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Abstract

Various anesthetic techniques including local, regional, and general anesthesia have been utilized for ambulatory arthroscopic knee surgery.
The choice of anesthetic technique for this surgical procedure can have a significant impact on postoperative recovery, side effects, and
patient satisfaction. The objective of this randomized, prospective study is to evaluate the efficacy of utilizing either intraarticular (1A) local
anesthesia or general anesthesia (GA) for patients undergoing outpatient arthroscopic knee surgery. Patients assigned to the local anesthes
group were administered an IA injection of 30 mL of bupivacaine 0.25% approximately 20—30 min before surgery. Intraoperative sedation was
provided with the administration of propofol. Patients assigned to the GA group were administered propofol and fentanyl for induction and
maintained with sevoflurane combined with nitrous oxide in oxygen by laryngeal mask airway. The surgeon injected 30 mL of bupivacaine
0.25% through the arthroscope at the completion of the surgical procedure. This study demonstrates that IA anesthesia provides for improved
pain relief, decreased postoperative opioid use, postoperative nausea and vomiting (PONV), time spent in the recovery room, and improved
patient satisfaction with similar operating conditions comparable to general anesthesia in patients undergoing outpatient arthroscopic knee
surgery. Although both groups received a similar dose of IA bupivacaine, administering the local anesthetic prior to surgery resulted in more
effective analgesia. We currently believe that intraarticular local anesthesia fulfills all the criteria for the optimal anesthetic technique for
outpatient arthroscopic knee surgery.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction potential for improved postoperative analgesia, faster recov-
ery times, and decreased incidence of side eff@ets]. A
The optimal anesthetic technique for ambulatory arthro- variety of regional anesthetic techniques have been described
scopic knee surgery should be technically simple to admin- for outpatient arthroscopic knee surgery. Peripheral regional
ister, have minimal side effects, provide for rapid onset with techniques have included instillation of intraarticular (1A)
a high success rate, allow for a timely discharge, be inex- local anesthetic§?,3,7-23] combined psoas compartment
pensive, and provide postoperative analggki8]. General and sciatic nerve block24], and femoral three-in-one nerve
anesthesia (GA) may be associated with a higher incidenceblocks [2,14,25] Central neuraxial nerve blocks have in-
of side effects and unanticipated hospital admissions aftercluded spinal, epidural, and combined spinal—epidural anes-
outpatient surgerj4]. Regional anesthesia may be more thetic technique§l,22,26-28] Due to concerns about pos-
preferable for ambulatory surgical patients because of thesible back pain, spinal headache, transient radicular irrita-
tion, and prolonged hospital discharge, we no longer perform
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equate anesthesia, they take considerable time to performtion of the trochar and then as an IV infusion at a rate of
have a high failure rate, and many anesthesiologists are notl0-100ug kg—* min—1. Opioids were not a component of
familiar or comfortable performing thef@9]. Furthermore, the intraoperative sedation. During the surgical procedure,
the use of a femoral three-in-one block was shown to be no patients were asked to rate their pain on an 11-point verbal
more efficacious than the IA administration of local anesthe- rating scale (VRS) pain score, with O corresponding to no
sia following outpatient knee arthroscofj. At our insti- pain and 10 the worst imaginable pain. Intraoperative assess-
tution, arthroscopic knee surgery has been successfully perment of pain was performed every 10 min or when the pa-
formed with IA local anesthesia (LA) for over a decade. For tient experienced a painful event. If the intraoperative VRS
those patients refusing an IA local anesthetic block, we cur- was >3, 5mL of lidocaine 1.0% was injected through the
rently offer the option of general anesthesia. This study was arthroscope. If the pain persisted, IV fentanyli2abcould be
designed to prospectively evaluate general and IA local anes-titrated to a total dose of 2g/kg. If pain persisted despite
thesia in patients scheduled for outpatient knee arthroscopythese measures, patients were converted to general anesthe-
by comparing postoperative pain, incidence of side effects, sia.
surgical operating conditions, discharge times, and patient Patients assigned to the GA group were administered
satisfaction. IV propofol 2mg/kg and fentanyl 1,og/kg for induction.
General anesthesia was maintained with 0.5-2% sevoflurane
(end-tidal concentration) combined with 60% nitrous oxide
2. Materials and methods in oxygen by laryngeal mask airway. The surgeon injected
30mL of 0.25% bupivacaine with 1:200,000 epinephrine
Following approval by our local Institutional Review through the arthroscope at the completion of the surgical pro-
Board, written informed consent was obtained from 104 pa- cedure.
tients scheduled to undergo elective diagnostic or operative  After surgery, patients were admitted to the Phase |
arthroscopic surgery of the knee by a single surgeon (JS).postanesthesia care unit (PACU). Patients were transferred
By the use of a computer-generated table of random num-to the Phase Il ambulatory surgical unit (ASU), after achiev-
bers, patients were allocated to receive either GA or IA local ing a modified Aldrete scorg80] of 10. If patients achieved
anesthesia. a modified Aldrete score of 10 before leaving the operating
All patients were premedicated with intravenous (IV) room, they were admitted directly to the Phase Il ASU. Pa-
midazolam 0.035mgkgt. A standard three-portal arthro- tients were discharged home from the ASU after achieving a
scopic technique was used for surgery. Before incision, postanesthetic discharge scoring system (PADSH)score
10-15mL of 1.0% lidocaine was used to infiltrate the >9. While in the PACU, patients received incremental doses
skin, subcutaneous tissue, and capsule at the portal site®f fentanyl 25.9 IV every 5 min for a VRS>3. Side effects
(3-5mL in each of the three portals) in both study groups. including postoperative nausea and vomiting (PONV) were
A tourniquet was not used for any of the surgical proce- recorded. Odansetron 4 mg IV was administered for nausea
dures. lasting longer than 5 min, on patient request, or when vomit-
Patients assigned to the local anesthesia group were ading occurred. All assessments (pain, time to oral intake, nau-
ministered an IA injection of bupivacaine by one of two sea, vomiting, Aldrete, and PADSS scores) were recorded by
anesthesiologists (SSR or SBG) in the preoperative hold-anindependent nurse-observer (HM) blinded to the analgesic
ing room approximately 20—-30 min before surgery. After a treatment group.
sterile preparation was performed, an 18-gauge needle was At the completion of surgery, the primary surgeon (JS)
used to inject 30 mL of bupivacaine 0.25% with 1:200,000 was asked to assess surgical operating conditions on a five-
epinephrine through the superolateral portion of the knee. pointscale (1: excellent, 2: very good, 3: good, 4: moderate, 5:
Presence of anesthetic solution within the knee joint was unacceptable). Postoperative pain scores, both at restand with
confirmed by one of several methods. If an effusion was movement, were assessed using an 11-point VRS at 30 min,
present, it was aspirated, ensuring correct IA placement of 60 min, and 24 h after surgery. Pain scores with movement
the needle. If no effusion was present, free flow of local were recorded immediately after the patient actively flexed
anesthetic was sought by palpating the flow of fluid along the operative knee to 90
the medial gutter. If resistance was felt, the injection was  Patients were instructed to take 1-2 acetaminophen
identified as going into the fat pad or IA soft tissues, and 325 mg/oxycodone 5mg tablets, every 3h as needed for a
the needle was redirected. After IA injection, the knee was VRS> 3 while athome. Patients were contacted by telephone
flexed three or four times to achieve an even distribution 24 h after surgery by the same blinded investigator (HM), and
of the local anesthetic. Intraoperatively, intravenous seda-were asked about their pain score, time to first analgesic use,
tion was titrated throughout the procedure in accordance to24-h total use of analgesic tablets, incidence of nausea and
the patients’ wishes and comfort. Some patients preferredvomiting, and to estimate their overall satisfaction with the
to be awake enough to watch the video monitor, whereas entire perioperative experience on a five-point scale (1: very
others preferred to be more sedated. Propofol was adminis-satisfied, 2: satisfied, 3: somewhat satisfied, 4: unsatisfied, 5:
tered in a bolus dose of 20 mg immediately prior to inser- very unsatisfied). Analgesic duration was defined as the time
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from completion of surgery until the first postoperative use
of fentanyl or acetaminophen/oxycodone.

2.1. Statistical analysis

Demographic data and times (duration of procedure, time

to discharge, time to oral intake, and analgesic duration) werePostoperative VRS

assessed by analysis of the variance. Pain scores, patient sa

isfaction, surgical operating conditions, amount of postoper-
ative analgesics, and odansetron use were analyzed by th
Kruskal-Wallis test. The incidence of nausea and vomiting

were evaluated by contingency analysis and the chi-square 24h (movement)

test. If a significant result was obtained, the Mann—Whitney
U-test was performed to determine between which groups

there was significance; a Bonferroni adjustment was madeNause&

for multiple comparisons. Significance was determined at the
P<0.05 level.

3. Results

Of the 104 patients accepting randomization, four were
excluded from analysis (one required open arthrotomy, one
required overnight admission because of IA bleeding, and
two for protocol violations). There were no significant dif-

ferences among the two study groups with respect to age, sex

weight, duration of surgery, or surgical proceduriat(e J).
There were no differences in the surgeon rating of intraoper-
ative surgical conditionsT@ble 9 between the two groups.
No patient in the 1A local anesthesia group required intraop-
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Table 2
Surgical outcomes
IA local General P-value
anesthesia  anesthesia
Number 50 50
Intraoperative VRS 2 (0-4) 0 (0) <0.05
t- 30 min (rest) 1(0-2) 3(2-5) <0.05
30 min (movement) 2 (1-4) 4(3-8) <0.05
60 min (rest) 1(0-2) 3 (2-6) <0.05
€ 60 min (movement) 2 (1-4) 5(3-9) <0.05
24 (rest) 2(1-3) 2 (1-4) NS
3(2-5) 3 (2-6) NS
PACU fentanyl usey(g)? 040 25.5+36.2 <0.001
24h Percocet use (taBis) 46+1.2 6.1+ 1.1 <0.05
1(2) 19 (38) <0.01
Vomiting® 0(0) 8 (16) <0.05
Odansetron use 0 (0) 10 (20) <0.05
Time to oral intake (mirP) 9.24+2.1 59.14+12.6 <0.01
Phase | PACU stay (mif) 0+0 48.7+11.3 <0.001
Phase Il ASU stay (mif) 58.1+12.2 138.5:24.1  <0.01
Actual discharge time (mif) 112422 198+ 36 <0.01
Analgesic duration (mi) 310+42 64+ 12 <0.001
Surgical conditions? NS
Excellent 41 (82) 45 (90)
Very good 7 (14) 5(10)
Good 2(4) 0(0)
Patient satisfactidif <0.05
' Very satisfied 35 (70) 16 (32) <0.01
Satisfied 12 (24) 15 (30) NS
Somewhat satisfied 3(6) 19 (38) <0.01

2 Data are presented as median (range).
b Data are presented as mea.D.

erative fentanyl or conversion to general anesthesia. Fourteen © Values are numbers and percentage@f)]; IA, intraarticular; PACU,

patients (28%) in the IA local anesthesia group required an

Table 1
Patient demographics and surgical data

IA local General
anesthesia anesthesia

Number 50 50
Gender (M/F) 29/21 33/17
Age (year) 41412 44+ 16
Weight (kg) 79+ 15 81+ 16
Type of surgeryf)

Partial medial meniscectomy 19 16

Partial lateral meniscectomy 6 5

Chondroplasties 5 7

Loose body removal 5 6

Diagnostic arthroscopy 4 2

Lateral release 3 4

Medial meniscal repair 3 5

Lateral meniscal tear 2 3

Synovectomy 2 2

Plica excision 1 0
Duration of surgery (min) 2%7 24+6
Propofol use (mg) 58.&20.1 170.3:69.8
Fentanyl (1g) 0+0 127.5+52.3

Data are presented as meas.D.;n, number in each group.
* P<0.001.

ostanesthesia care unit; ASU, ambulatory surgical unit.
d Graded from 1 (excellent) to 5 (unacceptable).
€ Graded from 1 (very satisfied) to 5 (very unsatisfied).

p

additional IA injection of local anesthetic because of an intra-
operative VRS pain score3. Pain scores in the immediate
postoperative period were significantly lower, both at rest
and with movement in the IA groupréble 2. There were

no differences in pain scores 24 h after surgery. Significantly,
more patients required the administration of fentanyl in the
PACU or acetaminophen/oxycodone use in the 24 h follow-
ing surgery Table 2. Patients in the GA group had a higher
incidence of PONV, antiemetic use, and longer time to first
oral intake compared to the 1A groupgble 2. All patients

in the 1A local anesthesia group achieved a modified Aldrete
score of 10 after leaving the operating room and were admit-
ted directly to the ASUTable 2. These patients spent less
time in both the ASU and were discharged from the hospi-
tal sooner than patients receiving GAaple 9. Analgesic
duration in the IA local anesthesia group was significantly
longer compared to patients in the GA groiiplfle 3. More
patients in the IA group reported higher satisfaction scores
with their entire perioperative care compared to the GA group
(Table 2.
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4. Discussion beneficial in facilitating the explanation and understanding
of their pathology. In addition, since functional performance
Arthroscopy of the knee joint is one of the most com- of the knee is not altered after IA anesthg8#, the retained
monly performed orthopedic surgical procedures performed ability of the patient to voluntary move his or her knee during
in the United States. In an attempt to decrease cost, an in-the procedure allows for dynamic evaluation of the knee and
creasing number of these procedures have been performegatellofemoral joint$20].
over the past decade on an outpatient basis. The choice of Another factor, which may affect surgical conditions, is
anesthetic technique for outpatient arthroscopy can have ahe injection technique utilized for the IA administration of
significant impact on postoperative recovery, side effects, local anesthetics for arthroscopic knee surgery. We have ob-
and patient satisfaction. Local anesthetic techniques fulfill served that a minimum IA volume of 20—30 mL of bupiva-
many of the requirements for the ideal ambulatory anes- caine injected at least 20 min before surgery is necessary to
thetic techniqug32]. Although IA local anesthesiais amore produce adequate surgical conditions. This wait is necessary
cost-effective techniquil 9-21] many institutions continue  to insure that the local anesthetic is well absorbed by the
to utilize general, spinal, or epidural anesthesia for arthro- synovium and capsule and will not be leached out by the ir-
scopic knee surgery. Some physicians have expressed conrigating fluids later. Further, the knee is then flexed three or
cerns about adequacy of surgical conditions for operative four times to achieve an even distribution of the local anes-
arthroscopy or certain patient populatiofist,22,33] Our thetic as described by other investigatfir]. Alternatively,
present study revealed that a wide variety of knee proceduresothers recommend ambulating the patient with assistance to
could be successfully performed utilizing local anesthesia the operating room table to allow for adequate distribution of
with sedation. We found this to be a safe, practical, and reli- the local anesthetic prior to surgeiy1,18,21] In addition,
able technique that resulted in high patient satisfaction. Op- providing for a supplemental injection of IA local anesthetic
erative surgical conditions were rated very good to excellent during the operative period may provide for additional com-
in the majority of patients and similar to those patients re- fort[9,11,23] We found that 14 (28%) of patients in the local
ceiving general anesthesia. The majority of patients in the anesthesia group required an additional IA injection of lo-
local anesthesia group reported either no or mild (VAS) cal anesthetic to improve intraoperative analgesia and avoid
intraoperative pain. the use of either intraoperative opioids or general anesthesia.
In contrast to our findings, Swedish surgeons assessedSimilarly, Eriksson et alf11] reported that 22% of patients
“technical difficulties” and patients’ pain as “more intense” undergoing arthroscopic knee surgery required an additional
with the use of local anesthesia compared to spinal or gen-|A injection of local anesthesia and none required conversion
eral anesthesia for arthroscopic knee surd2g]. The rea- to general anesthesia.
sons for the improved surgical conditions observed in our  |A anesthesia also provided for enhanced perioperative
study may be several-fold. Firstly, it has been observed thatanalgesia while obviating the need for intraoperative ad-
the “success of local anesthesia/sedation techniques is alseninistration of opioids or general anesthesia. Utilizing a
dependent upon the skills of the surge¢®]. Some ortho-  non-opioid analgesic technique for ambulatory surgical pro-
pedic surgeons believe that there is a larger “learning curve” cedures may be associated with an improvement in out-
[18] and that a greater degree of expertise with more “metic- comes and patient satisfactif®5]. The use of large doses
ulous attention to technical detail§16] is required when  of opioids during ambulatory surgery can be associated with
local anesthesia is used. Excessive varus and valgus manipan increased incidence of postoperative complications (e.g.,
ulation of the knee under local anesthesia should be avoidedPONYV, ileus, pruritus, urinary retention, sedation, and respi-
since this can produce significant intraoperative [pa4. In ratory depression), which in turn, contribute to a prolonged
contrast to our surgeon (JS), the Swedish surgétishad stay in the same-day surgery facility or to unanticipated hos-
varying experience from the resident to consulting level. Sec- pital admission$35]. Further, the intraoperative use of large
ondly, the two prospective studifist,22]that revealed better  bolus doses or continuous infusions of short-acting opioid
surgical conditions under general anesthesia, failed to admin-analgesics may actually increase postoperative pain as a re-
ister intraoperative sedatives for those patients assigned tosult of their rapid elimination and the development of acute
receive local anesthesia. The use of sedation with local anestolerance and hyperalgeg@6—38]
thesia has been showntoimprove both patient satisfactionand  We believe the use of IA local anesthesia for arthroscopic
arthroscopic operating conditions (reduces anxiety and mus-knee surgery provides for the ideal non-opioid analgesic tech-
cle spasm) compared to local anesthesia glble Although nique. This technique provided for enhanced postoperative
intraoperative sedation is beneficial, we are in agreementwithanalgesia, decreased PONV and recovery times, and higher
other investigator§l6,17,19]that the patient should not be patient satisfaction when compared to general anesthesia.
oversedated. Our study utilized minimal intraoperative doses None of the patients in the IA group required either parenteral
of propofol (< 60 mg) for the duration of the surgical proce- or oral opioids in the PACU compared to 100% of patients
dure. This provided for optimal surgical conditions while still in the GA group. Although both groups received a similar
allowing patients the opportunity to view the video monitor. dose of IA bupivacaine, the timing of local anesthetic admin-
We have found that allowing patients to view their surgery is istration may have contributed to the difference in analgesic
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efficacy. Patients in the IA group were administered bupi- [6] Mulroy MF. Regional anesthesia: when, why, why not? In: Wetchler
vacaine 20-30 min before surgery, whereas those in the GA BV, editor. Outpatient anesthesia. Philadelphia: JB Lippincott; 1988.
group received an IA injection at the conclusion of the arthro- __ P- 82-91. -

. . . [7] Augustine RW, MacAusland WR, Greenwald WF. Local infiltra-
scopic procedure. The enhanced gnalgesm eﬁeCt in the IA tion anesthesia for knee-joint surgery. J Bone Joint Surg Am
group may be related to a preemptive analgesic effect of 1A 1955:37:855-8.
bupivacaing39]. We have previously demonstrated that IA  [8] McGinty JB, Matza RA. Arthroscopy of the knee: evaluation of an
bupivacaine is a more effective analgesic when administered out-patient procedure under local anesthesia. J Bone Joint Surg Am
prior to rather than at the conclusion of arthroscopic knee _ 1978:60:787-9. .

. .. . . [9] Pevey JK. Outpatient arthroscopy of the knee under local anesthesia.

surgery[40]. AIternapver, the IA adm|n|strat|on of bupiva- Am J Sports Med 1978:6:122-7.
caine at the conclusion of arthroscopic knee surgery may haveg] Ngo 1U, Hamilton WG, Wichern WA, et al. Local anesthesia with
not provided sufficient analgesia until well after the patients sedation for arthroscopic surgery of the knee: a report of 100 con-
were admitted to the PACU. It has been demonstrated that  secutive cases. Arthroscopy 1985;1:237-41.
the optimal analgesic effect derived from bupivacaine is not [111 Erksson E, thggmark T, Saartok T, et al. Knee arthroscopy with

. . . L local anesthesia in ambulatory patients. Orthopedics 1986;9:186-8.
observed'tlmtll at Iea§t 20 min after its IA |nject|§39]. . . [12] Yoshiya S, Kurosaka M, Hirohata K, et al. Knee arthroscopy using

In addition to an improved analgesic effect, patients in local anesthetic. Arthroscopy 1988:4:86-9.

the 1A group demonstrated a significantly lower incidence [13] Martin RC, Brown DE, Zell BK, Lichtman DM. Diagnostic and op-
of PONV. This decreased incidence of PONV may been due erative arthroscopy of the knee under local anesthesia with parenteral
to the reduction in postoperative pain or perioperative use _ medication. Am J Sports Med 1989;17:436-9.

.. . . . [14] Fairclough JA, Graham GP, Pemberton D. Local or general
of OpIOIdS, both of which ?re known to.be mdgpendent rI_Sk anaesthetic in day case arthroscopy? Ann R Coll Surg Engl
factors for PON\f41]. The improved perioperative analgesia 1990:72:104—7.
and decreased PONV may have contributed to the earlier[15] Fruensgaard S, Johannsen HV. Outpatient arthroscopy of the knee
discharge times and improved satisfaction scores observed under local anesthesia. Int Orthop 1990;14:37-40.
in the 1A group. Inadequate pain management and PONV [16] Yacobucci GN, Bruce R, Conahan TJ, et al. Arthroscopic surgery of

. the knee under local anesthesia. Arthroscopy 1990;6:311-4.
are tV\{O_ of the mOS.t CF’mmon reasqns for del.ay?d dISCha.rge’[l?] Wertheim SB, Klaus RM. Arthroscopic surgery of the knee using lo-
unanticipated admission, and hospital readmission following cal anesthesia with minimal intravenous sedation. Am J Arthroscopy
ambulatory surgerfd]. Further, increased PONV has been 1991;1:7-10.
associated with significantly decreased patient satisfaction[18] Small NC, Glogau Al, Berezin MA, Farless BL. Office operative
following surgery[42]. arthroscopy of the knee: technical considerations and a preliminary

. . . . . analysis of the first 100 patients. Arthroscopy 1994;10:534-9.
.ln conclusion, IA aneSthe.SIa er’Y'deS for 'mpro‘(ed pain [19] Shapiro MS, Safran MR, Crockett H, Finerman GAM. Local anes-
relief, decreased postoperative opioid use, PONV, time Spent’  thesia for knee arthroscopy: efficacy and cost benefits. Am J Sports
in the recovery room, and improved patient satisfaction with Med 1995;23:50-3.
similar operating conditions comparable to general anes-[20] Lintner S, Shawen S, Lohnes_ J, etal. L_ocal anesthesia in outpatient
thesia in patients undergoing outpatient arthroscopic knee knee arthroscopy: a comparison of efficacy and cost. Arthroscopy

Alth h both ived imilar d f 1996;12:482-8.
surgery. ough both groups received a simiiar dose OF 151} rjeshmann HW. Knee arthroscopy: a cost analysis of general and

IA bupivacaine, administering the local anesthetic prior to local anesthesia. Arthroscopy 1996:12:60-3.
surgery resulted in more effective analgesia. We currently be-[22] Jacobson E, Forssblad M, Rosenberg J, et al. Can local anesthesia be
lieve that intraarticular local anesthesia fulfills all the criteria recommended for routine use in elective knee arthroscopy? A com-

parison between local, spinal, and general anesthesia. Arthroscopy
2000;16:183-90.

[23] Hultin J, Hamberg P, Stenéim A. Knee arthroscopy using local
anesthesia. Arthroscopy 1992;8:239-41.

[24] Farny J, Girard M, Drolet P. Posterior approach to the lumbar plexus
combined with a sciatic nerve block using lidocaine. Can J Anaesth

for the optimal anesthetic technique for outpatient arthro-
scopic knee surgery.
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