Pulse oximetry during low perfusion caused by emerging

pneumonia and sepsis in rabbits

Helmut D). Hummler, MD; Frank Pohlandt, M5, MD:; Axel B. Franz, MD

hiective: This study tested the efiects of low perfusion
caused by emerging sepsis on the reliability of a new pulse
oximetry technology (Masimo SET; WY 4056T) compared with a
standard pulse oximeter (Nellcor N-200].

Design: Randomized trial,

Seffing: University animal research facility,

Sudrjects: Twenty-six anesthetized, wentilated (Fio., 1.00, adult
rabhits,

Infervenfions: Fneumoniafsepsis was induced by tracheal in-
stillation of Eseherichia coli. (xygen saturation was measured by
pulse oximetry [(Spod amnd recorded continuously until death.
Arterial oxygen saturation {Sa0g) was measured hourly by oxim-
etry amnd whenever Spd, dropped to =95%, or whenewer a differ-
ence of =5% between devices occurred. Spo, Sensors were
positioned at both forelegs and switched hourly.

Measurerments amnd Main Besolfs: The total time of signal |oss
was longer with the N-200 vs. the WY 65 (4-299) mins vs. T

(0-97) mins [median {range]], g < 0.001. Signal |08s was more
prevalent during the first 80% af the experimental ime with the
M-=200 compared with the WY, Nineteen of 26 animals had a total
of 62 episodes of a falsely low Spoa value with either one of the
two devices associated with hemodynamic deterioration. Median
hias (Gpl, — 3Ja0,) was small, but variability of bias values
increased toward the end of the experimental time with both
devices,

Gonrelosions: The pulse oximeder equipped with Masimo SET
was less prone to signal [oss than the standard pulse oximeter in
this sepsis model. Episodes of falsely low 3po. readings may
occur, ard deviation of Spo, from Sa0, may be increased with
deteriorating hemodynamics with both devices, (Grit Gare Med
2002, 30:2501-2508)

Key Woros: monitoring, physiologic; hyperoxia;, seplticemia;
hacterial infection

ulse wxnimelny s used widely in

Lhe inlensive care unil (1CLT as

well as in emerdency care sel-

Limgs (11 IL s an fmporlanl
moninvasive Lol Lo assess arlerial oxy-
sgenalion in crilically i1 palienls and has
been termed the “Ofth stal sign” (2-4),
The wse ol palse oximelry s rouling in
small, premalure neonales Trom birlh
unlil Lhey are considered slable aml Tre-
guenlly is wsed b guide Fiog adjustments
(2 7). Marualaclarers of these devices use
diferent filters and algorithms to sepa-
rale noise Trom Lhe Lrue signal (1. 5.

Frer1 ta Divisior of hecratology are Peciatric
Critical Care, Deartrar tof Paciatrics, Chik rar's Hos-
aital, Uriarsity of Uik, Ulet, Garmary.

Stppertas, i part, by crart 0FG: FR 14555 frem
tha Garmar Razearck Foureatior, Gore, FErmary: by
Maszire Corp., Irvire, CA, whick kircl arovieas trs
WY A05T pLka crimeter are by AL Macizirtackrik
GritH, Graz, Austria, whick kirc ke provieas the AWl
Criri 2 bloce ¢as arakzar

Boorass easts for repricts tor Halet G
Hirrtler, ML, Departmart of Paciatrics, Chikrer's
Hespital, Ur ersity of Uik, BOFD UM, Garmary. E-
rail: relrct.Femeler@reseic L ri-uim.ee

Coaricht 2002 by Lippiroctt Williars & Wilkirs

DO 1010970 COM D00 02590 27439, A2

Cril Care Med 200 Vol 30, Ko, 1

which may resull in dilTerenl perlor-
mances ol Lthese devices when challengel
by arlilacls such as movemenl or armbienl
lighl 9. 100 1L is imporlanl L ks Lhe
limiLalions o pulse asimelny inocircam-
slances such as low perlwsion 4 110

In previows sludies invesligaling Lhe
ellecl ol low periasion on pualse oximelny.
dilTerenl Lechnigques were wsel. Toarni-
guel veelusion lechniyues 4. 11 151 in-
Lracarlerial infusion of vasuconsbeiclive
agenls (111 hemuorrhagic hypolension
(TR general exposure W hypolhermia
(17 1%, or local couling of a Llesl arm
(L4 were used. or osyeen saluralion
measurel by pulse oximelny (5] and
arlerial wyEen saluralion (S were
comparell in palienls wilh low periasion
vansed by sepsis al jusl one simgle or a
lew dillerenl Lime poinks (21 21).

SEpsis. a vormmon evenl inopediale
e Ay anl adull [CU palienls (25, 26).
may impair hemodynamics and perlia-
sior. To ouar knowledge. the ellects of
irmpaired periasion on Lhe perlormance of
pulse uximelry have rol been evalualed
vver Lime in subjecls wilh sepsis. The
whjeclive ol Lhis sbly was o evaluale Lhe
ellecls ol lw perlasion un Lhe reliahbilily

ol a new pulse osimelry Lechnigque called
Masirmy Signal Exlraclion Technology
(RETH which has been shown Lo be very
sensilive and less allecled by muolion ar-
Litacl Lhan ulher available Lechnigues
(M7 410, compared wilh a slandard pualse
vaimeler inoan animal model of sepsis.
We hypolhesized Lhal Masimo SET wonld
be less prone Lo signal loss and Lherelore
Lhe Lulal dropoul Lime would be shorler
comparel wilth a slandard pulse oxime-
Ler.

MATERIALS AND METHODS

Anfmal Preparation. All animals were
cared for according to the corrent versinn of
the Caerman law o the protection of animals
and acoording toe Matiemal Institotes of Health
duidslings for the care and nae of lahoratory
animals, and all xperime nts we e approsed by
the Animal Care Committes of the dmsrn-
ment agendies of Haden-\eartemberd, "Twen-
ty-six adult Mew Ezaland Yehite Habhits (mean
2 oanoweidht, 3449 _ 20T @oweere diven 1130 md
of atropine ardd were anesthetized with 3 13
midid etaming ard 1.4 1.3 molkd wolazineg
intravenmusly. After sopine pesitioning, the
animals were intuhated with 2 3.3-mm intzr-
nal diameter coffed endntracheal tuhe, A& rec-
tal temnperatore prohe (Siemens Sirecost 303,
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Erlangen, Germamyd was placed, and a onre
temperatore of 380 39.0°C was maintained
by wsing a heating mattress and an o rhead
warmet (Habytherm 2000 Drdder, |dhecl,
Cermarmyd. Aresthesia was maintained hy a
continunus infusion of ketaming and avlazing,
and the dnse was adjostad individoally to
maintain anesthesia deep enoadh to pravent
spetananls mons e ks other than reapira-
tin. ‘The animals were placed on welume-
oot lzd, svreheoni zed inter mittent prsitive
presaare ventilatien by vsing a Stephaniz Ven-
tilator (5tephan Medizintechnil GmbH, Gacli-
enhach, Cermamd with the following settinds:
Fio, 14 tidal welome, ol psitive 2nd-
expiratery pressore, 104 klfa d om He 00 in-
spitabory time, 114 5805 respiratony rate, 3N
hreathsimin. The rate was adjosted tee main-
tain a Vacy within the target rande of 33 43
mm He (4.7 G0 kal Dextrose 3% with 71
el Ma, T8 mmedd 2 B, and 1 onitof hep-
arindimlzwas administered at & mldloghe e a
reripheral vein A 30-Frarterial femoral cath-
gter was irserted for continonns Rlend pres-
sure manitering ard sampling for hloend das
analyses. The ling was doshed ot nonwsly
with heparinized 01 anitinmla memal saling at
a rate of 3 mide. A £-Fr thermndilution cath-
eter was introduced via the right judgolar wein.
Its tip was successfully placed into the palmae-
nary arte e 1030 of the 2% animals to measore
cardias nutpot by ther il ution with a Sat-2
Cardiar Output Moniter (Haxter, Santa Ana,
CAL The pulmeenany arterial and contral ve-
s cathete rs were flushed oontinoaas by with
[eparinized normal zaling (1 onitinls at a
rate of 2 i,

Pufee {hefmae b, Arterial hemod ohin sato-
rativn (5pag) was measored simulaneously
with a Mellonr M 200 pulse oo meter sguipped
with a Senaor Type 1255 (Mellonr Moritan
Hennett, Uleasorton, CA)oand an IVY 41057
[y Medical Systems, Hranford, O,
eguipped with a LMOF-Men Senaer and
Masimee SET iMazime Corp., Ieving, CAL This
technigue assumes that the arterial sidnal can
he detreted amond rndse sidnals e, vennos
and motian aidnalz), The raw sidral 5 fed oo
an adaptive filter that identines amd remones
frequency crmpere s in oommnn with hoth
sidrals (271 The remaining signals are plotted
1 A peeeEr oo whe e a |iacrete Satoration
Transform identifies the onrrect arterial sid-
nal. The renzahle Mellonr sersor was nsed for
all animals. 'The dizpesable Masimoe sensee was
replaced after thres or four animals o when it
was soiled, whichever nccurred Mrst, Swerad-
ind tirmes were s2t tocnoemal " or mode 100 7
secal i the M2 and toe 4 z205 i the 1YY
LT The Mellonr M-200 was vsed as the stan-
dard polse mcimeter hecanas this device cur-
rently is sed widse by inooar nenratalpediatric
ICL ard in other 1CL 5 and critical care sot-
tinds threeudhoot the world (270,

After hoth foreleds were shaved closely, the
rulse mimeter senanrs were assidned ran-
dovnly, tor e foweled cach, ard were switched
[l Sersor sites were shiclded against am-

20l

hignt light by vsing an epague oeer throodh-
nut the stody. Spos and plethysmadraphy
cumes of hoth polse mcdmeters were reonrded
alg with arterial hlend and central venoos
presare and slectrocardindram continoeasly
frown the time of hacteria instillatien vntl
death, with a sample rate of 110 He, and were
stored o a coemputer for later analvsis.

'l I.

mrean 58P
[rzrieiH ]

Prafocnd. After instrome ntatien, preamne-
mia was irdoced by tracheal instillatien of
4.4 7200 colenmy-forming units of Esche
rickfa codf, which was sospendsd in mormal
saling and diven in several aligoes e a 3-hr
pevidd. Animals were supported ookl they
died, and death was detned as systolic hlond
presare <120 mm Ho 0.7 kilfa) ar aystolic

-"_"_‘—'—n.__ | { ! -
. A Do
i - ;
! .

: . i

-
1 b
& o= J -
fei! _ i _ " = R
=t ] | = 2 +FT ‘t } | et -
= i e :
E z i P--r : _ b
= i 4
el
o 1=
I
=0 T T T T T
k Z | = = [ = |
Fip b
7 AN o |
1
= R »
= g
2 ot l n T v g _ e
.—:_-l |LJi' ._‘_‘_*ﬁ -._.,_._,_.'._4-!?-
s - x
mooE
g (I
1 Yo C— L,
n o ! E | 1 I
ik
= dnf . :
T L] - .
g L . 5 - LI 3 L] _— . *ow 'l' [
o = 1
[l VN |
O = T
! L4 1u I | I &
-l
I e . 2
i b S i s : o [t £
: S NSV
— e e
u o = K = [N 4 \
-
gt res | L Ly i i

Tigure 1. Mean arlzrial Waiss] pressore G380, Tiearl, rale, cardiaz indes, Tad,, and pll across esperi-

inaenlal Lime, The nwinhers o ilalics refer Lo e acloal owinber of animals ali al cach B winl,

o, Valuas are imean + 3T
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bl presaare < 20 mm He (3.4 [ilfal and HIE
< 130 heatz min, whichever nccurred first. He-
mkdyramics wers sopported by Dntravenoos
wolume challenges of 13 milddd mweemal zaling
diven within 13 mina, whenever the diastolic
hlved pressore deopped too <30 mm HE o7
142, and whenever twn wolume challendes
were unausoeasful, by continonus dopaming
infusio i increments of 3 pddddimin op toe
Al peedsmin.

Arterial bl dazes and arterial bermedlo-
hin moeden satoratien (%aop), that is, fone-
tinnal saturatinn (71, as measored by carhon
s e (OO0 mdmetey (0mnd 3, AV ST
CimbH, Craz, Anstria), were analyzed within 2
mins whereer one Spag reading deonped te
=H0% andir when the difference hetwern
hith Bpog readings was =3% for 1 secs. In
thiz svent, the senanrs were ok repositinned
antil thay were due tie he switched tothe other
led to ohzerve the “natoral oouorse” of these
enisndes.

Lhata Amadusfe, The primarny outomne mea-
sure was the total dropout time, It was caloo-
lated as the sum of all spismdes withoot a
sigral for -3 secs doration heginning frem
the Arst instillation of £ oodf until death.
Episndes of IO secs doration were not

200 -

250 -

200 A

150 -

100 4

Time without signal [min]

50 |

onunted hecanse they were conaidersd to he of
ey Slinical significance. The fol lnring vari-
ahles were defingd as seonndary autonms mea-
sures: number and duratien of &pisndes with
sidral dropout, doratien of final sidnal deop-
ot it interval hetweesn Ninal nss of sidnal
and deathl, number and doration of 2pisndes
with a falsely v Spog reading, defined as a
hias idifference hetwsen Spay and Sang) of
=i%: and the maximal hias doring these op-
iamdes. Syabelic, diastelic, and mean bl
presure ardd hlend pressore amplitode were
measired during the spiandes with a falazly
I Sy sidral and crmpared with the onrre-
spending valves 3 mins hefore the hedinning
of this epiamle to assess whether acote
chandgzs in hlend pressore were related to
thess spiandes.

Hias was calcolated further for hoth polse
vedimeters at hourly intereals in zach animal.
Finally, Mass, pH, arterial hlond pressore,
[vzart rate, amd cardiac aotpot were obtained
[l te characterize the condition of the
animals. Cardiac nutnot was caloolated as the
averade of three serial thermadilotien mea-
surements and oorrected for wel ght.

Shatistion. 'The initial site for cach polas
recimeter senant was assi dred random |y tenne

\F1M-200
/MIVY 406 T

LB e o,

910 111 13 14 A5 16 1T 18 18 20 21 22 23 ¥4 75 2B

Animal No.

Tigure 2. Tone willisul signal Jisplayed For cach animal and Baolle pulse ssimelne Jevices.

Talile 1. Characlerisbics ol @pisdis of signal draopaoal Dose pulse ssimeley signal

foreled by taindg epague sealed emvelnpes. 1if-
ferenoes of paired, ootinuoos variahles e,
bl presaure chandes) were analyzed by os-
ing tee-tailed paired fStests or Wilomonn's
sidned ranl tests when these differences were
ok distrihoted normally. Differences o peo-
poerti s were anabymed by vsing Fisher's sact
o chi-sguare tests (incloding Yates oorres-
tinnd, Ve oosiderad 00 G b he statistically
significant. Yalues presented are mean — anor
median (range). Wee s pected the Masi moe SHT
syatem tie b less proce to sidnal lnss. Howe-
fver, we were ahle b perform a sample size
caleulatinn for the pulse oximetry stody, he-
canse the variance of the priman aotoeme
measure was unliween. Therefore, we decided
to wse 2o animals, which was a predenned
sample tee stody the microhinlndical manifes-
tatinna of thiz animal madel, for this polse
dimetry stody and to peform an adaptive
interim amalvsiz (330 thereafter. It was decided
a yarfarf toe stop the polse mcimetey stody if
gither o = Il for the primany sutoeme mea-
sure, assaming there is me difference in sidnal
deepout time, or if 2 - 1333, proving a sid-
nifcant difference. I o = 1233, a sample size
caleulatien would have heen performed to
oontinue the pulse mdmetry stody. The 2 wval-
ues for seonndary outomne measores were mnt
ontrected for multiple oompard sens.

RESULTS

The survival Lme was 131 hrs (3.2
270 hrs) aller Lracheal insbillalion of &
el The hermudynamic aml gas eschange
characleristivs ol this muodel are shown in
Figure 1.

Bigned Lropond. The lolal dropoul
Lirme was significantly longer when wsing
Lhe Belleor =200 vs, Lhe 1¥Y 4057 pulse
vaimeler [or all bul wne animal (Fig
aml Tahle 17,

The mean dillerence comparing Lhe
Latr syslerms was B mins 45% wonn-
dence inlerval. 0 5% minsl. which cor-
respanils Lo 7a% 45% conldence inler-
val. 4.4 102450 ol Lhe Wlal experimental
Lime. There was no dilTerence in Lhe
rarmher ol episodes of signal dropoul be-
Lween Lhe Data devices (Tahle 10 Hiwever.
Lhe duralion ol Lhese episodes aml Lhe

TV 03T
villaor W-200 M iy SETH 7 Valuse
Taslal driapsaul. Line, inins il A 1372598 fi fRI5T.Mm S il
Tan. aal 2pinides ol signal drapaaul, 2a0l=Tm f.a =79 RR
Touralism ol epizadis of signal drapsul, mins I3 =365 Do =R =il
Touralisan sl inal sigoal drapaul, mins Raiql.l-14143 ZHI=iZm = M0l

Tinal signal drapaoul ol ingluded; valoes were sblained by caleolaling e median of e individoal medians, Qe omasinom ol e individoal masiina,

and W e ninonn af Dhae individoal iminima, Connpearad were e medians Greacl animal and Jevice, Values are inedian franged, povaloes reler B paired
Selitada s Wi s signed-rank Lisls, whare apprapriali.
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Tigure 7. Fopisesde ol a Glsely T raading of ssvoen saloraliaon measored Ty puls osiineley (500, 4,
Wi Waellesor W-200 Jiaplaes a Talsaly Towe Spews For a Lolal of 353 o, The reading drops Lo owloes as
an K85 (diremrecord s ding woriret and was, prascen b be ingcirrecl oy lwea arlerial lisd gas sainplis
IParydarlerial asven saluralion [Sa ], S8 1 monTlgS9 5 a0d G258 imnT e85 950 8, sune pisade
Jimplaasd al a differenl sale: Thapile a onnal plelemagraphy cora malaling Dhe Trearl rale and
suppesling a correcl reading, e Belleor B-200 diaplays a laely T reading of K35,

final dropeul Lime (e Lhe ime inlerval
heltween final device lailure and dealh)
was lomger wilth Lhe Bellocor B-200 com-
parel wilh Lhe I¥Y 4057 (Table 11, Epi-
stoles ol signa dropoul wccareed muore
ullen during Lhe frsl 0% ol Lhe experi-
menlal Lime (correcled Tor frmdividoal
sludy duralion] with Lthe Belloor B-200
comparell wilth Lhe I¥Y 4057 (BT 49%: v
ik L S N N LS R

Episades ol o Falvely Low Six0, Read-
frig. We obsereed BY episodes o lalsely

2004

[ Speag values (Welleor K200 n — b5
IV ANRT . no— 24). Seven animals had i
episulde. sin animals hal episodes wilh
unly Lhe Belleor B-2000 Four had episodes
sulely with Lhe IV 405T. and nine hal
episoles wilth bolh devices. Figure 2
shorws an esample ol such an episode.

When we compared Lhe Lbwo devices.
Lhere was nao significant dilerence in Lhe
rmarmber or daralion ol Lhe episodes. in
Lthe masimal bias, or in Lhe Pag, during
Lhese episudes (Table *.

The episudes were lerminaled al by
s ol signal in nine vs one evenls (el -
cor B-H00 s 1YY ANSTY: b hecause
swilching ol Lhe sensor b Lhe alher Tore-
leswas scheduled fnine vs. seven evenls:
aml ¢l because of the animals’ dealh in
Lwar vs. Lhree evenls. Inaldilion, episodes
erded sponbaneoash: m 18 ve Lh evenls.
Syslolic, drasbolic. amd mean arlerial
hlood pressure and blood pressure ampli-
lude were Mewer during Lhe episodes of
lalsely M Spos reading compared wilh
values vhlained 5 mins belore Lhe ansel
ol Lhese episodes (Table 2.

Figure 4 shows an example ol a lalsely
lpw reading ol a pulse osimeler Lhal re-
stulved wilh improving blood pressare.

Episodes wilh a lalsely low Spa, real-
ing weearred more ollen during Lhe first
S0 ol Lhe esperimental Lime (eorrecled
[ur individual sludy duralion) when wsing
Lhe Bellcor I5-200 compareld with Lhe VY
ANRT (BR A% vs 2#0E%: 2 = 1010,

P, Fisure 5 shows Lhe changes of
metian. minimum. aml masimuam . bias
[ur bolh devices across espermenLal
Lirme.

Median bias was very small during Lhe
complele experimental Lime. ol variahil -
ily increased sumewhal early wilh Lhe
Fellcor B-2000 aml laler with bolh de-
vices. as van be seen from Lhe minimal
antl masimal bias values. Bias was beyond
the '¥% error limil given by Lhe manu-
laclurers in 17 ol 297 (3. 7% Kelloor
B2 ws Lol G (40 1YY ANET:
nonsignificant] ol all hoarly SangSpa,
measuremenls during Lhe sl 80% of
experimenlal Lime. and in 15 ol 51
(AN . 2 gl BO GRS ol all mea-
suremenls during Lhe lasl 20% ol Lhe
experimental Lime fnunsignificant).

DISCUSSION

This is Lhe Nrsl sbwly evalualing Lthe
perlurmance ol palse osimelry syslemal-
ically during a complele course of emers-
ing sepsis compareld with O asimelny of
arlerial bloold samples as Lhe "gold sLan-
dard. ™ The prinvpal finding of vur slady
i Lhal Lhe Wellcor B-200 s more prone Lo
sidnal dropoul Lthan Lhe IVY 4057 in Lhis
animal muodel ol emerging pnewnrmonia
antl sepsis. The median daralion of drop-
vul episodes and Lhe daralion of the final
sidnal dropoul belore dealh were lunger
wilh Lhe Belleor B-2000 ILTs imparlanl Lo
emphasize Lhal Lhe majorily of Lhese ep-
isdes wilh Lhe Belloor B-200 geearred
during Lhe first 850%: ol the espermental
Lime. Lhal is. when gas exchange and he-
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Talle 2. Cliaraslarislios ol @pisodis ol a falsely L pulaa asinelog (50,0 reading

TV 03T
Taller B-200 [Me iy SETh  Valuse
T il apinasdis | iN=71 D.ain=i IR
Masiinal ias (5o — Saog) during Diese @pisides, 5 —-ayi=ana4-37h —|R31—9f.04 -3f] A0
Ta, during Mieae episides, mn T ECTR A B Ny N RE=3400 a4
Touralisn of Mase @ pisedes, nins" 151 T fi-afifi I0ATA=37.m paLels

AT s sionaderank Ll Mealoes ware ollained Ty caleulatiog Me madian of D idivddual madians, e omasirom of D individual imasima, and
Wi arvinieerann sl Whe jodividoa ieiiina, Connpared were e medians For each animal and Jed s oaing Wilsoson's rank-sumn Leals, Valoes given are inedian
franged There were o signiicanl Jilerences Telween Jevicis.

Talle % Arlerial Tlased prassure Juring De episades of a Talsay T polae asimaley TS reading i comparisan wille e valoes oblaied imnedialely

Talare D 2 pisasdes

Touring Tpisasdis of Talsly

2 Mins Before Teginning of Tpisades

Tarwe Spo Reading al Tal sy Tane Spo Reasding  Valuse
Swenlalic Blisal pressure, imn Tlg fEa LA fitfi L 198 111
Thiasdalic Tlssd praseurs, nn T1g R R B q00 + 147 - e
Maan Wlsal prassure, mn T1g B L | ahfi L 154 1111
Tikisad praceure anplilus, mun Tl i az ITA+ R 1

provalues reler lapaired S-lesls and Wilsosan s signedrank leals"

Values are mean L 31 n — 38 Gur episodis were escloded Trom Dhis analvsis: Lok

Tnieanw s Wi weere elisarle raladed Loa caleclidaming fuali, e Decause ibweas relalid kan inlravenous ke Lan inefsdasing Tlous injeclion, and anallier ang,
wlriel wae, Juring T fieslominule of Te recordingd, Valoes wire alilained Tre caleulaling D omaean valoes of all epizades o each animal L caleulale D

Intal valuis 2 Mo i als,

muodynarmics were considered Lo be rela-
Lively slable. Lava perusion. Lthe likely
catse ol signal loss inowar animal miodel .
previowsly has been flenliled as a oini-
cally relevanl problem: In alarge clinical
Lrial. pulse vximelry was ol worlsing al
all in the vperaling roum in 7.2%: ol Lhe
palienls wilh severe syslemic disorlers.
antl 305 ol Tailures were Lhoaghl Lo be
relaled Lo low periasion CRVL A syslem
lailure Lime as high as M99 mins CE% of
experimental Limel. as loand in our
sludy. s quile disturbing. becanse Lhe
sicker Lhe palienl. Lhe more commonly
hypusemia may ueear, aml the maore ad-
vanlagems a lunclioning palse osimelry
device wiull be.

Experimental vasoconsbriclion caised
by inlra-arlerial norepinephring infasion
has heen shown Lo increase Lhe blowd
pressure Lhreshold al which lalure of
pulse vsimelry veears in heallthy hurman
atulls (117, Dur Anding Lhal signal drop-
ol was rmare commdn Loward Lhe erd of
Lhe experimenlal Lime (al leasl wilth Lhe
IV ANSTT may be relaled in parl Lo vas-
conslriclion cansed by increasing dopa-
ming tase.

A overy imporLanl nding is Lhe unes-
pecled vbservalion ol episodes ol a lalsely
[ Spoe reading vccarring with both
devices inoal leasl S0%: ol all animals.
Musl ol Lhese episodes were delecled be-
canse 4l Willerenl readings when sompar-

Cril Care Med 200 Vol 30, Ko, 1

ing Lhe bwo devices. The lacl thal apulse
usimeler can display a moremal -l
plethysmudraphy turee alung wilth a
hearl rale malching Lhe eleclrocardio-
sram hearl rale. bul a lalsely low Sy, is
guile islurbing for inlensive care in gen-
eral. hecanse pulse osimelry is owidely
wsell Lo adjust the Fiy. especially in neo-
nalal inlensive care (3 7104 lalsely low
Sk reading may lead o inappropriale
increases in Fisg o venlilalor pressares.
which may espose Lhe subjecl Lo unnec-
pssary hyperosic inury or barolraama.
[ur whservaliong are in agreementl wilh
dala whlained in heallthy volunleers susE-
gesting Lhal experimenlal hypolension
combined wilth vasoconsleiclion may re-
sull in underreading ol Lhe measured
Spes (110

Recenlly. we whserved a prelerm in-
lanl wilh a sudlen increase in Fiyg re-
guiremenl (guided by pulse wsimelnyd.
which finally was proven Lo be relaled Lo
a lalsely Moa Spewn reading (Smy. 91%:
wilh a Pany ol #5855 mmil L) Anolher Lerm
nevnalal 1CL palienl with poor peripheral
perlusion camsed by congeslive hearl fail-
ure inlermillently showed an arlerial Po,
ol 310 mm 1 aml 24 mm 1 along
wilh Spo, messuremenls of $0% and
S0% respeclively funpuhblishel ohsena-
Livnsl. These uhservalions along with a
case reporl o a lalse desaluralion inoan
atull wilth hemuorrhagic shocls reporled

in Lhe lileralure (1. 110, sugEesl Lhal Lhis
finding mdeed may veear in humans as
well. Proposed mechanisms may be vaso-
constriclion aml shoclk wilh essenbially
i Blood flow bul deleclable palsalilily in
arlerioles resulling in dradual desalura-
Lian ol the arlerial blood wilhin Lhe skin
(1. 117 wr arleriolar dilalion and opening
ol arleriovenows shunls resulling in pul-
saliong being Lransmilled Lo Lhe capillary
[evel anddr resalling in pulsalile venons
How (217, Altheoagh blaod pressare fluc-
lualivns wilthin Lhe range observed duar-
ing episoldes ol Talsely low Speag readings
ollen o nol chamge Spoy readings in
clinical practice. Lhe Limely relalionship
wilh episues of Talsely lw Spos readings
sugesls Lhal changes in syslemic vascu-
lar resislance during sepsis may play an
imparlanl role in Lhe pathogenesis of
Lhese episodes. The clinical siEnificance
ul Lhis fmding is presenlly anclear. be-
cause il is unknwn how ollen Lhese ep-
isales inoa clinical selling would el
carelalers Lo inapproprialely increase
Fivy, or venlilalor pressures. Furlher-
more. QL ois unlknown 0F Lhese episodes
veeur in humans sulticienty ollen and
lung enowgh Lo canse inlervenliong Lhal
resull in excessive hyperosemia and hy-
perosic Lissue injury. such as relinuopal by
ol premalurily in neonales.

Sensr malposilioning cansing an op-
Lical light shuanl. alse called “penumbra
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(A)

Flow

Blood pressure

fven the pofen-
fial for fxippro-

pricife ilerten-

{mmHg) ; fions during episodes of
?" P]?z Nellcor 100 il = filsely low Spo, values. we
o &
22 suggest that pulse oximeters
Pulse Plethysmo-
graphy Nellcor I'_ recognize and wam for con-
100 ”
SpO, IVY (%) i YT elitions of low perfission.
76 | .
Pulse Plethysmo- D N T T R A V- W B A M N
graphy IVY
irmals Ui mol shiw any leg or body rmove-
ECG m menls during Lhe sludy. Yenous conges-
! ! S SELTR Livn in neonales (381 and sysbolic venons
. J| pulsalions secondary Lo congeslive hearl
lailure ur W Lrimspid valve regargilalion
have been shawn Lo case Spe, desalura-
(B) Livn G 400, Hwever. Lhe conlinoonsly
. ' recordell cenlral vEMOUS pressure wave-
[arms Lid mol show any increased venons
Flow ) pulsalions during episodes ol lalsely low
: Spely [lala nol presented]. Methemiogho-
Blood pressure 10{1" hinemia as a vanse of lalsely low Speop
(mimHg) readings (41, 4¥] van be excluded. be-
: T-:II:[]J'! canse CUasimelry revealed melhermioglo-
%FD? Nelicor | bim Tevels 22005 inoall blood sammples.
b 75 : B B We did nol find significant dillerences
Pulse Plethysino- redarlding Lhe characleristics of Lhe epi-
graphy Nellcor sudes of Talsely how Spey vahies belween
1005 devices. However. given Lhe variabilily of
Spo, IVY (%) | B T sume ol Lhese secondary tuleome mea-
78 J sures and Lhe relalively small mamber of
Pulse Plethysmo- o P B PR e T T A o T 1 TR e T subjecls. Lhe power Lo delecl small or
graphy IVY ) o mderalely sigel UilTerences was limiled.
We louml increasing bias Loward Lhe
ECG A el dpdreiarels BT 0L Lhe experimental Lime, which is in

Tigure A, T episesdes of a Glaely lav reading of ssvoen saluralisn measured by polse asinelos
Lot and Meir relabisnalip L Dlsd pressure changes, A, along wille Jeclining Blaad preseurse, e
reading ol e TV S 00T Jrape Lavalues as T as 350 For irsere ean TR s Tepisaede 1L Thar is swane
incragsa i e Spoy rading as Wload prissure inprevis josl el e scladuled changs of sensaor
silats Lar e allernalz Foreleg 1290 Alxoul ne minule aller e Dang ol sensaor silas, e Belloar B=200
Al a decrzase of e Spay reading Liovalues as Toee as 910345 Tepisode 20 alang willl sane iniar
Jevreasae of e T8Y 00T Lo 864, Boll Jedces relorn back leoa IS reading in el Hinely
relalisnalip wille inprasszmenl of Blaad pressure preodsesning wrmrel. The pola simelry
readings wirre v ke b incorrecl by eree carlso maiside sime ey analvses ol arlerial Dlkasl 2,
Jilerenl scale: Daeapile a normal pleleearsagraply curve malshing e Tearl, rale and sugpesling a
correcl reading, ol devices i readings el e imeasured arlerial osyoen saluralian (99 554570

elTecl” (44 360 and mulion arlifacls (1)
have heen shivwn Lo resull in readings
cluse Lo B5%:. We can rule aul these arli-
lacls a5 a canse ol Lhe vhserved episodes
ol a lalsely low Sy realing. because Lhe

I

less were nol reslrained. becanse melic-
ulonws care was Lalien Lo closely shave Lhe
sensor siles beranse we wsed correcl
placemenl and shielding of the sensor
probes. and becanse Lhe anesthelized an-

agreemenl wilth findings M'rom olher in-
veslisalors whi [oand an increased bias
in adulls during circulalorg Tailure (40
urin inlanls wilh poor peripheral peria-
sion canseld by candiopulmonary bypass
anldor hyputhermia (17, 430, A sludy in
alulls wilh sepesis showed Lhal Spey was
lwer Lhan Ban, in palienls with a low
syslermic vascular resislance (217, The an-
Lhars ol Lhe laller study 4171 speculaled
Lhal arlerislar dilalion and opening of
arleriovenons shunls may have resulled
in pulsalions being Lransmilled Lo Lhe
capillary Tevel andior in pulsalile venons
fw. Dur biasderror dala are limiled by
the lacl Lhal an Fige — 1.0 was used
Lhroughoul the sludy resulling inoan
Spaedy close Lo TO0%: Tor sl ol Lhe exper-
imenLal Ume. Therelore. Lhe palse osime-
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| S [dawrise e esperimaenlal Lime is sl asomedian frange s, Whereas median Tias wes very sinall

acfae e esperimenlal Lims, variabilily inereased earliar wille e Balloor B-200 ansd Taler will Talh

Jawivien.

Ler was worling mainly un Lhe MNal parl of
Lhe wsyEen-hemuoglobin dissocialion
curve. resulling in lillle changes ol Spop
anml By, wilh changing Pa. limiling
errors canseld by polenlial overreading
Lhe Lk Sais. Therelore. one could spec-
ulale Lhal variabilily ol bias valoes may be
pven larger i Lhe tevices were Lesled al a
[k 2Rl range.

Severe anemia (hemaloceil - 10%:)
has been shown Lo case increased hbias
antl decreased precision (447, The hemal -
ueril ol tar animals decreased over Lime
bul remained above 0% 0 omaosl amd
abive TH%: in all animals al all Limes.
Hemaloerils in Lhal range o nol allecl
hias Lo a clinically significanl degree (44).
Olher invesligalors have sludied the el-
lecls ol hemorrhagic hypolension an Lhe
perlurmance ol an earlier available pulse
usimeler in rabhils aml showed Lhal, as
lung as Lhe pulse osimeler picked up a
signal. S, valies coreelaled well with
Sails values as measured by CO osimelry
(1R]. Currenlly available palse oximelers
rmay perlorm beller during low perlasion:
Lhal is. Lhey pick up a signal when earlier
available devices woull have lailed al-
ready. lowever. as our sludy resulLs have
shorwn. Lhe price Tor Lhis increase in sen-
silivily may be decreased accuaracy.

A fmiLation of var sludy could be the
larl Lhal Lhe dala are derived lrom ani-
mals, Howeer. frowdre measuremenls of
absorpliun characleristics ol hermuoglobin
measured al Lhe wavelenglhs ol inlerest
shamwed no dillerences bebween rabhbiland
hurman hemuoglobin (451, Therelore. car-

Cril Care Med 200 Vol 30, Ko, 1

renl pulse asimelry Lechnigque shonld nol
resull in syslemalic errors when wsed in
rabbils., and. in lacl slandard pulse
usimelers are wsed widely in velerinary
medicing aml animal research (40, 47).

AnvLher limilalion of oo sholy may
be Lhe wse ol a reasable sensor (o Lhe
Fellcor K200 We cannol rale oul Lhal
applicalion pressure was suboplimal Ror
any wne ol Lhe sensor Lypes. lowever.
holh sensors were applied by using a
commercially available, opagque bandage.
as il would have been wsed inoclinical
praclice.

CONCLUSIONS

We have shown Lhal a new pulse usim-
elry Lechnigue is ess Hlely Lo lail beeanse
ol signal dropoul compared with a slan-
dard pulse vsirmeler in Lhis animal rmodel
ul emerging pneumonia and. sepsis. Fuar-
Lherrmore. tur dala sugEeest Lhal episodes
ol Talsely low Spoe reading may oceur
wilh bulh devices Lesled. which may re-
sull inoa siEnifcanl underestimation of
Lhe e arlerial osyden saluralion aml
may leald W imappropriale increases in
Fioy or venlilalor pressures inoa clinical
selling. Arlerial Blood das analyses may
he warranLed 11 Lhere (s any doubl regand -
ing a diven pulse asimelry reading. espe-
cially il L implies an increasel FRig re-
guirermenl. wr il il coincides wilh
hemuodynamic delerioralion, Bias may be
increaseld wilth deleroraling hemaody-
narmics with bulh devices. Given Lhe po-
LenLial [ur inappropriale inlervenliong

during episodes ol Talsely b Spog vahies.
we suEsesl Lhal pulse osimelers recog-
nize and warn [or condilions of low per-
s
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