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Abstract

Background: The use of drains reportedly does not improve surgical outcomes after hip replacement. There is still
a lack of strict recommendations for drain placement after primary hip replacement. This study aimed to assess the
safety of not using suction drainage after primary hip replacement in a population of patients undergoing
extended thromboprophylaxis.

Methods: In this prospective randomized study, all patients were qualified for primary hip replacement and were
divided into two groups: with and without drainage. The inclusion criterion was idiopathic hip osteoarthritis. The
exclusion criteria were secondary coxarthrosis, autoimmune disease, coagulopathy, venous/arterial thrombosis,
hepatic/renal insufficiency, cement, or hybrid endoprostheses. We performed an intention-to-treat analysis. Clinical,
laboratory, and radiographic parameters were measured for the first three days after surgery. Hematoma collection,
due to extended thromboprophylaxis, in the joint and soft tissues was evaluated precisely. The patients underwent
follow-up for 30 days.

Results: The final analysis included a total of 100 patients. We did not find any significant statistical differences
between groups in terms of hip fluid collection (9.76 vs. 10.33 mm, with and without drainage, respectively; mean
difference, 0.6 mm; 95 % confidence interval [CI] -2.8 to 3.9; p = 0.653), estimated blood loss (1126 vs. 1224 ml; mean
difference, 97.1 ml; 95 % CI -84.1 to 278.2; p = 0.59), and hemoglobin levels on postoperative day 3 (11.05 vs.
10.85 g/dl; mean difference, 0.2; 95 % CI -2.1 to 2.5; p = 0.53). In addition, the other parameters did not show
significant differences between groups. Notably, two cases of early infections were observed in the no-drainage
group, whereas there were no such complications in the drainage group.

Conclusions: We conclude that the use of closed suction drainage after primary hip replacement is a safe
procedure in patients undergoing extended thromboprophylaxis. Further research is warranted to validate these
findings.
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Trial registration: The study was successfully registered retrospectively at Clinicaltrial.gov with the identification
number NCT04333264 03 April 2020.
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Background
Hip replacement surgery is one of the most effective
procedures developed in the last century [1]. It is an
orthopedic procedure that entails soft tissue and bone
damage. Intraoperative blood loss can be limited by
hemostasis at several stages and by using anatomical and
non-aggressive surgical techniques. The use of fibrinoly-
sis inhibitors such as tranexamic acid, as well as the top-
ical use of vasoconstrictors, reduces both intra- and
postoperative bleeding [2].
Significant intraoperative blood loss can affect

hemostasis, leading to increased postoperative bleeding
[3]. Suction drainage is used to drain blood from the hip
joint. It is also used to assess bleeding activity, which
may be an indication for urgent surgical intervention
and repeated hemostasis. Excessive hematoma formation
may also serve as a medium for bacterial growth. In this
situation, not using suction drainage could lead to a lar-
ger hematoma in the joint and increase the risk of infec-
tion. Unfortunately, the drainage tube is also a
significant portal of entry for infections in the hip. Sev-
eral studies have documented the risk of infection in the
context of prolonged suction drainage [4, 5]. These fac-
tors encouraged us to perform an analysis to assess the
risks of hematoma formation and infection among pa-
tients after primary hip replacement according to drain-
age use.
Postoperative blood loss is difficult to assess. The basic

diagnostic method used was a physical examination sup-
ported by diagnostic imaging. Ultrasonography is the
method of choice for assessing fluid collection in soft tis-
sues [6].
According to the literature, proper use of thrombo-

embolic prophylaxis, including low-molecular-weight
heparin (LMWH), may reduce the rate of postopera-
tive hematomas [7]. In Poland, it is recommended
that LMWH should be administered 12 h preopera-
tively and continued for 35 days after the interven-
tion, which can be considered a form of extended
thromboprophylaxis [8].
Until recently, strict recommendations for suction

drainage after primary total hip replacement have not
been available. Our study aimed to determine whether
using a drain following hip replacement surgery results
in similarities in joint hematoma formation, hemoglobin
and C-reactive protein (CRP) levels, Visual Analog Scale
(VAS), hip range of movement, wound exudation, soft
tissue hematoma formation, perioperative bleeding, and

blood transfusion administration when compared to not
using a drain in patients undergoing extended periopera-
tive thromboprophylaxis.

Methods
Study design
This study was planned and conducted using a prospect-
ive randomized design. We performed simple
randomization using closed envelopes designating group
allocation with an allocation ratio of 1:1. To detect our
primary outcomes sample size of 50 patients per group
will be sufficient to achieve a 5 % significance level and a
power of 80 % according to Fagotti’s study where VAS
after surgery was 2±1.3 for the no-drainage group and
1±0.2 for the drainage group [9]. Information regarding
drainage usage was enclosed in envelopes that were
drawn by a person blinded to the study and randomized
among the patients. Neither the patients nor the clini-
cians knew what procedures would be performed. The
envelopes were opened in the operating theater at the
end of surgery by the anesthesia team, just before the
decision to leave suction drainage. If the surgeon, con-
sidering the course of the procedure and local condi-
tions, decided that suction drainage was necessary
despite randomization, the patient was excluded from
the study and the envelope was not opened.
After recruitment, we evaluated the differences be-

tween the investigated groups in terms of age, sex, body
weight, and blood clotting parameters to verify the
randomization process. The study protocol was success-
fully retrospectively registered at Clinicaltrial.gov with
the identification number NCT04333264 (03/04/2020).

Participants and recruitment
The inclusion criteria were primary hip osteoarthritis
and age between 30 and 80 years. The exclusion criteria
were secondary degenerative hip joint disease, auto-
immune disease, congenital/secondary coagulopathy,
history of venous/arterial thrombosis, hepatic/renal in-
sufficiency, cement or hybrid endoprosthesis, and lack of
patient consent.
Overall, 320 patients were successively operated on

from March 14, 2016 to May 16, 2018, at the Ortho-
pedic Department, Centre of Postgraduate Medical Edu-
cation, Otwock, Poland. Only 134 patients met the
inclusion criteria. All qualified patients signed written
informed consent. The patients were allocated to two
groups depending on the presence or absence of drains
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(Fig. 1); 100 patients qualified for the final analysis.
Twenty patients withdrew their consent before the oper-
ation; 14 patients were excluded from the study due to
intraoperative conditions (in 8 patients, the surgeon de-
cided to leave drainage despite randomization; in 6 pa-
tients, a cemented implant was needed due to
intraoperative conditions). Thirty-four patients were ex-
cluded from the analysis despite fulfilling the eligibility
criteria; however, none were excluded after the surgery
or allocation process.

Intervention
The study protocol was approved by the relevant Bio-
ethical Review Board. All methods used in this study
were performed in accordance with approval from the
Bioethical Committee of the Centre of Postgraduate
Medical Education in Warsaw (approval number 13/PB/

2016). Written informed consent was obtained from all
patients. The patients were prepared for surgery using a
typical protocol. LMWH was administered for thrombo-
prophylaxis in doses adjusted for body weight and risk
factors. The first heparin dose was administered in the
evening of the day before the surgery. Thromboprophy-
laxis was continued for 35 days after the surgery. All pa-
tients received intravenous tranexamic acid (Exacyl) at a
dose of 15 mg per kilogram of body weight, 10 min be-
fore skin incision. All the patients underwent spinal
anesthesia. Experienced surgeons performed the surger-
ies using a posterolateral approach with cementless hip
replacement implantation.

Outcomes
The primary outcomes measured were the size of the
hip hematoma, hemoglobin level, CRP level, VAS, hip
range of movement, wound exudation, soft tissue

Fig. 1 Flowchart of patient allocation and randomization process
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hematoma, intraoperative bleeding, and blood transfu-
sion. The secondary outcomes were infection, deep vein
thrombosis, and readmission at 30 days after surgery. All
data were collected by the three main investigators.
The volume of blood lost, along with occult bleeding,

was calculated using the Gross formula:

EBVx Ht 0ð Þ−
Ht 1ð Þ

.
Ht avð Þ

� �
;

where EBV represents the estimated patient’s blood
volume, Ht(0) represents the preoperative hematocrit,
Ht(1) represents the hematocrit recorded 24 h after sur-
gery, and Htav represents the estimated pre- and postop-
erative hematocrit values. Despite limitations such as
intraoperative fluid transfusion or renal insufficiency, the
Gross formula is thought to credibly estimate intraoper-
ative blood loss [10]. Blood loss was assessed and calcu-
lated on postoperative day 1 by an unblinded clinician.
Over the first 72 h after surgery, all patients under-

went ultrasound scans of their hip joints and the post-
surgical wound using an aseptic technique with a linear
3–9 MHz ultrasound transducer. The scans were per-
formed with the patients in the supine position. The
ultrasound scan assessed the fluid level at the level of
the endoprosthesis neck in its long and transverse axes
and detected fluid accumulation in the soft tissues
around the incision area in its long and transverse axes.
The exudate in the dressing was also noted on postoper-
ative day 3. All examinations were performed by a single
clinician.
All laboratory tests of CRP and hemoglobin levels

were completed on postoperative day 3. Before surgery
and within 72 h after surgery, the range of hip motion
was assessed by an experienced clinician for flexion, ab-
duction, adduction, and flexion contracture, and devia-
tions in degrees were noted with a measurement
accuracy of 5°. Pain levels were assessed using the VAS
in all patients on postoperative day 3, with scores ran-
ging from 0 to 10 points. The patients were discharged
depending on their general condition and progress in re-
habilitation, usually between postoperative days 3 to 10.
Data regarding blood transfusions were collected at dis-
charge. The follow-up period was 30 days, and all pa-
tients reached their final follow-up. Data regarding
infections, deep vein thrombosis, and readmission were
collected at the end of the follow-up period. We per-
formed an intention-to-treat analysis.

Data analysis
Quantitative data were examined using Student’s t-test,
and their distributions were assessed using the Shapiro–
Wilk test. Qualitative characteristics were assessed via
contingency analysis using the chi-squared test with

Yates’s correction or Fisher’s F-tests, as appropriate. The
statistical analyses were performed using SAS version
9.4 (SAS Institute Inc., Cary, NC, USA). Analysis items
with p < 0.05 were considered statistically significant.

Results
At the final follow-up, we assessed 100 patients: 50 in
the drainage group and 50 in the no-drainage group.
The statistical analysis did not reveal any statistically sig-
nificant differences between the groups in terms of age,
sex, body weight, degenerative disease severity on the
Kellgren–Lawrence scale, and blood clotting factors (ac-
tivated partial thromboplastin time [APTT], prothrom-
bin time, and international normalized ratio) (Table 1).
The investigated patients included 55 women (55 %)

and 45 men (45 %). The mean age of the patients was
62.8 years (range, 30–82), 64 years among women
(range, 34–76), and 61.4 years among men (range, 30–
82). The mean body mass index was 29 kg/m2 (29.3 and
28.7 kg/m2 in men and women, respectively).

Primary outcomes
The mean thickness of the fluid assessed at the level of
the endoprosthesis neck in the drainage group was 10.3
mm while that in the no-drainage group was 9.8 mm
(mean difference, 0.6 mm; 95 % confidence interval [CI]
-2.9 to 3.8; p = 0.653).
The presence of hematomas in postoperative wound

soft tissues, both suprafascial and subfascial, was
assessed. Hematomas were detected in 7 patients in the
no-drainage group and 8 patients in the drainage group
(p = 0.78).
In both groups, hemoglobin and CRP values were

measured preoperatively and 24 and 72 h postopera-
tively. At 72 h after surgery, there were no differences in
hemoglobin values: 10.9 vs. 11.1 g/dl for the drainage
and no-drainage groups, respectively (mean difference,
0.2 g/dl; 95 % CI -2.1 to 2.5; p = 0.53). The mean de-
creases in hemoglobin values before surgery and 72 h
postoperatively between groups were not significant (0.8
vs. 0.8 in the no-drainage and drainage groups, respect-
ively (p = 0.49). The CRP values measured 72 h postop-
eratively were also analyzed: 147.6 vs. 131 mg/l for the
drainage and no-drainage groups, respectively (mean dif-
ference, 16.6 mg/l; 95 % CI -11.3 to 44.5). There were no
statistically significant differences between the groups
(p = 0.33).
The overall mean perioperative blood loss volume was

1175 ml (range, 371–2384). The mean volume of blood
loss was 1126 ml in the no-drainage group and 1224 ml
in the drainage group (mean difference, 97.1 ml; 95 % CI
-84.1 to 278.2; p = 0.59). Overall, blood transfusion was
rarely needed, with a median of zero cases. In each
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group, blood transfusion was necessary for five patients
(p = 0.247).
The clinical status was assessed using the VAS to

evaluate pain before surgery and 72 h after surgery. The
median VAS scores before surgery were 6 and 7 points
in the no-drainage and drainage groups, respectively
(mean difference, 0.6; 95 % CI -2 to 3.2). After surgery,
the median VAS scores were 5 and 6 points in the no-
drainage and drainage groups, respectively (mean differ-
ence, 0.4; 95 % CI -2.3 to 3.1; p = 0.71) (Table 2).
The second clinical indicator evaluated was the hip

range of motion 72 h after surgery. Due to varying sever-
ities of degenerative disease, we considered differences
in the range of motion before surgery and 72 h after sur-
gery. There were no significant differences in any of the
movements tested between groups.

Secondary outcomes
There were no significant differences between the
groups in terms of wound exudation on postoperative
day 3 (p = 0.62). In the no-drainage group, early infection
was observed in two patients. Infection was detected as a
result of prolonged wound leakage (over 5 days) and was
confirmed intraoperatively with two positive bacterio-
logical cultures. These patients received the debride-
ment, antibiotics, and implant retention (DAIR)
procedure with good outcomes. There were no signifi-
cant differences between the groups in the incidence of
infection (p = 0.47).

The risk of deep vein thrombosis within 30 days after
hip replacement surgery was also assessed. None of the
patients in either group experienced postoperative deep
vein thrombosis.
The mean hospitalization duration in both groups was

7 days; the mean difference between groups was 0.3 days
(95 % CI -2.3 to 2.9; p = 0.60). Because of prolonged
wound leakage, 2 patients were readmitted within the
30-day period after surgery and qualified for the DAIR
procedure. These patients were diagnosed with early in-
fection (p = 0.49) (Table 3).

Discussion
We assessed a homogenous group of patients who
underwent hip replacement surgery. For legal reasons,
all patients received extended thromboprophylaxis. The
safety of suction drainage has not been evaluated in this
group of patients. The parameter that might provide in-
formation about the impact of preoperative heparin dose
was the amount of blood in the hip joint postoperatively.
In our analysis, we checked fluid levels above the endo-
prosthesis neck using ultrasonography in the supine pos-
ition. We found no differences in hip fluid levels
between those who received suction drainage and those
who did not (9.8 vs. 10.3 mm, p = 0.653). In addition, in
comparing hematoma formation in soft tissue, intraoper-
ative bleeding including occult bleeding, hemoglobin
levels after surgery, and wound healing, we found no dif-
ferences between the groups. Based on this, we con-
cluded that refraining from placing suction drainage has

Table 1 Distribution of basic parameters in both groups

Drainage mean (range) No-drainage mean (range) p-value

Age, years 63.1 (39–80) 62.5 (30–80) 0.75

Sex (M/F) 24/26 21/29 0.69

Body weight, kg 83.5 (52–124) 81.7 (56–110) 0.54

APTT, s 26.5 (16.1–37.2) 26.4 (18.1–40.8) 0.93

PT, s 12.4 (8.8–15.1) 12.5 (9.1–15.1) 0.84

INR 1 (0.8–1.3) 1 (0.8–1.3) 0.89

APTT activated partial thromboplastin time, INR international normalized ratio, M/F male/female, PT prothrombin time

Table 2 Hip range of movement in both groups

Drainage mean (±SD) No-drainage mean (±SD) p-value Mean difference (95% CI)

Flexion before surgery 85.8 (17.7) 84 (18.2) 0.61 1.8 (-5.4 to 9)

Flexion on POD 3 74.9 (12.9) 78.5 (13.3) 0.5 3.6 (-1.6 to 8.8)

Abduction before surgery 20.7 (9.3) 18.4 (12.2) 0.23 2.3 (-1.8 to 6.4)

Abduction on POD 3 19.8 (7.9) 19.3 (8.3) 0.54 0.5 (-2.8 to 3.8)

Adduction before surgery 9.7 (8.4) 9.1 (8) 0.61 0.6 (-2.7 to 3.9)

Adduction on POD 3 7.1 (8.2) 7.8 (7.6) 0.51 0.7 (-2.5 to 3.9)

Flexion contracture before surgery 6.9 (10.5) 7.3 (10.4) 0.82 0.4 (-3.8 to 4.6)

Flexion contracture on POD 3 5 (9.4) 3.6 (8.6) 0.28 1.4 (-2.2 to 5)

CI confidence interval, POD postoperative day, SD standard deviation
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no effect on patients receiving extended thrombo-
embolic prophylaxis who undergo primary cementless
hip replacement.
Due to the short observation period, the VAS and

range of hip motion were used to assess patient-related
outcomes. The VAS is commonly used to assess pain ex-
perienced by patients undergoing hip replacement sur-
gery [11]. In a meta-analysis, Hou et al. did not
demonstrate any differences in VAS scores between
groups [12]. Fagotti et al. found significantly higher VAS
scores among patients without suction drainage than
among those with drainage [9]. In our study, 72 h post-
operatively, a non-significant difference between the
groups was identified in the VAS scores. Hip joint
hematoma can reduce the range of motion [13]. Zeng
et al. demonstrated a reduced range of hip joint mobility
following surgery in patients among whom suction
drainage was not placed [14]. Nevertheless, in a meta-
analysis, Chen et al. did not find any differences in the
range of motion between the drainage and no-drainage
groups, as was confirmed in our study [15].
In the no-drainage group, we observed two patients

with deep infections, whereas, in the drainage group,
there were no infections. No surgical site infections
(SSIs) were observed. Only two patients experienced
prolonged wound leakage (> 5 days); however, in these
cases, we recognized deep infections. We also did not
find any significant differences in CRP levels. Historic-
ally, suction drainage was justified by the need to reduce
hip joint hematoma and was consequently used to re-
duce the risk of periprosthetic infection [16]. The first
papers to question the use of suction drainage were pub-
lished in the 1990 s [17, 18]. Hou et al., based on 27 ran-
domized studies, did not demonstrate a higher incidence
of infections in patients without drainage [12]. Similar
conclusions were drawn by Chen et al. based on 16 pa-
pers [15]. Although these studies showed findings

similar to ours, Fagotti et al. reported two SSIs in the
drainage group but no deep periprosthetic infections; in
the no-drainage group, there were no SSIs, but one pa-
tient was diagnosed with deep infection. However, there
were no significant differences between the groups [9].
In a study of 552 patients (577 hip joints), Walmsley
et al. reported a higher incidence of SSIs (48 % vs. 2.9 %)
and deep infections (0.7 % vs. 0.4 %) in the no-drainage
group [19]. Zimmerli et al. questioned the diagnosis of
SSI in patients with implants because it cannot be clinic-
ally differentiated from deep infections [20]. Despite the
absence of statistically significant differences, this raised
doubts about the non-use of suction drainage in patients
undergoing extended thromboprophylaxis, which needs
further evaluation.
We did not find an increased need for blood transfu-

sions in either group. However, in a meta-analysis, Kelly
et al. demonstrated that patients in the suction drainage
group required blood transfusion significantly more fre-
quently and had greater postoperative blood loss [21]. In
another meta-analysis, Hou et al. also demonstrated sig-
nificantly more frequent blood transfusions in the drain-
age group [12].
In most relevant publications, the majority of parame-

ters did not differ significantly between groups [9, 19,
21, 22]. All these studies included heterogeneous groups:
patients with primary and secondary osteoarthritis, cox-
arthrosis in the course of rheumatoid arthritis, and
others. Some of these conditions can affect perioperative
blood loss and the need for blood transfusion [23]. Des-
pite this, because of Polish recommendations, some
groups of patients undergoing extended thrombopro-
phylaxis require longer heparin use due to risk factors
for thrombosis. These patients could have achieved
some benefits with the use of suction drainage. These
conditions illustrate why further well-designed multicen-
ter prospective studies are needed.

Table 3 Primary and secondary outcomes in both groups

Drainage No-drainage p-value Mean difference (95% CI)

Hip hematoma size in USG Mean (±SD) (mm) 10.3 (7.8) 9.8 (9) 0.653 0.5 (-2.8 to 3.9)

Hb level on POD 3 Mean (±SD) (mg/dl) 10.9 (5.7) 11.1 (5.6) 0.53 0.2 (-2.1 to 2.5)

CRP level on POD 3 Mean (±SD) (mg/l) 131 (63.6) 147.6 (75.2) 0.33 16.6 (-11.3 to 44.5)

VAS on POD 3 Mean (±SD) 4.9 (2.2) 5.3 (2.3) 0.71 0.4 (-2.3 to 3.1)

Wound exudation on POD 3 (no.) 9 11 0.62 -

Soft tissue hematoma on POD 3 (no.) 8 7 0.78 -

Intraoperative bleeding Mean (±SD) (ml) 1224 (438.2) 1126 (466.2) 0.59 98 (-84.1 to 278.2)

Blood transfusion (no.) 5 5 0.247 -

Infection (no.) 0 2 0.47 -

Deep vein thrombosis (no.) 0 0 - -

Readmission within 30 days (no.) 0 2 0.49 -

CI confidence interval, CRP C-reactive protein, Hb hemoglobin, POD postoperative, SD standard deviation, USG ultrasonography, VAS Visual Analog Scale
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This study had several limitations. First, it was a
single-center study and therefore may be subject to se-
lection bias. For this reason, we instituted strict inclu-
sion and exclusion criteria. Therefore, multicenter
studies are needed to validate our findings. A short ob-
servation period was appropriate for the intervention in-
vestigated. Therefore, we used proper scales to assess
the short-term clinical outcomes. Many patients were
excluded from the primary cohort, possibly influencing
outcomes; however, all exclusions occurred before we
opened the sealed envelopes, which ultimately did not
significantly impact the randomization process. All ther-
apists and assessors were blinded; however, at the point
of ultrasonography examination and clinical evaluation
(hip range of motion, VAS) on postoperative day 3, the
use of suction drainage was visible, which could poten-
tially have affected their assessment. Another limitation
was the retrospective registration at ClinicalTrials.gov.

Conclusions
Hip replacement without suction drainage after surgery
is a recognized therapeutic method. No superiority of ei-
ther method was demonstrated in terms of the size of
the hip hematoma, hemoglobin levels, CRP levels, VAS,
hip range of movement, wound exudation, soft tissue
hematoma, intraoperative bleeding, and blood transfu-
sion. In light of these results, we recommend not rou-
tinely using suction drainage in patients undergoing
extended thromboprophylaxis. Nevertheless, it is worth
noting that there were two cases of early infection in the
no-drainage group compared to none in the drainage
group among patients who underwent hip replacement
with extended thromboprophylaxis. This finding sug-
gests the need for further research.
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