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Background: Different methods of drainage have been used in patients with osteoarthritis 

after total knee arthroplasty (TKA), but the ideal strategy is controversial. This retrospective 

case-control study reported a technique of 12-hour natural drainage and aimed to confirm its 

efficacy and safety in the treatment for blood loss following TKA.

Methods: There were 231 patients divided into three groups who underwent TKA from January 

2014 to July 2017: 76 patients underwent 12-hour natural drainage in Group A, 80 patients 

underwent 4-hour clamping drainage in Group B, and 75 patients underwent continuous drainage 

in Group C. All perioperative clinical data were reviewed for statistical analysis.

Results: The drainage volume and total blood loss after TKA were significantly lower in Group A  

than that in the other two groups (P,0.05), and serum level of hemoglobin was significantly 

higher in Group A than that in the other two groups (P,0.05). The maximum of active 

motion of the knee was greater in Group C at 2 days (P,0.05). Significantly more patients in 

Group C required blood transfusions (P,0.05). No difference was found in the complication 

rate among the three groups.

Conclusion: The 12-hour natural drainage is an effective technique for reducing blood loss for 

patients following TKA. Compared with temporary clamping drainage and continuous negative 

pressure drainage, 12-hour natural drainage decreases blood loss, reduces post-operative transfu-

sion requirements, and does not increase the risk of complications. Therefore, this technique of 

12-hour natural drainage is recommended to be used in patients after TKA.

Keywords: natural drainage technique, blood loss, total knee arthroplasty, case-control study

Background
Total knee arthroplasty (TKA) is a standardized surgery in the therapy of advanced 

knee osteoarthritis and rheumatoid arthritis. The aims of TKA are correcting joint 

abnormality, relieving pain, and restoring joint function. Nowadays, this procedure is 

considered as one of the most effective treatments in orthopedic practice.1

Drainage is routinely used in TKA to prevent wound hematoma, facilitate 

wound healing, and reduce infection risk. However, anemia is common following 

TKA, which is caused by local hemorrhage associated with soft tissue damage and 

osteotomy.2,3 To reduce and control the blood loss, various methods have been inves-

tigated, including tranexamic acid,4,5 fibrin agent, and clamping drainage.6 Clinical 

evidence shows that drainage clamping is an optimal method to decrease the blood 

loss and other complications following TKA.7,8 But controversy still exists regard-

ing whether clamping drainage or continuous drainage (no drainage clamping) is 

preferable after TKA.
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Theoretically, continuous drainage (no clamping drain-

age) systems can decrease hematoma formation, which 

might decrease post-operative pain, relieve swelling, and 

reduce the risk of infection.9,10 However, it was reported 

that no clamping and negative drainage might increase the 

volume of blood loss. Although many studies showed no 

advantage of continuous drainage systems after TKA,11–13 it 

is still one of the routine procedures used by surgeons. It was 

reported that non-continuous drainage can form a tamponade, 

which may reduce blood loss, and the recommended clamp-

ing duration is 3–6 hours.14–16

In the present study, we use a novel technique of 12-hour 

natural drainage following TKA, which means that drainage 

is with atmospheric pressure in the first 12 hours after TKA 

and then changed to be with negative pressure. We also con-

ducted no clamping drainage and 4-hour clamping drainage 

as two control groups for comparison. This case-control study 

aims to confirm the effect of temporary natural drainage on 

blood loss in patients with knee osteoarthritis and rheumatoid 

arthritis following arthroplasty.

Methods
study design and patients
A retrospective case-control study was conducted to analyze 

the effect of three different drainage techniques on reducing 

bone loss following TKA. Approval for this investigation 

was obtained from the ethics committee of our institution 

(Second Affiliated Hospital, School of Medicine, Zhejiang 

University). A written informed consent was obtained from 

all the patients when they were admitted, in which the patients 

understood and confirmed that the clinical data could be used 

for scientific research but did not relate to patient’s privacy. 

All included patients were diagnosed as osteoarthritis or 

rheumatic arthritis and treated with unilateral TKA from 

January 2014 to July 2017. The patients were excluded if 

they had pre-operative deep vein thrombosis (DVT), poorly 

controlled hypertension, severe diabetes mellitus, severe 

anemia, coagulation dysfunction, bilateral TKA, or revision 

TKA. DVT was diagnosed by ultrasound, and controlled 

hypertension was defined as a systolic BP ,140 mmHg and 

a diastolic BP ,90 mmHg.

A total of 231 patients were included and divided into 

three groups with different drainage methods after TKA. 

The groups were designed as follows: 76 patients underwent 

12-hour natural drainage in Group A, 80 patients underwent 

4-hour clamping drainage in Group B, and 75 patients under-

went continuous drainage in Group C.

surgical and drainage techniques
All operations were performed by senior surgeons, who 

were experienced in TKAs, and the same surgical technique 

was used for all patients. Tourniquet was used in all opera-

tions and the time of tourniquet inflation was recorded. All 

patients received 1 g tranexamic acid intravenously and 1 g 

tranexamic acid intra-articularly. The drainage tube was 

inserted into aponeurotic fascia before the wound was closed. 

All of drainage bottles were Drainobag® 600 (B. Braun 

Medical Inc., Melsungen, Germany). In Group A, 12-hour 

natural drainage was used in the first 12 hours after TKA, of 

which the drainage pressure equaled to atmospheric pressure. 

Then negative pressure drainage was used after 12 hours by 

pumping 500 mL air out of the drainage bottle. In Group 

B, the drainage tube was clamped for 4 hours after TKA. 

Then the clamp was released after 4 hours. In Group C,  

continuous negative pressure drainage was used immedi-

ately after TKA. All the drainage tubes were taken away at 

24–36 hours after surgery. All patients received the same dose 

of low molecular heparin in the first post-operative 48 hours. 

The patients received similar exercises of continuous passive 

motion after surgery.

The surgical wound was assessed for any complica-

tions by surgeons every 2 days. The patient required blood 

transfusion when the level of serum hemoglobin (serum Hb) 

was ,6 g/dL or ,8 g/dL with symptomatic anemia (such 

as lower systolic pressure, tachycardia, or decreasing urine 

output).

Outcomes
The data of pre-operation, intra-operation, and post-operation 

were selected for statistical analysis. The characteristics 

included sex, age, body mass index (BMI), time of tourniquet, 

baseline values of serum Hb and hematocrit (Hct), operation 

time, blood volume (BV), and intra-operative blood loss. 

Blood volume was calculated by the following formula: 

BV=k
1
*H3+k

2
*W+K

3
.17 Here k

1
=0.3669, k

2
=0.03219, 

and k
3
=0.1833 for male and k

1
=0.6041, k

2
=0.03308, and 

k
3
=0.1833 for female. BV was blood volume and its mea-

surement unit was liter. H was the height of patient and its 

measurement unit was meter. W was the weight of patient 

and its measurement unit was kilogram. The intra-operative 

blood loss was calculated by the volume of surgical suction 

and the increased weight of gauze.

The primary outcome measurement was the total blood 

loss (TBL), which was assessed by post-operative drainage 

volume, serum Hb, and subsequent transfusion requirements. 
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Nursing team recorded the post-operative volume of surgical 

drainage every day. Serum Hb at baseline, 1, and 3 days 

were recorded as Hb
0
, Hb

1
, and Hb

3
, respectively, and 

serum Hct at baseline, 1, and 3 days were recorded as Hct
0
, 

Hct
1
, and Hct

3
, respectively. We recorded Hb from transfu-

sion as Hb
t
. TBL was calculated by the following formula: 

TBL=BV*(Hct
0
-Hct

n
) +V

t
.18 Here TBL was total blood loss, 

BV was blood volume, Hct
n
 was serum Hct at n days after 

TKA, and V
t
 was the volume of transfusion blood. TBL, BV, 

and V
t
 had the same measurement unit.

Secondary outcomes included range of passive and active 

motion at 1 and 3 days, number of blood transfusion cases, 

inpatient duration, and post-operative complications.

statistical analysis
All statistical analyses were performed on GraphPad Prism 7 

(GraphPad Software Inc., San Diego, CA, USA). Number 

and calculated frequencies were used for chi-squared test for 

qualitative variables. Student’s t-test was used to determine 

the difference in mean in drainage volume, blood loss, serum 

Hb, range of motion (ROM), etc. The level of P,0.05 was 

considered as significant.

Results
Characteristics and pre-operative 
baseline data of patients
All of the characteristics of patients, baseline values, and 

detailed operative data are presented in Table 1. No significant 

difference was observed in sex, age, BMI, time of tourni-

quet, Hb
0
, Hct

0
, BV, and operation time among these three 

groups. The intra-operative blood loss was 132.21±28.98 

mL in Group A, 127.32±21.77 mL in Group B, and 

135.21±25.56 mL in Group C. There was no significant dif-

ference between every two groups.

Post-operative drainage volume and 
serum hb
The post-operative volume of drainage is illustrated in 

Figure 1. Group A had significantly less volume of post- 

operative drainage than Group B or C at 0–6 hours  

and 6–12 hours after TKA (P,0.05). No difference was 

found at post-operative 12–24 hours. At the end of drainage, 

Group A had significantly less total volume of post-operative 

drainage than Group B or C (P,0.05). The post-operative 

serum Hb is illustrated in Figure 2. Group A had significantly 

higher serum Hb level than Group B or C at 1 and 3 days 

after TKA (P,0.05).

Post-operative blood loss
The post-operative blood loss was calculated using the 

Mercuriali formula17 and is illustrated in Figure 3. At 1 and 

3 days after TKA, Group A had significantly lower TBL than 

Group B or C (P,0.05).

Range of motion of knee
Exercises of continuous passive motion were conducted since 

the second day after TKA, and the range of passive and active 

motion was recorded at 2–5 days after TKA. There was no 

significant difference in the maximum of passive motion 

of the knee among the three groups at 2–5 days after TKA 

(Table 2). The maximum of active motion of the knee was 

greater in Group C than those in Groups A and B at 2 days 

after TKA (P,0.05). No significant difference was found in 

the maximum of active motion of the knee among the three 

groups at 3–5 days after TKA.

Table 1 The characteristics, baseline, and detailed operative data of patients

Parameters Group A, 
mean ± SD

Group B, 
mean ± SD

Group C, 
mean ± SD 

P-value

P1 P2 P3

sex (male/female) 28/48 31/49 24/51 0.81 0.53 0.38
age (years) 66.89±7.69 67.35±8.44 67.01±8.91 0.36 0.51 0.62

BMi (kg/m2) 25.89±4.58 26.38±5.56 25.44±5.12 0.11 0.28 0.61

Time of tourniquet (min) 65.20±18.58 68.35±22.47 66.84±17.81 0.41 0.38 0.55

hb0 (g/l) 129.35±13.8 127.84±15.41 130.73±14.99 0.24 0.33 0.52

hct0 (l/l) 0.37±0.05 0.39±0.07 0.36±0.07 0.88 0.79 0.66

BV (l) 4.01±0.67 3.97±0.71 4.04±0.77 0.48 0.65 0.71

Operation time (min) 75.98±17.21 72.12±14.32 78.14±15.69 0.49 0.31 0.12
intraoperative blood loss (ml) 132.21±28.98 127.32±21.77 135.21±25.56 0.35 0.68 0.10

Notes: group a, 12-hour natural drainage (n=76); group B, 4-hour clamping drainage (n=80); group C, continuous drainage (n=75). P1: P-value of significance between 
groups a and B; P2: P-value of significance between Group A and C; P3: P-value of significance between Group B and C.
Abbreviations: BMi, body mass index; hb0, preoperative serum hemoglobin; hct0, preoperative serum hematocrit; BV, blood volume.
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Blood transfusion, inpatient duration, and 
complications
The number of blood transfusion cases were significantly 

fewer in Groups A and B than that in Group C (7 cases) 

(P,0.05) (Table 3). No significant difference was found 

in the number of blood transfusion cases between Group A  

and Group B. No significant difference was found in the 

inpatient duration among the three groups. There were three 

complications (4.0%) in Group A, 8 (10.0%) in Group B, 

and 4 (5.3%) in Group C. There were 10 cases of wound 

blister, 4 cases of DVT, and 1 case of superficial infection. 

There was no significant difference in complications among 

the three groups.

Discussion
The present study is the first investigation of a novel post-

operative natural drainage after TKA. In comparison with 

4-hour clamping drainage and continuously negative drain-

age, 12-hour natural drainage can decrease the blood loss 

and number of blood transfusion cases after TKA but does 

not increase complications. The main result of this study 

confirms that the 12-hour natural drainage is an effective 

drainage strategy after TKA.

The post-operative anemia is an important problem in 

patients with TKA. Several approaches have been inves-

tigated to decrease blood loss after TKA. The clamping 

drainage, which is believed to have a tamponade effect and 

control the post-operative blood loss, is routinely used.19 Prior 

studies have examined many clamping methods, such as the 

intermittent method and the specific hour-drain clamping 

after arthroplasty, and have determined that 3–6 hours of 

clamping has the best effect.16 However, it is also reported 

that temporary clamping of drain may increase hematoma 

formation, which may increase post-operative pain, swelling, 

and risk of infection.12 A technique of temporary natural 

drainage has been used and could reduce blood loss after 

total thyroidectomy compared with continuous negative 

drainage.20 Our results support the application of temporary 

natural drainage to reduce blood loss after TKA. More-

over, the TBL in this study was obviously less than other 

previous studies.21–23 The first possible interpretation is that 

all the TKAs are conducted by senior surgeons according 

to strict standards. Secondly, tranexamic acid is used in all 

the patients, which has been proved to be able to reduce the 

blood loss.

Figure 1 The mean post-operative drainage volume in three groups.
Notes: group a, 12-hour natural drainage (n=76); group B, 4-hour clamping 
drainage (n=80); group C, continuous drainage (n=75). Group A had significantly 
lower drainage volume than groups B and C at 0–6 hours and 6–12 hours after 
TKa (P,0.05). no difference was found at post-operative 12–24 hours. at the end 
of drainage, Group A had significantly lower total volume of drainage than Group B 
and group C (* and #: P,0.05).
Abbreviation: TKa, total knee arthroplasty.

Figure 2 The mean post-operative serum hemoglobin in three groups.
Note: group a, 12-hour natural drainage (n=76); group B, 4-hour clamping 
drainage (n=80); group C, continuous drainage (n=75). Group A had significantly 
higher serum hemoglobin level than groups B and C at 1 and 3 days after TKa 
(* and #: P,0.05).
Abbreviation: TKa, total knee arthroplasty.

Figure 3 The mean post-operative blood loss in three groups.
Note: group a, 12-hour natural drainage (n=76); group B, 4-hour clamping 
drainage (n=80); group C, continuous drainage (n=75). The post-operative blood 
loss was calculated using the Mercuriali formula and Group A had significantly lower 
total blood loss than groups B and C at 1 and 3 days after TKa (* and #: P,0.05).
Abbreviation: TKa, total knee arthroplasty.
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The results of our study show that the drainage volume 

is reduced by ~30%–50% in the temporary natural drainage 

group compared with temporary clamping or continuous 

negative pressure drainage group. It is reported that the 

maximum loss of blood occurs in 4–12 hours after TKA.24 

There is 75% of TBL occurring at the first 12 hours following 

TKA.25 The control of blood loss has the most effect during 

this period. The volume of blood loss is indirectly calculated 

by serum Hct, but a lower transfusion rate directly revealed 

that temporary natural drainage and temporary clamping 

drainage could maintain less blood loss than continuous 

negative pressure drainage.

The active motion was a little better in continuous nega-

tive pressure drainage group than that in temporary natural 

drainage group and temporary clamping drainage group. 

A possible interpretation is that the temporary natural drain-

age or temporary clamping drainage leads to local swelling 

and limitation of motion.

Although no difference has been found in complications 

among the three groups, a few more wound blisters have been 

found in patients with temporary clamping drainage. A possible 

interpretation is that the clamping drainage induced temporary 

hematoma accumulation, which increases local skin tension. 

The thresholds for transfusion in the present study are sig-

nificantly lower than those in other countries. There are more 

patients but relatively less blood resource in People’s Republic 

of China. There was no patient who had clot in the tubing and 

the reason may be the good design of drain system.

Conventionally, the drainage should be removed when the 

drainage volume is ,20–30 mL per day. Therefore, drain-

age volume is an important factor that determines inpatient 

duration. Thus, temporary natural drainage not only decreases 

perioperative blood loss, but it also decreases the medical 

cost to patients.

There are several limitations of this study. Firstly, this 

retrospective case-control study is limited in scope to prelimi-

narily test the hypothesis. Future prospective randomized con-

trolled trials are necessary to confirm these findings. Secondly, 

although the sample size is not small compared with previous 

studies, it is insufficient to analyze the clinical complications. 

Thirdly, the ranges of ROM are so large as to preclude useful 

clinical application, although there was significance. Fourthly, 

it should be better if the present study had an additional com-

parison group of those closed with no drainage.

Conclusion
The 12-hour natural drainage is an effective technique for 

reducing blood loss in patients following TKA. Compared 

with temporary clamping drainage or continuous negative 

pressure drainage, 12-hour natural drainage decreases blood 

loss, reduces post-operative transfusion requirements, and 

does not increase risk of complications. In conclusion, the 

Table 2 The operative range of motion

Parameters Group A, 
mean ± SD

Group B, 
mean ± SD

Group C, 
mean ± SD

P-value

P1 P2 P3

Maximum of passive motion
Day 2 62.54±17.62 61.14±18.32 63.14±15.58 0.812 0.095 0.146
Day 3 82.65±20.51 80.17±19.19 81.27±19.18 0.546 0.187 0.442
Day 4 97.08±22.65 96.38±24.56 99.33±25.12 0.264 0.234 0.481
Day 5 98.55±23.88 102.33±24.41 100.69±20.78 0.106 0.187 0.421

Maximum of active motion
Day 2 28.62±14.33 27.45±20.21 38.32±18.55 0.765 0.041 0.038
Day 3 42.43±22.49 40.71±19.85 41.63±18.72 0.214 0.122 0.343
Day 4 51.68±17.65 48.30±23.13 51.11±24.10 0.312 0.415 0.106
Day 5 63.27±26.88 54.33±24.41 65.14±22.86 0.087 0.174 0.092

Notes: group a, 12-hour natural drainage (n=76); group B, 4-hour clamping drainage (n=80); group C, continuous drainage (n=75). P1: P-value of significance between 
groups a and B; P2: P-value of significance between Group A and C; P3: P-value of significance between Group B and C.

Table 3 Blood transfusion, inpatient duration, and complications

Parameters Group A Group B Group C P-value

P1 P2 P3

Blood transfusion 3 4 12 0.751 0.013 0.034
inpatient duration 7.42 7.64 7.55 0.410 0.221 0.348
skin tension 
blister

2 5 3 0.792 0.712 0.527

DVT 1 2 1 0.590 0.993 0.598
Superficial 
infection

0 1 0 0.328 1.000 0.971

Total 
complications

3 8 4 0.140 0.686 0.277

Notes: group a, 12-hour natural drainage (n=76); group B, 4-hour clamping 
drainage (n=80); group C, continuous drainage (n=75). P1: P-value of significance 
between groups a and B; P2: P-value of significance between Group A and C; P3: 
P-value of significance between Group B and C.
Abbreviation: DVT, deep vein thrombosis.
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