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Abstract 

 

A posterior lumbar plexus block, combined with a sciatic nerve block, is an effective 

locoregional anesthetic technique for analgesia and anesthesia of the entire lower extremity 

including the hip. Since the first description in the early seventies, this technique has been 

modified based on advanced knowledge of the anatomical localization of the lumbar plexus 

and the improvement of technical equipment. This review provides an overview of the 

history, clinical efficacy and risk profile of the posterior lumbar plexus block focused on hip 

surgery.   Current status and future expectations are discussed. 

 

History 

 

Although the principles of locoregional anesthesia were invented much earlier, it was Carl 

Koller, an Austrian intern in ophthalmology,  who introduced the first clinical locoregional 

anesthetic technique in 1884, using topical cocaine to the cornea for a glaucoma operation 1.  

Five years later, the German surgeon August Bier published  a paper under the title “Versuche 

uber Cocainisirung des Ruckenmarkes”, and his name became  inseparably connected to the 

introduction of the first central neuraxis block, the spinal anesthesia 2. It subsequently took 

more than seven decades before the first description of a proximal lower extremity peripheral 

nerve block appeared. In the manuscript entitled “ The Inguinal Paravascular Technic of Lumbar 

Plexus Anesthesia: The “ 3-in-1 Block “. “  (1973),  Alon P. Winnie described an anterior approach 

for blocking the lumbar plexus 3. The needle insertion point was just lateral to the femoral 

artery and 1 cm below the inguinal ligament.  After paresthesia was elicited, more than 20 ml 

of local anesthetic was injected. Digital pressure below the needle insertion point was used to 

promote cephalad movement of the local anesthetic (within the femoral nerve sheath) to block 



Chapter 1 

	   11 

the three main nerves of the lower extremity (femoral nerve, obturator nerve and lateral 

femoral cutaneous nerve).  In the same manuscript, the author briefly mentioned the 

possibility of a posterior lumbar paravertebral approach and presented this technique in a 

separate report one year later 4.  In 1976, Chayen et al. described a posterior approach of the 

lumbar plexus block (PLPB) named the “ Psoas Compartment Block “  5. The anatomical 

compartment, formed by the psoas major muscle and its fascia on the anterior side , the 

transverse processes on the lateral side and the quadratus lumborum muscle on the posterior 

side, confines a space in which the lumbar plexus is located.  Several years later, studies failed 

to confirm the existence of this so called “ psoas compartment “ 6, 7. Kirchmair et al. showed 

in a cadaver study that the lumbar plexus  was situated within the psoas major muscle in the 

vast majority of specimens, and not between muscle and bony structures 7. The last 4 decades, 

different approaches of the PLPB have been proposed (table 1). In 1989, Parkinson described 

a L3 approach of the PLPB (Dekrey’s approach) 8  whereas Hanna described a L2 – L3 

interspace approach of the PLPB in 1993 9. Capdevila modified the L4 - Winnie approach by 

a more medial needle insertion point compared to the Winnie approach 10.  Pandin in 2002 

modified the Chayen approach with a more medial needle insertion point 11. There were no 

significant differences in clinical efficacy between different approaches, but undesirable side 

effects or even serious complications were described more often in the L3 approach and the 

approaches with a more medial needle insertion point  8, 10, 12 - 15. Recently, Heller et al. 

showed in a cadaver study that except for the Pandin approach, other approaches were too 

lateral 16.  
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Table 1: Approaches of the lumbar plexus through the history. 

YEAR AUTHOR LANDMARKS REMARKS 

1974 Winnie 
L4 – L5;  intersection line parallel spine 
through posterior superior iliac spine 
and intercristal line. 

Too lateral 

1976 Chayen L4 – L5; 5 cm lateral and 3 cm caudal 
from spinous process L4 

Too lateral 

1989 Parkinson 
L3; 3-4 cm lateral L3 approach 

enhances the risk of 
renal puncture 

1993 Hanna L2-L3; 3-5 cm lateral  

2002 Capdevila L4 – L5. Junction of lateral one third 
and medial two thirds of the line L4 and 
the line passes through posterior 
superior iliac spine (Modified Winnie 
approach) 

Too lateral 

2002 Pandin L4 – L5, 3 cm below intercristal line 
and 3 cm lateral to the interspinous line 
(Modified Chayen approach) 

Too medial 
enhancing the risk of 
epidural spread of 
local anesthetics 

 

 

 

Parallel with the development of different approaches of the PLPB, techniques to locate the 

lumbar plexus were also evolving.  In 1974, Chayen et al. introduced the “ loss of resistance “ 

technique with a 20 ml syringe containing air 5. In recent decades, nerve stimulation using a 

low intensity current has become a common practice for locating the lumbar plexus 10, 11, 17. 

Furthermore, the use of ultrasound guidance has added value to the localization of the lumbar 

plexus 18 – 21. Karmakar et al. described that parts of the lumbar plexus can be identified 

through the acoustic window of a longitudinal sonogram of the lumbar paravertebral region 

(figure 1) 20. Injected local anesthetics through a needle positioned close to the lumbar plexus 

could be followed under real time ultrasound guidance producing an ipsilateral lumbar plexus 

block. Marhofer et al. described that at the L3-L5 level, the lumbar plexus, although deep, 
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can be visualized using ultrasound 18. However, the authors suggested the use of nerve 

stimulation in addition to ultrasound imaging to confirm the correct needle placement and 

recommended this combined technique as standard practice when performing  a lumbar 

plexus block.  Kirchmair et al. concluded that the efficacy of a PCB might be increased by 

ultasound guidance and that complications such as renal injury, that may occur during blind 

approaches, should be avoided by this technique 21.  

 

	  

	  

	  

Figure 1 Longitudinal sonogram of the lumbar paravertebral region showing an optimal scan 

for lumbar plexus block. Picture in the inset shows the orientation of the ultrasound transducer and the 

direction in which the needle is introduced (long axis) during an ultrasound-guided lumbar plexus block. TP, 

transverse process. (picture used with permission from Karmaker et al.: Ultrasound-guided lumbar plexus block 

through the acoustic window of the lumbar ultrasound trident. Br J Anaesth 2008; 100(4): 533-7.) 
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Clinical efficacy 

 

Looking at the clinical efficacy, there is substantial evidence that a posterior approach of the 

lumbar plexus block has significant advantages compared to the anterior approach (femoral 

nerve block or “ three – in – one block “) of the lumbar plexus block.  As the posterior 

approach is more effective in blocking the obturator nerve, the only real “three – in – one 

block” actually is the PLPB 8, 22 - 24.  Biboulet et al. described lower VAS scores during the first 

4 h post operative using a PLPB compared with a femoral nerve block in patients undergoing 

a total hip arthroplasty 25. To provide anesthesia and analgesia to the entire leg, a combination 

of a PLPB and a sciatic nerve block is necessary 5.  The addition of this sciatic nerve block to a 

PLPB should also be valuable for hip surgery, because the posteromedial section of the hip 

joint capsule is partially innervated  by branches of the sciatic nerve 26.  A PLPB, with or 

without a sciatic nerve block, is of great value for postoperative analgesia after hip surgery. 

Different studies described a reduction of pain scores and a reduced consumption of rescue 

opioids after hip surgery due to the addition of a PLPB 17, 25, 27, 28. Turker et al. described no 

significant differences in analgesic potency between a PLPB and epidural analgesia for 

patients undergoing partial hip replacement surgery 29.  This implies a certain preference for a 

PLPB as a post operative analgesic strategy for hip surgery, because undesired side effects of 

epidural analgesia, such as urinary retention, hypotension, pruritis, are avoided and the 

possibility of prolonged postoperative analgesia can be maintained 28, 30. 

As sole anesthetic technique for hip surgery, the PLPB  is likely to be insufficient. De Visme et 

al. described a substantial need for supplement opioids and sedatives for 27% of the patients 

undergoing hip fracture repair under PLPB with an additional sacral plexus block 31.  
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Undesirable side effects and complications 

 

As with any other locoregional technique, a PLPB has undesirable side effects. Seriously, even 

life threatening, complications have been described in different case reports . In table 2, 

undesirable side effects and complications of a PLPB are pointed out 28. The most frequently 

occurring side effect is the epidural diffusion of the injected local anesthetics. Reported 

incidences vary between 3 and 27% 25, 32. A medial needle insertion point and a more 

cephalad lumbar approach (L2-L3) of the PLPB seemed to be prognostic risk factors for this 

undesirable side effect 13, 14. However, in a more recent publication, Mannion described that a 

large injected volume is probably the most important prognostic factor for bilateral spread, 

and not the approach of the PLPB 28. Another important factor which could influence the 

occurrence of epidural diffusion of local anesthetics after a PCB, is the pressure during 

injection. Gadsden et al. concluded that injection of local anesthetic with high injection 

pressure (> 20 psi) during lumbar plexus block commonly results in unwanted bilateral 

blockade and is associated with high risk of neuraxial blockade 37.  

 

Table 2: Undesirable side effects and complications of a PLPB 

• Epidural spread 

• Total spinal anesthesia 

• Mild hypotension 

• Plexopathy / Neuropathy 

• Systemic toxicity (central nervous system / cardiac) 

• Intraperitoneal injection. 

• Retroperitoneal haematoma 

• Renal puncture 
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Renal subcapsular hematoma after a L3 - PLPB has been described by Aida et al. 15. The 

inferior renal pole is close to the L3 level, therefore a L4 approach should be safer 13. 

Retroperitoneal hematoma were described after either the performance of a single injection 

PLPB or the removal of a perineural psoas catheter 38 39. Majority of the hemorrhagic 

complications of a PLPB were described in patients receiving anticoagulant or antiplatelet 

drugs, used for therapeutic indications or thromboprophylaxis 40.  Based on recent 

publications of large series of patients undergoing uneventful peripheral nerve blockade in 

combination with antithrombotic therapy as well as the case reports of hemorrhagic 

complications after peripheral nerve blocks, the American Society of Regional Anesthesia 

(ASRA) recommended that guidelines for anticoagulant  and neuraxial blocks be applied for 

“deep” peripheral nerve blocks, like a PLPB, including placement and removal of perineural 

catheters 40. However, Chelly et al. described large series of uneventful continuous and single 

injection lumbar plexus blocks, whereby catheters had been removed in anticoagulated 

patients without hemorrhagic complications, and questioned the evidence of the 

abovementioned ASRA recommendation 41 42. A feared complication of a PLPB is the 

inadvertent administration of local anesthetics in the intrathecal space leading to a total spinal 

anaesthesia. However, patients described in case studies by Pousman et al. 33 and Gentili et al. 

34, where spinal anesthesia was reported to occur, were resuscitated without sequelae. The 

most serious complication of a PLPB is the inadvertent intravascular injection of cardiotoxic 

local anesthetics, rapidly leading to acute toxicity reactions like seizures, cardiac arrest and 

eventually death 35. Although false negative results are possible 35, the best way to prevent 

these acute toxicity reactions remains aspiration prior injection, a negative test dose and a 

slow fractionated injection 13. A relatively high serious complication rate of the PLPB, 

compared to other lower limb peripheral nerve blocks, was described by Auroy et al. in a 

major French study 36. Five serious complications after 394 PLPB compared to none after 

10309 femoral nerve blocks resulted in a substantial concern about this particular block. 
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These issues, possibly combined with more familiarity with alternative techniques such as 

neuraxial blocks, could be the reason for reluctance to the routine use of the PLPB, leading to 

an underutilization of the PLPB. 

 

Conclusions 

 

In conclusion, the PLPB has proven it’s worth as a locoregional technique for analgesia after 

hip surgery. Analgesic potency of a PLPB is comparable with epidural analgesia for hip 

surgery without the undesirable side effects. Further research is required to optimize this 

technique for usage as an anesthetic technique. In addition, the risk profile of the PLPB should 

be evaluated more extensively. Until now, only one major study concerning complications of 

locoregional anesthetic techniques and some case reports concluded that a PLPB has a 

relatively high risk profile. More elaborate ( inter-)national PLPB prospective complication 

registrations are therefore warranted. To reduce the risk of life threatening complications, it is 

important to prevent the injection of large volumes of potentially cardiotoxic local anesthetics 

into the intrathecal space or into a blood vessel. Ultra sound imaging techniques could be 

helpful to optimize the needle position of this deep peripheral nerve block. To prevent a 

bilateral spread of local anesthetics after a PLPB (the most frequent adverse effect), dose 

reduction (and therefore volume reduction)  studies would be of great value.  With regard to 

the risks and benefits of the PLPB, further studies are required to evaluate the  clinical efficacy 

of PLPB in hip surgery and risk profile analysis of this technique.   
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Aim of this thesis 

 

The main objective of this dissertation is to improve on existing knowledge with regard to risks 

and benefits of a psoas compartment – sciatic nerve block (PCSNB) for anesthetic and 

analgesic strategies in patients undergoing prosthetic hip surgery. Therefore, we intend to 

conduct two lines of investigations. Firstly, we will address issues associated with the clinical 

benefits of a PCSNB with regard to anesthetic and analgesic management of prosthetic hip 

surgery. Secondly, we aim to investigate aspects related to side effect profile or complications 

of a technical successfully performed PCSNB in patients undergoing prosthetic hip surgery.  

 

 

Outline of the dissertation  

In chapter 2 we describe a synthesis  of the literature regarding the efficacy and safety of the 

psoas compartment block for lower extremity surgery. In this systematic review, data 

extracted from clinical efficacy studies of psoas compartment blocks are compared to other 

anesthetic techniques such as general anesthesia, central neuraxial blocks and femoral nerve 

blocks. Furthermore, studies concerning undesirable side effect or complications of a psoas 

compartment block are described.   

 

In chapter 3 we evaluated the clinical efficacy of a, single injection, PCSNB in patients 

undergoing a total hip arthroplasty. The aim of this study was to compare clinical efficacy 

data of two non racemic local anesthetics levobupivacaine and ropivacaine with racemic 

bupivacaine in a psoas compartment block combined with a sciatic nerve block as an adjuvant 

locoregional technique for patients undergoing prosthetic hip surgery. 
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In chapter 4 we studied the clinical efficacy of a continuous psoas compartment block using a 

stimulating catheter, combined with a single injection sciatic nerve block, for patients 

undergoing a total hip arthroplasty. We hypothesized that a continuous PCSNB could achieve a 

more extended block by  administering larger volumes of local anesthetics in the proximity of 

the higher lumbar areas of the lumbosacral plexus. 

 

In chapter 5 we studied the total plasmaconcentrations of bupivacaine, levobupivacaine and 

ropivacaine after a combined PCSNB. Due to the anatomic location of the lumbar plexus 

(mostly within muscle tissue), initial absorption of the administered local anesthetics could be 

considerable and therefore theoretically could enhance the risk of local anesthetic toxicity. In 

this study, we compared measured total plasma concentrations with toxicity threshold values 

in order  to require more insight in pharmacokinetic profiles of used local anesthetics. 

 

In chapter 6 we studied the hemodynamic changes during a combined PCSNB for elective 

orthopedic surgery. Systemic absorption of local anesthetics and a hemisympathectomy with 

vasodilatation could theoretically result in hemodynamic changes after a PCSNB. In this 

study, hemodynamic changes expressed as the cardiac index, the stroke volume index, heart 

rate, and invasive blood pressure after a PCSNB are evaluated.  

 

In chapter 7 we studied QTc interval changes after a PCSNB with or without general 

anesthesia. In order to assess the safety of a PCSNB, we analyzed intra- and postoperative 

QTc interval changes after a PCSNB combined with general anesthesia. Both general 

anesthesia related drugs and administered local anesthetics could influence the QTc interval. 

To analyze the sole influence of a PCSNB (i.e. without general anesthesia), QTc interval 

dynamics in five patients after a PCSNB with bupivacaine , 60 minutes before surgery were 

studied.   
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In chapter 8 main conclusions and a general discussion on the results of this thesis are 

presented. 
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Abstract 
 

Background and objectives: Psoas compartment block (PCB) is a potentially useful but 

controversial technique for lower limb surgery. We have conducted a systematic review of the 

efficacy and safety of PCB for anesthesia and postoperative analgesia for hip and knee surgery.  

Methods: Relevant studies were identified within PubMed, EMBASE, and the Cochrane 

Library. The main outcome measure for anesthesia was anesthetic efficacy. For postoperative 

analgesia, the severity of postoperative pain was compared. The data were subjected to meta-

analysis using relative risks with 95% confidence intervals (95% CI) for dichotomous variables 

and weighted mean differences with 95% CI for continuous variables.  

Results: Thirty publications were included. PCB is an effective intervention for analgesia after 

hip and knee surgery. It appears superior to opioids for pain relief after hip surgery. This 

analgesic benefit may be extended beyond 8 h by the use of a catheter technique. Compared 

with Winnie’s 3-in-1 block, PCB is associated with more consistent block of the obturator nerve. 

PCB may be an alternative to postoperative neuraxial block. Although PCB combined with 

sciatic nerve block and sedation is an effective technique for minor knee surgery, there is 

currently insufficient data to recommend the use of this approach for hip and major knee 

surgery.  

Conclusions: PCB is a safe and effective alternative for analgesia after hip and knee surgery. 

More research is required to define its role in the intraoperative setting and confirm potentially 

beneficial effects on variables such as perioperative hemodynamics and blood loss. 
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Introduction 

 

Lower limb orthopedic interventions such as total hip arthroplasty (THA) and total knee 

arthroplasty (TKA) present a challenge to the anesthetist, as these procedures typically involve 

elderly patients often suffering from multiple co-morbid conditions. In addition, these 

procedures generate significant postoperative pain 31 . Anesthetic management usually involves 

the use of central neuraxial blocks or general anesthesia (GA), with systemic analgesics 

administered for pain after surgery. The psoas compartment block (PCB) is an alternative 

approach which may circumvent many of the side-effects associated with these techniques. 

Combined with a sciatic nerve block, unilateral anesthesia of the lower limb may be induced 

(‘Psoas compartment sciatic nerve block or PCSNB’). Today PCB remains underutilized due to 

the familiarity and proven track record of alternative techniques such as neuraxial block and 

GA. Case reports describing life-threatening complications such as seizures and cardiac arrest 

as a result of local anesthetic toxicity have resulted in some resistance to the routine use of PCB 

3. 

This systematic review was conducted to evaluate the efficacy and safety of PCB compared with 

conventional anesthetic techniques for hip and knee surgery in both the intraoperative and the 

postoperative settings. For intraoperative anesthesia, PCB is compared with GA and neuraxial 

anesthesia. For postoperative analgesia, PCB is compared with opioids, neuraxial block, and ‘3-

in-1’ or femoral nerve block (FNB). We proposed that the performance of PCB is at least 

equivalent to the alternative anesthetic techniques investigated. 
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Methods 

 
An electronic search of PubMed, EMBASE, and the Cochrane Library up to December 2007 

was carried out using the following search terms: ‘nerve block’, ‘psoas compartment’, ‘lumbar 

paravertebral’, ‘lumbar plexus’, ‘sciatic’, and ‘parasacral’. Reference lists of identified studies 

were scanned for additional relevant undetected publications. The following inclusion criteria 

were applied. 

 

(i) Types of studies:  

 randomized-controlled trials (RCTs), case-controlled studies, and case series. 

(ii) Types of participants:  

 only studies involving adult patients. 

(iii) Types of interventions: 

(a) for intraoperative anesthesia, studies in which PCB was compared with either GA or 

neuraxial anesthesia; 

(b) for postoperative analgesia, studies in which PCB was compared with opiates, ‘3-in-1’ 

or FNB, or neuraxial block; 

(c) in terms of surgery, only studies involving hip or knee surgery. 

(iv) Types of outcomes: 

(a) for intraoperative anesthesia, anesthetic success rates were compared. ‘Anesthetic 

success’ was defined as the ability to successfully complete surgery using either PCB alone 

or PCB combined with a sciatic nerve block, or PCB combined with a sciatic nerve block 

and sedation; 

(b) for analgesia after surgery, studies using measures of pain quantified using a visual 
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analogue scale (VAS 0: no pain; VAS 10: worst pain imagined) or postoperative analgesic 

consumption; 

(c) studies assessing the degree of the sensory block, the motor block, or both generated by 

PCB; 

(d) the pharmacokinetic studies reporting plasma levels of local anesthetic after injection 

into the psoas compartment. 

 

Data pertaining to the type of surgery, population characteristics, interventions, outcomes, and 

results were extracted from the studies and tabulated. Methodological quality of the studies was 

assessed using the Jadad criteria (Table 1) 19. Within each of the investigated comparisons, 

outcome data were grouped and analyzed both qualitatively and quantitatively. Qualitative 

analysis involved a synthesis of best evidence using a system of levels of evidence and grades of 

recommendation (Table 1) 39. High-quality studies were distinguished from low-quality studies 

using the methodological quality scores of the individual studies as measured using the Jadad 

criteria. Studies fulfilling three or more of the Jadad criteria were arbitrarily defined as high 

quality. 

Quantitative analysis or meta-analysis was conducted, if the studies were clinically and 

statistically homogenous. Statistical homogeneity was assessed using the χ2 test with P < 0.05 

considered significant. If the studies were found to be homogenous, the outcome data were 

pooled using a fixed-effects model. In the case of significant statistical heterogeneity, reasons for 

heterogeneity were explored and the data were pooled using a random-effects model. To 

enable meta-analysis, data had to be presented in the form of mean and standard deviation. If 

data were summarized using the median with a corresponding range, the mean and standard 

deviation of the data were estimated using the formula derived by Hozo and colleagues 18. All 
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meta-analyses were conducted using the software program RevMan® version 4.2 (Cochrane 

Collaboration, Oxford, UK) with effect sizes expressed as relative risk (RR) ratios with 95% 

confidence intervals (95% CI) for dichotomous variables and weighted mean differences 

(WMD) with 95% CI for continuous variables. Data were depicted in the form of forest plots. A 

WMD  < 0 indicates a superior effect of PCB. Statistical significance is indicated by a 95% CI 

interval not including zero. For RR, a ratio  > 1 indicates a superior effect of PCB with 

statistical significance inferred by a 95% CI not including ‘1’. 
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Results 

The literature search resulted in inclusion of 20 RCT 1 4 – 6 9 10 13 14 20 21 27 29 30 32 33 35–38 42 , one 

case-controlled study 8 , three case series 7 12 24 , and six pharmacokinetic studies 11 22 28 34 40 41. 

Methodological quality and levels of evidence of the various studies are listed in Table 1. Study 

characteristics are given in Table 2. 
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TABLE 1. METHODOLIGICAL QUALITY (1 = Yes, 0 = No, ? = Unknown) 
 Jadad Criteria 
 Randomised? Appropriately 

Randomised? 
Double  
Blind? 

Appropriate 
Blinding? 

Withdrawals  
& dropouts? 

TOTAL  
SCORE 

Level of 
Evidence 

Aldahish & colleagues 1 1 ? ? ? 1 2 B 

Becchi & colleagues 4 1 ? 0 0 0 1 B 

Biboulet & colleagues 5 1 ? 1 ? 1 3 A2 

Bogoch & colleagues 6 1 1 1 1 1 5 A2 

Buckenmaier & colleagues 7* - - - - - - C 

Chelly & colleagues 8** - - - - - - B 

Chudinov & colleagues 9 1 ? 0 - 0 1 B 

Farny & colleagues 11* - - - - - - C 

Gaillat & colleagues 12* - - - - - - C 

Ganidagli & colleagues 13 1 ? 0 - 0 1 B 

Hadzic & colleagues 14 1 1 0 - 1 3 A2 

Jankowski & colleagues 20 1 ? ? ? 1 2 B 

Kaloul & colleagues 21 1 1 ? ? ? 2 B 

Kaloul & colleagues 22 1 1 ? ? 1 3 A2 

Luber & colleagues 24* - - - - - - C 

Morin & colleagues 27 1 1 ? ? 1 3 A2 

Odoom & colleagues 28 1 ? ? ? 1 2 B 

Ozalp & colleagues 29 1 ? ? ? 1 2 B 

Parkinson & colleagues 30 1 ? ? ? ? 1 B 

Raimer & colleagues 32 1 ? ? ? 1 2 B 

Siddiqui & colleagues 33 1 1 0 0 1 3 A2 

Simon & colleagues 34* - - - - - - C 

Souron & colleagues 35 1 1 ? ? - 2 B 

Stevens & colleagues 36 1 ? 1 ? - 2 B 

Tokat & colleagues 37 1 ? ? ? 0 1 B 

Turker & colleagues 38 1 ? 0 0 - 1 B 

Vanterpool & colleagues 40 1 0 0 0 0 1 B 

de Visme & colleagues 10 1 ? 0 - - 1 B 

Vree & colleagues 41* - - - - - - C 

Watson & colleagues 42 1 1 1 ? 1 4 A2 

* Case series ** Case-controlled study 

Levels of evidence 39: Level A1 - Systematic review including 2 or more trials of level A2 and generally consistent results across the trials. 

Level A2 - High quality double-blind randomized-controlled trials of adequate power and consistency. Level B - Randomized trials of low 

quality and/or inadequate power, OR case-controlled studies. Level C - Non-analytic studies, e.g. case reports, case series 

Grades of recommendations 39: Grade 1 - Systematic review or at least 2 independent studies of level A2. Grade 2 - 2 or more level B 

studies. Grade 3 – One study of level A2 or B OR level C studies 
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TABLE 2: INCLUDED STUDIES (NS = not significant) 

REFERENCE INTERVENTIONS OUTCOMES 
 
Aldahish et al 1 

n = 64 
Major knee surgery 
 

Continuous PCSNB (n=32) vs.  
Lumbar epidural (n=32) 

 
• Anesthetic success rate – NS 
• VAS pain scores - NS 

 
Becchi et al 4 

n = 73 
THA 
 

PCB (n=37) vs.  
morphine/ketorolac infusion (n=36) 

 
• VAS pain scores - lower in plexus group (P < 

0.0001) 
• Rescue analgesia - lower in plexus group during the 

first 24 hours after surgery 

Biboulet et al 5 

n = 45 
THA 
 

Morphine PCIA (n = 14) vs. 
FNB + PCIA (n=16) vs. 
PCB + PCIA (n=15) 

• VAS pain scores – lower in PCB group during first 
4 hours after surgery 

• Rescue analgesia – lower in PCB group compared 
to PCIA group during first 12 hours after surgery 

• Sensory block - similar between the PCB and FNB 
groups with the exception of inconsistent spread to 
the upper anterior third of the thigh in the FNB 
group P < 0.05) 

Bogoch et al 6 

n = 115 
THA/TKA 

 
PCB/PCIA (n = 57) vs. 
morphine PCIA (n = 58) 
 

• VAS pain scores – NS 
• morphine consumption - reduced by 50% in the 

PCB group during the first 4 hours after surgery P 
< 0.001)  

 
Buckenmaier et al 7 

n = 10 
THA 
(Case series) 
 

Continuous PCB with single-injection sciatic 
block and propofol sedation 

 
• Anesthetic success - all 10 patients underwent THA 

without the need for conversion to general 
anesthesia 

 
Chelly et al 8 

n = 26 
Open reduction and 
fixation of acetabular 
fractures 
(case control study) 
 

Continuous PCB with PCIA (n = 13) vs. 
PCIA: (n = 13) 

 
 
• morphine consumption - lower in the PCB group in 

the PACU as well as on the first 2 days after 
operation 

 

Chudinov et al 9 

n = 40 
Femur neck fracture 

 
Preoperative continuous PCB (n=20) 
vs. Preoperative meperidine 1mg kg-1 (n=20) 
19/20 patients received general anesthesia and 
1/20 received spinal anesthesia for surgery 
 

• Anesthetic success rate - in the PCB group the 
anesthetic success rate was 3/20. Remaining 
patients received spinal anesthesia (11/20), sciatic 
block (5/20), or general anesthesia (1/20) to enable 
completion of surgery. 

• VAS pain scores – lower in PCB group ( P <0.05) 
• Sensory block: L1 blocked in 11/20. L2/L3 

blocked in 20/20. L4 blocked in 15/20. L5 blocked 
in 13/20. S1 blocked in 7/20 

 
Farny et al 11 

n = 45 
Lower extremity surgery 
 

 
PCSNB  
 

 
• Mean maximum plasma level of lidocaine: 3.7 +/- 

2.2 µg/ml. Tmax 61.7 +/- 66.2 min 
 

 
Gaillat et al 12 

n = 11 
Femur neck fracture 
 

 
PCSNB with propofol sedation 
 

 
• Anesthetic success - Adequate surgical anaesthesia 

in 9/11 patients 
• Adverse effects - One patient developed signs of 

local anaesthetic toxicity 
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REFERENCE INTERVENTIONS OUTCOMES 

Ganidagli et al 13 
n = 50 
Knee arthroscopic 
procedures 

PCSNB vs. 
femoral-sciatic nerve block 

• VAS pain scores - lower in PCSNB group (P < 
0.05). Time to first analgesic request – NS. Rescue 
analgesia – lower in PCB group (P < 0.05) 

• Sensory block of femoral nerve – NS. Sensory block 
of obturator and lateral femoral cutaneous nerves 
was higher in the PCB group (P < 0.05). Motor 
block of femoral and obturator nerves – NS. 

Hadzic et al 14 

Knee Arthroscopy 

 
PCSNB with propofol sedation and incisional 
lidocaine (n=25) vs. 
General anesthesia with intra-articulair 
Bupivacaine (n=25)  
 

 
• VAS pain scores - the number of patients with a 

VAS of 0-2 out of 10 was higher in the PCSNB 
group (P = 0.02) 

 

Jankowski et al 20 

n = 60 
Knee arthroscopy 
 

All patients received IV ketorolac, intra-
articular bupivacaine and one of the following: 
General anesthesia (n = 20) vs. 
Spinal anesthesia with propofol sedation (n = 
21) vs. 
PCB with propofol sedation (n = 19) 

 
• VAS pain scores - no difference between spinal and 

PCB groups. Pain scores in anesthesia group were 
higher at all time points.  

 

Kaloul et al 21 

n = 60 
TKA 

PCIA morphine (n=20) vs. 
PCIA+ FNB (n=20) vs. 
PCIA+PCB (n=20) 
 
 

• VAS pain scores – no difference between PCB and 
FNB. Both techniques superior to PCIA 
(morphine). 

• Morphine consumption – Both FNB & PCB 
reduced 48 hour morphine consumption by 48% 
(P=0.0002) & 50% (P<0.0002) respectively 
compared to PCIA morphine.  

• The obturator nerve was more frequently blocked 
in the PCB group (P < 0.0001). The difference was 
significant for motor block at 6 hours (P = 0.004) 
and 24 hours for sensory block P = 0.02)  

Kaloul et al 22 

n = 24 
TKA 

Continuous PCB (n = 11) vs. 
Continuous FNB (n = 11) 
 

 
• PCB was associated with higher early plasma levels 

(P < 0.0001). AUC comparable. Maximum plasma 
levels were observed at 48 hours and comparable 
for the two techniques 

 

Luber et al 24 

n = 87 
TKA 
 

 
PCSNB with fentanyl/midazolam sedation 
 
 
 

 
• Anesthetic success - 71/87 patients were 

successfully operated on. The rest (16/87) required 
conversion to general anesthesia 

Morin et al 27 

n = 90 
TKA 

 
1. PCB (n = 30) 
2. FNB (n = 30) 
3. Femoral-sciatic nerve block (n = 30) 
 
After surgery: Diclofenac 50mg t.i.d, 
PCIA piritramide 2mg per 10 minutes 
 

 
• VAS pain scores – NS 
• Piritramide consumption – 48 hour opioid 

consumption was lower in the femoral-sciatic group 
compared to the PCB & FNB group (P = 0.002). 

Odoom et al 28 

n = 14 
PCB with 40ml Bupivacaine 0,25% vs. PCB 
with 40ml Bupivacaine 0,25% + epinephrine 

 
• Plasma bupivacaine concentrations were 

significantly higher in the plain bupivacaine group. 
The highest peak concentration was 4.54 µg ml-1 
after plain bupivacaine and 1.62 µg ml-1 after 
bupivacaine with epinephrine. No patient 
developed signs of systemic toxicity 
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Ozalp et al 29 

n = 68 
TKA 
 

PCB with patient-controlled boluses (n=34) vs. 
FNB with patient-controlled boluses (n=34) 

• VAS pain scores - NS 
• Analgesic consumption - NS 
• Sensory and motor block - NS 

Parkinson et al 30 

n = 80 

L3 approach PCB (n=20) vs. 
L4-5 approach PCB (n=20) vs. 
FNB with paresthesia (n=20) vs. 
FNB with neurostimulator (n=20) 

• Sensory and motor block - no difference in 
incidence of block of the femoral and lateral 
femoral cutaneous nerves. Block of the obturator 
nerve was significantly higher in the PCB groups. 

 
REFERENCE INTERVENTIONS OUTCOMES 

Raimer et al 32 

n = 63 
TKA 

Continuous PCB vs. 
Epidural vs. 
PCIA (piritramide) 
 

• Opioid consumption and pain scores at rest and 
during movement were highest in the PCIA group. 
There was no difference between the PCB and 
epidural groups. 

 
Siddiqui et al 33 

n = 34 
THA 
 

Continuous PCB+PCIA (n=17) vs.  
PCIA (morphine) (n=17) 

 
• Morphine consumption -  lower in the PCB group 

(P = 0.02) 

 
Simon et al 34 

n = 20 
Lower limb surgery 
 

PCB and sciatic nerve block 

 
• Plasma concentrations of mepivacaine remained 

below 6 µg ml-1 in all but one patient who 
developed a peak plasma level of 7.07 µg ml-1 with 
no clinical signs of local anaesthetic toxicity 

 

Souron et al 35 

n = 56 
THA 

PCB (n= 27) vs. 
Intrathecal morphine (n= 26)  

• VAS pain scores –  lower in the intrathecal 
morphine group with the difference reaching 
significance at 30/90minutes and 6/12/18 hours 

• Cumulative morphine consumption - lower in the 
intrathecal morphine group in the PACU and at 24 
and 48hours after surgery (P < 0.05) 

 

Stevens et al 36 

n = 60 
THA 
 

  
PCB (n =30) vs. 
Sham procedure (Skin puncture) (n=30) 
 

• VAS pain scores - lower in the plexus group up to 
6hrs after surgery, 

• Cumulative morphine consumption - significantly 
lower in the plexus group up to 12 hours after 
surgery. 2/28 patients in the plexus group required 
rescue analgesia compared to 22/29 in the control 
group (P < 0.0001) 

Tokat et al 37 

n = 60 
Lower limb surgery 

PCSNB vs. 
femoral-sciatic nerve block   
 

 
• PCB group showed more consistent block of the 

lateral femoral cutaneous and obturator nerves (P < 
0.05). In addition there was a higher rate of 
complete sensory block in the PCB group (P < 0.05) 

 

Turker et al 38 

n = 30 
THA 
 

Continuous PCB (n=15) vs.  
epidural (n=15) 
 

• VAS pain scores - NS 
• Rescue analgesia - NS  
• Motor block (Bromage 0-3) – mean Bromage score 

was higher in the epidural group (P < 0.001) at time 
0 but not at subsequent time points. 

 
 
Vanterpool et al 40 

n = 20 
 

PCB with sciatic nerve block (n=10) vs. 
PCB without sciatic nerve block (n=10) 
 

• The combined blocks group showed higher peak 
concentrations of local anaesthetic which remained 
below the level for systemic toxicity 
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de Visme et al 10 

n = 29 
Proximal femur fracture 

PCSNB with iliac crest block (n=15) vs. 
spinal anesthesia (n=14) 
 

• Anesthetic success - No block failures in spinal 
group. In the PCSNB group anesthesia was judged 
inadequate in 4/15 (27%) patients. 3/4 patients 
reported pain at incision that was relieved by a 
single bolus of  250 µg of alfentanil, whereas the 
fourth patient required sedation. 

• VAS pain scores - NS 
 

Vree et al 41 

n = 10 
Lower limb surgery 

PCSNB 

• Maximum plasma concentrations of the R(+) and 
S(-) isomers were 1.54 +/- 0.34 µg ml-1 and 2.34 
+/- 0.51 µg ml-1 respectively. There were no cases 
of toxicity 

Watson et al 42 

n = 32 
TKA 
 

Continuous PCB  with Infusion of 0.1% 
levobupivacaine (n=16) vs. 
Continuous PCB with infusion of 0.9% 
saline (n=16) 

• VAS pain scores – NS 
• Total morphine consumption was reduced by 41% 

in the levobupivacaine infusion group (19 mg vs. 32 
mg, P = 0.04).  

 

 

 

PCB for anesthesia for hip surgery 

Two case series were identified, in which a total of 21 patients for THA were successfully 

operated on using PCSNB combined with propofol sedation 7 12 . One RCT compared PCSNB 

with spinal anesthesia for hip surgery 10 . Spinal anesthesia resulted in the sensory block to a 

mean level of the eighth thoracic dermatome with no block failures. In the PCSNB group, 

anesthesia was judged inadequate in four of the 15 patients (27%). Three of the four patients 

reported pain at incision that was relieved by a single bolus of alfentanil 250 µg, whereas the 

fourth patient required sedation. 

Conclusion 

There is insufficient evidence to support the use of PCB combined with a sciatic nerve block 

and sedation as an alternative to GA or spinal anesthesia for hip surgery [Grade 3: 

Buckenmaier and colleagues 7 (C), Gaillat and colleagues 12 (C), and de Visme and colleagues 10 

(B)]. 
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PCB for analgesia after hip surgery 

Two RCTs compared PCB with neuraxial block for analgesia after THA. Turker and 

colleagues  compared PCB with epidural analgesia and found no statistically significant 

difference in VAS pain scores and consumption of rescue analgesia after surgery 38. Souron and 

colleagues compared single-injection PCB with 0.1 mg of intrathecal morphine for THA 35 . 

The spinal morphine group had lower VAS pain scores and also required less rescue morphine 

during the first 48 h after surgery (P < 0.05). 

One study compared PCB with FNB 5 . VAS pain scores at rest were lower in the PCB group 

immediately after extubation and during the first 4 h after surgery (P = 0.001). During 

mobilization, no difference in VAS pain scores was noted. Hourly morphine consumption was 

also lower in the PCB group during the first 4 h after operation (P < 0.002). 

Three studies compared single-injection PCB with i.v. opioids for pain after THA 5 6 36 . The 

data from two of these studies were pooled using a fixed-effects model. This resulted in a WMD 

in VAS pain scores of -1.20 (-1.82, -0.58) at 0–4 h and -1.07 (-1.72, -0.41) at 4–8 h, both in 

favour of PCB. After 8 h, there was no significant difference in pain scores (Fig. 1). Pooling of 

the data on postoperative opioid consumption from these two studies resulted in a WMD of -

7.83 (-10.14, -5.52) at 4–8 h, -6.77 (-10.06, -3.48) at 8–12 h, and -6.10 (-10.98, -1.22) at 20–24 

h, all in favour of PCB (Fig. 2). The study by Bogoch and colleagues  was excluded from meta-

analysis as it included a mix of THA and TKA patients  6. 

Four studies compared continuous PCB with opiates 4 8 9 33 . Chelly and colleagues in a case-

controlled study found that continuous PCB reduced 48 h morphine consumption by 60% (P = 

0.001 and 0.021 for days 1 and 2, respectively) 8. Pooled analysis of the remaining three RCTs 

resulted in a WMD of -2.71 (-3.25, -2.17) at 4–8 h, -2.87 (-3.45, -2.29) at 8–12 h, and -1.05 (-

1.38, -0.72) at 20–24 h, all in favour of PCB (Fig. 3) 4 9 33. 
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Conclusions 

Compared with opioids for analgesia after hip surgery, it is likely that single-injection PCB 

reduces pain during the first 4–8 h after surgery [Grade 2: Biboulet and colleagues 5 (A2) and 

Stevens and colleagues 36 (B)]. This analgesic benefit may be extended beyond 8 h by the use of 

a continuous infusion [Grade 2: Becchi and colleagues 4 (B), Chudinov and colleagues 9 (B), 

Chelly and colleagues 8 (B), and Siddiqui and colleagues 33 (A2)]. 

Compared with other locoregional techniques for analgesia after hip surgery, there are 

indications that continuous PCB is equivalent to continuous epidural block [Grade 3: Turker 

and colleagues 38 (B)]. In addition, single-injection PCB is superior to single-injection FNB 

[Grade 3: Biboulet and colleagues 5 (A2)]. Single-injection PCB is, however, inferior to 

intrathecal morphine [Grade 3: Souron and colleagues 35 (B)]. 

 

  

 
Figure 1 WMD between single-injection PCB and opiates for visual analogue scale pain scores measured at four 

time periods after surgery (0-4 hours, 4-8 hours, 8-12 hours, 20-24 hours).  
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Figure 2 WMD between PCB and opiates for postoperative opiate consumption measured at five time periods 

after surgery (0-4 hours, 4-8 hours, 8-12 hours, 20-24 hours, 44-48 hours).  

 

 

 

Figure 3 WMD between continuous PCB and opiates for visual analogue scale pain scores measured at four time 

periods after surgery (0-4 hours, 4-8 hours, 8-12 hours, 20-24 hours).  
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PCB for anesthesia for knee surgery 

Four studies investigated PCB for anesthesia for knee surgery. Luber and colleagues described a 

series of 87 patients undergoing TKA using PCSNB with fentanyl/ midazolam sedation 24. 

Sixteen of 87 patients (18%) experienced incomplete anesthesia requiring conversion to GA. 

Aldahish and colleagues found that PCSNB was as effective as epidural anesthesia for major 

knee surgery 1. In the PCSNB group, there was one case of block failure. 

Two RCTs used PCB for outpatient knee arthroscopy. In a comparison of PCB with GA and 

spinal anesthesia, there were no block failures in 19 patients receiving PCB 20. In a similar study 

comparing PCSNB with propofol sedation with GA, 25 patients randomized to the 

PCSNB/propofol group successfully underwent arthroscopy without need for conversion to GA 

14. 

Conclusions 

It is likely that PCB combined with either a sciatic nerve block or sedation or both is equivalent 

to GA and neuraxial anesthesia for knee arthroscopy [Grade 2: Hadzic and colleagues 14 (A2), 

Jankowski and colleagues 20 (B), and Luber and colleagues 24 (C)]. There is, however, conflicting 

evidence to support the use of this technique as an alternative to GA and neuraxial anesthesia 

for TKA [Grade 2: Aldahish and colleagues 1 (B) and Luber and colleagues 24 (C)]. 

 

PCB for analgesia after knee surgery 

Two RCTs compared PCB with epidural analgesia1 32 . Pain scores were found to be 

comparable between the epidural and the PCSNB groups. Four RCTs compared PCB with 

FNB. Two studies found postoperative VAS pain scores to be comparable 21 29. A comparison 

of continuous PCB with continuous FNB and continuous femoral – sciatic block  found no 

difference in supplemental piritramide consumption between the PCB and the FNB groups 27 . 
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However, patients receiving a femoral – sciatic nerve block required less piritramide compared 

with the PCB group during the first 48 h after surgery (P = 0.0048) . Ganidagli and  colleagues  

compared PCB with femoral – sciatic nerve block and measured lower VAS scores in the 

PCSNB group at 10, 15, and 20 min after block injection (P < 0.05) 13. Meperidine 

consumption in the PCSNB group was lower during the first 24 h after surgery (P < 0.01). 

Three trials compared PCB with i.v. opiates for pain after knee surgery. Kaloul and colleagues  

found continuous PCB to be superior to patient controlled i.v. anesthesia (PCIA) for 

postoperative analgesia 21 . This was statistically significant at 6 and 24 h after surgery (P < 

0.0001). The 48 h morphine consumption was reduced by 50% in the continuous PCB group. 

Other studies similarly found a 41% reduction in 48 h morphine consumption in their 

continuous PCB group 42 or lower pain scores in a PCSNB group both at rest (P < 0.001) and 

during movement (P = 0.001) 32 and postoperative opioid requirements were lower in the 

PCSNB group (P < 0.001). 

Conclusions 

It is likely that continuous PCB is superior to patient- controlled opiate administration for pain 

after knee surgery [Grade 2: Kaloul and colleagues 21 (B), Raimer and colleagues 32 (B), and 

Watson and colleagues 42 (A2)]. 

Compared with other locoregional techniques: it is likely that continuous PCB combined with a 

sciatic nerve block is equivalent to epidural analgesia for pain relief after knee surgery [Grade 2: 

Aldahish and colleagues 1 (B) and Raimer and colleagues 32 (B)]. It is likely that there is no 

difference in analgesic effect between isolated PCB and FNB for knee surgery. However, when 

these blocks are combined with a sciatic nerve block, PCB provides superior analgesia 

compared with FNB [Grade 2: Kaloul and colleagues 21 (B), Morin and colleagues 27 (A2), 

Ganidagli and colleagues 13 (B), and Ozalp and colleagues 29 (B)]. 
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Anterior vs posterior approach to the lumbar plexus 

Four studies were identified in which the distribution of neural block after PCB and ‘3-in-1’ 

block was compared 13 21 30 37 . The frequencies of block of the three branches of the lumbar 

plexus at 1 h after block injection were pooled using the random-effects model. If data at 1 h 

were not available, the data set closest to 1 h was used (Fig. 4). For block of the femoral and 

lateral femoral cutaneous nerves, this resulted in a RR ratio of 1.08 (0.96, 1.20) and 1.32 (0.54, 

3.21), respectively. For obturator nerve block, this resulted in a RR ratio of 4.02 (1.47, 11.04). 

Conclusion 

It is likely that the posterior and anterior approaches to the lumbar plexus are equally effective 

in blocking the femoral and lateral femoral cutaneous nerves. The posterior approach is, 

however, more effective in blocking the obturator nerve [Grade 2: Ganidagli and colleagues 13 

(B), Kaloul and colleagues 21 (B), Parkinson and colleagues 30 (B), and Tokat and colleagues 37 

(B)]. 
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Figure 4 Rates of successful block of the three branches of the lumbar plexus by PCB vs. the 3-in-1 block 

expressed as relative risk ratios. 

 

 

Complications and plasma concentrations of local anesthetics after PCB 

Three studies measured plasma concentrations of local anesthetics after injection into the psoas 

compartment 11 34 41 . In all three studies, plasma concentrations generally remained below toxic 

thresholds. No cases of local anesthetic toxicity were reported. Plasma concentrations of 

ropivacaine measured after PCB or PCSNB found that the combined block resulted in earlier 

peak concentrations which remained below the threshold for toxicity 40 . In a comparison of 

plasma concentrations of bupivacaine after PCB with bupivacaine 0.25% with and without 

epinephrine 1:200 000, plasma bupivacaine concentrations were lower in the group receiving 

bupivacaine with epinephrine at 10, 15 (P < 0.05), and 30 min (P < 0.025) 28 . Peak plasma 

concentrations after bolus administration and continuous infusion of ropivacaine into the 

lumbar plexus via the anterior and posterior approaches were significantly higher in the PCB 
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group 22. However, after 48 h of continuous infusion, plasma levels were comparable between 

the two groups. 

Of the 30 studies included for review, only one case of clinically evident systemic toxicity was 

described 12 . Epidural diffusion was the main complication described in the studies. This 

phenomenon was reported in 10 of the 30 studies included for review, with the incidence 

ranging from 3% to 27% (Table 3). 

Conclusions 

There are indications that plasma concentrations of local anesthetic after bolus administration 

into the psoas compartment remain below accepted levels of toxicity [Grade 3: Simon and 

colleagues 34 (C), Vree and colleagues 41 (C), and Farny and colleagues 11 (C)]. After bolus 

administration, peak plasma levels of local anesthetic may be reduced by the addition of 

epinephrine to the injectate [Grade 3: Odoom and colleagues 28 (B)]. Compared with single-

injection PCB, plasma concentrations of local anesthetics increase more rapidly but remain 

below the threshold for toxicity when PCB is supplemented with a sciatic nerve block [Grade 3: 

Vanterpool and colleagues 40 (B)]. Compared with the anterior approach, peak plasma levels of 

local anesthetic are significantly higher after the posterior approach. However, after continuous 

administration into the lumbar plexus, plasma levels are comparable for the posterior and 

anterior approaches [Grade 3: Kaloul and colleagues 22 (A2)]. 
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Table 3  Frequencies of epidural diffusion 

 

Biboulet et al 5 4/15 (27%) 

Bogoch et al 6 2/57 (3.5%) 

Chudinov et al 9 1/20 (5%) 

Farny et al 11 4/45 (9%) 

Gaillat et al 12 1/11(9%) 

Ganidagli et al 13 3/25 (12%) 

Jankowski et al 20 1/19 (5%) 

Ozalp et al 29 1/34 (3%) 

Stevens et al 36 3/28 (10.7%) 

Tokat et al 37 2/30 (7%) 
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Discussion 

 

As hypothesized, the pooled data suggest that for postoperative analgesia, PCSNB is an 

alternative to neuraxial block and is superior to both i.v. opiates and the ‘3-in-1’ block. There is, 

however, insufficient evidence to support the use of PCB combined with a sciatic nerve block 

and sedation as an alternative to GA or neuraxial anesthesia. These conclusions must, however, 

be interpreted against the background of several limitations of the review. No attempt was 

made to identify unpublished studies. This review may therefore be subject to publication bias. 

In addition, the majority of the comparative studies were of low quality. The main 

methodological shortcoming in the studies was failure to describe the method of randomization, 

blinding, or both that were used. The quality assessment was therefore carried out assuming a 

‘worst case scenario’ in which the method of randomization, blinding, or both were considered 

inappropriate, if not specifically described. This had minor consequences for the evidence 

synthesis. A ‘best case analysis’ assuming the opposite would increase the number of high-

quality studies. As a result, the level of evidence applied to Grade 2 conclusions would be 

increased to Grade 1, thus strengthening the various recommendations. 

 

PCB for postoperative analgesia 

The anterior approach to the lumbar plexus (‘3-in-1’ or inguinal paravascular block) was first 

described by Winnie in 1973. This technique is often recommended for lower limb surgery due 

to the potential complications of PCB 2 . This review, however, confirms earlier reports that 

Winnie’s ‘3-in-1’ block is at most a ‘2-in-1’ block. In addition, PCB provides better analgesia. 

This may be related to the fact that the posterior approach results in consistent block of the 

obturator nerve. PCB may therefore be the true ‘3-in-1’ block. For knee surgery, it has been 
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demonstrated that addition of an obturator nerve block to femoral – sciatic nerve block 

significantly improves analgesia 25 26 . The posterior approach to the lumbar plexus may 

therefore be the peripheral block of choice for knee surgery. Similarly, for hip surgery, PCB was 

found to be superior to FNB for postoperative analgesia 5 . The authors of this study speculated 

that this may have been the result of more extensive anesthesia by PCB in which the 

ilioinguinal, iliohypogastric, and genitofemoral nerves are also blocked. However, the data also 

indicate that single-injection PCB is of limited benefit as the duration of analgesia is limited to 

the first 4–8 h after block injection. Intrathecal morphine was found to provide superior and 

longer lasting analgesia after surgery 35 . For effective post- operative analgesia, a catheter 

technique may be used to extend the duration of analgesia 4 8 9 32 . However, continuous 

infusion into the lumbar plexus reduces morphine consumption, but does not completely 

eliminate it. This is probably the result of pain arising from structures innervated by the sacral 

plexus. This suggests that for optimal results, continuous PCB must be combined with either a 

sciatic nerve block or systemic analgesics 16 17 . Further research is required to determine if the 

sciatic nerve block should be continuous or single injection. 

 

PCB for intraoperative anesthesia 

Several studies have reported more stable hemodynamics with PCB when compared with GA 

and neuraxial anesthesia 10 36 38 43. Clinically, PCSNB with sedation has been successfully used 

for anesthesia for cardiac compromised patients undergoing hip surgery 2 15. In addition, PCB 

as a supplement to GA resulted in an anesthetic-sparing effect and reduced blood loss 36 . 

Despite these encouraging observations, there is currently insufficient evidence to recommend 

the use of PCB as an alternative to GA or neuraxial anesthesia for intra-operative anesthesia. 

For hip surgery, the evidence for PCB in the intra-operative period is based on two small case 
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series 7 12  and two low- quality studies 9 10 . In addition, PCB alone is insufficient for hip surgery. 

The addition of a sciatic nerve block and possibly sedation or supplementary analgesia appears 

to be required for successful anesthesia 9 . For knee surgery, the evidence is more favourable. 

However, with the exception of one comparative study that involved TKA, the studies 

identified primarily involved minor knee procedures such as knee arthroscopy 1. In addition, an 

18% failure rate was noted in a case series involving 87 patients undergoing TKA using 

PCSNB with fentanyl and midazolam sedation 20. More research is therefore required to define 

the role of PCB in intra-operative anesthesia and to confirm the purported beneficial effects on 

variables such as intraoperative hemodynamics and perioperative blood loss. 

 

Safety of PCB 

In this review, a low incidence of complications was noted. The main complication described 

was epidural extension. The pharmacokinetic studies identified indicate that administration of 

local anesthetic into the psoas compartment both as a bolus or as a continuous infusion is safe. 

However, reports of local anesthetic toxicity cannot be ignored 3. Awareness of toxic doses and 

use of the less cardio-toxic local anesthetics is to be recommended. Other potential 

complications include total spinal anesthesia, renal injury, and retroperitoneal hematoma. An 

ultrasound-guided posterior approach to the lumbar plexus has been described which may 

assist in needle placement and improve the safety profile of PCB 23. 

 

 

 

 

 



Chapter 2 

 49 

Conclusions 

 

PCB for postoperative analgesia 

Single-injection PCB is probably of limited benefit for postoperative analgesia as it only reduces 

pain during the first 4 – 8 h after surgery. A catheter technique may be applied to extend 

analgesia beyond 8 h. As PCB does not cover the sacral plexus, continuous PCB must be 

combined with either a sciatic nerve block or multimodal systemic analgesia. 

 

PCB for intraoperative anesthesia 

It is likely that PCB combined with a sciatic nerve block and sedation is an effective alternative 

to GA and neuraxial anesthesia for knee arthroscopy. PCB may be combined with GA for total 

arthroplasty. Further research is required to evaluate the efficacy of PCB combined with sciatic 

nerve block and sedation for hip and major knee surgery and to confirm potentially beneficial 

effects of PCB on intraoperative variables such as hemodynamic stability and perioperative 

blood loss. 

 

Anterior vs posterior approach to the lumbar plexus 

PCB is superior to Winnie’s anterior approach to the lumbar plexus (‘3-in-1’ or inguinal 

paravascular block) for blocking all branches of the lumbar plexus. PCB is there- fore the true 

‘3-in-1 block’. 

 

Complications of PCB 

Epidural extension resulting in bilateral block was the main complication reported. The 

pharmacokinetic data indicate that PCB is a safe technique. Further studies on factors 
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contributing to systemic toxicity and epidural extension and the role of ultrasound in improving 

the safety profile of PCB are required. 
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Abstract 

 

Background and objectives: The aim of our study was to compare postoperative 

analgesic efficacy, and the extent of sensory and motor blockade of levobupivacaine, 

ropivacaine and bupivacaine administered in a combined psoas compartment – sciatic nerve 

block (PCSNB) for total hip arthroplasty.  

Methods: Forty-five patients undergoing total hip arthroplasty under general anesthesia 

combined with PCSNB, were randomly assigned to receive either 50 cc levobupivacaine 3 

mg/ml, 50 cc ropivacaine 4.5 mg/ml or 50 cc bupivacaine 3 mg/ml with epinephrine. 

Postoperative, the pain intensity at rest (VAS), the degree of motor block (Modified Bromage 

Scale) and the extent of sensory block (pin prick test) were recorded at 4, 8, 12, 24 and 48 

hours following initial injection in a double blind fashion.  

Results: The postoperative pain intensity was low and did not differ between groups, except 

for a significantly lower pain intensity in group ropivacaine compared to group 

levobupivacaine at 4 hours. Five patients (11%), equally divided over three groups, needed 

parenteral rescue opiates postoperatively. The extent of sensory block was not different 

between the three groups. In each group the majority of patients showed no sensory block in 

dermatome L1. Group levobupivacaine initially showed the least motor impairment. Motor 

impairment was found to be significant higher in group bupivacaine compared to both 

ropivacaine and levobupivacaine at 12 (P = 0.012) and 48 hours (P = 0.003).   

Conclusions: Levobupivacaine, bupivacaine and ropivacaine are equally effective for 

PCSNB in patients undergoing total hip arthroplasty. Residual pain may be due to the lack of 

sensory block in dermatome L1, suggesting that modification of this technique should be 

considered for this type of surgery.  
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Introduction 

 

Total hip arthroplasty (THA) is a commonly performed operation, which often results in 

significant postoperative pain. Locoregional techniques, like central neuraxial blocks (CNB) 1-2 

or peripheral nerve blocks (PNB) 3-6, are the methods of choice for countering peripheral 

postoperative pain. The most commonly used methods for anesthesia and postoperative pain 

reduction for this type of intervention are CNB. PNB are used less frequent for this operation, 

despite proven similar or better analgesic potency in different therapeutic areas, without the 

disadvantages associated with CNB (i.e. urinary retention; extended motor block; risk of 

epidural haematomas in patients using particular anticoagulants) 2,4. 

To provide adequate analgesia and anesthesia of the entire leg, combining psoas 

compartment block with a sciatic nerve block (whereby injecting a large volume of local 

anesthetics into the psoas compartment [lumbar plexus] and close to the sciatic nerve) as 

described by Chayen 7, could be considered 8-10. 

For use in PNB, different local anesthetics are available 9,11-16. A few decades ago, in a “single-

shot” setting, racemic bupivacaine was the first choice local anesthetic because of its long-

acting analgesic properties. However, inadvertent intravascular injection of large volumes of 

bupivacaine can result in severe cardiac and central nervous system (CNS) toxicity, which 

may be lethal 17. To lower the risk of cardiac and CNS toxicity, alternative local anesthetics 

have been developed. Different studies in the last decades have shown that nonracemic local 

anesthetics such as levobupivacaine or ropivacaine have less cardiac and CNS toxic properties 

11,12,17. To assess clinical efficacy of these relatively new local anesthetics compared to racemic 

bupivacaine, different PNB studies have been performed, predominantly for knee- or foot 

surgery 8-10,13,15, using a single nerve or plexus blockade in the majority of cases. Most of the 

studies have demonstrated non-significant clinical differences between these local anesthetics.  
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The aims of the present study are twofold: to assess clinical efficacy of a combined psoas 

compartment – sciatic nerve block (PCSNB) in patients undergoing proximal lower limb 

surgery (a THA) and to compare nonracemic local anesthetics levobupivacaine and 

ropivacaine with racemic bupivacaine. 
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Methods 

 

The hospital ethical committee approved this study. Patients with American Society of 

Anesthesiologists physical status I-III, age above 18 and scheduled for THA under general 

anesthesia (GA), were included in this randomized double-blind trial. Patients with 

coagulation disorders (including anticoagulant treatment), infections at planned puncture sites, 

known allergy to local anesthetics, pre-existing neurological dysfunction, or those not been 

able to communicate, were excluded. Patient information was given at the preoperative clinic 

and written informed consent was obtained 1 day prior to surgery.  

Patients were randomly allocated to receive combined PCSNB  with either 50 ml 

levobupivacaine 3 mg/ml (group LEVO), 50 ml ropivacaine 4.5 mg/ml (group ROPI) or 50 

ml bupivacaine 3 mg/ml (group BUPI). Patients were assigned the treatment modalities using 

a block-wise randomization procedure in blocks of three. Given dosages were recommended 

by the manufacturers to be the maximal dosages for single-shot PNB. Epinephrine 1:200.000 

was added to all solutions.  The rationale for giving more ropivacaine than (levo)bupivacaine 

is that 225 mg ropivacaine was considered equipotential to 150 mg (levo)bupivacaine 13. On 

the day of surgery, patients were given 7.5 mg midazolam orally one hour prior to surgery. In 

the operation theatre, patients were connected to standard monitoring including pulse-

oximetry, non-invasive blood pressure and electrocardiogram. Induction of GA took place 

with fentanyl (2 µg/kg), thiopental (5 mg/kg) and succinylcholine (1 mg/kg). All patients were 

intubated and GA was maintained with sevoflurane (end tidal 1.2-2.4%) in oxygen/air 

(FiO2=0.4). When the airway was secured, patients were turned to lateral decubitus position, 

with the extremity to be operated in the superior position. Sciatic nerve block was performed 

using landmarks described by Labat 18 and psoas  compartment block was performed using 

landmarks described by Chayen 7. Nerve blocks were performed with the aid of a nerve 
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stimulator (Stimuplex, HNS 11, Braun Medical, Melsungen, Germany) and insulated, short 

beveled, stimulating needles (Stimuplex - A Needle, 150 mm / 20G, Braun Medical, 

Melsungen, Germany). Stimulating frequency was initially set at 2 Hz and stimulating current 

was set at 1 mA. Pulse duration was 0,1 ms. After appropriate muscle contractions were found 

(foot plantar flexion when stimulating sciatic nerve, quadriceps femoris contractions when 

stimulating plexus lumbosacralis), stimulating current was lowered to less than 0.5 mA with 

preservation of muscle contractions. To avoid intraneural injection, none of the contractions 

were provoked by a stimulating current less than 0.3 mA . After negative aspiration for blood 

and / or cerebrospinal fluid, 10 mL of anesthetic solution was administered to the sciatic 

nerve and 40 mL of the same solution was administered to the psoas compartment. A higher 

volume was administered in the psoas compartment, as this block is considered the main 

component of a PCSNB for THA. The time at which all of the local anesthetic solution had 

been injected was taken as time zero. Intra-operative, blood loss (total suction canister 

volumes minus fluid irrigation and weighed drapes) and opiates requirements (if mean arterial 

pressure exceeded more than 130 % of baseline value, 1 µg/kg fentanyl was administered) 

were documented. 

Pain score, sensory and motor blocks on the operated limb were evaluated by a blinded 

anesthesiologist at 4, 8, 12, 24, 48 hours post puncture. Because surgery always started at 

08.00 AM, last evaluation of the first day took place during evening hours. Only pain at rest 

was assessed because the frequency of rehabilitation schedules could not be controlled, 

therefore, pain during ‘functional stress’ (i.e. standing, walking) of the operated limb could not 

be measured systematically over time. Pain Score was measured in rest using a 10-cm visual 

analog scale (VAS, 0 cm = no pain; 10 cm = worst pain possible). Rescue parenteral opiates 

(10 mg morphine) provided by the consulted attending anesthesiologist when patients 

complained about severe pain, were documented if administered. All patients received 
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acetaminophen 1 g every 8 hours along with naproxen 500 mg 8 hourly for three days starting 

in the recovery ward. Sensory block was defined as a loss of pin prick sensation in a single 

dermatome of the operated limb. Five lumbar - (L1-L5) and two sacral (S1-S2) dermatomes 

were evaluated. Dermatomes with a loss of pin prick sensation were counted. Furthermore, 

sensory block also was measured at the nonoperated leg, to evaluate a possible epidural spread 

of the local anesthetic solution.  Motor block was measured by using the Modified Bromage 

Scale 19  (scale 0 = full flexion of foot, knee and hip, ie, no motor block; scale 1  = full flexion 

of foot and knee, unable to hip flexion; scale 2 = full flexion of foot, unable to knee- and hip 

flexion; scale 3 = unable to foot-, knee- and hip flexion, ie, total motor block).  

Furthermore, any clinical signs of cardiac and/or CNS toxicity (dysrhytmias, signs of myocard 

failure, convulsions, dizziness, numbness of the tongue, speech or auditive disturbances, 

tinnitus, coma) were documented if they occurred.  

VAS for pain was considered as primary outcome measure. Based on standard power 

calculation (mean VAS of 2,5 cm, SD of 0.5 cm, with a relevant difference on the VAS of 

20% [0.5 cm] between interventions), 15 patients were needed per group to detect a 

significant difference at P = 0.05 with a power of 80%. Statistical computations were 

performed with SPSS 11.0. Data are presented as means ± standard deviations (SD) or 

medians and interquartileranges (IQR), group differences were analyzed with χ2 or Kruskall-

Wallis (with Bonferroni correction), and Mann-Whitney-U tests when appropriate. A two-

tailed P value < 0.05 was considered statistically significant. 
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Results 

 

Forty-five patients were included in the study, equally divided over the 3 intervention groups. 

All randomized patients completed the trial. There were no differences between groups 

concerning demographic and clinical data (table 1). 

 

 

Table 1 : Patients characteristics. (*) Data in means (SD). 

 
GROUPS LEVO 

(n=15) 

BUPI 

(n=15) 

ROPI 

(n=15) 

Age (years) * 60.6 (16.7) 69.4 (12.8) 69.1 (10.7) 

Height (cm) * 167.8 (9.7) 167.7 (8.5) 163.2 (10.3) 

Weigth (kg) * 71.4 (15.5) 72.8 (14.1) 71.5 (14.5) 

Male / Female 4/11 3/12 3/12 

Duration of 
Surgery (min) * 

102 (21.6) 96 (21.9) 94 (20.2) 

 

 

 

Pain intensity. 

Intra operative opiates consumption (fentanyl) did not differ between groups (means ± SD: 

LEVO:362 µg ± 116; BUPI: 352 µg ± 122; ROPI: 368 µg ± 93). Besides the induction dose of 

fentanyl (2 µg/kg), most fentanyl was given the first 30 minutes of surgery when PCSNB 

probably had not reached maximal effect.  Postoperative pain intensity at rest did not differ 

statistically between groups (Kruskall-Wallis test : P range 0.32 to 1.00) (table 2). Specified 

analysis revealed a significantly lower pain intensity in group ROPI compared to group 



 

 

Chapter 3                                                                                                                                                                                                                                                                                                     

63  

LEVO at t=4 hours (Mann-Whitney U: P = 0.037). Five patients (11%) needed rescue 

parenteral opiates (morphine). One patient needed rescue opiates only at the recovery ward 

(group ROPI), one patient needed rescue opiates on postoperative day 1 (group LEVO) and 

three patients started with rescue opiates at the recovery ward and continued at the 

orthopedic ward on postoperative day 1 to 3 (group BUPI, LEVO, ROPI). In 1 of these 5 

patients, difficulty finding the psoas compartment was considered to be the reason for 

diminished analgesic effect of the intervention (group BUPI).  

 

 

Table 2 : Pain intensity at rest (VAS). Data in medians (interquartile ranges). † = ROPI vs. LEVO. P<0.05 

(Mann-Whitney-U). 

 

 4h 8h 12h 24h 48h 

LEVO 4 (2-5) 3 (1.8-4.1) 3 (1.8-3.6) 3 (1.3-5) 3 (0-3) 

BUPI 2.5 (0-5) 1 (0-2.5) 1.3 (0.5-3.9) 3 (1-4.5) 2.3 (1-4.3) 

ROPI 2 (0-3)† 2 (1-4) 2.3 (0.4-3) 3 (1-4) 2.5 (0.9-4.3) 

 

 

 

Sensory impairment. 

The extent of sensory block was not significantly different between the three groups (Kruskall 

Wallis: P range 0.78 – 1.00) (table 3). In each group at t=4 hours, 80 – 85% patients showed a 

sensory block of 6 out of 7 measured dermatomes, which regressed further in the course of 

time.  A notable observation was that in each group the majority of patients showed no 

sensory block in dermatome L1. Sensory impairment of the contralateral leg was found in one 

patient in the LEVO group, probably due to epidural spread of local anesthetic solution. 
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Table 3 : Sensory block (number of dermatomes with loss of pin–prick sensation). Data in medians 

(interquartile ranges). 

 

 4h 8h 12h 24h 48h 

LEVO 5 (4.3-6) 4 (0.8-5.8) 3 (2.5-5) 1.5 (0-3) 0 (0-0) 

BUPI 6 (4-6) 5.5 (3.3-6) 3 (0.5-6) 0 (0-2.5) 0 (0-0) 

ROPI 6 (5-7) 4.5 (3.8-6) 3 (0-4) 0 (0-1.5) 0 (0-0) 

 

 

Motor impairment. 

Significant differences on the modified Bromage scale were found between groups at 12 and 

48 hours (Kruskall-Wallis test: P = 0.012 and P = 0.003 respectively). Further analysis showed 

that group LEVO initially showed the least motor impairment (Mann-Whitney U-test: 

LEVO-BUPI: P = 0.023; LEVO-ROPI: P = 0.012) (table 4). Motor impairment consistently 

remained significantly higher over 48 hours in group BUPI (Mann Whitney U-test: P range 

0.001 – 0.025) compared to group ROPI, and compared to group LEVO at 12 and 48 hours 

(Mann Whitney U: P = 0.024 and P = 0.006 respectively). 

 

 
Table 4 : Motor block (Modified Bromage Scale). Data in medians (interquartile ranges). * = LEVO vs. 

BUPI, † = LEVO vs. ROPI, ‡ = ROPI vs. BUPI. (p<0.05) (Mann-Whitney-U). 

 

 4h 8h 12h 24h 48h 

LEVO 2 (1-2) 2 (1-2) 1 (0.8-1.3) 0 (0-1) 0 (0-0) 

BUPI 2 (2-3)* 2 (2-2) 2 (1-2)* 1 (0-1.5) 1 (0-1.5)* 

ROPI 3 (2-3)† 1 (1-1.5)‡ 1 (0-1)‡ 0 (0-0)‡ 0 (0-0)‡ 
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Intra- and postoperative blood loss did not significantly differ between groups (1004 ml ± 416, 

984 ml ± 1015, 1105 ml ± 465, for, respectively, LEVO, BUPI and ROPI (Mean ± SD; 

Kruskall-Wallis Test: P =0.07). None of the patients showed signs of  CNS or cardiac toxicity. 

One patient in the BUPI group complained about persistent mild paresis of quadriceps 

femoris muscle because of isolated femoral nerve failure caused by misplacement of surgical 

instruments.  
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Discussion 

 

A PCSNB is a frequently used locoregional technique for knee- and hip surgery 8,10,15,16. The 

analgesic and anesthetic potency of PCSNB is considered to be quite impressive for this kind 

of surgery 3,16,20. The present results for THA patients show that PCSNB also provides 

sufficient pain relief for patients undergoing proximal lower limb prosthetic surgery. In our 

study, post operative pain scores were significant lower than measured pain scores using a 

conventional postoperative pain strategy after THA described in a control group by Peters et 

al 21. Comparable results of pain reduction using a peripheral nerve block in THA patients are 

described by Stevens and Biboulet 3,6. Besides low pain scores, a low consumption of rescue 

opiates at the recovery ward or orthopedic ward (11% of all patients, equally divided over 

three groups) in the present study, also shows that a PCSNB is a sufficient analgesic strategy 

for treatment of postoperative pain in patients undergoing a THA. This opiate-sparing effect 

of a PCSNB could potentially have a positive influence on the rehabilitation process. With the 

exception of a lower pain score for patients receiving ropivacaine compared to bupivacaine at 

4 hours postoperatively, pain scores did not differ between the three groups. As a type 1 error 

cannot be ruled out without a clear explanation for this difference at that given moment, and 

intra-operative opiate consumption was equal between the three groups, we consider the 

analgesic properties of the three local anesthetics for this type of locoregional technique to be 

equal for the given dosages. This lack of a difference in analgesic properties between 

bupivacaine, levobupivacaine and ropivacaine was found in several studies evaluating 

different proximal PNB 9,13-16.  

An explanation for some residual pain after this operation may be found in the lack of 

sensory- and analgesic blockade in dermatome L1. The incision for a THA is made 3 cm to 4 

cm in L1 dermatome, whereas the blockade approach used in this study can only effectively 
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provide sensory blockade in dermatome L2 to S2. To optimize a PCSNB for a total hip 

replacement, a modification of this technique should be considered. For instance, increasing 

the volume of local anesthetic solutions might provide a more extended blockade of the 

lumbar plexus. Also, a ‘volume-loading’ effect could be achieved by a continuous PCSNB, in 

stead of our single-shot set up. Another possible modification was recently described by 

Capdevila et al. 20. They suggested that a combination of this technique with a subcostal nerve 

block of the twelfth thoracic nerve might be necessary for surgery in a proximal area of the 

thigh. Similarly, the addition of a paravertabral root block at L1 has been used anecdotally. 

 

Sensory impairment was not significantly different between our 3 groups. Greengrass et al. 15 

found a larger sensory impairment for bupivacaine, compared to ropivacaine, in a PCSNB. 

The reason for finding this difference may be the equal total dosages of ropivacaine and 

bupivacaine as Greengrass et al. did not make a correction for equipotental dosages as we did 

in the present study. Furthermore, Greengrass et al. used a lower dosage of epinephrine in 

their local anesthetic solutions compared with our study (1:400.000 vs. 1:200.000). 

A significant difference in motor blockade at t=4 hours (levobupivacaine had the least intense 

blockade) and a significant longer duration of motor blockade in group BUPI compared to 

group ROPI and group LEVO was found. These findings differ from the results of Piangatelli 

et al 16, who found a slightly longer motor off set time for ropivacaine compared to 

levobupivacaine. An explanation for this difference may be that the total dosage of 

ropivacaine in their PCSNB was 300 mg compared with 225 mg in our study. Again, 

however, a type I error cannot be ruled out. 

There was no difference in perioperative blood loss between the three groups. Stevens et al. 3 

found reduced blood loss during hip arthroplasty by lumbar plexus block with bupivacaine. 

They suggested that this result was probably due to attenuated sympathetic tone in medium 

and small vessels around the hip joint, reducing arterial and venous blood pressure. In our 
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study, no significant differences were found in the efficacy of the combined PCSNB between 

the groups, therefore no differences in perioperative blood loss were expected. 

 

In summary , no major differences in above mentioned clinical efficacy data were found 

comparing both relatively new, long acting local anesthetics (levobupivacaine and ropivacaine) 

with bupivacaine. A possible reason for this lack of difference is probably caused by a 

similarity of chemical structures 12. Levobupivacaine is the S(-) entantiomer of bupivacaine 

and ropivacaine is a S(-) enantiomer of a propyl analogue of bupivacaine.  

 

Despite existing concerns about the success rate and risks for the posterior approach for 

blocking the lumbar plexus, a PCSNB (using a nerve stimulator) is an easy to perform 

locoregional technique for proximal lower extremity surgery, which is associated with a lower 

incidence of side effects and complications compared with CNB 20. In our study, none of the 

patients displayed signs of cardiac toxicity. Although we could not evaluate CNS toxicity 

during the first 2 hours post injection because of the fact that patients were anesthetized, none 

of the patients exhibited signs associated with CNS or cardiac toxicity in the recovery ward. 

The persistent isolated femoral nerve failure exhibited by 1 patient was caused with certainty 

by misplacement of surgical instruments. Although Al-Nasser described a femoral nerve injury 

complicating a continuous psoas compartment block 22 in 2004, our patient’s EMG was not 

consistent with intraneural injection of a root of the lumbosacral plexus. Still, the timing of our 

PCSNB (after induction of general anesthesia) remains a point of discussion. The reason for 

starting general anesthesia before applying this locoregional technique was to achieve greater 

patient acceptance and preventing discomfort. While the authors recognize the controversy 

regarding performance  of regional blockade under GA, this was not contrary to the standard 

of practice in our institution. As anecdotic evidence exists suggesting this approach to be less 

safe 23 this approach should be applied with caution. Further unwanted side effects such as 
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epidural spread of local anesthetic solution, as was present in one patient (2.2%), which is less 

than reported in other studies,  3,20 would be more easily detected if performed prior to 

induction of GA. Preoperative blockade, allowing additional time between nerve block and 

incision, might also have reduced the observed need for intraoperative opioids in the first 30 

minutes of surgery.  

 

In conclusion, a combined psoas compartment-sciatic nerve block is a very useful anesthetic 

technique for patients undergoing a THA. As a strategy for countering significant “early” 

postoperative pain, a possible predisposing factor in the development of chronic pain 24, we 

recommend this locoregional anesthetic technique for prosthetic hip surgery. Further studies 

are recommended to evaluate clinical efficacy of modifications of this technique for this 

particular kind of surgery. Taking into account the more favorable cardiac and CNS toxicity 

profiles of levobupivacaine and ropivacaine, together with the lack of clinical differences 

between bupivacaine, levobupivacaine and ropivacaine found in our study, we suggest the use 

of levobupivacaine or ropivacaine for a PCSNB. Furthermore, a more  extended motor 

blockade of  bupivacaine compared with levobupivacaine or ropivacaine, resulting in a longer 

immobilization and a possible delay in rehabilitation, makes bupivacaine less suitable for a 

PCSNB.  
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Abstract 

 

Background and objectives: The aim of this clinical observational study was to assess the 

clinical efficacy of a continuous psoas compartment block, combined with a single injection 

sciatic nerve block (cPCSNB), for patients undergoing a total hip arthroplasty (THA). The 

hypothesis that a cPCSNB would lead to a more extended block compared to a single 

injection PCSNB was tested. The second aim was to test applicability of a stimulating catheter 

for a cPCSNB. 

Methods: Ten patients undergoing a THA under spinal anesthesia combined with a 

cPCSNB were included in this study. An initial bolus of 60 mg levobupivacaine was 

administered to the sciatic nerve and 90 mg levobupivacaine was administered to the psoas 

compartment followed by 10 ml/h levobupivacaine 0.1% infusion for 48 hours via a psoas 

catheter. Postoperative, the pain intensity at rest and at movement, morphine consumption, 

extent of sensory block (pin prick test) and degree of motor block (Modified Bromage Scale) 

were recorded during 48 hours post block. Radiographic verification of catheter position took 

place 48 hours post block.  cPCSNB data were compared to an archival dataset for single 

injection PCSNB. 

Results: Median pain scores were low during the first 48 hours post block. The first 8 hours 

post block there was a trend towards higher pain scores and morphine consumption, 

suggesting suboptimal analgesic efficacy during this period. In general, pain scores did not 

differ between cPCSNB and single injection PCSNB, although significantly lower pain scores 

were found for cPCSNB at t = 48 hours. Sensory impairment was comparable to the single 

injection PCSNB, with the exception of t = 8 h and 48 h (significantly more dermatomes with 

a loss of pin prick sensation in cPCSNB). Motor block was significantly lower at t = 4 h and 8 

h compared to single injection PCSNB. However, motor block at t = 48 h was significantly 
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lower in the single injection cPCSNB. During advancement of stimulating catheter, motor 

responses were lost in 8 out 10 patients.     

Discussion: The hypothesis that a cPCSNB would result in a more extended block 

compared to a single injection PCSNB could not be supported. The slow onset of this block 

could be explained by a relatively low initial dose of local anesthetics in the psoas 

compartment. Use of a stimulating catheter is of limited value for this kind of intervention. 

Further studies are required to explore the clinical efficacy of a cPCSNB in patients 

undergoing a THA.  
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Introduction 

 

Patients undergoing a total hip arthroplasty (THA) often report substantial postoperative pain 

at rest which is aggravated by movement 1 - 3. This postoperative pain could impede 

ambulation, physiotherapy and recovery resulting in a prolonged hospital stay 4. Therefore, 

adequate control of postoperative pain after THA is an important part of the rehabilitation 

process. Analgesic regimens for postoperative pain after a THA can be provided by 

intravenously administered opioids, central neuraxial blockade or peripheral nerve blockade. 

In several studies, peripheral nerve blocks had similar analgesic potency compared to central 

neuraxial blocks (epidural analgesia), and better analgesic potency than IV opioids without the 

disadvantages associated with both techniques 4 – 12. 

 For hip surgery, a posterior lumbar plexus block or psoas compartment block, whether or not 

combined with a sciatic nerve block, is the peripheral nerve block of first choice 5, 13. In a 

randomized controlled trial, we analyzed the clinical efficacy of a, single injection, psoas 

compartment – sciatic nerve block (PCSNB) in patients undergoing a THA 14.  Although the 

measured pain scores were low, we found that in most of the cases dermatome L1 was not 

anesthetized, therewith possibly adding to the residual pain experience. We hypothesized that 

a continuous psoas compartment – single injection sciatic nerve block (cPCSNB) would be able 

to achieve a more extended sensory block due to higher local anesthetics availability in the 

proximity of the lumbosacral plexus. Furthermore, we hypothesized that adequate positioning 

of the catheter (in the proximity of the L1 vertebra) could be achieved by using a Touhy 

stimulating needle with a cephalad directed bevel and a stimulating catheter.  In the present 

study we evaluated the clinical efficacy of a cPCSNB in a case series  compared to an archival 

dataset for single injection PCSNB 14. Secondly, to improve positioning of the catheter of this 

posterior lumbar plexus block,  the applicability of a stimulating catheter was assessed. 
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Methods 

 

After approval by the local medical ethics committee (METC reg.nr.: M10-001 / CCMO reg. 

nr,: NL31850.094.10) and written informed consent, 10 patients were included in this 

prospective clinical observational study. Patients with ASA physical status I-III and age older 

than 18 years, scheduled for THA under spinal anesthesia were included. Exclusion criteria 

were patient’s refusal, impaired renal and/or liver function, coagulation disorders, infections 

at the puncture site, known allergy to local anesthetics, pre-existing neurological disorders, 

and inability to comprehend the Dutch language.   

 

On the day of surgery, patients were given 7.5 mg midazolam or 20 mg temazepam orally one 

hour prior to surgery.  Patients were brought to the holding area of the operating complex, 

where the cPCSNB was performed, and connected to standard monitoring including a five 

lead electrocardiogram, pulse oximetry, and non-invasive blood pressure measurement. An 

IV catheter was inserted and to compensate for pre-operative fluid deficit (nill per os 

minimum 6 hours), we started Venofundin® infusion at 7 mL kg-1 hr-1. The patient was 

placed in the lateral decubitis position, with the extremity to be operated in the superior 

position. Prior to catheter insertion, the skin at the injection site was anesthetized with 

lidocaine. The sciatic nerve block was performed using landmarks described by Labat 15, 

followed by the continuous psoas compartment block using landmarks described by Chayen 

16. Nerve blocks were all performed by the same person (MdL) with the aid of a nerve 

stimulator (Stimuplex, HNS 11, Braun Medical, Melsungen, Germany). A single injection 

stimulating needle was used for the sciatic nerve block (Stimuplex - A Needle, 150 mm / 20G, 

Braun Medical, Melsungen, Germany). The stimulating frequency was initially set at 2 Hz, 

with a stimulating current of 1 mA and a pulse duration of  0.1 ms. After appropriate muscle 

contractions (plantar flexion foot) were found between 0.3 mA and 0.5 mA, and negative 
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aspiration for blood, 20 mL of levobupivacaine 0.3% (with epinephrine 1:200.000 i.e. 5µg ml-

1) was injected at the sciatic nerve. Gentle aspiration of the syringe after injection of every 5 

mL of local anesthetic solution was part of the safety procedure. The speed of injection was 

approximately 0.5 mL.sec-1. For the continuous psoas compartment block we used a 

Stimulong Plus Plexus Catheter Set (Pajunk, Geisingen, Germany,  18 G x 110 mm Tuohy 

needle, 20 G x 90 cm single-orifice Stimulong Catheter). The direction of the bevel was 

cephalad. The nerve stimulator set-up was the same as described for the sciatic nerve block. 

After appropriate muscle contractions (quadriceps femoris) were found between 0.3 mA and 

0.5 mA we inserted the catheter through the stimulating needle up to the needle tip and 

switched the nerve stimulation from the needle to the catheter. If necessary, the current was 

increased to maintain appropriate muscle contractions. After expanding the perineural space 

with 3-5 ml D5W via the catheter, the catheter was advanced while stimulating until high 

resistance was felt. After removal of the needle, 30 ml of levobupivacaine 0.3% (with 

epinephrine 1:200.000 i.e. 5µg ml-1) was administered via the catheter near the lumbosacral 

plexus and a continue infusion of 0.1 % levobupivacaine 10 ml/h was started for a period of 

48 hours.  The time at which all of the local anesthetic solution had been injected was taken as 

time zero (T0). At the end of cPCSNB the patient was placed in the supine position. After the 

block procedure, the patient was transferred to the operation theatre and prepared for a THA 

under spinal anesthesia (with short acting local anesthetic lidocaine 3 ml 2.0%). 

The pain scores and degree of sensory and motor block of the operated limb were evaluated 

by the same anesthesiologist who performed the blocks (MdL) at 4, 8, 12, 24, 48 hours post 

block. Before testing at 4 hours post block, motor impairment and sensory impairment was 

tested at the contralateral leg to rule out any residual spinal anesthesia. Pain at rest scores and 

during physiotherapy were measured using a 10-cm numeric rating scale (NRS, 0 cm = no 

pain; 10 cm = worst pain imaginable) on postoperative day 0 (day of surgery), 1 and 2. On 

postoperative day 1, pain scores also were measured at t = 28, 32 and 36 hours post block. 
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Patients were given a PCA-Morphine pump (bolus 1 mg, lock out 5 minutes, maximum dose 

per 4 hours 30 mg) and morphine consumption was recorded the first 48 hours post block. 

After this period the PCA pump was discontinued. All patients received acetaminophen 1 g 

every 8 hours along with naproxen 500 mg 8 hourly for three days starting in the recovery 

ward as a part of the standard orthopedic analgesic regimen. Patients with allergic reactions to 

naproxen, received acetaminophen / tramadol  (Zaldiar® ) 750/75 mg 8 hourly. Sensory 

block was defined as a loss of pin prick sensation in a single dermatome of the operated limb. 

Five lumbar (L1-L5) and two sacral (S1-S2) dermatomes were evaluated. Dermatomes with a 

loss of pin prick sensation were counted. Furthermore, sensory block also was measured at the 

nonoperated leg, to evaluate a possible epidural spread of the local anesthetic solution.  Motor 

block was measured by using the Modified Bromage Scale 17 (0 = full flexion of foot, knee and 

hip, i.e., no motor block; scale 1  = full flexion of foot and knee, unable to hip flexion; scale 2 

= full flexion of foot, unable to knee- and hip flexion; scale 3 = unable to foot-, knee- and hip 

flexion, i.e., total motor block).  

After 48 hours of continuous infusion of levobupivacaine via the psoas catheter, the infusion 

was stopped. Patients were asked to score a numeric rating scale for satisfaction with the 

procedure (grade 0 = totally not satisfied to grade 10 = excellent). Before removal of the 

catheter, an anterior-posterior radiograph of the lumbar region was used to confirm proper 

position of the catheter . Ten mL of contrast medium (Ioversol 300 mg/ml) was injected via 

the catheter.  

Pain scores, sensory impairment -and motor impairment obtained in the present study were 

compared to clinical efficacy data of a single injection PCSNB using levobupivacaine from an 

archival dataset (n=15, mean age 61 ± 17 years, height 168 ± 10 cm, weight 71 ± 16 kg , 27 

% male; data published in 2008 14). Statistical computations were performed with SPSS 15.0. 

Data are presented as means and standard deviations (SD) or medians and interquartileranges 
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(IQR), group differences were analyzed with χ2 and Mann-Whitney-U tests when appropriate. 

A two-tailed P value < 0.05 was considered statistically significant. 
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Results 

 

Ten patients were included in the study. Three patients received acetaminophen / tramadol 

and seven patients received naproxen as co-analgesics. Patient characteristics are presented in 

Table 1. 

 

 

Table 1. Patient characteristics (n=10). Data are presented as mean ± SD or number of patients, where 

appropriate. 

 

Age (year) 69 ± 7 

Sex (male/female) 3 /  7 

Height (cm) 169 ± 7 

Weight (kg) 77 ± 13 

Body mass index (kg/ m2) 27.1 ± 4.6 

 

 

 

Technical aspects. 

Sciatic nerve blocks were all technically successful (muscle contractions between 0.3 and 0.5 

mA).  The depth of the lumbar plexus was  8.7 ± 1.2 cm (mean ± SD). Muscle contractions 

(quadriceps femoris) through needle stimulation were all found between 0.3 and 0.5 mA. The 

catheter was advanced 6.0 cm (3.5-9.25, median /IQR) beyond the needle tip. In two 

patients, motor responses were maintained during advancement of the catheter, in eight 

patients motor response was lost as soon as the catheter advanced beyond the needle tip. In 

one patient, the catheter could not be advanced beyond the needle tip. Radiographic control 

was performed for 8 patients. For one patient, contrast medium could not be injected via the 
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catheter (probably obstructed by a blood cloth after stopping the continue infusion) and for 

another patient the catheter was unintentionally dislodged just prior the x-ray procedure. For 

seven patients, catheters were located in the psoas muscle (figure 1) and the catheter of one 

patient was located under the fascia iliaca. One catheter was positioned near L1-L2, two 

catheters at L3 and 5 catheters at L4. No epidural spread of contrast medium was observed.  

 

 

 

Figure 1: Catheter located in the psoas major muscle. Contrast medium at level L1-L4. 

 

 

Pain intensity. 

At t = 4 h (start collection clinical efficacy data), spinal anesthesia had definitely subsided  in 

all patients. Pre- and postoperative pain scores at rest are shown in Figure 2 and table 2. Pre 

block pain scores at rest were low. Pre block pain scores at movement were high, which is 
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characteristic for hip arthrosis. At t = 4h and t = 8h, there was a trend towards higher pain 

scores compared with t = 12, 24, 48h. Postoperative pain scores measured during 

physiotherapy (movement) were low (Fig 3). 

 

 

 

 
 
Figure 2. Pain scores (NRS) at rest. The boxes represent the 25th – 75th percentile. The solid line represent 

the median. Error bars above and below the box mark the 10th and 90th percentile, respectively.  
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Table 2. Clinical efficacy data of continuous psoas compartment block compared to a single 

injection psoas compartment block (historical control group 14). ‘NRS pain’ = numeric rating scale of 

pain; ‘nr. of derm.’ = number of dermatomes with a loss of pin prick sensation (L1-L5, S1, S2 were assessed); 

‘Mod Brom Sc’ = modified Bromage scale. Data in median (IQR).  

 

 

 

 

 

 

 

 

 
 

 

 
 
 
 
 
 

 
 

 t = 4h t = 8h t =12h t = 24h t = 48h 

NRS pain 
 

cPCSNB 3.5 (2-5) 3 (2-5) 2 (0.4-2.8) 2 (0-2.6) 0 (0-0) 

 
 

PCSNB 4 (2-5) 3 (1.8-4.1) 3 (1.8-3.6) 3 (1.3-5) 3 (0-3) 

 
 

P – value 0.779 0.836 0.233 0.070 0.005 

       
Sensory block 
(nr. of derm.) 

cPCSNB 5.5 (4.8-6.3) 6 (4.8-7) 5 (4-6.3) 2.5 (1.5-
4.5) 

2.5 (0-4) 

 
 

PCSNB 5 (4.3-6) 4 (0.8-5.8) 3 (2.5-5) 1.5 (0-3) 0 (0-0) 

 
 

P – value 0.517 0.024 0.102 0.239 0.003 

       
Motor blockade 
(Mod. Brom Sc) 

cPCSNB 1 (0.75-2) 1 (0-1) 0.5 (0-1) 1 (0-1) 1 (0-1) 

 
 

PCSNB 2 (1-2) 2 (1-2) 1 (0.8-1.3) 0 (0-1) 0 (0-0) 

 
 

P – value 0.038 0.024 0.159 0.674 0.003 
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Figure 3. Pain scores  (NRS) during movement, measured during physiotherapy.  ‘NRS’ = 

numeric rating scale of pain. The boxes represent the 25th – 75th percentile. The solid line represents the median. 

Error bars above and below the box mark represent  the 10th and 90th percentile, respectively.  

 

 

Morphine consumption is shown in Figure 4. During the first 4 hours post block, 9 out of 10 

patients required additional IV morphine, at t = 8h 7 out of 10 patients needed morphine. On 

postoperative day 1, 4 out of 10 patients used the PCA morphine pump.  Notwithstanding this 

substantial consumption of rescue opioids together with the trend of higher pain scores on the 

day of the surgery, the numeric rating scale of satisfaction was high (7.9 ± 0.9, mean ± SD). 
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Figure 4. Morphine consumption (PCA-pump). The boxes represent the 25th – 75th percentile. The solid 

line represents the median. Error bars above and below the box mark the 10th and 90th percentile, respectively. 

 

 

Sensory blockade. 

No sensory impairment of the contra lateral leg  was observed. The extent of sensory 

impairment of the blocked extremity is described in Table 3. In the majority of the patients, 

there was no sensory block in dermatome L1.  Despite the continuous infusion of 

levobupivacaine, a moderate regression of sensory impairment during the 48-hour period 

could be observed.  
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Table 3. Sensory and motor impairment. Top values represent number of patients with a loss of pin prick 

sensation in a different dermatomes. Seven dermatomes (L1-5, S1-2) were evaluated. Bottom, Modified Bromage 

Scale, data in medians (IQR) 

 

 

NUMBER OF PATIENTS WITH A LOSS OF PIN-PRICK SENSATION IN DIFFERENT DERMATOMES 

 t = 4 t = 8 t = 12 t = 24 t = 48 

L1 3 3 3 2 2 

L2 8 8 6 4 4 

L3 9 9 8 7 6 

L4 9 9 9 7 6 

L5 10 10 9 3 2 

S1 8 8 7 3 1 

S2 7 7 6 3 1 

 

MODIFIED BROMAGE SCORE 

 1 (0.75-1) 1 (0-1) 0.5 (0-1) 1 (0-1) 1 (0-1) 

 

 

 

Motor blockade. 

Extent of motor block is described at the bottom of table 3. One patient had no motor block 

at all during the observation period. Two patients had only mild motor block (Modified 

Bromage Score = 1) at t = 4h, and no motor block in the consecutive period. One patient 

experienced no motor block the first 24 hour but a mild motor block the second postoperative 

day. Overall, motor impairment was very low in this study protocol.  
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Continuous PCSNB vs. single injection PCSNB 

In table 2 clinical efficacy data of continuous PCSNB vs. single injection PCSNB (historical 

group 14) are pointed out. Pain score at t = 48 h was significantly lower in the present study 

compared to the single injection PCSNB control group data.  

At t = 8 h and t = 48 h, the number of dermatomes with a loss of pin prick sensation was 

significantly higher in present study compared to the single injection PCSNB group. 

At t = 4 h and t = 8 h motor block in the present study was significantly lower compared to 

single injection PCSNB control group data. At t = 48 h, motor block was significantly higher 

in present study compared to single injection PCSNB data. 
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Discussion 

 

There is a growing interest in peripheral nerve blocks for postoperative analgesia for 

prosthetic hip surgery 18, 19. Peripheral nerve blocks provide similar or even better analgesic 

potency for prosthetic hip surgery without undesirable side effects of the alternative analgesic 

regimens (IV opioids, central neuraxial blocks) 6, 7. The primary aim of the present study was 

to assess the clinical efficacy of a continuous psoas compartment block using a stimulating 

catheter, combined with a single injection sciatic nerve block, in patients undergoing a THA. 

The primary clinical parameter was the numeric rating scale of pain.  In general, pain scores 

at rest were low.  Capdevila et al. 4 and Turker et al. 6 have described comparable pain scores 

using different local anesthetics (ropivacaine and bupivacaine) and a non-stimulating catheter. 

Although measured in patients recovering from hip fracture surgery, Chudinov et al. 9  found 

comparable pain scores during the first 24 hours postoperative, but for the second 

postoperative day, Chudinov et al. ‘s pain scores were higher compared to our data. 

Methodological differences (Chudinov used aliquots in stead of continuous infusion in our 

study) and a different type of surgery could be the reasons for this difference in outcome.  

Siddiqui et al. 7 injected a bolus 20 ml bupivacaine 0.25% through a psoas catheter, followed 

by a continue infusion of 10 ml/h bupivacaine 0.125%., in patients undergoing a THA. Their 

pain scores at rest were slightly higher the first 48 hour postoperative compared to ours. A 

lower initial dose and the absence of a sciatic nerve block could be the reason for these higher 

pain scores.  The importance of the initial bolus was also described by Becchi et al. 8. Very low 

postoperative pain scores were measured in patients undergoing a THA using a initial high 

bolus of 225 mg ropivaicane, followed by a continuous infusion of 10 ml/h ropivacaine 0.2% 

via a psoas catheter. We deliberately chose an initial bolus of  90 mg levobupivacaine in the 

psoas compartment and 60 mg levobupivacaine for the sciatic nerve block. The reason for this 

relatively high dose for the sciatic nerve block is that the sciatic nerve was blocked with a single 
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injection, as opposed to the continuous infusion of the psoas compartiment. Because the total 

initial dose should not exceed 150 mg levobupivacaine, 90 mg levobupivacaine remained for 

the psoas compartment block. Further studies are required to evaluate the contribution of the 

initial bolus in a continuous psoas compartment block.  Pain scores at rest at 48  hours post 

block in the present study were significantly lower than previously measured pain scores after 

a single injection psoas compartment – sciatic nerve block in patients undergoing a THA 14. 

The effects of  the single injection PCSNB will probably have subsided after that time frame, 

making higher pain scores in the single injection block group compared to the continuous 

block group plausible. Pain scores within 12 hours post block did not differ between cPCSNB 

and the single injection PCSNB study.  A higher initial bolus in the single injection group 

compared with the cPCSNB (120 mg vs. 90 mg) could be the reason for this lack of 

differences. In the present study, pain scores at movement were low as well. This is in 

accordance with the results of Becchi et al. 8 and Capdevila et al. 4. However, our results are 

contrary to data reported by Türker et al. 6, who described higher pain scores at movement 

on postoperative day 1. Reasons related to the applied methodology could be found to explain 

this difference. In our study,  pain decreased substantially during the recovery period, and 

concurrent pain decrease was observed during the course of physiotherapy treatment.   

Nearly all patients needed additional morphine postoperatively on the day of the surgery, and 

4 out of 10 patients needed morphine on postoperative day 1. Most of the morphine was used 

directly after the surgery (t = 0 - 8h). In that particular period, the pain scores also were the 

highest of the entire study period. In addition, morphine consumption in the single injection 

PCSNB study 14 was lower than observed in the present study. A possible reason for this 

phenomenon could be the dosage of the initial bolus of 90 mg levobupivacaine in the present 

study, which was probably insufficient for the early postoperative period. However, a possible 

influence of having a PCA morphine pump under reach as was the case in present study, 

cannot be ruled out.     
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Although the number of dermatomes with a loss of pin prick sensation was significantly higher 

in the continuous PCSNB at t = 8h and t = 48h compared to the single injection PCSNB, the 

extent of the sensory block in present study was not different. In the majority of the study 

patients, no sensory block in the dermatome L1 was achieved. This phenomenon was 

described earlier by Navas et al. 20 and Liu et al. 21. The hypothesis that a cPCSNB with an 

advanced catheter through a cephalad directed Touhy needle using large volumes of local 

anesthetics would lead to a more extended psoas compartment block, could not be supported 

in the present study. The radiographic verification of the position of the catheter confirmed 

the observation of a sensory block below L1. The tip of the catheter and the 10 mL contrast 

medium reached level L1-L2 in one patient, while in the other patients a level below L2 was 

reached. 

 

Motor impairment was mild in the present study (Modified Bromage Scale 1), which is 

consistent with the results reported by Turker et al. 6. The initial motor impairment described 

by Becchi et al. 8  was more extended than our motor block. This could be explained by a 

higher initial dose of local anesthetics in the former study. Compared to our single injection 

psoas compartment study, the extent of motor impairment following a cPCSNB was 

significantly lower, but lasted longer. These data suggested that the relatively low dose of local 

anesthetics used in our study resulted in a minor motor impairment, which has a positive 

effect on the rehabilitation process. 

 

The second aim of this pilot study was to assess the applicability of a stimulating catheter for a 

continuous psoas compartment block. In only two patients we were able to maintain motor 

response when advancing a catheter while stimulating. In the majority of cases, motor 

response disappeared while advancing the stimulating catheter. The anatomic location of the 

lumbosacral plexus, mostly within the major psoas muscle and in a minority between the 
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muscles 22, could be the reason of the difficulty in advancing a stimulating catheter while 

maintaining motor responses. In contrast to a femoral nerve block, where stimulating 

catheters are successfully used 23, the lumbosacral plexus is less frequently located within a 

fascial sheath at the level of the major psoas muscle, which is a relative prerequisite for the use 

of a stimulating catheter.  Although the number of evaluated patients in present study is small, 

our data suggest that using a stimulating catheter for a cPCSNB has only limited value. 

 

Some limitations with regard to this study have to be taken into account. Firstly, this was an 

observational study with a small number of patients. To assess the clinical efficacy of a 

cPCSNB compared to traditional analgesic strategies, further studies with a randomized 

controlled set up are warranted. Another minor shortcoming of the present study is the 

variability of oral co-analgetic drugs. Three patients used acetaminophen / tramadol  and 

seven patients used naproxen. To assess pain scores after a cPCSNB, it would have been be 

more appropriate to select one particular analgesic drug. 

 

In conclusion, the hypothesis that a cPCSNB using a cephalad directed needle bevel with 

larger volumes of local anesthetics administered via a stimulating catheter would lead to a 

more extended blockade of the lumbosacral plexus, could not be supported by the data of 

present study. In general, during the first 48 hours post block, the pain scores were low and 

the patient satisfaction was high. In our opinion a stimulating catheter is of limited value for a 

posterior lumbar plexus block. Further randomized controlled studies with larger patients 

groups are needed to evaluate the clinical efficacy of a cPCSNB for patients undergoing a 

THA.  
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Abstract 

 

Background and objective: A psoas compartment –sciatic nerve block requires high doses 

of potentially cardiotoxic local anesthetics. The primary aim of this study was to analyze total 

plasma concentrations of bupivacaine, levobupivacaine and ropivacaine after a PCSNB in 

order to assess the safety of this procedure. Secondary aim was to get more insight in 

pharmocokinetic profiles of used local anesthetics. 

Methods: 45 ASA I-III patients undergoing total hip arthroplasty participating in a RCT 

were allocated to receive PCSNB  with either 150 mg bupivacaine, 150 levobupivacaine or 

225 mg ropivacaine (manufacturer’s maximum recommended dose). Epinephrine 1:200.000 

was added to all solutions. Local anesthetic plasma concentrations were determined at t = 

0,2,5,10,30,60,90,120,180,240 minutes post block by reversed phase HPLC with UV 

detection. 

Results: Total median plasma concentrations of used local anesthetics remained far below 

described toxic thresholds (Cmax bupivacaine 0.47 µg.ml-1 (IQR 0.34-1.07), levobupivacaine 

0.64 µg.ml-1 (IQR 0.46-0.90), ropivacaine 0.90 µg.ml-1 (IQR 0.74-1.19). In nearby all, peak 

plasma concentrations were measured within 60 minutes post block. Systemic local anesthetic 

absorption (area under the curve) per dosage did not differ between local anesthetics. There 

was a trend for levobupivacaine towards a slower absorption. 

Conclusions: Using manufacturer’s maximum doses for bupivacaine, levobupivacaine and 

ropivacaine in a PCSNB, total plasma concentrations remained low and far below described 

toxic thresholds. Although the dose related systemic absorption of used local anesthetics is 

equal, further studies are required to analyze the velocity of absorption of these 3 local 

anesthetics.  
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Introduction 

 

To provide anesthesia of the entire lower extremity, a posterior lumbar plexus block (psoas 

compartment block) should be combined with a sciatic nerve block 1. To achieve extended 

anesthesia and analgesia, this psoas compartment – sciatic nerve block (PCSNB) requires 

administration of large volumes of potentially cardiotoxic local anesthetics. Recent human 

cadaver studies showed that the psoas compartment is actually a virtual compartment; the 

lumbar plexus mostly lies within muscle tissues rather than between different muscles 2 . Due to 

the anatomic location of the lumbar plexus, initial absorption of the administered local 

anesthetics (LA) after a single injection psoas compartment block (posterior approach) is 

significantly higher than, for instance, the anterior approach and results in higher early 

plasma concentrations 3. This phenomenon theoretically enhances the risk of LA toxicity of 

this anesthetic technique. 

Recently, we analyzed the clinical efficacy of a PCSNB using three long-acting amide LA’s 

(bupivacaine, levobupivacaine and ropivacaine) in a randomized controlled trial 4 . In this 

study we measured arterial local anesthetic total plasma concentrations to assess the safety of 

this procedures. The primary aim of this study was to analyze total plasma concentrations 

after administration of the maximum recommended (and equipotential) doses of three 

commonly used LA’s in a PCSNB and to compare these data with described ‘treshold-plasma 

concentration values’ producing LA toxicity. The second aim was to require more insight in 

pharmacokinetic profiles of used LA administered in a PCSNB. Both aims should lead to a 

better understanding of the safety assessment of a PCSNB.  
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Methods 

 

This study was approved by the Medical Ethics Review Committee of the VU University 

Medical Center. Patients participating in a randomized controlled trial, comparing the clinical 

efficacy of PCSNB using levobupivacaine, ropivacaine and bupivacaine, with American 

Society of Anesthesiologists physical status I-III, age above 18 and scheduled for total hip 

replacement under general anesthesia (GA), were included in this study 4. Exclusion criteria 

were patients refusal, coagulation disorders, infections at the puncture site, known allergy to 

local anesthetics, pre-existing neurological disorders, or not being able to comprehend the 

Dutch language. Patient information was given at the pre-operative screening clinic and 

written informed consent was obtained one day prior to surgery.  

 

Peri-operative procedure 

Patients were randomly allocated to receive a combined PCSNB  with one of three LA’s: 50 

ml bupivacaine 0.3% (group BUPI), 50 ml levobupivacaine 0.3% (group LEVO) or 50 ml 

ropivacaine 0.45% (group ROPI). Patients were assigned to the treatment modalities using a 

block wise randomization procedure in blocks of 3. The maximal recommended doses 

(manufacturer’s indication) for a single shot peripheral nerve block were given. Epinephrine 

1:200.000 (5 µg/ml) was added to all solutions to increase block duration and as intravascular 

‘marker’ (i.e. unintended intravascular admission of used solutions should lead to tachycardia 

and hypertension). The reason for giving more ropivacaine than levobupivacaine and 

bupivacaine is that 225 mg ropivacaine was considered equipotent to 150 mg levobupivacaine 

and bupivacaine 15. On the day of surgery, patients were given 7.5 mg midazolam orally one 

hour prior to surgery. In the operation theatre, patients were connected to monitoring 

containing pulse-oximetry, non-invasive blood pressure and ecg. Under lidocaine infiltration, 

an arterial line was inserted into the radial artery for obtaining plasma samples. A control 
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arterial plasma sample was obtained. Induction of GA took place with fentanyl (2 µg.kg-1), 

thiopental (5 mg. kg-1) and succinylcholine (1 mg. kg-1). All patients’ tracheas were intubated 

and GA was maintained with sevoflurane (end tidal 1.2-2.4%) in oxygen/air (FiO2=0.4). 

When the airway was secured, patients were turned to the lateral decubitis position, with the 

extremity to be operated in the superior position. Sciatic nerve block was performed using 

landmarks described by Labat and psoas  compartment block was performed using landmarks 

described by Chayen 5, 6. Nerve blocks were performed with the aid of a nerve stimulator 

(Stimuplex, HNS 11, Braun Medical, Melsungen, Germany) and special coated, short 

beveled, stimulating needles (Stimuplex - A Needle, 150 mm / 20G, Braun Medical, 

Melsungen, Germany). Stimulating frequency was initially set at 2 Hz and stimulating current 

was set at 1 mA. Pulse duration was 0,1 ms. After appropriate muscle contractions were found 

(foot dorsiflexion when stimulating the sciatic nerve, quadriceps femoris contractions when 

stimulating the plexus lumbosacralis), stimulating current  was lowered to less than 0.5 mA 

with preservation of muscle contractions. To prevent nerve damage, contractions were not 

sought in response to stimulating currents less than 0.3 mA. After negative aspiration for 

blood and / or cerebrospinal fluid, 10 ml of LA solution was administered to the sciatic nerve 

and 40 ml of the same solution was injected incrementally with gentle aspiration after every 5 

ml into the psoas compartment. The velocity of injection was 0.5 ml / sec. The time at which 

all of the LA solution had been injected was taken as time zero.  

 

Plasma concentration measurement (analytical method). 

Arterial plasma samples for LA total plasma concentration analysis were taken before block 

(reference) and at 2, 5, 10, 30, 60, 90, 120, 180, 240 minutes after PCSNB. Blood samples 

were collected in glass tubes and were cooled to 4 degrees Celsius within 5 minutes. Serum 

concentrations of bupivacaine, levobupivacaine and ropivacaine were determined by high-
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performance liquid chromatography with UV detection (HPLC-UV) after liquid-liquid 

extraction. 

In brief, 40 µL of 30 ng/µL promazine (internal standard) solution and 200 µL phosphate 

buffer pH 10 were added to 1.0 mL serum in a 10 mL glass tube. After addition of 8 mL n-

heptane:isoamylalcohol (98.5:1.5 v/v) the samples were vortex mixed for 1.5 minutes and 

centrifuged for 5 minutes at 4000 rpm. The organic layer was transferred to a glass tube, 

evaporated to dryness under an air-stream at 37°C. The residue was dissolved in 200 µL of 

mobile phase. A twenty microliter aliquot of this solution was injected into the 

chromatographic system consisting of a Dionex P680 pump (Dionex Corporation), a Dionex 

UVD340S diode-array detector (Dionex Corporation) and a Waters 717 autosampler (Waters 

Corporation). Separation of the components was achieved by reverse phase HPLC 

(Lichrosphere® 100 RP-18 endcapped 125 x 4.mm; 5 µm column (Merck). The mobile phase 

consisted of 530 mL water containing 775 µL phosphoric acid 85% and 146 µL triethylamine 

brought to pH 3.3 with 10% potassiumhydroxide solution. This solution was mixed with 470 

mL acetonitril. Elution was performed at a flow rate of 0,5 mL/min at ambient temperature. 

The separated components were detected at a wavelength of 205 nm. 

The linearity of the method was confirmed between 0 and 2 µg/mL for ropivacaine and 

between 0 and 1 µg/mL for bupivacaine and levobupivacaine. The lower limit of 

quantification for ropivacaine was determined to be 0.12 µg/mL, for bupivacaine and 

levobupivacaine it was 0.14 µg/mL. The inter-day coefficient of variation was less then 6% for 

ropivacaine and less then 4% for bupivacaine and levobupivacaine. 

 

Statistical analysis 

Based on standard power calculation of the clinical efficacy study, 15 patients were needed per 

group 4. Analyses were performed using SPSS version 12 for Windows (SPSS Inc, Chicago, 

IL, USA). Data are presented as means and standard deviations (SD) or medians and 
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interquartile ranges (IQR) when appropriate. As pharmacokinetic indices, maximum plasma 

concentrations (Cmax) and time to reach maximum plasma concentration (Tmax) and the area 

under the curve (AUC) for LA plasma levels were determined. The AUC was calculated for  

t 0-240 minutes using the trapezium rule, and subsequently corrected for body weight 7.  

Differences between different LA with respect to pharmacokinetic indices were analysed using 

the Kruskall-Wallis and the Mann-Whitney-U tests. Influence of prognostic variables on 

outcome were assessed by means of  Spearman’s rho correlation coefficient to determine 

relationships between Cmax and, age, length, weight and body mass index (BMI) of the patient, 

and the Mann-Whitney-U test to assess gender related differences in Cmax. For all analyses, an 

α < 0.05 was considered statistically significant.  
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Results 

 

Forty-five patients were included in the study, equally divided over the three intervention 

groups. All patients completed the trial. There were no differences between groups concerning 

patient characteristics (table 1). Sciatic nerve blocks and psoas compartment blocks were all 

technically successful (muscle contractions between 0.3 and 0.5 mA) and time between sciatic 

nerve and psoas compartment blocks was less than 5 minutes. Total plasma concentrations 

data of one patient within the bupivacaine group were excluded because there was an 

unexplained, pharmacologically impossible variation of different plasma concentration values 

measured at different time frames (t=0 min: 0,0 µg.ml-1, t=2 min: 12.5 µg.ml-1, t=5 min: 0.26 

µg.ml-1). No difference in Cmax values were found between male and female patients for the 

different LA’s (bupivacaine: p = 0.55, levobupivacaine: p = 0.78, ropivacaine: 0.67). No 

significant correlations were found between age, length, bodyweight, BMI and Cmax values, 

except for a significantly inverse correlation between Cmax and bodyweight for ropivacaine 

(rho: -.53, p = 0.041), which was considered to be an artefact as a consequence of performing 

multiple statistical comparisons 7. Total plasma LA concentrations as a function of post block 

time are presented in Figure 1. 
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Table 1 : Patients characteristics. (*) Data in means (SD). 

 

GROUPS BUPI 

(n=15) 

LEVO 

(n=15) 

ROPI 

(n=15) 

Age (years)* 69.4 (12.8) 60.6 (16.7) 69.1 (10.7) 

Height (cm)* 167.7 (8.5) 167.8 (9.7) 163.2 (10.3) 

Weigth (kg)* 72.8 (14.1) 71.4 (15.5) 71.5 (14.5) 

Male / Female 3/12 4/11 3/12 

Duration of surgery (min)* 96 (21.9) 102 (21.6) 94 (20.2) 

 

 

 
Figure 1: Total plasma concentrations of bupivacaine, levobupivacaine and ropivacaine after 

psoas compartment – sciatic nerve block. Values are median (IQR 25% - 75%). 
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Total plasma concentrations of ropivacaine were significant higher than bupivacaine and 

levobupivacaine. The variance of all plasma concentrations was large, regardless of which LA 

was used. A similar curve with a rapid increase followed by a more or less gradual decrease 

was found for all three LA total plasma concentrations as a function of time after PCSNB. A 

notable observation is a second small increase of LA total plasma concentration after 90-110 

minutes post puncture in all three groups. 

Cmax, Tmax, and AUC during the first 4 hours post puncture are described in table 2. Systemic 

absorption of bupivacaine is similar to levobupivacaine. With given dosages, the AUC of 

ropivacaine is significantly higher than the other two LA’s.  

 

 

 

 

Table 2: Pharmacokinetics data. * Values are Medians (IQR 25-75%) § Values are Mean +/-SD.  Cmax, 

maximum plasma concentration. Tmax, time to reach maximum plasma concentration. AUC, area under the 

curve (Reason for describing median Cmax  and Tmax with IQR, instead of mean values, is the fact that given data 

showed are not-normally distributed) 

 

 

 

 

 

 

 

 Dose (mg) Cmax (µg.ml-1)* Tmax (min)* AUC0-240 min (mg.h.l-1)§ 

bupivacaine 150 0.47 (0.34-1.07) 4.8 (1.8-29.8) 1.66 ± 0.95 

levobupivacaine 150 0.64 (0.46-0.90) 30.2 (5.2-60.0) 1.69 ± 0.53 

ropivacaine 225 0.90 (0.74-1.19) 5 (5.0-10.0) 3.34 ± 1.23 
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Figure 2 displays scatter plots of Cmax versus Tmax. Again the variance of different values was 

very large, regardless of which LA was used. The majority of the peak plasma concentrations 

were reached between 0 and 30 minutes. Lowest individual peak plasma concentration values  

were measured for levobupivacaine compared to bupivacaine and ropivacaine (see figure 4) 

(NB: overall median Cmax  values (table 2) were lowest for bupivacaine) and the time to reach 

this peak plasma concentration was longer for levobupivacaine compared to the other two 

LA’s. Overall, peak plasma concentrations of ropivacaine were the highest. Three patients 

within the ropivacaine group shows large plasma concentrations (2.36 µg/ml, 2.76 µg/ml and 

3.06 µg/ml) and one patient within the bupivacaine group shows large plasma concentrations 

(3.24 µg/ml). No patient related factors (age, weight, length) nor procedure related factors 

(difficult procedure, blood aspiration) were correlated with these relative large plasma 

concentrations. 

 

 
 
Figure  2. Scatter plot of maximum local anaesthetic concentration (Cmax) by maximum time 

(Tmax) following a single injection of 150 mg (levo)bupivacaine or 225 mg ropivacaine. Each 

symbol represents one patient. Some symbols are time-shifted by 1 min in order to improve readability of figure. 

Values in median [interquartile range (IQR)]. 
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Discussion 

 

In this study, measured LA total plasma concentrations after a PCSNB, with given dosages 

bupivacaine, levobupivacaine or ropivacaine, remain far below described threshold-values to 

produce CNS- or cardiac toxicity 8-10 (Bardsley 2.62 µg/ml levobupivacaine, 2.25 µg/ml 

bupivacaine, Knudsen 4.3 µg/ml ropivacaine, 4.0 µg/ml bupivacaine, McCartney 4.48 µg/ml  

ropivacaine). Possibly, adding epinephrine to our LA solutions (1:200.000) has had a positive 

influence on reducing LA plasma concentrations as suggested by Odoom et al. and Braid et 

al. 11, 12. Furthermore, today’s dose recommendations provided by pharmaceutical companies 

may be conservative and the margin of safety is probably much wider than one assumed 13. 

The low LA total plasma concentrations we found were comparable with other studies 

concerning LA plasma concentrations after lower extremity peripheral nerve blocks. Recently, 

Vanterpool et al. described a mean maximum total plasma concentration of 1.56 µg/ml 

ropivacaine after a PCSNB with 300 mg ropivacaine 14. Higher values of their measured 

plasma concentrations could be explained by a higher LA dose and a lower ratio of added 

epinephrine. Kaloul et al. administered less ropivacaine than we did in a psoas compartment 

block and measured lower plasma concentrations during the first 30 minutes post puncture 

(1.0 – 1.1 µg/ml) 3. Conolly et al., although analyzing only sciatic nerve blocks, measured Cmax 

of 1.1 µg/ml ropivacaine and 0.6 µg/ml bupivacaine after administering 150 mg ropivacaine 

and 100 mg bupivacaine 15. For unknown reasons, Odoom et al. measured higher plasma 

concentrations after a psoas compartment block alone with less bupivacaine than we used 

(100 mg bupivacaine, Cmax 1.04 µg/ml) 11. This difference could be influenced by a different 

(lower) sample size compared to our study. Very high plasma concentrations are measured by 

Altermatt and Boussofara (>2.0 µg/ml bupivacaine and levobupivacaine) after a PCSNB 16, 17. 
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The very high dosages (300 mg) of LA’s in these latter studies without adding epinephrine 

could be the reason for these high plasma concentrations.  

A notable observation was a large inter-patient variability of LA plasma concentrations during 

the first 4 hours post puncture. This could be the result of the anatomical variation of the 

“psoas compartment”. Human cadaver studies showed that the psoas compartment not only 

lies between different muscles but mostly lies within a muscle compartment 2, 6, 18. Injecting 

LA within a highly vascularised muscle structure could lead to higher LA plasma 

concentrations than injecting LA in a plexus sheath between  different muscles. Due to this large 

inter-patient variabilty, there was no correlation between total LA plasma concentrations and 

patient related factors like age, gender, weight, height and body mass index. For unknown 

reasons, we only found high LA plasma concentrations in one patient in the bupivacaine 

group (3.24 µg/ml at t = 2 min) and three patients in the ropivacaine group (3.06 µg/ml, 2.76 

µg/ml, 2.36 µg/ml at t = 2 min). No patient related factors (normal weight and length) or 

procedure related factors (no blood aspiration prior injection or other complications during 

the PCSNB) could be found to account for these high values in these particular patients. 

These high values were measured only two minutes after injection suggesting partial 

intravascular injection of the LA or a very high initial absorption of the LA’s.  

The higher maximal plasma concentration of ropivacaine compared to bupivacaine or 

levobupivacaine, is probably due to a higher dosage of ropivacaine (225 mg vs. 150 mg).  

Although the AUC0-240 min of bupivacaine and levobupivacaine (reflecting LA absorption 

during sample period), were equal, there was a trend towards levobupivacaine having a longer 

Tmax  compared to bupivacaine (see scatter plot figure 2). Probably, initially systemic 

absorption of levobupivacaine is slower than bupivacaine, although the total absorption of 

both LA’s during the first 240 minutes post puncture is equal. A slow systemic absorbtion 

could be explained by a more vasoconstrictor effect of levobupivacaine compared to racemic 
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bupivacaine as described by Aps 19. This difference was not statistically significant, and further 

studies are needed to analyze this phenomenon. Measured plasma concentration curves in our 

study, as a function of post-puncture time, were similar in the first 90 minutes to curves found 

in other pharmacokinetic studies 14, 16, 20. A notable observation was a second, small, increase 

of plasma concentration, within all three groups after t = 90 minutes. Planned awakening at 

that moment from GA, which lead to a higher hart rate, blood pressure and cardiac output, 

resulting in a better perfusion of muscles around the psoas compartment could be the reason 

for this second elevation in the plasma concentrations curve. Further studies are needed to 

analyze the influence of cardiac output dynamics on systemic absorption of LA’s. 

A minor shortcoming of present study is that only LA total plasma concentrations were 

measured. The unbound LA concentrations, which might be more closely associated to 

toxicity reactions, and α(1)-acid glycoprotein (most important protein for binding with a LA 

and thus regulating the unbound fraction) were not measured. Because the unbound fraction 

has a similar proportional plasma concentration curve, data from this study are still valuable. 

Furthermore, surgery results in a rise of α(1)-acid glycoprotein, lowering the unbound 

fraction, which makes total LA plasma concentration data also informative for safety 

assessment. Further studies are needed to analyze the exact dynamics of plasma 

concentrations of the unbound fraction. 

 

In conclusion, total plasma concentrations of the maximum recommended doses bupivacaine, 

ropivacaine and levobupivacaine used in a psoas compartment – sciatic nerve block, remain 

far below described toxicity tresholds. Adding epinephrine to the LA’s probably is an 

important factor and should be (unless there are contra indications) the standard of care. Low 

plasma concentrations make the margin of safety probably much wider than current 

standards, allowing the usage a higher dose than the manufacturer’s recommendation. 

However, one should be cautious about using high doses of potentially cardiotoxic LA’s in a 
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PCSNB because the lumbosacral plexus lies within highly vascularised structures which make 

high initial systemic absorption possible. Finally, although not statistically significant, 

levobupivacaine seems to have a slower initial systemic absorption which could make this LA’s 

more favourable when using large dosages LA’s in a PCSNB. Further studies are needed to 

investigate this phenomenon. 
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Abstract 

 

Background and objectives: Hemodynamic parameters can theoretically be influenced by 

a combined psoas compartment – sciatic nerve block (CPCSNB) owing to a relative high 

systemic absorption of local anesthetics and extended vasodilatation in the anesthetized limb 

(hemisympathectomy). In this study we assessed and documented hemodynamic changes 

during CPCSNB for elective orthopedic surgery. 

Methods: Twenty consecutive patients scheduled for a total hip arthroplasty revision surgery 

were subjected to a CPCSNB  with 150 mg bupivacaine (with epinephrine 1:200.000) 90 

minutes before surgery (2 separate single-injection blocks: 30 mg bupivacaine for the sciatic 

nerve block and 120 mg bupivacaine for the psoas compartment block). Cardiac index, 

invasive blood pressure and heart rate were measured at baseline and 60 minutes after 

puncture using a minimally invasive cardiac output monitoring device (FloTrac/Vigileo™ 

system (Edwards Lifesciences, Irvine, CA)).  

Results: Cardiac index did not change after a CPCSNB (pre block cardiac index 2.98 ± 0.54 

l.min-1. m-2 versus post block cardiac index 2.99 ± 0.60 l.min-1. m-2). There was a significant 

reduction in mean arterial blood pressure (108 ± 16 mmHg vs. 99 ± 16 mmHg (P < 0.001)) 

and diastolic blood pressure (75 ± 9 mmHg vs. 68 ± 10 mmHg (P = 0.001)). Heart rate 

increased significantly (68 ± 9 beats.min-1  vs. 73 ± 10 beats.min-1 (P = 0.001)).  

Conclusions: CPCSNB did not affect cardiac index. Changes in arterial blood pressure and 

heart rate, although statistically significant, remained within acceptable clinical range (< 10% 

variation). CPCSNB does not appear to induce clinically significant hemodynamic changes in 

this group of patients. 

 

 
 

 



Chapter 6 

 115 

Introduction 

 

A posterior lumbar plexus block (psoas compartment block) is often combined with a sciatic 

nerve block 1 to provide adequate anesthesia for surgery of the lower limb. To achieve 

extended anesthesia or prolonged postoperative analgesia, a combined psoas compartment – 

sciatic nerve block (CPCSNB), requires large doses of potentially cardiotoxic, long acting local 

anesthetics. Animal and human studies alike have shown that (intravascular) administration of 

high doses of local anesthetics produce a dose dependent negative inotrope effect 2-6. The 

lumbar plexus is anatomically located predominantly within muscle tissue 7 and  a CPCSNB 

may be vulnerable to a relative high systemic absorption of the administered local anesthetics 

8. CPCSNB also induces a hemisympathectomy with vasodilatation in the anesthetized limb. 

A reduction in arterial blood pressure after this hemisympathectomy could influence cardiac 

index.  

There is limited information about changes in arterial blood pressure during CPCSNB 9-11, 

and no information relating to changes in cardiac output. Two studies described cardiac 

output measurements after femoral nerve – sciatic nerve blocks (FNSNB) 12, 13 with conflicting 

results. Whereas Martin et al. 12 described a positive inotrope effect with increase of cardiac 

output, Fanelli et al. 13 found no changes at all in cardiac output. The aim of the present study 

was to document the effect of CPCSNB on cardiac output in patients undergoing orthopedic 

hip surgery using a racemic bupivacaine solution. 
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Methods  

 

After approval by the local medical ethics committee and written informed consent, 20 

patients were included in this prospective clinical observational study. Inclusion criteria were 

patients scheduled for total hip arthroplasty revision surgery, with ASA physical status I-III, 

age older than 18 years with a sinus rhythm documented on the electrocardiogram (atrial 

arrhythmias render the Flotrac/Vigileo™ device unreliable). Exclusion criteria were patient 

refusal, disorders of the coagulation system, infections at the puncture site, known allergy to 

local anesthetics, pre-existing neurological disorders, or unable to comprehend the Dutch 

language.   

 

Patients did not receive any premedication before surgery. Patients were brought to the 

holding area of the operating complex, where the CPCSNB was performed. Monitoring 

standards for hip revision/replacement surgery in our institution include: five lead 

electrocardiogram, pulse oximetry, and invasive blood pressure measurement. An IV catheter 

was inserted and to compensate for pre-operative fluid deficit (nill per os minimum 6 hours), 

we started Ringer’s lactate infusion at 7 mL kg-1 hr-1. The patients did not receive any further 

IV preload. After infiltrating the area with local anesthetic, a radial artery was cannulated (20 

G/ 1.10 mm x 45 mm, BD Critical Care Systems Pte Ltd, Singapore). The arterial catheter 

was connected to a FloTrac™ sensor and a Vigileo™ monitor (with software version V 1.10; 

Edwards Lifesciences, Irvine, CA) 14, 15 . The FloTrac/Vigileo™ system is a minimally 

invasive cardiac output measuring device that calculates cardiac output by using the standard 

deviation of the pulse pressure incorporating actual vascular tone based on waveform analysis 

and patient characteristics. The continuous analysis of the arterial waveform to detect changes 

of the vascular tone makes external calibration unnecessary and operator error is minimized. 

Each arterial wave form is analyzed with a frequency of 100 Hz, over 20 seconds. The arterial 
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waveform is analyzed for 8 different waveform characteristics, such as the upstroke and 

downslope of the curve. To determine the stroke volume, one calculates the average and 

standard deviation for the given waveform characteristics of 8 consecutive curves. 

Subsequently, cardiac output is determined from heart rate and calculated stroke volume, 

which is updated every 20 seconds.  

 

Fifteen minutes before the CPCSNB, baseline hemodynamic values were recorded (during a 

period of 15 minutes) with the patient in a supine position in a stress free environment 

(patients included in the study were cared for by a dedicated nurse and kept in a separate area 

to prevent distraction from other patients). The following data were obtained: heart rate, 

invasive blood pressure, cardiac output / cardiac index, stroke volume / stroke volume index. 

When stable baseline values were obtained, the patient was turned to the lateral decubitis 

position, with the limb to be operated nondependent. All the patients had the skin where the 

needle was to be inserted previously infiltrated with lidocaine. The sciatic nerve block was 

performed first using landmarks described by Labat 16 followed by the psoas compartment 

block using landmarks described by Chayen 17. Nerve blocks were all performed by the same 

person (MdL) with the aid of a nerve stimulator (Stimuplex, HNS 11, Braun Medical, 

Melsungen, Germany) and stimulating needles (Stimuplex - A Needle, 150 mm / 20G, Braun 

Medical, Melsungen, Germany). Stimulating frequency was initially set at 2 Hz, and 

stimulating current was set at 1 mA. Pulse duration was 0.1 ms. After appropriate muscle 

contractions were found between 0.3 mA and 0.5 mA and after negative aspiration for blood 

and cerebrospinal fluid, 10 mL of bupivacaine 0.3%  were administered to the sciatic nerve 

and 40 mL of bupivacaine 0.3% were injected into the psoas compartment. Epinephrine 

1:200.000 (5µg ml-1) was added to the local anesthetic solution. Gentle aspiration of the 

syringe after injection of every 5 mL of local anesthetic solution was part of the safety 

procedures. The velocity of injection was approximately 0.5 mL.sec-1. The time between the 
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blocks was recorded and the time at which all of the local anesthetic solution had been 

injected was taken as time zero (T0). No sedation was given during the procedure, which is the 

standard of care in our hospital. At the end of CPCSNB the patient was turned to the supine 

position.  

Recording of baseline hemodynamic data was limited to the first 15 minutes (T-30 – T-16) 

before positioning the patient. Recording started again for 60 minutes after finishing the 

injection of local anesthetic and the patient was returned to the supine position (T0 – T60). 

Hemodynamic data were downloaded in real time on a laptop computer connected to the 

monitor, as well as handwritten at regular intervals by the same person who performed the 

blocks (MdL).  Patients were observed separately from other patients and a dedicated nurse 

kept the patient in a stress-free environment. After the 60-minute period, the CPCSNB was 

tested (motor block tested by the patients’ ability to flex the hip / knee and dorsiflex the foot, 

sensory block was tested by cold – warm differentiation at the leg dermatomes, using a very 

cold flannel). To evaluate for a possible epidural spread of the local anesthetic, we performed 

motor and sensory block tests in the contralateral limb as well. After these tests, the patient 

was transferred to the operation theatre and prepared for surgery. As part of the standard 

clinical practice in our institution, CPCSNB was combined with general anesthesia. 

 

With Cardiac Index (mean 3.25 l min-1 m-2, SD 0.76 assumed 18) as the primary outcome 

measurement, standard power calculation for the paired samples t-test revealed 17 patients to 

be necessary to find a difference of 20% in comparison with baseline with a power of 90% and 

an α of 0.05. Data were collected in an Excel spreadsheet, and analyzed using SPSS for 

Windows version 15.0. Preblock values for measurement period T-30 to T-16, puncture period 

T-15 to T-1, and post block values T0 to T60  were averaged and presented  as mean ± SD. 

Paired samples t-tests were used to analyze differences between pre- and post block values. To 

identify possible linear or non-linear (i.e. cubic, quadratic) trends over the course of the 
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intervention, we used a general linear model analysis using a 1-sample repeated measures 

design on the basis of individual time points from T-30 to T60. For all assessments, a P < 0.05 

(2 sided) was considered statistically significant. 
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Results 

 

Twenty patients were included in the study. One patient was excluded post hoc from the data 

analysis. The patient developed sepsis intraoperatively, rendering the hemodynamic data 

unreliable.  Missing data due to clinical reasons (i.e., need to proceed with the operation 

before the end of the allocated data collection time) occurred in < 5% of all cardiac output 

data acquisitions. Patient characteristics are presented in Table 1.  

 

 

Table 1. Patient characteristics (n=19). Data are presented as mean ± SD or number of patients, where 

appropriate. 

 

Age (year) 68 ± 11 

Sex (male/female) 10 /  9 

ASA I / II / III 5 / 11 / 3 

Height (cm) 170 ± 12 

Weight (kg) 78 ± 16 

Body surface area (m2) 1.89 ± 0.2 

Body mass index (kg/ m2) 26.9 ± 4.0 

 

 

 

Sciatic nerve blocks and psoas compartment blocks were all technically successful (muscle 

contractions between 0.3 and 0.5 mA). The average time between sciatic nerve block and 

psoas compartment block was 6.8 ± 3.1 minutes. Sixty minutes after the CPCSNB, all 

patients had a complete motor and sensory block of the limb scheduled to be operated, 
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suggesting a clinically successful block. None of the patients showed any signs of an epidural 

spread of the local anesthetic. 

There were no significant differences between postblock cardiac index data and preblock  

baseline values (2.98 ± 0.54 l.min-1. m-2 vs. 2.99 ± 0.60 l.min-1. m-2)(Fig. 1). A significant cubic 

trend (P = 0.048) was found, indicating an increase towards the block performance period, 

followed by a decrease and subsequent increase of cardiac index towards preblock values.  

 

 

 

 
 
Figure 1. Cardiac index ( l . min-1 . m-2) pre- and post puncture. Values are mean ± SD. PCSNB psoas 

compartment – sciatic nerve block. 

 

 

 

Postblock stroke volume index values were significantly decreased in comparison with baseline 

values (43.4 ± 10.6 ml.m-2 vs. 40.9 ± 9.0 ml.m-2; P = 0.034) (Fig. 2). 
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Figure 2. Stroke volume index ( ml . m-2) pre- and post puncture. Values are mean ± SD. PCSNB 

psoas compartment – sciatic nerve block. 

 

 

 

There was a significant (P < 0.001) increase of the heart rate during the nerve block 

procedures (71± 9 beats min-1 vs. 68 ± 9 beats.min-1) in comparison with baseline values. 

Postblock heart rate was significantly increased in comparison with base line (68 ± 9 

beats.min-1  vs. 73 ± 10 beats.min-1; P = 0.001) (Fig.3). Trend analysis showed a significant 

quadratic trend (P = 0.002), indicating a statistically significant increase in heart rate (i.e., 

during nerve block procedures and the first period post block), followed by a decrease towards 

the end of postblock period. 
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Figure 3. Heart rate (beats . min-1) pre- and post puncture. Values are mean ± SD. PCSNB psoas 

compartment – sciatic nerve block 

 

 

 

No significant change in mean arterial blood pressure and diastolic blood pressure during the 

peripheral nerve block procedure was observed. Postblock invasive blood pressures decreased 

in comparison with preblock baseline values (P < 0.001 mean arterial pressure, P = 0.001 

diastolic blood pressure) (Fig. 4) Pre- and postblock systolic blood pressure were not 

significantly different. Mean arterial blood pressure was significantly decreased from 108 ± 16 

mmHg to 99 ± 16 mmHg (pre- vs. post block, P < 0.001). Trend analysis showed significant 

linear (P = 0.008), quadratic (P = 0.036) and cubic (P = 0.008) trends for mean arterial blood 

pressure, indicating a significant increase during nerve block procedures, followed by a 

decrease and subsequent increase during the postblock period, without returning to baseline 

values.  

Diastolic blood pressure was significantly decreased from 75 ± 9 mmHg to 68 ± 10 mmHg 

(pre- vs. post block, P = 0.001). Trend analysis showed significant linear (P = 0.048) and cubic 
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(P = 0.033) trends for diastolic blood pressure, indicating a significant increase during nerve 

block procedures, followed by a decrease and subsequent increase during the post block 

period, without returning to baseline values.  

 

 

 

 

 
 

Figure 4. Invasive arterial blood pressure pre- and post puncture. Values are mean ± SD. SBP 

systolic blood pressure; MAP mean arterial blood pressure; DBP diastolic blood pressure; PCSNB psoas 

compartment – sciatic nerve block 
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Discussion 

 

This prospective clinical observational study documented hemodynamic changes after a 

CPCSNB during elective orthopaedic surgery. Two previous studies in the literature 

measured cardiac output after a femoral nerve – sciatic nerve block, with contradicting results 

12, 13. Large methodological differences (used local anesthetics, peripheral nerve block 

techniques, cardiac output measurement devices and patient characteristics) between these 

studies and our present investigation make further comparison impossible. 

Our present study has shown no overall changes in cardiac index in patients undergoing a 

CPCSNB. Trend analysis showed a small, but significant increase of cardiac index when 

compared directly before and after the CPCSNB procedure. This may be due to stress factors, 

although any influences of the added epinephrine could not be excluded. The clinical 

relevance of these small changes must be questioned. 

There is a small, but significant, reduction of the stroke volume index after the CPCSNB, 

which started within a few minutes after the CPCSNB. A possible explanation is a negative 

inotrope effect due to the systemic absorption of the administered bupivacaine. Experimental 

data shows that peak plasma concentration of local anesthetics appears within a different 

postblock time frame and it is not present within a few minutes post puncture 8, 19, 20. 

However, we did not measure bupivacaine plasma concentrations and therefore individual 

variations of plasma concentrations (i.e., incidental high levels of bupivacaine plasma 

concentrations) cannot be excluded. It is more likely that this post puncture reduction of 

stroke volume was the result of a reduction of preload and afterload due to vasodilatation in 

the anesthetized limb (hemisympathectomy).  

 

Changes in arterial blood pressure although statistically significant remained within an 

acceptable clinical range (< 10%). A reduction in blood pressure after a CPCSNB has been 
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described in other studies 9-11. De Visme et al.9 described a decrease of 27% in mean arterial 

blood pressure after a CPCSNB. Differences in age of their study patients, local anesthetics 

used, approach of the lumbar plexus block (Winnie) and the preblock administration of 

opioids could be the reason for the more pronounced hypotension in comparison with our 

study. Epidural spread, as a most frequent complication of a CPCSNB, could also result in 

lower blood pressure. The incidence of epidural diffusion of local anesthetics varies from < 

1% to 27% and often depends on the approach of the lumbar plexus 1.  Epidural diffusion was 

more frequent when the position of the inserted needle was too medial 21.  The Chayen 

approach 17 to the lumbar plexus used in our investigation, has a lateral needle insertion point 

that theoretically should reduce the incidence of epidural diffusion. Although none of our 

patients showed any signs of epidural spread of local anesthetics, epidural diffusion of local 

anesthetics cannot be completely excluded. This phenomenon often occurs without clinical 

manifestation. In addition, Dalens et al. 22 described a relatively large incidence of epidural 

diffusion using the Chayen approach in posterior lumbar plexus blocks in children.  

 

Heart rate increased significantly after the CPCSNB. This may be due to a baroreceptor-

mediated reflex, induced by a decline in arterial blood pressure. Cardiac output could 

theoretically be influenced by a CPCSNB if the patient does not have this intact 

compensatory mechanism (using beta blockers or diabetic autonomic dysfunction for 

instance). The increase in heart rate is accompanied by a reduction in arterial blood pressure. 

The added epinephrine in the local anesthetic solution could explain the former but not the 

latter.  

 

Cardiac output was measured using an arterial pressure waveform analysis device 

(FloTrac/Vigileo™, software version V 1.10, Edwards Lifesciences, Irvine, CA). Cardiac 

output derived from this software version has shown to be interchangeable with a pulmonary 
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artery catheter-derived cardiac output in the cardiac index range measured in our study 23-28. 

Cardiac output changes of aproximately 10 – 15% may go undetected using either method. 

The stroke volume reduction of 10% found in our study, could be explained by the error of 

our cardiac output measurement device or the CPCSNB. Further randomized controlled 

studies or case-control studies are needed to evaluate the role of both factors.   

 

The clinical relevance of the cardiovascular changes found in our study after a CPCSNB 

might be questioned. The small hemodynamic changes should not affect normal organ 

function, and probably would have been prevented by IV preloading. Further studies are 

needed to investigate the influence of such IV preloading on the cardiovascular changes after 

a CPCSNB. 

 

We acknowledge the following limitations in our study. First, it is an observational study. Data 

collection was in some cases stopped due to clinical and logistical constrains. Blood 

concentrations of local anesthetic were not measured. Epidural spread of local anesthetic 

could not totally be excluded. Finally, changes in cardiac output and stroke volume fall within 

the margins of error of the monitoring device. 

 

In conclusion, a CPCSNB induces changes in arterial blood pressure. Although statistically 

significant, these changes remain within clinically acceptable limits. Further studies to 

establish its safety features in patients with a compromised cardiovascular system (low cardiac 

output state, cardiac valve pathology) are warranted.  
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Abstract 

 

Background and objectives: Many drugs used in daily anesthetic practice are able to 

prolong the QTc interval. The aim of the study was to analyze QTc interval dynamics after 

psoas compartment-sciatic nerve block (PCSNB) with and without general anesthesia. 

Methods: Postoperative QTc interval values of 43 ASA I-III patients (participating in a 

RCT) undergoing total hip arthroplasty under general anesthesia with a PCSNB, were 

analyzed. Intraoperative QTc interval dynamics of 17 out of 43 patients were studied. QTc 

interval dynamics after PCSNB without GA were analyzed in five patients in an additional 

pilot study.  

Results: Postoperative- and intraoperative QTc intervals were significantly prolonged 

compared with pre-induction / pre-block baseline values. Although the QTc interval 

prolongation after a sole PCSNB was statistically significant, it was significantly lower 

compared to the QTc interval prolongation of the combined group.   

Conclusion: General anesthesia in combination with a PCSNB induced a significant QTc 

interval prolongation. The contribution of the PCSNB to this phenomenon seems to be 

limited, but further studies are warranted to confirm this hypothesis. 
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In daily anesthetic clinical practice, commonly used drugs are able to prolong the heart rate 

corrected QT interval (QTc) 1. Because QTc interval lengthening could be followed by 

malignant ventricular arrhythmias, such as torsade de pointes, peri-operative QTc interval 

dynamics should be monitored with care. Recently, we analyzed the clinical efficacy and 

safety of levobupivacaine, ropivacaine and bupivacaine for a single injection combined psoas 

compartment – sciatic nerve block (PCSNB) in 45 patients undergoing total hip arthroplasty 

under general anesthesia 2. PCSNBs were performed according Labat’s 3  approach and 

Chayen’s 4  approach 5 minutes after induction and maintenance of general anesthesia using 

fentanyl, thiopental, succinylcholine and sevoflurane, as described by de Leeuw et al 2.  A 

remarkable observation was a postoperative QTc interval prolongation (ECG 12 lead 

analysis: Solar 7000, 450 SL (Marquette Medical System), at t = 120 minutes post block, 

regardless which local anesthetic (LA) was used. Postoperative QTc interval prolongation was 

confirmed by a post-hoc analysis described in table 1.  Two patients (1 in the bupivacaine 

group and 1 in the ropivacaine group) were excluded from this post hoc analysis  due to a low 

serum potassium, which could influence the QTc interval. Serum potassium of the other 

patients was all within the normal range. No significant differences were found between pre 

and post block QTc values for the different LA’s used (ANOVA: resp. P = 0.924 and P = 

0.656).   
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Table 1. Pre- and Postblock QTc.  Post block QTc was measured at t = 120 minutes post block. Pre block 

and post block QTc were averaged and presented as mean ± SD. Paired samples t-tests were used to analyze 

differences between pre and post puncture values. A P < 0.05 was considered statistically significant. 

 

Local Anesthetic Pre block QTc 

(msec, mean ± SD) 

Post block QTc 

(msec, mean ± SD) 

P value 

Levobupivacaine (n=15) 424 ± 23 464 ± 37 < 0.001 

Ropivacaine (n=14) 422 ± 21 453 ± 38 0.015 

Bupivacaine (n=14) 424 ± 24 460 ± 27 < 0.001 

 

 

 

We hypothesized that the intraoperative QTc interval prolongation could be more 

pronounced directly after the induction of the general anesthesia / PCSNB and therefore 

evaluated intra operative QTc interval changes and possible correlations with corresponding 

total LA plasma concentrations in 17 out of 45 patients (and complete the analysis after 

surgery) for which 12 leads ECG analysis were available (Solar 9500 monitor, General 

Electric, software: APPS version 3C, operating system 3A, system APPS version 2D) at 2, 5, 

10, 30, 60, 90, 120, 180, 240 minutes after PCSNB. Patients were equally distributed over the 

three LA groups: 5 patients received levobupivacaine, 6 patients received ropivacaine and 6 

patients received bupivacaine. During 12 lead analysis, there was no surgical stimulus which 

could affect ECG analysis (electrocautery). No significant differences were found between the 

LA’s with regard to QTc interval values at abovementioned time points (Kruskall Wallis: P 
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range 0.225-.0948) and their delta’s compared to baseline (Kruskall Wallis: P  range 0.121-

0.909). Likewise, no significant correlations were found between QTc interval values at these 

time points (Pearson’s r: P range 0.284-0.858) and their delta’s compared to baseline 

(Pearson’s r: P range 0.137-0.997) with corresponding total LA plasma concentrations. To 

identify possible linear or non-linear (i.e. cubic, quadratic) trends over the course of the 

intervention, a general linear model analysis using a one sample repeated measures design was 

used based on individual time points from t 0 to t 240.  A P < 0.05 (two sided) was considered 

statistically significant.  

 

Figure 1 showes intra and postoperative QTc interval dynamics after a PCSNB combined 

with general anesthesia. 

 

 

Figure 1. Intra (t 0-90 minutes) and postoperative (t 120-240 minutes) QTc interval values after 

PCSNB (n=17, mean ± SD). The dashed horizontal lines represents 450 msec. (black) and 460 msec. (red), 

which is the upper level of the normal range for respectively males and females 5. 
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Intra-operative QTc interval lengthening was more pronounced during the first 90 minutes  

post block (figure 1).  Two of the 17 included patients showed a QTc lengthening more than 

600 msec (data not shown). Trend analysis showed a significant quadratic trend for 

ropivacaine (P=0.006) and for bupivacaine (P=0.047) indicating a statistically significant 

increase in intra operative QTc interval, followed by a decrease towards the end of post 

puncture period. No intra- and postoperative malignant ventricular arrhythmias were 

described.  

 

Multiple anaesthetic drugs used in the anesthetic procedure for the patient sample described 

above are able to induce QTc interval prolongation. Induction agents such as thiopental and 

succinylcholine can give a moderate prolongation of the QTc interval, whereby the QTc 

interval can be prolonged by 10-20 milliseconds 6, 7 . Recently Nakao et al. described a 

moderate QTc interval prolongation of ± 20 milliseconds after administration of sevoflurane 

in elderly patients 8. Yildirim et al. described a QTc interval prolongation of ± 30 milliseconds 

after sevoflurane in younger patients (16-50 years) 9.  Local anesthetics also could influence the 

QTc interval. Morrison described a drug-induced QTc prolongation following intravenously 

administrated local anesthetics in an animal study 10. The maximal intra operative QTc 

interval prolongation in our study was 78 ± 20, 113 ± 54, 92 ± 33 msec. for respectively 

levobupivacaine, ropivacaine and bupivacaine (mean ± SD). It is difficult to determine which 

drug is responsible for this QTc interval prolongation. Theoretically, QTc interval 

prolongation could be the result of interaction between abovementioned drug induced 

influences and further randomized controlled - or case control studies are required to 

investigate possible interaction between different factors to this phenomenon. Malignant 

ventricular  arrhythmias were not observed during this sample. Therefore, the question 



Chapter 7 

 137 

remained if the described QTc interval prolongation in our study is of any influence on the 

incidence of these malignant arrhythmias in patients under GA. 

 

To exclude confounding influences of above mentioned general anesthesia related drugs, we 

analyzed the sole influence of a PCSNB (i.e. without GA) on post block QTc interval 

dynamics, using 150 mg bupivacaine. 12 leads ECG analysis was performed by Solar 7000, 

450 SL (Marquette Medical System). Further, these post block QTc interval dynamics were 

compared to the earlier mentioned post block QTc interval changes after general anesthesia 

combined with a PCSNB with bupivacaine (combined group). After approval by the local 

medical ethics committee and written informed consent, five patients were included. Patient 

characteristics did not differ from the combined group (5 female patients, age 66 ± 22 years 

(Independent Samples T-test: P = 0.826), height 164 ± 8 cm (Independent Samples T-test: P 

= 0.450), weight 79 ± 24 kg (Independent Samples T-test: P = 0.856) (data in mean ± SD). 

For all patients, serum potassium was within the normal range. The PCSNB procedure did 

not differ from the combined group. 

 

Figure 2 showes QTc interval dynamics after a PCSNB without GA. 

 

There was a small, but statistically significant, QTc interval prolongation after a PCSNB 

without GA. (post block QTc max 451 msec ± 21 vs. pre block 422 msec ± 15; Paired 

Samples T-Test, P = 0.006, data in mean ± SD) . However, maximal QTc interval 

lengthening of the PCSNB without GA was significantly lower than QTc lengthening of the 

combined group (30 ±13 msec vs. 92 ±33 (Independent Samples T-Test, P = 0.004 for resp. 

PCSNB without GA and the combined group).  
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Figure 2. QTc interval after PCSNB with 150 mg bupivacaine. (In patient 1 and 5 the psoas 

compartment block was preceded by a sciatic nerve block, in patient 2, 3, 4 vice versa). PCSNB = psoas 

compartment – sciatic nerve block. The dashed horizontal line represents the upper limit of the normal QTc 

range for females (460 msec) 5. 

 

 

This small, but significant, prolongation of the QTc interval after a PCSNB without GA 

remained below the upper limit of the normal QTc range for all but two patients. Therefore, 

the clinical relevance of this QTc interval lengthening could be questioned. However, there 

was a significant prolongation of the QTc interval compared to pre-block baseline values, 

which in our opinion could not be attributed to a biological, intra-individual variation. 

Although no significant correlations between QTc interval prolongation and total LA plasma 

concentrations were observed, we cannot rule out that this change in myocardial conduction 

could be the result of systemic absorption of bupivacaine. Borgeat et al. 11 described no QTc 
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interval changes in 32 patients after 200 mg ropivacaine or 200 mg bupivacaine in a 

interscalene brachial plexus block. A theoretical explanation for this different outcome could 

again be related to a higher systemic absorption in the PCSNB in present study compared to 

the interscalene brachial plexus block.  

 

There are some limitations to this clinical observational study.  Firstly, the study of the intra 

operative QTc interval dynamics was performed on a small number of patients (n=17).  This 

also applied to the QTc interval measurements after a sole PCSNB with 150 mg bupivacaine 

(n=5). Furthermore, this was an observational study, and not a placebo controlled 

randomized trial. To determine the contribution of the PCSNB to the QTc interval 

prolongation in an anesthetic technique with GA and a PCSNB, a randomized controlled trail 

would be appropriate.     

 

In conclusion, general anesthesia with thiopental, fentanyl, succinylcholine and sevoflurane in 

combination with a PCSNB induced a significant  QTc interval prolongation. The 

contribution of the PCSNB to this phenomenon seems to be minor but further studies are 

warranted to confirm this hypothesis. 

 

The authors address special thanks to Dr Meinardi, Dr Lust and Dr Wilde (all cardiologists) 

for advice concerning interpretation of QTc interval values. 
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Summary 

 

In this thesis we investigated risk / benefit issues of a combined psoas compartment sciatic 

nerve block (PCSNB) for patients undergoing prosthetic hip surgery. In chapters 2-4, we 

explored the clinical benefits of a PCSNB for prosthetic hip surgery. In chapters 2, 5-7 we 

evaluated undesirable side effects and complications of a PCSNB. Results of our studies 

should help improve on existing knowledge with regard to risks and benefits of a PCSNB for 

anesthetic and analgesic strategies in patients undergoing prosthetic hip surgery (main 

objective). 

 

In chapter 2 we concluded that for postoperative analgesia, PCSNB is an alternative to 

neuraxial block and is superior to both IV opiates and the anterior approach of the lumbar 

plexus block (femoral nerve block, ‘3-in-1 block’).  For intra-operative anesthesia, there is, 

however, insufficient evidence to support the use of PCSNB combined with sedation as an 

alternative to general anesthesia or neuraxial anesthesia. With respect to undesirable side 

effects or complications, this review of the literature reported a low incidence of 

complications. Most frequent undesirable side effect was epidural diffusion of local anesthetics 

(incidence 3 – 27 %)  and pharmacokinetic studies reported that bolus and continuous 

administration of local anesthetics into the psoas compartment is safe.  

 

In chapter 3 we reported that a single injection PCSNB resulted in sufficient postoperative 

pain relief for patients undergoing a total hip arthroplasty under general anesthesia.  A low 

consumption of rescue opioids provided support for the adequate analgesic potency of a 

PCSNB for patients undergoing a THA. The non-racemic levobupivacaine and ropivacaine, 

showed, in equipotential doses, the same analgesic potency compared to reacemic 

bupivacaine. We described a lack of sensory block in dermatome L1 which could be the 
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reason for some residual pain located at the upper part of the incision, regardless of the local 

anesthetic used. To counter this problem and to optimize a PCSNB for prosthetic hip surgery, 

a modification of this technique such as a continuous PCSNB or an additional subcostal or 

paravertabral block, should be considered. The duration and intensity of the motor 

impairment was more pronounced after a PCSNB with bupivacaine, making this local 

anesthetic less suitable. 

 

In chapter 4 we concluded that a continuous PCSNB resulted in low pain scores. However, 

the hypothesis that a continuous PCSNB using a stimulating catheter through a cephalad 

directed Tuohy needle, infusing large volumes of local anesthetics, should lead to a more 

extended psoas compartment block, could not be supported. The height of the sensory block 

was comparable with data from single injection PCSNB – studies. The continuous PCSNB 

described in this study was characterized by a slow onset, which could be the result of a 

relatively low dose of local anesthetics in the initial bolus. A stimulating catheter used in this 

study was of limited benefit because in most cases, motor response disappeared during 

advancement of the catheter while stimulating. 

 

In chapter 5-7 we described our investigations concerning possible undesirable side effects or 

complications associated with a PCSNB. There were two areas of interest: at first we analyzed 

the total plasma concentrations of used local anesthetics in a PCSNB to assess the risk of 

toxicity. At second, undesirable hemodynamic side effects and cardio - electrophysiologic 

consequences of a PCSNB were reported.   

 

In chapter 5 we presented low local anesthetic total plasma concentrations after a PCSNB 

with maximum recommended doses bupivacaine, ropivacaine and levobupivacaine. Total 

plasma concentrations remained far below described threshold-values to produce central 
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nervous system- or cardiac toxicity, suggesting a wider margin of safety with regard to 

administrable volumes and doses. Initial systemic absorption of levobupivacaine was slower 

than bupivacaine and ropivacaine, although total absorption of three local anesthetics during 

the first 4 hours post block did not differ. This could be explained by a more vasoconstrictor 

effect of levobupivacaine making this local anesthetic more favourable when using large doses 

of local anesthetics in a PCSNB.   

 

In chapter 6 we reported no overall changes in cardiac index in patients undergoing a 

PCSNB. We described a small, but significant, reduction of the stroke volume index after the 

PCSNB, which was probably the result of a reduction of preload and afterload due to 

vasodilatation in the anesthetized limb (hemisympathectomy). This was in accordance with 

the observation of a decrease in mean arterial blood pressure and diastolic blood pressure 

after a PCSNB. The changes in arterial blood pressure, although statistically significant, 

remained within a clinically acceptable range. The clinical relevance of observed 

hemodynamic changes after a PCSNB might be questioned. 

 

In chapter 7 we reported a significant postoperative QTc interval prolongation after a 

PCSNB with levobupivacaine, ropivacaine or bupivacaine, in combination with general 

anesthesia, with the following drugs: fentanyl, thiopental, succhinylcholine and sevoflurane.  

We also described a more pronounced QTc interval prolongation just after the induction and 

PCSNB in a subgroup analysis. To exclude confounding factors such as above mentioned 

general anesthesia induction and maintenance drugs, which all could be of any influence of 

the QTc interval, we analyzed in five patients QTc dynamics after a PCSNB without general 

anesthesia. Although the QTc interval prolongation after this ‘stand alone’ PCSNB was 

statistically significant as well, it was significantly lower compared to the QTc interval 

prolongation of the combined group.  
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In chapter 8 we described the summary and general discussion of this thesis.  
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General discussion 

 

Patients undergoing prosthetic hip surgery often report substantial early postoperative pain at 

rest, which is aggravated by movement 1 - 3. This substantial pain could result in a significant 

stress, associated with undesirable hemodynamic side effects such as tachycardia and 

hypertension, in a patient with often a low tolerance for these side effects (advanced age, 

cardiovascular co-morbidities, diabetes etc.). Furthermore, postoperative pain impedes wound 

healing, ambulation, physiotherapy and recovery, resulting in a prolonged hospital stay. 

Finally, significant postoperative pain could be a possible predisposing factor of the 

development of chronic pain 4. Therefore, adequate postoperative pain relief is instrumental 

to the rehabilitation process and the well being of the patient undergoing prosthetic hip 

surgery.  Analgesia for prosthetic hip surgery is traditionally provided by intravenous 

analgesics (opioids) or epidural analgesia 5, 6. An alternative analgesic regimen is a posterior 

lumbar plexus block or psoas compartment block, with or without a sciatic nerve block, which 

could provide similar analgesic potency with regard to hip surgery 5, 7-9. Although this 

peripheral nerve block is not associated with the disadvantages of intravenous opioids (pruritis, 

nausea and vomiting) or epidural analgesia (hypotension, extended motor block, urinary 

retention, risk of epidural hematomas when using anticoagulants), it is used less frequent for 

prosthetic hip surgery 6, 10.  

 

In this thesis, we outlined the clinical benefits (chapter 2-4) and a risk analysis (chapter 2,5-

7) of a PCSNB for patients undergoing prosthetic hip surgery, in order to put this peripheral 

nerve block technique in a right perspective for this kind of surgery. 
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The clinical efficacy of a PCSNB for patients undergoing prosthetic hip surgery. 

 

An overview of the literature showed that a single injection PCSNB result in low postoperative 

pain scores and a reduced consumption of postoperative rescue opioids in patients undergoing 

prosthetic hip surgery 7, 11 (chapter 2). This was in accordance with our results of the clinical 

efficacy analysis of a single injection PCSNB, presented in chapter 3. Maximum 

recommended doses of levobupivacaine, ropivacaine and bupivacaine resulted in equally low 

postoperative pain scores and a low consumption of rescue parenteral opioid consumption. 

However, a single injection technique has some limitations regarding the duration of this 

beneficial effect.  Pooled data from Biboulet et al. and Stevens et al. indicated no significant 

differences in pain scores after 8 hours post block between posterior lumbar plexus block and 

IV opioids, although opioid consumption remained significantly lower in the posterior lumbar 

plexus group 7, 11 (chapter 2). In our clinical efficacy analysis of the single injection PCSNB, 

we concluded that some residual pain could be the result of a lack of analgesia in dermatome 

L1 and we hypothesized that a continuous PCSNB (with a more cephalad positioned catheter) 

could achieve a more extended block countering this problem (chapter 3). In a clinical 

observational study, we analyzed the clinical efficacy of a continuous PCSNB using a 

stimulating catheter (chapter 4). The outcome of this study could not support the above 

mentioned hypothesis; in general, the dermatome L1 remained unaffected and the (low) pain 

scores did not differ from the single injection PCSNB group during the first 24 hours post 

block. We concluded that a sensory block of L1 is difficult to achieve with either a single 

injection PCSNB nor a continuous PCSNB using the Chayen (L4-L5) approach with a nerve 

stimulator.  A possible explanation for this is the anatomic location of the lumbosacral plexus. 

Kirchmair et al. reported that in the majority of cases, the lumbosacral plexus lies within the 

psoas major muscle, and not inside a sheath between the muscles 12. The absence of a nerve 
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sheath between muscles could prevent a cephalad advancement of a stimulating catheter. The 

loss of motor response in 8 out of 10 cases during advancement of the catheter and the 

radiographic control of the catheter tip using contrast medium (contrast was found below L1 

in the majority of the cases) supports the latter hypothesis (chapter 4).  

This lack of blockade of dermatome L1 also could be the reason that this PCSNB seemed to 

be insufficient for as a stand-alone anesthetic technique for intra-operative anesthesia.  In the 

meta-analysis we concluded that there is insufficient evidence to support the use of a PCSNB 

and sedation as an alternative to general anesthesia or spinal anesthesia for hip surgery 13, 14 

(chapter 2). In addition, Mannion et al. described the psoas compartment block as an 

“unreliable method for anaesthesia for major hip surgery” due to the variable innervation of the 

surgical site from the T12 and L1 dermatomes 15.   

Motor impairment is another important clinical efficacy issue because extended motor block 

also could impede early mobilisation. Early mobilisation is associated with a decreased risk of 

venous trombo-embolism and shorter hospital stay as well as improved quality-of-life 

outcomes 16.  In the single injection PCSNB, most extended motor block was found during the 

first 8 hours post block, regardless of the local anesthetic used (levobupivacaine, ropivacaine or 

bupivacaine). The duration of the motor impairment was significantly longer in the 

bupivacaine group, compared to levobupivacaine and ropivacaine, making bupivacaine less 

favourable for a PCSNB  (Chapter 3).  However, after the first 8 hours, the extent of the 

motor block was reduced. Therefore, interference with physical therapy on postoperative day 

1 was not an issue. The continuous PCSNB study showed less motor impairment during the 

first 8 hours post block, compared with the single injection PCSNB study, which could be 

explained by a lower initial dose of local anesthetics in the continuous PCSNB group. The 

duration of the motor block, although very mild, was significantly longer in the continuous 
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PCSNB group (Chapter 4).  In general, motor impairment in both studies was mild and was 

not an impeding factor in the rehabilitation process. 

 

The undesirable side effect profile or complications of a PCSNB. 

 

In technically successful performed PCSNBs, i.e. without inadvertent intravenous or 

subarachnoidal administration of local anesthetics, toxicity remains a point of concern. As the 

lumbosacral plexus is located within highly vascularised muscle tissue, initial systemic 

absorption of local anesthetics after a PCSNB could be substantial, theoretically enhancing 

the risk of local anesthetic toxicity. In chapter 5 we described that total plasma 

concentrations of bupivacaine, ropivacaine and levobupivacaine, analyzed after a single 

injection PCSNB, remained far below described threshold values to produce central nervous 

system (CNS) - or cardiac toxicity 17-19. In addition, none of the 45 studied patients showed 

any clinical signs of CNS- or cardiac toxicity. Vanterpool et al. underscribed the prevalence of 

low plasma concentrations of local anesthetics after a PCSNB using 300 mg ropivacaine 20. 

Adding epinephrine to the local anesthetic solution resulting in a local vasoconstriction, as 

suggested by Odoom et al., has had a positive influence on reducing total plasma 

concentrations and should be the standard of care (unless there are contra indications) 21. 

Furthermore, manufacturers’ recommendation regarding maximum doses for a single 

injection peripheral nerve block could be questioned. The low plasma concentrations as 

measured in our study indicate that dosages exceeding the recommendations are required to 

reach plasma levels associated with systemic toxicity. However, incidental high plasma 

concentrations measured in this study, makes vigilance regarding toxicity signs obligatory. 

The pharmacokinetic profile of levobupivacaine (slower initial absorption compared to 

ropivacaine and bupivacaine) makes this local anesthetic more favourable for PCSNB, 

compared with bupivacaine and ropivacaine. 
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Cardiotoxicity can also be expressed by cardiac nerve conduction disorders. In chapter 7 we 

described a clinical observational safety assessment, evaluating QTc interval dynamics after a 

PCSNB with or without general anesthesia. We reported a significantly QTc interval 

prolongation after a PCSNB combined with general anesthesia. QTc interval prolongation 

after a PCSNB without general anesthesia was significantly lower in five consecutive patients, 

compared to the combined group. However, post block QTc intervals were significantly 

prolonged compared to baseline values. The QTc prolongation seemed to be more influenced 

by the used general anesthesia related drugs like thiopental, succinylcholine and sevoflurane, 

but a synergistic effect could not be ruled out and more randomized controlled studies are 

required to assess the contribution of each of these drugs to this phenomenon 22-24.   

Hemodynamic changes after a PCSNB could theoretically be a reflection of a cardiotoxic 

reaction.  Bardsley et al. reported a significant decline of stroke volume index after 

intravenous administration of local anesthetics in healthy human volunteers 17. Measured 

local anesthetic plasma concentrations related to this phenomenon were comparable with the 

values after a single injection PCSNB as we described in chapter 5.   However, 

cardiovascular changes after a PCSNB remain understudied. In chapter 6, we described 

hemodynamic changes during a single injection PCSNB. We reported a minor decline in 

stroke volume index, probably caused by a hemisympathectomy due to the PCSNB. A 

concomitant minor decrease in invasive mean arterial blood pressure (-10%) supported this 

hypothesis. Although cardiac output remained stable and clinical relevance of these small 

changes should be questioned, one should be cautious for patients with a low tolerance for 

blood pressure drops (severe coronary artery disease, aortic valve stenosis). In general, 

hemodynamic changes remained within an acceptable clinical range.  

 

The incidence of bilateral- or epidural spread of the injected local anesthetics after a PCSNB 

varies from 3-27% and has been reported to be the most frequently observed unwanted side 
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effect of this technique (Chapter 2). It was previously thought that the approach was the 

major determinate of the epidural spread 15. A more cephalad, and closer to the midline 

approach described by Dekrey et al., has an incidence of epidural spread of 16-27% 25. In 

contrast, the Chayen approach, more lateral and distal than any other approaches, has a 

reported incidence of 1.5-5% of bilateral spread 8, 26. More recently, Gasden et al. suggested 

that the cause of bilateral spread is not related to the approach, but more to high injection 

pressure 27.  In addition, Mannion et al. suggested that the use of high volumes of local 

anesthetics in a psoas compartment block increases the risk of bilateral spread 15, 28. However, 

the latter hypothesis was not supported by the experimental findings. In this thesis, we used 

the Chayen approach with large volumes of local anesthetics (30-40 ml) in three different 

studies 29. In chapter 3, we reported bilateral spread in 1 out of 45 study patients. However, 

in this study we could not evaluate a possible bilateral spread during the first two hours post 

block because of the fact that patients were anesthetized; therefore reported occurrence of 

epidural spread in our study could be an underestimation. In chapter 4 we evaluated 10 

patients with a continuous PCSNB. None of these patients showed any signs of a bilateral 

spread. In chapter 6, we evaluated 20 patients after a single injection PCSNB without any 

occurrence of bilateral spread. Avoidance of high pressure injection during the single injection 

PCSNB is the standard of care in our institution. Furthermore, it is impossible to generate 

high pressure using a small bore catheter we used in the continuous PCSNB (chapter 4). In 

our opinion, the incidence of bilateral spread after a PCSNB using the Chayen approach 

without high pressure injection of local anesthetics is low and in accordance with other reports 

using the same approach.  

 

Major complications after a psoas compartment block were described by Auroy et al. 30. Five 

serious complications (1 cardiac arrest, 2 respiratory failure, 1 seizures and 1 death) after 394 

performed psoas compartment blocks were reported. In contrast, only 3 minor complications 
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(neuropathies) were reported after 10,309 femoral blocks. These major complications were all 

associated with inadvertent intrathecal-, high epidural-, or intravascular administration of 

high volumes of local anesthetics.  Although in this thesis we did not find any of these major 

complications, one should be cautious about the possibility of injecting large volumes of, 

potentially cardiotoxic, local anesthetics, resulting in potentially life threatening 

circumstances.  

 

The risk / benefit evaluation of a PCSNB with regard to analgesic management for patients undergoing 

prosthetic hip surgery. 

 

A PCSNB provides sufficient postoperative analgesic potency with regard to prosthetic hip 

surgery. There is evidence that a PCSNB resulted in low postoperative pain scores (at rest and 

movement) and a low consumption of rescue opioids in patients undergoing a total hip 

arthroplasty (this thesis). Compared to alternative pain relief regimens, like epidural analgesia 

and IV opioids, PCSNB is not associated with unwanted side effects of former techniques. 

The risk profile of a PCSNB is very mild. Toxicity remain a point of concern when large 

volumes of cardiotoxic local anesthetics are administered to highly vascularised tissues, but 

this thesis showed that total plasma concentrations after PCSNB remain far below described 

toxicity thresholds and cardiac nerve conduction minimally  influenced by the PCSNB as a 

stand alone  anesthetic technique. This thesis also provided evidence for the cardiovascular 

stability of the PCSNB. Cardiac output remain stable and minor hemodynamic changes were 

considered to be within acceptable clinical ranges whereby clinical relevance should be 

questioned. Finally, this thesis confirmed the low incidence of epidural spread using the 

Chayen approach for a PCSNB. Given the risks and benefits, described in this thesis, we 

concluded that a PCSNB can be recommended for patients undergoing prosthetic hip 

surgery. 
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However, some remarks regarding above mentioned conclusion have to be made. Firstly, the 

risk / benefit evaluation has been performed for the clinical efficacy of the PCSNB as 

postoperative analgesic regimen. In our opinion, there is no place for a PCSNB as stand alone 

intra-operative anesthetic regimen (i.e. without general anesthesia or central neuraxial block) for 

prosthetic hip surgery. Secondly, some disadvantages of this technique have been reported in 

this thesis in cases were a PCSNB was performed in anesthetized patients. In Chapter 3, the 

inability to evaluate the block or the unwanted side effects (epidural spread) in patients during 

the period of general anesthesia is described, and in chapter 7 more pronounced cardiac 

nerve conduction delays in the same patient group were reported. Although there is no 

evidence that performing PCSNB in anesthetized patients is less safe than in awake patients, 

the standard of care in our hospital nowadays is to perform PCSNBs in awake patients. 

Finally, the technical aspects of a PCSNB deserve some attention. As a part of the safety 

management for PCSNBs in our studies, we added epinephrine to the local anesthetic solution 

as intravascular marker. Furthermore, prior to injecting the local anesthetics and repeated 

every 5 ml, we performed an aspiration test. Injection of local anesthetics under high pressure 

was avoided.  These technical aspects should be considered as preconditions for the risk – 

benefit evaluation. 

 

Limitations of the different studies. 

 

Some limitations have to be mentioned with regard to the studies performed in this thesis. In 

the meta-analysis (chapter 2), most of the comparative studies were of low quality, frequently 

caused by methodological shortcomings (failure to describe the method of randomization or 

blinding). This had minor consequences for the evidence synthesis, resulting in lower levels of 

evidence, leading to lower strength of recommendations. In chapter 3, we analyzed the 
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clinical efficacy of a PCSNB using three long acting local anesthetics in a randomized trial. 

We did not introduce a placebo group in order to compare the clinical benefits of this PCSNB 

(with regard to prosthetic hip surgery) with a sham procedure. In chapter 4, we analyzed the 

clinical efficacy of a continuous PCSNB in an observational pilot study and compared the 

outcomes with an archival dataset (clinical efficacy study single injection PCSNB – chapter 

3). The limitations of this study were the small number of patients and the absence of a 

prospectively gathered control group with a sham procedure.  

In addition, limitations should be pointed out in the studies regarding the side effect profile of 

a PCSNB. In chapter 6, we analyzed the hemodynamic changes after a PCSNB in an 

observational study. We did not introduce a placebo control group with a sham procedure, 

which could be of additional value. In chapter 7, we analyzed the QTc interval dynamics 

after a PCSNB with or without general anesthesia. In both the “combined” group and the 

PCSNB without general anesthesia the number of analyzed patients was limited, therefore 

caution is warranted with regards to the results. Furthermore, we did not analyze the QTc 

interval dynamics of a PCSNB in a randomized, placebo controlled, study set up (with and 

without general anesthesia).   

 

Future Research  

 

In our opinion, several directions for future research regarding both clinical efficacy and side 

effect profile of a PCSNB, can be distilled from this thesis. With regard to the anesthetic 

potency, the lack of a sensory block in dermatome L1 remains the limiting factor for the use of 

a PCSNB as stand alone anesthetic technique (i.e. without general anesthesia, neuraxial 

blockade or sedation) for prosthetic hip surgery. Furthermore, analgesic potency of a PCSNB 

for prosthetic hip surgery could be improved by a more proximal blockade of the lumbar 
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plexus. Future studies will have to show whether a more proximal block could be achieved by 

using different approaches or additional nerve blocks. A more proximal needle insertion point 

(L2-L3) is less attractive due to the enhanced risk of kidney puncture. Nowadays, more 

proximal approaches could be investigated with the help of ultrasound guidance, therewith 

reducing the risk of inadvertent kidney puncture. Whether this more proximal approach 

under ultrasound guidance is sufficient to block higher lumbar dermatomes, should be 

investigated. Furthermore, to counter the above mentioned lack of anesthesia / analgesia in 

the L1 dermatome by the current PCSNB, an additionally applied nerve block, for instance a 

paravertabral L1/Th12 block may be of clinical benefit regarding this kind of surgery. Future 

studies will be necessary to evaluate the role of an additional block for prosthetic hip surgery. 

 

Additional research is needed to evaluate the side effect profile of a PCSNB. In chapter 5 we 

analyzed total plasma concentrations of local anesthetics after a PCSNB and in chapter 6 we 

analyzed the hemodynamic changes after a PCSNB. A next step would be to couple both 

studies, i.e. to analyze plasma concentrations of local anesthetics after a PCSNB and to 

analyze the effect on cardiac performance. Incidentally, we measured high plasma 

concentrations and it would be very interesting to analyze cardiac output dynamics of these 

specific patients. In chapter 7 we described stable cardiac nerve conduction (QTc interval) 

after a PCSNB without general anesthesia. However, a PCSNB combined with general 

anesthesia resulted in a significant QTc interval prolongation. It would be of clinical relevance 

to evaluate the QTc interval dynamics after a PCSNB in combination with different general 

anesthesia related drugs, in a study with a larger sample size, in order to assess the safety of 

this combined technique.  

Traditionally, a PCSNB is a high volume block. With regard to undesired side effects (toxicity, 

neuraxial spread) this high volume could be detrimental and clinical experience in recent 

years showed that lower volumes of local anesthetics would be sufficient for a PCSNB. 



Summary and general discussion 

	  156 

Nowadays, an increasing number of dose reduction studies of other peripheral nerve block 

can be found. However, this ”dose reduction hypothesis” in a PCSNB remains understudied. 

In our opinion, a dose reduction study, with the assistance of ultrasound for PCSNB would be 

of clinical relevance with regard to the undesired side effect profile of this block. 

Furthermore, national- and international prospective standardization with regard to data 

concerning side effect and complications of peripheral nerve blocks is warranted to further 

evaluate the risks of these interventions. The Auroy study in 2002 is a large scale study 

regarding complications of peripheral nerve blocks, which has frequently been cited in studies 

concerning clinical efficacy and risks of a PCSNB 30. In our opinion, this study deserves a 

follow up for adequate positioning of the PCSNB within the therapeutic spectrum.     

Finally, it would be of clinical benefit to evaluate rehabilitation benefits, hospital stay, and 

short-term morbidity and mortality, as well as long term functional outcome, morbidity and 

mortality following PCSNB. Although in hip fractures studies the anesthetic technique is in 

general of minor influence with regard to morbidity and mortality, patient characteristics of 

this group differ from those undergoing elective total hip arthroplasty surgery 31. Therefore 

outcome studies focussing on the latter group would still be of great value.  
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Samenvatting 

 

In dit proefschrift presenteren wij een ‘risk / benefit’ analyse van een gecombineerde psoas – 

compartiment  / nervus ischiadicus  blokkade (PCSNB) bij patiënten die een totale 

heupprothese-operatie ondergaan. In de hoofdstukken 2-4 beschrijven wij de klinische 

effectiviteit van een PCSNB toegespitst op prothetische heupchirurgie. In de hoofdstukken 

2, 5-7 beschrijven wij de ongewenste bijwerkingen en complicaties van een PCSNB. De 

resultaten van deze studies werden gebruikt om onze kennis ten aanzien van klinische 

voordelen versus ongewenste bijwerkingen van PCSNB (in het kader van zowel een 

locoregionale techniek t.b.v. de anesthesie als de postoperatieve pijnbestrijding) bij patiënten 

die een totale heupprothese operatie ondergaan, te vergroten.  

 

Op basis van systematische analyse van de literatuur concluderen wij in hoofdstuk 2 dat 

voor de postoperatieve pijnbestrijding na inbreng van een totale heupprothese, een PCSNB 

een goed alternatief kan zijn voor de centrale neuraxisblokkades (zoals epidurale analgesie) en 

dat een PCSNB een betere pijnbestrijding geeft dan intraveneus toegediende opiaten en een 

andere perifere zenuwblokkade van het been (nervus femoralis blokkade of ‘3-in-1 blok). 

Echter, er is onvoldoende bewijs dat een PCSNB gecombineerd met sedatie, als locoregionale 

techniek t.b.v. de anesthesie een volwaardig alternatief is voor algehele anesthesie (narcose) of 

centrale neuraxis blokkades (spinale / epidurale anesthesie). Onderzoek van beschikbare 

literatuur liet verder zien dat de incidentie van ongewenste bijwerkingen dan wel complicaties 

na een PCSNB klein is. Ongewenste epidurale verspreiding van het ingespoten 

lokaalanestheticum werd als meest frequente bijwerking genoemd. Daarnaast werd in 

pharmacokinetische studies aangetoond dat een eenmalige dan wel continue toediening van 

lokaal anesthetica in de nabijheid van de plexus lumbosacralis als veilig beschouwd mag 

worden. 
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In hoofdstuk 3 beschrijven wij in een gerandomiseerde klinische studie dat een ‘single 

injection’ PCSNB een adequate postoperatieve pijnstilling geeft bij patiënten die een totale 

heupprothese implantatie onder algehele anesthesie in combinatie met een PCSNB 

ondergaan. Een lage consumptie van zogenaamde ‘rescue – opiaten’ in de postoperatieve fase 

bevestigt de analgetische potentie van een PCSNB voor prothetische heup chirurgie. De non-

racemische lokaalanesthetica levobupivacaine (Chirocaine®) en ropivacaine (Naropin®), 

hebben, in equipotente doseringen, gelijke analgetische effecten als het racemische 

bupivacaine. Wij beschrijven dat dermatoom L1 matig tot slecht verdoofd is na een PCSNB 

(ongeacht welk lokaal anestheticum werd gebruikt) en aangezien het bovenste gedeelte van de 

incisie bij prothetische heup chirurgie in dit dermatoom gelokaliseerd is kan dit de reden zijn 

voor de milde postoperatieve rest-pijn zoals geobserveerd in deze patiëntengroep. Een 

oplossing voor dit probleem zou gezocht kunnen worden in een modificatie van deze perifere 

zenuwblokkade voor prothetische heup chirurgie. Hierbij kan gedacht worden aan een 

continue toediening van lokaalanesthetica middels een psoas catheter of de toevoeging van 

een andere blokkade zoals een subcostale- of een hoog lumbale paravertebrale blokkade. De 

motorische blokkade was het meest uitgesproken na een PCSNB met racemisch bupivacaine, 

hetgeen dit lokaalanestheticum minder aantrekkelijk maakt voor deze perifere blokkade. 

 

In hoofdstuk 4 worden de uitkomsten van een kleinschalig onderzoek beschreven naar de 

effecten van een continue PCSNB bij patiënten die een totale heupprothese operatie hebben 

ondergaan. Gevonden wordt dat een continue PCSNB adequate postoperatieve pijnstelling 

bewerkstelligt bij deze patiënten. Desalniettemin kan de hypothese dat een continue PCSNB, 

gebruik makend van een stimuleerbare katheter opgevoerd door een naar proximaal gerichte 

Tuohy naald, tot een meer uitgebreidere blokkade leidt, niet bevestigd worden. De hoogte van 

het sensorische blok na een continue PCSNB was vergelijkbaar met die na een “single 
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injection” PCSNB. Verder werd de continue PCSNB beschreven in deze studie gekenmerkt 

door een relatief “trage start”, welke toegeschreven kan worden naar een relatieve lage dosis 

lokaalanesthetica in de initiële bolus. De stimuleerbare katheter was van een beperkte waarde 

daar bij de meeste patiënten de motorische respons niet behouden bleef tijdens het opvoeren 

van de katheter tijdens stimulatie.  

 

In hoofdstuk 5-7 beschrijven wij onze studies naar mogelijke bijwerkingen en / of 

complicaties na een PCSNB, waarbij onderscheid wordt gemaakt in twee aandachtsgebieden. 

Allereerst hebben wij gekeken naar totale plasma concentraties van de gebruikte 

lokaalanesthetica na een PCSNB om het risico van een toxische reactie te beoordelen. 

Vervolgens hebben wij veranderingen op het gebied van hemodynamiek en geleidingstijden 

beschreven.  

 

In het onderzoek beschreven in hoofdstuk 5 worden lage totale plasmaconcentraties van 

lokaalanesthetica na een PCSNB bij de door de fabrikant aanbevolen, maximale doseringen 

van bupivacaine, levobupivacaine en ropivacaine gevonden. Deze totale plasmaconcentraties 

bleven ver onder de drempelwaarde waarbij in de literatuur cardiale of centraal zenuwstelsel 

toxiciteit worden beschreven. Dit doet veronderstellen dat de ‘veiligheidsmarge’ t.a.v. het 

gebruik van doseringen en volumina van lokale anesthetica in dergelijke blokkades breder zou 

kunnen zijn. Hoewel de totale absorptie gedurende de eerste 4 uur na de PCSNB geen 

verschil liet zien tussen de drie gebruikte lokaalanesthetica, was de initiële systemische 

absorptie van levobupivacaine langzamer dan bupivacaine of ropivacaine. Dit kan verklaard 

worden door een sterkere intrinsieke vasoconstrictoire werking van levobupivacaine, die dit 

lokaal anestheticum met name geschikt maakt in gevallen waarbij hoge doseringen 

lokaalanesthestica worden gebruikt, zoals bij een PCSNB. 
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In het onderzoek beschreven in hoofdstuk 6 vinden wij geen veranderingen in cardiac index 

bij patiënten die een PCSNB hebben gekregen. Verder vinden wij een kleine, doch 

significante vermindering van het slagvolume na een PCSNB, welke vermoedelijk het gevolg is 

van een daling van de preload en de afterload door vaatverwijding in het verdoofde been 

(hemi sympathectomie). Deze veronderstelling werd gesteund door een gemeten afname van 

de gemiddelde arteriële bloeddruk (MAP) en de diastolische bloeddruk. Beschreven statistisch 

significante veranderingen in arteriële bloeddrukken bleven binnen klinisch acceptabele 

grenzen en men kan zich afvragen of deze hemodynamische veranderingen klinisch relevant 

zijn. 

 

In het onderzoek gepresenteerd in hoofdstuk 7 vinden wij een significante QTc interval 

verlenging na een PCSNB met bupivacaine, levobupivacaine en ropivacaine, in combinatie 

met algehele anesthesie met fentanyl, thiopental, succinylcholine en sevofluraan. Een meer 

uitgesproken QTc interval verlenging werd gevonden in de periode kort na de inleiding en na 

de PCSNB, in een subgroep analyse. Aangezien bovengenoemde medicijnen voor de inleiding 

en het onderhoud van de anesthesie ook hun invloed kunnen hebben op het QTc interval, 

hebben wij bij vijf patiënten het QTc interval geanalyseerd na een PCSNB zonder algehele 

anesthesie. In deze laatste groep was er ook sprake van een significante QTc interval 

verlenging. Deze was echter significant lager dan de QTc verlenging in de gecombineerde 

groep. 

 

In hoofdstuk 8 beschrijven wij de samenvatting en de discussie van dit proefschrift. 
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Dankwoord 
 

Eindelijk, het is zover! Het proefschrift is voltooid. Ruim 12 jaar nadat Harry Brink, als staflid 

anesthesiologie in het VUmc, mij (als assistent-in-opleiding) een nervus femoralis blok leerde 

en enthousiast maakte voor deze vorm van verdoven, ligt hier een boekje over perifere 

zenuwblokkades toegepast bij orthopedische heupchirurgie. Psoas – ischiadicus blokkades. 

Een mond vol. Wie had dat ooit gedacht. Het is een gegeven feit dat een promotie traject vaak 

niet eenvoudig is en zeeën, bergen of scheepsladingen aan tijd en energie kost. En niet alleen 

tijd en energie van de promovendus maar ook die van de directe omgeving die hem of haar 

hierbij helpt. Want één ding is zeker: promoveren doe je en kun je niet alleen en hulp van 

derden is onontbeerlijk! Bij deze wil ik dan ook alle mensen die een bijdrage hebben geleverd 

aan dit proefschrift van harte bedanken voor al hun inspanningen. Vanzelfsprekend wil ik een 

aantal mensen nader bedanken:  

 

Mijn promotor, prof.dr. W.W.A. Zuurmond: beste Wouter, ik wil je heel erg bedanken voor 

het gestelde vertrouwen in mij, de begeleiding tijdens het onderzoek en jouw jarenlange 

support. Alhoewel ik al weer 6 jaar weg ben uit de VU, voelt het altijd weer vertrouwd als ik 

onder het genot van een kop koffie, samen met jou en Roberto zit te brainstormen over het te 

volgen traject. Tussen al het serieuze gepraat was er ook ruimte voor een humoristische 

kwinkslag naar de mensen in de Zaanstreek, een streek die ons beiden aan het hart ligt. 

 

Mijn co-promotor, dr. R.S.G.M. Perez: beste Roberto, dit proefschrift had in de verre verte 

niet tot stand gekomen als jouw niet aflatende inzet, tijd, energie, support, toegankelijkheid, 

vertrouwen en positiviteit t.a.v. het project er niet was geweest. Vanaf het begin ben jij een 

meer dan sterke katalysator geweest van dit project. Kritisch maar rechtvaardig, een sterk oog 

voor detail, altijd stimulerend en een uitstekend gevoel voor humor. Na mijn zoveelste 

correctie van een manuscript had ik veelal het gevoel “dit moet ‘m worden” en dan wist jij 

nog van alles om te gooien om de boodschap nog beter te verpakken, hetgeen de 

acceptatiekans van het artikel aanzienlijk vergrootte. Frustraties t.a.v. afgewezen artikelen wist 

jij als geen ander om te buigen tot positieve energie om het product beter te maken en 

uiteindelijk bekroop mij het vertrouwde gevoel dat een stuk wel geplaatst zou gaan worden, als 

jij er maar heil in zag. Nogmaals heel veel dank, Roberto en ik hoop dat we in de toekomst 

nog veel zaken met elkaar kunnen blijven doen. 
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De leden van de leescommissie, prof.dr. M. van Kleef, prof.dr. C. J. Kalkman, prof.dr. B.J. 

van Royen, prof.dr. J. Klein en dr. M. J. M.  Gielen, zou ik willen danken voor het kritisch 

beoordelen van het proefschrift en hun deelname aan de oppositie. 

 

Dit promotie-onderzoek is veelal klinisch van aard en veel dank is verschuldigd aan alle 

patiënten die meegewerkt hebben aan de diverse onderzoeken. Ook de orthopedisch 

chirurgen van de afdelingen orthopedie binnen het VUmc en het Zaans Medisch Centrum wil 

ik bedanken voor hun medewerking en belangstelling naar de voortgang van het onderzoek. 

 

Gezien het feit dat dit project gestart is tijdens mijn assistentschap in het VUmc wil ik alle 

personen die aldaar hebben meegewerkt aan dit project bedanken. Mijn opleider prof.dr. J.J. 

de Lange wil ik bedanken voor de stimulans om dit onderzoek te doen en de toenmalige chef 

de clinique K. Gigengack wil ik bedanken voor de beschikbaar gestelde tijd. Verder wil ik een 

aantal stafleden anesthesiologie  bedanken die mij enthousiast hebben gemaakt voor de 

locoregionale anesthesie, te weten Gert Scheepstra, Harry Brink en Rob Steur. Jurgen 

Dertinger en Lenie Hulshoff wil ik zeer bedanken voor hun aanzienlijke aandeel in een van de 

eerste projecten; jullie zijn niet alleen zeer plezierige collega’s maar ook goede prikkers! Dr. 

Christiaan Keijzer, en indirect dr. Arthur Bouwman, wil ik bedanken voor het mogen 

gebruiken van de lay out van hun proefschrift. Hans Romijn wil ik bedanken voor de 

vriendschap die mij dierbaar is. Verder wil ik alle stafleden, assistenten, anesthesie 

medewerkers en verkoever personeel van weleer, maar ook alle medewerkers van het 

helikopter mobiel medisch team bedanken voor hun warme belangstelling.  

 

De laatste studies zijn voltooid in het Zaans Medisch Centrum. Dank gaat vooral uit naar 

mijn collegae stafleden anesthesiologie, die mij in staat hebben gesteld om dit proefschrift in 

Zaandam af te ronden. Cor Slagt wil ik speciaal bedanken voor zijn inspanningen als mede-

auteur en voor de interessante gesprekken en discussies tijdens onze dagelijkse fietstochten van 

Wormer naar het Zaans Medisch Centrum. Cor, veel geluk gewenst bij jouw promotie traject. 

Martijn Hoeksema wil ik speciaal bedanken voor zijn bijdrage als mede auteur, psoasprikker 

en (indirect) postervervaardiger. Je bent als maatje meegegaan vanuit het VUmc naar het 

ZMC en onze vriendschap is mij veel waard. Ignacio Malagon wil ik bedanken voor zijn niet 

geringe bijdrage aan de modificatie van het hemodynamiek verhaal. Je bent al weer een tijdje 

weg uit Zaandam maar ik hoop niet dat “uit het oog” “uit het hart” gaat betekenen. Verder 
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wil ik het verkoever- en holding personeel, de apotheek medewerkers en de verpleegkundigen 

op de afdeling orthopedie bedanken voor hun hulp bij de diverse onderzoeken. 

 

Dank gaat verder uit naar de verschillende co-auteurs. Tony Touray, jij hebt geweldig veel 

werk verricht met betrekking tot de meta analyse. Heel veel dank daarvoor en veel succes in 

Hoofddorp. Pierre Bet, Rene Vos en Bram Wilhelm (Klinische Farmacologie en Apotheek), 

hartelijk dank voor jullie tijd en inspanningen betreffende de plasma spiegel studie. Jan 

Willem Coumou, dank voor je inspanningen m.b.t. het QTc onderzoek. 

 

Het ontwerp van de omslag is gemaakt door Jeroen Mol. Jeroen, veel dank, je hebt er iets 

moois van gemaakt. 

 

Mijn paranimfen. Deze keuze was snel gemaakt. Dico, mijn allerbeste vriend, heel veel dank 

voor jouw hulp in de voorbereiding en de steun op de dag van de openbare verdediging. 

Sandra, mijn enige zus, heel veel dank dat je deze dag naast me staat. We hebben een hoop 

opleidingen op dezelfde instituten gevolgd en ik ben blij met jouw steun op deze speciale dag. 

 

Bedankt lieve ouders. Jullie hebben ons veel liefde gegeven en altijd gestimuleerd om het beste 

uit jezelf te halen. De warmte en genegenheid binnen ons gezin en de fantastische jeugd 

hebben ons gebracht waar we nu zijn.  Dit resultaat is 100% aan jullie te danken. Pap, 

jammer dat je dit niet meer kan meemaken, je zou apetrots zijn! Bedankt, schoonouders en 

schoonfamilie voor jullie belangstelling, support en aandacht. De meer dan uistekende band 

die ik samen met mijn gezin met jullie heb is mij bijzonder veel waard. 

 

En dan tot slot het allerbelangrijkste in mijn leven. Mijn lieve vrouw Saskia en onze lieve 

kinderen Jasper, Koen Tom en Sanne. Lieve Sas, heel veel dank voor jouw jarenlange liefde 

en steun ten aanzien van dit project. Jij bent  de absolute motor van het gezin en met heel veel 

bewondering zie ik dagelijks hoe jij, schijnbaar moeiteloos, de regie van ons drukke gezin 

voortreffelijk in de hand houdt. Deze promotie heeft behoorlijk wat gevergd en ik hoop dat 

vanaf nu de ‘compensatiedagen’ na een dienst ook echt compensatiedagen kunnen zijn, in 

plaats van dagen achter de computer door te brengen of vergaderen in Amsterdam. Mijn lieve 

kids, de vier apen, de dierentuin. Jullie geven mij zoveel liefde. Ik ben een bevoorrecht mens 

dat ik mijn leven in dit gezin mag doorbrengen en ik hoop dat nog vele jaren te doen. Dank.        
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Curriculum Vitae 
 

Marcel de Leeuw was born in Wormer, the Netherlands on 17 july 1968. He attended 

secondary school in Zaandam (St. Michael College - VWO) during the period 1980 – 1986. 

Subsequently he enrolled in the Faculty of Biology of the VU University Amsterdam where he 

passed his propaedeutic exams in 1987, and in the same year he started studying Medicine at 

the University of Amsterdam. He obtained his Master´s degree in Medicine in 1991, and 

continued to finish his Medical Biology study at the University of Amsterdam, for which he 

graduated in 1993. He started internships in Medicine the same year and received his medical 

degree in 1995. In that year he started a job as a medical officer at the Royal Netherlands 

Navy as a replacement for the obligatory military service. In 1996 he received the degree of 

‘diving medical officer’ after a one year training period in the Diving Medical Center in Den 

Helder. After one year working as staff medical officer on board of the frigate HMS Tromp, 

he left the Royal Netherlands Navy in 1998 to start his anesthesiology residency at the VU 

University Medical Center in Amsterdam under the supervision of prof. dr. J. J. de Lange 

(1998 – 2004). During this residency he developed special interest in peripheral nerve blocks, 

pediatric anesthesia and pre-hospital trauma care. From 2001 onwards he participated in the 

Helicopter Mobile Medical Team of Amsterdam (Lifeliner 1) and works as an instructor for 

the Advanced Paediatric Life Support course since 2003. After completing his anesthesiology 

residency, he accepted a position as staff anesthesiologist at the VU University Medical 

Center. In 2005 he accepted a job as all round anesthesiologist at the Zaans Medical Center 

in Zaandam. The next challenge for Marcel in the Zaans Medical Center will be to tutor 

anesthesiology residents during their one year peripheral training period of anesthesiology. 

Marcel will be responsible for managing the residency program at his institution.   

 

Marcel de Leeuw is married to Saskia de Leeuw – de Jong and they have three wonderful 

sons, Jasper (1999), Koen (2002), Tom (2004), and one beautiful daughter, Sanne (2009). 

 
 


