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Mouse Models

Sorensen et al. Echocardiographic Characterization of a Murine Model of Hypertrophic Obstructive Cardiomyopathy Induced by Cardiac-specific Overexpression of Epidermal Growth Factor Receptor 2, pp. 268-277
Domain 3
Primary Species:  Mouse (Mus musculus)

  
SUMMARY: The article described a novel mouse model that displayed profound Left Ventricular (LV) hypertrophy, diastolic dysfunction, and midventricular obstruction with high pressure gradients. The ErbB2tg (overexpression of cardiac-specific epidermal growth factor receptor 2 overexpression) mouse model shows distinct morphologic hypertrophic cardiomyopathy (HCM) features compatible with midventricular obstructive HCM in humans.

 

Echocardiography was used to measure wall thickness and LV dimensions along the short axis at papillary muscle level by using M-mode images. Reduced LV volumes with planimetry of the ventricle in the long axis orientation but a preserved diastolic diameter inhort axis, were found on echocardiography. These results suggest a decreased LV length, likely because of widespread hypertrophy including apical hypertrophy. ErbB2tg mice showed diastolic dysfunction, according to multiple Doppler parameters; and LV obstruction was found using the color Doppler imaging in the midpart of the LV. The ejection fraction was increased in ErbB2tg mice, due to reduced end-diastolic and end-systolic LV volumes. Histopathology revealed that the ErbB2tg mice had massive LV hypertrophy compared with wild type mice, the distribution of the hypertrophy is global and involving both the anterior, septal, posterior wall and the papillary muscles. In contrast to other HCM mouse models, it was found that these mice had LV obstruction with dynamic obstruction, a key feature of human HCM.

 

These characteristics make the ErbB2tg mouse model suitable for research on the hemodynamics and treatment of diastolic dysfunction and midventricular obstruction in HCM. The role of ErbB2tg signaling in the development of HCM and midcavity obstruction is a research area that currently is not being explored. It is to be noted, that myectomy samples from patients with midventricular obstruction should be analyzed to investigate a link between ErbB2tg signaling and development of papillary muscle hypertrophy and midcavity obstruction.

 

QUESTIONS
1. 
What is a key feature of human Hypertrophic Cardiomyopathy (HCM)? 

2. 
Did the ErbB2tg mice show diastolic dysfunction?

 
ANSWERS
1. 
LV obstruction with dynamic obstruction 
2. 
True 
 
 
Smith et al. Demodex musculi Infestation in Genetically Immunomodulated Mice, pp. 278-285

Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions
Task 2: Control Spontaneous or Unintended Disease or Condition
Task 4; Treat Disease or Condition as Appropriate
Primary Species: Mouse (Mus musculus)

 

SUMMARY: Demodex musculi is a prostigmatid mite that has been reported in laboratory mice. The initial reports of this mite were infrequent but have increased in colonies of immunodeficient mice. This paper describes two episodes of infestation that presented with the associated clinical signs in various genetically engineered mouse strains. In addition, certain treatment strategies are discussed along with an investigation into transmissibility and host susceptibility. 

 

Members of the genus Demodex inhabit the epidermis, hair follicles, sebaceous glands, and excretory portion of specialized glands of several mammalian hosts. This group of organisms is readily identified by their small size, cigar shaped bodies and short stubby legs. Demodex typically shows host preference but not necessarily strict host specificity. These mites are rarely found in laboratory mice. 

 

Case 1: Several adult BALB/c-Tg(Do11.10)Il13tm mice of various ages were presented with dermatitis, which progressed from mild erythema to severe ulceration. The initial lesions noted involved the pinnae but subsequent examinations showed mice with similar lesions on the face, dorsal cervical region and intrascapular region. No other strains were clinically affected and sentinel mice were free from common murine pathogens including ectoparasites. Treatment of affected mice was initiated but upon failure the mice were necropsied. Histopathology revealed mites consistent with Demodex in the hair follicles of the pinnae, head, neck and intrascapular region. The affected skin showed epidermal hyperplasia with superficial erosions and cellular crusts and superficial periadnexal inflammation was evident. 
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 A transmission study was performed using affected animals. The mite positive animals were placed with mice of the parental strains. All groups became mite positive, to varying degrees ranging from 25-50% of animals affected. The transmission study was concluded after 6 months of continuous exposure from the index mice. All of the BALB/c-Tg(Do11.10)Il13tm mice remained infested at variable levels throughout the study. This was also the only strain to consistently manifest clinical signs. 

 

Case 2: Several animals were reported to have dorsal hair loss and varying degrees of blepharitis, conjunctivitis and facial pruritus. All affected mice had various immunological alterations backcrossed onto NOD.Cg-PrkdcscidIl2rgtm1Wjl/SzJ(NSG) or C;129S4-Rag2tm1.FlvIl2rgtm1.Flv/J genetic backgrounds both of which express severe generalized immunodeficiency. Fur plucks were performed sampling regions of the face and neck. The fur plucks revealed large numbers of D. musculi, identified on the basis of size and morphology. Histopathology confirmed the presence of intrafollicular mites associated with minimal or no inflammation. The mite burden was generally reflective of the severity of clinical signs. The animals were treated with a warm bath of dilute amitraz. Treatments were performed on the mice every 2 wks for a total of 4 treatments. After 2 treatments the mite burden was reduced by approximately 50%, with a further moderate reduction after the final treatment. Within a month after treatment was discontinued the mite burden began to increase. 
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Demodex mites are parasites that can act as opportunistic pathogens in certain circumstances. Host immunity is responsible for the control of mite populations and a normal immune system appears to detect and tolerate the presence of these mites and has an inhibitory effect on mite proliferation. Treatment with amitraz reduced the burden of mites but did not produce a clinical improvement. 

 

QUESTIONS
1.
What is the life cycle for Demodex species?

2. 
What is the typical immune response to parasitic infections? 

3. 
What is the mechanism of action of amitraz? 

 

ANSWERS
1. 
Female mites lay eggs within hair follicles(eggs hatch within the follicle(progress through larval and nymphal stages(adult stage reached within 18-24 d.  All life cycles occur within the hair follicles and the ducts of the sebaceous glands. 

2. 
The protective immune response against many helminth parasites has been variously referred to as the type 2 response, TH2 (T helper 2) response or TH2-type response. TH2-type responses are typically characterized by increases in the levels of interleukin-4 (IL-4) and other TH2-type cytokines (including IL-5, IL-9, IL-13 and IL-21), activation and expansion of CD4+ TH2 cells, plasma cells secreting IgE, eosinophils, mast cells and basophils, all of which can produce several types of TH2-type cytokine. The IL-17-related cytokine IL-25 (also known as IL-17E) is also associated with the TH2-type response and can promote TH2-cell differentiation and nematode parasite expulsion. Interferon-γ (IFNγ)-dominant TH1-type responses are typically evoked by microbial infections, including bacteria and viruses, and are associated with increases in the numbers of TH1 cells, cytotoxic CD8+ T cells, neutrophils and macrophages. Several cytokines that are preferentially expressed during the TH2-type response, including IL-4, IL-13, IL-21 and IL-25, can also downregulate TH1-type and TH17-type responses and their associated inflammation.
3.
Inhibits monoamine oxidase (MAO) in mites. 
 
Latonen et al. Incidence of Mucinous Metaplasia in the Prostate of FVB/N Mice (Mus musculus), pp. 286-289

Domain 1 

Primary Species: Mouse (Mus musculus)

SUMMARY: Prostate epithelium in mice is considered to be relatively resistant to aged-related changes, as compared with human prostate epithelium, which is prone to spontaneous hyperplasia and cancer, for example. In addition, the incidence of metaplasia in mouse prostate typically is considered to be low. Here we report the incidence of mucinous metaplasia in the prostates of wild-type FVB/N mice. Our histologic study shows that mucinous metaplasia involving goblet cells occurs much more frequently (incidence as high as 50%) in the prostates of aged mice (17-24 mo) than has been reported previously. Mucinous metaplasia in the prostates of laboratory mice may be considerably more frequent than previously appreciated.
 

Key Points:

· Spontaneous pathologic changes of the mouse prostate have a low reported incidence.
· Authors here report that FVB/N mice have a considerably higher incidence of mucinous metaplasia than reported in wild-type B6C3F1 mice.
· Mucinous metaplasia of mouse prostate glands is characterized by the appearance of goblet cells, which typically do not occur in the prostatic epithelium.
· Mice with a higher described incidence of prostatic pathology include: RAS overexpressing mice; Pten null + human MYC overexpressing mice; Pten null + activated K-ras mutant; deletion of androgen receptor of Pten null mice; FGF8b transgenic mice
QUESTIONS
1. 
Name two ways to treat benign prostatic hyperplasia (BPH) in an intact male dog?
2. 
PTEN is a tumor suppressor protein. Name at least one other tumor suppressor protein.
 
ANSWERS
1. 
Castration; medical management with Finasteride (for the breeding life of the dog, until castration)
2. 
pRb (retinoblastoma protein); p53; other examples of tumor suppressors include pVHL, APC, CD95, ST5, YPEL3, ST7, and ST14.
Swine Model

Sarin et al. Swine (Sus scrofa) as a Model of Postinfection Mitral Regurgitation and Techniques to Accommodate Its Effects during Surgical Repair, pp. 290-299
Primary Species: Pig (Sus scrofa)
Domain 3, Task 3. TT3.3: Animal Models, Surgical Models 
 

SUMMARY: This paper describes a novel swine model for correction of post-infarction mitral regurgitation. The authors first induce myocardial infarction with a catheter under fluoroscopy involving balloon occlusion and ethanol injection of the vascular bed supplying the posteromedial papillary muscle and coronary artery. 7-10 weeks post myocardial infarction, pigs were placed on cardiopulmonary bypass and a left thoracotomy and pericardial cradle were performed for exposure of the heart. Three different methods were used for mitral valve repair: annular with a ring, papillary muscle approximation and a combination of both techniques. Animals were recovered (N=26) – post-op mortality: 1 pig died 10d post infarction; of animals that underwent surgery, 3 died immediately after surgery, 1 animal died the first week after surgery and 6 pigs died 30-90 days postop. 15 pigs survived to 90 days. 

 
QUESTIONS
1.
What animal model can be used for transcatheter induction of a myocardial infarction?

a. 
Sheep

b.
Goat

c.
Dog

d. 
Pig

e.  
Rabbit

2. 
An investigator studying mitral regurgitation in myocardial infarction wants to induce acute thrombosis in the coronary arteries via injection of a noxious substance. What do recommend?

a. 
Potassium

b. 
Formalin

c. 
Ethanol

d.
Acetone

e. 
Collagen

 
ANSWERS
1.
d
2. 
c
Sheep Model

Nisolle et al. Prevalence of Age-Related Changes in Ovine Lumbar Intervertebral Discs during Computed Tomography and Magnetic Resonance Imaging, pp. 300-307
Domains 1 and 4
Secondary Species: Sheep (Ovis aries)
 

SUMMARY: The object of the study was to describe age-related degenerative changes of the lumbar IVD that can be diagnosed using CT and MRI in sheep of varying ages. The hypothesis was that degenerative changes occur at every IVD level, IVD damages increase in severity with increasing age and the age effect is larger for LS disc than over IVD.
The study used 41 Trexel cross ewes (ages 6month-11 years) that were euthanized for other purposes and followed by CT and T2 weight MR images and MR/NMR images were obtained for study purposes. Using the CT, scores 0-3 were assigned based of changes associated with IVDD (loss of disc height, osteophytes at margin on vertebral bodies, calcifications in annulus or nucleus, extensions of nucleus within and beyond annulus, modic change. MRI T2 mapping were performed in 22 of the animals and summed to obtain a score. CIS score was used in the currently study which has the advantage of identifying calculation and small osteophytes that are not always possible with MRI.
Changes diagnosed by CT and MRI show that changes in IVD can occur in animals as young as 2 years old, changes were found at all IVD levels and increased with age, especially at the L6S1. Importantly this study wanted to address if ovine models of IVD were appropriate study models for therapeutic procedures. Vertebral discs have similar histology and biochemical characteristics to humans even though the ovine disc is subjected to higher pressures (even when accounting the horizontal position of the vertebral column unlike in bipeds). The authors further conclude that animals would be assessed young to establish a baseline to examine for any degenerative changes since limited information is currently available regarding prevalence of spinal disc degenerative in sheep.
In sheep, L6S1 is the most common site affected by denegation, same as in cattle due to being subjected to strong mechanical stress. Additionally, the study provides reference value for CIS, T2 map scores and Y2 time in research sheep.

 

QUESTIONS
1.
T/F. T2-weighted sequences are preferred to T1 sequence to help identify pathology where changes in water does not content exist

2.
T/F. In dogs L7S1 junction is very mobile and very prone to ventrodorsal subluxation and instability due to low VD shear stiffness

3.
What are modic changes? 

 

ANSWERS
1.
F. T2-weighted sequences are preferred to T1 sequence to help identify pathology where changes in water DO content exist

2. 
T

3. 
A formal classification of signal intensity changes in vertebral body marrow adjacent to the endplates of degenerative discs.

 

Nonhuman Primate Models
Zitsman et al. Distinctive Leukocyte Subpopulations According to Organ Type in Cynomolgus Macaques, pp. 308-323
Primary Species: Macaques (Macaca spp.) 
 

SUMMARY: Cynomolgus macaques (Macaca fascicularis) are a well-established NHP model used for studies in immunology. This article provides reference values on the baseline cell distributions in the hematopoietic and lymphoid organs (HLO) of these animals. Authors used flow cytometry to analyze the peripheral blood, bone marrow, mesenteric lymph nodes, spleen, and thymus of a cohort of male, adult, research-naïve, Mauritian CYNO. Findings demonstrated that several cell distribution patterns differ between CYNO and humans. First, the CD4(+):CD8(+) T-cell ratio is lower in CYNO compared with humans. Second, the peripheral blood of CYNO contains a population of CD4(+)CD8(+) T cells. Third, the CD31 level was elevated in all organs studied, suggesting that CD31 may not be an accurate marker of recent thymic emigrants within the CD4(+) T cells of CYNO. Finally, the B-cell population is lower in CYNO compared with humans. In summary, authors discovered although the majority of immune cell populations are similar between cynomolgus macaques and humans, several important differences should be considered when using CYNO in immunologic studies. These findings provide valuable information to not only researchers but also veterinarians working with CYNO at research centers, in zoos, or in the wild.

 

QUESTIONS
1. 
True/False. Compared to humans, CYNO have more CD3-CD4+ and CD3-CD8+ and T cells in the thymus.

2. 
What thymic cell-type population is present in CYNO but not in humans?

 

ANSWERS
1. 
True

2. 
CD3-CD4-CD8+
Izzi et al. Serum Cobalamin (Vitamin B12) Concentrations in Rhesus Macaques (Macaca mulatta) and Pigtailed Macaques (Macaca nemestrina) with Chronic Idiopathic Diarrhea, pp. 324-332

Domains 1 and 3
Primary Species: Macaques (Macaca spp.) 
SUMMARY: Chronic diarrhea can lead to macaque morbidity and mortality in macaques and is one of the most frequent clinical problems encountered in captive macaque populations with an incidence rate as high as 15%.  Treatment options are diverse with varied responses.  In humans and companion animals with chronic gastrointestinal disease of various etiologies concurrent hypocobalaminemia and cobalamin deficiency are widely reported.  The research conducted here sought to define low serum cobalamin concentrations in macaques with chronic gastrointestinal disease, as is seen in humans and companion animals with the goal of replacement therapy as a treatment for morbidity due to CID.
In this study, rhesus and pigtailed macaques with diarrhea that recurred and persisted intermittently for > 6 months after antibacterial or antiprotozoal therapy despite clearance of identified pathogen, intermittent diarrhea for >3 months for which no cause was determined, or confirmed CID by histopathology of biopsy samples.  Control animals (those that were used to establish “normal” ranges of serum cobalamin concentrations) were those that had no history of diarrhea since birth. Multiple samples of blood and feces were collected for blood analysis, fecal cultures, fecal floatation, fecal smears, and Giardia ELISA. 

The results of the study indicated that there was no correlation between age and serum cobalamin concentration in either macaque species.  There were also no sex-associated differences.  Disease duration and serum cobalamin levels were not significantly correlated in either pigtail or rhesus macaques.  There was no significant difference in hematologic parameters between control animals and those with CID for either group.  There was no evidence for a relationship between ileal disease and serum cobalamin concentration in rhesus macaques, but there was a possible relationship identified in pigtail macaques (sample size too small).  One noteworthy finding was the identification of lower serum cobalamin levels in pigtailed macaques with CID compared to healthy conspecifics. 
In this study, multiple factors may affect the results.  Pigtail macaques may have an increased susceptibility to diarrhea and other gastrointestinal disease due to a higher degree of inherent dysfunction and damage of the gastrointestinal tract and mucosal immune activation.  The presence of amyloidosis in macaques may contribute to decreased serum cobalamin levels.  Diet had no effect on serum levels.  The microbiome differences and chronic disease carrier states may have affected levels.  

In conclusion, cobalamin is a water-soluble vitamin that is not synthesized by mammals and therefore must be obtained through the diet.  Ileal enterocytes contain specific receptors responsible for absorption cobalamin into circulation.  Ileal mucosal disease resulting in reduced absorptive ability can lead to cobalamin deficiency.  Measurement of serum cobalamin concentrations has little effect on diagnosis or treatment options in macaques. 

 

QUESTIONS
1. 
Cobalamin deficiency is associated with which clinical conditions in humans, dogs, cats, and possibly Macaca nemestrina according to this study:

a. 
Septicemia

b. 
Chronic gastrointestinal disease

c. 
Chronic hepatitis

d.
Lymphoma

2.
Which condition in macaques may contribute to decreased serum cobalamin levels? 

a. 
Amyloidosis

b. 
Type II Diabetes mellitus

c. 
Vitamin D deficiency

d. 
Parathyroid syndrome

ANSWERS
1. 
b
2. 
a
Haertel et al. Antemortem Screening for Left Ventricular Hypertrophy in Rhesus Macaques (Macaca mulatta), pp. 333-342

Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions

Tasks 1-4: Prevent/Control Spontaneous or Unintended Disease or Condition, Diagnose/Treat as Appropriate
Primary Species: Macaques (Macaca spp.) 
SUMMARY:  UC Davis maintains a large rhesus macaque population, and necropsies (over time) revealed left ventricular hypertrophy (LVH) -a potentially fatal heart condition- in 1.3% of postmortem exams. Concentric left ventricular hypertrophy (LVH) is a hallmark finding in hypertrophic cardiomyopathy that leads to diastolic dysfunction and variable cardiac consequences as severe as congestive heart failure and sudden cardiac death.  Up to 50% of UC Davis LVH cases manifested as sudden death (many linked to acute precipitating events such as sedation, anesthesia, or trauma that may have exacerbated undetected LV), while the remainder showed no clinical signs prior to presentation (occult LVH).  In addition to rhesus macaques, sudden death with LVH has been documented in owl monkeys (Aotus spp.), captive western lowland gorillas (Gorilla gorilla), captive chimpanzees (Pan troglodytes), and humans.  
Because there are/were limited methods to screen and diagnose LVH in living nonhuman primates, the authors proposed to evaluate (1) targeted echocardiography in macaques with a familial association of LVH and (2) elevation of cardiac biomarker levels as antemortem diagnostic tools for LVH.  Their hypotheses were the risk of LVH would be higher for animals with a familial association of LVH, and cardiac troponin I (cTnI) levels would be higher in sudden-death LVH or occult LVH than controls, with the expectation that cTnI levels would be higher in macaques housed outdoors than indoors. For the targeted echocardiographic surveillance of live animals segment of this project, echocardiography was performed in 17 macaques aged 17-20 years old that had a familial association of LVH (16 full siblings and 1 half sibling), and their sera assayed for cTnI.  For the necropsy diagnosis segment of this project, Serum samples of 10 control (5 m, 5 f), 10 occult LVH (5 m, 5 f), and 10 sudden death LVH (5 m, 5 f) cases were assayed for cTnI, hsCRP, CK-MB, CPK, and LDH. 
For the exercise segment of this project, serum samples were obtained and compared for 30 rhesus macaques housed in an outdoor half-acre field pen and 30 age- and sex-matched, indoor-housed macaques.  Occult LVH was diagnosed in 5 of the 17 (29.4%) rhesus macaques evaluated with targeted echocardiography, with another 4 (23.5%) macaques diagnosed with equivocal disease.  cTnI levels were significantly higher in serum collected from outdoor than indoor macaques, but none of the investigated cardiac biomarkers were associated with LVH in the diagnosed cases. These findings suggest that the LVH in rhesus macaques at UC Davis might represent an inherited form of hypertrophic cardiomyopathy, and targeted echocardiography of rhesus macaques with a familial association of LVH was useful for antemortem disease surveillance.  This study also confirmed that exercise and, indirectly, housing type, are potential confounding factors for cardiac biomarker assessment in macaques.

 

QUESTIONS
1. 
In which of the following nonhuman primate species as LVH not been documented?

a. 
Aotus spp.

b. 
Gorilla gorilla gorilla

c.  
Macaca mulatta

d. 
Pan troglodytes

e. 
Papio anubis 

2. 
According to this study, which cardiac biomarkers were associated with cases of LVH diagnosed by echocardiography in rhesus macaques?

a. 
cTnI

b. 
hsCRP

c. 
CK-MB

d. 
CPK

e. 
LDH

f. 
ALL of biomarkers assayed were associated

g. 
NONE of the biomarkers assayed were associated

3. 
T/F: According to this study, targeted echocardiography of rhesus macaques with a familial association of LVH is useful for antemortem disease surveillance? 

4. 
T/F: Exercise and housing type are potential confounding factors for cardiac biomarker assessment in macaques? 

  

ANSWERS
1.  
e. Papio anubis

2.  
g. NONE of the biomarkers assayed were associated

3.  
True
4. 
True
Connolly et al. Long-Term Clinical Outcomes in Diabetic Rhesus Macaques (Macaca mulatta) Treated with Medroxyprogesterone Acetate for Endometriosis, pp. 343-348

Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions

Primary Species: Macaques (Macaca spp.) 
 

SUMMARY: Depot medroxyprogesterone (DMPA) is a common treatment for NHP endometriosis.  DMPA reportedly impairs glucoregulatory function in humans and rhesus macaques and predisposes humans to diabetes mellitus (DM).  The authors performed a retrospective study to test the hypotheses that DMPA treatment accelerates the onset of DM and that its use in rhesus macaques with endometriosis worsens clinical outcome measures (lifespan, body weight, and body condition score).  A declining and statistically significant trend in mean values was evident for body weight and body condition score as macaques developed either DM, endometriosis, or both; addition of DMPA did not significantly alter this pattern.  The presence of DM, endometriosis, or DMPA treatment statistically but not clinically significantly increased risk of death.  Similarly, the presence of endometriosis and DMPA treatment statistically but not clinically significantly increased the risk of incident DM.  This study indicates that DMPA treatment was associated with worsening trends in lifespan and incident of DM; these trends did not achieve clinical significance in this cohort.

 

QUESTIONS
1.
Which of the following is the most commonly used medical treatment for endometriosis in NHPs?

a.
Depot medroxyprogesterone acetate

b.
Estrogen

c.
Testosterone

d.
Prolactin

2.
Which of the following is FALSE regarding depot medroxyprogesterone acetate?

a.
Suppresses ovulation

b.
Induces endometrial hypertrophy

c.
Has agonist activity at the progesterone receptor

d.
Has capacity to inhibit the hypothalamic-pituitary-gonadal axis

3.
Which of the following is TRUE regarding depot medroxyprogesterone acetate?

a.
Able to bind to androgenic and glucocorticoid receptors

b.
Associated with insulin resistance in humans

c.
Associated with increased risk for type 2 diabetes mellitus in predisposed women

d.
Associated with deterioration of cardiometabolic parameters in humans

e.
All of the above

 

ANSWERS
1.
a

2.
b.  Induces endometrial atrophy

3.
e

 

MacAllister et al. Minimally Invasive Lumbar Port System for the Collection of Cerebrospinal Fluid from Rhesus Macaques (Macaca mulatta), pp. 349-352

Primary Species: Macaques (Macaca spp.) 
 
SUMMARY: Collection of CSF from NHP are used in biomedical translation research, because CSF drug levels are used as a surrogate for CNS tissue penetration. There is a need for an improved method of CSF collection. The new model uses a minimally invasive technique for percutaneous placement of a lumbar catheter to create a closed, subcutaneous system for effective, repeated CSF sample collection. Functional MILP systems were maintained in 70% of the macaques, with multiple, high-quality samples of CSF collected for an average of 3 mo. The authors concluded that the MILP system is an appropriate replacement for temporary catheterization and previous models for placement of a lumbar catheter and is a short term alternative for ventricular CSF collection system in NHP.
 
QUESTIONS
1.
What does the previous NHP lumbar port models require?
a.
High intensity to create and maintain
b.
Laminectomy for catheter placement
2. 
T/F. In single samples CSF collection through lumbar or suboccipital puncture in cynomolgus macaques, high RBC counts can be seen.
3. 
With the MILP model samples were collected automatically in macaques that were
a.
Anesthetized 
b.
Restrained using the pole and collar and chairing system
4.
What are possible complications when using a lumbar port system for CSF collection?
a.
Neurological deficits
b.
Postoperative infection of the surgical site 
c.
Skin erosion around the port
d.
All of the above 
5. 
T/F. These complications were not seen in the rhesus macaques implanted with the minimally invasive lumbar port (MILP).
 
ANSWERS
1.  
b
2.  
True
3. 
b
4. 
d
5. 
True
