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Successful Treatment of Pseudomonas aeruginosa Community-acquired Pneumonia
and Septic Shock using Venoarterial Extracorporeal Membrane Oxygenation
after the Fontan Procedure

Makoto Satoh, Masayuki Abiko, Tesshu Otagiri, Jun Matsuki, and Tetsuo Mitsui

Department of Pediatrics, Yamagata University Faculty of Medicine, Yamagata, Japan

The patient was a 33-year-old female who had undergone the Fontan procedure at 12 years for pulmonary
atresia with a double-outlet right ventricle. She was working as a nurse at a medical office. She noticed general
fatigue and dyspnea 2 days prior to admission. Although she took cefcapene pivoxil, she developed dyspnea and
was admitted to Yamagata university hospital after a visit to the emergency unit at night. She was alert, and had
a severe, productive cough. She was subsequently diagnosed with lobar pneumonia that required intensive care.
She progressed to septic shock a few hours after admission. Although treatment for septic shock was initiated,
her condition deteriorated because of arrhythmia, and she required mechanical ventilation. Three days after
admission, venoarterial extracorporeal membrane oxygenation (VA ECMO) was initiated for circulatory failure,
which had been refractory to the escalation of inotropic support, fluid resuscitation, corticosteroids and inhaled
nitric oxide. Both blood and sputum cultures revealed the presence of Pseudomonas aeruginosa, and she was
diagnosed with P. aeruginosa community-acquired pneumonia and sepsis. With intensive treatment, her cardiac
function gradually stabilized, and she was diagnosed with septic cardiomyopathy. She was decannulated from
ECMO on day 14 after admission, and was discharged on day 54. Brain CT before discharge revealed no findings
of hypoxia or hypoperfusion. This is the first report of the successful treatment of P. aeruginosa community-ac-
quired pneumonia and septic shock using VA ECMO after previous Fontan procedure.
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Fig. 1 Chest X-ray and chest CT on admission
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Table 1 Laboratory data on admission

L 25anis
I I T 1

Fig. 2 Twelve-lead ECG on admission

HEZRDEh o T

MEME (Table 1) Ti&, CRP AH29.82mg/dL &
mECTH-oT. 7 L7 F=2227mg/dL, VY
L. 2.9mmol/L & EHRERE T, EMRERE ZRDIT.
BNP (& 478.6 pg/mL & B HEAERE 2 & & L T L & fE
R Utz IM/AREE 4.6 Ji/ul &84 L, PT-INR
1.81, FDP 22.3ug/mL & 2] DIC 32 MW B HE 72 i 7
U7z, IgG 896mg/dL, HIV HifklZR2IET, S M
A RERET %7 — RIFERD > Tz, HIFER
RAETIE, S, WREE, BhEMIRILESE D S AR YA
EENhe.

ABR&#A (Figs. 4, 5): ICU A%, MikeZzhic
ESIBEROARICH LT, BERY, TEBRIEHSEE
fiik (K723, HVXUFR) ZRG L. BT
IR, — AT R ORREZEE L, AN
TRILTED) VR LT, AR R I &
A 40 X T LA L, #EEEHINRED NS narrow
QRS tachycardia Z/E U7y, 70k A 7 I FifE
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WBC 5.22x10%/uL
Neut. 85.5%
Lymph. 10.0%
Mono. 3.0%
Baso. 1.5%

Hb 12.7g/dL

Ht 38.0%

PLT 46x10%uL

PT-INR 1.81

APTT 31.0sec

Fibrinogen 485.0mg/dL

FDP 22.3ug/mL

D-dimer 8.01ug/mL

ATII 46%

TP 5.9g/dL

Alb 2.9g/dL

T.Bil 1.7mg/dL

D.Bil 0.7mg/dL

I.Bil 1.0mg/dL

AST 28U/L

ALT 39U/L

LDH 196 U/L

ChE 140U/L

yGTP 53U/L

EHH CK 85U/L

BUN 33mg/dL

Cre 2.27mg/dL

Na 134 mmol/L

K 2.9mmol/L

Cl 101 mmol/L

Ca 8.6mg/dL

CRP 29.82mg/dL

Glu 97 mg/dL

CK-MB 1.0ng/mL (0.0-3.7)

Troponin | <10pg/mL (0-26)

BNP 478.6 pg/mL

IgG 896 mg/dL

IgA 124 mg/dL

IgM 70mg/dL

BGA (artery: O, 10L/min FM)

pH 7.409
pCO, 26.5mmHg
pO, 99.0mmHg
HCO3 16.4mmol/L
BE —6.7mmol/L
Lac 4.57 mmol/L

THM L7z, ARt 2 HEARINCIE, RMIME OHLE
&S IEIAME D 60 mmHg HI{K R L7728, 7
IWARYF RiFHIEL, BRAfs, /L7 R UE
fismE 2R U, WaiErEs 3 v 7 LWL, HiE
i, MEEPIA AT ITRAIEELT, A%
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Fig. 3 ECG before intubation
JET: junctional ectopic tachycardia
DOB 10v
hANP = 0:25y 0.05y
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HDC 500mg _ psL - Aomefday
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Fig. 4 Clinical course during the acute phase

DOB: dobutamine, hANP: carperitide, DOA: dopamine, NAD: noradrenaline, NTG: nitroglycerin, HDC: hydrocortisone,
PSL: prednisolone, AMD: amiodarone, PEEP: positive end-expiratory pressure, NO: nitric oxide, PCPS: percutaneous
cardiopulmonary support, JET: junctional ectopic tachycardia, JR: junctional rhythm, PAC: premature atrial contraction,
SR: sinus rhythm, DC: cardioversion, SBP: systolic blood pressure, DBP: diastolic blood pressure, CVP: central venous

pressure
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Fig. 5 Clinical course

(A) Antibiotic therapy. (B) Management of respiration, and circulation. (C) Management of DIC and anticoagulation.
ABPC/SBT: sulbactam/ampicillin, MEPM: meropenem, CPFX: ciprofloxacin, CAZ: ceftazidime, MINO: minocycline, AZM:
azithromycin, VCM: vancomycin, DAP: daptomycin, IVIG: intravenous immunoglobulin, EM: erythromycin, NAD: nor-
adrenaline, DOA: dopamine, DOB: dobutamine, hANP: carperitide, NTG: nitroglycerin, AMD: amiodarone, HDC: hydro-
cortisone, PSL: prednisolone, NO: nitric oxide, PCPS: percutaneous cardiopulmonary support, SBP: systolic blood pres-
sure, DBP: diastolic blood pressure, DIC: disseminated intravascular coagulation, rTM: thrombomodulin alpha, HAPT:
haptoglobin, Alb: albumin, FFP: fresh frozen plasma, PC: platelet concentrate, RCC: red cell concentrate, DD: D-dimer
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LNOTIAaRA Y VICERL, Hoxrsag) v
OFESHHA L., —EiliEE ERUZELEESIC
Hbonih, KAV LEIC T 2 7102 Ll
e & S MFICHERGHRINEE Z 515 180bpm
FEIZ D narrow QRS tachycardia VH#A L 7z (Fig. 3).
TahA Y7 I Rt Z{To Tzl T4 210bpm 5D
wide QRS tachycardia IC#17 (Fig. 3) L7c/c®, &
SIBRANE) 217 > 7z BRANENT,, 5% 180 bpm f21E
@ narrow QRS tachycardia IC72 D, 7 I A X2 D
FheemE 2z BkG UTe s, SinFeh S BEREE SO HBL
L, RREREL o, Z 2 THfFZTY, B
E, NTWIERZRE L. SSRGS
HOF FO0AEUE 120bpm FEEIC T > b o — LA EE
KR > Tehy, FEIRFOHEER & G OREN S,
i ER DR S o > TUGHEHIIEAY 40 mmHg LUK &
Irolz. FITH, AEAR, X704 FERE, —#Bt
LEZM AN ARISORMEDEIE U, FRIEOFH T
17> TE MBI FHDMR TRVIRREL 72 0, FLEEfH
% 7.31mmol/L £ T LH L7 (Table 2). ZD7z8,
ABt3 HHAMIC, AER#KRY 7 0—FT, VA
ECMO I X 2 EER i) 2 Biaa L7z, ECMO EADH|
WrOBRIZ, Fontan fiikEH THhOEELMANS D
Wuffie, DIC Z&0f L7zIKRETH b, RREEOH
BaaOHE, EEOBKERE 2RI ATRENEZ SREIC
THRH L BT, THREDOEME S5 1F, ECMO &
AZ1T> Tz, 151157 OfK{iHE T ECMO 28 A L,
LN H DA ERESD TV, UL, faE
O L, HLERES FA U B
M 7o e, TR EZHER TE % 1.0L/9 %
TECMO fiiBE¥E L LIz T A, TOEIRIELIETR
U, MfEERZHEFRFCE 7z, RMIEERICB L TlE,
Il C ORISR E, FRE R E 24588 #Ei
L, EMETHRMIERISMHERTE 2 LW L.
ECMO HEAZDLIT I—XTIE, fEEHEEIE 10%
RIFITAL R LTz (Video 1). CPKIZ ARt 6 HH
I e 36,652U/L (CK-MB 261.0ng/mL) % T L5
L7zhY, AST, ALT & ZFNZNixe 723U/L, 297 U/L
EFTOLFICE EE o7z, REIRDLREHZHLE L
T2 EDOLIEIK T, OIFEMN A6 HEM S5 H
SRIBRPMEICIA UMl 28 5m LT, —ltko
R IE MR O E & 327 L7z, ECMO A 41T A By
DI, WEREEEED SRIBEDRE S Niciz®, A
i3 HHD SHFEEIE A ORR LN Ty TaTaF
YooK ZEE LR AB7 HHEIC, KES)IRED T
LI SpO, 1& 80% BEM DS 70% HICHX T L, Hih X K
b, PRI R EREE R O R 2 B U e, RN

Table 2 Laboratory data 3 days after admission

WBC 4.88x10%uL
Neut. 87.3%
Lymph. 8.0%
Mono. 3.9%
Baso. 0.8%

Hb 11.1g/dL

Ht 32.2%

PLT 19x10%/uL

PT-INR 1.40

APTT 60.2sec

Fibrinogen 546.0 mg/dL

FDP 47.6pug/mL

D-dimer 22.36ug/mL

TP 5.1g/dL

Alb 2.3g/dL

T.Bil 2.0mg/dL

AST 97U/L

ALT 40U/L

LDH 526 U/L

yGTP 32U/L

CK 2810U/L

BUN 52mg/dL

Cre 2.43mg/dL

Na 141 mmol/L

K 3.0mmol/L

Cl 100 mmol/L

Ca 6.8 mg/dL

CRP 32.58mg/dL

CK-MB 24.5ng/mL (0.0-3.7)

Troponin | 30pg/mL (0-26)

BGA (artery: FiO, 1.0)

pH 7.209
pCO, 41.7mmHg
pO, 71.2mmHg
HCO; 16.3mmol/L
BE —11.1Tmmol/L
Lac 7.31 mmol/L

B IDBEREN SEEEIC R U T W 27z, ECMO it
EEHEELTEHDMAHDHERTZ, ECMO fis
H45, rest lung DFFIRARSIFANDZHE TRISAH A HE
THolz. DIFRZHRLICREL, AR 11 HHEICIE
B ERIAED S BARICTHIREANER L, mEs%E L
To. DIBEOREIE BUF T, APt 14 HHIC ECMO %
BEBE L, ARE22 HEIC AN TP asz8mi U, ARt 54
HHICTEEBZREZEA LT, B L. B
XTI, MRIESEL, DTO—TE, DU
& AREHiAEICmEE LTV (Video 2). HEE CT T
W, AECHE SR AR I PR A SOT5 R 1 B U Tz e AR
IZ & B AR XD A o T, bR O A PHE
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LT, AR T—TIVRHEDRSD, [k
TRIFIC KB MRREENH O, LFFE M2 Z 7z L
To. WEERERREIC X 2EIRIE, U B Ofikit TR
BEREICIZBUBI T RTREL 75 0, Z DRI RBIEHIC
WATREL Ix o fo. SBEEtS 5 A TIEE iR A Ik
L, BBt 6 AR T—T IVieEZiTo 72
OEIRE 6 mmHg, “FHflERE: 6 mmHg, fii & 4K
F10.9U-m? MR 3.5L/min/m?, LT KEhfREE AR
FIRE 98%, MHBIFHAREE R U, IASHARNTSHIRECAS (iR
DHE BEFRERTH T, ZTO%, BHERLTY
2.

z =

Fontan T-fffl& Fontan 51 X © 1971 FEIC ¥ Tl
TFENTAALNAISAFENITH S Y. JTE Fontan F
i, FHTEREMHREHEOMESEEH O, BLOEE
EROBBENEEM & L T LT\ 5. Fontan flif%
RO, IR, MAE, EER S B,
HFE =7 &iEbRAIc 2 < ORERTLZ 213D, MfEER
S DENR N, WligERRTR S MEERRE
TEZLNTL, HlREFROED SAIEERAN D2
& K& 7% %. Fontan fiifBEHF D THNAIE, O
2, FEIRREICKZDEERENZ N EETN T
% ¥ 7, 4% Fontan flifgBF O8N, OAREHD
MR K T, AEFID K S I BEREMZER S B hn L
TLZA[REMEND 5.

TR 2 OB X TR D 0.1~2.0% & &
Ny, WEBHICHEET S LEMTHS. LHL, F
SE L2 E, EITPNRES LR UIEBBEMNIC RS T &
WHBNTWVD V. SN & ORERRER DR
Fontan & EHED, IEFBRDONA VXTI TH 2
EWVII IRV, AIEFNC BT B EIRERG ) X7
3, 7w IEBTH BT L, NEGBEEHENS
FIAL TV EMET NS Y. ST, It
fifi#$1C venovenous ECMO 142 1 7% F W Tz 82242
MBI 217> T, B L ATz W EFREN TS h
TW3 7. LAL, Fontan g ikl it iz
&7z L, ECMO THin LIS TRERNIEImE N AW, K
WCASEGNE, BUMIEMES 3 v 7, BUEMOFEZ &
ffL, VA ECMO ZE A L/HIEFITH D, WEE
FOVEW.

ASEGI R U 2R A > ME, S O@EY) R biEE
FEANOYIOEZ &, VA ECMO DEATH 5. il
BEEEE, UUENES a3 v 71c7n 5 2R T, Pl
FAEA 5 24 BERIRGHE L TV e o 720, PR g
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P& DENCZEEL, Hr~xr7a7 ) oAt il
BRUTz. ETRIREHIIARICIE, SRR OIS e
NOEE2ER L, HUEREFETEED D 2 55172 2 Fic
258 U7z (Fig. 5A).

ECMO OEMICE L TiE, Hifnsemfeol) X711
HHEXODEWEEZ, BERASIEFISGEDOT2 X5
ISR AiFEZ T, MR E 3 J5/ul A EZRD K
SlCiiFe Ul Pk, ECMO EHA, ik
e mEEERR (ACT) 200 BREEZ HZ2lc~\ 8 >
DR T 12Eh, varYRET LYV TV
Ty RMH L. DEAAY—IHEBHE CEMEE R
Uizlz8, HEEIRIMAeEE 5> 720, Ta—TH5
WRIRIZFEDHT, TV 77U )T LAROKRT
i L7z (Fig. 50).

ECMO s Syl amimEz B Ly, NEfTImiR
ZHER LD NI 2 TS S Tz i, NEfTImiRi%z
M CTE2mETETH S 1LOL/DDEREICHKE L
7o, AKFRETD ECMO #ilc s> 7278, MdRss
PFIE rest lung DRYVEICTET, MREBIRY> L=
FOWMAZHALEND, @Ok ERERE 2 Ukl
N E5Ehof. ABte HHEIC, B XKL, —i@
PRI SRR SRR DT R 2 2 U728, [RIREED 5.0
FERED BN L U T ez, BT 2 HER L
EW 5 ECMO sl &, PPasscth DA TN BE
%0, ECMO OB EER O S LIS S 7 |k
T&7z (Fig. 4). KBEEIIRIE MR ONET T AR O RF
fililg, IEHEEEEROEETIE, L TFEOD SpO, DES
FIRITE =X — DRI CHEFE T E %M, Fontan iR
DIFEE, H A OAH DI 3 IEFIR LS et &R,
PREIRAT IR AR DIMIRMMEG TN TV AT, LR
SpO, DZEALDRRICHFEZ BT 5. X5 R FRE:
fRD 5 O AT - 7255, ECMO O A EMIEL
TG E I MEEIREORE L FE L AT N R 5%
V. K 72[% Fontan DEEITIE, HIME ORI E >/
DRI, KOFEREMBREICES. fikol &<,
Fontan flif% % VA ECMO I IZFHAA DI E A
M3, SEOMEFITEREd, %70 Fontan
TEER Tl H > 72h, ZOEFREH & KE% < ECMO
EEMUAT. AAEH O X S 7% Fontan 1% B i fifi
xR, BUEETES 3 v Z3EFICH LTE, VA ECMO %z
BOTEEFHNETR 2 NI T O RNETH %.

s G

BOERO i\ kiR B 7 il 28 %2 FEE U 72 Fontan 1f
RiEFH 2R L7z, Fontan TR 8 DUMAETES =2
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5| TR

1) Fugitani S, Sun HY, Yu VL, et al: Pneumonia due to
Pseudomonas aeruginosa: Part I: Epidemiology, clinical
diagnosis, and source. Chest 2011; 139: 909-919

2) Fontan E Baudet E: Surgical repair of tricuspid atresia.

3)

4)

5)

6)

7)

Thorax 1971; 26: 240-248

Diller GP, Kempny A, Alonso-Gonzalez R, et al: Survival
prospects and circumstances of death in contemporary
adult congenital heart disease patients under follow-up at
a large tertiary centre. Circulation 2015; 132: 2118-2125
File TM Jr: Community-acquired pneumonia. Lancet
20035 362: 1991-2001

Hatchette TF, Gupta R, Marrie TJ: Pseudomonas aeru-
ginosa community-acquired pneumonia in previously
healthy adults: Case report and review of the literature.
Clin Infect Dis 2000; 31: 1349-1356

Kinoshita T, Yamamoto K, Toyama S, et al: Case Report;
A severe Pseudomonas aeruginosa community-acquired
pneumonia treated by veno-venous extracorporeal
membrane oxygenation (ECMO). Nippon Naika Gakkai
Zasshi 2015; 104: 107-109

Okamoto M, Yamaoka ], Chikayama S, et al: Successful
treatment of a previously healthy woman with Pseudo-
monas aeruginosa community-acquired pneumonia with
plasmapheresis. Intern Med 2012; 51: 2809-2812

© 2017 Japanese Society of Pediatric Cardiology and Cardiac Surgery


http://dx.doi.org/10.1378/chest.10-0166
http://dx.doi.org/10.1378/chest.10-0166
http://dx.doi.org/10.1378/chest.10-0166
http://dx.doi.org/10.1136/thx.26.3.240
http://dx.doi.org/10.1136/thx.26.3.240
http://dx.doi.org/10.1161/CIRCULATIONAHA.115.017202
http://dx.doi.org/10.1161/CIRCULATIONAHA.115.017202
http://dx.doi.org/10.1161/CIRCULATIONAHA.115.017202
http://dx.doi.org/10.1161/CIRCULATIONAHA.115.017202
http://dx.doi.org/10.1016/S0140-6736(03)15021-0
http://dx.doi.org/10.1016/S0140-6736(03)15021-0
http://dx.doi.org/10.1086/317486
http://dx.doi.org/10.1086/317486
http://dx.doi.org/10.1086/317486
http://dx.doi.org/10.1086/317486
http://dx.doi.org/10.2169/naika.104.107
http://dx.doi.org/10.2169/naika.104.107
http://dx.doi.org/10.2169/naika.104.107
http://dx.doi.org/10.2169/naika.104.107
http://dx.doi.org/10.2169/naika.104.107
http://dx.doi.org/10.2169/internalmedicine.51.7921
http://dx.doi.org/10.2169/internalmedicine.51.7921
http://dx.doi.org/10.2169/internalmedicine.51.7921
http://dx.doi.org/10.2169/internalmedicine.51.7921

