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Summary
We investigated changes in concentrations of interleukin-1b, interleukin-6, tumour necrosis factor-a and bradykinin

in blood during passage through a cell salvage device and a leucocyte depletion filter, with or without application of

subatmospheric pressure across the filter. Blood samples from 19 healthy women undergoing scheduled caesarean

section showed concentrations of cytokines and bradykinin in blood filtered under gravity flow that were equal to or

significantly lower than those of pre-operative venous blood samples. They were also significantly lower than that in

postoperative orthopaedic shed blood, which is commonly reinfused after orthopaedic surgery. A minority of samples

taken from blood that had been filtered using subatmospheric pressure showed raised interleukin-6 concentrations.

We suggest that use of a leucocyte depletion filter for cell-salvaged blood with gravity flow is likely to be safe with

regard to concentrations of cytokines and bradykinin. However, this may not hold true for the filter used with sub-

atmospheric pressure. If transfusion of salvaged blood using a leucocyte depletion filter seems to induce hypotension,

elevation of interleukin-6 should be suspected.
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Allotransfusion carries risks of infection, blood group

mismatch, acute and chronic haemolytic complica-

tions, and transfusion-related acute pulmonary dam-

age. Given these risks, autologous transfusion methods,

which can reduce the amount of allotransfusion, have

been in the spotlight. Among various autologous trans-

fusion methods, cell salvage is considered a safe and

physiological method for intra-operative use.

Bleeding is a significant cause of maternal mortal-

ity and morbidity during caesarean section. The use of

cell salvage during caesarean section can reduce allo-

transfusion, increase postoperative haemoglobin and

shorten the hospitalisation period [1]. However, its use

in this situation is controversial because of fears of

amniotic fluid embolism. A leucocyte depletion filter

can reduce contamination of fetal materials [2, 3] and
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the American Association of Blood Banks recommends

the use of a leucocyte depletion filter at caesarean sec-

tion [4]. However, hypotension has been reported

within 5 min of transfusing salvaged blood when a leu-

cocyte depletion filter was used with a cell salvage

device [5–7].

The cause of hypotension during the use of cell

salvage in caesarean section is yet to be determined. A

recent study suggested that amniotic fluid embolism

may be caused either by an anaphylactic reaction or a

systemic inflammatory reaction of the maternal

immune system against the amniotic fluid [8]. In addi-

tion, the cell salvage process might generate cytokines

during the extracorporeal circulation. Finally, although

it is assumed that the cause of hypotension during

transfusion of salvaged blood with a leucocyte deple-

tion filter is the production of bradykinin [6], this has

not been investigated.

The aim of this study was to evaluate the safety of

a cell salvage device with a leucocyte depletion filter

during caesarean section by measuring the level of

interleukin-1b (IL-1b), interleukin-6 (IL-6), tumour

necrosis factor-alpha (TNF-a) and bradykinin in blood

taken at various stages in the cell salvage process,

including after passage through a leucocyte depletion

filter under gravity or subatmospheric pressure. We

compared our results to published reference values for

cytokines and bradykinin in normal healthy adults and

third trimester parturients. In addition, we identified

published data on retrieved blood after arthroplasty, as

this is sometimes transfused without the processing

that occurs during cell salvage.

Methods
This study was approved by the Seoul National

University Hospital Institutional Review Board. After

gaining informed consent, 20 parturients of ASA phy-

sical status 1–2 scheduled for scheduled caesarean

section were recruited. Parturients were excluded if

they had coagulation abnormalities on pre-operative

coagulation tests (platelet < 100.0 9 109.l�1, pro-

thrombin time INR > 1.2, prothrombin time < 80%,

activated partial thromboplastin time > 35.3 s) or sus-

pected infection (WBC > 10.0 9 109.l�1, C-reactive

protein > 5 nmol.l�1 or erythrocyte sedimentation rate

> 20 mm.h�1).

Parturients were not premedicated. Spinal or com-

bined spinal-epidural anaesthesia was induced using

10 mg hyperbaric bupivacaine 0.5% and 10 lg fenta-

nyl. General anaesthesia was induced with 250 mg

thiopental with 100 mg suxamethonium and main-

tained with nitrous oxide 67% in oxygen, and sevo-

flurane.

We used a continuous auto transfusion cell salvage

device (C.A.T.S., Fresenius AG, Bad Homburg,

Germany). Heparin 25 000 U (JW Pharmaceuticals,

Seoul, Korea) in 1000 ml saline 0.9% was used as the

anticoagulant [9]. Collected blood was washed using

the high-quality wash, quality wash or emergency wash

programme provided by the C.A.T.S. device (Fig. 1).

The procedures were performed by a blinded

researcher who was expert at using the C.A.T.S. device.

The programme was selected using a random number

table [10]. Two leucocyte depletion filters (Bio R 02

BBS plus; Fresenius AG, Bad Homburg, Germany)

were installed in parallel to drain the washed blood.

The clamp was released on one filter and 50% of the

collected blood was drained under gravity. The first fil-

ter was then clamped and the second unclamped. The

remaining blood was then drained using subatmo-

spheric pressure applied with a 50-ml syringe (Fig. 1).

Paired 3-ml blood samples were collected at four

stages of the procedure. A venous blood sample was

collected from the parturient before surgery (baseline).

Salvaged blood was collected from the cell salvage col-

lection reservoir (reservoir), after the wash process

(post-wash), and after passage through the leucocyte

depletion filter (post-filter/gravity or post-filter/

pressurised). Samples for pro-inflammatory cytokine

measurement were transferred to endotoxin-free EDTA

bottles, and those for bradykinin measurement to apro-

tinin-treated test tubes. Sample bottles were stored on

ice immediately after collection, and were centrifuged

within 5 min. Centrifugation was performed at 1500 g

for 10 min at room temperature and the samples were

then frozen and stored at �70 °C until analysis. Multi-

plex cytokine assay system Bio-Plex ProTM Assays

(Bio-rad, Philadelphia, PA, USA) were used to analyse

IL-1b, IL-6 and TNF-a concentrations. Serum bradyki-

nin concentration was analysed using enzyme immuno-

assay (Bradykinin (Human, Rat, Mouse) EIA kit; Phoenix

Pharmaceuticals, Inc., Burlingame, California, USA).
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A power analysis was performed after a pilot study

of 10 parturients. A sample size of 20 was required to

detect a difference of 20 pg.ml�1 for IL-1b,

100 pg.ml�1 for IL-6, 200 pg.ml�1 for TNF-a and

1 ng.ml�1 for bradykinin with a power level of 80%

and a p < 0.05. Statistical analysis was performed

using SPSS software (version 19.0: SPSS, Inc; an IBM

Company, Chicago, IL, USA). The Kruskal–Wallis test

was used for patients’ characteristics and Wilcoxon’s

signed rank test for the effect of pressure as well as com-

parisons with published results. Friedman’s test was

used for the combined effects of washing protocols and

pressurisation, with Kruskal–Wallis used for a post-hoc

test comparing the differences between the wash proto-

cols. Results were considered significant at p < 0.05.

We performed a literature search to ascertain pub-

lished reference values for cytokine and bradykinin

concentrations in other patient groups for comparison

with our results. The following keywords were used to

search for studies in ‘PubMed’: ‘bradykinin’; ‘cytokine’;

‘interleukin-1 beta’; ‘interleukin-6’; ‘operative blood

salvage’; ‘postoperative blood salvage’; ‘pregnancy’; ‘ref-

erence value’; and ‘tumour necrosis factor-alpha’.

Results
The mean (SD) age of 20 parturients was 34.7 (3.4)

years, with a height of 160.6 (4.1) cm, weight 71.5

(14.4) kg and gestation 38.2 (1.0) weeks. Four parturi-

ents had major placenta praevia, one had hyper-

thyroidism and two had a history of gynaecological

surgery. One parturient had thrombocytopenia and

pulmonary oedema. She had abnormal values of cyto-

kines and bradykinin in the baseline blood sample,

and was excluded post-hoc.

The salvaged blood from five parturients, all of

whom had regional anaesthesia, was treated with high-

quality wash. Blood from seven parturients, of whom

four had regional and three general anaesthesia, was

treated with quality wash, and that from seven parturi-

ents, of whom five had regional and two general

anaesthesia, was treated with emergency wash. No sal-

vaged blood was re-transfused.

Patient 1

Reservoir

High-quality
wash

Quality
wash

Emergency
wash

Salvaged blood

Leucocyte depletion filter
under gravity

Filtered blood Filtered blood

Leucocyte depletion filter
with negative pressure

2

3

4 5

Figure 1 Overview of blood sampling at numbered points. 1 Baseline pre-operative venous blood 2 Unprocessed
blood from Reservoir; followed by random allocation to one of three wash programmes. 3 post-wash 4 post-filter/
gravity 5 post-filter/pressurised.
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Concentrations of cytokines and bradykinin in the

samples from 19 parturients are presented in Table 1.

There were no differences based on the different wash-

ing protocols, and so the results were pooled (Fig. 2).

Concentrations of IL-6, TNF-a and bradykinin were

reduced by washing. The concentration of IL-6 in

post-filter/pressurised blood was significantly higher

than that in post-filter/gravity blood (p < 0.001). Con-

centrations of IL-6, TNF-a and bradykinin were signif-

icantly lower after the wash process (p < 0.001,

p = 0.023, and p = 0.035, respectively; Fig. 2).

Two of the 19 parturients showed outlying values.

One parturient underwent a caesarean section owing

to major placenta praevia; the IL-6 concentration was

44.2 pg.ml�1 in post-wash blood, but 74.4 pg.ml�1

and 89.3 pg.ml�1 in post-filter/gravity and post-filter/

pressurised blood, respectively. The second had a caes-

arean section due to twin pregnancy; the IL-6 concen-

tration was 42.6 pg.ml�1 7 in post-wash and

42.4 pg.ml�1 in post-filter/gravity blood, but

111.4 pg.ml�1 in post-filter/pressurised blood.

The excluded patient was carrying male twins at

38 weeks’ gestation. She had relative thrombocytopenia

(109 9 109.l�1) and was diagnosed with pulmonary

oedema based on pre-operative chest X-rays. Spinal

anaesthesia was induced using bupivacaine and fenta-

nyl. High-quality wash was applied to the reservoir

blood. Cytokine concentrations are shown in Table 2.

Published reference values for cytokines and brady-

kinin from other patient groups are shown in Table 3

[11–18]. Concentrations of IL-6 and bradykinin in

post-filter blood with or without pressurisation were

similar to, and concentrations of IL-1b and TNF-a

were significantly lower (p < 0.001) than, those in nor-

mal healthy adults and third-trimester parturients.

Concentrations of cytokines and bradykinin in post-

filter blood with or without pressurisation were

significantly lower than those of retrieved blood after

arthroplasty (p < 0.001).

Discussion
Our results showed that concentrations of cytokines

and bradykinin in the blood processed through a cell

salvage device with a leucocyte depletion filter were

generally within the range of normal values in adults

and pregnant women [11–18]. There was no differ-

ence according to the washing protocol that was used.

Concentrations of IL-6, TNF-a and bradykinin

Table 1 Concentrations of cytokines and bradykinin in pre-operative venous blood and during the cell salvage
process, according to different wash programmes. Values are as mean (SD).

n Baseline Reservoir Post-wash Post-filter/gravity Post-filter/pressurised

IL-1b; pg.ml�1

High-quality wash 5 2.2 (0.6) 2.4 (1.0) 2.4 (1.4) 2.0 (1.1) 2.5 (1.8)
Quality wash 7 2.3 (0.3) 1.7 (1.0) 3.8 (3.1) 2.2 (0.8) 2.2 (0.8)
Emergency wash 7 2.3 (0.6) 2.5 (1.5) 2.9 (1.6) 2.2 (1.1) 2.0 (0.7)
All 19 2.2 (0.6) 2.2 (1.2) 3.1 (2.2) 2.2 (0.9) 2.2 (1.1)

IL-6; pg.ml�1

High-quality wash 5 6.8 (3.8) 245.2 (268.3) 18.7 (28.6) 6.9 (4.9) 29.7 (48.5)
Quality wash 7 4.4 (1.3) 215.8 (252.7) 21.6 (20.2) 23.9 (27.1) 38.1 (44.9)
Emergency wash 7 5.1 (1.5) 166.9 (209.1) 18.5 (18.5) 9.5 (8.9) 11.4 (8.1)
All 19 5.3 (2.4) 205.5 (230.1)* 19.7 (20.8)* 14.1 (18.3)† 26.0 (36.9)†

TNF-a; pg.ml�1

High-quality wash 5 136.4 (169.0) 17.5 (19.7) 0.1 (0.2) 0.2 (0.4) 1.3 (2.8)
Quality wash 7 61.4 (53.9) 7.9 (12.5) 2.1 (3.7) 2.5 (4.1) 2.4 (3.1)
Emergency wash 7 85.5 (95.6) 32.1 (29.5) 9.1 (19.2) 1.1 (2.5) 1.0 (1.5)
All 19 90.0 (106.2) 19.3 (23.3)‡ 4.1 (11.9)‡ 1.4 (2.9) 1.6 (2.5)

Bradykinin; ng.ml�1

High-quality wash 5 14.9 (23.9) 24.0 (43.3) 1.4 (2.6) 0.2 (0.3) 1.3 (2.1)
Quality wash 7 14.9 (37.5) 2.8 (2.7) 0.7 (1.7) 0.7 (0.8) 0.5 (0.7)
Emergency wash 7 4.8 (4.6) 1.8 (2.6) 0.2 (0.4) 0.0 (0.0) 0.0 (0.0)
All 19 11.2 (25.1) 8.0 (22.8)§ 0.7 (1.7)§ 0.3 (0.6) 0.5 (1.2)

IL-1b, interleukin-1b; IL-6, interleukin-6; TNF-a, tumour necrosis factor-a.
*p < 0.001; †p < 0.001; ‡p = 0.023; §p = 0.035.
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decreased after the wash process and that of IL-1b

increased. These results are congruent with previous

studies where relatively large amounts of white blood

cells remain after the wash process and where some

cytokines other than pro-inflammatory cytokines

increase [19, 20]. In addition, there was no significant

average change in cytokine and bradykinin levels dur-

ing passage through the leucocyte depletion filter, also

matching previous studies [21, 22].

The Serious Hazards of Transfusion group

reported about 10 cases of hypotension between 2008

and 2010 associated with the use of a leucocyte deple-

tion filter with cell salvage [23–25]. Similar reports

have occurred in parturients [5–7]. In two healthy par-

turients, hypotension occurred after transfusion of sal-

vaged blood processed with a leucocyte depletion filter

to which pressure had been applied [5, 6]. In a third

report, the patient underwent a caesarean section for

Table 2 Concentrations of cytokines and bradykinin during the cell salvage process in the patient excluded from the
pooled results.

Baseline Reservoir Post-wash Post-filter/gravity Post-filter/pressurised

IL-1b; pg.ml�1 1.9 9.8 17.0 5.4 22.7
IL-6; pg.ml�1 20.0 924.0 365.4 269.6 1501.5
TNF-a; pg.ml�1 17.4 91.2 0.9 3.6 3.6
Bradykinin; ng.ml�1 0.1 9.7 0.3 0.0 0.1

IL-1b, interleukin-1b; IL-6, interleukin-6; TNF-a, tumour necrosis factor-a.

Figure 2 Concentrations of cytokines and bradykinin at different blood sampling points (pooled results). TNF-a,
tumour necrosis factor-a. Values are median (line), IQR (box) and range (whiskers).
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intra-uterine fetal demise [7]. Rapid hypotension

occurred during transfusion using a leucocyte deple-

tion filter, but blood pressure was maintained when

the filter was removed.

There have also been recent reports of acute hypo-

tension when using a leucocyte depletion filter for

transfusion of blood products, especially platelet con-

centrate [26]. The authors of that paper suggested that

the cause was stored cytokines or bradykinin. It is pos-

sible that bradykinin levels would be raised if using a

negative-charged leucocyte depletion filter [25],

although we used a neutrally charged filter.

In our study, there was a trend for IL-6, TNF-a

and bradykinin concentrations to increase with passage

through the filter using subatmospheric pressure. This

suggests that the production of inflammatory factors

during filtering may be caused by damaged leucocytes

residing within the filter or by spilled stored cytokine.

One of the cases in our study showed a dramatic

increase in IL-6 levels in blood passed through the fil-

ter with subatmospheric pressure. We speculate that

an idiosyncratic reaction such as this might account

for abnormal haemodynamic responses to blood

passed through a leucocyte depletion filter. However,

our study was too small to determine the frequency of

this phenomenon.

We believe that IL-6 is the most likely causative

agent of hypotension after transfusion through a leuco-

cyte depletion filter. Interleukin-6 plays a key role in

the process of septic shock and anaphylaxis and is cor-

related with the rate and severity of hypotension as

well as duration of anaphylactic reaction symptoms

[27, 28]. Hartemink and Groeneveld reported that

higher levels of IL-6 in patients with septic shock are

correlated with lower mean arterial pressure and sys-

temic vascular resistance, and peripheral vasodilation

is very strongly and independently correlated with

secretion of IL-6 [29], which is considered a relatively

important prognostic factor in septic shock [30].

We excluded results post hoc from one parturient

who was not physically healthy before surgery. She had

an abnormally high baseline serum IL-6 concentration.

She had underlying thrombocytopenia and was sus-

pected of pulmonary oedema based on a pre-operative

chest X-ray. As IL-6 is known to stimulate the haemo-

poietic system and levels are increased in thrombocyto-

penia patients with complement-mediated reactions

[31, 32], we postulate that thrombocytopenia was the

cause of the raised pre-operative IL-6 level. Further-

more, there were extremely high levels of IL-6 after the

washing process and after pressurised passage through

the leucocyte depletion filter.

In summary, when maternal blood is processed

with a cell salvage device and leucocyte depletion filter

under gravity flow, the levels of cytokines and bradyki-

nin are generally safe. Our results indicate that cytokines

may be raised unpredictably if subatmospheric pressure

is applied to a leucocyte depletion filter. In addition, it

can also be concluded that it is dangerous to apply pres-

sure when fast infusion of blood is needed during sur-

gery because of the possibility of producing large

amounts of cytokines and bradykinin. We postulate that

IL-6 is the most likely mediator of hypotension in the

reported incidents following transfusion of cell-salvaged

blood through a leucocyte depletion filter.
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Table 3 Reference values for cytokines and bradykinin in normal healthy adults, in normal third trimester parturi-
ents and in retrieved blood after arthroplasty [11–18].

IL-1b; pg.ml�1 IL-6; pg.ml�1 TNF-a; pg.ml�1 Bradykinin; ng.ml�1

Normal healthy adults < 16 < 12 < 220 < 0.3
Normal third trimester parturients < 27 < 14 < 51 NA
Postoperative orthopaedic shed blood < 11 < 1335 < 22 NA

IL-1b, interleukin-1b; IL-6, interleukin-6; TNF-a, tumour necrosis factor-a; NA, not available.

1264 © 2013 The Association of Anaesthetists of Great Britain and Ireland

Anaesthesia 2013, 68, 1259–1265 Choi et al. | Cell salvage and leucocyte depletion filter



References
1. Rainaldi MP, Tazzari PL, Scagliarini G, Borghi B, Conte R. Blood

salvage during caesarean section. British Journal of Anaesthe-
sia 1998; 80: 195–8.

2. Waters JH, Biscotti C, Potter PS, Phillipson E. Amniotic fluid
removal during cell salvage in the cesarean section patient.
Anesthesiology 2000; 92: 1531–6.

3. Campbell JP, Mackenzie MJ, Yentis SM, Sooranna SR, Johnson
MR. An evaluation of the ability of leucocyte depletion filters
to remove components of amniotic fluid. Anaesthesia 2012;
67: 1152–7.

4. Walters JSA. Intraoperative blood recovery. In: Waters J,
Shander A, Gottschall JL, eds. Perioperative Blood Manage-
ment: A Physicians Handbook, 2nd edn. Bethesda: American
Association of Blood Banks and The Society for the Advance-
ment of Blood Management, 2009: 67–83.

5. Kessack LK, Hawkins N. Severe hypotension related to cell sal-
vaged blood transfusion in obstetrics. Anaesthesia 2010; 65:
745–8.

6. Sreelakshmi TR, Eldridge J. Acute hypotension associated with
leucocyte depletion filters during cell salvaged blood transfu-
sion. Anaesthesia 2010; 65: 742–4.

7. Waldron S. Hypotension associated with leucocyte depletion
filters following cell salvage in obstetrics. Anaesthesia 2011;
66: 133–4.

8. Clark SL. Amniotic fluid embolism. Clinical Obstetrics and
Gynecology 2010; 53: 322–8.

9. Choi E, Ahn W. A new mixture ratio of heparin for the cell sal-
vage device. Korean Journal of Anesthesiology 2011; 60: 226.

10. Campbell MJ, Machin D. Medical Statistics: A Commonsense
Approach, 2nd edn. New York: John Wiley & Sons Ltd, 1993:
182.

11. Zacest R, Mashford ML. Blood bradykinin levels in the human.
Australian Journal of Experimental Biology and Medical Sci-
ence 1967; 45: 89–95.

12. Al-Awadhi A, Olusi S, Al-Zaid N, Prabha K. Serum concentra-
tions of interleukin 6, osteocalcin, intact parathyroid hormone,
and markers of bone resorption in patients with rheumatoid
arthritis. Journal of Rheumatology 1999; 26: 1250–6.

13. Ziegenhagen MW, Benner UK, Zissel G, Zabel P, Schlaak M,
M€uller-Quernheim J. Sarcoidosis: TNF-a release from alveolar
macrophages and serum level of sIL-2R are prognostic mark-
ers. American Journal of Respiratory and Critical Care Medi-
cine 1997; 156: 1586–92.

14. Szarka A, Rigo J Jr, Lazar L, Beko G, Molvarec A. Circulating
cytokines, chemokines and adhesion molecules in normal
pregnancy and preeclampsia determined by multiplex sus-
pension array. BMC Immunology 2010; 11: 59.

15. Guven MA, Coskun A, Ertas IE, Aral M, Zencirci B, Oksuz H.
Association of maternal serum CRP, IL-6, TNF-alpha,
homocysteine, folic acid and vitamin B12 levels with the
severity of preeclampsia and fetal birth weight. Hypertension
in Pregnancy. 2009; 28: 190–200.

16. Matsubara K, Abe E, Ochi H, Kusanagi Y, Ito M. Changes in
serum concentrations of tumor necrosis factor a and adhesion
molecules in normal pregnant women and those with
pregnancy-induced hypertension. Journal of Obstetrics and
Gynaecology Research 2003; 29: 422–6.

17. Kristiansson M, Soop M, Saraste L, Sundqvist KG, Suontaka
AM, Blomback M. Cytokine and coagulation characteristics of
retrieved blood after arthroplasty. Intensive Care Medicine
1995; 21: 989–95.

18. Bamba T, Yoshioka U, Inoue H, Iwasaki Y, Hosoda S. Serum
levels of interleukin-1b and interleukin-6 in patients with
chronic pancreatitis. Journal of Gastroenterology 1994; 29:
314–9.

19. Amand T, Pincemail J, Blaffart F, Larbuisson R, Limet R, Defra-
igne JO. Levels of inflammatory markers in the blood pro-
cessed by autotransfusion devices during cardiac surgery
associated with cardiopulmonary bypass circuit. Perfusion
2002; 17: 117–23.

20. Burman JF, Westlake AS, Davidson SJ, et al. Study of five cell
salvage machines in coronary artery surgery. Transfusion Med-
icine 2002; 12: 173–9.

21. Baksaas ST, Videm V, Mollnes TE, et al. Leucocyte filtration
during cardiopulmonary bypass hardly changed leucocyte
counts and did not influence myeloperoxidase, complement,
cytokines or platelets. Perfusion 1998; 13: 429–36.

22. Hurst T, Johnson D, Cujec B, et al. Depletion of activated neu-
trophils by a filter during cardiac valve surgery. Canadian Jour-
nal of Anesthesia 1997; 44: 131–9.

23. Serious Hazards of Transfusion. Annual Report 2008. http://
www.shotuk.org/wp-content/uploads/2010/03/SHOT-Report-
2008.pdf (accessed 09/07/2013).

24. Serious Hazards of Transfusion. Annual Report 2009. http://
www.shotuk.org/wp-content/uploads/2010/07/SHOT2009.
pdf (accessed 09/07/2013).

25. Serious Hazards of Transfusion. Annual Report 2010. http://
www.shotuk.org/wp-content/uploads/2011/10/SHOT-2010-
Report1.pdf (accessed 09/07/2013).

26. US Food and Drug Administration. Hypotension and bedside
leukocyte reduction filters, 2013. http://www.fda.gov/Medi
calDevices/Safety/AlertsandNotices/PublicHealthNotifica
tions/ucm062284.htm (accessed 09/07/2013).

27. Stone SF, Cotterell C, Isbister GK, Holdgate A, Brown SGA. Ele-
vated serum cytokines during human anaphylaxis: identifica-
tion of potential mediators of acute allergic reactions. Journal
of Allergy and Clinical Immunology 2009; 124: 786–92.

28. Lin RY, Trivino MR, Curry A, et al. Interleukin-6 and C-reactive
protein levels in patients with acute allergic reactions: an
emergency department-based study. Annals of Allergy,
Asthma and Immunology 2001; 87: 412–6.

29. Hartemink KJ, Groeneveld ABJ. The hemodynamics of human
septic shock relate to circulating innate immunity factors.
Immunological Investigations 2010; 39: 849–62.

30. Patel RT, Deen KI, Youngs D, Warwick J, Keighley MRB.
Interleukin 6 is a prognostic indicator of outcome in severe
intra-abdominal sepsis. British Journal of Surgery 1994; 81:
1306–8.

31. Cox LH, Downs T, Dagg K, Henthorn J, Burstein SA. Interleu-
kin-6 mRNA and protein increase in vivo following induction
of acute thrombocytopenia in mice. Blood 1991; 77: 286–93.

32. Haznedaroglu IC, Buyukasik Y, Kosar A, Ozcebe OI, Kirazli S,
Dundar S. Selectins and IL-6 during the clinical course of idio-
pathic thrombocytopenic purpura. Acta Haematologica 1999;
101: 16–20.

© 2013 The Association of Anaesthetists of Great Britain and Ireland 1265

Choi et al. | Cell salvage and leucocyte depletion filter Anaesthesia 2013, 68, 1259–1265


