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Imaging of Pneumonia
Tsuneo Matsumoto

In patients with suspected pneumonia, chest radiography and
CT play an important role in making the differential diag-
nosis and evaluating disease severity and progress. The ra-
diologic patterns of both community-acquired and opportu-
nistic pneumonias were reviewed and compared with those
of non-infectious lung diseases. The important findings in
the diagnosis of pneumonias were as follows: 1)the relation-
ship between the extent of consolidation and segment or lobe;
2)homogeneity or heterogeneity of opacity; 3) presence of
thickening of bronchi and bronchioli; centrilobular, acinar,
lobular, and segmental opacities; air bronchogram,; tree-in-
bud appearance, and mosaic perfusion; and 4)size and dis-
tribution of nodules.
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1. KIEEME (BhBaME) B

RIEMWMITIE, HREIEE, BEMEE T Oterminal
air space (ZF3E L, HWEREEEOMIERIEZ M- 72 2
BEAE SN BIFIERIC & 0 BffaAsih/z S v, iFIER O =L
Z B IZHEVy, KohnfLA°Lambert® O HIEIE % /- L THIZEH
OB EIEMILD Y, FRIZEGE SR > Tn . &
TR LTRE D EBBEINAZ R CGERL TV, RE
RS TSNS, BRI, MERICET 5 IEREHE
AR R N LY ISR 2 BB FE (consolidation) T, i
I B FANIABE 22 1%\ F2 (ground-glass opacity) A%, %72
AT R 2 REEREIROONE, —FELEIA
B0 72BN IS IE R AMEN 2 22§ B bulging fissure sign %
<9 (Fig. 1).
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Fig. 1 Lobar(air-space)pneumonia caused by Streptococcus pneumoniae.

A: Posteroanterior chest radiograph shows homogeneous consolidation with air-bronchograms in the right upper lung.

B: Lateral chest radiograph shows consolidation with a convex border in the posterior of the upper lung (bulging fis- A B c
sure sign).

C: CT shows a nonsegmental consolidation with air bronchograms beneath the visceral pleura and ill-defined ground-

glass opacities at the borders.

Fig. 2 Bronchopneumonia.
A: Chest radiograph shows nodular, acinar shadows, small areas
of consolidation, and thick, irregular bronchovascular bundles.
B: HRCT images show centrilobular nodules, the aggregation
of acinar opacities, and lobular opacities.

2. [EXRHR BEMEIE LD EDOBICIZIREIRRTHS. 22T

F[ELMRTIE, FREPRELDH S5 VIHAELZ R g EDOEARIE, RBHEICESHEET, Kk,
L, ZORBIZEREIZ, BEBEMLLEWEEKLSZHOL£EH K, MEK, ZIEERKOBEGELOBEEICRDOONS
MERAEH LA TEICH > THERT S, B2 I3 (Fig. 2).
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Fig. 3 Interstitial pneumonia caused by cytomega-

lovirus.

A: Chest radiograph shows ground-glass opacity or
a reticular nodular pattern and blurring of

bronchovascular bundles.

B: HRCT images show numerous ground-glass opaci-
ties that are randomly distributed and that tend not to

distribute at the periphery of the second lobules.

3. FIEMR%

FIFE R RAEMERIE DB IZ L 2 MEDOIEETH 5.
SMofEEERT ¥ 4 7T, diffuse alveolar damage
(DAD)%# 2+ 5. 44 bAFOY 4 VARETIE, THH
P, 123W—RREDOR R IBHEEL R L, FRHE
R\ IRBEDFEH & £ (Fig. 3).
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HAM E8 S & B [P S BAEI BT 5 71 F o4
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Table 1 Diseases with alveolar (consolidative) pattern other than
pneumonia’-¥

Pulmonary tuberculosis
Heart failure/Pulmonary edema
Primary lung cancer
Malignant lymphoma/Leukemia
Diffuse lung disease
Drug-induced disease
IIP
Hypersensitivity pneumonia
BOOP
Eosinophilic pneumonia
Sarcoidosis
Collagen-vascular disease
Pulmonary thromboemboli
Pulmonary proteinosis
Lipoid pneumonia
Radiation pneumonia
Pulmonary hemosiderosis/Pulmonary hemorrhage
ARDS
Others

¥ ahh O, BHRRERY S ) BEEsH UL, BRED
B RO DD DX —lTH L. 2T, M
ESWOEEL%ENT, MWEEMXEEERPLCTTHiZ: L
TFEDHAEEERETAZ LIRS,
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Fig. 4 Chronic eosinophilic pneumonia.
A: Chest radiograph shows patchy consolidation in both upper lungs.
B: CT images show nonsegmental consolidation and ground-glass opacities with traction bronchiectasis in both lungs.

Fig. 5 Non-Hodgkin lymphoma.

A: Chest radiograph shows consolidation of the left middle lung and a well-defined lateral border. Lobar pneumonia comes to occupy
a confluent portion of the lung parenchyma and is limited only by pleural boundaries. If this case is a lobar pneumonia, the well-defined
border of consolidation suggests the existence of interlobar pleura. The position and direction of the interlobar pleura on the posteroan-
terior chest radiograph indicates the volume loss of the lingula segment. Volume loss is incompatible with the pathologic characteris-

tics of acute pneumonia.

Ak L7z Bi R OTERE B &, TRl & BN 72 IR I8
M (Fig. 4), HEBA ©0E) &EF (Fig. 5), /MEM
FREED LR AT H L2 (Fig. 6) % LIdhfize & L TIRsAd
HTH5.

ARDSEEBNZ BT, FEREEDRE, RIS iR Fg
HEMRD & 5 ZEEMEEF T, BREIIIENSHET, &

WREEE 2 H T ARELVRET SH. —F, BERE, K
IMFE, SEHMEDOFIEIC X 5 MEMEEG T, LA
YDA ) H5 ABRFESEMAT, HlIZconsolidation (HELUT)
ERTIENEW). T L) IR TRBEOSHERRE
HAid B = L ATIBITH B (Fig. 7).
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Fig. 6 Acute eosinophilic pneumonia.

A: Chest radiograph shows numerous focal
areas of consolidation and ground-glass attenu-
ation, and long and short linear opacities.

B: CT shows thickening of the interlobular septa
as well as ground-glass opacity and acinar opacity.

A: Acute respiratory distress syndrome (ARDS)originating from an extrapulmonary focus (primarily splenectomy followed by sepsis)via

the bloodstream.

CT images show predominantly symmetric ground-glass opacity and dorsal consolidation (atelectasis).

B: ARDS due to pneumonia.

CT images show a mix of dense parenchymal opacification and ground-glass opacities that are asymmetric.

ERXEDHEE

%L OB R~ A 375 X207 1 VAMENRE,
EEMRDONNY — 2R T. —h, KEEM%ZRTES
1, % {IIAHRERHEMi% (Fig. 1) T, Z0fr L7 Fhlidk
RLTFATMKREDN DL, 7 LTV IMiKTIET V-
WhERLOENMEOBATES Y, L AR
ERT L, 40%LL ETHEHCREIM AN RDENL L
W B AR > Twa. L UF & TFhilisk (Fig. 8) DRI 72
AIRAT IR E LA DB T, SuRISERRA LA

SERC164E5 A 25 H

KOFRERT EENTWAY, W{ELIH b DR %5
HRE L HRREEHETHT L L 5.

WETPERT I ES, MEEREEALIC A L, SR, 3
REBAEXEEICRE LR, FHEESLHmEgH 2L
Vb, I, BTYHLRELBELEIC X 5B
DIRFENROBND Z LD D 5 (Fig. 9). Wl fEHERisERAE
125 & v 72 Bl 48 TR MR T 3R R 2
5N (Fig. 10). F 7-flblisds & O3c@HD b OE AR (AE
SUEE, EESESHE) AR ShAZ LB, BERKF
HEE SR AR OGEITREAREHEE &L D.
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Fig. 8 Legionella pneumonia.

A: Chest radiograph shows dense consolidation in the left lower lung and patchy consolidation in the right lung.

B: CT shows an air-space consolidation in the left lung and acinar opacities and patchy small areas of consolidation in the A ‘ B
right lung. The findings in the right lung indicate bronchopneumonia. (Courtesy of Kazuto Ashizawa, MD, Nagasaki University)

Fig. 9 Aspiration pneumonia. A
A: CT images show consolidation in the posterior segments of the bilateral lower lobes.

B: HRCT shows the aspiration materials in the lumen of left B6.

C: Coronal reconstruction image shows thickening of the relatively proximal bronchovascular bundle and B C

segmentally distributed consolidation with volume loss.

' AARERSE $64% H45
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Fig. 10 Klebsiella pneumoniae pneumonia via pulmonalry vasculature.
CT shows a random, patchy distribution of opacification. There is slight subpleural predominance. The individual foci show

nodular consolidation with air-bronchagrams. These findings indicate pneumonia following septic emboli.

‘ t!ll!! PN

Mg
» INI|

Fig. 11 Mycoplasma pneumoniae.

CT images in two different patients with Mycoplasma pneumoniae show the pattern of bronchopneumonia and thickening of
the bronchovascular bundle. The acinar shadows tend to distribute in the peribronchial region of the daughter bronchus.

¥4 377 A=y, KEEORKELMEHDZEE o -
RRTHE, WU T ARICOHREREE 2 R 562 X HEXPFROMERR

VAT AR E TR A R LA DR RTY. SN £ 37T XM A T MR EOEERM KT,
ISy =TI, MBI & s & IR R ST 4602 TR ) 75 RIRE, skip lesion B Td = &
5T LABVE SNTVSD (Fig. 11). BHv. LhL, BMEEEEECORKIREL, MKk

ERti64 s A25H
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- Fig. 12 Bacterial pneumonia caused by Streptococcus pneumoniae.
- A: Chest radiograph shows ground-glass opacity. Detail of the affected
region shows this ground-glass opacity contains a large number of
malll radiolucencies.
B: CT shows that the opacification extends throughout the lung and
contains a large number of small radiolucencies (Swiss-cheese
appearance). Areas of low attenuation(arrows)are shown in the un-
affected lobes. The detection of bullae or emphysematous spaces is
important in making the differential diagnosis.

FINDEA Y Ak & LS T 20T, & Ci%GmA~
DR 2R T I ENBETH S, T/, BAFEIE
RLRNPENIAFAET B3 A S 4 A 125 Ao
TWaBIZbfb 5, A1) 45 ABE % 7”77 (Swiss cheese
appearance). FFREETH LaHlliOFTRICEE+ A2 &
TENDFTE D Z EHE\ (Fig. 12). #0fl, FBEET
BEEOMEXEBET A2 I LIZENZH AR THLD, B
FOVRRE (PR A R B C L VLT A 2 L 2 ATHICE
CZELEETHL,

I 2\ T

ks, B, %, BEzHOBEIIBWT, £HK
B - RSO Bihh 5, —EHICIE AR &S hwn
JRGAE & L CSARS L0505 . i, 18RRIV
T FIC@EEAE A LA 7 ) F e (LI — F)—
ik FTNFaE / 7 O — VR EH—i, ST
R, BEBHAFE T TUHESLETH S L S, [
BEZHIIBWTHEKIZS, SO6LAML0HTHA.
FEOIERIIRENRIE, B, S5EH, W, b
M EHER LT . BT, FIEEICs ] 26T
FZERLEEEIRIE A = 5. DWW THESEIATIX, JEIER

10

&) 3Bk &H BB A3 ATERL S Mk & 7
0, LGER I HEREIN (3 ZE R B R ARAE (L (22
L, BLEERZ BT Lot fbasie 2 0 B I SUE
PWELZEL S, POEIIERCAELT 2. EEEHE %
IZBWT Y, HRRRIE L RO 4 OMKIGAEZ Y,
FEPMAHEALAB EF X IR B & sh, ZHIIEHEET
SEAICHE E b o Tna10- W PLED XS LiEEgEs 5
RETIE, PHoBEHZBRVWThoOBHTiiEE
N, VR LB ERT I EAHEES NS,
—RIERE O ER EOEARTNZ, [ IEBEE k- 72

(peripheral enhancement) ') > 7 SEEA—4FIZAM B £ O
BERE ) v EilER—, BFREKIEO %W — TR Dair
space consolidation (Fig. 13) ] C& %.

TRABHHE DS 2 BT R E LT, air-space consolidation
T EZEEMRGSCE, TR F BB AT 5
Z EHB. FEI/NEROHE, MEEOBATE L EV,
P P28 RE S 5 S LM E R ONEE (R RE %, B
e 2 D H. K, HHEITT20~40% 222 AR
S, air-fluid level 2779 2 & dFTIE VY, CTTIIR
PTG R U SRR & TR BB iR o tree-in-bud
appearance¥ A58 SN A (Fig. 14), TEERMIEIISHE
WRDLNEZ EIFISUHLT L &h 52,

BAE R SE 56475 45T
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enlargement of the hilar lymph node.

Fig. 13 Primary pulmonary tuberculosis.
A: Chest radiograph shows consolidation in the
left middle lung and left hilar enlargement.
B: CT shows dense segmental consolidation in
the apical segment of the left lower lobe and

C: Enhanced T1-weighted imaging shows ring en-
hancement of both lymph node and consolidation.

Fig. 14 Postprimary tuberculosis.

A: Chest radiograph shows dense consolidation in the right upper lung and nodular opacities and focal areas of consolida-
tion in the right middle lung.

B: HRCT shows focal areas of consalidation with an air-bronchogram in the posterior segment of the right upper lobe. A well-defined
nodule and irregularly dilated bronchi with thick walls are also visible. The cavity, satellite nodules, and branching opacities (iree-
in-bud appearance)are demonstrated in the apical segment of the lower lobe. Almost all opacifications have well-defined
margins. Note that the cavity, ground-glass opacity, and tree-in-bud appearance suggest the active phase of tuberculosis.

FHE64 5 H25 H
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Jones 521, BEIRDMRED HRADRYTHFE L /2EH
& VRTOBEG D FPRIC X0 5890 L7z (RS B o3
L, &4 OIEHEMXREE LR L, (MRS RO
R FEDEEGd RS UTB Y, W HEMEE OB
RAISRIEDIRREICBE D H 5 & HESE & 1’1.7‘:] & Lz,

SRIEREDIE T L > T FHEICRERATRD 55 THE
WhH5H, FTORE, SRR/ NEERREIIEEERESD
HELITR T % (Fig. 15). tree-in-bud appearanceld, #
BACRFRI LT R TRV, oBEBIZL 2 2R
PR P (3 < HESLIIAR T 5. IEThMEZ R 2T R
lZconsolidation /& [l D ground-glass opacity, tree-in-bud
appearance X ZE{A DFIETH 5.

TR R DM IC BV TCTHBESD ?

CTIZHMXBMEEIZ T, BEOFEEDH, HERREX
DHEFEVTHIZBVTHEN TS, JERPEISHE 2
ElZX > TCTOL BRI SEFI TR S, BXHERC
BWUike UTHRBEMTREZR L L ERMET LR
WOFEN BN CEE R BN DH B L FE2 S5NABIZIECT
S ETHA.

AR T BE (C B (T 5 FhERAE (B MRERIE)

FERD B B BHOIMMEHREICB VT, MEHEMXHRE
BEOMHAEIZ10% AT CTh oo L s s, REREET
BEIIBT DMRISEIBGLHEND L0 L, Z0%
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Fig. 15 Pulmonary tuberculosis.

A: Chest radiograph shows multiple nodu-
lar opacities and a focal area of consoli-
dation.

B: CT shows dense nodules with a
centrilobular distribution and areas of con-
solidation that are lobular in distribution.
Although tuberculosis seldom involves the
basal segments of the lower lobe, a lobular
opacity with straight margins suggests
tuberculosis.

WrZIZCTHRETH B LEZLNS.
%fﬁﬁT*%rﬁH%ﬁ%ﬁ BEAE (I, RREuE, Ik
PR RE, EMMM%, BRELAHES DL, 20
2 H, BIMRERYYE & L CHEEZRLINS, Bl ¥
A MAHTY4IVA, HY) =(Fig. 16) % EDHRKEE LT
Z{RBOLNG, bRLbhOlEEIZBIT 2 AIDSDA O HE
BT EE (MRCEEER, BERE A704 FEE, BHE
#) TARDS A D EGHEDRRD & N 7219261 DNERIZ, #i
WM, ) =Mk, 4 bxATaT 4 VAM%, K
B, PUREOBRISEDIFI50% T, £ O MM B0 HhiEE
H20%, MUFRRAG g, BEHIVENGZE, MiANE, Bl AsZh
%h%;%ﬁbot.%hﬁ?ﬁ%ﬁﬁ%ﬁﬁ%&%ot&
&, LEDX S RBFEINIENLI LIRS,
WROBEDS, HAORBIIBWTHEEICHET
CTATR % Table 2 12/, DitbN Ok T E LHRCT
DREAT STV 21028 DRER £ EBE O EHHEIC B
WTH YRR, Fh S OpTRITEBEICERD b7 (HE
il 45 Cldsegmental consolidation & V), /NEEFCEEREREAT
EHHEE T o 72). Table 2 [T T RCOFREZRTE
BEBLEHEHTH -7, BHIb, LoERBLHFHITM
Bt 2R L7255 R OF5E—HOFR L »EL
TwWidoi, —7, $_XTOFRTIRLIZEE Dpositive
predictive value(, JifiELEiE M@ RG22 D BT 7 T130.7~
1L0E®EC, WBMRENLGIR TH o245, 4 A A0
7 4 W AR O RIZ0.25, FiHINLT0.22 L FF RO
RTHhotz, A4 ATOY 4 VARATEEEICRD S
NBETRIE, BIMFERHKES EFEEGET RO H N,

HAERSGRE Be4%s Ha5
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Fig. 16 Pneumocystis carinii pneumonia.
HRCT shows bilateral ground-glass opacities with nonsegmental distribution and mosaic pattern.

Table 2 Characteristic HRCT findings and their diagnostic values in each disease'®

Diagnosis Frequent CT findings Sensitivity PPV
Pneumonia
Bacteria BVB thickening+segmental consolidation 0.27 0.7
(+centrilobular opacity 0.5)
Pneumocystis carinii GGO+symmetrical involvement+mosaic pattern 0.5 0.62
Cytomegalovirus GGO or consolidation+nadule+bilateral involvement 0.5 0.24
Tuberculosis Segmental or nonsegrnental consolidation-+cavity 0.5 0.66
Fungal disease Mass+CT halo sign 0.67 1.0
Leukemic infiltration BVB thickening+Nodule+ILS thickening 0.6 0.43
Lymphangitic carcinomatosis BVB thickening+nodule or mass+pleural effusion 0.5 0.25
Drug-induced pneumonia GGOQO+reticular pattern 0.67 0.5
L Pulmonary hemorrhage GGO or consolidation+IL$S thickening+intralobular reticulation 0.5 0.22

£ 72, FiHMOBTRE % 1) =i S MBS AR T S A
bd), REREBEICBT5BRIMEOBHFRETH S
Z b,

L Lad'h, REFESEZIIBVTH, ERNLRE
RERMAB LU OMEGHTRIBUTOMY) Th Y, Th
5OFRERCTERNET) S L I3HFRATHS. Kbk
HiETdh B MBI <1, K83%, MaEton
B, ANGEhLOHE, MR, NERESTRO LWL L LRE
SRR RTEMEDH L. 4 b ATOY 1 VX2 H ) =il
K3, BYICBREOFEHAL (ARESR) TH Y, Bl
DLBVEGHED 72, Fiit DKE S DRV IEEHIIEK B

R 164E5 A 25 H

PECA L Twa, IMATHEA Cd 5 BRI TIZT ~ ¥
LA L, MUMAEEZEMAE Cldfeeding vessel signSE2e
LbhsZEhHB,

[HARBISED ) b, EEEMEAEME, HEETIE
ETOREPI0mMmL T 2/RY 2 EIHT, — Y14 VA%
fii %6 Ti280% L. L THRET 2 TAI0mmI T THh - 72| & D
Fb D (Fig. 17), 4 OFFR% ZHBITE SITRET
AHIZETHENZMZAELT EEZO NS, T/, AL L
VRERHAINDGFRATY, kL IFBREMRETIIRZS
PHOPIZERRBYED 55 (Fig. 18). FHCREBRIEETH
HEEBII, SBRIIERMIIKRITT LI EPLETHS.
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Fig. 17 A: Varicella pneumonia, B: tuberculosis, C: aspergillosis.
HRCT images show nodules in all three diseases. All nodules in varicella pneumonia are less than
10 mm in diameter, although some nodules in tuberculosis and aspergillosis are relatively large.

Fig. 18 Pulmonary leukemic cell infiltration in acute myelogeneous leukemia.

HRCT images show areas of consolidation abutting the pleura, centrilobular nodules, and thickening of the branchovascular bundle.
The findings described by these terms are frequently seen in bronchopneumonia. However, note that the findings demonstrated on these
images are much different from those of bronchopneumonia caused by bacteria(Fig. 2), mycoplasma(Fig. 11), and tuberculosis (Fig. 14).

14 AARER SR 644 Hd T
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