
한마취과학회지 2007; 53: S 1～6
□ 문논문□

Korean J Anesthesiol Vol. 53, No. 6, December, 2007

S 1

The Effect of SCD Response Compression System on Coagulation 
and Fibrinolysis using Thromboelastography in Patients 

Undergoing Gastrectomy; a Comparison with Elastic Stocking 

Department of Anesthesiology and Pain Medicine, Gil Medical Center, Gachon University of Medicine and Science, Incheon;
*Department of Anesthesiology and Pain Medicine, Anesthesia and Pain Research Institute,

Yonsei University College of Medicine, Seoul, Korea

Ji Young Kim, M.D., Young Lan Kwak, M.D.*, Wol Sun Jung, M.D.,
Dong Chul Lee, M.D., Jung Ju Choi, M.D., and Hyun Jeong Kwak, M.D.

Received：July 2, 2007

Corresponding to：Hyun Jeong Kwak, Department of Anesthesiology and 

Pain Medicine, Gil Medical Center, Gachon University, 1198, 

Guwoul-dong, Namdong-gu, Incheon 405-220, Korea. Tel: 82- 

32-460-3637, Fax: 82-32-469-6319, E-mail: hyun615@gilhospital.com

This study was supported by Gil Medical Center, Gachon University of  

  Medicine and Science.

Accepted in Poster Session for 2007 Annual Meeting of the American  

  Society of Anesthesiologists.

  Background:  Among various measures to prevent deep venous thrombosis (DVT) in surgical patients, intermittent pneumatic 

compression of the legs is known to be effective without increasing the risk of bleeding.  In this study, the coagulation/ fibrinolysis 

profile in patients undergoing gastrectomy with SCD Response Compression System, which detects individual venous refill time, 

was compared to that with elastic stocking using thromboelastography (TEG).

  Methods:  Fifty-eight ASA class I-II patients undergoing gastrectomy were randomized into two groups.  Patients in ES group 

(n = 29) were treated with elastic stocking and patients in SCD group (n = 29) were treated with SCD Response Compression 

System.  TEG analysis and traditional coagulation tests were performed on arrival in the operating room, after surgery in the 

postanesthetic care unit and on the morning of postoperative day 1.

  Results:  There was no significant difference in laboratory data between the two groups. Laboratory data at all time points 

were within normal limit in all patients.  There was no significant difference in TEG data between the two groups.  No evidence 

of a postoperative clinical coagulopathy (DVT or pulmonary embolism) was observed on routine history and physical examinations 

in any patient during hospitalization.

  Conclusions:  The effectiveness of SCD Response Compression System in patients undergoing major abdominal surgery on 

coagulation/fibrinolysis system was similar to that of elastic stocking during perioperative period.  (Korean J Anesthesiol 2007; 

53: S 1∼6)
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INTRODUCTION

  Hypercoagulability occurs immediately after surgical procedures 

and deep venous thrombosis (DVT) is a postoperative com-

plication that carries a significant morbidity in both the short 

term (pulmonary embolism) and long term (post-thrombotic 

syndrome). Among the various prophylactic measures, elastic 

compression, intermittent pneumatic compression (IPC) of the 

legs and low molecular weight heparin are reported to be 

effective, alone or in combination.1) However, since anticoagulant 

therapy carries the risk of bleeding in patients undergoing 

major surgery, the efficacy of IPC on prevention of DVT has 

been extensively studied and was proved to be comparable to 

pharmacological prophylaxis.2) Before the introduction of the 

IPC device, elastic stocking was applied to patients as a 

mechanical prophylaxis against DVT. Elastic stocking prevents 

venous stasis and is also reported to increase femoral venous 

flow velocity.3) On the other hand, in addition to periodical 

acceleration of venous flow, which is similar to the mechanism 

of elastic stocking, IPC device is reported to stimulate endo-

genous fibrinolytic activity. Therefore, apart from the regional 

effect, IPC device may influence the systemic coagulation, 

which can be detected in thromboelastography (TEG).
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Fig. 1. SCD Response Compression System (Kendall Healthcare Pro-

ducts Co., USA) was designed to sense the individual post- 

compression refill time and its variability.

  IPC devices with newer technologies were developed because 

the lower limb venous hemodynamic varies depending on the 

presence of venous disease, position, daily activity, postoperative 

day and idiosyncrasy of the particular individual.4-7) Among 

them, SCD Response Compression System (Kendall Healthcare 

Products Co., USA) was designed to sense the individual 

post-compression refill time and its variability in various posi-

tions (Fig. 1).

  Since most studies on IPC devices were done on volunteers 

using hemodynamic equipments, the effect of SCD Response 

Compression System on overall coagulation status and the 

degree of clinically significant systemic fibrinolysis in patients 

undergoing major surgery remains to be clearly delineated. In 

this study, the coagulation/fibrinolysis profile in patients under-

going gastrectomy with SCD Response Compression System 

was compared to that with elastic stocking. This was assessed 

using thromboelastography (TEG) because a postoperative hy-

percoagulable state as determined by TEG is associated with 

postoperative thrombotic complications, including DVT, in a 

diverse group of surgical patients.8) TEG is sensitive to all the 

interacting factors in blood that can affect the rate and quality 

of clot formation. TEG provides dynamic qualitative as well as 

quantitative assessment of the overall coagulation status and 

degree of fibrinolytic activity at the time of sampling.9)

MATERIALS AND METHODS

  This was a prospective, double blinded and randomized 

study. Following approval by the local ethical committee and 

informed consent, 58 ASA class I-II patients undergoing gas-

trectomy due to stomach cancer were randomly divided into 

two groups using sealed envelop system. Patients with obesity 

(body mass index ＞ 28), vascular disease, abnormal coagulo-

pathy or who were on medications affecting coagulation profile 

such as anticoagulants including NSAIDs within 5 days were 

excluded from the study. Patients in SCD group (n = 29) 

were treated with SCD Response Compression System and 

patients in ES group (n = 29) were treated with the elastic 

stockings.

  On arrival in the operating room (OR), elastic stockings or 

sleeves of SCD Response Compression System were applied 

according to treatment group. The arterial whole blood samples 

for TEG and laboratory tests (prothrombin time, partial 

thromboplastin time, platelet count, fibrinogen, antithrombin III 

and hematocrit) were taken through an arterial catheter using a 

two-syringe technique, the initial sample being discarded. Sam-

ples were taken on arrival in the OR, after surgery in the 

postanesthetic care unit (PACU) and on the morning of 

postoperative day 1 (POD1) (T0, T1 and T2, respectively) by 

an independent researcher. The TEG was measured on native 

whole blood with a 2-channel coagulation analysis system 

(TEG model 5000, Haemoscope Corp., USA). The SCD Response 

Compression System was initiated for patients in SCD group 

(n = 29) after the induction of anesthesia and continued until 

POD 1 before patients start to ambulate. Elastic stocking was 

also applied to patients in ES group after the induction until 

POD1.

  The standardized general anesthetics were used for induction 

(i.v. propofol, alfentanil and vecuronium) and maintenance 

(isoflurane with nitrous oxide and oxygen). Postoperative pain 

control was done with continuous i.v. morphine in all patients.  

Intraoperative blood loss, infused fluid, homologous transfu-

sions, duration of surgery and anesthesia were recorded.  Crys-

talloid solution was given as a maintenance and blood loss 

was replaced with as 6% HES 130/0.4 (Voluven, Fresenius 

Kabi, Germany). Packed red cell was transfused when the 

hematocrit was decreased below 30%. An esophageal tempe-

rature probe was inserted, and the temperature was kept 

between 36oC and 37oC using warm mattress and air blankets 

during the surgical procedure.

  Statistical analyses were performed with SPSS 11.5 (SPSS 

11.5 for Windows, SPSS Inc., Chicago, IL, USA). All data are 

expressed as mean ± standard deviation unless otherwise in-
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Table 1. Patient Characteristics and Data from the Perioperative 
Period

ES group

(n = 29)

SCD group

(n = 29)

Age (yr)

Gender (F/M)

Weight (kg)

Hypertension (%)

Diabetes mellitus (%)

Blood loss (ml)

Crystalloid (ml)

Colloid (ml)

Packed red blood cells (U)

Duration of surgery (min)

Duration of anesthesia (min)

64 (35－76)

13/16

57.3 ± 9.9

11 (39)

 3 (11)

 450 ± 197

1,656 ± 667

 491 ± 245

0 (0－1)

288 ± 80

317 ± 85

62 (41－85)

8/21

61.6 ± 7.8

 5 (17)

 5 (17)

 450 ± 143

1,678 ± 659

 561 ± 254

0 (0－1)

287 ± 58

307 ± 64

Data are median (range), mean ± SD or number (proportion). ES 

group: treated with elastic stocking, SCD group: treated with SCD 

Response Compression System. There were no significant differences 

between the groups.

Table 2. Laboratory Data

Group T0 T1 T2

Hematocrit (%) ES 38 ± 6  35 ± 4*  35 ± 5*

SCD 39 ± 4  37 ± 5*  35 ± 5*

Platelet (×10
9
/L) ES 298 ± 87 288 ± 98  275 ± 74*

SCD 279 ± 87  260 ± 77*  249 ± 79*

Fibrinogen (mg/dl) ES  370 ± 107  286 ± 91* 361 ± 80

SCD  347 ± 112  308 ± 97*   389 ± 104*

AT‐III (mg/dl) ES 21.0 ± 2.8 19.7 ± 4.1  19.3 ± 2.5*

SCD 20.3 ± 5.6 18.7 ± 3.3  18.1 ± 3.6*

PT (sec) ES 12 ± 1  13 ± 1*  13 ± 1*

SCD 12 ± 1  13 ± 1*  13 ± 1*

aPTT (sec) ES 32 ± 4 32 ± 4  34 ± 4*

SCD 33 ± 5 33 ± 6  36 ± 5*

Data are mean ± SD.  ES group: treated with elastic stocking, SCD group: treated with SCD Response Compression System, T0: before surgery, 

T1: after surgery, T2: postoperative day 1, AT‐III: antithrombin III, PT: prothrombin time, aPTT: activated partial thromboplastin time. *P ＜

0.05 versus T0.

dicated. Demographic data between the groups were compared 

using Chi-square test, Fisher's Exact test or independent t-test 

where appropriate. Paired t-test with Bonferroni correction was 

used for multiple comparisons between baseline values and the 

values at each time point within each group. Independent t-test 

for comparisons between the groups was also used. A p-value 

of less than 0.05 was considered as statistically significant.

  Retrospective power analysis showed that this study had 

80% power to detect the difference in r value of 3.5 mm at 

the significance level of 0.05.

RESULTS

  Patient characteristics between the two groups were similar 

(Table 1). There were no significant differences with respect to 

the blood loss and allogenic transfusion. Amount of crystalloid 

and colloid infused during surgery were similar in both groups.  

Two patients in the ES group and 1 patient in the SCD group 

were transfused with packed red blood cell. There was no 

significant difference in mean duration of surgery between two 

groups (288 ± 80 min vs. 287 ± 58 min in ES vs. SCD 

group, respectively) (Table 1). 

  Laboratory data of conventional coagulation tests were listed 

in table 2. There was no significant difference in laboratory 

data between the two groups. The decrease in hematocrit, 

platelet count and antithrombin III were statistically significant 

at T2 compared to the baseline values in both groups.  

Fibrinogen was decreased significantly at T1 in both groups 

but increased significantly at T2 compared to the baseline 

value only in SCD group. Laboratory data at all time points 

were within normal limit in all patients (Table 2). 

  TEG data are shown in table 3. There was no significant 

difference in TEG data between the two groups. The decrease 

in r value was statistically significant at T1 and T2 in SCD 

group. The decrease in K value and the increase in α-angle 

were statistically significant at T2 in both groups. The de-

crease in A60 was statistically significant at T2 in ES group. 
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Table 3. Thromboelastography Data

Group T0 T1 T2

r (mm) ES  12.8 ± 5.5 11.0 ± 4.3  9.9 ± 4.7

SCD  15.7 ± 5.6  13.0 ± 5.1*  12.2 ± 5.4*

K (mm) ES   5.3 ± 2.0  5.7 ± 2.3   3.8 ± 2.2*

SCD   6.5 ± 2.8  6.7 ± 3.8   4.9 ± 2.3*

MA (mm) ES  56 ± 9   51 ± 11* 57 ± 8

SCD   52 ± 10  51 ± 15  53 ± 14

α‐angle (
o
) ES   38 ± 11  37 ± 12   50 ± 14*

SCD   35 ± 11  36 ± 16   42 ± 13*

CI ES   1.0 ± 2.9  0.6 ± 2.0  1.1 ± 2.0

SCD −0.1 ± 1.9  0.8 ± 3.1 0.1 ± 2.9

A60 (mm) ES   49 ± 11  44 ± 14   35 ± 12*

SCD   45 ± 11  46 ± 15  42 ± 16

LY60 (%) ES    8.5 ± 14.4  8.1 ± 8.2  18.4 ± 12.4

SCD    7.7 ± 10.6   6.2 ± 10.0  12.3 ± 14.1

EPL (%) ES   4.1 ± 9.5  3.7 ± 5.1  9.4 ± 8.2

SCD   3.3 ± 6.0  2.3 ± 5.4  5.8 ± 9.1

Data are mean ± SD. ES group: treated with elastic stocking, SCD group: treated with SCD Response Compression System, T0: before surgery, 

T1: after surgery, T2: postoperative day 1, r: reaction time, K: coagulation time, MA: maximum amplitude, A60: amplitude at 60 min after MA, 

CI: coagulation index, LY60: percent lysis at 60 min after MA, EPL: estimated percent lysis. *P ＜ 0.05 versus T0. 

LY60 was increased in both groups at T2 compared to T0 but 

in greater extent in ES group (from 7.7 ± 10.6 % to 12.3 ± 

14.1 % in SCD group vs. from 8.5 ± 14.4 % to 18.4 ± 12.4 

% in ES group). However, there was no statistical significance 

in both groups (P = 0.090 in SCD group vs. P = 0.054 in ES 

group). All TEG data except α-angle, A60, and LY60 at T2 

in ES group were within normal limit (Table 3). 

  No evidence of a postoperative clinical coagulopathy (DVT 

or pulmonary embolism) was observed on routine history and 

physical examinations in any patient during hospitalization.

DISCUSSION

  This study demonstrated that the effect of SCD Response 

Compression System on coagulation/fibrinolysis profile using 

TEG was not superior compared to that of elastic stocking in 

patients undergoing gastrectomy. In addition, postoperative coa-

gulation profiles remained within normal limit in both groups 

immediate after surgery and at POD1, which are periods 

reported to have high incidence of postoperative hypercoa-

gulability. DVT is one of the most common preventable causes 

of death in hospitalized patients and three key elements that 

lead to DVT are stasis, vascular damage and hypercoagu-

lability.10) Among risk factors for venous thromboembolism 

such as advanced age, sex, obesity, malignancy, history of 

DVT, operation time, operation site and duration of immo-

bilization, 4 of them were found to have significant rela-

tionship with venous thromboembolism in an epidemiological 

study in Japan.11) They were female gender, age over 60 years, 

intra-pelvic operation site and operation time longer than 3 hrs. 

They reported that 23.7% of patients were detected with DVT 

via venography. Patient population was similar to this study, 

which were mostly non-obese patients aged 61.3 ± 11.3 years 

(mean ± SD) with malignancy (86.7%) undergoing major 

abdominal surgery lasting longer than 3 hours (more than 

50%). In this study, median age of patients was over 60 years 

and the operation took longer than 3 hrs, which signifies that 

patients in this study were high risk patients in developing 

thromboembolic complications.

  Since DVT has been well recognized as a common surgical 

complication, chemoprophylaxis and mechanical prophylaxis have 

been used to prevent it. Mechanical prophylaxis consists of 

elastic stocking and IPC devices. Elastic stockings have been 

reported to be a safe and effective method of prophylaxis 

against DVT to prevent stasis and counter venous distension 

that occurs during surgery and immobilization throughout the 

entire leg. Elastic stockings do not affect the venous flow but 

reported to decrease the incidence of DVT.3,12) IPC devices can 
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be applied calf compression only, calf and thigh uniform 

compression, calf and thigh sequential compression or foot 

compression. These devices differ depending on the compression 

profile such as inflation pressure, slope of pressure, and sleeve 

type but most of them have fixed inflation-deflation pattern, 

which does not account the refilling time of the veins.13,14) 

SCD Response Compression System is a new IPC device, 

which detects the change in the venous volume and responds 

by initiating the subsequent cycle when the veins are substan-

tially full. Studies on SCD Response Compression System 

reported that this device is more effective in preventing venous 

stasis compared to the existing sequential compression system.15,16) 

Periodical acceleration of venous flow is the principal mecha-

nism of antithrombotic efficacy of the mechanical prophylaxis. 

It is largely studied by measuring femoral venous flow 

velocity and most IPC devices did increase femoral venous 

flow velocity to an extent.4,7,15) On the other hand, the 

stimulation of endogenous fibrinolytic activity is also postu-

lated, suggesting that venous compression resulted in the in-

creased synthesis or secretion of profibrinolytic factors from 

the venous endothelium.17-22) The latter mechanism is largely 

debated but nevertheless a possibility. Studies on fibrinolysis 

were mostly done on volunteers of small number using serum 

level of tissue plasminogen activator and plasminogen activator 

inhibitor-1 with IPC device of fixed inflation-deflation 

time.18-24) This is the first study that evaluated the effect of 

SCD Response Compression System on coagulation system in 

surgical patients at risk of postoperative hypercoagulability 

using TEG.

  Postoperative hypercoagulability after major uneventful 

abdominal surgery under general anesthesia is characterized 

with accelerated clot formation (decrease of the r value in 

TEG) and an increase of the clot strength (increase of MA in 

TEG).25) The increased MA was reported to be associated with 

postoperative thrombotic complications, including myocardial 

infarction, in a diverse group of surgical patients.8) In this 

study, r value decreased significantly at T2 in SCD group.  

Among TEG parameters for the fibrinolysis, LY60 is the 

percentage clot lysis, which reflects the loss of clot integrity 

as a result of fibrinolysis measured 60 min after the MA. In 

this study, although statistically not significant, LY60 was 

increased in greater extent in ES group and LY60 value at T2 

in ES group was above the normal range. In addition, 

fibrinogen value was significantly increased at T2 in SCD 

group. Above results may lead to the conclusion that patients 

in SCD group were more hypercoagulable and less active in 

fibrinolysis compared to those in ES group. However, 

decreased r value at T2 in SCD group were within normal 

range and the increase in α-angle and the decrease in K 

value, which are also parameters of hypercoagulabilty, were 

statistically significant in both groups with α-angle in ES 

group at T2 being out of the normal range. In addition, the 

CI, a description of the patient's overall coagulation, did not 

change throughout the study period in both groups. Based on 

these results, the changes in TEG and laboratory value in SCD 

group in this study were clinically insignificant. This seemed 

to demonstrate the beneficial effect of reducing postoperative 

hypercoagulability both elastic socking and SCD system.

  There are several limitations in this study. One of them is 

lack of control group (a group of patients without any 

mechanical prophylaxis for DVT) to compare the exact effect 

of SCD or elastic stocking on postoperative hypercoagulability 

in this study. However, it would have been unethical to do so 

since patients were at risk of developing DVT after surgery.  

Secondly, asymptomatic abnormalities were not screened using 

Doppler or ultrasound to examine leg veins. As a consequence, 

its relationship between TEG variables and thrombotic compli-

cations could not be drawn from this study. Thirdly, this study 

was limited to POD 1 because patients start to ambulate from 

this period and therefore, the SCD Response Compression 

System could not be turned on most of the times. Since the 

extent of postoperative hypercoagulability increases at POD 2 

and 3, this may have affected the result of this study. Last 

limitation of this study is the lack of power analysis. This 

study may have been underpowered to find or exclude a small 

difference in TEG data between the groups. 

  In conclusion, the effectiveness of SCD Response Compre-

ssion System in patients undergoing major abdominal surgery 

on coagulation/ fibrinolysis system was similar to that of 

elastic stocking during perioperative period.
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