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Respiratory Variation in Pulse Oximetry:
A Simple Fluid Responsiveness Parameter

Tanakorn Anantasetagoon M.D.

Tanabute Limprukkasem M.D.

Division of Pulmonary Medicine, Department of Medicine,
Maharat Nakhon Ratchasima Hospital, Nakhon Ratchasima,

Ministry of Public Health

Abstract

Respiratory variation in arterial pulse pressure (APP) has been shown to be the most accurate predictor
of fluid responsiveness in mechanically ventilated patients, with a predictive cutoff value of 13%. However, this
dynamic parameter is invasive and not widely available. The pulse oximetry plethysmographic (POP) signal
resembles the arterial pressure waveform in both shape and amplitude variation. Thus, the respiratory variations
in pulse oximetry waveform amplitude (APOP) may be used as a surrogate measure of APP for predicting fluid
responsiveness.

The aim of the study was to evaluate the relationship between APP and APOP by using standard monitors.
Thirty-six mechanically ventilated patients were enrolled during the course of their clinical care in the medical
or cardiothoracic surgical intensive care unit (ICU). The arterial pressure and plethysmographic waveform
amplitude were recorded simultaneously. The APP and APOP were manually calculated. The relationship between
APP and APOP was compared and analyzed for correlations.

The APORP is well correlated with APP (r =0.78; P < 0.0001). Our study shows that a APOP value above 15%
accurately distinguishes patients with APP above 13% and those with variation of 13% or less with a sensitivity
of 93.3% and a specificity of 95.2% (positive predictive value 93.3 %).

The results of our study suggest that APOP can be used as a simple and noninvasive predictor of fluid

responsiveness in mechanically ventilated patients.
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INTRODUCTION

Initial therapy in critically ill patients with
circulatory failure is volume therapy. The aim of volume
expansion is to increase cardiac output. However, if
inappropriate, volume expansion is able to induce side
effect such as pulmonary or tissue edema. Therefore,
assessment of fluid responsiveness is an important
issue in the fluid management. Fluid responsiveness
assessment has been studied for many years, and it
is now established that static parameters of preload,
such as central venous pressure or pulmonary capillary
wedge pressure, if not extremely low, fail to predict
fluid responsiveness accurately’. Dynamic parameters
relying on cardiopulmonary interactions in mechanically
ventilated patients such as systolic pressure variation
(ASP)* and pulse pressure variation (APP)® are the
reliable predictors of fluid responsiveness. Among
the dynamic measurements, APP has consistently
been shown to be the most accurate predictor of
fluid responsiveness.

that a APP of 13% had the highest sensitivity and

Michard et al previously found

specificity in predicting an increase in cardiac output
in response to volume therapy in a study of septic
patients“. However, these dynamic indices are invasive,
operator dependent, not widely available or expensive.
Pulse oximeter waveform presents with variation
in amplitude that are related to breathing cycles.
Respiratory variation in pulse oximetry plethysmographic
waveform amplitude (APOP) has recently shown its
potential interest in predicting fluid responsiveness
in mechanically ventilated patients. We conducted a
prospective study to evaluate the feasibility of the use
in ordinary intensive care unit (ICU) and the relationship

between APP and APOP.

78

Materials and Methods
Patients

We prospectively screened for eligibility in only
mechanically ventilated patients admitted to the medical
intensive care unit or cardiothoracic surgery intensive
care unit, older than 18 years. Criteria for inclusion were
as follows: (1) presence of an indwelling radial or arterial
catheter placed after the decision of the physician in
charge of the patient (2) controlled mechanical ventilation
with tidal volume of > 8 mL/Kg (3) absence of arrhythmia.

We excluded patients in whom pulse oximetry
waveform were unreliable measurement (association
with noisy waveform). The protocol used in this study
was part of routine clinical practice. Although informed
consent was waived, the patients or relatives were given

clear information about the study.

Measurement

Invasive arterial blood pressure, electrocardio-
graphy, pulse oximetry, exhaled tidal volume, respiratory
rate, and peak airway pressure were recorded in
all patients. Patients were studied in supine position, and
zero pressure was measured at the 4th intercostal space in
mid-axillary line. A pulse oximeter photoplethysmographic
(POP) waveform was obtained by applying the pulse
oximeter probe to a finger or a toe. Arterial pressure
and POP wave forms were recorded simultaneously
from a bedside monitor to a central station monitor
and were analyzed by an observer blinded to other

hemodynamic data.

Respiratory variations in pulse pressure (PP) analysis

PP was defined as the difference between
systolic and diastolic pressure. Maximal (PPmax) and
minimal (PPmin) values were determined over the same
respiratory cycle (Fig 1). To assess the respiratory
changes in PP (APP), the percent change in PP was

calculated as described in previous study”.
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APP (%) = 100 x (PPmax — PPmin) / [(PPmax+ PPmin)/-.

Respiratory variations in POP waveform amplitude
analysis
POP waveform amplitude was measured as the

vertical distance between peak and preceding valley

trough in the wave form. Maximal POP (POPmax) and
minimal POP (POPmin) were determined over the same
respiratory cycle (Fig.1). APOP was calculated using the

following formulae:

APOP (%) = 100 x (POPmax — POPmin) / [[POPmax + POPmin)/>.

Fluid responsiveness
Patients were divided into 2 groups of fluid

responders (FR) and fluid nonresponders (FN). In
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accordance with previous studies®, we used the APP

of 13% as the cut-off value to differentiate FR from FN.
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Figure 1. Simultaneous record of arterial pressure and plethysmographic waveform in a representative patient.

Respiratory parameters

All patients were mechanically ventilated in a
volume-controlled mode with a tidal volume of > 8 ml/
kg ideal body weight. Ventilatory variables such as
respiratory rate, the inspiratory to expiratory ratio (I:E)
and Positive End Expiratory Pressure (PEEP)were set

according to the attending physician.

Statistical Analysis
We calculated that 30 subjects would be needed to
detect a correlation coefficient of 0.5 at the significance

level of 5% (ct-value of 0.05) and power 80% ([3-value of

0.2). Correlation between APP and APOP were assessed
with a Pearson Correlation. Statistical significance was
defined as P <0.05. Statistical analysis was performed

using Stata Statistical Software version 11.0.

Results

Of the 39 patients recruited from July 2014 to
December 2014, 3 subjects (8%) were excluded from
analysis due to poor plethysmograph waveforms.
Therefore, data were analyzed from 36 subjects: 25
subjects in the cardiothoracic ICU and eleven in medical

ICU (Table1). This group consisted of 16 men and 20
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women aged between 19 and 84 year (mean age,
56+16 years). The demographic, hemodynamic data

and mechanical ventilator setting were shown in table 1.

Table 1. Demographic, hemodynamic and ventilator

setting data.

Parameter Value Range
(meanxSD)
Gender
Male 16
Female 20
Age, years 56 + 16 19-84
Septic shock 11
Surgery
Coronary graft 13
Valvular repair
Congenital defect
Aorta repair
Hemodynamics
Heart rate, bpm 10118 64-133
Systolic blood pressure, mmHg 117122 61-176
Diastolic blood pressure, mmHg 6512 40-95
Mean arterial pressure, mmHg 80+14 47-119
APOP (%) 15+11 3-56
APP (%) 1419 0-42
SpO2 (%) 96+8 73-100
Mechanical ventilator setting
Tidal volume, ml/Kg 912 8-12
Peak pressure, cmHZO 2015 10-45
Respiratory rate, bpm 1614 12-36
PEEP, cmHzo 4142 0-15

SpO2 = oxygen saturation measurement determined by pulse oximeter.

PEEP = Positive End Expiratory Pressure.

80

There was a significant correlation (r =0.78;

P < 0.0001) between APP and APOP, as shown in Fig 2.

60

r=0.78

p < 0.0001 ¢

APOP (%)

APP (%)

Figure 2. Correlation between pulse pressure variation

(APP) and plethysmograph variation (APOP).

Overall, 14 patients were classified as fluid
responders, and 22 patients were classified as fluid
nonresponders. The APOP threshold value of 15%
discriminated fluid responders from nonresponders with
sensitivity of 93.3% and specificity of 95.2%, positive
predictive value (PPV) of 93.3 and negative predictive
value (NPV) of 95.2%. The area under the ROC curve
was 0.952 (Fig 3).

0.75 1.00

Sensitivity
050

AUC = 0.952

025

0.00

0.00 025 075 1.00

1.Sp?e'§%cny

Figure 3. Receiver operating characteristic (ROC)
curves describing the ability of APOP to
discriminate fluid responders (FR, APP > 13%)
and fluid nonresponders (FN, APP <13%).
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Discussion

In mechanically ventilated patients, dynamic
parameters have consistently been shown to be more
accurate predictors of fluid responsiveness than static
parameters.These indices rely on the respiratory
induced variations in stroke volume or its surrogates
induced by positive pressure ventilation. The concept
behind these indices is based on the change in stroke
volume along the steep (fluid responders) or the flat
(fluid nonresponders) portion of the Frank-Starling curve
(Figure 4). Among the dynamic measurements, APP
was the best predictor of fluid responsiveness®. High
APP indicates that the patient is on the steep part of
the Frank-Starling curve. Low APP indicates that the

patient is on the plateau part.

Stroke 4
Volume

= )

Fluid nonresponder

Fluid responder

0 >
0 Preload

Figure 4. Representation of Frank-Starling curve with
corresponding respiratory variations in the

arterial pressure waveform.

The APP measurement is invasive, operator-
dependent, and not widely available. The pulse oximetry
plethysmographic signal resembles the peripheral
arterial pressure waveform and the degree of respiratory

variation in the pulse oximetry wave is close to the

degree of respiratory arterial pulse pressure variation.
The use of pulse oximetry as a noninvasive indicator
of volume status was firstly suggested by Partridge®
in 1987. Recently, variation in the pulse oximeter
plethysmograph (APOP) was shown to be a reliable
noninvasive surrogate for APP because both parameters
are dependent on stroke volume.**

Pulse oximeter is applicable on most patient
categories and is noninvasive, simple and widely
available. The present study showed that analyzing
the APOP is feasible (successful measurement in 98%
of patients in our study) in the ordinary ICU. However,
the quality of the plethysmographic signal is critically
dependent on peripheral perfusion, which may be
significantly reduced by factors such as hypothermia, low
cardiac output , and drug-induced vasoconstriction. In
particular, norepinephrine, by increasing the peripheral
vascular tone, may reduce the pulsatile component and
accuracy of plethysmographic wave."

APP is considered to be a good predictor of fluid
responsiveness®. Thus, other variables should correlate
with APP. We were able to demonstrate a significant
correlation (r = 0.78; P < 0.0001) between APOP and
APP in critically ill patients. The correlation between
the respiratory variations in arterial pulse pressure
and plethysmograph amplitude found in our study is
in keeping with previous studies. Cannesson et al’ and
Natalini et al"' found correlations between APP and
APOP of r* = 0.89 and r = 0.62 respectively.

In this study, we also assessed if APOP could
identify those patients likely to respond to intravascular
fluid administration. We found that a APOP value
above 15% allowed discrimination between patients
with APP above 13% and those with variation of 13%

or less (positive predictive value 93.3%) with good
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sensitivity (93.3%) and specificity (95.2%). Therefore,
the non-invasive APOP measurement could potentially
be used for the prediction of fluid responsiveness
in patients with circulatory failure, especially if they
are treated in general ward or ICU that could not be
instrumented with an arterial catheter. Application
includes preliminary evaluation of unexpected circulatory
failure in hospitalized patients.

The limitation of this work is that, this index cannot
be used in spontaneously breathing patients, patients
with irregular heart rhythm and patients ventilated with
tidal volume < 8 ml/Kg. However, this index may be
used to predict preload responsiveness in a ventilated
patient if the ventilated patient is temporarily paralyzed
and tidal volume is temporarily increased for a couple
of minutes to 8 mL/kg (if plateau pressure remains <

30 cmHZO).

Conclusion

This study shows the feasibility of recording and
calculating APOP in ordinary ICU and a significant
correlation between APOP and APP. Since APOP,
obtained from non-invasive technique, could identify
those patients likely to respond to intravascular fluid
administration, we concluded that APOP may be an
attractive method to detect fluid responsiveness in
critically ill patients in a similar manner as invasive

arterial line pulse pressure variation.
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Association and species

Commonly associated

Nocardia asteroides sensu stricto type VI
Nocardia brasiliensis

Nocardia farcinica

Nocardia nova

Less commonly or infrequently associated
Nocardia ofitisdiscaviarum

Nocardia pseudobrasiliensis

Rarely associated or prevalence not established
Nocardia abscessus

Nocardia africana

Nocardia brevicatena complex

Nocardia carnea

Nocardia paucivorans

Nocardia transvalensis (N. asteroides type 1V)
Nocardia transvalensis (sensu stricto)
Nocardia transvalensis (new taxon )
Nocardia transvalensis (new taxon II)
Nocardia veterana
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(person-to-person transmission)®”
MIABUAKBIVDITTVUNN UNUVBITINB6
nIAaLTa luasiae %uﬁuﬂ%mmua:qmauﬁa@iaﬁm
& a & A . A A A
matiuiulasdaidaasy (phagocytic) Thafalasia
(neutrophil) wazuulaTne (macrophage) fua3i®ay
ﬂﬁdgﬁ@iuﬁum%mag (cell mediated immunity) tIu
BAN® ANIINARBINLEAIELAWI fimanszduimiie
RaAUNITUA T lymphocyte @38° #anaINBUad T
& fdld o o o &’
cells iilwaaanianuinnlumsmasselulon uas
HasruldWizauninszan B§018228% (extrapulmonary
dissemination )’
Ufisenszrinsanusansnlumaiuinlasiie
188@217 (phagocytic) kazanuaINsalunsialsavad
Wt 013 0ANULANGI Nk ILLGR: T Fv0 %8 An1T
nmInanadlunywuii N. asteroides fianuaunsalu

mi@iaﬁmmsauamaumoguqu WENWLTARNINAIN

'
v AA

Wwanallde 1,000 win?® Setladunisinlunisdadin
MIAUARVBILTALRDAVIITDINAANINNNITNNIIVD I
wadsznavldarelnalalalla (glycolipids) Hitas®

AINITUALDINIILEAS
a 21' 6 A 1 Y Aa v
midaze luansiasludaanel@anenisienant
wuulaTnastduuuulouwan (acute) NILELUNA
(subacute) WIaUULL38TI (chronic form) Hilaadnan

dwa Il (74%) lo (77%) lefiiwune (65%) mela
wauwilas (65%) Wuniian (39%) ludthounenoen
a & A A o . o ¥ o, ~
Janmsladluldaansathausinriasiiualsle ;dahsm
InyfaaludiuruidnsInerdniain1suazainig
LRAIUWAUA L RUINANIIAALT TasdurtsNnuII
% U o A A
Muldtasfaszuulszanuazanad lagaraiainslie
fywe Aauld aFow udw’ Ipewiiniidada
6 = ﬁlld = o
Iumsmﬂluﬂa@mmmi;mnmuuma:mﬂlﬁlaﬁuwn
a (v ] o A o a I a ul VLW10_11
BUUNABIINAURNzaNvaulaRadi o
Y , A o O & a
ma:msmlumaawaﬁuﬂa@maagﬂwhmsmﬂ
wulalivay wanansiuua luasidoaunsavinliiia
HAvSmninen wiavilwiia phlegmon (empyema
necessitatis) loinflauiinulugihoiulsansauaadlu
Jolada (Actinomycosis spp.)”
N1NIWINWVBY Kurahara Y luﬂWSLﬁuiaya
vy dead ¥ ¢ o e
lu;dﬂamuaammnwamaiumsmﬂ wuingilae
INNINTaa: 90 danuAalnduasszuumMIniylasiu
Al (pre-existing structural abnormalities)’
o % a d' dl a &, 6 A 1
fnSuiladToirasdnlundaiBaluasiaawudn
lugthenfipfiduiunfiadndlddinzdunduerled ld
Sumssnuauadasand m3tandnsaiene Jn1e
~ A ol A Qs a o Qs = a tqﬁ/
aLAaaU261 wIasusaNinte azdilaniafarta
Tuasiaa Ny ns "
a X & X A a
ﬂﬁ@mvﬁahmsmﬂuaﬂawuma:mamu
9aNuIIT ﬁﬂwuluﬂ@;u;jﬂa oNNBINTTULI vinlsdag
"Lﬁ%’ums%fﬂmﬁaﬂmamamﬂugﬂLLuu%fmJi:muamia
e A A . A A o v
wiuawn wielnzlsasindug Aliiianig

]
Y o Aa

n
gﬁqwnuwwmﬂnﬁiwﬁm“‘“

a =

r v e oa . R
AN1IANENLEAIRRWINTNIFII9 TNF o LN

z > = v ~ =1 a 6
unundsniinanszduiliailiaanaisialylulod

A v o

(monocyte) GatBainduniiduiuiunaa (innate

q

. . d' o o aaa ] £ 6
immunity) N&anlunsidfnsendenisaas (cell

A 2 L

wall monomer) vadaluafidiy Feaivauulandaya
nnmsansnsdaidalugeflasuelungy TNF

antagonist™
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Underlying condition

Solid organ malignancy

HIV infection

Diabetes mellitus

Solid organ transplantation

Idiopathic lymphopenia

Chronic granulomatous disease

Common variable immunodeficiency

Chronic lung disease

Cystic fibrosis

Sarcoidosis

Corticosteroids administered one month before nocardiosis
Immunosuppressive chemotherapy administered one

month before nocardiosis

ﬂ'li(ﬂi']"i]‘n'l\‘liﬂa%"{lﬂ'l

Q a Adl' 1 o A

ansazanufiadndnnuldlunwaieSinssen

v dln 2{' 6 A a v s v 1
lugioffaizaluaiide Tlanarndnwue laun
consolidation, cavitation wu'lddszunas 1 Tu 3 va9
%Tﬂw #1930 mediastinal Waz hilar lymphadenopathy
onanulaluginluasife® nenanuudiwuansus
large irregular nodules, nodules, masses %38 interstitial
v dd‘d z 1

patterns b6 IWATBRANNIINILINOVDILTANIUNNG
WA/ (endobronchial spreading) NI AL AUAN Wy
centrilobular pattern ¢ lagdnunisNInwuaNuRalng
fia US1aow upper lobes S9vnlRaNBaeN19TIFINEILN9
asaonlasniumaiulsa >

ﬁmimmwﬂ’ayamwmsma%faﬁlu;jﬂama@ﬁ
cl'd a g 6 c; ) " v
Afinsdaseluasidenand uin 21 Nawuindes
8z 71 WusaslsAUSI o upper lobes, oAz 47 WUTBE
15AUS1I right upper lobe, wazwusaslsauSLIoL left
upper lobe Uszanmsasas 21 sruunaznusaslsauwuy

86

unilateral (67%) waz3aslsALUL bilateral (33%)"
Feigin DS lanmanmasyminmwene3salugie
Tuanside wuiwé’nwm:ﬁwuvlﬁﬁaﬂﬁq@ﬁa consolidation
J898931A8 irregular masses, cavitation, large irregular
nodular densities, solitary irregular mass, small irregular
nodules, very fine widely scattered nodules, interstitial
reticular pattern, enlarged lymph nodes ‘lurgﬂa TN pRT]
anvlinudnwmenwanen9TIaiAeUnG &% pleural

effusion WUlANIT19L Gz RaITVI9 I wTaTEINN

QA Q/
N1 NINn
ANNITTaNNULTOINNRIFINTIAWY beaded
gram-positive, thin, branching, flamentous organisms q
aynanadszanm 0.5-1 lulasuasuazenidszanm 20
Tulasiwas® Snwusiunuiiiaiiaaa1iwfia polymorpho-
@ . A &/ ad A A
nuclear leukocytes N13883 gram stain DatdwITN1TNY
anuhgslumatisdfiadnlusznisfisensmizigo ns
HaNlTaa283T modified Kinyoun acid-fast stain acwy
Snoue partially acid-fast flamentous bacilli™®
a 2{' 6 A v ;:qf ]
lasdndipaluasidsliiiarlumsiwizi@eatng
%oe 14 Tu ImswenenusindBnnslng 9 1w DNA probe,
direct PCR anlfinatiolunAdfasduanniu i
= A A aa
Snmsnasavanyhvsssiatiglumaiansnyfiue
WaldSnula™
minagauany e (antimicrobial suscep-
tibility testing) 71 bd5unsuanTuLaziavltaa modified
disk diffusion method, agar dilution method LL8s broth
microdilution method M33189IUNNIABABEIUTIUY
21’ 6 A éf o 1 a c: d' s 19 o
vongoluniidviuivalSinmendgandesiwlals
Wanisiasvessuaiiselunasanaaas (minimum
inhibitory concentration:MIC) tunin uddayan1inay
auaInInann 98 iR Ine e1vazdsdasmInsans

WANLANGa b
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= X ¢ a ad 18
M13191N 3. LLammwvbmaamaiumsmmamﬂgmu:

Species

Corresponding Major drug pattern characteristics

type drug pattern

Tadia ampicillin, amoxicillin-clavulanic acid, ceftriaxone, linezolid L8z amikacin;
fulnginsdada imipenem, ciprofloxacin Wag clarithromycin

A ] . ! . . o Z 1
LAY type | LA kanamycin MICs low (<1 pg/ml) uazlhda ciprofloxacin; 4naaa
gentamicin LLag clarithromycin

N. abscessus |

N. brevicatena/paucivorans complex, |l
unnamed group

N. nova complex 11l 1ade ampicillin Lwiil'ﬂéa@ia amoxicillin-clavulanic acid; l¢a erythromycin,
(N. nova, N. veterana, clarithromycin, linezolid LLa< ceftriaxone; very low MICs to imipenem LLag amikacin

N. africana,N. kruczakiae)

N. transvalensis complex [\ ﬁva@ia aminoglycosides i'mvll]ﬁd amikacin; vL’m'a ciprofloxacin, ceftriaxone, linezolid
L imipenem; %a@ia erythromycin LLa¢ clarithromycin

N. farcinica V \‘%a@ia ampicillin, broad-spectrum cephalosporins Waz clarithromycin; v‘%a@ia
aminoglycosides HNLIn amikacin; vl’J@iE] ciprofloxacin, linezolid LLa& imipenem

N. asteroides complex \| ??a@ia ampicillin, amoxicillin-clavulanic acid, clarithromycin L8 ciprofloxacin; e

ceftriaxone, amikacin, linezolid L8 imipenem
N. asteroides type VI (unnamed) The ATCC type strain Tdia ampicillin LLaz"L’s@iamﬁuﬁ]mﬁau pattern VI

N. cyriacigeorgica

N. brasiliensis NA® Vlgm'a minocycline, amoxicillin-clavulanic acid, carbenicillin LLae sulfamethoxazole;
fadie kanamycin, cefamandole, ampicillin, ciprofloxacin W8 clarithromycin

N. pseudobrasiliensis NA Tada carbenicillin, ciprofloxacin, clarithromycin L& sulfamethoxazole; éa@ia
kanamycin, cefamandole, ampicillin, minocycline L8z amoxicillin-clavulanic acid

N. oftitidiscaviarum NA Tde kanamycin, gentamicin, amikacin, sulfamethoxazole La¢ ciprofloxacin; ?;a

§a ceftriaxone, ampicillin, amoxicillin-clavulanic acid, carbenicillin L2 imipenem
(§2unndasia [B-lactam antibiotics)

?NA, not applicable

ANBWININYIDINGN N133NEN

ANBUZNNNENTING T gﬂllﬁLLﬂillﬁ]ZWUL"Iiﬂg

a UKl aAa A 6 a a =) =
ﬂ’]iiﬂ‘]ﬂ’]l}dﬂ’) ﬂ‘ﬂ@]@]L"ﬁﬂI‘%ﬂ'ﬁL@]U Elxivl,&lllﬂ'ﬁﬂﬂﬁzﬂ

ansuLdudwiunnn FadudjAsenniaeusuadzes WU prospective study W38 randomized controlled trial

JumMdanisdae wazlinmsdeunudnsme gram-  asuumssnmlasnmsielugthonduiiSuiudoya

positive branched filamentous hyphae s&usnia  auhvasseluasidodesiufTiusdunan ns

6 A & . a z al % n:llA o A % % . .
luasidsazidu right angles lasdnwmuziBaaziivma snmnuwlﬂuﬂaquuﬂamﬁﬂmma trimethoprim-

23-24

nsuazeNINIdaiauny Actinomyces israelii sufamethoxazole

vnsinsasuauaiuuul fAserunsylann UUALN trimethoprim-sufamethoxazole lurile
(mycetoma) lapwenFanwlugtuuviinuldiossnndn - lua1sids fa 5-10 wn./nn./3u vad trimethoprim
wululsafifadulusuimi aswuljisenweaiiaifla  component (Wsa 25-50 1n./nn./3u 183 sufamethoxazole)

\unsaneumly wadansansudszneudsdullod  lasfinsuusinlwazdy suifonamide Twiiaaagszning

(lymphocyte) Saéla'lad (histiocyte) Bla&lufla
(eosinophil) L&z foreign body giant cell #uiilasila
(neutrophil) wuldauszazaaslsn®

100-150 lwlasnSu/wa. wadhadssnddn do nisna
Vl,“ungm (myelo-suppression) NI BU IR

Un@ (hepatotoxicity) waznsvitauuaslafiiadnd
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. . = 1 . .
(renal insufficiency) 4N1331LINBNITIABEN trimethoprim-
sufamethoxazole 114 N. otitidiscaviarum, N. nova L8
N. farcinica*

fitayalugihoflasunmsdandizaisaz (organ
transplantation) nlasy trimethoprim-sufamethoxazole

4w e A X o oA X AT A
wWellasnumsfabetandniauiiiaanneinludada
(Pneumocystis jirovecii pneumonia) A% 1@ 81 nlasulag
\aRefe single-strength tablet 1 1a 3 ATIAadLAH

3 A v v a a 2«’ 6 A
wui gihedssanmsasaz 69 fimsfaraluasiae
lawghonguitlinudndnisfedann trimethoprim-
sufamethoxazole anTayaitarilinyuinslaiy
&1 trimethoprim-sufamethoxazole analiannnsatlaain
midaialuasiasla?

lugthofnfinmsGataiarle Aldsue trimetho-

, 4 o . X .
prim-sufamethoxazole wailasnwnsGialtataaaniay
MAaansefiluGada (Pneumocystis jirovecii

. A A A X & A
pneumonia) HUWTBNUNLINTNTRALTaluANSLAE
aaad Judeiniannawanfldsuivinaginigihe
ﬂ@lﬂﬁ%’ﬂﬂﬁﬂgﬂmElai'm:(organ transplantation)*?°

dl a; [ a z 6 a v 1
#1au g AlTlunsinsnisdadaluansids laun
amikacin, imipenem, meropenem, ceftriaxone,
cefotaxime, minocycline, moxifloxacin, levofloxacin,
linezolid, tigecycline L&z amoxicillin-clavulanic acid™

AR imipenem 3INNU cefotaxime W38
amikacin =¥ lWnsAaUaKeIdasn@UwnIINTIREN
YUIULALD

' . . v a d’d J A; =

WU imipenem 3 lHaNITNENAGN I aTing
WIsUB UL meropenem %138 ertapenem LilalkeN6g

1 = = 23
NATIUNLIVUIULAE?

~ Aa a X & a

fimmesaslunyiinisfazaluaideluanes
LLﬁ?@mmauaua\‘i@iamﬂﬁﬂ%ﬁaaﬂﬂ%mmmau%a
WU31 imipenem-cilastatin L8z amikacin Wwenn
fdszdnSnwgefiga seasnndansli’ trimethoprim-

sulfamethoxazole THaLAHY §118 minocycline

23,26

Uszansmwlumardada bilduandrsnuannaan
asuulugthonfimsfadafisuuss uusiWinsldn
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RaIThaINNwldauNaTaNan INaga UL D VaIEN
(antimicrobial susceptibility testing) 31 liin13Geen 34
=1 Qs 1
AnvdSusnanumanny asssall

a

% U dld a 2«’ 6

Sz&lzL’Jmluﬂ’ﬁiﬂHﬁEﬂ’)&m&lﬂ’]i@l(ﬂL%ﬂI‘%ﬂ’]SL(ﬂﬂ
fawinazliianaant1auiniNaaalan1gan1INa
v udulnd (relapse) lavvildlugiefigfiduiudnd
(immunocompetent) Aiin1saaBaluszuunisniela
“ oA o X L4 M oe s X
WINNIRALTBNINNIMIITIUY (La L RnTRaLTe
Tuszuudszamaiunas) MIlAmsSnswudszunm
6-12 LABUNLNIND LL@i’Lu;jﬂmﬁﬁma:Qﬁqwuﬁu
UNWIaInIa NI aluITUUEIUNAY ITUZLIAINTT

g v v 1 v =3 d23
iﬂmmwaﬂ"ﬁnmamma WD 11
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Review Article

Aa =1 a < 1 { a o Aa
nzlanfadanddinaanledaludiafigliauiuwlnd
Pulmonary cryptococcosis in immunocompetent patients

TaAa1 91u29197% W.1.

uwnelszinuaasaaaviivilsassuumanielauss ioslsa

Cryptococcus species Ansnue 19 species lag
C. neoformans Uas C. gatti W 2 species Any
ladunan lu 2 species % C. neoformans var.
grubii (serotype A) \iluzfiafinutasfiganalan &
C. neoformans var neoformans (serotype D) wu'ldtiae
luwnuglydaewntle Weszagluduuazasdandann
wnlaslanzwnANy uaaansawuluundseinndwe o
dp v 1 1ieas uazyaenundue 1w unwi wnudiu

o X v ale .
Tt C. gattii Tz wuluduga iU Aauazduan’ wu
lusasiaside taiuanaiug waWsnaaunans uasined
msizmﬂlmnu@na% U3h leauide awsnaziuan
Boanforanddin dulddug 1w s dulda 59019
~ e o o X . ¥ 9
FaNUFUNUSNULTD C. gattii 68

JTUIRINYN

X e X A oa

\wa C. neoformans Waz C. gattii \iluipainniaa
WU NNIN LI Tz 300 318 Tusadrian w.a. 2538
wadauwuldusnan1siaizean glan1aNInNyw
13989 NI UQﬁﬁuﬁuunws’auﬁﬁuamdmﬂ
w79 2 nensenmuun MlvmsdareasdInfanlads
Lﬂ'é‘mmﬂLauﬁwﬁlmjﬂaﬂgﬁ@j&lﬁuﬂﬂmﬁﬁkﬂﬂszﬁw
- [ U lﬂ‘d a Y > ] 1 U =
muJu;dﬂ’s BNUNUANNUUNWIDITULI LT gﬂ’gma“ﬂm
Kth Uﬂ@ﬂﬁwvlmﬂizg]n LLazpjﬂmmL%a1 msaaansdin
AandaluanigalsnIuulduwuiis 0.8 Mudalszng
1,000,000 318 ¢al) daNwdadn1sAaLTaLaT beIANN
Ju ANUNNAWLTU 5 Nedalsza1ns 100,000 aueall

90 sulidAuvidiatuil 6 qanaw 2558

ATUSUNNEIFIFATAITITWEIUIA URI1INENRLNAAR

2 doa e v W oo daX A
uaziSuaaadtladinsinaisenduwhianatuwies g
WAL 1 518 datszns 100,000 60T a3
e o e G e DA e A
nudnunulundssnen s ldwaw i NuaWsmyien
a g dnﬂ‘ql 1 s £2 £Z Qs = =
faatar e N lilasnudusdiuhSa nudnmsda
Wawnie 95 Madalszaing 100,000 snedall’®

Y T an d

L"ﬂamﬂi‘nﬂanﬂmﬂwmlumaimqﬂmumw

o v oA & ap . & e o

wuuamq@lugmm@mmaﬂm Wdasdauany
.90 a & .. L e
‘vmalmn@mm@Lmasnanmulugmﬂﬂg}ﬂmmmm:
(organ transplantation) Ta9nuAuAMLazLaRI S aaE
Aatlusanas 8 Mms@m%asqumuﬁmm’ wanwy'le
wauniludthedandislanszan (hematopoietic stem
cell transplant) TRalduiaeaz 0.6 waINIRALBEN

g: 8 L2 = ] dq;
ANMUTIIRNG Hthoierladdulnajszwuie C. neoformans
serotype A W31 serotype D 3zwuINn llszinac e
Ay & C. gatti W wulaidususios Uszanm
Jouaz 2° unzdnialsaluaufindduiulng'

~ = o, Aa X

luhsznelng Sms@inwgthon@aise Cryptococcus
neoformans lutheflilddaizaierled Alssweuna
1WBUd wuhludihenmae 37 110 Sawaz 65 filsa
Uszden lavdulng ldSusnaniduiu Aaidusas
ae 41,15@'1@{]& (systemic lupus erythematosus, SLE)
Souaz 16, lsaNzi3y Souaz 16, wazlsAlunnaw Say
a2 14 wuasulnglwi lvsunasdedusasas 28,
luiden Jooa: 28, wazwuluaurznIainaInaoaay
0984 (bronchoalveolar lavage, BAL) ninTuihalulaa
Saaay 28"
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. o
Pathogenesis (W&N5NLiA)
a Agl’ a =3 % nl = 6
nmsdaansdIndanazisuainmsnialaantza
wIagta Svaswardnldlulaa %ammgmnﬂumi
1 z Qs X a Y QI s X o 1
nalsnfuiuife piiduiueddiuidauazduniiives
nIfaLTa’ mmgumwaat%aﬂ%ﬂiﬂﬁaﬂﬁaﬁuﬁuﬁ‘ﬁu
- R A N e
Indusnenlsduaziingasdng g MiTonaa ba LT laccase
9l lun13HRe melanin phospholipase B inositol LLas
phospho sphingolipid-phospholipase lutlaa 1Ham
o % = 6 -d‘
szutsduazaiuadgalniuananlidumalnadoes
f1eila INUN1ITLAWVBILNALREAT1Y (phagocytosis)
WL TAFINLIALRAATIIFNNITNIUAL IAURINEIFINITD
mﬁﬂayjuammé}"ﬂuqd phagolysosome kaznszane il
[ Kdl v Y 13 a [
famadaus ladiunaenaln® wadgalnduanailg
€91 Qs a £2 Qs
wanNAgniarun1sTuiuvaiaifioar1iuaa 89
AATEOU ABNNALNUAYIN IR i aausnaIdananduaf
1WRK UUaINNINAY cytokine TUNIUNNILAG antigen
presenting cell 8@ receptor U8y selectin LR tumor
necrosis factor fANINATIUIZIAUTAU 9 LT TINNY
% [ £Z 1 idl n' &) a
sunson andnaadn leglwaasdufinanuduis
Mulerad e 1anaINNRIININITWLIGI VDI TaLT 1o
ladnee™
4 X A e e . .
\Waigan3uIndanAsmdng3in9ne innate immune
response laun polymorphonuclear cells, macrophage
waz dedritic cells TINA® cytokines ﬂi:@i/u CD4+T
helper cell type | &3 CD4+cell # Tanuindulu
[ 2( 1 [ =1
nyilas nwaalulwnszaneeaanuantaa n1sdnunlu
LWL AMMIiTaatuea9lTng CD4+ uae CD8+'"
&% humeral immunity % SaNUFUAUTIUAIHNTA
Wakasndn™® uddn antibody-mediated immunity 2z3l

17-18

E‘i’]‘lﬂ,%ﬂ ’]iﬂ’]‘Uﬂ'&lL%aﬁnﬂﬂ’ﬁﬂ@]ﬂﬂdlu%‘& §IUN13I

i autoantibodies ¢a granulocyte macrophage colony

stimulating factors %ugunlawinaziiuiladeifusdans

v 210

Ao C. gattii lugthofindduiulng

ANBWENIIARRN

myaageluleadulddoudlufonnns® wied
amvestlondinlte (pneumonia) l1Jaudls acute respiratory
distress syndrome (ARDS)**% maillulsaasvlndanlada
[HaiuAnanaaiiausds (latent infection) AuFasanms
aanuuﬁagﬁ@fuﬁm‘ima (reactivation) Midalza
ﬂszmwmw‘immﬂamﬁ]wﬂﬁﬁamsa@L%auuuﬂgugﬁ
(primary infection) Wiansaaitaudsfinaasannsaan
WMERAY (reactivation)® saulnajiszunmaadlua
maagﬂamﬁgﬁﬁuﬁuﬂﬂa inlifiannsuazamanulas
1918 3 nmstnenIwssEnTvannsaanaliann vy
1o izune 13unihen® Iummzﬁgﬁgﬁ@juﬁumwiaama
ﬁmmiﬁ;mmﬂ'jﬂmﬁw lo wiley anfaszuums
welad NiraILaz ARDS la anmaenniidnsieen
Tugl mﬁgﬁ@jwﬁ‘uﬂnaﬁmﬂu single %38 multiple
pulmonary nodules LLa air space consolidation™ AN
aufinule 16w mass 1 cryptococcoma, ground-glass
attenuation, reticulonodular pattern, cavitation, pleural
effusion, lymphadenopathy, endobronchial obstruction
LGl cavitation, pleural effusion L&z lymphadenopathy
o wuqujﬂ’sUﬁﬁgﬁﬁuﬁuunwiaﬂﬁmﬂﬂ’hz““"“ 9
asauwinuRunsaasaalsafidnwy cavity Tugthe
ﬁgﬁﬁuﬁuﬂnﬁ"lﬁmﬂﬂ’hQﬁﬁgﬁﬁuﬁumws’ao MWTIR
nyenfifianeaeiiu single nodule i mass 1N
vliFuauiuuss Snnuidumsaagensyindends
MnmMIdaswita nIdiidnmaadadidanasnadsndin
Taiww cryptococcal antigen lulfea LazrNaIIINLFBI
s Tihenimsaaediumisausin lagnsdesefidl
snwazdutoutin winwursludaauazszuudszan
&§IWNANY (cryptococcoma) ﬁﬂwmﬂum‘iam‘% 8 C. gattii
NINN31 C. neoformans® mmsﬁﬁamaﬁmwgﬂm
finsfadensuulszamannanslaun 19 vaadsee
a3 sunsaiinoms®
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N133%RY

mMyifa somidadessdinfendsludaatuiy
27IN17 aﬂﬂm3ﬂ70ﬂ7W§ﬂaﬂﬁﬁdﬂﬂ NNLW'WL%E] NRFII
NNWEITAINYT LAZNAAIID cryptococcal antigen \Te
asuInfendamusnimnadoldnn ssdandsanszuy
mamele loun auny ﬁ’]ﬁwmamuqmu (broncho-
alveolar larvege, BAL) WM TN DT Wl A AT W
laWzMIfaTauULN TR e B aesU Infandmin
avanulaielasnssednaes anwundudadnaniies
2110 5§19 10 lwaseusensaudinualys n1InTIans
Fuaiilasld canavanine-glycine-bromothymol blue agar
RUNIDIEUEN C. gattii wae C. neoformans bé'° “anann
fiefintlng ﬁ'ﬁwé‘qﬁwmag alimansnaanuda
wazduunoiialdanesiasi leun polymerase chain
reaction (PCR)* W&z matrix-assisted laser desorption/
ionization time of flight spectrometry®

MMTATIIN SN TINEIEH Nsefan Mayer’s
mucicarmine Svazfafumninaadariwulse lom
adsnnlumiifese® laamluiimideninaeds
LT hematoxylin and eosin stain (H&E) %:LﬁuLLﬂﬂﬁgﬂ
\uiuiiladoy cell wall FsdagtinGudon g wudeaiv
Mayer’'s mucicarmine stain 3<WU clear zone containing
carminophillic material mmzﬁﬂ’aw% periodic acid —Schiff
(PAS) %38 Gomori methenamine silver (GMS) 3zNWU cell
wall 61911 alcian blue stain ﬁ%wmﬁm capsule GREY
M3lE combine PAS az alcian blue %aﬁmﬁum']mmn
61932139 cell wall ﬁun,l,ﬂﬂsga%‘mﬁmﬁo%u

FUIUNITNIID cryptococcal antigen %dL‘flumi
§3799%1 polysaccharide capsule lutdaa I@ﬂﬁ;’svlﬂ
1533 latex agglutination (LA) 30 enzyme-linked
immunosorb ent assay (ELISA) ﬁﬁammvbuazm’m
$umnzlum Afledunsdadeuuunizany mMsaaie
luauaaLLa:Lﬁaﬁmwaﬁamoif’mﬁumsa@L%aluﬂaﬂ
[Rp9agng dadeinasaliny cryptococcal antigen
lwidon unn ddquadefiannududuadisninlunis
wanlela wgﬂ’sﬂﬁm‘iam%amww:ﬁﬁaw%aﬁms
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a ,&’ d'd.i (3 ;:i (% 1 o 4 0‘/ =
famafang drfiasannmisnuaany’ laanaluds
asanathliuwnasludthenfigiduiuunwsasiaun
MunIaaLTalulaaiNeIa19ae) AmeNIn1IATIN
lygundaludtoflnlquindnduu delufivayan
FALA% 12T LNNNANNLREIVBINTAAL DDLU UNTZANY
dl q\: % o A Y dld

ﬂmsmaam"lmau%mﬂagmﬂmmsmmim\ﬁ:uu
U528 Ta1NITRRAIVAINTAALTORANDITZUY LT%
19" sihniinae @399WL cryptococcal antigen luldaa
gdﬂdw%amﬁﬁu 64%  FINENAIINILEINITATIIN
cryptococcal antigen nLRaALaTYN luFURRITUE
tszlaminnlunitasey wadslidnsuusinliase

A qo/ v v = 1 =1 v

TuilganznIasinastaa wid1azinisnananetiele
thaniduiuunwias™ [5waeanuNNIe cryptococcal
antigen titers lugthafigfiduiulndndazenidlanen
Axlunaauangian uddMIGaaIz cryptococcal
antigen titers lutiaavziuwiliuaaainddannnis

22039 & fslaiinsunsinlvaiafiaauszau

TN
. . A d' Yo A
cryptococcal antigen titers luiRaaialsaadulalunng
TN uazlidayadnzdu cryptococcal antigen luiiiaa
uuldiiandszanm 10 Weunasngamsinsdsenly

v 1 o s & 23
a7 NN UNNTUNIFY

N133N®N
= ® v =

nsmannstanaaflinnaid

- 1% fluconazole (400 un.[6 un./nn.JAun1adan)
6-12 LAat

oo _ A e

- NNINA cryptococcal antigen luliaanaans
Snsasundd liledetsrliiaszozinannmssnmee
NIMaINIITHUT

- IASnenlauns@ageluszuudszanain
N&a19 fa induction §28 amphotericin-B deoxycholate
(AmBd) (0.7-1.0 un./NN./T% NIRNDALREA) TAUNU
flucytosine (100 UN./AN./T% N9LNN UULA 4 a39) Bt
%a8 4 FUlavinsali AmBd (1.0 un/AN/IUNIRaEa
A [l v £ 6 Rl 1
\Wan) aietan 6 et windiheldaunsanuns
91fe9ues AmBd 16 Wansan liposomal AmB (3-4
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Nﬂ./ﬂﬂ.ﬁu) %38 amphotericin-B Lipid complex (ABLC)
(5 un./NN.AT) TINNU flucytosine aendsias 4 FUani
w38 AmBd (0.7 un./nn./Awndnaaalion) 328Ny
flucytosine (100 1n./nn./3u) 2 e (nsdingiolasy
aa s g: 1 AI y=| o Qs dl [l v
mvifladoasudiiin g Wifilsadszddnaugulildus:

fimsneuanasiidaamssnendanen 2 & lu 2 §enst
3N) LR consolidation @78 fluconazole (400-800 .
[6-12 un./nn.Ju) 8 §an? lasuuziihluua 800 un.
n3dl induction ¢BgAILN 2 A uaz maintenance
@18 fluconazole (200 UN.[3UN./NN.JAW) i 6-12 LHaw®

A159N 1. ANTIUFAINITINT pulmonary cryptococcosis

N133NBN STUTLIAN

& v =
an1stanuagddlinnang

fluconazole 400 ¥n./NN.A%

6-12 LADY

~ IS a 1 -~ S Aa 1 1 1 v
2IN13INUIINIDNNTIAA WauuunIzgnIadlfntdaszuulssaImMaInnand 1IN

Induction

AmBd (0.7-1.0 un./nN./T) Laz flucytosine (100 UN./AN./T)

AmBd (1.0 4N./NN./TW)

liposomal AmB (3-4 4n./AN./1%) 38 ABLC (5 4n./nn./7) uaz flucytosine auduwlyler

AmBd (0.7 4n./NN./ %) Uaz flucytosine (100 AN./NN./1)

Consolidation
fluconazole (400-800 dN.[6-12 &Jﬂ./ﬂﬂ.]/:fu)
Maintenance

fluconazole (200 4N.[3 UN./NN.JTH)

at19ay 4 FUaR
at19%ay 6 &UAR
at19%ay 4 RFUAR

2 §anwt

8 §onk

6-12 Lhaw

- itraconazole (200 ¥N. 2 A9/ % N9UIN) BI
voriconazole (200 an. 2 A%9/7% N19Ln) 1dwnns
=3 Q dtdl = =1 a v v 1
WRanlun1ssneInsmin kil fluconazole wIalvavusa
fluconazole

- RITHIGALNENNTINIRY BIDNTIAAINNT
LRZNINSIENTIaN AU RWEIREINITSNEGIEIEN

- RAITINNT9U L RUAE S Lﬁa@iﬂﬁmsam%a

. W “ My
Tuszuuiszangrnnarsnladannisnialuiitasan
lﬂl Qo ] =3 U AHI a Y Qs

LRBBLUaINIIININ ama"l,iﬂmﬂu;dﬂwﬂguqmu
Und wazundrunINTIENTenAaUnGwd laidaniy
N9Uaa ¥ UUUITRINGIWNANT LRZAIID LWL

cryptococcal antigen luliaan3aszaudiann s
e ludundala
U1 & 3
WileasnsIn
aa X e “ a X

- mydidaseluteauussliinsunlandoise
sruudszamaiunandlasld AmBd w3a Lipoid formation
AmB lagazlinsalal flucytosine Srudndld asan
flucytosine LIueN category C dmiugiloasasid
MU ITendaaRansanfadaduazdarRa e fn1u

- 53l fluconazole (pregnancy category C)
Vl,ﬁﬁé'dmmjﬂwﬂaa@qmuﬁa

a_ N .
- RANLRLINITIA fluconazole Tutadlasanausn
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yasmsansTALazRansanisanusndulunsinmnly
Frgsewnslasinad 2 uas 3

- nsdifidulsaemsluden uazenmsasdilins
faauadalndadauazlit luconazole aIARLA

- 119239 RIS lugrandsnaan
ns@adae C. gattii

- Snwawieurunis@aide C. neoformans

S single small cryptoococoma L4211 fluconazole 400

un./nn./Au iu 8104 cryptococcoma Aiawialwajann

nIadnanodunisfansanli AmBd S8 flucytosine

4-6 §on¥ au@dn fluconazole 6-8 Laaw duAuinle

HndanIalal

- fsmdhdadiefiminaeTufisdanie

2109 cryptococcoma LHAARIRAINTINEN 4 FUAR

- waIrmnMzunsntauluid hydrocephalus/
cryptococcoma Lﬁa\‘ﬁnﬂ C. gattii msnszanelszuy

UIeaNEIUNRIIANINNTN C. neoformans WM I3NEN

Tduandnaiu

- MIABUADIGINITINWINNALT s’féquwa
wilioailuainmsfien MIC sa fluconazole gouazan

i cryptococcoma Tutlaauazawas vinlipudngsaslsa

lartaang®®?
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The word “Jit-vinyarn” is currently popularly used in Thailand to
denote the “philosophical intellect concerned with the better, or higher,
part of the mind, showing much refinement of thought and feeling,
characterized by the ascendancy of the spirit”. The word is used in a

similar way as the English word “spiritual” or “spirituality”, but its
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suggests that an idiosyncrasy to the drug may
have existed. Fatal iodism following the use of
iodized oils occur in about 1 in 1500 b

ation usually occurs within the first 6 hours
after use.

graphies (Sumner er al., 1951), and

G i m |l|e lungs follow-

reactions may be delayed for 2-3 weeks l'ollowmg
the introduction of the oil.
Todism probably responsible for causing death

may follow the use of non-lipid media b

ing bronch using lipiodol were found by
Ftllon (I9SJ) to be more common when

already ptuenl Noﬂn-lly Ilpaodol is engull'ed

such as hytrast (50 per cent weight by volume of
»odme in a mixture of N-(Z,J-dtll(ydroxypropyl)-
and 3,5-diiodopyridone-4

(AF and Shires, 1965).
Iodlm may be related to the amount of iodine
| from the dium for as

y phages and is d up the

bronchial tree, ',no‘ ,lothelun;
It is not d th the ly and
cannot be found within the bronchial walls or
cartilages. Felton (1953) found, however, that in
26 per cent of lungs containing residual lipiodol,

. (1961) have shown the amount
_iodine in_

were formed. As in the case of other
oils, nohbly liquid panﬂin. lhe fully dmloped
of 1

o th mn’ounded b‘ Imllocyuc cells, giant cells and

-t ix A g 12.15). The
grant vary size from -unnle focal
nodularities to larger confluent areas which
invade and compress the bronchial wall.
Identification of the oil responsible for causing
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