
Introduction 

Total knee arthroplasty (TKA) has been the most reliable treat
ment for endstage osteoarthritis to relieve pain and improve 
function. Closed suction drainage (CSD) has been the standard 
procedure in TKA1). CSD is used to decrease hematoma forma
tion and intraarticular pressure that cause wound leakage, ecchy

mosis, and postoperative inflammation, leading to loss of range 
of motion (ROM) and delayed postoperative recovery2,3). In addi
tion, hematoma is thought to serve as a good broth for bacteria, 
and less hematoma formation is believed to decrease unpleasant 
postoperative implantassociated infection2,3). 

However, the drain tube can provide a route of retrograde infec
tion and may inhibit early ambulation and commencement of 
postoperative rehabilitation3). Recently, a trend of no drain has 
been gaining popularity on the basis of no differences in infection 
rates, pain, and functional recovery3,4). Several reports have even 
described decreased postoperative blood loss and blood transfu
sion4,5). As described above, the advantages and disadvantages of 
the use of drain for TKA are still controversial. Although recent 
metaanalyses failed to show effects of drain use on hospital 
stay6), some recent articles described that drain use was related to 
prolonged hospital stay7,8). 

Together with the drain use, the use of tranexamic acid and 
multimodal analgesic cocktails may influence the length of hos
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pital stay. The use of tranexamic acid decreases hematoma for
mation and blood loss. A recent metaanalysis reported that the 
use of tranexamic acid was related to a shorter length of hospital 
stay9). The use of a multimodal analgesic cocktail gives effective 
pain relief and functional recovery, which may also shorten the 
hospital stay10).

In this article, we evaluated the effects of drain use and other 
perioperative procedures, such as the use of tranexamic acid, 
multimodal analgesic cocktails, and anticoagulant therapy, on 
hospital stay in a university hospital in Japan. The hypothesis of 
this study was that no drain use was related to a shortened hospi
tal stay. 

Materials and Methods

This study was approved by the Ethics Committee of our hos
pital, and written informed consents were obtained from all 
participants. Onehundred and sixtysix unilateral consecutive 
primary TKAs performed on 135 patients with osteoarthritis 
between April 2012 and March 2015 were included in this ret
rospective study (Table 1). TKA was performed by six board
certificated orthopedic surgeons with the patient under general 
anesthesia through a midline skin incision and medial parapatel
lar approach using the conventional cement technique. Among 
the 166 TKAs, a cruciateretaining (CR) prosthesis (NexGen CR
Flex; Zimmer Inc., Warsaw, IN, USA) was implanted in 28 knees, 
a cruciatesubstituting (CS) prosthesis was used in 125 knees (Bi
Surface Knee System; Kyocera, Kyoto, Japan), and a posterior
stabilizing (PS) prosthesis (NexGen LPSFlex, Zimmer Inc.) 
was used in 13 knees. In the early study period, CSD was used 
in all cases. Thereafter, the use of tranexamic acid, a multimodal 
analgesic cocktail, or CSD was determined according to the sur
geon’s preference. In case of tranexamic acid used with CSD, the 
drain was clamped for 2 hours. For TKAs performed in the late 
study period, tranexamic acid and a multimodal analgesic cock
tail were used without a drain. The bar chart in Fig. 1 shows the 
percentage of each procedure in each year. For the prophylaxis of 
postoperative deep vein thrombosis (DVT), intermittent pneu
matic compression was routinely used in all cases, unless contra
indication was present. However, the use of anticoagulants was 
dependent on the risk involved in each case. CSD was routinely 
removed 2 days after surgery. In no drain cases, ambulation was 
permitted on postoperative day 1 at the earliest, but ambulation 
was allowed as early as 2 days postoperatively in CSD cases. Con
tinuous passive motion was commenced on postoperative day 
2 in no drain cases and on day 2 or 3 in CSD cases. Full weight 
bearing was allowed immediately after ambulation, and ROM 

Table 1. Characteristics of Knee Osteoarthritis Patients 

Characteristic Total No drain
Closed 
suction 

drainage 
pvalue

No. of knees (patient) 166 (135) 55 (52) 111 (94) 

Age (yr) 74.5±7.5 74.3±8.7 74.6±7.2 0.428

Sex (male:female) 31:135 18:42 13:93 0.007

Right:left 86:80 29:26 57:54 0.999

Body mass index  
(kg/m2)

27.7±4.7 26.5±4.3 26.9±5.0 0.584

Operation time (min) 113.3±33.0 103.7±27.2 118.1±34.2 0.007

Implant (CR/CS/PS) 28/125/13 11/36/8 17/89/5 0.051

Tranexamic acid 133 (80) 55 (100) 78 (70) <0.001

Multimodal analgesic 
cocktail 

54 (33) 47 (85) 8 (7) <0.001

Anticoagulant 78 (47) 14 (25) 64 (58) <0.001

Comorbidity 59 (35) 15 (27) 44 (39) 0.243

Values are presented as mean±standard deviation or number (%).
CR: cruciateretaining, CS: cruciatesubstituting, PS: posteriorstabilizing.
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Fig. 1. Bar charts showing frequency of each procedure in each year. (A) Use of tranexamic acid. (B) Use of drain. (C) Use of an analgesic cocktail. 
CSD: closed suction drainage.
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and functional exercises were supervised by a physiotherapist. 
The length of hospital stay after surgery was recorded in all cases. 
Any comorbidity after surgery was recorded, including deep or 
superficial infection, DVT, pulmonary embolism, heart, gastric, 
liver or renal problem, psychic disorder, such as delirium or de
mentia, and blood transfusion. To predict blood loss, peripheral 
blood hemoglobin was recorded preoperatively and postopera
tively. Among the postoperative hemoglobin levels within 7 days, 
the lowest level of hemoglobin was chosen to calculate a decrease 
in hemoglobin (preoperative hemoglobin–postoperative mini
mum hemoglobin). At discharge, the Timed Up and Go (TUG) 
test was performed to evaluate functional recovery, as previously 
described11), and the strength of knee extension was recorded 
with the CYBEX HUMAC NORM (Computer Sports Medicine 
Inc., Stoughton, MA, USA) dynamometer to evaluate recovery of 
quadriceps strength11).

1. Statistical Analysis
The Student ttest was used to compare CSD and no drain 

cases. To investigate the dependent variables of hospital stay, 
multivariate linear regression analysis was performed. To include 
the yearly bias in the analysis, the duration from April 2012 to 
March 2013 (2012 fiscal and school year) was defined as the first 
year, the duration from April 2013 to March 2014 (2013 fiscal 
and school year) was defined as the second year, and the duration 
from April 2014 to March 2015 (2014 fiscal and school year) was 
defined as the third year; 1, 2, or 3 was substituted accordingly 
in the multivariate analysis. For the implant design, we defined 
CR=1, CS=2, and PS=3 since the CR implant was used for mod
erate deformity, PS implant was used for advanced deformity, 
and the CS implant was used for all others. The occurrence of co
morbidity, wound problem, and blood transfusion was compared 
between CSD and no drain cases with Fisher exact test. A pvalue 
of less than 0.05 was considered significant.

Results

Hospital stay was shorter in no drain cases (21.7±4.8 days) than 
in CSD cases (24.2±3.7 days, p<0.001) (Fig. 2). Hospital stay 
was 23.4±2.8 days during the first year, 25.0±2.8 days during the 
second year, and 22.1±4.4 days during the third year. There was 
statistical difference only between the second and the third year 
(p<0.001), but there was no difference between the first and the 
third year (p=0.15). Due to the high heterogeneity of the patient 
population between two groups (Table 1), the difference of hospi
tal stay could also be affected by other variables. Thus, multivari

ate analysis was performed to know if drain use was the indepen
dent factor that influences hospital stay (Table 2). The use of the 
CSD, occurrence of comorbidity, and older age were found to be 
the independent predictors of longer hospital stay. A strong knee 
extensor was nearly related to a shorter hospital stay (p=0.06), al
though it was not significant. The operation year had no effect on 
the length of hospital stay in this multivariate regression model.

There was no difference in the occurrence of comorbidities 
between no drain (15/55 cases, 27.2%) and CSD cases (44/111 
cases, 39.6%). There was no deep infection throughout the study 
period. Four wound problems were observed in no drain cases, 
while 2 were observed in CSD cases (p=0.09), and 1 no drain 
case needed debridement and additional sutures. In no drain 
cases, less hemoglobin was lost (decrease of hemoglobin, 2.1±1.0 
mg/dL) compared to CSD cases (decrease of hemoglobin, 2.6±1.2 
mg/dL; p=0.009). Blood transfusion was needed in 5 CSD cases 
(4.5%) and 1 no drain case (1.8%); however, there was no statisti
cal difference (p=0.66).

No drain cases showed better recovery of function. Knee exten
sion strength was not different between no drain (0.66±0.36 Nm/
kg) and CSD cases (0.60±0.31 Nm/kg) (Fig. 3A). However, no 
drain cases could complete the TUG test in a shorter period of 
time (10.8±3.7 seconds) than CSD cases (13.6±7.2 seconds) at 
discharge (Fig. 3B). 

Discussion

In the current study, the use of CSD was correlated with a lon
ger hospital stay after TKA. The strength of this study was in the 
multivariate analysis using most variables that could affect the 
length of hospital stay, in which the use of CSD was an indepen
dent predictor of a longer hospital stay together with the occur
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Fig. 2. Hospital stay of no drain cases and closed suction drainage (CSD) 
cases. Data are shown as mean±standard deviation.
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rence of comorbidity and older age of the patient. 
In a recent metaanalysis published in 2016, Hong et al.6) re

ported that no drain use showed no favorable trend compared to 
autologous blood transfusion drainage system. In their analysis, 

only 2 articles had no drain use group, and there was no compar
ison between no drain use and CSD. Other than this metaanal
ysis, there are 3 recent articles comparing no drain use and CSD. 
Wang et al.8) concluded that TKA without CSD was associated 
with faster recovery, better function, and 0.9 days shorter hospital 
stay (7.1±1.9 days in CSD vs. 6.2±1.9 days in nonCSD) in their 
randomized control trial including 80 patients. In a retrospective 
observational study, Chen et al.12) described no difference in the 
length of hospital stay between drain use (median length of stay, 
4 days; interquartile range, 4 to 5 days) and no drain use (median 
length of stay, 4 days; interquartile range, 3 to 5 days) (p=0.228). 
On the other hand, Sharma et al. reported a shorter hospital stay 
in the no drain group (5.12±1.65 days) than in the drain group 
(6.21±1.74 days, p<0.001)7). The health care system differs among 
countries, which also affects the hospital stay. These studies 
showed the effect of no drain use on shorter hospital stay in the 
very early recovery period (less than 1 week), whereas our study 
showed the effect of no drain use at about 3 weeks after surgery. 
There was no early readmission after TKA in this study, although 

Table 2. Multivariate Regression Analysis for the Length of Hospital Stay

Characteristic Substitute value β (95% CI) tvalue pvalue

Age (yr) 0.12 (0.02 to 0.21) 2.47 0.02

Sex 

   Male/female 1/0 0.06 (–1.81 to 1.92) 0.06 0.95

Body mass index (kg/m2) –0.01 (–0.16 to 0.15) –0.10 0.92

Knee extension strength (Nm/kg) –1.70 (–3.47 to 0.07) –1.90 0.06

Operation year

   April 2012–March 2013 1 0.83 (–0.49 to 2.14) 1.25 0.21

  April 2013–March 2014 2

  April 2014–March 2015 3

Operation time (min) 0.00 (–0.02 to 0.03) 0.26 0.80

Implant design 

   CR/CS/PS 1/2/3 0.65 (–0.68 to 1.99) 0.97 0.33

Closed suction drainage 

   No use/use 0/1 2.81 (0.22 to 5.4) 2.14 0.03

Tranexamic acid 

   No use/use 0/1 –0.70 (–2.71 to 1.31) –0.69 0.49

Multimodal analgesic cocktail 

   No use/use 0/1 0.34 (–2.19 to 2.87) 0.27 0.79

Anticoagulant 

   No use/use 0/1 –0.06 (–1.55 to 1.42) –0.09 0.93

Comorbidity

   No occurrence/occurrence 0/1 1.46 (0.06 to 2.86) 2.06 0.04

CI: confidence interval, CR: cruciateretaining, CS: cruciatesubstituting, PS: posteriorstabilizing. 
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Fig. 3. Functional recovery at discharge. (A) Knee extension strength. (B) 
Timed Up and Go test. CSD: closed suction drainage.
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Chen et al.12) reported 30day readmission in a small percent of 
patients. 

Two previous metaanalyses showed that CSD reduced wound 
problems, though a recent metaanalysis showed no difference in 
wound infection. Several studies reported an increase in wound 
problems and ecchymosis when drain was not used2), and a trend 
of more wound problems (p=0.09) was also seen in the current 
study. Regarding wound healing, reduced swelling, and inflam
mation, CSD may have some advantages. Deep infection is one 
of the worst complications of TKA. Theoretically, hematoma for
mation and tissue damage by high pressure are the risk factors for 
deepseated infection, but the drain lumen also provides a route 
for retrograde migration of bacteria13). A metaanalysis of 36 
studies, involving 5,464 participants undergoing different types 
of orthopedic surgery, did not find difference in the infection rate 
following the drain use14). In our study, no deep infection was ob
served. However, due to the limited number of patients, the effect 
of CSD on deep infection could not be determined.

Some studies reported that the drain use increases blood 
loss4,5,12), whereas others reported no such relationship15,16). In this 
study, the decrease in the hemoglobin level was more pronounced 
following CSD. However, the use of drain clamping, tranexamic 
acid, multimodal analgesic cocktails, and postoperative antico
agulants may largely affect the results. Thus, we cannot conclude 
the effect of not using CSD on blood loss prevention after TKA.

In this study, no drain cases showed better function than CSD 
cases in some aspect. Wang et al.8) reported better ROM follow
ing no drain use, whereas others reported no such difference3). 
In the patient outcome report, no drain use did not affect the 
Western Ontario and McMaster Universities Osteoarthritis Index 
or Oxford Knee Score7,8). In our report, no drain cases showed 
better TUG test at discharge, which is a useful tool for quantify
ing function of mobility based on its validity and reliability17). 
However, other procedures such as analgesic cocktails could have 
influence on the TUG test due to the heterogeneity of the patient 
population, and we cannot conclude that no drain contributed to 
the functional recovery. 

The current article has some limitations. First, this is a retro
spective observational study with a limited number of patients. 
A prospective study would be ideal to obtain strong evidence of 
relationship between the CSD use and the length of hospital stay. 
Second, there was high heterogeneity in perioperative proce
dures, which were chosen by the surgeons. However, to identify 
the independent effect of drain on hospital stay, multivariate 
analysis was conducted including all the procedures, and the use 
of CSD was still an independent predictor of the longer hospital 

stay. Third, only CSD was compared with no drain. The relative 
advantage of autologous blood transfusion drainage on the length 
of hospital stay or total blood loss over CSD has been reported6). 
A further study is needed to determine the advantage of no drain 
against autologous blood transfusion drain. Fourth, only patients 
with osteoarthritis were included, and the effect of no drain 
on systematic arthritis, such as rheumatoid arthritis, remains 
unknown. Fifth, the length of hospital stay was as long as 23.6 
days and longer than other reports. However, the hospitalization 
period in this study was shorter than that in previous studies that 
showed more than 1 month of hospital stay18,19) and similar to 
a recent study in which the hospital stay was approximately 24 
days20). Sixth, as described in the Method section, the commence
ment of ambulation was delayed in CSD cases; the effect of the 
delay on the length of hospital stay could not be excluded.

Conclusions

The multivariate regression analysis showed the use of CSD 
was independently related to a longer hospital stay, together with 
older age and occurrence of comorbidities. Although the use of 
drain has a long history in TKA, TKA without drainage can be 
considered a treatment option for medical and economic reasons.
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