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Successful controlled limb reperfusion after severe prolonged ischemia
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Controlled limb reperfusion was performed in twaigats who were admitted for lower limb-threatening
ischemia as a result of embolism. After embolectoting inflow blood was drained with a cannula anget
with a crystalloid solution to obtain an hyperosatphypocalcemic, alkalotic, and substrate-enridlaspartate,
glutamate) reperfusate. This reperfusate was i@gewith a roller pump for 30 minutes through twemnulas
inserted in the profunda and superficial femorsdrées. Temperature, intraarterial pressures, lanvdere
closely controlled. No complications occurred, andhplete recovery of motor and sensory functionsewe
observed, with restoration of pedal pulses.

Revascularization of a limb after a severe andoogdd period of ischemia may be associated witara¢local
and systemic complications ("revascularization sgnte") that lead to high rates of mortality and atagion’
Current therapies are generally directed againsptioations after they occur, once revascularizaiso
completed. Nevertheless, a substantial percentatye njury is generated on reperfusion, and some
experimental and clinical data suggest that cafotrol of both the composition and the physicaiditions of
the initial reperfusion may prevent the developnadrhis injury*®

Here we report our initial clinical experience withntrolled limb reperfusion in two patients withvere limb-
threatening ischemia.

CASE REPORTS

Case 1. A 75-year-old woman was admitted for acute bildtenaer limb ischemia (pallor, cyanosis, profound
sensory loss, and complete paralysis). Symptoms pr&sent since 4 hours before admission. Eightestths
earlier the patient underwent an aortobifemoraldsgpporocedure with terminoterminal proximal anastgim
Two months before, the patient was asymptomatib titaterally palpated pedal pulses. On examination
arterial pulses were palpated bilaterally and mtaflivenous and arterial Doppler signals were aedib
Considering the bilaterality of the ischemia anel éifinsence of claudication before die present epjsudssive
embolism was considered. No arteriogram was oldaied the patient was immediately transferred tinéo
operating room.

After induction of general anesthesia, heart rle;trocardiogram, central venous pressure (CMBydb
pressure, urine output, and rectal temperature mergtored continuously. The common, superficiat] a
profunda femoral arteries and the graft limbs weqeosed bilaterally via groin incisions. The rigihd left
limbs were treated sequentially. After administatof heparin (3 mg/kg), a 3 cm longitudinal adésimy was
performed on the graft limbs and prolonged on ttigiro of the superficial femoral arteries. Proxinaald distal
thrombectomies were performed with a Fogarty cathét wire-enforced 22F cannula (inflow cannulastd@
Medizintechnick, Hechinger, Germany) was introduited the graft limb from the arteriotomy to aspéra
oxygenated blood and was connected to the infloe dif the reperfusion set (HP Medica, Augsburgntzey;
Fig. 1). The inflow line was placed in the headabller pump. A second line was connected to atalipid
crystalloid solution (Dr. Franz Kdhler Chemie, AsheHahnlein, Germany) and placed in the head etarsd
roller pump. The crystalloid solution containediciticid (0.1230 g/L), sodium citrate (2.4860 gNpH,PO,
(0.0935 g/L), NaCl (1.2150 g/L), Trometanol (4.9080), glucose (7.8250 g/L), sodium glutamate (9@0
g/L), and sodium aspartate (4.3990 g/L). The twiflow lines coming from the pumps were connectethan
Y piece to form the delivery line of the controllegperfusate, which was passed through a heat egehéFig.
1). Two reperfusion cannulas (9F catheter with-gdlating balloon and additional pressure monitgrline
[Research Medical, Midvale, Utah]) were connectetth@ end of the delivery line. After deairing, skeecannulas
were introduced into the superficial and profuneimdral arteries. Thereafter, controlled limb repsidn was
started and continued for 30 minutes in each litmdated successively. The flow rates of both rgliemps were
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adjusted to mix the crystalloid solution and thggenated blood (ratio 1:6). Samples were taken tton
arterial blood (inflow line) and from the contraleeperfusate (delivery line) and were analyzeskgtential
time intervals (Table I). Compared with the arteblaod, the controlled reperfusate was hypocalcemi
alkalotic, and hyperglycemic. At the end of theadpsion, the arteriotomies were closed with a Dagratch
and the limb reperfused with normal blood.

Fig. 1. Controlled limb reperfusion. 1, Inflow cannula;&anguineous crystalloid solution; 3 and 3b, rolle
pumps; 4, delivery line of controlled reperfusaieheat exchanger; 6a and 6b, outflow cannulasrtegeinto
profunda and superficial femoris arteries; 7, pregsmonitor.
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The rectal temperature dropped from 35.7° C to@diuring the reperfusion procedure. The intraateri
pressures in the profunda and superficial fematelias were maintained between 45 and 70 mm Hghés
flow reached 120 ml/min for the left limb and 230min for the right limb, the patient received 17%0 of
crystalloid solution. Systemic arterial pressumaamed stable, but an increase of die CVP to 15Hgm
required administration of furosemide (Lasix, Hogicksermany, two intravenous boluses of 20 mg @&hg),
with a resultant decrease of the CVP. During tharotled reperfusion, total urine output reache@ &0.
Hyperglycemia required administration of two 10 imgavenous boluses of insulin.

After partial neutralization of heparin with protara, bilateral fasciotomies of the legs were penfed 1 hour
after revascularization. At this moment, the muselere not edematous and contracted under mechanica
stimulation. After surgery, complete recovery afisgry and motor functions were observed in botb kgl
pedal pulses were palpated bilaterally. Only a brisignificant increase in the limb perimeterswhserved.
The maximal serum peak of creatinine kinase rea@ié® U/L (normal range, 0 to 100 U/L), and theéase
of die plasma myoglobin level was moderate (396 ugdrmal range, 5 to 90 ugr/L). The renal function
remained stable, with a maximum plasma creatirémellto 1.1 mg/dl (normal range, 0.6 to 1.1 mgiaft was
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not significantly different from the preoperativalue (0.9 mg/dl). The patient was treated with lnalecular
weight heparin and thereafter with warfarin delived and was discharged on the tenth postoperddiye

Case 2. A 81-year-old woman was admitted for seigetemia of the right lower limb (pallor, cyangsis
complete anesthesia, and severe motor functionifmpat) that began suddenly 8 hours before admisslast
medical history included chronic atrial fibrillatioNo femoral and distal pulses were palpated randistal
Doppler signals were audible. An arteriogram shoaedusion of the external iliac artery with
revascularization of distal branches of the profufeimoral artery. Considering atrial fibrillationdasudden
onset, the diagnosis of embolism was retained.

General anesthesia and monitoring of the vitalssigare performed as in Case 1. After exposureeofemoral
vessels and administration of heparin (3 mg/kddngitudinal arteriotomy was performed on the commo
femoral artery. Embolectomy was achieved with adfggcatheter. Thereafter, controlled limb repadnsvas
performed according to the procedure describe€&se 1, with the inflow cannula passed into therast iliac
artery from the arteriotomy. After 30 minutes tlomtrolled limb reperfusion was stopped, the arterity was
closed with a Dacron patch, and the limb was reped with normal blood. Samples were taken from the
arterial blood (inflow line) and from the venou$laént (femoral vein) and were analyzed at seqaétithe
intervals (Table I1). No hyperkaliemia was obserirethe venous blood, and oxygen uptake occurréden
limb as shown by the arteriovenous differenceda Buring the controlled reperfusion, the rectal pemature
dropped from 36.5° C to 35° C. The intraarteri@gsures in the profunda and superficial femorakimg were
maintained between 45 mm Hg and 70 mm Hg by adigigtie flow rate, which varied from 180 to 250 mHim
approximately 1500 ml of the crystalloid solutiogitig perfused. An increase of the CVP to 22 mm étgiired
administration of 20 mg of furosemide and withdraefa300 ml of blood from the inflow line. The CVP
decreased progressively, and the total urine ougadhed 700 ml during the procedure. To manage
hyperglycemia, two boluses of 10 mg of insulin wadeninistered intravenously. After partial neutration of
heparin with protamine, fasciotomies were performee half hour after revascularization. At this nesm no
marked muscle edema was observed. After surgengplete functional recovery was observed and pedakp
were palpated bilaterally. The measurements ofittie perimeters did not show limb edema. The makima
serum peak of creatinine kinase reached 2000 Wtngal range, 0 to 100 U/L) and the increase oplaema
myoglobin level was moderate (284 pg/L; normal mgrigto 90 ugr/L). The plasma creatinine level ¢hdidl;
normal range, 0.6 to 1.1 mg/dl) was transientlyéased after 24 hours compared with the preoperatilue
(0.9 mg/dl) and returned to normal value withinh&irs, with a diuresis of 2500 ml on the first ppstrative
day. The patient, who was discharged on the temstoperative day, was treated with low moleculaighve
heparin because of a fear of hemorrhage with wiartberivatives in an old patient.

Tablel. Blood measurements in arterial blood and in conémlreperfusate after 15 and 30 minutes of
controlled reperfusion of right limb—case 1

Arterial bloodbefore Arterial blood Controlled Arterial blood Controlled

controlled reperfusior (15 min) reperfusate (15 min) (30 min)  reperfusate (30 min)
pH 7.31 7.57 7.50 7.37 7.50
Pco, (mm Hg) 44.1 43.9 27.9 42.8 28.4
Po, (mm Hg) 280.4 257.5 260.9 274.5 242 .4
BE (mmol/L) -3.4 +0.8 +0.1 +0.7 +0.3
Hb (g/dl) 9.4 7.3 6.6 7.2 6.2
Ht (%) 27.6 21.5 19.4 21.2 18.2
Sat Q (%) 98.4 98.4 99.2 99.0 98.5
Na (mmol/L) 139.0 133.0 130.9 131.6 129.2
K (mmol/L) 3.07 3.39 2.82 3.35 2.78
Ca (mmol/L) 1.05 0.75 0.22 0.71 0.20
Glyc (g/L) 2.63 3.70 6.4 4.31 6.7

BE, Base excess$ib, hemoglobin;Ht, hematocritSat Q, saturated in oxygerGlyc, glycemia.

DISCUSSION

After prolonged periods of skeletal muscle ischemimlden restoration of normal blood flow damages t
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muscle cells. Rhabdomyolysis and resultant leakdgiee myocytes content into the venous effluersets the
development of a postrevascularization syndromeistzharacterized by several injuries, both Iqtaib

edema, no reflow phenomenon, and compartment sgrejrand systemic (hyperkaliemia, rhythm disturbance
myoglobinuria with renal failure, pulmonary microkatism)Depending on the extent of the collateral
circulation, the duration of ischemia is only oretatmining cause among oth&is our first patient, limb-
threatening ischemia was present in spite of aditnperiod of ischemia (4 hours). No collateralgsspossible
because of the obstruction of the previous aorohdiral bypass graft implanted in a termino-termimay on

the native aorta.

The contribution of the reperfusion to the pathagisn of these damages has been underlined. Byadaggn
with the myocardiuni,various interventions designed to modify the barfcal and physical conditions of the
initial reperfusion may protect the skeletal musotel prevent the postrevascularization syndromeuin
patients, the arterial blood was modified by mixwith a crystalloid solution and reinfused in theftow
vessels to allow progressive restoration of theatratsm. Compared with the arterial blood, the riegaite was
hyperosmolar, hypocalcemic, and substrate-enridBaglgen was provided during the reperfusion becafi#s
importance for the metabolism. Although some awgh@ve shown improved microvascular permeabilitgraf
reperfusion with hypoxemic bloddnduction of hypoxia could be hazardous in agetipts under general
anesthesia, as in the present report. Local hypiaxduaring the reperfusion could be eventually aoéieby
isolated limb perfusion with extracorporeal cirdida coupled to an oxygenator, which is, howevesren
technically consuming. Calcium concentration waskedly decreased to limit calcium influx by addiciyate
to the blood; nevertheless, the reperfusate wasalcium-free to avoid the calcium paradoko minimize the
cellular and extracellular swelling, a marked iree of the osmolarity above 380 mosm/L was obtayeigh
concentrations of glucose. In addition to its osmeffect, glucose may perhaps initiate anaerobergy
production at the start of reperfusion. In factiogise uptake by the muscle is increased in théspesic period
and is dependent on the arterial glucose concénirat® Physiologic colloid osmotic pressure (26 mm Hgswa
achieved by the albumin concentration presentérbtbod and was not markedly affected by the dseredthe
hematocrit level (20%). To improve oxygen uptakd aretabolic processes that are pH-dependent, the
reperfusate was rendered markedly alkalotic witluffer to reverse tissue acidosis, despite theflow of the
reperfusate. As shown by the arteriovenous difiegen R, (Table 1), oxygen uptake was not affected by the
increased pH of the reperfusate. Amino acids deased by the skeletal muscle after ischemia, &ridgate
uptake is related to arterial plasma leveéts’ Thus the reperfusate was enriched in glutamateaapadrtate,
which, as in the cardiac muscle, are used in tleb&cycle to produce adenosine triphosphate foregehir and
subsequent function. Finally, the high levels afteyic heparinization used in controlled reperfasiught
avoid propagation of thrombus in both the artearad venous circulatioh The prevention of oxygen free
radical production with a xanthine oxidase inhibffice. allopurinol) may be useful. However, repsién injury
has a complex pathophysiologic basis and cannatée as a synonym for free radical injury because a
modified reperfusate without free radical scaveaggstill superior to an unmodified reperfusatartkermore,
red blood cells are potent free radical scaventfers.

Tablell. Blood measurements in arterial blood and in vergffisent at various time intervals during
controlled reperfusion—case 2

1 minute 5 minutes 15 minutes 30 minutes

Time Arterial Venous  Arterial Venous  Arterial Venous  Arterial Venous
blood blood blood blood blood blood blood blood
(inflow (femoral (inflow (femoral (inflow (femoral (inflow (femoral

line) vein) line) vein) line) vein) line) vein)
pH 7.38 6.97 7.36 7.28 7.38 7.40 7.37 7.40
Pco,(mmHg) 36.3 61.0 37.0 42.3 355 29.9 37.2 30.5
Po, (mm Hg) 148.2 36.9 157.7 45.8 154.7 37.8 142.3 35.7
BE (mmol/L) -2.3 -15.4 -3.0 -5.6 -2.7 -5.0 -2.8 -4.6
Hb (g/dI) 8.9 5.7 7.9 5.7 7.3 5.5 6.8 55
Ht (%) 26.2 16.8 23.2 16.8 21.5 16.2 20.0 16.2
Sat Q (%) 98.9 42.8 99.0 76.4 99.0 72.9 98.8 69.4
Na (mmol/L) 140.7 147.0 140.1 131.0 136.6 128.3 134.3 128.4
K (mmol/L) 3.87 2.95 3.85 3.55 4.09 3.57 4.68 4.34
Ca (mmol/L) 1.14 0.75 0.89 <0.50 0.79 <0.50 0.74 <0.50
Glyc (g/L) 1.27 0.54 2.13 4.59 2.95 5.23 3.47 5.16

BE, Base excess$ib, hemoglobin;Ht, hematocritSat Q, saturated in oxygerGlyc, glycemia.



Published in : Journal of Vascular Surgery : OfficPublication, the Society for Vascular Surgergldnternational Society For
Cardiovascular Surgery, North American Chapter (19%ol. 26, pp. 346-350.
Status : Postprint (Author’s version)

The conditions of reperfusate delivery were alsatimdled. By adjusting the flow rate, the intraaidépressure
was maintained above 45 mm Hg to overcome theuaktdne in small muscular arteries, and below 70 iy
to prevent edema observed with higher pressurethé\seripheral vascular resistance may be différetine
profunda and superficial femoral arteries, clampshe cannulas allowed selective control of thesguee in
each vessel. In our first case, the peripherastasce were higher (lower flow achieved) in thelieib when
compared with the right limb, but the clinical ooees were similar in both legs. We have no expiandor
this. Normothermia during controlled reperfusiofplseéo optimize the cellular metabolism and thédon
transport. Finally, the duration of the reperfusiaas limited to 30 minutes because of adverse tsfiseyond
this time period (cell dehydration by the hyperotaneceperfusate)?

Although no side effects were reported in one sérieontrolled limb reperfusion may potentially cause
systemic alterations. Decrease of the total cala@ontentration was observed both in the venousaaedal
blood. The volume overload and the resultant ireeas the CVP, which occurred in our two patientss
treated with diuretics, and no fluid infusion ndodd transfusion were given by the anesthesiologist
Nevertheless, a continuous increase of the CVmguwantrolled reperfusion may be a sufficient reaso
terminate the procedure. Finally, hyperglycemiatesl to the high levels of glucose in the crystdlgmlution
required administration of insulin, which rapidlgrmalized the glycemia. Principle fasciotomies were
performed because of potential medicolegal impbcest Nevertheless, based on the macroscopic aspkitte
muscles 1 hour after reperfusion, our feeling vixas these fasciotomies could have been avoiddtielfuture,
with gaining experience, fasciotomies will perhapdonger be performed.

CONCLUSION

Initial results obtained with controlled limb refugion are promising. The procedure is safe anillyeas
performed in the operating room. Additional randpedi investigations are necessary, however, tordeter
whether additional therapeutic procedures or res@h components are required to prevent the dpueat of
the "revascularization syndrome."
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