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Pro-Con Debate: Peripheral Nerve Blockade Should Be
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Patients At Risk for Acute Compartment Syndrome
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In this Pro-Con commentary article, we discuss the controversial debate of whether to provide
peripheral nerve blockade (PNB) to patients at risk of acute extremity compartment syndrome
(ACS). Traditionally, most practitioners adopt the conservative approach and withhold regional
anesthetics for fear of masking an ACS (Con). Recent case reports and new scientific theory,
however, demonstrate that modified PNB can be safe and advantageous in these patients (Pro).
This article elucidates the arguments based on a better understanding of relevant pathophysi-
ology, neural pathways, personnel and institutional limitations, and PNB adaptations in these

patients. (Anesth Analg 2023;136:855-60)

GLOSSARY

ACS = acute compartment syndrome; APS = acute pain service; CPNB = continuous peripheral
nerve blockade; ERAS = enhanced recovery after surgery; LA = local anesthetic; PNB = peripheral

nerve blockade

cute pain in extremity trauma and surgery can
Abe severe and challenging to manage. There

is a growing utilization of peripheral nerve
blockade (PNB) in trauma care given its superiority
in pain control, decreased use of opioids and opioid-
related side effects, and facilitation of earlier mobili-
zation.! Despite the benefits, there remains significant
objection to PNB in acute extremity trauma with con-
cerns PNB analgesia may mask a developing acute
compartment syndrome (ACS).>* Recent case reports
and expert opinion suggest to the contrary claiming
tailored PNB does not delay ACS diagnosis compared
to other modalities, and may enable a developing
ACS to be discovered earlier.>'? This Pro-Con article
presents the arguments and contrasts the evidence
and philosophy for and against PNB in patients at risk
for ACS.
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BACKGROUND
Extremity trauma encompasses a continuum of injuries
from simple lacerations to severe trauma. Reported pain
is dependent on the extent of the patient’s injury, level of
sensorium, innate tolerance to pain, surgical interven-
tion, and response to analgesic treatments. Inadequate
pain control leads to human suffering, quality-of-life
impairment, increases in morbidity, and higher health
care costs.” Traditionally, systemic opioid analgesia
has been used for severe trauma-related pain despite
numerous side effects and the risk of creating opioid
dependence when pain is uncontrolled."* Alternative
analgesic modalities have been introduced with PNB
providing superior analgesia and improved range of
motion tolerance with minimal to no side effects.!
High-energy injuries, fractures (particularly tibial
plateau, tibial shaft, and radial fractures), or vascu-
lar trauma also predispose the patient to a greater
likelihood of developing ACS.® The pathophysi-
ology begins with tissue injury and swelling that
elevate interstitial pressures in closed fascial com-
partments. Regional perfusion decreases and local
tissue hypoxia ensues. Without surgical release of the
fascial compartments, cell death and muscle necro-
sis follow. Irreversible nerve damage and loss of limb
function may occur, and amputation of the extrem-
ity may be necessary."> Systemic alterations of hyper-
kalemia, acidosis, myoglobinuria, and acute renal
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and multiorgan failure can also manifest in severe
cases.!®!” Early recognition of developing ACS and
surgical decompression of the involved fascial com-
partments remain the most essential means to pre-
vent irreversible sequelae and optimize the chance of
a full recovery.31

Unfortunately, there are no reliable diagnostic
parameters that identify early ACS. While the 5 “P”s
of disproportionate pain and pain on passive stretch,
paresthesias, paralysis, pallor, and pulselessness com-
bined with increased intracompartmental pressures
are considered the hallmark symptoms and signs of
ACS, detection of all these findings portend a late
diagnosis with a high chance of irreversible dam-
age.!® Identifying early signs, such as increasing pain
and analgesic requirements or pain out of propor-
tion than expected, remains symptoms that trigger
clinical suspicion and prompt further investigation.'
“Disproportionate” pain, however, is highly variable
and subjective and can be difficult to differentiate
from “expected” pain due to injury or surgery.

Historically, managing pain in patients at risk for
extremity ACS demands a delicate balance as effec-
tive analgesia must be weighed against masking
unexpected pain foreshadowing a developing ACS."”
Multiple case reports attribute missed diagnosis of
ACS to various analgesic modalities, with the prepon-
derance implicating neuraxial anesthesia and nerve
blocks.?%2 Yet, recent literature shows that PNB anal-
gesia enables detection of sudden changes in ischemic
pain with potentially an earlier diagnosis of ACS con-
sidered.>? Amid increasing administration of PNB
in trauma patients, the controversial role of PNB in
patients at risk for ACS is herein discussed (Table).*192*

PRO: MODIFIED PNB SHOULD BE USED
ROUTINELY IN EXTREMITY TRAUMA PATIENTS,
INCLUDING IN PATIENTS AT RISK FOR ACS

PNB is emerging as an incredibly effective and safe
modality of treating injury and surgical pain. The

targeted pain relief improves pain scores while
decreasing opioid use, side effects from systemic med-
ications, lengths of stay, and health care costs.!* Many
enhanced recovery after surgery (ERAS) and injury
protocols include regional anesthetics in multimodal
care.” In patients at risk for ACS, PNB may provide
added benefits by limiting catecholamine release and
enhancing blood flow through the extremity via sym-
pathetic blockade.?® For these reasons, PNB should
be added to multimodal analgesics in the at-risk ACS
population as well.** Opponents argue, based on a
few case reports, that PNB in this cohort is too risky.
Their concern is dense analgesia via PNB blocks even
disproportionate pain and alters the baseline nerve
examination, thereby masking early ACS symptomol-
ogy.* This argument is flawed for several reasons.

First, precluding PNB in extremity trauma leaves
opioids and other multimodal agents as alternatives
for analgesic therapies. To date, though, no studies
compare PNB to standard therapy to determine which
modality is better at detecting early ACS symptoms
in this population.?* In fact, opioid therapy in these
patients seems no more protective than PNB with case
reports pointing to systemic opioids as the cause of a
missed ACS.%

The fear of PNB masking an early ACS assumes
that all nerve blocks induce dense motor and sensory
blockade for a long duration. However, advances in
PNB techniques have seen many modifications that
allow for satisfactory analgesia without compromis-
ing acceptable and timely neurologic examinations.
Dilute local anesthetics, continuous nerve block
infusions that can be paused, and direct targeting
of sensory nerves often provide sufficient steady-
state analgesia without impairing mental status or
adequate nerve function.>”? Hence, a developing
ACS with breakthrough pain might be more easily
detected, as reported in several instances.>#1!

Similar unfair generalization occurs when certain
injuries are labeled substantial risk for ACS regardless

Table. Summary of Pro and Con Arguments

Pro

PNB provides superior analgesia
Opioid-based therapy is no more protective

PNB with dilute LA via CPNB may prevent false ACS diagnosis and unnecessary

fasciotomies as well as aid in earlier diagnosis of true ACS

Appropriate risk stratification allows for PNB in the majority of cases without

ACS risk
APS manages patients after PNB and provides frequent assessments

PNB can theoretically be used without impairing ACS ischemic transmission

pathway
No data exists comparing PNB to other modalities

Con

PNB masks disproportionate pain, the key symptom of early ACS

Multimodal analgesic approaches that exclude PNB allow for
adequate analgesia without neurologic compromise

If PNB is allowed, inexperienced providers may still use dense
long-acting LA solutions

Many centers lack resources for appropriate patient selection
and vigilant ACS monitoring protocols

Full-time APS is rare, costly, and may complicate provider
response times

Ischemic transmission pathway unproven to be spared in
standard PNB techniques

Evidence will be needed to change practice and medicolegal
ramifications

Abbreviations: ACS, acute compartment syndrome; APS, acute pain service; CPNB, continuous peripheral nerve blockade; LA, local anesthetic; PNB, peripheral

nerve blockade.
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of patient demographics or mechanism of injury,
which vary quite significantly. Some patients are at
negligible risk for ACS (eg, frail elderly female after
a ground-level fall with distal tibial fracture sched-
uled for plating), while others may be at significantly
higher risk (eg, muscular young male with ballistic
tibial diaphyseal injury with large tissue and vascular
injuries requiring an intramedullary rod and vascular
repair).?! Those with minimal to no risk of ACS are
still denied PNB, due to generalization of their frac-
ture with the high-risk group.*32 Moreover, patients
in the latter group at times undergo prophylactic
fasciotomies during their initial surgery and should
thereby become PNB candidates as the compartments
are now open. Appropriate ACS risk stratification
with a validated evidence-based scoring system, as
recommended by Nathanson et al,** would allow for
liberal PNB in the low-risk patients with thoughtful
consideration in high-risk patients.*3*

For case-specific risk and management of these
patients, the value of a dedicated regional anesthesia
and acute pain service (APS) must also be recognized.
Large hospitals and trauma centers have incorporated
an APS with expertise in PNB in the trauma patient.
APS clinicians assess patients for proper risk strati-
fication, have knowledge and experience with PNB
modifications and other multimodal analgesics, and
enhance ACS monitoring protocols.'*?* The APS team
can also educate nursing staff, patients, and their fam-
ilies about ACS and how to observe for the earliest
signs and symptoms of ACS.®

Dissent for PNB in these patients stresses the impor-
tance of maintaining a patient’s ability to voice wors-
ening pain as the ACS worsens. However, reliance
on subjective complaints in many trauma patients is
not feasible. Some have an altered sensorium due to
systemic medications, intoxication, or traumatic brain
injury hindering their ability to report subjective pain
or demonstrate an accurate neurological examina-
tion.!”*> PNB in these patients may offer better analge-
sia and would not alter the need to perform periodic
objective assessments of the extremity, including pulse
checks, capillary refill, and compartment pressures, if
indicated. Even among isolated extremity injuries in
patients who are alert and communicative, Bae et al*
found that up to 10% of ACS cases in a pediatric cohort
presented as pain-free. Moreover, disproportionate
pain is insensitive and nonspecific, with most patients
simply experiencing increased trauma- or surgery-
related pain without other clinical signs of an ACS.%”
PNB analgesia can theoretically prevent nociceptive
trauma pain from escalating to the degree that a nega-
tive decompressive fasciotomy is performed due to
subjective pain complaints. Additionally, patients
may tolerate repeated invasive intracompartmental
pressure checks when partial sensory block is present.
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Several cases have reported patient complaints of
disproportionate pain despite intact dense PNB.5®
Kucera and Boezaart® proposed that ACS-induced isch-
emic pain may be transmitted via a different anatomical
pathway than common motor and sensory nerves nor-
mally targeted by PNB. The ischemic pathway, rather,
travels via perivascular sympathetic fibers and can
remain unaffected with patients retaining the capac-
ity to detect ACS ischemic pain.*#° Recent microscopic
analysis of the femoral artery revealed sympathetic
nerve fibers in vascular adventitia.*! A better scientific
understanding of ACS ischemic pain transmission may
enable targeted PNB without the risk of masking ACS.

The argument that PNB will mask a developing
ACS is based on several published cases that are out-
dated, lack proper monitoring protocols, and gener-
alize patients and their conditions. The alternative of
providing opioid-based analgesia is no more protec-
tive and can lead to more severe complications. With
many advances in acute pain management, modifica-
tions in PNB technique, and new discoveries of neural
pathways, PNB provides superior analgesia and can
improve detection of early ACS in trauma patients.
It is paramount that large registries or data sets be
reviewed to compare the true risk of various analgesic
modalities in this population.

CON: PNB REMAINS A RISKY INTERVENTION
IN PATIENTS AT RISK FOR ACS AND SHOULD
BE AVOIDED TO PREVENT CATASTROPHIC
COMPLICATIONS
ACS of the extremities is uncommon. Even when it
occurs, it is often detected early, and emergent sur-
gical fasciotomies prevent permanent sequelae.’
Missed ACS, however, is rare but can be devastat-
ing. Currently, disproportionate pain complaints with
paresthesias and mild changes in motor and sensory
function remain the first harbinger for developing
ACS.”7 Blockade of nerve fibers via PNB removes
these additional important prognostic symptoms in
detecting ACS early and can lead to a missed diag-
nosis. Case reports and expert opinion have estab-
lished a norm disapproving PNB in patients at risk
for ACS.342022 Long-lasting single injections or con-
tinuous PNB often provide prolonged dense analge-
sia and an insensate extremity with patients and their
care providers unaware of a developing ACS before
irreversible damage occurs.*? Short-acting PNB can
lead to rebound pain, which may be confused with
disproportionate pain and lead to either an unneces-
sary fasciotomy or to rapid administration of multiple
analgesics that again risk masking a developing ACS.
PNB advocates often note superiority of PNB to
opioid-only therapy.! However, in recent years, mul-
timodal analgesia has replaced opioid-only treat-
ments. Ice, elevation, acetaminophen, nonsteroidal
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anti-inflammatories, gabapentinoids, intravenous lido-
caine, ketamine, muscle relaxants, and other nonopi-
oid agents can contribute to improved pain scores and
significantly limit systemic opioid administration.?

While training in the performance of regional
anesthetics has increased, PNB application in trauma
patients requires more experience and modifications
to local anesthetic concentrations, adjuncts, and infu-
sions. Use of higher concentrations of local anesthet-
ics without dilution may decrease the ability to detect
breakthrough pain.** Even with more vigilance, unin-
tentional intraneural administration of local anesthet-
ics during ultrasound-guided PNB occurs in 17% of
blocks and can cause even dilute concentrations of local
anesthetic to last longer and provide a dense block.*

Proponents argue that an APS with dedicated staff
can more reliably assess patients, potentially allowing
for earlier detection of ACS. However, an APS that
provides round-the-clock in-house coverage, includ-
ing on nights and weekends, is not universal even in
some busy trauma centers and can be cost-prohibitive
in smaller centers. As reported in several cases, even
when the APS team evaluates a patient with increased
pain complaints, the initial response is often to bolus
the PNB catheter with a dense anesthetic to attenu-
ate pain rather than rule out a developing ACS.”# This
negates the very argument that an APS can better
detect an ensuing ACS. Finally, adding an additional
consulting service can at times lead to more confu-
sion as to whom the nurses should contact and can
decrease provider responsiveness.

Regardless of personnel, monitoring protocols are
critical to ensure the early detection of a developing
ACS especially in the setting of good analgesic pro-
visions. Unfortunately, strict diagnostic protocols,
monitoring equipment, and adequate training of all
stakeholders including the patient, family members,
nurses, advanced care providers, therapists, and even
physicians are inconsistent.**> Patient selection to
allow PNB in low-risk patients or in those unable to
communicate effectively is well-meaning, but with-
out well-defined institutional protocols, the risk of
a missed ACS with catastrophic consequences likely
outweighs the benefits of PNB analgesia.

Recent data suggest that ACS pain is ischemic in
nature and is transmitted via nerve pathways that do
not routinely travel with motor and sensory nerves
are intriguing but not proven at this time.#*4! Even
if true, most sympathetic nerve fibers travel in vascu-
lar adventitia, which run adjacent to the large nerves
or plexi that transmit sensation from the extremities.
In most brachial plexus, femoral or popliteal sciatic
blocks, it is likely that local anesthetic infiltration in
the area will also block the sympathetic pathways
that transmit ischemic pain.*! Fine nuances in pain
transmission then become academic, as most clinical
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blocks maintain the risk of masking ischemic pain.
According to this theory, femoral nerve block with
periarterial spread may block ischemic transmission
and mask a lower leg ACS despite sparing the sciatic
innervation of the affected compartments.?

Given current concerns, the lack of standardized
multidisciplinary protocols, an unproven theory of
ischemic pain pathways, multiple multimodal anal-
gesic agents available, an incomplete understanding
of the nuances of PNB in these patients, and literature
implicating PNB in masking early ACS, it remains
unwise to provide PNB to patients at risk of ACS.

CONCLUSIONS

Current teaching advises against PNB in patients at
risk for ACS. However, this is based on old, anecdotal
cases and unscientific conservative management. The
Pro argument for PNB in this patient population rec-
ognizes improved analgesia with dilute local anes-
thetics, emerging data that differentiate ischemic pain
pathways, and vigilant protocols that may allow for
earlier detection of ACS. The Con argument remains
skeptical of modifying current standards especially
when most systems are ill equipped to retrain multi-
disciplinary providers in new protocols, and questions
if the addition of PNB in this population translates to
clinically meaningful analgesic benefit. Future direc-
tion depends either on large data sets (ie, a national
registry or multicentered trial) comparing PNB versus
other modalities in at-risk patients or on promising
research that quantifies objective metabolic compro-
mise (eg, local tissue pH, glucose, and tissue oxy-
genation) in developing ACS.%? Until then, expert
opinion will argue theory while clinical decision-mak-
ing is relegated to individual providers.**” g§

DISCLOSURES

Name: Ron E. Samet, MD.

Contribution: This author contributed to the conception of the
work, helped with drafting and revising for important intellec-
tual content, and gave final approval of the version submitted
for publication.

Conflicts of Interest: R. E. Samet served as a consultant for Exo
Inc, an ultrasound software management company.

Name: Arissa M. Torrie, MD.

Contribution: This author contributed to the conception of the
work, helped with drafting and revising for important intellec-
tual content, and gave final approval of the version submitted
for publication.

Conflicts of Interest: None.

Name: Svetlana V. Chembrovich, MD.

Contribution: This author contributed to the conception of the
work, helped with drafting and revising for important intellec-
tual content, and gave final approval of the version submitted
for publication.

Conflicts of Interest: None.

Name: Barys V. Ihnatsenka, MD.

Contribution: This author contributed to the conception of
the work, helped with drafting and revising for important

ANESTHESIA & ANALGESIA



SHAXIUIYISSSAM+IAN0IN LAPMSINHTHVIAZ

8d8OISYXS+HHB+ZI LIUANYTOINOOTUZ9789va/u83 TZd9OHMNENY DAz 18U Z+ T/ IUBEbYWUHZEASOAGX LX+/XA LWOJZSINOM!

€¢0¢/8¢/0 uo

=2 THE OPEN MIND

intellectual content, and gave final approval of the version sub-
mitted for publication.

Conflicts of Interest: None.

This manuscript was handled by: Richard P. Dutton, MD.

REFERENCES

1.

15 2

2

g

i,

5]

3

2 4

S

3

Z 5

:

g

]

Q

2

q 6

g

g

QO

3

g

@, 7

QO

g

=

:

3 8

i

2

y

g 9

<

g

N

S

-

T

+

<

+

Y

O

o 1

<
12.
13.
14.
15.
16.
17.
18.

Gadsden J, Warlick A. Regional anesthesia for the trauma
patient: improving patient outcomes. Local Reg Anesth.
2015;8:45-55.

. Olson SA, Glasgow RR. Acute compartment syndrome in

lower extremity musculoskeletal trauma. ] Am Acad Orthop
Surg. 2005;13:436—444.

. Garner MR, Taylor SA, Gausden E, Lyden JP. Compartment

syndrome: diagnosis, management, and unique concerns in
the twenty-first century. HSS J. 2014;10:143-152.

. Dwyer T, Burns D, Nauth A, Kawam K, Brull R. Regional

anesthesia and acute compartment syndrome: principles
for practice. Reg Anesth Pain Med. 2021;46:1091-1099.

. Cometa MA, Esch AT, Boezaart AP. Did continuous femo-

ral and sciatic nerve block obscure the diagnosis or delay
the treatment of acute lower leg compartment syndrome? A
case report. Pain Med. 2011;12:823-828.

. Walker BJ, Noonan K], Bosenberg AT. Evolving compart-

ment syndrome not masked by a continuous peripheral
nerve block: evidence-based case management. Reg Anesth
Pain Med. 2012;37:393-397.

. Aguirre JA, Gresch D, Popovici A, Bernhard ], Borgeat A.

Case scenario: compartment syndrome of the forearm in
patient with an infraclavicular catheter: breakthrough pain
as indicator. Anesthesiology. 2013;118:1198-1205.

. Kucera TJ], Boezaart AP. Regional anesthesia does not

consistently block ischemic pain: two further cases and a
review of the literature. Pain Med. 2014;15:316-319.

. Rauf J, Iohom G, O’Donnell B. Acute compartment syn-

drome and regional anaesthesia—a case report. Rom | of
Anaesth Intensive Care. 2015;22:51-54.

Sermeus L, Boeckx S, Camerlynck H, Somville J, Vercauteren
M. Postsurgical compartment syndrome of the forearm
diagnosed in a child receiving a continuous infra-clavicular
peripheral nerve block. Acta Anaesthesiol Belg. 2015;66:29-32.
Torrie A, Sharma J, Mason M, Cruz Eng H. Regional anes-
thesia did not delay diagnosis of compartment syndrome: a
case report of anterior compartment syndrome in the thigh
not masked by an adductor canal catheter. Am | Case Rep.
2017;18:444-447.

Camelo CR, Eklund SE, Brusseau R, Gomez-Morad AD.
Ischemic pain not masked by regional anesthesia. Reg
Anesth Pain Med. 2020;45:244-245.

Sinatra R. Causes and consequences of inadequate manage-
ment of acute pain. Pain Med. 2010;11:1859-1871.
Cunningham DJ, LaRose M, Zhang G, et al. Regional anes-
thesia associated with decreased inpatient and outpatient
opioid demand in tibial plateau fracture surgery. Anesth
Analg. 2022;134:1072-1081.

Bouklouch Y, Schmidt AH, Obremskey WT, Bernstein
M, Gamburg N, Harvey EJ. Big data insights into predic-
tors of acute compartment syndrome. Injury. 2022;53:
2557-2561.

Osborn CPM, Schmidt AH. Management of acute compart-
ment syndrome. | Am Acad Orthop Surg. 2020,28:e108—e114.
Marhofer P, Halm J, Feigl GC, Schepers T, Hollmann MW.
Regional anesthesia and compartment syndrome. Anesth
Analg. 2021;133:1348-1352.

Janzing HM. Epidemiology, etiology, pathophysiology
and diagnosis of the acute compartment syndrome of the
extremity. Eur | Trauma Emerg Surg. 2007;33:576-583.

May 2023 e Volume 136 ® Number 5

Copyright © 2023 International Anesthesia Research Society.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Aguirre JA, Wolmarans M, Borgeat A. Acute extremity com-
partment syndrome and (regional): anesthesia: the monster
under the bed. Anesthesiol Clin. 2022;40:491-509.

Hyder N, Kessler S, Jennings AG, De Boer PG. Compartment
syndrome in Tibial Shaft fracture missed because of a local
nerve block. | Bone Joint Surg Br. 1996;78:499-500.

Azam MQ, Ali MS, Al Ruwaili M, Al Sayed HN.
Compartment syndrome obscured by post-operative epi-
dural analgesia. Clin Pract. 2012;2:e19.

Ganeshan RM, Mamoowala N, Ward M, Sochart D.
Acute compartment syndrome risk in fracture fixa-
tion with regional blocks. BM] Case Rep. 2015;2015:
bcr2015210499.

Driscoll EB, Maleki AH, Jahromi L, et al. Regional anes-
thesia or patient-controlled analgesia and compartment
syndrome in orthopedic surgical procedures: a systematic
review. Local Reg Anesth. 2016;9:65-81.

Nathanson MH, Harrop-Griffiths W, Aldington DJ, et al.
Regional analgesia for lower leg trauma and the risk of
acute compartment syndrome: guideline from the associa-
tion of anaesthetists. Anaesthesia. 2021;76:1518-1525.
Echeverria-Villalobos M, Stoicea N, Todeschini AB, et al.
Enhanced Recovery After Surgery (ERAS): a perspective
review of postoperative pain management under ERAS
pathways and its role on opioid crisis in the United States.
Clin | Pain. 2020;36:219-226.

Jorgensen MS, Farres H, James BLW, et al. The role of
regional versus general anesthesia on arteriovenous
fistula and graft outcomes: a single-institution expe-
rience and literature review. Aunn Vasc Surg. 2020;62:
287-294.

Richards H, Langston A, Kulkarni R, Downes EM. Does
patient controlled analgesia delay the diagnosis of com-
partment syndrome following intramedullary nailing of the
tibia? Injury. 2004;35:296-298.

Chen YK, Lirk P, Flowers KM, et al. Impact of varying
degrees of peripheral nerve blockade on experimental pres-
sure and ischemic pain: adductor canal and sciatic nerve
blocks in a human model of compartment syndrome pain.
Reg Anesth Pain Med. 2022;47:630-636.

McQueen MM, Duckworth AD, Aitken SA, Sharma RA,
Court-Brown CM. Predictors of compartment syndrome
after tibial fracture. | Orthop Trauma. 2015;29:451-455.
McQueen MM, Gaston P, Court-Brown CM. Acute com-
partment syndrome. Who is at risk? | Bone Joint Surg Br.
2000;82:200-203.

Park S, Ahn ], Gee AO, Kuntz AF Esterhai JL.
Compartment syndrome in tibial fractures. | Orthop Trauma.
2009;23:514-518.

Vecchione T, Boretsky K. Concerns regarding “Regional
anesthesia and acute compartment syndrome: principles
for practice.” Reg Anesth Pain Med. 2022;47:451-452.
Finneran JJ, IV, Schwartz AK, Gabriel RA. Regional anesthe-
sia and compartment syndrome: a matter of timing. Anesth
Analg. 2022;134:e24—25.

Jensen C, Kristensen BB. [Regional anaesthesia may be
used in selected acute compartment syndrome patients].
Regional anaestesi kan anvendes hos udvalgte pati-
enter med akut kompartmentsyndrom. Ugeskr Laeger.
2011;173:350-352.

McMillan TE, Gardner WT, Schmidt AH, Johnstone AJ.
Diagnosing acute compartment syndrome-where have we
got to? Int Orthop. 2019;43:2429-2435.

Bae DS, Kadiyala RK, Waters PM. Acute compartment syn-
drome in children: contemporary diagnosis, treatment, and
outcome. | Pediatr Orthop. 2001;21:680-688.

www.anesthesia-analgesia.org 859

Unauthorized reproduction of this article is prohibited.



SHAXILIYISSSAM+DAN0INLAPMSINHTHVIAZ

2d8OISUXS+HHS+ZI LIUANYTOINDOTUZ97e9vg/ua3 TZd9OHMNENYOAZI 16O Z+ 1)/ 1uREbYWUHZENG09AGX LX+/XA LWOJZSINOM

€202/82¢/170 uo

ADIDUM+IN+dISSN8PZAdN9b+MA+XZAZTHSIA AQ eISabjeue-eISayISaUR/WO MM| S[euInol//:diy woly papeojumoq

PNB in Trauma Patients At Risk for ACS

37.

38.

39.

40.

41.

860
Copyright © 2023 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.

Ulmer T. The clinical diagnosis of compartment syndrome
of the lower leg: are clinical findings predictive of the disor-
der? ] Orthop Trauma. 2002;16:572-577.

Munk-Andersen H, Laustrup TK. Compartment syndrome
diagnosed in due time by breakthrough pain despite con-
tinuous peripheral nerve block. Acta Anaesthesiol Scand.
2013;57:1328-1330.

Nin OC, Patrick MR, Boezaart AP. The controversy of
regional anesthesia, continuous peripheral nerve blocks,
analgesia, and acute compartment syndrome. Techniques in
Orthopaedics. 2017;32:243-247.

Wahal C, Grant SA, Gadsden ], Rambhia MT, Bullock WM.
Femoral artery block (FAB) attenuates thigh tourniquet-
induced hypertension: a prospective randomized, dou-
ble-blind, placebo-controlled trial. Reg Anesth Pain Med.
2021;46:228-232.

Boezaart A, Smith C, Zasimovich Y, Reina MA. Femoral
artery block: the relationship between visceral and ischemic
pain. Reg Anesth Pain Med. 2022;47:70-71.

www.anesthesia-analgesia.org

42.

43.

44.

45.

46.

47.

Soberon JR Jr, Sisco-Wise LE, Dunbar RM. Compartment
syndrome in a patient treated with perineural liposomal
bupivacaine (Exparel). | Clin Anesth. 2016;31:1-4.

Uzel AP, Steinmann G. Thigh compartment syndrome after
intramedullary femoral nailing: possible femoral nerve
block influence on diagnosis timing. Orthop Traumatol Surg
Res. 2009;95:309-313.

Liu SS, YaDeau JT, Shaw PM, Wilfred S, Shetty T, Gordon M.
Incidence of unintentional intraneural injection and postop-
erative neurological complications with ultrasound-guided
interscalene and supraclavicular nerve blocks. Anaesthesia.
2011,66:168-174.

Davis ET, Harris A, Keene D, Porter K, Manji M. The use
of regional anaesthesia in patients at risk of acute compart-
ment syndrome. Injury. 2006;37:128-133.

Carr DB. Regional anesthesia and ischemic pain: go with
the flow. Pain Med. 2014;15:182-183.

Elsevier H, Cannada LK. Management of pain associated
with fractures. Curr Osteoporos Rep. 2020;18:130-137.

ANESTHESIA & ANALGESIA



