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Abstract
Background: Questions remain, there are no optimal accurately monitoring methods to assess the changes of
coagulability during the perioperative period of arthroplasty especially revision THA. The objective of this study is to
evaluate the Hypercoagulable State In Perioperative Period Of Primary/Revision THA by using a novel technique—TEG.

Methods: A retrospective review was conducted on 333 consecutive patients who underwent primary THA (236) or revision
THA (97) and received rivaroxaban anticoagulant therapy at a tertiary academic center. TEG parameters, TEG coagulation
status, and incidence of thrombotic events were used for coagulation evaluation.

Results: Compared with primary THA, revision THA had consistent statistically signi�cant shortened R times on Pre, POD
1, POD3, POD 5, and POD7(P<0.05) . And the revision THA had consistent statistically signi�cant increased MA than
primary THA on Pre, POD 1, POD3, POD 5, and POD7(P<0.05) (Fig.1b). Similarly, compared with primary THA, revision THA
had consistent statistically signi�cant increased CI on Pre, POD 1, POD3, POD 5, and POD7(P<0.05) (Fig.1c). Signi�cant
differences in the incidence of hypercoagulable status between revision THA and primary THA on POD 1, 3, 5, and 7 (
P<0.05)These results suggested that patients who received revision THA were signi�cantly more likely with
hypercoagulable states. The results of the multivariate logistics regression analysis showed that R, MA, CI, operation time,
and blood transfusion rate were independent risk factors for patients with postoperative hypercoagulability (P<0.05).

Conclusions: Compared with primary THA patients, revision THA patients have a higher incidence of hypercoagulation,
which may be related to longer operation time, greater surgical trauma, more intraoperative blood loss, and higher blood
transfusion rate. TEG is a sensitive method to detect the evaluation of coagulation in the perioperative period of
primary/revision THA. R, MA, and CI were independent risk factors for patients with postoperative hypercoagulability,
Which is of great signi�cance for predicting hypercoagulability. In addition, the use of rivaroxaban anticoagulation alone
after THA cannot effectively reduce the incidence of postoperative hypercoagulability, especially platelet
hypercoagulability and mixed hypercoagulability.

1. Introduction
Pulmonary embolism (PE) and deep vein thrombosis (DVT),collectively known as venous thromboembolic events
(VTEs) continue to be catastrophic complications in major orthopedic surgery.[1, 2] A study by Shahi et al. included a total
of 1,762,496 TJAs showed that there was a higher incidence of VTE for revision THA than revision TKA and primary
THA/TKA.[3] Several reasons for higher VTE incidence of revision THA had been reported as follows: prolonged operative
time, more extensive surgical exposure, and soft tissue dissection, longer postoperative mobilization et al.[4–6]
Furthermore, the incidence of VTE on revision TJA remained basically unchanged from 2008 to 2016.[7] On the other hand,
the existing anticoagulation guidelines do not separately propose anticoagulation options for revision TJA. Therefore,
surgeons often use more aggressive anticoagulation therapy for revision TJA patients, which may also lead to an
increased risk of bleeding complications.[8] In conclusion, it is very important to reduce coagulation-related complications
by balancing thrombosis and bleeding during perioperative anticoagulation therapy.

For perioperative coagulation management, it is very important to accurately and comprehensively monitor the changes in
coagulation of patients. However, there are no optimal accurately monitoring methods to assess the changes of
coagulability during the perioperative period of arthroplasty. Conventional coagulation tests can effectively re�ect the
cascading process of the body's coagulation and are widely used in clinics, but it doesn't identify overall dynamic clot
formation in whole blood.[9] In contrast, thromboelastography (TEG), a sensitive test for the characterization of the
clotting process in whole blood, provides a comprehensive assessment of platelet function, plasma factor activity, �brin
polymerization, and �brinolysis[10, 11]. Moreover, TEG can offer a comprehensive bedside analysis and immediate
results[12, 13]. Besides, TEG is potentially useful in predicting which patients will develop thromboembolic complications
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and abnormal bleeding[14–16]. However, to the best of our knowledge, there was no study published about the TEG use
following revision THA.

Therefore, the objective of this study is to determine 1) Is revision THA associated with higher rates of hypercoagulable
state? 2)Is TEG an effective method for monitoring coagulation? 3)What are the independent risk factors for
Hypercoagulable State after revision/primary THA?

2. Materials And Methods

2.1 Study design and patients
This study was approved by the institutional ethical review board of The First A�liated Hospital of Chongqing Medical
University (NO.2018-028) and The research as part of our registered project on Chinese Clinical Trial Registry
(ChiCTR1800017245). We retrospectively reviewed our institutional database for all patients who underwent THA from
April 2014 to December 2018. Patients who underwent primary/revision THA were eligible for inclusion. Exclusion criteria
were: 1) the patients had not undergone TEG evaluation, 2) previous history of Deep Vein Thrombosis (DVT) or pulmonary
embolism (PE), 3) patients treated with thromboprophylaxis agents other than Rivaroxaban (including heparin, enoxaparin,
aspirin, warfarin, inferior vena cava �lters, or any combination of VTE prophylactic drugs), 4)patients not treated with
tranexamic acid, 5)the patients who had thrombocytopenia, diagnosed with hemophilia or chronic bleeding problems (eg,
peptic ulcer), or decreased liver function. 6)patients with moderate or severe anemia (Hb < 9 g/dL), 7)patients who
underwent simultaneous bilateral arthroplasty.8)incomplete medical records. Ultimately, 97 revision THA and 236 primary
THA were analyzed. Patient consent was waived since there was no intervention related to therapy. All operations were
performed by the same surgical team, which was led by the same senior surgeon.

2.2 Perioperative management
All patients received daily a combination of mechanical and chemical prophylaxis to prevent VTE. The patient received
rivaroxaban anticoagulation within 24 hours after surgery. Patients received daily Rivaroxaban 10 mg and continued for 5
weeks postoperatively if there weren’t any coagulation-related complications. Preoperatively, all patients received lower-
extremity muscular training. Passive and active physiotherapy was initiated after anesthesia resolution. All patients
received intermittent pneumatic stockings on the �rst day of postoperation. Post-operation, all patients received daily
screenings for clinical symptoms and signs of VTE until discharge. All patients received weekly screenings for venous
thromboembolism from discharge until 5 weeks after surgery. All patients received monthly screenings for venous
thromboembolism from 5 weeks to 3moth after surgery. In addition, patients received a doppler ultrasound immediately, if
there was increased pain with leg swelling and a tense, tender calf, pretibial tenderness, and a positive Homans’ test. Chest
computed tomography (CT) angiography was performed immediately when PE was suspected clinically (shortness of
breath, chest pain, lightheadedness, or chest congestion).

Criteria for transfusion included: (1) the Hb level of the patients was < 70 g/L regardless of accompanying symptoms; (2)
any case of symptomatic anemia (such as light-headedness, presyncope and an alteration in mental status or palpitation)
as decided by the senior orthopedic surgeon in the patients with a Hb level of 70 to 100 g/L.

2.3 Outcome measurements
Coagulation outcomes included TEG parameters, TEG coagulation status analysis, and incidence of VTE(PE,DVT and
intramuscular venous thrombosis). All TEG test were routinely performed pre-operatively (Pre), postoperative day 1 (POD1),
POD3, POD5, and POD7. In addition, we also collected the basic characteristics and surgical information of patients.

2.4 Thromboelastography
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TEG was performed preoperatively and on postoperative days 1, 3, 5, and 7. All blood samples were used to standard
citrated kaolin-activated TEGs, and the tests were performed using TEG® Hemostasis Analyzer, Model 5000 (Haemonetics
Corporation, Braintree, MA, USA). All the TEG tests were carried out by experienced personnel. They conducted quality-
control checks of TEG according to the manufacturer’s standard protocols. We recorded TEG values including R (reaction
time), K (coagulation time), α (alpha angle), MA (maximum amplitude), CI (coagulation index). The R value is the time
taken from the beginning of the trace to the amplitude of 2 mm, which re�ects the time for the thrombin burst. The k value
is measured the time of the amplitude from 2 to 20 mm, which measures the speed of clot strengthening. The MA value is
the greatest amplitude of the tracing, which measures the maximum strength of the clot. The  value is the Angle between
horizontal line and the tangent to the curve drawn from the amplitude of 2 mm, which is an indication of the rate of clot
formation. The CI value a computer calculated linear combination of R, K, MA, and α values. And the manufacturer
provides the computational formula: CI = − 0.6516R – 0.3772K + 0.1224MA + 0.0759α -7.7922. And TEG-
hypercoagulability was classi�ed into three types[17]: (1) enzymatic hypercoagulability, R < = 5 min, MA < = 70 mm; (2)
platelet hypercoagulability, R > 5 min, MA > 70 mm; (3) mixed hypercoagulability: R < = 5 min, MA > 70 mm.

2.5 Statistical analysis
Normally distributed numerical variables were presented as means ± standard deviation (SD), and categorical variables
were presented as n (%). A student’s t-test was used to compare the means of normally distributed numerical variables.
Wilcoxon Mann-Whitney U test was used for non-normal distribution or unequal variance numerical variables. The
proportion of categorical data was compared using χ2 tests or Fisher’s exact test where appropriate. Multivariate Logistics
regression analysis for analysis of independent risk factors of hypercoagulability. For all analyses P values, less than 0.05
were interpreted as statistically signi�cant. All statistical tests were performed using IBM SPSS Statistics 24.0 and
Microsoft Excel 2016.

3. Results

3.1 Patients characteristics
There are 333 patients(97 revision THA, 236 primary THA) who were eligible for the study. Baseline clinical characteristics,
Surgery information, and demographics of the patients were shown in Table 1. There was no signi�cant difference
between the revision THA and primary THA with respect to age, gender, BMI, smoking history, and medical comorbidities.
But the revision THA was longer operation time than primary THA(169.92 ± 56.76 min VS 94.41 ± 34.68 min, P < 0.01).
Similarly, the intraoperative blood loss was signi�cantly higher in revision THA than in primary THA 451.55 ± 303.66 ml VS
231.10 ± 231.38 ml, p < 0.01).In addition, revision THA had a higher incidence of transfusion than primary THA (48.45% vs.
16.10%, p < 0.01).
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Table 1
Baseline clinical characteristics, Surgery information, and demographics for primary/revision

THA.

  Revision THA(N = 97) Primary THA(N = 236) P

Age(years) 65.55 ± 8.85 64.17 ± 15.15 0.40

Gender (Male/Female)      

Height(cm) 160.70 ± 6.44 160.56 ± 7.42 0.87

Weight(Kg) 59.45 ± 9.10 59.38 ± 10.65 0.94

BMI(Kg/m2) 22.98 ± 2.98 22.95 ± 3.30 0.94

Intraoperative blood loss(ml) 451.55 ± 303.66 231.10 ± 231.38 < 0.01

Operation time(min) 169.92 ± 56.76 94.41 ± 34.68 < 0.01

Transfusion 47(48.45%) 38(16.10%) < 0.01

Smoking history 35 78 0.60

Medical comorbidities      

Hypertension 31 82 0.63

Diabetes mellitus 39 107 0.39

Complications      

DVT 0 0 -

PE 0 0 -

Intermuscular venous thrombosis 1 3 0.86

3.2 Coagulation outcomes
Compared with primary THA, revision THA had consistent statistically signi�cant shortened R times on Pre, POD 1, POD3,
POD 5, and POD7(Pre:5.88 ± 0.77 min VS 6.33 ± 1.17 min, POD1: 4.43 ± 1.06 min VS 4.78 ± 1.16 min, POD3: 4.65 ± 
1.18 min VS 4.98 ± 0.87 min, POD 5: 4.86 ± 1.06 min VS 5.13 ± 1.12 min, POD 7: 4.96 ± 0.94 min VS 5.24 ± 1.13 min, all P
values were less than 0.05) (Fig. 1a). And the revision THA had consistent statistically signi�cant increased MA than
primary THA on Pre, POD 1, POD3, POD 5, and POD7(Pre:65.35 ± 5.09 mm VS 63.08 ± 7.66 mm, POD1: 64.90 ± 8.03 mm
VS 62.25 ± 8.89 mm, POD3: 69.01 ± 6.30 mm VS 66.76 mm, POD 5:70.64 ± 5.99 mm VS 68.45 ± 5.99 mm, POD 7: 71.12 ± 
4.93 mm VS 68.46 ± 6.77 mm, all P values were less than 0.05) (Fig. 1b). Similarly, compared with primary THA, revision
THA had consistent statistically signi�cant increased CI on Pre, POD 1, POD3, POD 5, and POD7(Pre: 1.22 ± 1.32 VS 0.63 ± 
1.66, POD 1: 1.97 ± 1.48 VS 1.42 ± 1.71, POD 3: 2.39 ± 1.42 VS 1.86 ± 1.18, POD 5: 2.67 ± 1.28 VS 2.27 ± 1.30, POD 7: 2.77 
± 1.19 VS 2.19 ± 1.71, all P values were less than 0.05) (Fig. 1c). These results suggested that patients who received
revision THA were signi�cantly more likely with hypercoagulable status. There was a signi�cant decrease in K time in
revision THA compared with primary THA on POD 7(1.17 ± 0.47 min VS 1.37 ± 0.58 min, P = 0.04 ) (Fig. 1d). In addition,
there was a signi�cant decrease in α angle in revision THA compared with primary THA on POD 3 and POD 7 (POD 3:
70.66°±6.55° VS 68.03°±5.67°, POD 7: 72.97°±6.18° VS 70.31°±7.65°,all P values were less than 0.01) (Fig. 1e)

The distribution of different hypercoagulable states between revision THA and primary THA are shown in Fig. 2.
Signi�cant differences in the incidence of hypercoagulable status between revision THA and primary THA on POD 1, 3, 5,
and 7 (POD 1: 78.35% VS 67.37%, POD 3: 74.23% VS 62.27%, POD 5: 78.35% VS 66.95%, POD 7: 76.29% VS 65.25%, all P
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values were less than 0.05), which suggested that patients who received revision THA were signi�cantly more likely with
hypercoagulable status. In addition, we also found that the incidence of postoperative hypercoagulation in the
primary/revision THA patients did not decrease signi�cantly with the extension of postoperative time, but the proportion of
enzymatic hypercoagulation decreased signi�cantly, while the proportion of platelet hypercoagulation and mixed
hypercoagulation increased signi�cantly (Table 2). These results indicate that rivaroxaban cannot effectively reduce the
incidence of perioperative hypercoagulability, especially platelet hypercoagulability and mixed hypercoagulability. The
incidence of intramuscular venous thrombosis was 1.27% for primary THA and 1.03% for revision THA (P = 0.86) (Table 1).

Table 2
The proportion of different statuses of coagulability at postoperation day 7 of revision THA

and primary THA. POD1 post-operative day 1, POD7 postoperative day 7.

  Revision THA Primary THA

  POD 1 POD 7 P POD 1 POD 7 P

Normal 21 23 P < 0.01 77 82 P < 0.01

Enzymatic hypercoagulability 47 10 87 19

Platelet hypercoagulability 17 26 37 63

Mixed hypercoagulability 12 38 35 72

3.3 Risk Factors Analysis of Hypercoagulable State
We take patients with hypercoagulation after surgery as a hypercoagulation group (revision THA: 76,primary THA 159)
and patients without hypercoagulation after surgery as a control group (revision THA 76 primary THA 159). Univariate
analysis of common risk factors showed that preoperative R, MA, CI, age, operation time, and blood transfusion rate were
closely related to the occurrence of postoperative hypercoagulable state, and the difference was statistically signi�cant (P 
< 0.05) (Table 3). There was no signi�cant difference in K value, α, BMI, intraoperative bleeding, hypertension, and diabetes
before operation (P > 0.05) (Table 3). Therefore, we further included R, MA, CI, age, operation time, and blood transfusion
rate into multivariate logistics regression analysis. The results showed that R, MA, CI, operation time, and blood
transfusion rate were independent risk factors for patients with postoperative hypercoagulability(P < 0.05) (Table 4).



Page 7/14

Table 3
Univariate analysis of common risk factors for revision/primary THA. TEG thromboelastography, THA total hip

arthroplasty.

  Revision THA Primary THA

TEG at preoperation Hypercoagulation(76) Control(21) P Hypercoagulation(159) Control(77) P

R(min) 5.79 ± 0.74 6.20 ± 0.81 0.03 6.07 ± 1.17 6.88 ± 0.96 < 
0.01

K(min) 1.41 ± 0.47 1.56 ± 0.52 0.24 1.32 ± 0.45 1.37 ± 0.41 0.46

α(°) 68.05 ± 11.76 68.10 ± 
6.89

0.99 67.90 ± 6.66 66.88 ± 
6.42

0.27

MA(mm) 67.06 ± 3.06 59.13 ± 
5.36

< 
0.01

65.79 ± 6.93 59.57 ± 
7.92

< 
0.01

CI 1.49 ± 1.29 0.23 ± 0.87 < 
0.01

1.10 ± 1.60 -0.34 ± 
1.50

< 
0.01

Age(years) 66.80 ± 8.23 61.00 ± 
9.67

< 
0.01

65.26 ± 15.56 60.92 ± 
14.10

0.04

BMI(Kg/m2) 22.98 ± 3.01 22.96 ± 
2.91

0.98 22.88 ± 3.29 23.08 ± 
3.34

0.67

Operation time(min) 177.41 ± 59.38 142.81 ± 
35.45

0.01 97.70 ± 34.92 87.61 ± 
33.39

0.04

Intraoperative blood
loss(ml)

475.00 ± 323.6 366.67 ± 
202.69

0.13 215.22 ± 210.87 263.90 ± 
267.37

0.06

Transfusion(yes/no) 41/35 6/15 0.02 31/128 7/70 0.04

Hypertension(yes/no) 23/53 8/13 0.50 55/103 27/50 0.94

Diabetes
mellitus(yes/no)

27/49 12/9 0.07 73/83 34/43 0.70

Table 4
multivariate logistics regression analysis of risk factors for revision/primary THA. THA total hip

arthroplasty.

  Revision THA Primary THA

  OR 95%CI P OR 95%CI P

Age 0.972 0.871–1.092 0.594 0.983 0.963–1.011 0.143

Operation time 1.971 1.942–1.993 0.014 0.990 0.985-1.000 0.049

Incidence of transfusion 5.354 1.057–11.952 0.043 1.772 0.653–4.874 0.021

R 6.873 1.67–15.11 0.003 3.621 1.963–6.717 < 0.001

MA 1.526 1.394–1.747 < 0.001 1.799 1.712–1.898 < 0.001

CI 1.257 1.066–2.585 0.049 2.302 1.234–4.294 0.009

4. Discussion
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In our study, the main �nding included: 1) According to the monitoring results of TEG, in comparison with primary THA
patients, revision THA patients were more prone to hypercoagulation on postoperation. 2) R, MA, CI were independent risk
factors for patients with a postoperative hypercoagulable state, indicating that TEG is important in predicting
postoperative hypercoagulable state. 3) Rivaroxaban didn't effectively reduce the incidence of the postoperative
hypercoagulable state.

Studies have shown that operation time is an independent risk factor for patients with thrombosis after surgery[4, 18]. In
our study, the operation time of the revision THA was signi�cantly longer than the primary THA, which may be one of the
reasons for the higher incidence of postoperative hypercoagulation. The main risk factors of hypercoagulability include
sepsis, in�ammation, blood stasis, the trauma of surgery, atherosclerosis, physical disruption of the endothelium, and it
manifests selectively in thrombophilia. [19, 20] In our study, intraoperative blood loss and blood transfusion rates of the
revision THA are higher than the primary THA, which means that the surgical trauma of the revision THA is greater, and the
blood vessel wall damage and blood stasis of the revision THA are more serious. This may also be the reason for the
higher incidence of hypercoagulation of revision THA. In addition, In a study by Ng et al, the development of a
hypercoagulable state is related to mild to moderate degree of intraoperative blood loss[21]. In our study, intraoperative
blood loss of the revision THA was signi�cantly more than the primary THA, which may play a role in inducing
hypercoagulable state. Red blood cell (RBC) transfusions may increase postoperative hypercoagulable state and surgery
and perioperative RBC transfusions may have synergistic effects of increased related risk for VTE development[22]. The
mechanism may be related to the submicron vesicles released during the storage of red blood cells. These particles have
certain biological activities, which can lead to hypercoagulability in patients receiving a blood transfusion in a short
time[23].All in all, in comparison with primary THA, the reasons for the higher incidence of hypercoagulation in revision
THA include longer operation time, greater surgical trauma, more intraoperative blood loss, and higher blood transfusion
rate.

In our study, R, MA, and CI were independent risk factors for THA patients with postoperative hypercoagulability. Our study
found consistent results with previous research. In 2005, a study by Douglas et al.[24]was the �rst time evidence was
reported that demonstrated the association between hypercoagulability state measured by TEG and postoperative
thromboembolic complications in surgical patients. And TEG is a useful adjunctive test for the assessment of thrombus,
even if conventional coagulation screen methods were normal[13]. The results of an observational study suggest that an
increase in R is associated with a decrease in the incidence of VTE, in contrast, a decrease in R indicates that patients tend
to be hypercoagulable and the risk of DVT is higher[25]. Crath et al.[24] prospectively included 240 patients undergoing
surgery and found that the increase in MA is closely related to the postoperative hypercoagulable state and thrombotic
complications, and the risk of thrombotic complications in postoperative hypercoagulable patients is higher. The increase
in MA value is As an important tool for identifying high-risk patients with thrombotic complications. In addition, the
increased CI value is a sensitive indicator for predicting postoperative hypercoagulable state and thrombotic
complications, and can guide the perioperative anticoagulation scheme[13, 14, 24]. In summary,TEG is a sensitive method
to detect the evaluation of coagulation in the perioperative period of primary/revision THA. And TEG is an effective
indicator for predicting postoperative hypercoagulability in patients with THA.

In our institution, we routinely use rivaroxaban to prevent thrombosis. However, the incidence of postoperative
hypercoagulation in the revision THA exceeded 70%, and the incidence of postoperative hypercoagulation in the primary
THA also exceeded 60%. The previous study found rivaroxaban prolongs R and K, while decreasing α angle and MA[26].
Therefore the explanation for hypercoagulable state may be the recommended dose of rivaroxaban was insu�cient or
some patients are not sensitive to rivaroxaban. Rivaroxaban, an oral direct factor Xa inhibitor, been proven safe and
e�cacious. In 2020, a study of Hernandez-Juarez et al.[27] showed that even a high dose of rivaroxaban did not affect
platelet aggregation. This may be the reason that the proportion of platelet hypercoagulation and mixed hypercoagulation
increased signi�cantly with the extension of postoperative time. In conclusion, the use of rivaroxaban anticoagulation
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alone after THA cannot effectively reduce the incidence of postoperative hypercoagulability, especially platelet
hypercoagulability and mixed hypercoagulability. Among the chemopreventive drugs recommended by ACCP9, aspirin and
low molecular weight heparin (LMWH) are in the same position as rivaroxaban[28]. Therefore, when clinicians choose
anticoagulants, they tend to use them according to the routine of each center, and there is no uniform standard. Based on
the results of this study, anticoagulation with rivaroxaban combined with antiplatelet drugs (such as aspirin) after THA
may be an effective method to reduce the incidence of postoperative hypercoagulability. Of course, we need further
research to verify its safety and effectiveness.

There are several limitations to this study. This is a retrospective study, which may be more susceptible to selection bias.
Furthermore, a relatively small number of cases, short follow-up, and no routine Color Duplex ultrasound might have
concealed the incidence rate of VTE or hypercoagulable state. Despite these limitations, we believe that our study is worth
a presentation. Because, to our knowledge, only a handful of literature has reported coagulation monitoring by TEG
following primary arthroplasty, but there is no data regarding TEG after revision THA.This is the �rst study that applied
TEG to evaluate the coagulation of revision THA.

4. Conclusions
Compared with primary THA patients, revision THA patients have a higher incidence of hypercoagulation, which may be
related to longer operation time, greater surgical trauma, more intraoperative blood loss, and higher blood transfusion rate.
TEG is a sensitive method to detect the evaluation of coagulation in the perioperative period of primary/revision THA. R,
MA, and CI were independent risk factors for patients with postoperative hypercoagulability, Which is of great signi�cance
for predicting hypercoagulability. In addition, the use of rivaroxaban anticoagulation alone after THA cannot effectively
reduce the incidence of postoperative hypercoagulability, especially platelet hypercoagulability and mixed
hypercoagulability.
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Figure 1

The perioperative TEG parameters (R, K, α-angle and MA values) of THA. The asterisks indicate values that were
signi�cantly different between the revision THA and primary THA cohorts.THA total hip arthroplasty, Pre pre-operation,
POD1 post-operative day 1, POD3 post-operative day 3, POD5 post-operative day 5, POD7 post-operative day 7.
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Figure 2

The proportion of different statuses of coagulability at different time points of revision THA and primary THA. Pre pre-
operation, POD1 post-operative day 1, POD3 post-operative day 3, POD5 post-operative day 5, POD7 postoperative day 7.


