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Hemolysis Associated with Patent Ductus Arteriosus Coil
Embolization in a Dog

Micole YVan lsragl, Anne T French, Paul B, Wotton, and Neil Wilson

Seyear-ald spayed Labrador Retdever was presented
for the closure ol a patent ductus arternosos (PDA)
by coil embolization. The dog was asymplomatic, bul a
murmr had been detected 1 vear carlier a5 an eidental
finding, Clinical examination, electrocardiography. and tha
rugic radicgraphy were consistent with a leli-to-right sham-
ing PIA wathout decompensation. The dingnosis was con-
lrmed by Z-dimensional and M-mode echocardiogruphy
demonstrating volumne overload of the Jell ateimm and let
ventricle, and color Fow Doppler echocardiography detect-
ing the presence of continwous turbulen relrograde Dow in
the pulmoniary arery. The ductus was visvaliced, and no
other congenital abnormalities were foend, A CBC and se-
runt biochemisery profile were obtuined (Table 13 Prophy-
factic sodium celazelint was administered 1V at a dosage
ol 20 madkg, An angiogram was pecformed under peneral
anesthesia and Auoroscopic suidance by injecting 12 mL of
the contrast agenl sodiom lothalamarte” into the femoral ar-
tery. This procedure confirmed the diagnosis of o PDA and
enabled the diameter al the pulmonary wtery 1o be meq-
sured (10 mm) by comparison with a 2-cim marker on the
piztail catheler. The doctus was catheterized by o retrograde
arterial approach with o 5-0v (1. 7-m) mulipurpose cath-
eters Four embolization coils (MWCE- 1O-PDA 5, MW(
B-PDA S, MWOE-E-PDA, and MWOE-5-PDA 5% were
positioned in the ductos ampulla, Ao angiogram performed
alter the procedure showed only o very small ameount of
residual Aow through the doctus, and oo muermuar could be
detected by the esophageal stethoscope. The femoral arlery
wits Jiguted (241 silk)” and the wound was closed in 2 rou-
tine matter, The dog made an uneventful recovery and so-
divm celazolin (20 mgfke) was admindstered 1V 2 more
Limes ab S-hour idersvals, A prade 200 continuous murmur
wis audible over the left hearl buse after recovery (4 hours
alter anesthesia), Thoracie radiographs documented  coil
placement (Fig 1.
Eighteen hours after surgery (day 1) dark red-brosn
urine was noted. Udnalysis showed a specific gravity ol
A5, el Diipstick! esting disclosed proeinuria (100 my/
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AL and o positive occull blood reaction, but bilirubin, uro-
hilinogen. glucose, und ketones were absent. Aller centri-
fugation. the supermtant remained pigmented, Initially {day
11, e laboratory Facilitics were available for differentiation
ol pigmenturia (e, hemoglobin or myeglobing bl spectro-
photometry of a orine sample obtained on day 3 exeluded
myoeglobin as the cause ol pigmenturia. Micrahematocric
and protein relractometry on day | orevealed decreased
packed cell volume and increased el protein concentra-
ton (POV, 43%: (olal protein (TP, 70 /L) compared
with preanesthelic measurements (PCY, 495 T 6.3 pidlL),
The dog was continued on crystalloid Auids: administered
IV (ioitaally 5 mLdke reduced 6 hours Jater 1o 1.5 mbdke )
i an stempl W maintain renal pecfusion and avoid volume
overlead. Cefazolin was discontinued and marbefloxacin®
(55 mg PO g24h fur 1 days) was begun, The PCY con-
tinued o decrease (35% ) bul TP stabilized (7.2 gfdL), He
moglabin also decreased {initially, 17.5 gidl: 3 days afler
mntervention, 137 pfdL) bot remained within normal limics
treference range. 1204180 gidL) without obvious signs of
regeneration {reticulocyles, 0.2%: absolute reticulocyle
count, 1060 0 YL oo day 3, Repeneralion oceurred
by day 10 (absolote reticnlocyle count, 3270 % 10%ul:
reticuloeyte prodoction index, 315 The anemia was nor
mocyle (mean corpuscular volume, 3.2 (L) and the mean
corpuscular hemoglobin  concentration (MOHC) was
304%. Schistooyies and macked anisocylosis were ob-
served, The plaelet count decreased Trom 263000000 10
LEEOMV L freference range, 20000H0-500,00000 L) Hy-
perbilimobinemia  (letal  Dilivakbin, 19 mghtl reference
range, 009 mefdL) had developed by day 2, aecompanied
by Bilirubinuria on day 3. Blood ures nitrozen, creatinine,
and electralyte (Na, Cl K7 concentrations and ull other
seruny chemistry test results remained  within reference
ranges throughowe hospitalization (Table 13, The dog was
discharged 3 days after intervention, but was closely mon-
tored by the referring veterinarian, The urine became mag-
roscopieally elear 10 days after the procedure, although
trace ol blood was stll present on dipstick testing, Myn-
slobin once again was excluded by spectrophotometry. The
urine specilic gravily was LOLE, and no red blood cells
WETE SCCTL N microscapic examination of the sedimment. The
e was S present and had net changed m intensity,
One month after iervention, the urine was completely
clear and the POV was 5% A prade 2 continuous mismmur
over the left heart hase persisted.

Regenerative unemiz developed aller coil embolizition
in this dog with a PRA, Total proteing increased despite a
decrease in POV and thus blood loss was excluded as »
reasen [or the regenerative anemia, No blood loss was no-
ticed during or alier the operation. The increased T ini-
tally Teay 13 was attribuced o subclinical dehydration alter
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Table 1. Hematology and bicchemistry profiles preoperatively (Pred, and 3 days (Day 33 and 10 days (Day 104 after the
provcedurs i o dog with coll embalization of o patent doctus irleriosus.
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anesthesiin furine speciiic gravity, LO30) but despite fluicl
therapy TP remained higher thao initially measured. & false
increase in TP can ocour with hemolysis (hecause of in
creased optical density of the plasmal, and Iree hemoglobin
miry increase T Despite the absence of laboratory Tacilities
todetect free hemogloban, mercased MOHC {394% and
hemoglobin wreater than one thid of the hematoerit were
curmpatible with the presence of hemoglobinemin. The al-
sence of sphorocytes, lack ol avtongelutination, and reso-
hution of anemiz withoul any dreatment made i mne-me:
disted hemulytic aoemia very mnlikely, Unfortunately, a
Coombs’ tesl wis not performed, Hemoparasites were not
ubserved on microscopic examination of hlond soears, and
hemoparasiles are nol endemic in the country in which the
andrmal lives, Other canses of hemalylic anemia fep, dissem-
inated intravascular coapulation. poisening, inherited con-
diticns) were unlikely considering dhe animal's histary and
the absence of clinical signs. The hypophosphatemia (2.6
mgidly refersnce rapge, 2.8 3.7 mgfdl) was nol severs
enongzh o be responsible for the hemolysis, ' Hemoglobm.
uria persisted despite changing antibiotics, making a drog
reaction less likeby, Antibiolic therapy was changed from a
cephulosporin o a quinelone because the former have been
reported o induce drugerelated hemolytic anemin Al
thewagh completely excluding drug-induced hemolylic ane-
miit is difficult, with extravaseolur hemaolysis anly o small
amount of hemoglobin is released fromy the red cells, and
hemoslobinemin and hemoplobinuria often are mitor, In
the dag of this repor, the severity of the hemoglobinuria
and the presence of schistocytes supported a dingnosis of
mechanical intravascolar henolysis,

Transcatheter closure of a PDA with detachable coils has
been accepted as an allernative weatment modalicy for dogs
with PDAC T Transcatheter ocelusion of o PIYA can be com-
plicated by protosion of the device causing obstruction of
the pulmonary artery or anria,” as well as by embolization
of the deviee wio the pulmonary or systemic cireulation
Doctus arteriosus endarteritis. ! vascolse trauma, and femn-
oral ardery bemorrhage are other potentially Tatal compli-
citions. Hemalysis has been reported as an imporlant com-
plication ' after coil implancation in humans, To our koowl-
edge, this 15 the Tst repon of severe aeute hemolvsis as o
complication of ressdual shunting after implantation of mul-
tiple detachable coils Tor PDA embolization in the dog. He-
molysis is thought to be due foored cell destruction cansed
by a high-velocity jet ol blood passing throngh the vesidual
PDA shant or due o poor pesitioning of the device. n this
case, uoroscopy and radiography showed cormect position-
ing of the coil, and the hemnlysis was more likely due 1o
resichaal shonting,

Hemolysis depends on mechanical damage of cryvthro.
eyles, amd is related to the Aow dyvnanics of the resicdual
jele The Bow dynanics are charactenzed by the velocity of
the residual jel (depending on the diameter of the shunt and
the pressure difference), the turbulence in the ductus (cre-
aled by the lomen shape and inteprity), and by the presence
of single or mulliple jets fmultiple coils produce multiple
Jetsk A residual shunt was confinmed by color Qow Dopp-
ler echecardiography 3 days alter the operation in this dog,
and @ contineus murmuor (erade 21 sl was aodible a3,
1, 3, and 60 days after the procedure. Early residual

shunting is & common (inding {30% 1 10 humans after coil
emhalization. aul is more common in patients with larger
diameter ductus. ¥ The percentuge of hinnan patients with
residual shunting decreases over e Uson et al' pe-
pocted that the risk of hemoelysis increases with the relative
size of the duct as well as with lower body weight, and
sounger children are al greater visk, The ductus was large
in this animal 10 mang and may have resulted in increased
risk of hemolysis, In the dog described here, the hemolysis
resolved spontancoushy despite peesistence of 4 continuous
murmor, and consequently the anemia resolved rapidly, In
animal expenments, Rashkind Oceluder disks rapidly be-
came endothelinlized and were eventually covered with ns-
s and incorporated into the arterial walls? Endotheliza-
ticn of the device may have occurred in the dog ol the
present report, thus redocing the potential Tor raomatic he-
molysis while enabling continued ductal Now.

When hemaolysis ocours in bumams, correction of the anes
i by bleod transfusion, carcful Auid management o
avoid debydration and acidesis,and alkaline divresis o pre-
serve renal function'™ are reconunended. We administered
lactated Ringer™s solution at a low insintenanee rate becise
sudden pressure changes alter PDA occlusion may predis
pose oo volume overload. ™ Urinary output and renal fune-
lien tests were monitored carefully, and renal Tailure did
o ocour Lae acute renal failure has been reporied 4 o
comsegquence of hemoglobinuria and mechanical intrayvas-
cular hemalysis due to coil implantation in one lman -
Hent,™ The dog of the present report has been stable Tor 2
months after the eperation and was clinically normal at the
lime of writing, 11 hemoelvsis persists, surgical removal of
the coil, ligation of the ductus,”! or positioning of 4 2nd
device e close the residual shum®** have been successiul
i homans, Additional coil implantation was considered in
this dog, but hemedysis resolved spontancouste and place-
ment of additional coils was not deemed necessary, With
wider adoption of coil embolization: in the ealment of
PR Qo dogs, vetennarians should be aware of the possible
complication o’ coil-induced ravmatic hemolvsis,
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