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Objective : The purpose of this study was to determine the efficacy of intra-operative cell salvage system (ICS) to decrease the 
need for allogeneic transfusions in patients undergoing major spinal deformity surgeries.
Methods : A total of 113 consecutive patients undergoing long level posterior spinal segmental instrumented fusion (≥5 levels) for 
spinal deformity correction were enrolled. Data including the osteotomy status, the number of fused segments, estimated blood 
loss, intra-operative transfusion amount by ICS (Cell Saver®, Haemonetics©, Baltimore, MA, USA) or allogeneic blood, postoperative 
transfusion amount, and operative time were collected and analyzed.
Results : The number of patients was 81 in ICS group and 32 in non-ICS group. There were no significant differences in 
demographic data and comorbidities between the groups. Autotransfusion by ICS system was performed in 53 patients out of 81 in 
the ICS group (65.4%) and the amount of transfused blood by ICS was 226.7 mL in ICS group. The mean intra-operative allogeneic 
blood transfusion requirement was significantly lower in the ICS group than non-ICS group (2.0 vs. 2.9 units, p=0.033). The 
regression coefficient of ICS use was -1.036.
Conclusion : ICS use could decrease the need for intra-operative allogeneic blood transfusion. Specifically, the use of ICS may 
reduce about one unit amount of allogeneic transfusion in major spinal deformity surgery.
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INTRODUCTION

Major spinal deformity surgery involving long-level instru-

mented fusion has the potential for massive blood loss, which 

necessitates allogeneic blood transfusion20,28). Increased inci-

dence of complications, however, occurs in these patients 

when allogeneic transfusions are performed. These complica-

tions include transmitted diseases such as viral hepatitis, cyto-

megalovirus infection, and human immunodeficiency virus 

infection. Furthermore, other potential serious complications 

include autoimmunization and hypersensitivity reactions1).

Accordingly, there are raising concerns about blood conser-
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vation strategies to reduce intra-operative allogeneic blood 

transfusions and associated complications. The techniques of 

blood conservation include patients positioning to avoid ab-

dominal compression, hypotensive anesthesia, normovolemic 

hemodilution, application of topical hemostatic agents to de-

corticated bone, antifibrinolytic therapy, preoperative autolo-

gous blood donation, and intra-operative cell salvage system 

(ICS)3,6,10,19). ICS has been widely used to decrease the need for 

allogeneic transfusion for organ transplantation surgeries. Re-

cently, ICS has been applied in various spinal surgeries includ-

ing deformity, tumor, and spondylitis11,14,15,23). There existed, 

however, conflicting evidence about its efficacy and safety is-

sues9,12,16,17).

The purpose of this study was to evaluate the clinical effica-

cy and safety of ICS for major spinal deformity surgery. This 

study also explored factors related to intra-operative allogeneic 

transfusion volume.

MATERIALS AND METHODS

A total number of 113 patients undergoing long level (≥5 

levels) posterior spinal fusion surgeries for deformity correc-

tion between March 2012 and August 2015 at a single institu-

tion were analyzed retrospectively. The patients were not ran-

domized, however, consecutively enrolled. We obtained 

informed consent from all the patients and also approval from 

the institutional review board (IRB number B-1603/338-109). 

Authors decided to set the ICS (Cell Saver®, Haemonetics©, 

Baltimore, MA, USA) in cases of the intended level of instru-

mentation was seven or more, or the pedicle subtraction oste-

otomy was planned (Fig. 1).

Patients who underwent spinal fusion surgeries including 

five segments or more, regardless of spinal osteotomy, were 

included. Both revision and primary cases were included. Pa-

tients with infectious disease or spinal tumor including me-

tastasis were excluded. Demographic information collected 

included age, sex, body mass index (BMI), comorbidities, 

smoking status, preoperative hemoglobin level, primary or re-

vision surgery status, and anti-platelet medication status. Pa-

tients taking anti-platelet administration were instructed to 

hold medication for five days before surgery. Operative details 

included the osteotomy status, the number of fused segments, 

estimated blood loss (EBL), intra-operative transfusion 

amount by ICS or allogeneic blood, postoperative transfusion 

amount, and surgical time.

To investigate potential complications associated with allo-

geneic blood transfusion or ICS use, intra-operative and post-

operative adverse events were analyzed and compared be-

tween groups. Prothrombin time (PT) and activated partial 

thromboplastic time (aPTT) were checked preoperatively and 

postoperatively to find out whether ICS related coagulopathy 

occurred.

All patients underwent a similar operative technique by a 

single surgeon : standard posterior subperiosteal exposure, 

facet release, screw insertion by free-hand technique, neural 

decompression, and transforaminal interbody fusion, and 

pedicle subtraction osteotomy or posterior vertebral column 

resection, if needed. After rod assembly, posterior elements or 

Fig. 1. Photograph showing the intra-operative cell salvage system (Cell 
Saver®, Haemonetics©, Baltimore, MA, USA).
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transverse processes were decorticated, followed by posterior 

onlay fusion or posterolateral fusion in all patients. All 

wounds were closed with Hemovac® drain, and sometimes 

adding Jackson-Pratt® drain at suprafascial layer. We used a 

suction to aspirate shed blood at the level of 300 mmHg (the 

upper limit recommended by manufacturers) throughout the 

surgery.

The same blood transfusion guidelines were applied to all 

patients. Transfusion of allogeneic blood was performed if he-

moglobin level decreased to <7.0 g/dL or if anemic symptoms 

developed, such as decreased systolic blood pressure to <100 

mmHg, tachycardia >100 beats/min, or a oliguria of <30 mL/h, 

following initial f luid infusion with 500 mL normal saline in 

patients with a hemoglobin level between 7.0 and 8.0 g/dL21,24).

Analysis
Using SPSS version 22.0 software for Windows (IBM, Corp., 

Armonk, NY, USA), dichotomous data was compared using 

chi-square test, and independent t-test was used for compari-

son of parametric data. A stepwise multiple regression analysis 

was conducted to investigate the predictive factors of periop-

erative transfusion volume. Statistical significance was set at 

p<0.05.

RESULTS

Descriptive analysis was performed to summarize patients 

and surgical characteristics. Eighty one (71.7%) patients were 

operated with the use of ICS, whereas 32 (28.3%) patients did 

not use the ICS. Baseline characteristics are summarized in 

Table 1. Among 113 patients with the median age of 54.1 years, 

25 patients (22.1%) were male and 88 patients (77.9%) were fe-

male. About one third (33.6%) of patients had a history of un-

dergoing previous spine surgeries. There were no significant 

differences in demographic data regarding age, sex, BMI, pre-

vious surgery status, preoperative hemoglobin level, and co-

morbidities between the ICS and non-ICS groups. The pro-

portion of patients administrating anti-platelet medication 

was higher in non-ICS group (16.0 vs. 28.1%), however, the 

difference did not reach statistical significance (p=0.144). 

There were eight cases of intraoperative complications; dural 

tear in six patients (one of them underwent revision surgery 

for prolonged cerebrospinal fluid leakage), screw malposition 

in one patient who required revision surgery, and chin sore in 

one patient.

The disease profiles are summarized in Table 2. The most 

common etiology for surgery was degenerative lumbar f lat-

back syndrome (31 patients), followed by adolescent idiopathic 

scoliosis (22 patients), post-traumatic kyphosis (17 patients), 

and postoperative flatback syndrome (11 patients).

Operative characteristics between two groups are presented 

in Table 3. The proportion of patients who underwent osteot-

omy was higher in ICS group, but not statistically significant. 

The number of fused segment was significantly greater in ICS group 

than that of non-ICS group (9.6±2.8 vs. 8.3±2.2, p=0.023). The 

EBL and surgical time between two groups were not different 

significantly.

The mean amount of autologous blood transfused by ICS 

was 226.7±274.9 mL in ICS group. However, 34.6% of patients 

Table 1. Summary of demographic data

All patients (n=113) ICS group (n=81) Non-ICS group (n=32) p-value

Age (years)  54.1±24.5 53.5±24.7 55.6±24.2 0.673

Sex, male   25 (22.1)   18 (22.2)   7 (21.9) 0.968

Body mass index (kg/m2)  23.5±4.4 23.8±4.7 23.0±3.7 0.383

Hypertension   45 (39.8)    31 (38.3) 14 (43.8) 0.596

Diabetes   15 (13.3)    9 (11.1)   6 (18.8) 0.335

Smoker     5 (4.4)   2 (2.5) 3 (9.4) 0.218

Preoperative Hb (g/dL)  13.0±1.8 12.9±1.8 13.2±1.7 0.218

Previous spine surgery   38 (33.6)  30 (37.0)   8 (25.0) 0.208

Anti-platelet medication   22 (19.5)  13 (16.0)   9 (28.1) 0.144

Values are presented as mean±standard deviation or number (%). ICS : intra-operative cell salvage system, Hb : hemoglobin
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in ICS group (28/81) were not transfused by ICS in spite of ICS 

set-up because surgical bleeding was not large enough to be 

transfused. Focused on patients who were transfused by ICS 

during surgery, the mean amount of transfused blood by ICS 

was 346.5 mL.

In patients who used ICS, the mean amount of intra-opera-

tive allogeneic transfusion was significantly reduced, com-

pared to the patients in non-ICS group (2.0±1.9 vs. 2.9±2.3 

units, p=0.033). The mean amount of postoperative transfu-

sion were similar in both groups (1.0±1.5 vs. 1.2±1.6 units, 

p=0.948).

Predicting volume of allogeneic blood transfu-
sion

To identify predictive factors of the volume of allogeneic 

blood transfusion, variables including age, sex, BMI, trans-

fused volume by ICS, surgical time, osteotomy status, number 

of fused segment, EBL, previous operation, preoperative he-

moglobin levels, status of anti-platelet medication, and preop-

erative coagulation profiles were selected and analyzed by 

simple regression analysis. Among those variables, surgical 

time (p=0.002), EBL (p=0.000), osteotomy status (p=0.040), 

use of ICS (p=0.036), and preoperative hemoglobin levels 

(p=0.045) were statistically significant.

Multiple regression analysis was conducted to adjust various 

Table 3. Operative characteristics

ICS group (n=81) Non-ICS group (n=32) p-value

Osteotomy 35 (43.2) 12 (37.5) 0.583

Number of fused segments 9.6±2.8 8.3±2.2 0.023

Estimated blood loss (mL) 953.7±774.5       1098.4±617.5 0.347

Surgical time (minutes) 393.3±122.8 358.3±117.5 0.169

Intraoperative transfusion amount

By ICS (mL) 226.7±274.9 –

By allogeneic blood (unit) 2.0±1.9   2.9±2.3 0.033

Postoperative transfusion amount (mL) 1.0±1.5 1.2±1.6 0.948

Values are presented as number (%). ICS : intraoperative cell salvage system

Table 2. Disease pro�les

ICS group (n=81) Non-ICS group (n=32) All patients (n=113)

Degenerative flatback syndrome 20 11 31

Adolescent idiopathic scoliosis 15 7 22

Post-traumatic kyphosis 13 4 17

Postoperative flatback syndrome 8 3 11

Degenerative lumbar scoliosis 5 3 8

Tuberculosis kyphosis 3 3 6

Postoperative junctional kyphosis 5 0 5

Syndromic scoliosis 3 1 4

Scheuermann kyphosis 3 0 3

Congenital scoliosis 2 0 2

Postlaminectomy kyphosis 2 0 2

Ankylosing spondylitis 1 0 1

Cervicothoracic kyphosis 1 0 1

ICS : intra-operative cell salvage system
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confounding factors, where surgical time and EBL had a sig-

nificant positive correlation to the volume of intra-operative 

blood transfusion, whereas, use of ICS and preoperative he-

moglobin levels had negative effect (Table 4). The regression 

coefficient of ICS use was -1.036, which means the use of ICS 

may reduce allogeneic transfusion.

Regarding transfused volume by ICS as a numerical vari-

able (mL), multiple regression analysis was conducted, howev-

er, no significant correlation was found between transfused 

volume by ICS and that by allogeneic blood.

Transfusion related complications
A total of 20 possible transfusion related complications oc-

curred in the perioperative period (Table 5). In the ICS group, 

there were 14 cases (17.3%) of electrolyte changes and one case 

of allergic reaction. The control group showed five cases 

(15.6%) of electrolyte changes. No significant differences were 

observed in transfusion related complications between two 

groups. Now that we did not routinely check urinalysis post-

operatively, there was no case of transfusion related hemolytic 

reaction, hemoglobinuria, hematuria, or acute kidney injury 

in this study.

To assess the potential ICS related perioperative coagulopa-

Table 4. Results of stepwise multiple regression analysis with intraoperative allogeneic transfusion volume as the dependent variable

Regression coefficient Standard error T stat p-value 95% CI

ICS use -1.036 0.291 -3.555 0.001 -1.614 to -0.458

Preoperative Hb (g/dL) -0.308 0.073 -4.231 0 -0.452 to -0.164

Surgical time (minutes)  0.006 0.001   3.95 0 0.003 to 0.008

Estimated blood loss (mL)  0.001 0   4.834 0 0.010 to 0.020

R2=0.590. CI : confidence interval, ICS : intra-operative cell salvage system, Hb : hemoglobin

Table 5. Summary of possible transfusion related complications

ICS group (n=81) Non-ICS group (n=32) p-value

Allergic reaction 1 (1.2) 0 0.528

Hemolytic reaction 0 0 –

Electrolyte changes 14 (17.3) 5 (15.6) 0.832

Hemoglobinuria 0 0 –

Hematuria 0 0 –

Acute kidney injury 0 0 –

Values are presented as number (%). ICS : intra-operative cell salvage system

Table 6. Perioperative coagulation pro�les

ICS group (n=81) Non-ICS group (n=32) p-value

PT (INR) 0.457

Baseline 1.0±0.1 1.0±0.1

Immediate postoperation 1.4±0.3 1.5±0.4

Day 1 postoperation 1.2±0.1 1.2±0.1

aPTT (seconds) 0.579

Baseline 36.5±4.4 37.2±4.9

Immediate postoperation 42.2±21.0 40.5±10.3

Day 1 postoperation 37.2±3.7 38.3±5.1

ICS : intraoperative cell salvage system, PT : prothrombin time, INR : international normalized ratio, aPTT : activated partial thromboplastic time
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thy, PT and aPTT were checked and analyzed. There were no 

differences in preoperative and postoperative PT or aPTT be-

tween two groups (Table 6). The PT and aPTT commonly 

reached their highest level at the immediate postoperative pe-

riod, followed by decrease and stabilization near normal value 

after postoperative day 1. There was no case of disseminated 

coagulopathy during operation in both groups.

DISCUSSION

ICS has been documented as a valuable method of recycling 

blood in a safe and effective manner, to avoid such complica-

tions related to allogeneic blood transfusion as well as to con-

serve blood bank resources2,30). In the present study, authors 

found that ICS use had a significant reducing effect upon the 

amount of allogeneic blood transfusion during surgery (2.0±

1.9 vs. 2.9±2.3 units, p=0.033). Even if there was disparity 

about the number of fused segments between two groups, ICS 

also noted a conservative effect as much as one unit amount 

of intra-operative allogeneic blood transfusion after multiple 

regression analysis.

There have been literatures reporting ICS effective in spinal 

surgeries, consistent with the present study. Lennon et al.16) re-

ported the ICS to be useful in decreasing amount of allogeneic 

blood transfusion more than 50% in a group of both pediatric 

and adult spinal deformity patients. Another investigators 

suggested that ICS was associated with decreased intra-opera-

tive (0.4 vs. 9.1 mL/kg) and perioperative allogeneic transfu-

sion volume (1.9 vs. 11.1 mL/kg) in pediatric scoliosis pa-

tients4). Recently, Liang and colleagues17) demonstrated in their 

randomized prospective study that ICS reduced the need for 

allogeneic blood transfusion in 110 scoliotic patients undergo-

ing posterior spinal fusion.

On the other hand, studies reporting that ICS use was not 

effective also exist. Kelly and colleagues12) suggested that ICS 

has limited utility upon cost-effectiveness and reducing trans-

fusion requirements in short-segment lumbar laminectomy 

and fusion procedures (≤3 levels). Previous researchers found 

that the use of cell saver did not significantly reduce the need 

for other transfusions in scoliosis surgery31). Furthermore, 

Gause and colleagues9) insisted that the ICS use did not de-

crease the need for transfusion, it was even associated with a 

higher blood loss.

There have been concerns associated with the use of ICS. 

Complications such as non-immune hemolysis, hematuria, 

coagulopathy, micro-embolization, contamination with 

drugs, cleansing solutions and infectious agents, and incom-

plete washing have been reported8,13). The risks of such com-

plications have decreased with technical advances, staff train-

ing, and growing experience with cell salvage1). Previous 

researcher released a 5-year review of transfusion-related ad-

verse events which reported that the rate of adverse events was 

substantially less in cell salvage, compared with allogeneic 

transfusion (0.027% vs. 0.14%, respectively)7). Most of recently 

published literatures also concluded that there were no differ-

ences of transfusion related complications in ICS cohort5). In 

our study, transfusion related complications were not different 

between groups.

Several investigators reported transfused blood related co-

agulopathy by ICS. Possible mechanism include the heparin-

ized blood being transfused back to the patients29), washing 

process discards all platelets and clotting factors26), and activa-

tion of coagulation by damaged erythrocytes or mediators re-

leased by platelets or leukocytes18). Recent literatures suggested 

that heparin levels found in transfused blood were zero to in-

significant level in modern cell salvage system22,25,27), and pa-

tient’s coagulation remained normal if the blood loss is <3.5 

L26). In the present study, analysis of sequential coagulation 

profile between two groups showed no significant difference, 

and disseminated coagulopathy was not evident in operation 

using ICS.

There are several weak points in this study. This study was 

conducted in retrospective manner with relatively small sam-

ple size. Furthermore, the decision to install the ICS to the pa-

tient was determined by the attending surgeon, based on the 

extent of surgery, and was thus not standardized. These limi-

tations might cause such inconsistent results in which reduc-

ing effect of allogeneic blood transfusion by ICS use did not 

show similar effect when analyzed by transfused volume by 

ICS. Therefore, further prospective study of larger sample size 

could confirm the utility of routine use of ICS in major spinal 

deformity surgery.

CONCLUSION

The use of ICS could reduce the amount of allogeneic blood 
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transfusion in major spinal surgery for deformity correction. 

Specifically, the use of ICS may reduce about one unit amount 

of allogeneic transfusion in major spinal deformity surgery.
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