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Comparison of the expression of
cluster of differentiation (CD)39
“and CD73 between propofol- and
e sevoflurane-based anaesthesia
e during open heart surgery

Chung-Sik Oh?, Karam Kim?!, Woon-Seok Kang', Nam-Sik Woo?, Po-Soon Kang?, Jun-Seok Kim3,
Hang-Rae Kim*, Seung-Hyun Lee**® & Seong-Hyop Kim®®’

High expression of cluster of differentiation (CD)39 and CD73 has cardio-protective effects. We
hypothesised that the expression of CD39 and CD73 would differ between propofol- and volatile

. anaesthetic-based anaesthesia in patients undergoing open heart surgery (OHS). The objective of

. this prospective randomized trial was to compare the changes in CD39 and CD73 levels in CD4* T cells
between propofol- and sevoflurane-based anaesthesia during OHS. The study randomly allocated 156
patients undergoing OHS to a propofol or sevoflurane group. Blood was obtained preoperatively and
up to 48 hours after weaning from cardiopulmonary bypass (CPB). The expression levels of CD39 and

© CD73incirculating CD4™ T cells, serum cytokines and other laboratory parameters were analysed.

. The primary outcome was the expression of CD39 and CD73 on CD4" T cells. Demographic data and

. perioperative haemodynamic changes did not show significant differences between the two groups.

. The expression of CD39 and CD73 in the sevoflurane group was significantly lower than in the propofol
group (P < 0.001). Other laboratory findings including cardiac enzymes and cytokine levels, did
not show significant intergroup differences. Propofol attenuated the decrease in CD39 and CD73 in
circulating CD4* T cells compared to sevoflurane-based anaesthesia during OHS.

Open heart surgery (OHS) with aortic cross clamping induces ischemia-reperfusion injury (IRI) accompanied by
a systemic inflammatory response, resulting in critical postoperative complications!~.
Propofol and volatile anaesthetics are the most popular agents for OHS, and propofol may be a useful
organ-protective anaesthetic due to its anti-inflammatory properties**. In addition, volatile anaesthetics may have
© organ-protective properties through their preconditioning effect®. The choice of anaesthetic for OHS is important
* to minimise inflammatory responses and related postoperative complications. However, the most favourable
. anaesthetics during OHS have not been identified”?.
: Cluster of differentiation (CD)39 and CD73 contribute to adenosine formation®, where adenosine shifts the
: pro-inflammatory role of adenosine triphosphate (ATP) towards an anti-inflammatory role'°. The cardiac pro-
© tective roles of CD39 and CD73 against IRI have been demonstrated in previous studies!'2. However, a compar-
ison of the change in CD39 and CD73 expression between propofol- and volatile anaesthetic-based anaesthesia
during OHS has not been conducted. Therefore, characterising the responses of CD39 and CD73 in patients
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Figure 1. CONSORT diagram.

anaesthetised by propofol or volatile anaesthetics during OHS could increase our understanding on the mecha-
nism underlying the anti-inflammatory effect of propofol and volatile anaesthetics against IRI during OHS.

We hypothesised that the expression of CD39 and CD73 would differ between propofol- and vola-
tile anaesthetic-based anaesthesia in patients undergoing OHS. This study was designed to investigate the
expression CD39 and CD73 in the circulating CD4" T cells of patients undergoing OHS under propofol- and
sevoflurane-based anaesthesia.

Results

In total, 173 patients from May 2014 to December 2016 were eligible for the study. A total of 17 patients were
excluded for the following reasons: 7 refused to participate, 3 had a preoperative infection, and 7 had a previous
history of cancer, and there were no adverse events during the study. Therefore, 156 patients were included in
the final analysis (78 in the propofol group and 78 in the sevoflurane group) (Fig. 1). The patient demographics
were similar between the propofol and sevoflurane groups (Table 1). Perioperative haemodynamic changes up to
48hours after weaning from CPB were also similar between the two groups (Table 2).

Expression of CD39 and CD73 in circulating helperT cells during OHS.  The expression of CD39 in
circulating CD4™ T cells was lowest 3 hours after weaning from CPB and increased with time (Supplementary
Fig. 1). The expression of CD73 in circulating CD4" T cells was lowest immediately after weaning from CPB and
increased with time (Supplementary Fig. 2).

Expression of CD39 and CD73 in circulating helperT cells between propofol- and sevoflurane-
based anaesthesia during OHS. The overall change in CD39 expression in circulating CD4" T cells was
significantly lower in the sevoflurane group than in the propofol group (P < 0.001) (Fig. 2). Especially, the expres-
sion of CD39 in circulating CD4" T cells was significantly lower from 3 hours until 48 hours after weaning from
CPB in the sevoflurane group with Bonferroni’s correction (Fig. 2). The overall change in CD73 expression in cir-
culating CD4" T cells was also significantly lower in the sevoflurane group than in the propofol group (P < 0.001)
(Fig. 3). Especially, the expression of CD73 in circulating CD4" T cells from immediately after up to 48 hours after
weaning from CPB was significantly lower in the sevoflurane group with Bonferroni’s correction (Fig. 3).

Expression of CD39 and CD73 in circulating regulatory T cells during OHS.  The pattern of CD39
and CD73 expression in circulating CD4+*CD25"Foxp3* T cells was similar to the pattern in CD4" T cells. The
expression of CD39 in circulating CD4+*CD25"Foxp3™ T cells was lowest 3 hours after weaning from CPB and
increased with time (Supplementary Fig. 3). The expression of CD73 in circulating CD4"CD25"Foxp3™ T cells
was lowest immediately after weaning from CPB and increased with time (Supplementary Fig. 4).

Expression of CD39 and CD73 in circulating regulatory T cells in propofol- and sevoflurane-based
anaesthesia during OHS.  The expression of CD39 in circulating CD4*CD25*Foxp3* T cells was lower in
the sevoflurane group than in the propofol group. The expression of CD73 in circulating CD4*CD25*Foxp3™*
T cells was also lower in the sevoflurane group. However, the overall change in CD39 and CD73 expression in
circulating CD4"CD25%Foxp3* T cells did not differ significantly between the groups (P=0.161 for CD39 and
P=0.068 for CD73) (Supplementary Figs 5 and 6).

Mean fluorescence intensity of CD39 and CD73 in circulating helper T cells and regulatory T
cells. The patterns of the mean fluorescence intensity of CD39 and CD73 in circulating helper T cells and
regulatory T cells were similar to the results regarding frequency (Supplementary Table 1).

Changes in laboratory results and cytokines with propofol- versus sevoflurane-based anaes-
thesia. The laboratory results did not differ between the two groups (Table 3). No pro- or anti-inflammatory
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Sex Male/female 40/38 30/48 0.147
Age (years) 54.0 (45.0-64.0) 58.7 (41.0-71.0) 0.428
Height (cm) 162.84+10.0 162.5+6.8 0.825
Weight (kg) 62.5 (54.8-68.9) 57.0 (55.7-70.0) 0.644
Underlying disease

Hypertension 28 (35.9%) 34 (43.6%) 0.413

Diabetes mellitus 7 (9.0%) 5(6.4%) 0.764

Arrhythmia 17 (21.8%) 10 (12.8%) 0.204

CVA 5(6.4%) 3(3.8%) 0.717
Type of operation 0.231

AVP 37 (47.4%) 36 (46.2%)

AVR 3(3.8%) 9 (11.5%)

MVP 20 (25.6%) 16 (20.5%)

PVR 4(5.1%) 6(7.7%)

TAP 3(3.8%) 0 (0.0%)

Dvp 11(14.1%) 11 (14.1%)
Preoperative LV ejection fraction (%) 65.0 (60.9-68.0) 63.4 (59.0-71.6) 0.584
Anaesthetics

Propofol (mg) 994.0 (985.0-1024.0) 0.0 (0.0-0.0) 0.000

Remifentanil (jig) 6289.0 (4819.0-8164.0) 6256.5 (4315.0-8264.0) | 0.398
Fluid requirements

Crystalloid (ml) 1400.0 (1300.0-1800.0) 1400.0 (1300.0-1900.0) | 0.741

Colloid (ml) 600.0 (500.0-700.0) 600.0 (500.0-600.0) 0.138
Duration of anaesthesia (min) 410.0 (350.0-475.0) 401.5 (360.0-456.0) 0.348
Duration of operation (min) 335.0 (285.0-400.0) 335.0 (290.0-365.0) 0.932
Duration of cardiopulmonary bypass (min) 164.5 (132.0-198.0) 168.0 (145.0-227.0) 0.407
Duration of aortic cross clamp (min) 108.0 (79.0-137.0) 109.0 (102.0-149.0) 0.256
Duration of mechanical ventilation (min) 1643.0 (1400.0-1894.0) 1605.0 (1505.0-2098.0) 0.424
Duration of ICU stay (min) 4090.5 (2810.0-4325.0) 4065.0 (2780.0-5106.0) | 0.932
Duration of hospital stay (days) 19.0 (16.0-22.0) 20.0 (17.0-22.0) 0.362
Previous medications

ARB 23 (29.5%) 28 (35.9%) 0.495

CCB 13 (16.7%) 8 (10.3%) 0.348

Beta blocker 3(3.8%) 5(6.4%) 0.717

Nitrate 9 (11.5%) 11 (14.1%) 0.811

Aspirin 19 (24.4%) 17 (21.8%) 0.849

Statin 5(6.4%) 5(6.4%) 1.000
Type of valvular disease 0.648

AR 18 (23.1%) 19 (24.4%)

AS 22 (28.2%) 26 (33.3%)

MR 16 (20.5%) 13 (16.7%)

MS 4(5.1%) 3(3.8%)

PR 4(5.1%) 6(7.7%)

TR 3(3.8%) 0 (0.0%)

DVD 11 (14.1%) 11 (14.1%)
Perioperative drugs

Dopamine (mg) 41.6 (17.6-63.9) 31.7 (15.2-45.9) 0.142

Dobutamine (mg) 0.0 (0.0-11.2) 0.0 (0.0-12.1) 0.526

Milrinone (mg) 0.0 (0.0-0.9) 0.0 (0.0-0.6) 0.259

Phenylephrine (mg) 0.6 (0.0-1.5) 0.5 (0.0-1.2) 0.370

Norepinephrine (mg) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.652

Isoproterenol (mg) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.388

Nitroglycerine (mg) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.796
Transfusion requirements

pRBC (units) 4.0 (2.0-6.0) 5.0 (3.0-6.0) 0.095

FFP (units) 1.5 (0.0-2.0) 1.0 (0.0-2.0) 0.557

Continued
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PC (units) 0.607
8 41 (52.6%) 46 (59.0%)

16 9 (11.5%) 8(10.3%)

32 0(0.0%) 1(1.3%)

Cryoprecipitate (units) 0.287
8 7 (9.0%) 7(9.0%)

10 5 (6.4%) 5(6.4%)

16 1(1.3%) 6 (7.7%)

Table 1. Patient demographic data. Data are expressed as numbers (percentages), median values (25-75%),

or means =+ standard deviation. Abbreviations: CVA, cerebrovascular attack; AVP, aortic valvuloplasty; AVR,
aortic valve replacement; MVP, mitral valvuloplasty; MVR, mitral valve replacement; PVR, pulmonary valve
replacement; TAP, tricuspid annuloplasty; DVP, double valvuloplasty; Perioperative drugs, total drug dosage
used from start of anaesthesia to 48 hours after weaning from cardiopulmonary bypass; ICU, intensive care
unit; AR, aortic regurgitation; AS, aortic stenosis; MR, mitral regurgitation; MS, mitral stenosis; PR, pulmonary
regurgitation; TR, tricuspid regurgitation; DVD, double valvular disease; AVP, aortic valvuloplasty; AVR,

aortic valve replacement; MVP, mitral valvuloplasty; MVR, mitral valve replacement; PVR, pulmonary valve
replacement; TAP, tricuspid annuloplasty; DVP, double valvuloplasty; pRBC, packed red blood cell; FEP, fresh
frozen plasma; PC, platelet concentration.

Mean BP (mmHg)
Preop 83.5(77.7-93.3) 86.3 (75.0-90.3) 0.816
Weaning 72.8 (68.3-78.0) 73.3(61.7-78.3) 0.621
3hours 84.0+£10.8 82.7+£10.8 0.478
24hours 87.6+9.4 86.8+10.6 0.615
48hours 90.9+9.0 90.84+10.2 0.901
HR (beats/min)
Preop 75.0 (69.0-85.0) 79.0 (71.0-85.0) 0.140
Weaning 79.0 (72.0-85.0) 76.0 (68.0-85.0) 0.377
3hours 82.0 (76.0-88.0) 81.0 (76.0-87.0) 0.975
24hours 76.0 (72.0-84.0) 77.0 (72.0-90.0) 0.279
48hours 78.5 (75.0-87.0) 79.0 (74.0-92.0) 0.328
CVP (mmHg)
Preop 7.0 (5.0-10.0) 7.0 (6.0-9.0) 0.619
Weaning 9.0 (7.0-11.0) 9.0 (8.0-10.0) 0.378
3hours 9.0 (7.0-11.0) 9.0 (8.0-10.0) 0.339
24hours 9.0 (8.0-11.0) 9.0 (8.0-11.0) 0.358
48hours 8.0 (6.0-9.0) 8.0 (6.0-10.0) 0.953
CI (I/min/m?)
Preop 2.5(2.2-2.8) 2.3(2.1-3.1) 0.826
Weaning 2.4(2.1-2.9) 24(22-27) 0.949
3hours 2.7+0.6 2.6+04 0.429
24hours 2.8 (2.5-3.0) 2.8(2.6-3.1) 0.551
48hours 2.8(2.6-3.1) 2.7 (2.6-3.0) 0.244

Table 2. Haemodynamic changes during open heart surgery. Data are expressed as median values (25-75%) or
means =+ standard deviation. Abbreviations: BP, blood pressure; Preop, preoperative time; Weaning, immediate
after weaning from cardiopulmonary bypass (CPB); 3 hours, 3 hours after weaning from CPB; 24 hours, 24 hours
after weaning from CPB; 48 hours, 48 hours after weaning from CPB; HR, heart rate; CVP, central venous
pressure; CI, cardiac index.

cytokines, such as interleukin (IL)—1, IL-6, IL-10, IL-17, interferon (IFN)-~, and tumour necrosis factor (TNF)-q,
showed significant intergroup differences (Table 4).

Discussion

This study showed that the expression of CD39 and CD73 in circulating helper T cells was low immediately after
weaning from CPB and recovered over time. In addition, the CD39 and CD73 levels in circulating helper T cells
were higher with propofol-based anaesthesia than sevoflurane-based anaesthesia during OHS.
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Figure 2. Comparison of changes in CD39 expression in circulating helper T cells between the propofol-

and sevoflurane-based anaesthesia groups during open heart surgery (OHS). The expression of CD39

was significantly lower in the sevoflurane group. “An overall significant difference between the propofol

and sevoflurane groups. "Pairwise comparison (P < 0.05) at each time point with Bonferroni’s correction.
Abbreviations: Preop, preoperative time; Weaning, immediate after weaning from cardiopulmonary bypass
(CPB); 3hours, 3 hours after weaning from CPB; 24 hours, 24 hours after weaning from CPB; 48 hours, 48 hours
after weaning from CPB.
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Figure 3. Comparison of changes in CD73 expression in circulating helper T cells between the propofol- and
sevoflurane-based anaesthesia groups during OHS. The expression of CD73 was significantly lower in the
sevoflurane group. “An overall significant difference between the propofol and sevoflurane groups. "Pairwise
comparison (P < 0.05) at each time point with Bonferroni’s correction. Abbreviations: Preop, preoperative time;
Weaning, immediate after weaning from CPB; 3 hours, 3 hours after weaning from CPB; 24 hours, 24 hours after
weaning from CPB; 48 hours, 48 hours after weaning from CPB.

Previous studies showed that CD39 and CD73 have organ-protective effects against IRI>!*16. Kim et al.
showed that CD73 prevents renal IRI'* and Bonner et al. showed that up-regulation of CD39 and CD73 confers
myocardial protection against cardiac IRI'S. In addition, blocking CD39 and CD73 could induce organ injury by
inhibiting adenosine formation after IRI'”"'®. Meanwhile, OHS involves aortic cross clamping for several hours.
Organ blood supply depends on CPB during this ‘myocardial ischemic’ period. After the main surgical procedure,
the aortic cross clamp is released and weaning form CPB should follow. Intense IRI related inflammation occurs
during this time before and after weaning from CPBZ The low expression levels of CD39 and CD73 immediately
and 3 hours after weaning from CPB in this study support the notion that this period had the greatest IRI related
inflammation during OHS.

Several studies have shown the beneficial effects of volatile anaesthetics relative to propofol during car-
diac surgery'?, indexed by lower creatine kinase-MB (CK-MB) levels with volatile anaesthetics compared to
propofol-based anaesthesia. However, cardiac enzymes do not guarantee immune status during OHS since they
are associated only with myocardial injury related to surgical trauma?!. In addition, some reports found no dif-
ferences in cardiac enzyme levels between propofol- and sevoflurane-based anaesthesia during cardiac surgery?.
Similarly, we found no significant difference in cardiac enzyme and cytokine levels between the two groups.
Various perioperative factors, such as the intensity of surgical trauma, haemodynamic changes, transfusion, and
drugs, can affect cardiac enzyme and cytokine levels*?* and could be confounding factors. However, our results
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WBC (/)
Preop 6395 (5480-7260) 6523 (5710-7670) 0.144
3hours 8995 (6280-10950) 9715 (7020-11532) 0.405
24hours 11240 (9550-13500) 11250 (9365-12545) 0.850
48hours 11740 (10000-14000) 11730 (9845-13025) 0.897
Neutrophils (%)
Preop 52.8+10.2 520494 0.639
3hours 86.4 (81.9-88.7) 85.9 (84.2-88.4) 0.674
24hours 88.3(84.3-90.5) 86.0 (83.4-90.3) 0.216
48hours 89.0 (85.3-91.4) 87.0 (84.2-91.1) 0.306
Lymphocytes (%)
Preop 34.6 (28.9-41.3) 34.1 (31.1-40.5) 0.844
3hours 8.9 (5.6-12.0) 7.7 (5.8-10.9) 0516
24hours 4.3(3.3-5.5) 4.3 (3.7-4.7) 0.585
48hours 6.5(5.7-7.9) 6.4(5.9-7.1) 0.633
ESR (mm/hour)
Preop 10.0 (3.0-16.0) 9.0 (7.0-18.0) 0.128
3hours 2.0 (2.0-2.0) 2.0 (2.0-2.0) 0.220
24hours 2.0 (2.0-5.0) 2.5(2.0-4.0) 0.610
48hours 2.0 (1.0-4.0) 2.0 (1.0-3.0) 0.821
hs-CRP (mg/dl)
Preop 0.3 (0.2-0.4) 0.3(0.3-0.3) 0.386
3hours 0.2 (0.1-0.3) 0.2 (0.1-0.3) 0.101
24hours 4.5(3.2-6.0) 4.4(3.1-6.1) 0.852
48hours 5.0 (3.7-6.5) 4.7 (3.4-6.4) 0.565
CK-MB (ng/ml)
Preop 1.1 (0.7-1.8) 1.1 (1.0-2.0) 0.376
3hours 36.0 (28.3-42.5) 35.5(32.1-44.9) 0.557
24hours 23.1(16.8-27.0) 21.6 (16.2-29.6) 0.468
48hours 21.0 (14.7-25.0) 18.6 (13.2-26.6) 0.239
hs-TnI (ng/1)
Preop 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.836
3hours 9.4 (4.6-14.5) 6.4 (5.1-8.6) 0.139
24hours 8.8(3.9-22.8) 9.6 (7.8-11.1) 0.093
48hours 7.4 (2.4-21.3) 8.1(6.4-9.8) 0.122
NT-pro BNP (pg/ml)
Preop 156.1 (40.9-257.2) 82.3 (34.2-324.0) 0.449
3hours 141.4 (62.9-236.0) 176.8 (109.1-235.0) 0.151
24 hours 235.8 (155.9-295.0) 221.6 (165.0-358.0) 0.246
48hours 285.8 (203.9-347.0) 276.6 (217.0-412.0) 0.199
PF ratio
Preop 486.8 (447.1-517.1) 502.9 (444.2-529.5) 0.563
Weaning 264.2 (127.5-407.0) 297.2 (185.7-375.0) 0.299
3hours 359.3 (267.7-437.5) 350.9 (259.8-437.5) 0.975
24hours 363.8 (304.0-434.0) 357.8 (300.0-417.5) 0.884
48hours 513.7 (428.6-646.2) 493.7 (416.7-630.0) 0.655
Hct (%)
Preop 38.4 (35.7-41.7) 38.7 (37.1-39.5) 0.630
Weaning 30.5 (29.0-32.0) 31.0 (28.0-32.0) 0.471
3hours 32.4(29.7-34.9) 32.3(30.0-33.1) 0.489
24hours 36.5 (34.6-38.3) 36.3 (33.1-37.6) 0.435
48hours 37.7 (35.8-39.5) 37.5(34.2-38.8) 0.391
pH
Preop 7.4 (7.4-7.5) 7.4 (7.4-7.5) 0.928
Weaning 7.4+£0.0 7.4£0.0 0.376
3hours 7.4 (7.4-7.5) 7.4 (7.4-7.5) 0.406
Continued
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Propofol group (n=78) Sevoflurane group (n=78) | P

24hours 7.4 (7.4-7.5) 7.4 (7.4-7.5) 0.412
48hours 7.4 (7.4-7.5) 7.5(7.4-7.5) 0.310
Lactate (mmol/l)
Preop 1.5 (1.4-1.7) 1.5 (1.4-1.6) 0211
Weaning 2.2(1.7-2.9) 2.5(1.6-3.4) 0.387
3hours 2.5(1.9-3.0) 2.4(1.8-3.1) 0.721
24hours 1.8 (1.4-2.6) 2.2(1.3-2.7) 0.638
48hours 1.7 (1.3-2.5) 2.0 (1.2-2.5) 0.737

Table 3. Changes in laboratory results during open heart surgery. Data are expressed as median values
(25-75%) or means =+ standard deviation. Abbreviations: WBC, white blood cell; Preop, preoperative time;
3hours, 3 hours after weaning from cardiopulmonary bypass (CPB), 24 hours, 24 hours after weaning from CPB;
48hours, 48 hours after weaning from CPB; Weaning, immediate after weaning from CPB; ESR, erythrocyte
sedimentation rate; hs-CRP, high-sensitivity; C- reactive protein; CK-MB, creatine kinase-MB; hs-Tnl, high-
sensitivity troponin (Tn)I; NT-pro BNP, N-terminal-pro brain natriuretic peptide; PF ratio, the ratio of arterial
oxygen partial pressure to fractional inspired oxygen; Hct, haematocrit.

revealed that immune status, which could not be determined based on cytokine expression alone, could be exam-
ined more precisely based on the expression of CD39 and CD73 in helper T cells, even with confounding factors.
The decrease in CD39 and CD73 immediately and 3 hours after weaning from CPB was greater in the sevoflurane
group. Similarly, the recovery of CD39 and CD73 after weaning from CPB was weaker in the sevoflurane group.
In addition, although not significant, IL-6 was higher immediately after weaning from CPB in the sevoflurane
group. Because IL-6 can be induced by IRI related inflammation during CPB?, we postulated that sevoflurane
has a less marked immune regulatory effect against IRI than propofol. Finally, regarding the changes in CD39,
CD73, and IL-6, propofol-based anaesthesia might be more beneficial for minimizing IRI related inflammation
during OHS. In addition, IRI related inflammation was closely related to postoperative complications after OHS!.
Therefore, we anticipate potential benefits from propofol use relative to sevoflurane during OHS by reducing IRI
related inflammation and postoperative complications.

The clinical outcomes, including the duration of mechanical ventilation and duration of stays in the intensive
care unit (ICU) and hospital, did not differ between the groups in our study. Lurati Buse et al. found that propofol
and sevoflurane had similar impacts on myocardial ischemia and postoperative complications?. In addition,
a recent large scale meta-analysis found no difference in survival between propofol and volatile anaesthetics®.
However, enhanced expression of CD39 and CD73 in animal models was recently considered as a novel therapeu-
tic approach to avoid inflammatory responses against IRI'*>*?7-3°, Therefore, regulating the expression of CD39
and CD73 by adjusting the propofol dosage could be a helpful approach for minimizing IRI related inflammation
and postoperative complications. Because previous studies of the anti-immunosuppressive effects of CD39 and
CD?73 used animal models, exploring the effects of CD39 and CD73 according to different anaesthetics may be
challenging in the clinical setting.

There could be several considerations in the present study. First, adenosine was not measured directly in the
present study. However, the half-life of adenosine is extremely short and it is difficult to measure accurately®'.
Instead, recent studies have focused on blocking the adenosine receptor instead of adenosine itself'°, or on inter-
ventions with several endogenous mediators, such as CD39 and CD73, which are responsible for adenosine for-
mation'>*2. In this respect, investigating the pattern of CD39 and CD73 expression during OHS may be essential.
Second, cytokine production by other leukocyte such as neutrophil and B cells was not measured in the present
study. However, CD39 and CD73 are mainly expressed in T cell subpopulation and have main role expressed
in T cells. Third, even the patterns of CD39 and CD73 in regulatory T cells were similar in trends of reducing
inflammation, there were no statistical significances. Therefore, further clinical investigations about CD39 and
CD73 during OHS might help us to understand the exact mechanism of IRI related inflammation during OHS.

In conclusion, the expression of CD39 and CD73 in circulating helper T cells was decreased immediately
after weaning from CPB. The decrease in CD39 and CD73 was worse in sevoflurane-based anaesthesia relative to
propofol-based anaesthesia. This result may be associated with IRI related inflammation occurring during OHS.
Our results suggest that propofol might be better than sevoflurane for reducing IRI related inflammation during
OHS.

Methods
Study population. This study was approved by the Institutional Review Board of Konkuk University
Medical Centre, Seoul, Korea (IRB #KUH1160064) and carried out in accordance to the relevant guidelines and
regulation of the Declaration of Helsinki. This study was registered before patient enrollment at clinicaltrials.gov
(NCT02136979, Principal investigator: Seong-Hyop, Kim, Date of registration: May 13, 2014) and was conducted
at a single tertiary medical centre (Konkuk University Medical Centre). All patients signed a written informed
consent. The study used a prospective randomized design and was conducted according to the original protocol
from May 2014 to December 2016 (full protocol available on request).

Patients undergoing OHS were enrolled, and patients were excluded if any of the following criteria were
met: 1) age < 20 years, 2) pre-operative infection, 3) pre-operative use of an immunosuppressive agent, and
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IL-1 (%)
Preop 1.0 (0.5-1.4) 1.1(0.6-1.2) 0.687
Weaning 1.6 (0.8-1.9) 1.6 (0.9-2.4) 0.257
3hours 0.9 (0.5-1.6) 0.9 (0.5-1.5) 0.622
24hours 0.6 (0.4-1.0) 0.5(0.3-1.0) 0.759
48hours 0.5 (0.2-0.9) 0.4 (0.2-0.9) 0.973
IL-6 (%)
Preop 1.7 (0.7-1.9) 1.7 (0.9-2.0) 0.535
Weaning 1.9 (1.3-2.0) 2.4(1.5-2.6) 0.050
3hours 2.2(0.9-3.7) 1.8 (1.2-3.8) 0.894
24hours 2.1(1.0-2.8) 1.6 (0.5-4.0) 0.296
48hours 2.1(0.9-2.7) 1.5 (0.5-4.0) 0.318
IL-10 (%)
Preop 2.1(0.7-3.4) 2.3 (1.4-4.4) 0.425
Weaning 1.3 (0.6-2.7) 1.3 (0.8-2.4) 0.880
3hours 1.0 (0.4-2.7) 1.2(0.8-1.7) 0.287
24hours 2.7 (1.4-3.8) 3.3 (1.1-4.0) 0511
48hours 2.6 (1.3-3.6) 3.2(0.9-3.9) 0.539
IL-17 (%)
Preop 1.3 (0.5-2.3) 1.4 (0.3-2.4) 0.444
Weaning 3.7(2.8-5.1) 3.7 (2.9-4.6) 0.353
3hours 2.1(1.2-3.1) 2.4 (1.7-3.1) 0.073
24hours 1.9 (0.8-2.1) 1.4 (0.2-2.2) 0.080
48hours 1.8 (0.8-2.1) 1.3(0.1-2.2) 0.134
IFN-~ (%)
Preop 4.1(0.8-7.6) 6.7 (3.7-8.3) 0.199
Weaning 12.9 (1.0-20.1) 12.9 (6.7-14.6) 0.928
3hours 12.6 (1.0-19.9) 13.9 (10.4-15.4) 0.376
24hours 21.1(13.1-27.6) 17.1(9.5-23.4) 0.136
48hours 22.8 (14.9-29.1) 18.6 (11.1-25.2) 0.130
TNF-« (%)
Preop 3.3(1.7-4.1) 3.1(2.4-3.8) 0.982
Weaning 2.5(0.3-5.1) 2.9(0.5-4.8) 0272
3hours 3.4(2.4-4.0) 3.0(1.2-3.9) 0.153
24hours 1.5 (0.9-2.0) 1.2(0.6-3.2) 0.357
48hours 1.3(0.8-1.8) 1.1 (0.5-3.1) 0.396

Table 4. Changes in cytokine levels during open heart surgery. Data are expressed as median values (25-75%)
or means =+ standard deviation. The cytokine level was the percentage of each cytokine among total CD4™

T cells. Abbreviations: IL, interleukin; Preop, preoperative time; Weaning, immediate after weaning from
cardiopulmonary bypass (CPB); 3 hours, 3 hours after weaning from CPB, 24 hours, 24 hours after weaning from
CPB; 48 hours, 48 hours after weaning from CPB; IFN, interferon; TNFE, tumour necrosis factor.

4) previous history of cancer. Patients were randomly assigned to groups by opening sequentially numbered
envelopes containing the randomization assignment (third party allocation). The allocation sequence was gen-
erated by the clinical research coordination centre in our hospital, which was not otherwise involved in the trial,
with random-permuted block randomization conducted using an interactive internet-based response system.
The propofol and sevoflurane groups were anaesthetised by propofol and sevoflurane, respectively. All involved
anaesthesiologists, surgeons and attending physicians were blinded to the study. All data were collected by trained
observers who also were blinded and did not participate in patient care.

Anaesthetic regimens. The anaesthetic technique was standardised between groups. The patient arrived at
the operating room without premedication. After establishing routine invasive systemic arterial blood pressure
monitoring and non-invasive patient monitoring (pulse oximetry, electrocardiography, cerebral oximetry, and
bispectral index [BIS]), anaesthesia was induced using etomidate 0.2 mg/kg. After confirming loss of conscious-
ness, rocuronium (1.0 mg/kg) was administered. For the propofol group, an initial target concentration at the
effect-site of propofol, of 1j1g/ml, was administered using a target-controlled infusion device (Orchestra® Base
Primea; Fresenius Vial, Brezins, France). For the sevoflurane group, an initial end-expiratory concentration of
sevoflurane 1.5vol% was administered using a vaporiser (Aladin™; Datex-Ohmeda Division Instrumentarium,
Bromma, Sweden). The target concentration of propofol and the end-expiratory concentration of sevoflurane
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were titrated at 0.1 pg/ml and 0.1 vol%, respectively, to maintain BIS values between 40 and 50. In both groups,
remifentanil was gradually administered using a target-controlled infusion device. A target concentration of
10 ng/ml was achieved after 10 min of administration of remifentanil and maintained throughout the procedure.
Following induction of anaesthesia, patients were ventilated with 40% oxygen in air. The tidal volume was 6 ml/kg
of lean body mass and the respiratory rate was adjusted to maintain the partial pressure of end-tidal carbon
dioxide between 35 and 40 mmHg. Additional rocuronium was administered under the guidance of peripheral
monitoring of neuromuscular transmission. A pulmonary artery catheter was inserted, and transoesophageal
echocardiography was done, after anaesthesia induction.

Management of haemodynamic changes. Haemodynamic stability was maintained using adequate
inotropic and vasoactive agents to ensure that the cardiac index and systemic mean blood pressure were above
2.0/min/m and 60 mmHg, respectively. Fluid administration was performed to meet fluid requirements and
replace surgically lost blood until the laboratory values met transfusion indications. Perioperative transfusion was
performed according to our institutional protocols®. After the end of the surgery, the propofol or sevoflurane was
stopped and the patient was transferred to the ICU. For the sedation during the transfer, remifentanil 10 ng/ml
was maintained and infused continuously for 60 minutes after arrival at the ICU. Decision-making regrading
medical treatment was performed in the ICU by the physicians in charge of the unit, who were blinded to the
study, based on institutional protocols.*

Blood samples. Inall patients, blood was sampled to analyse CD39, CD73, and cytokine expression in circu-
lating CD4* T cells and CD4"CD25"Foxp3* T cells. Blood samples were obtained before anaesthesia induction
and immediately, and 3, 24, and 48 hours after weaning from cardiopulmonary bypass (CPB). Samples were col-
lected in ethylenediaminetetraacetic acid (EDTA) tubes.

Flow cytometric analysis. Peripheral blood mononuclear cells (PBMCs) were isolated from blood samples
using density-gradient centrifugation over a Ficoll-Hypaque gradient (GE Healthcare, Piscataway, NJ, USA). The
PBMCs were washed with phosphate-buffered saline (PBS; 137 mM NaCl, 2.7 M KCl, 10 mM Na,HPO,, 2mM
KH,PO, pH 7.4) and resuspended in Roswell Park Memorial Institute (RPMI) medium 1640 with 1% penicillin
and 10% fetal bovine serum (FBS). All flow cytometry data were acquired with a FACS-Aria™ flow cytometer
(BD Biosciences, San Jose, CA, USA) and analysed using Flow]Jo™ software (Tree Star Inc., Ashland, OR, USA).

Flow cytometric analysis of CD39 and CD73 expression in CD4" T cells. To determine the
expression of CD39 and CD73 in circulating CD4™ T cells, isolated PBMCs were stained with peridinin chlo-
rophyll protein complex (PerCP)-conjugated anti-human CD4 (BD Biosciences), fluorescein isothiocyanate
(FITC)-conjugated anti-human CD39 (BD Biosciences), and phycoerythrin (PE)-cy7-conjugated anti-human
CD?73 (BD Biosciences). After washing with fluorescence-activated cell sorting (FACS) buffer (0.1% bovine serum
albumin (BSA) in PBS), PBMCs were stained for 30 minutes.

Flow cytometric analysis of CD39 and CD73 expression in CD4TCD25"Foxp3* T cells. The
expression of CD39 and CD73 in circulating CD4+*CD25%Foxp3* T cells, as Tregs, was evaluated using the
Human Regulatory T cell Staining Kit (eBioscience, San Diego, CA, USA), according to the manufacturer’s pro-
tocol. Single-cell suspensions were incubated with PerCP-conjugated anti-human CD4 (BD Biosciences), allo-
phycocyanin (APC)-conjugated anti-human CD25 (BD Biosciences), FITC-conjugated anti-human CD39 (BD
Biosciences), and PE-cy7-conjugated anti-human CD73 (BD Biosciences) antibodies for 30 min in the dark at
4°C to stain surface-expressed factors.

After washing with flow cytometry staining buffer, the PBMCs were incubated with 1 ml freshly prepared
Foxp3 fixation/permeabilization buffer for 20 min at 4°C in the dark. Then, the cells were washed twice with
2ml freshly prepared 1 x permeabilization buffer. Next, the cells were stained using a PE-conjugated anti-human
Foxp3 (eBioscience) antibody for 30 min in the dark at 4 °C. After washing twice, the number of Foxp3-positive
cells in the CD4"CD25™" cell gating was evaluated by flow cytometry, and the frequency of Foxp3™ Treg cells was
expressed as a percentage of the total CD4" CD25™ cells.

Flow cytometric analysis of cytokine expression in CD4" T cells. To analyse the cytokine pro-
duction in T cells, PBMCs were isolated from heparinized venous blood using density-gradient centrifugation
over a Ficoll-Hypaque gradient (GE Healthcare). The PBMCs were washed with PBS and resuspended in RPMI
1640 medium with 100 U/mL penicillin, 100 U/mL streptomycin and 10% (v/v) heat-inactivated fetal calf serum
(HyClone, Logan, UT, USA). After washing, the cells were stained with PerCP-labeled anti-human CD4 (BD
Biosciences) at room temperature for 30 min. After washing with FACS buffer (0.1% [w/v] BSA/PBS), the cells
were stimulated with 50 ng/mL phorbol myristate acetate (PMA, Sigma-Aldrich, St. Louis, MO, USA) and 1 ug/mL
ionomycin (Sigma-Aldrich) in the presence of BD GolgiStop™ (BD Biosciences) for 4h at 37 °C. The stimu-
lated cells were washed with FACS buffer, fixed for 10 min with 4% (v/v) paraformaldehyde, permeabilized with
FACS™ Perm 2 (BD Biosciences) according to the manufacturer’s instructions, and stained with FITC-conjugated
anti-human IFN—~, IL-1, IL-6 (BD Biosciences), PE-conjugated anti-human IL-10, IL-17, IFN-~, and TNF-«
(eBioscience) antibodies.

Measurements. The following clinical data were obtained: (1) Patient demographic characteristics, includ-
ing intraoperative drug dosages, fluids, and transfusion requirements; (2) changes in intraoperative haemody-
namics; (3) inflammation-related laboratory tests, including white blood cell, neutrophil and lymphocyte counts,
erythrocyte sedimentation rate (ESR), high-sensitivity C-reactive protein (hs-CRP); (4) levels of cardiac enzymes,
including CK-MB, high-sensitivity troponin (Tn) I, and N-terminal-pro brain natriuretic peptide (NT-pro BNP);
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and (5) arterial blood gas analysis, including the ratio of arterial oxygen partial pressure to fractional inspired
oxygen (PF ratio), and haematocrit level, potential of hydrogen (pH), and lactate level.

Statistical analysis. The primary outcome was the difference in expression of CD39 and CD73 in circu-
lating CD4™" T cells between the propofol and sevoflurane groups. The data for the sample size calculation were
drawn from 10 patients per group in our pilot study using G*power (ver. 3.1.9.2; Universitit Kiel, Kiel, Germany).
The calculated sample size for the primary outcome was 52 in each group for CD39 and 78 in each group for
CD73 from the data of our pilot study with an « of 0.05 and power of 0.8. Therefore, we included 78 patients in
each group; a total of 173 patients were enrolled in our study considering a dropout rate of 10%.

An independent two-tailed f test was used to compare mean values in cases of continuous normally dis-
tributed data. When the data were not distributed normally, the Mann-Whitney U test was used. Intragroup
changes and intergroup differences in expression levels were analysed by two way analysis of variance for repeated
measurements or the Friedman test, as appropriate. If a significant difference was noted, Student’s t-test or the
Mann-Whitney rank-sum test was used to compare group differences with Bonferroni’s correction applied. The
chi-square test was used to compare categorical variables, and numbers of patients (n) and proportions (%) were
calculated. All calculations were performed using SPSS software (ver. 20.0; IBM SPSS Inc., Chicago, IL, USA). A
value of P < 0.05 was taken to indicate statistical significance.
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