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Gradual versus intermittent release of tourniquet in total knee arthroplasty
surgery, effects on hemodynamics and acid base parameters: a prospective
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ABSTRACT

Background: Using of the pneumatic tourniquet is a common practice in many surgeries.
While it creates bloodless field, it is not free of complications. Tourniquet deflation is a critical
stage, greatly affecting hemodynamics. Till now, no strict guidelines have been developed for
managing such a procedure.

Methods: Sixty patients, >40 years old, undergoing total knee arthroplasty enrolled in this
study. Tourniquet deflation done over 3 min before complete release, either by gradual
pressure release 50 mmHg/30 s in gradual deflation (G) group or by three cycles of deflation-
reinflation (deflation for 10 s and reinflation for 50 s) in intermittent deflation (I) group.
Results: No significant difference was found regarding patient demographics and basal data.
Mean arterial pressure was significantly lower in G group at times of deflation and post
deflation for 5 min (P values 0.011, 0.023, 0.024, 0.001, and 0.013, respectively). Also, heart
rate and acid base parameters were more stable and convergent to basal data in | group.
Conclusion: Compared to gradual deflation, intermittent deflation of tourniquet in middle and
old aged, total knee arthroplasty patients resulted in more stability in hemodynamics and acid
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base parameters.

1. Introduction

Pneumatic tourniquet is a compressive device that
occludes blood flow to the Ilimbs to create
a bloodless surgical field and decrease the operative
blood loss [1]. Side effects such as venous congestion,
blood stagnation, ischemic reperfusion, and pressure
effects are affected by patient’s age, medical status,
tourniquet pressure, tourniquet time, and tourniquet
deflation way [2].

Despite many years of tourniquet use in different
types of surgery, there are no specific and binding
strict guidelines for inflation pressure, duration time,
and way of deflation in tourniquet use [3]. Tourniquet
deflation is a critical stage because it causes a sudden
drop in central venous pressure, mean arterial pressure
(MAP) and HR variability. Cardiac arrests have been
reported following cuff deflation [4,5].

These hemodynamic changes are due to the com-
bination of back shifting of blood volume into the limb
and washout of metabolites from the ischemic limb
into the systemic circulation causing hypotension,
metabolic acidosis, hyperkalemia, myoglobulinemia,
myoglobinuria, and possible renal failure. It is also
known as “myonephropathic metabolic syndrome”
and depends on the size of the extremity, duration of
tourniquet time, and overall physiological status of the
patient [6,7].

In this clinical trial, we compared two techniques of
tourniquet deflation and their clinical implication on
hemodynamics and acid base parameters in orthope-
dic patients undergoing total knee arthroplasty sur-
gery under neuroaxial anesthesia. MAP was adjusted
as the primary outcome objective of this trial.

2. Materials and methods

After approval of institutional research board (IRB-
R.20.02.739, 12 February 2020), trial registration
(PACTR202003900400089 March 17-2020) and obtain-
ing a written informed consent from all participants,
this study was carried out at Mansoura University
Hospital. Sixty-two patients were enrolled in this
study, which adheres to the applicable CONSORT
guidelines (Figure 1). Two patients were excluded
due to complicated surgery (time exceeded 3 hdue to
surgical difficulties). Included patients were adults of
either sex, ASA | or I, and age >40 years undergoing
total knee arthroplasty surgery. Exclusion criteria were
patient refusal, major cardiopulmonary disorders,
hypertension, hepatic or renal disorders, patient
allergy to local anesthetic, risk dissemination of malig-
nancy or infection, patient with relative contraindica-
tion for tourniquet use as peripheral vascular disease,
sickle cell anemia, deep venous thrombosis, diabetic
neuropathy and crushed injury, and complicated
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Figure 1. Consort flow diagram for the study.

surgery extending more than 3 h. Random number
generator with closed envelope technique randomized
patients into two groups based on post-surgical defla-
tion regimen: 30 patients for gradual deflation group
(G group) and 30 patients for intermittent group (I
group).

Preoperative anesthetic assessment was done at
anesthesia clinic. ECG and ECHO were done to meet
inclusion and exclusion criteria. Laboratory investiga-
tions included complete blood count, liver function
test, kidney function test, International normalization
ratio (INR), arterial blood gases, serum lactate, and
serum potassium (K).

At operation suite, patients had second assessment
for anesthetic fitness. A 20 G intravenous line was
inserted in non-dominant hand to receive 500 ml
ringer acetate as fluid co-loading before starting regio-
nal subarachnoid block, then transferring to operating
room. After patients being connected to basic moni-
tors, ECG, NIBP, SpO,, placed in sitting position to
facilitate regional block. The researcher anesthesiolo-
gist started back scrubbing with betadine and alcohol,
then introduced a 25 G spinal needle at L4-5 sub-
arachnoid space and injected 12.5-15 mg heavy bupi-
vacaine 0.5% (Marcaine spinal 0.5% heavy,
Astrazeneca, England) plus 20 pg fentanyl (fentanyl
Hameln, Hameln pharmaceuticals, Germany), accord-
ing to patient’s height [2.5 ml heavy bupivacaine 0.5%

(12.5 mg) for patients’ height <170 cm, 3 ml heavy
bupivacaine 0.5% (15 mg) for patients’ height
>170 cm]. Later, the patient was placed in supine
position with slight head elevation using rubber pillow,
under continuous monitoring and fluid replacement
using ringer acetate at a rate 4 ml.kg~'.h™". After insur-
ing of motor block of spinal anesthesia and sensory
levels reaching at least T10, surgeon started limb ele-
vation, exsanguinating of blood and applying a double
cuffed tourniquet at middle of the thigh over cotton
padding, with pressure ranging 250-300 mmHg
according to the patient's blood pressure (150 mmHg
above systolic blood pressure). After completion of
surgical procedure, researcher anesthesiologist
checked the sensory level of subarachnoid block in
both limbs before starting tourniquet deflation proce-
dure. Tourniquet deflation was done by anesthesia
technician in two ways according to randomization
number received in closed envelop with patient file:
in gradual group (G group) deflation by rate 50 mmHg/
30 s till complete release within 3 min. In intermittent
group (I group) complete deflation for 10 s then re-
inflate for 50 s; this cycle was repeated three times till
complete final tourniquet release. The researcher
anesthesiologist was separated from the lower limb,
tourniquet device, and the technician by surgical cur-
tain to ensure full blinding of deflation’s technique.
Hemodynamic management during deflation process
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done by the researcher anesthesiologist, drop in HR or
MAP > 25% of pre-deflation value managed by 0.1 mg.
kg™' of ephedrine (ephedrine sulphate, USP, Amneal
Pharmaceuticals Pvt. Ltd, India) and recorded (fre-
quency, total dose).

Patient’s hemodynamic data were recorded by
blinded researcher anesthesiologist, including HR,
MAP, oxygen saturation, and respiratory rate (RR),
and were recorded basally, post-induction, 1 min
before deflation, every 1 min during deflation, and 1,
5, 30 min after deflation. Blood samples for serum
lactate, serum K, and PH were taken 5-30 min after
deflation. Mean arterial blood pressure was adjusted as
primary outcome objective, while others including HR,
RR, PH, serum lactate, HCOs, and serum potassium
were secondary outcomes.

In this trial, we hypothesized that intermittent defla-
tion of tourniquet will act as ischemic preconditioning
(IPC) manner, enabling better tolerating ischemic
reperfusion effects of tourniquet release more than
gradual deflation manner, especially in our group of
elderly patients.

3. Sample size and statistical analysis

A pilot study of 10 patients, five in each group, was
conducted to detect the difference between the two
groups regarding the difference between the MAP 1

min after deflation of the tourniquet. The study
showed that the difference between the two groups
was 20%. We used G*power software version 3.1.9.4 for
sample size calculation. It was found that 58 patients,
distributed equally between the study groups, were
sufficient to achieve a study power of 0.8 with an
alpha error of 0.05. Cases of pilot study were not
included in the study. Additionally two patients were
recruited to compensate for dropouts, reaching a total
sample size of 60 patients.

Perioperative data will be tabulated and analyzed
using IBM SPSS software version 22. Continuous data
will be presented as mean SD or median IQR accord-
ing to normality of distribution. Nominal and catego-
rical data will be presented as numbers and
percentages. Independent-sample t-test, Mann-
Whitney test, or chi-square test will be utilized to
detect statistical differences between the studied
groups.

4, Results

This study enrolled 60 patients scheduled for elective
total knee arthroplasty surgery, presented in Figure 1.
Patient demographics, basal data, intraoperative fluids,
and duration of the tourniquet are presented in Table 1
without significant difference between the studied
groups.

Table 1. Patients’ demographics, basal data and intraoperative fluids. Data are presented as mean + SD or numbers.

G (group) | (group) P value
Age (years) 60.80 + 6.44 60.73 + 5.78 0.96
Gender (M/F) 6/24 7/23 0.75
HR (b/min) 78.16 £ 6.51 76.93 + 4.54 0.39
MAP (mmHg) 104.43 £ 6.06 103.26 £ 5.74 0.44
RR (r/min) 15.30 + 0.74 15.50 £ 1.27 0.46
PH 7.37 £0.03 7.39 £ 0.04 0.25
HCO5 2490 + 1.79 2539 + 145 0.25
Serum K 3.87 £0.31 393 +£0.38 0.46
Serum lactate 1.03 £ 0.20 0.96 + 0.32 0.29
Intraoperative fluids 1780.00 + 172.00 1761.66 + 199.43 0.70
Duration of the tourniquet (min) 14533 £12.72 142.50 = 13.43 0.40

M: male, F: female, HR: heart rate, b/pm: beat per minute, MAP: mean arterial pressure, RR: respiratory rate, r/min: rate per minute, min: minutes.
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Figure 2. Intraoperative and postoperative mean arterial pressure (MAP/mmHg) of the included patients.



Intraoperative and postoperative (MAP) are illu-
strated in Figure 2 with significant difference between
studied groups as: MAP 1 min during deflation
(MAPD1, G 95.30 + 3.87,198.63 + 5.76, P 0.011), MAP
2 min during deflation (MAPD2, G 92.40 + 3.43,
[ 94.90 + 4.78, P 0.023), MAP 3 minute during deflation
(MAPD3, G 90.30 + 3.47,192.80 + 4.79, P 0.024), MAP
1 min after deflation (MAP1, G 89.70 + 4.08,
1 93.90 + 5.23, P 0.001), MAP 5 minute after deflation
(MAP5, G 93.33 £ 4.49,1 96.83 £ 5.94, P 0.013).

Intraoperative and postoperative (HR) are illustrated
in Figure 3 with significant difference between studied
groups as: HR 2 min during deflation (HRD2,
G 86.53 +5.58,183.46 + 3.04, P 0.011), HR 3 min during
deflation (HRD3, G 89.63 £ 6.03, 1 84.60 £ 2.94, P 0.000),
HR 1 min after deflation (HR1, G 89.96 =+ 6.04,
| 83.00 + 3.75, P 0.000), HR 5 min after deflation (HR5,
G 87.16 + 5.52,180.00 + 3.18, P 0.000).

Intraoperative (RR) are illustrated in Table 2 with
significant difference between studied groups as RR
3 min during deflation (RRD3, G 1740 = 1.32,
1 15.66 + 0.75, P 0.000), RR 1 min after deflation (RR1,
G 1830 + 0.83, | 15.53 + 0.62, P 0.000), RR 5 minute
after deflation (RR5, G 18.06 + 0.78, | 15.80 + 0.66,
P 0.000).

After deflation laboratory data of the included
patients are illustrated in Table 3 with significant

100 —HR (bpm)
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difference between studied groups as: PH 5 min after
deflation (PH5, G 7.30 £ 0.03, | 7.32 £+ 0.04, P 0.018),
serum potassium 5 min after deflation (K5,
G 4.48 + 0.30,14.19 £ 0.35, P 0.001), serum potassium
30 min after deflation (K30, G 4.40 + 0.30,14.12 + 0.36,
P 0.002), serum lactate 5 min after deflation (lactate 5,
G 191 £ 0.33, | 1.29 + 0.29, P 0.000), serum lactate
30 min after deflation (lactate30, G 1.58 + 0.30,
| 1.06 + 0.23, P 0.000), while other parameters were
comparable between patients of studied groups.

Regarding patients of both groups, pre and post-
operative sensory level of subarachnoid block, were
comparable; no recorded patient needed vasopressor
(bolus ephedrine) during deflation periods.

5. Discussion

In this study, 60 patients undergoing total knee arthro-
plasty were randomly allocated into two equal groups
according to the regimen of tourniquet deflation.
Intermittent deflation of the tourniquet resulted in
more stable hemodynamics and acid base parameters
compared to gradual deflation technique.

Pneumatic tourniquet application is a common
practice in many surgeries. While it creates
a bloodless field, decreasing blood loss and conser-
ving blood transfusion, it is not free of
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Figure 3. Intraoperative and postoperative heart rate (HR/bpm) of the included patients.
Table 2. Intraoperative respiratory rate of the included patients .Data are presented as mean + SD.
G (group) I (group) P value

RRPI 1533 + 0.60 15.63 + 1.06 0.18
RRDO 15.26 + 0.69 15.56 + 0.93 0.16
RRD1 15.70 + 1.02 15.53 + 0.50 0.42
RRD2 16.16 + 0.98 16.30 + 1.23 0.64
RRD3 17.40 + 1.32 15.66 + 0.75 0.00%
RR1 18.30 £ 0.83 15.53 + 0.62 0.00%
RR5 18.06 + 0.78 15.80 + 0.66 0.00%
RR30 16.43 + 1.22 16.06 + 1.33 0.27

RRPI: respiratory rate post induction, RRDO: respiratory rate before deflation, RRD1: respiratory rate 1 min during deflation, RRD2: respiratory rate 2 min
during deflation, RRD3: respiratory rate 3 min during deflation, RR1: respiratory rate 1 minpost deflation, RR5: respiratory rate 5 min after deflation, RR30:

respiratory rate 30 min after deflation.
*P value is significant if less than 0.05.
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Table 3. After deflation laboratory data of the included patients.Data are presented as mean + SD .

G (group) I (group) P value
pH 5 min 7.30 + 0.03 7.32 + 0.04 0.018*
pH 30 min 7.33 £ 0.02 7.33 £ 0.03 0.437
HCO3-5 min 21.29 £ 091 21.71 £ 1.00 0.09
HCO3-30 min 2291 +1.03 2333 +1.17 0.15
Serum K 5 min 448 +£0.30 419 £0.35 0.001*
Serum K-30 min 4.40 + 030 412 +0.36 0.002*
Serum lactate-5 min 191 £0.33 1.29 + 0.29 0.000*
Serum lactate-30 min 1.58 £0.30 1.06 + 0.23 0.000*

*P value is significant if less than 0.05.

complications; depending on pressure applied, dura-
tion of surgery and type of anesthesia used.
Beside pressure injury, thrombosis and systemic con-
gestion, the ischemia induced by tourniquet result-
ing in anaerobic metabolism with accumulation of
metabolites, waste products and acids resulting in
systemic acidosis, tachycardia, hyperlactemia, hyper-
kalemia, vasodilatation and hypotension [2]. These
drawbacks are augmented by sudden venous pool-
ing of blood in the limb after tourniquet deflation,
resulting in a serious hemodynamic instability, tissue
hypoxia and surgical field infection on the long
term [8].

Also, tourniquet deflation has ischemic reperfusion
effects with increase in oxygen-free radicals and lipid
peroxides making the patients more labile to hemody-
namics instability with acid base and electrolytes distur-
bance [9,10]. These effects are obvious in elderly patients
and those with cardiopulmonary disorders due to a lack
of cardiac reserve and compensatory mechanism [11].

Many trials studied these effects and used multiple
drugs as antioxidant to attenuate ischemic reperfusion
injury. Dexmedetomidine, propofol, ketamine, lido-
caine, pregabalin, hydroxyethyl starch, N-acetyl
cysteine, nitric oxide, mannitol, vitamins C and E have
been studied with variable results regarding hemody-
namics, acid base parameters, analgesia and sedation
effects. IPC technique seems superior in controlling
these drawbacks without need to use systemic drugs
[12-22].

IPC is defined as an intervention whereby brief
intermittent ischemic episodes are induced in
a limb (usually three or four cycles, each cycle lasting
for 5 min of arterial occlusion bouts, interspersed
with 5 min of reperfusion) either at the site of inter-
est (IPC) or at a distance from the site of interest
[remote IPC (RIPC)]. This phenomenon has been used
as a clinical tool in order to enhance a tissue toler-
ance to ischemia-induced injury [23,24]. Our techni-
que is based on this idea with some modifications
regarding timing and duration. After completion of
the surgical procedure, we performed tourniquet
deflation and re-inflation for three cycles in a range
3 minduration. The choice based on regional
anesthesia used in this study does not allow us to
use remote ischemia without applying local

anesthesia in remote limb or systemic sedative or
analgesic drugs, which may interrupt our results. Pre-
application use may take time affecting the duration
of anesthesia in our surgery. So, in this study the
technique modification was done by gaining the
benefits of allowing gradual blood pooling in the
lower limb after surgical end and beginning of tour-
niquet deflation.

Intermittent tourniquet deflation resulted in more
stable hemodynamics, less tachycardia and hypoten-
sion, less acidosis, less hyperlactemia and less hyperka-
lemia. This may be attributed to preconditioning
action and slowly interrupted blood pooling in
ischemic limb allowing compensatory mechanisms to
take place and counteract these negative effects. Also,
gradual release seems to have nearby effects, but we
can conclude that continuous flow of negative meta-
bolites into systemic circulation, and blood into the
ischemic limb resulted in less protective action.

Jason et al. used a similar technique with some
modification regarding times of deflation and reinfla-
tion. They concluded that the staggered tourniquet
release was associated with greater hemodynamic sta-
bility and reduced the rate of acute systemic metabolic
changes associated with limb reperfusion. The reappli-
cation of a tourniquet seemed to halt further reperfu-
sion, providing a window period for patient evaluation
and management [25].

Almeida et al. used the gradual technique for tour-
niquet deflation over 4 min compared to sudden
release. They proved that gradual technique allowed
more stable hemodynamics with better myocardial
oxygen consumption [26].

Using IPC technique had been evaluated in four
trials, one of them in comparison with N-acetyl
cysteine. All of these trials proved efficacy in better
controlling and stability of hemodynamics and general
conditions during deflation time [12,27].

This study had some limitations, while primary
objective based on MAP we did not use invasive tools
in measuring blood pressure, which is due to ethical
issues of using invasive methods only for research
purposes. We did not use inflammatory indicators for
economic deficiency support. We had short-term mon-
itoring while long-term monitoring may give a more
obvious view of the efficacy of both techniques.



6. Conclusion

Intermittent deflation of tourniquet used in total knee
arthroplasty resulted in more stable hemodynamics,
acid base and metabolic parameters compared to gra-
dual deflation technique.
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