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Introduction
While extracorporeal membrane oxygenation (ECMO) case
volume continues to increase [1, 2], management of patients
receiving ECMO remains technically challenging [2, 3]. Iatrogenic injury is a potential contributor to complications and
poor outcomes [4–7]. Drainage insufficiency, wherein limited
pump preload leads to reduced circuit blood flow, is ubiquitous, yet there is no consensus regarding treatment. We
propose a physiology-based algorithmic approach to the
management of drainage insufficiency.
Physiology
Analogous to native cardiac physiology, centrifugal
pumps are preload dependent such that ECMO blood
flow is compromised when there is a mismatch between
venous return into the drainage cannula and the drainage pressures at the cannula ports. This relationship is
modeled by the Hagen–Poiseuille equation:
ΔP ¼ 8  Q  η  L=π  r 4
where ΔP is the pressure drop across the cannula, Q is
the blood flow rate, η is the blood viscosity, L is the cannula length, and r is the cannula radius.
For increasing pressure drop along the drainage cannula (ΔP), a higher venous return into the drainage cannula is required to maintain equilibrium. When venous
return lags behind the pressure drop, drainage insufficiency results. Collapse of the non-rigid vasculature
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around the drainage ports leads to occlusion of the
drainage holes and loss of blood flow. As venous blood
reaccumulates, the vasculature returns to its natural
state and blood flow resumes.

Etiology
Drainage insufficiency occurs when there is insufficient
venous return or excessively negative drainage pressure.

Insufficient venous return

Etiologies that reduce venous return into the drainage
cannula include hypovolemia, vasodilation, Valsalva
maneuver, and inflow obstruction. Venous return may
also be dependent on the position of the cannulae and
the capacitance of the vasculature containing the drainage ports. For drainage cannulae in the inferior vena
cava (IVC), venous return may be compromised by
intra-abdominal hypertension (IAH); in the superior
vena cava or right atrium, venous return may be compromised by increases in intrathoracic or pericardial
pressures.

Excessively negative drainage pressure

Excessively negative drainage pressure results from too
high a pump speed relative to inflow resistance and
blood volume. This may occur iatrogenically, when the
pump speed is set higher than required, or by necessity,
in an effort to augment blood flow in inadequately supported patients. This effect is exacerbated in the setting
of concomitant insufficient venous return.
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Timing

Drainage insufficiency occurring soon after ECMO initiation may be due to vasodilation, for instance, as occasionally seen with exposure of the blood to the ECMO
circuit [8], or to cannulation issues, such as undersized
or malpositioned cannulae or vascular injury. Later in
the ECMO course, drainage insufficiency may be seen
with agitation, as sedation is lightened, or with volume
removal.

Diagnosis
Drainage insufficiency is overtly present when there is
variation of ECMO blood flow in association with reduced pump preload. Clinically, there may be movement
of the drainage tubing, a phenomenon variably termed
“chatter,” “chugging,” or “kicking.” Drainage pressure
measurement may be insightful, but the lack of
evidenced-based thresholds limits its utility as a standalone indicator [9]. While stable negative pressures are
well tolerated, pressure swings may lead to cavitation
and hemolysis [10]. In the absence of these overt indicators, drainage insufficiency can be diagnosed when increasing pump speed does not appreciably increase
blood flow.
Management
Although the differential for drainage insufficiency is
broad, most references recommend fluid loading as firstline management [11, 12]. With recent data suggesting
positive fluid balance is associated with prolonged
ECMO duration and reduced survival [13–15], a more
targeted approach may be prudent (Fig. 1).
Management of drainage insufficiency should be
aimed at restoring the mismatch between venous return
and pressure at the drainage port. As a first step, the
pump speed should be reduced until blood flow is stable.
If the patient remains adequately supported, the lower
pump speed should be maintained; otherwise, an attempt may be made to incrementally increase pump
speed while monitoring for recurrence of drainage insufficiency. Of note, the pump speed should be maintained
below the level where increases no longer result in
higher flow rates.
Clinically evident etiologies for drainage insufficiency
should be sought and addressed. For patients exhibiting
agitation or coughing, treatment of the underlying cause
should be considered; sedation may be required if its
risks are outweighed by those of intermittent drainage
insufficiency. Inspection of the ECMO circuit from the
pump head to the cannula may identify tubing or cannula obstruction. Evaluation for occult bleeding, vasodilation, tension pneumothorax, cardiac tamponade,
IAH, and cannula malposition should be performed as
clinically appropriate.

Fig. 1 Drainage insufficiency management flowchart. DI
drainage insufficiency

For patients with ongoing drainage insufficiency, an
assessment of fluid responsiveness should be undertaken. In volume responsive patients, Trendelenburg positioning may resolve drainage insufficiency and should
be considered, as a temporizing maneuver, prior to fluid
challenge. Subsequent resuscitation should be guided by
clinical response, and once a volume replete state is
achieved, fluid administration should cease.
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If drainage insufficiency persists despite treating clinically evident etiologies and achieving a volume replete
state, and assuming no occult cannula thrombosis, then
the blood flow requirement is likely greater than can be
achieved with the drainage cannula. In this case, placement of an additional drainage cannula should be
considered.

Prevention
Due to the challenges in estimating blood flow requirement prior to ECMO cannulation, we recommend
selecting large caliber drainage cannulae relative to the
presumed needs of the patient, typically 25 to 29 French
for patients with hypoxemic respiratory failure, for instance, to provide the necessary support at low drainage
pressures. Femoral drainage cannulae should be inserted
sufficiently deep to access the right atrium or intrahepatic vena cava and ensure the proximal drainage holes do
not lie in the iliac veins. ECMO support should be titrated to patient needs; as native respiratory or cardiac
function recovers, ECMO blood flow should be reduced
accordingly, limiting drainage pressures to only what is
required, while maintaining a minimum blood flow rate
to avoid circuit clotting.
Conclusion
As the use of ECMO expands, a systematic approach to
the management of complex technical issues, such as
drainage insufficiency, is essential to improving patient
outcomes.
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