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ABSTRACT

Background: Postoperative blood loss after primary total knee arthroplasty (TKA) remains a concern, and the value of
routine closed suction drainage is uncertain.

Objectives: This study aimed to compare hemoglobin drop and need for blood transfusion among patients undergoing PKA
with or without drain insertion.

Methods: A randomized, open-label trial was performed at the Department of Trauma and Orthopaedic Surgery, Shifa
International Hospital, Islamabad, from September 2025 to April 2026 (NCT07494708). 92 adults undergoing unilateral
primary TKA were divided into two groups using random sequencing generated through computer (46 per group). Standard
perioperative care, including tranexamic acid, was provided. Hemoglobin was measured before surgery and at 24 and 48
hours; transfusions and hospital stay were recorded.

Results: All 92 randomized patients were analyzed. Preoperative hemoglobin was 12.74 + 1.15 g/dL in the drain group
versus 12.95 + 1.13 g/dL in the no-drain group (p = 0.367). At 24 hours, values were 10.39 + 1.04 versus 11.52 + 0.97 g/dL,
and at 48 hours, 9.65 £ 1.01 versus 10.79 + 0.99 g/dL (both p < 0.001). Reported hemoglobin drop was 2.47 + 0.79 versus
1.46 £ 0.65 g/dL (mean difference 1.01 g/dL, 95% CI 0.71-1.30; p < 0.001). Transfusion was required in 9 (19.6%) versus
3 (6.5%) patients (p = 0.063). Transfused units did not differ significantly (p = 0.058), whereas hospital stay was longer with
drainage (median 6 versus 5 days; p = 0.003).

Conclusion: Drain insertion was associated with greater reported hemoglobin decline and longer hospital stay. Differences
in transfusion frequency and units transfused were not statistically significant. Routine drainage should be assessed
individually rather than avoided categorically.

Keywords: Arthroplasty, Replacement, Knee; Drainage; Drainage Drainage; Blood Transfusion.

INTRODUCTION: Primary knee arthroplasty (PKA) is a definitive surgical procedure for advanced knee
disease when pain, deformity and functional restriction are no longer adequately controlled by conservative
treatment [1]. In 2020, approximately 595 million people worldwide (7.6% of the global population) were affected
by osteoarthritis, marking a 132.2% increase since 1990, with the number expected to reach nearly one billion
by 2050 [2]. In older patients, particularly those with cardiovascular disease, chronic kidney disease, other
medical conditions, or low preoperative hemoglobin levels, blood loss during knee replacement surgery is a
concern. Although primary knee arthroplasty can improve joint function and reduce pain, bleeding during and
after surgery remains a problem in some patients. Surgery is usually considered when knee osteoarthritis
becomes severe enough to cause persistent pain, difficulty walking, and restriction of daily activities[3]. As knee
osteoarthritis advances, patients often experience worsening pain and difficulty walking, which can affect their
daily activities and quality of life. Primary knee arthroplasty can relieve pain and improve joint function. However,
blood loss during and after surgery is a concern, especially in older patients and those with low preoperative
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hemoglobin levels, cardiovascular disease, chronic kidney disease, or other medical conditions [3]. A
considerable fall in hemoglobin following surgery may delay mobilization, increase the duration of hospital stay,
and lead to blood transfusion, adding to the overall cost of treatment [4]. Closed suction drains have traditionally
been inserted after knee arthroplasty to remove intra-articular blood, reduce hematoma formation, decrease
wound tension and monitor postoperative bleeding [5]. However, their routine use has become increasingly
debated because drainage may reduce the natural tamponade effect within the operated knee and thereby
increase measured blood loss. Existing studies report inconsistent effects of drains on blood loss and recovery,
leaving uncertainty about routine drainage in modern tranexamic acid-assisted TKA [6]. In a study of 146
patients undergoing primary total knee replacement with intravenous tranexamic acid, Maliarov et al. noted no
difference in expected blood loss or hospital stay between patients managed with or without suction drainage,
although complications requiring further treatment were more frequent in the drain group [7]. Smimmo et al.
reported a significantly greater postoperative hemoglobin drop with drainage, with estimated blood loss of 1366
mL in the drain group compared with 957 mL in the no-drain group [8]. Previous studies have reported different
findings regarding drain use after total knee arthroplasty. Maliarov et al. conducted a randomized trial in patients
receiving intravenous tranexamic acid [7], while Smimmo et al. carried out a prospective multicenter study [8].
In a retrospective study, Metoki et al. found that drains may not be required when intra-articular tranexamic acid
is used [9]. Differences in the methods used to control bleeding and assess postoperative blood loss may partly
explain these findings. However, the effect of drain insertion on postoperative hemoglobin levels and the need
for blood transfusion remains uncertain, particularly when patients receive the same perioperative care.
Postoperative hemoglobin levels were assessed at 24 and 48 hours, along with the need for blood transfusion
and the duration of hospital stay. These outcomes were compared between the two groups, as decisions
regarding transfusion and hospital discharge may vary in clinical practice.

METHODS: This randomized controlled trial was registered at was conducted in the Department of
Orthopaedic Surgery, Shifa International Hospital, Islamabad (ClinicalTrials.gov: NCT07494708), from
September 2025 to April 2026. The study was conducted after approval from the institutional ethical review
committee (407-25). A sample size of 98 patients (49 in each group) was calculated based on comparative
mean hemoglobin drop, where mean hemoglobin reduction was 1.8 + 1.0 g/dL in patients undergoing PKA with
drain insertion and 1.2 + 0.7 g/dL in patients without drain insertion, with 80% power and a two-sided
significance level of 0.01 (99% confidence level), using a two-sample comparison of means [10]. During
recruitment, 98 patients were assessed for eligibility; six patients did not fulfill the eligibility criteria and were
excluded before randomization. Consequently, 92 eligible patients were randomized, with 46 patients allocated
to each group, and all randomized patients were included in the final analysis. Patients aged 18 years or above,
of either gender, were included if they were undergoing unilateral primary total knee arthroplasty for primary
knee osteoarthritis, rheumatoid arthritis (RA), post-traumatic arthritis, osteonecrosis, or avascular necrosis.
Eligible patients had documented failure of conservative treatment, preoperative Knee Society Score <60, and
hemoglobin level 210 g/dL. Patients were excluded if they had revision total knee arthroplasty, bilateral
arthroplasty, periprosthetic fracture, abnormal coagulation profile, bleeding disorder or recent antiplatelet or
anticoagulant use within seven days before surgery. Patients with severe cardiopulmonary disease, heart
failure, pulmonary embolism or stroke, severe chronic kidney disease, severe hepatic dysfunction, active
systemic infection or pregnancy/lactation were also excluded.

Eligible patients were assigned in a 1:1 ratio to drain insertion or no-drain treatment using a computer-generated
random sequence. Allocation was concealed in sequentially numbered, opaque, sealed envelopes opened only
after enrollment, immediately before surgery. The registered study design was open-label. All patients
underwent primary knee arthroplasty under standard operating room conditions. Preoperative assessment was
performed by the orthopedic and anesthesia teams. Baseline demographic and clinical variables were recorded
before surgery, including age, gender, BMI, preoperative diagnosis, preoperative Knee Society Score, ASA
status and side of surgery. The operative approach and perioperative care pathway were standardized across
both groups, apart from drain allocation, including intravenous tranexamic acid (1 g preoperatively and 1 g
intraoperatively) for blood conservation. The operative side was prepared and draped under aseptic
precautions. Primary knee arthroplasty was performed using standard arthroplasty techniques. Hemostasis was
secured before wound closure. In patients allocated to the drain group, a closed suction drain was inserted
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before final wound closure according to institutional practice. In patients allocated to the no-drain group, wound
closure was performed without insertion of a drain. The operative duration was recorded in minutes from skin
incision to final wound closure. Preoperative hemoglobin was recorded from the complete blood count
performed within 24 hours before surgery. Postoperative hemoglobin was obtained at 24 and 48 hours from
routine laboratory reports. The registered primary outcomes were the declines in hemoglobin from baseline at
24 and 48 hours; the 48-hour change was the principal comparison presented here. Blood transfusion was
recorded when packed red blood cells were transfused during the same hospital admission after surgery. The
same institutional transfusion criteria applied to both groups: postoperative hemoglobin <8 g/dL or clinically
significant symptomatic anemia, such as persistent tachycardia, hypotension, dyspnea, chest pain or evidence
of inadequate tissue oxygenation despite supportive treatment. The number of blood units transfused was
recorded from blood bank documentation and inpatient treatment charts. Length of hospital stay was calculated
in days from date of surgery to date of discharge. Postoperative care, analgesia, thromboprophylaxis,
antibiotics, mobilization, wound care and rehabilitation were provided according to the standard departmental
protocol. Statistical analyses were conducted using SPSS. Normality of continuous variables was assessed
before analysis. Normally distributed variables were presented as mean + standard deviation and compared
between the drain and no-drain groups using the independent-samples t-test, whereas non-normally distributed
variables were presented as median (IQR) and compared using the Mann—Whitney U test. Preoperative, 24-
hour postoperative, and 48-hour postoperative hemoglobin levels were compared between groups at each
respective time point. Categorical outcomes were compared using the chi-square test or Fisher’'s exact test
where appropriate. The zero-inflated number of blood units transfused was compared with the Mann—Whitney
U test; the categorical distribution of 0, 1 or 2 units was examined separately using Fisher’'s exact test. Between-
group mean differences were accompanied by 95% confidence intervals where reported. Analyses followed
randomized allocation. A two-sided p-value <0.05 was used for statistical significance.

[ Enrollment ] Assessed for eligibility
(n=98)
Excluded (n= 6)
Not meeting
— inclusion criteria
(n=6)

Randomized (n= 92)

) 4

[ Allocation ] l

Allocated to Drain Insertion Allocated to No-Drain Group (n=
Group (n= 46) 46)
Received allocated Received allocated
intervengion (n= 46) interventidn (n= 46)

[ Analysis 1

y

Analyzed for primary outcome (n= 46) Analyzed for primary outcome (n= 46)

Figure 1: CONSORT Flow Chart
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RESULTS: Of 98 patients assessed, six were excluded before randomization; all 92 randomized patients
received their assigned intervention and were analyzed (Figure 1). The mean age was 63.48 + 7.49 years in
drain insertion and 65.54 + 6.81 years in the no-drain group (p = 0.170). Mean body mass index was 28.92 +
3.83 kg/m? in drain and 29.40 £ 3.57 kg/m? in no-drain group (p = 0.534). The preoperative Knee Society Score
was 48.57 £ 6.63 and 47.57 + 5.91 in drain and no-drain groups, respectively (p = 0.447) (Table 1).

Table 1: Baseline Demographic and Clinical Characteristics of Study Participants

Variable Drain Insertion No-drain p-value
(n=46) (n=46)
Age, years, mean * SD 63.48 £ 7.49 65.54 + 6.81 0.170%
Body mass index, kg/m?, mean * SD 28.92 +3.83 29.40 + 3.57 0.534%
Preoperative Knee Society Score, mean 48.57 +6.63 47.57 £ 5.91 0.447%
*SD
Gender
Male 11 (23.9%) 12 (26.1%) 0.8101
Female 35 (76.1%) 34 (73.9%)
Diabetes mellitus 14 (30.4%) 15 (32.6%) 0.8221
Hypertension 24 (52.2%) 22 (47.8%) 0.6771
Chronic kidney disease 4 (8.7%) 2 (4.3%) 0.677*
Preoperative diagnosis
Primary knee osteoarthritis 39 (84.8%) 40 (87.0%)
Rheumatoid arthritis 5(10.9%) 4 (8.7%) 0-9401
Post-traumatic arthritis 2 (4.3%) 2 (4.3%)
ASA physical status
Class | 5(10.9%) 5(10.9%)
Class Il 35 (76.1%) 34 (73.9%) 0839t
Class Il 6 (13.0%) 7 (15.2%)
Side of surgery
Right knee 25 (54.3%) 24 (52.2%) 0.8341
Left knee 21 (45.7%) 22 (47.8%)

*Fisher’s exact test; fchi-square test; tindependent-samples t-test. Categorical values are n (%); continuous
values are mean + SD. No enrolled patients had osteonecrosis or avascular necrosis.

Preoperative hemoglobin was comparable between groups, with a mean value of 12.74 £ 1.15 g/dL in drain
insertion and 12.95 + 1.13 g/dL in no-drain group (p = 0.367). However, postoperative hemoglobin values were
lower in drain group at both measured postoperative intervals. The total hemoglobin drop from preoperative
level to 48 hours was greater in drain insertion, 2.47 + 0.79 g/dL, compared with 1.46 £ 0.65 g/dL in no-drain
group, with a mean difference (MD) of 1.01 g/dL (95% CI 0.71-1.30; p < 0.001) (Table 2).

Table 2: Comparison of Hemoglobin Levels and Hemoglobin Drop Between Groups

Variable Drain Insertion No-drain (n=46) Mean Difference (95% p-value
(n=46) Cl)

Preoperative hemoglobin, 12.74 £+ 1.15 12.95+1.13 -0.21 (-0.68 to 0.26) 0.367

g/dL

24-hour postoperative 10.39 £ 1.04 11.52+£0.97 -1.13 (-1.55 t0 -0.71) <0.001

hemoglobin, g/dL
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48-hour postoperative 9.65 + 1.01 10.79 £ 0.99 -1.14 (-1.55 t0 -0.73) <0.001
hemoglobin, g/dL
Hemoglobin drop, g/dL 247 +£0.79 1.46 £ 0.65 1.01 (0.71 to 1.30) <0.001

Blood transfusion was recorded in 9 (19.6%) patients in the drain group and 3 (6.5%) in the no-drain group; this
difference was not statistically significant (chi-square test, p = 0.063). The distribution of blood units transfused
was not significantly different between the drain and no-drain groups: 0 units in 37 (80.4%) versus 43 (93.5%),
1 unit in 6 (13.0%) versus 3 (6.5%), and 2 units in 3 (6.5%) versus 0 (0.0%), respectively (Fisher’s exact test, p
= 0.096); the Mann-Whitney U comparison of units transfused also was not significant (p = 0.058) (Table 3).

Table 3: Operative Duration, Transfused Blood Units and Length of Hospital Stay

Variable Drain Insertion (n=46) No-drain (n=46) p-
value

Operative duration, minutes 98.13 +8.49 95.76 + 9.52 0.2111

Blood units transfused, mean = SD [median 0.26 + 0.58 [0 (0-0)] 0.07£0.25[0 (0- 0.058*

(Q1-Q3)] 0)]

Length of hospital stay, median (Q1-Q3), 6 (5-7) 5 (4-6) 0.003*

days

*Mann—Whitney U test; tindependent-samples t-test. The categorical distribution of units (0, 1 and 2) was
evaluated separately with Fisher’s exact test (p = 0.096).

DISCUSSION: In this study, postoperative hemoglobin levels and blood transfusion requirements were
compared between patients undergoing primary TKA with and without closed suction drains. Patients in the
drain group had a greater fall in hemoglobin and stayed longer in hospital. However, the differences in
transfusion frequency and the number of blood units transfused were not statistically significant. At 48 hours
after surgery, the reported mean hemoglobin reduction was 2.47 + 0.79 g/dL in patients with drains and 1.46 +
0.65 g/dL in those without drains. The mean difference between the groups was 1.01 g/dL (p < 0.001). Similar
findings were reported by Shamseer et al., who observed lower hemoglobin levels on the first and second
postoperative days in patients with drains. This difference was observed despite both groups having
comparable preoperative hemoglobin levels and functional scores [11]. Similarly, Tan et al. demonstrated
significantly lower postoperative hemoglobin and hematocrit values at days 1, 3 and 7 in the drainage group
[12]. Mohamed et al. reported lower postoperative hemoglobin in the drain group (8.46 + 1.36 g/dL versus 9.79
+ 1.40 g/dL; MD 1.33 g/dL; p = 0.007) [13]. These findings favor reduced blood loss without drains; however,
Maliarov et al. [7] observed no difference in expected blood loss, possibly reflecting differences in perioperative
tranexamic acid use, drainage procedures and study populations. Albasha et al. further reinforced this
observation, reporting a significantly greater hemoglobin drop in the drain group (1.8 + 1.0 g/dL versus 1.2
0.7 g/dL), along with a greater hematocrit reduction and higher transfused packed red blood cell units [10].
Smimmo et al. found greater estimated blood loss with drainage; four patients in the drain group required
transfusion compared with none in the no-drain group (p = 0.0003) [8]. Thakur et al., in a single-arm
observational study of 186 patients undergoing drainless TKA with intraoperative TXA, reported a mean
hemoglobin drop of 1.46 g/dL in unilateral cases with no transfusion requirement, reinforcing that drainless
arthroplasty combined with pharmacological hemostasis can achieve favorable blood conservation outcomes
[14]. Loss of an intra-articular tamponade effect is one proposed explanation for higher measured blood loss
with drainage [15,16], but this mechanism was not directly evaluated in the present trial. With regard to blood
transfusion, the present study recorded a transfusion rate of 19.6% in drain and 6.5% in no-drain group (p =
0.063), a difference that was not statistically significant. Mean units transfused were 0.26 + 0.58 versus 0.07 +
0.25, but the Mann-Whitney U comparison was not statistically significant (p = 0.058); this test was used
because most patients received no transfusion. Previous reports were mixed: Mohamed et al. reported a
transfusion rate of 45.5% versus 2.6% in drain versus no-drain patients (p = 0.001), while Albasha et al.
identified an overall transfusion rate of 7.6%, with significantly higher transfused units in the drain group [10,13].
In a study involving 50 patients, Mohamed et al. found that those with drains stayed in hospital for 6.45 + 3.35
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days, compared with 5.25 £ 1.60 days for those without drains. Although the difference was 1.19 days, it was
not statistically significant (p = 0.100) [7]. Regarding blood transfusion, Mishra et al. found no significant
difference between the two groups in either postoperative hemoglobin levels or transfusion rates [17].

The hospital stay was longer in the drain group in the present study (6 (5—7) versus 5 (4-6) days; p = 0.003). A
larger difference was reported by Albasha et al., with hospital stays of 10.7 £ 4.7 days in the drain group and
5.4 + 4.6 days in the no-drain group (p < 0.001) [10]. Mohamed et al. recorded a numerically longer stay in the
drain group (6.45 + 3.35 versus 5.25 + 1.60 days; mean difference 1.19 days) (p = 0.100), possibly due to the
limited sample size of 50 patients [13]. Similar results were obtained by Maliarov et al., whose study showed
no significant difference in transfusion requirements, with only one patient receiving blood in the drain group
[7]. Within enhanced recovery after surgery (ERAS) pathways, longer postoperative stays may affect resource
use, although discharge decisions also depend on institutional protocols and clinical factors not assessed here
[18,19]. Operative duration was comparable between groups in the present study (98.13 £ 8.49 versus 95.76 +
9.52 minutes; p = 0.211), although a nonsignificant operative-time comparison alone cannot exclude
confounding. Ozmen et al. also found no correlation between operative duration and magnitude of hemoglobin
decline (r=0.050; p = 0.644) [20]. The main strength of this study was the direct comparison of two commonly
used surgical practices in primary knee arthroplasty, with equal group distribution and clearly defined outcome
measures. Baseline characteristics, including age, BMI, preoperative diagnosis, ASA status, side of surgery,
preoperative Knee Society Score and preoperative hemoglobin, were generally similar between groups;
nonsignificant baseline tests do not establish group equivalence. Hemoglobin was assessed at fixed
postoperative intervals, and transfusion data were recorded objectively. This study was conducted at a single
center with a relatively small sample size. As patients and surgeons were aware of the treatment allocation, the
possibility of bias cannot be excluded. The small number of patients requiring blood transfusion also limits the
interpretation of these results. In addition, functional recovery was not assessed, and differences in clinical
decisions regarding hospital discharge may have affected the length of stay.

CONCLUSION: Patients who underwent primary TKA with drain insertion had a greater reported reduction
in postoperative hemoglobin and a longer hospital stay than those without drains. However, no statistically
significant differences were found in transfusion rates or the number of blood units transfused. Considering the
limitations of this study and the varying results reported in previous studies, the decision to insert a drain should
be based on individual patient requirements, particularly when tranexamic acid is used. With the same
perioperative care provided to both groups, future randomized studies involving more patients should examine
long-term safety, wound complications, recovery of knee function, and the need for blood transfusion.
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