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ABSTRACT 
This sllIdy ,\'{jj ili!signed 10 I/s~ess Ihl? olilcOllle of forearm lourniqllel ill comparison 10 liPPe' /" (/1111 

tOllmiqllel dllrillg illtnll'ellOllS regiollal (llIesthesia (IVRA) fur hlllld slIrg('/)'. (lnd to evaluale the pO,I'"ih ilit\ , 
oj tullleillg Ihf dos(' oj xvlocail1(' IIsed in cunjllliClio/i wit It for('(/rm /{)u/,lliquet , Tlli: sllltll ' illelllded f}() 

fiilticllts 1I11t,coled illlo Ihree equllI grollps: GrollPS A lind B n:ceil'ed JIJ 1111 of (), 7 % xvloclII/ie ,11th 
tOlmlii/lI;!t applied (d IIpper ({rm or (It jore([i"lII , respectively aMi Gruup C rcceived 20 /111 oru. 7,}';; XyIOt'liliiC 
wilh iOT('({rm lOlImiqlll?i. Alillimil/II tUlIl'Iliqllel lime was assigned to be 20 mi,lIIt(!s in g/'{jIlP A (1/1(18 (/iid at 
ill(' ('lid u/sllrglcIIIIJlOcedlln: ill grollp C. SlIrgical site ({lid tOllmiqllel (lain !Vere evalli{jfed 1I,I'III,\!,/iJ/ir' /I:'inl 
l'<,r/iUl analoglle sC(lle (VbAS), dryness and ,·isii>ility of Ihe operalive )lelt! /lsillg Fml/llli/: s('aie lIild 
l.lostapel'lI;I Ve pall1 IIslIrg visllal (lnaloglle scale (VAS), DII/'alion ofpo,HupentliH' {//wlgc.Ha W,iS ('slilllll/nl 
starling Of lillie of 101Imiqllei def latioll lill .Ii!".')1 reqllesled fo;' rescue alla/.p;esia , l'welll)1 pmieMs Iwd 
dllr(ltion o/slIrge/)' < 20 mil1//lI!.I, IIiJiVel 'C'r 101i/niqllef ('ollld be removed ol/Iy ill 8 pmielll'i ;n W I)IIP C Ti/,/( ' 
1111 1I1I,\'el Or, lii'g ienl al/esthesin showed a I/on-siglll)lcant tlUlereTice betm'el/ the Ih,'ee ,1!;t'IJUpS rleseile /wi,I,I.; 
shorter in g,oup B, There was a significant redllction of intensity and /requeilc,l' of 1lIlIl'I1iqll('t plIill il1 
grollps Band C in cUllipurisoll 10 group A. with a non-significanl decrease in grOllp B, Wetnes.l oj'lhl' 
,I II rgicoIjidd was reported in unly J patienis wllhforearm lourniqllet but all surgeons l1'ere sllil.~fi(>d b, ' rhe 
('Xlellt 0/ jIll' surgical jiled dryness throlighoul the lime of surgery in all cases, 1VRA IIsillg /1111 dose III 
-,ylocaille i)l'Ol'irlf:d sig/lljiCiilltly (p<U,U5) pro/ullged pO~/ope/'(/live (In(llge,\;11 C()III/AIII!t! {() IIsa,!.;<:' ()j,~dllced 

duse irreSpecti ve of the sile of Ctppliclition of tOllrniqllet. No local or ~ys/elili(' side eileus relmed 10 Ihe 
/VRA lien:' "h"e/" J('t/. 11 cUllld he CUIlc/lliled Ihal the /lse 0/jurellrm lOurniqllet daring I VRA SII/ef)' e!tllbles 
III I edilce Ihe dose :1/ ilsed local allf'slhelic OI1t1I()Ul'IliIIUC'( lime and provitle SlIiis/Clclol), bloodh',I 'i .I'lI,-giwl 
jliAtI during hand ,'ilIrgefJ', bUi with short duration I/ pnsloperative analgesia , 

INTRODUCTION 

It is well tstablishecl that most sllrgerie ~ :It 

the \vrist add forea 'rm are perfllrmtd lIsi'ig a 
tourniquet to minimize blood loss and are carried 
upon under either general anesthesia, local 
infiltration either alolTe or combined WIth 
sedation, IV regional anesthesia or brachial 
pltxus blocks , (I). 

Intravenous regional anesthesia is an 
effecti ve method of pro"iding anesthesia for 
;:xtremity surgery. wilh ploblished success rates 
rallgillg from 9<;'1.) to 98%, Although the,e may 
I;e serious complications of local anesthetic 
toxicity associated with the technique, there are 
few reports 'of problems in the literature. (2). 

Exsanguinations of the limb pno. to 
oumiquet i,lt1ation decreases the amount of 

blood distal to the cuff and this reduces blood in 

the '>urgical fieid alld may limit peJk pl~ s m<l 
leve ls of local anesthetic when fhl' cu fT is 
deflated, IJI , Most tOlll11iquet-relaled l11(lrbldllY 
occurs as a result of equipment maifull cti on, 
Proximal' limb placement (thigh or lIppel allll) is 
preferred because hlrger amounts of tissue and 
musCle protect nerves fmm potential tralIma, 

Placement below the elbow or ,knee in vites a 
higher risk of complic<ltions and is discouraged 
by some authors , Limited information IS 

aV<lilable comparing distal to pro'(imal pl<lceme'-It 
<lnd incidence of complications, (4) 

However, tourniquet application had certain 
limitations mainly toulTJiquct rain th"t n1<ly :Irise 
from ischemia of peripheral neurons or 
nociceptors distal to 101Imiquet. or from nerve 
fiber <I tivation directly under it. agair, bec<luse 
ischemia. FLlilhennore, mcc hanieal ti'Cwma and 
tissue iscil-:mia under or distal to tOLimiquet lead 
to release of inflammatory mediators and thus 
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and/or aggravate tourniquet pain, (5). 

Moreover, deflation of a leads to 
release of blood with low and and 
lactate and K+ leading to corresponding changes 
in values in addition to hemodynamic 
changes between mild to moderate 
changes with a transient fall in 31terial 
pressure, (6) these could be 
reduced with short toumiquet time and the use of 
minimal inflation pressure, (7). 

The objectives of this was to assess the 
outcome of proximal placement of tourniquet at 
forearm in to the traditional upper 
ann dUling lYRA for hand surgery, 
and to evaluate the of the 

used in conjunction with 
foreann 

PATIENTS & METHODS 

ThiS prospective, comparative 
study was conducted on 90 patients to 
undergo minor hand operative 
IVRA. Patients with known allergies 
anesthetics, extensive hand trauma or intolerant 
to pain were excluded off the study. 
AII were perfOlmed the s'ame 

team. 
The study was conducted at Madienat Zaied 

Hospital, Abu Dhabi and 65 males 
(72.2%) and 25 females with mean age 
of 37.7±1O.1; range: 22-55 years. Patients were 
randomly allocated into three groups 
patients, each): 
Group A: comprised 20 male and 10 

female patients to 
receive lYRA using 30 ml of 0.7% 

with tourniquet applied at 
upper ann above the elbow joint. 

GroUI) U: 22 (73.3%) male and 8 
female (26.7%) patients to 
receive IVRA using 30 ml of 0.7% 

with tourniquet at 
fore amI. 

Group C: comprised 23 (76.7%) male and 7 
female (23.3%) to 
receive lYRA using 20 ml of 0.7% 

with tourniquet at 
foreann. 

Two intravenous cannula were applied, one 
in the for administration of 

the study solution and the other in the 
contralateral for administration of 
necessary medications or fluids when indicated. 
When necessary, received midazolam, 
up to 3 mg, for sedation and relief of 
apprehension; however, no or 
were After application of routine 
monitors, a double tourniquet was positioned on 
the upper ann in group A and at 
foreann in groups 13 and C. 

The. operative extremity was AV<'''m~' 
maintained elevation and intennittent """"'~'"7HlV 
for few minutes and the hand and foreaml was 
wrapped with Esmarch Then, the 

tourniquet was inflated to 250 torr and 
Esmarch bandage was removed, 
isolation of the site was con finned by 
inspection of the hand and absence of radial 

Then, lYRA solution for each 
group was injected intravenously through the 
cannula applied in the operative 

Four point verbal scale (VbAS): 
none mild ), moderate (=2), and severe 

was used to detennine the onset of 
anesthesia, pin-blick test every minute and 
to evaluate the degree of tourniquet Pflin evelY 
10 min during the operative After 
onset of surgical anesthesia, the distal tourniquet 
was inflated and the proximal was deflated. ]\;0 

treatment for tourniquet pain was offered, 
The maximum allowable tourniquet time was 

either the end of surgery or elapse of 60 minutes; 
whereas the minimum time was 20 
minutes in group A and B, but was assigned to 
be the end of procedure and wound 
dressing in group C without minimum limit. A 
two-stage deflation was whereby the 
cuff is deflated for 10 seconds and reinflated for 
I minute before the tinal release so as to allow 
for a more gradual "washout" of local 
anesthetic, (8). 

The dryness and visibility of the 
field was evaluated using Fromme scale, (9) 

where: O=no bleeding, 1 oozing and gauze 
use was not necessary, bleeding and 
sometimes blood has to be dried, . tow 
bleeding, blood has to be often dried and 

field is visible for some seconds after 
gauze removal, bleeding but surgery 
is hardly possible. 

After of tourniquet, postoperative 
was ass:es>;ea. every 20 min for I-hour and 
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every 30 minutes fo · 2 ho rs; using visual 
a la\ogue scale (a 00 mm· a le. ~ith "0" 
mdic ring no pam ad" I 0 " indicat ing worst 
p In ver), if VAS was ;:::40, 1M injectio of 
declophenac sodium (75 mglml; 3 m i ampo Ie) 
was given. The duration of postoperative 
analgesia as estimate starti g at time of 
lu i uet deOatio till patient equested for 
rescu analgesia and n mber of patien 
request i g analge ia at each 'me 0 

determinati on of VAS were reported. 
D' ta ere analyze using Studen 1 test and 

Chi- quare lest. Statisucal nalysis w 
conducted usi g the SPSS (Version \ 0, 2002) for 
Wmdows statistical package. P alue <0.05 was 
considered st tistically sign ificant. 

RESULTS 

Patients chara ten s . C$ and surgical da 
were p ented in able (I) and showed non· 
significant (p>O.05) difference between both 
groups. The mean duration till onset of urgieal 
Ite anesthe ia howed a non-signi fi cant (p>O.OS) 

difference between the three groups despit 
oe' g shorter in group B compared to that 
rec r d In gre ps A an C, (Fig. 1). The ea 
duran on f surge as I ±8, range: 15-45 
ml utes WIth a on-significant (>0.0) 
difference between the three groups. Twent 
p3ttents 22.2% had dur tion of Sl rgery <20 
minutes, 5 patients in group A, 7 i group B and 

patients i gro P C, owever to rniquet coul 
only be removed ill group . 

The applica ' on of foreann toumiq et 
reduced the fre en y and intensity of t miguet 

am m ompanso to u per-arm toumiq et No 
p tient omplal ed of sever tourniquet p in . 
all gro s and no patient in groups Band C 
co tplai ed f moderate tourn iquet pain, willie 6 
palients in group A had moderate ai . 
Moreover, up to 30 nun oumiquet time, t ere 
\"as significant ducti n in the number of 

2piltieil ls wi h mild pain i grot ps B (X =6.506, 
p:=() 0 I) alld C ( '2=4 58! , p<O.05) in compari on 
to gronp A with a non-significant (X2=O.958, 

p> .05)· difference etw en groups Ba d ~ bllt 
in favor of group B. Twelve panen h· d 

uration of surgery for ~40 mi; palien s 111 

fo rearm groups st ill had no tourniquet pain and 4 
had mild pain, )i le in upper arm group. 3 
p lients ha mil and 2 had moderate tourniquet 
pain, ( able 2 . 

We s of the surgical ti I wa report d in 0 

nly 3 patients with forearm t um iQu t but did 
not requir the use of spo ge to d t, 2 as~- i 
group B nd one case in g roup , but no - e in 
group A had s rgie ! fi e l witne . A II rg 'om: 
were atisfied by the extent of the surgi c~ 1 filld 
dryness throughout the li me of urgery il1 .1 I 
cases . 

. rYRA u ing full osc of xylocai (grOllI' " A 
and B) prov ided sign ' I an tly _ <0.05) prulongc f 

postoperative analgeSia as j udged by the d tion 
ti II request of first rescue pos toper bYe anal 'sia 
(V A~40) in comparison to group [h~[ 

received the reduced dose of xylocame. 'with ::: 
non-sign ific n (p>O.05) r 10 gJtio f dura n 1 

of analgesi in favor of group B, ( abl 3. rig. 
2). Only 5 pati nts ( \6.7%) i group req Ie ·ted 
rescue analgesta (VA"~40) vi 'n the lirsl 
postoperative hour. 60 lin . !~ 
postoperatively, 20 pati ent ( 6.7%) in gr II 1 

w 1\ e5 allen (16.7%) tn group Aan ( Ci" 
gr up B re uested fo > cue analgesi ii At 11u 

ut s postoperati Iy, a ll p ti nIl. I gr up , 
wh'le 26 patients (86.7%) In group and 9 

tielllS 63.4%) requested selle analgesia. AI 
150 minutes postoperatIVely, 4 arients (1 3.3%) 
I. group A and 7 patients (23.35%) in group B 
request escue analgesia; "hereas the rem!l1nrng 
·f patients (1 3.3%) in gr up equired an Ig ia 
at 180 in tes post peratlvely. The \".1 ' \ 

Signifi cant d crea o f 0 patllnl 
reque ting resc e analgesl<i arly dunng; 
postoperative peno in gr up X2

: 5 4 
p<O.05-) and B (X~ .7, p< 5) in comp. riso to 
gro P C with a non-signifi nt differen " 10 
favor of group B, (TabI 4, Fig. 3). All patl . IS 
reeeiv rescue an Igesi on ly 0 ce at lime 01 
req lest. here was 10 al 0 systeml- side 
effects r lated to he IV. A were b TV d. 
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Table (1): Patiellts' c/taracteristics 

- I Group A
Parameter 

( n=30) 
I Group B I 

(n=30) I 

Group C 
(n=30) 

Age (vears) 37.5±9.6 (23-55) 41 .1±10.2 (23-55) 
22:8 

37Jl. 1 0 .6 (22-52) 
23:7 

I 

Sex,l\l:F 20: 10 

Operative 
procet/ure 

Carpal T 14 (46.7'Yo) 13 (43.3 % ) 1 I (36.6% ) 
Tel/ol, ·.Hs 4 (133% ) 6 (20% ) 5 (16 .7%) 
CallgllOlI 8(26.7%) 7 (23A%) 9 (30%) 
Plastic 4 (13JOIr, ) 4(13.3%) 5 (16.7%) 

Onset of surgical anesthesia _~ . 7± 1.2 (25-5.5) 3.3±0.9 (2-4.5) 
3\.7 : 9.2 (15-45) 

3.8±1.3 (2.5-5 5) 
30A:::8 ( 15-4 1 ) Duration of sur~ery (min) 30.8±9 (15-45) 

Number of patients with 
duration of surger\' <20 min 

5 (16 .7%) 7 (23.3%) 8 (26.7% ) 

Dlltll lire presel/ted liS lIIellll±SD, IIII/Ilbers IlIIiI ratIOS, ranges & percelltages are 1/1 parelltlll/sis. 

Table (2): Patiellts' distributioll accort/iug to intraoperative verhal aualoglle scale Jor tollrniqllet paiu 

At 10 min At 20 min 
! 

At 30 min I At ~40 min 

Group 
A 

No 25 (83.3%) · 19 (63.3%) 7 (23.3%) 0 
Mild 5(16.7%) 10 (33.3%) II (36 .7%) 3 (10%) 

II/odemte 0 I (3A%) 3 (10%) 2 (6 .7% ) 
25 (83 3%)T deflated 0 0 9 (30%) 

Group 
B 

Nil 28 (93.3%) 23 (76.7%) 17 (56.7'X,) 2 (6.7%) 
Mild 2 (6.7%) 7 (23.3% ) 3 (10%) 1 (3.3 '';(, ) 

T deflated 0 0 10(33.3%) 27 (90%) 

Group 
C 

No 27 (90%) 20 (66.6%) 16 (53.4'Y; ,) I (3.3% ) 
Mild 3 (10%) 2 (6.7%) 4 (13.3 %) 3 (10%) 

T deflated 0 8 (26.7%) 10 (333%) 26 (86 .7%) 

Table (3): Postopemtive dllratioll ojanalgesia (II/inllle~) till first rell"est oJresclle aualgesia 

Group Mean±SD (range) Significance 

Group A 

Group B 

107±25.3 (60-150) P,=OOOJ 
P2>0.05 

120.8±27.6 (60-180) Pr =O. OOI 

Grou~ C 61 A±17.6 (35-95) 
Vl/li1l1re "resell/elf liS II/eal/±SD, ral/ges are /1/ parel/thesls 
PI: sigl/ijicl/llce verslls grollp C P1: sigllijicflllce verslls grOllp B 

Table (4): Postoperative pain visual analogue scale 

Time Group A Group B Group C 

40 min 0 0 5(16.7%) 

60 min 5(16.7%) 3 (10%) 15 (50% ) 

1)0 JIlin 15 (50%) 7 (23.35%) 9 (30%) 

120 min 6 (20%) 9 (30%) I (3.3% ) 

150 min 4 (13.3%) · 7 (23 .35%) 0 

180 min 0 4 (13.3%) 0 
Dallr art' presellted as Illlll/bers. percelltage art' 11/ parellthesls 
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DISCUSSION 

The resultant anesthesia after lYRA is 
produced by direct diffusion of the local 
anesthetic from the vessels into the nearb y 
nerves . lYRA is best used for brief minor 
surgery (up to I hour) of the hand and forearm . 
Its use for longer surgical procedures IS 
precluded by the appeamnce of the discomfort 
from the tourniquet. which limits the indications 
for its use. The main advantages of this 
technique are its simplicity and reliability. It s 
drawback is the lack of postoperative analgesia 
because the block quickly resol ves after release 
of the toullliquet, (10) 

Through the present study, time till complete 
surgical anesthesia showed a non-signi ficant 
difference between th e three groups despite th e 
Lise of reduced dose of xylocaine in group C. 

These result s agreed with Marsch et aI. , 1111. 
who compared lYRA uSing 40 ml of 
chloroprocaine 0.5% and 1% alld reported tlut 
the use of 1% lIon-significalltl y had earlier tlm c 
of onset of anesthesia but this beneficial cfi"ect 
should be weighed against a fourfold incre<Jse of 
systemic local anestheti c toxic ity. 

The obsen'ecl non-signiticant eli fferen ce 
between patients recei ved reduced dose '-Ilid 
those rece ived full-dose goes ill hand with 
Reubell et aI. , II~I, who reponed that the use of '-I 
10 rea I'm cuff for lYRA is a techllique that 
provides effective surgical anesthesia with a local 
anesthetic dose reduction of up to 30% 

Patients with forearm touilliquet h<Jd less pain 
scores comp<ned to those had upper <Jrm 
toumiquet with the difference being significant 
(p<0.05) only in patients who had toumiquet 
inflated for ? 30 mill and was non-significant 
(p>0.05) at 10 alld 20 min after stan of lYRA . 
These result s go in halld lVith Davis et aI. , 111) 
who reponed that application of forearm 
tourniquet durin g lYRA provides a more rapid 
onset of allesthesia and may improve the den si ty 
alld YU<Jlity of the block . Also, Peri<Js et aI. , ".) 
repor1ed that a forearm cuff is better tolerated 
than an arm toumiquet during lYRA and is also 
'-Issociated with lower pain scores. 

Moreover, the obtained results coincided with 
that observed by Delgado-Martinez et aI., (15) and 
Karalezli et aI., (16) who evaluated the results of 
lYRA with distal forearm loumiquet and 
repol1ed that it provides safe, rapid and effecti ve 

anesthesia for patients undergoing outpatient 
hand surgery. Bloodless surgical field was 
repOr1ed in 87 pati ent s~ only sli gh t oozing was 
reponed 111 only 3 patients with torearm 
toul11iquet but did not require the lise of sponge 
to dry it; fUl1hermOle . all surgeon s were satisfied 
by the extent of the surgical filed dryness 
throughout the time of surgery in all cases. These 
res ults agreed with th; lt reportl?d with th!.: use of 
forl?arm tourniquet h) Perbs ct ;11 .. ""'. Delgado
M;Jnincz et al.. '1<', ;lIld K;lraicz it et '-II .. , 1<" 

Duration of postoperati ve analgesia showed a 
significant (p<0.05) prolongation in groups A 
and [3 compared to gro u[l C \\ith ;J non
significant prolongation in gro up [1 compared 10 
group A. These re sults signified that th e 
[lostoperative anal ges ia [11"0\ ided hy a full-do~e 

of xylocaine was sll[lerior 10 Ihal pro\ Ilkcl hy tll <' 
reduced dose of ,\)- loc;lI lle IITcspecti,!.: or til ,' 
Iype of toull1iqu el used and agrel'd \\ Ilh Si nil ;l el 
aI. , '17', who rl'I'o rtt:d that dl "i p;tllt)1l of 
;lllcstJ, J.: tic cffe.: t 01 1\ '[1.. \ j" t: \r C:c' lL'd , 0011 after 
10u llllqU.... t dl:'ll .ltion but PLlS IOp ' r~ltl\C analg(; si;1 
is dll ~ ' depcn dent. i'v1 I)1Cll \ l·r. ObU lll cd Ie "ulb are 
in <]L'cordall c' c wII\1 'vlarsc h et al.. II \\'hor 

COIll[l;tll'd I\ 'RA using 40 1111 or cldoropmcaine 
05%, and I "" and report cd Ih;lI Ihe usc of full 
dosl' prov ided ~ iglllflc;lllI reduclion of 
postoperati ve pain. 

Despite 20 patients had duration of surgery 
<20 minutes, tourniquet could only be removed 
in 8 patients in gro up C prior to the previousl y 
determined minimu1l1 tourniquet duration (20 
minutes) . These results agreed with Sinha et al.. 
(171 who reported limiting the lllaXlnlllm 
intruvenous bolus dose and keeping the 
minimum cuff detlation tim e to 15 min enables 
to safely administer lYRA . 

No systemic or loca l toxicity was repor1ed in 
all patients either during surgical procedure or 
after deflation of tourniquet despite the reduction 
of cuff-deflation time ill group C. The sa fel Y of •forearm toull1iquet agreed with dat;'! obtained hy 
Co leman et aI., · IS, wh o ,evaluated local 
anesthetic leakage under the forearm toull1iqu ct. 
through interosseous vessels that was initially 
questioned and repor1ed that ,it quantified to be 
similar for both forearm and conventional upper 
arm cuff placement. FUr1helmOre, through the 
present study sequential deflation was applied so 
as to broaden the safety spectrum through 
slowing the time to peak sys temic local 
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anesthetic level during the washout period. It 
could h.: concluded that the use of forearm 
toumiquet during IV RA safely enables to reduce 
the dose of used local anesthetic and toullliquet 
time and provide satisfactory bloodless surgica·1 
licit! during hand surgery. but with short duration 
of postoperative analgesia. 
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