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Introduction: 

Catastrophic outcomes following paravertebral blocks at the cervical [1- 4], thoracic [5] and 

lumbar levels [6 - 8] have been reported. These outcomes varied from total spinal anesthesia, to massive 

epidural (subdural, extra arachnoid block) to quadriplegia, paraplegia, and death.  Various explanations 

for these outcomes have been offered – most prominently intracord injection [1], and blocks on patients 

under general anesthesia [9].  Interscalene block has, similar to Benumof’s four cases, also been blamed 

for disastrous outcomes [9 – 14] 

The report of the four cases of spinal injury after interscalene block that Benumof described in 

2000 attracted much attention [9].  This report came in the midst of the fierce debate in the literature 

about doing blocks on patients under general anesthesia. This debate has now largely been laid to rest 

(thanks to the Benumof report) but the conclusions reached by Benumof were unfortunately, with the 

wisdom of hindsight, not correct.  These tragic outcomes, like the many that followed due to intra root 

injections, had nothing to do with the fact that the patients were under general anesthesia when the 

blocks were placed.  

The other cases reported could all somehow be summarized by the case described by Voermans 

in 2006 [1], which was an intra-root injection, and resulted, like Benumof’s incorrect conclusions, from 

a miss- or non-understanding of the microanatomy of the connective tissue framework of the nervous 

system. Unfortunately the vast majority of these cases never come to our attention through the formal 

literature, since they end up in medico-legal litigation and defense lawyers advise their clients not to 

report their cases in the literature. They therefore never reach us unless expert witnesses like Benumof 

[9], or third party neurologists like Voermans [1] report the cases. Most commonly the advice from 

expert witnesses would be to settle the cases out of court, and therefore the cases never reach our 

attention through the ASA closed-claims studies either.   

The following four case reports are presented as an honest attempt to illustrate the problem, and 

are four of thirteen cases that this author encountered through his experience as expert witness over the 

past six years.  

 

Case 1 

A 64-year-old otherwise healthy man was scheduled to undergo unilateral inguinal hernia 

surgery. For the anesthetic a lumbar plexus block with monitored anesthesia care was chosen. The 

patient was placed in the lateral position and four paravertebral injections were made [15], but using a 

22-guage 90 mm stimulating needle (Stimuplex, B Braun) making use of nerve stimulation to identify 

the nerve roots from T12 through L3.  After negative aspiration for blood or CSF a total of 40 mL 

(10mL X 4) of ropivacaine 0.5% was injected.  There was no pain or discomfort with any of the 

injections, and upon turning the patient on his back to start the surgery it was noted that he had stopped 

breathing, lost consciousness, and, upon reconnecting his EKG monitor and pulse-oxymeter, he was 

noted to also have a cardiac arrest. The patient was successfully resuscitated; he regained consciousness 

after 3 hours, and suffered no ill effects other than very troubling long-term central pain syndrome. 
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Case 2 

A 27-year-old high-level female athlete was scheduled for a Bankart repair for instability of her 

shoulder.  The anesthetic technique chosen was a general anesthesia with single-injection cervical 

paravertebral block for intra- and immediate postoperative analgesia.  The anesthesiologist, not 

experienced with this block, performed the block using the landmarks described in the literature [16,17] 

but using a 22-gauge 90 mm stimulating needle (Stimuplex, B Braun).  Nerve stimulation and loss of 

resistance to air was used to identify the C5/6 root and, after negative aspiration for blood and CSF, 30 

mL ropivacaine 0.5% was painlessly injected through the needle. The patient immediately lost 

consciousness, and, assuming that it was due to a vaso-vagal attack, general anesthesia was induced, the 

patient’s trachea was intubated and the lungs ventilated. The patient was hemodynamically unstable, but 

inotropes and pressors were successfully administered and the surgery was completed. Postoperatively 

the patient started breathing after 6 hours and regained consciousness after 12 hours, but was not able to 

move her arms or her legs.  Three years later she remains in a state of almost complete quadriplegia, 

stabilized with only mild movement of and sensation in her upper limbs and full sensation and 

movement of only her head and neck. 

 

Case 3 

A 59-year-old man was scheduled for arthroscopic debridement of his right glenohumeral joint 

and subacromial decompression under general anesthesia. With the patient in the left lateral position, a 

single-injection cervical paravertebral block was performed postoperatively for unmanageable pain in 

the recovery room using midazolam and fentanyl for sedation. The block technique used was that 

previously described [15,16] but a 23-gauge 90 mm stimulating needle (Stimuplex, B Braun) was used. 

Nerve stimulation confirmed C5/6 needle placement and after careful aspiration for blood and CSF was 

negative, 25 mL of ropivacaine 0.5% was injected.  Like the above two cases, there was no pain with the 

injection. The injection was given over 5 minutes. The shoulder pain immediately dissipated, but 3 

minutes later the patient was unresponsive, and rapidly became apneic with dilated pupils. Resuscitation, 

which included tracheal intubation and mechanical ventilation, was successful.  The patient was 

hemodynamically stable. Two and a half hour after the block was placed the patient was able to blink his 

eyes in response to commands without being able to move his extremities.  After 6 hours he fully 

recovered without any long-term sequelae.   

  

Case 4 

 A 40-year-old male was scheduled to undergo a right-sided thorascopic sympathectomy for 

hyperhydrosis.  Following the induction of general anesthesia right-sided thoracic paravertebral blocks 

were done in the left lateral decubitus position on four levels from T1 – T5 making use of a 22-guage 

stimulating needle (Stimuplex, B Braun).  Loss of resistance to air, “pop” through the costo-transverse 

ligament and nerve stimulation were used to identify the correct spaces.  Five mL of 0.5% ropivacaine 

was injected at each position after negative aspiration for CSF and blood.  The patient recovered from 

uneventful general anesthesia and surgery with a paralyzed right arm, and an MRI scan done the next 

day showed an extensive spinal cord syrinx from C5 – T2.  The injury partially resolved, leaving the 

patient with a permanent neurological deficit on the right side from C5 – C7.      

 

These four brief case reports, and an unknown number of other unreported cases as well as the 

reported cases (1 – 14), all have two things in common: root-level nerve blocks, and thin, relatively 

sharp needles (while most of the patients did not need the blocks in the first place or it was at best the 
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wrong block).  It is therefore prudent to revisit the microanatomy of the peripheral nerves, plexus trunks 

and plexus roots. 

 

Microanatomy of the peripheral nervous system: 

The understanding of the microanatomy of the peripheral nervous system is not new.  Key and 

Retzius [18] in 1876 (Richardson’s stain), and Horster and Whitman in 1931 (trypan blue) [19] studied 

the spread of intraneuronally injected solutions experimentally.  In more “modern” times French, et al in 

1948 [20] studied this with radiopaque contrast medium in dogs. This was followed by the work of 

Daniel Moore, et al in 1952 who used methylene blue stained exocaine [21], and a similarly elegant 

study by Selander and Sjöstrand in 1978 [22], that used a radioactive local anesthetic agent mixed with 

fluorescent dye to study the microanatomy of different parts of the sciatic nerve of rabbits. 

Since this early work basically no new insights were introduced to refute these concepts or add 

new understandings. The introduction of electron microscopy [23] simply confirmed what was already 

known [24].   

 

So, what is known? What is new?  

 

Sub sole nihil novi est (Under the sun there is nothing new) 

 

Some facts about the cerebrospinal fluid in short: 

 

The conventional and orthodox teaching (unfortunately still the dominate teaching in the non-

neurology textbooks) is not true.  According to that teaching the CSF originates from the choroids 

plexus (its tuft cells or blood vessels); is discharged into the cerebral ventricles; leaves them through the 

foramina of Luschka and Magendie; gathers in the cisterns of the base of the brain from where it flows 

to the villi or pacchionian bodies, and from these structures into the dural sinuses to be discharged from 

there into the peripheral venous circulation. This ‘theory’ has been disproved convincingly in 1948 [25]. 

Since 1948, the “modern” understanding of CSF circulation can be summarized as follows: 

• The CSF represents the tissue fluids (extracellular fluid) of the brain and spinal cord. 

• It includes the contents of the Virchow-Robin spaces, which originate in the tissue fluid and are 

discharged into the cerebral ventricles and the subarachnoid spaces. 

• The absorption of the CSF is not through the villi or pacchionian bodies, but through the 

perineurial spaces of the cranial nerves and spinal roots. 

• The CSF is the actual lymph of the central nervous system, for it carries away waste, probably 

filtered by the choroids plexus. 

• There is no central force that sets the cerebrospinal fluid in circulation, which under normal 

conditions does not exit but is a passive process set in motion by a lumbar or other puncture. 

• The power that manipulates the removal of the spinal fluid is the collapsing and expanding 

movements of the brain and spinal cord by the cardiac cycle.  Flow will be from a high-pressure 

area to a low-pressure area.  During systole the entire brain and spinal cord expands and the 

pressure in the CSF increases equally.  Flow can therefore only be out the perineurial spaces of 

the cranial and spinal nerve roots. 

• The hemato-encephalic (blood-brain) barrier is the Virchow-Robin spaces. 

 

Peripheral nerves and plexuses:      

The tissue fluid (extracellular fluid) of the connective tissue deep to the epineuria but outside the 

perineuria of peripheral nerves (Figure 1) is peripheral lymph and drains to regional lymph nodes [25].  
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If one remembers that the axons of peripheral nerves are extensions of the nerve cells in the central 

nervous system, it becomes easier to understand that the extracellular or tissue fluid of the axons inside 

the peripheral nerve fascicles (deep to the perineurium) is in fact the same as the tissue fluid of the 

central nervous system – the cerebrospinal fluid (CSF). Longitudinal flow within the fascicle is inhibited 

minimally, whereas lateral extension is restricted by the relatively non-compliant perineurium [22].  As 

the nerve approaches the dural penetration, resistance to extension increases and a peripherally injected 

medium comes to lie in clefts in the perineurium. Final emergence into the subarachnoid space appears 

to occur first by way of the subdural space and subsequently by breakthrough across the arachnoid 

barrier into the subarachnoid space [24]. 

 

 

Figure 1: 

 

Transection through 

peripheral nerve 

depicting the nerve 

fascicles surrounded by 

perineurium. (Drawing 

and copyright Mary K. 

Bryson, 

Brysonbiomedical 

Illustrations). 

 

 

Injection into peripheral nerve fascicles, which is difficult to achieve, therefore, (depending on 

the volume and pressure of the injectate) has direct access to the cerebrospinal fluid and interstitium 

(medulla) of the spinal cord (see later).  The channels by which this progression occurs have been called 

perineurial spaces and these have been elegantly demonstrated by the studies of Dag Selander [22].  

Injection into a spinal root, on the other hand, is easy, and this injectate, similarly has direct access to the 

CSF and spinal cord interstitium – the clinical consequences of which depends on the volume, rate, and 

pressure of the injectate and the path taken via the perineurial spaces of the axons.  The injectate will 

generally follow that path and can even be to the cerebellum [22]. 

 

Let us now consider the microanatomy of the peripheral nerve, plexus trunks, and plexus roots. 

 

Peripheral nerve (Figure 1):   

Peripheral nerves are composed of numerous fasciculi; each surrounded by a dense perineurium 

and held together by a looser epineurium.   
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The epineurium consists of a condensation of areolar connective tissue that surrounds the 

perineurial ensheathment of the fascicles of uni-and multifascicular nerves. The attachment of the 

epineurium to surrounding connective tissue is loose, so that the nerve is relatively mobile except where 

tethered by entering blood vessels or by branches.  Greater amounts of connective tissue are normally 

present where nerves cross joints.  In general, the more fascicles, the greater the quantity of epineurium.   

Variable quantities of fat are also present in the epineurium, particularly in the larger nerves, 

which has a protective function in cushioning the fascicles against injury by compression. The 

susceptibility to compression injury is likely to be less in large multifascicular nerves with considerable 

quantities of epineurium and fat than in smaller and unifascicular nerves.  

The vasa nervorum enter the epineurium, where they communicate with a longitudinal 

anastomotic network of arterioles and venules.     

The epineurium also contains lymphatic vessels, which are not present within the fascicles.   

These lymphatic channels accompany the arteries of the peripheral nerves and pass into the regional 

lymph nodes.  [24] 

As Key and Retzius described [18], the essential structure of the perineurium is a lamellated 

arrangement of flattened cells separated by layers of collagenous connective tissue.  It provides an 

ensheathment for both the somatic and peripheral autonomic nerves and their ganglia.  The cellular 

lamellae are composed of concentric sleeves of flattened polygonal cells, and these cells are equipped to 

function as a metabolically active diffusion barrier, although they do not have the morphologic features 

of a true epithelium.   

The term endoneurium is sometimes incorrectly used to denote the intrafascicular compartment 

of the nerve.  Its use should be restricted to refer to intrafascicular connective tissue, excluding the 

perineurial partitions that may subdivide fascicles. Approximately 40 – 50% of the intrafascicular space 

is occupied by non-neural elements and about 20 – 30% of this is the endoneural fluid (CSF) and 

connective matrix (endoneurium) [24].  

 

The experimental work of Selander and Sjöstrand [22] on intraneural injections into rabbit sacral 

nerves demonstrated the following:  

 

Epineurial injection:  An irregular bleb formed around the injection site. The tracer spread for a short 

distance within an easily expanding epineurium, which often ruptured (neurolysis).  When 50 – 100 !L 

were injected at 100 !L/min, the injection pressure rose within a few seconds to 30 – 60 mmHg and 

thereafter quickly decreased to a steady 10 – 30 mmHg. As soon as the injection stopped the pressure 

returned to zero. 

 

Intrafascicular injection: While being injected, the blue tracer was seen to spread rapidly proximally 

and distally inside the fascicle. The longitudinal spread varied, but in all cases it reached the sacral 

plexus. Distally the tracer colored the tibial nerve, sometimes reaching the foreleg. In the studies of 

French, Strain and Jones [20], the tracer (radiopaque contrast medium) reached the lumbar plexus via 

the injected fascicle, and then tracked distally via an entirely different nerve (Figure 2). They also 

showed that high-pressure intrathecally injected contrast medium spread down the fascicles of peripheral 

nerves. 
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Figure 2: 

 

Contrast medium injected by French et al 

into a fascicle of the sciatic nerve of a dog.  

This medium went to the sacral plexus and 

then came back down a totally different 

fascicle.  This contrast remained in the 

fascicle for 5 weeks [24]. 

 

Selander, et al [22] demonstrated that if the injection was made into a small fascicle, the injectate 

did not extend beyond the sacral plexus, but if the injection was made into a big fascicle, the injectate 

easily passed the sacral plexus and reached the spinal medulla.   During slow injection, the spread in the 

medulla was superficially under the pia mater.  In some of the experimental animals the spread was into 

the CSF and the dura and arachnoid were also colored.   In one animal the blue stain extended to the 

cerebellum.  The animal died shortly after the injection.    

In cross-sections of the spinal medulla, the fluorescent tracer used by Selander and Sjöstrand was 

mainly seen is the thin subpial space. Accumulation of the tracer was noted in the dorsal root-medulla 

junction area, extending into the substantia gelatinosa of the anterior horns, and into the anterior median 

fissure.   

Selander and Sjöstrand [22] recorded pressures of between 435 and 675 mmHg when injecting 

50 – 100 !L with an injection speed of 100!L/min. After cessation of the injection, the pressure 

remained above the estimated capillary perfusion pressure (50 mmHg) for at least 10 minutes.    

 

Plexus trunks (Figure 3):  
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Figure 3: 

 

Transection through brachial 

plexus trunk depicting septae 

as a continuation from the 

perineurium to the dura. 

(Drawing and copyright Mary 

K. Bryson, Brysonbiomedical 

Illustrations). 

 

 

The trunks of the plexuses should be seen as transitional areas.  The perineuria surrounding the 

fascicles start to split away and fascicles are separated by perineurial sheath interdigitations or septae.  

There seems to be a large inter individual variation on the level at which the septae form, but 

functionally and practically from a regional anesthesia viewpoint, the trunks should be regarded as 

transitional areas between clearly defined fasciculi with rigid perineuria, to the root area where 

perineuria are not present and all the perineuria have joined to form the dura. 

 

Spinal Roots (Figure 4):    

 

After splitting away from the fascicles the perineurium, at the level of the nerve roots, thickens 

and fuse with the dura.  The perineuria of the peripheral nerves therefore are continuations of the dura 

mater.  The axons inside the roots are consequently not protected by the perineurium anymore and the 

extracellular fluid, or tissue fluid, is the CSF – if not anatomically a 100% correct statement, because the 

arachnoid does not continue down and into the root, definitely from a practical and functional regional 

anesthesiology viewpoint! 

The mesothelial cells of the arachnoid membrane become hyperplastic at the point of exit of the 

nerves and form a cuff around the roots just after they penetrate the dura mater.  Beyond this cuff, no 

tissue can be seen that is recognized as arachnoid.  

The connective tissue framework of the peripheral nervous system, therefore, appears to arise 

entirely from a continuation of the perineurium, starting at the dura mater.  As the nerve progresses 

peripherally, it is more and more subdivided by perineural interdigitations until each fascicle eventually 

has its own perineurial sheath.  This most probably gives rise to the well-known dictum in regional 

anesthesia that the more distal a nerve block is done, the safer it is. 
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Figure 4: 

 

Transection through 

brachial plexus root 

depicting the dura as a 

continuation from the 

perineurium in the 

peripheral nerve and the 

septae in the trunk. 

(Drawing and copyright 

Mary K. Bryson, 

Brysonbiomedical 

Illustrations). 

 

  

 

In practical terms:       

With the recent introduction of ultrasound, it quickly became clear that nerves could either be 

hyper or hypo-echoic [26]. When studying this ultrasonographic appearance we saw that the more 

‘central’ the nerve the more hypo-echoic. With the insight of the nerve microanatomic morphology, this 

should be easy to understand. The peripheral nerve is seen as hyper-echoic, giving it the so-called 

“honeycomb” appearance, and centrally, at the root level the nerve appears hypo-echoic or black (Figure 

5). Clearly the “honeycomb” represents the fascicles surrounded by thick dense perineuria at this level, 

which is absent at the more central root levels [26]. 

 

Figure 5: 

 

Recent ultrasound work on axillary nerve blocks have also confirmed what we knew all along, 

namely that intraneural injections have no bad consequences as long as the injection is deep to the 

epineurium but outside the perineurium [27].  Although intrafascicular injections are difficult and 

undesirable, the work of French et al [20], where the contrast medium they injected into the fascicles 

lingered around for 5 weeks, make the odd numb finger that we encounter from time to time after 

interscalene, supraclavicular or other blocks understandable.  

Injections at the root level (and perhaps trunk level of some individuals) should be regarded as 

epidural injections, because the injection is made directly outside the dura or extradural or peridural or 

epidural [28].  All the time-tested rules for epidural injections should therefore similarly apply for root 

level or paravertebral injections.   These should include the avoidance of sharp thin needles and the use 

of large bore Tuohy needles (for continuous and single-injection blocks) [28], the use of similar test 

doses to test for intravascular or intrathecal injection, fractionation of the main dose, and perhaps even 

similar guidelines for anticoagulation. 



A P Boezaart Lecture OAPRS October 2008 

 9 

 

Hypo-echoic (black) appearance of root level 

nerve 

“Honeycomb” appearance of peripheral nerve 

  

  

Conclusion: 

All the catastrophic and tragic cases referred to above can comfortably be explained by intra root 

injections with relatively thin and sharp needles that are not designed NOT to penetrate the dura, as are 

Tuohy needles.  All these tragic cases were spinal root level blocks performed with needles that one 

would never dream to use for an epidural block – yet they were used for a form of epidural block: the 

paravertebral or para-neuraxial or para-spinal block.  The differences in the ultimate clinical 

presentations were merely a function of the volume, rate and pressure of the injection. All or most of 

these tragic outcomes could most probably have been avoided by the use of large bore Tuohy needles, 

test dosing, and perhaps the use of ultrasound.  Certainly an understanding of the practical and 

functional microanatomy might have gone a long way toward understanding what was happening to 

these unfortunate patients. 

 

(See www.RAEducation.com for lecture on Keynote and PowerPoint) 
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