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Lower limb amputation following venous
cannulation for VA-ECMO: a case report
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Pierre Sfeir’ and Fady Haddad?

Abstract

Lower limb amputation following arterial cannulation for VA-ECMO has been described in the literature. Limb ischemia
however following venous cannulation is very rare and not quite understood. We present a case of limb ischemia
following venous cannulation. A combination of venous congestion, compartment syndrome and subsequent arterial
insufficiency is the proposed pathophysiology. Shock and use of vasopressors are compounding factors. Limb ischemia
can be transient and reversible if diagnosed immediately and treated by early removal of the cannula. Our patient
was unstable and ECMO dependent, and removal of the cannula was not an option. This resulted in limb loss and
eventual above knee amputation. Use of the smallest appropriate venous cannula and early fasciotomy, in addition to

hemodynamic optimization are measures that could help in preventing major amputation.
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Introduction

Veno-arterial extracorporeal membrane oxygenation
(VA ECMO) is today a commonly used temporary strat-
egy of circulatory support in cases of intractable cardiac
or cardiopulmonary failure.! Arterial femoral cannula-
tion has been described to cause ipsilateral limb isch-
emia.” Limb ischemia following venous cannulation on
the other hand is very rare and not quite understood.
We present a case of limb ischemia at the side of venous
cannulation, followed by an overview of the literature
and critical analysis to identify the pathophysiology and
etiology of the limb compromise. Our Institution
Review Board does not require a formal IRB approval or
informed consent for single de-identified case reports.

Case report

A 51-year-old male noted to have right lower extremity
mottling and bluish discoloration few hours post periph-
eral veno-arterial extracorporeal membrane oxygen-
ation cannulation for non-functioning left ventricular
assist device (LVAD). Patient was intubated and sedated
given his critical condition and need for emergency sur-
geries. He was kept on Norepinephrine 0.24 ug/kg/min-
ute, epinephrine 0.1 pg/kg/minute, and heparin at a rate
of 500 units/hour (target partial thromboplastin time

(PTT) 60-90seconds). Oral anticoagulation was dis-
continued as soon as patient presented to emergency
room and heparin was titrated according to PTT values
(Table 1).

Patient was known to have decompensated dilated
cardiomyopathy (2013) status post-peripheral ECMO
(left femoral VA), status post insertion of heartmate II
LVAD (ABBOTT, USA), atrial fibrillation on vitamin k
antagonist and digoxin and hypothyroidism on levothy-
roxine.

Upon presentation to the emergency department
with decompensated heart failure, secondary to pump
malfunction, the patient underwent emergent periph-
eral ECMO cannulation with insertion of right venous
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Table I. Epinephrine, Norepinephrine, Heparin rate, PTT, INR, platelets, and CPK level in the critical phase, between admission

and | week after amputation of lower extremity.

Epinephrine Norepinephrine Heparin rate PTT INR Platelet count CPK level

(ug/kg/minute) (ug/kg/minute) (units/hour) (seconds) (seconds) (X10% (per mm?3) (IU/L)
DI 0.15 0.30 5 84 6 107 8292
D2 0.05 0.14 5 72 43 54 29,500
D3 0.1 0.32 6 51 1.9 55 73,100
D4 0.1 0.05 I 41 1.3 70 137,500
D5 0.1 0.16 13 77 1.2 63 136,000
Dé 0.05 0.1 13 65 1.2 56 141,000
D7 0.1 0.15 14 70 1.2 94 119,000
D8 0.05 0.06 14 66 1.3 67 87,000
D9 0.05 0.06 14 65 1.3 67 78,300
Dio 0.05 0.06 I5 66 1.3 67 40,200
DIl 0.05 0.1 I5 68 1.4 86 25,300
DI2 0.05 0.05 16 70 1.8 90 19,600
DI3 0.05 0.05 16 58 1.9 80 16,600
D4 0.05 0.05 16 65 1.7 50 11,600

cannula (right atrium—25Fr), left arterial cannula
(aorta—21Fr), left venous cannula going transeptal to
the left atrium (left atrium—21 Fr), and a distal reperfu-
sion cannula (DPC) into SFA 7Fr (Maquet, Rastatt,
Germany). Body Mass Index was 27. Weight was 82.6kg
and height 175cm.

On physical exam, the right lower extremity was
cold, congested, and tense from the thigh down to the
foot compared to the left with mottling and bluish dis-
coloration. Doppler signals were present but faint. The
duplex exam showed no evidence of arterial occlusion
and no deep venous thrombosis in both lower extremi-
ties; venous flow was not phasic and the right common
femoral vein could not assessed because of the presence
of the cannula (Figure 1). A conservative approach was
used and it was agreed to observe the patient while
keeping the therapeutic anticoagulation. Considering
the critical condition of the patient and shock, priority
was given to stabilizing the general condition and ben-
efiting from dual venous drainage ECMO support since
the LVAD was failing and patient was totally ECMO
dependent. Although changing the venous ECMO can-
nula was an option, the multidisciplinary consensus was
not to rock the situation until full stability was achieved.

The following day, when there was no improvement,
a bedside four compartments fasciotomy was performed
through medial and lateral incisions. During the hours
before the fasciotomy, creatinine phosphokinase (CPK)
levels were followed and the perfusion pressures and
oxygenation of the patient were optimized. The patient
was adequately hydrated and the urine was alkalinized.
The cardiogenic shock lead to an acute anuric ischemic
tubular necrosis and creatinine increased to 3 mg/dL.
Patient was started on continuous venous venous hemo-

dialysis (CVVHD). Potassium level was 4 mmol/L and
potential of hydrogen (pH) was 7.36/L.

With persistently alarmingly elevated CPK levels
reaching 119,000 on day 7 since admission and in the
setting of sepsis with continuous vasopressor require-
ments (Table 1) and continuous deterioration of the leg,
the decision was made to proceed with a life-saving
through-the-knee amputation (Supplementary Figures 1
and 2). The amputated stump required multiple sessions
of debridement and eventually a mid-thigh amputation.
After stabilization period and sepsis control, the LVAD
was replaced 1 month after the amputation. Patient was
eventually weaned from ECMO and decannulated sur-
gically 2weeks later. The vein was repaired and the
superficial wound was kept open or surgical site infec-
tion management with wet to dry dressing changes. The
overall condition of the patient did not improve further
and he went into recurrent sepsis with multiple central
line associated infections and pneumonias leading to
multiorgan failure and patient s death 3 weeks later.

Discussion

Limb amputations following femoral peripheral V-A
ECMO are not uncommon and have been reported in
up to 10% of patients™*; however, almost all reported
cases occurred at the site of arterial cannulation.

This case is unique in that, subacute limb ischemia
and limb-loss occurred at the site of venous cannula-
tion, a few hours after the surgical insertion of pV-A
ECMO. No previous cases have reported venous lower
extremity ischemia and amputation at the site of venous
cannulation.
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Figure |. Arterial and venous duplex images: (a) superficial femoral artery, (b) posterior tibial artery patent, (c) femoral venous
flow on augmentation only, and (d) patent femoral vein on augmented color duplex.

The fundamental pathophysiology behind phlegma-
sia cerulea dolens and venous gangrene is total or near-
total thrombotic occlusion of the venous drainage. The
obstruction of this venous outflow leads to disturbances
in the forces that govern the inflow and outflow of fluid
at both the arterial and venous ends of the capillary.
Hydrostatic pressure at the venous end of the capillary
rises and exceeds colloid oncotic pressure leading to
interstitial edema. Experimentally, fluid loss into the
interstitial space of the affected extremity can reach
6-10L within a few days.” The tissue edema can raise
the interstitial pressure to 25-48 mm Hg.”> Sequestration
of plasma in the limb may be so intense that it could lead
to compartment syndrome. The arterial insufficiency
triggered by the extrinsically compressed vasculature
would lead to decreased tissue perfusion and exacerba-
tion of tissue ischemia.>® The combination of venous
hypertension, compartment syndrome, and subsequent
arterial insufficiency may provide an understanding of
subacute limb ischemia following venous cannulation.

Indeed, cannulation of the femoral vein in ECMO
patients may mimic the state of deep venous thrombosis
and rise venous outflow pressure, and lead to ischemia
by the same mechanism and venous necrosis. In addi-
tion, the use of pressors such as adrenaline and
noradrenaline in shock patients, and the subsequent
vasoconstriction of feeding arteries, would exacerbate
the restricted perfusion to the tissues especially in a

patient with decreased limb perfusion related to his pri-
mary heart failure and the ECMO support.

Unfortunately, even though we identified ischemic
compromise to the limb only a few hours” post cannula-
tion, removal of the cannula was not an option. Our
patient was ECMO dependent and in a critical condi-
tion. The decision to proceed with the fasciotomy of the
leg and release of the compartments was diagnostic and
therapeutic. The evaluation of the anterior compart-
ment muscles revealed dusky and edematous muscles
confirming the impression. The fasciotomies also
helped in relieving the intra-compartmental pressures
and hypothetically improving vascularity and venous
congestion.

When the clinical condition of the patient deterio-
rated further, and acidosis, potassium, and CPK levels
were rising to toxic levels, the decision to amputate
became irrevocable. A through-the-knee amputation
was judged to carry the least blood loss and hemody-
namic compromise as it was performed at the bedside.”
The amputation stump was debrided on multiple occa-
sions due to poor healing and evidence of necrotic tis-
sues on daily dressing changes. As reported in the
literature, up to 23% of patients on ECMO exhibit
wound healing disorders for reasons that are yet to be
understood.® The non-pulsatile flow associated with
ECMO and LVAD contributes to disturbed physiology
and poor perfusion in wound healing.®
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Limb ischemia can be transient and reversible if
diagnosed immediately and treated by early removal of
the cannula or insertion of DPC in arterial ischemia.
In a small percentage of patients, the ischemia is irre-
versible, leading to refractory muscle injury and leg
amputation (up to 14% of cases) or even contributing
to patient death. When irreversible, amputation should
not be delayed to prevent complications of tissues
necrosis such as higher risk of sepsis, bleeding, intrac-
table acidosis, and systemic release of toxic mediators.®

In early and mild ischemia and when perfusion is
slightly reduced, optimizing peripheral temperature
and the administration of peripheral vasodilator
through the DPC may help in preventing exacerbation
caused by excessive vasoconstriction.” Moreover, in
the absence of bleeding, anticoagulation should be
kept at the highest level according to the center’s range.

Guidelines have been described to decrease inci-
dence of VA-ECMO associated limb ischemia. By
inspection and palpation and with help of duplex
ultrasound, the smallest possible cannula should be
utilized. A surgical cannulation is associated with
fewer vascular complications compared to percutane-
ous blind cannulation.® In the open technique, the
exposure of the femoral vessels can be gained by a lon-
gitudinal or transverse skin incision of the groin.” The
identification of the ligament, common femoral artery,
and bifurcation are imperative in detecting the proper
cannulation sites.

Conclusion

Decreased limb perfusion occurs in up to 15% in
VA-ECMO. This case highlights the threat of venous
cannulation leading eventually to an above knee ampu-
tation. The combination of LVAD flow pattern, vaso-
pressors requirements in addition to large venous
cannulation for ECMO could be an ominous combina-
tion for limb loss in those patients. The smallest appro-
priate venous cannula, early fasciotomy, switching
cannulation site, hemodynamic optimization, and fasci-
otomy should be implemented in these patients in
attempt to prevent major amputation.
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