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Background 
Morbid obesity is considered as a risk for thromboembolic events.  Bariatric surgery achieves appropriate excess weight loss and control of related comorbidities.
Method 
Continued research measuring Coagulation profile more than one year after bariatric surgery. All patients had pre-operative coagulation evaluation by thromboelastography (TEG).
Results 
We recruited 67 patients. Mean age was 38.5 ± 11.2 (18-65 years). Forty-nine patients (73%) were female. The average BMI before surgery was 41.7 ± 4.6 (35-61kg/m2) and the mean EWL (excess weight loss) was 60%, 6 patients had EWL below 50% and 13 patients above 100%. Coagulation profile improved after bariatric surgery. The most prominent change was in the parameters that measure the platelet function MA and G. There was linear correlation between the EWL ratio and improvement of MA values starting at 50% EWL and reaching a peak at EWL of approximately 60-70%. There was no difference in coagulation profile after surgery in the two surgery groups: sleeve gastrectomy and gastric bypass. 
Conclusions 
Success of excess weight loss after bariatric surgery improves the coagulation profile as measured by TEG and can probably decrease the thromboembolic risk in those patients. We recommend expanding the indication to bariatric surgery in patients with altered coagulation profile or history of thromboembolic events and BMI above 35.
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Background 
Weight loss due to bariatric surgery reduce mortality risk in morbidly obese patients [1,2]. Surgery in obese patients is associated with increased perioperative risk, including an increased incidence of thromboembolic events. This strong tendency to thrombosis, has been previously demonstrated with pathologically elevated MA values (maximal strength or stiffness of the developed clot which represent platelet function) in morbidly obese patients measured by thromboelastography (TEG) [3]. Patients found to be in a hypercoagulable state demonstrated by elevated MA values two weeks after surgery. Thus, the author assumes that low molecular weight (LMW) heparin alone may not be sufficient for thromboprophylaxis and that prophylaxis started before surgery should be continued for more than two weeks postoperatively [3].
A number of studies have examined the effect of weight loss on coagulation profile among morbidly obese patients after non-surgical and bariatric surgical treatment. Elevated levels of coagulation factors, fibrinogen and tissue factors have been found in obese patients [4,5] as well as elevated levels of plasminogen activator inhibitor (PAI-1) which represent a hypofibrinolytic state [6]. Decrease in BMI through a weight reduction program in severe and morbidly obese patients brings about a favorable effect on the fibrinolytic system due to a decrease in plasminogen activator inhibitor type 1 levels [6].
Weight loss after adjustable gastric banding in combination with the Mediterranean diet and moderate physical exercise reduced blood rheology impairment when measured by RBC aggregation index and elongation index 6 months after surgery and may reduce the thromboembolic risk [7].
Weight loss after gastroplasty in morbidly obese patients reduces procoagulant tissue factor (TF) postoperatively and may reduce the atherothrombosis and cardiovascular risk [4].
Altered coagulation profile was demonstrated in morbidly obese patients, but weight loss due to bariatric surgery (Roux-en-Y gastric bypass and Laparoscopic Adjustable Gastric Banding) (RYGB, LAGB) decreases thrombin generation significantly when measured two years after surgery [8].
Significant decrease in micro vesicle-associated tissue factor measured by factor Xa generation assay in morbidly obese patients two years after bariatric surgery compared to a baseline assay before surgery showed that bariatric surgery may contribute to an improvement in the coagulation profile in bariatric patients [9]. 
Antithrombin III (ATIII), fibrinogen, WBC, and plasminogen activator inhibitor-1 (PAI-1) levels found to be significantly higher in morbidly obese patients normalized with decreasing PAI-1 levels 1,6,12 months after RYGB surgery. This may reduce the risk of thromboembolism in severely obese patients [10].
Levels of Factor VII and fibrinogen and plasminogen activator inhibitor-1 (PAI-1) reduced one year after bariatric surgery (VBG+limited jejuno-ileal bypass and SRVG) for morbid obesity [11].
In this study we evaluated the coagulation profile through thromboelastography (TEG) more than one year after surgery among previous patient cohort who participated in a study that evaluate of the coagulation profile in the perioperative period after sleeve gastrectomy and Roux-en-Y gastric bypass. We investigated the change in the coagulation profile and its relation to excess weight loss among these patients.

Patients and methods
This study was approved by the hospital IRB (GMC IRB approval is 134-14-NHR), the previous study was registered to the NIH- clinical trial (NCT01819207). All patients who participated in our previous study evaluating coagulation profile by thromboelastography in the perioperative period after bariatric surgery [3] were contacted by telephone and asked their permission to be included in this contiguous study. Those who agreed were invited to our department for interview with the principle investigator and then signed the informed consent. 
All TEG tests were performed by the principle investigator using the same thromboelastograph analyzer which located in his study office. 
Blood samples were tested by Thromboelastography. A citrate-added technique was used. The coagulation process was activated using Kaoline and 20 μL of calcium chloride. The TEG (Haemoscope) underwent quality control (QC) on a weekly basis. The same technique was used as in our previous study on the same patient cohort [3].
Exclusion criteria included use of anticoagulation, antiplatelet or contraceptive medications; patients with known thrombophilic disorders; and, patients with known renal, hepatic and hematological diseases.
TEG parameters:
R- (reaction time) - the rate of initial fibrin formation
K- (kinetics) - time until a fixed level of clot firmness is reached
α- (angle) – the rate of clot growth (slope between R and K)
MA (maximal amplitude) - maximal strength or stiffness of the developed clot, represent the platelet activity 
G- log derivation of the MA, representing the clot strength using dynes/sec as units
LY 30- percentage lysis 30 min post MA (normal value <7.5%)
EPL- earliest indicator of abnormal lysis (normal value <15%)
Excess Weight Loss percentage (%EWL) calculated as 100*(weight loss/baseline excess weight). Weight loss was defined as weight in baseline- weight at follow-up with the calculation of ideal body weight as that equivalent to a BMI of 25 kg/m2 and/or % Excess BMI Lost (%EBMIL) with excess BMI > 25 kg/m2.
 
Statistical analysis
Data were reported as mean ± standard deviation for quantitative continuous variables, and frequencies (percentages) for categorical variables. The comparison of two independent groups was performed using Student’s t-test. All tests applied were two-tailed. A p value of 0.05 or less was considered to be statistically significant. All analysis was performed using Excel 2003 (Microsoft, Redmond, WA, United States).

Results
Overall, we recruited 67 patients, 72% from the previous study group (93 patients). Forty-seven patients (70%) underwent laparoscopic sleeve gastrectomy and 20 patients (30%) underwent gastric bypass surgery. All operations were performed by laparoscopy by the same two surgeons. The mean age was 38.5 ± 11.2 (18-65 years). Forty-nine patients (73%) were female. The average BMI before surgery was 41.7 ± 4.6 (35-61kg/m2) and the average EWL at the time of data collection was 60%. Six patients (9%) had EWL lower than 50% and considered as failure to achieve acceptable excess weight loss, 13 patients (19%) had an EWL above 100%, and considered as undesirable outcome. Baseline patient characteristics are shown in Table 1.
There was a statistically significant improvement of coagulation function with a clear reduction in hypercoagulable state without any effect on the fibrinolysis function in thromboelastographic test (TEG) witch performed later than one year after surgery. We found a trend toward normalization of the clot time (R) which represents the rate of initial fibrin formation, clot kinetics (K, angle) which represent the time until a fixed level of clot firmness is reached and clot strength, respectively, MA, G witch represent the maximal strength or stiffness of the developed clot and the clot strength using dynes/s, as follows:
R value (minutes): There was an increase in the R value in the postoperative test as compared to the preoperative test (6.1 ± 1.5 vs. 8 ± 2.3 minutes, P<0.001). This implies an increase in the reaction time which represents the rate of initial fibrin formation. The increase was also evident in both the LSG and gastric bypass surgery groups (6.1±1.3 and 6.2±1.7 vs. 8±2.4 and 8±2 in the pre-and post-operative tests, P<0.001 and 0.002, respectively) (Tables 2 and 3).
K values (minutes): There was a significant increase in the K value in the postoperative test compared to the preoperative state (2.1 ± 0.8 vs. 1.4 ± 0.4 minutes, P<0.001), meaning that the time until a fixed level of clot firmness is reached is increased. The increase was also significant in both the LSG and gastric bypass surgery groups (1.4±0.3 and 1.5±0.5 vs 1.9±0.7 versus 2.5±0.9 in the pre-and post-operative tests, respectively, P<0.001) (Tables 2 and 3).
Angel: Of all 67 patients, 12 (18.2%) had abnormally elevated pre-operative values whereas no one in the post-operative period had elevated values. Mean angle value was of 74.3 ± 3.7 versus 64.3 ± 10.3, pre- and post-operatively, P<0.001. The rate of clot growth normalized after weight loss. Similarly, the angle values in patients in the LSG and gastric bypass surgery groups showed statistically significant decreases in the pre-operative test compared to the post-operative test, as 17% and 21% had abnormally elevated pre-operative values as whereas no one in the post-operative period had elevated values (P=0.001 and 0.01, respectively) (tables 2 and 3).
MA: Ninety-one percent of patients had abnormally elevated MA profiles pre-operatively compared to only 34% post-operatively, P<0.001. The mean pre-operative MA value was 72.5 ± 4.7 versus 66.2 ± 6.1 post-operatively (P<0.001), which represents improvement in the pathologically platelet function observed before surgery and decreased clot strength. The same significant decrease in MA value was also noted in LSG and gastric bypass surgery (81% versus 42% and 73.7% versus 15% in the pre- and post-operative period, respectively, P<0.0001) (Tables 2 and 3).
Fibrinolytic function: There was no difference in the fibrinolysis function test which represents clot breakdown as assessed by LY30, LY60 and EPL (P=0.4). The percentage of lysis 30- and 60-minutes post MA and the earliest indicator of abnormal lysis values was within normal limits with no change after surgery.  Further, the level of LY30 and LY60 was unchanged regardless of the type of surgery in the peri-operative assessment (Tables 2 and 3).
The effect of excess weight loss percentage on TEG parameters:
The patients were divided into three groups according to their percentage of excess weight loss (EWL%). Group A had an EWL of 0-50% which represents failure of surgery to achieve appropriate EWL. Group B had an EWL of 50-100% and group C had EWL > 100%. There was a statistically significant alteration in platelet function toward alleviation of obesity-related hypercoagulable state as demonstrated by an increase in the R and K values and a decrease in the angle and MA values in the post-operative period in groups B and C, but no change in group A. Moreover, fibrinolytic function as assessed by LY30 was no different in all three groups (Table 4). On linear curve analysis we found that the lowest EWL% that showed a statistically improvement in MA value started at an EWL of approximately 50% and reached a peak at an EWL of approximately 60-70% (Figure 1).
There was no difference in the percent of EWL in patients who underwent LSG compared to gastric bypass surgery (82.2%±29 versus 73.2±21.7, P=0.1).
The effect of time elapsed from the bariatric surgery on the post-operative TEG parameters:
The average time of the post-operative assessment of TEG parameters was 30±10.8 months (12-77). Stabilization of weight was usually achieved one year after sleeve gastrectomy and RYGB. Analysis of the timing of post-operative testing in the two groups (1-2 years and > 2 years) revealed a comparable and statistically significant increase in R and K values and a decrease in angle and MA values with no difference in the LY30 value (Table 5) in the two groups, suggesting that the change in the coagulation profile is limited to the first postoperative year.
Discussion 
In our study we found that the coagulation profile as measured by TEG improved after weight loss due to bariatric surgery compared to the values that measured before surgery in the same study group. We found significant improvement in the parameters of clot time and clot kinetics which represent the function of coagulation factors. These functions were partially altered before surgery and showed significant improvement as measured by R, K, and angle values after surgery.
The most prominent change observed in the MA and G values which represents improvement in the pathologically platelet function and clot strength that was founded before surgery.
The correlation between weight loss and coagulation profile was reported previously.
Weight reduction program improves coagulation profile as demonstrated by decreased levels of plasminogen activator inhibitor type 1 and improved fibrinolysis function [6]. Weight loss after bariatric surgery improves coagulation profile in regard to tissue factor levels and activity, endothelial function, thrombin generation, factor 7 levels and PAI-1 inhibitor levels [4,5,7,8,9,10,11].
In prospective study that evaluate thrombin generation parameters, a test of the global clotting function before surgery and one year after bariatric surgery found significant improvement of the Endogenous Thrombin Potential and Peak height, parameters that related to increasing risk for thrombosis. (12). Inflammatory markers, CRP and fibrinogen decreased significantly and the percentage of the EWL was 77+/- 23 at one year after surgery. (12). Similar results were found in other study when Elevated high sensitive CRP decline to normal levels 6 months after bariatric surgery (13).
In our study, the most prominent change was in the parameters that measures the platelet function (MA and G). Ninety-two percent of patients had impaired MA values before surgery compared to only 34% after weight loss. This value represents change in the clot strength toward the normal range and improvement in the platelet function.
Previous report demonstrated a persistent pathologically elevated MA and G values measured at 6 months after bariatric surgery (13). Since Maximal weight loss observed after one year in sleeve gastrectomy and RYGB (14) this may explain our different results as our study performed at the time that weight stabilization was achieved.
The fibrinolysis parameters measured by TEG were found to be within the normal range after weight loss. There was no statistical difference regarding the clot breakdown values which were in the normal range in all patients before and after surgery. Although, previous reports demonstrate elevated levels of plasminogen activator inhibitor (PAI-1) which represent hypofibrinolytic state in morbidly obese patients [6] we did not perform other fibrinolysis profile tests than those revealed in the TEG parameters.
We found an association between the extent of weight loss measured by the percentage of EWL and the correction extent of the abnormal platelet function. There was no significant change in the parameters that represent the platelet function (MA and G) among patients with EWL less than 50. When EWL exceeds 50%, the platelet function improved significantly.  
There was inverse ratio between the EWL and MA values, starting at 50% EWL and reaching a peak at EWL of approximately 60-70%. This finding reinforces the definition of successful surgery when the EWL exceed 50 per cent. 
  In order to investigate the relation between the time of weight stabilization and the extent of the change coagulation profile, we compared the coagulation profile measured by TEG between patients tested within the second year after surgery and those tested more than two years after the surgery. There was no difference in coagulation profile when compared in the two groups. This may add strength to the theory that metabolic change and weight loss after bariatric surgery (sleeve gastrectomy and RYGB) are stabilized after one year.
There was no difference in the coagulation profile after surgery in the two surgery groups – i.e. sleeve gastrectomy and gastric bypass – implying that change in the coagulation profile is related to the EWL ratio rather than the surgical technique. 
Limitations
Although none of the patients in our study suffered from a thromboembolic event before or after surgery, and our study group is too small to support our proposal that improvement in coagulation profile as measured by TEG actually reduces the risk of thromboembolic events.
Although we showed a difference in MA parameters in relation to the extent of EWL, the number of patients with EWL<50% was too small. 
More exhaustive study is needed to show whether improvement in the coagulation profile after surgery is related only to EWL or combined with hormonal and physiological changes after bariatric surgery, and what changes would occur after weight regain.  
Recommendation and conclusion
We propose an extension of the indications for bariatric surgery to include patients with a BMI over 35 and altered coagulation profile and to consider it in patients with BMI above 30 and a history of thromboembolic events.
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Table 1: baseline characteristics of the study cohort
	Cohort number 
	67

	Mean age ± SD (range)
	38.5±11.2 (18-65) 

	Gender M\F
	18\49

	Mean BMI ± SD (range)
	41.8±4.6 (35-61)

	Average EWL (%)
	60

	Current smoking (%)
	11.9

	Mean platelets ± SD (range)
	250.7 ±65 (149-443)

	Mean time of surgery (minutes)
	117 ± 68.6 (32-292)

	Diabetes mellitus type-2 (%)
	25.3





Table 2: Pre- and post-operative TEG parameters among the study cohort
	
	Pre-operative functions
	Post-operative function
	P value

	R
	6.1 ± 1.5 
	8 ± 2.3 
	<0.001

	K
	1.4 ± 0.4 
	2.1 ± 0.8 
	<0.001

	Angle
	74.3 ± 3.7 
	64.3 ± 10.3 
	<0.001

	MA
	72.5 ± 4.7 
	66.2 ± 6.1 
	<0.001

	LY30
	1.3 ± 1.7 
	1.5 ± 2.6 
	0.4

	LY60
	4.3 ± 3.3
	4.2 ± 4.1 
	0.4







Table 3: Pre- and post-operative TEG parameters among LSG and gastric bypass surgery groups

	
	Pre-operative TEG in LSG
	Post-operative TEG in LSG
	P value
	Pre-operative TEG in gastric bypass
	Post-operative TEG in gastric bypass
	P value

	R
	6.1±1.3 
	8±2.4 
	<0.001
	6.2±1.7 
	8±2 
	0.002

	K
	1.4±0.3 
	1.9±0.7 
	<0.001
	1.5±0.5 
	2.5±0.9 
	<0.001

	Angle
	74.4±3.3 
	68.1±7.3 
	<0.001
	74±4.7 
	55.4±11.1 
	<0.001

	MA
	72.5±4.7 
	67.5±6.2
	<0.001
	72.4±4.8
	63.2±4.9 
	<0.001

	LY30
	1.3±1.5 
	1.7±3 
	0.1
	1.4±2.1 
	0.79±1.1 
	0.1

	LY60
	4.3±3.3 
	4.5±4.7 
	0.4
	4.1±3.7 
	3.5±2.2 
	0.2












Table 4: TEG parameters according the excess weight loss percent (EWL %)
	
	R
	K
	Angle
	MA
	LY30
	LY60
	P value

	A (EWL<50%)
· Pre-operative 
· Post-operative
	
6.1±2
7.8±2
	
1.8±0.5
1.7±0.4

	
69.6±4.3
68.9±3.2

	
66.3±2.6
66.9±3.7
	
3.5±1.8
1.4±2.2
	
5.6±4.4
2.7±1.4
	
NS for all values

	B (EWL 50-100%)
· Pre-operative 
· Post-operative 
	
6±1.4
[bookmark: _Hlk535153057]7.9±2.3*
	
1.4±0.3
2±0.8*

	
74.7±3.3
65.8±10*
	
72.7±4.6
67.4±6.2*
	
1.3±1.7
1.6±2.9^
	
4.2±3.4
3.9±3.2^
	
*P<0.001, ^P=NS


	C (EWL>100%)
· Pre-operative 
· Post-operative
	
6.3±1.7
8.2±2.4*
	
1.4±0.4
2.5±1*
	
74.5±3.8
55.8±9*
	
74.1±3.9
61.2±4.3*
	
0.5±0.5
0.75±1.2^
	
4.1±2.6
5.8±6.9^
	
*P<0.001, ^P=NS
















Fig.1 The effect of EWL (%) on the MA values measured by TEG 
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