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Abstract

Objective. The use of multiple-level, single-injection
intercostal nerve blocks for pain control following
video-assisted thorascopic surgery (VATS) is lim-
ited by the analgesic duration of local anesthetics.
This study examines whether the combination of
perineural and intravenous (IV) dexamethasone will
prolong the duration of intraoperatively placed
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intercostal nerve blocks following VATS compared
with IV dexamethasone and a perineural saline
placebo.

Design. Prospective, double-blind, randomized

placebo-controlled trial.
Setting. Single level-1 academic trauma center.

Subjects. Forty patients undergoing a unilateral
VATS under the care of a single surgeon.

Methods. Patients were randomly assigned to two
groups and received an intercostal nerve block
containing 1) 0.5% bupivacaine with epinephrine
and 1 ml of 0.9% saline or 2) 0.5% bupivacaine with
epinephrine and 1 ml of a 4mg/ml dexamethasone
solution. All patients received 8mg of IV
dexamethasone.

Results. Group 2 had lower NRS-11 scores at post-
operative hours 8 (5.05, SD=2.13 vs 3.50,
SD =2.50; p=0.04), 20 (4.30, SD=2.96 vs 2.26,
SD =2.31; p=0.02), and 24 (4.53, SD = 1.95 vs 2.26,
SD =2.31; p=0.02). Equianalgesic opioid require-
ment was decreased in group 2 at 32hours
(5.78 mg, SD =5.77 vs 1.67 mg, SD = 3.49; p=0.02).
Group 2 also had greater FEV1 measured at 8, 12,
24, and 44 hours; greater FVC at 24 hours; greater
PEF at 28 through 48 hours; and greater FEV1/FVC
at 8 and 36 hours.

Conclusions. The combination of IV and perineural
dexamethasone prolonged the duration of a single-
injection bupivacaine intercostal nerve block as
measured by NRS-11 compared with IV dexametha-
sone alone at 24 hours. Reduced NRS-11 at other
times, reduced opioid requirements, and increased
PFTs were observed in group 2.

Key Words. Acute Pain; Thoracic; Postoperative
Pain; Steroids; Outcome Assessment
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Introduction

VATS is a minimally invasive surgical approach utilized
for the resection of pulmonary nodules, such as early
stage lung cancer. Compared with open thoracotomy
surgical techniques, VATS uses smaller incisions and is
associated with reduced yet persistent postoperative
pain [1]. Post-VATS pain management may include a
combination of opioids, nonsteroidal anti-inflammatory
drugs (NSAIDs), or regional anesthesia. Thoracic inci-
sional pain results in a restrictive breathing pattern,
causing limited voluntary deep breathing and coughing.
Post-VATS restrictive breathing patterns are associated
with atelectasis, retention of secretions, increased pul-
monary shunting, hypoxemia, and postoperative pneu-
monias [1]. Effective pain management will prevent or
delay the development of a restrictive breathing pattern
and improve effort-dependent PFTs, including forced
expiratory volume over 1second (FEV1), forced vital ca-
pacity (FVC), and peak expiratory flow (PEF) [2]. There is
widespread variation on a national level for the manage-
ment of postoperative pain in these patients, including
the use of thoracic epidurals, intercostal and intersca-
lene blocks, and IV analgesics. At the institution at
which this study was performed, multilevel single-
injection intercostal blocks in combination with opioid
analgesia is the preferred method of postoperative pain
control.

Dexamethasone is a soluble glucorticoid that has been
evaluated as an adjunct to local anesthetics to prolong
the analgesic duration of single-injection peripheral
nerve blocks [3-8]. While dexamethasone’s clinical utility
as a local anesthetic adjunct is common practice and
supported by a strong safety profile, perineural use is
not currently approved by the FDA and is considered
“off-label” use [3]. When used perineurally, comparison
of escalating doses of dexamethasone do not result in
increased analgesic benefit at higher doses or de-
creased analgesic benefit at lower doses [9,10].
Comparison of the analgesic benefit of equal doses of
intravenous (IV) to perineural dexamethasone to prolong
peripheral nerve blocks produced mixed results, with
most studies suggesting equivalency and a single pro-
spective randomized trial suggesting superiority of peri-
neural blocks [11-14]. In the setting of systemic IV
dexamethasone therapy, it is not clear whether perineu-
ral dexamethasone will confer additional analgesic bene-
fit to intercostal nerve blocks compared with a
perineural saline placebo.

The question we sought to answer is whether the
combination of IV and perineural dexamethasone will
prolong the duration of analgesia after multiple-level, sin-
gle-injection intercostal nerve blocks over IV dexametha-
sone and perineural saline placebo as measured by an
11-point numeric rating scale (NRS-11, with 0=no pain
and 10 =the most severe pain imaginable) at 24 hours.
We also aimed to examine NRS-11 at other time points,
opioid requirements, and the effect on PFTs as second-
ary endpoints. We hypothesized that the combination of
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IV and perineural dexamethasone would result in lower
pain scores and decreased opioid requirements and de-
lay the onset of restrictive breathing patterns following
VATS procedures compared with the IV dexamethasone
and perineural saline placebo group.

Methods
Study Design and Patient Population

The study was reviewed by the IRB and registered on
clinicaltrials.gov. Consecutive adult patients between the
ages of 18 and 80 who were scheduled to undergo a
unilateral VATS under the care of a single thoracic sur-
geon were recruited during the outpatient pre-operative
evaluation. Exclusion criteria were as follows: patient
younger than 18 or older than 80, known allergy to any
of the study medications, American Society of
Anesthesiologists (ASA) physical status 4 or greater, his-
tory of ipsilateral thoracoscopic surgery, uncontrolled
coronary artery disease, uncontrolled hypertension, car-
diac arrhythmias, chronic renal or liver disease, body
mass index greater than 40kg/m?, FEV1 or FVC less
than 70% of predicted value, type 1 or type 2 diabetes
mellitus, chronic neuropathic pain, chronic steroid use,
or chronic opioid use. Patients were excluded from con-
tinuation with the study if the intraoperative findings re-
quired conversion to a more invasive procedure than a
VATS, such as rib resection, chest wall resection, open
sternotomy, or surgical re-exploration within the study
period, as these surgical procedures result in more tis-
sue trauma and higher requirements for postoperative
pain. Patients requiring postoperative intubation and
ventilation were also excluded due to the use of sedat-
ing medications while intubated. Finally, patients were
excluded if the intraoperative analgesic protocol (see be-
low) was deemed insufficient for safe and effective intra-
operative management by an attending anesthesiologist.

Randomization and Blinding

The study was designed as a randomized, double-blind,
placebo-controlled trial. Prior to recruitment, a computer
was used to randomly assign consecutive patients to
one of two groups. Patients were assigned a study
number according to the order in which they were re-
cruited. A nontransparent envelope was then prepared
with the patient’s assigned consecutive study number
on the outside and the patient’s group assignment and
instructions for the intercostal nerve block solution prep-
aration sealed within. On the day of the surgery, the op-
erating room circulating nurse, who was not involved in
the study, would open the envelope containing the in-
structions and prepare the intercostal nerve block solu-
tion. Using sterile technique, the circulating nurse would
then pass the solution to the surgical scrub technician.
The technician would draw the solution into a 30-cc sy-
ringe labeled “block solution.” Patients in group 1 re-
ceived a block solution that contained 29ml of 0.5%
bupivacaine with 1:200,000 epinephrine (Hospira, Lake
Park, lllinois) and 1ml of sterile saline (Hospira, Lake
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Park, lllinois). Patients in group 2 received a block solu-
tion that contained 29ml of 0.5% bupivacaine with
1:200,000 epinephrine and 1 ml of a 4 mg/ml of dexa-
methasone solution (Hospira, Lake Park, lllinois). All pa-
tients received 8mg IV dexamethasone to minimize
postoperative nausea and reduce airway inflammation
from the use of double lumen endotracheal tubes intra-
operatively for one-lung isolation.

Surgical and Anesthetic Conduct

The anesthesia team was made aware of the patient’s
participation in the study and were asked to limit the
amount of intraoperative IV analgesic to either 250 ug of
IV fentanyl or 4 mg of IV hydromorphone, both of which
are less than the usual anticipated necessary dose for
minimally invasive VATS. If this opioid limitation proved
to be an unsatisfactory anesthetic practice, the patient
could be given additional analgesic mediations but
would be excluded from analysis. Additionally, the anes-
thesia team was asked to refrain from using additional
IV analgesics such as IV ketamine, IV ketorolac, and IV
acetaminophen, as these medications can have opioid
sparing effects. All patients received a dose of 8 mg of
IV dexamethasone at the time of induction for the rea-
sons listed above. The anesthesia team was not in-
formed to which group the patient had been assigned.
Oral and IV analgesic care in the post-anesthesia care
unit (PACU) was at the discretion of the anesthesiologist
and was not limited by participation in the study.

Surgery was conducted utilizing a standardized general
anesthetic technique and one-lung ventilation in the lat-
eral position. A standardized minimally invasive tech-
nigue was employed. Masses were identified with
palpation and removed with endoscopic staple devices.
After masses were excised, they were sent for formal
pathologic analysis. A chest tube was placed at a site
chosen by the surgeon between T3 and T8 prior to skin
closure. No patient underwent additional pain control
regimens such as a thoracic epidural or repeated inter-
costal nerve blocks. The chest tubes were maintained
for the duration of the study.

At the conclusion of the surgical procedure but prior to
dermal closure, multiple-level, single-injection, unilateral
intercostal nerve blocks of T3 through T8 were per-
formed by the surgical team under direct thoracoscopic
visualization. The T3 through T8 region included all sur-
gical incisions for trochar and chest tube insertion. The
exact site of surgical incision was at the discretion of
the surgical team within the T3 to T8 region. A 1.5-inch
22-gauge quinke point needle was inserted under the
inferior aspect of the ribs as posterior in the chest as
possible and away from the visualized sympathetic
trunk. After negative aspiration for blood, 5ml of block
solution was introduced when the needle could be seen
just below the pleura to create a subpleural wheel. The
contents of the block solution were determined by ran-
domization into one of the two treatment groups. The
surgeon was blinded to the assignment.
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The standardized postoperative pain regimen included
1000mg of intravenous acetaminophen every 8hours
as a standing order, and oral oxycodone was ordered
pro re nata according to the patient’s individual pain
needs. Additional IV hydromorphone was also utilized
for severe pain not effectively managed with oral
medication. No patient enrolled in the study required
additional pain medications such as methadone or
patient-controlled analgesia (PCA) pumps. Early mobili-
zation, incentive spirometry, and ambulation with ag-
gressive physical therapy was encouraged in all
patients.

Outcomes

The primary outcome measure is pain assessed by
NRS-11 pain scores at 24hours postoperatively.
Measurements of pain were assessed every 4hours.
Pain was determined by integrating the NRS-11 score
over the 4-hour interval to minimize reporting bias.

The secondary outcome measures of the study included
NRS-11 at other time points; opioid requirements; and
PFTs, including FEV1, FVC, FEV1/FVC as measured at
4-hour intervals, starting 4 hours after discontinuation of
anesthesia and continuing for 48 hours postoperatively.
Gender, age, race, and height determined normal pre-
dicted values of PFTs. Spirometry readings were taken
with the patient sitting upright and at rest. All PFT mea-
surements were taken using a spiroUSB spirometer
connected to a portable laptop computer running SPCS
Spirometry software (CareFusion, Hoechberg,
Germany). The spirometer was calibrated prior to each
spirometric reading. For analysis, spirometry data was
divided into 4-hour blocks starting from the end of
surgery.

Sample Size Estimation

At the time of initiation of this study, no published mate-
rial was available concerning the effect of dexametha-
sone on intercostal nerve blocks with bupivacaine.
Based on institutional experience, at 24 hours postoper-
atively, the addition of dexamethasone to an intercostal
nerve block resulted in a 50% reduction in NRS-11
pain. A power calculation was performed prior to the re-
cruitment of subjects. Using an alpha value of 0.05 and
a beta value of 0.02, a sample size estimation deter-
mined that 20 patients per group for a total of 40 pa-
tients would have 85% power to a 50% difference in
postoperative pain between groups at 24 hours after
placement of the nerve block, assuming a standard de-
viation of 2.5. To correct for patient dropout, 25 patients
per group were included in the study.

Statistical Analysis

All data were coded in an Excel file (Microsoft,
Redmond, WA) and imported into SAS version 9.3 sta-
tistical software package (SAS Institute Inc., Cary, NC)
and R software for analysis. Continuous variables are



reported as means and standard deviations, while cate-
gorical variables are presented as frequencies and pro-
portions. A Shapiro-Wilk test was used to determine
normalcy of data distribution. Continuous variables were
compared using the T test if normally distributed and
the Wilcoxon-Mann-Whitney U test if not normally dis-
tributed. Categorical variables were compared using a
Chi-square test. A P value less than or equal to 0.05,
which corresponds to a 95% confidence interval or
greater, was deemed statistically significant.

Spirometric data was compared between the two treat-
ment groups at each of the equivalent postsurgical
blocks of time using the Wilcoxon-Mann-Whitney test.
In other words, the mean at 8hours for group 1 was
compared against the mean for group 2 at 8 hours.

Measures of both primary and secondary outcomes
were repeated in individual subjects over time. Mixed ef-
fect analyses were used to isolate and characterize
intersubject variability and to analyze repeated out-
comes, including pain relief over time [15]. Six separate
nonparametric mixed effect modeling methods were
used to analyze the time and group and their interaction
effects for each of the primary and secondary endpoints
individually using the R software package.

Results

A total of 49 patients were consecutively enrolled and
randomized from December 2013 until February 2015.
Nine patients were excluded; two were excluded due to
a strong desire not to participate in the study on the day
of surgery, one was excluded due to the need for intuba-
tion on postoperative day 1 for reasons unrelated to the
study, and six were excluded due to the need for exten-
sive chest wall resection in order to offer therapeutic ben-
efit. Figure 1 details patient selection for the study. All
patients received single-injection, multiple-level intercostal
nerve blocks during surgery. Patients were randomized
to group 1, which received IV dexamethasone and peri-
neural saline placebo, or group 2, which received IV and
perineural dexamethasone. All patients who met inclusion
criteria. completed the study, and no major adverse
events were observed. No symptoms attributable to sys-
temic doses of either bupivacaine or dexamethasone
were observed. Baseline characteristics and anesthetic
factors were balanced between the groups (Table 1).

The primary finding of this study is that patients in group
1 reported significantly greater NRS-11 pain scores
postoperatively compared with group 2 at 24hours
(453, SD=195 vs 226, SD=2.31; P=0.02).
Additionally, patients in group 1 reported higher pain
scores at hours 8 (5.05, SD=2.13 vs 3.50 SD =2.50;
P=0.04) and 20 (4.30, SD=2.96 vs 2.26, SD=2.31;
P=0.02; Figure 2). Mixed effect analysis demonstrated
that group 2 was significantly negatively related to NRS-
11 scores (-1.83, t=-3.41, P=0.01). The mixed effect
model also demonstrated a decrease in NRS-11 with
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49 Patients Scheduled
to Undergo VATS

9 Patients recruited
but later excluded

[ |

20 Patients in Group 1

20 patients in Group 2

Bupivacaine + Bupivacaine +
Saline Dexamethasone

Figure 1 Study design and patient recruitment.

time in both groups, which is expected as patients re-
cover from surgery (-0.06, t =-5.57, P=0.01).

Group 1 required more postoperative opioids as mea-
sured in equianalgesic miligrams of morphine at
32hours (6.78mg, SD=5.77 vs 1.67mg, SD=3.49;
P =0.02; Figure 3). Mixed effect analysis demonstrated
a statistical decrease in mean opioid requirement by
time, which is also expected as patients recover from
surgery (-0.22, t=-5.04, P=0.01). The interaction of
time and group assignment was significantly related to
the mean postoperative opioid requirement, with group
1 having a steeper time slope compared with that of
group 2 (-1.51, t=-2.33, P=0.02).

Immediately following the operation, the absolute values
of the PFTs were mostly equivalent for the two groups.
However, group 2 demonstrated significantly greater
FEV1 at 8hours (0.97L, SD=0.30 vs 1.22L, SD=0.36;
P=0.02), 12hours (0.94L, SD=0.29 vs 1.21L,
SD=0.36; P=0.08), 24hours (0.91L, SD=0.43 vs
1.46L, SD=0.39; P=0.01), and 44hours (0.99L,
SD=0.40 vs 1.80L, SD=0.70; P=0.03; Figure 4A).
Mixed effect modeling demonstrated that group 2 was
significantly positively related to FEV1 (0.21, t=2.11,
P=0.04). FVC was significantly improved in group 2 at
24 hours postoperatively (1.19L, SD=0.45 vs 1.67L,
SD=0.32; P=0.01; Figure 4B). Mixed effect modeling
demonstrated that group 2 was significantly positively
related to FVC (0.12, t=2.18, P=0.04) The absolute
PEFs were significantly greater in group 2 at 28hours
(1.68L/s, SD=0.64 vs 2.81L/s, SD=1.14; P = 0.01),
and remained significantly greater at 48 hours postoper-
atively (Figure 4C). Mixed effect modeling demonstrated
that group 2 was significantly positively related to PEF
(0.19, t=2.65, P=0.01). FEV1/FVC was greater in
group 2 at 8hours (0.76, SD=0.17 vs 0.88, SD=0.13;
P=0.02) and 36hours (0.75, SD=0.17 vs 0.91, SD
0.09, P = 0.02; Figure 4D). Mixed effect modeling did
not demonstrate any significant relationships.

Conclusions
The primary finding of this study is that the combination

of IV and perineural dexamethasone resulted in lower
NRS-11 pain scores compared with IV dexamethasone
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Table 1 Characteristics of 40 VATS patients treated with intercostal nerve blocks

Bupivacaine +

Bupivacaine + Dexamethasone
Saline (n=20) (n=20) P values

Age (years) 67.1 (12.12) 68.75 (9.34) 0.63
Gender

Male 8 (40%) 13 (65%)

Female 2 (60%) 7 (35%)
BMI 25.9 (5.42) 23.28 (3.27) 0.07
ASA status

ASA 2 7 (35%) 2 (10%)

ASA 3 13 (65%) 18 (90%)
Comorbidities 15 (30.6) 5(14.7)

Congestive heart failure 0 (0%) 0 (0%)

Coronary artery disease 6 (30%) 4 (20%)

Hypertension 10 (50%) 11 (55%)

Cerebrovascular accident 0 (0%) 1 (5%)

Myocardial infarction 0 (0%) 1 (5%)

Asthma 4 (20%) 2 (10%)
Preoperative glucose (mg/dL) 103.3 (17.7) 105.1 (18.7) 0.8
Social history

Prior smoker 14 (70%) 13 (65%)

Smoker at preoperative visit 4 (20%) 2 (10%)

Pack-years smoked 32.26 (26.27) 25.58 (37.32) 0.41
Lung tumor pathology

Stage 1adenocarcinoma 5 (25%) 7 (35%)

Stage 2 adenocarcinoma 3 (15%) 5 (25%)

Stage 3 adenocarcinoma 5 (25%) 0 (0%)

Stage 4 adenocarcinoma 2 (10%) 2 (10%)

Other pathology 5 (25%) 6 (30%)
Tumor longest dimension (cm) 2.25 (1.3) 2.18 (1.43) 0.87
Mass of removed tissue (g) 97.07 (80.39) 124.67 (86.38) 0.32
Duration of anesthesia (minutes) 149.1 (27.86) 133. 65 (32.69) 0.16
Intraoperative equianalgesic opioid dose (mg of PO MSO4) 48.68 (21.42) 5 (20.64) 0.58
Time in PACU (minutes) 159.42 (82.31) 196 4 (92.4) 0.2

Values are expressed as mean (standard deviation) for continuous data or count (percentage) for ordinal data. ASA = American
Society of Anesthesiologists physical status. Mg=milligrams. dL=deciliter. Cm=centimeters. G=grams. PO=per os.
MSO4=Morphine sulfate. Intraoperative opioid dose is reported in milligrams equianalgesic dose of oral morphine.

PACU = postanesthesia care unit.

alone at 24hours. Secondary outcomes of this study
are that the combination of IV and systemic dexametha-
sone resulted in lower NRS-11 pain scores at other time
points, lower opioid requirements in the postoperative
phase of care, and improved postoperative PFTs. The
study was not statistically designed to explore differ-
ences in the secondary outcomes. As such, the data
can only suggest an improvement in pulmonary me-
chanics. Improvements in pulmonary mechanics could
translate into improved outcomes such as decreased
pneumonias and atelectasis and shorter recovery times.
However, these were not specifically examined in this
study. No adverse outcomes were reported in any of
the subjects. Inter- and intrasubject variability was ac-
counted for using mixed effect modeling to determine
significance.
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Prior published work evaluating the management of tho-
racic incisional pain has concluded that multiple-level,
single-injection, intraoperative intercostal nerve blocks
with bupivacaine reduce patient-reported pain scores
[16]. However, the same review noted that a reduction
in postoperative opioid requirements was not observed
after single-injection bupivacaine nerve blocks and that
repeat injections or catheters were required for such an
observation [16]. This is possibly a reflection on the lim-
ited analgesic duration of bupivacaine and other local
anesthetics. Augmentation of the duration of analgesia
of bupivacaine with adjuvant dexamethasone could im-
prove the efficacy of single-injection regional analgesia
relative to multiple-injection or continuous catheter re-
gional analgesia. The efficacy of dexamethasone to pro-
long the analgesic effect of bupivacaine microspheres
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Figure 3 Postoperative opioid requirements.

*indicates P values less than 0.05. Solid blue line
represents group 1. Dashed black line indicates
group 2. Postoperative opioid requirement is re-
ported in equivalent milligrams of oral morphine.

for intercostal nerve blocks in animal and healthy volun-
teers has been demonstrated [17,18]. However, the
prolongation of regular bupivacaine intercostal nerve
blocks by dexamethasone in a surgical patient popula-
tion has not been fully elucidated.

Randomized controlled trials and meta-analyses have
consistently demonstrated a prolongation of analgesia
with the addition of dexamethasone to local anesthetics
for both upper and lower extremity nerve blocks [3-10].
These studies report sparse occurrence of significant
adverse effects from perineural use of dexamethasone.
The most commonly observed side effects include hy-
perglycemia and flushing, indicating a relatively high
therapeutic safety index. In animal models, high doses
of perineural dexamethasone have been associated with
neuronal cell death [19]. Conversely, also in animal
models, dexamethasone has been associated with

Dexamethasone Prolongs Intercostal Nerve Blocks

decreased bupivacaine-induced neuronal injury [20].
The exact risk or benefit that perineural dexamethasone
presents with human use has not been established. The
utilization of perineural vs systemic dexamethasone for
prolongation of analgesia has been studied [13,14]. IV
dexamethasone has been demonstrated to produce
lower subjective pain scores following surgery compared
with a placebo [21]. A limited role of perineural dexa-
methasone has been postulated based on several stud-
ies reporting equivalent observed analgesia of equal
doses of perineural dexamethasone compared with [V
dexamethasone [11,13]. However, a single study sug-
gests superiority of perineural dexamethasone com-
pared with IV dexamethasone at equal doses [12].

This study demonstrates improved analgesia at 24 hours
postoperatively and suggests prolongation at other time
points of the effects of bupivacaine with regards to both
subjective and objective outcomes. The use of subjective
pain assessment tools to access peripheral nerve block
effectiveness or duration are valid, but have several
potentially confounding shortcomings, such as a lack of
ratio qualities, reliance on individual patients’ pain experi-
ences, and over-reporting of pain relief [22-24]. This
study attempted to utilize both subjective measurements
of pain and objective pulmonary function testing in order
to minimize these limitations.

This study has several weaknesses. The major weak-
ness of this study is that it compares 8 mg of IV dexa-
methasone to a total of 12mg dexamethasone by two
separate routes. Multiple prior studies have failed to
demonstrate that there is an observed analgesic benefit
with dose escalation of dexamethasone given by the
same route [9,10]. This could indicate that the observed
analgesic benefit seen in this study is not the result of
simply a higher dose of dexamethasone but rather the
result of two separate analgesic processes. The positive
result of this study may be reflective of different routes
of dexamethasone administration producing analgesia
via different mechanisms. However, further studies with
multiple dosing and administration route arms are
needed to optimize this theory for clinical application.

Additionally, in an effort to reduce confounding surgical
management variables, patients of a single thoracic sur-
geon undergoing similar procedures at a level-1 aca-
demic medical center were evaluated; this could result
in difficulty broadly applying the findings to other set-
tings, such as hospitals that do not practice regional an-
esthesia with VATS cases due to different operative
conditions. Also, as no suitable retrospective or pilot in-
tercostal nerve block studies were available for power
analysis, a conservative calculation was performed
based on institutional experience. This led to a study
design with a specific primary endpoint. Other reported
results can only suggest differences between the two
groups but will need further validation in future studies.

Despite widespread use as an analgesic adjunct to local
anesthetics for regional anesthesia, dexamethasone is
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group 2.

not currently approved as an adjuvant to local anes-
thetics by the United States Food and Drug
Administration or European Union [3]. Dexamethasone’s
regulatory status was made clear to patients participating
in this study. The mechanism of action of perineural
dexamethasone is thought to be due to a systemic
anti-inflammatory effect, decreased activity of nociceptive
C-fibers, and up-regulation of inhibitory potassium chan-
nels [8]. The long-term application of steroids to periph-
eral nerve blocks in animal models does not induce
changes in the electrical properties or structure of nerves
[25]. Current research does not establish whether sys-
temic steroids have the same analgesic mechanism of
action as perineural steroids. Further preclinical study is
needed to establish why dose escalation of dexametha-
sone via the same route does not result in increased an-
algesia, but dose escalation by two different routes, IV
and perineural, dose result in increased analgesia.
Different mechanisms of action could account for the ob-
served analgesic benefit when dexamethasone is admin-
istered by two distinct routes. Additionally, optimization of
the exact ratio of perineural and IV steroid and the choice
of steroid needs to be optimized in future studies.
Comparative effectiveness and cost-benefit evaluations
against other local anesthetic formulations, such as lipo-
somal bupivacaine, will further clarify optimal patient
management.
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indicates P values less than 0.05. Solid blue line represents group 1. Dashed black line indicates

In conclusion, the combination of systemic and perineu-
ral dexamethasone increases the duration of intercostal
nerve block analgesia, decreases postoperative opioid
requirements, and delays the development of restrictive
breathing pattens following VATS. Additional studies
are needed to conclusively optimize the ratio of systemic
vs perineural dexamethasone for pain control. The ob-
served delay in restrictive breathing patterns as mea-
sured by postoperative pulmonary function tests in the
combined systemic and perineural group compared
with the saline control group has the potential to not
only improve analgesia but also improve postoperative
pulmonary mechanics following VATS.
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