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ABSTRACT 

 

EFFECTIVENESS  OF  A  PARAVERTEBRAL  NERVE  BLOCK  VERSUS 

LOCAL  PORTAL  BLOCKS  FOR  LAPAROSCOPIC  CLOSURE  OF 

THE  NEPHROSPLENIC  SPACE:  A  PILOT  STUDY 

 

Massimo Delli-Rocili Advisor(s):  Drs. N. Cribb and A. Valverde 

University of Guelph, 2020 

 

This thesis describes the use of a paravertebral block in comparison with local portal blocks 

to determine the analgesic effects and ease of performing a laparoscopic closure of the 

nephrosplenic space in horses. 

The single study presented in this thesis describes the use of 12 research horses for a clinical 

trial, divided in two groups of six.  One group received local anesthetic injection of 2% lidocaine 

into each of three surgical-portal sites in the abdominal flank and a sham paravertebral injection 

of saline at nerves T18, L1 and L2.  The second group received a sham injection with saline at the 

local portal sites and 2% lidocaine injections for the paravertebral block. 

 The study was blinded for the two surgeons and one technician associated with each 

surgery, but the anesthetist was not blinded.  All participants were asked to complete a visual 

analog scale (VAS) at the end of each procedure to assess the overall quality of analgesia, sedation, 

and behavior exhibited during surgery. 

 All surgeries were completed without major complications and no statistical differences 

were noticed between groups in VAS scores, duration of surgery, and time required to perform 

each block. 

 The paravertebral nerve block and the local portal blocks provide similar conditions during 

surgery and can be used interchangeably for closure of the nephrosplenic space in horses.
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1 LITERATURE REVIEW 

1.1 Introduction 

In general, laparoscopic procedures under standing sedation demand superior technical 

surgical skills, which are greatly facilitated by the continuous motionless, fully weight-bearing 

standing of the patient.  The progress of surgery can be sabotaged by excessive movement of the 

horse, which forces the procedure to be halted until the patient becomes still again; this could be 

related to poor management of pain during the procedure. 

Horses undergoing laparoscopic procedures can become uncomfortable for several 

reasons, including:  pressure and manipulation of the tissues surrounding the instrument or 

laparoscope portal; stimulation of the peritoneum; and manipulation of the target organ of the 

surgery.  Therefore, the need for a new approach to address the level of pain or discomfort, and to 

facilitate the progression of laparoscopic procedures is the reason for this investigation. 

Two publications describing the use of the paravertebral block in the horse; Moon & Suter. 

1993 and Santos & Gallacher. 2017, have not popularized the use of this technique, as evidenced 

by its lack of reference in current textbooks and clinical reports.  To our knowledge there has been 

no study describing the action of a paravertebral block in comparison to local portal blocks for 

providing analgesia in standing laparoscopic procedures. 

 

 

1.2 Colic in horses 

The term “colic” refers to clinical signs of abdominal pain (Moore. 2006).  Abdominal pain 

in the horse can be caused by a plethora of pathological processes and manifests itself in many 

forms.  Medical management is sufficient to resolve the clinical signs for the majority of horses 
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suffering colic.  However, in the minority, immediate surgical intervention may be required to 

address a life-threatening situation (Louise & Southwood. 2006). 

Decision-making for treatment options can be difficult due to the very diverse range of 

conditions attributed to colic in horses.  Decisions regarding both on-farm treatment or referral; 

and post-referral medical or surgical treatment, need to be made by the owners and veterinarians, 

and sometimes other stakeholders involved (Kaufman et al. 2020).  Adding to the inherent 

complexity of such decisions, a high quantity of research in this field reveals results that are not 

always consistent among studies.  Differences in horse populations and geographic locations may 

explain some of these inconsistencies. 

To this day, colic remains a major cause of morbidity and mortality in the horse.  A delay 

in diagnosis can affect prognosis and prolong pain and suffering, particularly in life threatening 

conditions where urgent surgical intervention is warranted (Curtis et al. 2015). 

 

1.2.1 Prevalence 

In 2003, Cohen stated that relatively little is known about the more common forms of colic 

(referring to cases of colic managed in the field by equine practitioners in private practice), 

including information about their incidence, predisposing factors, evaluation of treatments and 

responses, rate of recurrence and methods for prevention (Cohen 2003).  The vast majority of 

medical colics treated in general practice are undiagnosed and categorized as spasmodic 

(Scantlebury et al. 2015). 

In contrast, the prevalence of certain colic conditions among hospital populations have 

been widely described.  For example, in a study with 1,588 horses admitted for colic to a referral 

hospital in Denmark, 54% of the cases had lesions localized to the large intestine and 14% had 
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small intestinal lesions.  However, in 19% of horses the reason for gastrointestinal pain remained 

unexplained during hospitalization (Christophersen et al. 2014). 

 

1.2.2 Recurrence 

The recurrence of colic represents a major concern, particularly to owners.  Veterinarians 

are frequently asked by owners to inform them of a percentage of recurrence, which can be 

challenging considering that the current literature does not always provide a clear answer regarding 

this matter. 

One study involving ambulatory veterinarians in Texas compared horses having recurrent 

colic with two control populations:  horses with colic but no prior history of colic, and horses 

without colic (or prior history of colic).  Risk factors associated with recurrent colic included 

previous abdominal surgery, age (> 8 years), feeding coastal grass hay, a recent change in diet, 

low stocking density (< 0.5 horses/acre), geldings, and the Arabian breed (Cohen. 1996). 

In 2011, a longitudinal cohort study determined the incidence of recurrent colic in a 

population of medically treated cases in the United Kingdom (Scantlebury et al. 2011).  This study 

involved 59 different practices and a total of 127 horses, with similar numbers of males and 

females, but heterogeneous in regard to breeds.  The definition of recurrent colic episode was a 

colic episode in a horse that had been eating a normal diet and passing normal feces for a full 48 

hours since the end of the previous colic episode; and was diagnosed by a veterinarian or reported 

by the owner.  Of 104 horses included in the study, the prevalence of recurrent colic was 36.5% (n 

= 38).  Of these 38 horses:  a) four horses (10.5%) required surgery due to a recurrent colic episode, 

which included two large colon torsions, one gastric impaction and one epiploic foramen 

entrapment; and b) four horses (10.5%) were euthanized due to recurrent colic, two with no 
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diagnosis.  According to this study, horses with history of colic were 3.6-5.7 times more likely to 

develop further episodes of colic; and horses that displayed crib-biting/windsucking or had a 

known dental problem were at increased risk for recurrence of colic.  Interestingly, adding fruits 

and vegetables to the horse’s diet appeared to be associated with a decreased risk of recurrent colic 

(Scantlebury et al. 2011). 

In the following years, Scantlebury et al (2015) used the data from the previous study in 

the form of a nested case-control design, which intended to identify risk factors for recurrence of 

colic, by analyzing the effect of time-varying and non-time-varying variables occurring over the 

course of the study.  From the original population of 127 horses, there were 59 veterinarian-

reported episodes of recurrent colic and 17 owner-reported episodes of recurrent colic.  Median 

time to the first episode of recurrence was 101 days, with three horses having recurrence within 

seven days of initial colic episode and seven horses having first recurrence within 30 days of the 

initial episode.  In addition, nine horses had two episodes of recurrence, four horses had three 

episodes, two horses had four episodes, and one horse had five episodes during the course of the 

study.  However, it was not possible to identify the cause of colic in most cases compiled by this 

study (Scantlebury et al. 2015). 

Similar to the first study (Scantlebury et al. 2011), increased risk of recurrent colic was 

associated with horses that displayed crib-biting/windsucking or weaving behaviors, had reduced 

time spent at pasture, or were fed probiotics; although the relation to probiotics had borderline 

significance (p = 0.055) and should be interpreted with caution.  However, there was no direct 

association between exercise and the risk of recurrent colic (Scantlebury et al. 2015). 

In combination, both studies suggest that even though the recurrence of colic episodes in 

horses is still an area of research, we can expect that horses that have experienced colic episodes 



 

5 

to have increased risk for future episodes.  Appropriate diet, access to grazing, anthelmintic 

prophylaxis and dental care are effective strategies that can be implemented to prevent the 

prevalence of this syndrome (Scantlebury et al. 2011, 2015). 

 

 

1.3 Nephrosplenic entrapment (NSE) of the large colon 

1.3.1 Relevant anatomy 

The large colon (ascending colon) is divided into four parts based on location within the 

abdomen, namely the right and left ventral colon, and the left and right dorsal colon.  There are 

three flexures:  the sternal and diaphragmatic flexure in the cranial abdomen, and the pelvic flexure 

in the left caudal abdomen (Sisson. 1975). 

The right ventral colon begins at the lesser curvature of the cecal base, adjacent to the 

ventral aspect of the 18th rib or the last intercostal space.  The right ventral colon continues cranially 

until it makes a sharp bend (sternal flexure) towards the left ventral abdomen to become the left 

ventral colon, which then continues caudally until the pelvic inlet, where it bends dorsally and 

cranially (180 degrees) to form the pelvic flexure (Sisson. 1975). 

From the pelvic flexure, the left dorsal colon continues cranially until the level of the 

diaphragm, where it turns to the right and caudad, forming the diaphragmatic flexure and becoming 

the right dorsal colon.  The pelvic flexure generally lies in the left caudal abdomen; however, its 

position is variable, and it was initially described to lie directly against the right flank or the right 

inguinal region (Sisson. 1975). 

In close proximity to the left ascending colon lies the spleen, which is a falciform or sickle-

shaped organ located in the left middle to dorsal region of the peritoneal cavity.  Its exact position 
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varies depending on the volume of stomach content, intestinal distention or displacement, and 

splenic disease (Sisson. 1975). 

In all domestic species, the spleen is attached to the stomach by the gastrosplenic ligament, 

which is part of the omentum.  In the horse, an additional ligament is present between the spleen 

and the left kidney, the nephrosplenic or renosplenic ligament (ligamentum lienorenale), creating 

the nephrosplenic space between the medial aspect of the spleen and the left kidney (König & 

Liebich, 2013). 

 

1.3.2 Pathophysiology 

Nephrosplenic entrapment, also termed left dorsal displacement of the large colon, is a 

form of non-strangulating large colon displacement in the horse, in which the left dorsal and ventral 

colons migrate lateral to the spleen in a dorsal direction until entrapped in the nephrosplenic space 

(NSS).  Some clinicians refer to ‘left dorsal displacement’ when the left colons are between the 

spleen and the body wall, and ‘entrapment’ when the left colons are in the NSS (Hardy. 2017). 

The depth of the NSS appears important for the entrapment and is determined by the dorsal 

extent of the dorsal border of the spleen in relation to the attachment of the nephrosplenic ligament 

(Röcken et al. 2005).  The depth of the space can vary from a narrow shelf-like to a deep gully-

shaped structure.  The latter may predispose to recurrent incarcerations that are minimally 

responsive to medical treatment, whereas displacements occurring into a small shelf-like NSS 

likely get minimally entrapped and probably resolve more easily with conservative treatment 

(Mariën et al. 2001). 

The pathology most commonly initiates with a ventromedial rotation of the left colon that 

places the left dorsal colon ventral to the left ventral colon, which can be occasionally associated 



 

7 

with rolling episodes, but is most commonly related to primary abnormal colonic motility (Hardy. 

2017).  Motility patterns of the intestinal tract are modulated by the interstitial cells of Cajal, found 

within the circular and longitudinal muscular layers.  These cells generate the continuous rhythmic 

pacemaker currents, known as slow waves, which control the intestinal peristaltic activity (Klein. 

2013).  Reduced or absent interstitial cells of Cajal activity is implicated in several human 

gastrointestinal motility disorders (Langer et al. 1995).  Compared with normal animals, the 

interstitial cells of Cajal are found in a decreased number and network in horses with dysautonomia 

(grass sickness) and in horses with obstructive disorders of the large colon (Albanese & Caldwell. 

2014). 

The altered colonic motility creates excessive gas formation within the left colon, causing 

the left colon to displace laterally to the spleen and dorsally into the NSS (Lindegaard et al. 2011).  

Once entrapped in the NSS, the weight of the colon causes the spleen to displace medially and 

ventrally, and to become congested.  Overall, the left dorsal colon can then become impacted 

because of impaired movement of ingesta over time.  This impaction starts as a non-strangulating 

obstruction in the large colon.  However, when the duration of the lesion lasts longer than 24 hours, 

colonic congestion and edema can develop and potentially lead to mural damage (Albanese & 

Caldwell. 2014).  With continued gas formation, the sternal and diaphragmatic flexures can 

migrate cranial and dorsal to the stomach between the stomach and the left liver lobe, a NSE 

classified as type II (Hardy. 2017). 

Additionally, obstruction to gastric outflow can occur because of pressure of the colon on 

the duodenum, or tension on the mesentery.  Entrapment of the small colon or small intestine in 

the NSS has been described, but these conditions are rare (Goodrich et al. 1997). 
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1.3.3 Prevalence and risk factors 

The overall prevalence of NSE varies among studies.  Röcken et al (2005) reported an 

incidence of 6% in horses diagnosed with colic over a 16-year period, significantly higher than the 

2.5% reported by Burba and Moore in 1997.  More generally speaking, the prevalence of large 

colon displacement (not specific to NSE) in a population of 1,016 horses with clinical signs of 

abdominal pain, diagnosed by veterinary practitioners outside hospital settings, was 3.3% (Curtis 

et al. 2015).  The prevalence of large colon displacement (not specific to NSE) in 1,588 horses 

from a referral center was 17.2% (Christophersen et al. 2014). 

The diagnosis of NSE includes a wide age range, with horses being diagnosed as early as 

nine months, but with an overall median age of 5 years (Hardy et al. 2000).  In the same study, 

males were overrepresented (25% intact males and 37% castrated males).  Although this 

overrepresentation was not as pronounced in other studies (Lindegaard et al. 2011; Gillen et al. 

2019), the tendency for a higher incidence of males over females remained. 

Breed has also been investigated as a risk factor.  In a study from Denmark, Warmbloods 

were overrepresented, constituting 50% of the horses diagnosed with NSE; in comparison with 

smaller breeds, such as ponies, where the reported incidence was low (9%) (Lindegaard et al. 

2011).  It is believed that the depth of the nephrosplenic space (distance from the dorsal border of 

the spleen to the attachment of the nephrosplenic ligament) is more pronounced in larger breeds, 

such as Warmbloods, and therefore predisposes this breed to entrapment (Southwood. 2018).  In 

contrast, a study conducted in the United States found that Quarter Horses were overrepresented, 

constituting 47% of cases that met the inclusion criteria of suspected NSE (Gillen et al. 2019).  

Breed representation is likely related to demographics of the studies. 
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1.3.4 Clinical signs 

Horses with NSE show variable degrees of pain, depending on the abnormal location of 

the colon and the severity of gas distention, and on the presence of gastric distention (Hardy. 2017).  

Location of the colon lateral to the spleen is associated with minimal to no discomfort and is found 

in the resolving stages of the displacement.  In contrast, entrapment of the left colons (dorsal and 

ventral) within the NSS with the spleen in a relatively normal position is a very painful condition.  

Affected horses will crouch, want to lie down, and often lean to the left side.  When the spleen is 

pushed away from the body wall and displaced ventrally, effectively opening the NSS, there is less 

pressure on the colon and the horses show milder signs of abdominal pain (Hardy. 2017). 

The complete blood count and biochemistry values are usually normal or consistent with 

mild dehydration.  A low packed cell volume in the face of dehydration has been reported as an 

indication of red blood cell sequestration in the spleen.  Horses with increased white blood cells in 

the peritoneal fluid were more likely to have a long-standing duration of the condition, and to 

require surgical intervention (Baird et al. 1991). 

 Another common clinical presentation in horses with NSE is nasogastric reflux, which was 

present in 43% of cases, related to either pressure on the duodenum or mesenteric tension (Hardy 

et al. 2000). 

 

1.3.5 Diagnostic techniques 

The diagnosis of NSE is based on clinical signs of abdominal pain, in combination with 

specific findings on rectal palpation (commonly used to diagnose the condition) and abdominal 

ultrasound.  As described in one retrospective study with a population of 174 cases, 72% specificity 

was attributed for diagnosing NSE from rectal palpation (Hardy et al. 2000). 
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On transabdominal ultrasound, horses with no pathology have the left kidney visible axial 

to the spleen.  Conversely, in horses with suspected NSE, the left kidney is often impossible to 

visualize medial to the spleen due to the presence of a gas-filled colon in the NSS.  Therefore, 

ultrasonography is considered as a reliable tool for confirmation of NSE diagnosed by rectal 

palpation.  Diagnosis of NSE with ultrasonography on its own, when rectal examination cannot be 

performed, can result in false negatives.  In five (12.5%) of 40 horses with NSE diagnosed via 

rectal palpation, there was minimal ventral displacement of the dorsal splenic border and 

insufficient gas within the entrapped colon to obscure visualization of the splenic border and the 

left kidney during ultrasonography (Santschi et al. 1993). 

In contrast, Hardy et al (2000) reported that the left kidney could not be visualized via 

transabdominal ultrasound in 100% of cases with NSE, and the kidney could be successfully 

imaged once the entrapment was corrected (Hardy et al. 2000). 

 

1.3.6 Medical and nonsurgical management 

Once correctly diagnosed, medical treatment for correction of NSE consists primarily of 

withholding feed combined with palliative treatment.  This includes oral electrolytes administered 

by nasogastric intubation and/or intravenous (IV) rehydration, and nonsteroidal anti-inflammatory 

drugs.  Intravenous administration of phenylephrine followed by jogging/trotting on a longe line 

may or may not be used to correct the entrapment, depending on the circumstances of the case and 

the clinician’s preference (Baker et al. 2011; Fultz et al. 2013).  The medical treatment described 

above was used in 82% (114) of horses with NSE in a study in Denmark, leading to a 91.5% overall 

survival rate.  Of these 114 horses, only nine horses required the addition of phenylephrine and 

exercise to the treatment regimen (Lindegaard et al. 2011). 
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When initial medical management fails to resolve the condition, an alternative nonsurgical 

treatment for correction of NSE has been described, which involves inducing the horse under 

general anesthesia following the administration of phenylephrine.  Then, a number of coordinated 

rolling movements and rocking motions are performed on the recumbent horse that may lead to 

release of the entrapment (Fultz et al. 2013).  After initially placing the anesthetized horse in right 

lateral recumbency, the horse is rolled into dorsal recumbency and the pelvic limbs are hoisted 

approximately 20 cm off the ground.  Then, two adults next to the horse’s left flank simultaneously 

extend and relax their legs to maintain a rapid piston-like compression and relaxation to the left 

abdomen for 1-2 minutes.  Then, the horse is sequentially rolled into left lateral recumbency, 

sternal recumbency, and finally right lateral recumbency.  When in sternal and/or right lateral 

recumbency, rectal palpation and/or ultrasonography is performed to evaluate for resolution of the 

entrapment.  The above process is repeated, if needed, to a maximum of three times (Baker et al. 

2011). 

A study published in 2013 (n = 88 horses) compared exercise (15 minutes of trotting in a 

round pen) with rolling under general anesthesia for correction of NSE; both procedures performed 

after IV administration of phenylephrine.  The overall success rate of rolling under general 

anesthesia was 84%, significantly higher in comparison with exercise (63.2%) (Fultz et al. 2013). 

In addition, successful treatment of two horses diagnosed with NSE has been reported by 

transrectal decompression of the left ascending colon in combination with IV phenylephrine and 

exercise (Scotti et al. 2013). 

A high potential for misdiagnosis of cases that do not resolve with medical management 

has been reported recently.  In one study, 58% of horses (34/59) had lesions other than NSE, such 

as right dorsal displacement of the large colon (14), volvulus of the large colon (12), small 
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intestinal mesenteric volvulus (1), epiploic foramen entrapment (3), cecal volvulus (1), and small 

intestinal hematoma (1).  In two horses, large colon volvulus was detected in addition to NSE at 

the time of surgery (Gillen et al. 2019). 

 

1.3.7 Surgical management 

With no improvement following medical and nonsurgical treatment, surgical management 

is commonly advised.  Multiple surgical techniques have been described, but the treatment of 

choice is a ventral midline celiotomy, performed as an emergency situation.  This ensures 

successful correction of the NSE and allows correction of other potentially undiagnosed problems 

(Rakestraw & Hardy. 2012). 

Alternatively, standing laparotomy for correction of NSE has been reported in three horses 

when medical management was unsuccessful, and in which owners declined exploratory celiotomy 

or rolling under general anesthesia.  The surgical technique was successful in resolving the 

entrapment, and allowed for placement of the left ascending colon in its correct anatomical position 

with minimal complications and early return to full exercise (by 30 days in all 3 horses) (Krueger 

& Klohnen. 2015). 

Correction of NSE via standing laparotomy in combination with laparoscopic-assisted 

closure of the NSS has also been reported (Muňoz & Bussy. 2013); and is helpful to prevent 

recurrence of NSE.  Case selection is extremely important, which in this study, included horses 

with no response to medical treatment for over 72 hours and/or deterioration of general status (e.g. 

persistent abdominal pain, increased large colon tympany, increased heart rate, congested mucous 

membranes, and/or increased free abdominal fluid on ultrasound).  In the 12 horses that fit the 

inclusion criteria, these combined procedures had good success; with 10 horses being used for 
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their intended purpose at final follow-up (mean, 23.8 months), and only two horses showing any 

subsequent signs of colic that resolved with medical management (respectively, 5 and 12 months 

after surgery) (Muňoz & Bussy. 2013). 

In horses with uncontrollable abdominal pain, significant food overload of the large colon, 

or a suspicion of another intestinal abnormality, standing laparotomy should be avoided.  There is 

a potential risk of recumbency, intestinal wall laceration during manipulation, or inability to 

resolve another intestinal abnormality; often attributed to limited visual assessment of intestinal 

viability or the presence of adhesions involving the spleen and large colon (Muňoz & Bussy. 2013; 

Krueger & Klohnen. 2015). 

 

1.3.8 Prognosis 

Prognosis for success after NSE is excellent regardless of the treatment (Albanese & 

Caldwell. 2013).  One study showed that 91.5% (n = 114 horses) of all horses survived to hospital 

discharge, 96.5% of cases treated medically and 80% of cases treated surgically (Lindegaard et al. 

2011).  In this study, surgery had a lower survival rate, which may reflect the risks of surgery, 

itself, or more likely, that horses requiring surgery were more severely affected by the disease. 

 

1.3.9 Nephrosplenic entrapment recurrence rate and surgical preventative options 

Once corrected, the recurrence rate of NSE has been reported from 7.5% to 23% (Baird et 

al. 1991; Hardy et al. 2000; Röcken et al. 2005; Nelson et al. 2016).  Such a rate represents both 

a welfare and financial concern for owners and trainers.  As such, the requirement for a long-term 

solution exists in horses that have had NSE; and these solutions have included large colon 

resection, colopexy, and closure of the NSS. 
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Recurrence of NSE is an important feature of the pathology because the potential need for 

a repeat laparotomy has associated complications.  For repeats, rates for intraoperative death or 

euthanasia are as high as 21-25% and the short-term survival is 40-45% (including all types of 

primary and secondary pathologies) (Findley et al. 2017).  This lies in contrast with 12.8% and 

87.2%, respectively, for horses undergoing a single laparotomy (Mair & Smith. 2005).  More 

specifically, in a study of 96 horses that had undergone repeat laparotomy within eight weeks of 

the initial surgery, 15% were diagnosed with recurrent left dorsal displacement of the large colon 

during the repeat laparotomy, of which only 43% survived to hospital discharge (Findley et al. 

2017). 

The technique for large colon resection has been described for many years (Arighi et al. 

1986; Driscoll et al. 2008).  More recently, Pezzanite & Hackett (2017) reported on a population 

of 26 horses that had large colon resection, performed in eight horses due to large colon 

displacement (not specified whether left or right).  The overall outcome was excellent, with 81% 

of the total population discharged from the hospital.  Complications included postoperative 

abdominal pain in eight horses, which usually resolved with medical treatment, but two horses 

required repeat celiotomy. 

Colopexy, which consists of suturing the lateral band (tenia) of the left ventral colon to the 

abdominal wall, is another option for the correction of recurrent NSE.  However, colopexy carries 

many potential complications, such as development of a systemic inflammatory response 

syndrome, diarrhea, thrombophlebitis, salmonellosis, persistent colic requiring repeat laparotomy, 

postoperative ileus, laminitis, incisional infection, incisional dehiscence, and large colon rupture 

(Broyles et al. 2018).  Furthermore, the safety of this procedure in horses with an athletic career 

has not been established (Albanese & Caldwell. 2014). 
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For the most part, both large colon resection and colopexy have lost popularity in recent 

times and are now rarely performed in horses that present with recurrence of NSE.  Closure of the 

NSS via laparoscopy in standing sedated horses has gained popularity over the past 15 years and 

is currently considered the treatment of choice for the correction of recurrent NSE (Röcken. 2012).  

Based on owner perception, standing closure of the NSS (laparoscopic or hand assisted) carries an 

excellent prognosis for reducing or even eliminating colic signs, and contributes to improved 

condition in horses.  Owner satisfaction has been reported at 93% (27/29) (Nelson et al. 2016) and 

at 90% (38/42) (Rodríguez et al. 2019). 

Closure of the NSS using laparoscopy in the standing horse is a technically demanding 

procedure.  Thus far, no studies have assessed operator skill with outcome; however, studies have 

shown that cost and complication rates increase with increased length of surgical procedures in 

horses under general anesthesia.  Surgeries with greater than 90 minutes duration are 3.6 times 

more likely to develop surgical site infections (Stewart & Richardson. 2018).  In human medicine, 

patients who develop surgical site infections are between two and eleven times more likely to die 

(Zimlichman et al. 2013).  Horses that develop surgical site infection after fracture repair are 7.25 

times less likely to survive to hospital discharge (Ahern et al. 2010). 

 

 

1.4 Laparoscopy in horses 

1.4.1 Rationale for laparoscopic procedure versus conventional surgery 

In many aspects, the development of surgical laparoscopy among equine veterinarians has 

paralleled that in human medicine.  The first procedures were in the early 1970s for diagnostic 

purposes by Heinze and his colleagues.  However, it was not until the late 1980s and early 1990s 



 

16 

that equine laparoscopy gained rapid growth due to the work of Fischer, who compiled the first 

textbook on equine diagnostic and surgical laparoscopy in 2001.  The list of indications and 

procedures in the discipline accelerated thereafter; so much that Medline accessions using the 

search term “equine” and “laparoscopy” for the period of 2000-2010 were more than double those 

of the previous decade (Caron. 2012).  Today, when these terms are entered, 292 accessions are 

available (PubMed. 2020). 

Laparoscopic surgery is a major component of the minimally invasive surgery field, which 

can provide efficiency similar to conventional open procedures, while avoiding or limiting the size 

of incisions.  The main advantages for equine patients include decreased soft tissue trauma, 

reduced postoperative pain and morbidity, and overall faster return to function.  In many cases, 

laparoscopy also offers better surgical visualization than open techniques (Martens et al. 2018). 

On the other hand, the statement that “minimally invasive surgery transfers the pain from 

the patient to the surgeon” is very much correct, as laparoscopic surgery presents many technical 

challenges to the surgeon (Caron. 2012).  Correspondingly, the competent laparoscopic surgeon 

has to have a balance of cognitive and technical skills, which might take years to develop and 

require ongoing practice.  It has been demonstrated that the skills learned by novices deteriorate 

between six and 18 months after training (Ragle & Fransson. 2012).  A clear example of these 

challenges is the fulcrum that is provided by the body wall in such a way that to move the tip of 

the instrument or telescope, the handle or camera must be moved to the opposite direction 

(Hendrickson. 2008).  Depth perception is also limited, enhanced by the fact that the image of a 

three-dimensional patient is viewed on a two-dimensional screen.  Therefore, it is best to place the 

laparoscopic portals at approximately 30 degrees between an instrument and the telescope, or a 

total of 60 degrees between instruments.  Either a larger or a smaller distance between instruments 
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will make coordinated hand movement more difficult, which is the case for laparoscopic 

procedures in the standing horse (Hendrickson. 2008). 

 

1.4.2 Standing technique for laparoscopy 

Standing laparoscopy encounters additional challenges for the surgeon, with the most 

significant being a change in perception.  Procedures for a standing patient often require 

movements in a vertical plane, whereas procedures performed on a patient in dorsal or lateral 

recumbency typically require movements in a horizontal plane.  It has been demonstrated that 

laparoscopic skills learned in the horizontal plane do not completely translate to the vertical plane, 

suggesting that specific training to develop vertical plane skills is necessary (Elarbi et al. 2018). 

For the horse, standing laparoscopy avoids the risk of general anesthesia, which can lead 

to catastrophic fractures during recovery, representing 1% (14/1,416) of the total number of horses 

anesthetized in one study (Dugdale et al. 2016).  The most important factor to consider in standing 

laparoscopy is that the horse is comfortable and healthy enough to remain standing for the 

procedure (Graham & Freeman. 2014).  Therefore, horses with severe colic signs are poor 

candidates for laparoscopy.  These horses are also more likely to have distended viscera, which 

inhibits visualization and increases the risk of iatrogenic injury (Graham & Freeman. 2014). 

 

1.4.3 Intra-operative complications during laparoscopy in horses 

The biggest question in surgery is not if there will be complications, but rather how will 

the surgeon respond to them (Hendrickson. 2009).  In a large retrospective study of 158 

laparoscopies, fewer than 5% of the horses showed signs of postoperative discomfort and only two 

horses needed further therapy.  Retroperitoneal insufflation occurred primarily in obese horses.  
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Although bowel puncture happened only once, splenic puncture occurred four times when 

unguarded obturators were used.  Complications also included puncture of the caudal epigastric 

artery and vein during procedures in dorsal recumbency, and puncture of the circumflex iliac 

vessels during standing procedures as the vessels are exposed on the inner aspect of the internal 

abdominal oblique muscles dorsally, often in the region of the middle portal (Walmsley. 1999). 

If the deep circumflex iliac artery is encountered during placement of a cannula, sequelae 

can include bleeding from the incision, hematoma in the body wall, or bleeding along the cannula 

and telescope.  In some cases, the blood will drip from the scope into the lens, making visualization 

difficult (Walmsley. 1999).  Although splenic puncture can create a field contaminated by blood, 

it rarely causes a problem postoperatively for the horse (Olmi et al. 2007).  One of the most serious 

complications associated with laparoscopic surgery is bowel puncture.  Therefore, it is generally 

accepted for horses to be off-feed for 18 to 24 hours prior to standing laparoscopic procedures, as 

it is possible to puncture bowel from either side of the abdomen (Hendrickson. 2008). 

Complications related to sedation and local anesthesia, or lack thereof, can be encountered 

and can be detrimental for the procedure and the patient.  Horses that receive epidural anesthetic 

injection prior to surgery can become extremely ataxic or even lay down during the procedure.  

Horses have also jumped out of the stocks during procedures such as epidural anesthetic 

placement, surgical portal placement, and when grasping a testis or ovary before local anesthetic 

administration (Hendrickson. 2008). 

 

1.4.4 Laparoscopic closure of the nephrosplenic space (NSS) 

Laparoscopic closure of the NSS results in fewer postoperative complications, a better 

cosmetic outcome, and a shorter recuperative period compared to colopexy and colon resection 
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(Driscoll et al. 2008).  The technique was first described in Belgium (Mariën et al. 2001).  Since 

that time, other descriptions of the technique have been made, with small variations, such as the 

use of different sedation protocols, portal placements, instrumentation and suture material 

(Bracamonte & Duke-Novakovski. 2016; Burke & Parente. 2016; Gandini et al. 2017).  Overall, 

between the different reports, the general procedure remains similar and involves the steps 

described below. 

After withholding feed prior to surgery, the horse is placed in stocks and is sedated, using 

a continuous rate infusion or repeated boluses to keep the horse on a steady plane of sedation and 

analgesia (Solano et al. 2009).  Three laparoscopic portals are made in the left paralumbar fossa 

to allow insertion of the laparoscope and instruments.  Prior to the making the incision at each 

portal site, a local block is performed using 10 to 20 mL of 2% lidocaine (Desmaizières et al. 2003; 

Farstvedt, Hendrickson. 2005; Röcken et al. 2005) or 2% mepivacaine (Mariën et al. 2001; 

Albanese et al. 2016; Bracamonte & Duke-Novakovski. 2016; Burke & Parente. 2016; Gandini et 

al. 2017). 

Following laparoscope and instrument insertion, closure of the NSS is performed by 

opposing the dorsal portion of the nephrosplenic ligament to the dorsomedial splenic capsule, 

suturing in a cranial-to-caudal direction using a simple continuous pattern.  To avoid tissue tearing, 

large suture bites (approximately 1.5 cm) are created, with a one to two cm interval between bites.  

The suture is tied using a sliding knot (e.g. modified Roeder knot) (Shettko et al. 2004).  The portal 

incisions are closed routinely in two layers, the external fascia of the external abdominal oblique 

muscle and the skin (Zekas et al. 1999). 

Recent studies describe the use of barbed suture material to close the NSS.  This material 

has a self-anchoring design that does not require knots at the beginning or end of the suture line.  
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This results in a shorter operative time and makes the procedure less technically demanding 

(Gandini et al. 2017).  The outcome for this novel suture was reported in a study evaluating the 

presence of fibrous tissue bridging between the spleen and the nephrosplenic ligament, indicating 

that the suture was successful at maintaining apposition until cicatrization was completed 

(Albanese et al. 2016). 

Another variation of the conventional technique involves the use of a prosthetic mesh for 

obliteration of the NSS.  This method was reported to be an alternative to suture closure, 

eliminating the need for laparoscopic suturing skills.  However, being a method of tension-free 

closure, it does not result in apposition of the dorsal spleen to the fascia of the kidney (Burke, & 

Parent. 2016). 

The use of an endoscopic suturing device for laparoscopic closure of the NSS was also 

recently evaluated in a study with four horses, in which three had successful completion of the 

procedure.  In the unsuccessful case, the procedure could not be completed due to persistent 

breakage of the endoscopic suturing device needle and tearing of the splenic capsule.  For this 

reason, it was concluded that the endoscopic suturing device did not adequately facilitate the 

laparoscopic procedure, and that surgeons should be cautious about using an endoscopic suturing 

device as an alternative method for closure of the NSS (Bracamonte & Duke-Novakovski. 2016). 

 

 

1.5 Sedation and analgesia for standing laparoscopy 

1.5.1 Physiology of pain and specific anatomical innervation for standing laparoscopy 

Acute pain, following tissue trauma or application of a noxious stimulus, is the result of 

activation of peripheral sensory nerve endings acting as sensory receptors (nociceptors).  
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Nociceptors have been described in most structures of the body, including the skin and viscera.  

They transduce and encode noxious stimuli and send impulses to the dorsal horn of the spinal cord 

via small myelinated (A-delta) and thinly or nonmyelinated (C) afferent nerve fibers (Dubin & 

Patapoutian. 2010). 

After reaching the dorsal horn of the spinal cord, the A-delta and C fibers from the 

superficial pain pathways (somatic structures such as the skin) are transmitted via the 

spinocervicothalamic tract (Kennard. 1954), whereas those from deep pain pathways (viscera and 

peritoneum) are transmitted via the spinoreticular tract.  Pain is then perceived by the animal when 

the signals reach the somatosensory cortex (Besson & Chaouch. 1987). 

In standing laparoscopy, pain originates from three broad sources:  the incisions at the 

portal sites in the abdominal wall, the pneumoperitoneum that is created, and the manipulation of 

viscera by the procedure itself.  Stretching of the peritoneum that is caused by insufflation is 

thought to be one of the components of post-laparoscopic pain and may be exacerbated through 

secondary factors, such as peritoneal irritation and visceral hypoxia (Devick et al. 2018). 

Nerve supply to the spleen originates from the splenic plexus, which branches from the 

celiac plexus, and supplies the spleen with both sympathetic fibers from the major splanchnic nerve 

and parasympathetic fibers from the vagus nerve (Constantinescu & Schaller. 2012). 

 

1.5.2 Mechanisms of action of local anesthetics (LA) 

The molecular mechanism of action of LA is related to its action on blocking sodium 

channels (Nau & Wang. 2004).  Overall, the common agreement is that the affinity of the 

anesthetic increases with repetitive impulse, which is termed “use-dependent block”.  However, 

there are two postulated hypotheses that explain the specific mechanism of action of LA. 
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The modulated receptor hypothesis (Hille. 1977; Hondeghem & Katzung. 1977) states that 

LA have high binding affinity to the sodium channel when the channel is open, but low affinity 

when the channel is closed.  Likewise, lipid-soluble drugs enter the cell through the cell membrane 

outside of the sodium channel, but less lipid-soluble drugs  enter the cell through the sodium 

channel when it is open, via the hydrophilic region (inner channel pore). 

The guarded receptor hypothesis (Starmer et al. 1984), states that the receptor for LA is 

inside the channel; therefore, the channel has to be open and activated to work.  The more 

activation or impulse, the higher amount of open sodium channels and the more affinity for LA. 

Once administered into the tissue, LA create an initial vasodilation, followed by a 

sequential loss of sensation to temperature and sharp pain, light touch, and finally loss of motor 

activity; thus, described as a “differential block”.  Decremental conduction is also an important 

phenomenon in the action of LA, which refers to the diminished action of the nodes of Ranvier to 

propagate impulse in the presence of LA.  Therefore, propagation of the impulse can be stopped 

even if none of the nodes have been touched; and sub-blocking concentrations of LA can be used 

to reduce the impulse from peripheral tissue, without affecting action potential impulses (Frink. 

1989). 

The composition of the drug itself also plays an important role in the onset of action and 

rate of absorption.  For instance, lidocaine is an aminoamide with a fast onset, moderate duration 

of effect, and moderate toxicity.  The duration of plain lidocaine is approximately one hour, which 

can be prolonged up to three hours with the addition of epinephrine (Liu & Joseph. 2006). 
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1.5.3 Duration and order of local anesthesia in different locations 

Critical length of nerve fibers is key to understanding the action of LA in different areas of 

the body, as smaller fibers will need a shorter length exposed to the LA to block impulses in 

comparison to larger fibers.  Consequently, sensory nerves are the first to be desensitized, followed 

by sympathetic, and eventually motor nerves.  Thus, B fibers are typically the first to be blocked, 

followed by Aδ and C fibers, then to Aγ, Aβ, and finally Aα fibers (Schumacher & Schramme. 

2018). 

The location of injection also reflects significantly on the rate of absorption of the drug.  

For example, in humans it has been proven that duration of anesthesia is significantly shorter in 

more distal locations, such as an intercostal nerve block, in comparison with sciatic, femoral or 

brachial plexus blocks (Moore et al. 1970).  These differences presumably reflect the delicate 

balances between: 1) concentration gradients for tissue absorption at the site of injection, 2) 

systemic absorption from the site of injection, 3) spread of the anesthetic solution, and 4) 

vasomotor effects of the agents.  Therefore, the rate of systemic absorption seems to be 

significantly higher for an intercostal nerve block, in comparison with sciatic/femoral and brachial 

plexus blocks (72%, 61% and 61% respectively) (Tucker et al. 1972). 

The onset of action of LA follows the same pattern as its duration.  Onset is slower in larger 

proximal nerves than in smaller distal nerves because the space between the nodes of Ranvier 

increases with the size of the nerve; and as a fixed number of nodes (three) has to be blocked in 

order to prevent conduction, it takes longer for LA to act when the nodes are farther apart.  This 

can be seen in local anesthesia in horses, where the onset of action of lidocaine for anesthesia in 

the distal limb is five minutes, compared with 30 minutes in the proximal limb (Schumacher & 

Schramme. 2018). 
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1.5.4 Sedation protocols for standing laparoscopies 

Anesthesia in the equine species carries a higher risk of mortality when compared with 

humans (0.04%) (Gottschalk et al. 2011) and small domestic animals (0.1-0.2%) (Brodbelt. 2009).  

A death rate of 0.9% of horses undergoing routine anesthesia, and of 1.9% if emergency abdominal 

surgeries were included, has been reported (Johnson et al. 2002). 

Standing surgical procedures are performed commonly in horses under sedation.  This 

approach minimizes the morbidity/mortality risk associated with general anesthesia.  However, it 

requires precise dosage of the sedative drugs in order to provide reliable standing immobilization, 

adequate duration of action, constant degree of analgesia, and minimal ataxia and cardiorespiratory 

depression (Johnston et al. 2002). 

Several drug combinations have been recommended in horses for standing sedation.  In 

general, they produce a state of neuroleptanalgesia, characterized by decreased awareness and 

analgesia that result from additive and/or synergistic effects of the drugs.  Alpha-2 agonists and 

opioids are the most common drugs used to induce neuroleptanalgesia in horses.  In one study, the 

combination of medetomidine and morphine for standing sedation in horses resulted in adequate 

sedation for exploratory laparoscopic surgery, with an overall visual analogue scale (VAS) score 

for sedation, analgesia and behavior of 8.3 ± 1.5 on a scale of ten.  Although the degree of ataxia 

was marked in some of the horses, none of them were at risk of falling down, and all horses in the 

study were able to walk back to the stall within ten minutes of finishing the surgery.  Morphine 

was chosen over other opioids since it provides effective analgesia, results in minimal 

locomotor/behavioral changes within recommended doses, and is cost-effective; all of which 

added to the analgesic and sedative effects of medetomidine (Solano et al. 2009).  
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Dexmedetomidine is presently more readily available than medetomidine and has also been 

used in equine patients for standing sedation and as part of balanced general anesthetic techniques. 

Dexmedetomidine is the active enantiomer of medetomidine and as well as the latter, it provides 

an ideal pharmacological profile, including a short half-life and rapid redristribution, which 

facilitates its use as a constant rate infusion (Bettschart-Wolfensberger et al. 2005).  The higher 

specificity of dexmedetomidine for the alpha-2 receptor in relationship to the alpha-1 receptor 

(ratio of 1620:1), compared to xylazine (160:1), detomidine (260:1) and romifidine (340:1) might 

result in less adverse effects (Marcilla et al. 2017).  

 

 

1.6 Local portal blocks 

Many protocols have been developed for standing sedation in horses undergoing 

laparoscopy, but local analgesia has not been a focus of research.  Local portal blocks, using 20 

mL of lidocaine subcutaneously/intramuscularly into each laparoscopic portal, have remained the 

standard protocol for analgesia in most reported studies (Mariën et al. 2001; Desmaizières et al. 

2003; Farstvedt & Hendrickson. 2005; Röcken et al. 2005; Albanese et al. 2016; Bracamonte & 

Duke-Novakovski. 2016; Burke & Parente. 2016; Gandini et al. 2017). 

 

 

1.7 Paravertebral block 

The thoracic and lumbar nerves divide into dorsal and ventral branches shortly after their 

passage through the intervertebral foramen. Each dorsal branch typically divides into medial and 

lateral branches (Sisson. 1975).   The ventral branches course along the transverse processes to run 



 

26 

between and innervate the transverse and the internal oblique abdominal muscles, with sensory 

branches to the skin. Particularly, the ventral branch of the last thoracic nerve (T18) is referred to 

as the costoabdominal nerve, this ventral branch also detaches branches to the mammary glands 

(Sisson. 1975).  

In the lumbar area, ventral branches of the more caudal lumbar spinal nerves interconnect 

to form the lumbar plexus. However, the first three lumbar nerves (L1 to L3) have ventral branches 

that exchange relatively few fibers and are described as individual nerves: the iliohypogastric (L1), 

Ilioinguinal (L2), and genitofemoral (L3, with contributions from L4) (Sisson. 1975).  

The iliohypogastric nerve represents the primary ventral branch of L1, extending to a 

retroperitoneal position between the tip of the transverse processes of the first two lumbar 

vertebrae. Ventral to the transverse process the nerve divides into lateral and medial branches. The 

medial branch passes to the inguinal region and the lateral branch passes between and innervates 

the abdominal muscles.  The lateral branch divides into lateral and medial cutaneous branches. 

The medial cutaneous branch innervates the skin caudal to the ribs, over the abdomen, the inguinal 

mammary glands and the medial side of the thigh, where it combines with corresponding branches 

of the ilioinguinal nerve (König et al. 2013).  

The ilioinguinal nerve is the primary ventral branch of L2 and its branching pattern is 

similar to that of the iliohypogastric nerve. Its lateral cutaneous branch innervates a territory caudal 

to that of the iliohypogastric nerve, with which it overlaps (König et al. 2013).  

In humans, the ilioinguinal and iliohypogastric nerves supply sensory innervation to the 

suprapubic and inguinal regions.  Both the ilioinguinal and iliohypogastric nerves pass through the 

fascia lumborum and extend to the area between the internal oblique and transversus abdominis 

muscles.  The iliohypogastric nerve perforates the transversus abdominis to lie between it and the 
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external oblique muscle before dividing into anterior and lateral branches.  The lateral branch 

supplies sensory innervation to the posterolateral gluteal region.  The anterior branch pierces the 

external oblique muscle, providing sensory innervation to the abdominal skin above the pubis.  

The ilioinguinal nerve may interconnect with the iliohypogastric nerve as it continues medially, 

where it accompanies the spermatic cord in men or round ligament of the uterus in women through 

the inguinal ring and inguinal canal.  The ilioinguinal nerve provides sensory innervation to the 

upper inner thigh, root of the penis, and upper scrotum in men (Nagpal & Moody. 2017).  This 

anatomical description could be extremely relevant if it is applied to the anatomy of the horse, and 

thus fully comprehend the extent for the use of the paravertebral block. 

Paravertebral thoracolumbar anesthesia implies anesthesia of the dorsal and ventral 

branches of the last thoracic and first two lumbar nerves.  The block has been widely described in 

bovines for pain management during standing laparotomy (Boesch & Campoy. 2016).  A German 

study in cattle undergoing laparotomy, compared the reactions of patients to incision of the various 

layers of the abdominal wall, abdominal exploration, and surgical closure of the abdomen after 

administering two different methods of local anesthesia.  Procaine was used to perform either a 

line block combined with an L-block or proximal paravertebral anesthesia.  Cattle given proximal 

paravertebral anesthesia exhibited milder pain reactions to abdominal exploration and to suturing 

the abdominal muscle layers (Nuss et al. 2012). 

The paravertebral block has also been described in horses.  However, according to the 

literature, the procedure carries more challenges than in cattle due to difficulty palpating the 

landmarks (transverse processes of the lumbar vertebrae), attributed to the massive lumbar 

musculature in horses (Moon & Suter. 1993).  The study by Moon & Suter evaluated the efficacy 

of the technique in 10 horses undergoing standing flank laparotomies.  The described technique 
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for horses was extrapolated from cattle and consisted of anesthetizing the dorsal and ventral 

branches of the nerves T18, L1 and L2.  Once the correct anatomic landmarks were identified, the 

resulting block was described as technically simple to perform, did not require expensive 

specialized equipment or a unique environment, and resulted in a consistent good plane of 

analgesia, with a duration of action between 60 and 120 minutes (Moon & Suter. 1993). 

More recently, a similar paravertebral block successfully provided analgesia in a horse 

during standing flank-laparotomy removal of an ovarian granulosa-cell tumor.  In this report, the 

block was performed with guidance via a nerve stimulator.  The authors concluded that the benefit 

of using a nerve stimulator over the conventional technique included:  1) the use of smaller 

volumes of LA (total of 30 mL for the three sites, compared to 60 mL with the conventional 

technique), and 2) the reduced chance of inadvertently desensitizing the third lumbar nerve in 

horses with body condition scores greater than four, which may cause loss of motor control to the 

ipsilateral pelvic limb (Santos & Gallacher. 2017). 

 

 

1.8 Visual analog scoring system for assessing pain in horses undergoing 

standing laparoscopy 

In a recent double-blinded prospective study, a visual analog scale (VAS), extrapolated 

from humans, was developed for horses undergoing a laparoscopic procedure in order to assess 

intraoperative pain responses.  The scoring was standardized for comparison of pain-related 

intraoperative behavioral responses (stomping the hind feet, swaying, kicking and other body 

movements) and the patients were evaluated at eight different time points involving noxious 

stimuli during the surgical procedure (Virgin et al. 2010). 
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Additional research regarding pain assessment after laparoscopic procedures in horses has 

been described (Devick et al. 2018); particularly for mares undergoing standing ovariectomy, 

where pain was assessed and scored every six hours for the first 18 hours after surgery using a 

composite pain scale.  The pain scale used in this study was multifactorial, with 13 assessment 

categories incorporating behavior, response to observer, and physiologic data.  Pain was assessed 

with the patient in a box stall, and each of the 13 categories were scored from zero to three for a 

total pain scale range between zero (no pain) and 39 (maximum pain).  Overall, post-laparoscopy 

pain scores for the 38 mares in the study were lower than anticipated.  As a result, the lack of 

difference between the two groups in the study (active desufflation and non-active desufflation), 

was suspected to be a consequence of the difficulty in detecting pain, or from the absence of 

moderate to severe pain observed in these patients (Devick et al. 2018) 

 

 

1.9 Summary 

Nephrosplenic entrapment in horses is a common pathology with a relatively significant 

rate of recurrence that affects horses of different ages and breeds. 

Laparoscopic closure of the NSS represents a valid long-term solution, with an excellent 

outcome, for prevention of the recurrence of NSE.  Although the technique itself and the sedation 

protocols have been well described with different variations over the years, there has been no 

research regarding local analgesia for these standing laparoscopic procedures. 

The difficulties and challenges that accompany standing laparoscopic procedures, in 

addition to the high technical skills required to perform closure of the NSS, allow speculation that 

the use of a different more diffused local anesthetic technique is indicated, such as the 
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thoracolumbar paravertebral block.  In comparison with the current standard of local anesthesia at 

the laparoscopic portal sites, the paravertebral block will represent a significant advantage by 

performing the procedure with less complications and reduced total surgical time, both of which 

lead to reduced morbidity and improved outcome.  
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2 EFFECTIVENESS OF A PARAVERTEBRAL NERVE BLOCK 

VERSUS LOCAL PORTAL BLOCKS FOR LAPAROSCOPIC 

CLOSURE OF THE NEPHROSPLENIC SPACE:  A PILOT 

STUDY 

 

2.1 Abstract 

Objectives:  To compare the effectiveness of a paravertebral nerve block, vs local portal blocks, 

for laparoscopic closure of the nephrosplenic space in standing sedated research horses. 

Study Design:  Randomized clinical trial. 

Animals or sample population:  Twelve horses were randomly allocated into 2 groups (n = 6 per 

group):  paravertebral block of nerves T18, L1 and L2; or local blocks of the 3 laparoscopic portals. 

Methods:  Horses were sedated with dexmedetomidine (4 µg/kg, IV, and constant rate infusion 

[CRI] of 2.5 µg/kg/h) and morphine (50 µg/kg, IV, and CRI of 30 µg/kg/h).  According to group 

allocation, 20 mL of either lidocaine or saline were injected into each paravertebral nerve site or 

into each local portal site to facilitate laparoscopy for closure of the nephrosplenic space.  The 

overall quality of sedation, analgesia, behavior exhibited during surgery, and ease to perform the 

surgery were blindly scored using a visual analogue scale (VAS). 

Results:  Time to complete local anesthesia was similar for both blocks, and there was no 

difference in VAS scores between groups.  Total duration of surgery was also similar between the 

paravertebral (79 ± 16 min) and local portal blocks (85 ± 25 min) groups. 

Conclusions:  The paravertebral nerve block and the local portal blocks provided similar conditions 

during surgery and can be used interchangeably for closure of the nephrosplenic space. 
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Clinical significance:  The paravertebral nerve block can be readily performed and may be useful 

in surgical procedures. 

 

2.2 Introduction 

Left dorsal displacement of the large colon, also known as nephrosplenic entrapment 

(NSE), is a well-reported cause of colic.  It accounts for 2.5% of horses admitted to referral clinics 

for colic, and up to 5.3% of horses that have colic surgery.1 Once corrected, the reported recurrence 

rate of NSE varies between 7.5-23%.2-5 

Surgical closure of the nephrosplenic space provides a long-term solution to the welfare 

and financial concerns associated with recurrence of NSE colic, and can be performed using a 

minimally invasive laparoscopic technique in standing horses.6  Prior to laparoscopic closure, other 

preventative surgical techniques included colopexy and colon resection, which required general 

anesthesia.7  Compared to the latter techniques, laparoscopic closure is less invasive, results in 

fewer postoperative complications, and has a better cosmetic outcome, a shorter rehabilitation 

period, and less morbidity and mortality. A report of a recent cohort study, including 29 horses 

with laparoscopic closure of the nephrosplenic space, described excellent results from this 

procedure, with recurrence of NSE in only one of the horses.5 Laparoscopic closure is currently 

considered the treatment of choice to prevent recurrence of NSE colic.8 

The laparoscopic closure technique has been described in many reports, all of which 

involved standing sedation with local anesthesia provided by subcutaneous, intramuscular and 

subperitoneal injection of each portal site with 20 mL of 2% lidocaine or 2% mepivacaine.4,6,9-14 
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During this surgical approach, excessive movement of the horse from inappropriate 

degrees of sedation and/or analgesia/anesthesia can have a negative impact on the progression of 

surgery. 

Paravertebral thoracolumbar anesthesia has been widely described to provide anesthesia of 

the paralumbar fossa for standing ruminant abdominal surgery.15  This same technique has been 

modified to block the spinal nerves of T18, L1 and L2 in standing horses for different abdominal 

surgical procedures.16-17  Its use has also been suggested for standing laparoscopy in horses,18 but 

not this has not been thoroughly investigated. 

Paravertebral thoracolumbar anesthesia can be more challenging in horses than ruminants 

because of thicker muscle layers and the narrow space between the last rib and the ilial crest, both 

of which prevent ready palpation of the transverse processes of the lumbar vertebrae as 

landmarks.16-17  Moon and Sutter evaluated the efficacy of the technique in 10 horses for standing 

flank laparotomies, using  20 mL of 2% lidocaine for each of the T18, L1 and L2 nerves, distributed 

between both the dorsal and ventral branches.  The resulting block provided a good plane of 

analgesia, with a duration of action between 60 and 120 minutes.17 A similar paravertebral block, 

using nerve-stimulator guidance, was also successful in a horse during standing flank-laparotomy 

removal of an ovarian granulosa-cell tumor.19 

The paravertebral block has not been compared, in terms of analgesia and sedation, to the 

more common local portal blocks for any standing laparoscopic procedure in the horse.  The 

objective of this study was to determine the effectiveness of a paravertebral block of nerves T18, 

L1 and L2 for laparoscopic closure of the nephrosplenic space in standing sedated horses, compared 

with the standard local portal blocks. 
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Our first hypothesis was that the paravertebral block of T18, L1 and L2 could be easily 

performed and would require a similar time to complete as the local portal blocks.  Our second 

hypothesis was that a paravertebral block would provide better surgical analgesia, sedation and 

behavior than local portal blocks in horses undergoing standing laparoscopic surgery for closure 

of the nephrosplenic space.  Our third hypothesis was that, as a result of improved surgical 

conditions, the overall time of surgery would be less in horses that received the paravertebral block, 

compared with horses that received local portal blocks. 

 

2.3 Materials and methods 

2.3.1 Horses 

Twelve healthy mature mares from a research herd were used.  The study was approved by 

the Institutional Animal Care Committee and completed in a research facility that provided a quiet 

environment without sources of distraction or stimulation to the horses.  Health status was 

assessed, based on physical examination prior to the start of the study.  Body condition score20 was 

also assessed to determine whether it affected the procedures. 

Horses were allocated into 2 groups, using a randomization scheme 

(http://www.randomization.com):  group PV, paravertebral block of nerves T18, L1 and L2, and group 

LP, local portal blocks of the three entry points for laparoscopy instruments.  The same personnel, 

consisting of one anesthesiologist, two surgeons and one veterinary technician, carried out the 

procedures in all horses.  All of the personnel, except the anesthesiologist, were blinded to the 

allocation of horses to each group. 
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2.3.2 Surgical preparation 

Horses were fed a pelleted diet for 48 hours prior to surgery, followed by complete 

withholding of feed for 24 hours prior to surgery.  A 14-gauge 5.25-inch catheter (BD Insyte-W; 

Becton Dickinson Infusion Therapy Systems, Sandy, Utah) was placed in the right jugular vein of 

each horse.  The horse was moved into standing stocks.  Rectal examination was performed prior 

to initiating surgery to verify positioning of the intestines and evacuate the rectum of feces.  The 

left flank was clipped from the dorsal midline to the ventral aspect of the paralumbar fossa, and 

prepared for aseptic surgery.  A single dose of sodium penicillin (22,000 IU/kg, IV) and flunixin 

meglumine (1.1 mg/kg, IV) were administered 30 minutes before the start of each surgery. 

 

2.3.3 Sedation:  Dexmedetomidine and morphine infusion 

An electrocardiogram was attached for continuous monitoring of heart rate and rhythm.  

Baseline measurements for heart rate and rhythm, respiratory rate, behavior, and degree of sedation 

and ataxia were recorded before drug administration.  The following sedation protocol was the 

same for all horses. 

A loading dose of dexmedetomidine (4 µg/kg, IV bolus) was administered, and followed 

15 minutes later by a loading dose of morphine (50 µg/kg, IV bolus).  A constant rate infusion 

(CRI) of dexmedetomidine (2.5 µg/kg/h) combined with morphine (30 µg/kg/h) was started 

immediately after the loading doses, by using an infusion pump (Baxter, Flo-Gard 6201 infusion 

IV pump, Illinois) at a rate of 0.5 mL/kg/h.  The solution for the CRI was prepared by adding 5.0 

mL of dexmedetomidine (0.5 mg/mL) plus 2.0 mL of morphine (15 mg/mL) to 493 mL of 0.9% 

sodium chloride, resulting in 5 µg/mL of dexmedetomidine and 60 µg/mL morphine. 
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Cardiorespiratory measurements were recorded at 15 minutes after the initial loading doses 

and then every 30 minutes until completion of the surgery and CRI.  When additional sedation was 

required during surgery, a bolus of xylazine (100 mg IV) was administered.  This was based on 

unsatisfactory behavior of the horse for the surgery as determined by the surgeons in agreement 

with the anesthetist. The horse remained in the standing stocks after discontinuation of the CRI, 

until head position returned to baseline height.  The total time of CRI administration and time after 

discontinuation of the CRI for the horse to recover baseline head height were also recorded during 

the sedation procedure. 

 

2.3.4 Scoring of sedation and ataxia 

The degrees of sedation and ataxia were evaluated by the anesthesiologist, with scoring 

systems using a scale from 0 to 3.  For sedation:  0 = none; 1 = mild, head slightly lowered (< 

15%); 2 = moderate, head moderately lowered (15-40%) and head resting, responsive to audible 

stimuli; and 3 = marked, head markedly lowered (> 40%) and head resting, not responsive.  The 

percentage of head lowering was estimated at each time interval by untying the head from the 

standing stock and measuring the change in distance from the ground to the tip of the horse’s nose, 

compared to the initial resting head position of the horse before sedation. The scale for ataxia was  

0 = none; 1 = stable, swaying slightly; 2 = swaying, leaning; and 3 = swaying, leaning, crossing 

limbs, buckling. 

 

2.3.5 Local anesthesia:  Paravertebral nerve block 

Aseptic preparation of the epaxial area was performed.  After sedation, the paravertebral 

block technique was performed by the anesthesiologist as previously described,17 starting with 
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spinal nerve L2.  An 18-gauge 15.2-cm spinal needle was initially inserted 5 cm lateral to the dorsal 

midline, at a level in line with the most caudal point of the last rib (18th rib).  This site corresponded 

to the location of the L3 transverse process.  The spinal needle was advanced until it made contact 

with the transverse process, and was then “walked-off” the cranial edge until it advanced through 

the intertransverse ligament for blockade of the ventral branch of nerve L2.  Before injection of 

local anesthetic, aspiration (negative pressure) confirmed that the injection would be extra-

abdominal.  Fifteen milliliters of 2% lidocaine in the PV group, or 15 mL of saline in the LP group, 

were deposited.  Then, the needle was retracted to its previous location dorsal to the intertransverse 

ligament, where the L3 transverse process was again identified with the needle tip for blockade of 

the dorsal branch of nerve L2.  Five mL of 2% lidocaine in the PV group, or 5 mL of saline in the 

LP group, were deposited. 

Maintaining a distance of 5 cm from dorsal midline, the above technique was repeated for 

blockade of nerve L1 by moving 5-6 cm cranially from the nerve L2 injection site to reposition 

over the L2 transverse process, and for blockade of nerve T18 by moving 5-6 cm cranially from the 

nerve L1 injection site to reposition over the L1 transverse process.  For each injection site, the 

distance between skin and the dorsal and ventral aspects of the associated transverse process was 

measured to estimate the depth of the dorsal and ventral branches of the spinal nerve.  Time to 

perform each component of the paravertebral block was recorded from the beginning of needle 

insertion until the final deposition of either lidocaine or saline. 

 

2.3.6 Local anesthesia:  Local portal blocks 

The portal block technique was performed, after sedation, by one surgeon and consisted of 

identifying each of the 3 laparoscopic portal sites using the following landmarks.  The first portal was 
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located in the paralumbar fossa, midway between the caudal aspect of the last rib (18th rib) and 

the cranial aspect of the tuber coxae, at the level of the mid tuber coxae.  The second portal was 

located in the 17th intercostal space, at the level of the dorsal aspect of the tuber coxae.  The third 

portal was located in the paralumbar fossa, approximately 3 cm ventral to the first portal.  Each 

portal site was initially injected with 1 mL of 2% lidocaine subcutaneously, using a 25-gauge 2.5-cm 

needle, which was left in place as a marker for the subsequent insertion of a 20-gauge 8.9-cm spinal 

needle.  Through the spinal needle, each portal site received 20 mL of 2% lidocaine in the LP group, 

or 20 mL of saline in the PV group, injected into the subcutaneous, muscular and peritoneal layers of 

tissue.  Time to perform each of the 3 local portal blocks was recorded from the beginning of needle 

insertion until the final deposition of either lidocaine or saline. 

 

2.3.7 VAS and descriptive overall outcome score for analgesia 

At the end of surgery, the overall quality of analgesia, sedation, and behavior exhibited 

during surgery were scored independently by the two surgeons, the anesthesiologist, and the 

veterinary technician. All observers, except the anesthesiologist, were blinded to the assignment of 

horses to either the PV or the LP group. 

A previously described visual analogue scale (VAS) of 10 cm was used, in which a score 

of 10 is optimal.21,22  Scoring for the descriptive overall outcome with the VAS was  8 to 10 = 

good, the procedure was carried out easily with no interference from the horse; 6 to 7.9 = 

satisfactory, the procedure was carried out fairly easily, but with some interference from the horse; 

3 to 5.9 = not satisfactory, the procedure was completed with difficulty due to interference from 

the horse; and 0 to 2.9 = impossible to complete due to lack of sedation or appropriate conditions.  

When the descriptive score was less than 8 to 10, the observer(s) were required to select as many 
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reasons as applicable from the following list:  horse uncooperative, painful, leaning and not well 

positioned, ataxic, too alert and/or does not look sedated, responds to surgical/physical 

manipulation, surgical complications, unexpected anatomy, set up was incomplete and/or 

equipment malfunction, and observer discomfort (fatigue, distraction). 

 

2.3.8 Surgical procedure 

 The left paralumbar fossa was prepared and draped for aseptic laparoscopic surgery, which 

was subsequently performed similarly to the procedure described in a report by Farstvedt and 

Hendrickson.10 With the horse standing square, skin sensation at the 3 laparoscopic portal sites 

was tested using rat-toothed thumb forceps.  A 2-cm skin incision was made at the site of the first 

portal, and the abdominal wall was digitally dissected until the peritoneum could be perforated 

with closed Mayo scissors.  Then, a long 12-mm-diameter cannula with a conical-blunt obturator 

(VersaStep Plus dilator and cannula; Coviden/Medtronic, Neustadt, Germany) to facilitate 

introduction of a long 10-mm-diameter 30° laparoscope.  The second portal at the 17th intercostal 

space was similarly created after laparoscopic visualization of a needle placed through the intended 

portal site.  The laparoscope was subsequently switched to this second portal and remained in this 

location for the duration of the surgery. The third portal was created 5 cm ventral to the first portal, 

using the same surgical technique.  Finally, the initial 12-mm-diameter cannula in the first portal 

was replaced with a long 25-mm-diameter valveless cannula, using a pyramidal trocar. 

 The abdominal cavity and nephrosplenic space were explored.  A laparoscopic needle 

holder (GR Vet Innovation, Saint Saturnin, France) was introduced into each of portals 1 and 3.  

Portal 1 was used to advance a 240-cm size-1 polyglyconate suture with a 48-mm 1/2-circle taper 

needle. The nephrosplenic space was closed by opposing the perirenal fascia to the dorsomedial 
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splenic capsule in a cranial to caudal direction with a simple continuous pattern by one of the 

surgeons.  The number of suture bites to complete the closure was recorded.  The skin of portals 2 

and 3 was closed using 2-0 polypropylene.  Portal 1 was closed in 3 layers, using 0 glycomer 631 

for the fascia/muscle, 2-0 glycomer 631 for subcutaneous tissue, and 2-0 polypropylene for the 

skin. 

 The following durations of surgery were recorded:  total time from the first skin incision 

to completion of the portal closures, time to place the portals, time to close the nephrosplenic space 

(from the first bite to completion of the last knot), and time to close the three portals. 

 

2.3.9 Aftercare 

Upon return to the stall, the horses were monitored for behavior, appetite and signs of pain, 

until skin-suture removal 12 days after surgery.  Horses were slowly introduced to full feeding 

during the first 24 hours postsurgery.  Flunixin meglumine administration was continued orally at 

1.1 mg/kg twice daily for the first 24 hours, at 0.5 mg/kg twice daily on day 2, and at 0.5 mg/kg 

once daily on days 3 and 4 postoperatively. 

 

2.3.10 Statistical analysis 

The statistical analysis included MIXED, TTEST, NPARIWAY, UNIVARIATE and 

PLOT procedures (SAS 9.4; Cary, North Carolina, USA).  Data was fitted using a Generalized 

Linear Mixed Model with a random effect, using a two-factor factorial design (treatment group 

and time) with repeated measurements for each horse.  Residual analyses to assess the analysis of 

variance assumption were performed and plotted against the predicted values and explanatory 

variables to look for unequal variances, outliers, or other non-random patterns within the data.  
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Normality was assessed with Shapiro-Wilk, Kolmogorov-Smirnov, Cramer-von Mises, and 

Anderson-Darling tests.  Differences were considered significant if P < .05. 

A Mann-Whitney test was used to compare VAS scores between investigators in each group 

and for the same investigator between groups.  Again, differences were considered significant if P 

< .05. 

 

2.4 Results 

All horses were mares, ranging in age from 3 to 21 years, with a mean body-condition 

score of 5.6/9 (range; 3.0-7.0; Henneke scoring system, 1 = poor and 9 = extremely fat). There 

were 10 Standardbreds, one Clydesdale cross, and one draft cross (Table 1). 

According to data pooled from both the PV & LP groups (i.e. included blocks performed 

with lidocaine and those performed with saline), the total time to complete either the PV block or 

the LP blocks was similar.  The horse’s age, weight or body-condition score did not affect the time 

required to perform either block.  However, landmarks for the LP blocks did become more 

challenging to palpate when the body condition score was ≥ 4.  The PV block was relatively easy 

to perform and was completed in all horses without complications.  The respective distances 

between skin and the dorsal and ventral aspects of the transverse processes were similar for all 

nerves in all horses (Table 1). 

The degree of sedation was higher in the LP group (P = .018; however, all horses in both 

groups were scored as mild (score = 1) or moderate (score = 2; Table 1).  The requirement for 

additional sedation (each dose = 100-mg xylazine bolus IV) during surgery was similar between 

the two groups:  mean (95% CI)= 2 (1.1,2.9) in the PV group and 2 (0.24-3.8) in the LP group.  

No additional local anesthesia was required for any horse from either group as a result of failure 
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of a block.  In the LP group, one horse received 20 mL more of additional lidocaine to block a 

different site for surgical portal 2 than had been originally determined. 

Heart rates were similar in both groups throughout the procedure, with mean ± SD of 35 ± 

3 beats per minute in the PV group and 35 ± 3 beats/per minute in the LP group.  Respiratory rate 

was also similar in both groups:  15 ± 3 breaths per minute in the PV group and 16 ± 4 breaths per 

minute in the LP group. 

Descriptive overall outcome scores (VAS scores) pooled from all observers were similar 

in both groups, and, for a given observer,  there were no significant differences in VAS scores 

between groups.  Within each group, there were differences in VAS scores between observers; 

with a trend for the anesthetist and veterinary technician to give higher scores than the two 

surgeons.  However, most assignments to each VAS category range were the same between 

observers, with 46% of blocks good (score = 8-10) and 50% satisfactory (score = 6-7.9) in the PV 

group, and with 50% of blocks good and 42% satisfactory in the LP group (Table 1).  The most 

common causes for a less-than-satisfactory assessment included horse uncooperative, leaning and 

not being well-positioned, responsiveness to surgical/physical manipulation, and surgical 

complications. 

Total duration of surgery and the time to close the nephrosplenic space were similar in both 

groups (Table 1).  It required a mean time of 42 minutes (range; 23-88) to close the nephrosplenic 

space, usually with seven bites (range; 5-7) in a simple continuous pattern, regardless of age or 

weight of the horse.  None of the surgical complications, which included penetration of the spleen 

in one horse and penetration of the thorax in one horse, affected the total duration of surgery.  

Behavior, appetite and manure output were normal in all horses for the entire postoperative period. 
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2.5 Discussion 

In this study, we compared the use of a paravertebral nerve block with local portal blocks 

to provide analgesia/anesthesia for standing laparoscopic closure of the nephrosplenic space in 

horses.  Both the PV block and LP blocks required a similar amount of time to perform and were 

satisfactory for the surgical procedure; the first hypothesis is therefore accepted. 

The PV block was readily performed in all horses regardless of their body-condition score.  

The most important landmark was the last rib, which was always identifiable, and the transverse 

processes could be identified for proper positioning and injection with the needle in place. In this 

study, we measured the mean distance from skin surface to reach the dorsal and ventral aspects of 

the transverse processes in adult horses, as 9.5 ± 0.8 cm and 11.3 ± 0.7 cm, respectively, to block 

the dorsal and ventral branches of the spinal nerve.  These measurements are similar to the 9-cm 

distance to the dorsal aspect of the transverse processes noted in a case report of a 500-kg horse, 

in which a nerve stimulator was used to identify and block nerves T18, L1 and L2 by causing 

contraction of the external and internal abdominal oblique and transverse abdominis muscles.19  

Although the use of a smaller dose of local anesthetic was mentioned as an advantage with the use 

of nerve stimulation, the total dose injected at each site was 15 mL,19 similar to the 20 mL per site 

used in this study. 

The second hypothesis was rejected based on the basis of similar behavior, analgesia and 

sedation between the control and treatment groups. The VAS scores from each investigator and 

the pooled scores were similar for both the PV block and the LP blocks for this type of surgery, 

although there were differences among investigators in VAS scores within each group. 

Researchers in several studies have demonstrated similar differences in comfort/analgesia VAS 

scores between investigators for surgical techniques.21-24  However, the perception seems to vary 
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between those performing the procedure (surgeons) and those providing the conditions 

(anesthetists), because expectations can be different.  VAS scores reflected higher satisfaction for 

personnel not doing the surgery than for surgeons, just as has occurred in other studies.21,24 

Lidocaine was used as the local anesthetic for the blocks in this study.  Lidocaine is a 

shorter-acting local anesthetic than bupivacaine and mepivacaine,25,26 but it was deemed 

appropriate for the duration of this surgery.  The duration of action of a local anesthetic and the 

quality of the block vary according to the concentration of the drug, volume of injectate, and the 

size and location of the nerve.26,27 

In regards to the drug, the lower the concentration the shorter the duration of anesthesia, 

whereas the larger the volume the more spread and binding to the nerve.27  In regards to the nerve, 

more prolonged anesthetic effects are achieved when the local anesthetic is injected closer to the 

main origin of the nerve than in more peripheral nerves;26,27; this is due to less systemic absorption 

and removal away from larger nerves, which allows for a larger availability of the local anesthetic 

over time and increased binding to the nerve.27  For example, the duration of an intercostal nerve 

block with 1% lidocaine in human patients was 157 minutes, whereas a sciatic and femoral nerve 

block was 269 minutes,26  so the LP blocks should result in a shorter duration because this type of 

infiltration is used to block nerve endings, in which uptake into the systemic circulation is high 

and relatively rapid. Infiltration of the main nerves that give origin to the nerve endings, as in the 

PV block, should result in a longer duration, due to less uptake into the systemic circulation and 

better binding to the nerve.  However, in both the PV and LP groups, the duration of surgery (< 90 

minutes) did not exceed the duration of anesthesia, as shown by:  no requirement for additional 

local anesthetic infiltration in either group, and a similar requirement for additional xylazine 

sedation in both groups. 
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The third hypothesis that overall time of surgery would be less in horses receiving the 

paravertebral block was rejected. While this study provides evidences that both blocks provide 

similar surgical conditions, the results were limited only to laparoscopic closure of the 

nephrosplenic space in sedated horses.  The degree of sedation and analgesia from the use of 

morphine and dexmedetomidine probably contributed to visceral analgesia during surgery because 

neither the PV block nor the LP blocks should have affected visceral nociceptive fibers.  None of 

the horses seemed to react to the needle going through the spleen. 

An inherent limitation of this study is that sedation affects the ability to assess and compare 

singularly the effects of the different blocks. However, because it is neither feasible nor 

recommended to conduct this procedure in unsedated horses, the comparison remains clinically 

relevant and valid. While the anesthetist was not blinded to the group assignments, this is unlikely 

to have affected the delivery of sedation because each horse received the same initial sedation 

protocol, and additional sedation was to be given only through agreement between both surgeons, 

who were blinded to group assignment, and the anesthetist. 

The findings of this study could be extrapolated to other standing laparoscopic procedures, 

such as ovariectomy.  The PV block may be advantageous in gonad removal since extension of 

the skin incision is often necessary to exteriorize the gonad, and only the PV block can provide 

this condition without additional infiltration of local anesthetic. 

In conclusion, the PV block of T18, L1 and L2 by using 2% lidocaine represents an 

alternative option for providing analgesia in standing laparoscopic procedures.  The PV block was 

relatively easy to complete in a timely fashion, without complications, and can be used alone or 

interchangeably with the LP block. 
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Table 1:  Comparison of PV and LP treatment groups 

Parameter PV group LP group Pooled data 

Horse weight, kg 553 ± 22 510 ± 61  

Horse age, y 15.8 ± 3.1 10.5 ± 4.7  

LP blocks:  Total time to complete, min  4.5 ± 1.7a 

PV block:  Total time to complete, min  4.9 ± 1.3a 

Mean distance to dorsal aspect of the 

transverse process, cm 

  

9.5 ± 0.8a 

Mean distance to ventral aspect of the 

transverse process, cm 

  

11.3 ± 0.7a 

Total duration of surgery, min 79 ± 16 85 ± 25  

Degree of sedation, 0-3 1.4 ± 0.9b 1.7 ± 0.9b  

Degree of ataxia, 0-3 0.7 ± 0.5 0.8 ± 0.5  

Descriptive overall outcome / VAS score, 0-10c    

All observers 7.1 (6.8,7.2) 7.1 (6.4,8.1)  

Surgeon 1 6.2 (6.1,6.8)d 6.0 (5.1,6.2)d  

Surgeon 2 7.0 (6.3,7.3)e 6.3 (5.6,8.1)d  

Anesthetist 8.2 (8.0,8.2)f 8.0 (8.0,8.2)e  

Veterinary technician 6.7 (6.7,7.9)e,f 6.4 (6.4,8.6)e  

Note:  PV (n=6) and LP (n=6) after IV administration of dexmedetomidine (4 µg/kg and CRI of 2.5 

µg/kg/h) and morphine (50 µg/kg and CRI of 30 µg/kg/h) to perform nephrosplenic space closure 

via flank laparoscopy.  Values are mean ± SD or median (95% CI). 

Abbreviations:  CRI, constant rate infusion; LP, local portal blocks; PV, paravertebral block; 

VAS, visual analog scale. 

aData pooled from both the PV & LP groups (i.e. included blocks performed with lidocaine and 

those performed with saline). 

bP = .018, difference between groups. 

cVAS score:  Good = 8-10, Satisfactory = 6-7.9, Not satisfactory = 3-5.9, Impossible = 0-2.9. 

d p < .05 

ep < .05 

fp < .05
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2.7 Appendices 

 Figure 1:  The local portal block, with infiltration of 20 mls of lidocaine 2% into the skin, 

sub-cutaneous tissue and muscular layers. Needle been inserted into the skin at the first 

portal site  

 

Figure 2:  The paravertebral nerve block, with injection of 15 mls of lidocaine 2% into the 

deep branch of the T18 nerve, cranial to the transverse process of L1  
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3 CONCLUSIONS AND FUTURE STUDIES 

The present study is the first of its kind to indicate that the paravertebral block is easily 

performed in horses of various sizes and body conditions, with a minimal difference in time to 

perform the block compared to the traditional local portal blocks. 

A paravertebral block is also equally effective in providing a good surgical plane of 

analgesia as the traditional local portal blocks.  Although all procedures were performed without 

the need for additional local analgesia, the use of a paravertebral block could be superior to local 

portal blocks if long surgical times are expected (< 90 min when using lidocaine).  The present 

study opens the door for further investigation regarding the duration of local anesthesia in proximal 

nerves, such as those in the paravertebral block in horses.  Such information would be extremely 

beneficial for determining which type of block to use, based on the estimated time of the surgical 

procedure to be performed. 

Further studies can be developed to fully understand the extent of specific anatomical areas 

that are desensitized with the paravertebral block in horses.  This type of block has been thoroughly 

studied in human medicine, and many other more invasive procedures are being performed with 

the use of these analgesic techniques.  In horses, does a paravertebral block sufficiently desensitize 

branches of lumbar nerves, such as the ilioinguinal and iliohypogastric nerves, to provide analgesia 

to parts of the reproductive tract in males and females?,  Can the paravertebral block be used for 

other laparoscopic procedures, especially those where extension of the incision is expected, such 

as gonad removal? 

A future study with the same population of horses may determine if significant differences 

can be detected during ultrasonographic examination of horses with and without closure of the 
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nephrosplenic space.  The 12 mares in the present study had percutaneous ultrasonography of the 

nephrosplenic space performed prior to laparoscopic ablation, as part of a separate study.  This 

data could be used to evaluate horses with chronic colic that are suspicious of nephrosplenic 

entrapment even after previous ablation of the space, or for horses that were recently purchased, 

without any history of previous surgery. 

Last but not least, the same population of horses can also be used to determine the extent 

of adhesions and the success of surgery two years after laparoscopic closure of the nephrosplenic 

space. 

 

 

 

 


