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Autologous blood transfusion following red
blood cell salvage for the management of
blood loss in 3 dogs with hemoperitoneum
Caroline Hirst, BVetMed, MRCVS and Sophie Adamantos, BVSc, DACVECC, MRCVS

Abstract

Objective – To describe the use of autologous transfusion using a red blood cell salvage device for the manage-
ment of large volume hemorrhage in 3 dogs with hemoperitoneum.
Case Series Summary – Three dogs were managed for large volume hemorrhage by autologous transfusion of
red blood cells after cell salvage. In all cases, blood was salvaged from the abdominal cavity during surgery.
The causes of hemorrhage included testicular arterial hemorrhage after castration, hepatic parenchymal hem-
orrhage following hepatic dissection for intrahepatic portosystemic shunt ligation, and intra-abdominal serosal
hemorrhage associated with Angiostrongylus vasorum infection. In all cases, autologous transfusion was not
associated with any identified complications and contributed to improved cardiovascular stability and packed
cell volume.
New or Unique Information Provided – This case series is the first to describe the use of a semiautomated red
blood cell salvage system for the clinical management of acute hemorrhage in dogs. This case series provides
evidence that this procedure can be used safely and effectively for the management of clinical hemorrhage. On
this basis, further veterinary evaluation can be justified.
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Introduction

Transfusion of blood products can be life saving1 and
its practice in veterinary medicine is increasing world-
wide with the growing availability of banked blood sup-
plies. Transfusion reactions, while relatively uncommon,
are well recognized and documented in the veterinary
literature.2–5 In people a large number of serious com-
plications are recognized including inadvertent admin-
istration of mismatched transfusions,6 transmission of
infectious diseases,7, 8 hemolytic transfusion reactions,6

immunosuppression,9–11 transfusion-related acute lung
injury,12 transfusion-related sepsis,8 and upregulation
of systemic inflammation.13, 14 Recent and ongoing re-
search increasingly suggests that there is a correlation
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Abbreviations

aPTT activated partial thromboplastin time
FFP fresh frozen plasma
pRBC packed red blood cell
PT prothrombin time
TTP total plasma protein

between homologous blood transfusion and mortality in
human patients.15–17 A number of recognized biochem-
ical, biomechanical, and oxidative storage lesions such
as increased lactate, decreased 2,3-diphosphoglycerate,
decreased membrane area, decreased deformability,
hemoglobin oxidation, hemoglobin denaturation, and
lipid peroxidation18, 19 detected in stored blood products
are known to adversely affect red cell lifespan and func-
tion and are postulated to contribute significantly to the
undesirable side effects of homologous transfusion.20–22

In order to reduce or avoid homologous transfusions,
cell salvage is frequently used in human practice during
situations of large volume blood loss.23

Cell salvage is a technique by which blood shed intra-
or postoperatively is collected, washed, and returned
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to the patient as an autologous transfusion. Despite a
wealth of information on this method as applied to
a number of different clinical situations in the human
literature,24–26 little information exists on its use in vet-
erinary species. This case series describes the use of cell
salvage as a technique to reduce homologous transfu-
sion in 3 dogs. To the authors’ knowledge, this is the first
case series to describe this application of cell salvage in
dogs.

Case Summaries

Dog 1
A 1-year-old male neutered Bernese mountain dog
weighing 39 kg was referred following diagnosis
of hemoperitoneum after routine castration. On pre-
sentation, physical examination was consistent with
moderate-to-severe hypovolemic shock with a pulse
rate 180/min, pale mucous membranes with prolonged
capillary refill time, and poor pulse quality with no-
table pulse deficits. Noninvasive blood pressure mea-
sured by the oscillometric method demonstrated a sys-
tolic pressure of 119 mm Hg and diastolic pressure of
70 mm Hg. Electrocardiogram confirmed sinus tachy-
cardia. Initial blood work revealed a PCV of 46% (refer-
ence interval 38–55%) and refractometric total plasma
protein (TPP) of 62 g/L (6.2 g/dL; reference interval
49–71 g/L). Lactate was increased; 4.4 mmol/L (refer-
ence interval 0.6–2.5 mmol/L). Coagulation times were
within reference intervals: prothrombin time (PT) 16
seconds (reference interval 12–17 s) and activated par-
tial thromboplastin time (aPTT) 48 seconds (reference
interval 71–102 s). Ultrasound-guided abdominocente-
sis yielded a sanguinous fluid with a PCV of 36% and
TPP of 56 g/L (5.6 g/dL). An in-house blood smear ex-
amination revealed clumps of platelets at the feathered
edge, however a buccal mucosal bleeding time was not
performed. The dog was stabilized prior to anesthesia
with 2 consecutive 12.5 mL/kg crystalloida fluid bo-
luses, totaling 1 L, which resulted in improved pulse
quality and blood pressure; systolic 135 mm Hg mea-
sured by Doppler sphygmomanometry and a reduction
in heart rate to 127 beats/min. The dog was anesthetized
for surgery using methadoneb 0.25 mg/kg IV as a pre-
medicant and IV fentanylc 7.5 �g/kg and midazolamd

0.4 mg/kg for anesthesia induction. General anesthe-
sia was maintained with isofluranee in oxygen adminis-
tered via a circle circuit. During exploratory laparotomy,
hemorrhage from both testicular arteries was identified.
Ligation successfully resolved the ongoing hemorrhage;
1.2 L of blood was suctioned from the dog’s abdomi-
nal cavity and was processed through the autotransfu-
sion red cell separatorf to yield approximately 650 mL
of salvaged packed red blood cells (pRBC). The dog was

blood typed intraoperatively as DEA 1.1 positive prior
to receiving 1 homologous unit; total volume approxi-
mately 325 mL of pRBC administered over 1 hour. Three
hours following conclusion of the homologous transfu-
sion hemoglobin concentration was 90 g/L (9 g/dL),
PCV was 24% and TPP was 38 g/L (3.8 g/dL). Based on
these results, the salvaged blood was administered while
the dog was recovering from anesthesia over 5.5 hours,
resulting in a postautotransfusion hemoglobin concen-
tration of 128 g/L (12.8 g/dL), PCV of 37%, and TPP
of 44 g/L (4.4 g/dL). Coagulation times 24 hours after
presentation were within reference interval. Additional
fluid therapy consisting of 5 mL/kg/h isotonic crystal-
loid and an additional 5 mL/kg isotonic crystalloid bolus
intraoperatively and 2 mL/kg/h postoperatively was
used to correct the dog’s volume deficit and maintain
euhydration due to a poor appetite during the recovery
period. A total of 9.7 L isotonic crystalloidb was admin-
istered over 96 hours during the dog’s hospitalization
period. The dog developed short runs of ventricular pre-
mature contractions during the postoperative period re-
quiring ECG monitoring but made a full recovery and
was discharged after 5 days. PCV at the time of discharge
was 44% and TPP was 52 g/L (5.2 g/dL), hemoglobin
concentration was 132 g/L (13.2 g/dL). No transfusion
reactions were recorded either with the homologous or
autologous transfusion.

Dog 2
A 2-year-old male entire Samoyed weighing 20 kg was
admitted for surgical management of a hepatic arteri-
ovenous malformation and intrahepatic portosystemic
shunt. Preoperatively the dog was cardiovascularly sta-
ble. Blood work revealed a PCV of 46% (reference inter-
val 38–55%) and TPP of 61 g/L (6.1 g/dL; reference inter-
val 49–71 g/L). Coagulation times (PT and aPTT) were
within reference intervals: PT 16 seconds (reference in-
terval 12–17 s) and aPTT 100 seconds (reference interval
72–102 s). The dog was pre-emptively blood typed and
several units of type-matched blood were available in an-
ticipation of intraoperative blood loss. The dog received
pethidineg 5 mg/kg IM as a premedicant and anesthe-
sia was induced with alfaxaloneh 1.5 mg/kg IV. General
anesthesia was maintained with isoflurane in oxygen
administered via a circle system in combination with a
continuous rate infusion of fentanyld 0.2 �g/kg/min.
Partial attenuation of the intrahepatic shunting vessel
was achieved by ligation with 3–0 prolene in addition
to attenuation of the major arterial supply to the hep-
atic arteriovenous malformation by means of an encir-
cling 2–0 prolene ligature. The dog became markedly
tachycardic (200/min) in the immediate postoperative
period. Supplemental pain relief with methadonec 0.2
mg/kg did not result in any improvement in heart
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rate and an increase in lactate from 2.2 mmol/L (ref-
erence interval 0.6–2.5 mmol/L) to 4.5 mmol/L sug-
gested hypoperfusion. An unexpectedly large volume
peritoneal effusion was identified ultrasonographically.
Hemoperitoneum was confirmed by ultrasound-guided
abdominocentesis, which yielded sanguinous fluid with
a PCV of 28% and TPP of 25 g/L (2.5 g/dL) com-
pared to peripheral blood with a PCV of 33% and TPP
18 g/L (1.8 g/dL). A 10 mL/kg crystalloid fluid bolus
was administered prior to reintroduction of anesthesia.
General anesthesia was induced with intravenous fen-
tanyl 5 �g/kg and midazolam 0.5 mg/kg and main-
tained with isofluranef in oxygen administered via a cir-
cle system in combination with a continuous rate infu-
sion of fentanyl. Repeat exploratory laparotomy iden-
tified hemorrhage at the site of parenchymal dissec-
tion for management of the intrahepatic portosystemic
shunt. Control of this hemorrhage proved extremely
challenging and was eventually achieved with place-
ment of a pledgeted mattress suture across the site;
1.3 L sanguinous fluid was suctioned from the abdom-
inal cavity. While the salvaged blood was processed
through the red cell salvage device, the dog received
2 rapidly bolused homologous pRBC units before re-
infusion of the salvaged cells. Additional boluses of
10 mL/kg colloidi and 20 mL/kg crystalloid fluid ther-
apy concurrent to an ongoing rate of 20 mL/kg/h crys-
talloid fluid contributed to an increase in blood pressure
measured by means of an arterial catheter placed in the
metatarsal artery increased from 50 mm Hg systolic at
initiation of the first homologous pRBC transfusion to
120 mm Hg systolic at the start of the autologous trans-
fusion. Systolic blood pressure remained stable above
120 mm Hg throughout the rest of the surgery and recov-
ery period. An approximate volume of 750 mL of autolo-
gous blood was autotransfused. Autologous transfusion
increased the PCV from 22%, TPP 20 g/L (2.0 g/dL) af-
ter 2 homologous units of pRBC to 31%, TPP 34 g/L
(3.4 g/dL). The dog received 1 further unit of type-
matched pRBC during the second surgery giving a final
postoperative PCV of 42%, TPP 38 g/L (3.8 g/dL), and 1
unit the following day due to an 11% drop in PCV from
35% to 24%. A coagulopathy was identified during the
second surgery, presumed dilutional in origin, and was
managed with 5 units of fresh frozen plasma (FFP) (ap-
proximating 30 mL/kg). Coagulation times were con-
firmed to be acceptable following this: PT 20 seconds,
aPTT 120 seconds. No transfusion reactions were identi-
fied following transfusion of the homologous or autolo-
gous red blood cells. The dog was euthanized 3 days after
surgery due hepatic encephalopathy, collapse, hypoten-
sion, coagulopathy, suspected portal hypertension, re-
fractory hypoglycemia, and the guarded long-term prog-
nosis.

Dog 3
A 9-year-old male entire Labrador retriever weighing
40 kg was referred following diagnosis of hemoperi-
toneum and exploratory laparotomy during which
the source of hemorrhage could not be identified.
At presentation, the dog was showing signs of pro-
found decompensated hypovolemic shock with ongoing
hemorrhage from the surgical incision site; the dog was
obtunded and had a sinus tachycardia (confirmed by
ECG) of 200/min with poor peripheral pulse quality
and pale to white mucous membranes with indetermi-
nate capillary refill time. Noninvasive blood pressure
measured by Doppler sphygmomanometry was 105 mm
Hg. Venous lactate was 3.5 mmol/L (reference interval
0.6–2.5 mmol/L). Initial blood work revealed a PCV
of 34% (reference interval 38–55%) and TPP of 68 g/L
(6.8 g/dL; reference interval 49–71 g/L). PT and aPTT
were slightly prolonged; PT 19 seconds (reference inter-
val 11–17 s) and aPTT 108 seconds (reference interval
72–102 s). Estimated platelet count from blood smear ex-
amination was 44 × 109/L (reference interval 150–900 ×
109/L). Thoracic radiographs revealed a peripheral alve-
olar lung pattern consistent with Angiostrongylus vaso-
rum infestation. The dog was stabilized with crystal-
loid fluid boluses totaling 100 mL/kg and colloid bo-
luses totaling 25 mL/kg. One unit of FFP was also ad-
ministered. During repeat laparotomy, a large volume,
approximately 700 mL, of blood was suctioned from
the abdominal cavity, which was processed through the
autotransfusion red cell separator to provide 320 mL
red blood cell suspension which was autotransfused.
PCV measured at induction of anesthesia was 14%, TPP
24 g/L (2.4 g/dL). Two units of type-matched autolo-
gous pRBC increased this to 25%, TPP 22 g/L (2.2 g/dL)
during the surgery. Subsequent postoperative reinfusion
of the homologous cells resulted in a small increase in
PCV to 27%, TPP 32 g/L (3.2 g/dL), likely due to on-
going blood loss from the surgical wound and into the
peritoneal cavity and urinary bladder. The dog received
an additional unit of type-matched pRBC 2 days later
due to a fall in PCV to 12%, TPP 40 g/L (4.0 g/dL).
FFP was administered as needed to attempt to correct a
coagulopathy identified postoperatively (PT 45 s, aPTT
169 s). The dog received 5 units of FFP over 12 hours
immediately postoperatively. PT was within reference
interval (16 s), following this; however, aPTT was still
prolonged (134 s), and remained so despite a further
3 units of FFP administered over the following 2 days
(aPTT 166 s). Generalized serosal oozing was observed
but no definitive source of bleeding was identified dur-
ing laparotomy. The dog was definitively diagnosed with
A. vasorum infection several days later with a positive
Baermann fecal examination. A. vosorum infection has
been documented to cause alterations in both primary
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and secondary hemostasis but the exact mechanism by
which this occurs is, as yet, undetermined.26–28 The dog
made a rapid and full recovery following appropriate
anthelmintic treatment with imidoclopridj and was dis-
charged after 6 days.

Discusssion

Cell salvage is a technique by which blood shed intra-
or postoperatively is collected, the RBCs are washed and
then returned to the patient. Less dense elements such
as plasma, activated clotting factors, anticoagulants, sys-
temic medications, and complement are all removed as
effluent in the centrifugation and washing process. The
cases described in this report underwent cell salvage
using a semiautomated autotransfusion cell separator
system. Using this system, shed blood is suctioned di-
rectly from the patient into a reservoir. A dual lumen
tube may be used to deliver anticoagulant directly to the
site to be mixed immediately with shed blood as it is
suctioned or the reservoir may be primed with antico-
agulant solution. Both heparin and citrate are acceptable
anticoagulants with this technique. In these cases, hep-
arin was used at a dilution of 30,000 units per L of saline
and mixed with the salvaged blood via a dual lumen
tip suction line. As the majority of the anticoagulant is
removed during centrifugation, relative overanticoagu-
lation is tolerated.29 Sequential controlled aliquot vol-
umes of 125 mL blood are removed from the reservoir
and processed into the washing bowl where centrifuga-
tion with isotonic saline for approximately 5 minutes re-
moves the unwanted components including plasma, free
hemoglobin, cellular fragments, and bacteria29, 30 before
the cells are resuspended in normal saline in an infusion
bag. Typically in people, the reinfusion solution has a
PCV of approximately 60% and this has been shown to
be equal or superior to banked blood in terms of red cell
osmotic resistance, morphology, pH, and levels of 2,3-
diphosphoglycerate.31, 32 There are no current veterinary
studies comparing salvaged autologous units of blood to
typical stored homolgous units. The washed cells must
be reinfused back to the patient within 6 hours as there
is no preservative or glucose added to the suspension.
A leukoreduction filter incorporated into the readminis-
tration line reduces autologous transfusion of activated
white cells to the patient.33, 34

No studies have been performed to establish any
benefit or detriment of cell salvage to dogs using this
system. In people, a number of advantages have been
demonstrated including little to no risk of administra-
tion of contaminated or mismatched blood products to
the patient,33 reduced risk of transfusion complications
and reduced hospital stay.33 In addition to this, cost cal-
culations within the human field have confirmed that set

up for cell salvage is comparable to the cost of 2 cross-
matching procedures making this a financially viable al-
ternative to homologous transfusions.35 Given the lack
of control subjects and the complex nature of the cases
reported here, the authors have refrained from comment-
ing on the potential benefits of autologous transfusion to
these patients, although it can be assumed that the total
demand for homologous transfusions was reduced. All
the dogs described here also received homologous red
cell transfusion and thus although the requirement was
reduced it was not completely removed. The differing
etiologies and nonstandardized way in which the need
for blood was assessed by clinical impression limits the
ability to compare outcome and response to cell salvage
in the cases reported here.

The application of cell salvage is most common and
most useful when large volume blood loss can be an-
ticipated. In people, such situations include cardiac, or-
thopedic, obstetric, urologic, vascular, hepatic, and neu-
rological surgeries. In veterinary patients of appropriate
size, where hemorrhage of a large enough volume is sus-
pected, this system can be used successfully to manage
cases of hemoperitoneum despite differing etiologies. In
such cases, preoperative abdominocentesis confirming
the diagnosis allows preparation of the device in antic-
ipation of the start of surgery. The authors have also
successfully used this system for the retrieval and re-
infusion of blood lost into the pleural cavity following
cardiac bypass surgery for correction of pulmonic steno-
sis. This patient had received a number of homologous
transfusions prior to the cell salvage procedure. In light
of this, it could not be included in this case series as it
was not considered a true homologous transfusion due
to the presence of previously transfused autologous cells
within the salvaged product.

Absolute contraindications to the use of cell salvage
include contamination with solutions that would result
in hemolysis if transfused, such as hypotonic fluids, hy-
drogen peroxide, or alcohol.36 A large number of rela-
tive contraindications are stated in the human literature
where readministration may harm the patient. In these
situations the risk of autologous transfusion is weighed
up against the risks of homologous transfusion or alter-
native volume support37 on a case-by-case basis. Among
these relative contraindications are salvage from bacteri-
ally contaminated sites, obstetric procedures, and surg-
eries involving malignant neoplastic tissue. Current data
from the human literature suggest that cell processing
followed by passing the autologous blood through a
leukoreduction filter prior to transfusion reduces bac-
terial load to a tolerable level38, 39 and virtually elim-
inates white blood cells and malignant cells.40, 41 Am-
niotic fluid42 and other undesirable contaminants such
as fat and bone chips are reliably removed during the
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centrifugation process. No veterinary studies have yet
been carried out to establish whether the cell salvage
technique adequately removes unwanted components
such as bacterial contaminants, aberrant endoparasitic
larvae, and neoplastic cells from harvested blood al-
though it would seem likely. These relative contraindi-
cations were not encountered in the cases reported here;
however, in order to further our applications of these
systems prospective studies are warranted.

Risks associated with autologous transfusion are
mostly related to technique and machinery failure. Suc-
tioning of the blood results in pronounced activation of
inflammation.43 Although washing and centrifugation
removes the majority of inflammatory markers, some
remain and these may contribute to the postoperative
systemic inflammatory response in patients receiving au-
tologous transfusions.44–46 Inadequate washing resulting
in free hemoglobin can lead to renal injury,47 which has
been documented in dogs,48 although not in association
with autologous transfusion methods. The data avail-
able for veterinary species are too limited at this time
to establish whether these risks also apply to our pa-
tients. These complications directly associated with the
cell salvage procedure were not identified in the cases
reported here; however, it is prudent to expect that simi-
lar complications may occur in dogs and further studies
are warranted.

Conclusion

The 3 cases reported here demonstrate that an autotrans-
fusion cell separator device can be used successfully
in dogs in a number of situations where large volume
hemorrhage has occurred. The facility to autotransfuse
reduces demand for homologous transfusion products
and, in our limited experience, is not associated with sig-
nificant complications. Veterinary data on the use, com-
plications, contraindications, and risks associated with
cell salvage are lacking and further investigations are
warranted.
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