
3-M-HETEROCYCLYL - 1 , 2 , 3 - TRIAZOL - I - YL - N-
ARYL - BENZAMIDES AS INHIBITORS OF THE CYTOKINES
PRODUCTION FOR THE TREATMENT OF CHRONIC INFLAMMATORY
DISEASES APPLICATION DATA 5 This application claims
benefit to US provisional application no. 60/55 1,445
filed March 9, 2004. 1. TECHNICAL FIELD This invention
relates to compounds of formula (I) The compounds of
the invention inhibit production of cytokines involved
in inflammatory processes and are thus useful for
treating diseases and pathological conditions
involving inflammation such as chronic inflammatory
disease. This invention also relates to processes for
preparing these compounds and to pharmaceutical 15
compositions comprising these compounds. 2. BACKGROUND
INFORMATION Tumor necrosis factor (TNF) and
interleukin-1 (IL-I) are important biological entities
20 collectively referred to as proinflammatory
cytokines which play a role in cytokine mediated
diseases. These, along with several other related
molecules, mediate the inflammatory response
associated withthe immunological recognition of
infectious agents. The inflammatory response plays an
important role in limiting and controlling pathogenic
infections. 25 Elevated levels of proinflammatory
cytokines are also associated with a number of
diseases of autoimmunity such as toxic shock syndrome,
rheumatoid arthritis, osteoarthritis, diabetes and
inflammatory bowel disease (Dinarello, C.A., et al,
1984, Rev. Infect. Disease 6:51). In these diseases,
chronic elevation of inflammationexacerbates or causes
much of the pathophysiology observed. For example,
rheumatoid synovial tissue becomes invaded with
inflammatory cells that result in destruction to
cartilage and bone (Koch, A.E., et ah, 1995, J.
Invest. Med. 43: 28-38). Studies suggest that
inflammatory changes mediated by cytokines may be
involved in endothelial cell pathogenesis including
restenosis after percutaneous transluminal coronary
angioplasty (PTCA) (Tashiro, H., et ah, 2001 Mar,
CoronArtery Dis 12(2):IO7-13). An important and
accepted therapeutic approach for potential drug
intervention in these diseases is the reduction of
proinflammatory cytokines such as TNF (also referred
to in its secreted cell-free form as TNFa) and IL-I b.
A number of " anti-cytokine therapies are currently in
clinical trials. Efficacy has been demonstrated with a
monoclonal antibody directed against TNFa in a number
of autoimmune diseases (Heath, P., "CDP571: An
Engineered Human IgG4 Anti-TNFaAntibody" SBC Meeting
on Cytokine Antagonists, Philadelphia, PA, April 24-5,
1997). These include the treatment of rheumatoid
arthritis, Crohn's disease and ulcerative colitis
(ILankin, E.C.C., et ah, 1997, British J. Rheum. 35:
334-342 and Stack, W.A., et ah, 1997, Lancet 349:
521-524). The monoclonal antibody is thought to
function by binding to both soluble TNFa and to
membrane bound TNF. A soluble TNFa receptor has been
engineered that interacts with TNFa. The approach is
similar to that described above for the monoclonal
antibodies directed against TNFa; both agents bind to
soluble TNFa, thus reducing Its concentration. One
version of this construct, called Enbrel (Immunex,
Seattle, WA) recently demonstrated efficacy in a Phase
III clinical trial for the treatment of rheumatoid
arthritis (Brower et al, 1997, Nature Biotechnology
15: 1240). Another version of the TNFa receptor, Ro
45-2081 (Hoffman-LaRoche Inc., Nutley, NJ) has
demonstrated efficacy in various animal models of
allergic lung inflammation and acute lung injury. Ro
45-2081 is a recombinant chimeric molecule constructed
from the soluble 55 kDa human TNF receptor fused to
the hinge region of the heavy drain IgGl gene and
expressed in eukaryotic cells (Renzetti, et al, 1997,
Inflamm. 2R.es. 46: S143). IL-I has been implicated as
an immunological effector molecule in a large number
of disease processes. IL-I receptor antagonist
(IL-ITa) had been examined in human clinical trials.
Efficacy has been demonstrated for the treatment of
rheumatoid arthritis(Antril, Amgen). In a phase III
human clinical trial IL-Ira reduced the mortality rate
in patients with septic shock syndrome (Dinarello,
1995, Nutrution 11, 492). Osteoarthritis is a slow
progressive disease characterized by destruction of
the articular cartilage. IL-I is detected in synovial
fluid and in the cartilage matrix of osteoarthritic
joints. Antagonists of IL-I have been shown to
diminish the degradation of cartilage matrix
components in a variety of experimental models of
arthritis (Chevalier, 1997, Biomed Pharmacother. 51,
58). Nitric oxide (NO) is a mediator of cardiovascular
homeostasis, neurotransmission and immune function;
recently it has been shown to have important effects
in the modulation of bone remodeling. Cytokines such
as IL-I and TNF are potent stimulators of NO
production. NO is an important regulatory 



molecule in bone with effects on cells of the
osteoblast and osteoclast lineage (Evans, et al, 1996,
J Bone Miner Res. 11, 300). The promotion of beta-cell
destruction leading to insulin dependent diabetes
mellitus shows dependence on IL-I Some of this damage
may be mediated through other effectors such as
prostaglandins and thromboxanes. IL- 1 can effect this
process by controlling the level of both
cycloo-xygenase II and inducible nitric oxide
synthetase expression (McDaniel et al, 1 996, Proc Soc
Exp Biol Med. 211, 24). Inhibitors of cytokine
production are expected to block inducib Ie
cyclooxygenase (COX-2) expression. COX-2 expression
has been shown to be increased by cytokines and it is
believed to be the isoform of cyclooxygenase
responsible for inflammation (M.K. O'Banion et al,
Proc. Natl. Acad. ScL U.S.A, 1992, 89, 4-888.)
Accordingly, inhibitors of cytokines such as IL-I
would be expected to exhibit efficacy against those
disorders currently treated with COX inhibitors such
as the familiar NSAIDs. These disorders include acute
and chronic pain as well as symptoms o f inflammation
and cardiovascular disease. Elevation of several
cytokines has been demonstrated during active
inflammatory bowel disease (IBD). A mucosal imbalance
of intestinal IL-I and IL- Ira is present in patients
with IBD. Insufficient production of endogenous IL-lra
may contribute to the pathogenesis of IBD (Cominelli,
et al, 1996, Aliment Pharmacol Ther. 10, 49).
Alzheimer disease is characterized by the presence of
beta-amyloid protein deposits, neurofibrillary tangles
and cholinergic dysfunction throughout the hippocampal
region.The structural and metabolic damage found in
Alzheimer disease is possibly due to a sustained
elevation of IL-I (Holden, et al, 1995, Med
Hypotheses, 45, 559). A role for IL-I in the
pathogenesis of human immunodeficiency virus (HIV) has
been identified. IL-Ira showed a clear relationship to
acute inflammatory events as well as to the different
disease stages in the pathophysiology of HIV infection
(Kreuzer, et al, 1997, Clin Exp Immunol. 109, 54).
IL-I and TNF are both involved in periodontal disease.
The destructive process associated with periodontal
disease may be due to a disregulation of both IL-I and
TNF (Howells, 1995, OralDis. 1, 266). Proinflammatory
cytokines such as TNFa and IL-I b are also important
mediators of septic shock and associated
cardiopulmonary dysfunction, acute respiratory
distress syndrome (ARDS) and multiple organ failure.
In a study of patients presenting at a hospital with
sepsis, a correlation was found between TNFa and IL-6
levels and septic complications (Terregino et al.,
2000, Ann. Emerg. Med., 35, 26). TNFa has also been
implicated in cachexia and muscle degradation,
associated with HIV infection (Lahdiverta et al.,
1988, Amer. J. Med., 85, 289). Obesity is associated
with an increase incidence of infection, diabetes and
cardiovascular disease. Abnormalities in TNFa
expression have been noted for each of the above
conditions (Loffreda, et al, 1998, FASEB J. 12, 57).
It has been proposed that elevated levels of TNFa are
involved in other eating related disorders such as
anorexia and bulimia nervosa. Pathophysiological
parallels are drawn between anorexia nervosa and
cancer cachexia (Holden, et al, 1996, Med Hypotheses
47, 423). An inhibitor of TNFa production, HU-21 1,
was shown to improve the outcome of closed brain
injury in an experimental model (Shohami, et al, 1997,
J Neuroimmunol 72, 169). Atherosclerosis is known to
have an inflammatory component and cytokines such as
IL-I and TNF have been suggested to promote the
disease. In an animal model an IL-I receptor
antagonist was shown to inhibit fatty streak formation
(Elhage et al, 1998, Circulation, 97, 242). TNFa
levels are elevated in airways of patients with
chronic obstructive pulmonary disease and it may
contribute to the pathogenesis of this disease (M.A.
Higham et al, 2000, Eur. Respiratory J., 15, 281).
Circulating TNFa may also contribute to weight loss
associated with this disease (N. Takabatake et al,
2000, Amer. J. Resp. & Crit. Care Med, 161 (4 Pt 1),
1179). Elevated TNFa levels have also been found to
beassociated with congestive heart failure and the
level has been correlated with severity of the disease
(A.M. Feldman etal, 2000, J. Amer. College of
Cardiology, 35, 537). In addition, TNFahas been
implicated in reperfusion injury in lung (Borjesson et
al, 2000, Amer. J. Physiol, 278, L3-12), kidney (Lemay
et al, 2000, Transplantation, 69, 959), and the
nervous system (Mitsui et al, 1999, Brain Res., 844,
192). TNFa is also a potent osteoclastogenic agent and
is involved in bone resorption and diseases involving
bone resorption (Abu-Amere al, 2000, J. Biol. Chem.,
275, 27307). It has also been found highly expressed
in chondrocytes of patients with traumatic arthritis
(Melchiorri et al, 2000, Arthritis and Rheumatism, 41,
2165). TNFa has also been shown to play a key role in
the development of glomerulonephritis (Le Hir et al,
1998, Laboratory Investigation, 78, 1625). The
abnormal expression of inducible nitric oxide
synthetase (iNOS) has been associated with
hypertension in the spontaneously hypertensive rat
(Chou et al., 1998, 



Hypertension, 31, 643). IL-I has a role in the
expression of iNOS and therefore may also have a role
in the pathogenesis of hypertension (Singh et al,
1996, Amer. J. Hypertension, 9, 867). IL-I has also
been shown to induce uveitis in rats which could be
inhibited with IL-I blockers. (Xuan et al., 1998, J.
Ocular Pharmacol. andTher., 14, 31). Cytokines
including IL-I, TNF and GM-CSF have been shown to
stimulate proliferation of acute myelogenous leukemia
blasts (Bruserud, 1996, Leukemia Res. 20, 65). IL-I
was shown to be essential for the development of both
irritant and allergic contact dermatitis. Epicutaneous
sensitization can be preve nted by the administration
of an anti- IL-I monoclonal antibody before
epicutaneous application of an allergen (Muller, et
al, 1996, Am J Contact Dermat. 7, 111). Data obtained
from IL-I knock out mice indicates the critical
involvement in fever for this cytokine (Kluger et al,
1998, Clin Exp Pharmacol Physiol. 25, 141). A variety
of cytokines including TNF, IL-I, IL-6 and IL- 8
initiate the acute-phase reaction which is stereotyped
in fever, malaise, myalgia, headaches, cellular
hypermetabolism and multiple endocrine and enzyme
responses (Beisel, 1995, Am JClin Nutr. 62, 813). The
production of these inflammatory cytokines rapidly
follows trauma or pathogenic organism invasion.Other
proinflammatory cytokines have been correlated with a
variety of disease states. IL-8 correlates with influx
of neutrophils into sites of inflammation or injury.
Blocking antibodies against IL-8 have demonstrated a
role for IL-8 in the neutrophil associated tissue
injury in acute inflammation (Harada et al, 1996,
Molecular Medicine Today 2, 482). Therefore, an
inhibitor of IL-8 production may be useful in the
treatment of diseases mediated predominantly by
neutrophils such as stroke and myocardial infarction,
alone or following thrombolytic therapy, thermal
injury, adult respiratory distress syndrome (ARDS),
multiple organ injury secondary to trauma, acute
glomerulonephritis, dermatoses with acute inflammatory
components, acute purulent meningitis or other central
nervous system disorders, hemodialysis, leukopherisis,
granulocyte transfusion associated syndromes, and
necrotizing enterocolitis. Rhinovirus triggers the
production of various proinflammatory cytokines,
predominantly IL-8, which results in symptomatic
illnesses such as acute rhinitis (Winther et al, 1998,
Am J Rhinol. 12, 17). Other diseases that are effected
by IL-8 include myocardial ischemia and reperfusion,
inflammatory bowel disease and many others. The
proinflammatory cytokine IL-6 has been implicated with
the acute phase response. IL-6 is a growth factor in a
number in oncological diseases including multiple
myeloma and related plasma cell dyscrasias (Treon, et
al, 1998, Current Opinion in Hematology 5 : 42). It
has also been shown to be an important mediator of
inflammation within the central nervous system.
Elevated levels of IL-6 are found in several
neurological disorders including AIDS dementia
complex, Alzheimer's disease, multiple sclerosis,
systemic lupus erythematosus, CNS trauma and viral and
bacterial meningitis (Gruol, et al, 1997, Molecular
Neurobiology 15: 307). IL-6 also plays a significant
role in osteoporosis. In murine models it has been
shown to effect bone resorption and to induce
osteoclast activity (Ershler et al, 1997, Development
and Comparative Immunol. 21: 487). Marked cytokine
differences, such as IL-6 levels, exist in vivo
between osteoclasts of normal bone and bone from
patients with Paget' s disease (Mills, et al, 1991,
CalcifTissue Int. 61, 16). A number of cytokines have
been shown to beinvolved in cancer cachexia. The
severity of key parameters of cachexia can be reduced
by treatment with anti JL-6 antibodies or with IL-6
receptor antagonists (Strassmann, et ah, 1995,
Cytokine MoI Ther. 1, 107). Several infectious
diseases, such as influenza, indicate IL-6 and IFN
alpha as key factors in both symptom formation and in
host defense (Hayden, et ah, 1998, JClin Invest. 101,
643). Overexpression of IL-6 has been implicated in
the pathology of a number of diseases including
multiple myeloma, rheumatoid arthritis, Castleman's
disease, psoriasis and post-menopausal osteoporosis
(Simpson, et ah, 1997, Protein Set 6, 929). Compounds
that interfered with the production of cytokines
including IL-6, and TNF were effective in blocking a
passive cutaneous anaphylaxis in mice (Scholz et ah,
1998, J. Med. Chem., 41, 1050). GM-CSF is another
proinflammatory cytokine with relevance to a number of
therapeutic diseases. It influences not only
proliferation and differentiation of stem cells but
also regulates several other cells involved in acute
and chronic inflammation. Treatment with GM-CSF has
been attempted in a number of disease states including
burn-wound healing, skin-graft resolution as well as
cytostatic and radiotherapy induced mucositis
(Masucci, 1996, Medical Oncology 13: 149). GM-CSF also
appears to play a role in the replication of human
immunodeficiency virus (HIV) in cells of macrophage
lineage with relevance to AIDS therapy (Crowe et ah,
1997, Journal of Leukocyte Biology 62, 41). Bronchial
asthma is characterised by an inflammatory process in 



lungs. Involved cytokines include GM-CSF amongst
others (Lee, 1998, J i? Coll Physicians Lond 32, 56).
Interferon g (IFN g) has been implicated in a number
of diseases. It has been associated with increased
collagen deposition that is a central
histopathological feature of graftversus- host disease
(Parkman, 1998, Curr Opin Hematoh 5, 22). Following
kidney transplantation, a patient was diagnosed with
acute myelogenous leukemia. Retrospective analysis of
peripheral blood cytokines revealed elevated levels of
GMCSF and IFN g. These elevated levels coincided with
a rise in peripheral blood white cell count (Burke, et
ah, 1995, Leuk Lymphoma. 19, 173). The development of
insulindependent diabetes (Type 1) can be correlated
with the accumulation in pancreatic islet cells of
T-cells producing IFN g (Ablumunits, et ah, 1998, J
Autoimmun. 11, 73). IFN g along with TNF, IL-2 and
IL-6 lead to the activation of most peripheral T-cells
prior tothe development of lesions in the central
nervous system for diseases such as multiple sclerosis
(MS) and AIDS dementia complex (Martino et al, 1998,
Ann Neurol 43, 340). Atherosclerotic lesions result in
arterial disease that can lead to cardiac and cerebral
infarction. Many activated immune cells are present in
these lesions, mainly Tcells and macrophages. These
cells produce large amounts of proinflammatory
cytokines such as TNF, IL-I and IFN g. These cytokines
are thought to be involved in promoting apoptosis or
programmed cell death of the surrounding vascular
smooth muscle cells resulting in the atherosclerotic
lesions (Geng, 1997, Heart Vessels Suppl 12, 76).
Allergic subjects produce mRNA specific for IFN g
following challenge with Vespula venom (Bonay, et al,
1997, Clin Exp Immunol. 109, 342). The expression of a
number of cytokines, including IFN g has been shown to
increase following a delayed type hypersensitivity
reaction thus indicating a role for IFN g in atopic
dermatitis (Szepietowski, et al, 1997', Br J Dermatol
137, 195). Histopathologic and immunohistologic
studies were performed in cases of fatal cerebral
malaria. Evidence for elevated IFN g amongst other
cytokines was observed indicating a role in this
disease (Udomsangpetch et al, 1997, Am J Trop MedHyg.
57, 501). The importance of free radical species in
the pathogenesis of various infectious diseases has
been established. The nitric oxide synthesis pathway
is activated in response to infection with certain
viruses via the induction of proinflammatory cytokines
such as IFN g (Akaike, et al, 1998, Proc Soc Exp
BiolMed. 217, 64). Patients, chronically infected with
hepatitis B virus (HBV) can develop cirrhosis and
hepatocellular carcinoma. Viral gene expression and
replication in HBV transgenic mice can be suppressed
by a posttranscriptional mechanism mediated by IFN g,
TNF and IL-2 (Chisari, et al, 1995, Springer Semin
Immunopathol 17, 261). IFN g can selectively inhibit
cytokine induced bone resorption. It appears to do
this via the intermediacy of nitric oxide (NO) which
is an important regulatory molecule in bone
remodeling. NO may be involved as a mediator of bone
disease for such diseases as: rheumatoid arthritis,
tumor associated osteolysis and postmenopausal
osteoporosis (Evans, et al, 1996, J Bone Miner Res.
11, 300). Studies with gene deficient mice have
demonstrated that the IL- 12 dependent production of
IFN g is critical in the control of early parasitic
growth. Although this process is independent of nitric
oxide the control of chronic infection does appear to
be NO dependent (Alexander et al, 1997, Philos Trans R
Soc LondB Biol Sci 352, 1355). NO is an important
vasodilator and convincing evidence exists for its
role incardiovascular shock (Kilbourn, et ah, 1997,
Dis Mon. 43, 277). IFN g is required for progression
of chronic intestinal inflammation in such diseases as
Crohn's disease and inflammatory bowel disease (IBD)
presumably through the intermediacy of CD4+
lymphocytes probably of the THl phenotype (Sartor
1996, Aliment Pharmacol Ther. 10 Suppl 2, 43). An
elevated level of serum IgE is associated with various
atopic diseases such as bronchial asthma and atopic
dermatitis. The level of IFN g was negatively
correlated with serum IgE suggesting a role for IFN g
in atopic patients (Teramoto et al, 1998, Clin Exp
Allergy 28, 74). WO 01/01986 discloses particular
compounds alleged to having the ability to inhibit
TNF-alpha. Certain compounds disclosed in WO 01/01986
are indicated to be effective in treating the
following diseases: dementia associated with HIV
infection, glaucoma, optic-neuropathy, optic neuritis,
retinal ischemia, laser induced optic damage, surgery
or trauma-induced proliferative vitreoretinopathy,
cerebral ischemia, hypoxia-ischemia, hypoglycemia,
domoic acid poisoning, anoxia, carbon monoxide or
manganese or cyanide poisoning, Huntington's disease,
Alzheimer's disease, Parkinson's disease, meningitis,
multiple sclerosis and other demyelinating diseases,
amyotrophic lateral sclerosis, head and spinal cord
trauma, seizures, convulsions, olivopontocerebellar
atrophy, neuropathic pain syndromes, diabetic
neuropathy, HIV-related neuropathy, MERRF and MELAS
syndromes, Leber's disease, Wernicke's
encephalophathy, Rett syndrome, homocysteinuria,
hyperprolinemia, hyperhomocysteinemia, nonketotic 



hyperglycinemia, hydroxybutyric aminoaciduria, sulfite
oxidase deficiency, combined systems disease, lead
encephalopathy, Tourett's syndrome, hepatic
encephalopathy, drug addiction, drug tolerance, drug
dependency, depression, anxiety and schizophrenia. WO
02/32862 discloses that inhibitors of pro-inflammatory
cytokines including TNFa are allegedly useful for
treating acute and chronic inflammation in the lung
caused by inhalation of smoke such as cigarette smoke.
TNFaanatagonists are apparently also useful for the
treatment of endometriosis, see EP 1022027 Al.
Infliximab, in clinical trials for RA, has also been
indicated to be useful for treating various
inflammatory diseases including Behcet's disease,
uveitis and ankylosing spondylitis. Pancreatitis may
also be regulated by inflammatory mediator production,
see J Surg Res 2000 May 15 90(2)95-101; Shock 1998
Sep. 10(3): 160-75. p38MAP kinase pathway plays an
role in B.burgdorferi-elicited infammation and may be
useful in treating inflammationinduced by the Lyme
disease agent. Anguita, J. et. al., The Journal of
Immunology, 2002,168:6352- 6357. Compounds which
modulate release of one or more of the aforementioned
inflammatory cytokines can be useful in treating
diseases associated with release of these cytokines.
For example, WO 98/52558 discloses heteroaryl urea
compounds which are indicated to be useful in treating
cytokine mediated diseases. WO 99/23091 discloses
another class of urea compounds which are useful as
anti-inflammatory agents. WO 99/32463 relates to aryl
ureas and their use in treating cytokine diseases and
proteolytic enzyme mediated disease. WO 00/41698
discloses aryl ureas said to be useful in treating p38
MAP kinase diseases. Compounds active against p38 MAP
kinase can also be useful for treating various types
of cancers as described in WO 03/068223. U.S. Pat. No.
5,162,360 discloses N-substituted aryl-N'
-heterocyclic substituted urea compounds which are
described as being useful for treating
hypercholesterolemia and atheroclerosis.
Di-substituted aryl and heteroaryl compounds are also
disclosed in US Pat. Nos. 6,080,763; 6,319,921;
6,297,381 and 6,358,945. The compounds in the patents
are alleged to possess anti-cytokine activity and are
therefore useful in treating diseases associated with
inflammation. The work cited above supports the
principle that inhibition of cytokine production will
be beneficial in the treatment of cytokine mediated
diseases. Therefore a need exists for small molecule
inhibitors for treating these diseases with optimized
efficacy, pharmacokinetic and safety profiles. BRIEF
SUMMARY OF THE INVENTION The work cited above supports
the principle that inhibition of cytokine production
with small molecule compounds will be beneficial in
the treatment of various disease states.It is
therefore an object of the invention to provide
compounds of formula (I) It is a further object of the
invention to provide methods for treating cytokine
mediated diseases and pathological conditions
involving inflammation such as chronic inflammatory
disease, using the novel compounds of the invention.
It is yet a further object of the invention to provide
pharmaceutical compositions and processes of
preparation of the above-mentioned novel compounds.
DETAILED DESCRIPTION OF THE INVENTION In the broadest
generic embodiment, there is provided compounds of the
formula (I) wherein:Ar 1 is chosen from (i), (ii) and
(iii) below: i) a carbocycle substituted by R1, R2 and
Rx, wherein one of E or F is nitrogen and the other is
carbon, R1 is covalently attached to either E or F,
and when nitrogen is N-R1the double bond between E and
F is not present; wherein c is a benzo ring fused to
ring d which is a 5-7 membered heterocyclic ring
optionally substituted by an oxo (=0) group and one to
two R groups each independently being H or C1-3 alkyl;
R1 is chosen from hydrogen, NO2, -N(RC)2 ,
J-C(O)-N(R')-, J-S(O)n,-N(R>, C1-6 alkylS(O)m- or R1
is chosen from Cl-6 alkyl, C3-7 cylcoalkyl, Cl-5
alkoxyl or C3-7 cycloalkoxyl, Cl-5 alkylthiol or C3-7
cycloalkylthiol, Cl-5 acyl, Cl-5 alkoxycarbonyl, Cl-5
acyloxy, Cl-5 acylamino, C2-5 alkenyl, C2-5 alkynyl,
heterocycle, heterocycleCl-6 alkyl, heteroaryl,
heteroarylCl-6 alkyl and nitrile; each of the
aforementioned where possible are optionally partially
or fully halogenated or are optionally further
substituted with alkylsulfonylamino, aminocarboxyl,
alkoxyl, amino, alkylamino, dialkylamino, hydroxyl,
oxo, nitro or nitrile; R2 is chosen from: hydrogen,
halogen, nitrile, Cl-5 alkylS(O)m-, arylS(O)m,
J-O-C(O)-O-, N(RC)2- C(O)-(CH2)n-, Cl-6 acetyl, aroyl,
Cl-6alkoxycarbonyl, Cl-6 alkyl, C3- 



7cycloalkyl, Cl-6 alkoxy, C3-5cycloalkoxy, Cl-5
alkylCl-5 alkoxy, hydroxy, hydroxy Cl-5 alkyl, and
amino optionally mono- or di-substituted by Cl-5alkyl,
aryl or aryl C1-5 alkyl; each of the aforementioned
where possible are optionally partially or fully
halogenated or are optionally further substituted with
C1-3 alkyl, alkylsulfonylamino, alkoxyl, amino,
alkylamino, dialkylamino, hydroxyl, oxo, nitro or
nitrile; each Rx is chosen from C1-6 alkyl or C3-7
cycloalkyl each being optionally substituted by C1-3
alkyl and optionally partially or fully halogenated,
C1-4 acyl, aroyl, C1-4 alkoxy, Cl-5alkylS(O) m-, each
may optionally be partially or fully halogenated,
halogen, C1-6 alkoxycarbonyl, carbocyclesulfonyl; each
Rc is independently hydrogen or C1-5 alkyl; D, A and B
in of the formula (I) are each independently chosen
from N or CH wherein the hydrogen atom is optionally
replaced by R6; Het is a heterocyclic or heteroaryl
ring wherein Het is optionally substituted by one to
three R5; m is 0,1 or 2 J is chosen from Cl-10 alkyl
and C3-7cycloalkyl each optionally substituted by Rb;
R3, R4, R6, R7 and R8 are each independently chosen
from hydrogen, halogen, C1-5 alkyl, C1-5 alkoxy, C1-5
alkylCl-5 alkoxy, hydroxy, hydroxy C1-5 alkyl or amino
optionally mono- or di-substituted by C1-5 alkyl, aryl
or aryl C1-5 alkyl; R5 is: Ra, -O-Ra, -S(O)m-Ra,
-N(Ra)2, -C(O)-R , -NH(CR7R8)n-Ra,
N(Ra)2-(CH2)i-2--(CR7R8)n-Ra, - O(CR 7R8)n-Ra,
-C(O)-O(CR 7R8)n-Ra, -C(O)(CR 7R8)n-Ra -C(O)C(O)R , -
C(O)C(O)OR , -C(O)NHR 3, or -C(O)NH(CR7R8)n-, each
optionally substituted by C 1-3 alkyl, halogen or
hydroxy, wherein n is 1- 5 ; or R5 is aryl, heteroaryl
or heterocyclyl each optionally substituted by Ra ; R3
and Rb are each independently chosen from hydrogen,
C1-6 alkyl, hydroxyCl-5 alkyl, C2-5 alkenyl, C2-5
alkynyl, carbocycle, carbocycleCO-2 alkyl, aryl,
heterocycle, heteroaryl, C1- 5 alkoxy, C1-5 alkylthio,
amino, C1-5 alkylamino, C1-5 dialkylamino, arylamino,
aryl C1-5 alkylamino, diarylamino, C1-5 acyl, C1-5
alkoxycarbonyl, C1-5 acyloxy, C1-5 acylamino, each of
the aforementioned are optionally partially or fully
halogenated, or R3 and Rb are chosen from C1-5
alkylsulphonylamino, hydroxy, oxo, halogen, -CF , -CH
-CF nitro and nitrile, wherein each carbocycle,
heterocycle or heteroaryl for R 3 and Rb is optionally
substituted by amino, C1-3 alkyl, halogen or hydroxy;
and X is O or S or the pharmaceutically acceptable
salts, acids, esters or isomers thereof. In another
embodiment, there are provided compounds of the
formula (I) as described above and wherein of the
formula (I) is chosen from:Het is NfS N- S R5 N J is
chosen from Cl-IO alkyl, aryl and C3-7 cycloalkyl each
optionally substituted by Rb; R2 is independently
chosen from hydrogen, J-O-C(O)-O-, C1-6 alkoxy , C1-6
alkyl, Cl- 6 acetyl, aroyl, halogen, methoxycarbonyl,
phenylsulfonyl, Cl-5 alkylS(O)m- and C3-7 cycloalkyl
optionally substituted by C1-3 alkyl, each R2 where
possible may be optionally partially or fully
halogenated;R1 is chosen from H, Cl-6 alkyl, Cl-5
alkylS(O)m-, J-S(O) m-N(Rc)-, Cl-5 alkoxyl, Cl- 5
alkylthiol , NH2-C(O)-(CH2),,- (RC)2N Cl-6 alkyl,
Cl-5acylNH-, -NH2, -NO2, heteroaryl chosen from
pyrazole, triazole, imidazole and tetrazole, and
nitrile; ring d is a 5-6 membered heterocyclic ring
such that rings c and d fuse to form the following: '
o where each R is independently H or C1-3 alkyl; R3
and R4 are each independently chosen from hydrogen,
Cl-3 alkoxy, Cl-3 alkyl and halogen; n is 1-4; Ra and
Rb are each independently chosen from hydrogen, Cl-6
alkyl, C2-5 alkenyl, C2- 5 alkynyl, C3-8 cycloalkylCO-
2 alkyl, aryl, Cl-5 alkoxy, Cl-5 alkylthio, amino,
Cl-5 alkylamino, Cl-5 dialkylamino, arylamino, Cl-5
acyl, Cl-5 alkoxycarbonyl, Cl-5 acyloxy, Cl-5
acylamino, aryl Cl-5alkylamino, Cl-5
alkylsulphonylamino, hydroxy, halogen, -CF , -CH2-CF3
nitro, nitrile, 



or Ra and Rb are chosen from; heterocycle chosen from
pyrrolidinyl, pyrrolinyl, morpholinyl,
thiomorpholinyl, thiomorpholinyl sulfoxide,
thiomorpholinyl sulfone, dioxalanyl, piperidinyl,
piperazinyl, homopiperazinyl, tetrahydrofuranyl,
tetrahydropyranyl, tetrahydrofuranyl, 1,3-dioxolanone,
1,3-dioxanone, 1,4-dioxanyl, piperidinonyl,
tetrahydropyrimidonyl, aziridinyl, pentamethylene
sulfide, pentamethylene sulfoxide, pentamethylene
sulfone, tetramethylene sulfide, tetramethylene
sulfoxide and tetramethylene sulfoneand heteroaryl
chosen from thienyl, furanyl, isoxazolyl, oxazolyl,
thiazolyl, thiadiazolyl, tetrazolyl, pyrazolyl,
pyrrolyl, imidazolyl, pyridinyl, pyrimidinyl,
pyrazinyl, pyridazinyl, pyranyl, quinoxalinyl,
indolyl, benzimidazolyl, benzoxazolyl, benzothiazolyl,
benzothienyl, quinolinyl, quinazolinyl,
naphthyridinyl, indazolyl, triazolyl,
pyrazolo[3,4-b]pyrimidinyl, purinyl,
pyrrolo[2,3-b]pyridinyl, pyrazolo[3,4- b]pyridinyl,
tubercidinyl, oxazo[4,5-Z>]pyridinyl and
imidazo[4,5-Z>]pyridinyl; wherein each aryl,
heterocycle or heteroaryl for Ra and Rb is optionally
substituted by amino, C1-3 alkyl, halogen or hydroxy;
and X is O. In yet another embodiment, there are
provided compounds of the formula (I) as described
immediately above and wherein Ar 1 is chosen from (i)
and (ii); R5 is: a) Ra -O-Ra, -S(O)m-Ra, -N(Ra)2 , N(R
a)2-(CH2)1-2-, -NH(CR 7R8)n-Ra, -(CR7R8)n-Ra or
-O(CR7R8)n-Ra; or R5 is: b) -C(O)-R , -C(O)-O(CR
7R8)n-R a, -C(O)(CR 7R8)n-Ra , -C(O)NHR , -
C(O)NH(CR7R8)n-, -C(O)C(O)R or -C(O)C(O)OR ; each of
the above R5 is optionally substituted by C1-3 alkyl,
halogen or hydroxy1, and wherein n is 1-3 In yet
another embodiment, there are provided compounds of
the formula (I) as described immediately above and
wherein Ar 1 is :or Ar1 is cyclobutyl, phenyl,
naphthyl, tetrahydronaphthyl, indanyl and indenyl each
substituted with one R1, one Rx, and one R2 group; R1
is nitrile, NO2, NH2, Cl-3acylNH-, J-S(O)m-N(Rc)-
where J is Cl-IO alkyl, or R1is R2 is independently
chosen from Cl-6 alkyl, Cl-6 alkylS(O)ra - , Cl-3
alkoxy and C3-6 cycloalkyl optionally substituted by
Cl-3 alkyl , each may optionally be partially or fully
halogenated; R3 and R4 are each independently chosen
from hydrogen, Cl-3 alkyl, fluoro and chloro; R6 is
chosen from hydrogen and amino; n is 1-2; Ra and Rb
are each independently chosen from hydrogen, Cl-6
alkyl, C3-7 cycloalkylCO-2 alkyl, aryl, C1-5 alkoxy,
amino, C1-5 alkylamino, C1-5 dialkylamino, arylamino,
aryl Cl-5alkylamino, Cl-3 acyl, C1-5 alkoxycarbonyl,
C1-5 acyloxy, C1-5 acylamino, C1-5 sulphonylamino,
hydroxy, halogen, -CF3, -CH2-CF3 nitro, nitrile; or Ra
is chosen from pyrrolidinyl, pyrrolinyl, morpholinyl,
thiomorpholinyl, thiomorpholinyl sulfoxide,
thiomorpholinyl sulfone, piperidinyl, piperazinyl,
homopiperazinyl, piperidinonyl, tetrahydropyrimidonyl,
aziridinyl, isoxazolyl, oxazolyl, thiazolyl,
thiadiazolyl, tetrazolyl, pyrazolyl, pyrrolyl,
imidazolyl, pyridinyl, pyrimidinyl, pyrazinyl and
pyridazinyl ; wherein each aryl, heterocycle or
heteroaryl for Ra and Rb is optionally substituted by
amino, Cl-3 alkyl, halogen or hydroxy.In yet still
another embodiment, there are provided compounds of
the formula (I) as described immediately above and
wherein R1 is : J-S(O)2-NH-, where J is Cl-5 alkyl, or
R1 is nitrile, NO2, NH2 or Cl-3acylNH-; wherein Rx =
R2 each are independently chosen from Cl-5 alkyl, Cl-5
alkylS(O)m-, C1-4 alkoxy and and C3-5 cycloalkyl
optionally substituted by C1-2 alkyl, each may
optionally be partially or fully halogenated; R8 is
hydrogen, methyl, ethyl, CH2OH and CH2OCH 3. In yet
another embodiment, there are provided compounds of
the formula (I) as described immediately above and
wherein Ra is chosen from hydrogen, Cl-6 alkyl, C3-6
cycloalkylCO-2 alkyl, phenyl, Cl-5 alkoxy, amino, Cl-5
alkylamino, Cl-5 dialkylamino, arylamino, aryl
Cl-5alkylamino, C1-3 acyl, Cl-5 alkoxycarbonyl, Cl-5
acyloxy, Cl - 5 acylamino, hydroxy, halogen, - CF3,
-CH2-CF3; or Ra is chosen from morpholinyl,
thiomorpholinyl, thiomorpholinyl sulfoxide, 



thiomorpholinyl sulfone, piperazinyl, homopiperazinyl,
pyrrolidinyl, piperidinyl, piperidinonyl, pyridinyl,
pyrimidinyl, pyrazinyl and pyridazinyl wherein each
phenyl, heterocycle or heteroaryl for Ra is optionally
substituted by amino, C1-3 alkyl, halogen or
hydroxy.In yet another embodiment, there are provided
compounds of the formula (I) as described immediately
above and wherein Ra is chosen from hydrogen, Cl-6
alkyl, C3-6 cycloalkyl, phenyl, Cl-5 alkoxy, Cl-5
alkoxycarbonyl, amino, Cl-5 alkylamino, Cl-5
dialkylamino, arylamino, aryl Cl- 5alkylamino, Cl-5
acyloxy, Cl-5 acylamino, hydroxy, halogen, -CF3,
-CH2-CF3; or Ra is chosen morpholinyl, piperidinyl
piperazinyl, homopiperazinyl, pyrrolidinyl and
pyridinyl wherein each phenyl, heterocycle or
heteroaryl for Ra is optionally substituted by amino,
C1-3 alkyl, halogen or hydroxy. In yet another
embodiment, there are provided compounds of the
formula (I) as described immediately above and wherein
of the formula (I) is chosen from: Het is;- R R > Ar1
is R5 is: Cl-5 alkyl, C3-6 cycloalkyl, N(Ra)2(CH2)i-2-
halogen, Cl-3 alkoxy, hydroxy, -N(Ra)2, -CF3,
-CH2-CF3, aryl, -S(O)ra -Ra ,-NH(CR7R8)n-Ra or -(CR
7R8)n-N(Ra)2 each optionally substituted by Cl-3
alkyl, halogen or hydroxy, or R5 is -C(O)Ra,
-C(O)C(O)Ra, -C(O)NHR . Ra is chosen from hydrogen,
morpholinyl, piperidinyl, piperazinyl, pyrrolidinyl,
pyridinyl, C1-5 mono or dialkylamino, arylamino,
C3-6cylcoalkyl, Cl-5 alkyl and Cl-3 alkoxy wherein
each phenyl or heterocycle for Ra is optionally
substituted by amino, Cl-3 alkyl, halogen or
hydroxyl.The following are preferred embodiments of
Het combined with , and wherein Ar 1, X, R3, R4 of the
formula (I) are as defined in any one o f the first
seven embodiments provided hereinabove and wherein: V
IS ' M i) Het is iii) Het isv) Het is R or vii) Het is
The following are representative compounds of the
invention which can be made according to the general
schemes and working examples below: Table IPULSE
OXIMETER WITH ALTERNATE HEART-RATE DETERMINATION
BACKGROUND OF THE INVENTION The present invention
relates to oximeters, and in particular to determining
a pulse rate by multiple mechanisms in a detected
waveform from a pulse oximeter. Pulse oximetry is
typically used to measure various blood chemistry
characteristics including, but not limited to, the
blood-oxygen saturation of hemoglobin in arterial
blood, the volume of individual blood pulsations
supplying the tissue, and the rate of blood pulsations
corresponding to each heartbeat of a patient.
Measurement of these characteristics has been
accomplished by use of a non-invasive sensor which
scatters light through a portion of the patient's
tissue where blood perfuses the tissue, and
photoelectrically senses the absorption of light in
such tissue. The amount of light absorbed at various
wavelengths is then used to calculate the amount of
blood constituent being measured. The light scattered
through the tissue is selected to be of one or more
wavelengths that are absorbed by the blood in an
amount representative of the amount of the blood
constituent present in the blood. The amount of
transmitted light scattered through the tissue will
vary in accordance with the changing amount of blood
constituent in the tissue and the related light
absorption. For measuring blood oxygen level, such
sensors have typically been provided with a light
source that is adapted to generate light of at least
two different wavelengths, and with photodetectors
sensitive to both of those wavelengths, in accordance
with known techniques for measuring blood oxygen
saturation. Known non-invasive sensors include devices
that are secured to a portion of the body, such as a
finger, an ear or the scalp. In animals and humans,
the tissue of 



these body portions is perfused with blood and the
tissue surface is readily accessible to the sensor.
Patents No. 6,083,172, No. 5,853,364 and No. 6,41
1,833 show multiple methods of calculating a pulse
rate in a pulse oximeter, with a "best rate"
modulewhich arbitrates between the pulse rate
calculations to select a best rate based on confidence
levels associated with each. The confidence levels are
calculated using various metrics to determine the
reliability of the different pulse rate calculations.
Also, Patent No. 5,524,63 1 shows a fetal heart rate
monitor that uses multiple parallel filter paths to
identify the fetal heart rate, and uses a figure of
merit operation to weight the different heart rate
estimates. N-IOO. The N-IOOtechnology, dating to
around 1985, accepted or rejected pulses based on
pulse history of the size of pulses, pulse shape,
expected time to occur (frequency) and ratio of R/IR.
In particular, the N-100 found pulses by looking for a
signal maximum, followed by a point of maximum
negative slope, then a minimum. The processing was
done in a state machine referred to as "munch." Each
maximum was not qualified until the signal passed
below a noise threshold, referred to as a noise gate.
This acted as an adaptive filter since the noise gate
level was set by feedback from a subsequent processing
step to adapt to different expected signal amplitudes.
The pulses are then accepted or rejected in a "LeveB"
process which was a filter which adapts to changing
signals by comparing the amplitude, period and
ratio-of-ratios (ratio of Red to IR, with Red and IR
being expressed as a ratio of AC to DC) of a new pulse
to the mean of values in a history buffer, then
determining if the difference is within a confidence
level. If the new pulse was accepted, the history
buffer was updated with the values for the new pulse.
The leveB process acted as an adaptive bandpass filter
with center-frequency and bandwidth (confidence
limits) being adapted by feedback from the output of
the filter. N-200 . The N-200 improved on the N-100
since it could be synchronized with an ECG, and
included ECG filtering. The N-200 also added
interpolation to compensate for baseline shift between
the time of measuring the pulse maximum and minimum.
The N-200 included other filtering features as well,
such as a "boxcar" filter which computed the mean of a
varying number of signal samples. The N-200, after
various filtering and scaling steps, applies the
digitized signals to a "boxcar" filter, which computes
the mean of N samples, where N is set byfeedback from
a subsequent processing step according to the filtered
heart rate. New samples are averaged into the boxcar
filter, while the oldest samples are dropped. The
boxcar length (N) is used to set three parameters: a
pulse threshold, absolute minimum pulse and small
pulse. An ensemble-averaging (a.k.a "slider") filter
then produces a weighted average of the new samples
and the previous ensemble-averaged sample from one
pulse-period earlier. The samples are then passed to a
"munch" state machine and a noise gate, like the
N-100. An interpolation feature is added to the N- 100
process, to compensate for changes in the baseline
level. Since the minimum and maximum occur at
different times, a changing baseline may increase or
decrease the minimum and not the maximum, or
vice-versa. "Ensemble averaging" is an integral part
of C-Lock, which is NELLCOR's trademark for the
process of averaging samples from multiple pulses
together to form a composite pulse. This process is
also known as "cardiac-gated averaging." It requires a
"trigger" event to mark the start of each pulse. BRIEF
SUMMARY OF THE INVENTION The present invention is a
pulse oximeter which determines multiple heart rates,
and selects between them based on the metrics of only
one of the heart rate calculations. A primary heart
rate calculation method is selected, and is used
unless its metrics indicate questionable accuracy, in
which case an alternative rate calculation is
available and is used instead. In one embodiment, the
primary heart rate calculation method does not use an
ensemble averaged waveform, while the alternative
heart rate calculation does use an ensemble averaged
waveform. The alternative heart rate calculation is
used if the primary calculation has disqualified its
most recently detected pulse. BRIEF DESCRIPTION OF THE
DRAWINGS Fig. 1 is a block diagram of an oximetry
system incorporating an embodiment of the
invention.Fig. 2 is a diagram of the software
processing blocks of an oximeter including an
embodiment of the present invention. Fig. 3 is a
context diagram of the pulse rate calculation
subsystem. DETAILED DESCRIPTION OF THE INVENTION Fig.
1 illustrates an embodiment of an oximetry system
incorporating the 



present invention. A sensor 10 includes red and
infrared LEDs and a photodetector. These are connected
by a cable 12 to a board 14. LED drive current is
provided by an LED drive interface 16. The received
photocurrent from the sensor is provided to an I-V
interface 18. The IR and red voltages are then
provided to a sigma-delta interface 20 incorporating
the present invention. The output of sigma-delta
interface 20 is provided to a microcontroller 22 which
includes a 10-bit A/D converter. Controller 22
includes flash memory for a program, and EEPROM memory
for data. The processor also includes a controller
chip 24 connected to a flash memory 26. Finally, a
clock 28 is used and an interface 30 to a digital
calibration in the sensor 10 is provided. A separate
host 32 receives the processed information, as well as
receiving an analog signal on a line 34 for providing
an analog display. Design Summary The design of the
present invention is intended to deal with unwanted
noise. Signal metrics are measured and used to
determine filter weighting. Signal metrics are things
that indicate if a pulse is likely a plethysmograph or
noise, such as frequency (is it in the range of a
human heart rate), shape (is it shaped like a heart
pulse), rise time, etc. A similar technique was used
in the Nellcor N200, described in the background of
this application. The new design adds a number of
different features and variations, such as the use of
two ensemble averagers as claimed in the present
invention. Details of the architecture are shown in
the diagram of Fig. 2. This design calculates both the
oxygen saturation, and the pulse rate, which are
described separately below. I. Oxygen Saturation
Calculation.A. Signal Conditioning - The digitized red
and IR signals are received and are conditioned in
this block by (1) taking the 1st derivative to get rid
of baseline shift, (2) low pass filtering with fixed
coefficients, and (3) dividing by a DC value to
preserve the ratio. The function of the Signal
Conditioning subsystem is to emphasize the higher
frequencies that occur in the human plethysmograph and
to attenuate low frequencies in which motion artifact
is usually concentrated. The Signal Conditioning
subsystem selects its filter coefficients (wide or
narrow band) based on hardware characteristics
identified during initialization. Inputs - digitized
red and IR signals Outputs - Pre-processed red and IR
signals B. Pulse Identification and Qualification -
The low pass filtered and digitized red and IR signals
are provided to this block to identify pulses, and
qualify them as likely arterial pulses. This is done
using a pre- trained neural net, and is primarily done
on the IR signal. The pulse is identified by examining
its amplitude, shape and frequency, just as was done
in the Nellcor N-100. An input to this block is the
average pulse period from block D. This function is
similar to the N-100, which changed the upfront
qualification using the pulse rate. The output
indicates the degree of arrhythmia and individual
pulse quality. Inputs - (1) Pre-processed red and IR
signals, (2) Ave. pulse period, (3) Lowpass Waveforms
from the low pass filter. Outputs - (1) Degree of
arrhythmia, (2) pulse amplitude variations, (3)
individual pulse quality, (4) Pulse beep notification,
(5) qualified pulse periods and age. C. Compute Signal
Quality Metrics - This block determines the pulse
shape (derivative skew), period variability, pulse
amplitude and variability, Ratio of Ratios
variability, and frequency content relative to pulse
rate. Inputs - (1) raw digitized red and IR signals,
(2) degree of arrhythmia, individual pulse quality,
pulse amplitude variation (3) pre-processed red and IR
signals, (4) average pulse period.Outputs - (1)
Lowpass and ensemble averaging filter weights, (2)
metrics for sensor off detector, (3) Normalized
Pre-processed waveforms, (4) percent modulation. D.
Average Pulse Periods. This block calculates the
average pulse period from the pulses received. Inputs
- Qualified pulse periods and age. Outputs - Average
pulse period. El . Lowpass Filter and Ensemble
Averaging - Block El low pass filters and ensemble
averages the signal conditioned by block A, and
normalized by block C, for the pulse rate
identification. The weights for the low pass filter
are determined by the Signal Metrics block C. The
signal is also ensemble averaged (this attenuates
frequencies other than those of interest near the
pulse rate and its harmonics), with the ensemble
averaging filter weights also determined by Signal
Metrics block C. Less 



weight is assigned if the signal is flagged as
degraded. More weight is assigned if the signal is
flagged as arrhythmic because ensemble-averaging is
not appropriate during arrhythmia. Red and IR are
processed separately, but with the same filtering
weights. The filtering is delayed approximately one
second to allow the signal metrics to be calculated
first. The filters use continuously variable weights.
If samples are not to be ensemble-averaged, then the
weighting for the previous filtered samples is set to
zero in the weighted average, and the new samples are
still processed through the code. This block tracks
the age of the signal - the accumulated amount of
filtering (sum of response times and delays in
processing). Too old a result will be flagged (if good
pulses haven't been detected for awhile). Inputs - (1)
normalized pre-processed red and IR signals, (2)
average pulse period, (3) low pass filter weights and
ensemble averaging filter weights, (4) ECG triggers,
if available, (5) IR fundamental, for zero-crossing
triggers. Outputs - (1) filtered red and IR signals,
(2) age.F. Estimate Filtered Waveform Correlation and
Calculate Averaging Weight - this uses a noise metric
similar to that used in the NlOOand N200 described
above, and doesn't use feedback. The variable
weighting for the filter is controlled by the
ratio-of-ratios variance. The effect of this
variable-weight filtering is that the ratio-of-ratios
changes slowly as artifact increases and changes
quickly as artifact decreases. The subsystem has two
response modes. Filtering in the Fast Mode targets an
age metric of 3 seconds. The target age is 5 seconds
in Normal Mode. In Fast Mode, the minimum weighting of
the current value is clipped at a higher level. In
other words, a low weight is assigned to the newest
ratio-of-ratios calculation if there is noise present,
and a high weight if no noise is present. Inputs - (1)
filtered red and IR signals and age, (2) calibration
coefficients, (3) response mode (user speed settings).
Outputs - averaging weight for ratio-of-ratios
calculation. H. Calculate Saturation - Saturation is
calculated using an algorithm with the calibration
coefficients and averaged ratio of ratios. Inputs -
(1) Averaged Ratio-of-Ratios, (2) calibration
coefficients. Outputs - Saturation. . Pulse Rate
Calculation. E2. Lowpass Filter and Ensemble Averaging
- Block E2 low pass filters and ensemble averages the
signal conditioned by block A, for the pulse rate
identification. The weights for the low pass filter
are determined by the Signal Metrics block C. The
signal is also ensemble averaged (this attenuates
frequencies other than those of interest near the
pulse rate and its harmonics), with the ensemble
averaging filter weights also determined by Signal
Metrics block C. Less weight is assigned if the signal
is flagged as degraded. More weight is assigned if the
signal is flagged as arrhythmic since filtering is not
appropriate during arrhythmia. Red and IR are
processed separately. The process of this block is
delayed approximately one second to allow the signal
metrics to be calculated first.The filters use
continuously variable weights. If samples are not to
be ensemble-averaged, then the weighting for the
previous filtered samples is set to zero in the
weighted average, and the new samples are still
processed through the code. This block tracks the age
of the signal - the accumulated amount of filtering
(sum of response times and delays in processing). Too
old a result will be flagged (if good pulses haven't
been detected for awhile). Inputs - (1) pre-processed
red and IR signals, (2) average pulse period, (3)
Lowpass filter weights and ensemble averaging filter
weights, (4) ECG triggers, if available, (5) IR
fundamental, for zero-crossing triggers. Outputs - (1)
filtered red and IR signals, (2) age. I. Filtered
Pulse Identification and Qualification - This block
identifies and qualifies pulse periods from the
filtered waveforms, and its results are used only when
a pulse is disqualified by block B. Inputs - (1)
filtered red and IR signals and age, (2) average pulse
period, (3) hardware ID or noise floor, (4) kind of
sensor. Outputs - qualified pulse periods and age. J.
Average Pulse Periods and Calculate Pulse Rate - This
block calculates the pulse rate and average pulse
period. Inputs - Qualified pulse periods and age
Outputs - (1) average pulse period, (2) pulse rate.
III. Venous Pulsation K. Detect Venous Pulsation -
Block K receives as inputs the pre-processed 



red and IR signal and age from Block A, and pulse rate
and provides an indication of venous pulsation as an
output. This subsystem produces an IR fundamental
waveform in the time domain using a single-tooth comb
filter which is output to the Ensemble Averaging
filters. Inputs - (1) filtered red and IR signals and
age, (2) pulse rate.Outputs - Venous Pulsation
Indication, IR fundamental IV. Sensor Off L. Detect
Sensor-Off and Loss of Pulse Amplitude - The Pulse
Lost and Sensor Off Detection subsystem uses a
pre-trained neural net to determine whether the sensor
is off the patient. The inputs to the neural net are
metrics that quantify several aspects of the behavior
of the IR and Red values over the last several
seconds. Samples are ignored by many of the oximetry
algorithm's subsystems while the Signal State is not
either Pulse Present or Sensor Maybe Off. The values
of the Signal State variable are: "Pulse Present,
Disconnect, Pulse Lost, Sensor Maybe Off, and Sensor
Off." Inputs - (1) metrics, (2) front-end servo
settings and ID Outputs - Signal state including
sensor-off indication Pulse Rate Calculation subsystem
The subsystem averages qualified pulse periods from
the Pulse Identification and Qualification subsystem.
It outputs the average period and the corresponding
pulse rate. The oximetry algorithm contains two
instances of this subsystem. The first instance
receives input from the Pulse Identification and
Qualification instance whose input waveform have been
processed by the Signal Conditioning subsystem, then
lowpass filtered, but not ensemble averaged, by the
Ensemble Averaging subsystem. The second instance of
the Pulse Rate Calculation subsystem receives input
from two instances of the Pulse Identification and
Qualification subsystem, the one described above and a
second instance that receives input that has been
ensemble averaged. Selection of Pulse Period Source
One instance of the subsystem receives qualified pulse
periods from two sources. The subsystem selects which
of these two sources to use for its pulse rate
calculation based solely on analysis of only one
source, the "primary" source. The oximetry algorithm
designates the Pulse Identification and Qualification
instance thatdoes NOT receive ensemble-averaged
waveforms as the primary source, and designates the
other Pulse Identification and Qualification instance
as the "alternate" source of qualified pulse periods.
Qualified pulse periods from the alternate source are
only used if the most recent pulse from the primary
source was rejected. When a qualified pulse period is
received from the primary source, it is always used to
update the pulse-rate calculation, and will prevent
qualified pulse periods from the alternate source from
being used until the primary source once again rejects
a pulse period. Calculation of Average Pulse Period
and Pulse-Rate Estimate When the subsystem uses a
Qualified' Pulse_Period, it updates its average pulse
period, Avg_Period, using a pulse-based,
variable-weight HR filter, then computes its Rate
output from Avg Period. The steps for this filtering
operation are: 1. (60 / Dt) / Qualified Pulse Period
2. k =Consecutive Qualified I maxflr, - r -i |, \r,.\
- r \, 2 - -3I, 1.0) 3. x =bound(min( vg Period, - \ ,
Qualified_Pulse_Period), A seconds, 2 secom seconds 4.
\ Rate Age > 10 seconds, x =min(x * Rate Age 1 10
seconds, 0.3) 5. k =max(1 / Total Qualified, mm(k, x))
6. If Avg Periodt .\ 0 0 Avg_Periodt =Avg_Periodt -\ *
{Qualified Pulse Period I Avg_Periodt .\)k 7. If Avg
Period, .1 0 Avg_Period, =Qualified Pulse Period 8.
Rate =(60 / Dt) / Avg_Period, 9. Rate_Age =Rate Age +k
* (Qualified' Period Age - Rate Age) where: r, is the
pulse rate corresponding to Qualified_Pulse_Period, in
BPM the ! subscript denotes the previous qualified
pulse. D is the oximetry algorithm's sample interval
in seconds 60 / Dt is the number of samples per minute
x is a filter weight that targets a 7-second response
time for typical adult pulse rates.k is the final
filter weight, based on both x and the differences
between consecutive values of r,. During the first few
pulses, k is increased to at least 1 / Total Qualified
so that the initial qualified pulses will be weighted
equally. Consecutive^Qualified is the number of
consecutive qualified pulses, and 



TotaljQualified is the total number of pulses
qualified since the subsystem was reinitialized. Both
Consecutive Qualified and Total Qualified are
incremented each time a Qualified_Pulse_Period is
used, before k is calculated. Consecutive Qualified is
set to zero when a pulse is rejected by the
pulse-period source currently in use. The update
formula for Avg Period,, in step 6 above, is a
geometric average of Avg_Periodt and QualifiedJPulse
Period. Geometric averaging helps to keep the
subsystem responsive to large pulses-to-pulse period
variations, and large, sustained changes in pulse
rate. Once Rate is initialized to a non-zero value,
Rate Age is incremented every sample, whether or not
Rate is updated. Context Diagram Fig. 3 is a context
diagram of the pulse rate calculation subsystem. The
subsystem updates its Avg_Pe od and Rate outputs from
Qualified_Pulse_Periods. It uses Qualified Pulse
Periods from the Alternative_Period Source only if it
last received a Notify Pulse Rejected from the primary
source. It updates its Rate Age output based on
Qualifiedperiod Age. When Rate is updated, the
subsystem sets its Pulse RateJUpdated flag. The
Reinitialize input tells the subsystem to reinitialize
itself. Increment_Rate Age notifies the subsystem to
increment its Rate Age every sample once Rate is
initialized.WHAT IS CLAIMED IS: 1. A method for
determining a heart rate in a pulse oximeter
comprising: determining a first heart rate from a
pulse oximetry signal using a first method;
determining a second heart rate from a pulse oximetry
signal using a second method; evaluating a reliability
of said first heart rate using metrics applied to said
first method; using said first heart rate when said
metrics indicate said first method is reliable; and
using said second heart rate when said metrics
indicate that said first heart rate is unreliable. 2.
The method of claim 1 further comprising determining
that said first heart rate is unreliable when said
metrics indicate that a most recent pulse is rejected.
3. The method of claim 1 wherein said first method
does not use an ensemble averaged waveform, and said
second method does use an ensemble averaged waveform.
4. The method of claim 1 wherein determining a first
and second heart rate each comprise determining a
pulse period, and further comprising: converting a
pulse period used into a rate. 5. A pulse oximeter
which determines a heart rate, comprising: a first
heart rate calculator for determining a first heart
rate from a pulse oximetry signal using a first
method; a second heart rate calculator for determining
a second heart rate from a pulse oximetry signal using
a second method;an evaluator configured to determine
the reliability of said first heart rate using metrics
applied to said first method; and a selector
configured to use said first heart rate when said
metrics indicate said first method is reliable, and to
use said second heart rate when said metrics indicate
that said first heart rate is unreliable. 6. The pulse
oximeter of claim 5 wherein said selector determines
that said first heart rate is unreliable when said
metrics indicate that a most recent pulse is rejected.
7. The pulse oximeter of claim 5 wherein said first
heart rate calculator does not use an ensemble
averaged waveform, and said second heart rate
calculator does use an ensemble averaged waveform. 


