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Surgical Strategy

Cerebrospinal Fluid Drainage

Left Heart Bypass

Mild Hypothermia 32° C
Sequential Aortic Clamp

Visceral Perfusion / Renal Cooling

Intercostal Artery Reconstruction
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CASE REPORT Open Access

Endovascular repair with extracorporeal e
membrane oxygenation as a rescue

strategy for aortobronchial fistula: a case

report

Kyosuke Takahashi™* @, Misa Kajitani’, Takaaki Kamada?, Wataru Takayama® and Yoshiro Kobayashi®
Takahashi et al. JA Clinical Reports (2017) 3:34
DOI 10.1186/540981-017-0103-8

~N

Abstract

is a rare and potentially lethal complication of thoracic aortic replacement surgery. Currently,
repai has emerged as a less invasive alternative to open surgery for ABF to facilitate
prompt hemostasis. However, there are no published reports of TEVAR for ABF, particularly for presentation with life-
threatening respiratory failure from massive hemoptysis.

A 48-year-old male patient, who had recently undergone aortic root and arch replacement due to aortic dissection, was
transferred to the emergency department with massive hemoptysis and severe dyspnea. A single-lumen endotracheal
tube was immediately placed in the right main bronchus to protect the nonbleeding lung from spillage of blood. Chest
computed tomography (CT) showed leakage of contrast material from the distal anastomosis of the aortic graft and
consolidated lung tissue adjacent to the leakage. He was diagnosed with an ABF following aortic arch replacement, and
an emergency TEVAR was performed. After adequate hemostasis, severe hypercapnia remained uncorrected despite the
maximum ventilatory support. Thus, venovenous extracorporeal membrane oxygenationvvas immediately
initiated, and severe respiratory acidosis improved dramatically. Furthermore, VW ECMO facilitated prompt bronchoscopic
washout of the remaining blood clot without any danger of respiratory collapse and was weaned off successfully after

5 days as ventilation improved.
This case demonstrates that emergency TEVAR in combination with W ECMO can be a rescue strategy for massive
hemoptysis from an ABF.

Keywords: Endovascular repair, Extracorporeal membrane oxygenation, Aortobronchial fistula, Thoracic aortic aneurysm,
Massive hemoptysis
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Table 1 Ventilator setting and clinical parameters during ECMO therapy
PODO

At the ED Pre-ECMO On ECMO ICU admission POD1 POD2 POD3 POD4 POD5 POD6
(after weaning

off ECMO)

Mechanical Mode - N/A A/C (PO A/C(PQ) A/C (PC) A/C (PC) A/C (PC) A/C(PC) A/C(PC) A/C (PO
ventilation . - i | 04 06 05 04 04 05 05

PEEP (cmH,0) - N/A 15 10 15 15 15 12 14 12

Plateau pressure - N/A 30 20 23 23 20 25 26 22

(cmH20)

Frequency (/min) - N/A 10 6 6 6 6 10 12 12

Tidal volume — N/A 100 140 120 150 150 310 420 460

(ml)

FiO, . . 1 0.85 0.6 0.7 0.3 -

Sweep gas (L/ 35 35 2.5 35 35 -

min)

Pump flow (L/ 29 3 3.1 3.1 1.5 -

min)

Unfractionated - - 0 260 340 340 250 750 800 500

heparin (units/h)
Atrial blood pH : 7447 7494 7424 7465 7419 7.372
gas PaCO,(mmHg) . 425 40 46.1 305 424 403

PaO,(mmHg) . 447 83.5 83.5 76.9 67.8 86.9

HCO3(mmol/L) . 28.7 27.5 295 278 26.8 229

Lactate (mmol/L) . 227 1.83 1.56 1.3 1.04 0.78
Coagulation ACT (s) - - 198 239 190 196 187 209 182 183
Water Water balance 4340 - - 8840 2124 3583 1041 -2410 184 1697

balance (ml/day)

A/C (PC) assist and control (pressure control), ACT activated clotting time, CMO corporeal membrane oxygenation, ECMO extracorporeal membrane oxygenation,
ED emergency department, FIO2 fraction of inspired oxygen, N/A not applicable, PEEP positive end-expiratory pressure, POD postoperative day
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Deep Hypothermic Circulatory Arrest and Selective
Cerebral Perfusion Induced Reversible Thrombocytopenia
during Aortic Arch Repair

Wataru Takayama'? Yoshiro Kobayashi® and Ryoichi Ochiai”

Y1st Department of Anesthesiology, School of Medicine, Faculty of Medicine, Toho University
Department of Anesthesia, Social Medical Care Corporation, Sekishinkai, Kawasaki-Saiwai Hospital
YDepartment of Anesthesia, National Hospital Organization Tokyo Medical Center

ABSTRACT

Background: We investigated the reversibility of thrombocytopenia during aortic arch surgery under
deep hypothermic circulatory arrest (DHCA).

Methods: This prospective observational study enrolled 35 patients who underwent aortic arch surgery
under DHCA.

Results: All patients developed significant thrombocytopenia after initiation of cardiopulmonary bypass
(CPB) and DHCA. The mean decrement in platelet count was 69.2% during CPB and 47.1% at the end of se-
lective cerebral perfusion (SCP) and lower body circulatory arrest. The platelet count returned to 80.8% of
the initial value after CPB was completed. The degree of thrombocytopenia was not correlated with the du-
ration of CPB or DHCA.

Conclusions: CPB and DHCA induced significant thrombocytopenia during aortic arch repair. This reduc-
tion in platelet count appeared to be reversible because it returned to almost 80% of the initial value after
completion of CPB. Because no significant correlation with duration of CPB or DHCA was observed, the
mechanism responsible for thrombocytopenia and its resolution could not be identified. Further study is nec-
essary to determine whether thrombocytopenia is due to reversible sequestration of platelets during hy-

pothermia.
J Med Soc Toho 59 (1): 2-8, 2012

KEY WORDS: thrombocytopenia, deep hypothermic circulatory arrest, aortic arch repair



Table 2 Hematologic parameters by time of blood sampling
All patients received packed red blood cells and fresh frozen plasma between T2 and T3, as shown in

Table 1.

T1 T2 T3 T4
Blood temperature at
venous drainage  C) 32123 202+t26%* 226t14* 351+£1.9* 100
WBC (/mmb3) 3800 + 1240 1420 +700* 1850 + 2130* 9330 =+ 2800 * 60
Hb (g/dl) 7512 7707 40
PLT % change from T1 (%) 100.0 69.2 £ 14.5% 0

*p=0.0001 vs T1; Tp=0.001 vs T1 with repeated measures ANOVA, followed by Bonferroni post-hoc

analysis.
T1: 2 min after initiation of CPB, T2: before start of DHCA, T3: at end of SCP and LBCA, T4: at end

of CPB

WBC: white blood cell count, Hb: hemoglobin, PLT: platelet, CPB: cardiopulmonary bypass, DHCA:
deep hypothermic circulatory arrest, SCP: selective cerebral perfusion, LBCA: lower body circulatory
arrest, ANOV A: analysis of variance
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Fig. 3 Platelet counts in 4 patients with marked throm-
bocytopenia (<2.0 X 104/mm3) during DHCA. (T1: 2 min af-
ter initiation of CPB, T2: before start of DHCA, T3: at end
of SCP and LBCA, T4: at end of CPB))

DHCA: deep hypothermic circulatory arrest, CPB: cardio-
pulmonary bypass, SCP: selective cerebral perfusion,
LBCA: lower body circulatory arrest

(mmHg)
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Fig. 1 Timing of blood sampling

)
N

r=0.64, p<0.05

Platelet recovery from T3 to T4 ( x10%/mm3

8 10 12 1
Platelet decrease from T1 to T3 ( x104 /mm3)

Fig. 4 Correlation between platelet decrease from T1 to
T3 and recovery from T3 to T4 (T1: 2 min after start of
CPB, T2: before start of DHCA, T3: at end of SCP and
LBCA, T4: at end of CPB). Data were analyzed by using
Pearson’s correlation coefficient (r =0.64, p<0.05).

CPB: cardiopulmonary bypass, DHCA: deep hypothermic
circulatory arrest, SCP: selective cerebral perfusion, LBCA:
lower body circulatory arrest



Impact of Left Heart Bypass on Arterial ®CM1

Oxygenation During One-Lung Ventilation for
Thoracic Aortic Surger

. 1 . .
Kikuko Suga, MD™ T , Yoshiro Kobayashi, MD, PhDi,
Ryoichi Ochiai, MD, PhD'
*Department of Anesthesia, Kawasaki Municipal Hospital, Kanagawa, Japan

TDepartment of Anesthesiology, Toho University, School of Medicine, Tokyo, Japan
iDepartment of Anesthesia, National Hospital Organization Tokyo Medical Center, Tokyo, Japan

Obijective: The aim of this study wds to reveal the mechanism of improved arterial oxygenatioh by measuring
Design.: Prospective, observational study.
Setting: Single-institution, private hospital.
Participants: The study comprise who underwent aortic surgery via a left thoracotomy approach Wi.

Interventions: Patients were ventilated using pure oxygen during OLV, and the ventilator setting was left unchanged during the measurement

the changes in oxygenati

period.
Measurements and Main Results: The measurement of partial pressure of arterial oxygen (PaO,) was made at the following 4 time pointS'
. 2 minutes after inflow cannula insertion through the left pulmonary vein (P2)[ immediately beford)

and 10 minutes after LHB 1n1t1at10n P4). The mean =+ standard deviation (mmHg) of PaO, measurements at the P1, P2, P3,
and P4 time points weig 244 + 121, 250 + 123,{4 and 430 £+ 109, respectively, with significant increases between P1 and P3, P1 and
P4, P2 and P3, and P2 and P4 (p < 0.0001, respectively). No significant increase in PaO, was seen between P1 and P2 or between P3 and P4.
Conclusions: The improved arterial oxygenation during OLV in patients who underwent thoracic aortic surgery using LHB can

the insertion of an inflow cannula via the left pulmonary vein into the left atrium before LHB.
© 2017 Elsevier Inc. All rights reserved.

Key Words: left heart bypass; one-lung ventilation; oxygenation; inflow cannula; pulmonary blood flow
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Acute kidney injury during aortic arch surgery under deep hypothermic circulatory

arrest.

Mori Y', Sato N, Kobayashi Y, Ochiai R.

= Author information

1 The First Department of Anesthesiology, Toho University, School of Medicine, 6-11-1, Ohmori-Nishi, Ohta-ku, Tokyo, 143-
8541, Japan.

Abstract
PURPOSE: The aim of this investigation was to describe the renal outcome and to identify risk factors for acute

kidney injury (AKIl), as defined by the Acute Kidney Injury Network (AKIN), during aortic arch surgery (AAS) under
deep hypothermic circulatory arrest (DHCA).

METHODS: A retrospective and observational study has been performed) One hundred thirty-five patients requiring
AAS under DHCA were studied. 135 cases

RESULTS ] Seventy-one patients (52.6%) developed AKIliduring the postoperative period. A logistic regression
analysis identified three independent risk factors for AKIj preoperative hypertension (HT), emergency surgery, and
duration of DHCA. JRenal replacement therapy (RRT) was required in four patients (3.0%). The postoperative

mortality rate among the patients with AKI was 2.8%, which was not statistically different from the rate of 1.6%
observed in the non-AKI group (P = 0.62).

CONCLUSIONS} A A was confirmed.fBecause AKI is highly associated
with aortic surgery, novel approaches for protecting the kidneys other than deep hypothermia are needed. The

logistic regression model identified HT, emergency surgery, and duration of DHCA as independent risk factors for
AKI.

PMID: 21847704 DOI: 10.1007/s00540-011-1210-8




Table 3 Demographic, preoperative, intraoperative, and postoperative variables according to AKI definition

AKI group (n =71) Non-AKI group (n = 64) P value
Age 71.5 £ 10.0 70.7 £ 11.2 0.2
Sex [male (%)] 51 (71.8) 40 (62.5) 0.25
BMI (kg/m?) 239 + 3.7 23.6 + 2.9 0.68
Surgical status [emergency (%)] 16 (22.5) 5(7.8)
HT (%) 49 (69.0) 33 (51.6)
DM (%) 1(1.4) 2 (3.1) 0.5
Duration of CPB (min) 216.3 + 36.9 211.0 £ 42.0 0.43
Aprotinin used during surgery (%) 27 (38.0) 30 (46.9) 0.3
Dopamine used during surgery (%) 51 (71.8) 46 (71.9) 0.46
Furosemide used during surgery (%) 16 (22.5) 8 (12.5) 0.53
Urine volume during surgery (mL) 1356 & 678 1462 £ 731 0.38
RRT (%) 4 (5.6) 0 (0.0) 0.05
Mortality (%) 2 (2.8) 1(1.6) 0.62
Postoperative ICU stay (days) 94 £ 119 85 7.7 0.59
Postoperative hospital stay (days) 14.7 + 15.0 134 £ 9.5 0.56

Numbers are given as mean + SD

AKI acute kidney injury during the first postoperative 48 h, BMI body mass index, HT previous history of hypertension, DM previous history of
diabetes mellitus, CPB cardiopulmonary bypass, DHCA deep hypothermic circulatory arrest, RRT renal replacement therapy within 48 h after
surgery, ICU intensive care unit

Table 5 Multivariate Analysis for AKI

Odds 95% confidence P value
ratio interval

HT 1.13-5.09

Emergency surgery 1.73-17.3
Duration of DHCA 1.00-1.03

HT previous history of hypertension, DHCA deep hypothermic cir-
culatory arrest



Reduction in the incidence of acute kidney injury after
aortic arch surgery with low-dose atrial natriuretic peptide

A randomised controlled trial

Yosuke Mori, Takaaki Kamada and Ryoichi Ochiai

Eur J Anaesthesiol 2014; 31:381-387

BACKGROUND Acute kidney injury (AKI) after surgery is
associated with an increased risk of adverse events and
death. Atrial natriuretic peptide (ANP) dilates the preglomer-
ular renal arteries and inhibits the renin—angiotensin axis. A
low-dose ANP infusion increases glomerular filtration rate
after cardiovascular surgery, but it is not known whether it

reduces the incidence of AKI or the mortality rate.

OBJECTIVE To evaluate whether an intravenous ANP infu-
sion prevents AKIl in patients undergoing aortic arch surgery
requiring hypothermic circulatory arrest.

DESIGN A randomised controlled study.

SETTING Operating room and intensive care unit at
Kawasaki Saiwai Hospital, Kanagawa, Japan.

PATIENTS Forty-two patients with normal preoperative renal
function undergoing elective repair of an aortic arch aneur-

ysm. A7 cases

INTERVENTION Patients were assigned randomly to
receive a fixed dose of ANP (0.0125 ugkg 'min~") or
placebo. The infusion was started after induction of anaes-
thesia and continued for 24 h postoperatively.

MAIN OUTCOME MEASURES The primary end-point was
the incidence of AKI within 48 h after surgery.

developed in 30% of patients who receivea
ANP compared with 73% of patients who received placebo
(P=0.014). Intraoperative urine output was almost 1]
greater in patients who received ANP (1865 + 1299 versus

there were no differences in mean arterial pressure or
number of episodes of hypotension between the groups.
Length of hospital and intensive care stays were not signifi-
cantly different, nor was there a difference in 30-day
mortality. No patients required haemodialysis or continuous
renal replacement therapy.

CONCLUSION We found that an intravenous infusion of
ANP at 0.0125 pgkg ™' min~ ' is an effective intervention for

reducing the incidence of postoperative AKI, and appears to
afford a degree of renal protection during and after cardio-
vascular surgery.

TRIAL REGISTRATION Kawasaki ANP trial, UMIN Clinical
Trials Registry ID: UMINOOOO11650

Published online 31 December 2013




Table 2 Intraoperative data

Table 3 Postoperative data

ANP (n =20) Placebo (n =22) P

Postoperative urine output

ANP Placebo
(n=22) P

220+32 0.637
80 + 21 0.097

(n=20)

215+ 41
68 +24

Duration of CPB (min)

Duration of HCA (min)

Surgery type
Hemiarch replacement 6 (30) 2 (9) 0.184

Total arch replacement 14 (70) 20 (91) 0.184 StUdy day 1 (ml h_1) 121 £ 35 113 +32 0.421
e ot 2 (10) san  onte Study day 2 (mlh~") 95 + 22 100 + 23 0.501
Eobutam:e 138((195‘;) 280(29;; gggg Postoperative fluid balance
Intraoperative volume of fluid . StUdy day 1 (ml) 523 :l: 461 51 5 Zl: 674 0966
Crystalloid (ml) 18954+ 1452 1489 +647 0.241
Co)qloid (ml) 343+419 175+ 272 0.129 C StUdy day 2 (ml) ( ) -324 :l: 786 -522 :|: 825 0432
Intraoperative transfusion umulative fluid balance (ml 1310 £ 1556 1205+ 1520 0.825
RBC (units) 7 (2 to18) 6 (2 to 20) 0.691
Intraoperative urine output (ml) 1892+ 1279 991+479  0.005 -ostoperative r
Intraoperative fluid balance (ml) 11124+1170 1212 4+ 1091 0.776 StUd da 1 (Mm0| |—1) 69.0+14.1 778+12.4 0.031 a
Vallues arebmean j:ﬂSI?(jog f (%)..ANP, atrial natriHuE(;e:chpepti;:Ie; QPB, cTrdio- Study day 2 (p,mol |_ ) 91 1 :I: 203 1 070 :|: 336 0067
ulmona ass; tlul alance, input — output; , othermic circulator
grrest; Rr)IIBC):;f) red blood cells, reF;)orted asp median ar{g range. aP<0.0g 81 3 + 21 2 946 + 362 01 43

statistically significant.

Study day 3 (wmol ™)

Stage 1
Stage 2
Stage 3
Vasoactive drugs
Dopamine
Dobutamine
Noradrenaline
Postoperative adverse events
Hypotension
Atrial fibrillation
Hospital stay (days)
ICU stay (days)
Duration of ventilator support (days)
Renal replacement therapy
Mortality

o O O

7 (35)
18 (90)
2 (10)

0
10 (50)
10.6 +5.8
42+1.6
29+23
0
0

4 (18)

12.4+9.0

3.9+1.6
25+1.6
0
1 (5)

0.591
0.920
0.753

0.063
0.460
0.625
0.562

0.335
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Low levels of urinary li ne fatty acid-binding proteinimay indicate a lack of
kidney protection during aortic arch surgery requiring hypothermic circulatory
arrest.

Mori Y, Sato N2, Kobayashi Y3, Ochiai R2.

# Author information

Abstract

STUDY OBJECTIVE: To examine the change in liver-type fatty acid-binding protein (L-FABP) levels in patients
undergoing aortic arch surgeryfand the correlation between L-FABF postoperative acute kidney injury.

DESIGN: Prospective observational study.

SETTING: Operating room of a general hospital.

PATIENTS: 36 adult patients.

INTERVENTIONS AND MEASUREMENTS: Urine samples were obtained to measure urinary L-FABP at initiation of
cardiopulmonary bypass (CPB) and 5 minutes after termination of hypothermic circulatory arrest.

MAIN RESULTS: 22 (61.1%) patients developed acute kidney injury within a 48-hour period. L-FABP increases more
than a thousand-fold were found. In patients who subsequently developed acute kidney injury, significant increases in
L-FABP were noted from 2.9 (3.6) ng/mg of creatinine before CPB to 62.1 (995.6) ng/mg of creatinine 5 minutes after
termination of circulatory arrest. Values in patients who did not develop acute kidney injury increased from 1.1 (5.7)
ng/mg before CPB to 1133.0 (6358.8) ng/mg of creatinine showing a significant mean difference (P = 0.011). The
area under the L-FABP receiver operating characteristic curve at 5 minutes after termination of circulatory arrest was
0.758. A cutoff value of 75.13 ng/mg of creatinine yielded both itivi ; ificity (0.546) for

detecting non-acute kidney injuryj Patients who developed acute kidney injury after aortic arch surgery demonstrated
lower levels of urinary L-FABP.

CONCLUSIONS: Low levels of urinary L-FABP may indicate kidney injury and lack of renal protection.

Copyright © 2014 Elsevier Inc. All rights reserved.

KEYWORDS: Acute kidney injury; Aortic arch surgery; Hypothermic circulatory arrest; L-FABP; Liver-type fatty acid-binding protein;
Renal protection
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Flowchart of aortic arch surgery and timing of urine collection. CPB = cardiopulmonary bypass, ASCP=antegrade selective cerebral

perfusion, RCP=retrograde cerebral perfusion, DHCA=deep hypothermic circulatory arrest.

Table 2
hours (AKI)

Perioperative renal function and outcomes according to the definition of acute kidney injury during the first 48 postoperative

AKI group (n=22) nonAKI group (n=14) P-value

eGFR Preop (mL/min/1.73 m?) 71.4 £18.6 64.9 £ 13.7 0.265
SCr Preop (mg/dL) 0.82 £ 0.22 0.86 +0.18 0.589

Postop ICU arrival (mg/dL 0.95 +0.29 0.84 £0.19 0.216

POD 1 (mg/dL) 1.25+0.43 0.96 + 0.21

POD 2 (mg/dL) 1.21 + 0.66 0.87 £ 0.26 0.074
Urine output OR (mL) 1026.7 + 548.6 1268.8 + 694.1 0.253
AKI Stage 1 19 - -

Stage 2 2 - -

Stage 3 1 -

Mortality
RRT
Hospital stay
ICU stay

T1 (ng/mg Cr)

T2 (ng/mg Cr)

Postop
Days
Days

2.9 (3.6) 1.1 (5.7)

62.1 (995.6) 1133.0 (6358.8)
0 0

1 0

20.0 = 30.3 125465
9.8+ 12.6 58433

0.419
0.345
0.256

Except for urinary liver-type fatty acid-binding protein (L-FABP), values are means + standard deviation or incidence. L-FABP values are medians

(interquartile ranges).

eGFR=estimated glomerular filtration rate, Preop=preoperative, SCr=serum creatinine, Postop=postoperative, ICU=intensive care unit, POD=postoperative

day, OR=operating room, T 1=initiation of cardiopulmonary byass, ng/mg Cr=ratio of L-FABP in ng/mg to urinary creatinine to adjust for changes in urinary

concentration, T2=5 minutes after termination of deep hypothermic circulatory arrest, RRT=renal replacement therapy.
* Statistical significance (P < 0.05) between the AKI and nonAKI groups.
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' Use of Urinary Biomarkers|for Early Diagnosis of Acute
Kidney Injury After|Descending Thoracic Aorta Surgery

Takaaki Kamada"*®* and Ryoichi Ochiai®

Department of Anesthesiology, Kawasaki Saiwai Hospital
“Department of Anesthesiology, Toho University Graduate School of Medicine
YDepartment of Anesthesiology (Omori), School of Medicine, Faculty of Medicine, Toho University

ABSTRACT

Background: Acute kidney injury (AKI) is a common complication after cardiovascular surgery. The inci-
dence of AKI after cardiovascular surgery is high, which worsens outcomes. We examined the incidence of

AKI after aortic surgery without circulatory arrest and the effectiveness of AKI urinary biomarkersjinclud-

ing liver-type fatty acid-binding protein{(L-F ABP)fand neutrophil gelatinase-associated lipocalinf(NGAL).

Methods:{The participants were 60 adultsswho underwent surgery for aldescending thoracic aortic aneu-
rysm with left heart bypass technique fjunder general anesthesia. Urinary L-FABP and NGAL levels were

measured immediately and 24 hours after surgery and compared between patients with and without AKIL

Results: Twenty-one patients (35%) developed AKI. Wrinary L-FABP level significantly differed foetween

the AKI group and non-AKI group at 24 hours after surgery. In contrast, urinary NGAL was not associated
with AKIL

Toho J Med 3 (1): 26-33, 2017

KEYWORDS: aortic surgery, acute kidney injury (AKI), liver-type fatty acid-binding protein
(L-FABP), neutrophil gelatinase-associated lipocalin (NGAL)



Table 3 Postoperative outcomes in patients with and without acute kidney injury (AKI)

AKI (n=21) Non-AKI (n=39) P value

AKI stage 1 19 (90.5%) -
AKI stage 2 2 (9.5%) -
AKI stage 3 0 -
End of surgery L-FABP (ng/mg Cr) 52.1 (267.8) 58.9 (166.6) 0.201
24 h after surgery L-FABP 24 (ng/mg Cr) 88 6 (126.2) 28 6 (31.0) 0.016
End of surgery NGAL (ng/ml) 3 (25.1) 9 (19.8) 0.322
24 h after surgery NGAL 24 (ng/ml) 25 (20) 15 (20) 0.437
Postoperative ventilation period (days) 1.0£0.0 1.2x0.1 0.304
Postoperative ICU stay (days) 46+0.33 50x04 0521
Mortality 0 0 -
ng/mg Cr ng/ml
1500 - =00 -
R 400
1000
& 4 300 1
< v g
3 v 7 2001
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