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Abstract

Purpose Peripheral nerve blockade (PNB) is a useful tool for pain control in the perioperative period. However, there are
significant concerns about the use of PNBs following acute orthopaedic trauma due to the theoretical risk of masking acute
compartment syndrome (ACS). This study aims to systematically review the effects of PNBs on diagnosis of ACS following
long bone fractures.

Methods A systematic review of the literature was conducted according to Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines.

Results Six studies, all of which were single-patient case reports, met criteria for inclusion in this review. Two studies
reported a delay in diagnosis of ACS in the setting of PNB use, while four studies did not.

Conclusions Due to the low incidence of ACS, there is a paucity of literature available on ACS following PNB use in the
setting of orthopedic trauma. There is no consensus in the literature about the safety of PNB use in the setting of acute long
bone fractures, and this review could draw no conclusions from the literature, as the level of evidence is limited to case
reports. PNBs should be administered to orthopedic trauma patients only in strictly controlled research environments, and
surgeons should be highly cautious about using PNBs for orthopedic long bone fractures, particularly in cases at increased
risk for developing ACS.

Keywords Compartment syndrome - Peripheral nerve block - Regional anesthesia - Fracture

Introduction [2—4]. Most common in diaphyseal long bone fractures of

the distal extremities; the reported incidence of compart-

Long bone extremity fractures are associated with signifi-
cant pain [1] and an inherent risk for acute compartment
syndrome (ACS). ACS is both a limb and life-threatening
emergency that requires urgent surgical intervention to mini-
mize irreversible damage and morbidity. ACS is caused by
an elevation of interstitial pressure within the relatively
inelastic osteofascial compartments that can lead to inad-
equate perfusion and subsequent ischaemic tissue damage
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ment syndrome is 3% in forearm diaphyseal fractures and
0.25% in distal radius fractures [5]. The prevalence of ACS
in tibial shaft fractures ranges from 2.7 to 15%, making up
almost one-third of all cases of ACS that occur secondary
to fracture [5]. While uncommon, the sequelae associated
with delayed or missed ACS can have profound effects on
limb function and have become a common source of litiga-
tion against orthopedic surgeons [6—10]. The diagnosis of
ACS relies on clinical examination, and therefore the sur-
geon must have a high index of suspicion for ACS in at-risk
patients. Pain out of proportion to the injury and pain with
passive stretch of the offending compartment have been
shown to be more reliable markers of early ACS than the
classic “six Ps” (pain, paresthesia, pallor, paralysis, poikilo-
thermia, pulselessness), which more often signify the pres-
ence of irreversible tissue damage [11-13]. In the equivocal
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or the unexaminable patient, intracompartmental pressure
measurement can guide diagnosis and treatment [3, 14-16].

Peripheral nerve blocks (PNBs) can be an effective anes-
thetic modality for managing pain associated with long bone
fractures during the perioperative phase [17]. They are asso-
ciated with increased patient satisfaction, decreased post-
operative pain, reduced opioid use, and decreased nausea
when utilized for total knee arthroplasty (TKA) [18, 19]. In
the setting of orthopedic long bone fractures, PNBs can be
delivered as a one-time dose, in long-acting formulations,
or through a continuous infusion [20]. Local anesthetic
blockade of peripheral nerves by PNBs can block impulse
transductions, thereby limiting the perception of pain [21].
However, this poses a potential risk in the diagnosis of ACS
[22]. Concerns regarding delayed or missed diagnosis of
ACS due to decreased pain secondary to PNB use have led to
significant debate regarding the use of regional anesthesia in
the setting of patients at high risk for ACS [22]. Risk factors
for the development of ACS include young age, high energy
injuries of the forearm and femoral shaft, tibial fractures,
polytrauma, and congenital/iatrogenic coagulopathies [5]. In
addition to PNBs, epidural anesthesia and intravenous opioid
patient-controlled analgesia (PCA) have been implicated in
delayed diagnosis of ACS [22-26].

At the authors’ institution, regional anesthesia is rou-
tinely employed prior to surgery on long bone fractures, but
there is little evidence to support this practice. The existing
literature on PNB use and ACS in fractures is limited to
case reports and expert opinion. Furthermore, a significant
number of these case reports are confounded by concomi-
tant utilization of epidural anesthesia or intravenous opioid
PCA. This study aims to systematically review the available
literature to determine the effect of PNB use on the diagnosis
and subsequent management of ACS in long bone fractures.

Materials and methods

Search criteria

The MEDLINE/PUBMED and SCOPUS database were
queried for publications utilizing keywords on acute com-

partment syndrome, regional anesthesia, and nerve blockade
(Table 1). The search was conducted according to Preferred

Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines.

Inclusion and exclusion criteria

Studies that involved the following were included: (1)
patients with extremity long bone fractures, (2) adminis-
tration of regional anesthesia to the fractured limb, (3)
development of compartment syndrome in the fractured
limb. Studies that involved the following were excluded: (1)
concomitant neuraxial anesthesia, (2) concomitant opioid
intravenous patient-controlled analgesia (PCA) use, (3) non-
English language publications, (4) review articles (5) com-
ments/letters to the editor, (6) injury or procedure unrelated
to extremity fracture. Neuraxial anesthesia and opioid PCA
use were excluded due to evidence suggesting that these
modalities may independently delay diagnosis of ACS.

Data collection

Two authors independently conducted the search. During
initial review of the data, the following information was
collected for each study: title, author, year published, study
design, type and formulation of regional anesthesia, con-
comitant use of other anesthesia, type of fracture, type of
fracture fixation, time to diagnosis of acute compartment
syndrome (ACS), symptoms leading to diagnosis of ACS,
intervention performed, and presence of residual symptoms.
All authors compiled a list of articles that met inclusion
and exclusion criteria. Discrepancies between the authors
were resolved by discussion. The level of evidence for each
article was independently assessed with the Oxford Centre
for Evidence-based Medicine (CEBM) grading system [27].

Results

140 unique articles were identified using the search crite-
ria. 49 of these articles met inclusion criteria. After apply-
ing the exclusion criteria, six articles remained and were
included in this review (Fig. 1). 43 articles were excluded
due to concomitant opioid PCA or neuraxial anesthesia use,
non-orthopedic trauma-related injuries and procedures, or
because they were review articles, comments, or letters to

Table 1 MEDLINE/Pubmed
and Scopus query terms

PUBMED search mesh terms

SCOPUS search terms

Regional anesthesia AND compartment syndrome
Nerve block AND compartment syndrome

[Regional anesthesia AND compartment syndrome]
AND [nerve block AND compartment syndrome]

Regional anesthesia AND compartment syndrome
Nerve block AND compartment syndrome

[Regional anesthesia AND compartment syn-
drome] OR [nerve block AND compartment
syndrome]

@ Springer



A systematic review of the effect of regional anesthesia on diagnosis and management of acute... 1283

Records identified through database
searching keywords
Pubmed.gov n=54
SCOPUS n= 108

Additional records found through
other sources
n=3

! !

Records after duplicates removed
n=140

|

Records screened
n=49

!

Full text articles assessed for eligibility

Full text articles excluded for:
* Non-English articles
* Reviews
* Comments/letters to the editor

n=49

!

Records deemed eligible for inclusion:

* Extremity long bone fractures

* Regional anesthesia to affected
limb

* Development of compartment
syndrome

Eligibility || Screening || Identification |

Included

n=6

* Concomitant IV PCA use/neuraxial anesthesia use
* Non-orthopaedic trauma related injury/procedure
n=43

Fig.1 Search methodology and workflow according to PRISMA guidelines

the editor. All six remaining studies were case reports and
therefore Center for Evidence-Based Medicine (CEBM)
level IV.

Delay in diagnosis of acute compartment syndrome

Two cases suggested a delay in diagnosis of acute compart-
ment syndrome (ACS) after peripheral nerve block (PNB)
(Table 2). Ganeshan et al. reported the case of a 75-year-old
male who underwent open reduction and volar plating of a
volarly displaced distal radius fracture. This procedure was
performed 2 weeks after initial failure of closed reduction
and percutaneous pinning and 5 weeks from initial injury
[28]. An axillary brachial plexus block was placed pre-oper-
atively and the patient was discharged the same day without
significant pain or discomfort. The patient returned to the
emergency department 24 h later due to swelling and blis-
ters in his operative extremity, but he did not report signifi-
cant resting pain at that time. He was noted to have median
nerve paresthesias and pain with passive stretch of the digits,
and compartment pressures were obtained and found to be
elevated. He underwent emergent volar compartment fasci-
otomy and carpal tunnel release. At 12-month follow-up, he
had 18% decreased grip strength compared to the contralat-
eral, dominant arm.

Hyder et al. reported the case of a 28-year-old male who
underwent intramedullary nailing of a tibial shaft fracture

with pre-operative use of a triple nerve block (femoral nerve,
obturator nerve, and lateral cutaneous nerve of the thigh)
[29]. The patient remained pain-free post-operatively but
had intermittent patchy paresthesias in the foot and an inabil-
ity to extend the great toe. After 48 h of persistent symp-
toms, compartment pressures were measured and found to
be elevated in the anterior compartment. Fasciotomy was
performed, and the entire anterior compartment muscula-
ture was nonviable and debrided. At follow-up, the patient
required an ankle—foot orthosis for ambulation due to foot
drop.

No delay in diagnosis of ACS

Four cases reported timely diagnosis of ACS in patients
receiving PNBs (Table 2). Rauf et al. reported on a 19-year-
old male who underwent revision volar plating of a radial
shaft fracture 12 days after initial failed open reduction inter-
nal fixation (ORIF) [30]. The patient was given a supraclav-
icular brachial plexus block pre-operatively. Twenty minutes
after extubation, the patient began complaining of progres-
sively worsening pain over the lateral forearm despite dense
numbness in his hand distally. Significant swelling, loss of
radial pulse, and prolonged capillary refill time were noted
and he was taken back emergently for a rapidly expanding
volar compartment hematoma. The hematoma was evacu-
ated, and no full-length fasciotomy was required. Sensory

@ Springer



A.A.Tran et al.

1284

QUON

SISOIO9U JUSl
-)redwod [e1qn JoL
-9)ue 0] anp SISOYLIO

Surrmbai vonemqury

syjuow 71 Je puey
Y311 0) paredwod
puey 3J9[ Jo YiSuans
dui3 ssof %81 ‘A[eane
-1odo-)sod syjuowr ¢ 1
QOUQUTW JRUAY) J9[
IOAO SSQUqUINU JO yded

aredor K191 ‘uon
-BNOBAD BUIOJBWSY

ON ‘uonero[dxo-oI punop

SOx

SOx

Awojorose,J

Awojorose

asind

[eIpEI JO 90uasqe
pUE ULIRQIOJ JOPU)
/3SU9) PO[EAAI UOT)

-euUTWEXH "9peyo0[q oureoeardng
Jrenbope ayndsop %S0 JO yTu O] pue
ured juosisiod QUITBRUIPR/UIEIOPI]
pue [[np paiodr %T 30 U Q/Mm
juoned ‘A[oane  yoo[q snxord [eryoeiq
-1ado-1sod urur g Iernoraeoeidng
UoIXoy
90) 18IS JO Q0UIsqe
pue swoydwAs jo
Qou)sisiad pamoys qureoeardng

%6°0 JO (seAIou
SNOQUEIND [BIOW)
[eI91R] “I0JRINIqO
‘[eI0WY) YO0[q BIRI[L
e1ose} aanerado-)sod

Koanerado-jsod

4 8% "J00[q 9AIoU

0) panqrme 591

/100§ Jo sersayjsered
Jo syurerdwod [enruy

S <[Igal

Krepqides ‘quaworow

aarssed ym ured

9s1Im/s1a3uy Jo

astwordwos A10suds

/lojow ‘s19ISI[q

O13RYIIOWY ‘BUIIP

uLre [eIsIp 1Jo[

papnpour swoydwAg

*931eyOSIp I9)JE | 7

jusuntedop Aoua3

-IOWD 0) pAUINIY  O0[q QAIOU ATR[[IXY

Joud
syuow 7] duop
pATIO JO UOISIARY

Qmjoey

TeIpeI 1Jeys-pIN

Surreu
KIe[[npawrenur
PIYO0] pawearu)
mjoery
JBYS [eIqn paso)

uonexy M-
snoaueinorad payre]
1913 9je[d Suryoor

Te[nonre-11ad Jejop
puey payolensIno
0JUO [[} WOJJ Judw
-ooe[dsIp 1e[0A YIIM

QInyoey snIpel [esIq

JAO/K 61 [82] Te 10 jney
JA 0/K 8T [£Z] Te 3o 10pAH
JN /K SL 9] Te 10 ueysoueD

Jeronbos wig)-3uo

({Aeop 0} 9InqLn
-U0D YJ0[q AAIU )
PIp :90UBIS S JOyIny

JUSWRAI],

(papra

-o1d J1) uoneOIpaW
puUE UOIRIUIUOD
/[001q 2AIaU Jo odAJ,

SD Jo sisougerp 03 Jur
-peor swojdwAs/susrg

sainpadoxd/uonedrpuy  1opuad/agde juened

sioyIny

Ma1AQI STY) Ut pajtodar sase) ¢ 3|qel

pringer

Qs



1285

A systematic review of the effect of regional anesthesia on diagnosis and management of acute...

J10ap Jojow
-LIOSUQS/IB[NOSEA OU
nq ‘sseujne) Juowr
-)redwod JoLuy

uornoer J00q
Iopun 3urreu Are[n

-pawrenur juenbasqns
IIM UOTORI) [BID[YS

", 1dOd uo (3[eds qureoeardox payy
So[eue [ensIA e uo ;TWQT/,SW G/ Jo S[ppIW 9y} 1B INWY
01/6) ured a1oA9s /W (T JO Yoo[q 1Jo[ 9y} JO 2Inory
QUON ON Awojorosey  jo syuredwoo fenu]  [erowaf daneradorog 9SIQASURT) ‘PAsO[D) JA 07K 9T [62] Te ¥ 19z
(utw og
awn JN0Y0Y) /Tw G
JO snjoq [euonrppe
apeyoo[q K10s pue aureoeardox
-uas/10jow 33o[dwod %€°030 34/, TW 9
9dsop Juswosow Je uoIsnjuI snonur
aarssed ym ured -uoo Jo eIsod[eue
SSUAUI Y)IM ULIBIO] pajfonuos-juened
Jy31I [e1o)e[OSIOp  [euoI3al aAnerado-1sod pajeauI[ap jou
Suore ured y3noxy) aureoeardor anbruyo9) sanerado
-[ea1q asuajut %S0 ;" TW Og Jo oy1ds— ANIO
poouaradxa ‘A[oAn uonoafur o[3urs PIm QIN3oeRIJ SnIdWINyY
QUON ON Awojo1ose,] -e1odo-1s0d 4 1 1y 19I10U1eD JR[NOIAR[ORIJUL estp xordwo) o 0/K LY [2] ‘Te 10 o1y
(popra
({Aeop 0} 9InqIn -oxd J1) uoneOIpaW
-U09 00[q dAIOU Y} SD Jo sisouSerp 031 Sut puUB UOTIEIIUAIUOD
Jefonbos wig)-Suo PIp :90ue3s S Joyiny juowneal], -peo[ swojdwAs/susrg /[001q 2AIoU Jo odA],  seinpadoid/uonedrpuy Iopuas/age juened sroyny

(ponunuoo) zsjqey

pringer

a's



A.A.Tran et al.

1286

Aep aanerodo-1sod,

eIsaSeuE pa[jonuod-juAned;
m:oco%bE._

gém::;

INOH4

TN

10N,

uonexy [euldjur-uononpar uadQ,
Slewa,

SN

IO STB9K,

QUON

ON

Awojorose]

uonedred
J[osnuwi J{es pue
JUQWSAOW JOOJ QAIS
-sed )M pasearour
ured "ope3oo[q
K1osuas 9jenbape
Adsap 103e] sinoy
%41 [euonIppe ue 5]
1omof ur ured 210A9g
Juaweded 1930y1ed
19)ye  / uoneded
0} JopUud} pue ASu9)
Apys1s seposnu jre)

awn JNoO0[
urw ()9 YIIm I10)oyled
ysnonyp yvDd Qurese
-a1do1 97°0 Jo ;W ¢
‘sU/,/TW 7 Je uorsnjul
qureseardor %4770
juonbosqns ym
QUIBJOPI] %7 "W
01 Jo snjog "sprordo
AT Pm Jonuoo ured
" JuaIdYINSUI 0) ANP
PalIAsUI I2joIed
QAIOU OTJRIOS [eISI]
qureoeardor
%SLE0 30 T 0T
Jo A1eanerado-jsod
QAJOU O1JEIOS [EISIP JO
Yoo1q uonoalur o[Surg
QuIEOOPI]
%T 3O T QI Jo
yoo1q uonodafur o[3urs
QAIOU OTJRIOS TBISIP
‘uomnezifiqourut
JuoneSLLII 0] Jolid

(uonexy
[euroxe Arerodura)
pue JUSWAPLIGAP)
ampaooid srpadoyio
[onuod oSewep ‘uon
-BZI[IQOWWI pue
uonegLur Juonbasqns
JUOPIOOE JO QUADS JB
JuowuS [ 9INJoRI]
yStoy ur ur g woiy
[[®J © 0] anp 21n3oey
B[qQY [BISIP pPUE In)
-oelj 3yeys reiqn uadQ

AN O/ T

[og]
“[€ 19 U9SIOpUY-UNA

Je[onbas wig)-Suo

({Aeop 0} 9InqIn
-U0D YJ0[q AAIU )
PIp :90UBIS S JoyIny

JUSWRAI],

SD Jo sisougerp 03 Jur
-peor swoydwAs/susrg

(papra

-oxd J1) uoneOIpaW
pUE UONRIIUIIUOD
/[001q 2AIaU Jo adAJ,

sainpadoxd/uonedrpuy  1opuad/age juened

sioyIny

(ponunuoo) zsjqey



A systematic review of the effect of regional anesthesia on diagnosis and management of acute... 1287

and motor deficits from the PNB began resolving at 6 h, after
which the patient had no residual paresthesias or deficits.

Aguirre et al. reported the case of a 47-year-old woman
who underwent ORIF of a distal humerus fracture with pre-
operative placement of a continuous infraclavicular brachial
plexus PNB catheter [2]. Fourteen hours post-operatively,
the patient began complaining of severe forearm pain despite
complete motor and sensory blockade distally in the hand.
The pain persisted despite an additional bolus through the
PNB catheter, prompting measurement of compartment
pressures, which were elevated in the dorsal compartment
of the forearm. The patient underwent fasciotomy, and mus-
cles of the dorsal compartment of the forearm were severely
edematous but still viable. There were no long-term sequelae
at 3-month follow-up.

Uzel et al. reported the case of a 26-year-old male who
underwent intramedullary nailing of a closed femoral shaft
fracture with a pre-operative femoral nerve block [31].
Eighteen hours post-operatively, the patient began report-
ing a severe increase in thigh pain without sensory or motor
deficit. Significant swelling of the anterior compartment was
noted and compartment pressures were elevated. The patient
underwent emergent fasciotomy and the muscle of the ante-
rior compartment was noted to be under tension but viable.
The patient recovered full quadriceps strength relative to the
contralateral side at 4 months.

Munk-Andersen et al. reported the case of a 12-year-old
male who underwent external fixation of an open distal
tibial shaft fracture with pre-operative and post-operative
sciatic nerve block [32]. On post-operative day 1, the patient
continued to have uncontrolled pain with an intact sensory
and motor exam, and a continuous sciatic PNB catheter was
placed with significant improvement in symptoms. Seven
hours after catheter placement, the patient was noted to have
a tense calf and pain with passive dorsiflexion of the ankle.
After an additional hour, he began having severe calf pain
and was taken for emergent four-compartment fasciotomy.
The muscle was under tension in three compartments but
viable in all four compartments, and the patient recovered
with no sensory or motor deficits.

Discussion

While acute compartment syndrome can have devastating
consequences to limb function, early diagnosis and treatment
of ACS can lead to improved outcomes [33]. It is impor-
tant to be able to identify patients who are at high risk of
developing ACS. Duckworth et al. found that age less than
35 years, male gender, fractures involving the diaphysis
of a long bone, polytraumas, and clotting disorders were
associated with a higher rate of ACS [5]. Of note, tibial
shaft fractures had the highest reported incidence of ACS,

ranging from 2.7 to 15% [5]. Branco et al. noted an associa-
tion between mechanism of injury and rates of ACS. They
found that the following mechanisms were most likely to
result in ACS, in order of weakest to strongest association:
gunshot wounds, penetrating stab wounds, motorcycle acci-
dents, and pedestrians struck by motor vehicles [34]. There
is conflicting evidence on rates of ACS in open versus closed
fractures; however, open fractures may represent higher
energy trauma, which has been associated with a higher rate
of ACS [5, 34].

The role of regional anesthesia in patients with orthope-
dic injuries continues to grow [33]. PNBs have been shown
to significantly decrease pain, narcotic use, and hospital
length of stay after orthopedic surgery [17-19, 35]. How-
ever, since increasing pain is considered the earliest sign
of compartment syndrome, there is significant concern that
PNBs may lead to a delay in the diagnosis of ACS. A review
of the limited available literature demonstrated two cases
in which the authors believed PNB use resulted in an ACS
delay and worse overall outcomes. Ganeshan et al. describe
an atypical case of a revision surgery significantly delayed
from initial trauma [28]. While evidence suggests that distal
radius fractures are a cause of 37.5% of forearm compart-
ment syndromes, this patient was far out of the window for
developing ACS from injury and had no significant risk fac-
tors for ACS [36]. The authors noted that this case changed
their practice, and now patients are only discharged home
after regaining distal sensory and motor function. Hyder
et al. described the case of a young patient with a tibial
shaft fracture that underwent intramedullary nailing. This
patient could have been categorized preoperatively as hav-
ing a high risk for ACS, given the location of the fracture
and age of the patient [5, 29]. The surgical team elected to
place a three-in-one regional PNB, and although pain was
well controlled post-operatively, this likely led to a delay
in diagnosis and a resultant residual foot drop. This case
highlights the importance of risk-stratifying patients prior
to initiating a dense sensory blockade.

The remaining studies included in this review failed to
show an association between PNB use and ACS [2, 30-32].
In all four cases, severe pain was the presenting symptom
despite PNB analgesia. Timely intervention was performed,
and patients were left without residual deficits. While PNBs
can reliably blunt the pain response, these findings suggest
that the level of pain experienced during ACS is sufficient to
break through the blockade provided by regional anesthesia.
Some studies have even posited that PNBs may facilitate the
diagnosis of ACS, as increasing pain in the setting of periph-
eral nerve blockade is an unusual finding and may sway the
clinician towards diagnosing ACS and treating it in a timely
fashion [37]. The authors believe that this phenomenon of
sensing breakthrough pain despite peripheral nerve blockade
is due to the local nerve endings still effectively transmitting
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a pain response for certain pain etiologies (i.e., ischemia)
and pain level magnitudes. An alternative hypothesis is that
breakthrough pain is detected by nearby un-blocked nerve
endings sending excitatory signals to the central nervous
system. This latter mechanism is less plausible as the pri-
mary mechanism, as one would expect that breakthrough
pain would go unnoticed in cases utilizing epidural anes-
thesia, since the nearby nerve endings would also be under
blockade.

To avoid confounders, this present review did not include
epidural analgesia or concomitant opioid PCA use. With
epidural anesthesia, similar to cases with PNBs, patients can
sense breakthrough pain or discomfort as ACS begins to
develop. Kontrobarsky et al. reported a case of gluteal com-
partment syndrome in a 70-year-old male following ankle
arthrodesis and Patillo et al. reported leg compartment syn-
drome following a pilon fracture repair with perioperative
epidural anesthesia [38, 39]. In both cases, breakthrough
pain alerted the surgical team to the diagnosis, and appropri-
ate intervention occurred with no sequelae of compartment
syndrome were noted at the 12-month follow up. However,
other cases demonstrate the effect of epidural anesthesia in
masking the presence of compartment syndrome. Morrow
et. al reported a delay in the diagnosis of leg ACS following
femoral intramedullary nailing, diagnosed only by signifi-
cant visible turgidity of the calf muscle and compartment
pressure measurements [40]. Haggins et al. reported five
cases of compartment syndrome following total knee arthro-
plasty with peri-operative epidural anesthesia that resulted
in permanent muscle injury in at least one compartment [41,
42]. Additional case reports noted a delay in the diagnosis
of lower extremity compartment syndrome with permanent
sequelae in the setting of epidural use [43, 44]. Given the
unpredictable effect of epidural analgesia on the diagnosis
of ACS, these cases were excluded from this review.

Similar to epidural anesthesia, opioid PCA use in the
post-operative period has been reported to independently
delay the diagnosis of ACS following orthopedic procedures.
Harrington et al. and O’ Sullivan reported two cases of ACS
in the lower limb following a tibial intramedullary nail in
which an absence of pain led to delay in diagnosis of com-
partment syndrome [22, 23]. No long-term sequelae were
noted. Richards et al. report a similar experience with four
intramedullary nails for tibial shaft fractures [24]. In all four
cases, the use of opioid PCA was thought to have contributed
to a delay in ACS diagnosis, as all patients were relatively
pain free, and fasciotomies were only performed once tense
compartments with elevated pressures were noted. All cases
ended with lasting neurologic dysfunction. It is important to
note that pain out of proportion may not be the first sign of
ACS in patients with excellent pain control. Recent literature
notes that an overreliance of pain as an indicator of ACS
could be a systemic error rather than a direct consequence

@ Springer

from adequate pain control from opioid PCA [44]. Yang
et al. propose that opioid PCAs may be a potential detection
system for ACS [25]. The authors state that graphing trends
in PCA use and serial physical examinations can lead to a
diagnosis of a developing compartment syndrome [25].

At the authors’ institution, an urban level 1 trauma center,
it has been commonplace to use PNBs prior to orthopedic
surgery on long bone fractures. This has been standard
practice for the past 4 years through extensive collabora-
tion between the orthopedic surgery and anesthesia services.
While orthopedic trauma patients are rarely denied regional
anesthesia, those at particularly high risk of ACS are not
given the option of a PNB. This high-risk subset of patients
typically includes a combination of the following risk fac-
tors: tibial fractures, mid-shaft radius and ulna fractures,
high-energy mechanism with supporting findings (i.e., seg-
mental fracture), significant soft tissue injuries (i.e., high-
grade open fracture or mangled extremity), crush injuries,
and vascular injuries (at risk of compartment syndrome from
ischemia—reperfusion injury). Surgery is then followed by a
24-48-h period of vigilant monitoring for the development
of ACS. Using these general guidelines, there have been no
cases of delayed ACS diagnosis when utilizing PNBs for
long bone fractures at this institution.

The overall rate of ACS is low, with an estimated annual
incidence of 7.3 per 100,000 men and 0.7 per 100,000
women [45]. There is a paucity of available literature on
ACS following PNB use in the absence of neuraxial anes-
thesia or intravenous opioid PCA, both of which can serve
as confounding variables in delay of ACS diagnosis. This
review of the literature only found level IV evidence in the
form of case reports, and there was no standardization of
PNB type or dose and no comparative groups. Furthermore,
there were conflicting findings among the case reports ana-
lyzed for this review. Given these limitations, no conclusions
can be drawn about the safety of utilizing regional anesthesia
in patients with long bone fractures. The great variability in
patient demographics, injury mechanisms, and fracture loca-
tion and morphology make it difficult to recommend the use
of regional anesthesia in general practice, particularly when
the potential consequences of missed ACS are so significant.

An understanding of these cases provides an initial frame-
work for the use of PNBs in orthopedic trauma patients with
long bone fractures. At this time, regional anesthesia should
be administered to patients with long bone fractures only in
a strictly controlled research environment. In this setting, the
Idea, Development, Exploration, Assessment, Long-Term
(IDEAL) study framework can be utilized. The IDEAL
framework was developed to describe how evidence for a
new interventional innovation could be optimally created,
with emphasis on the stages of development, the charac-
teristics of each stage, and the study design types that cor-
respond to each stage [46]. Given the evidence analyzed
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for this systematic review, the use of PNBs for orthopedic
long bone fractures is in the early development stage (2a),
in which a single-center case series with described modi-
fications would contribute significantly to furthering the
understanding of the safety of this practice. If such a study
were to be performed, it would be prudent to utilize com-
partment pressure measurements in addition to monitoring
for clinical signs of ACS to avoid a delayed diagnosis in
atypical presentations of ACS. There is precedent for this in
the literature, as Hatz et al. have used compartment pressure
measurements, either via the Stryker system or the arterial
catheter method, to guide the need for operative fasciotomies
in cases of ACS [47].

While further research should aim to perform a case
series with compartment pressure monitoring in a controlled
setting, there is presently insufficient evidence to support
the safety of regional anesthesia in the setting of orthopedic
long bone fractures at risk for ACS. If PNBs are utilized, the
surgical team should be hypervigilant about atypical presen-
tations of ACS and have a high index of suspicion for ACS
should symptoms arise.
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