Frén:
Till:
Datum:
Arende:

Appendix 1

Till: ‘@karolinska.se>

Fran: T '@landspitali.is>
Datum: 2014-09-11 19:07

Arende: Ang: Re: bronkoskopier och spirometrier

—

Hej

Det tog lite tid, men jag hittade féljande:

27. nov 2009 togs det benmerg som var normal

odling var miliary TBC infection

och biopsier skulle tas hos Er.

mvh

29. okt 2009 fannst PAD med bitar ifran min acut op dar diagnosed bekraftades.

8. jan 2010 gjordes det CT biopsi av cavitet i lungan som visade granuloma i lungor som pa

11 feb 2011 bestallde min kollega pa onkologen bronchosckopi dar man hittade massiv
fértrangning i trachea. Biopsier togs, men de var inte av bra kvalitet och visade enbart
granulomatds vavnad. Sa nagon cancer-diagnos fanns inte har i vara journal fran den
perioden. Patienten skickades jo till Er och jag kom ihag att tanken var att ny bronchoscopi
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INTAGNINGSANT.
Patientansvarig likare

Intagningsorsak

Socialt

Tobak

Tid/nuv.sjukdomar

Jan-Erik Juto (1dk) /1f3x/

Pat kommer pa remiss frn Reykjavik for att dels g8 igenom
réntgenundersékningar hir samt ga igenom en bronkoskopi av
trakea, larynx och bronker. Detta infor planerad stor kirurgi om cirka
2v.

Universitetsstuderande i Reykjavik. Bérdig fran Firitrea. Varit pd
Isfand vid Universitetet, studerat dér sedan cirka tva ar tillbaka. Ar
gift. Har hustru och tv bain hemma i Eiritrea. Det yngre barnet som
nyligen fotts har han inte sett.

Icke rokare.

For cirka 19 mén sedan i Reykjavik, efter att tidigare ha varit
visentligen helt frisk anamnestiskt, far han stridor. Undersdks och
det befinns att han har en mucoepidermoid cancer distalt i trakea
som fortringer. Man bulkar pat 1 samband med provtagning och man
fir en stor blédning och det kriivs en Sppen thorakirurgi for att
stoppa blddningen. Trots tryckloshet i under 15-20 min 4r pat efter
op neurologiskt intakt, Hirefter upptiicks en lungturberkulos och han
far behandling under ndgra minader for detta. Dérefter startar en
strilbehandling till 66 gray. Tuméren gér tillbaka pa detta. Ater
recidiv av fumdr med viss stridor varen 2011.

Kontakt med Karolinska sjukhuset efter att man har i en bedémning
i Boston beslutat dérifran att en palliativ behanling bor goras. Pat har
nu beddmis av Paolo Macchiarini, hirvarande ......dent kirurg pa
kliniken och han skall nu under denna vardtid bedéma CT-bilder och
dven PET CT-bilder som skall tas under vardtiden under 2-3 dagar
och bedéma mdjligheten till radikal kirurgi vilken planeras med
ufrymning av tumor och transplantation, med en transplantat
polymer med Gverdragen av patientens egna stamceller.,

Pat har nigon slags bronkvidgande inhalationsmedicinering. Han
har vissa svérigheter att andas pga sekretstagnation men han lyckas

hosta upp det sé det blir klart lindrigare.

Ingen kéind allergi.

Journaikopia uitagen
2014-09-20 kI 12:33

Uttagen av
24DQ
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Karolinska Universitetssjukhuset 1100252181 :
Oron-,niis- och hailskliniken, Huddinge ,
Avdelning B82 |
141 86 STOCKIOLM !
tel: 08-585 8§77 91 fax:08-585 873 25 !
Overkinslighet Ingen kiind.
Status
Allméntillstdnd Gott. Inga kardiopulmonella inkompensationstecken i vila i stolen.

Munhdala och svalg

Nisa

Larynx

Halsens mjukdelar
Hjérta

Blodtryck

Lungor

Preliminéir beddomning

Ror sig obehindrat pé golvet.
Retningsfiia slemhinnor. Egna sanerade tinder.

Lite intorkat sekret. I ovrigt retningsfiitt bilat.

Epi-, oro- och hypofarynx u a.

Normal stimbandsrorlighet och normalt larynx.
Palperas u a.

Regelbunden rytm. Inga bi- eller blastjud horbara.
110/80 mmHg

ivila vd arm.
Fys u a, dock lite bronkiella andningsljud av och till en del stridor
hirbara pa bada sidor.

Man med ett recidiv av ett mucoepidermoid cancer i distala trakea.
Inkommer nu f5r DT och PET scan samt en bronkoskopi med
kartliggning endoskopiskt av utbredning av tuméren. Allt infor
planerad radikal kirurgi om cirka 2 v,

Journalkopia uttagen
2014-09-20 ki 12:33

Uttagen av
24DQ
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Appendix 3
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Prioritet: Normal
Patienten bor understkas pi: Rontgen
Patienten kallas fran: Viardavd.

Remittent; Jan-Erik Juto

Remissdatum: 2011-05-19 13:41

Till sektion: Datortomografen

Onskad undersékning:  CT hals och thorax.

Fragestéllning: artiirer, vends return, aneurysm? fistiar?

Anamnes, status:

Reftill samtal med Bertil Leidner den 19/5:

Patienten skall undersékas med thorax preop. spee protokoll. Har
tid bokad for underskningen tisdagen den 24/5 k1 15.00 pd

datortomografen, HS.

For 20 ménader sedan livriddande dppen thoraxkirurgi pga av
profus blédning i samband med rigid bronkoskopi med biopsi frdn
distalt i trachea sittande tumér, mucoepidermoid cancer. Man
hade vid biopsitagningen perforerat ut i mediastinum och fatt

skada pa lungartér,

Hirefter har stratbehandling givits till 66 Gray,

fulldosbehandling.

Nu recidiv av tumdr distalt i trachea och ev i bronk/bronker,

eventuellt utanfor lufttriidet.

Patienten finns pd avd B82

Patienten #r planerad for radikal kirurgi till den 7/6 pa
Huddinge sih med rekonstruktion av luftviigar.
Infor denna operation behovs klarliggande CT undersskning.

SVAR
Understkning péborjad: avslutad: 2011-05-24 13:29 Rek, C-koder:
Understkningskod: DA7. DT Thorax
Utlatande: Datortomografi thorax
Undersskningen #r utan och med i.v. kontrast och med tredimensionella
rekonstruktioner &ver trachea éver carina och higer och vinster stambronk:
En expansivitet ventrolateralt till hiiger om distala trachea gdende ned
till carina, Expansiviteten &r cirka 7 x 10 mm i tvéirsnittsdiametrar och i
kraniokaudal rikining cirka 9 mm. Tuméravgridnsningen dr dock svarbeddmbar.
Mjukdelsmassor finns fram mot arteria pulmonalisgren och emot artirgrenen
mot hoger verlob, Likasi finns mjukdelsmassor fram emot vengrenen till
héger dverlob av hisger vena pulmonalis, dessa ovan beskrivna
mjukdelsmassor utgtirs sannolikt av fibros postoperativt ocly/ eller efter
Framstélld
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Karolinska Universitetssjukhuset
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Rontgen C146

141 86 Stockholm

Tel 08-585 808 50

Karolinska Universitetssjukhuset
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Oron-, niis- och halsmottagningen

141 86 STOCKHOLM

Tel: 08-585 814 30 Fax:

SVAR RONTGEN/ISOTOQP
2

Prioritet: Normal
Patienten bér understikas pa: Rontgen
Patienten kallas frén: Vardavd.

Sida 2 (2)

stralbehandling. Ingen fortringning av kdrllumen. Déremot foreligger en
fortrangning av distalaste delen av trachea inom fréimzre delen och strax
ovanfor carina. Strax nedanfor carina finns det tvd mjukdelsmassor som
laddar kontrast, bada ca {,5 cm stora som kan vara lymfkortlar. Dwet finns
en 0,5 x 2 cm stor mjukdelsmassa som laddar kontrast strax till viinster om
trachea ovanfor carina som kan vara postoperativt betingad eller vara

flera titt intilliggande smd tymtkortlar. Det finns metallclips i omrddet

for expansiviteten efter tidigare operation. Det finns en mjukdelsmassa
paravertebralt medialt pd hooger sida 1 hoger lunga med en del fibrsa
forandringar dorsalt om denna, fordndringarna #r sannolikt
strilningsinducerade. Inget aneurysm i ndgot av kiirlen pavisade. Inga
fistlar pavisade. Ordin#r kontrastfyllnad av hjértats f6rmak och kamrat,
inga tecken till hgerkammarbelastning.

Herlin, Gunnar

13:52 2011-05-27 Signering; 1 Prelimindrt svar: Herlin, Guanar

Fallet demonsirerades for Prof. Machiarini 2011-05-24 avseende frégor
infor tillverkning av artificiell trachea- huvudbronk implantat. Mitvirden
avseende Eingd och diameter av trakea och huvudbronker, carinavinkel mm

registrerades./ pg

07:07 2011-06-14 Signering 2 Slutgiltigt svar: Glintner, Pefer

siut - -

Framstilld
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SVAR RONTGEN/ISOTOY e 102
v Sida
Karolinska Universitetssjukhuset B: 11001-521-M02 ' @
Centrala Rontgen S: 11002-521-DK1 .
Solna F: 11001-521-M02 Appendix 4
171 76 Stockholm R: 1026-7205799-3
Tel 08-517 757 01 L: 4326905201
Karolinska Univers itetssjukhuset 1
Oron-,niis- och halskliniken, Huddinge ,
B384 Prioritet: Normal
141 86 Stockholm Patienten bér understkas pd: Rontgen
Tel: 08-585 895 55 Fax: 08-585 895 50 Patienten kallas fran: Vérdavd,
Remissdatum: 2011-05-18 11:50 Remittent:  Richard Kuylenstierna
Till sektion: NuklearMed. - PET/CT
Onskad undersskning:  PET-CT
Fragestéllning: Spridning av primértumér frin distala trakea
Anamnes, status: Pat med en laggradig mucoepidermoid cancer i distala trakea som
tidigare opererats och erhallit fulldos radioterapi i Isiand fr
ca ett ar sedan. Aven behandlad for lungtbe och utlékt.,
Nu recidiv av den distala frakealtuméren med andningssvarighefer.
Vi planerar en trakealtransplantation (gj tidigare utford i Sv)
Mycket angeléget att snarast beddma om tumdéren dr dissiminerad
eller ¢j. Har informerat prof Hans Jacobsson.
Pat 4r inlagd psd Huddinge avd B82 eller B84 frén v 21.
Kontrastallergi: Nej
Diabetes: Nej
SVAR
Understkning paborjad: avslutad: 2011-05-25 13:32 Rek, C-koder:
Undersékningskod: N93, NM PETCT F18 FDG
Utlatande: POSITRONEMISSIONSTOMOGRAFI med 18F-FDG samt DATORTOMOGRAFI efter
tillférsel av intravenost kontrastmedel (hals, thorax och buk/bécken):
Anteriort om carina finns en nagot svaravgriinsad mjukdelstkning med
inbaddade clips samt striickande sig aningen in i den hogra huvudbronken.
Omradet svarar mot ett rundat, kraftigt 8kat FDG-upptag med en diameter pd
halvannan em. Fyndet tolkas som det kéinda tum&irecidivet.
Striickande sig wngefir frén tumbromuadet snett lateralt caudalt,
paravertebralt ut i hoger lunga finns en skrumpnande, fibrotisk, delvis
organiserad forindring med oregelbundet, Jitt tkat spariimnesupptag.
Perifert om detta finns medialt i de 5:e - 7:¢ higra revbenen uppdrivna,
frakturer med karaktdr av fordrojd likning. Frakturerna visar kraftigare
dkat sparimnesupptag. Samtliga dessa friindringar forklaras med stor
sannolikhet av den tidigare radioterapin. Sadan ger permanenta
lungforandringar och kan ocks? forsvaga skelettet med Skad frakturrisk.
Stammer det ufiftin kdnnedom om strlfiitet?
Aktiviteten i hoger tonsill &r nigot hogre &n kontralateralt (alternativt
Framstilld
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Karolinska Universitetssjukhuset
Centrala Rénigen

Solna

171 76 Stockholmn

Tel 08-517 757 01

Karolinska Universitetssjukhuset
Oron-,nis- och halskliniken, Huddinge
B84

141 86 Stockholm

Tel: 08-585 895 55 Fax: 08-585 895 50

SVAR RONTGEN/ISOTOP
Sida 2 (2)

Prioritet: Normal
Patienten bér understkas pd: Rénigen
Patienten kallas frén: Vardavd.

#r aktiviteten nedsatt inom vinster tonsill). Inget avvikande morfologiskt
varfor fyndets kliniska signifikans &r liten. Status efter sternotomi.

- Metabolt aktiv tumér i niva med carina. Féga misstanke pa tumdrspridning

utanfor detta.

Undersskningen kan rekvireras digitalt via Rontgenklinikens Solna

expedition, telefon

08 - 517 745 97 eller fax 08 - 517 745 83.

Vinliga hélsningar,

Hans Jacobsson, Professor, specialist i radiologi och nukle#rmedicin, 08 -

517735 81

11:26 2011-05-26 Signering 2 Stutgiltigt svar: Jacobsson, Hans

Framstilld
11 A D4 114
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Pictorial Review

False-positive uptake on 2-[®F]-fluoro-2-deoxy-p-glucose
(FDG) positron-emission tomography/computed
tomography (PET/CT) in oncological imaging

A.D. Culverwell, A.E. Scarsbrook®®, EU, Chowdhury 2=

A Department of Clinical Radiclogy, Leeds Teaching Hospitals NHS Trust, UK
 Department of Nuclear Medicine, Leeds Teaching Hospitals NHS Trust, UK

ARTICLE INFORMATION

With the increasing utilization of integrated positron-emission tomographyfcomputed

Article history:

Received 13 September 2010
Received in revised form

14 December 2010

Accepted 21 December 2010

tomography {(PETCT) using the glucose analogue 2-[8F]-fluoro-2-deoxy-p-glucose (FDG) in
oncological imaging, it is Important for radiologists and nuclear medicine physicians to be
aware that FDG uptake is not specific for malignancy, as many different physiclogical variants
and benign pathological conditions can also exhibit increased glucose metabolism. Such false-
positive FDG uptake often arises outside the area of primary interest and may mimic malignant

disease, thereby confounding accurate interpretation of PET/CT studies. With the use of
illustrative clinical cases, this article will provide a systematic overview of potential inter-
pretative pitfalls and iliustrate how such unexpected findings can be appropriately evaluated.

@ 2011 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved,

Introduction

Integrated positron-emission tomography/computed
tomography (PET/CT) using the giucose analogue 2-[18F]-
fluoro-2-deoxy-p-glucose {FDG) is established in the
imaging procedures of oncological patients, The recognition
that combined metabolic and morphological information
yielded by PET/CT can have a significant impact on tumour
staging and re-staging, detection of recurrent disease and
optimization of therapy in a wide variety of solid-organ
malignancies, along with increased access to this imaging
technique, has led to greater utilization of PET/CT in onco-
logical patients in recent years.!™ It has become apparent,
however, that due to the non-specific nature of FDG uptake
{which is the key to its successful use as a radiotracer in

* Guaraitor and correspondent: EU. Chowdhury, Departments of Clinical
Radiology and Nuclear Medicine, Bexley Wing {Level 1), St lames's Univer-
sity Hospital, Beckett Street, Leeds LS9 7TF, UK. Tel.: +44 113 2068260.

E-mail address: Fxhmid.chowdhury@leedsth.nhs.uk (EU. Chowdhury).

a wide range of clinical indications), there are many phys-
jological variants and benign (although often clinically
significant) pathological entities that also demonstrate
augmented glucose metabolism 51! Accurate interpreta-
tion relies on detailed knowledge of (a) technical artefacts
that may arise from integrated PET/CT; (b) physiological
uptake patterns of ¥DG; and (c) the causes of “false-posi-
tive"” FDG uptake. This article provides an overview of the
common causes of potential pitfalls that may be encoun-
tered on FDG PET/CT studies undertaken in oncelogical
patients and attempt to describe how such findings can be
evaluated accurately and confidently, thereby avoiding
interpretative error and inappropriate management,

Mechanism of FDG uptake

FBG is a non-physiclogical analogue of glucose that
varies only slightly from the chemical structure of the
glucose molecule, It undergoes normal cellular transport
and metabolic pathways.'? Once injected, FDG is taken up

0009-926073 — see front matter © 2041 The Royal College of Radiologists. Published by Elsevier Lid. All rights reserved.

dol:10.1016/].crad. 2010.12.004
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by cell membrane glucose receptors (principaily, the
glucose transporter-1 molecule, GLUT-1) that transport it
into the intraceltular compartment, where it is phosphor-
ylated into FDG-G-phosphate by the enzymatic action of
hexakinase. As early as 1924, the Nobel laureate Otto
Heinrich Warburg hypothesized that malignant cells
generated energy by the preferential non-oxidative break-
down of glucose.”® At a cellular level, it has subsequently
been shown that most malignant cells express high
concentrations of GLUT-1 receptors and hexokinase while
showing reduced expression of the dephosphorylating
enzyme, glucose-6-phosphatase, The overall effect is that
FDG becomes {rapped in the cancer cell, failing to undergo
further metabolism; consequently, this can be exploited to
visualize the metabolic activity at sites of tumourai
involvement, However, it has long been recognized that
active benign pathological conditions, such as inflammatory
and infective processes, may also show increased accumu-
lation of FDG. This is largely due to the enhanced glycolytic
metabolism that accompanies inflammatory cellular infil-
trates, incorporating activated macrophages, monocytes,
and polymorphonuclear cells, which are all actively

involved in the recruitment, activation, and healing phases
of tissue inflammation.!!

Physiological biodistribution of FDG

The physiological biodistribution of FDG reflects the
utilization of glicose as a substrate by normal body tissues
and organs, The brain is an obligate user of glucose
regardless of substrate availability and high FDG uptake is
routinely seen within the basal ganglia and the cortex.
Activity within the ocular muscles can be quite intense due
to active eye movements during the uptake period
following injection of EDG. The lympho-epithelioid tissue in
the head and neck, including the tonsillar tissue of Wal-
deyer's ring and in the nasopharynx, palate, and at the base
of the tongue, shows symmetric and moderate tracer
uptake, especially in younger patients, Asymmetric tonsillar
uptake is not uncommen, and although it has heen sug-
gested that a difference in maximum standardized uptake
value (SUVmax) between left and right sides is a useful
parameter for distinguishing between normal FDG uptake
in pharyngeal palatine tonsils from primary cancer, it is

Figure 1 Lipomatous hypertrophy of the interatrial septum. Maximum Intensity projection (MIP) PET image shows a primary lung cancer(a), an
FDG-avid node at the right hilum (b} and a further focus of FDG uptake in the right side of the mediastinum (c). Selected axial PET, CT, and fused
PET/CT images show that this area {c} corresponds to fatty hypertrophy of the interatrial septum {arrow), a recognized benign variant

appearance.
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generally the case that in the absence of a morphological
abnormality, asymmetrical uptake is almost always
benign.'*!5 The salivary glands also commonly show low-
grade diffuse FDG activity.!® Muscles in the oropharynx and
hypopharynx often demonstrate symmetrical physiological
FDG uptake, including the pterygoid muscles and the
muscles of the oral floor. When asymimnetrical, uptake in
these locations may mimic focat areas of malignancy.’? Low-
grade diffuse uptake in the thyroid is also recognized as
a normal finding in patients who are euthyroid,

Uniform and low-grade activity is seen within the
mediastinal vascular structures, and this low-level uptake is
usually accepted as a background reference level for char-
acterizing abnormal FDG uptake elsewhere in the thorax,
eg, in mediastinal nodes in lung cancer or in solitary
pulmonary nodufes® In the fasting state, the heart theo-
retically switches to fatty acids rather than glucose as its
preferred substrate, but the degree of left ventricular
myocardial uptake on FDG PET is highly variable even with
a standard 4—6 h fast prior to FDG injection (Fig 1).18
Normal thymic activity may be seen in young patients or
following chemotherapy, so-called “thymic rebound”,

which may persist for several months after treatment,
manifesting as an inverted “V” area of uptake in the anterior
mediastinum,10:1%.20

The liver, spleen and haematopoietic bone marrow
usuaily show low-grade and homogeneous uptake of FDG,
with activity in the liver being slightly more than that in the
spleen and bone marrow.!? Diffuse and moderate gastric
uptake (especially when the stomach is non-distended) and
low-grade activity in the oesophago-gastric junction are
frequently encountered, and do not usuaily carry any clin-
ical significance. Physiological uptake within the smali and
large bowel is highly variable, being more pronounced in
the caecum and ascending colon, and adopts a diffuse
pattern with no corresponding morphological abnormatity
on CT. It is speculated that bowel uptake is related to
a combination of factors, including activity within intestinal
contents, lymphoid tissue, gut microcrganisms, and smooth
muscle activity. Extremely avid and diffuse uptake of FDG
throughout the colon, and to a lesser extent in the small
bowel, is frequently seen in diabetic patients on the orai
biguanide drug, metformin, which has several effects
including inhibition of intestinal glucose reabsorption and

Figure 2 Metformin-induced howel uptake. MIP PET image demonstrates extremely avid and diffuse FDG activity throughout the colon and also
involving some small bowel loops. Selected axial PET, CT, and fused PET/CT images show no corresponding morphological abnormality in this
diabetic patient on metforimin treatment,
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augmentation of glucose utilization by intestinal mucosa
(Fig 2)_21.’22

FDG is a small molecule that readily undergoes glomer-
ular filtration, but unlike normal glucose, the tubular cells
fail to reabsorb it leading to urinary excretion, which is the
principal mechanism of FDG clearance from the body.
Hence it is not surprising that high levels of FDG activity are
routinely seen in the renal collecting system, ureters, and
arinary bladder. FDG activity within redundant ureter,
bladder diverticula, and in the prostatic urethra (e.g,
following trans-urethral resection, TURP) frequently gives
rise to variant appearances that should not be mis-
interpreted as pathological findings. Physiological endo-
metrial FDG activity varies cyclically in pre-menopausal
women, peaking during the ovulatory and menstrual pha-
ses, Similarly, ovarian uptake and activity within the corpus
luteum is normal in pre-menopausal women, particularly
mid-cycle.>?* Documentation of the menstrual history of
pre-menopausal women by technologists at the time of

imaging can provide corroborative clinical information in
this situation. Symmetric uptake within the testes is also
a common physiological finding, especially in younger
men, 2526

Prominent muscle activity may be seen in anxious
patienis or in those who have been undertaking muscular
activity during the FDG uptake period, e.g, chewing

. leading to avid uptake in the muscles of mastication

(Fig 3). Extensive activity may also be seen in the accessory
muscles of respiration in dyspnoeic patients. Prominent
activation of sympathetically innervated brown adipose
tissue is a well-recognized phenomenon that is particu-
farly problematic in younger female patients with Jow
body-mass index (Fig 4).27 These areas of physiological
uptake can be minimized by keeping the patient rested,
warm, and comfortable during the uptake period.?823
Some advocate the use of beta-blockers to further
ameliorate this problem, although this is not routine
practice in the UK30

Figure 3 Prominent physiological uptake in the head and neck. MIP PET image and selected axial PET, CT, and fused PET/CT images show
extremely avid and diffuse uptake throughout the tongue (arrow) with no corresponding morphological abnormality. This was caused by
uncontrolled tongue movement during the FDG uptake period, which may be seen in patients who are anxious or suffering with neuromuscular
conditions, such as tardive dyskinesia. This should net be confused with lingual disease. Note the inflarmmatory-looking nodular uptake in the
left lung apex (arfowhead).
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Figure 4 Physiological brown adipose tissue activation, MIP PET and selected axial PET, CT, and fused PET/CT images depict the typical distri-
bution of activated brown fat in a young female patient, affecting the extra-cranial head and neck, supraclavicular fossae, axillae, mediastinum,
paravertebral, and sub-diaphragmatic areas, Note the “step-ladder” or “lobster-claw” configuration of the paravertebral brown fat.

Technical artefacts

Integrated PET/CT has the potential to generate several
types of technical artefacts. Incorporation of the low-dose CT
component allows rapid attenuation—correction of the PET
data, which significantly shortens study acquisition time
compared with performing additional rotating-source
transmission PET, However, CF attenuation correction may
generate artefacts in areas with high CT attenuation values,
e.g., around metalticimplants. Review of the non-attenuation
corrected PET images can prove helpful in this situation. The
PET data, which requires between six to nine bed positions
for a standard acquisition from skull base to upper thighs, is
obtained during free tidal breathing, and this can lead to
respiratory motion artefacts in the lungs and around the
diaphragmatic domes, This may cause the artificial impres-
sion ofa Jesion in the liver dome misregistering to the lung, or
vice versa, on the fused PETCT>"32 Similar misregistration

may occur elsewhere as a consequence of patient movement
between the PET and the CT studies. Artefacts may also occur
due to poor injection technique. A paravenous injection may
cause spurious lymphatic uptake in ipsilateral axillary nodes.
Moreover, local endothelial damage may lead to micro-
embolism of an aggregation of platelets admixed with
radiotracer, giving rise to well-defined and intense focal
uptake within the lung without any corresponding
morphological abnormality on CT (Fig 5)°*3* Careful injec-
tion technique with good venous access and avoidance of
blood aspiration can prevent this relatively rare artefact.

Common non-malignant pathological
conditions showing increased uptake of FDG

It has been estimated that benign non-physiological
jesions with increased uptake of FDG are encountered in
more than 25% of PET/CT studies performed in oncological
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Figure 5 FDG embolus. MIP PET image in a woman with previous right hemi-hepatectomy shows an intense focus of tracer uptake in the right
lung. Selected axial PET, CT, and fused PET/CT images fail to show any corresponding CT abnormality. The appearances were felt to be typicai of
an FDG embolus, and a subsequent follow-up PET/CT several months later was entirely normal,

patients.®3% As FDG PET/CT is a whole-body technique, it is
not uncommon to find unexpected foci of uptake occurring
outside the primary region of interest, and it has been shown
that approximately 50% of these findings relate to benign
pathelogical conditions unrelated to the primary tumour.3?
The degree to which further investigation of these findings
is undertaken is dependent on a number of factors, which
inctude the diagnostic confidence of the PETCT reporter,
careful review of previous imaging, and multidisciplinary
decision-making, based on ail the clinical and imaging
information available. The following sections provide a prac-
tical and systematic overview of the mere common benign
pathological conditions that may mimic malignancy and
potentially affect the accuracy of FDG PET/CT interpretation,

Head and neck

Asymmetric uptake of FDG within the muscles of
phonation (vocal cord and cricoarytenoid muscles) may

_be seen in laryngitis or as a consequence of contralateral

vocal cord paralysis.*® Focal FDG uptake corresponding to
a high-attenuation nodule in the parotid gland is an
infrequent incidental finding that typically represents
a Warthin’s tumour; less commonly, focal uptake in the
parotid may be due to pleomorphic adenoma. Warthin's
tumours may be bilateral (in up to 17%), occur more
frequently in smokers, and can be readily confirmed with
high-frequency ultrasound (Fig 6)3"% Other non-malig-
nant causes of abnormal uptake within the salivary
glands include various granulomatous disorders, in
particular sarcoidosis.>® Focal uptake of FDG within the
thyroid gland, seen in approximately 4% of patients, is
associated with a 30-50% risk of thyroid cancer and
requires further evaluation with ultrasound and fine-
needle aspiration. 0% However, a diffuse increase in
activity within both lobes of the gland is a common
benign pattern that usually reflects -underlying
thyroiditis.’0-*
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Figure 6 Bilateral Warthin's tumouss. MIP PET image in a patient with a primary oesophageal tumour (a}. Coincidental bilateral foci of avidly
increased tracer uptake were found in both parotid glands (b). Note the post-surgical uptake at the site of recent hip surgery (c). Selected axial
PET, CT, and fused PET/CT images show a corresponding high-attenuation nodule in the right parotid gland (arrowhead), This combination of

metabolic and morphological findings Is typical of a Warthin's tumour,

Lung and mediastinuim

One of the commonest indications for PET/CT in onco-
logical patients is for the staging of non-small cell lung
cancer. The clinical impact of FDG PET/CT in this patient
group is well established, with additional information
obtained in up to 41% of cases compared with conventional
imaging alone** FDG PET/CT is also quite accurate in
characterizing the nature of solitary pulmonary nodules
greater than 8—10 mm in size, with an accuracy
approaching 85-93%.4546 However, there are many
potential causes of false-positive FDG uptake in the thorax
that may confound accurate staging or characterization of
malignancy,% 50 Increased FDG uptake has been described
in a variety of benign pathological conditions, including
acite or chronic pneumonia, atypical infections, mycotic

which can be confirmed with high-frequency ultrasound.

aneurysms, cryptogenic organizing pneumonia, sarcoid-
osis, following talc pleurodesis, pneumoconiosis, and
progressive massive fibrosis, eosinophilic granuloma,
hamartoma, and radiation pneumonitis (Figs 7-9). The
incidence of some of these inflammatory conditions will
obviously vary according to the population studied, and
careful correlation with clinical, biochemical, and histo-
logical findings, in addition to comparison with previous
and serial imaging, can provide much needed clarification
in cases where the diagnosis is ambiguous. It is also
important to be aware of recent intervention, which can
give rise to inflammatory uptake such as mediastinoscopy,
thoracoscopy, tracheostomy, and percutaneous biopsy. The
use of an adequately completed patient questionnaire at
the time of examination can be extremely heipful in this
situation.




A.D, Culverwell et al. { Clinical Radiology 66 (2011} 366--352 373

Figure 7 Opportunistic pulmonary infection. MIP PET image in a patient treated for lymphoma shows ill-defined pulmonary FDG uptake
bilaterally, Selected axial PET, CT, and fused PET/CF images show that the uptake carresponds to ground-glass opacification and small-airways
inflarmmation, consistent with atypical pulmonary infection. This was treated empirically, with complete clinical and radiological resolution,
Note the mild and homogeneous increase in uptake throughout the bone marrow, which is frequently seen following chemotherapy.

Abdomen and pelvis

Physiological uptake of FDG in the bowel takes a diffuse
form with no corresponding morphological abnormality on
CT. Focal colonic uptake usually requires further evaluation,
e.g., with colonoscopy, even in the absence of an obvious
morphological correlate, as up to 60—80% of these will turn
out to be pre-malignant polyps or adenomas (Fig 10).3452
Furthermore, diffuse or segmental uptake with associated
bowel walil thickening or pericolic fat stranding can repre-
sent inflammatory or infective bowel pathology, such as
neutropenic colitis, tuberculosis (TB), and inflammatory
bowel disease (Fig 11).5% Diffuse tracer activity within the
oesophago-gastric region and within the anal canal is not
infrequently seen on FDG PET/CT and often this is either
physiological or due to inflammation, e.g, gastritis related
to chemotherapy or inflamed haemorrhoids. In the absence

of a structural abnormality on the CT component oeso-
phago-gastric and ano-rectal uptake is almost always
benign in nature.

Unequivocal focal uptake of FDG within the liver, in the
context of a known primary malignancy, usually indicates
metastatic disease. False-positive uptake is recognized in
liver abscesses, biliary stasis and cholangitis, infarcts and
granulomatous conditions such as sarceidosis, Moreover, at
sites of liver resection and following radiofrequency abla-
tion (RFA),'® increased FDG activity may be present for up to
2—6 months, especially if there has been post-surgical
complication or where the surgical technique includes use
of fibrin glue, which can result in localized granulomatous
inflammation .

Diffuse splenic uptake, outside the context of lymphoma,
may be seen with reactive myeloid changes (e.g., following
chemotherapy or treatment with colony-stimulating factor,
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Figure 8 Pulmenary, mediastinal, and nodal tuberculosis masquerading as metastatic jung cancer. MIP PET image in a patient who was sus-
pected of having lung cancer shows an extremely hypermetabolic left upper lobe mass (a) with FDG-avid nodes in the right paratracheal station
(1) and below the diaphragm (c). Selected axial PET, CT, and fused PET/CT images confirm a cavitating, FDG-avid, left upper-lobe mass, Bron-
choscopic washings and endobronchial ultrasound {EBUS)-guided nodal aspiration yielded a diagnosis of Mycobacterium tuberculosis (MTB) and

the patient was commenced on triple therapy.

G-CSF), when it is usually alsc associated with an increase in
hone marrow activity, or in patients with systemic inflam-
mation (e.g. sarcoidosis) or infection (eg., infective
mononucleosis), 5537

Diffuse pancreatic FDG uptake can be seen in chronic
active pancreatitis and the presence of concomitant
extrapancreatic uptake by the salivary glands has recently
been reported to be sensitive for differentiation of autoim-
mune pancreatitis from pancreatic malignancy.®® Focal
pancreatic uptake can also be encountered in benign
conditions such as haemorrhagic pseudocysts and portal
vein thrombosis.”® Although focal gall bladder FDG activity
may indicate the presence of a gall bladder cancer, false-
positive uptake has been well described in benign condi-
tions such as cholecystitis and adenomyomatosis (Fig 10).5°

FDG PET/CT, performed in the post-surgical and post-
radiotherapy setting, can achieve high levels of accuracy
for detecting recurrent disease.”* However, careful
correlation with the clinical history, tumour markers, and

inflammatory serum markers is often required as FDG
uptake at sites of surgical and non-surgical intervention
(e.g., in the abdominal wall, mesenteric fat, and pre-sacral
space) may persist for up to 12 months and heyond, espe-
cially if the post-therapeutic period has been complicated
by infection or anastomotic breakdown, 52 Focal or linear
tracer uptake of FDG is also frequently seen at sites of low-
grade inflammation related to therapeutic interventions,
such as stoma sites, indwelling lines, and stents.

FDG PET/CT can achieve a sensitivity and specificity in
detection of adrenal metastases of 98 and 92%, respec-
tively.5364 False-positive FDG uptake may occur in adrenal
adenomas, adrenal hyperplasia, angiomyelipoma, and
oncocytoma, Other than adrenal metastases, phaeochro-
mocytoma and paraganglionoma usually also exhibit
increased uptake of FDG (Fig 12).8°

FDG uptake in either the endometrium or ovary in post-
menopausal women is considered pathological until proven
otherwise, and requires gynaecological assessment. Many
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Figure 9 Progressive massive fibrosis (PMF) and anthracosis. MIP PET image in an ex-coal miner shows moderate FDG uptake within both upper
lobes (arrows) and a symmetric pattern of low-grade uptake al both pulmonary hila (arrowheads). Selected axial PET, CT, and fused PET/CT

images demonstrate pleuro-pavenchymal distortion in both upper

lobes, with areas of calcification. Comparison with previous imaging

confirmed the stability of these changes, which were consistent with PMF and anthracosis.

benign entities in the ovary have also been described as
showing FDG uptake, inctuding cystadenoma, dermoid cyst,
endometriosis, and schwannoma® Benign peritoneal
disease can give rise to abnormal FDG uptake and may
mimic malignant peritoneal diseases particularly in the
postoperative setting. Diffuse or focal testicular uptake can
be seen in the context of epididymo-orchitis.

Bone and joints

PET/CT with EDG is relatively sensitive in the detection of
bone metastases, especially in the context of osteolytic
lesions.5768 However, there can be considerable overlap in
the degree of FDG uptake within malignant and benign hone
fesions,%® and false-positive bone uptake can occur in any
osseous process that leads to accumulation and turnover of
inflammatory cells during the active tissue repair or healing
phases, e.g., fracture, surgical resection, active arthropathy,
Paget’s disease, fibrous dysplasia, and bone infarct (Fig 13),7°

Correlation with the CT findings can improve specificity, and
if there is a solitary FDG-avid bone lesion with no definite CT
abnormality, this often requires further tests [e.g., magnetic
resonance imaging (MRI)] for characterization. Occasionally
rare benign inflammatory conditions can cause a combina-
tion of bone and joint disease that mimics metastatic
discase, one such example where PET/CT may allow a more
confident diagnosis is SAPHO (synovitis, acne, pustulosis,
hyperostosis and osteitis) syndrome.”

Diffusely increased, uniform uptake of FDG within the
marrow-containing bones is frequently seen as a reactive
phenomenon in patients receiving chemotherapy. This may
also be seen on pre-treatment examination images, espe-
cially in the context of extremely hypermetabolic or
advanced-stage tumours, when it does not usually indicate
marrow infiltration.”* This “reactive marrow hyperplasia”
pattern is recognized as a poor prognostic indicator in non-
smal! cell lung cancer, but its significance in the context of
other malignancies is not known.”
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Figure 10 Coincidental detection of colonic polyp and adenomyomatosis of the gall bladder. MIP PET image in a patient with an cesophageal
cancer {a) shows facal uptake in the right upper quadrant (b) and in the right paracolic area (c). Selected axial PET, CT, and fused PET/CT images
demonstrate that uptake (b) relates to the gall bladder fundus (with focal wall thickening on the contrast-enhanced CT) and uptake (c) localizes
to the ascending colon. Cholecystectomy confirmed adenomyomatosis and colonoscepy revealed a 15 mm adenomatous polyp.

Figure 11 Ulcerative colitis. Coronal PET, CT, and fused PET/CT images in a patient investigated for a solitary pulmenary nodule show segmental
uptake within the sigmoid colon with assoclated mural thickening and pericolic inflammation. Note also the mild and uniform increase in
activity throughout the bone marrow. Further clinical evaluation, including flexible sigmoidoscopy, revealed ulcerative colitis, and a normocytic

anaemia. The pulmenary nodule was non-FDG avid and felt to be benign.
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Figure 12 Severe brown adipose tissue activation due to an underlying phaeochromocytoma, MIP PET image in a patient attending for staging of
a suspected lung cancer (a} shows intense brown fat activation in supra- and sub-diaphragmatic focations (b). Selected axial PET, CT, and fused
PET/CT images depict a right adrenal mass that is mildly FDG avid (c). Biopsy revealed a phacochromocytoma, with subsequent confirmation of
elevated serum and urinary catecholamines. Note the avid brown fat uptake in the perinephric area (arrowhead).

(b)

Figure 13 Avascular necrosis of the hip mimicking a bone metastasis. MIP PET image in a patient attending for staging of lung cancer {a) shows
a low-grade area of tracer uptake in the right lower lobe (b), which proved to be inflammatory on comparison with previous imaging. In
addition, however, there is focal uptake in the right hip {c), which on selected axial PEL, CT and fused PET/CT images corresponds to area of
osteolysis in the right femoral head involving the fovea capitis. An MRI examination performed subsequently {T1- and T2-weighted, fat-sup-
pressed, axial images shown) demonstrates typical changes of avascular necrosis.
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Figure 14 Pelvic insufficiency fracture. Coronal PET, CT, and fused PET, |CT images in a patient with previously treated cervical cancer shows linear FDG
uptake of moderate intensity within the left iliac bone cotresponding to an arez of ill-defined medullary sclerosis {arrows). Correlation with MRI
(Ti-weighted coronal image showin) allowed a confident diagnosis of aninsufficiency fracture in this patient with previous radiotherapy and pelvic pain.

Following trauma or surgical intervention, the intensity Postoperative reactive bone uptake may persist for up to
and duration of activity varies with the location of bone  4-12 months, but FDG activity persisting beyond this time
involved, with rib or vertebral uptake normalizing more  should raise concern for a pathological process such as
rapidly than the sternum or pelvic bones (Figs 14 and 15).  infection or malignancy.™

Figure 15 Sternal and rib fractures in a patient with lung cancer. MIP PET image in a patlent attending for staging of lung cancer (a) shows
moderately avid tracer uptake within the sternum and in a couple of left-sided ribs{b). Selected axial PET, CT, and fused PET/CT images confirmsome
ofthese findings. The CT showed healing fractures at the two sites of ribu ptake (not shown). The patient had recently undergone cardio-pulmonary
resuscitation for life-threatening haemoptysis, and the features were in keeping with traumatic fractures rather than bone metastases.
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Figure 16 Sarcoidosis. MIP PET image shows the typical symmetric patterns of mediastinal nodal FDG uptake seen in sarcoidosis (arrows).
Selected axial PET, CT, and fused PET/CT images confirm these findings. Previous and follow-up imaging showed that these fymph nodes were

stable in appearance over several years.

Lymph nodes

Detection of malignant infiltration of lymph nodes is an
important requirement in the accurate staging of most
cancers, and FDG PET/CT can make a significant contribu-
tion to this process by demonstrating tumour involvement
in non-pathologically enlarged nodes. However, there are
numerous causes of false-positive nodal uptake of FDG.
These inciude inflammatory causes, such as sarcoidosis or
sarcoid-like reaction to malignancy, collagen-vascular
diseases and anthracosis, and infective causes such as TB,
infectious mononucleosis, acquired immunodeficiency
syndrome (AIDS), and hepatitis C (Fig 16).75:76

Vascular uptake

Inflammation with or without infection within vessels
can give rise to abnormal FDG uptake on PET/CT. This can
affect either the venous or arterial system and incidental
detection frequently changes treatment strategy. Venous
thrombosis and intravascular infection are well recognized
serious complications associated with central venous
catheter use and can lead to increased EDG activity.””

Similarly acute or chronic pulmonary embolism and infec-
tive endocarditis can give rise to abnormal FDG uptake,™®

Diffuse FDG uptake within arterial vascular grafts, e.g.,
aortic aneurysm repair is not infrequent and is often phys-
iological (Fig 17). Conversely, focal FDG uptake associated
with an irregular graft boundary is an independent signif-
icant predictor of vascular prosthesis infection.” FDG
uptake in large arteries can also be observed and is associ-
ated with cardiovascular risk factors. FDG accumulates in
plaque macrophages and uptake is correlated with
macrophage density. This appearance is most commonly
due to large vessel vasculitis or atherosclerosis and may
prompt further clinical assessment and alter patient
management 5081

Response assessment following chemotherapy and
radiotherapy

There is an increasing demand for FDG PET/CT for
metabolic response assessment after therapy, which can
facilitate more tailored and optimized treatment. However,
if performed too soon after chemotherapy or radiotherapy,
false-positive inflammatory uptake or false-negative find-
ings due to “tumour sfunning” may be encountered. In
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Figure 17 Post-surgical graft uptake, MIP PET image and sefected axial PET, CT, and fused PET/CT images in a patient with cardiac surgery
3 months previously show linear uptake within the median sternotomy (a) and circumferential uptake around a composite aortic root
replacernent graft (). The uptake around the graft persisted on the non-attenuation corrected (NAC) images, and was considered consistent with
a “foreign-body"-type reactive uptake that is usually seen in association with vascular grafts, Note the benign pattern of uptake within the
thyroid gland (c), which may be seen in low-grade thyroiditis or even represent physiclogical thyroid uptake.

order to minimize these unwanted effects, the current
recommencdations are that FDG PET/CT should be per-
formed at least 2—3 weeks, and preferably 6—8 weeks, after
chemotherapy or chemoimmunotherapy, and 8—12 weeks
after radiation or chemoradiotherapy.2?

Conclusion

By providing combined metabolic and morphological
information in a single, integrated whole-body examina-
tion, FDG PET/CT has had a profound impact on the imaging
pathways and management of oncological patients,
However, the technique is not perfect, with many potential
causes of false-positive FDG uptake, These may be related to
unusual physiological patterns, technical artefacts, or
benign pathological conditions. In particular, a degree of
vigitanice shotild be maintained for the effects of inflam-
matory and infective conditions, as well as surgical and
non-surgical interventions, Attention to detail, meticulous
technique, and correlation with clinical and pathological
findings can minimize the risk of misinterpretation.
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Fluorodeoxyglucose {FDG)-positron emission tomography (PET} is being used
more and more to differentiate benign from malignant focal lesions and it has

been shown to be more efficacious than conventional chest computed tomaogra-

phy (CT). However, FDG is not a cancer-specific agent, and false positive findings

in benign diseases have been reported. Infectious diseases (mycobacterial, fun-
gal, bacterial infection), sarcoidosis, radiation pneumonitis and post-operative
surgical conditions have shown intense uptake on PET scan. On the other hand,
tumors with low glycolytic activity such as adenomas, bronchioloalveotar carcino-
mas, carcinoid tumors, low grade lymphomas and small sized tumors have
revealed false negative findings on PET scan. Furthermore, in diseases located
near the physiologic uptake sites (heart, bladder, kidney, and liver), FDG-PET
should be complemented with other imaging modalities to confirm resulls and to
minimize false negative findings. Familiarity with these false posilive and negative
findings will help radiologists interpret PET scans more accurately and also will
help to determine the significance of the findings. In this review, we illustrate false
positive and negative findings of PET scan in a variety of diseases.

D common problem encountered by radiologists which has provided the

impetus to explore alternative imaging techniques, Accurate diagnosis
can reduce unnecessary thoracotomies in patients with benign diseases (1). Metabolic
imaging with 2-(18F)-fluoro-2-deoxy-D-glucose positron emission tomography (PET) is
being used more and more to differentiate benign from malignant focal lesions and it
has been shown to be more efficacious than conventional chest CT (2). It has a unique
ability to differentiate benign from malignant nodules, and it offers a different
approach to the diagnosis of chest diseases because it exploits fundamental biochemi-
cal differences between benign and malignant cells (2),

However, fluorodeoxyglucose (FDG) is not a cancer-specific agent, and false positive
findings in benign diseases have been reported in active inflammation or infection,
causing false-positive results (1, 2). In addition, the malignant tumors with low
metabolic activity (3) or tumors smaller than 1.0 ¢m in diameter (1) often show false
negative results. Furthermore, the accuracy of FDG-PET scans in detecting pulmonary
metastases in patients with cancer has not yet been established.

Awareness of the conditions and the mechanisms by which false positive and
negative results occur will help radiologists interpret PET scans more accurately and
also will help to determine the significance of the findings. In this review, potential
sources of false-positive and false-negative findings are illustrated in a variety of lung
diseases.

ifferentiation between malignant and benign pulmonary nodules is a
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BASIC CONCEPT OF FDG-PET IMAGING

Fluoredeoxyglucose is an analeg of glucese and is used
as a tracer of glucose metabolism. There are several sites of
normat physiologic accumulation of FDG {Fig. 1). It
accurnulates in various normal organs which use glucose
for metabolist, including the brain, muscles, salivary
glands, myocardium, gastrointestinal tract, urinary tract,
thyroid gland, and gonadal tissues. In additional, increased
FDG uptake in brown adipose Hssue in the neck has been
reported as a false positive result in 2.3 —-4% of patients.
Brown adipose tissue is responsible for cold-induced and
diet-induced thermogenesis. Mitochondria in brown
adipose tissue exclusively express the thermogenic protein,
and FDG uptake in hypermetabotic brown fat can oceur, as
glucose transporters have been observed in brown adipose
tissue (Fig. 2) (2).

The mechanism by which FDG uptake in tumor cells and
other pathologic conditions oceurs is due to an increased
number of glucose transporter proteins and increased
intracellular hexokinase and phosphofructokinase levels,
which promote glycolysis. In the normal glycolytic
pathway, FDG hehaves similatly to D-glucose in its
transport through the cell membrane and phosphorylation
by hexokinase. Once FDG is phosphorylated, structural
changes made by a hexose-phosphate bond prevent FDG
from being catabolized or transported back into the
extracellular space in substantial amounts. This process is
called "metabolic trapping,” and it makes increased uptake
and accumulation of FDG occur within abnormally
metabolizing tumor cefls (2.

Abnormal areas of FDG accunutlation are detected by
comparing the uptake with background activity. In the
tungs, focal abnormalities that have a greater uptake than
the mediastinal blood pool on atienuvation corrected images
are highly suggestive of malignancy. FDG PET also
provides quantitative data in the form of the standardized
uptake value (SUV) or standardized uptake ratio (SUR)
(2). The SUV is obtained by putting the circular region of
interest over the portion of the lesion with the greatest
accumulation of FDG (3). The mean SUV is obtained by
dividing the activity (Ci/mL) in the region of interest
(ROI) by the injected dose in (Ci divided by patient weight
in grams (3).

SUV = (average ROL activity [#Ci /mL]) / (injected dose
[Ci] per body weight {g])
Increased body fat elevates the SUV, therefore, correc-
tion with lean body mass (SUVLBM) is required to avoid
erroneous comparisons that can result from changes in pre-
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and post-therapy body weight in the same patient (2). The
maximum SUV is obtained by using the maximum activity
in the RO1 instead of the mean activity (3}
Notwithstanding the controversial views, SUVs of 2.5 or
greater have been used as a cutoff value indieative of
malignancy (3). Gupta et al. (4) reported that FDG-PET is
superior to CT, when considering overall sensitivity,
specificity, and accuracy of PET for staging mediastinal
lymph nodes was 96, 93, and 94%, compared to 68, 65,
and 66% with CT.

FALSE POSITIVE FINDINGS

Inflammatory cells such as neutrophil and activated
macrophages at the site of inflammation or infection show
increased FDG aceumulation (5). Active granulomatous
processes, other infectious conditions and active fibrotic
lesions have also been reporied to show increased FDG
accumutation and cause false-positive PET seans for
malignaney.

Tubercrloma and Tuberculous Lymphadenopathy

Tuberculoma is one of the most well-known diseases that
show intense FDG uptake (Fig. 3A). Active granulomatous
processes siich as tuberculosis have been reported to
accumulate FDG (1, 2). Tuberculoma typically appearsas a
fairly discrete nodule or mass (Fig. 3B) in which repeated
extensions of infection have created a central caseots
necrosis sutrounded by a mantle of epithelioid cells and
collagen with peripheral inflammatory cell infiltration (1).

Activated inflammatory cells have markedly increased
glycolysis. The hexose monophosphate shunt is stimulated
by phagocytosis, with increases of 20 —30 times that of
baseline values which is the cause of high FDG uptake (6).
Fuberculous lymphadenopathy can be understood in the
same manner as fuberculoma in the lung parenchyma (Fig.
4).

Elevated glucose levels can accelerate false positive
restilts in inflammatory conditions. It has been suggested
that inflammatory cells use more glucose under
hyperglycemia than in euglycemia, and therefore, lesions
containing such cells are more likely to be interpreted as
malignant [esions under such conditions (5).

Sarcoldosis

Sarcoidosis is a chronic multisystem disorder. It can be
characterized in affected organs by an accunulation of T
lymphocytes and mononuclear phagocytes, noncaseating
epithelioid granufomas, and derangements of the normal
tissue architecture. The etiology is unknown, but it is thought
to be caused by exaggerated cellular immune responses.
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Pathologically, the first manifestation of the disease is an
accumulation of mononuclear inflamtmatory cells, mainly
CD4+ T helper 1 lymphocytes and mononuclear
phagoeytes, in the affected organ. This inflammatory
process is followed by the formation of granulomas,
aggregates of macrophages and their progeny, epithelioid
cells, and multinucleated giant cells {7}. Active granuloma-

Fig. 1. Normal distribution of FDG.

Coronal FDG-PET image shows physiologic uptake in the liver,
kidneys, intestine, and urinary bladder. Also note the minimal
uptake in the mediastinum, and bone marmow.

tous conditions with aggregation of inflammatory cells in
sarcoidosis results in accumulation of FDG (13, 8), and it
has been suggested that intensity of FDG uptake may
reflect disease activity {9) (Fig. 5).

Cryplocaccosis
Cryptococcosis is an infection caused by the yeast-like

Fig. 2. Normal increased FDG uptake in the shoulder area which
represents brown fat.

A B
Fig. 3. Tuberculoma in a 53-year-old female,

A. Conlrast-enhanced CT scan shows a round mass in the left lower lobe.

B. Axial FDG-PET Image shows intense uptake (arrow) in the left upper lobe suggesting a malignant condition with a maximum
standardized uptake value of 4.3. The pathologic examination reveals tuberculoma. Another lesion showing high FDG uptake
(arrowhead) is a pulmonary artery.

Korean J Radiol 7(1), March 2006
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fungus Cryptococcus neoformans. This fungus reproduces Paragonimiasis

by budding and forms round, yeast-like cells. Infection Paragonimiasis is a food-borne parasitic disease common
occurs by inhaling the fungus into the lungs. Pulmonary in south Asia, particularly in Japan, Korea and patts of
lesions are characterized by intense granulomatous inflam- China (11), Pulmonary paragonimiasis is a disease caused
mation (10). There are some reports which have showed by a lung flake, Once ingested by humans, by eating

high FDG uptake causing false positive results in crypto- infected crabs or crayfish, the larvae excyst in the small
coccosis (8) (Fig. 6). intestine, penetrate the intestinal wall, and enter the

peritoneal cavity. They then penetrate the diaphragm and
pleura and enter the lungs. The major target organs for the

A B

Fig. 4. Tuberculous lymphadenitis in a §6-year-old male.

A. Axial contrast-enhanced CT scan shows tight hitar lymph node enlargement (amow),
B. Coronal FDG-PET scan shows high uptake in the same area {(arow).

B

Fig. 5. Sarcoidosis in a 32-year-old male.

A. Axial PET-CT scans show bilateral paratracheal and hilar lymph node enlargement with high FDG uptake.

B. Coronal seclion of PET shows high FDG uptake with shamda shape {arrowheads) which is highly suggestive of sarcoldosis. A
mediastinoscopic biopsy confirms sarcoidosis.
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larvae are the lungs followed by the brain (12). infiltration, active inflammatory responses and viable
During the active phase of paragonimiasis, lung tissue worms cause high BDG uptake (Fig. 7B).

surrounding the parasitic cysts may contain evidence of

preumonia, bronchitis, bronchiectasis, and fibrosis (12) Other Infectious Conditions

(Fig. 7A). Watanabe et al. (11) reported one case of In variable inflammatory conditions including abscesses

paragonimiasis mimicking lung cancer which showed high (Fig. 8), glycolytic metabolism is elevated in the region of

FDG uptake (SUV 4.7 at one hour post-injection, and leukoeytic infiliration associated with inflammatory

elevation of SUV 1o 6.2 at two hours), Although the exact processes, and consequently FDG uptake is elevated (2).
causes of FDG accumulation have not yet been proven, we Pneumocystis infections can also cause high FDG-uptake
can expect that inflammatory cells including eosinophlic (Rig. 9). These conditions have not been well documented

A
Fig. 6. Cryptococcosis in a 68-year-old female.

A. Contrast-enhanced CT scan shows a cavilary nodule {arrow) In the left lower lobe.

B. Transverse soction of a whole body PET image shows increased uplake (arrow) in the left lower fobe and a standardized uptake
value of 2.6. The lesion is a round mass-like lesion unlike the CT findings due to respiration artifact.

Fig. 7. Paragonimiasis in a 68-year-old male.
A. Inthe lung window setfing, axial transverse GT scan shows linear,

wedge shaped consalldation and small cenfrilobular nodules. Radiologic diagnosis
is atypical tuberculosis.

B. Coronal section of FDG-PET image shows intense uptake in the right lower lung
zone. Bronchoscopic washing and sputum cytology reveals many parasitic eggs of
paragonimus species.
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to date. However, in one report (13), patients with fever of  infiltration of leukocytes and macrophages and abnormal

unknown origin presented with high FDG uptake in PET proliferation of type I pneumocytes, radiation-induced

imaging, finally proved to be infected by pneumocystis production of local cytokines such as platelet-derived

carinil ptiewmoniae, Inflammatory cells increase the growth factor, tumor nectosis factor, and transforming

expression of glucose transporters when they are activated, growth factor gin the radiation field are based on these

and multiple cytokines and growth factors can facilitate inflammatory morphologic changes. Consequently,

glucose transport without actually increasing the number increased FDG uptake in the affected region would be

of glucose transporters (5). expected (Fig, 10) (14).

Radiation Fibrosis Pnewmoconiosis with Combined Massive Fibrosis
Inflammatory processes in radiation fibrosis is caused by Preumoconiosis is a tissue reaction to the presence of an

A
Fig. 8. Lung abscess in a 72-year-old male.

A. Axdal contrast enhanced CT scans show a consolidation with air density in the
right upper lobe {black arrow). Multiple conglomerated mediastina! lymph node
anlargements are also noted (white arrow),

B. Coronal FDG-PET Image shows high uptake (arows} in the right upper lobe.
High uptake in the left hilar lymph node (arrowhead) fs also noted. Malignancy Is
suspected in PET scan, Percutaneous needle biopsy reveals a lung abscess.

A

Fig. 9. Pneumocystis carinit infection in a 61-year-old female. .
A. In the lung window setting of chest GT, multifocal ground-glass opacities are noted. The patient had been diagnosed with systemic

lupus erythematosus, and cytoxan and sterold pulse therapy was performed.
B. PET-CT shows multifocal hypemmetabolic lesions with an standardized uptake value of betwsen 4.0-5.8in both lung parenchymas,
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accumulation of dust in the lungs, One clinicopathologic
form of this reaction is fibrosis, while the other form
consists of aggregates of particle-laden macrophages with
minimal or no accompanying fibrosis, a reaction that is
typically seen with inert dusts such as iron, fin, and barjum
(15) (Fig. 11). FDG-PET studies have revealed increased
uptake in pneumoconiosis and progressive massive fibrosis.
Some of this uptake is perhaps related to the presence of
inflammatory cells such as macrophages, as well as fibrob-
lasts {5).

Sclerosing Hemangiom

Sclerosing hemangioma is widely believed to arise from
type I pneumocyte and bronchial epithelial lining. Itis a
benign lesion with a good prognosis. However, in sonte
cases it shows local invasion, mudtiplicity and lymph node
metastasis. The CT findings of scelrosing hemangiomas are
well defined, round or oval shaped, enhanced mass with or
without punctuate calcification. There has been only one
case report of FDG-PET findings of sclerosing
hemangioma, and in this report it shows intermediate FDG

Korean .} Radicl 7(1}, March 2006

Fig. 11. Progressive massivs fibrosls in a 58-year-old male.
Coronal FDG-PET image shows increased uptake in right upper
lobe {arrow) and a mean standardized uptake value of 6.4.

B

Fig. 10. Radiation fibrosis in a 61-year-old male by radiation
therapy due fo lung cancer.

A. Axia) CT scan shows consolidation in the left lower lobs,
suggesling lung cancer recurrence.

B. Axial PET image shows Increased uptake in the left lower lobe
{arrow) which was mistaken for lung cancer recurrence,

' C. Microscopic image reveals severe fibrosis with inflammatory cell

accumulation.
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uptake (SUV=3.0) (16) (Fig. 12),

Granuldation Tissue around Timors

Even within tumors, FDG uptake is not completely
confined to the tumor cells themselves. The newly formed
granulation tissue around the tumor and the macrophages
infilfrating the marginal areas surrounding the necrotic
area of the tumor show a high uptake of FDG. Some
authors have suggested that about 24% of the FDG
concentration in a fumor mass is derived from non-tumor
tissue (17).

FALSE NEGATIVE CONDITIONS

Tumors with low activity are well-known major causes
of false negative findings, This can be easily understood

Fig. 12. Sclerosing hemangioma in a 43-year-old female.

considering the FDG PET is metabolic imaging using the
activity of lesion.

Another major cause of false negative findings for
malignancy is tumor size. It is likely a result of a loss in
measured aclivity as the nodule size diminishes due to the
soughly 1-cm resolution of the PET systers frequently
used (partial volume effect) {2).

Bronchioloalveolar Carcinomua {BAC)
Bronchioloalveolar carcinomas appear as areas of
ground-glass opacity, nodules, masses, or areas of ground-
glass opacity plus consolidation, on high-resolution CT
scans, On pathologic examination, bronchioloalveolar
carcinomas are well differentiated, having moderate
degrees of nuclear atypism, mild degrees of mitotic figure,
desmoplasia, and necrosis, These mild degrees of atypism,

A. Axial contrast-enhanced CT shows a round well demarcated, highly enhancing mass in the right lateral side of the superior vena cava

in the right upper lobe.

B. FDG-PET fusion GT image shows Increased uptake in the lesion with a maximum standardized uptake value of 3.4,

A ' B
Fig. 13. Bronchioloalveolar carcinoma in a 75-year-old male.
A. Contrast-enhanced CT shows a cavitary lesion In the left lower lobe {arrow).

B. Transverse FDG-PET image of the Iransverse scan shows subtle uptake {arrow) in the left lower lobe with a maximum standardized

uptake value of 1.7.
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ritosis, and desmoplasia may be the causes of lower peak
SUVs than those of other lung carcinomas. Several reports
(18) have revealed lower FDG uptake in BAC than
adenocarcinomas in the lungs. Thus, bronchioloalveolar
carcinomas can be potential causes of false negative

findings of malignancy on BDG PET scans (Fig. 13).
Furthermore, mucinous bronchioloalveolar celt carcino-
mas, which often contain abundant mucin, exhibit signifi-
cantly lower peak SUVs compared with those of squamous
cell carcinomas, adenocarcinomas, and other cell types. In

=

A

D

g Fig. 14. Mudinous bronchioloalveolar carcinoma in a 61-year-old

B cmalc.

E
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o A, B. Axial chest CT images show a low attenualing mass in the

laft upper lobe.
C. FDG-PET also shows a hypermetabolic lesion with a maximum

B standardized uptake value of 3.8 in the left upper lobe,

D, Another area of ground-glass opacity is noted in the right lower

i lobs,

E. EDG-PET shows no abnormmal uptake in this area. Both the left
upper and right lower lobe lesions were brenchioloalveolar carcino-
mas, mucinous type. In the same patient, FDG uptake for each of
the lung leslons was different, and the amount mugcin in mass may
have been the major cause of this difference.
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Fig. 15. Small mafignant mediastinal lymph node in & 56-year-old
male.

A. Axial contrast-enhanced CT shows a nodular lesion in the right
upper fobe with a lymph node of less than 1 emin the right
parairacheal area {arrow).

B. FDG-PET fusion CT shows no Increased uptake due to the
small size of the leslon {arrow}.

C. Pathology reveals a 0.6 cm lymph nods with melastatic tummor
cells.

5imm |

B

Fig. 16, Metastatic lung nodule from mucinous carcinoma of the left breast.
A. Gadolinium-enhanded MR shows a well enhancing lobulaling mass.

B. FDG-PET fusion CT shows a nodular lesion in the right lower lung without
increased FDG uptake (arrow).
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such cases, not only histologic grade, but also the amount
of mucin component in the tumor (Fig. 14} is closely
related with EDG-uptake (18).

Small Size Lesiont

When lesions are smaller than 1 cm, these lesions may
not show high FDG uptake in the lungs or mediastinum.
This is the result of the 1-cm resolution of PET systems
frequently used (partial volume effect) (2). Spatial resolu-
tion Hmitations of FDG PET have been shown to be the
causative factor of false negative PET scans (Fig, 15).

Metastatic Lung Nodide of Extrapulmonary Neoplasm
Metastasis of tumors with a mucinous component can
tesult in low FDG uptake (18). The relative cellularity of
tumors is important in the detection of disease using FDG
PET. Consequently, low cellularity in these tumors caused
by the presence of mucin resulfs in lower FDG uptake (19).
For example, lung metastasis of a mucinous carcinoma of
the breast (Fig. 16) may not show high FDG uptake. Other

metastatic tumors such as mucinous adenocarcinomas of
gastrointestinal origin can also show false negative findings
in PET scans. Also, a metastatic mass from a renal cell
carcinoma (20) (Fig. 17), and some invasive ductal and
lobular breast carcinomas (21) are well reported to result
in false negative findings.

Chemotherapy Related Factor

In several previous reports, it has been well documented
that FDG uptake usually decreases after chemotherapy,
and this correlates with therapeutic response, Decreased
FDG uptake after irradiation is mainly due to the reduced
number of metabolically active tumor cells. However, a
decrease of FDG PET does not always predict a good
response because FDG can differentiate metabolically
active cells from dead cells, but cannot differentiate biolog-
ically viable from metabolically active cells (22) (Vig. 18).

Carcinoid Tumor
Carcinoid tumors arise from the dispersed neurcen-

c
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Fig. 17. Metastasis frem renal cell carcinoma in an 83-year-old

l male.

A. Axial confrast-enhanced CT scans shows a mass lesion in the

i right kidney suggesting renal cell carcinoma.

B, Axial CT scan of lung window setting shows a lung nodule inthe
right middie lobe (arrow).

C. A selected transverse section of whole body-PET image shows
no demonstirable uptake In the right lung.
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docrine system, and are classified as typical and atypical,
depending on the degree of cellular atypia. In a previous
report, the SUV in a carcinoid tumor was 1.0—2.3, which
is the result of low metabolic activity. The reason for the
fow metabolic activity in the carcinoid tumor is unknown
(23).

Hyperglycemin

The biodistribution of FDG can be affected by blood
glucose levels, In situations of high blood glucose levels,
civeulating blood glucose uptake in pathologic lesions
increase and this prevents FDG uptake because of the
competitive reaction (5). Therefore, a large amount of
ghucose in the blood is taken up in the tumor tissue which
interferes FDG uptake in the tumor, resulting in a false
negative finding. Specifically, in type II diabetic patients
insulin may be used to manipulate glucose levels.
However, there is still no agreement as to adjusting glucose
levels in diabetic patients (2).

68

Fig. 18, Post-chemotherapy related dacreased lymph node uptake

B in a 57-year-old male lung cancer patient.
B A, Pre-chemotherapy FDG-PET fusion CT shows increased FDG
| uptake in the subcarinal lymph node with a maximum standardized
4 uptake value of 9.4,
B B. After two manths of chamotherapy, the residual lesion inthe
B8 subcaringl area is noted.
@8 C. FDG-PET fusion CT shows no abnormal FDG uplake,

CONCLUSION

Metabolic imaging with FDG-PET is beginning to play
important role in the management of oncologic diseases. In
addition, it plays a complementary role in accurate overall
evaluation of malignant diseases. However, false positive
FDG uptake or false negative PET scans are frequently
encountered, Proper interpretation and accurate character-
ization of an abnormality can be accomplished only if one
is aware of possible false positive and negative conditions.
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Abstract

There have been several endeavors made to Investigate the potential role of 2-deoxy-2-[*5F)
fluoro-D-glucose positron emission tomography (FDG-PET) {(and fracers) and PET-computed
tomography imaging in various benign disorders, particularly those related to thoracie structures.
These various conditions can be broadly categoiized into three groups: (a) infecticus diseases
(mycobacterial, fungal, bacterial infection), (b} active granulomatous disease such as sarcol-
dosis, and (¢) other non-infectious/inflammatory conditions or proliferative disorders (e.g.,
radiation pneumonitls, post-lung transplant lymphoproliferative disorders, cccupationat pleuro-
pulmonary complications, and post-surgical conditions}, all of which can demonstrate varying
degrees of FDG uptake on PET scans based upon the degree of inflammatory activity. This
article raviews the current state of this very important application of FDG-PET imaging.

Key words: FDG, PET, PET/CT, Non-malignant thoracic disorders, Tuberculosts, Sarcoldosis

Introduction

t is clear that several benign conditions, in addition to

cancer, can demonstrate increased 2-deoxy-2-['sF] fluoro-
D-glucose (FDG) accumulation and therefore are considered
as false-positive results for malignancy, In the oncological
setting, differentiation between malignant and benign thora-
cic pathologies is & dilemma, and therefore it is important to
be aware of these non-specific findings in FDG—positron
emission tomography (PET) studies to make an appropriate
diagnosis. These can be broadly categorized into three
groups: (a) infectious disorders (mycobacterial, fungal,
bacterial infection), (b) active granulomatous disease such
as sarcoidosis, and (c¢) other non-infectious inflamnatory
conditions or proliferative disorders {e.g., radiation pnetmo-
nitis, post-lung transplant lymphoproliferative processes,
occupational pleuropulmonary complications, and post-
surgical conditions), all of which can demonstrate varying
degrees of FDG uptake on PET scans due to inflamumatory
reactive response, Among these, false-positive FDG-PET
imaging has been primarily described in the setting of
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granmfomatous processes such as sarcoidosis or mycobac-
terial infection,

It is proposed that the inflammatory cells such as
neutrophils and activated macrophagss at the site of
inflammation or infection are responsible for the accumu-
lation of FDG. As experience with FDG—PET has evolved
aver the past few years, the need for altemative tests or
certain maneuvers for enhancing its specificity in these
scenarios is increasingly bsing realized. Furthermore, these
observations have resulted in exploring the potential utility
of this test, FDG-PET, in the selting where suspected
diagnosis can be made and its activity can be characterized
for monitoring therapeutic response.

FDG-PET Characteristics Indicating

Benign and Malignant Etiology

iFn Non-specific Mediastinal and Hilar
oCi

Several investigators have examined the variables for
determining benign or malignant nature of non-specific
uptake in the mediastinum and hilar nodes on FDG-PET
scan {Table ). The parameters or factors that have been
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Fable 1. Factors utilized for comect charcterization of uptake in the
mediastinal and hilar nedes in FDG-PET scan

{) SUVinax {especially after partial volume comrection of the estimated value,
which has been overlooked in most published data in the literature),

{b) Dual-time-point and delayed PET imaging (a critical test for distinguishing
between malignant and benign disorders),

{c) Symmetry of the lesions,

{d) Site of the primary tumar,

(€} Node size and chamcteristics as determined by reviewing the CT,

(f) Absence/presence of FDG-avid foci in non-hilar mediastinat nodes
(purity” of the lesions)

(2) Time cowrse of FDG uptake among repeat scans

utilized include (a) the maximum standard uptake value
(SUVmax), especially after partial volume correction of the
measured value, (b) dual-time-point PET imaging (Fig. 1), (<)
symmetry, (d) site of the primary tumor, (¢) node size and
characteristics as revealed by the computed tomography (CT),
(f) absence/presence of FDG-avid foci in non-hilar mediastinal
nodes, and (g) the degree of stability of uptake between the
scans in those who participated in more than two studies in
their disease course. It is important to remember that
respiratory motions can result in significant image misregistra-
tion on PET-CT scans and SUV calculation of thoracic lesions.
Therefore, every effort should be made to account for such
technical factors in interpreting the findings on these scans,

In a recent retrospective study [1], investigators analyzed
51 patients with cancer with bilateral hilar node FDG-PET
uptake. On a univariate analysis, variables associated with
malignancy were degree of SUVmax, absence/presence of
FDG-avid sites in non-hilar mediastinal nodes, symmetry,
the primary tumor, node size determined by CT, and, in
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those who had participated in two studies, stability of uptake
over time. After multivariate analysis, the first two variables
(e.g., SUVmax and absence/presence of FDG-avid foci in
non-hilar mediastinal nodes) were found to be independent
predictors. These authors concluded that in patients with
non-pulmonary malignancies, especially colorectal carci-
nota, foci of symmetric and mild uptake limited to the
hilar regions are likely related to a benign ctiology if they
are stable on two sequential PET studies despite intervening
anticancer therapy.

In another study [2] which compared FDG-PET and
transesophageal endosonography with fine needle aspiration
(EUS-FNA) in 40 patients for chatacterization of mediastinal
nodes, the sensitivity, specificity, and accuracy of PET were
100, 54.5, and 87.5%, respectively, whereas those of the EUS~
FNA were 79.3, 100, and 85%, respectively. It was observed
that the combination of FDG-PET and EUS-FNA avoided
invasive procedures (mediastinoscopies or staging surgety) in
34 patients. The authors concluded that combined EUS-FNA
and FDG-PET imaging are complementary diagnostic proce-
dures by enhancing the high sensitivity of FDG-PET with the
high specificity of FUS-FNA. for accurate diaguosis in the
setting of enfarged mediastinal lymph nodes in patieats with
known malignancies.

Tubercrlosis

Tuberculomas are discrete nodules, usually less than 3 em in
diameter, in which repeated infection has caused a core of

Time 1

Time 2

Fig. 1. Dual-ime-point FDG-PET/CT imaging demonstrating increasing tracer uptake with time in a proven malignant lung

noduie.
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caseous necrosis surrounded by zone of epithelioid cells and
collagen with peripheral round cell infiltration. Small,
discrete shadows in the vicinity of the main lesion, known
as “satellite lesions”, are observed in as many as 80% of
cases [3, 4]. The promising features of FDG-PET imaging in
the management of patients with this disorder are (a) its
potential role for assessing therapeutic response especially in
certain locations such as spinal tuberculosis, (b) its ability to
detect unsuspected distant sites of infection because of the
whole body nature of this imaging technique, (¢} its role in
guiding for a biopsy site (combined PET/CT, in particular,
may be very useful for this purpose), and (d) diagnosis of
suspected recumence and residual disease following success-
ful therapy. 1t is important to note that this role for FDG-
PET has a geographical relevance as developing countries
have high prevalence of fuberculosis and, therefore, the
probability of false-positive FDG-PET results are high in the
Asian population compared fo that of the Furopeans or
North Americans.

Sarcoidosis: Pulmonary and Cardiac Sarcoidosis

Sarcoidosis is a chronic granulomatous multiorgan disease of
unknown etiology that most frequently involves the fungs
which is the major cause of morbidity in these patients. The
disease is characterized in affected organs by an accumulation
of T lymphocytes and mononuclear phagocytes, non-caseating
epithielioid granulomas, and derangements of the normal tissue
architecture. Histopathologically, the initial event in the disease
is the accumulation of mononuclear inflammatory cells, mainly
CD4+ T helper | lymphocytes and mononuclear phagocytes,
in the affected organ which eventually looks to the formation of
granulomas, aggregates of macrophages and their progeny,
epithelioid cells, and multinucleated giant cells.

The initial pulmonary lesions consist of mononuclear cell
infifiration of interstitial tissue of the lung which is followed
by formation of gramilomas characteristic of this disease.
The majority of granulomas resolve in their course, but in
some, fibrosis ensues giving rise to tissue dysfunction,
Disease activity in sarcoidosis can be best assessed by
detecting and quantifying the degree of inflammatory and
granilomatous reactions that occur in the lungs and else-
where in the body. Since bath sarcoidosis and lymphomas
affect lymphoid systems throughout the body, the pattern
noted on the FDG-PET images is non-specific and cannot
differentiate between the two distinct entities (Fig. 2).
However, in a patient with proven diagnosis of sarcoidosis,
the extent of involvement and quantification of the disease
activity can be more accurately assessed by FDG—PET than
with %’Ga scintigraphy and other single gamma-emitting
tracers. This is due to the high quality of the images
generated by PET with superior spatial and contrast
resolutions compared to those acquired with single photon
emission computed tomography (SPECT).

Fig. 2. Whele-body FDG-PET demonstrating avid FDG
uptake in the mediastinal nodes and bilateral lungs in a
proven case of sarcoidosis.

PET/CT in Sarcoidosis

To evaluate the role of FDG-PET/CT in sarcoidosis, Braun
et al. [5] retrospectively assessed 20 consecutive patients
with biopsy-proven sarcoidesis. For thoracic, sinonasal, and
pharyngo-laryngeal localizations, the sensitivity of FDG-
PET/CT was 100%, 100%, and 80%, respectively, for these
sites. Overall sensitivity for all 36 biopsy-proven local-
izations improved from 78% to 87% after excluding skin
involvement. When (67) Ga scintigraphy and (18) F-FDG
PET/CT were compared for the 12 patients who underwent
both examinations, the overall seasitivity of ®’Ga scintig-
raphy was 58% and 79%, and by using FDG-PET
improved to 67% and 86% after excluding all sites of
skin involvement. The authors concluded that FDG-PET/
CT provides a complete morpho-functional cartography of
active inflammatory sites and is useful to follow the
efficacy of treatment in patients with sarcoidosis, particulatly
in its atypical, complex, and mullisystem forms.

Cardiac Sarcoidosis

Diagnosis of cardiac involvement by sarcoidosis continues
to be a challenge to the attending physician and usually
relies on a combination of elinical and imaging findings. In one
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of the earlier reports [6], sudden death due to unsuspected
cardiac involvement has been found to oceur in up to 35% of
affected individuals. While $’Ga scan and **™Tc-methoxyiso-
butylisonitrile (***Tc-MIBI) myocardial perfusion scintigra-
phy have been utilized for detection of myocardial
involvement, they are relatively insensitive in the early stages
of the disease, possibly delaying therapy which can pose
substantial risks. Delayed-enhanced cardiac MRI and PET
imaging are the most promising emerging diagnostic modal-
ities in this setting, and the role of other non-invasive
modalities like ultrascnic tissue characterization {7, 8] and
iodine-123-labeled 15-(p-iodophenyl}-3R,S-methylpentadeca-
noic acid scintigraphy [9] have also been investigated.

The use of both FDG-PET and perfusion scanning
with ® N-NH; was reported by Yamagishi et al. [10] in a
series of 17 patients with cardiac sarcoidosis. In these
patients, the petfusion defects demonstrated minimal
change following steroid treatment, while the FDG
abnormalities fargely resolved, This suggests that with
offective treatment, there was an improvement from an active
inflammatory granulomatous process to a healed scar.

Okumura et al. [11] studied cardiac PET using BpFDG
under fasting conditions for identification of cardiac sarcoido-
sis and assessment of disease activity. They observed a higher
frequency of abnormal myecardial segments on FDG-PET
than ¥ Te-MIBI SPECT [mean number of sbnormal segments
per patient=6.6£3.0 vs. 3.0+3.2 (mean+S8D), P<0.05]. The
sensitivity of fasting FDG-PET in detecting cardiac sarcoidosis
was 100%, significantly higher than that of 990 e MIBI
SPECT (63.6%) or ®’Ga scintigraphy (36.3%). These authors
coticluded that FDG-PET can detect the eatly stage of cardiac
sarcoidosis, in advance of myocardial impairment due to
widespread disease invoivement,

Ishimaru et al. [12] evaluaied the value of FDG-PET in
detecting cardiac sarcoidosis in 32 patients and 30 controls.
These authors observed that focal FDG uptake of the heart
on PET images is a characteristic feature of patients with
sarcoidosis and FDG-PET has the potential to detect cardiac
sarcoidosis that cannot be diagnosed by (67)Ga or (99m)
Te-MIBI scintigraphy.

Occupational Pleuropulmonary Disorders

Preumoconioses include coal worker’s pneumoconiosis, sii-
cosis, asbestosis, and berylliosis, of which silicosis and
asbestosis ate the two major types. Data on the PET appearance
of pneumoconiosis has been reported in the literature. FDG
uptake has been observed in pneumoconiosis and progressive
massive fibrosis. This uptake may be related to the presence of
inflammatory cells such as macrophages, as well as fibroblasts
[13]. Avid FDG uptake in the right ventricle coupled with
enhanced intercostal muscle hypermetabolism has been
reported to indicate the severity of the disease [14, 15]. The
role of FDG in the diagnosis of malignancy in the setting of
pneumoconiosis is unclear. Conlroversial results (mainly case
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studies) have been described, Shukuya et al. [16] described
significantly increased uptake in a nodular lesion that turned
out to be only pneumoconiosis, On the other hand, the reports
by Bandoh et al. [17] and Williams ct al. [18] demonstrated a
case where FDG-PET was able to clearly distinguish the lung
cancer from progressive massive fibrosis, suggesting 2 poten-
tial usefulness of FDG-PET in cancer screening in patients
with pneumoconiosis. More data needs to be accrued on this
topic in the future,

In a comparative study of the ability of C''methionine
{MET) and FDG-PET to diagnose lung cancer in patients with
pneumoconiosis, Kanegae et al. [ 19] examined 26 subjects who
underwent both whole-body MET-PET and FDG-PET on the
same day. The first group was a lung cancer group, which
consisted of 15 patients, including those with pneumoconiosis
with multiple nodules (13 cases), hemoptysis (one case), and
positive sputum cytology (one case). The second group was a
no-malignancy control group, consisting of 11 patients with
pneumoconiosis. Significant correlations between nodule size
and the SUV(max) of the two PET {racers were observed in the
control group. The larger the nodule size, the greater were the
degree of these tracers uptake (MET—r=0.771, P<0.000;
FDG—r==0.903, P<0,0001). The SUV{max) of MET was
significantly lower than that of FDG in the pneumoconiotic
nodules (P<0.0001). Lung cancer was found in five of 19
nodules (two with adenocarcinoma, one with squamous cell
carcinorna, one with small cell carcinoma, and one with large
cell carcinoma) in the first group. As for nodules equal to or less
than 3 cmn in diameter, the SUV(max) of MET was significantly
higher in the lung cancer than in the pneumoconiotic nodules,
with 3.48+1.18 (mean+SE) for the lung cancer and 1.48::0.08
for the pneumoconiolic nodules (P<0.01), similar to the SUV
(max) of FDG, with 7.12+2.36 and 2.85:+0.24 (P<0.05),
respectively. On the basis of the criteria for the control group,
FDG and MET identified lung cancer with sensitivities of 60%
and 80%, specificities of 100% and 93%, accuracies of 90%
and 90%, positive predictive values of 100% and 80%, and
negative predictive values of 88% and 93%, respectively. The
authots concluded that nodules with an intense uptake of MET
and FDG relative to their size should be carefully observed
because of a high risk for lung cancer.

The FDG uptake pattern has also been described in the
setting of progressive massive fibrosis secondary to pulmo-
nary silicosis [20]. Chronic exposure to free silica results in
nodular lung fibrosis that may be progressive in the absence
of further exposure, with coalescence and formation of non-
segmental conglomerates of irregular collagen-containing
masses characteristic of progressive massive fibrosis. These
patients are reported to have a significantly enhanced risk of
tuberculosis or atypical mycobacterial infection,

FDG-PET imaging has been described in benign pleural
conditions most commonly with regard to ifs utility in
distinguishing benign from malignant disease in occupa-
tional prieumoconioses. It has been reported fo be useful in
distingnishing benign from malignant disease in asbestos-
related pleural disorders.
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In an attempt to differentiate pleural malignancies from
the asbestos exposure related benign lesions viz. pleural
plaques, diffuse pleural thickening, and benign asbestos-
related pleural effusion, Melloni et al. [21] examined 30
patients exposed to asbestos who underwent '*FDG imaging
vig coincidence defection, All primary malignant mesothe-
liomas accumulated FDG, and, in two patients, the findings
were superior to those of CT, allowing early detection, In
two cases, lung carcinomas with malignant pleural effiision
were also detected. There were five false-positive coinei-
dence detection emission tomography results: three unilat-
eral pleural thickening, one rounded atelectasis, and one
benign lang nodule. Al patients with pleural plaques
showed no significant ®*FDG uptake. Malignant diseases
were detected by FDG-coincidence imaging with a
sensitivity of 89% and specificity of 71%. The authors
conchaded that coincidence detection emission tomography
(using a two-detector system) is a useful non-invasive method
to identify malignant mesothelioma in selected subjects
exposed to asbestos.

In another study, the role of FDG dual-head gamma-camera
coincidence imaging (FDG-CI) was examined in 15 consec-
utive patients with CT scan evidence of pleural thickening,
fluid, plaques, or calcification for its ability to detect malignant
pleural mesothelioma [22]. FDG-CI demonstrated a sensitivity
of 88% whereas that of CT was 75%. FDG-CI identified
extrathoracic metastases in five patients, excluding them from
surgical therapy. The authors concluded that FDG-CI appears
to be an acourate method to diagnose and to define the extent of
disease in diffuse malignant pleural mesothelioma.

We have examined the potential of dual time point FRG-
PET imaging in differentiating malignant from benign pleural
disease, In this prospective evaluation study [23], 55 consec-
utive patients referred for the evatuation of suspected malignant
pleural mesothelioma (MPM) and recumrence of MPM under-
went two sequential PET scans (dual-time-point imaging). The
mean+SD of the SUVmax1, SUVmax2, and A%SUVmax in
both newly diagnosed and recurrent MPM were significantly
higher than those of benign pleural disease group (P<0.00013,
Tt was also observed that there is increasing uptake of '*F-FDG
over time in pleurat malignancies, whereas the uptake in benign
plewral disease generally stays stable or decreases over time,
The study results indicated that the dual-time-point imaging
may help in differentiating benign from malignant pleural
disease by increasing the sensitivity and is also helpful for
guiding the biopsy site for diagnosis.

Post-lung Transplant Lymphoproliferative
Disorder in Lung Transplant Recipients:
Implications for Disease Staging with FDG-PET

Post-transplantation lymphoproliferative disorder (PTLD) is
encountered as a complication in 4% to 8% of lung
transplant recipients. Accurate estimation of disease extent
is an important prognostic factor that allows selection of

optimal therapy in this disease. Marom et al. [24] had
examined the utility of FDG-PET imaging to stage lung
transplant recipients with posttransplantation lymphoproli-
ferative disorder, The study results indicated that FDG can
show foci of uptake, particularly in extrathoracic sites that
are not evident on conventional imaging. The authors
concluded that FDG-PET allows more accurate staging of
PTLD, thereby yielding useful prognostic information and
guiding therapy.

Other Infective Pathologies Reported in Literature

In addition to tuberculosis, FDG-PET has been known to
concentrate in a number of other infective pathologies that
are kanown to infect lung or other thoracic locations, e.g.,
cryptococeosis [25], paragonimiasis, and Pneumocystis
infections [26]. Watanabe et al. [27] reported one case of
paragonimiasis mimicking lung cancer, which showed high
FDG uptake (SUV 4.7 at [ h post-injection and 6.2 at 2 h),

Other Non-infective Benign Conditions

Radiation fibrosis is due to infiltration of lenkocytes and
macrophages and abnormal proliferation of type II pneumo-
cytes, radiation-induced production of local cytokines such
as platelet-derived growth factor, tumor necrosis factor, and
transforming growth factor in the radiation field, In this
process, there is increased FDG uptake in the affected region
[28]. There has been one case report of FDG-PET uptake in
sclerosing hemangioma [29], and in this report it showed
moderate degree FDG uptake (SUVmax of 3). FDG-PET
findings may be non-specific in different types of thymic
lesions (e.g., commonly encountered diffuse low fo moder-
ate uptake in the posichemotherapy thymic rebound),
although thymic carcinomas tend to be extremely FDG avid.

FDG Uptake in Vessel Wall: Atherosclerosis
and Vasculitis

FDG uptake in the atherosclerotic large vessels has been
observed in several reporis. It is generally thought that
increased ghicose uptake and metabolism in the plaque
macrophages accounts for the visualization of vulnerable
atherosclerosis lesion by FDG-PET imaging.

Based on the data available, it is apparent that FDG-PET
imaging combined with CT holds great promise for assess-
ing atherosclerosis in large arteries. The high sensitivity and
optimal quantification provided by this imaging modality
has the potential for early diagnosis and accurate evaluation
of response to treatment, Our group has investigated the
frequency of FDG uptake in the large arteries in refation to
the atherogenic risk factors [30, 31]. FDG-PET imaging, by
its inherent ability to quantify the metabolic activity of the
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Pre-treatment

Early-treatment

After completion of
therapy

Fig. 3. FDG-PET maximurn Intensily projection images {antero-posterior view) demonsirating the FDG uptake during the
treatment course in a patient with Mycobacterium avium-intercellufare (MA]) infection.

intended physiclogical or disease process, can assess the
disease activity in vulnerable plaques throughout the whole
body, defined as atheroburden by our group [32, 33} This
objective parameter can be utilized to predict the risk of
plaque rupture and to monitor the effects of therapy. In a
poputation of 149 subjects, the mean SUVs of the ascending
aorta, aortic arch, descending thoracic aorta, iliac arteries,
and fernoral arteries increased with age (P<0.01) [32]. In
this study, inner and outer wall contours of the aortic wall
were drawn on each axial CT image and the respective wall
areas of four aortic segments (ascending, arch, descending,
and abdominal) were calculated as net wall areas by
subtracting the inner surface area from the outer surface
area. MNet aortic wall areas were nwltiplied by the slice
thickness to vield aortic wall volumes. The products of
aortic wall volumes and mean SUVs over each segment
were calculated for each segment and called “atherosclerotic
burden” or “atheroburden” (AB) values as a means for
integrating structural and functional data into a single
quantitative value,

EDG-PET appears to have great potential in the
diagnosis and menitoring response to treatment in patients
with vasculitis. Large-vessel vasculitis accounts for about
6% in an unselected popudation of fever of unknown origin
(FUQ) patients and up to 17% in elderly FUO patients, so
nuclear medicine specialists need to be aware of this
diagnosis. The value of FDG-PET in the diagnosis of
Iarge-vessel vasculitis and the assessment of activity and
extent of disease is being increasingly emphasized in
literature. The modality has been examined in almost all
forms of vasculitis like giant cell arteritis [34-37], Takaya-
su’s arteritis [38-40], polymyalgia rheumatica [41, 42],
Behcet disease [43-45], systemic lupus erythematosus [46-
49], polyarteritis nodosa, and Wegener’s granulomatosis
[50]. Several of these types involve the large thoracic
vessels, and FDG-PET imaging has not only proven to be

a sensitive tool for assessing disease activity but in some
disorders this imaging modality has provided an objective
evidence for the longstanding notion of vasculitic nature of
the diseases such as polymyalgia rheumatica [41] or
unconmmon involvement like papillary muscle inflammation
in Takayasu’s arteritis [40].

Myocardial Viability

The use of FDG-PET to determine myocardial viability
remains a very important technique and is considered the
gold standard for this purpose. Patients with viable ischemic
myocardium diagnosed by a flow/metabolism mismatch
(decreased flow with preserved glucose metabolism)
represent a high-risk subgroup for serious coronary events
in the near future and are candidates for myocardial
revascularization, With the widespread availability of this
modality there has been a growing interest in {he use of

Fig. 4, a Comparison of MIP FDG-PET images of a patient
with sarcoidosls performed in 2009 {eff) and 2010 (igh)
reveals no significant difference In the extent and degree of
FDG uptake in the thoracic structure {a). In fact, SUV of a
comparable lesion in the mid-mediastinum was 5.83 and 5.75,
respactively, which is almost identical. b The same images
with segmentation using an iterative thresholding algorithm
[Region Of intersst Visualization, Evaluation and Registration
{ROVER); ABX, Radeberg, Germany] permits generating sig-
nificant data with regard to the size of the lesions and their
metabolic activities, These include the volume, SUVmax,
SUVimean, partial volume cormrected SUVmean (eSUVmean),
metabolic volume product {MVF), and corrected MVP as
recorded above. These values clearty demonstrate a substan-
tial reduction in the overall metabolic burden of the disease
which was not apparent from standard approach.
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cardiac PET for the evaluation of patients with coronary arfery
disease due to its ability to detect changes in left ventricular
function from rest to peak exercise and to quantify myocardial
perfusion (in milliliters per minute per gram of tissue).

Therapeutic Response Monitoring

As in malignancies, FDG-PET holds great promise for
determining the effects of therapy for a variefy of benign
disorders. Hence, in several reports, FDG-PET has been
proposed as an effective tool in the evaluation of the
therapeutic efficacy in infectious disease (Fig. 3). The
change of FDG aclivity following antibiotics has been
postulated as an effective way to determine the efficacy of
the anti-tuberculosis therapy [51]. Chamilos et al. [52]
examined the utility of this modality in 16 non-neutropenic
patients with invasive mold infections. The results indicated
the importance of FDG-PET in guiding the duration of
treatment in most patients (#=8). The role of FDG-PET in
monitoring therapeutic efficacy has also been described in
the setting of invasive aspergillosis [53], candidal lung
abscess following antifungal therapy [54], and Preumocystis
carinii pneumonia [55]. Similar promising results have been
obtained in non-infectious inflammatory conditions also
(discussed under each subheading). The promise of FDG--
PET in early monitoring of therapeutic response has also
been highlighted in extensive sarcoidosis at 6 weeks
following the initiation of corticosteroid therapy [56].

Promising Future Role of FDG-PET
in the Assessment of Lung and Airway
Inflammation

EDG-PET is a non-invasive imaging technique that has
significant potential to quantify pulmonary inflammation
with high sensitivity, Pulmonary FDG-PET imaging has
demonsirated enhanced FDG uptake in chronic obstructive
pulmonary disease [57] and acute lung injury [58]. Also,
high pulmonary uptake of FDG has been observed in
patients with head injury, who are at risk of developing
acute respiratory distress syndrome, but who had no lung
symptoms at the time of the scan [59]. Tt is suggested that
FDG-PET imaging can be successfully exploited to study
various inflammatory pulmonary disorders and is likely fo
provide objective means to assess alveolar inflammation in a
wide variety of diffuse lung diseases. The feasibility to
monitor the extent and activity of the alveolitis during the
course of the disease can be utilized for follow-up evaluation
to therapy and also can be employed as a biomarker in
new drug development. Furthermore, FDG uptake in the
intercostal muscles has been found to be associated with
COPD, astlima, recent heart failure, interstitial lung
disease (post-external radiotherapy) and pulmonary embo-
lism, and atelectasis with pleural effusion, whereas

S. Basu et al.: FDG-PET and PET/CT in Non-Malignant Thoracic Disorders

prominent visualization of right ventricle (RV) has been
observed to occur in the setting of pulmonary hyper-
tenston (PH) [i4, [5). This uptake in the [CM and RV
uptake can subserve as a valuable surrogate marker in the
{reatment-monitoring scenario of a variety of obstructive
and restrictive airway diseases and in PH, respectively.

Future Direction: Combined
Structure-Function Approach
of Global Disease Assessment

The promise of assessing global metabolic burden in
monitoring global disease activity in these systemic disorders
cannot be overemphasized. Though presently this technique is
under active investigation and refinement, it is [ikely to be
employed in the near future. An example of this approach is
depicted in Fig, 4a and b,

Conclusion

FDG as a surrogate marker of disease activity can’ be
effectively utilized for assessing a variety of benign diseases
and disorders including infection and inflammation due to
enhanced glycolysis in these settings. Awareness of the
conditions and the mechanisms for such findings will assist
the physicians responsible to interpret FDG-PET scan
accurately. FDG has proven to be an excellent tracer to
detect inflammation in the setting of either infectious or non-
infectious inflammatory processes.
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( stor peroperativ blodning som via dppen thoraxkirurgi stoppas. Haft ddrefter
v tuberkulosinfektion med behandling och sedan fulldos strdlbehandling.
Nu lokalt recidiv i trachea-bronk.
Utredning infor planerad radikal kirurgi med transplantation av lufiviigs-graft.
( Nu utredning infor
!
SVAR
Tidigare utlatande
2011-05-27 MC1024/2011
2011-442098
Preliminért svar frdn benmirg och perifert blodutstryk.
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I benmirgsutstryken ses méttligt hog cellhalt, med representation av
samtliga poeser. Cytologiskt kan nigra mérgfrimmande celler ej siikert
pavisas. I utstryken dominerar myelopoes, som visar tecken till
komplett ntmognad och innehéller 1% blaster samt upp till 8,5%
promyelocyter/promonocyter. Andelen monocyter &r litt dkad. Inga

tydliga dysplasitecken.

Erytropoes &r rikligt foretridd, med en diskret cellfraktion, dér ses

megaloblastiska drag eller ldtt oregelbundna kdrnor,
Lymfocytpopulation bestar av 8,5% lymfocyter och 2% plasmaceller.

I utstryken ses flertal stora megakaryocyter; de flesta av dem har

loberade kiirnor.

T utstryken frén perifert blod ses endast diskret poiicilocytos men

inga avvikelser i leukocytpopulationen. Inga omogna celler.

Saledes Hitt aktiverad benmirg, cytologiskt utan mikrometastaser,
Komplettering och definitiv bedomning ska dock ske efter
undersokningen av snittmaterialet.

Tidigare diagnos

Prelimindr: Cellrika benmérgsutstryk cytologiskt utan mirgfrimmande

celler.

Framstilld
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BIOBANKSINFORMATION

Provet far anviindas for samtliga, enligt biobankslagen, godkénda

dindamal,

KOMPLETTERANDE UTLATANDE
2011-05-31 MC1024/2011

2011-442098

16 mm lang benmérgsbiopsi med cellhalt pd hematopoetisk viivnad upp
tilf 40%, representation av atla poeser. FFitaliga sma

lymfocytaggregat kan pavisas. Megakaryocytpopulation #r riklig och
cytologiskt ordiniir, utan aggregatbildning. Inga mérgfiimmande ‘

celler.

[ benmirgsaspiratet ses rikliga vivnadsfragment med genomsnittlig
cellhalt pa 40% och liknande morfologisk presentation som i biopsi.
Inga synliga metastaser. Jarnfirgningar utfaller positiva. I

utstryken hittas inga kompletta ringsideroblaster.

Saledes morfologiskt ordindr bemmirg, utan tecken till malignitet.
DIAGNOS

Slutlig: Benmérg morfologiskt utan hallpunkter for malignitet.
BIOBANKSINFORMATION

Provet far anviindas for samtliga, enligt biobankslagen, godkénda

Framstilld
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Monika Klimkovska 2011-05-31
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*2011-06-09 09:12 Jan Liska, Lik S - N14/24 Thiva/Thima (I4st)

OPERATIONSBERATTELSE

Preop. bedomn. 36-4rig man, tidigare vis frisk, ursprungligen frdn Eritrea, boende pd
Island sedan 2 &r tillbaka. For 19 ménader sedan sdkt p g a stridords
andning, utredning visade en tumér i distala delen av trachea med
néstintill totalstopp. Man gjorde da akut kirurgi for att aviigsna
fuméren via bronkoskopi. I samband med denna &tgiird perforerades
trachea och dven en lungartirgren samt vena azygos. Tillstindet
ledde till omedelbar exploration via sternotomi och man kunde laga
skadan med hjilp av hjirt/lungmaskinstdd. Dessutom exstirperades
tumdren lokalt, Efter forldngd vardtid aterhiinitade sig pat mycket
bra. Har sedan dess haft ett recidiv som stralbehandiats, har ocksa
haft en episod med miliar tuberkulos som #r utldkt nu. Tuméren har
recidiverat och &r av lagt diff mykoepidermoid cancer och har nu
aterigen andningsbesvir. Utredning med CT och PET-CT samt
bronkoskopi visar att tuméren dr recessabel och att det inte
foreligger nigon misstanke pa metastasering. Han remitteras dérfor
hit for atgird i form av trachealresektion inkluderande carina samt
rekonstruktion med en polymerprotes som forbehandlats med pats
egna stamceller och slemhinna.

Assistent Tomas Gudjarsson (thoraxkirurg frdn Reykjavik)
Jan Liska (Thoraxkirurgkliniken, Karolinska Univ sjh)
Paolo Macchiarini

K-H Grinnemo
Diagnos enl ICD-10 339 Malign tumor i luftstrupen
Operationsdatum 11-06-09

Operations- dtgiirdskod  GBCO06 Rescktion och rekonstruktion av trakea med protes
GBCI13 Resektion och rekonstruktion av carina med protes
GBBO00 Trakeostomi

Operationsforlopp Resternotomi med cirkelsag, i samband med denna liten skada pé
vena anonyma som ombesdtjs med en 4-0 Prolene. Fridissektion av
hogerhjirtat och aorta ascendens (Liska). Fridissektionen fortsétter
sedan (Macciarini) av cava superior, vena anonyma samt trachea
proximalt, nir man kommer till baksidan av vena cava finns hér
framfor allt adherenser frdn tidigare operation samt strélfibros. Det
gér inte att {3 fritt utan att man delar av cavan mot detta omrade

Journalkopia uttagen Uttagen av
2014-09-20 ki 12:32 24DG




/_/—'\

Karolinska Universitetssjukhuset
Thoraxkliniken, Solna

N14 Thorax-IVA

171 76 Stockholm

tel: 08-517 748 04 fax:08-517 75

JOURNALBLAD Utskr.id: QIT 24DQ28 M3245
Sida2 av3
1001412308

744

lsingst ned. Innan dess ligeras vena azygos intrapleuralt. Nér man
delat cavan frn det fibrotiska omradet kring trachea pé ldngden kan
man [#tt sy 6ver denna med fortlépande 5-0 Prolene. Ingen
lumeninskrinkning pa cavan. Fortsatt dissektion av arteria
pulmonalis pd héger sida och utmed trachea proximalt inga
bekymmer. I samband med dissektion av bifurkationen fir man en
skada p arteria pulmonalis som delas &ver kéirltdnger pd hoger sida
alldeles mot carinaomridet. S& sméaningom kan sedan bdde hoger
huvudbronk och viinster huvudbronk fridissikeras. Man ser ingen
makroskopisk dvervixt av tumdrvivnad, ddremot en hel del fibrésa
forandringar till f8ljd av tidigare operationsingrepp samt strilning.
Trachea delas av cirka 4-5 cm ovan carina och hoger huvudbronk
alldeles intill ovanlobsbronkens avgéng, Vinster huvudbronk delas
av cirka 1,5 em fiéin carina. Makroskopiskt ingen tumdrvéxt vilket
dven verifieras vid fryssnitt. Under tiden som dr Macciarini
preparerar trachealprotesen sutureras pulmonalisartiren (Liska)
medelst interposition av eft 9 mm:s Dacrongrait. Far en
tillfredsstillande och bra anastomos med gott flode
pulmonalisartiren. Pat ventileras omvéxlande med syrgaskateter i
vinster huvudbronk sant en endotracheal tub som liggs via
operationsséret. Tillfredsstillande syresiittning. Stabil cirkulation.
Nigot forhsjda koldioxidvérden, i 6vr u a. Dr Macciarini syr sedan
ner trachealprotesen. Borjar med anastomosen mot héger bronk som
dr timligen modosam. Syr forst en fortlépande rad posteriort och
direfter enstaka suturer i den anteriora delen med 3-0 Prolene.
(Overgér sedan till den vinstra bronkanastomosen som sys pa samma
sitt, I samband med att man satt de enstaka suturerna i den anteriora
delen f#s dterigen en skada pa pulmonalisartiren. Efter att kirltdnger
placerats hér fir s4 smaningom det titt. Fortsitter nu att avsiuta
denna bronkanastomos. Syr sedan den proximala tracheala
anastomosen pa samma sitt som de tidigare anastomoserna d v s
fortlépande sutur i bakvéiggen och framtill med enstaka suturer,
Anastomosen blir harmonisk och bronkoskopiskt foreligger fina
forhallanden med 8ppna anastomoser, inget patagligt luftlickage.
Overgar sedan till att reparera lungartéiren &terigen (Liska). D4 vi
forsoker exponera omrédet ddr kirltdngen har satts tidigare borjar det
bldda ymnigt. Vi beshutar dé att genomfra reparation av lungartiren
genom att anbringa en kéirltdng pé cava inferior och banda cava
superior d v s genom en inflsdesocklusion dé vi planerar att géra
reparationen n#r hogerhjértat dr tomt. Risk finns vid
ECMO-behandling i samband med en ev reparation for luftlickage
in oxynatorn vilket dr delitiirt varfr vi beslutar ang denna tidigate
nimnda processen. Under inflédesockiusionen far pat naturligtvis
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lagt blodtryck da minimalt med blod gir &ver till vinsterhjirtat men
vi kan hélla et systoliskt tryck kring 35-40 med en mérkligt nog
tdmligen god saturation. Nér det #r minimal blédning i lungartiren
{ill f6ljd av denna atgéird kan vi sedan reparera densamma med
pledgeterade suturer, efter en process pa 4-5 minuter kan vi aterigen

slidppa pd blodflodet till hjértat och pat &terhfimtar sig mycket snabbt.

Lagger Flo-Seal, Tiesel och Surgicel 1 det reparerade omradet. Ingen
kvarstdende blodning. Sedan fortsitter operationen med aif forst
ldgger upp oment kring anastomosomiadet mellan trachea och
protesen samt vid bifurkationen. Slutligen slutes sternum efter
drinageldggning i etager liksom bukincisionen. Avslutningsvis liggs
en tracheostomi (P Macchiarini). Pat dverstar ingreppet vil och vid
dverflyttning till IVA har pat stabil cirkulation och tillfredsstéllande
ventilation,

Journalkopia uttagen
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Provtagningstid: 2011-06-09 17:38 Remittent: Jan-Erik Juto

Ankomstid lab: 2011-06-10 Tfn:

Preparatets natur: Lgil / drrviivnad 7

Fragestillning: Fibros? Tumérvivnad??

Anamnes: Op av recidiverande mucoepidermoid cancer i distala trachea. Radikalt syftande
operatyion.

Tar ut ett fibrotiskt vivnadsstycke med lokalisation vi sida lateralt vid
avgangen for vinster huvudbronk,

Utgor prep till understkning.

Stralbehandlad: Ja, &r 2009

SVAR
UTLATANDE

2011-07-11 T10094/2011
2011-442098

2 x 1 x 0,6 cm stor lymfkortel med slit och homogen snittyta. All
material har biddats.

Histologiskt ses en antrakotisk lymfkortel med reaktiva foréndringar
i form av sinus histiocytos och follikel hyperplasi. Inga héllpunkier
for malignitet i det understkta materialet.

Dr, Monika Klimmkovska konsulterad.

DIAGNOS

Reaktiv lymfadenit.

BIOBANKSINFORMATION

Provet far anviindas for samtliga, enligt biobankslagen, godkinda
#indamél.

Katalin Dobra 2011-07-11

Framstilld
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*2011-07-08 16:48 Gert Henriksson, Lik IT - ONH-avd B82 (signerad)

EPIKRIS
Patientansvarig likare  Gert Henriksson (ldk) /1cqq/
Vardtid 11-05-24--11-07-08

Diagnos enl ICD-10 C339 Malign tamér i luftstrupen
7430 Tillsyn av trakeostomi

Vardforlopp Pat som vid ankomst till ONH-kliniken 11-05-24, efter det att han
19 man tidigare erhillit stridor och undersékts pa Reykjavik, Island,
ddr man funnit en mucoepidermoid cancer distalt i trachea.
Bronkoskopisk op, dir man tar bort delar av cancern inifran, Vid
samina ingrepp far man en blodning, varfor Oppen thoraxkirurgi
kriivs for att stoppa blodningen. Dérefter behandlad for
lungtuberkulos och fatt behandlingar under négra ménader for detta.
Gétt dver till stralbehandling 66 Gy. Tumdren har initialt gatt
tillbaka, men fatt recidiv av tumér med viss stridor varen 2011, Pat
har nu bedmts av prof Paclo Macchiarini for exstirp av trachea och
proxmiala bronker och iséttande av konstgjord trachea med
implantat med inférande av stameeller for optimerad
tracheobroncheal anastomosering. Genomgatt en preoperativ
bronkoskopi 11-05-26, dir man finner den distala trachealtumdren
liggandes till ho framéat med fSrirfingning ner mot ho och vi
huvudbronk, Det finns sedan tidigare thoraxkirurgi ndgon slags sutur
med vitaktigt mothéll inne i distala trachea, som en rest efter tidigare
thoraxkirurgiskt ingrepp 1 kombination med bronkoskopiskt ingrepp
pé Reykjavik. Vi tar px i anslutning till den preoperativa
bronkoskopin, vilket visar tumdifiia férhéllanden, cirka 4 och 5 cm
ovanfor carina. Hirefter kvarstannar pat och ytterligare preoperativ
utredning genomfors infor det thoraxkirurgiska ingreppet 11-06-09.
Se op-berittelse av dr Jan Liska 11-06-09. I samband med
ins#ittandet av den konstgjorda luftstrupen med avgdngar med
anastomosering bade i proximala hé huvudbronk och proximala vi
huvudbronk genomfbrs ocksd en tracheostomi for att underléita
uppfoljande bronkoskopier. Pat lipger pé IVA postoperativt och
genomgar dagliga bronkoskopier med forsok till rengdring med
bronkskéljviitska fram till 11-06-23, Se IVA-epikris daterad
11-06-09--23 for detaljer. Postoperativt har man funnit candida i det
delvis intorkade sekretet i den konstgjorda luftstrupen. Under den
postoperativa tiden, nr pat ligger pd IVA, insatt pd Meronem fram
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Kopia till

till 11-06-26. Pat dekanyleras av prof Macchiarini 11-06-22.
Uppfoljande odling fiéin sista bronkoskopin p& IVA visar inviixt av
Stenotrophomonas maltophilia, varfor pat sitts in p trimsulfa, Efter
det att pat &verforts till vanlig vardavd forbittras han successivt,
Lokalbehandling med metylrosanilin motsvarande tracheostomat pga
viss granulationspolypbildning dér. Postoperativt har vi funnit en
vi-sidig stimbandspares, vilket kan vara av 6vergende karaktdr. Pat
har hes rost, nigot lickande, pga detta. Om fortsatta besviir med
vi-sidig stimbandspares kan det behdvas kompletterande behandling
av foniater i form av hyaluronsyreinj eller liknande v stimband. Vid
hemgéng &r stomat helt ssammandraget. Postoperativ uppfGljning
med slit-rtg av lungor och slutligen CT thorax 11-07-06 visar
liknande bild, ddr ho ovanlob ser ndgot titare ut och Ar 14t
sammanfallen. Detta korrelerar till bronkoskopisk bild dér
ovanlobsavgangen i sidled #r ndgot sammanfallen, Lung-rtg visar
ocksa genomgiende forhjd diafragma hé sida, vilket kan
tverensstdmma med frenicuspdverkan. Vé-lungan genomgéende
viilventilerad. Se i §vrigt CT thorax-svar 11-07-06 for ytterligare
detaljer. Pat gar hem i gott skick.

Tillidgg:

Rak bronkoskopi i narkos med rengtring av sekret frén det
tracheobronchiella graftet genomfordes 11-06-21 och 11-06-30.
CT-bilderna 11-07-06 visar ait det finns ett litet luftlickage
motsvarande den distala anastomosen vid vii huvudbronk. Pat
dverfors till hemsjukhuset pé Island och firetar resa fidn Arlanda till
Isiand med thoraxkirargen, dr Tomas Gudjarsson, som ocksd varit
med vid thoraxingreppet 11-06-09,

Aktuella Likemedel vid hemgéang:

T Nexium 40 mg, 1 x 1

Mixtur Laktulos 30 ml, [ x 1

Brustabl Solvezink, 1 x 1

Bactrim forte, 1 x 2, fr.o.m. den 28/6 (forslagsvis sammanlagt 2 v
behandling).

Brustabl Alvedon 500 mg, 1 x 4

T Diflucan (forslagsvis utsittning inom ytterligare 1 v).

Dr Tomas Gudmansson, Landspitali-sjukhuset, Reykjavik.
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*2011-11-21 08:40 Jan-Erik Juto, Lik I - ONIH-avd B82 (last)

INTAGNINGSANT.
Patientansvarig likare

Intagningsorsak

Likemedelsavstiimning

Status
Allméntillstand

Munhéla och svalg
Halsens mjukdelar
Hj#irta

Blodtryck

Lungor

Jan-Exik Juto (1k) /13x/

Inkommer for en bronkoskopi och borttagning av frindring i
ingangen till intermedidrbronken efter att ha op radikalt for en
lagdifferentierad mucoepidermoid cancer i frakea juni 2011 med
ins#ttande av plastgraft. Sammantaget har efter radikalop vistats forst
pa rehabilitering och sedan 2 mén tiflbaka hemskriven tilt
privatboende i Reykjavik. Bor tillsammans med familj, fru och barn
frén Eiritrea i Reykjavik.

Forst under op var man tvungen att grafta hi lungartir forutom att
man satte in plastgraften i trakea och 6vre delen av hé huvudbronk
men vél ovanftir ovanlobsbronken.

Pat har kontrollerats i Reykjavik av professor Tomas Gudbjartsson,
thoraxkirurg, som ocksd medverkade vid op i juni.

Pat har utvecklat en granulationsliknande forindring distalt om
graften 1 htjd med ovanlobsbronken den man har biopserat ifrin och
enl telefonuppgift fran Reykjavik icke malignt utfall vid
undersékning. Man Onskar nu en rensning av granulationen dér
material fSrstas bor séindas till PAD for undersékning och dven
odling bor tagas fidn luftroren.

Medicinfri sedan 2 man tillbaka, d4 fitt en kur med ett
Trimetoprimpreparat som utsattes efter fullbordad kur 2 v sedan,

Ser lite medtagen ut. Gar obehindrat. Produktivt spute. Uppger ait
han gétt ner cirka 7 kg efter op.

Retningsfiia slemhinnor,

Palperas u a. Villakt sér efter frakeostomat och ingrepp i thorax.
Regelbunden rytm, cirka 110 slag/min.

90/70 mmHg

i vila vd arm.

Inga andningsljud pé ho sida. Relativt rena andningsljud pa vi sida.
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Bed&mning

Man som kommer for revision av lufiviig efter lufiviigskirurgi pga
cancer med ins#ttning av en graft i trakea av plast. Inkommer {6r
rengdring, odling och preparat f5r PAD. Op som planerats i
jetventilation och rak bronkoskopi.
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