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Unusual presentation of more common disease/injury

CASE REPORT

Acute oxygenator failure: a new presentation of
heparin-induced thrombocytopenia in a patient
undergoing venovenous extracorporeal membrane

oxygenation support

Robert A Ratzlaff," Juan G Ripoll,’ Lena L Kassab,' Jose L Diaz-Gomez?

SUMMARY

A 58-year-old man with medical history of
thrombocytopenia was admitted to an outside hospital
for a 6-day history of worsening dyspnoea requiring
mechanical ventilator support. He was transferred to our
institution for extracorporeal membrane oxygenation
(ECMO) given his refractory hypoxaemia. On arrival,
HTN1 influenza virus was confirmed and all measures
to improve oxygenation were ineffective. Thus, the
decision was made to start venovenous (VV)-ECMO.
Although a low baseline platelet count was recognised
(60-70x10%/L), a sudden further decrease occurred
(30x10%/L) and platelet transfusion was initiated.

A substantial increase in the pressure across the ECMO
oxygenator was identified, and the diagnosis of type I
heparin-induced thrombocytopenia was suspected and
confirmed. Heparin was discontinued, the oxygenator
was exchanged and argatroban was used for
anticoagulation. After 28 days on VV-ECMO support, the
decision was made to withdraw organ support in
conjunction with the patient and family wishes.

BACKGROUND

Venovenous extracorporeal membrane oxygenation
(VV-ECMO) is a salvage therapy used in critically ill
patients with isolated respiratory failure but pre-
served cardiac function.' It has demonstrated to
improve the overall survival in patients with influ-
enza A virus (HIN1) infection.”> Unfractioned
heparin (UFH) is the most widely used systemic anti-
coagulant to prevent the risk of thrombosis during
ECMO.> Hence, it is the causal factor for
heparin-induced thrombocytopenia (HIT); an
immune-mediated complication resulting from the
development of IgG antibodies against complexes of
platelet factor-4 (PF4) and heparin.* Two clinical
entities of HIT have been described: type I and type
II. Type I HIT is a benign condition characterised by
decreased platelet count within 24-48 hours after
heparin initiation and lacks of clinical value.” ©
Conversely, type II HIT is a life-threatening condi-
tion characterised by bleeding and thrombosis and is
considered the most common cause of drug-induced
thrombocytopenia.’ ¢ The diagnosis of HIT is based
on clinical suspicion and further laboratory confirm-
ation.”” Diagnostic tests available are not only
laborious but are also time-dependent.” ® The diag-
nosis of HIT in the critical care setting is cumber-
some, as thrombocytopenia is present in about 50%

of patients at some point during their intensive care
unit stay.' Likewise, mechanical circulatory support
is also correlated with thrombocytopenia through
consumption of platelets within the ECMO
circuit.'! Thus, a suspicion of HIT in patients under
ECMO is not only rare but also a challenging diag-
nosis for the intensivist.

To date, the incidence of HIT in patients under-
going ECMO support is estimated to be lower than
19%.%2 Only a few cases have been reported in the
literature of HIT in patients under ECMO
support.’>™ We present a case of laboratory-
confirmed HIT type II in a patient with VV-ECMO
who developed an acute oxygenator failure from
thrombosis. This case highlights the diagnostic chal-
lenge and need for rapid recognition of this clinical
condition in patients that are almost totally depend-
ent on this form of mechanical ventilatory support.
Likewise, it adds evidence to limit platelet transfu-
sion in patients with clinically suspected HIT who
are under ECMO support.

CASE PRESENTATION

A 58-year-old man with a medical history of hyperten-
sion, hyperlipidaemia, obstructive sleep apnoea and
mild chronic thrombocytopenia (100-150x10%/L)
was admitted to an outside hospital with a 6-day
history of worsening dyspnoea, cough, chills, diar-
rhoea and myalgia. Laboratory tests on admission
were remarkable for an abnormally elevated D-dimer
(832 ng/mL; normal range: <250 ng/mL). A spiral
chest CT scan was found to be negative for pulmonary
embolism. Chest X-ray and CT scan were suggestive of
pneumonia and pulmonary oedema. The patient was
started on empiric antiviral and antibiotic medications
while the results of a rapid streptococcal antigen test
and HINT1 influenza virus infection were pending.
Although both tests were negative, the empiric medi-
cation coverage was sustained during the entire
outside hospital stay.

On hospital day 3, the patient’s respiratory status
continued to deteriorate and he was intubated after
a failed trial of Bi-level Positive Airway Pressure
(BiPAP). Progressively worsening thrombocytopenia
(87%10°/L) was also identified at this time.
Nevertheless, due to a positive family history of
myelodysplastic syndrome as well as a medical
history of baseline chronic thrombocytopenia, the
patient was characterised as having an acute on
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chronic reduced platelet count secondary to a respiratory
infection.

One day later, he was transferred to our institution due to
persistently worsening hypoxoemia and potential requirement
of ECMO support. HIN1 diagnostic test was repeated and
reported positive. During the first 24 hours after admission,
mechanical ventilation (tidal volume 439 mL; positive
end-expiratory pressure of 18 mm Hg; FiO, 100%; respiratory
rate 18 and peak inspiratory pressure of 35 mm Hg), inhaled
nitric oxide at 20 parts per million, deep sedation and paralysis
were provided. In addition, chest tubes for bilateral pneu-
mothoraces were inserted in an attempt to improve the refrac-
tory hypoxoemia. However, these measures only resulted in a
transient improvement in oxygenation. Thus, given his normal
cardiac function and haemodynamic stability, the patient was
initiated on VV-ECMO support.

Following ECMO initiation, hourly visual inspection of the
oxygenator and the heparin-coated circuit (BIOLINE coating;
Maquet Cardiopulmonary AG, Hirrlingen, Germany) was unre-
markable during days 1-10. We routinely apply an institutional
protocol that include a sequential approach to assess fibrin
strands on the ECMO system; a handheld flashlight is initially
applied to the visible (external) side of the integrated diffusion
oxygenator membrane of the centrifugal pump (The Cardiohelp
system; Maquet Cardiopulmonary AG) followed by a thorough
inspection of the heparin-coated ECMO cannulas (BIOLINE
coating; Maquet Cardiopulmonary AG). A checklist is subse-
quently filled by the nursing team to confirm proper functioning
of the ECMO system and document the absence of blood clot-
ting and/or fibrin formation.

Although no initial complications were detected following
VV-ECMO placement (heparin infusion at 10 units/kg/hour),
some fibrin strands were identified in the venous side of the

circuit on day 10. The heparin infusion dose was increased
(14 units/kg/hour) and the activated partial thromboplastin time
(aPTT) goal was modified (from 40 to 50 to 50-60s). At this
time, thrombocytopenia (ranging from 60 to 70x10%/L)
remained unchanged (figure 1).

One week later, the platelet count dropped (from 55x10°/L
to 30x10°/L) while on heparin infusion (13 units/kg/hour). At
the point of time, the calculated 4T’s score (3 of 8) revealed a
low pretest probability of HIT (<1%).” The decision was made
to transfuse three units of platelets (figure 1). By the end of the
transfusion, a severe impairment on ECMO flow was identified
(from 3.94 L/min to <1.0 L/min) (table 1). Despite increasing
the revolutions per minute (RPM) on the ECMO circuit, the
cardiac flow remained low. Subsequent desaturation and worsen-
ing PaO; on arterial blood gas were identified. In addition, mul-
tiple bright red clots and, most importantly, an acute increase
in the pressure difference across the ECMO oxygenator
(AP=P;,—P,.,) were noted (table 1). The diagnosis of HIT was
considered at this time.

INVESTIGATIONS

As a result of the abrupt drop in platelet count followed by a
thrombotic event while on VV-ECMO support, a diagnosis of
HIT was considered. An ELISA-based immunoassay (Asserachrom
HPIA; Diagnostica Stago, Asniéres, France) revealed the presence
of antibodies directed against the complexes of UFH and PF4.
The diagnosis of type II HIT was confirmed.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis included disseminated intravascular
coagulation (DIC); immune thrombocytopenia; post-transfusion
purpura; myelodysplastic syndrome.
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Figure 1

Platelet count variation during ECMO support. Representative variation of the platelet count during 28 days of VV-ECMO support. The

red arrow indicates the nadir (30x10%/L) of the platelet count (day 17). The blue dotted line differentiates the platelet count before and after the
successful management of the HIT-induced thrombosis. ECMO, extracorporeal membrane oxygenation; HIT, heparin-induced thrombocytopenia.
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Table 1 Characteristics of VV-ECMO haemodynamics following acute oxygenator failure
Time after the event (in hours)

ECMO parameters 0 1 1.15 5

Flow (L/min) 3.94 0.98 2.16 4.05

Pump speed setting (RPM) 3150 3135 4000 3000

SvO0, (%) 61.4 78.4 76.8 65.1

P art (mm Hg) 159 50 89 177

P ven (mm Hg) —-34 20 7 -52

P int (mm Hg) 227 302 460 194

AP (mm Hg) 68 252 371 19

T art (°C) 37.1 36.9 37.1 37.1

Comments Initial thrombotic Peak failure Increase in RPM's in an After oxygenator
reaction of oxygenator attempt to increase flow replacement

ECMO, extracorporeal membrane oxygenation; AP, P int—P art; P art, arterial pressure in the ECMO circuit; P ven, venous pressure in the ECMO circuit; P int, pressure inside the ECMO
oxygenator; RPM, revolutions per minute; SVO,, mixed venous oxygen saturation; T art, temperature of the arterial blood.

TREATMENT

Given our set up with immediate availability of prime ECMO
circuits in the operating room and its proximity to the intensive
care unit (ICU), the patient was emergently transferred to the
operating room by the cardiothoracic surgical and ICU teams. A
massive clotting of the oxygenator was found. The decision was
made to replace the oxygenator, the ECMO circuit and both
cannulas. A heparin-free coating system was used to prevent
HIT recurrence (SOFTLINE coating; Maquet Cardiopulmonary
AG). Overall, the replacement was performed in 45 min, and no
complications arose during the procedure. Heparin was discon-
tinued, and patient’s anticoagulation was switched to argatro-
ban. The infusion was started at low dose (0.1-0.3 pg/kg/min)
and carefully titrated to achieve a goal of activated partial
thromboplastin time (aPTT) between 60 and 90s.'® Periodic
monitoring of the aPTT (six times per day) ensured proper
monitoring of the anticoagulation therapy. The maintenance
infusion of argatroban ranged between 1.5 and 1.7 wg/min/min,
and no bleeding complications were reported during the
remaining 11 days of VV-ECMO support.

OUTCOME AND FOLLOW-UP

With the discontinuation of heparin and exchange of the
ECMO system, the platelet count significantly rose (range 100—
120%10%/L) and the patient did not require additional transfu-
sion of platelets throughout the rest of the hospitalisation
(figure 1). Likewise, the haemodynamic parameters in the
ECMO system returned to baseline (table 1).

After 11 days under anticoagulation with argatroban, no evi-
dence of further clotting events were noted. However, due to
lack of overall clinical improvement and debilitation after
28 days on VV-ECMO support, the decision was made to with-
draw organ support in conjunction with the patient and family
wishes.

DISCUSSION

HIT type II is a potentially life-threatening immune-mediated
condition resulting from the exposure to low-molecular weight
heparins or most commonly UFHs.* It is caused by pre-existing
IgG antibodies directed against a complex formed between
heparin molecules and PF4.'"” '8 Circulating complexes
(IgG-PF4-heparin) bind to platelet Fc receptors and induce pro-
coagulant microparticle release as well as monocyte activa-
tion."”~>* Clinically, this immune phenomenon is manifested by

thrombocytopenia (defined as platelet count <150x10°/L or
<50% of baseline platelet count) following 5-15 days of
heparin exposure. Concurrent venous/arterial thrombotic events
(50-75%) or DIC (10-20%) are well-known complications
displayed by patients with laboratory-confirmed HIT.'®

In the ICU setting, testing for HIT is typically performed in
13% of patients.'® Nevertheless, despite the elevated number of
participants assessed, the incidence of laboratory-confirmed
HIT remain <1%.>* The frequency of this condition has also
been estimated in patients under mechanical circulatory support.
In a retrospective cohort study of 115 patients with newly
implanted ventricular-assisted devices managed with UFH, 51
patients were tested for HIT; 24% had a positive heparin-PF4
immunoassay and only 12% displayed a positive platelet aggre-
gation assay.>* Likewise, a prospective study including 581
patients who developed postoperative thrombocytopenia after
cardiopulmonary bypass further revealed the low incidence of
laboratory-confirmed HIT (0.5%).>° Only one retrospective
study including 119 patients has estimated the incidence (19%)
of this condition in patients under ECMO support;'? laboratory
confirmation was provided in only one patient.'” Additional
studies in this condition include few case reports.'*™'% 2¢
Laboratory-confirmed type II HIT is certainly needed to be
reported given the drastic and life-threatening nature of this
condition in patients under ECMO support.

The diagnosis of HIT requires a high degree of clinical suspi-
cion followed by pathological confirmation.'® Clinical suspicion
is based on the 4Ts’ score, a pretest probability scoring system.’
It includes four distinctive features of HIT: degree of thrombo-
cytopenia, timing of thrombocytopenia according to heparin
exposure, thrombosis and/or other sequelae and probability of
other causes of thrombocytopenia.” Laboratory confirmation
requires immunoassays (identify IgG antibodies against
heparin-PF4 complexes) and/or functional assays (estimate the
activation capacity of heparin-PF4-IgG complexes).” '® Both
diagnostic options are not only laborious but also time-
consuming.” ®* Hence, HIT-laboratory results are not typically
available in critically ill patients requiring immediate therapeutic
interventions.

In the critical care setting, thrombocytopenia (defined as a
platelet count of 150x10°/L or less) is present in about 50% of
patients at some point during their ICU stay.'® It is not only
associated with higher bleeding risk but is also considered a risk
factor for increased length of stay, higher in-hospital mortality
and failure to wean from VV-ECMO.?”*° Previous reports have
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also established that ECMO circuits predispose to thrombocyto-
penia due to platelet activation and aggregation.® *° 3! Indeed,
two cohort studies among patients with acute respiratory failure
under ECMO support have demonstrated the association
between mechanical circulatory support use and development of
thrombocytopenia.®* 3

Overall, a timely diagnosis of HIT in our case was impeded
by inherent limitations of diagnostic testing (timely availability
of results in a critical care scenario), a low pretest probability of
HIT (<1%) and multiple comorbidities that might explain con-
current thrombocytopenia (medical history of thrombocyto-
penia, VV-ECMO support, critical illness and confirmed H1N1
viral infection). Thus, platelet transfusion was not contraindi-
cated before the acute episode of oxygenator thrombosis and
failure. Certainly, HIT was strongly suspected following this
complication. We provided standard measures once the oxygen-
ator thrombosis was recognised, and no additional platelet
transfusion was administered afterward.

Although multiple factors precluded a prompt diagnosis of
type II HIT in this case, we propose that the intensivist should
exercise a systematic approach that facilitates a timely recogni-
tion and treatment of this life-threatening condition. Daily
evaluation of the 4T’s pretest probability score, thorough
inspection of the ECMO oxygenator, monitoring of pressures
among the circuit and careful evaluation of the system efficiency
(lower PaO, and higher PaCO,) were considered valuable sur-
veillance strategies in our case.

Few reports are available on the effect of platelet transfusion
on thrombotic events or bleeding in HIT patients. Recent
studies proposed that platelet transfusions in laboratory-
confirmed HIT are safe and efficient. Hopkins and Goldfinger**
reported four cases of laboratory-confirmed HIT who required
multiple platelet transfusions; no thromboembolic events were
noted. Likewise, similar results were obtained in a retrospective
case series of 36 patients with confirmed HIT.>* Nevertheless,
platelet transfusions are not currently indicated because of the
fear of thrombotic events. Indeed, a recent retrospective study
in 6332 patients with confirmed HIT suggested that platelet
transfusions were associated with a high age and gender adjusted
odds of arterial but not venous thrombosis.*®

Up to date, there is limited evidence of platelet transfusion in
patients under ECMO support with suspected HIT. A recent
case report suggested that platelet transfusions are safe in
patients under ECMO support with HIT diagnosis.'*
Conversely, our case highlights that platelet transfusion in

Learning points

» Type Il heparin-induced thrombocytopenia must be
suspected in patients who develop thrombocytopenia and
are on ECMO support.

» Thrombocytopenia in critically ill patients is a common
condition and mask the diagnosis of HIT in a critical care
scenario.

» Platelet transfusion should be avoided in patients
undergoing ECMO in order to prevent thrombotic
complications.

» Direct thrombin inhibitors, though costly, may be the norm
in the future for anticoagulation during ECMO because of
their predictable pharmacokinetics and greater reduction of
thrombin generation.

patients with suspected HIT should be avoided due to the
increased risk of thrombotic complications; in our case an acute
oxygenator failure.

Although difficult to diagnose in the ICU setting, intensivists
should increase their awareness of HIT in patients receiving
ECMO support. The effect of platelet transfusion in patients
with suspected HIT while receiving ECMO support deserves
further investigation.
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