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The timing of tourniquet release: its influence
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Purpose. We conducted a prospective multicenter study with
alternate selection methodology in order to evaluate postope-
rative blood loss further to primary knee replacement at the
time of tourniquet release, with or without hemostasis, as
well as possible local and systemic complications.

Materials and methods. We studied 194 patients (194 kne-
es) divided into two similar groups. Group I (Hemostasis -
H) - the tourniquet was deflated intraoperatively after im-
plantation of the metal components and hemostasis was
achieved prior to wound closure. Group II (No Hemostasis -
NH) - the tourniquet was released after the wound was clo-
sed and a compressive bandage applied.

Results. Mean bleeding was 721ml (30-1540) for group I and
625 ml (60-1540) for group II. No statistically significant dif-
ferences were found (p = 0.3). No significant differences we-
re found between the groups as regards general or local com-
plications.

Conclusions. Postoperative blood loss is not related directly
with the time of tourniquet release further to TKR. Our fin-
dings cast certain doubts on the efficacy of tourniquet relea-
se, which means that intraoperative hemostasis may not be
necessary.
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Cuando aflojar el manguito neumatico

de isquemia: su influencia sobre las pérdidas
hematicas y posibles complicaciones

en la prétesis total de rodilla. Estudio
prospectivo multicéntrico

Objetivo. Realizar un estudio prospectivo multicéntrico de
seleccion alternante para valorar las pérdidas hemadticas
postoperatorias de la prétesis total de rodilla en relacion con
el momento de soltar la isquemia, realizando o no hemosta-
sia, y las posibles complicaciones locales y generales.
Material y método. Se analizan 194 pacientes (194 rodillas)
distribuidos en dos grupos homogéneos:

1. Grupo I hemostasia (H): se libera el torniquete de isque-
mia después de la colocacién de los implantes metélicos, re-
alizando la hemostasia previa al cierre de la herida quirtr-
gica.

2. Grupo II no hemostasia (NH): se coloca la prétesis, se re-
aliza el cierre de la herida quirdrgica, se coloca vendaje
compresivo y en este momento se afloja el manguito neu-
matico.

Resultados. El sangrado promedio total del grupo I (H) fue
de 721cc. (30-2210) y el del grupo II (NH) fue de 625cc.
(60-1540), no existiendo diferencias significativas entre am-
bos grupos (p = 0,3). No se encuentran tampoco diferencias
significativas entre ambos grupos con respecto a las compli-
caciones locales o generales.

Conclusion. Las pérdidas hemadticas postoperatorias no se
relacionan directamente con el momento de soltar la isque-
mia durante las prétesis totales de rodilla.

Palabras clave: hemostasia intraoperatoria, isquemia,
torniquete, protesis total de rodilla, complicaciones.
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Hemorrhage, tourniquet use and hemostasis in prosthet-
ic knee surgery remain controversial topics. All of them
have their pros and cons, with some authors fervently
against them'* and others defending their use almost sys-
tematically®®, given that not using them leads to greater
blood loss and few postoperative advantages.

In exceptional situations, such as peripheral vascular
disease, rheumatoid arthritis and some of its corticoid-de-
pendent variants, previous thromboembolism, active tu-
moral pathology and multiple eschars on the leg, among the
most usual ones, it could be indicated not to induce is-
chemia or use a tourniquet.

Nevertheless, in this regard there is no consensus in the
scientific literature as to the advantages of performing he-
mostasis following placement of a total knee prosthesis be-
fore closing the surgical wound'®'3; apparently such a ma-
neuver could be beneficial to reduce postoperative pain,
enhance the performance of the quadriceps muscle, de-
crease inflammation, permit better wound healing and re-
duce postoperative bleeding'®.

The question in point is whether it is really useful or ad-
visable to release the ischemia cuff to carry out hemostasis
of the bleeding vessels before closing the surgical wound,
with a view to reducing post-operative blood loss and, con-
sequently, the need for transfusion. If vessel coagulation de-
creases the number of general and local complications, es-
pecially as regards postoperative pain, the presence of
hematomas and surgical wound healing, then tourniquet re-
lease might be considered a valid option.

In order to address the issues above, we have drawn up
this paper, which reports the results of a prospective multi-
center study with alternating selection methodology that in-
cludes data from 5 participating hospitals, all of them with
experience of knee prosthesis.

In a recent paper, Wright'” defends the need to carry out
prospective multicenter studies as a way to advance scien-
tific research and he encourages the transfer of the results
obtained to clinical practice.

MATERIALS AND METHODS

Our analysis comprised 194 patients from 5 hospitals of
whom full details were available; 6 patients were excluded
either because the data was insufficient or because they were
referred to another hospital. The patients selected for the
study were alternately distributed into the following groups:

1. Group I: hemostasis (H). After placing the metal
implants and before placing the polyethylene component
the ischemia cuff is released and the bleeding vessels coa-
gulated.

2. Group II: no hemostasis (NH). The pneumatic cuff is
released after placement of the prosthesis, closing of the
surgical wound and application of the compressive bandage.

Table 1. Variables studied in the present study

Age, sex, side, previous surgery (ligament arthroscopy or
osteosynthesis)

Hypotensive or antiaggregating medication prior to surgery

Type of prosthesis: resurfacing or syabilized with stems

Cemented, uncemented or hybrid

Toruniquet time and surgical wound closing time

Drains at 24 and 48 hours and total bleeding

Post-operative regime with low molecular weight heparin or another
alternative

Prophylactic regime with antibiotics: cephalosporin or other

Transfusion needs with reinfusion, allogeneic transfusion or not
required.

Post-operative pain assessed on the visual analog scalel8 at 24 and
72 hours.

Inflammation/hematoma: 0 no inflammation; 1 slight; 2 moderate;
3 severe; 4 very severe; 5 requires evacuation

Appearance of the wound at 7 days from surgery: 0 well healed;
1 slight necrosis /dehiscence; 3 requires dressing; 4 requires surgery

Hemoglobin and hematocrit analytical data (pre-op, post-op,
at 24 hours and on discharge).

Complications such as thrombophlebitis/ thromboembolism, infection,
stiffness, vascular lesion, nerve lesion or death.

Subsequently the variables shown in table 1 were intro-
duced in an Excel spreadsheet. All of this data was analyzed
using the SPSS statistical software, using Student’s t test for
independent samples.

All of these data were analyzed with the SPSS statisti-
cal software. Student’s “t” test was used for independent
samples. Results were significant when the p value was
lower than 0.05.

RESULTS

Our 194 patients were distributed into 2 equal groups
of 97 patients each. Each Group had 19 men and 78
women. In group I (H) 49 prostheses were implanted on
the right side and 48 on the left side, and in group II (NH)
53 were implanted on the right side and 44 on the left side.
Mean patient age at the time of surgery was 69.1 years (42-
85) in group I (H) and 73.2 years (32-86) in group II (NH).
Twenty-four patients in both groups took anticoagulants
preoperatively and 56 patients in group I (H) and 59 in
group II (NH) used hypotensors. Fifteen subjects in group I
(H) and 17 in group II (NH) took both medications. Nine-
ty-five patients in group I (H) and 93 in group II (NH)
were on prophylaxis with low molecular weight heparin,
while 2 patients in group I and 4 in group II took fraction-
ated heparin. Antibiotic therapy consisted of cephalosporin
in 93 patients in group I and 94 in group II; the 7 remaining
patients used other regimes due to allergy. Previous surg-
eries are reflected in table 2; 81 subjects in group I and 83
in group had not undergone previous surgery. In both
groups bleeding was greater and statistically significant in
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Table 2. Surgical procedures carried out prior to total knee arthroplasty

Table 4. Appearance of the surgical wound and wound healing

Hemostasis No hemostasis Hemostasis No hemostasis
Prior surgery Healing 90 Correct 82 Correct
Slight necrosis 5 14
Osteosynthesis 2 2 Necrosis-disinfection 2 1
Arthroscopy 8 6
Ligaments 2 -
Osteotomy 4 6 Table 5. Transfusion needs
No surgery 81 83
Hemostasis No hemostasis
Transfusion 17 20
Table 3. Degree of inflammation further to total knee arthroplasty Reinfusion ) 39 34
No transfusion 37 40
Hemostasis No hemostasis Both 4 3
Inflammation . .
Table 6. Hemoglobin/ hematocrit decrease
None 25 26 . )
Mild 45 46 Hemostasis No hemostasis
Moderate 22 19 . .
Severe 5 5 Pre-surgical hemoglobin 14.1 (12.5-16.3) 13.8 (11.1-15.6)
Very severe 0 1

patients with a history of bone surgery and osteosynthesis;
p=0.04.

Prostheses used were as follows: 93 resurfacing im-
plants in both groups; 46 posterior cruciate ligament retain-
ing and 47 posterior stabilized in group I; 43 posterior cru-
ciate retaining and 50 posterior stabilized in group II. Four
rotational stabilized total prostheses were also implanted in
both groups.

All components were cemented, except for 11 prosthe-
ses in both groups that were hybrid, (the tibial component
was cemented and the femoral component left uncemented)
and 3 uncemented prostheses in group IT (NH).

Tourniquet time was 77 minutes (44-130) and surgical
wound closing time was 89 minutes (55-135) in group L.
Tourniquet time was 80 minutes (60-140) and surgical
wound closing time 78 minutes (50-135) in group IL.

As regards preoperative bleeding, in group I (H) it was
562 cc (25-1940) at 24 hours, which accounts for nearly
78% of the overall blood loss figure for the group [721 cc
(30-2210)]. In group II (NH) bleeding at 24 hours was 488
cc (60-1180), which accounts for 78% of the overall blood
loss figure for the group [625 cc (60-1540)]. The data ob-
tained are not statistically significant; p = 0.3.

If we correlate bleeding to the patients’ gender, we ob-
serve that in both groups men have bled more than women
[954 cc (240-2210) vs. 598 cc (30-1800)]. These data are
statistically significant; p = 0.001. The pain score according
to the Visual Analog Scale was 4.1 (0-10) in the first 24
hours and 2.5 (0-7) at 72 hours for group L. For group II the
pain score at 24 hours was 3.8 (0-9) and at 72 hours 2.4
(0-8). These data are not statistically significant.

Hemoglobin at 24 hours <3.8g(24-55) <33¢g(1.1-5.2)

Pre-surgical hematocrit 42.4 (37.4-49) 40.6 (34.2-46.8)

Hematocrit at 24 hours <13.9(8-29.2) <17.5(3.8-16.4)

If we correlate hemostasis induction with the presence
of inflammation in the operated knee (table 3), we can see
that there are no significant differences. However, if we
correlate hemostasis with the appearance of the surgical
wound and with the rate of wound healing (table 4), even if
data are not statistically significant there is a significant
trend for patients in group II (NH) to present with more
wound healing problems.

Complications in group I have been one patient with
stiffness and one thrombophlebitis; and for group II, 4 pa-
tients had stiffness, one thrombophlebitis and another pul-
monary thromboembolism. No large vessel vascular com-
plications or nervous complications were recorded.
Transfusion needs in both groups are reflected in table 5;
they are similar and lack statistical significance.

Table 6 shows hemoglobin and hematocrit decrease at
24 hours for both groups; a decrease of over 3 g was record-
ed for hemoglobin, which was not related to whether the pa-
tient had received a transfusion, a reinfusion, both or nei-
ther. In any event, there were no significant differences
between both groups.

DISCUSSION

Groups are homogeneous as regards age, gender and
operated side; likewise the prosthetic models used are simi-
lar in both groups, without significant differences.
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As regards prophylaxis with heparin and antibiotic ther-
apy, it has been used in all 5 hospitals with minimal (not
statistically significant) variations.

Differences between both groups concerning tourniquet
time and wound closing time are extremely slight and de-
void of statistical significance.

When analyzing postoperative bleeding, it is interesting
to see that hemorrhage levels are similar in both groups, re-
gardless of whether intra-operative hemostasis was induced
following tourniquet release; these findings are in line with
those of some publications®!!"' and contradict the claims of
others!®16,

The amount of blood collected when the drainages are
withdrawn can sometimes be significant, exceeding 2 1, and
on other occasions scarce and even negligible. These varia-
tions seem to indicate that there are numerous factors that
may influence the amount of bleeding such as drain malpo-
sitioning, unusual and therefore unknown alterations in the
coagulation factors and injuries to the (especially lateral)
middle genicular artery, among other causes.

Bleeding in group I is higher even in absolute terms, al-
though without statistical significance. These data are in
line with those found by Christodoulou' and Jorn''; who
found that patients with intra-operative hemostasis bled sig-
nificantly more than those without hemostasis. They claim
that if the tourniquet is not released until after the compres-
sive bandage is applied, there is better control of fibrinolytic
activity and a better activation of coagulation factors.

In this study we did not record data on intra-operative
bleeding following tourniquet release in patients in group In
this connection, H. Mylod® states that intra-operative blood
loss is mainly due to the continuous bleeding of the cancel-
lous bone exposed during surgery; unfortunately coagula-
tion with the electrocautery is not possible in these cases.

Lotke® carried out a prospective study of 4 different
groups, with ischemia induced in all of them, where the
variables were the use (or nonuse) of hemostasis and the
mobilization of the knee immediately post-operatively or
after 3 days. He concluded that the main factor regarding
postoperative bleeding was continuous passive motion,
since the sooner it begins the more bleeding is observed in
operated knees.

The amount of blood drained at 24 hours was 78% in
both groups, i.e. drains can be withdrawn between 24 and
48 hours, since the blood collected thereafter is not signifi-
cant.

Another clearly interesting finding was that, in both
groups, men bled more than women; this is also reflected in
the literature?'->.

Figures for postoperative pain are striking since this is a
usually painful surgery. The pain-related patient figures re-
flected on the Visual Analog Scale are rather low, both at
24 and at 72 hours; they are also very similar in both
groups. Mention should be made in this regard to post-oper-

ative analgesic measures, especially the use of analgesia
pumps, which tend to be placed for no less than 48 hours
and modify the perception of pain. On the other hand, there
are significant individual variations since pain is highly sub-
jective, with the personal and emotional components related
to pain tolerance could modify the data.

We also studied the appearance of the operated limb
and, specifically, the knee inflammation / hematoma, where
values were similar for both groups; over half the patients
presented with slight inflammation in the knee and in
around one-fourth the inflammation was moderate. None of
the hematomas required surgical evacuation. Group II (NH)
patients could have been expected to have more significant
hematomas, but this was not confirmed by our study.

Another interesting aspect is the appearance of the sur-
gical wound; the data collected indicate that wound healing
is usually uneventful, although in some patients it is neces-
sary to disinfect the wound because of the appearance of
slight necrosis on the edges. The statistical analysis of these
findings indicates that there is a (non significant) trend for
patients in group II (NH) to present with more wound heal-
ing problems, albeit slight ones; these could be related to
tissue distension caused by the edema and the postoperative
hematoma. Complications have been scarce in both groups,
and with no vital risk.

Finally, the last data analyzed are related to the need for
allogeneic transfusion or reinfusion of the patient’s own fil-
tered blood, and variations concerning hemoglobin/hemat-
ocrit. Both groups had similar blood requirements with no
significant differences; nearly half of the patients did not re-
quire a transfusion and it seems that when a transfusion is
needed a allogeneic transfusion is losing ground to reinfu-
Si0n23'24.

With respect to the hemoglobin/ hematocrit parameters,
the most significant finding is the decrease of hemoglobin by
over 3 g 24 hours post-op; this figure is similar for both
groups but without statistical significance; the fact that the
patient has required transfusion does not modify these values.

The limitations of the present work are partly due to
individual patient variations that were not evaluated, such
as obesity, diabetes, etc., and some surgical technique-de-
pendent factors like the opening of the lateral patellar reti-
naculum.

It should also be mentioned that different hospitals used
different types of anesthesia: general, spinal, variant and
complementary; post-operative analgesia regimes should al-
so be mentioned since the time during which analgesia
pumps are applied could lead to changes in pain patterns,
especially during the first 24 hours.

There are also variations concerning the assessment of
the hematoma and the appearance of the surgical wound.
Even if there are guidelines to make this assessment, the
subjective criterion of the specialist could modify inclusion
of a patient into one group rather than another.
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I think one of the strengths of this paper is that it is by
far the largest study published in terms of the number of pa-
tients included in a prospective protocol to assess post-oper-
ative blood loss in relation with hemostasis in knee arthro-
plasty. We have not found any paper that sets forth a
prospective multicenter study like ours.

Finally, an important factor that cannot be assessed but
which must be reckoned with in all operated knees is occult
blood loss, which can sometimes be significant and affects
knees in both groups.

Analyzing the study as a whole may give the impres-
sion that there are numerous factors that may influence
postoperative bleeding, but hemostasis does not seem to be
an essential factor; the difficulty lies in the fact that it is dif-
ficult to ex ante predict which knees will bleed more than
others, although our study provides some revealing findings
in this connection.

Release of the intra-operative tourniquet before wound
closure would have an absolute indication if at a certain mo-
ment in the procedure the surgeon suspects a more serious
vascular injury, an occurrence that is fortunately rate. Lotke
et al’> have not had any injury to the popliteal artery after
1,500 prosthetic procedures.

To conclude, clinical parameters for pain and inflam-
mation are not influenced by hemostasis, but there is a trend
towards poorer wound healing in the group with no hemo-
stasis. Postoperative bleeding is not influenced by hypoten-
sive or antiggregating medication. There are significant
bleeding differences in both groups if patients have under-
gone previous bone surgery with osteosynthesis. Men bleed
more than women in both groups of patients, with highly
significant differences.

Bleeding patterns do not change as a function of the
type of prosthesis used and there are no significant differ-
ences in the transfusion needs of both groups. Postoperative
blood loss is not directly related to intra-operative hemosta-
sis, for which reason intra-operative hemostasis does not
seem indispensable or even necessary.
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