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Purpose: Simultaneous bilateral total knee arthroplasty (TKA) is associated with excessive blood loss and morbidity arising from postoperative
reduction in hemoglobin (Hb). The purpose of this prospective randomized study was to determine if drains have any effect on blood loss, post
operative reduction in Hb levels and transfusion rates compared to no drainage in simultaneous bilateral TKAs.
Materials and Methods: Two hundred and thirty patients who underwent simultaneous bilateral TKA by a single surgeon were randomly allotted
to drain or no-drain group (n=115 in each group). Postoperative Hb level, blood loss volume and transfusion rate were compared between the two
groups.
Results: The mean postoperative Hb level (p=0.38), blood loss volume (p=0.33) and transfusion rate (p=0.52) in the drain group were not
significantly different compared to the no-drain group. No statistical difference was found in terms of complications, readmissions and mortality rates
between the two groups.
Conclusions: No significant difference was observed in the two groups with respect to blood loss and blood transfusion. Non-drainage does not offer
an advantage over drainage with respect to conserving blood in simultaneous bilateral TKA.
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Introduction
Drains are routinely used during closure in total knee arthroplasty (TKA) due to the traditional belief that it will prevent
wound hematoma, facilitate wound healing and minimize
chances of infection1,2). However, the use of drains during TKA is
associated with excessive blood loss, the need for postoperative
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allogenic blood transfusion and increased complications3-6).
Bilateral TKA involves greater blood loss compared to unilateral
TKA with the average blood loss reported at over 1,200 mL in
bilateral TKAs4,7,8). This blood loss and the subsequent reduction
in hemoglobin (Hb) levels may be more pronounced in patients
undergoing simultaneous bilateral TKAs. Perioperative anemia
due to excessive blood loss, especially in patients undergoing
simultaneous bilateral TKA, may result in increased risk of postoperative infection, poor functional recovery, longer hospital stay
and mortality9). However, the effect of the use of drain on blood
loss, postoperative reduction in Hb levels and transfusion rates
compared to no drainage in simultaneous bilateral TKA is unclear.
Although several studies have analyzed the use of drains and
its effect on blood loss during TKA, most of them have been
done in patients undergoing unilateral TKAs5,6,10,11). Literature is
lacking regarding the effect of drain usage in patients undergoing simultaneous bilateral TKA especially in terms of blood loss
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and the need of postoperative blood transfusions. To the best of
our knowledge, there are no randomized controlled trials in simultaneous bilateral TKAs that have analyzed the effect of drain
on postoperative blood loss and reduction in Hb. Hence, the
purpose of this prospective randomized study was to determine
if drains have any effect on blood loss, postoperative reduction
in Hb levels and transfusion rates compared to no drainage in
simultaneous bilateral TKAs.

Materials and Methods
For this prospective randomized single-surgeon study conducted from April 2013 to December 2014, all patients who
underwent simultaneous bilateral TKA for knee arthritis at the
study institution were eligible. Inclusion criterion for the study
was all patients who were eligible for simultaneous bilateral TKA
for knee arthritis due to osteoarthritis, rheumatoid arthritis or
post-traumatic arthritis. The exclusion criteria included patients
who opted for staged bilateral TKA, patients where simultaneous
bilateral TKA could not be performed due to previous history
of deep vein thrombosis (DVT) or pulmonary embolism, myocardial infarction (MI), coronary bypass graft surgery in last one
year and in patients who refused to give consent for participation
in the study. Of the 256 patients eligible for simultaneous bilateral
TKA during the study period, 26 patients had to be excluded due
to various reasons including previous history of DVT or MI (n=3),
option for staged TKA (n=8) and refusal to give consent for par-

ticipation in the study (n=15). A total of 230 patients participated
in the study and were randomly allocated to the two study groups
with 115 patients in each group (Fig. 1). The study was done
in hospital setting and was approved by the institutional ethics
committee. The CONSORT (consolidated standards of reporting trials) guidelines12) were followed throughout the study for its
conduction and reporting and an informed consent was taken
from all patients who participated in the study.
Our primary objective was to compare the amount of blood
loss, postoperative Hb levels and transfusion rates in patients undergoing simultaneous bilateral TKA with either closed suction
drains or no drains. Hence, the study population was randomized into two groups: drains and no drains (Fig. 1) based on sequentially numbered sealed envelopes containing random cards
named as “drain group” and “no-drain group”. Random number
table method was used for sequence generation. The allocated
envelope for each patient was opened by the staff nurse in the operation theatre just before the start of surgery.
The standardized surgical procedure for TKA was followed
for all patients irrespective of the group allocation and was performed by a single surgeon under combined spinal and epidural
anesthesia. A cruciate-substituting design (PFC Sigma; Depuy
Synthes, Warsaw, IN, USA) was used in all patients and the patella was not resurfaced in any case. A pneumatic tourniquet
was used in all patients to create a bloodless field, which was
deflated after wound closure and compression dressing was applied. Tranexamic acid 1 g was administered intravenously before

Assessed for eligibility (n=256)

Excluded (n=26)
2 deep vein thrombosis
1 myocardial infarction
8 staged bilateral
15 absence of consent
Randomized (n=230)

Allocation
Allocated to drain group (n=115)

Allocated to intervention (n=115)

No loss to follow-up

No loss to follow-up

Analysis
Analysed (n=115)

Analysed (n=115)

Fig. 1. Flowchart showing study design.
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induction of anesthesia and 3 hours after surgery in all patients.
For DVT prophylaxis, low molecular weight heparin was used
for 1 week, which was followed by oral aspirin for 6 postoperative
weeks in all patients. In the drain group, a closed suction drainage
was applied with no postoperative clamping and it was removed
24 hours postoperatively.
Demographic data such as age, gender, body mass index (BMI),
American Society of Anesthesiologists (ASA) grade and diagnosis were collected from the hospital record files. Preoperative (on
the day of admission) and postoperative (day 1 after the surgery
and before discharge) serum Hb levels (g/dL) were measured and
recorded. Blood was transfused in patients who had Hb below 8
g/dL postoperatively. The total number of patients who underwent blood transfusion postoperatively and the total number
of units of transfused blood in each group were recorded in the
patient file. The total volume of blood loss (mL) in each patient
was calculated using Gross’ formula [blood loss=preoperative
blood volume×(preoperative Hb–lowest Hb)/average Hb] based
on the maximum perioperative decrease in Hb and the patient’s
preoperative blood volume13). Preoperative blood volume was
calculated as 65 mL/kg. Average Hb was calculated as the mean
of the preoperative Hb level and the lowest postoperative Hb
level14). Secondary outcome data on both local and systemic complications was also collected during hospital stay and at follow-up
visits. Local complications looked for included superficial wound
infection, hemarthrosis, DVT and periprosthetic joint infection
(PJI). Similarly, systemic complications such as cardiovascular
or cerebrovascular events, and pulmonary complications such as
lung infection, respiratory distress or pulmonary embolism were
noted. All patients were followed up for a maximum of 6 months
postoperatively for this study. As part of routine clinical follow-

up after TKA at our institution, all patients were called at 2 weeks,
6 weeks, 3 months and 6 months postoperatively.
The sample size at alpha 0.05 and 90% power, with prevalence
of average blood loss (1,222 mL)4,7,14) as 0.85 and expected reduction as 0.20, was calculated as 214. After deducting the total
dropouts, the study sample was 230. For comparison of outcomes
between two groups, student’s t test was used for continuous variables and chi-square test and Fisher exact test were used respectively on the basis of distribution for categorical variables. Both
groups were analyzed as per intention to treat. A p-value<0.05
was considered statistically significant. All the statistical analysis
was done with STATA ver. 13 (StataCorp LP, College Station, TX,
USA) data analysis and statistical software.

Results
Demographic parameters such as gender, age, BMI, diagnosis,
ASA grading and duration of hospital stay in both groups are
summarized in Table 1. Similar to the mean preoperative Hb,
postoperative Hb in the drain group was not significantly different from the no-drain group (Table 2). The mean Hb levels
on postoperative day 1 in the drain group and no-drain group
were 9.9±1.1 (range, 7.6 to 13.3) and 10.1±1.1 (range, 6.9 to 13.4),
respectively, and were not significantly different between the
groups (p=0.16). The mean Hb reduction postoperatively in the
drain group (3.24 g/dL) and no-drain group (3.54 g/dL) was also
not significantly different (p=0.33).
No statistically significant difference was found in the blood
transfusion rates and total units of blood transfused between two
groups (Table 2). Two patients in no-drain group received blood
transfusion at the time of readmission after day 1 (2 units) and

Table 1. Comparison of Demographic Data between the Two Study Groups
Parameter

Drain group (n=115)

No-drain group (n=115)

Male

26 (22.5)

36 (31)

Female

89 (77.5)

79 (65)

p-value

Gender (%)
0.18

Age (yr)

64.0±7.8 (62.6–65.5)

65.0±8.7 (63.5–66.7)

Body mass index (kg/m2)

26.7±5.1 (25.7–27.6)

29.3±3.8 (28.5–30)

<0.01

0.35

110 (95.5)

114 (99)

0.21

5 (4.5)

1 (1)

82

89.5

0.22

6.3±1 (6.1–6.4)

6.4±1.1 (6.2–6.6)

0.47

Diagnosis (%)
Osteoarthritis
Rheumatoid arthritis
ASA grade II (%)
Duration of hospital stay (day)
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Values are presented as mean±standard deviation (95% confidence interval). p<0.05 considered statistically significant.
ASA: American Society of Anesthesiologists.
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Table 2. Comparison of Hemoglobin (Hb) Levels, Blood Loss and Transfusion Rates between the Two Study Groups
Parameter
Preoperative Hb (g/dL)

Drain group (n=115)

No-drain group (n=115)

p-value

12.2±1.2 (11.9–12.4)

12.3±1.4 (12.0–12.6)

0.35

Postoperative Hb (g/dL)

9.0±1.0 (8.8–9.2)

9.2±1.2 (8.9–9.4)

0.38

Lowest Hb (g/dL)

9.0±1.0 (8.8–9.2)

9.1±1.2 (8.9–9.3)

0.33

448.5±96.3

436.9±83.3

0.33

31 (27)

30 (26)

0.88

40

37

0.52

Calculated blood loss (mL)
No. of patients transfused (%)
Unit of blood transfused (n)

Values are presented as mean±standard deviation (95% confidence interval). p<0.05 considered statistically significant.
Table 3. Systemic and Local Complications in the Two Study Groups
Drain
group
(n=115)

No-drain
group
(n=115)

Mortality

2

0

CVA (seizure)

0

1

Complication
Systemic

Cardiovascular event (MI, angina, and AF)

1

3

Pulmonary infection (bilateral pneumonia)

1

0

Respiratory distress

1

0

Fever
Total (%)

0

2

5 (4.5)

6 (5)

Local
Superficial wound infection

3

0

Periprosthetic joint infection

1

0

Periprosthetic fracture

1

0

Revision surgery
Total (%)

0

1

5 (4.5)

1 (1)

CVA: cerebrovascular accident, MI: myocardial infarction, AF: atrial
fibrillation.

day 5 (1 unit) after discharge, respectively. There was no significant difference in local (p=0.09) and systemic (p=0.64) complications between the two groups (Table 3). None of the patients in
both groups had DVT or pulmonary embolism. There were total
9 readmissions, 6 in the drain group and 3 in the no-drain group.
The reasons for readmissions in the drain group included superficial wound infection (3 patients) treated with local debridement
and resuturing, PJI (1 patient) treated with debridement and
insert change, angina on exertion (1 patient) and periprosthetic
fracture (1 patient). In the no-drain group, one patient each was
readmitted for anemia, fever and knee instability (treated with
revision surgery). Two patients in the drain group died, one due
to septicemia and one due to bilateral pneumonia. No mortality
occurred in the no-drain group.

Discussion
In this prospective randomized study, use of closed suction
drains in simultaneous bilateral TKAs did not result in significant
increase in blood loss, reduction in Hb or increased transfusion
rates postoperatively when compared to patients where drains
were not used. Although several investigators have studied the
effect of suction drains on blood loss and transfusion rates after
TKA, most of these were conducted in patients undergoing unilateral or staged bilateral TKA.
A recent retrospective study by Demirkale et al.4), which analyzed postoperative reduction in Hb and blood transfusion rates,
reported that reduction in Hb and the need for transfusion postoperatively was significantly lower in the non-drainage group
when compared to the drainage group. This finding is contrary
to that of the current study and is primarily due to difference in
the study design. First, several parameters were different between
the two groups including the type of tourniquet, exsanguination
method, technique of hemostasis and the time of tourniquet release. In the current study, all parameters were similar between
the two study groups including the surgical, exsanguination,
hemostasis and wound closure technique, and the use of drain
was the only parameter that varied between groups. Second, their
retrospective study included cases treated by different surgeons
where variation in surgical technique may have resulted in significant difference in blood loss between the two study groups.
In contrast, the current study included cases treated by a single
surgeon at a single institution.
Several studies have suggested that drains are not required in
an uncomplicated primary TKA15-18). However, some investigators advocate the continued use of drains in order to reduce
tissue ecchymosis, minimize local hematoma and wound soakage and need for frequent change of dressing19-24). Our study
did not show any significant difference in complication rates
between drain and no-drain groups. Demirkale et al.4) in their
retrospective study reported significantly lower infection rate
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in the non-drainage group. In contrast, our study did not show
any statistically significant difference in the infection rate (both
superficial wound and deep periprosthetic infection) between
the two groups (p=0.12) although the incidence of infection rate
was higher in the drain group (n=4) compared to the no-drain
group (n=0) (Table 3). This difference in the infection rate was
probably due to the higher number of knees (n=946) in the study
by Demirkale et al.4) compared to the current study (n=230). Furthermore, differences in the type of tourniquet, exsanguination
method, technique of hemostasis, the time of tourniquet release
and surgeon technique between the two groups in the study by
Demirkale et al.4) may also have resulted in the difference in infection rates between the two groups.
The primary concern in patients undergoing simultaneous
bilateral TKA is excessive blood loss and complications arising from postoperative reduction in Hb. This may increase the
morbidity and risk associated with simultaneous bilateral TKAs.
The use of autologous reinfusion drains has been suggested in
order to minimize blood loss and maintain postoperative Hb
level. However, the efficacy and cost-effectiveness of autologous
reinfusion drains over no drains or simple closed suction drains
in simultaneous bilateral TKAs are unclear. Horstmann et al.25),
in a randomized controlled trial on unilateral TKAs, reported
that autologous reinfusion drains result in higher postoperative
Hb levels and less blood loss. In contrast, Al-Zahid and Davies10),
in their study comparing closed suction drains, reinfusion drains
and no drains, reported no significant difference in reduction of
postoperative Hb level and transfusion rates among the 3 groups.
One of the limitations of our study was to base the decision to
transfuse a patient postoperatively using the standard practice
of an Hb cut-off level of less than 8 g/dL26). However, recent
literature has recommended taking into consideration clinical
symptoms, tissue and blood oxygenation apart from Hb level
to achieve a more patient-specific, “physiological” approach to
postoperative blood transfusion after TKA26,27). Second, drains
used in the drain group of our study were not clamped postoperatively. Postoperative clamping of the drain has been reported
to reduce postoperative blood volume drained and reduction in
Hb28) and our decision not to clamp drains postoperatively may
have influenced the volume of blood loss and reduction in Hb in
the drain group. Lastly, the mean BMI was significantly higher
in the no-drain group compared to the drain group in our study,
which may have affected postoperative blood loss and reduction
in Hb29,30).

205

Conclusions
In patients undergoing simultaneous bilateral TKA, use of
drains does not lead to increased postoperative reduction in Hb,
blood loss or blood transfusion rates when compared to patients
without drain. Non-drainage in simultaneous bilateral knee
replacements does not offer an advantage over drainage with respect to conserving blood in simultaneous bilateral TKA.
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