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Simultaneous Extracorporeal Membrane Oxygenation, Renal Replacement Therapy,
and Plasma Exchange for Thrombocytopenia-Associated Multiple Organ Failure

O[5  RAS - OIFDL  HLSS' - YA - UG

Howon Lee, M.D.", Jaeeun Yoo, M.D.", Jongmin Lee, M.D.?, Dong Wook Jekarl, M.D.", Myungshin Kim, M.D.", Yonggoo Kim, M.D."

JtEithetn MEHRER MTHAR, S5 (U2 |HaF

Department of Laboratory Medicine', Division of Pulmonary, Allergy and Critical Care Medicine, Department of Internal Medicine?, Seoul St.
Mary’s Hospital, College of Medicine, The Catholic University of Korea, Seoul, Korea

Thrombocytopenia-associated multiple organ failure (TAMOF) is a distinct type of sepsis related to thrombocytopenia, microangiopathic hemolysis,
and multiple organ failure. TAMOF belongs to a spectrum of syndromes related to disseminated intravascular coagulopathy, thrombotic thrombocy-
topenic purpura, and hemolytic uremic syndrome. Treatment modalities for TAMOF include therapeutic plasma exchange along with other extracor-
poreal organ support. To the best of our knowledge, we report the first case of triple-modality treatment for TAMOF in Korea, which involved extra-
corporeal membrane oxygenation, continuous renal replacement therapy, and therapeutic plasma exchange in a patient with TAMOF.
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INTRODUCTION

During the progression of multiple organ failure, new-onset
thrombocytopenia is regarded as a hazardous sign indicating that
thrombocytopenia-associated multiple organ failure (TAMOF)

may have developed [1, 2]. This condition may require the appli-
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cation of extracorporeal organ supporting approaches, including
extracorporeal membrane oxygenation (ECMO), continuous renal
replacement therapy (CRRT), and therapeutic plasma exchange
(TPE). Simultaneous dual-modality therapy has been frequently
performed to treat TAMOF around the world. However, simulta-
neous triple-modality therapy has been rarely reported [3]; hence
references for this treatment are extremely limited. Here, we re-
port the first case of triple-modality therapy to treat a patient with
TAMOF in Korea, which involved the following therapeutic ap-
proaches: ECMO, CRRT, and TPE.

CASE

A 50-year-old woman diagnosed with organizing pneumonia
was transferred to our institution. Initial arterial blood gas analy-
sis revealed a PaO,/FiO; ratio of 74. Chest computed tomography
demonstrated aggravation of organizing pneumonia with lung in-

jury. Under the impression of acute respiratory distress syndrome,
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intubation and mechanical ventilation were applied but failed to
enhance SpO; to the therapeutic level. ECMO was applied on hos-
pital day (HD) 6 for oxygenation. Although the SpO; had reached
therapeutic status, the patient’s urine output decreased to less than
500 cc/day and serum creatinine level increased from 0.21 to 0.96
mg/dL on HD7. Under a presumed diagnosis of acute kidney in-

jury combined with acute respiratory distress syndrome, CRRT

was connected to the same circuit (Fig. 1, Fig. 2).

On HD?7 the sequential organ failure assessment (SOFA) score
for the diagnosis of sepsis increased from 7 to 12. On HDS, in-
creased number of schistocytes (1-2 cells/high power field), de-
creased number of platelets (less than 50 % 10%/L), and reduced
ADAMTS13 activity (36%) led to the diagnosis of TAMOF.

As TPE was the treatment choice for TAMOF, a TPE circuit was
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Fig. 1. Summary of disease progression in the TAMOF patient.

Abbreviations: ECMO, extracorporeal membrane oxygenation; CRRT, continuous renal replacement therapy; TPE, therapeutic plasma exchange; P:F
ratio, Pa0,:FiO. ratio; HD, hospital day; SOFA, sequential organ failure assessment; NG, no growth; TAMOF, thrombocytopenia-associated multiple

organ failure.
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Fig. 2. Triple-modality circuit of ECMO, CRRT, and TPE.
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Abbreviations: ECV, extracorporeal volume; ECMO, extracorporeal membrane oxygenation; CRRT, continuous renal replacement therapy; TPE, ther-

apeutic plasma exchange.

https://doi.org/10.47429/lm0.2021.11.1.64

www.labmedonline.org 65



MO

0|2& 2|: Simultaneous Application of ECMO, CRRT, and TPE

connected to the previously set ECMO-CRRT circuit (Fig. 2) and
simultaneous triple-modality therapy was performed on HD8 and
HDO.

The calculated total blood volume was approximately 3,640 mL
(56 kgx 65 mL/kg) and the total extracorporeal volume was ap-
proximately 900 mL, which exceeded 15% of total blood volume.
Initial inlet velocity was 30 mL/min, ACD-A to whole blood ratio
was 1:15, and 16 units of fresh frozen plasma were used as replace-
ment fluid. For three hours, one plasma volume of TPE was pro-
cessed without adverse effect. Before TPE, the patient’s serum fi-
brinogen level had decreased to 80 mg/dL, while prothrombin
time (PT) and activated partial thromboplastin time (APTT) were
slightly prolonged to 15.2 sec and 55.7 sec, respectively. After two
cycles of TPE, serum fibrinogen, PT, and APTT were normalized
to 218 mg/dL, 12.7 sec, and 30.2 sec, respectively. On HD6, Aci-
netobacter baumanii and Aspergillus terreus were recovered
from the patient’s sputum specimen. After the administration of
anti-fungal therapeutics, the patient demonstrated no evidence of
fungal infection, but A. baumanii was recovered from sputum
and blood cultures on HD10. The general condition of the patient
deteriorated and the SOFA score steadily increased; the patient
expired on HD11.

DISCUSSION

Systemic endothelial microangiopathy after exposure to infec-
tion, autoimmune disease, transplantation, radiation, chemother-
apy, and even cardiopulmonary bypass can lead to TAMOF. Based
on this pathophysiology, TAMOF can be regarded as a thrombotic
microangiopathic syndrome with a spectrum including throm-
botic thrombocytopenic purpura (TTP), secondary thrombotic
microangiopathy (TMA), and disseminated intravascular coagula-
tion (DIC) [4], which can cause critical illness with unstable hemo-
dynamics and organ dysfunction. The lung and kidney are the
commonly insulted organs during TAMOF progression. So, timely
application of extracorporeal organ supporting devices is required
to maintain vital stability of the patient. ECMO and CRRT are cru-
cial procedures that continuously replace failing cardiopulmonary
and renal function, respectively. Usually, each of these procedure
is performed individually at the bedside; however, depending on
the condition of patients, both can be performed simultaneously

with various connection methods for life support [5, 6].
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Moreover, in TAMOF featuring TTP, secondary TMA, and DIC,
TPE may be helpful in reducing mortality. In TTP, TPE has been
proven to improve survival [7, 8] and accepted as first-line therapy
with ‘Category I, Grade 1A’ in the American Society for Apheresis
(ASFA) guidelines [9]. Further, in secondary TMA, TPE can be per-
formed as first-line therapy, especially in complement- or drug-as-
sociated TMA, although more evidence regarding its efficacy is
needed [9, 10]. In the case of DIC, although the usefulness of TPE
has not been established, Nguyen and Carcillo suggested that TPE
may be tried for removal of circulating tissue factor (TF) and plas-
minogen activator inhibitor type I (PAI-1), as well as theoretical
restoration of antithrombin IIT and protein C in the plasma of pa-
tients [4].

TPE can be performed simultaneously with another extracor-
poreal organ supporting modality, including ECMO or CRRT. The
simultaneous application of ECMO and TPE has been reported in
both pediatric and adult patients with apparently effective and tol-
erable outcomes [11-13]. Hemodialysis, which is functionally simi-
lar to CRRT, could be combined with TPE simultaneously. Com-
pared to sequential application, the advantages of the simultane-
ous application of different life support modalities include reduc-
tion of both total procedure time and anti-coagulant dose [14-17].

Depending on the severity of the illnesses, especially in case of
TAMOF, patients may require simultaneous administration of EC-
MO, CRRT, and TPE. In this case report, the patient was initially
in a condition requiring ECMO-CRRT dual-application; however,
several laboratory findings suggested the onset of TAMOF. An in-
crease in the SOFA score by 2 points or more from the baseline,
which is associated with an in-hospital mortality >10%, was ob-
served around the time of new-onset thrombocytopenia [18]. Con-
sequently, the addition of TPE to the ECMO-CRRT circuit was con-
sidered to relieve the unfavorable condition.

Triple-modality treatment is almost unprecedented, with only
one previously reported study, wherein each of three pediatric
TAMOF cases was treated using a TPE circuit connected to the
ECMO-CRRT circuit; the treatment improved symptoms in the pa-
tients and eventually, all extracorporeal devices were disconnected
[3]. However, this study did not describe the set-up of the whole
circuit comprising combined modalities and the specific method
for TPE. Therefore, we designed a new approach in this study.

Before performing TPE, the ECMO-CRRT dual-circuit was al-

ready set and the venous (outlet) line of the CRRT was connected
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ahead of the ECMO’s pump and oxygenator. This connection me-
thod has two major advantages. First, purified blood in the venous
(outlet) line of the CRRT can be easily returned into the drainage
limb (inlet) line of the ECMO, which has negative pressure gener-
ated by the ECMO pump [5, 19]. Second, air bubbles or clots formed
in the CRRT line may be trapped in the ECMO oxygenator before
reentry into the patient [6].

We primarily focused on the connection of TPE to the ECMO-
CRRT dual-circuit. As there was no previous reference, we focused
on connecting the TPE to the CRRT line, rather than the ECMO
line. We connected the access (inlet) line of the TPE to the arterial
(inlet) line of the CRRT in parallel [14-17, 20]. As the pressure of
fluid is inversely proportional to velocity, the TPE velocity was set
slower than the CRRT velocity, resulting in increased pressure of
the return (outlet) line of the TPE compared to that of the venous
(outlet) line of the CRRT. This combined flow joined the drainage
limb (inlet) line of the ECMO to achieve unilateral flow due to neg-
ative pressure in this line and removal of air bubbles or clots formed
in the TPE and CRRT circuit, as shown in Fig. 2.

However, the recrudescence was faster than the therapeutic
convalescence. From HD5 to HD7, the SOFA score increased from
8 to 12 and this deterioration could not be explained. Moreover,
the progression of the disease could not be reversed by multiple
extracorporeal life supports and sepsis was uncontrolled due to
the spread of microbes from the sputum to the blood. Although
TPE was applied at the point of thrombocytopenia, the SOFA score
increased to 13. TAMOF seemed to occur irreversibly, which might
explain the failure of the triple-modality treatment of extracorpo-
real life support.

Further studies on multiple application of extracorporeal life
support are required for evaluating treatment effectiveness and
intervention point during disease progression. Specifically, treat-
ment of TAMOF with TPE and other extracorporeal life support
requires further clinical studies for determining the intervention

period, treatment number, and replacement fluids.
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