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1 ABSTRACT

Nhjecuves: 1) To measure nivic oxide (V) metabokile levels in palients presenling v the FIY m acute vasa-
noclusive sickle-cell erisis (3C0C). and 23 1o determine whelher a Telahonship @risis harween Ner wmecabolite
kevels and pain.

Mothods: A progpeciive, observational study of patients with decumentgd fickle-cell anemia (3CA7, aged
LR wears, prasenting in wpical, acore BCC was condocted in &n urben, university leichng hogpiat. ke loded
wers Cuose with arypical pain or acuce, coegistent disezse (a5 evidenced hy fever, pachiyeardia, wehypnea, or
hypensiond. Pain scores were neeswed by & [0-em visual analog scale (WA} Blood MO merabiie levels
for R0 patients and cranrol subjects (healthy voluntesrs, & = &, 304 control subgects ool S0 = = LG
were ket imed Lging an N spesifc chemiluminescence techniquee thel measered plasma nilne ind e,
ths siable erd-produces of Ne» The acute SCC patients wers divided inia 3 groops, with the mnge for te
LCC-mmmal (4 = 5) prowp defined g5 within 2 S0 of the healthy volupteer contnl paners. The SCC-Iow
patnene: (= 21} had %0 metskolite levels below thie range and the SCC-hgh {n = 21} panents had Levels
ghowe thii range.

Resulis: The BCA and healthy wolutaser coterol groups had similer N& metabalate levels (25.2 5 2206 oo,
p s B10] The 3 apate SCC grovps bad the following mean NeF levels: 1) SCC-normal = 213 = L6 pmol
21 BCCHhow = 1.2 + LI pmel; and 33 500 -high = 437 & 3% pmol. The SCC-high Mik-level group had
siprificanily lower WAS pain =cores when compared witly the 30C-Tow and 2CC-nommal NO-lzve]l groups
{652 = LBScmovs 876 = 083 om, and 367 = ] MWem, p = 0.02).

Conclusion: M7 meabolite Jevels vory i SCC patients. Elevated Jevels sec azsocimed with lower pain scores,
while lowerr levels o associaled wilh higher pain smores, indicating thal MO merabalites may potentially
represent 4 mirker Tor compensutory mechanssins in 300 Lssue isehemia. Further work is needed 10 delineate
the usefulness of MG metabolites o assessing the severey of SOC.

Key words: nitric oxide; 8 sickle-cell anermia, vasgsuog usive grigis; sickle-cell painful crisis, emecgeney
deparnmeiai.
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B Sickle-celt anemia [SC0AY is a disease that sffects ap-
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proximately 1in 625 hlack peapls.” The gecar majorily of
G wisies im S04 gre for scuee, paanful vaso-occlusive
sicklepell crsis (SCCy BCOC is characterized by lissue
ischemia sacondary i Joval micrnvaseular exchusion and
hypoxia that results (rem sickled red Beod cells {RBC:)"

O physidigic esponse 10 Ossue ischemie is vaso-
dilagnp, Mivic oxide thCF, formecy known os 2ndodhe
hwm-derived relaxing fecior (EDRFL is 4 sipnificant
canbicvascular modylacer thad s synthesized from the 1er-
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minal guamne grovp of L-orginine by S0 <ynihase.” Phys-
inlagee. endothelial-prodoced A 10 mammals causes 8
bacsline vasuhlalr sate, [herehy mamisaning qremidl
blouw] Aew® (Fag. 1 Mocral Bland fos s also maincamed
by the (wienl antiplateler apgregaion efcces of AR In
pathologic slaes swch as sgchenud—neperfati, A0 has
been shewn o play g significant rele in poteeios agains
imjure' ™" threugh increased vasudilition and inhilidon ol
platclel agpmegidicn in curous animal melels As oovis-
cular ctfecior. &Y ephances Blood Aow e Ischemmric tis-
suet™" and modulates vascolar permeabilitg '

Altered plasma bew:ls of A7 haws heen deronsieaned
in & nomber of horen condmons, aech as indemmatory
bowel diseas='" lef venricater failuee'" and sepsis. ©
Rees or 81" devermined that mean plesma concemcenicns
af the nerabolites of 2 were elesansd in sdmitted SCC
paten s when compared with bedlthy, non-SCA volun-
ey, [he awchows, Toweever, Jid mal exemine the celavion-
shap Between WO mglabolite |evel apd pain level We hy-
potheseed thae A0 metabalie levels are aleered o she
time of B presentation lur SO0 aod hat (e §s a Te-
talion=hip berwesn A melabaliles and 500 pain,

1 _h:'lETHﬂI'.lﬁ

Fudy Desipms  We condeoied o prospuclive, ohsere-
Lionat sludy of conzcoutive SCA patients presenting to the
ED with a chigl vompluiet of typical. acee SO0 1)
determing A medabolite levels in paties presenting o
the EIY in acule vaso-occlwsive SCC, und 27 io determine
whetler a relationship cxists borween MO mcdabalice [oyv-
els gl pach, Thia stedy was apguoved by the Instineucal
[Faview Boad of Thormes fefferson Deivoesery.

Fapulathon and Seiling: The swdy was comduced ar
an udwn universily ED wath an aecrediced, J-vear emer-
genry medioneg (EMY esulency orugram. The Thanas
Jeflerama Uwivesiee Hospal T bas an annwe] cenkes of
53N panent visats aod is stalfed 24 howrs & daw Iy
luaargd certified emengency physicians (EPst ALl patiens
ares evalmaled enlwer priveerily By e atencdhing FE or by
L morsestilF wnder 1he supsrvisicn ol the atfemlrpa LR
Al patienls evialuated pomarily by EM howsestadt are
done e wncer the dicectl supervision of die altending CFP.
SCA patiems who, in Lk opumion of the sllending EF, ars
anabbe (or releaze ore wenl home witkour che reed for con-
sellvation: watly taher howsestalt or medicul siaif, 53CA pa-
Liems thoughl e reguire admiission are evalumled by un
infcanal medicine esident. The ED roveives appeoxi-
ey 2,000 visis per yoar of acute pecicniations of var-
sous Lypes of BCC:, by a sickle-cell popro lauon of aloat
[ panticnes.

A patients aged =18 years with a chied complzint of
Eypissel 30T pain were eligilble foo e swdy, "Tepncal™”
crisis paan wan defiuaed by the patiern 0% pan o ialem

in durauca, Seveony, qualny, and dsirbadion with prior
apigodes of SC00, ANl patieaes hal sickle—el? 55 diseass
s documenled by hemoglobin olecirophoresis an celle-
lages wcetuie, catrate agac. amd isoelectric focusing im the
Thuomnis Jeiferson Linivenily™s Sickie-Cell Center prior b
enrullrnent in e stwdy, Exclusion crilerie incloded age
<]HK wenrs. oon-iypisoltt opain, refusal 1o enrcll im che
study. prior enlry inlo tle study, or evidence of acure,
coexisting illness. Aculc, cocxising illness was defined a3
an infections illasss, hy hiseary, nf <7 days ducaTion,
along winh any of e follawng abaommal viak siges on
prassonarion: Tewsr =38 3707 =1001°F)L achysardia =120
heatamon, Ceclpppmea =30 hesptha'min, anor syilalic
bood pressoce < 1HH mam Hz. The exclusian crilenas were
independene and exXclusive (52, the presewce af ane 1 00
the crileraa was cause for csxclusaan Trens e sty

Concrol gronps were idenofed ior salWion of mamal
A bl cages. Healohy aduR ECF siallT solunteses
Crrndl cumirud subgectsy anad pidients with 3CA who wers
ant ear wsuad steady State (SCA contred subjeois) served
as these comtrol growps. Blood samples frnm the SCA oon-
ol sukjects wore cbtoined during their routine follow-up
wisits 10 cur ickle Cell Centar.

Experimental Frdkocul;  Afer inital clinicad evalastion
il Before prevision of snalpesia. the palien!'s pain vl
ws mesured aml @ sampls of blood was oblained For
cubspquent ianalysis,

Measurements: Demographic, historical, and physicat
caarpination dees were oblained fror the ED recead. Pain
wids cvdlunu=d by wees of A& I0-cm vesae] smalig scale
(YAS}d ranging from "o pain® w the widst pean T'ye
ewer had,"" ALl phvsicians oreating SCC paticnes weree in-
showered how v wse the Ya5 prior o the Dniciataon of Lthe
stwdy el were peoninded inwtediaesly Defoce wogct pariean
enlly,

Rl was drawo thng heparoized wb2s aller e his-
wny and physical examinations had been pofnnmed and
privg v the admmstralion oF analgesics. Blood samples
wene srnmediately plaved on ise tronsporied 10 the Fmers
pency Medicine Research Laboratury, and cenicifuped at
10,000 rpme of 4°C for 10 minotes. The plasma was then
separated and siored wd —20°C.

Mitric axide iv a soluble gas with a hall-lile of 3-15
seconds. making in-yvivo measuremene of MO levels ex-
tremely difficull and impractical. The plasma was iwna-
lyzed fow concenwmiond of niwites and niwwees, the slable
end-producis of MO, The wse ol nitrite and nitcate mes-
surciients 1o guantify NO levels in enimals™ and ho-
means™ has bren well-doocumered.

Matrie and poorate Neveli owece easwed oiine e
previnualy repaned vanadiem 10 reducton rmetbod ™!
BriefAy, 50 wL ol plesma veos opeevad inle & wate- jock-
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1 FIGURE 1. The —elaticeship of rild:c oxide (V). the exdeahelial

celld CCF haver. ared che razcular sreaoth matscle in the susculaaure. HOE

= mrec caide spmihase, (FLF = guanylaw snplosphaee, G2 = guanyine

Lecluze, sCMY = cyclic puonosine monophosphole, and SPAC - cmwnin
ranzle aell

cted, Cy-free purge wessel comtammp 5 ml of 0.1 el
vanediuwr JIT chlorde (aldrch, Miwaskes, WI) i1 2 W
HCI (Sygma, &t Lowis, MO, Acidic vanedium I a8 98°C
quantitatively reduced doth pitrdte ond nitrole o3 AEE
which was then quantitied by a chemiluminssconee de-
reclor (Sievers 270 Mitric Oxide Anslyoer, Bouwldes, C0F)
after reacnos with oreone. Sighals froon the deeecier wens
cuillecicd and analyead vsing 2 BT based deta meanding
and procesiing systern (Do 18, Wucld Precision Tnstoe-
ments, lne., Sarasoly, FLL Standard corves wers oblained
wsing Che ans under the cueve afier each injeciion of 10
pll of 41 125, 25, 50, 75, pnad LN} pumol sodivm nitcate.
The calculutions 1o detecmine the MO meteholite conent
of the plasima were done by e slape ol the regression
analysis wsing e Tear formula ¥ = a + b,

Duln Analysis:  Dor anadysis, the palienls were divided
i 2 conteal groups (normil conteck and SCA conorol )
and } AMO-meiabsine-level groups: SOC-low, SCC-nor-
mal, and SCC-hiph. The 3 growps weece based an metub-
olite ronges afier Lhe manner of Rees e wl." The SOC-
normal proup was defined es within 2 3D of the mean
MO metebodies oF the nomal corre] groap. The S00C-kow
pancines bad A0 metabolie [evels below ihis cange and
the SCC-high patepts had Tevels abuve 1his range. All
ot sre expressed as mesn = S0

Yigwal analog pain scures werg (ested Tor ponnaliny
with the KolmugunvSnumov sest fer nonnalily apd the
Levene mednin test For esqual variance pricr teoand ysas.
Contirucus dat were analyred using amalss of varidmees,
Fost hoe teanng was performed uzag e Bonolerrom
method. Calepoaicnd data were analvezed using chi-squars
icsing “with Yaes” corncucn. Sigrofcancs was seat p =
0.05, snd 2-way analysce wers psed.

I EESULTS

O 5% cowsecurive patiene whe had 500, 8 oweare ci-
cluded, O those remaisig, thete waes 27 e and 20
wonen. Mo coemstenr loes: was idenified dusing the
ED toorse. Addilionally, she hospito]l records of the 23
pdroitted palicens revealed no subseguent developroend of
a secondary illncss. Tekle 1 summonizes U measurcmenls
and characeerisyics of twe conbeod and study groups. Table
2 sumimanze; e fiosl ED disposnabs foo the stody
£rUups.

Mean Blood &0 metaholne levels did aon 1 gnili castly
difier for the normal comtrel (e = 9} and the SCA conernd
e = |} proups (X6 v 253 pmol; p o= Q10 Tlhen:
were 5 SCC-nommal. 21 5CC-Tow, and 21 SOC-high pa.
nents. The 3 sowte $CC groups hod the following oiean
M Bevels; |1 S0 nemmal = 213 = 1.6 pmal, 2 SCC-
low =72 = 1] pmol; and 31 80C-high = 43.7 £ A5

Sommal LAy kI

Cneanal Cancral nnrmal SO aw SC L huph

|m = '} e = L)) [H = 51 14 =31 [h= 2111 p'-'aluu
LU ST, )] 174 = 37 MTxT lh 1A= 4 T2 111 417 = 1.5% L0
WA Sk toars Jcrmy £hl = L20 456 = L B3 632 + |35} LR
AEe o] PR RO | b £ A4 =44 A~ 134 a0 = 4% (L4
Tenperawre *F) o =04 b3 = LR LN VR FY In
Hdal w318 [ Byl iran} s + 123 190 = 4.4 05L L L7 [od
Sxtinlic hhwd prezadme [mim Hgt Lig.x + 141 [1é60 = LBG 10 s 123 1170
Lrigskeilig Bl pressuns {min Hg) - 6ld = |49 WE = 16D 135
Eespitnfury rele Threalhs'mint 181 =10 lE4r = 1.9 1.8 =13 L=3

*Marmal comitel = kealthy BT se2ff wolurceses; SCA ceomral = sickbe.cell onemio ¢8CA) panenls in & sceady siwe, non . sickle celb crisas

15001 pened. ALY - e nasde.
1p = 9.000 v canlnal.
tp = 0.02 v S0 ard 2S00 MYD greup.
%A% = vismal amelog coal=.
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prmal. The mean & meebolice wvels for she contool
provu s  Table 1 are consistent with thoese [or prior stdies
pxamining Nt in healthy, normeal hurrins.

B DISCUSSION

Acwie, panful SCC, with its sccompanying megional is-
chemin, represents U most common presenlation of
sackle-ce (] hemoglbia-5% panieats o ghe EDLYT The nor-
mel poaysiologic vasculir réspinge L ehamia i va-
sodilation. " " which allempls 10 resnee adequatz 0, o
the schertic area. WO is o visodiletor that e produced by
the vascular endalhelinm, :|'|=:-;u'|ll.|.'|15h i a baseline vasodi-
Intor slate in mamozls” Darisg ischemia, 30 has been
shown to play 2 maur cole in peotecuon against injury
throvph a virigty of rechanisms. Most importanidy, as a
vascular effecior, M0 cioeses significant vasodidation, re-
sulting in incocased blood fow to the ischemic arep,
thhereby increasiog O, and nutnient supply. Oher stodies
have shiven thal 517 atlenuewes tissue ischemio via anhi-
hition nf meutrophil ectivation,’ odhesion” and pecumu-
latien® s well as plactelr adbesion and apgregation,'
Lerely ensucine an sdequats bload How, I has been paos-
wilmed Lthat, in SO, he oeclnsicon ol the cmcrevasculatone
may lead to wn increiss in S0 pruduecion i an atccanpl
w avoid rissoe infarction.'t

Pees el al ™ measured plasiv niimite and mitrate levels
tthe seable end-products of NA) in 34 patients sdnmited
Mor e SCC. They Tound thet niccite'nilrale levels waere
Twgher v SO0 pauents v healthy contrel subpecls, b
1hi there wis no diffzrence hetwesn the SOC palienls and
the SCA ~'stendy-srase™’ canteal sebjecrs. Ko atlempr wos
made e relats clipizat presemanch nr pain scores o their
svdy proup o A0 metaholee level Owr spody examines
MO metotolites e szue S0C patienis presentng to dhe
ELY il relaces these levals o pain severnity

Wi [wimel 2 wianable distribation of MO merabolibe bey-
els en the 3017 patents presenung to ow ED The SCC
group Ao had gh levels had significanily lower pain
scores W measursd by e WAS, whereas those who bad
"normal’t or low levels bad sgamificanly lugher pain
seires. This suggests a relationship between M0 melsh
alite Levels and the potient™ clinicil pressntatoun i SCC

A prasible cxplanation of this celdtivnship is the va
sodilatory properly of N In 1he clinical ssnng, ischana
and rissue hyponia genernlly manifest as pain®™ An ele-
vated plasma nitrite/nitrole leve] snggesls an increase i
whole-body, codogenous MY prowduclion, indimating
mnea vasodilaed stawe.” The diminished pain seore in the
groap wihn had alee bigh 50 metabaelite levels moy refled
A amprensation ¥, mose vasodilaled stae in response 16 vas-
cular ogulmsion an) nssoe ischemie. The enhanced vaso-
dilation showld lead o mpenved blood fliov and increased
ceveenalion il the Nssue level, dereby decreasiog painful
ischermia [n the face of wchenaas, increased AC with a

@ TABLE I Tixpoadions o chie 37 Slealy Prlicnls"

Admur Melomce
HULT w7 1) 2 {dFE]
Lot narnual &id 14 (678 T %oy
KL hagh Fegh fr d2T 15 {719

TE= RN, Il" wilh Taigs woEaian, SENT = ajukle-cel] crisla; S0
= rdlric weide,

resultant vesodilation is & well-descnibed respoose 10 mywo-
cardial® neurologic,™ end gastrointesting]™ ischemia. The
SCC-low group mey reflect a bess vasodiloted group, aoi-
Flying a higher degree of risswe ischemia ard, therefore.
a likelihowd of experencing i higher tkegree of pain. Al
though the SCC —normul graoap lud * oanal ™ o imetahs
aHites, Lhis Jevel may ool be snfficien e adegonlely coms
pensate for Lheir tissue ischemia during S piven Lhe
Iower Ch-camying cepacity of their sickled KEBCs. Inade-
quare vagrwdilaticn may thersfore resull in o higher bevel
uf tisgare aschanna and pan. This explanation niusc be rem-
perzcl by 1hea faco thar &1 has not been binked 85 8 cawsel
Eartar v wehemnia and mfaccnon, bul it is aflen thearized
hased o assosianve relaonships.

Intersstingly, there @sas & itend Chaongh ned sl stically
significant) toward higher ELY release manes fir e patwns
whao had high MO levels, as swell s i sl Tewand bigher
hoszpinal admission rates for the patienls whd had boswer
A metabolile evels {Takle 23 This may supgest thal a
ez level may b an index of the severty of vaso-ne-
¢lusion and subsequent tissue damage. This may further
support our hyputhesis régarding A metsbolite lavels in
relacion to BCC paim,

Pain and N have heen linked, b o5 weclesr
whether M2 in mrd of jlsell con cause or relieve pain”
The few siudies avaluble exanuning Lthe role of AN and
paIn appenr Yo suppon Al as cither m'-:n]-:ing": or arkenu-
nling“‘ pain. Purther cesearch is necded o clarify the rols
of & in piin.

The measurement of M0 mewbolies i patiens in
SCC moy hove polenlial as an abective mwthod of as-
sessing and managing their puin.

Several limitations to our stedy deserve coennient. Firse,
oue sample size is small Allhogh we weee able Lo find
o aratistically sianificant ossocnlion belwesn growps based
an WO maotabolite levels, there was only ooweak comrela
1ign berwecen A merabolite lewve]l and YAL pain weome
{r =1kd], p < ). Second, we measured WO mel b lite
level amd pain sonpg 25 o L-lime determinotion. Mo con-
clusion can be matle negurding changes in MO metobolite
Teveds duting dhe vowrse of dwe ED ccaiment of with
changes in Ihe palient's pain level. Third. the patients
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were 0o siandardized in lerms of duration of pain prior
o encry, locadon of pein, and prinr enelgesic therapy.
These factars could certainly influence the actuel MO me-
tabolilte measurement a5 welt as 1the inlecprecation of tho
parmcolar leyval,

Fourth, the subjective naure of pain hes inberent dif-
ficulties cegerdmng iz evaluagon. Although we used a
cooaoly accepred standardized apprnach w docutment
mp pains Tevel we Sl valdate oue seale againg nther
miewgres b pain inensily {l:._g., un:ilgves.lﬂ reduaren gnts
dutraticny of B[ cave, or oeed for logpatalizatan). Brfoh,
becaute of the ddficuly and ipreactcaling of weeas whn g
ariueal rigzue jschemis. wa were whable to quanody the
aclue]l amount of tissue icchemie or relative perfosioo
p.rﬂentlin each patient. Sieh, we did nod srsndardize oor-
niguel tiooe or technigoe in his soudy, nor did we spacil-
ically aecerap 1o exclude hemolysiz duting venipueactore.
Altbougl we did wot control fgr these Tactors, cur $CA-
conkm] patent popalagen wauld have sirmibar vYasoular -
ciess prodblems 1w thoss of oar SO patients The SCA-
conlm pidients had A0 mevibolite Tevels quile similar to
thase of our normal copteal palients  Furthenmere, we
meiitecd no growss hemabysis in 1he analyzed blecd samples

Seventh., we fid necl messwre acteal SO levels, bat
Tislzad used the naice commeanly msasansd N metabolig
leveli. Traghing aviual N levels imght waore courately
icflecr the patien’s cuerent mediaior statws. The lag e
i eetaboloe changes fellewwing A0 lever Tises remains
wikowean. Funally, the digts of the paoss eptolled wen
unconirolled. Diews hiph o vegelables heve bren shown
w ateer mitrice and nitrale levels in hepliby woloneers.™

Futwre studies should addeess the alove Tinscadlons. To
addilion. studies might ke done e enswer e Hlowing
cjuestions: Huw dies the %0 lewel change dunng dhe
course of BI7 analgesic therapy? Is 5O related e the du-
racian of paan poy 0 BB peesentation™ [5 a0 nebated o rhe
locamon of pain i.e, eiwent of moscle ouass poeolviedy?
How doees o vaey Juring the e woluton of the crisgs ? Cauold
manipulation of 86 Geg., fhant@calogicaly ) in SOC s
e fECOVENY Y ADSWED: 0 (hese quesions may delerming
whether We? levels can serve a useful mobe in Bssessing or
e aling panenis wha hawe soue 5010

B CONCLLSION

Elevaied B0 metabolie Tavelt are asssdiate] wilh loter
pain scoves in SCA patienmis presenting op ihe R wieh
acme SCC. The paticnls who bad Jower levels generally
hod higher pain seores, suggesting less compensatory va-
sodifation. A0 mewkeliws way potectielly represont a
marker for compeosatory mechanisms i S0C tiskoe s-
chemia. Forlker siody is necded o delineoes the exact in-
teraction between A and SCC.

T2 uuthirs Shank Goo-Lin Lo, ME. Tar his [echnica) assislance wilth
I enca-urements 18 phasina mbisc osbdhe melabalile levels
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Comparison of Staples vs Suturing for Secnring Central

Yenous Catheters

David flightowes ML, Juna Macech, MD, Sreve dasband, MO, Lawrence . Brown, EWT-F

B AASTRACT

Obpecibve: To devermine whether skin staples Cin be ueedd 15 socure cenicd veowws catle ey ag eflectively bs
dnes su1LEring.

Methods: A prospective. rndomized thal of fechoigques 9 secme o cenial venous canfleler was periocmed
in 3 medical school human anatomy Jlaboratory using homon cadivers, Ceiral Tines wete secued to the wpper
lefe thorax using sither scondard sulere materio] {000 <i1k] o7 skin staples (3.7 srm 2 38 ). Chace secured,
an upward force wes spplisd to the hub of Lhe catheter perpendicular o the skio. The amour of loeoe aesded
o bscak the calheter hub free of e skin was measired id kg, & oad of 10 measusestents were made o
each af 1 methods Tor secunng the catheters (2 cotures. 7 daples. 2 shaplésy, Inoaddmnn, the gae of caihager
hrsskage wat cecneded.

Kesulls: Those cathersr hobs secured by X suteres reguired a mean force of 3.7 7 U5 Rl ciooge ks,
am] the Dirzak always ococorred at dhe swlure, Those hubs seouted by 2 <aples pave wa)y ar 30 £ 003 ke
(p = M), whils thoge secured weith 4 sraples gave way w45 = 14 kg (p = 005). Alkaugh 1 hub el break,
in At ather tapled cases, the break socemred at the siaphe.

Cyneluskong: Based on this eodaver inodel. use of staples appears to be as slTective as stunmng (e securing
senlral vennod cacthesers. Fusther siudies of safely and time o placement are nevoed

Koy words: suidres; staples, ceatrat venous cathelers; needlestick infury; sharp mjary; securing cathelers,
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