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Abstract

Use of a pneumatic tourniquet during total knee arthroplasty is an effective option allowing reduction of the
time of surgery and intraoperative blood loss. At the same time, there are a lot of researchers who advocate differing
tactical approaches to the duration of the tourniquet application — the so-called “early” and “late” releases.

Purpose of the study: to assess the effectiveness and safety of various methods of tourniquet use during primary
total knee arthroplasty.

Material and Methods. 72 patients with end-stage knee osteoarthritis were randomly divided into two equal
prospective groups: 1) keeping the tourniquet throughout the surgery, including wound closure (late release);
2) performing knee arthroplasty using the tourniquet until after implantation of the prosthesis component and
implementation of hemostasis after the release of the tourniquet (early release). Such aspects as perioperative blood
loss and changes in blood counts, blood transfusion volume, and severity of pain on the VAS scale, the rate of recovery
of the knee joint function and number of postoperative complications were assessed during hospital stay of patients.

Results. The duration of procedures was 70+15,4 min for the Group I with tourniquet throughout surgery (late
release) and 95+27,5 for the Group II with early release (p = 0,001). On the 7th day after the arthroplasty the
authors observed statistically significant differences (p<0,05) in the dynamics of reducing the level of hemoglobin,
red blood cells and hematocrit in patients of compared groups — in patients who underwent late release of the
tourniquet, these indicators were higher. When assessing the rate of recovery of knee joint function according to
the KSS -and the intensity of the pain syndrome no significant statistical differences were found in the patients
of both groups.

Conclusion. Application of the tourniquet throughout the surgery to release after closure of the surgical wound
does not lead to a sharp increase in the number of ischemic and thromboembolic complications, while at the same
time, the application of this methodology to a large extent maintains hemoglobin indicators, red blood cells and

hematocrit at a high level without a critical decrease.
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Introduction

Despite the opinion of certain authors that ap-
plication of tourniquet during TKA can be associated
with ischemic lesions of quadriceps muscle, more pro-
nounced pain syndrome in postoperative period, prob-
lems with healing of the surgical wound and increased
rate of thromboembolic complications the tourniquets
are widely used in orthopaedic surgery [1-6]. Certain
evident advantages of tourniquet contribute to such
practice, like shortening of surgery time, decrease of
intraoperative blood loss, perfect visualization during
procedure and provision of optimal conditions for ce-
mented fixation of prosthesis [7-9].
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Currently there are several methods utilized in
TKA:

1) use of tourniquet ensuring minimal blood loss
during the procedure though not enabling adequate
hemostasis;

2) refusal to use tourniquet during the surgery
which does not prevent meticulous consistent hemo-
stasis at various stages of procedure;

3) tourniquet application during surgery, tour-
niquet release, performance of hemostasis and
closing of operative wound without tourniquet
[10].
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Apart from the fact of using tourniquet during
TKA, it’s application method can significantly influ-
ence development of complications and its efficiency
depending, in particular, on the procedure stage for
tourniquet release [7]. On the one hand, the tourniquet
application until cement polymerization, tourniquet’s
early release and hemostasis allow to evaluate the
soft tissues bleeding rate, to coagulate vessels dam-
aged during the procedure, but, on the other hand, due
to postischemic hyperemia the bleeding can be more
significant as compared to absence of tourniquet and
leads to a bigger volume of intraoperative blood loss
during short period of time [11].

Many authors studying various methods of tour-
niquet application recommend to use it during the
whole surgical procedure with right closing of surgi-
cal wound without draining of the knee joint cavity
[12,13]. Widespread utilization of such approach lim-
its rational concerns of many orthopaedic surgeons
regarding possible intraoperative damage of large
vessels, absence of control over hemostasis and risk
of development of postoperative hemarthrosis. Time
of surgery exceeding 1,5-2 hours can become a factor
determining need for tourniquet release in order to
avoid ischemic lesion of soft tissues and increased risk
of thromboembolic complications [14]. Though the
majority of modern studies confirm efficiency of such
tactics in regard of blood preservation and it’s safety
in regard to development of postoperative complica-
tions [15], the literature analysis reveals controversial
conclusions of researches that often propagate the
opposite approaches to blood preservation in primary
TKA that do not allow to confidently select a single
definitive approach.

Purpose of the study: To assess the effectiveness
and safety of various methods of tourniquet use dur-
ing primary total knee arthroplasty.

Material and methods

Patients with knee osteoarthritis combined with
varus deformity at knee level (frontal deformity up
to 25°) prevailed in the study. Patients with extensive
defects of knee joint bones requiring various methods
of grafting and use of prosthesis with enhanced fron-
tal stabilization were excluded from the study.

72 patients with end-stage of knee osteoarthritis
that required TKA with BMI below 42 were randomly
divided into two prospective groups depending on
type of surgical blood preserving methods:

I group (late tourniquet release) where the tourni-
quet was kept throughout the whole surgery, includ-
ing wound closure;

II group (early tourniquet release) where tourni-
quet was applied until completion of implantation
of the prosthesis components and implementation of

hemostasis after the release of the tourniquet with
following surgical wound closure.

Mean age of patients in the group with late tourni-
quet release was 64,6+7,5 years, in the group with ear-
ly release (prior to wound closure) — 63,9+6,7 years.
The authors observed no statistically significant dif-
ferences in age criteria (p>0,05) (Fig. 1).
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Fig. 1. Patients distribution depending on age

(group I — tourniquet during the whole surgery without
drain, group II — tourniquet release prior to wound
closure and hemostasis without drain) (p>0,05)

Surgical treatment of patients

The authors used spinal anesthesia with bupivo-
caine of 15-20 mg. All patients were intravenously
administered 1,5 g of tranexamic acid 30 minutes
before the surgery. Patients were operated in supine
position, operated lower limb was fixed by support
of fracture table, tourniquet was applied on the up-
per third of femur and inflated until pressure of 270-
300 mm Hg. The authors used anterior approach to
the knee joint (anteromedial for patients with varus
deformity and anterolateral Keblish approach for pa-
tients with valgus deformity). Using standard instru-
ment set for knee arthroplasty and common methods
the authors performed bone resections of femur and
tibia, prepared bone beds for prosthesis components,
made cementing and closing of the wound. In both
groups the prostheses preserving anterior cruciate
ligament (CR) prevailed — 87%. Drainage of the knee
joint cavity was not performed in patients of the
studied groups.

Both groups were compared in relation to the fol-
lowing criteria: volume of intra- and postoperative
blood loss, laboratory blood data (hemoglobin, red
cells count, hematocrit), need for hemotransfusion,
VAS pain severity score, restoration of knee function
(support ability, range of motion and weight bearing),
rate of postoperative complications.
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After obtaining benchmark data of the patients
Microsoft Excel was used for compiling electronic
tables. Generally available and free software InStat+
ver.3.37 (2005) and Past ver.2.17 (2012) were used for
statistical data processing.

Results

Mean duration of procedures was 70+15,4 min for
the group with tourniquet throughout the whole sur-
gery (Group I - late release) and 95+27,5 for the group
with early release with hemostasis prior to wound
closure (Group II) (Fig. 2). Procedures in Group I with
tourniquet kept throughout the whole surgery took
reliably less time than in Group II (p = 0,001) where
hemostasis was made prior to wound closure. Mean
time of surgery was shorter in Group I at 15£11,6 min
as compared to Group II.
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During evaluation of obtained data on intraopera-
tive blood loss, the statistical evaluation of blood loss
criteria in Group I as compared to Group II was not
performed due to zero blood loss in Group I (Fig. 3).
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(p=0,001)

When evaluating hemoglobin level in studied pa-
tients prior to surgery the authors did not observe
statistically different criteria (p = 0,9) (133,4+12,3 g/l
in Group I (I on fig. 4) and 132+12,5 g/l in Group II
(III on fig. 4)). On the 7th day after the arthroplasty
the authors observed statistically significant differ-
ences (p = 0,02)in the dynamics of reducing the level
of hemoglobin in compared groups, mean values were
108,4*+14,5 g/1 (Group I) (II on fig. 4) and 96,9+10,7 g/1
(Group II) (IV on fig. 4). Difference in hemoglobin lev-
els prior/after the surgery amounted to 24,9+12,5 g/1,
and 35%12,3 g/1 for Group II, where obtained values
were statistically reliable (p = 0,03).
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Fig. 4. Hemoglobin values prior to surgery
and on 7th day after the surgery in studied groups, g/1

Red blood cells count in the blood of studied pa-
tients prior to surgery did not statistically different
(p = 0,3) (I and III on fig. 5) but after the procedure
demonstrated a similar to hemoglobin decrease dy-
namics, more pronounced in the group of patients
where hemostasis was performed prior to wound clo-
sure (p = 0,04) (Il and IV on fig. 5). Difference in red
blood cells count level prior/after the procedure for
the group with later release amounted to 0,9%0,4 g/1,
and 1,06%0,4 g/1 in the group with early release.
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Fig. 5. Red blood cells level prior to surgery
and on 7™ day after the surgery in the groups, x10*
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Hematocrit levels in preoperative period (I and III
on fig.6) also demonstrated no statistical difference
(p = 0,7); in early postoperative period difference in
hematocrit level for later release group amounted to
0,07+0,04 g/1, and 0,1+0,03 g/l for the early release
group.
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Fig. 6. Hematocrit levels prior to surgery
and on 7" day after the surgery in the groups, g/1

Number of knee joint aspirations in postoperative
period was comparable in both groups, however the
volume of evacuated blood from the joint was higher
in Group II where tourniquet release and hemosta-
sis was performed prior to wound closure (p<0,05)

(Fig. 7).
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Fig. 7. Blood volume evacuated from joint space
during aspiration, ml

Hemotransfusion was required in two cases of
patients from Group II where tourniquet release and
hemostasis were performed prior to wound closure.
One postoperative complication per each group was
reported: wound border necrosis in Group I which
was successfully treated conservatively, and wound
hematoma in Group II which required sanation of the
wound with following favorable clinical outcome.

No statistically significant differences in patients
of both groups were observed in regard of knee func-
tion recovery rate by KSS, pain syndrome intensity
and weight bearing ability. No cases of periprosthetic
infection were observed during 3 months of postop-
erative period in patients of both groups.

Discussion

High volume of perioperative blood loss during
TKA is resulting from various factors like additional
surgical trauma, abundant vascularization of soft tis-
sues around knee joint, presence of extensive bone
wounds (bone beds for implants) [16,17]. Diffuse
bleeding of soft tissues and bone cuts results in worse
visualization of operative wound, deteriorates ce-
mented technique and leads to posthemorrhagic ane-
mia in postoperative period that require simple and
efficient prophylaxis for above negative arthroplasty
factors.

No thromboembolic complications were reported
in patients of both groups, however it’s worth noting
that in current conditions the rate of such complica-
tions is so minor that patient groups should be signifi-
cantly larger to study tourniquet effect, refusal from
drainage and other factors. The best values of hemo-
globin, red blood cells and hematocrit were observed
in the group with late tourniquet release. The expe-
rience of described technique allowed the authors to
find that refusal to do hemostasis after the main stage
of surgery does not result in the need to perform multi-
ple aspirations of the knee joint. The issue of so called
early tourniquet release and it’s necessity is actively
discussed in the literature however no consensus has
been reached so far. Thus, Zhang et al. after analysis
of 16 studies concluded that early tourniquet release
(prior to wound closure) statistically reliable increas-
es volume of perioperative blood loss which substan-
tially offsets favorable tourniquet effects, however,
at the same time hemostasis prior to wound closure
allows to decrease the rate of perioperative complica-
tions, primarily of lesser infection complications [18].
The authors obtained similar outcomes in the present
study where the group of patients with early tourni-
quet release demonstrated worse outcomes in respect
of hemoglobin/red blood cells/hematocrit decrease
and the volume of blood evacuated during aspirations
as compared to the group of patients with late tourni-
quet release. Meta-analysis by Rama et al. also dem-
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onstrated statistically reliable blood preserving effect
of tourniquet release after wound closure, although as
in meta-analysis of Zhang et al. the number of compli-
cations related to wound healing was higher [7]. Yildiz
et al. observed similar data, analysis of which demon-
strated that tourniquet release after wound closure
and closure of drainage during first 6 hours after the
surgery allowed to decrease postoperative blood loss
and the value of hemoglobin level decrease [19]. Such
tactics was confirmed by meta-analysis of Tai who
demonstrated that drainage closure after TKA for 3-4
hours has no negative influence over the number of
postoperative complications and rehabilitation, but
substantially decreases drainage blood loss and fa-
vorably influences hemoglobin level in patients in the
postoperative period [20].

The logical follow up of drainage closure is the ap-
plication of tourniquet with its release after wound
closure and refusal of knee joint drain. Padala et al.
used medication cocktail with adrenalin intraopera-
tively and did not drain the knee cavity and concluded
that the present method yields good blood preserv-
ing result and is safe for the patient [21]. The authors
of the present study proceeded likewise and refused
draining of knee joint and such decision did not result,
as in other studies, in statistically different arthro-
plasty outcomes (disturbance of surgical wound heal-
ing, recurrent massive hemarthrosis, deep infection,
problems with early rehabilitation).

Oh et al. performed an original research where to
evaluate the safety of tourniquet application and to
minimize the risk of complications primarily in elder-
ly patients they studied the ischemic preconditioning
effect which includes preparation of brain and other
internal organs to sharp increase of metabolites con-
centration after tourniquet release. Researchers ap-
plied tourniquets on both femurs of patient and ac-
tivated the cuff on the contralateral limb three times
with 15 minutes exposure. Obtained data demon-
strated that described method significantly decreases
negative effect of tourniquet application and can be
routinely used predominantly in elderly patients [22].
Each of the methods described above has positive and
negative aspects, however currently is used only based
on the surgeon preferences and it can be concluded
that neither in Russia nor abroad there is a unity in
determination of the most rational tactics for tourni-
quet application.

All above mentioned studies have certain limita-
tions related to the number of patients, used implants
(only posteriorly stabilized prostheses or prostheses of
CR type), use or refusal to use drainage. Undoubtedly
the present research also has limitations while the au-
thors did not study results of tourniquet application
in patients with knee osteoarthritis accompanying
with severe destruction of the joint, in patients after
revision arthroplasty. Due to longer surgery time and

significant technical difficulties the time of procedure
exceeds allowable tourniquet exposure, pathologi-
cally altered soft tissues of the knee joint in revision
procedures are featured by more intensive bleeding
as compared to soft tissues of intact knee. Patients
with end-stage obesity are also not the most favorable
objects for tourniquet application during TKA while
strongly pronounced subcutaneous fat layer does not
allow the tourniquet cuff to provide sufficient com-
pression and effective use of the tourniquet. In the
present study the authors did not consider as compli-
cation a marked imbibition of skin and subcutaneous
fat by flood while the authors did not find a correla-
tion between so called “hematomas” and significant
decrease of hemoglobin level and red blood cells with
complicated early rehabilitation.

Conclusion

Volume of blood loss in both groups was not criti-
cal considering that majority of patients underwent
standard primary TKA not requiring bone defects
replacement or use of revision systems. At the same
time preoperatively existing anemia, hidden blood
loss, capillary hemorrhage continuing after wound
closure and other factors resulted in development of
posthemorrhagic anemia in studies patients.

Application of the tourniquet throughout the sur-
gery to release after closure of the surgical wound
does not lead to a sharp increase in the number of is-
chemic and thromboembolic complications, while at
the same time, the application of this methodology to
a large extent maintains hemoglobin indicators, red
blood cells and hematocrit at a high level without a
critical decrease.

During analysis of dynamics in changes of hemo-
globin, red blood cells and hematocrit values the best
values were observed in the group with late tourni-
quet release without drainage and without hemostasis
prior to wound closure. Experience in above method
application allows to conclude that refusal to do he-
mostasis after the main surgical stage does not re-
sult to increased rate of knee aspirations. Dynamics
of pain syndrome and functional recovery rate was
on the comparable levels without statistically reli-
able differences. Thus, it can be concluded that late
tourniquet release and absence of knee joint drainage
without hemostasis is a safe and efficient procedure
with high blood preserving capacity. Use of tourniquet
within 270-300 mm Hg does not lead to increase of
pain syndrome and is not associated with higher post-
operative complication rate and can be recommended
as a very efficient option in TKA.
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