before each

remained below the

without  epinephrine. ~ To  improve
reproducibility, the anesthetic solution was
distributed

landmarks: approximately 4 mL around the

according to anatomical

supraorbital nerve at the supraorbital notch
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along the superior orbital rim, 3 mL around
the supratrochlear nerve at the medial
aspect of the supraorbital ridge near the
midline, and 3 mL around the
zygomaticotemporal nerve in the temporal
region posterior to the lateral orbital rim.
Continuous hemodynamic monitoring was
maintained to detect any signs of local
anesthetic systemic toxicity or
dexmedetomidine-related bradycardia. No
adverse events were observed during or

after the procedure.

EVD placement was completed in
approximately 30 minutes. Hemodynamic
parameters remained stable throughout the
procedure, with no significant fluctuations.
Systolic blood pressure ranged from 120 to
130 mmHg and heart rate from 85 to 100
beats/min during block placement, skull
puncture, and catheter insertion. No airway
intervention was required and peripheral
saturation remained stable within 97-98%
on NRM 10 liter per minute. The patient
was transferred to the recovery unit in
stable condition. On the first postoperative
day, vital signs remained stable, and
analgesia was adequately maintained with
intravenous ketorolac 30 mg every 8 hours
and intravenous paracetamol 1000 mg
every 8 hours.

Discussion -

SNB provides significant advantages in
neurosurgical procedures by blocking the
major sensory nerve branches of the scalp
and effectively attenuating sympathetic
responses associated with cranial tissue
manipulation.4 This effect is particularly
relevant in geriatric patients, who are more
vulnerable to hemodynamic fluctuations
and complications related to general
Although  most

anesthesia. available

OPEN a ACCESS
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evidence concerns elective craniotomy
performed under general anesthesia with
adjunctive SNB, extrapolation to emergent
EVD placement in geriatric patients should
be made cautiously because of differences
in clinical urgency and physiological
status.’

In the present case, avoidance of airway
manipulation was especially important
because of the anticipated difficult airway,
reflected by a LEMON score of 6, and the
presence of elevated intracranial pressure.
The stable intraoperative hemodynamic
profile observed during EVD insertion is
consistent with the reported benefits of SNB
in attenuating sympathetic
Unlike its more common use as an adjunct
to general anesthesia, SNB in this case
served as the primary anesthetic technique,
suggesting its in carefully
selected high-risk geriatric  patients.
Immediate availability of airway rescue
equipment and a predefined rescue strategy
remained essential, given the anticipated
difficult airway and decreased level of
consciousness.>*

responses.

feasibility

A previous report described the successful
use of SNB as the primary anesthetic
technique in a 32-week pregnant patient
undergoing EVD placement for acute
hydrocephalus.  The
completed
intubation, respiratory depression, or
significant hemodynamic instability.! These
findings are consistent with the present
in which induction of general
anesthesia was considered high risk
because of the anticipated difficult airway
and unstable neurological condition.

procedure  was

without endotracheal

case,

SNB has been shown to significantly reduce
sympathetic responses and provide better
blood stability during
craniotomy.? This is supported by a meta-

pressure
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analysis demonstrating reductions in mean
arterial pressure of up to 14 mmHg and in
heart rate of approximately 11 beats per
minute during cranial pinning.3 These
findings suggest that SNB may help prevent
acute increases in intracranial pressure
triggered by nociceptive stimuli.

SNB has also been associated with reduced
intraoperative  fentanyl requirements,
supporting its role in multimodal
analgesia.* Opioid reduction is particularly
important in geriatric patients to minimize
adverse effects such as respiratory
depression,

vomiting, and delirium.

postoperative nausea and

Beyond its use with general anesthesia, SNB
has also been shown to be effective in awake
craniotomy. When combined with light
sedation, it may allow adequate patient
comfort, intraoperative communication,
and hemodynamic stability.> Within the
framework of Enhanced Recovery After
Surgery (ERAS), opioid-sparing anesthetic
techniques, including SNB, may contribute
to faster recovery and a lower incidence of
postoperative nausea and vomiting.® This
may be particularly beneficial in patients
with significant comorbidities.

The effectiveness of SNB has also been
reported Two
randomized controlled trials demonstrated
reduced  postoperative  pain,
additional analgesic requirements, and a
favorable Although
pediatric physiology differs from that of
geriatric patients, these findings support

the consistency of the analgesic mechanism

in pediatric patients.

lower

safety  profile.”®

across age groups.

In the present case, dexmedetomidine was
used as an adjuvant to lidocaine. Previous
studies have shown that dexmedetomidine
prolong  analgesia, provide
sympatholytic effects, and reduce systemic

OPEN a ACCESS
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anesthetic requirements without significant
adverse effects.”!? These properties may be
advantageous in geriatric patients with

increased cardiovascular risk.!
Intraoperative neurological status was
intermittently assessed through
spontaneous movement, respiratory

pattern, and response to verbal stimuli,
allowing a balance between patient comfort
and preservation of airway protective
reflexes.

From an economic perspective, regional
anesthesia techniques may offer lower costs
than general selected
settings.12 However, this report did not
include a direct economic analysis, and any
conclusion regarding cost-effectiveness
should therefore be interpreted cautiously.

anesthesia in

This report has several limitations. It
describes a single case without comparison
with general anesthesia, which limits
conclusions regarding superiority and
broader applicability. Selection bias may
also be present, as the anesthetic approach
was chosen on the basis of specific clinical
considerations. In addition, the success of
SNB may depend on operator expertise and
familiarity with regional techniques, which
may limit generalizability across centers.
Further prospective studies and larger case
series are needed to evaluate the
reproducibility, safety, and effectiveness of
SNB as a primary anesthetic technique for

EVD placement.

Conclusion -

SNB may be considered as an alternative
anesthetic technique for selected geriatric
patients undergoing emergent EVD
placement when general anesthesia poses
substantial risk. Careful patient selection,
preparation for airway rescue, and
familiarity with the technique are essential.
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