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INTRODUCTION 

The transmission of infectious diseases through the 

administration of perioperative blood transfusions is a 

serious concern for both patient and surgeon. This is - 

particularly true in major elective pediatric orthopaedic 

operations such as spinal fusion in which the requirement for 

intra and/or post-operative transfusions is expected and 

routine.  The incidence of transmission of non-A non-B 

hepatitis is 3 to 8%2'67 and the risk of transmission of 

acquired immune deficiency syndrome (AIDS) per unit of banked, 

homologous blood transfused is 1:36,000 to 

1:300,000.12,13,24,49,75 Moreover, many authorities believe 

that designated donor homologous blood is no safer and perhaps 

more risky.6'71  Thus,in an effort to minimize homologous 

requirements, autologous blood is being used more often. 

Utilization of autologous blood may be considered as an 

alternative to homologous blood at three specific time frames 

perioperatively.  It is now customary in many centers 

performing major pediatric spine and hip surgery to collect 

autologous blood before surgery, thereby significantly 

reducing the need for homologous transfusions.14'19'26'33'38' 



58,73 However, there are limitations to its use;  for 

instance, patients with pre-existing medical conditions such 

as congenital or neuromuscular scoliosis or myelodysplasia are 

often unable to predonate autologous blood. 

The intra-operative collection of a patient's red blood 

cells is another situation in which autologous blood has 

replaced homologous blood. Although there are 

contraindications to the use of intraoperative blood salvage, 

even when the blood is centrifuged and washed, for instance, 

during cancer surgery and sepsis.30  Present systems 

centrifuge and wash intraoperatively collected blood to remove 

non-cellular constituents such as fibrinogen-fibrin split 

products, free hemoglobin, and debris.  There is still some 

debate about the effectiveness of washing as a means of 

preventing coagulopathy, renal failure, and cardiopulmonary 

compromise associated with intra operative blood salvage 

(IBS)30. 

Collection and reinfusion of autologous blood may also 

take place during the postoperative period.  Postoperative 

blood salvage (PBS) represents a simple procedure which 

utilizes a source of autologous blood that would normally be 

discarded.  However, the same concerns regarding malignancy, 

sepsis, coagulopathy, renal failure, and cardiopulmonary 

compromise exist for PBS as for IBS.  Postoperative blood 

salvage has been studied to a much lesser extent than IBS; and 

although results of the two procedures are often lumped 

together, the physiologic state of the recipient in the two 



situations differs markedly, and may have an impact on how the 

transfusion is tolerated. Although there are approved 

commercial reinfusion drainage systems available for use 

following orthopaedic surgery, the safety and efficacy of 

these systems have yet to be adequately documented.  This 

prospective clinical and laboratory study was undertaken to 

investigate the safety and efficacy of reinfusing non-washed 

filtered shed blood following major spine and hip surgery in 

pediatric and adolescent patients. 

METHODS 

PATIENT SELECTION: Twenty-nine patients (29) undergoing 

major hip or spine surgery at The Children's Hospital in 

Boston between March and July of 1989 were included in the 

study.  Candidates included patients undergoing spine or hip 

surgery involving decortication of bone with an estimated post 

operative drain output of over 200 ml and no known malignancy 

or coagulopathy. Patients were not actually entered into the 

study until consent of the senior surgeon was obtained 

preoperatively.  In these patients, a Solcotrans drain 

reinfusion system was used instead of the usual Hemovac 

drains. 

COLLECTION OF BLOOD:  Drains were placed deep and/or 

superficial to the fascia before closing all spine, hip, and 

iliac crest bone graft incisions. Bulb suction or gravity 

drainage was used until 80cm of Hg wall-suction could be 



achieved upon reaching the recovery room.  Forty (40) ml of 

acid-citrate-dextrose anticoagulant was used in the Solcotrans 

receptacle per 500 ml of blood collected in 11 of the 29 

patients, but the ACD anticoagulant was discontinued after the 

eleventh patient on the advice of the Naval Blood Research 

Laboratory that it was not needed. 31  During the first six 

hours, the blood was collected in the Solcotrans system 

postoperatively as recommended by Faris and his associates -L/ 

after which a standard Hemovac bulb suction was used. -The 

drains were removed on the first or second postoperative day. 

REINFUSION: Reinfusion of shed blood was started within six 

hours of placement of the drain, and the minimum volume 

considered for reinfusion was 200 ml.  When the drainage 

reached the capacity of the Solcotrans receptacle (500 ml) 

before the six hour time period, it was immediately 

transfused. A new Solcotrans receptacle was placed when, 

based on the rate of drainage noted, it was felt that greater 

than 200 ml would accumulate before the six hour period. 

The blood was filtered through a 170 u pre filter and 40 u 

Pall screen filter and then transfused intravenously by 

gravity drainage through standard transfusion tubing.  The 

manufacturer's protocol for the use of the Solcotrans was 

followed, which included priming of the system and inverting 

the collection chamber. 



PARAMETERS MEASURED:  In each patient, measurements were 

made of complete blood count (CBC), prothrombin time (PT), 

activated partial thromboplastin time (PTT), and platelet 

count, preoperatively, in the recovery room, and daily as 

clinically indicated.  A 10 ml sample of salvaged blood was 

drawn from the tubing during transfusion for hematocrit 

determination and anaerobic and aerobic cultures. 

In ten patients reinfused with blood without the acid- 

citrate-dextrose anticoagulant,  blood samples were obtained 

less than 1 hour after surgery and prior to reinfusion of the 

shed non-washed blood, 1-2 hours post reinfusion, 12-18 hours 

post reinfusion, and from the Solcotrans receptacle.  These 

samples were sent to the Naval Blood Research Laboratory for 

analysis: measurements were made of hematocrit, hemoglobin, 

white blood cell count, platelet count, plasma free 

hemoglobin15, factor V and VIII clotting proteins7'32, 

fibrinogen32, D-dimer5'54, antithrombih III1, plasminogen34, 

protein C57, C3a des arg21, and fat particles less than 9 

micron, 9 to 40 microns and greater than 40 microns in 

diameter.41 

The measured levels of C3a des arg, plasma hemoglobin, D- 

dimer, and number of fat particles were compared to expected 

values. The expected levels for C3a des arg, plasma 

hemoglobin, and D-dimer were determined from the total amount 

of the substance infused divided by the plasma volume of the 

recipient.  The plasma volume was estimated as 4% of the total 

body weight of the recipient.  For the expected value of the 



fat particles in the blood, the recipient's blood volume was 

estimated as 7% of the body weight. 

CLINICAL:  The age, weight, sex, diagnosis, and past medical 

history of each patient were recorded preoperatively. Drain 

location and position, as well as estimated intra-and 

postoperative blood loss were recorded. A note was made as to 

whether the patient received intra- and postoperative 

transfusions, and whether the blood product was autologous, 

homologous or Haemonetics Cell Saver-collected washed-red 

blood cells, or Solcotrans non-washed shed blood.  Pre- and 

post-transfusion vital signs were followed for evidence of a 

transfusion reaction. When possible, blood gas data was 

analyzed retrospectively. 

CONTROL GROUP: In order to investigate the effectiveness of 

the use of drains, a control group was established from 

patients in a separate study.  The control group consisted of 

49 patients in whom standard Hemovac drains had been used. 

The diagnoses and procedures in the control group were similar 

to those in the study group, and the patients in the control 

group were treated by the same attending surgeons as those in 

the study group.  The two groups are compared with respect to 

transfusion requirements and laboratory parameters where 

applicable. 

DATA ANALYSIS:  The means and standard deviations are 

reported.  Data for the study group and the control group were 



compared using T-tests.  Results prior to and following 

transfusion of shed postoperative drainage were compared using 

analysis of variance. 

RESULTS 

Three patients had Solcotrans drains placed but since the 

drainage was less than 200 ml, these patients were not 

reinfused.  Thus, twenty six of the twenty nine patients 

entered into the study were transfused with nonwashed-filtered 

shed blood.  The average age of the 29 patients was 15.5 

years, and mean weight was 51.0 kg (Table 1).  Thirty-one 

procedures were performed on the 29 patients in the study:  16 

spine fusions with autologous iliac crest bone grafting; 5 

spine fusions using allograft alone, and 10 osteotomies 

involving the proximal femur and/or pelvis.  The most common 

diagnosis was adolescent idiopathic scoliosis (10 of the 26 

patients). 

BLOOD LOSS:  The average estimated intraoperative blood loss 

(based on an estimate from drapes, sponges, and suction 

totals) was eleven hundred and sixty five ml (1165 ml) (Table 

1). The total postoperative drainage averaged 638 ml:  388 ml 

into the Solcotrans drain during the first six hours, and 250 

ml into the Hemovac . 

TRANSFUSIONS:  An average of 340 ml of Haemonetics Cell 

Saver blood was transfused intraoperatively into 29 patients 

(Table 1).  Each patient was transfused a total of 2.6 units 
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of banked blood,1.2 units intraoperatively, and 1.4 units 

postoperatively.  The volume of blood reinfused from the 

Solcotrans drain in twenty six patients averaged 336 ml with a 

range of 200 ml to 740 ml (Table 1). 

CLINICAL PARAMETERS:   One patient required platelets and 

fresh frozen plasma in addition to red cells for post- 

operative bleeding. A retrospective chart review of blood gas 

data recorded on 8 patients 1, 24, and 48 hours after-the 

transfusion of unwashed filtered shed blood showed no 

clinical evidence of acidosis or arterial oxygen desaturation 

(Table 2).  No transfusion reactions were noted based on 

monitoring of the patients temperature and vital signs in the 

recovery room, intensive care unit, and the ward (Tables 2 and 

3).  No transfusions had to be stopped before completion.  All 

cultures on the salvaged blood were negative. 

CHARACTERIZATION OF REINFUSED BLOOD:    The average 

hematocrit of the salvaged blood was 23 VI.  In the ten 

samples analyzed at the Naval Blood Research Laboratory,  the 

in vitro characteristics of the Solcotrans samples collected 

at time of reinfusion are shown in Tables 4, 5 and 6.  The 

mean platelet count was 28,000 per mm3, and white cell count 

was 11,400 per mm3.  The plasma hemoglobin was 236 mg%, 

complement C3a des arg was 9376 ng/ml, the number of fat 

particles less than 9u was 23,643 particles/ml, and the number 

9-40 microns was 24/ml.  No fat particles greater than 40 



microns were observed.  Factor V and VIII clotting protein 

levels were 10% and 35% of normal; fibrinogen was 37 mg/dl; 

protein C was 52% of normal; antithrombin III was 40% of 

normal; plasminogen was 54% of normal; and D-dimer was 205 

ug/ml. 

IN VIVO PARAMETERS: Hematologic measurements made on the 

patients' venous blood samples obtained immediately before, 

and 1 and 12-18 hours after reinfusion of the drained blood 

are shown in Tables 4, 5, and 6. ' "~- 

There were no changes in the hematocrit value or platelet 

count during the 12-18 hour posttransfusion period, although 

the white blood cell count did decrease significantly 

(p=0.003).  Plasma hemoglobin increased from about 29 mg% to 

about 53 mg%, which was equal to the expected value of 56 mg%. 

C3a des arg increased from 459 to 877 ng/ml, which was 

less than the expected value of 1454 ng/ml.  Fat particles of 

less than 9 microns in diameter increased from about 1 to 142 

particles per ml in 9 of the 10 patients; this level was less 

than the expected value of 1523 particles per ml.  One patient 

had 3,464 fat particles that were less than 9 microns in 

diameter per ml prior to transfusion, and data on this patient 

were deleted from the analysis.  Factor V clotting protein 

increased significantly (p=0.002) from 42 to 65% of normal, 

and factor VIII increased significantly (p=0.027) from 81 to 

102% of normal.  Fibrinogen increased significantly (p=0.001) 

from 154 to 276 mg/dl.  There were no changes in the levels of 

protein C, plasminogen, or antithrombin III.  D-dimer level 
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increased significantly at 1 hour following transfusion and it 

returned to baseline 12-18 hours posttransfusion. 

COMPARISON WITH CONTROL GROUP:  Table 1 shows a comparison 

between the study group and the control group.  The study 

group (mean age of 15.5 years) was significantly older than 

the control group (mean age 11.8 years).  The study group was 

heavier (51.0 kg) than the control (45.3 kg), but not 

significantly so.  Spinal fusions were performed on 21 of the 

31 patients (68%) in the study group compared with 28 of 49 

patients (57%) in the control group.  Autogenous iliac crest 

bone graft was harvested in 18 of the 29 study group patients 

(62%) and in 22 of the 48 in control group patients (45%).  In 

the study group, 9 patients (31%) had only deep drains, 2 (7%) 

had only superficial drains, and 18 (62%) had drains both deep 

and superficial to the fascia.  In the control group, 31 (63%) 

had only deep drains, 1 (2%) had only superficial drains, and 

17 (35%) had both. 

Table 1 shows the estimated and measured blood loss for 

the two groups.  The estimated operative blood loss was 1165 

ml in the study group and 818 ml in the control group. The 

postoperative drainage (recorded from Solcotrans and Hemovac) 

was 638 ml in the study group versus 501 ml in the control 

group, not a significant difference in either group (p<.05). 

The study group was reinfused a significantly greater 

volume of washed intraoperatively salvaged blood (Haemonetics 

Cell Saver) (340 ml) than the control group (206 ml) (Table 
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1).  An average of 2.6 units of banked blood was transfused to 

each patient in the study group (autologous, designated donor, 

and homologous) compared to 1.2 units for the control group 

(significant p<.001) (Table 7).  Seventy-seven percent (77)% 

of the banked blood transfused in the study group was 

autologous compared with 63% in the control group.  In the 

study group, 19 of the 29 patients (66%) received autologous 

blood, 2 patients (7%) received designated donor blood, and 3 

patients (10%) received homologous blood.  For the control 

group, 19 of the 48 patients (40%) received autologous blood, 

and 10 (21%) received homologous blood (Table 7). 

Hematocrit values were similar for the study and control 

groups.  Admission hematocrits were 37 V% for both groups. 

Immediate postoperative hematocrits were 31 for the study and 

33 for the control group (p<.02).  The final hematocrits (3-9 

days post operatively) were 31 for the study group, and 30 for 

the control group. 

COMPLICATIONS:  Two of the 29 patients in the Solcotrans 

group developed complications: 

One patient with Down's syndrome suffered a deep 

infection and wound breakdown after undergoing a dial 

osteotomy.  This patient initially had Solcotrans drains 

placed and was switched to a standard Hemovac suction six 

hours post operatively.  Two-hundred (200) ml were reinfused 

from the Solcotrans, and an additional 185 ml accumulated in 

the Hemovac before it was removed on the second day post- 



12 

operative.  A hematoma formed which became infected and led to 

wound dehiscence.  Coagulation studies were normal.  The 

patient required multiple debridements, intravenous 

antibiotics, and eventual closure with a local muscle flap. 

A second patient with severe spastic quadriplegia, who 

was 11 years old and weighed 20 kg, bled excessively post 

operatively. During closure of the T3 to L5 Harri-Luque 

posterior spinal fusion, a marked increase in bleeding was 

noted from all sites.  The estimated intraoperative blood loss 

was 500 ml; the postoperative Solcotrans and Hemovac output 

were 740 and 800 ml. respectively.  One unit of homologous 

blood was given intraoperatively, and four units of homologous 

banked blood, 2 units of fresh frozen plasma and 740 ml of 

salvaged blood was given postoperatively.  Preoperatively, PT, 

PTT, and bleeding time were at the upper limits of normal; 

these measurements were elevated immediately postoperatively 

(PT 17.0/11.9, PTT 34.6/22.6), and had returned to baseline by 

the second postoperative day. 

COST:  At the time of this study, the price of one unit (500 

ml) of autologous, homologous, and Solcotrans salvaged blood 

at the Children's Hospital in Boston was $105, $234, and $138 

respectively. 

DISCUSSION 

The reinfusion of shed blood is relatively new in 

orthopaedics, although it has been used for years in cardio- 
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thoracic and vascular surgery. Whether non-washed filtered 

shed blood obtained from the mediastinum should be collected 

with an anticoagulant and washed prior to reinfusion is still 

debated.17'29'42'63'64'69 Washing blood prior to reinfusion 

reduces plasma hemoglobin concentrations and removes the 

anticoagulant, fat particles, microaggregates, and debris.  It 

reduces the levels of fibrin-fibrinogen degradation products 

and D-dimer fragments produced by clotting and lysis of the 

shed blood, as well as products of platelet activation-and 

lysis (beta thromboglobulin, thromboxane A2, serotonin, and 

lactic dehydrogenase), and the products of complement 

activation.  Concerns about transfusing unwashed filtered shed 

blood postoperatively in non-septic, non-oncologic surgery 

center on possible problems with coagulopathy, complement 

activation, renal compromise, and contamination by bacteria, 

fat particles, and other debris.10'11'22'47'59'61'62 

Clements et al22 reported a 25% incidence of 

complications including hypotension and hypothermia, and one 

unexplained death, in a study of 16 adult patients undergoing 

spine surgery and hip and knee arthroplasties who received an 

average of 200 ml unwashed, filtered shed blood.  These 

results are in contrast to those reported by Fans et alJJ- who 

found febrile reactions to be the only adverse reaction to 

reinfusion of an average of 1.3 units of unwashed, filtered 

blood in 99 hip and knee arthroplasty patients.  Groh et al43 

noted no evidence of coagulopathy, thrombocytopenia, or renal 

dysfunction after an average of 607 ml of unwashed blood was 
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35 transfused in 25 knee arthroplasty patients.  Gannon-'*' 

concluded that the postoperative blood salvage and reinfusion 

of unwashed blood was safe in 124 hip and knee arthroplasty 

patients. The differences in reported data in the literature 

on the safety of reinfused unwashed filtered shed blood and 

the absence of data on its use in the paediatric and 

adolescent population, stimulated our study of patients in 

this age group  Our findings that platelet count, 

plasminogen, protein C, and antithrombin III levels in-the 

patient were not significantly decreased indicate that the 

quantity of unwashed blood infused did not produce a 

coagulopathy.  The findings that shed blood contained high 

levels of D-dimer, and C3a, as well as low levels of 

platelets, fibrinogen, and factors V and VIII clotting 

proteins, indicated an activation of the clotting, 

fibrinolytic, and complement systems. When this blood was 

reinfused, the elevations in circulating D-dimer and C3a at 

one-hour post-transfusion were lower than the expected values. 

These levels were normal twelve to eighteen hours post 

reinfusion, suggesting the absence of systemic disseminated 

intravascular coagulation or complement activation. 

Similarly, the plasma hemoglobin concentrations which were 

elevated in the shed blood samples were no higher than 

expected following reinfusion, indicating that intravascular 

hemolysis had not occurred. 

The shed blood contained on the order of 23,500 

particles that were less than 9 microns in diameter per ml. 
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One hour post-reinfusion the fat particle level was 

significantly lower than expected, and by 12 hours had 

essentially normalized. Although the presence of such 

particles in reinfused blood is of concern, data indicate that 

the particles are rapidly cleared from the circulation. 

Clinical observation and blood gas values showed no 

significant deterioration in oxygenation following reinfusion. 

Clinical and vital sign monitoring, temperature data and 

blood culture results did not show any evidence of significant 

contamination in shed blood reinfused within the six-hour 

collection period used in this study. During monitoring in the 

KR and ICU, there was no evidence of hypotensive episodes 

associated with the reinfusion of the unwashed filtered shed 

blood collected with or without the acid citrate dextrose 

(ACD) anticoagulant. 

Our clinical observations and analyses of blood samples 

correlated well with those of Faris et al31 who studied 

arthroplasty patients reinfused an average of 453 ml of 

unwashed filtered shed blood.  Faris and associates31 noted 

febrile reactions consisting of shaking chills and fevers of 

38.5 degrees C. or greater in 14 of 153 patients.  They 

reported a 2% incidence of febrile reactions in patients who 

received shed blood less than 6 hours after operation, in 

contrast to a 22% incidence when the blood was not reinfused 

for 6-12 hours. 

Our findings of all negative cultures at time of 

reinfusion also agree with those of Faris et al31.  Decker and 
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Heeg28 found only two positive cultures out of 225 cultures 

done during intra- and postoperative reinfusion of shed blood 

and they concluded that intra- and postoperative 

autotransfusion of shed blood did not increase the risk of 

infection. Although we noted that the volume and timing of 

reinfusion appeared to be important considerations in the 

reinfusion of unwashed shed blood, there was no evidence that 

the Solcotrans double filtered open-air system as used in our 

study carried an increased risk of infection over standard 

blood transfusion. 

The possibility that elevated levels of fibrin split 

products in unwashed shed blood may produce a coagulopathy 

remains a concern.9'18'29'37'51'52'55'70 The adolescents and 

children in our study showed no evidence of an induced 

coagulopathy after reinfusion of increased levels of fibrin 

split products.  One explanation may be that the volume of 

shed blood reinfused was small: the patients received an 

average of 336 ml of shed blood which is approximately 10% of 

their blood volume.  Faris et al31 reinfused 10 to 15 percent 

of the blood volume of their adult patients and did not 

observe a coagulopathy.  Groh et al43 noted no clinical 

evidence of coagulopathy in reinfusing an average of 607 ml of 

unwashed filtered shed blood. We agree that further studies 

are needed on the amount of unwashed filtered shed blood that 

can be reinfused without producing a coagulopathy in adult 

and pediatric patients. 
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When complement is activated, the anaphylatoxins C3a and 

C5a are formed.23 They enhance vascular permeability, induce 

release of histamine, secretion of lysosomal enzymes, and the 

production of interleukin and prostaglandin from 

macrophages.20'27'37'47'48 Activation of complement also has 

been proposed as one etiologic factor in the development of 

respiratory distress syndrome and multi-organ failure.  '  ' 

Bengtson et al10 in a study of 18 hip and knee arthroplasty 

patients noted elevated concentrations of anaphylatoxins and 

terminal complement complexes in postoperatively salvaged 

blood and hypothesized that activation of the cascade occurred 

in the collection system or in the wound, although no clinical 

or laboratory signs of systemic complement activation were 

noted.  Our results correlate well with those findings.  Since 

complications due to complement activation are related to the 

peak plasma concentration and the duration of elevated 

concentrations of anaphylatoxins, studies in which larger 

volumes of nonwashed filtered shed blood are reinfused are 

necessary to clarify this area of investigation. 

The plasma hemoglobin, D-dimer, and fat levels in the 

nonwashed filtered shed blood were diluted in the blood volume 

of the recipient following the reinfusion. The hemolysis 

observed in the nonwashed filtered shed blood was caused by 

mechanical damage to erythrocytes by negative pressure 

suctioning, foaming, and contact with air and artificial 

surfaces.  Complement activation may also produce hemolysis.11 

The plasma hemoglobin level of the shed blood in our study of 
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236 mg% correlated well with the level of 250 mg% found by 

Faris et al.31 The plasma hemoglobin level of approximately 

31 • 50 mg% found in both our study and Faris and associates,  is 

below the level expected to produce hemoglobinuria in patients 
CO 

with normal haptoglobin levels. J 

In our study, the acid citrate dextrose (ACD) 

anticoagulant was added to the collection chamber for the 

first 11 patients, but was discontinued for the remaining 18 

patients since evidence from other studies became available 

indicating that it was not required31 and, in fact, might 

possibly be harmful in hypothermic patients.74  No gross 

clots were noted in the collection chamber or tubing, and no 

drains clotted off.  This observation, together with the high 

level of D-dimer and low levels of fibrinogen, platelets, and 

factors V and VIII clotting protein, indicated that the shed 

blood had clotted and lysed.11'45'66 

Because none of the patients in whom ACD was added to the 

shed blood were included in the group of 10 patietns studied 

in detail at the NBRL, we are not able to make a comparative 

analysis of the quality of the nonwashed shed blood with and 

without ACD.  However, Faris and associates31 reported no 

significant differences in their study, with the exception of 

significantly reduced factor VIII and protein C levels in 

blood samples collected with ACD. 

A major consideration in the reinfusion of shed blood 

and, in fact, for any blood transfusion, is the red cell 

survival.  There are no published data on the survival of 
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human postoperatively salvaged blood, although studies in 

animals have shown 24 hour posttransfusion survival values of 

90% and normal lifespan and oxygen transport function.36' ° 

Moreover, red blood cells salvaged from patients during 

cardiopulmonary bypass and vascular surgical procedures and 

washed before reinfusion have been found to have in vivo 

survival values similar to those of fresh blood.3'4 These 

various studies appear to indicate that the survival and 

-function of intra-operatively collected and clotted-lysed 

washed red blood cells are similar to those of liquid- 

preserved cells stored for less than a week, and better than 

those of cells stored for greater than one week.  Additional 

studies of post-operatively salvaged human red cells are 

needed to determine if these values are similar to those of 

intra-operatively salvaged red cells. 

EFFICACY:  The effectiveness of preoperative autologous 

donation and intraoperative cell salvaging in orthopedic 

surgery are well documented.8'16'25'26'31'33'35'37'39'43'50' 

58,60, 65,72,73,77,78  There are fewer reports on the 

effectiveness of postoperative blood salvage.65 

In our study, we evaluated the effectiveness of the 

reinfusion of nonwashed shed blood.  Forty-eight (48) patients 

who underwent similar spine and hip procedures at the same 

institution by the same surgeons and who had standard medium 

Hemovac drains placed, were chosen as the control group by 

Crawford et al (unpublished data) comparing this group to a 

group in which no drains were placed.  The demographics of the 
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control group and the group receiving Solcotrans blood were 

similar. 

Intraoperative and postoperative blood loss observed in 

the study group was higher, although not statistically 

significant, than in the control group, and this may have been 

due to the fact that the study group had a higher percentage 

of spine fusions (68% vs. 57%) and autogenous iliac crest bone 

grafts  (62% vs 45%). The average weight was greater in the 

study group, although not significantly so; when blood-loss 

was reported per kilogram of body weight, the results were 

similar. 

The study group received more cell saver blood and banked 

blood intraoperatively and postoperatively, which may have 

been due in part to the greater blood loss observed in this 

group.  Other factors could have influenced the amount of 

banked blood transfused beside the hematocrit. Wasman and 

Goodnough76 examined the effect of autologous blood donation 

on physician transfusion behavior.  In addition to concluding 

that significantly lower hematocrits were tolerated in 

patients with autologous blood deposits, they found that many 

autologous blood units were transfused because they were 

available. Although the hematocrits of our control and study 

groups were not significantly different, a greater percentage 

of transfused blood was autologous or designated donor in the 

control population. 

CONCLUSIONS 
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The reinfusion of an average of 336 ml of nonwashed 

filtered shed blood in children and adolescents following 

major orthopaedic surgery proved to be a safe proceudre. 

However, the reinfusion of this volume of nonwashed shed blood 

did not reduce the amount of banked blood transfused.  The use 

of a system for salvage and reinfusion of nonwashed shed blood 

postoperatively is recommended as a safe method to minimize 

the need for homologous transfusion, especially when there is 

insufficient or no pre-donated autologous blood available. 
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TABLE 1 

BLOOD LOSS AND BLOOD TRANSFUSED IN PATIENTS REINFUSED WITH SHED 
ORTHOPEDIC DRAINAGE AND PATIENTS NOT REINFUSED WITH SHED 

ORTHOPEDIC DRAINAGE 

PATIENTS  REINFUSED PATIENTS  NOT REINFUSED 
WITH  SHED  ORTHOPEDIC WITH SHED ORTHOPEDIC T  TEST 

DRAINAGE DRAINAGE p VALUE 
AGE (years) 

MEAN 15.5 11.8 <0.01 
SD 3.6 6.1 

N 29 49 

WEIGHT (kg) 
MEAN 51.0 45.3 NS 

SD 14.9 26.0 
N 29 49 

BLOOD LOSS (ml) 
a. INTRAOPERATIVE 

MEAN 1165 818 NS 
SD 627 1018 

N 29 49 

b. POSTOPERATIVE 
MEAN 638 501 NS 

SD 424 467 
N 29 48 

c. TOTAL . 
MEAN 1832 1395 NS 

SD 923 1452 
N 29 48 

REINFUSED BLOOD (ml) 
a. CELL SAVER (INTRAOPERATIVE) 

MEAN                               340 206 <0.05 
SD 257 291 

N 29 49 

b. SOLCOTRANS (POSTOPERATIVE) 
MEAN 336 0 — — 

SD 186 0 
N 29 49 

c. TOTAL 
MEAN 676 206 <0.001 

SD 
N 

324 
29 

291 
49 
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TABLE 2 

BLOOD PRESSURE AND ARTERIAL BLOOD GAS LEVELS IN PATIENTS FOLLOWING 
TRANSFUSION OF SHED ORTHOPEDIC DRAINAGE 

1 HOUR      1 DAY     2 DAYS 
FOLLOWING SURGERY 

SYSTOLIC BLOOD PRESSURE 
MEAN 120 

SD 12 
N 17 

DIASTOLIC BLOOD PRESSURE 
MEAN 68 

SD 9 
N 17 

ARTERIAL PH 
MEAN 7.38 

SD 0.03 
N 7 

ARTERIAL D02 (ton) 
MEAN 129 

SD 54 
tf 8 

ARTERIAL DC02 (ton) 
MEAN 38.3 

SD 4.5 
tf 8 

120 118 
15 15 
22 15 

69 63 
15 13 
22 15 

7.39 7.42 
0.03 0.03 

8 3 

106 138 
29 54 
8 3 

38.1 37.3 
4.7 4.2 

8 8 
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TABLE 3 

TEMPERATURE MEASUREMENTS IN PATIENTS TRANSFUSED WITH SHED 
ORTHOPEDIC DRAINAGE AND PATIENTS NOT TRANSFUSED WITH SHED 

ORTHOPEDIC DRAINAGE 

TEMPERATURE ( C) 
1 HOUR     1 DAY    2 DAYS 

FOLLOWING SURGERY 

PATIENTS TRANSFUSED WITH SHED ORTHOPEDIC DRAINAGE 

MEAN 37.2 
SD 0.8 

N 17 

PATIENTS NOT TRANSFUSED WITH SHED ORTHOPEDIC DRAINAGE 

MEAN — 38.0 38.5 
SD 0.7 0.6 

N 49 46 

37.5 37.6 
0.7 0.5 

24 18 
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TABLE 4 

HEMATOLOGIC LEVELS IN ADOLESCENT PATIENTS PRIOR TO AND FOLLOWING 
TRANSFUSION OF 1 UNIT OF SHED ORTHOPEDIC DRAINAGE 

PRIOR TO ANALYSIS 
TRANSFUSION 1-2   HOUR 12-18  HOUR OF VARIAN« 

(RECOVERY ROOMJ 

:RIT (V%) 
28 

FOLLOWING TRANSFUSION D VALUE 

HEMATO( 
MEAN 29 29 NS 

SD 3 2 2 
N 10 10 10 

RANGE 25- 26- 25- 
32 32 31 

HEMOGLOBIN (g/dl) 
MEAN                    9.8 10.0 9.7 NS 

SD 0.9 0.7 0.6 
N 10 10 10 

RANGE 8.6- 8.5- 8.2- 
11.2 10.9 10.4 

WHITE BLOOD CELL COUNT (X103/mm3) 
MEAN                  20.2                           16.1 12.7* 0.003 

SD 9.4 4.8 3.5 
N 10 10 10 

RANGE 10.1- 11.0- 6.9- 
42.0 26.5 20.5 

PLATELET COUNT (x103/mm3) 
MEAN                    210 179 176*, 0.040 

SD 83 57 52 
N 10 10 10 

RANGE 86- 97- 107- 
303 289 249 

SHED 
ORTHOPEDIC 
DRAINAGE 

23 
5 

19 
13- 
29 

7.1 
1.6 
10 

4.5- 
9.2 

11.4 
2.6 

9 
7.1- 

15.5 

28 
38 
9 
4- 

123 

♦Significantly different from pre-transfusion value 
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TABLE 5 

THE MEASURED AND EXPECTED D-DIMER LEVEL, C3A LEVEL, AND NUMBER OF 
FAT PARTICLES IN ADOLSCENT PATIENTS PRIOR TO AND FOLLOWING 

TRANSFUSION OF 1 UNIT OF SHED ORTHOPEDIC DRAINAGE 

PRIOR TO 1-2 HOUR     12-18 HOUR ANALYSIS SHED 
I rRANSFUSION FOLLOWING TRANSFUSION OF VARIANCE ORTHOPEDIC 

rRECOVERY ROOM) MEASURED EXPECTED D VALUE DRAINAGE 

D-DIMER (ug/ml) 
MEAN 0.9 7.8* 12.3 1.7 0.0001 205 

SD 1.3 3.6 6.6 2.3 66 
N 10 10 10 10 10 

RANGE 0- 2.0- 5.7- 0- 128- 
4.0 16.0 22.6 8.0 

- 
256 

PLASMA HEMOGLOBIN (mg%) 
MEAN 29 53 56 26 NS 236 

SD 13 47 16 18 101 
N 9 9 9 9 9 

RANGE 11- 5- 31- 4- 97- 
50 142 75 51 422 

COMPLEMENT C3a des arg (ng/ml) 
MEAN 459 877 1454 487 NS 9376 

SD 282 835 594 352 3276 
N 10 10 9 10 10 

RANGE 133- 199- 592- 194- 4876- 
1090 2896 2459 1412 13764 

FAT <9 MICRON (# particles/ml) 
MEAN 1 142 1523 21 NS 23643 

SD 1 405 3097 59 56965 
N 9 9 9 9 10 

RANGE 0- 0- 4 0- 71- 
4 1286 10120 179 194048 

FAT 9-40 MICRON (# particles/ml) 
MEAN 0 0 3 0 —— 24 

SD 0 0 3 0 36 
N 10 10 10 10 10 

RANGE 0 
11 

0- 
95 

FAT >40 MICRON (# particles/ml) 
MEAN 0 0 0 0 —— 0 

SD 0 0 0 0 0 
N 10 10 10 10 10 

RANGE — — — —— —— 

♦Significantly different from pre-transfusion value 
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TABLE 6 

PLASMA PROTEIN LEVELS IN ADOLESCENT PATIENTS PRIOR TO AND FOLLOWING 
TRANSFUSION OF 1 UNIT OF SHED ORTHOPEDIC DRAINAGE 

PRIOR TO ANALYSIS        SHED 
TRANSFUSION     1-2 HOUR  12-18 HOUR   OF VARIANCE   ORTHOPEDIC 

(RECOVERY ROOM)   FOLLOWING TRANSFUSION    P VALUE      DRAINAGE 

FVIII CLOTTING PROTEIN (%) 
MEAN                    81 70 102* 0.027                     35 

SD                     31 38                          43 24 
N                   10 10                         10 10 

RANGE                    10- 10-                       10- 10- 
115 126 154 88 

FV CLOTTING PROTEIN (%) 
MEAN                    42 46 65* 0.002  *      10 

SD                   21 25 26 0 
N                    10 10 10 10 

RANGE                    10- 10- 10- 
69 86 97 

FIBRINOGEN (mg/dl) 
MEAN                    154 203* 276* 0.001         37 

SD                       41              61 56 36 
N                       10              10 10 10 

RANGE                    105- 110- 180- 20- 
225 300 350 110 

ANTITHROMBIN III (%) 
MEAN                      70                                   70 74, NS 40 

SD                      11                                   17 7 12 
N                      10                                   10 10 10 

RANGE                       51-                                  34- 68- 33- 
89                                     87 80 74 

PLASMINOGEN (%) 
64 56 NS          54 
12 9 13 
10 10 10 
41- 45- 34- 
80 69 76 

58 57 NS           52 
17 14 7 
10 10 10 
35- 32- 44- 
85 82 65 

♦Significantly different from pre-transfusion value 

MEAN 50 
SD 20 

N 10 
RANGE 38- 

80 

PROTEIN C (%) 
MEAN 59 

SD 17 
N 10 

RANGE 33- 
93 
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TABLE 7 

ADDITIONAL BLOOD PRODUCTS TRANSFUSED IN PATIENTS REINFUSED 
WITH SHED ORTHOPEDIC DRAINAGE AND PATIENTS NOT REINFUSED WITH 

SHED ORTHOPEDIC DRAINAGE 

PATIENTS REINFUSED 
WITH SHED ORTHOPEDIC 

DRAINAGE  

PATIENTS NOT REINFUSED 
WITH SHED ORTHOPEDIC 
 DRAINAGE 

ADDITIONAL BLOOD PRODUCTS TRANSFUSED (# units) 
a. AUTOLOGOUS RED BLOOD CELLS 

MEAN                             2.0 0.8 
SD                             1.8 1.0 

N                                 29 49 
# PATIENTS:        19 18 
%:                66 37 

b. HOMOLOGOUS RED BLOOD CELLS 
MEAN 0.4 

SD 1.2 
N 29 

# PATIENTS: 3 
%: 10 

c. DESIGNATED DONOR RED BLOOD CELLS 
MEAN 0.2 

SD 0.9 
N 29 

# PATIENTS: 2 
%: 7 

d. FRESH FROZEN PLASMA-AUTOLOGOUS 
MEAN 0.2 

SD 0.5 
N 29 

# PATIENTS: 3 
%:                                           10 

e. FRESH FROZEN PLASMA-HOMOLOGOUS 
MEAN 0.1 

SD 0.4 
N 29 

# PATIENTS: 1 
%: 3 

0.4 
1.0 
49 

9 
19 

0.0 
0.0 

48 
0 
0 

0.0 
0.0 

48 
0 
0 

0.2 
0.6 

48 
4 
8 

T  TEST 
P VALUE 

<0.001 

NS 

NS 

CRYSTALLOID 
MEAN 2372 

SD 1137 
N 29 

# PATIENTS: 29 
%: 100 

COLLOID (ALBUMIN) 
MEAN 206 

SD 263 
N 29 

# PATIENTS: 13 
%: 45 

1755 
1842 

48 
48 

100 

140 
218 

48 
15 
31 

NS 

NS 
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