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ABSTRACT
Spondyloarthritis represents a hetero-
geneous group of inflammatory diseases 
that share common genetic, clinical and 
radiological features. Those diseases 
are characterised by inflammation in 
the spine and in the peripheral joints. 
Enthesitis is considered a pathological 
hallmark of the spondyloarthritis group 
of conditions but there are also many 
other relevant clinical manifestations. 
The aim of this article is to present an 
overview on articular and extra-artic-
ular manifestations and comorbidities 
associated with spondyloarthritis.

Introduction
Spondyloarthritis (SpA) is a complex 
condition with a wide range of clinical 
manifestations, laboratory abnormali-
ties and imaging features. Genetically, it 
can be associated with the major Histo-
compatibility Complex Class 1 Antigen 
HLA-B 27 (1, 2).  HLA B27 positivity 
rate was 6.9% in healthy controls and 
75% in SpA patients (3). The risk of de-
veloping SpA in patients with HLA B 27 
positivity is from 2 to 10% (1, 2). SpA 
is an inflammatory condition in which 
both peripheral and axial joints might be 
involved. The majority of people with 
this disease have either psoriatic arthri-
tis (PsA) or axial SpA (axSpA), which 
includes AS. Other subcategories are 
enteropathic SpA, associated with in-
flammatory bowel disease (Crohn’s dis-
ease and ulcerative colitis), or reactive 
arthritis, with an occurrence in people 
with gastrointestinal or genitourinary 
infections, and undifferentiated SpA 
that does not meet the diagnosis criteria 
of the other aforementioned subgroups 
(4). More recently, the Assessment of 
Spondyloarthritis International Society 
(ASAS) has proposed a classification 
into axial and peripheral disease. Peri-
pheral disease shares several articular 
manifestations (peripheral arthritis, en-
thesitis, dactylitis), and extra-articular 

features (uveitis, psoriasis, and inflam-
matory bowel diseases) (4). Peripheral 
and axSpa are characterised by involve-
ment of the spine and sacroiliac joints. 
In both diseases the lack of pathogno-
monic factors and laboratory tests may 
delay the diagnosis. Especially in ax-
SpA, the average delay in diagnosis is 
estimated to be from 8 to 11 years (5). 
New studies will be needed for a more 
complete knowledge of the disease that 
will allow an early diagnosis, prevent-
ing the onset of severe disability.

Physiopathology
The proinflammatory cytokines, such 
as interleukins (IL) IL-23, IL-17, IL-1 
and tumour necrosis factor-α (TNF-α), 
play an important part in disease patho-
genesis (6).
In particular, many recent studies have 
underlined the role of IL -7 and IL-23 
(7-9). Genetic evidence links the IL-23-
IL-17 pathway to inflammation in SpA. 
Also the results of research on animal 
models confirm the crucial role of these 
cytokines (10). In the study by Sherlock 
et al., it has been shown that mice that 
overexpress IL-23 develop enthesitis 
and peripheral arthritis (11).
In these animal models IL-23 stimu-
lates the production of IL-17 A, IL-22, 
and IL 17F through the activation of T 
cells in entheses.
Moreover, Utriainen et al. have shown 
in transgenic HLAB27 positive rats that 
CD4+ cells produce IL-17. (12) Ebiha-
ra et al. have also demonstrated that the 
use of IL-17 anti-cancer by blocking 
IL-17 can prevent the development of 
AS characteristics in rats that spontane-
ously develop arthritis (13).
The values of IL-17 increase especially 
in patients with long-term disease.
In addition a recent study has given rea-
son for the role of IL-17 in epidermal 
hyperplasia and bone destruction relat-
ed with PsA (7). The authors proposed 
that the effect of IL-17A in inflamma-
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tory arthritis is to make pre-osteoclasts 
cells hypersensitive to the RANKL sig-
nal and to increase RANKL serum. In 
the study, bone and joint destruction in 
the IL-17A gene transfer coincided with 
a skin pathology. Therefore, it is possi-
ble that IL-17A also induces the expan-
sion of a second myeloid cell subset, 
associated with cutaneous pathology 
including epidermal hyperplasia and 
parakeratosis (4, 7, 8). 
Furthermore, a recent work studied the 
pathophysiological role of IL-27 and 
VEGF in AS identifying the correlation 
with the activity of the disease (14). 
The authors detected that IL-27 con-
centration had increased in AS patients 
related with disease activity as indicat-
ed by BASDAI. They propose that in 
patients with peripheral arthritis, IL-27 
acts by interacting with VEGF (14). 
The cytokines produced during enthesi-
tis and synovitis are also important in 
the contemporaneous presence of bone 
erosions and bone proliferation, typical 
of SpA. The disease involves bone reab-
sorption as well as bone formation (16). 
TNF-α induces osteoclast differentia-
tion and suppresses osteoblast differ-
entiation and new bone formation. This 
mechanism explains the increase of 
bone erosion but it does not clarify the 
bone formation (17, 18). Therefore, the 
new bone formation can be explained by 
the presence of other cytokines. Current 
therapy, which adequately controls in-
flammation in PsA and delays the evolu-
tion of bone erosion, does not block the 
new bone formation. This indicates that 
the mechanisms that connect inflamma-
tion to new bone formation are different 
from those linking inflammation with 
bone erosion. Sherlock et al. suggest 
that IL-22 produces T-cells important in 
the process of responses to local bone in 
SpA (16, 11).
However, the molecular mechanism, 
the new bone formation and pathologi-
cal joint remodelling remain unclear 
(19-23). Other studies have described 
different pathways for the formation 
of new bone through specific proteins 
and mediators. De Bari et al. suggest 
that the shape and localisation of bony 
protrusions in the spine, in peripheral 
joints and extra-articular sites have a 
close connection with enthesis (24). 

Nevertheless, it has not been demon-
strated that enthesis cells proliferate 
and differentiate into bone and cartilage 
enthesitis. Progenitor cells in perios-
teum and synovium can be subjected 
to differentiation. In particular, peri-
osteal cells have a strong chondrogenic 
and osteogenic differentiation potential 
(25). As suggested by Marinova et al., 
migration of bone marrow progenitor 
cells through small channels between 
the enthesis, synovium, and the under-
lying bone marrow may become an im-
portant contributor to the beginning and 
the progression of ankylosis (26, 27). 
Three new differentiation and bone-
forming processes have been suggested 
(28, 29). During the process of enchon-
dral bone formation, the intermediate 
formation of a cartilage template forms 
new bone. In the cartilage the chondro-
cytes differentiate, attract osteoblast 
precursors cells, and are gradually sub-
stituted by bone (27-32). It is possible to 
find endochondral bone formation when 
a large amount of bone is being newly 
formed, for example in fracture healing. 
Direct or membranous bone formation 
is largely based on the positioning of 
bone carried out by osteoblasts (31-35). 
A third mechanism happens with the 
presence of cartilage metaplasia with 
calcification of the extracellular matrix 
surrounding chondrocytes (33). Addi-
tional are warranted to understand the 
connection between cytokines and ana-
bolic factors and the reason why bone 
formation begins early in patients with 
PsA but is rarely present in patients with 
rheumatoid arthritis (RA).

Muscoloskeletal manifestations
Axial manifestations
Inflammatory back pain is a feature 
of axSpA. The rising manifestation of 
back pain for at least 3 months, asso-
ciated with morning stiffness that im-
proves with exercise in an individual 
aged 40–45 years or less, represents the 
ground for subsequent criteria for ax-
SpA including the 2009 ASAS criteria 
(36). Depending on the definition used, 
about 25% to 75% of patients with PsA 
have axial involvement and experience 
inflammatory back pain and stiffness, 
together with spinal involvement on 
imaging (sacroiliitis, spinal ossifica-

tions) (36-38). Higher severity of back 
pain has been shown to be associated 
with higher levels of disease activity in 
patients with SpA (39). Skeletal dam-
age is a consequence of bone destruc-
tion and unusual bone formation, which 
may occur simultaneously or in alter-
nation. The formation and growth of 
syndesmophytes involve osteoprolif-
eration, which contributes most to the 
structural damage typical of this disease 
(35). Syndesmophytes progression is 
highly variable in patients with axSpA, 
but in particularly severe cases it can 
lead to the complete fusion of the axial 
skeleton and even of peripheral joints. 
A recent study showed that the most 
important predictors of progression 
of syndesmophytes that have been 
identified are the presence of existing 
syndesmophytes at onset, male gender 
and elevated serum levels of C-reac-
tive protein. A strong habit of cigarette 
smoking has also been reported (40). 
The presence of erosions or sclerosis 
also increases the probability of a new 
syndesmophyte in that particular site 
two years later. In particular, sclerosis 
has been more strongly associated with 
the possibility of a new syndesmophyte 
than erosions. On the contrary, studies 
of serum proteins have not confirmed 
the identification of prognostic bio-
markers yet. Although interesting stud-
ies are suggestive, no specific medica-
tion has been demonstrated to slow the 
growth of syndesmophytes (40). There 
is still a lot to learn about the factors 
underlying this process and additional 
investigation in this field is needed.

Peripheral manifestations
Enthesitis is often the first clinical 
manifestation of active SpA disease. 
Enthesitis is considered a pathological 
feature of the SpA group of conditions, 
including PsA. It is usually described 
as an inflammation of the insertion of 
tendons, ligaments and capsules into the 
bone (41, 42). The prevalence of clin-
ically-detected enthesitis appears to be 
between 30% and 50% in patients with 
PsA and SpA (43). 
Recent studies regarding the function, 
anatomy and pathophysiology of en-
thesis have clarified the understanding 
of the involvement of this anatomical 
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structure in the course of such diseases 
(44-45). It has also given confirmation 
of the initial observations regarding the 
importance of enthesitis to the patho-
genesis and clinical manifestations of 
SpA and PsA (44). The reason because 
patients with PsA or SpA are likely to 
develop enthesitis is not fully clear. It 
depends on a multi-step process that 
consists of the beginning and the in-
crease of the inflammation followed by 
local tissue responses leading to new 
bone formation. The process of enthesi-
tis is marked by mechanical stress, in-
nate immune activation and mesenchy-
mal tissue modelling and remodelling. 
Distinct molecules and cells guide this 
process (44, 45).
The ASAS and the Group for Research 
and Assessment of Psoriasis and Psori-
atic Arthritis (GRAPPA) have recom-
mended enthesitis as one of the best 
indicators for assessing disease activity 
and response in both axial and periph-
eral SpA and PsA (46-48). 
The enthesis concept has been elabo-
rated at length and fits well with many 
other concepts that are applied to SpA. 
Nevertheless, imaging and pathology 
studies have also demonstrated that not 
only enthesitis contributes to the signs 
and symptoms of the disease but also 
synovitis, arthritis and dactylitis (49-51).
Dactylitis is defined by Rothschild as 
the “uniform swelling such that the soft 
tissues between the metacarpophalan-
geal and proximal interphalangeal, 
proximal and distal interphalangeal, 
and/or distal interphalangeal joint and 
digital tuft are diffusely swollen to the 
extent that the actual joint swelling 
can no longer be independently recog-
nised” (52). It is a clinical result that 
is traditionally related to the diagnosis 
of PsA with peripheral manifestations 
but recent studies have shown that the 
presence of dactylitis is not exclusive in 
patients with PsA or peripheral disease 
(52, 53) but it is instead also a frequent 
manifestation in patients with early 
SpA even at its early stages (54). Dac-
tylitis has been included as one of the 
typical hallmarks of the classification 
criteria for both axial and peripheral 
ASAS SpA (55).
Synovitis describes an intra-articular 
process where inflammation of synovi-

al membrane is recurrent. Swelling, in 
addition to tenderness, is an important 
discriminator between inflammation 
and pain (44). 
Some studies suggest that the pathoge-
netic basis of joint inflammation in SpA 
is based on the close anatomical rela-
tionship between entheses, affected by 
mechanical stress, and the synovium, 
affected by numerous immune media-
tors. It has been proposed to consider 
the functional unit formed by the syn-
ovium and enthesis as a single function-
al synovio-entheseal complex. It gives 
a physiopathological explanation and 
highlights the role of mechanical stress 
on specific tissues (56).

Extra-articular manifestations
Extra-articular manifestations such as 
anterior uveitis, psoriasis (Pso) and 
inflammatory bowel disease (IBD) are 
also typical for SpA.    
A systematic literature review con-
cludes that the mean prevalence of 
uveitis in SpA is 32.7%. It varies ac-
cording to the type of SpA: 33% in AS 
and 25% in PsA (57).
Moreover the uveitis associated with 
AS affects male slightly more than fe-
males. On the contrary uveitis associ-
ated with inflammatory bowel disease 
affect women more frequently (58).
Uveitis associated with AS is often uni-
lateral, recurrent and characterised by a 
rapid onset and anterior inflammation 
(59). On the other hand, uveitis asso-
ciated with PsA and chronic intestinal 
diseases is a bilateral disease with an 
insidious onset and sometimes is pos-
terior (62). Uveitis can also be an early 
extra-early-articular manifestation in 
a patient with SpA not yet diagnosed 
(60). It is therefore very important to 
know the association between uveitis 
and SpA for an early diagnosis and an 
early management of this disease to 
prevent potential disabilities
Pso occurs in more than 10% of pa-
tients with AS.
According to recent studies, there is a 
clear correlation between epithelial bar-
rier inflammation and SpA, caused by 
shared genetic and environmental risk 
factors. At this point, speculating that 
epithelial barrier inflammation leads 
to arthritis through the transmission of 

immune factors or cells is tempting. 
Inflammatory bowel disease occurs in 
5% to 10% of patients with AS, where 
Crohn’s disease is more frequent than 
ulcerative colitis (61).

Comorbidities
SpA tends to associate with the develop-
ment of some comorbidities, in particu-
lar with metabolic syndrome, osteopo-
rosis, mood disorders and malignancy.

Metabolic syndrome
Metabolic syndrome is a cluster of clas-
sic cardiovascular (CV) risk factors in-
cluding central obesity, dyslipidaemia, 
glucose intolerance, and hypertension, 
and it is identified as a strong predic-
tor of CV disease, stroke, and type 2 
diabetes mellitus (62). Its prevalence 
is high: 20–30% of the general popu-
lation (63). A recent review of the lit-
erature concluded that prevalence in-
creases in women older than 50 years. 
It is explained by genetic pathways and 
biological mechanisms such as hyper-
androgenism, insulin resistance and 
the associated increase in abdominal 
obesity and HLD- cholesterol reduction 
that develop after the menopause (62). 
Metabolic syndrome is characterised by 
a low-grade chronic inflammatory state 
and by white adipose tissue. It regulates 
inflammation by secreting numerous 
pro- and anti-inflammatory proteins, 
called adipokines. Recent studies have 
described the association between met-
abolic syndrome and spondyloarthritis, 
specially with PsA (62, 64, 65). In par-
ticular, the association between axial 
SpA and PsA and the increased cardio-
vascular mortality has been reported.
Bakland et al. report a higher mortality 
rate in terms of standardised mortality 
ratio (SMR) ranging from 1.32 to 2.62 
in axSpA compared to the general pop-
ulation, with cardiovascular disease as 
the main cause in most of the studies. 
The authors demonstrate that mortality 
ratio is more related to infrequent use 
of NSAID rather than a continuous one 
(66). 
The presence of inflammation and the 
expression of pro-inflammatory cyto-
kines are crucial in every phase of ath-
erosclerotic process that could be en-
hanced in AS patients. This promotes 
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not only the development of arterial 
plaque but also its rapture (67). Recent 
meta-analysis highlighted that also pa-
tients with Pso have a 40% increased 
risk of developing cardiovascular dis-
eases (68). An important recent study 
reported that the prevalence in RA, Pso 
and PsA cohorts for hypertension was 
18.6%, 16.6%, 19.9%, respectively; 
in diabetes mellitus 6.2%, 6.3% and 
7.8%; in hyperlipidaemia 9.9%, 10.4% 
and 11.6%; and in obesity 4.4%, 3.8% 
and 6.0% (69). The increased cardio-
vascular morbidity in psoriatic disease 
may be also partially associated with 
the high prevalence of metabolic ab-
normalities related with obesity, such 
as impaired glucose tolerance and ath-
erogenic lipid profile, together with an 
unhealthy lifestyle (e.g. smoking, phys-
ical inactivity) that are frequent in these 
patients (70).
An important role in the pathogenesis 
of metabolic syndrome is played by 
white adipose tissue, which represents 
an endocrine organ able to produce 
many pro and anti-inflammatory mol-
ecules, regulating both inflammation 
and metabolic state (71). The preva-
lence of metabolic syndrome in PsA 
is 38% (72). A continuous production 
of some important cytokines and adi-
pocytokines such as TNF, IL6, IL-1 β, 
leptin and adiponectin may be a result 
of excessive presence of white adipose 
tissue. The function of Th-17 derived 
cytokines in the pathogenesis of obesity 
and related inflammatory disease is also 
important. These molecules may cause 
the development of a pro-inflammatory 
state and may promote a subclinical in-
flammation at the level of vessel intima. 
This could result in atherosclerotic pro-
cesses (73). 
According to recent studies, the preva-
lence of diabetes seems higher in AS 
and PsA patients compared to the gen-
eral population (74, 75). In particular 
tender joint count and ESR can predict 
the rising of diabetes.

Osteoporosis
Osteoporosis is a systemic skeletal dis-
ease associated with diminished bone 
mass, compromised bone strength 
and microarchitectural deterioration 
of bone tissue with a higher risk of 

fragility fractures (76). Osteoporosis 
of the spine and peripheral bones is 
common in SpA. The combination of 
spinal rigidity from the formation of 
syndesmophytes and osteoporosis in 
trabecular bone contributes to the risk 
of spinal fracture. This is as high as 
10% in these patients and is connected 
with a high possibility of severe spinal 
cord injury (77). Bone mineral density 
(BMD), measured by DXA despite the 
presence of osteoporosis, may be in-
creased by abnormal calcification of 
spinal ligaments, new bone formation 
in the spine and peripheral joints. 
In axSpA, BMD may not be a sensi-
tive marker for diagnosis osteoporosis. 
Bone loss connected with inflamma-
tion, limited physical activity, damaged 
kidneys, which may lead to secondary 
hyperparathyroidism, may all contrib-
ute towards a low BMD in axial SA. 
The prevalence of low BMD in axSpA 
has been found to vary between 11.7% 
and 34.4%, with the prevalence of fra-
gility fractures ranging between 11% 
and 24.6%. (78). Risk factors such as 
age, use of steroids, low serum levels 
of 25OH vitamin D and smoking have 
been highlighted in AxSpA. Other risk 
factors like smoking, alcohol, familiar-
ity with fracture and diet require to be 
investigated further. An early evalua-
tion of risk factor is important to pre-
vent fracture and possible future dis-
ability. Although inflammation of the 
axial skeleton frequently ends with the 
formation of bony spurs, osteopenia is 
detected in over 54% of AS patients. 
It has been recently demonstrated that a 
higher bone loss caused by bone turno-
ver, affects more the disease duration in 
correlation to the HLA-B27 gene than 
osteoblastic bone formation. In the 
study, an increased osteoclast-caused 
activity was highlighted. Additionally, 
the extracellular matrix of the bones 
lost some of its resistance to elastic and 
plastic deformation. Furthermore, the 
data indicate that IBD only plays a mi-
nor role in driving bone loss (79).

Mood disorders
As Shen et al. showed, AS patients 
seemed to have a higher risk of de-
veloping depressive disorders, anxi-
ety disorders and sleep disorders due 

to sleep quality and disease activity 
(80). Lewinson et al. confirmed the 
occurrence of psychiatric disorders in 
AS patients. Moreover, having a major 
depressive disorder has been demon-
strated to be a significant risk factor for 
the development of PsA (81). 
A recent literature review also empha-
sises the risk of suicidal ideation and 
behaviour, particularly in patients with 
PsA (82). The symptoms associated 
with psoriasis such as pain, itching, 
scaling can limit the social life of pa-
tients. Arthritis can also create disabil-
ity, affecting the ability to socialise. 
The presence of functional disability, 
reduced mobility, pain, fatigue and, 
generally speaking, reduced quality of 
life, plays an important role on the de-
velopment of mood disorders. Depres-
sion, anxiety and sleep disorders are 
found at all stages of the illness so the 
disease activity does not correlate with 
mood disorders (83).
Furthermore, Raison et al. have con-
cluded that inflammation connected 
with chronic inflammatory conditions 
has an important role in the pathophys-
iology of depression. High levels of 
C-reactive protein were also linked to 
the presence of these disorders in SpA 
(84). 
Also pro-inflammatory cytokines such 
as IL 1 and IL 6 are elevated both in 
psoriasis and in depression, indicating 
that high levels of cytokines in the cen-
tral nervous system can cause physi-
ological and biochemical changes that 
can contribute to the development of 
depression (85).
However, the exact molecular mecha-
nisms remain unexplained. Further 
studies will be needed to understand 
the effect of systemic inflammation on 
mood disorders.

Fibromyalgia 
Fibromyalgia (FM) is the most frequent 
diagnosis in patients that suffer from 
chronic diffuse pain with fatigue. It 
can occur alone or in association with 
chronic inflammatory diseases (86). 
The prevalence of FM ranges from 2% 
to 8% in the general population and it 
can get to over 50% in patients with 
other rheumatic and musculoskeletal 
diseases (87). In particular the presence 
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of FM has been reported in 4% to 25% 
of patients with axSpA and 9% to 17% 
in PsA (66). Sometimes the differential 
diagnosis between tender points and en-
thesitis can be difficult. In most cases 
of enthesitis there are no visible signs 
of clinical inflammation or increased 
acute phase reactants (88). Moreover, 
many entheses are difficult to access 
clinically, because they are located 
deep inside the human body. Occasion-
ally, there is also an overlap with FM 
tender points (89). 
Finally, clinically detected enthesitis in 
SpA may be extremely complex to tell 
apart from tender points in FM. This 
means that disease activity measures 
that include subjective elements, such 
as pain and patient global reports may 
be increased, even when more objective 
measures, such as swollen joint count 
or CRP suggest remission or low dis-
ease activity (84). This should be con-
sidered in the treatment algorithm so to 
avoid unnecessary and excessive treat-
ment (90).
In this context imaging, especially ul-
trasound (US), can play an important 
role in detecting enthesitis. Recently, 
the EULAR recommendations for the 
use of imaging in the diagnosis and 
management of SpA advise the use 
of MRI and US for diagnosis, activ-
ity monitoring and structural change 
evaluation in peripheral SpA (91). It 
has been demonstrated that US has a 
good accuracy, reliability and sensitiv-
ity to change in the assessment of struc-
tures involved in PsA, such as entheses, 
but also tendons, synovium and bones 
(92). A recent review of the literature 
highlighted the role of ultrasound, in 
particular the Doppler signal in enthe-
ses rather than grey-scale changes, as a 
specific element in PsA (93). Therefore, 
the integration of the US with the clini-
cal examination can be an important 
support in the diagnostic process.

Malignancy 
In the last years, researchers have in-
vestigated the association that exists 
between malignancy and autoimmune 
diseases. Numerous studies have re-
ported a higher risk for cancer in pa-
tients with autoimmune diseases (94). 
It seems that chronic inflammation 

could increase the risk of malignancy, 
because the occurrence of bone can-
cer, colon cancer, prostate cancer was 
significantly higher in patients with AS 
(66). In particular, female patients with 
SA were found more likely to develop 
colon cancer (95).
A significantly higher risk was observed 
for AS patients aged between 50 and 64 
years old (89) with a 14% increase in 
the overall risk for tumour of the diges-
tive system, multiple myelomas and 
lymphomas (96). Another recent study 
concluded that the risk for lung or head 
and neck cancer among patients with 
AS was significantly higher. On the 
contrary, risks for liver, bladder, and 
uterus cancers were only marginally 
important (97). These various effects on 
cancer risk may be caused by chronic 
inflammation (98). However, the cur-
rent literature does not prove that an as-
sociation of anti-TNF and IL-17 agents 
with malignancy in patients with SpA 
exists (99). What has not been shown is 
an increase in the risk of tumours for the 
inhibitors of IL12/23 (100). Additional-
ly, patients with a primary malignancy 
may develop autoimmune-like disease. 
The literature highlights an association 
also between cancer and many other in-
flammatory diseases, such as inflamma-
tory bowel disease, RA, systemic lupus 
erythematosus, multiple sclerosis and 
others. These data call for attention to-
wards patients with rheumatic diseases 
for early identification of cancer in clin-
ical practice and to improve the quality 
of care of these patients.

Conclusions
SpA constitutes a group of complex 
diseases. Enthesitis is one of its feature 
elements, but also many musculoskel-
etal and extra-articular manifestations 
play an important role. Numerous co-
morbidities can also be associated with 
this disease. 
Recent studies have illustrated interest-
ing theories on the physiopathological 
mechanisms, although at the moment 
these have yet to be fully explained.
More studies and investigations aimed 
at understanding these complex pathol-
ogies with the ultimate goal of a more 
prompt and effective care of these pa-
tients are warranted.
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