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1 Abstract 
Total knee arthroplasty (TKA) is an elective and effective surgical procedure to overcome 

chronic pain and mobility limitation due to osteoarthritis and improves life quality.1 During 

TKA the aim of the tourniquet, an inflatable cuff, is to provide a bloodless surgical field and 

therefore facilitate cementation.2,3 The tourniquet induces ischemia and leads to ischemia-

reperfusion injury (I/R injury).4 

The aim of the randomized, single-blinded case-control clinical pilot trial is to investigate 

postoperative pain after long-term ischemia due to the use of a tourniquet in TKA. Postopera-

tive pain in 48 p.op. hours was assessed by comparing the total opioid consumption, mean 

numeric rating scale (NRS), the highest rated intervention according to the WHO analgesic 

ladder as well as numbers of patients who required patient controlled intravenous analgesia 

(PCIA). In this first interim analysis, the first twenty patients of which ten either underwent 

short (mean = 30.1 min, SD = 4.7, range = 21-41) or long ischemia (mean = 111.4 min SD = 

14.0, range = 90-127) were compared. The long ischemia group showed a significantly 

higher intervention in analgesic treatment according to the WHO analgesic ladder (3.6 vs. 

2.8, p = 0.04). Patients in the long ischemia group also required significantly more PCIA (6 

vs. 0 p < 0.01). There was also a trend towards more total opioid consumption (79.5 vs. 

113.9 mg p.o. morphine). There was no difference in the mean of NRS between the short 

and long ischemia group. Further twenty respectively forty patients might substantiate these 

findings. 

  



 3 

2 Background 

 
2.1 Pathophysiology of ischemia-reperfusion injury  
I/R injury is a complex local but also systemic inflammatory reaction of a previously ischemic 

tissue.5 It is known that reperfusion of an organ or a tissue that has been ischemic for a 

prolonged period of time can lead to I/R injury.6 I/R injury has been intensively investigated in 

past decades as it plays a role in many different standard medical and surgical procedures 

such as organ transplantations, cardiopulmonary bypass and many more.6  

When ischemia occurs in a tissue it is accompanied by a change in the energy supply and 

cellular changes.6 During ischemia, reactive oxygen species are produced as well as cyto-

kines and so called ‘danger signals’ are expressed on cell surfaces.7,8 Reperfusion then 

leads to a sterile inflammation by activation of the innate immune system, natural antibody 

recognition of the neoantigens, endothelial activation as well as activation of the complement 

system.8,9 The complement system is a cascade, consisting of more than thirty proteins, act-

ing as enzymes activating other proteins in the cascade.10 Weiser et al have shown that the 

complement system and natural antibody recognition mediate I/R injury.11 Activation of com-

plement system has been shown to be an early event in I/R injury that is why inhibiting its ac-

tivation or its components may protect tissue after reperfusion.8 In rat hind limb models I/R 

injury was prevented by giving C1-inhibitor before application of the tourniquet.12 Other stud-

ies have shown that mice deficient in immunoglobulins or C3 and C4 have less I/R injury.8  

 

2.2 Tourniquet in total knee arthroplasty 
Total Knee Arthroplasty (TKA) is an elective and effective surgical procedure to overcome 

chronic pain and mobility limitation due to osteoarthritis and improves life quality.1 During 

TKA, a tourniquet, an inflatable cuff, is used to provide a bloodless surgical field and there-

fore facilitate cementation.2,3 The time of ischemia depends nowadays mostly on the surgical 

procedure and the surgeons’ preference as no clear guidelines have been established.2  

 

After TKA patients face edema and postoperative pain in the lower limb. This is often thought 

to be an effect of surgical trauma but the use of a tourniquet is controversial as studies linked 

it to more edema formation in the lower limb13, postoperative pain13,14 and therefore higher 

opioid consumption5.  

A feared complication is the post-tourniquet syndrome (stiffness, pain, weakness and subjec-

tive numbness) which is known to be a result of different pathogenic mechanisms including 

muscle ischemia.5 I/R injury in the context of tourniquet use in TKA has not been investigated 

in detail but is known to lead to muscle damage as skeletal muscle is thought to be the tissue 

most vulnerable to ischemia in the lower limb.15 In a mouse model study, I/R injury also lead 

to more sensitization of the afferent neurons.13  
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2.3  Postoperative pain 
Pain is according to the International Association for the Study of Pain, “an unpleasant sen-

sory and emotional experience associated with actual or potential tissue damage, or de-

scribed in terms of such damage.“16,17 Pain is a complex phenomenon influenced by many 

different factors. In the pathophysiology of postoperative pain not only local but also central 

sensitization are involved.18 Here the main focus will be on local factors. Apart from direct 

nerve injury due to surgical trauma the lower pH and the decreased oxygen tension are as-

sociated with peripheral sensitization.19 But there are also acid-sensing ion channels that can 

directly transduce this ischemic-like signal.19 Apart from activation of immune system, along 

with the release of cytokines, activation of immune cells is also known to influence peripheral 

sensitization.19  

 

2.4 Analgesic groups 
There are different groups of analgesics because there are different points in the pain path-

way where a substance can operate. These targets might be peripheral as well as central.20 

The main analgesic groups are described below. 

 

2.4.1 Non-opioid analgesics 
Non-opioid analgesics have only low analgesic potency compared to opioids. However, they 

might reduce opioid consumption and therefore have an opioid sparing effect.21 

 

NSAID stands for non-steroidal-anti-inflammatory-drugs.22 These are analgesics as well as 

anti-inflammatory drugs and act by inhibiting the cyclooxygenase (COX) in the tissue.17 COX 

is an enzyme acting on the production of thromboxanes and prostaglandins.17 Thrombox-

anes and prostaglandins mediate local pain as well as playing a major role in inflammatory 

response and fever.22 There are two different types: COX-1 and COX-2.22 NSAID differ in af-

finity and reversibility of inhibiting those enzymes.22 Main side-effect is gastrointestinal bleed-

ing.17 

 

Compared to NSAID metamizole and paracetamol have no gastrointestinal side-effects. 

Metamizole is a pyrazole derivative22. Apart from strong analgesic, antipyretic and anti- 

inflammatory effect, there is also a spasmolytic effect.22 Paracetamol is an aniline deriva-

tive.22 It is often used for mild to moderate pain and has no anti-inflammatory effect.23 
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2.4.2 Opioids  
Opioids have a very strong analgesic but no anti-inflammatory and antipyretic effect.22 They 

are acting on the central nervous system.22 The major effect of opioids is mediated by inter-

action with µ-receptors.22 There are different derivates of morphine which have greater or 

lesser analgesic potential.22  

 

2.4.3 Patient controlled intravenous analgesia 
Patient Controlled Intravenous Analgesia (PCIA) is an established and appreciated postoper-

ative therapy.17 It is an analgesic method used when patients experience severe pain.24 Opi-

oids such as morphine or hydromorphone are used for PCIA.17 Patients can apply a bolus 

when they experience pain.17 Indications for a PCIA are severe postoperative pain, an under-

standing of PCIA and a recommended minimum age of five years.17 There are also contrain-

dications such as old age, no understanding of PCIA; hypovolemia, sleep apnoea syndrome, 

patients with a history of substance abuse, psychiatric diseases, severe obesity.17  

 

2.4.4 Co-analgesics 
Co-analgesics (also called adjuvants) are substances influencing and intensifying the analge-

sic effect of a drug.20 For example, tricyclic antidepressants are known to inhibit pain conduc-

tion.20 Another group of agents with pain-modulating characteristics are neuroleptics such as 

gabapentin.20 They are known to intensify the analgesic effect of opioids.20 Anticonvulsants 

are also known to modify pain sensation.20 
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2.5 WHO analgesic ladder 
Postoperative pain treatment is based on the analgesic ladder the World Health Organization 

(WHO) established in 1986 primarily for chronic pain in cancer treatment.21 The ladder pro-

poses non-opioids for mild pain, moving up to stronger opioids for severe pain.25 The ex-

tended version added a fourth step, where PCIA, nerve blocks and other interventional pain 

treatments are represented (Fig. 1).25 It is nowadays not only an accepted tool for chronic 

cancer pain but also for chronic non cancer pain and acute pain.17 Therefore postoperative 

pain therapy occurring after TKA also adheres to the WHO analgesic ladder.17 

Bottom up treatment meaning beginning with low potential analgesics and adding or replac-

ing them by stronger ones is a commonly used approach to postoperative pain.26 But initial 

treatment of postoperative pain can also be top down, with an initial relatively high analgesic 

treatment that can be stepped down if tolerated.25 Both approaches are meant to respond 

adequately to a patients subjective experience of pain.17,25 

 
Fig. 1 Adapted analgesic ladder for acute, chronic and cancer pain.25  

Step one consists of non-opioid analgesics that progresses to step two, which includes low potential 
opioids in combination with non-opioids. The third step is for severe pain where strong opioids are 
used. The fourth step represents invasive treatment such as PCIA.  
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3 Aim of the study 
The aim of this randomized, single-blinded case-control clinical pilot trial is to investigate 

postoperative pain, associated with tourniquet induced I/R injury after different times of ische-

mia (more than 90 min vs. 30 min). A total of 60 patients undertaking TKA will be randomized 

in two groups, undergoing either short or long ischemia. Both modalities are standard clinical 

practice. At our centre, the choice for short or long application is currently made by the sur-

geon and clear guidelines are missing. The study is also meant to provide basis for such 

guidelines and intended to power for future interventional studies in which for example inhibi-

tors of the plasma cascade systems like C1-inhibitor could be used. 

 

The hypothesis of this study was that prolonged tourniquet time in TKA results in more I/R 

injury. The purpose of this fist interim analysis is to narrow the set of analyses for the second 

interim and main analysis.  

 

This master thesis investigates postoperative pain in the first twenty of the planned sixty pa-

tients, which were randomized into two groups of ten, one with short ischemia and the other 

with long ischemia. The aim was to determine differences between short and long ischemia 

regarding total opioid consumption, mean of numeric rating scale (NRS), the highest rated 

intervention according to the WHO analgesic ladder and number of patients who required pa-

tient controlled intravenous analgesia (PCIA) in 48 postoperative hours. Pro-inflammatory 

markers and cytokines will not be considered in this master thesis. 
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4 Methodology 
A randomized, single-blinded case-control clinical pilot trial was chosen as the study design. 

The study protocol was approved by the Competent Ethics Committee (registration number 

ISRCTN87180032). 

 

4.1 Patient selection  
A total of twenty patients, separated in two groups of ten, aged between 18 – 90 years un-

dergoing TKA with the use of a tourniquet in a single institution were included in the study. 

Every patient needed to sign an informed consent before being included. Patients were in-

cluded in the study for 48 hours after surgical wound closure. After 48 hours some patients 

may already leave hospital therefore further follow-up was not planned.  

Randomisation of the two groups was done electronically, and sealed envelopes were 

handed to the surgeon, so one group underwent ischemia only occurring during the cemen-

tation of the knee prosthesis (around 30 min), the other group during the whole operation 

time (more than 90 min). 

The C-reactive protein value, an indicator for systemic inflammation, was required to be less 

than 10mg/l twelve hours before surgery started. Exclusion criteria were pregnancy or breast 

feeding. Steroids and other drugs affecting the innate or adaptive immune system were also 

an exclusion criterion, as well as history of thromboembolic events. 

 

4.2 Intervention 
Patients undergoing a TKA under general or spinal anaesthesia underwent either short or 

long ischemia. Both interventions are accepted surgical procedures and depend on the sur-

geon’s preference as no clear guidelines have been evolved so far. Surgeons estimate the 

tourniquet pressure based on the patients’ intraoperative systolic blood pressure prior to tour-

niquet inflation. Systolic blood pressure is documented in the anaesthetic chart.  

 

4.2.1 Experimental intervention – long ischemia 
Application of a standard tourniquet (Automatic Tourniquet System ATS 4000, Zimmer, USA) 

for the entire duration of surgery (90 – 120 min). The tourniquet was placed 20 cm above the 

knee and inflated 10–20 min after induction of general anaesthesia after skin incision as this 

is the case in common clinical practice. The tourniquet was deflated after wound closure. 
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4.2.2 Control intervention – short ischemia 
Application of a standard tourniquet (Automatic Tourniquet System ATS 4000, Zimmer, USA) 

for around 30 min. The tourniquet was placed 20 cm above the knee and inflated just before 

cementing of the knee prosthesis. The tourniquet was deflated immediately after the cemen-

tation process was completed.  

 

4.3 Post-randomization exclusion 
Patients who were randomised and did not receive an intervention were excluded as this was 

the case for one patient in the long intervention group. This is a legitimate post-randomisa-

tion criterion.27 The patient was replaced by another patient previously randomly assigned to 

the long intervention group. 

 

4.4 Data collection 
Data collection was performed with the digital medicine registration system i-pdos. Infor-

mation on exposure of tourniquet time, tourniquet pressure, anaesthesia, systolic blood pres-

sure prior to tourniquet inflation and installation of a PCIA was found in the anaesthetic chart. 

Pre- and postoperative consumption of opioids, postoperative consumption of non-opioid an-

algesics (paracetamol, metamizole, ibuprofen) as well as any demographic and anamnestic 

data was documented in the patients file. 

 

4.5 Secondary outcome - total opioid consumption 
Secondary outcome is total opioid consumption during the first 48 postoperative (p. op.) 

hours. Extracting data on the doses of all opioids administered to the patient was performed. 

This dose was converted into equipotent doses of per os morphine in milligrams. The con-

verting factor from oral oxycodone to oral morphine was 1.5 and from intravenous hydromor-

phone to oral morphine 11.28 

There is documentation of what medicine had been prescribed for the patient, and what med-

icines were actually given to the patient by nurses. We extracted data on the documented 

medicine nurses had given to the patient. 

 

4.6 Tertiary outcomes  
Tertiary outcomes for postoperative pain are mean of NRS, analgesic intervention according 

to four-step WHO analgesic ladder and number of patients who used PCIA in the first 48 

p.op. hours 

NRS is a tool to measure pain in adults. The most common NRS is with 11 items from 0 up 

to 10.29 Both extremes are anchored with terms: 0 stands for «no pain» whereas 10 means 

«worst pain imaginable».29 NRS was obtained by nurses when the patient returned to the 
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ward up to 48 p.op. hours. Documented scores for each patient performed in the 48 p.op. 

hours were between one and ten. 

The WHO analgesic ladder is a clinical tool to provide sufficient analgesia for patients. Even 

though it has not been investigated as a tool for evaluating pain in research it might give an 

impression of the clinical response to patients’ pain. The different analgesics each patient 

has taken were sorted according to the four-step WHO analgesic ladder, which also takes 

interventional treatment such as PCIA into account. The highest intervention performed up to 

48 p.op. hours was considered. 

For example, if patient N. 1 got paracetamol, metamizole and oxycodone, the intake was 

rated with 3 because oxycodone is according to the four-step WHO analgesic ladder a step 3 

analgesic.25 If the patient had a PCIA this was rated with 4. Mean of both groups were com-

pared after 48 p.op. hours. 

 

4.7 Demographic characteristics, pre- and perioperative features  
To characterize the cohort and identify possible confounders demographic data, anamnestic, 

perioperative and postoperative information were analysed. 

Analysed demographic factors were age and sex. As anamnestic factors, body mass index 

(BMI), history of diabetes mellitus, and preoperative consumption of opioids were investi-

gated. 

Intraoperative information such as type of anaesthesia, tourniquet time, tourniquet pressure 

and systolic blood pressure prior to tourniquet inflation were analysed. As a postoperative 

feature to minimize bias by opioid sparing effect of non-opioid analgesics, the mean intake of 

metamizole (Novalgin), paracetamol (Dafalgan) and ibuprofen was compared between both 

groups starting as soon patients got back to their room up to 48 p.op. hours. 

 

4.8 Statistical analysis 
Statistical analysis was performed using Graph Pad Prism Version 8.4.0. The secondary out-

come was total opioid consumption over 48 p.op. hours. Tertiary outcomes were mean of 

NRS in 48 p.op. hours, pain treatment according to the four-step WHO analgesic ladder and 

number of patients using PCIA.  

For the intended total of sixty patients a normal distribution can be assumed, therefore, for 

this first interim analysis of twenty patients, an unpaired t-test was performed for continuous 

variable. Fisher exact test was used for evaluating categorical variables. A p-value of <0.05 

was considered as the level of significance. 
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5 Results 

5.1 Demographic characteristics, pre-and perioperative features 
Both groups were similar in terms of age, sex, BMI and incidence of diabetes (Tab. 1). The 

short ischemia group underwent a mean tourniquet time of 30.1 min (SD = 4.7, range = 21-

41). The long ischemia group underwent a mean tourniquet time of 111.4 min (SD = 14.0, 

range = 90-127). One patient in the long ischemia group experienced 98 min ischemia, 33 

min of reperfusion and another 19 min of Ischemia, which was counted as a total of 127min 

ischemia. The mean tourniquet pressure in the long ischemia group was 322 mmHg (SD = 

21.83, range = 270-350) and significantly higher (p = 0.04) than tourniquet pressure in the 

short ischemia group (299 mmHg, SD = 24.86, range = 300-350) (Tab. 2) Systolic blood 

pressure was comparable in both groups with a mean of 121 mmHg (SD = 26.9, range = 95-

185) in the short vs. 125 mmHg (SD = 21.6, range = 100-160) in the long ischemia group (p 

= 0.72). No significant difference in anaesthetic procedure was found between both groups. 

But it has to be mentioned, that in the short ischemia group a patient had to switch from spi-

nal anaesthesia to general anaesthesia for the rest of surgery. 

Preoperative intake of opioids were comparable in both groups as well as postoperative con-

sumption of non-opioid analgesics. 
 

Tab. 1 Demographic characteristics 

 Short ischemia Long ischemia   p value 
Age in years a 66.0 (10.8) 47-81 63.3 (12.2) 44-79 0.61 

Sex 
Female 
Male 

 
4 
6 

 
6 
4 

 
0.66 

Mean BMI in kg/m2 a 30.3 (4.4) 24.5-37.9 30.6 (6.1)23.6-40.1 0.89 

Diabetes mellitus 2 1 >0.99 
a values: mean (SD) range 
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5.2 Secondary and tertiary outcomes 
Total opioid consumption over 48 p.op. hours of the long ischemia group was higher with a 

mean of 113.9 mg (SD = 115.3, range 7.5-407.7) compared to 79.5 mg in short ischemia 

group (SD = 61.2 range = 0.0-225.0). The difference was not significant (p = 0.41) (Tab. 3 

and Fig. 2A). 

There was no difference in NRS mean in 48 p.op. hours between short and long ischemia 

group (3.0 vs. 3.0). Values for each patient documented in the system varied between one to 

ten during the 48 p.op. hours (Tab. 3 and Fig. 2B). 

There was a significantly higher mean of intervention 3.6 (SD = 0.52, range = 3-4) according 

to the four-step WHO analgesic ladder in the long ischemia group compared to a mean of 2.8 

(SD = 0.63, range = 1-3) in the short ischemia group (p = 0.04) (Tab. 3  and Fig. 2C). A total 

of six patients in the long ischemia group required installation of PCIA, whereas in short is-

chemia group no patients required a PCIA (p < 0.01) (Tab. 3 and Fig. 2D). The two groups 

were comparable in terms of consumption of non-opioid analgesics. 

Tab. 2 Pre- and perioperative features, postoperative intake of non-opioid analgesics 

 Short ischemia Long ischemia  p value 
Tourniquet time in min a 30.1 (4.7) 21-41 111.4 (14.0) 90-127x <0.01 

Tourniquet pressure in mmHg a 299 (21.8) 270-350 322 (24.9) 300-350 0.04 
Systolic blood pressure prior to tourni-
quet inflation in mmHg a 

121 (26.9) 95-185 125 (21.6) 100-160 0.72 

Type of anaesthesia 
General anaesthesia 
Spinal anaesthesia 

 
9y 

1 

 
9 
1 

 
>0.99 

Preoperative opioid consumption p.o 
morphine in mg a  

1.5 (4.7) 0.0-15.0 3.8 (11.9) 0.0-37.5 0.58 

Postoperative intake of non-opioid an-
algesics in 48 p.op. h 
Paracetamol in g a 
Metamizole in g a 
Ibuprofen in g a 

 
 
4.6 (3.6) 0.0-10.0 
5.5 (2.9) 0.0-7.0 
0.4 (0.8) 0.0-2.0 

 
 
2.4 (2.9) 0.0-7.0 
5.3 (1.9) 0.0-7.0 
0.5 (1.1) 0.0-3.0 

 
 
0.15 
0.89 
0.78 

a values: mean (SD) range 
 x one patient underwent 98 min ischemia, 33 min of reperfusion and another 19 min of ischemia, counted as a total of 127min 
y one patient first underwent spinal anaesthesia what was changes to general anaesthesia 

Tab. 3 Secondary and tertiary outcomes 

 Short ischemia Long ischemia  p value 

Total opioid consumption 
over 48 p.op h in mg p.o. 
morphine a 

79.5 (61.2) 0.0-225.0 113.9 (115.3) 7.5-407.7x 0.42 

Mean NRS of 48 p.op. h a 3.0 (1.8) 0.9-7.0 3.0 (1.4)1.1-5.7 0.95 

Intervention according to 
four-step WHO analgesic 
ladder in 48 p.op. h a 

2.8 (0.) 1-3 3.6 (0.5) 3-4 <0.01 

Number of patients requiring 
PCIA in 48h p.op. h  

0 6 0.01 

a values: mean (SD) range 
h = hours 
p.o. per os 
p.op. post-operative 
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Fig. 2 Graphic illustration of secondary and tertiary outcomes 

2A: Total Opioid consumption: The long ischemia group had a higher mean intake of mg p.o. mor-
phine but showed no significance. 
2B: Mean NRS in 48 postoperative hours showed no significant difference between both groups. 
2C: Intervention according to the four-step WHO analgesic ladder was significantly higher in the long 
ischemia group compared to short ischemia group. 
2D: In the long ischemia group significantly more patients required PCIA. 
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6 Discussion 
In this study a total of twenty patients, either undergoing a long or short tourniquet induced 

ischemia during TKA, were compared regarding postoperative pain. The principle finding of 

this first interim analysis of twenty patients associated longer tourniquet time with more post-

operative pain. A significantly higher intervention according to the four-step WHO analgesic 

ladder (p = 0.04) and significantly more patients requiring PCIA (p < 0.01) were found in the 

long ischemia group. There was also a trend to a higher total opioid consumption in the first 

48 postoperative hours in the long ischemia group (113.9 mg p.o. morphine) compared to the 

short ischemia group (79.5 mg p.o. morphine), but this difference was not statistically signifi-

cant. As intake of non-opioid analgesics did not show any difference between both groups, 

an opioid-sparing effect at this point of the study is very low. For further analysis co-analge-

sics should also be taken into account. 

Interestingly the mean NRS in 48 p.op. hours showed no difference between both groups. 

Other studies have shown a higher pain score at postoperative day one and two.30 What 

should also be taken into consideration is that Snyder et al found in a large cohort study 

where patients underwent oral surgery, that pain medication was a better indicator of patients 

pain than numerical pain scales.31,32  

Our findings support the hypothesis that prolonged tourniquet time in TKA leads to more 

postoperative pain. This was also shown in the meta-analysis of Wang et al where tourniquet 

use only during cementation compared to long-duration tourniquet use resulted in less knee 

pain on the first post-operative day.30  

 

Both groups were comparable in demographic characteristics in terms of age, sex, BMI and 

incidence of diabetes. The fact that preoperative intake of opioids was similar between both 

groups support the hypothesis that postoperative higher opioid consumption was due to the 

longer tourniquet time. 

Regarding perioperative features there was no difference in terms of anaesthetic procedure, 

but a significantly higher mean tourniquet pressure was found in the long ischemia group. 

Surgeons are meant to adapt the tourniquet pressure to the systolic blood pressure prior to 

inflation. Even though the tourniquet pressure was higher in long ischemia group, mean of 

systolic blood pressures showed comparable means of 121 mmHg in the short vs. 125 

mmHg in the long ischemia group (p = 0.72). As studies have made associations of higher 

tourniquet pressure to more postoperative pain, especially in lower limb surgery, differences 

between short and long ischemia group should be prevented.33  
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It should also be noted that all data was retrospectively collected using the digital medicine 

registration system i-pdos as a primary data source. That might increase the risk of incon-

sistent data registration. This was obviously the case for NRS. Collection of NRS values over 

48 postoperative hours ranged between one and ten. NRS should be obtained every four to 

six hours, this would make a total of eight to twelve values and allow the comparison of 

groups at other time points (four, twelve, twenty-four hours postoperative) which might be 

beneficial in detecting differences in the peak of pain. 

 

Another point that should be made is, that installation of PCIA take indications and contrain-

dications into account. Not every patient is suitable for a PCIA even if he or she experiences 

severe pain. Decisions that led to, respectively prevented installation of a PCIA cannot al-

ways be found in the documentation. 

Intervention according to the four-step WHO analgesic ladder and patients requiring PCIA 

were significantly higher in the long ischemia group. Both are not validated measurements at 

this point, are thus a potential source of detection bias and therefore limitation of this study.  

 

This study has not made a direct association that longer tourniquet time goes along with 

more ischemia-reperfusion injury and therefore more postoperative pain. Future research ap-

plying similar tourniquet inflation pressures, as well as continuous recording of NRS is neces-

sary to evaluate if longer tourniquet time influence postoperative pain outcomes. Taking sys-

temic inflammation markers into account might make the link of postoperative pain due to 

higher I/R injury. Of course, a future study including muscle biopsy where e.g. antibody-dep-

osition, complement-markers could be shown would be beneficial to investigate direct effect 

of I/R injury to postoperative pain. 

This study was able to show that a longer tourniquet time in TKA resulted in a significantly 

higher postoperative pain-treatment according to the four-step WHO analgesic ladder and 

significantly more patients needing PCIA in 48 p.op. hours. There was a trend between 

longer tourniquet time and postoperative opioid consumption. No association was made be-

tween longer tourniquet time and higher NRS. The further twenty respectively forty patients 

might substantiate these findings. 
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