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Use of tourniquet does not increase serum concentration of inflammatory markers fol-
lowing total knee arthroplasty during the first 24 postoperative hours
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Abstract

Background: The literature on the systemic inflammatory reaction following tourniquet-induced ischemia and reperfu-
sion in elective orthopedic surgery is limited.

Methods: This prospective comparative study compared the levels of clinically relevant cytokines and peripheral blood
counts and major complications in patients undergoing total knee arthroplasty (TKA) with or without a tourniquet
during the first postoperative day. Forty-three patients undergoing primary TKA for degenerative osteoarthritis were
divided into two groups; 21 patients were operated on using (TG group) and 22 (NTG group) without using a tourniquet.
Proinflammatory cytokines interleukin-1b, interleukin-6, anti-inflammatory cytokine interleukin-10, intercellular and
vascular adhesion molecules, C-reactive protein, and full blood count were evaluated preoperatively and at one, three,
six, and 24 hours postoperatively in both groups.

Results: Demographics, American Society of Anesthesiologists score, surgery duration, osteoarthritis grade, and other
preoperative variable values were comparable between groups. The average tourniquet time was 67.8 minutes. The
majority of testing variables did not demonstrate significant postoperative differences between groups. However, the
mean IL-6 value was non-significantly higher for the TG than the NTG group during the first six postoperative hours. It
demonstrated a trend to significance at the end of the first postoperative day. The mean hemoglobin and hematocrit levels
were significantly higher for the NTG group at the sixth postoperative hour.

Conclusions: The tourniquet use may affect the systemic inflammatory response. Patients undergoing TKA with or
without a tourniquet demonstrated a similar systemic inflammatory response. However, reperfusion following approxi-
mately 70 minutes of tourniquet ischemia is a safe practice. HIPPOKRATIA 2021, 25 (1):31-37.
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Introduction inflammatory mediators*®. These substances induce mi-

The tourniquet is now routinely used in elective or-
thopedic and trauma surgery'. It provides a bloodless
field improving visualization and bone-cement integra-
tion? while reducing operating time and blood loss®. On
the other hand, tourniquet use has been implicated with
several postoperative complications, such as thigh pain,
muscle and nerve injury, skin burn, hematoma and wound
healing problems, and deep vein thrombosis (DVT)**.

After tourniquet application, ischemia and reperfu-
sion trigger a complex cascade of metabolic and inflam-
matory responses caused by numerous local and systemic

crovascular permeability and changes in acid-base bal-
ance and potentially pulmonary and cardiovascular dys-
function*®.

The ischemia-reperfusion (I/R) syndrome has been
studied in vivo preclinical studies in animal models’ and
limited clinical studies evaluating patients undergoing
arthroscopic knee surgery with or without tourniquet®’.
Wakai et al demonstrated transient neutrophil and mono-
cyte activation in patients undergoing knee arthroscopy
with a tourniquet in a randomized controlled trial than
those undergoing surgery without ischaemia’. This acti-
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vation was considered the potential for tissue injury. The
inflammatory response is considered higher following
reconstructive compared to arthroscopic knee surgery:
However, studies measuring the systematic inflammatory
response following reconstructive surgery are missing*!°.

Our study primarily aimed to compare for the first
time the most clinically relevant cytokines’ peripheral
blood levels implicated in systematic inflammatory im-
mune response and full blood counts in patients under-
going unilateral total knee arthroplasty (TKA) with or
without tourniquet during the first postoperative day. The
secondary aim was to compare major complications as
postoperative infection and DVT between the two groups
and correlate the course of the markers with them. We
hypothesized that tourniquet application affects the in-
flammatory response significantly during the first post-
operative day.

Materials and Methods

The Institution’s Scientific Research Board approved
this prospective clinical study in a tertiary hospital unit
(KAT Hospital, decision No 7692, date: 13/06/19). The
study was organized according to the World Medical As-
sociation, Declaration of Helsinki of 1964, and its later
amendments. All patients provided informed consent fol-
lowing preoperative provision of information regarding
the study.

Between September 2005 and May 2006, 43 consec-
utive patients who underwent primary, unilateral TKA
were sequentially allocated in two groups. The tourniquet
group (TG) consisted of the first 21 consecutive patients
and the non-tourniquet group (NTG) with the following
22 patients. We included in the study patients above 18
years of age, scheduled for primary unilateral TKA for
end-stage knee osteoarthritis. The exclusion criteria were
a systemic inflammatory disease, revision, bilateral knee
arthroplasty, history of trauma, neoplasia, drug hypersen-
sitivity, prior corticosteroid, or cancer treatment.

All patients received spinal anesthesia. An experi-
enced surgeon in knee arthroplasty performed all TKAs
through a medial parapatellar approach, using fully ce-
mented, posteriorly stabilized prostheses. These tech-
niques are still valid and appropriate for the surgical
treatment of end-stage knee osteoarthritis. The tourniquet
pressure was twice the systolic blood pressure in the TG
group before skin incision until skin closure. We used a
deep drain routinely for the first postop day. All patients
received anti-embolic stockings and low-molecular-
weight heparin beginning 6-8 hours postoperatively and
continued once daily for a month. All patients received
intravenous vancomycin 500 mg twice and cefuroxime
750 mg three times a day. Chemoprophylaxis started
preoperatively and continued 24 hours postoperatively.
Postoperative pain was controlled with intravenous
paracetamol, 1g three times daily and tramadol 50 mg
twice a day. All patients were mobilized during the first
postoperative day and ambulated with partial weight-
bearing for 20 postoperative days. All patients were fol-

lowed up clinically for the first postoperative year con-
cerning severe complications as postoperative infection,
pneumonic embolism, and DVT.

The primary outcome was comparing the groups re-
garding the mean difference of postoperative cytokines
and adhesion molecules’ values, and peripheral venous
blood counts several postoperative times. Venous blood
samples were collected preoperatively and at one, two,
three, six, and 24 hours postoperatively. Cytokines,
namely Interleukins 1b (IL-1b), 6 (IL-6), and 10 (IL-10),
measured in pg/ml, and adhesion molecules as the inter-
cellular adhesion molecule (ICAM) and vascular adhe-
sion molecule (VCAM) measured in ng/ml were evalu-
ated. They were measured using commercially available
ELISA kits (R&D Systems, Europe). Peripheral venous
blood samples measured white blood cells count (WBC),
hematocrit (Het), hemoglobin (Hb), and C-reactive pro-
tein (CRP).

Statistical analysis

There are no similar studies concerning the course of
inflammatory markers after TKA. For this reason, the ad-
equate sample size was determined based on the reported
drop of Hb following TKA in previous studies''. Using
Lehr’s formula, we evaluated that with sufficient power
of 0.8 and the o value of 0.05 to see a Hb difference of 1
g/dl between groups with a standard deviation of 1 g/dl,
at least 16 patients had to be enrolled in each group.

We utilized standard statistical methods for descrip-
tive statistics and evaluated the normality of data distri-
bution based on the Kolmogorov-Smirnov and Shapiro-
Wilk tests. We compared continuous variables using
Student’s t-test and Mann-Whitney tests, and tested cat-
egorical data with Pearson chi-square and Fisher’s exact
test between groups. We utilized paired-samples t-test
and Wilcoxon’s signed-rank test to compare variables on
different time points within the same group. Pearson’s
(r) and Spearman’s tho (p) correlation coefficients were
used for measuring the relationship between age, surgery
duration, and the testing variable value at the first post-
operative day. The hypothesis of equality of means was
discarded when the probability of a Type-I error was <5
%. All statistics were two-tailed. IBM SPSS Statistics for
Windows, Version 20.0 (IBM Corp., Armonk, NY, USA)
was used to perform the analyses.

Results

A senior surgeon examined seventy-seven patients
for elective primary unilateral TKA during the screen-
ing period. Thirty-four patients did not meet the inclu-
sion criteria, 12 patients due to revision surgery, six for
posttraumatic, and nine for inflammatory arthritis. Seven
patients did not consent to participate.

Forty-three patients (nine males, 34 females) with
a mean age of 70.67 years were finally enrolled in the
study. Table 1 shows comparative demographic and pre-
operative data between groups. The two groups were
comparable as far as gender, age, body mass index



HIPPOKRATIA 2021, 25, 1

33

Table 1: Comparative demographic and preoperative data of the study groups: 21 patients who underwent total knee arthro-

plasty with and 22 patients without using a tourniquet.

Tourniquet group Non-Tourniquet group p-value
Age (years)* 71.29 (8.7) 70.09 (6) 0.60¢
4 5
3k 3k %
Gender Male Female 17 17 1.00
Body Mass Index (kgr/m?) * 28.3 (1.4) 29 (1.8) 0.136“
10 8
ExtremityOperated** Right Left 1 14 0.45%
Duration of surgery (minutes)™* 67.86 (6.4) 70.86 (9.5) 0.32%
I 8 9
ASA score * I 12 11 0.814%
111 1 2
Kellgren-Lawrence clas- 111 11 9 o
fcation® 0.451
sification v 10 13

The values are given as the mean with the standard deviation in parentheses (*) or as raw numbers (**). Tests performed using @: Independent
Sample t-test, *: Mann-Whitney test, ¢: Chi-square (x2) test, *: Fisher Exact test.

(BMI), American Society of Anesthesiologists (ASA)
score, duration of surgery, and Kellgren and Lawrence’s
grade of osteoarthritis were concerned (Table 1). The av-
erage tourniquet time was 67.86 minutes in the TG group,
which coincides with surgery duration since the tourni-
quet was released after skin closure. The NTG group
demonstrated a non-significantly longer mean surgery
duration than the TG group (Table 1).

None of the patients in both groups had a major com-
plication during the postoperative period. During the first
three postoperative months, no prosthetic joint infection
cases, periprosthetic fracture, DVT, or pneumonic embo-
lism were recorded.

The mean preoperative variable values did not dif-
fer between the groups (Table 2). No significant differ-
ence was also found between groups postoperatively for
most testing variables (Table 2). However, the mean IL-6
value was non-significantly higher for the TG than the
NTG group during the first six postoperative hours. 11-6
demonstrated a trend to significance at the end of the first
postoperative day. At the sixth postoperative hour, the
mean Hct level was significantly lower (p =0.02) for the
TG than the NTG group (Table 2).

The flowcharts of Figure 1(a-i) depict the fluctuation
of variables between groups during the first postoperative
day. The time when the mean postoperative value of each
variable differed significantly from the mean preopera-
tive one is also depicted in these charts. At the end of the
first postoperative day, no testing variable significantly
correlated with patients’ age or surgery duration.

Discussion

Tourniquet use is a common practice in trauma and
elective orthopedic surgery. However, tourniquet-in-
duced ischemia followed by reperfusion may trigger a
cascade of potentially harmful to the patient reactions.
This study evaluated the systematic inflammatory re-
sponse by comparing the most clinically relevant cyto-
kines and full blood counts between two groups of pa-

tients undergoing TKA with or without a tourniquet'?. We
found no significant differences concerning most testing
variables between groups during the first postoperative
day. The variables demonstrated the greater difference
between groups following the sixth postoperative hour.
The IL-6 level was non-significantly higher for TG than
the NTG group during the first six postoperative hours
and showed a trend towards significance at the end of the
first postoperative day.

IL-1b and tumor necrosis factor-a (TNF-a) are central
proinflammatory cytokines produced by activated mac-
rophages and monocytes following tissue damage'>".
They stimulate other cytokines release, such as IL-6
and adhesion molecules causing vascular injury and in-
creased vessels’ permeability'>!3, Anti-IL-1b treatment in
animal models lessens tissue injury by decreasing vas-
cular permeability, leukocyte accumulation, and mRNA
expression of early response cytokines'®. It is supported
that the rise of IL-1b levels can only be detected using
intraoperative sampling'>. In our study, IL-1b levels were
substantially decreased during the first postoperative
hour and then more slowly during the first postoperative
day in the TG group; no significant change of the mean
IL-1b value was observed for the NTG group at the early
postoperative hours followed by a progressive decrease
(Figure la). The IL-1b levels did not reach statistical
significance compared to preoperative values for both
groups at any follow-up time. A similar kinematic was
detected in young patients who underwent elective knee
surgery under a two-hour tourniquet application®.

IL-6 is a central cytokine of the acute phase response
produced by stimulated proinflammatory cytokines
as IL-1b and TNF-a'>'31¢ [L-6 levels increased gradu-
ally postoperatively in our study, reaching peak values
at the sixth postoperative hour for both groups (Figure
1b). TG group demonstrated a not significantly higher
IL-6 value at the sixth postoperative hour than the NTG
group. This difference showed a trend towards signifi-
cance for the TG at the end of the first postoperative
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Table 2: Comparison of the mean levels of cytokines, adhesion molecules, and peripheral venous blood counts between groups
preoperatively and at different postoperative times.

Non-Tourniquet

group Tourniquet group p-value
Preoperatively 1.01 (0.64) 2.45(5.8) 0.95%*
1** postop hour 1.29 (0.88) 1.36 (1.23) 0.76**
IL-1b 3" postop hour 1.87 (1.94) 1.31 (1.56) 0.22%*
(pg/ml) 6" postop hour 1.29 (2.05) 0.81 (0.6) 0.42%*
1% postop day 1.05 (1.04) 0.96 (0.68) 0.71%*
Preoperatively 12.4 (32.3) 5.6 (9.8) 0.28%*
1** postop hour 49.53 (100.73) 26.74 (36.92) 0.24%*
L6 3" postop hour 114.9 (102.6) 96.13 (96.16) 0.40%*
(pg/ml) 6" postop hour 160.8 (184.9) 278.6 (469.3) 0.39%*
1% postop day 102.9 (80.9) 207.8 (220.6) 0.055*
Preoperatively 3.73.7) 2.1(2.1) 0.29%*
1** postop hour 31.5(40.4) 25.7 (38.1) 0.71%*
IL-10 3" postop hour 40.8 (77.5) 16.3 (21.2) 0.22%%*
(pg/ml) 6™ postop hour 10.43 (19.3) 12.7 (30.8) 0.14**
1% postop day 12.4 (19.3) 12.7 (30.8) 0.83%*
Preoperatively 9.4 (13.7) 9.3 (11.8) 0.67**
1% postop hour 10.0 (16.2) 10.2 (14.5) 0.69%**
CRP 3" postop hour 12.8 (20.4) 11.1(14.1) 0.68%*
(ng/ml) 6" postop hour 19.4 (22.3) 15.6 (15.2) 0.97*%*
1% postop day 42.4 (27.8) 38.8 (22.6) 0.64*
Preoperatively 400.9 (173,58) 399.0 (88.1) 0.96%*
1** postop hour 331.13 (148.5) 368.8 (95.9) 0.33*
ICAM 3" postop hour 346.4 (148.7) 351.2 (124.5) 0.90%*
(ng/ml) 6" postop hour 378.3 (155.6) 365.8 (92.6) 0.94**
1% postop day 387.1 (86.02) 400.5 (131.12) 0.69*
Preoperatively 1239.8 (619.7) 1513.5 (846.0) 0.24%*
1** postop hour 1218.4 (542.6) 1749.3 (1145.9) 0.24**
VCAM 3" postop hour 1373.4 (769.6) 1280.9 (398.7) 0.80%**
(ng/ml) 6" postop hour 1269.7 (355.5) 1647.9 (747.3) 0.21*
1% postop day 1335.3 (667.2) 1425.0 (884.3) 0.59%*
Preoperatively 37.2 (6.1) 36.3 (5.31) 0.6*
15 postop hour 35.6 (4.8) 36.1 (4.4) 0.72*
Het 3" postop hour 35.5(4.6) 33.3(5.5) 0.16*
(%) 6™ postop hour 35.7(4.7) 32.2(5.2) 0.02*
15 postop day 34.0 (4.4) 31.9(5.3) 0.38%**
Preoperatively 12.59 (2.21) 12.12 (1.78) 0.45%
1t postop hour 11.99 (1.78) 11.89 (1.47) 0.84*
Hb 3" postop hour 11.66 (1.61) 10.93 (1.76) 0.16*
(g/dI) 6" postop hour 11.6 (1.71) 10.6 (1.72) 0.06*
15 postop day 10.7 (2.5) 10.72 (2.78) 0.92%%*
Preoperatively 7.17 (2.58) 6.7 (1.58) 0.84%*%*
15 postop hour 7.2 (2.5) 7 (1.85) 0.84%**
WBC 3" postop hour 7.63 (2.57) 7.49 (2.53) 0.61%%*
(x10°/ uL) 6" postop hour 8.01 (2.65) 8.02 (2.07) 0.57**
1* postop day 10.1 (3.7) 10.1 (2.7) 0.60**

The values are given as mean with standard deviations in parentheses. *: tests performed using Student’s t-test, **: tests performed using Mann-
Whitney U test, IL-1b: Interleukin 1b, IL-6/ IL-10: Interleukin 6 and 10, CRP: C-reactive protein, ICAM: intercellular adhesion molecule,
VCAM: vascular adhesion molecule, Het: hematocrit, Hb: hemoglobin, WBC: white blood cell count.

day. The IL-6 level was significantly different from the
preoperative values for both groups throughout the first
postoperative day. The postoperative rise of IL-6 levels
has been well documented for 4-48 hours after tourniquet

application®'”. Tt is attributed to additional tissue damage
induced by I/R injury'>!®, The greater tissue injury, the
higher documented postoperative increase of IL-6 level'.
The duration of ischemia is critical on the extent of tissue
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damage and the stimulated response. Probably, the short
period of tourniquet application in our study affected the
1L-6 postoperative course. No testing variable was sig-
nificantly related to the duration of surgery in our study.
Halladin et al did not note any significant release of reac-
tive oxygen species or cytokines following 20 minutes of
lower limb ischaemia’®.

CRP is another acute-phase protein that follows the
IL-6 increase'. A sharper CRP rise at 15 minutes after
reperfusion following short periods of forearm ischemia
has been reported!®?. There was a significant rise in CRP
levels for both study groups, mainly following the first
six postoperative hours (Figure 1d). However, the differ-
ences between groups did not reach significance.

IL-10 is the most crucial anti-inflammatory cytokine
inhibiting the synthesis of proinflammatory cytokines,
such as IL-1b, IL-6?'. Low levels of IL-10 after systemic
injury are related to poor outcomes?. IL-10 levels were
increased for both groups. The rise was higher and earli-

er, followed by an abrupt decline for the TG group during
the first six postoperative hours (Figure 1c). The IL-10
levels were reduced until the end of the first postopera-
tive day for both groups. Clemmensen et al showed that
IL-10 was not influenced four hours after reperfusion fol-
lowing 100 minutes of ischemia for knee arthroscopy!'”.
Another well-designed study demonstrated that IL-10
increased significantly during ischemia in patients under-
going anterior cruciate ligament reconstruction surgery
but returned to baseline levels within four hours postop-
eratively?.

The release of soluble adhesion molecules in blood
circulation is related to the trauma extent and the I/R
time”. ICAM and VCAM serum levels are inversely
related to their concentration on the endothelial mem-
brane®. Huda et al recorded a significant decrease in
serum levels of ICAM at 50 minutes postoperatively®.
In our study, the postoperative ICAM and VCAM lev-
els showed similar kinematic without significant altera-
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tions in both groups (Figure le,f). Except for the ICAM
level at the first postoperative hour for the NTG group, no
other significant difference was recorded for both groups
than the preoperative values. The latter may be attributed
to the limited trauma of this elective surgery®.

Whether the tourniquet use reduces blood loss fol-
lowing TKA remains controversial*®*. There was a
significant difference in Hct and Hb levels between the
two groups on the sixth postoperative hour (Figure 1g,h).
However, the transfusion needs during hospitalization
were similar between groups. Although blood transfusion
may also trigger inflammatory reactions®, most blood
units were transfused following the first postoperative
day in our study. Consequently, they cannot be related to
the estimated inflammatory response.

Our study has some limitations. First, it is not ran-
domized; however, most recently published papers are
animal or clinical studies without a control group®!>!™-1%,
Our two groups were matched and comparable in vari-
ous parameters, and appropriate sample sizing was done.
Another limitation of our study is that measurements are
limited to the first postoperative day and do not neces-
sarily reflect the whole inflammatory response spectrum.
However, almost all values were declined at the end of
the first day. Besides, we did not correlate the course of
markers with other clinical findings as clinical scores.

Conclusion

Our study evaluated cytokines, acute-phase proteins,
and adhesion molecules for the first time between pa-
tients undergoing TKA with or without a tourniquet. No

Figure 1(a-i): Schematic diagrams showing the mean
change of cytokines, adhesion molecules, hematocrit, hemo-
globin, and white blood cell count for both patients’ groups.

*: Statistically significant different value (p <0.05) compared to
baseline (preoperative) value. IL-1b: Interleukin 1b, IL-6/ IL-10:
Interleukin 6 and 10, CRP: C-reactive protein, I[CAM: intercellular
adhesion molecule, VCAM: vascular adhesion molecule, Hct: he-
matocrit, Hb: hemoglobin, WBC: white blood cell count

significant differences between groups were found for
the majority of testing variables. IL-6 demonstrated a po-
tentially higher systematic inflammatory response. There
was no clinical evidence of a higher systemic inflamma-
tory response in the TG group, as no significant compli-
cation was recorded. A 70-minute tourniquet application
was considered a safe practice. Higher-level studies are
needed to clarify the pathways of systemic response fol-
lowing I/R injury.
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