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Blood Loss After Total Hip Replacement

A Prospective Randomized Study Between
Wound Compression and Drainage
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of Jönköping, Kalm
Reprint requests:

Orthopaedics, Unive
n 2005 Elsevier I
0883-5403/05/19
doi:10.1016/j.arth
Abstract: A randomized, controlled study compared the effects of wound

compression with drainage after primary total hip arthroplasty. In 51 patients, an

inflatable cuff was placed over the wound underneath a girdle (System Calmed,

Calmed AB, Askim, Sweden). Control patients had wound drainage (n = 54).

Preoperative and intraoperative variables did not differ between groups. Total blood

loss was calculated using hemoglobin balance; with compression it was 1510 F
656 mL (mean F SD) and in controls 1695 F 712 mL ( P = .13). However, less blood

was transfused in the compression group ( P = .05). Wound infection was seen in

2 patients with compression and in 3 controls. Deep venous thrombosis occurred

in 3 controls. Wound discharge was more frequent in controls (19/54 vs 8/51;

P = .04). Thus, wound compression had no obvious negative effects and reduced

wound discharge and need for transfusion. It may replace drainage after total

hip arthroplasty. Key words: blood loss, blood transfusion, hip arthroplasty,

wound compression.
n 2005 Elsevier Inc. All rights reserved.
Several techniques for decreasing red cell loss

during total hip arthroplasty (THA) have been

described. These include preoperative hemodilu-

tion, hypotensive anesthesia, and intraoperative or
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postoperative blood salvage [1,2]. In 1 study,

tranexamic acid decreased blood loss, both intra-

operatively and postoperatively [3].

The use of postoperative wound drainage has a

long tradition in orthopedic surgery. It is based on

a report by Waugh and Stinchfield [4] who showed

numerically lower infection rates when drainage

was used, although this was not statistically

significant. The use of wound drainage after THA

has become controversial. Drainage has been

shown by some authors to decrease the incidence

of serous wound discharge and ecchymosis [5-7].

However, other studies report similar rates of

wound complications in drained and nondrained

groups [7-13]. Also, blood loss is similar whether

drains are used or not [7-13]. Intermittent clamp-

ing of drains has been suggested to decrease the

blood loss [14].

The starting point for this investigation was a

study concerning blood loss and mild hypothermia,

in which the external loss of hemoglobin (Hb) was



968 The Journal of Arthroplasty Vol. 20 No. 8 December 2005
measured in THA patients. The intraoperative loss

was around 660 mL of blood, whereas the overall

blood loss, calculated from the balance of circulating

Hb, was 1600 mL [15]. Those observations implied

that around 60% of the loss occurred postoperative-

ly, although only about half of that was collected in

the drains. This indicated that one third of the blood

lost from circulation formed hematomas in the

wound. Compression is used in surgical practice to

stop or prevent bleeding, and it is conceivable that

external pressure on the THA wound postoperative-

ly would decrease the blood loss.

We tested the hypothesis that wound compres-

sion after THA decreases the total blood loss

compared with the use of wound drainage. A

secondary aim was to evaluate wound complica-

tions with these 2 treatments.
Fig. 1. A–C, An inflatable plastic bag, covering the

wound, is put underneath the tourniquet. The pressure is

set to 40 mm Hg for 2 hours and 20 mm Hg thereafter.
Patients and Methods

This multicenter study involving 3 hospitals, and

105 patients, was conducted between May 2000

and December 2001. It was approved by the

regional ethics committee. Patients were included

after informed and written consent. Inclusion

criteria were planned THA due to osteoarthritis.

Exclusion criteria were history or laboratory signs

of bleeding disorders (activated partial thrombo-

plastin time, thrombocyte count, and international

normalized ratio outside standard limits), malig-

nancy and rheumatic joint disease, and consump-

tion of acetylsalicylic acid or nonsteroidal anti-

inflammatory drugs within a week before surgery.

Perioperative Management and Randomization
Procedure

All patients were operated on under spinal

anesthesia (Marcain spinal, Astra; 17.5-20 mg).

For thrombosis prophylaxis, dalteparin (Fragmin,

Pharmacia) was injected subcutaneously, 2500 IU

twice on the day of surgery, thereafter 5000 IU

daily until full mobilization. The surgeons were

unselected staff members and 28 individuals (1-11

operations each) performed the operations. A

dorsolateral approach was used. The patients re-

ceived cemented stems and cups (Lubinus SP II,

Link, Hamburg, Germany), except for 6 in the

compression group and 5 in the drainage group

who received noncemented cups (Biomex, Biomet,

UK). Randomization was performed with sealed

and opaque envelopes, immediately before wound

closure, and when the surgeon was satisfied with

the hemostasis. The patients were allocated to
either postoperative external wound compression

without drainage or wound drainage. The drainage

device (Bellovac 18 F catheter, Astratec, Mflndal,

Sweden) can generate a suction pressure of up

to 115 mm Hg. For compression, a noninflatable

tourniquet was wrapped around the patient (Sys-

tem Calmed, Calmed AB, Askim, Sweden). An

inflatable plastic bag, covering the wound, was put

underneath the tourniquet (Fig. 1). The bag was



Table 1. Patient Demographics and Anthropometry

Drain Compression

No. of patients 54 51
Male/female 29/25 24/27
Age (y)* 67 (42-84) 67 (46-83)
Weight (kg)* 81 (50-120) 79 (50-104)
Height (cm)* 168 (150-191) 169 (150-192)
BV (mL)* 4783 (3138-6715) 4716 (3039-6291)

Blood volume was calculated according to Nadler et al [17];
men: 0.3669 � height3 + 0.03219 � weight + 0.6041; women:
0.3561 � height3 + 0.03308 � weight + 0.1833. Note that these
original formulas use inches (height) and pounds (weight) to
calculate the volume (liters).

*Mean (range).
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connected to a manometer and was inflated to

40 mm Hg for 2 hours and 20 mm Hg thereafter

until the device was removed on the first postop-

erative day.

Hemoglobin values were obtained on the first

and the second postoperative day as a routine. The

patients were transfused if their Hb dropped below

90 g/L postoperatively or if they had symptoms of

anemia requiring transfusion. The Hb value on the

fifth postoperative day was obtained only for study

purposes. Predonated autologous blood was not

used in these patients. A study nurse inspected all

wounds on postoperative days 5 to 7. Abnormal

amounts of discharge on the dressings were noted,

and also whether the dressings had been changed

more often than routine (once after 3 days). At

this time, those patients who had been treated

with the compression device were asked to

appreciate the comfort of the external compres-

sion device from 1 to 5, where 1 was very bad and

5 excellent.

Calculation of Blood Loss

The nurse anesthetist according to normal rou-

tine estimated intraoperative blood loss. Total blood

loss was based on the Hb balance method [15]. We

assumed that the blood volume (BV, mL) was

normalized on the fifth postoperative day. Blood

volume was estimated according to Nadler et al

[16], taking sex, body mass, and height into

account. The extravasation of Hb (g) was calculated

according to the formula:

Hbloss ¼ Hbpre � Hbe
� �

d BVþHbt

where Hbpre is the initial preoperative Hb (g/L),

Hbe (g/L) is the Hb concentration on the fifth

postoperative day, and Hbt (g) is the total amount

of allogeneic transfused Hb. One unit of erythro-

cytes was considered to contain 52 g of Hb

(personal communication from the Department of

Transfusion Medicine). The blood loss (mL) was

related to the patients’ preoperative Hb value:

blood loss (mL) = 1000d Hbloss / Hbpre.

The postoperative blood loss was calculated as

the difference between total blood loss and the

intraoperative loss.

Follow-Up

Two months postoperatively all patients were

followed up on telephone by the study nurses. This

contact was focused on late complications, for

example, wound infections and thromboembolic

events that may have been treated at other clinics.
Statistical Methods

Data are given as mean F SD or range. Power

analysis showed that, with an SD of 650 mL, a

difference in blood loss of 365 mL would be

detected with 80% power (a, .05), with 50 patients

in each group. A blood loss of 385 mL at an Hb of

135 g/L contains as much Hb as that in 1 U of red

cells (52 g). Groups were compared with Student

t test or, when appropriate, the v2 test. However,

the Mann-Whitney U test was used for comparing

blood losses and the number of blood transfusions,

as these data were not normally distributed. A

P level of b.05 indicated a significant difference.
Results

The 51 patients who were randomized to postop-

erative wound compression were treated with the

compression device for an average of 19 hours

(range, 12-25), and the comfort of the procedure

was rated with a mean score of 4. Wound drainage

in the 54 control group patients was used for an

average of 29 hours (range, 14-49). There were no

significant differences between the groups

concerning anthropometric or demographic data

(Table 1). The intraoperative blood loss was similar

for both groups. The average postoperative blood

loss was 186 mL less in the compression group

( P = .12). The ratios of transfused/nontransfused

patients were about the same in both groups

(Table 2). In the drain group, 110 red cell concen-

trates were given, compared to 69 in the compres-

sion group ( P = .05). Wound discharge in the drain

group was more common, 35% (19/54), than in the

compression group, 16% (8/51) ( P = .04).

Within the 2-month follow-up period, there

were 2 superficial wound infections in the com-

pression group and 3 in the drainage group, all



Table 2. Blood Loss and Transfusion

Drain Compression P

Preoperative Hb
concentration (g/L)*

136.1 F 13.2 137.5 F 12.7 .76

Hb concentration day
5 (g/L)*

109.3 F 11.9 107.6 F 11.3 .63

MIL (mL)* 736 F 340 737 F 463 .44
CPL (mL)* 959 F 660 773 F 457 .12
CTHL (mL)* 1695 F 712 1510 F 656 .13
Units of RCC given* 2.0 F 2.0 1.4 F 1.5 .05
Patients who received

blood transfusion
36/54 28/51 .30

RCC indicates red cell concentrates; MIL, measured intra-
operative loss; CPL, calculated postoperative loss; CTHL, calcu-
lated total hospital loss. CPL was calculated as CTHL � MIL.

*Mean F SD.
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verified by positive cultures. All healed unevent-

fully after antibiotic treatment. One further patient

in the compression group was reoperated on after

2 months due to recurrent dislocations and

subsequently had a wound infection. Three

patients, all in the drainage group, had clinical

symptoms of deep-vein thrombosis after 1, 3, and

4 weeks, respectively. The diagnosis was verified

by ultrasound.
Discussion

Our study did not demonstrate any significant

reduction in blood loss when compression was

used. One possibility may be that the pressure used

was insufficient to influence the postoperative

blood loss, in particular in sturdy individuals and

in deep tissues. Another explanation could be that

some hematomas formed before or after the

compression. It has been suggested that after

removal of drains, the size of the resulting wound

collections becomes the same whether the wound

has been drained or not. Commonly, there are

2 collections of blood, 1 superficial and 1 deep

alongside the proximal femur [17].

The number of blood units transfused was

lower in the compression group than the number

available. The decision to transfuse was based on

Hb values as well as on clinical considerations.

Nevertheless, the Hb concentration, both preop-

eratively and on day 5, differed very little

between groups, suggesting that they were uni-

formly treated in this regard. Transfusion is not

well correlated to blood loss in THA. In 1 study,

34% of transfusion could be predicted from blood

loss [18]. Blood loss is greater in heavy individ-

uals and men than in light individuals and

women [19]. On the other hand, the reverse is
true as regards transfusion, because of the greater

Hb reserve in men and heavy individuals [20,21].

It follows that, to avoid transfusions, it is partic-

ularly important to find methods that reduce

blood loss in patients of low body weight (eg,

thin individuals) and Hb concentration (ie, mostly

women). The study was not dimensioned for

conclusions about blood loss and transfusion in

such subgroups.

Our observations concerning blood loss cannot

easily be compared with those of other studies. A

major difficulty in investigations of this type is how

to measure blood loss. It is well known that drains

do not function to the extent that all blood is

evacuated. In a previous study, we showed that the

Hb content in the drains is often much lower than in

the patient’s blood. Therefore, it should be consid-

ered incorrect to measure bblood lossQ in drains in

milliliters without correction for the Hb concentra-

tion [15]. Overall, the methods used by other

authors have been more indirect, for example, the

need for blood transfusion [1,5,6,8,14].

Apart from a lower number of transfusions, we

also found, with the numbers available, a lower

frequency of wound discharge in the group treated

with external wound compression. The device

was highly accepted among a majority of patients.

Our study showed no statistical difference in

late complications when comparing postoperative

wound drainage and compression. Regarding

deep wound infections, the material is too small

to draw any conclusions as this feared complication

should only be expected in less than 1% after a

primary THA.

Our study showed that external wound com-

pression was well tolerated and had no obvious

negative effects. Although it did not significantly

reduce blood loss, it caused significant reductions in

the need for transfusion and in wound discharge.

We conclude that wound compression may have

the potential to replace the routine use of postop-

erative wound drainage after THA.
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