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PITUITARY PARS INTERMEDIA DYSFUNCTION (PPID)

The Equine Endocrinology Group (EEG) is composed of experts in
the field of equine endocrinology who provide advice in the form 
of written guidelines to help North American veterinary
practitioners diagnose and manage equine endocrine disorders. 
Guidelines are updated every two years and can be found on the
EEG website: http://sites.tufts.edu/equineendogroup.



Recommendations for  the Diagnosis  and
Treatment of  Pituitary Pars  Intermedia 
Dysfunction (PPID)
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INTRODUCTION

Measurement of baseline ACTH concentration is a practical test for diagnosis of PPID, though variation in
ACTH concentrations in individuals and over time results in some overlap in ACTH concentrations between
normal and PPID populations. As ACTH concentrations increase in the autumn in healthy and PPID animals,
interpretation of ACTH testing for PPID diagnosis requires seasonally adjusted values. We have revised our
2019 recommendations to refine this seasonal interpretation and expanded the equivocal zone (Table 2 and
Figure 5) to maximize this test’s ability to rule in or out PPID for animals with ACTH concentrations outside the
equivocal zone. When baseline ACTH concentrations fall in this equivocal zone, veterinarians should use
clinical information such as age and severity of signs to decide whether to monitor and re-test, follow-up with
dynamic TRH stimulation testing, or in some cases, to treat (Figure 4). Because baseline ACTH is more likely to
fall in the equivocal zone in early-stage disease, the TRH stimulation test may also be an appropriate first line
test in many cases. PPID can also be accompanied by insulin dysregulation, increasing the risk of
hyperinsulinemia-associated laminitis, so assessing insulin dynamics is recommended in concert with PPID
testing (see Equine Endocrinology Group’s Recommendations for Diagnosis and Treatment of Equine
Metabolic Syndrome.

Pituitary pars intermedia dysfunction (PPID) is a slowly progressive degenerative disease of hypothalamic
dopaminergic neurons. Loss of dopaminergic inhibitory control of pars intermedia (PI) melanotropes leads to
hyperplasia and adenoma formation in the Pl. Melanotropes in the enlarged PI produce increased amounts
of pro-opiomelanocortin, a large prohormone that is subsequently cleaved into smaller peptides, including
adrenocorticotropic hormone (ACTH). PPID is more common in older equids, with a documented prevalence
of approximately 20% in equids 15 years and older. Disease prevalence increases to 30% in equids over 30
years of age. There is no apparent breed or sex predilection and the only documented risk factor for
development of PPID is advancing age. Hypertrichosis, a long hair coat that often fails to shed, is essentially a
pathognomonic clinical sign for PPID. However, PPID can be manifested by a constellation of other clinical
signs/syndromes (Figures 1 and 2, Table 1); consequently, PPID should be considered as a potential
contributing factor for many disorders in horses 15 years age or older.



FIGURE 1 - Clinical signs and syndromes with PPID vary in affected equids
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Pathognomonic Hypertrichosis 

Hair Color Changes & 
Patchy Shedding

Loss of Topline Musculature

Chronic LaminitisSuspensory Ligament Breakdown
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Figure 2 – CClliinniiccaall  pprrooggrreessssiioonn  ooff  PPPPIIDD
*Note: affected animals may have only one, several or many of the listed signs

PRACTICE TIP: Increasing animal age and number of 
concurrent clinical signs increases the likelihood 
that these clinical signs are truly associated with 
PPID.

▪ Hyperglycemia
▪ Hyperinsulinemia

▪ Hypertriglyceridemia
▪ High fecal egg count

TABLE 1 - LLaabboorraattoorryy  ffiinnddiinnggss  tthhaatt  mmaayy  aaccccoommppaannyy  PPPPIIDD



Horse* with signalment (age), clinical signs and history 
consistent with PPID

(Note: testing is not recommended  in the absence of clinical signs.)

Assess insulin status
Refer to EEG recommendations for EMS

Baseline ACTH
Refer to Table 2

Pergolide
treatment

No evidence 
of insulin 

dysregulation 
Manage as 

appropriate for
the clinical signs 

present

Insulin 
dysregulation

Dietary 
management 
required and 

medication may 
be indicated

TRH 
Stimulation

Test
Refer to Table 

2

Re-evaluate
in 3-6 

months

Pergolide
treatment 

re-evaluate 
in 1 – 3 

months

* At present this algorithm is largely based on data collected in horses but it can be applied to other equids (ponies, donkeys, and mules)
until further data becomes available.

** The TRH stimulation test is recommended as a first line test for suspected early-stage PPID in North America. In locations where TRH 
is not readily available, or use is restricted, initial testing may begin with measurement of baseline ACTH concentration regardless of 
suspected disease stage. However, baseline ACTH is more likely to be non-supportive of PPID diagnosis in early-stage disease than TRH 
stimulation testing.

TRH Stimulation Test**
Refer to Table 2
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FIGURE 3 - AAllggoorriitthhmm  ffoorr  tthhee  ddiiaaggnnoossiiss  aanndd  mmaannaaggeemmeenntt  ooff  PPPPIIDD

Pergolide
treatment 

& 
monitoring 

Refer to 
Figure 6

Re-evaluate
in 3-6 

months

Pergolide
treatment 

& 
monitoring 

Refer to 
Figure 6

PRACTICE TIP: In aged horses
with generalized hypertrichosis,
initiation of treatment without
further testing is also appropriate.

Few, mild or early clinical 
signs, younger

Many, severe or more 
advanced clinical signs, older

RReessuullttss  
ssuuppppoorrttiivvee  ooff  

PPPPIIDD

EEqquuiivvooccaall  zzoonnee  
oorr  PPPPIIDD  

uunnlliikkeellyy  rreessuullttss

RReessuullttss  
ssuuppppoorrttiivvee  ooff  

PPPPIIDD

EEqquuiivvooccaall  zzoonnee  
oorr  PPPPIIDD  

uunnlliikkeellyy  rreessuullttss

RReessuullttss  
ssuuppppoorrttiivvee  ooff  

PPPPIIDD

EEqquuiivvooccaall  zzoonnee  
oorr  PPPPIIDD  

uunnlliikkeellyy  rreessuullttss



a

a

▪ Horses can be tested after hay is fed, but not within 12 hours after a grain meal.  Testing can be
performed immediately before an oral sugar test (OST) but do not perform within 12 hours after an
OST.

▪ Administer 0.5 mg (equids <250 kg) or 1.0 mg (equids >250 kg) of TRH intravenously.  Side effects
after administration are transient and include coughing, flehmen response, and yawning.

▪ Collect blood into EDTA containing tubes (purple top) at 0 and eexxaaccttllyy 10 minutes after TRH
administration.

▪ Submit plasma for measurement of ACTH as described above.

Page 6

TABLE 2 - BBaasseelliinnee  AACCTTHH  ccoonncceennttrraattiioonn  aanndd  TTRRHH  ssttiimmuullaattiioonn  tteesstt

Procedure for 
Baseline ACTH

▪ Collect into EDTA containing tube (purple top) at any time of the day
▪ Keep samples cool (ice packs or refrigerator) at all times
▪ Centrifuge and separate plasma prior to shipping
▪ Ship via overnight mail with ice packs
▪ Plasma can be frozen (centrifuged samples only) but avoid freeze-thaw cycles

Procedure for TRH 
stimulation test

Seasonal interpretation 
of results *

(Also refer to Figures 4 and 5) PPPPIIDD  uunnlliikkeellyy

EEqquuiivvooccaall**
Requires strong clinical signs, 

re-testing, or TRH stim to 
confirm diagnosis

PPPPIIDD  lliikkeellyy

BBaasseelliinnee  
AACCTTHH  oorr  

TTRRHH  ttiimmee  00
((ppgg//mmll))

*see important
note below

Dec - Jun < 15 * 15 – 40* > 40

Jul & Nov < 15 * 15 – 50* > 50

Aug < 20 * 20 – 75* > 75

Sept-Oct <30 * 30-90* >90

1100  mmiinn  
aafftteerr  TTRRHH
((ppgg//mmll))

Jan – Jun < 100 100 – 200 > 200

Jul – Dec < 100
TRH stimulation testing can only be used to 

identify negative cases in these months due to 
many false positives

IIMMPPOORRTTAANNTT  NNOOTTEESS: 
• The analyzer used to measure ACTH has changed since the 2019 EEG recommendations were released, with the Immulite 2000XPI

chemiluminescent immunoassay now used in many laboratories. ACTH values are lower with this method, so ACTH concentrations
provided here have been adjusted accordingly.

• In addition, the equivocal zone for baseline ACTH has been expanded to maximize diagnostic accuracy outside of this zone,
and to eemmpphhaassiizzee  tthhee  iimmppoorrttaannccee  ooff  aasssseessssiinngg  rreessuullttss  iinn  tthhee  ccoonntteexxtt  ooff  tthhee  hhoorrssee’’ss  cclliinniiccaall  ssiiggnnss..

• Current data in a large group of animals with suspected PPID suggests that aapppprrooxxiimmaatteellyy  2255%%  ooff  hhoorrsseess  aanndd  ppoonniieess  wwiitthh
PPPPIIDD,,  ppaarrttiiccuullaarrllyy  tthhoossee  ooff  cceerrttaaiinn  bbrreeeeddss,,  mmaayy  hhaavvee  rreessuullttss  tthhaatt  aarree  iinn  tthhiiss  eeqquuiivvooccaall  zzoonnee;; a diagnosis of PPID is still
appropriate in an aged animal when strong clinical signs are present. UUpp  ttoo  3300%%  ooff  hhoorrsseess  mmaayy  hhaavvee  rreessuullttss  tthhaatt  ffaallll  wwiitthhiinn  tthhee
eeqquuiivvooccaall  zzoonnee  bbeeccaauussee  ooff  ssttrreessss,,  bbrreeeedd,,  aanndd  ootthheerr  ffaaccttoorrss, and are unlikely to have PPID if strong clinical signs are not
present. Further study to refine these criteria in animals with and without confirmed PPID is needed.

• Re-evaluation of baseline ACTH concentration in 3-6 months or follow-up TRH stimulation testing is recommended for most
animals with results in the equivocal zone (see figure 4).

• A board-certified internal medicine specialist should be consulted for complicated cases.



Initiate treatment
Monitor clinical 
signs and ACTH 
concentrations                     
(see Figure 5)
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FIGURE 4 - AAllggoorriitthhmm  ffoorr  iinntteerrpprreettaattiioonn  ooff  bbaasseelliinnee  AACCTTHH  ccoonncceennttrraattiioonnss

Baseline ACTH concentration

Supportive of 
diagnosis and 

obvious clinical 
signs

Supportive of PPID but 
subtle clinical signs           
in a younger animal

(Reminder: testing is not 
recommended     

in the absence of clinical 
signs)

Straightforward 
diagnosis

(majority of cases)

Subset of horses with 
weak clinical evidence of 

PPID, but persistently high 
ACTH concentrations

Consider potential stress 
response or spurious result

Discuss options with 
owner:

TRH stimulation testing 
OR

Monitor for development 
of stronger clinical signs 

OR 
Recheck ACTH in 1-6 

months if clinically stable

AANNDD//OORR  ccoonnssuulltt  wwiitthh  aann  
iinntteerrnnaall  mmeeddiicciinnee  ssppeecciiaalliisstt

Not supportive of PPID but 
obvious clinical signs in an 

older animal

Subset of horses with 
clinical evidence of PPID 
but minimal increase in 

ACTH concentrations       
(other POMC peptides may 

be a factor)

Consider other potential 
causes of clinical signs

Discuss options with 
owner:

TRH stimulation testing 
OR

Initiate treatment and  
monitor clinical signs and 

ACTH 
OR 

Recheck ACTH in 3-6 
months if clinically stable 

AANNDD//OORR  ccoonnssuulltt  wwiitthh  aann        
iinntteerrnnaall  mmeeddiicciinnee  ssppeecciiaalliisstt
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FIGURE 5 - SSeeaassoonnaall  iinntteerrpprreettaattiioonn  ooff  bbaasseelliinnee  AACCTTHH  ccoonncceennttrraattiioonnss
NNootteess::  ACTH values presented here were determined using the Immulite 2000xpi analyzer. ACTH concentrations falling in the black 
shaded area are supportive of PPID diagnosis, and those falling in the white shaded area suggest a PPID diagnosis is unlikely at that 
time. ACTH concentrations falling in the grey shaded area are in the equivocal zone, and require further interpretation based on the 
clinical picture. The dashed lines denote previous diagnostic cutoff values from the 2019 EEG recommendations (white dashed line = 
upper values, black dashed line = lower values).

ACTH concentrations throughout the year gradually increase from June to late September / early October,
followed by a more rapid fall until December in the Northern hemisphere. ACTH concentrations should
only be used to make a diagnosis of PPID in combination with clinical signs, especially when ACTH values
fall within the equivocal zone. The equivocal zone is wider and lower than the 2019 recommendations, due
to new data and the implementation of the Immulite 2000xpi analyzer in many labs.



RECOMMENDED TESTS
▪ EEaarrllyy  PPPPIIDD::  TRH stimulation test with ACTH measured or baseline ACTH if 

TRH is not readily available
▪ MMooddeerraattee  ttoo  aaddvvaanncceedd  PPPPIIDD::  Baseline ACTH concentration or TRH 

stimulation test with ACTH measured

OTHER POTENTIALLY SUPPORTIVE TESTS
▪ OOvveerrnniigghhtt  ddeexxaammeetthhaassoonnee  ssuupppprreessssiioonn  tteesstt
▪ MMaaggnneettiicc  rreessoonnaannccee  iimmaaggiinngg  ((MMRRII))  ssppeecciiffiicc  ffoorr  ppaarrss  iinntteerrmmeeddiiaa  eennllaarrggeemmeenntt

NO LONGER RECOMMENDED
▪ OOrraall  ddoommppeerriiddoonnee  cchhaalllleennggee  tteesstt
▪ CCoommbbiinneedd  ddeexxaammeetthhaassoonnee  ssuupppprreessssiioonn//TTRRHH  ssttiimmuullaattiioonn  tteesstt  wwiitthh  ccoorrttiissooll  mmeeaassuurreedd

NOT APPROPRIATE FOR PPID DIAGNOSIS
▪ AACCTTHH  ssttiimmuullaattiioonn    tteesstt
▪ BBaasseelliinnee  ccoorrttiissooll  ccoonncceennttrraattiioonn
▪ DDiiuurrnnaall  ccoorrttiissooll  rrhhyytthhmm
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TABLE 3 - DDiiaaggnnoossttiicc  tteessttss  ffoorr  PPiittuuiittaarryy  PPaarrss  IInntteerrmmeeddiiaa  DDyyssffuunnccttiioonn  ((PPPPIIDD))



Initial treatment plan

The FDA-approved pergolide Prascend® (pergolide tablets); [Boehringer Ingelheim

Animal Health, USA, Inc.] is recommended at an initial dosage of 2 mcg/kg (0.5 mg for

a 250-kg pony and 1.0 mg for a 500 kg horse). The dosage is not to exceed 4 mcg/kg

bodyweight once daily. Perform baseline diagnostic testing before starting treatment.

Some horses show a transient reduction in appetite. To address this problem, stop

treatment until appetite returns and or decrease by half for 3 to 5 days and then titrate

back up in 00..55 --11 mcg/kg increments every 2 weeks until the desired dose is achieved.
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Figure 6 - TTrreeaattmmeenntt  aanndd  mmoonniittoorriinngg  ooff  PPPPIIDD

Evaluate clinical signs and baseline ACTH
1-3 months after starting treatment, and then every 6-12

months

No improvement in clinical signs
Persistently high baseline ACTH

Pergolide
treatment

Poor clinical 
response with 

adequate 
laboratory 
response

No change in dose
Reassess clinical signs and 
baseline ACTH again every  

6-12 months

Improved clinical signs
Decreased baseline ACTH

PRACTICE TIP: Improvement in 
clinical signs and insulin status is 
the most important indicator of 
response to treatment. ACTH 
concentrations may remain in the 
PPID likely or equivocal zone 
despite clinical improvement, 
and do not always warrant a 
dosage increase.

Good clinical 
response with 

persistently 
high baseline 

ACTH

Increase dose by 1-2 mcg/kg
(0.5- 1.0 mg/ 500 kg). 

Reassess signs and baseline 
ACTH 

in 1-3 months

Persistent or recurring 
clinical abnormalities  

Continued or recurrent 
increased ACTH

Evaluate for 
alternate 

causes and 
consult with 

internal 
medicine 
specialist

May increase 
dose or 

maintain dose, 
and consult 
with internal 

medicine 
specialist

Refractory case, consult with an internal medicine 
specialist

SSttrraatteeggiieess**  uusseedd  bbyy  tthhee  EEEEGG  ffoorr  ssuucchh  ccaasseess  iinncclluuddee  ggrraadduuaallllyy  iinnccrreeaassiinngg  
ppeerrggoolliiddee  ttoo  33  mmgg//550000  kkgg//ddaayy  ((66  mmccgg//kkgg))  aanndd  aaddddiinngg  ccyypprroohheeppttaaddiinnee  ((00..2255  
mmgg//kkgg  PPOO  BBIIDD  oorr  00..55  mmgg//kkgg  PPOO  SSIIDD))    OORR  ggrraadduuaallllyy  iinnccrreeaassiinngg  ppeerrggoolliiddee  ttoo  55  

mmgg//550000  kkgg//ddaayy  ((1100  mmccgg//kkgg))..

**TThheessee  ddoossaaggeess  wwoouulldd  bbee  ccoonnssiiddeerreedd  eexxttrraa--llaabbeell..  TThhee  mmaannuuffaaccttuurreerrss
rreeccoommmmeennddaattiioonnss  aarree  ttoo  aaddmmiinniisstteerr  oorraallllyy  aatt  aa  ssttaarrttiinngg  ddoossaaggee  22  mmccgg//kkgg  

oonnccee  ddaaiillyy  nnoott  ttoo  eexxcceeeedd  44  mmccgg//kkgg  ddaaiillyy..
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It may be possible to reduce the dosage of pergolide when switching from compounded pergolide to
Prascend® (pergolide tablets). First consider the current status of the horse. If PPID is well controlled,
consider a lower dosage of PRASCEND (maximum recommended reduction of 50%). Retest the horse
after 1 – 2 months (consider history and physical examination findings) to assess response to treatment.

The majority of horses with PPID are aged and therefore susceptible to non-PPID conditions. Therefore,
horse owners should be advised that while medical management of PPID improves quality of life, it
does not necessarily prolong lifespan.

In addition to medical management, horses with PPID should receive regular wellness care. Special
attention should be paid to body condition, hoof care, dentistry, and parasite control. Inadequately
controlled PPID horses are also at risk for bacterial infections. Adequate water should be available if
polydipsia and polyuria are persistent problems.

TABLE 4 - OOtthheerr  ccoonnssiiddeerraattiioonnss  ffoorr  mmaannaaggiinngg  hhoorrsseess  wwiitthh  PPPPIIDD

Switching horses from compounded pergolide

Quality of Life

Wellness care

In the event that a horse on pergolide treatment misses a dose or is removed from treatment for
exhibition/competition, ACTH concentrations may begin to increase within 48 hours, but the risk of
clinical signs worsening during this period is low. Drug clearance varies substantially among individual
horses and can result in detectable drug levels for much longer than 48 hours in some animals.

Removing horses from pergolide treatment

Diet and exercise recommendations

Feed selection should be based upon body condition score and evidence for insulin dysregulation. Some
PPID horses are lean and have normal insulin status, and senior feeds and pasture grazing are
appropriate in these cases. Obese horses should be fed a lower energy diet and be encouraged to follow
an exercise program if soundness permits. Those with insulin dysregulation require lower non-structural
carbohydrate feeds and limited access to pasture. Feed requirements of aged horses, especially those
with PPID, may change over time and monthly monitoring of BCS by owners is recommended. Dietary
supplements have also been suggested for the management of PPID, but to date scientific evidence for
their efficacy is lacking.



Stress, excitement, and trailering can result in a transient increase in ACTH concentrations. Samples for PPID
diagnosis via baseline ACTH should not be collected within 30 minutes of trailering, or in an animal that is
visibly excited. Low to moderate pain of at least 24 hours duration does not appear to impact diagnostic
testing with baseline ACTH or TRH stimulation testing. Testing may be performed in laminitic horses, but it is
ideal to postpone until severe pain is controlled.

Sedation may impact endocrine responses. Diagnostic testing with baseline ACTH concentration only can be
performed immediately (within 5-10 minutes) after sedation with xylazine or detomidine, with or without
butorphanol, without substantial impact on the test interpretation. TRH stimulation testing and assessment of
insulin status are impacted by sedation for at least several hours. Thus, it is ideal to avoid diagnostic testing for
PPID and insulin status within 24-48 hours of sedation.
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TABLE 4 cont. - OOtthheerr  ccoonnssiiddeerraattiioonnss  ffoorr  mmaannaaggiinngg  hhoorrsseess  wwiitthh  PPPPIIDD

Testing in the face of laminitis pain and other stress

Testing after sedation

Assessment for insulin dysregulation should also be pursued in all patients with PPID (see Equine
Endocrine Group Recommendations for Diagnosis and Management of Equine Metabolic Syndrome).
Insulin dysregulation is detected in approximately one-third of cases and is most likely a result of PPID
developing in equids genetically predisposed to EMS. Less commonly, diabetes mellitus develops in
horses with PPID and is characterized by persistent hyperglycemia and glucosuria. Hypertriglyceridemia
is detected in some horses, and blood lipid concentrations markedly increase if the animal enters
negative energy balance. Pergolide treatment has been associated with improved glycemic control and
normalization of blood triglyceride concentrations in some of these cases with positive effects often seen
within 48-72 hours. Attention should also be paid to the horse's diet and access to pasture (see below).

Management of glucose, insulin, and lipid disorders
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TABLE 5. – SSuuggggeesstteedd  ffuurrtthheerr  rreeaaddiinngg
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10.3390/ani10081426
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hyperinsulinemia and laminitis severity at the time of pituitary pars intermedia
dysfunction diagnosis. Equine Vet J. 51: 52-56. 2019. DOI: 10.1111/evj.12963

▪ Tatum RC, McGowan CM, Ireland JL. Evaluation of the sensitivity and specificity of basal
plasma adrenocorticotrophic hormone concentration for diagnosing pituitary pars
intermedia dysfunction in horses: A systematic review. Vet J. 2021 May 21:105695. DOI:
10.1016/j.tvjl.2021.105695

▪ Tatum RC, McGowan CM, Ireland JL. Efficacy of pergolide for the management of equine
pituitary pars intermedia dysfunction: A systematic review. Vet J. 2020
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 yreve )stelbat-flah( stnemercni gm 5.0 yb pu kcab

  .deveihca si tceffe lacinilc derised eht litnu skeew 4 - 2

 :snoitacidniartnoC ni detacidniartnoc si ®dnecsarP  
etalysem edilogrep ot ytivitisnesrepyh nwonk htiw sesroh  

  .sevitavired togre rehto ro
snoituaC fo sraey 3 naht regnuoy sesroh ni esu ton oD :  

sa ,sesroh gnitatcal ro ,tnangerp ,gnideerb ni dna ,ega  
nI .slamina eseht ni detaulave neeb ton sah ®dnecsarP  

tibihni ot nwohs neeb sah etalysem edilogrep ,ecim  
dna klim ot deknil enomroh a ,noiterces nitcalorp  

  .noitcudorp murtsoloc
detaicossa %09 yletamixorppa si etalysem edilogreP  

.slamina yrotarobal dna snamuh ni snietorp amsalp htiw  
sgurd rehto htiw ®dnecsarP gniretsinimda fi noituac esU  
hcus ,stsinogatna enimapoD .gnidnib nietorp tceffa taht  

ro )enodirepmod ,senizaihtonehp( scitpeloruen sa  
deretsinimda eb ton dluohs ,edimarpolcotem  

ecnis )tsinoga enimapod a( ®dnecsarP htiw yltnerrucnoc  
fo ssenevitceffe eht hsinimid yam stnega eseht  

 .®dnecsarP

 .nerdlihc fo hcaer fo tuo peeK :sgninraW ®dnecsarP  
dah evah ohw snosrep yb deretsinimda eb ton dluohs  

togre rehto ro enimatogre ot snoitcaer esrevda  
raew dluohs nemow gnisrun ro tnangerP .sevitavired  

neeb sah tI .tcudorp siht gniretsinimda nehw sevolg  
,noitatirri eye esuac yam stelbat edilogrep taht detroper  
stelbat ®dnecsarP nehw ehcadaeh ro ,llems gnitatirri na  

eb ton dluohs stelbat ®dnecsarP .dehsurc ro tilps era  
namuh desaercni rof laitnetop eht ot eud dehsurc  

erusopxe eziminim ot nekat eb dluohs erac dna erusopxe  
fo esac ni naicisyhp a tlusnoC .stelbat gnittilps nehw  

htiw tcatnoc fo esac nI .snamuh yb noitsegni latnedicca  
fo tneve eht nI .retaw htiw niks desopxe hsaw ,niks  
eye detceffa eht hsufl ,eye eht ot erusopxe edilogrep  

ton oD .ecivda lacidem teg dna retaw htiw yletaidemmi  
srenwO .noitpmusnoc namuh rof dednetni sesroh ni esu  
ecnalab ni segnahc yna rof rotinom dluohs sreldnah dna  

  .noitacidem siht no sesroh fo ruoivaheb ro

  :snoitcaeR esrevdA
edulcni sesroh ni snoitcaer esrevda laitnetoP  

dna aehrraid ,aixata ,noisserped ,ygrahtel ,ecneteppani  
 .ciloc

eht ,detroper era snoitcaer esrevda lla ton hguohtlA  
no desab si noitamrofni noitcaer esrevda gniwollof  

si tI .gnitroper ecneirepxe gurd lavorppa-tsop yratnulov  
stluser gnitroper fo dohtem siht taht dezingocer yllareneg  
.snoitcaer gurd esrevda fo gnitroper-rednu tnacfiingis si  
snoitcaer gurd esrevda detcepsus taht deton eb dluohs tI  

ehT .ytilasuac ton dna gnitroper tcefler ereh detsil  
gnisaerced ni detsil era snoitcaer esrevda fo seirogetac  

 .metsys ydob yb ycneuqerf fo redro
sredrosid cimetsyS  ygrahtel ,aixerona :

 :sredrosid lacigolorueN ,romert elcsum ,aixata  
 aisehtserepyh

:sredrosid tcart evitsegiD  ciloc ,aehrraid 
sa hcus segnahc laruoivaheb snoisacco erar yrev nO  

 .nees neeb evah ytilibaticxerepyh dna noissergga

 :ygolocamrahP lacinilC citehtnys a si etalysem edilogreP  
rotpecer enimapod tnetop a si dna evitavired togre  

 si etalysem edilogrep fo eman lacimehc ehT .tsinoga
enilogre-lyporp-6-]lyhtem )oihtlyhteM([-β8  

 .etanoflusenahtemonom
 :si erutcurts lacimehc ehT

eht stibihni edilogrep ,stsinoga enimapod rehto htiw sA  
erefretni yam ti taht stseggus hcihw nitcalorp fo esaeler  
deveileb si edilogrep ,DIPP htiw sesroh nI .noitatcal htiw  

enimapod gnitalumits yb tceffe cituepareht sti trexe ot  
amsalp eht esaerced ot nwohs neeb sah dna ,srotpecer  

,)HTCA( enomroh ciportocitroconerda fo slevel  
 rehto dna ,)HSM( enomroh gnitalumits etyconalem

 .seditpep nitroconalemoipo-orp
a no desab si esroh eht ni noitamrofni citenikocamrahP  

yhtlaeh xis ni gk/gcm 01 fo sesod laro elgnis gnisu yduts  
saw edilogreP .ega fo sraey 71 dna 3 neewteb seram  
noitartnecnoc mumixam naem eht ;debrosba yldipar  

C( xam ot emit naidem eht htiw Lm/gn 83.0 ± 11.2 saw )  
T( noitartnecnoc mumixam xam ehT .sruoh 33.0 gnieb )  

.Lm/gn∙rh 33.1 ± 44.8 saw )CUA( evruc eht rednu aera  
T( efil-flah naem ehT 2/1 eht ;sruoh 2.01 ± 48.62 saw )  

saw )F/LC( ecnaraelc laro tnerappa naem  
fo emulov tnerappa naem eht dna ;rh/gk/Lm 69.7141  

 .gk/Lm 24.58201 ± 10.93793 saw )F/V( noitubirtsid

 :noitamrofnI ydutS ycacfifE dna ytefaS
:ytefaS laminA yduts ytefas lamina tegrat htnom xis a nI  

deretsinimda ®dnecsarP deviecer sesroh tluda yhtlaeh  
,gk/gcm 4 ,gk/gcm 0 rehtie fo sesod ta ,yliad ecno ,yllaro  

eht X2 ro ,X5.1 ,X1 ,X0( gk/gcm 8 ro ,gk/gcm 6  
yhtlaeh thgie erew erehT .)esod dednemmocer mumixam  

tnemtaert hcae ni )selamef ruof dna selam ruof( sesroh  
ni stelbat gnivlossid yb deraperp erew sesoD .puorg  

 .noitulos retaw ragus %05 a fo Lm 01 yletamixorppa
setar traeh naem rewol dah spuorg detaert ®dnecsarP  

yllacitsitats erew setar traeh naeM .puorg lortnoc eht naht  
 spuorg detaert lla ni sgnidleg rof tnereffid yltnacfiingis

.)gk/gcm 8( X2 eht ni seram rof dna )gk/gcm 8 dna 6 ,4(  
yletamixorppa yb decuder saw etar traeh naeM  

staeb )puorg X2( 61 dna )puorg X5.1( 81 ,)puorg X1( 01  
seram rof etunim rep staeb 8 dna sgnidleg rof etunim rep  

 .puorg X2 eht ni

 sseccus tnecreP

 )311/68( %1.67

 dedis-eno :dnuob rewoL
 lavretni ecnedfinoc %59

 % 2.76

 sesseccuS tnemtaerT fo noitroporP - 3 elbaT
 081 yaD no

 ngis lacinilC

 msitusriH
 sisordihrepyH

 aispydylop / airuyloP
 noitubirtsid taf lamronbA

 gnitsaw elcsuM

 7±09 yaD
 )%(

 % 7.23
 % 4.72
 % 0.13
 % 2.12
 % 3.63

 7±081 yaD
 )%(

 % 2.98
 % 3.24
 % 2.43
 % 3.33
 % 0.64

 tnemevorpmI htiw slaminA fo tnecreP - 4 elbaT
 serocS enilesaB ot evitaleR sngiS lacinilC ni

 slaminA #

 02

 39

 enilesaB

 35.37

 21.3

 09 yaD

 21.15

 93.1

 09 yaD

 80.54

 74.1

 stluser tset enircodnE - 5 elbaT
 )seulav naem(

 tseT
 HTCA
 )Lm/gp(

 **DST
 )Ld/gcm(

yllaciremun dah osla spuorg X5.1 dna X1 eht ni seraM  
erew secnereffid eht ,revewoh ;setar traeh naem rewol  

rof setar traeh muminim ehT .tnacfiingis yllacitsitats ton  
lamron eht nihtiw erew spuorg detaert lla ni slaudividni  

tnemtaert lla ni sesroH .)etunim rep staeb 44 - 42( egnar  
nehw serutarepmet naem rehgih dah osla spuorg  

mumixam ,revewoH .puorg lortnoc eht ot derapmoc  
enO .)C°6.83( F°5.101 woleb deniamer serutarepmet  
cidomsaps fo edosipe dlim a decneirepxe esroh X5.1  

nixinufl htiw tnemtaert retfa devloser taht 3 yaD no ciloc  
 .enimulgem

llec doolb der naem ni sesaerced tnacfiingis yllacitsitatS  
lla ni tneserp erew seulav nibolgomeh dna stnuoc  

sa )gk/gcm 8 dna 6 ,4( spuorg detaert ®dnecsarP  
ygolotameh rehtO .puorg lortnoc eht ot derapmoc  

,sllec doolb etihw ,tircotameh gnidulcni sretemarap  
setycohpmyl etulosba dna ,slihportuen etulosba  

eht ot derapmoc sa sesaerced tneisnart ,dlim detibihxe  
yllareneg sretemarap ygolotameh ehT .puorg lortnoc  
tnemtaert retfa syad 06 ot 03 tsrfi eht revo desaerced  

-erp ot ralimis seulav ot denruter neht dna noitaitini
erew snoitaretla detaler tnemtaert oN .slevel tnemtaert  

  .worram enob fo noitaulave ygolohtapotsih no defiitnedi
lla fo stluser eht htiw detcudnoc saw sisylana ytefas ehT  

htiw detaert dna yduts dlefi siht ni dedulcni sesroh 221  
 .shtnom xis rof ®dnecsarP

7 dna sesac wen eerhT*  sesac gnirrucer ,gnitsixe-erp
ro eno ta derrucco etiteppa desaerced ro ecnateppanI  

.®dnecsarP htiw detaert sesroh 221 fo 04 ni slaem erom  
a detroper srenwo fo %6.1 noitaulave enilesab eht tA  

sa etiteppa desaerced ro ecnateppani fo yrotsih  
decneirepxe taht sesroh fo %8.23 eht ot derapmoc  

.yduts eht gnirud etiteppa desaerced ro ecnateppani  
derrucco dna tneisnart erew ecnateppani fo sesac tsoM  

emos ,revewoh ;tnemtaert fo htnom tsrfi eht gnirud  
tuohguorht ecnateppani cidarops decneirepxe sesroh  

ni noitcuder yraropmet a deriuqer sesroh owT .yduts eht  
eht fo htnom tsrfi eht gnirud ecnateppani ot eud esod  

nihtiw esod lanigiro rieht ot denruter sesroh htoB .yduts  
 .syad 03

ni sesroh eht fo flah naht erom ni derrucco ssol thgieW  
deredisnoc saw taht ssol thgiew ,revewoh ;yduts siht  

11 ni detroper ylno saw lamronba   .sesroh
eht gnirud sesroh fo %8.9 ni detroper saw ygrahteL  

enilesab eht ta sesroh yna ni detroper ton saw dna ,yduts  
 .noitaulave

gnidulcni sesroh 6 ni deton erew segnahc laruoivaheB  
dna ruoivaheb suovren ,noitatiga ,gnikcik ,noissergga  

yraropmet a deriuqer esroh enO .ytivitca desaercni  
eht gnirud ruoivaheb citegrene ot eud esod ni noitcuder  

lanigiro ot kcab desaercni dna yduts eht fo htnom tsrfi  
 .retal syad 9 esod

yduts eht gnirud dezinahtue erew ro deid sesroh thgiE  
,sitinimal( snoitidnoc gnitsixe-erp fo gninesrow ot eud  

ciloc ro ,)sitivonysonet citpes ,esaesid latned  
 .)suluvlov noloc egral ,samopil gnitalugnarts(

elihw yduts eht ni dellorne yltnetrevdani saw eram enO  
ot eud aicotsyd decneirepxe dna tnangerp  

 .laof eht fo htaed eht ni gnitluser gninoitisoplam

 :ycacfifE yduts dlefi ,lortnoc lacirotsih ,lebal-nepo nA  
lortnoc eht rof ®dnecsarP fo ssenevitceffe eht detaulave  
DIPP htiw sesroh 221 fo latot A .DIPP fo sngis lacinilc fo  

dedulcni erew hcihw fo 311 ,yduts eht ni dellorne erew  
esroh hcae fo sseccus ehT .snoitaulave ssenevitceffe ni  

gnitset ygolonircodne fo stluser no desab saw  
HTCA suonegodne ro tset noisserppus enosahtemaxed(  

DIPP ot detaler sngis lacinilc ni tnemevorpmi ro/dna )tset  
,aispydylop/airuylop ,sisordihrepyh ,msitusrih(  

no )gnitsaw elcsum ro/dna ,noitubirtsid taf lamronba  
dna gnitset enircodne no desaB .noitaulave 081 yaD eht  
fo )%1.67( 68 ,serocs tnemssessa lacinilc ’srotagitsevni  

 .sesseccus tnemtaert erew sesac elbaulave 311 eht

eht no desab DIPP htiw desongaid erew sesroh dellornE  
yduts-erp lamronba na dna msitusrih fo ecneserp  

htiw detaert erew sesroh llA .tluser tset enircodne  
)telbat flah-eno tseraen eht ot( ®dnecsarP gk/gcm 2  

eht fI .shtnom eerht tsrfi eht rof yliad ecno yllaro  
yletauqeda ro lamron saw 09 yaD no tluser tset enircodne  

esod emas eht no deunitnoc esroh eht ,devorpmi  
09 yaD no tluser tset enircodne eht fI .081 yaD hguorht  

nevig gk/gcm 4 ot desaercni esod eht ,lamronba saw  
eht fo )%6.14( neves-ytroF .081 yaD hguorht yliad ecno  

esabatad ssenevitceffe eht ni dedulcni sesroh 311  
  .09 yaD ta esaercni esod a deriuqer

ngis lacinilc lla rof serocs ni deton saw tnemevorpmI  
 .stset enircodne rof stluser naem ni dna seirogetac

tsoP :tset noisserppus enosahtemaxeD **  
 noitartnecnoc lositroc enosahtemaxed

 :egarotS eht erotS .ezeerf ton oD .C°52 woleb ro ta erotS  
 .notrac lanigiro eht ni retsilb

 :noitatneserP era stelbat )etalysem edilogrep( ®dnecsarP  
rep stelbat 01 degakcap – htgnerts gm 1 ni elbaliava  

 .notrac rep stelbat 061 ro 06 dna retsilb

 cnI adanaC htlaeH laminA miehlegnI regnirheoB
 daoR ecivreS htuoS 0815

 4H5 L7L NO notgnilruB
regnirheoB fo kramedart deretsiger a si ®dnecsarP  
 .esnecil rednu desu ,HbmG acidemteV miehlegnI

 :desiveR  1202-20

  nommoc tsom eht fo yrammuS - 2 elbaT
 )221=N( snoitcaer esrevda

ngis lacinilC  sesaC #   )%( sesaC

etiteppa desaerceD  04   8.23

ssenemaL  22   0.81

loots esooL/aehrraiD  21   8.9

ciloC  21   8.9

ygrahteL  21   8.9

ssoL thgieW lamronbA  11   0.9

*sitinimaL  01   2.8

rumrum traeH  01   2.8

htaeD  8  6.6

redrosid htooT  8  6.6

ssecsba nikS  7  7.5

niap lateleksolucsuM  6  9.4

egnahc roivaheB  6  9.4

®

 12/10-53664715

 DCBA
 NE

)etalysem edilogrep sa( edilogreP  
 sesroh rof stelbat gm 1

 ylnO esU yranireteV

 71221420 NID

 elbaT gnisoD -1 elbaT
esod gnitratS   egasoD

thgiew ydoB  gk/gcm 2   egnar
)stelbat ni(   )gk/gcm ni(

gk 043 - 631  stelbat 5.0   7.3 - 5.1
gk 765 - 143  stelbat 1   9.2 - 8.1
gk 597 - 865  stelbat 5.1   6.2 - 9.1
gk 2201 - 697  stelbat 2   5.2 - 0.2

 :noitpircseD tsinoga rotpecer enimapod a si ®dnecsarP  
ralugnatcer era stelbat ®dnecsarP .sesroh ni esu laro rof  

  .stelbat derocs-flah ,deroloc der thgil

:snoitacidnI detaicossa sngis lacinilc fo lortnoc eht roF  
eniuqE( noitcnufsyD aidemretnI sraP yratiutiP htiw  

 .sesroh ni )esaesiD s’gnihsuC

 :tneidergnI evitcA edilogrep gm 1 sniatnoc telbat hcaE  
 .)etalysem edilogrep sa(

 :noitartsinimdA dna egasoD a ta yllaro retsinimdA  
eb yam egasoD .yliad ecno gk/gcm 2 fo esod gnitrats  
laminA“ ees( yliad gk/gcm 4 ot pu ,tceffe ot detsujda  

ro eno ,noitartsinimda eht etatilicaf oT .)noitces ”ytefaS  
fo tnuoma llams a htiw devlossid eb yam stelbat erom  

nI .reneteews rehto ro sessalom htiw dexim ro/dna retaw  
deretsinimda eb dluohs stelbat devlossid eht ,esac siht  

eb dluohs tnuoma eritne ehT .egnirys a htiw  
eb ton dluohs stelbat ehT .yletaidemmi deretsinimda  

  .dehsurc
dluohs egasod detaluclac eht dna derocs era stelbat ehT  

 tnemercni telbat flah-eno tseraen eht ot dedivorp eb
 .)1 elbaT ees(

,.g.e( stset yrotarobal enircodne etairporppA  
dluohs )tset HTCA ro tset noisserppus enosahtemaxed  

lacinilc eht fo noitaulave na sa llew sa detcudnoc eb  
sraP yratiutiP fo sisongaid a hsilbatse ot redro ni sngis  

laitini gniwolloF .)DIPP( noitcnufsyD aidemretnI  
 fo slavretni ta tset enircodne eht taeper ,sisongaid

lacinilc ro/dna stluser litnu noitartit esod rof skeew 6 - 4  
gniwolloF .dezilibats ro devorpmi evah sngis  

gnitset enircodne dna tnemssessa lacinilc a ,noitazilibats  
 rotinom ot shtnom 6 yreve demrofrep eb dluohs

detartit eb dluohs gnisoD .esnopser tnemtaert mret-gnol  
eveihca ot esnopser esroh laudividni eht ot gnidrocca  
tnerappa on si ereht erehW .esod evitceffe tsewol eht  

 eb dluohs sisongaid eht ,tnemtaert ot esnopser
  .detaulaveer

dluohs tnemtaert ,poleved ecnarelotni esod fo sngis fI  
fo flah-eno ta detatsni-er dna syad 3 - 2 rof deppots eb  

detartit eb nac esod yliad latot ehT .esod suoiverp eht  
 yreve )stelbat-flah( stnemercni gm 5.0 yb pu kcab

  .deveihca si tceffe lacinilc derised eht litnu skeew 4 - 2

 :snoitacidniartnoC ni detacidniartnoc si ®dnecsarP  
etalysem edilogrep ot ytivitisnesrepyh nwonk htiw sesroh  

  .sevitavired togre rehto ro
snoituaC fo sraey 3 naht regnuoy sesroh ni esu ton oD :  

sa ,sesroh gnitatcal ro ,tnangerp ,gnideerb ni dna ,ega  
nI .slamina eseht ni detaulave neeb ton sah ®dnecsarP  

tibihni ot nwohs neeb sah etalysem edilogrep ,ecim  
dna klim ot deknil enomroh a ,noiterces nitcalorp  

  .noitcudorp murtsoloc
detaicossa %09 yletamixorppa si etalysem edilogreP  

.slamina yrotarobal dna snamuh ni snietorp amsalp htiw  
sgurd rehto htiw ®dnecsarP gniretsinimda fi noituac esU  
hcus ,stsinogatna enimapoD .gnidnib nietorp tceffa taht  

ro )enodirepmod ,senizaihtonehp( scitpeloruen sa  
deretsinimda eb ton dluohs ,edimarpolcotem  

ecnis )tsinoga enimapod a( ®dnecsarP htiw yltnerrucnoc  
fo ssenevitceffe eht hsinimid yam stnega eseht  

 .®dnecsarP

 .nerdlihc fo hcaer fo tuo peeK :sgninraW ®dnecsarP  
dah evah ohw snosrep yb deretsinimda eb ton dluohs  

togre rehto ro enimatogre ot snoitcaer esrevda  
raew dluohs nemow gnisrun ro tnangerP .sevitavired  

neeb sah tI .tcudorp siht gniretsinimda nehw sevolg  
,noitatirri eye esuac yam stelbat edilogrep taht detroper  
stelbat ®dnecsarP nehw ehcadaeh ro ,llems gnitatirri na  

eb ton dluohs stelbat ®dnecsarP .dehsurc ro tilps era  
namuh desaercni rof laitnetop eht ot eud dehsurc  

erusopxe eziminim ot nekat eb dluohs erac dna erusopxe  
fo esac ni naicisyhp a tlusnoC .stelbat gnittilps nehw  

htiw tcatnoc fo esac nI .snamuh yb noitsegni latnedicca  
fo tneve eht nI .retaw htiw niks desopxe hsaw ,niks  
eye detceffa eht hsufl ,eye eht ot erusopxe edilogrep  

ton oD .ecivda lacidem teg dna retaw htiw yletaidemmi  
srenwO .noitpmusnoc namuh rof dednetni sesroh ni esu  
ecnalab ni segnahc yna rof rotinom dluohs sreldnah dna  

  .noitacidem siht no sesroh fo ruoivaheb ro

  :snoitcaeR esrevdA
edulcni sesroh ni snoitcaer esrevda laitnetoP  

dna aehrraid ,aixata ,noisserped ,ygrahtel ,ecneteppani  
 .ciloc

eht ,detroper era snoitcaer esrevda lla ton hguohtlA  
no desab si noitamrofni noitcaer esrevda gniwollof  

si tI .gnitroper ecneirepxe gurd lavorppa-tsop yratnulov  
stluser gnitroper fo dohtem siht taht dezingocer yllareneg  
.snoitcaer gurd esrevda fo gnitroper-rednu tnacfiingis si  
snoitcaer gurd esrevda detcepsus taht deton eb dluohs tI  

ehT .ytilasuac ton dna gnitroper tcefler ereh detsil  
gnisaerced ni detsil era snoitcaer esrevda fo seirogetac  

 .metsys ydob yb ycneuqerf fo redro
sredrosid cimetsyS  ygrahtel ,aixerona :

 :sredrosid lacigolorueN ,romert elcsum ,aixata  
 aisehtserepyh

:sredrosid tcart evitsegiD  ciloc ,aehrraid 
sa hcus segnahc laruoivaheb snoisacco erar yrev nO  

 .nees neeb evah ytilibaticxerepyh dna noissergga

 :ygolocamrahP lacinilC citehtnys a si etalysem edilogreP  
rotpecer enimapod tnetop a si dna evitavired togre  

 si etalysem edilogrep fo eman lacimehc ehT .tsinoga
enilogre-lyporp-6-]lyhtem )oihtlyhteM([-β8  

 .etanoflusenahtemonom
 :si erutcurts lacimehc ehT

eht stibihni edilogrep ,stsinoga enimapod rehto htiw sA  
erefretni yam ti taht stseggus hcihw nitcalorp fo esaeler  
deveileb si edilogrep ,DIPP htiw sesroh nI .noitatcal htiw  

enimapod gnitalumits yb tceffe cituepareht sti trexe ot  
amsalp eht esaerced ot nwohs neeb sah dna ,srotpecer  

,)HTCA( enomroh ciportocitroconerda fo slevel  
 rehto dna ,)HSM( enomroh gnitalumits etyconalem

 .seditpep nitroconalemoipo-orp
a no desab si esroh eht ni noitamrofni citenikocamrahP  

yhtlaeh xis ni gk/gcm 01 fo sesod laro elgnis gnisu yduts  
saw edilogreP .ega fo sraey 71 dna 3 neewteb seram  
noitartnecnoc mumixam naem eht ;debrosba yldipar  

C( xam ot emit naidem eht htiw Lm/gn 83.0 ± 11.2 saw )  
T( noitartnecnoc mumixam xam ehT .sruoh 33.0 gnieb )  

.Lm/gn∙rh 33.1 ± 44.8 saw )CUA( evruc eht rednu aera  
T( efil-flah naem ehT 2/1 eht ;sruoh 2.01 ± 48.62 saw )  

saw )F/LC( ecnaraelc laro tnerappa naem  
fo emulov tnerappa naem eht dna ;rh/gk/Lm 69.7141  

 .gk/Lm 24.58201 ± 10.93793 saw )F/V( noitubirtsid

 :noitamrofnI ydutS ycacfifE dna ytefaS
:ytefaS laminA yduts ytefas lamina tegrat htnom xis a nI  

deretsinimda ®dnecsarP deviecer sesroh tluda yhtlaeh  
,gk/gcm 4 ,gk/gcm 0 rehtie fo sesod ta ,yliad ecno ,yllaro  

eht X2 ro ,X5.1 ,X1 ,X0( gk/gcm 8 ro ,gk/gcm 6  
yhtlaeh thgie erew erehT .)esod dednemmocer mumixam  

tnemtaert hcae ni )selamef ruof dna selam ruof( sesroh  
ni stelbat gnivlossid yb deraperp erew sesoD .puorg  

 .noitulos retaw ragus %05 a fo Lm 01 yletamixorppa
setar traeh naem rewol dah spuorg detaert ®dnecsarP  

yllacitsitats erew setar traeh naeM .puorg lortnoc eht naht  
 spuorg detaert lla ni sgnidleg rof tnereffid yltnacfiingis

.)gk/gcm 8( X2 eht ni seram rof dna )gk/gcm 8 dna 6 ,4(  
yletamixorppa yb decuder saw etar traeh naeM  

staeb )puorg X2( 61 dna )puorg X5.1( 81 ,)puorg X1( 01  
seram rof etunim rep staeb 8 dna sgnidleg rof etunim rep  

 .puorg X2 eht ni

 sseccus tnecreP

 )311/68( %1.67

 dedis-eno :dnuob rewoL
 lavretni ecnedfinoc %59

 % 2.76

 sesseccuS tnemtaerT fo noitroporP - 3 elbaT
 081 yaD no

 ngis lacinilC

 msitusriH
 sisordihrepyH

 aispydylop / airuyloP
 noitubirtsid taf lamronbA

 gnitsaw elcsuM

 7±09 yaD
 )%(

 % 7.23
 % 4.72
 % 0.13
 % 2.12
 % 3.63

 7±081 yaD
 )%(

 % 2.98
 % 3.24
 % 2.43
 % 3.33
 % 0.64

 tnemevorpmI htiw slaminA fo tnecreP - 4 elbaT
 serocS enilesaB ot evitaleR sngiS lacinilC ni

 slaminA #

 02

 39

 enilesaB

 35.37

 21.3

 09 yaD

 21.15

 93.1

 09 yaD

 80.54

 74.1

 stluser tset enircodnE - 5 elbaT
 )seulav naem(

 tseT
 HTCA
 )Lm/gp(

 **DST
 )Ld/gcm(

yllaciremun dah osla spuorg X5.1 dna X1 eht ni seraM  
erew secnereffid eht ,revewoh ;setar traeh naem rewol  

rof setar traeh muminim ehT .tnacfiingis yllacitsitats ton  
lamron eht nihtiw erew spuorg detaert lla ni slaudividni  

tnemtaert lla ni sesroH .)etunim rep staeb 44 - 42( egnar  
nehw serutarepmet naem rehgih dah osla spuorg  

mumixam ,revewoH .puorg lortnoc eht ot derapmoc  
enO .)C°6.83( F°5.101 woleb deniamer serutarepmet  
cidomsaps fo edosipe dlim a decneirepxe esroh X5.1  

nixinufl htiw tnemtaert retfa devloser taht 3 yaD no ciloc  
 .enimulgem

llec doolb der naem ni sesaerced tnacfiingis yllacitsitatS  
lla ni tneserp erew seulav nibolgomeh dna stnuoc  

sa )gk/gcm 8 dna 6 ,4( spuorg detaert ®dnecsarP  
ygolotameh rehtO .puorg lortnoc eht ot derapmoc  

,sllec doolb etihw ,tircotameh gnidulcni sretemarap  
setycohpmyl etulosba dna ,slihportuen etulosba  

eht ot derapmoc sa sesaerced tneisnart ,dlim detibihxe  
yllareneg sretemarap ygolotameh ehT .puorg lortnoc  
tnemtaert retfa syad 06 ot 03 tsrfi eht revo desaerced  

-erp ot ralimis seulav ot denruter neht dna noitaitini
erew snoitaretla detaler tnemtaert oN .slevel tnemtaert  

  .worram enob fo noitaulave ygolohtapotsih no defiitnedi
lla fo stluser eht htiw detcudnoc saw sisylana ytefas ehT  

htiw detaert dna yduts dlefi siht ni dedulcni sesroh 221  
 .shtnom xis rof ®dnecsarP

7 dna sesac wen eerhT*  sesac gnirrucer ,gnitsixe-erp
ro eno ta derrucco etiteppa desaerced ro ecnateppanI  

.®dnecsarP htiw detaert sesroh 221 fo 04 ni slaem erom  
a detroper srenwo fo %6.1 noitaulave enilesab eht tA  

sa etiteppa desaerced ro ecnateppani fo yrotsih  
decneirepxe taht sesroh fo %8.23 eht ot derapmoc  

.yduts eht gnirud etiteppa desaerced ro ecnateppani  
derrucco dna tneisnart erew ecnateppani fo sesac tsoM  

emos ,revewoh ;tnemtaert fo htnom tsrfi eht gnirud  
tuohguorht ecnateppani cidarops decneirepxe sesroh  

ni noitcuder yraropmet a deriuqer sesroh owT .yduts eht  
eht fo htnom tsrfi eht gnirud ecnateppani ot eud esod  

nihtiw esod lanigiro rieht ot denruter sesroh htoB .yduts  
 .syad 03

ni sesroh eht fo flah naht erom ni derrucco ssol thgieW  
deredisnoc saw taht ssol thgiew ,revewoh ;yduts siht  

11 ni detroper ylno saw lamronba   .sesroh
eht gnirud sesroh fo %8.9 ni detroper saw ygrahteL  

enilesab eht ta sesroh yna ni detroper ton saw dna ,yduts  
 .noitaulave

gnidulcni sesroh 6 ni deton erew segnahc laruoivaheB  
dna ruoivaheb suovren ,noitatiga ,gnikcik ,noissergga  

yraropmet a deriuqer esroh enO .ytivitca desaercni  
eht gnirud ruoivaheb citegrene ot eud esod ni noitcuder  

lanigiro ot kcab desaercni dna yduts eht fo htnom tsrfi  
 .retal syad 9 esod

yduts eht gnirud dezinahtue erew ro deid sesroh thgiE  
,sitinimal( snoitidnoc gnitsixe-erp fo gninesrow ot eud  

ciloc ro ,)sitivonysonet citpes ,esaesid latned  
 .)suluvlov noloc egral ,samopil gnitalugnarts(

elihw yduts eht ni dellorne yltnetrevdani saw eram enO  
ot eud aicotsyd decneirepxe dna tnangerp  

 .laof eht fo htaed eht ni gnitluser gninoitisoplam

 :ycacfifE yduts dlefi ,lortnoc lacirotsih ,lebal-nepo nA  
lortnoc eht rof ®dnecsarP fo ssenevitceffe eht detaulave  
DIPP htiw sesroh 221 fo latot A .DIPP fo sngis lacinilc fo  

dedulcni erew hcihw fo 311 ,yduts eht ni dellorne erew  
esroh hcae fo sseccus ehT .snoitaulave ssenevitceffe ni  

gnitset ygolonircodne fo stluser no desab saw  
HTCA suonegodne ro tset noisserppus enosahtemaxed(  

DIPP ot detaler sngis lacinilc ni tnemevorpmi ro/dna )tset  
,aispydylop/airuylop ,sisordihrepyh ,msitusrih(  

no )gnitsaw elcsum ro/dna ,noitubirtsid taf lamronba  
dna gnitset enircodne no desaB .noitaulave 081 yaD eht  
fo )%1.67( 68 ,serocs tnemssessa lacinilc ’srotagitsevni  

 .sesseccus tnemtaert erew sesac elbaulave 311 eht

eht no desab DIPP htiw desongaid erew sesroh dellornE  
yduts-erp lamronba na dna msitusrih fo ecneserp  

htiw detaert erew sesroh llA .tluser tset enircodne  
)telbat flah-eno tseraen eht ot( ®dnecsarP gk/gcm 2  

eht fI .shtnom eerht tsrfi eht rof yliad ecno yllaro  
yletauqeda ro lamron saw 09 yaD no tluser tset enircodne  

esod emas eht no deunitnoc esroh eht ,devorpmi  
09 yaD no tluser tset enircodne eht fI .081 yaD hguorht  

nevig gk/gcm 4 ot desaercni esod eht ,lamronba saw  
eht fo )%6.14( neves-ytroF .081 yaD hguorht yliad ecno  

esabatad ssenevitceffe eht ni dedulcni sesroh 311  
  .09 yaD ta esaercni esod a deriuqer

ngis lacinilc lla rof serocs ni deton saw tnemevorpmI  
 .stset enircodne rof stluser naem ni dna seirogetac

tsoP :tset noisserppus enosahtemaxeD **  
 noitartnecnoc lositroc enosahtemaxed

 :egarotS eht erotS .ezeerf ton oD .C°52 woleb ro ta erotS  
 .notrac lanigiro eht ni retsilb

 :noitatneserP era stelbat )etalysem edilogrep( ®dnecsarP  
rep stelbat 01 degakcap – htgnerts gm 1 ni elbaliava  

 .notrac rep stelbat 061 ro 06 dna retsilb

 cnI adanaC htlaeH laminA miehlegnI regnirheoB
 daoR ecivreS htuoS 0815

 4H5 L7L NO notgnilruB
regnirheoB fo kramedart deretsiger a si ®dnecsarP  
 .esnecil rednu desu ,HbmG acidemteV miehlegnI

 :desiveR  1202-20

  nommoc tsom eht fo yrammuS - 2 elbaT
 )221=N( snoitcaer esrevda

ngis lacinilC  sesaC #   )%( sesaC

etiteppa desaerceD  04   8.23

ssenemaL  22   0.81

loots esooL/aehrraiD  21   8.9

ciloC  21   8.9

ygrahteL  21   8.9

ssoL thgieW lamronbA  11   0.9

*sitinimaL  01   2.8

rumrum traeH  01   2.8

htaeD  8  6.6

redrosid htooT  8  6.6

ssecsba nikS  7  7.5

niap lateleksolucsuM  6  9.4

egnahc roivaheB  6  9.4

®

 12/10-53664715

 DCBA
 NE

)etalysem edilogrep sa( edilogreP  
 sesroh rof stelbat gm 1

 ylnO esU yranireteV

 71221420 NID

 elbaT gnisoD -1 elbaT
esod gnitratS   egasoD

thgiew ydoB  gk/gcm 2   egnar
)stelbat ni(   )gk/gcm ni(

gk 043 - 631  stelbat 5.0   7.3 - 5.1
gk 765 - 143  stelbat 1   9.2 - 8.1
gk 597 - 865  stelbat 5.1   6.2 - 9.1
gk 2201 - 697  stelbat 2   5.2 - 0.2

 :noitpircseD tsinoga rotpecer enimapod a si ®dnecsarP  
ralugnatcer era stelbat ®dnecsarP .sesroh ni esu laro rof  

  .stelbat derocs-flah ,deroloc der thgil

:snoitacidnI detaicossa sngis lacinilc fo lortnoc eht roF  
eniuqE( noitcnufsyD aidemretnI sraP yratiutiP htiw  

 .sesroh ni )esaesiD s’gnihsuC

 :tneidergnI evitcA edilogrep gm 1 sniatnoc telbat hcaE  
 .)etalysem edilogrep sa(

 :noitartsinimdA dna egasoD a ta yllaro retsinimdA  
eb yam egasoD .yliad ecno gk/gcm 2 fo esod gnitrats  
laminA“ ees( yliad gk/gcm 4 ot pu ,tceffe ot detsujda  

ro eno ,noitartsinimda eht etatilicaf oT .)noitces ”ytefaS  
fo tnuoma llams a htiw devlossid eb yam stelbat erom  

nI .reneteews rehto ro sessalom htiw dexim ro/dna retaw  
deretsinimda eb dluohs stelbat devlossid eht ,esac siht  

eb dluohs tnuoma eritne ehT .egnirys a htiw  
eb ton dluohs stelbat ehT .yletaidemmi deretsinimda  

  .dehsurc
dluohs egasod detaluclac eht dna derocs era stelbat ehT  

 tnemercni telbat flah-eno tseraen eht ot dedivorp eb
 .)1 elbaT ees(

,.g.e( stset yrotarobal enircodne etairporppA  
dluohs )tset HTCA ro tset noisserppus enosahtemaxed  

lacinilc eht fo noitaulave na sa llew sa detcudnoc eb  
sraP yratiutiP fo sisongaid a hsilbatse ot redro ni sngis  

laitini gniwolloF .)DIPP( noitcnufsyD aidemretnI  
 fo slavretni ta tset enircodne eht taeper ,sisongaid

lacinilc ro/dna stluser litnu noitartit esod rof skeew 6 - 4  
gniwolloF .dezilibats ro devorpmi evah sngis  

gnitset enircodne dna tnemssessa lacinilc a ,noitazilibats  
 rotinom ot shtnom 6 yreve demrofrep eb dluohs

detartit eb dluohs gnisoD .esnopser tnemtaert mret-gnol  
eveihca ot esnopser esroh laudividni eht ot gnidrocca  
tnerappa on si ereht erehW .esod evitceffe tsewol eht  

 eb dluohs sisongaid eht ,tnemtaert ot esnopser
  .detaulaveer

dluohs tnemtaert ,poleved ecnarelotni esod fo sngis fI  
fo flah-eno ta detatsni-er dna syad 3 - 2 rof deppots eb  

detartit eb nac esod yliad latot ehT .esod suoiverp eht  
 yreve )stelbat-flah( stnemercni gm 5.0 yb pu kcab

  .deveihca si tceffe lacinilc derised eht litnu skeew 4 - 2

 :snoitacidniartnoC ni detacidniartnoc si ®dnecsarP  
etalysem edilogrep ot ytivitisnesrepyh nwonk htiw sesroh  

  .sevitavired togre rehto ro
snoituaC fo sraey 3 naht regnuoy sesroh ni esu ton oD :  

sa ,sesroh gnitatcal ro ,tnangerp ,gnideerb ni dna ,ega  
nI .slamina eseht ni detaulave neeb ton sah ®dnecsarP  

tibihni ot nwohs neeb sah etalysem edilogrep ,ecim  
dna klim ot deknil enomroh a ,noiterces nitcalorp  

  .noitcudorp murtsoloc
detaicossa %09 yletamixorppa si etalysem edilogreP  

.slamina yrotarobal dna snamuh ni snietorp amsalp htiw  
sgurd rehto htiw ®dnecsarP gniretsinimda fi noituac esU  
hcus ,stsinogatna enimapoD .gnidnib nietorp tceffa taht  

ro )enodirepmod ,senizaihtonehp( scitpeloruen sa  
deretsinimda eb ton dluohs ,edimarpolcotem  

ecnis )tsinoga enimapod a( ®dnecsarP htiw yltnerrucnoc  
fo ssenevitceffe eht hsinimid yam stnega eseht  

 .®dnecsarP

 .nerdlihc fo hcaer fo tuo peeK :sgninraW ®dnecsarP  
dah evah ohw snosrep yb deretsinimda eb ton dluohs  

togre rehto ro enimatogre ot snoitcaer esrevda  
raew dluohs nemow gnisrun ro tnangerP .sevitavired  

neeb sah tI .tcudorp siht gniretsinimda nehw sevolg  
,noitatirri eye esuac yam stelbat edilogrep taht detroper  
stelbat ®dnecsarP nehw ehcadaeh ro ,llems gnitatirri na  

eb ton dluohs stelbat ®dnecsarP .dehsurc ro tilps era  
namuh desaercni rof laitnetop eht ot eud dehsurc  

erusopxe eziminim ot nekat eb dluohs erac dna erusopxe  
fo esac ni naicisyhp a tlusnoC .stelbat gnittilps nehw  

htiw tcatnoc fo esac nI .snamuh yb noitsegni latnedicca  
fo tneve eht nI .retaw htiw niks desopxe hsaw ,niks  
eye detceffa eht hsufl ,eye eht ot erusopxe edilogrep  

ton oD .ecivda lacidem teg dna retaw htiw yletaidemmi  
srenwO .noitpmusnoc namuh rof dednetni sesroh ni esu  
ecnalab ni segnahc yna rof rotinom dluohs sreldnah dna  

  .noitacidem siht no sesroh fo ruoivaheb ro

  :snoitcaeR esrevdA
edulcni sesroh ni snoitcaer esrevda laitnetoP  

dna aehrraid ,aixata ,noisserped ,ygrahtel ,ecneteppani  
 .ciloc

eht ,detroper era snoitcaer esrevda lla ton hguohtlA  
no desab si noitamrofni noitcaer esrevda gniwollof  

si tI .gnitroper ecneirepxe gurd lavorppa-tsop yratnulov  
stluser gnitroper fo dohtem siht taht dezingocer yllareneg  
.snoitcaer gurd esrevda fo gnitroper-rednu tnacfiingis si  
snoitcaer gurd esrevda detcepsus taht deton eb dluohs tI  

ehT .ytilasuac ton dna gnitroper tcefler ereh detsil  
gnisaerced ni detsil era snoitcaer esrevda fo seirogetac  

 .metsys ydob yb ycneuqerf fo redro
sredrosid cimetsyS  ygrahtel ,aixerona :

 :sredrosid lacigolorueN ,romert elcsum ,aixata  
 aisehtserepyh

:sredrosid tcart evitsegiD  ciloc ,aehrraid 
sa hcus segnahc laruoivaheb snoisacco erar yrev nO  

 .nees neeb evah ytilibaticxerepyh dna noissergga

 :ygolocamrahP lacinilC citehtnys a si etalysem edilogreP  
rotpecer enimapod tnetop a si dna evitavired togre  

 si etalysem edilogrep fo eman lacimehc ehT .tsinoga
enilogre-lyporp-6-]lyhtem )oihtlyhteM([-β8  

 .etanoflusenahtemonom
 :si erutcurts lacimehc ehT

eht stibihni edilogrep ,stsinoga enimapod rehto htiw sA  
erefretni yam ti taht stseggus hcihw nitcalorp fo esaeler  
deveileb si edilogrep ,DIPP htiw sesroh nI .noitatcal htiw  

enimapod gnitalumits yb tceffe cituepareht sti trexe ot  
amsalp eht esaerced ot nwohs neeb sah dna ,srotpecer  

,)HTCA( enomroh ciportocitroconerda fo slevel  
 rehto dna ,)HSM( enomroh gnitalumits etyconalem

 .seditpep nitroconalemoipo-orp
a no desab si esroh eht ni noitamrofni citenikocamrahP  

yhtlaeh xis ni gk/gcm 01 fo sesod laro elgnis gnisu yduts  
saw edilogreP .ega fo sraey 71 dna 3 neewteb seram  
noitartnecnoc mumixam naem eht ;debrosba yldipar  

C( xam ot emit naidem eht htiw Lm/gn 83.0 ± 11.2 saw )  
T( noitartnecnoc mumixam xam ehT .sruoh 33.0 gnieb )  

.Lm/gn∙rh 33.1 ± 44.8 saw )CUA( evruc eht rednu aera  
T( efil-flah naem ehT 2/1 eht ;sruoh 2.01 ± 48.62 saw )  

saw )F/LC( ecnaraelc laro tnerappa naem  
fo emulov tnerappa naem eht dna ;rh/gk/Lm 69.7141  

 .gk/Lm 24.58201 ± 10.93793 saw )F/V( noitubirtsid

 :noitamrofnI ydutS ycacfifE dna ytefaS
:ytefaS laminA yduts ytefas lamina tegrat htnom xis a nI  

deretsinimda ®dnecsarP deviecer sesroh tluda yhtlaeh  
,gk/gcm 4 ,gk/gcm 0 rehtie fo sesod ta ,yliad ecno ,yllaro  

eht X2 ro ,X5.1 ,X1 ,X0( gk/gcm 8 ro ,gk/gcm 6  
yhtlaeh thgie erew erehT .)esod dednemmocer mumixam  

tnemtaert hcae ni )selamef ruof dna selam ruof( sesroh  
ni stelbat gnivlossid yb deraperp erew sesoD .puorg  

 .noitulos retaw ragus %05 a fo Lm 01 yletamixorppa
setar traeh naem rewol dah spuorg detaert ®dnecsarP  

yllacitsitats erew setar traeh naeM .puorg lortnoc eht naht  
 spuorg detaert lla ni sgnidleg rof tnereffid yltnacfiingis

.)gk/gcm 8( X2 eht ni seram rof dna )gk/gcm 8 dna 6 ,4(  
yletamixorppa yb decuder saw etar traeh naeM  

staeb )puorg X2( 61 dna )puorg X5.1( 81 ,)puorg X1( 01  
seram rof etunim rep staeb 8 dna sgnidleg rof etunim rep  

 .puorg X2 eht ni

 sseccus tnecreP

 )311/68( %1.67

 dedis-eno :dnuob rewoL
 lavretni ecnedfinoc %59

 % 2.76

 sesseccuS tnemtaerT fo noitroporP - 3 elbaT
 081 yaD no

 ngis lacinilC

 msitusriH
 sisordihrepyH

 aispydylop / airuyloP
 noitubirtsid taf lamronbA

 gnitsaw elcsuM

 7±09 yaD
 )%(

 % 7.23
 % 4.72
 % 0.13
 % 2.12
 % 3.63

 7±081 yaD
 )%(

 % 2.98
 % 3.24
 % 2.43
 % 3.33
 % 0.64

 tnemevorpmI htiw slaminA fo tnecreP - 4 elbaT
 serocS enilesaB ot evitaleR sngiS lacinilC ni

 slaminA #

 02

 39

 enilesaB

 35.37

 21.3

 09 yaD

 21.15

 93.1

 09 yaD

 80.54

 74.1

 stluser tset enircodnE - 5 elbaT
 )seulav naem(

 tseT
 HTCA
 )Lm/gp(

 **DST
 )Ld/gcm(

yllaciremun dah osla spuorg X5.1 dna X1 eht ni seraM  
erew secnereffid eht ,revewoh ;setar traeh naem rewol  

rof setar traeh muminim ehT .tnacfiingis yllacitsitats ton  
lamron eht nihtiw erew spuorg detaert lla ni slaudividni  

tnemtaert lla ni sesroH .)etunim rep staeb 44 - 42( egnar  
nehw serutarepmet naem rehgih dah osla spuorg  

mumixam ,revewoH .puorg lortnoc eht ot derapmoc  
enO .)C°6.83( F°5.101 woleb deniamer serutarepmet  
cidomsaps fo edosipe dlim a decneirepxe esroh X5.1  

nixinufl htiw tnemtaert retfa devloser taht 3 yaD no ciloc  
 .enimulgem

llec doolb der naem ni sesaerced tnacfiingis yllacitsitatS  
lla ni tneserp erew seulav nibolgomeh dna stnuoc  

sa )gk/gcm 8 dna 6 ,4( spuorg detaert ®dnecsarP  
ygolotameh rehtO .puorg lortnoc eht ot derapmoc  

,sllec doolb etihw ,tircotameh gnidulcni sretemarap  
setycohpmyl etulosba dna ,slihportuen etulosba  

eht ot derapmoc sa sesaerced tneisnart ,dlim detibihxe  
yllareneg sretemarap ygolotameh ehT .puorg lortnoc  
tnemtaert retfa syad 06 ot 03 tsrfi eht revo desaerced  

-erp ot ralimis seulav ot denruter neht dna noitaitini
erew snoitaretla detaler tnemtaert oN .slevel tnemtaert  

  .worram enob fo noitaulave ygolohtapotsih no defiitnedi
lla fo stluser eht htiw detcudnoc saw sisylana ytefas ehT  

htiw detaert dna yduts dlefi siht ni dedulcni sesroh 221  
 .shtnom xis rof ®dnecsarP

7 dna sesac wen eerhT*  sesac gnirrucer ,gnitsixe-erp
ro eno ta derrucco etiteppa desaerced ro ecnateppanI  

.®dnecsarP htiw detaert sesroh 221 fo 04 ni slaem erom  
a detroper srenwo fo %6.1 noitaulave enilesab eht tA  

sa etiteppa desaerced ro ecnateppani fo yrotsih  
decneirepxe taht sesroh fo %8.23 eht ot derapmoc  

.yduts eht gnirud etiteppa desaerced ro ecnateppani  
derrucco dna tneisnart erew ecnateppani fo sesac tsoM  

emos ,revewoh ;tnemtaert fo htnom tsrfi eht gnirud  
tuohguorht ecnateppani cidarops decneirepxe sesroh  

ni noitcuder yraropmet a deriuqer sesroh owT .yduts eht  
eht fo htnom tsrfi eht gnirud ecnateppani ot eud esod  

nihtiw esod lanigiro rieht ot denruter sesroh htoB .yduts  
 .syad 03

ni sesroh eht fo flah naht erom ni derrucco ssol thgieW  
deredisnoc saw taht ssol thgiew ,revewoh ;yduts siht  

11 ni detroper ylno saw lamronba   .sesroh
eht gnirud sesroh fo %8.9 ni detroper saw ygrahteL  

enilesab eht ta sesroh yna ni detroper ton saw dna ,yduts  
 .noitaulave

gnidulcni sesroh 6 ni deton erew segnahc laruoivaheB  
dna ruoivaheb suovren ,noitatiga ,gnikcik ,noissergga  

yraropmet a deriuqer esroh enO .ytivitca desaercni  
eht gnirud ruoivaheb citegrene ot eud esod ni noitcuder  

lanigiro ot kcab desaercni dna yduts eht fo htnom tsrfi  
 .retal syad 9 esod

yduts eht gnirud dezinahtue erew ro deid sesroh thgiE  
,sitinimal( snoitidnoc gnitsixe-erp fo gninesrow ot eud  

ciloc ro ,)sitivonysonet citpes ,esaesid latned  
 .)suluvlov noloc egral ,samopil gnitalugnarts(

elihw yduts eht ni dellorne yltnetrevdani saw eram enO  
ot eud aicotsyd decneirepxe dna tnangerp  

 .laof eht fo htaed eht ni gnitluser gninoitisoplam

 :ycacfifE yduts dlefi ,lortnoc lacirotsih ,lebal-nepo nA  
lortnoc eht rof ®dnecsarP fo ssenevitceffe eht detaulave  
DIPP htiw sesroh 221 fo latot A .DIPP fo sngis lacinilc fo  

dedulcni erew hcihw fo 311 ,yduts eht ni dellorne erew  
esroh hcae fo sseccus ehT .snoitaulave ssenevitceffe ni  

gnitset ygolonircodne fo stluser no desab saw  
HTCA suonegodne ro tset noisserppus enosahtemaxed(  

DIPP ot detaler sngis lacinilc ni tnemevorpmi ro/dna )tset  
,aispydylop/airuylop ,sisordihrepyh ,msitusrih(  

no )gnitsaw elcsum ro/dna ,noitubirtsid taf lamronba  
dna gnitset enircodne no desaB .noitaulave 081 yaD eht  
fo )%1.67( 68 ,serocs tnemssessa lacinilc ’srotagitsevni  

 .sesseccus tnemtaert erew sesac elbaulave 311 eht

eht no desab DIPP htiw desongaid erew sesroh dellornE  
yduts-erp lamronba na dna msitusrih fo ecneserp  

htiw detaert erew sesroh llA .tluser tset enircodne  
)telbat flah-eno tseraen eht ot( ®dnecsarP gk/gcm 2  

eht fI .shtnom eerht tsrfi eht rof yliad ecno yllaro  
yletauqeda ro lamron saw 09 yaD no tluser tset enircodne  

esod emas eht no deunitnoc esroh eht ,devorpmi  
09 yaD no tluser tset enircodne eht fI .081 yaD hguorht  

nevig gk/gcm 4 ot desaercni esod eht ,lamronba saw  
eht fo )%6.14( neves-ytroF .081 yaD hguorht yliad ecno  

esabatad ssenevitceffe eht ni dedulcni sesroh 311  
  .09 yaD ta esaercni esod a deriuqer

ngis lacinilc lla rof serocs ni deton saw tnemevorpmI  
 .stset enircodne rof stluser naem ni dna seirogetac

tsoP :tset noisserppus enosahtemaxeD **  
 noitartnecnoc lositroc enosahtemaxed

 :egarotS eht erotS .ezeerf ton oD .C°52 woleb ro ta erotS  
 .notrac lanigiro eht ni retsilb

 :noitatneserP era stelbat )etalysem edilogrep( ®dnecsarP  
rep stelbat 01 degakcap – htgnerts gm 1 ni elbaliava  

 .notrac rep stelbat 061 ro 06 dna retsilb

 cnI adanaC htlaeH laminA miehlegnI regnirheoB
 daoR ecivreS htuoS 0815

 4H5 L7L NO notgnilruB
regnirheoB fo kramedart deretsiger a si ®dnecsarP  
 .esnecil rednu desu ,HbmG acidemteV miehlegnI

 :desiveR  1202-20

  nommoc tsom eht fo yrammuS - 2 elbaT
 )221=N( snoitcaer esrevda

ngis lacinilC  sesaC #   )%( sesaC

etiteppa desaerceD  04   8.23

ssenemaL  22   0.81

loots esooL/aehrraiD  21   8.9

ciloC  21   8.9

ygrahteL  21   8.9

ssoL thgieW lamronbA  11   0.9

*sitinimaL  01   2.8

rumrum traeH  01   2.8

htaeD  8  6.6

redrosid htooT  8  6.6

ssecsba nikS  7  7.5

niap lateleksolucsuM  6  9.4

egnahc roivaheB  6  9.4

®  12/10-53664715

 DCBA
 NE

)etalysem edilogrep sa( edilogreP  
 sesroh rof stelbat gm 1

 ylnO esU yranireteV

 71221420 NID

 elbaT gnisoD -1 elbaT
esod gnitratS   egasoD

thgiew ydoB  gk/gcm 2   egnar
)stelbat ni(   )gk/gcm ni(

gk 043 - 631  stelbat 5.0   7.3 - 5.1
gk 765 - 143  stelbat 1   9.2 - 8.1
gk 597 - 865  stelbat 5.1   6.2 - 9.1
gk 2201 - 697  stelbat 2   5.2 - 0.2

 :noitpircseD tsinoga rotpecer enimapod a si ®dnecsarP  
ralugnatcer era stelbat ®dnecsarP .sesroh ni esu laro rof  

  .stelbat derocs-flah ,deroloc der thgil

:snoitacidnI detaicossa sngis lacinilc fo lortnoc eht roF  
eniuqE( noitcnufsyD aidemretnI sraP yratiutiP htiw  

 .sesroh ni )esaesiD s’gnihsuC

 :tneidergnI evitcA edilogrep gm 1 sniatnoc telbat hcaE  
 .)etalysem edilogrep sa(

 :noitartsinimdA dna egasoD a ta yllaro retsinimdA  
eb yam egasoD .yliad ecno gk/gcm 2 fo esod gnitrats  
laminA“ ees( yliad gk/gcm 4 ot pu ,tceffe ot detsujda  

ro eno ,noitartsinimda eht etatilicaf oT .)noitces ”ytefaS  
fo tnuoma llams a htiw devlossid eb yam stelbat erom  

nI .reneteews rehto ro sessalom htiw dexim ro/dna retaw  
deretsinimda eb dluohs stelbat devlossid eht ,esac siht  

eb dluohs tnuoma eritne ehT .egnirys a htiw  
eb ton dluohs stelbat ehT .yletaidemmi deretsinimda  

  .dehsurc
dluohs egasod detaluclac eht dna derocs era stelbat ehT  

 tnemercni telbat flah-eno tseraen eht ot dedivorp eb
 .)1 elbaT ees(

,.g.e( stset yrotarobal enircodne etairporppA  
dluohs )tset HTCA ro tset noisserppus enosahtemaxed  

lacinilc eht fo noitaulave na sa llew sa detcudnoc eb  
sraP yratiutiP fo sisongaid a hsilbatse ot redro ni sngis  

laitini gniwolloF .)DIPP( noitcnufsyD aidemretnI  
 fo slavretni ta tset enircodne eht taeper ,sisongaid

lacinilc ro/dna stluser litnu noitartit esod rof skeew 6 - 4  
gniwolloF .dezilibats ro devorpmi evah sngis  

gnitset enircodne dna tnemssessa lacinilc a ,noitazilibats  
 rotinom ot shtnom 6 yreve demrofrep eb dluohs

detartit eb dluohs gnisoD .esnopser tnemtaert mret-gnol  
eveihca ot esnopser esroh laudividni eht ot gnidrocca  
tnerappa on si ereht erehW .esod evitceffe tsewol eht  

 eb dluohs sisongaid eht ,tnemtaert ot esnopser
  .detaulaveer

dluohs tnemtaert ,poleved ecnarelotni esod fo sngis fI  
fo flah-eno ta detatsni-er dna syad 3 - 2 rof deppots eb  

detartit eb nac esod yliad latot ehT .esod suoiverp eht  
 yreve )stelbat-flah( stnemercni gm 5.0 yb pu kcab

  .deveihca si tceffe lacinilc derised eht litnu skeew 4 - 2

 :snoitacidniartnoC ni detacidniartnoc si ®dnecsarP  
etalysem edilogrep ot ytivitisnesrepyh nwonk htiw sesroh  

  .sevitavired togre rehto ro
snoituaC fo sraey 3 naht regnuoy sesroh ni esu ton oD :  

sa ,sesroh gnitatcal ro ,tnangerp ,gnideerb ni dna ,ega  
nI .slamina eseht ni detaulave neeb ton sah ®dnecsarP  

tibihni ot nwohs neeb sah etalysem edilogrep ,ecim  
dna klim ot deknil enomroh a ,noiterces nitcalorp  

  .noitcudorp murtsoloc
detaicossa %09 yletamixorppa si etalysem edilogreP  

.slamina yrotarobal dna snamuh ni snietorp amsalp htiw  
sgurd rehto htiw ®dnecsarP gniretsinimda fi noituac esU  
hcus ,stsinogatna enimapoD .gnidnib nietorp tceffa taht  

ro )enodirepmod ,senizaihtonehp( scitpeloruen sa  
deretsinimda eb ton dluohs ,edimarpolcotem  

ecnis )tsinoga enimapod a( ®dnecsarP htiw yltnerrucnoc  
fo ssenevitceffe eht hsinimid yam stnega eseht  

 .®dnecsarP

 .nerdlihc fo hcaer fo tuo peeK :sgninraW ®dnecsarP  
dah evah ohw snosrep yb deretsinimda eb ton dluohs  

togre rehto ro enimatogre ot snoitcaer esrevda  
raew dluohs nemow gnisrun ro tnangerP .sevitavired  

neeb sah tI .tcudorp siht gniretsinimda nehw sevolg  
,noitatirri eye esuac yam stelbat edilogrep taht detroper  
stelbat ®dnecsarP nehw ehcadaeh ro ,llems gnitatirri na  

eb ton dluohs stelbat ®dnecsarP .dehsurc ro tilps era  
namuh desaercni rof laitnetop eht ot eud dehsurc  

erusopxe eziminim ot nekat eb dluohs erac dna erusopxe  
fo esac ni naicisyhp a tlusnoC .stelbat gnittilps nehw  

htiw tcatnoc fo esac nI .snamuh yb noitsegni latnedicca  
fo tneve eht nI .retaw htiw niks desopxe hsaw ,niks  
eye detceffa eht hsufl ,eye eht ot erusopxe edilogrep  

ton oD .ecivda lacidem teg dna retaw htiw yletaidemmi  
srenwO .noitpmusnoc namuh rof dednetni sesroh ni esu  
ecnalab ni segnahc yna rof rotinom dluohs sreldnah dna  

  .noitacidem siht no sesroh fo ruoivaheb ro

  :snoitcaeR esrevdA
edulcni sesroh ni snoitcaer esrevda laitnetoP  

dna aehrraid ,aixata ,noisserped ,ygrahtel ,ecneteppani  
 .ciloc

eht ,detroper era snoitcaer esrevda lla ton hguohtlA  
no desab si noitamrofni noitcaer esrevda gniwollof  

si tI .gnitroper ecneirepxe gurd lavorppa-tsop yratnulov  
stluser gnitroper fo dohtem siht taht dezingocer yllareneg  
.snoitcaer gurd esrevda fo gnitroper-rednu tnacfiingis si  
snoitcaer gurd esrevda detcepsus taht deton eb dluohs tI  

ehT .ytilasuac ton dna gnitroper tcefler ereh detsil  
gnisaerced ni detsil era snoitcaer esrevda fo seirogetac  

 .metsys ydob yb ycneuqerf fo redro
sredrosid cimetsyS  ygrahtel ,aixerona :

 :sredrosid lacigolorueN ,romert elcsum ,aixata  
 aisehtserepyh

:sredrosid tcart evitsegiD  ciloc ,aehrraid 
sa hcus segnahc laruoivaheb snoisacco erar yrev nO  

 .nees neeb evah ytilibaticxerepyh dna noissergga

 :ygolocamrahP lacinilC citehtnys a si etalysem edilogreP  
rotpecer enimapod tnetop a si dna evitavired togre  

 si etalysem edilogrep fo eman lacimehc ehT .tsinoga
enilogre-lyporp-6-]lyhtem )oihtlyhteM([-β8  

 .etanoflusenahtemonom
 :si erutcurts lacimehc ehT

eht stibihni edilogrep ,stsinoga enimapod rehto htiw sA  
erefretni yam ti taht stseggus hcihw nitcalorp fo esaeler  
deveileb si edilogrep ,DIPP htiw sesroh nI .noitatcal htiw  

enimapod gnitalumits yb tceffe cituepareht sti trexe ot  
amsalp eht esaerced ot nwohs neeb sah dna ,srotpecer  

,)HTCA( enomroh ciportocitroconerda fo slevel  
 rehto dna ,)HSM( enomroh gnitalumits etyconalem

 .seditpep nitroconalemoipo-orp
a no desab si esroh eht ni noitamrofni citenikocamrahP  

yhtlaeh xis ni gk/gcm 01 fo sesod laro elgnis gnisu yduts  
saw edilogreP .ega fo sraey 71 dna 3 neewteb seram  
noitartnecnoc mumixam naem eht ;debrosba yldipar  

C( xam ot emit naidem eht htiw Lm/gn 83.0 ± 11.2 saw )  
T( noitartnecnoc mumixam xam ehT .sruoh 33.0 gnieb )  

.Lm/gn∙rh 33.1 ± 44.8 saw )CUA( evruc eht rednu aera  
T( efil-flah naem ehT 2/1 eht ;sruoh 2.01 ± 48.62 saw )  

saw )F/LC( ecnaraelc laro tnerappa naem  
fo emulov tnerappa naem eht dna ;rh/gk/Lm 69.7141  

 .gk/Lm 24.58201 ± 10.93793 saw )F/V( noitubirtsid

 :noitamrofnI ydutS ycacfifE dna ytefaS
:ytefaS laminA yduts ytefas lamina tegrat htnom xis a nI  

deretsinimda ®dnecsarP deviecer sesroh tluda yhtlaeh  
,gk/gcm 4 ,gk/gcm 0 rehtie fo sesod ta ,yliad ecno ,yllaro  

eht X2 ro ,X5.1 ,X1 ,X0( gk/gcm 8 ro ,gk/gcm 6  
yhtlaeh thgie erew erehT .)esod dednemmocer mumixam  

tnemtaert hcae ni )selamef ruof dna selam ruof( sesroh  
ni stelbat gnivlossid yb deraperp erew sesoD .puorg  

 .noitulos retaw ragus %05 a fo Lm 01 yletamixorppa
setar traeh naem rewol dah spuorg detaert ®dnecsarP  

yllacitsitats erew setar traeh naeM .puorg lortnoc eht naht  
 spuorg detaert lla ni sgnidleg rof tnereffid yltnacfiingis

.)gk/gcm 8( X2 eht ni seram rof dna )gk/gcm 8 dna 6 ,4(  
yletamixorppa yb decuder saw etar traeh naeM  

staeb )puorg X2( 61 dna )puorg X5.1( 81 ,)puorg X1( 01  
seram rof etunim rep staeb 8 dna sgnidleg rof etunim rep  

 .puorg X2 eht ni

 sseccus tnecreP

 )311/68( %1.67

 dedis-eno :dnuob rewoL
 lavretni ecnedfinoc %59

 % 2.76

 sesseccuS tnemtaerT fo noitroporP - 3 elbaT
 081 yaD no

 ngis lacinilC

 msitusriH
 sisordihrepyH

 aispydylop / airuyloP
 noitubirtsid taf lamronbA

 gnitsaw elcsuM

 7±09 yaD
 )%(

 % 7.23
 % 4.72
 % 0.13
 % 2.12
 % 3.63

 7±081 yaD
 )%(

 % 2.98
 % 3.24
 % 2.43
 % 3.33
 % 0.64

 tnemevorpmI htiw slaminA fo tnecreP - 4 elbaT
 serocS enilesaB ot evitaleR sngiS lacinilC ni

 slaminA #

 02

 39

 enilesaB

 35.37

 21.3

 09 yaD

 21.15

 93.1

 09 yaD

 80.54

 74.1

 stluser tset enircodnE - 5 elbaT
 )seulav naem(

 tseT
 HTCA
 )Lm/gp(

 **DST
 )Ld/gcm(

yllaciremun dah osla spuorg X5.1 dna X1 eht ni seraM  
erew secnereffid eht ,revewoh ;setar traeh naem rewol  

rof setar traeh muminim ehT .tnacfiingis yllacitsitats ton  
lamron eht nihtiw erew spuorg detaert lla ni slaudividni  

tnemtaert lla ni sesroH .)etunim rep staeb 44 - 42( egnar  
nehw serutarepmet naem rehgih dah osla spuorg  

mumixam ,revewoH .puorg lortnoc eht ot derapmoc  
enO .)C°6.83( F°5.101 woleb deniamer serutarepmet  
cidomsaps fo edosipe dlim a decneirepxe esroh X5.1  

nixinufl htiw tnemtaert retfa devloser taht 3 yaD no ciloc  
 .enimulgem

llec doolb der naem ni sesaerced tnacfiingis yllacitsitatS  
lla ni tneserp erew seulav nibolgomeh dna stnuoc  

sa )gk/gcm 8 dna 6 ,4( spuorg detaert ®dnecsarP  
ygolotameh rehtO .puorg lortnoc eht ot derapmoc  

,sllec doolb etihw ,tircotameh gnidulcni sretemarap  
setycohpmyl etulosba dna ,slihportuen etulosba  

eht ot derapmoc sa sesaerced tneisnart ,dlim detibihxe  
yllareneg sretemarap ygolotameh ehT .puorg lortnoc  
tnemtaert retfa syad 06 ot 03 tsrfi eht revo desaerced  

-erp ot ralimis seulav ot denruter neht dna noitaitini
erew snoitaretla detaler tnemtaert oN .slevel tnemtaert  

  .worram enob fo noitaulave ygolohtapotsih no defiitnedi
lla fo stluser eht htiw detcudnoc saw sisylana ytefas ehT  

htiw detaert dna yduts dlefi siht ni dedulcni sesroh 221  
 .shtnom xis rof ®dnecsarP

7 dna sesac wen eerhT*  sesac gnirrucer ,gnitsixe-erp
ro eno ta derrucco etiteppa desaerced ro ecnateppanI  

.®dnecsarP htiw detaert sesroh 221 fo 04 ni slaem erom  
a detroper srenwo fo %6.1 noitaulave enilesab eht tA  

sa etiteppa desaerced ro ecnateppani fo yrotsih  
decneirepxe taht sesroh fo %8.23 eht ot derapmoc  

.yduts eht gnirud etiteppa desaerced ro ecnateppani  
derrucco dna tneisnart erew ecnateppani fo sesac tsoM  

emos ,revewoh ;tnemtaert fo htnom tsrfi eht gnirud  
tuohguorht ecnateppani cidarops decneirepxe sesroh  

ni noitcuder yraropmet a deriuqer sesroh owT .yduts eht  
eht fo htnom tsrfi eht gnirud ecnateppani ot eud esod  

nihtiw esod lanigiro rieht ot denruter sesroh htoB .yduts  
 .syad 03

ni sesroh eht fo flah naht erom ni derrucco ssol thgieW  
deredisnoc saw taht ssol thgiew ,revewoh ;yduts siht  

11 ni detroper ylno saw lamronba   .sesroh
eht gnirud sesroh fo %8.9 ni detroper saw ygrahteL  

enilesab eht ta sesroh yna ni detroper ton saw dna ,yduts  
 .noitaulave

gnidulcni sesroh 6 ni deton erew segnahc laruoivaheB  
dna ruoivaheb suovren ,noitatiga ,gnikcik ,noissergga  

yraropmet a deriuqer esroh enO .ytivitca desaercni  
eht gnirud ruoivaheb citegrene ot eud esod ni noitcuder  

lanigiro ot kcab desaercni dna yduts eht fo htnom tsrfi  
 .retal syad 9 esod

yduts eht gnirud dezinahtue erew ro deid sesroh thgiE  
,sitinimal( snoitidnoc gnitsixe-erp fo gninesrow ot eud  

ciloc ro ,)sitivonysonet citpes ,esaesid latned  
 .)suluvlov noloc egral ,samopil gnitalugnarts(

elihw yduts eht ni dellorne yltnetrevdani saw eram enO  
ot eud aicotsyd decneirepxe dna tnangerp  

 .laof eht fo htaed eht ni gnitluser gninoitisoplam

 :ycacfifE yduts dlefi ,lortnoc lacirotsih ,lebal-nepo nA  
lortnoc eht rof ®dnecsarP fo ssenevitceffe eht detaulave  
DIPP htiw sesroh 221 fo latot A .DIPP fo sngis lacinilc fo  

dedulcni erew hcihw fo 311 ,yduts eht ni dellorne erew  
esroh hcae fo sseccus ehT .snoitaulave ssenevitceffe ni  

gnitset ygolonircodne fo stluser no desab saw  
HTCA suonegodne ro tset noisserppus enosahtemaxed(  

DIPP ot detaler sngis lacinilc ni tnemevorpmi ro/dna )tset  
,aispydylop/airuylop ,sisordihrepyh ,msitusrih(  

no )gnitsaw elcsum ro/dna ,noitubirtsid taf lamronba  
dna gnitset enircodne no desaB .noitaulave 081 yaD eht  
fo )%1.67( 68 ,serocs tnemssessa lacinilc ’srotagitsevni  

 .sesseccus tnemtaert erew sesac elbaulave 311 eht

eht no desab DIPP htiw desongaid erew sesroh dellornE  
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Table 5 – Diagnostic tests for pituitary pars intermedia dysfunction (PPID) 

Pituitary Pars Intermedia Dysfunction (PPID) Diagnostic Testing

SUPPORTIVE FINDINGS
Relative neutrophilia and lymphopenia

Hyperglycemia

Hyperinsulinemia

Hypertriglyceridemia

High fecal egg count

RECOMMENDED TESTS
Subtle signs (early PPID): thyrotropin-releasing hormone (TRH) stimulation test with ACTH measured* 

Obvious signs (moderate-advanced PPID): Resting ACTH concentration

NO LONGER RECOMMENDED
Overnight dexamethasone suppression test (DST)

Oral domperidone challenge test

Combined dexamethasone suppression/TRH stimulation test with cortisol measured

Magnetic resonance imaging (MRI) specific for pars intermedia enlargement

NOT APPROPRIATE FOR PPID DIAGNOSIS
ACTH stimulation test

Resting cortisol concentration

Diurnal cortisol rhythm 

TRH stimulation test with cortisol measured (without DST) 

Total cortisol concentration (plasma, urine, or saliva)

* Testing should only be performed from mid-November to mid-July until seasonally–adjusted reference intervals are established
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eb yam egasoD .yliad ecno gk/gcm 2 fo esod gnitrats  
laminA“ ees( yliad gk/gcm 4 ot pu ,tceffe ot detsujda  

ro eno ,noitartsinimda eht etatilicaf oT .)noitces ”ytefaS  
fo tnuoma llams a htiw devlossid eb yam stelbat erom  

nI .reneteews rehto ro sessalom htiw dexim ro/dna retaw  
deretsinimda eb dluohs stelbat devlossid eht ,esac siht  

eb dluohs tnuoma eritne ehT .egnirys a htiw  
eb ton dluohs stelbat ehT .yletaidemmi deretsinimda  

  .dehsurc
dluohs egasod detaluclac eht dna derocs era stelbat ehT  

 tnemercni telbat flah-eno tseraen eht ot dedivorp eb
 .)1 elbaT ees(

,.g.e( stset yrotarobal enircodne etairporppA  
dluohs )tset HTCA ro tset noisserppus enosahtemaxed  

lacinilc eht fo noitaulave na sa llew sa detcudnoc eb  
sraP yratiutiP fo sisongaid a hsilbatse ot redro ni sngis  

laitini gniwolloF .)DIPP( noitcnufsyD aidemretnI  
 fo slavretni ta tset enircodne eht taeper ,sisongaid

lacinilc ro/dna stluser litnu noitartit esod rof skeew 6 - 4  
gniwolloF .dezilibats ro devorpmi evah sngis  

gnitset enircodne dna tnemssessa lacinilc a ,noitazilibats  
 rotinom ot shtnom 6 yreve demrofrep eb dluohs

detartit eb dluohs gnisoD .esnopser tnemtaert mret-gnol  
eveihca ot esnopser esroh laudividni eht ot gnidrocca  
tnerappa on si ereht erehW .esod evitceffe tsewol eht  

 eb dluohs sisongaid eht ,tnemtaert ot esnopser
  .detaulaveer

dluohs tnemtaert ,poleved ecnarelotni esod fo sngis fI  
fo flah-eno ta detatsni-er dna syad 3 - 2 rof deppots eb  

detartit eb nac esod yliad latot ehT .esod suoiverp eht  
 yreve )stelbat-flah( stnemercni gm 5.0 yb pu kcab

  .deveihca si tceffe lacinilc derised eht litnu skeew 4 - 2

 :snoitacidniartnoC ni detacidniartnoc si ®dnecsarP  
etalysem edilogrep ot ytivitisnesrepyh nwonk htiw sesroh  

  .sevitavired togre rehto ro
snoituaC fo sraey 3 naht regnuoy sesroh ni esu ton oD :  

sa ,sesroh gnitatcal ro ,tnangerp ,gnideerb ni dna ,ega  
nI .slamina eseht ni detaulave neeb ton sah ®dnecsarP  

tibihni ot nwohs neeb sah etalysem edilogrep ,ecim  
dna klim ot deknil enomroh a ,noiterces nitcalorp  

  .noitcudorp murtsoloc
detaicossa %09 yletamixorppa si etalysem edilogreP  

.slamina yrotarobal dna snamuh ni snietorp amsalp htiw  
sgurd rehto htiw ®dnecsarP gniretsinimda fi noituac esU  
hcus ,stsinogatna enimapoD .gnidnib nietorp tceffa taht  

ro )enodirepmod ,senizaihtonehp( scitpeloruen sa  
deretsinimda eb ton dluohs ,edimarpolcotem  

ecnis )tsinoga enimapod a( ®dnecsarP htiw yltnerrucnoc  
fo ssenevitceffe eht hsinimid yam stnega eseht  

 .®dnecsarP

 .nerdlihc fo hcaer fo tuo peeK :sgninraW ®dnecsarP  
dah evah ohw snosrep yb deretsinimda eb ton dluohs  

togre rehto ro enimatogre ot snoitcaer esrevda  
raew dluohs nemow gnisrun ro tnangerP .sevitavired  

neeb sah tI .tcudorp siht gniretsinimda nehw sevolg  
,noitatirri eye esuac yam stelbat edilogrep taht detroper  
stelbat ®dnecsarP nehw ehcadaeh ro ,llems gnitatirri na  

eb ton dluohs stelbat ®dnecsarP .dehsurc ro tilps era  
namuh desaercni rof laitnetop eht ot eud dehsurc  

erusopxe eziminim ot nekat eb dluohs erac dna erusopxe  
fo esac ni naicisyhp a tlusnoC .stelbat gnittilps nehw  

htiw tcatnoc fo esac nI .snamuh yb noitsegni latnedicca  
fo tneve eht nI .retaw htiw niks desopxe hsaw ,niks  
eye detceffa eht hsufl ,eye eht ot erusopxe edilogrep  

ton oD .ecivda lacidem teg dna retaw htiw yletaidemmi  
srenwO .noitpmusnoc namuh rof dednetni sesroh ni esu  
ecnalab ni segnahc yna rof rotinom dluohs sreldnah dna  

  .noitacidem siht no sesroh fo ruoivaheb ro

  :snoitcaeR esrevdA
edulcni sesroh ni snoitcaer esrevda laitnetoP  

dna aehrraid ,aixata ,noisserped ,ygrahtel ,ecneteppani  
 .ciloc

eht ,detroper era snoitcaer esrevda lla ton hguohtlA  
no desab si noitamrofni noitcaer esrevda gniwollof  

si tI .gnitroper ecneirepxe gurd lavorppa-tsop yratnulov  
stluser gnitroper fo dohtem siht taht dezingocer yllareneg  
.snoitcaer gurd esrevda fo gnitroper-rednu tnacfiingis si  
snoitcaer gurd esrevda detcepsus taht deton eb dluohs tI  

ehT .ytilasuac ton dna gnitroper tcefler ereh detsil  
gnisaerced ni detsil era snoitcaer esrevda fo seirogetac  

 .metsys ydob yb ycneuqerf fo redro
sredrosid cimetsyS  ygrahtel ,aixerona :

 :sredrosid lacigolorueN ,romert elcsum ,aixata  
 aisehtserepyh

:sredrosid tcart evitsegiD  ciloc ,aehrraid 
sa hcus segnahc laruoivaheb snoisacco erar yrev nO  

 .nees neeb evah ytilibaticxerepyh dna noissergga

 :ygolocamrahP lacinilC citehtnys a si etalysem edilogreP  
rotpecer enimapod tnetop a si dna evitavired togre  

 si etalysem edilogrep fo eman lacimehc ehT .tsinoga
enilogre-lyporp-6-]lyhtem )oihtlyhteM([-β8  

 .etanoflusenahtemonom
 :si erutcurts lacimehc ehT

eht stibihni edilogrep ,stsinoga enimapod rehto htiw sA  
erefretni yam ti taht stseggus hcihw nitcalorp fo esaeler  
deveileb si edilogrep ,DIPP htiw sesroh nI .noitatcal htiw  

enimapod gnitalumits yb tceffe cituepareht sti trexe ot  
amsalp eht esaerced ot nwohs neeb sah dna ,srotpecer  

,)HTCA( enomroh ciportocitroconerda fo slevel  
 rehto dna ,)HSM( enomroh gnitalumits etyconalem

 .seditpep nitroconalemoipo-orp
a no desab si esroh eht ni noitamrofni citenikocamrahP  

yhtlaeh xis ni gk/gcm 01 fo sesod laro elgnis gnisu yduts  
saw edilogreP .ega fo sraey 71 dna 3 neewteb seram  
noitartnecnoc mumixam naem eht ;debrosba yldipar  

C( xam ot emit naidem eht htiw Lm/gn 83.0 ± 11.2 saw )  
T( noitartnecnoc mumixam xam ehT .sruoh 33.0 gnieb )  

.Lm/gn∙rh 33.1 ± 44.8 saw )CUA( evruc eht rednu aera  
T( efil-flah naem ehT 2/1 eht ;sruoh 2.01 ± 48.62 saw )  

saw )F/LC( ecnaraelc laro tnerappa naem  
fo emulov tnerappa naem eht dna ;rh/gk/Lm 69.7141  

 .gk/Lm 24.58201 ± 10.93793 saw )F/V( noitubirtsid

 :noitamrofnI ydutS ycacfifE dna ytefaS
:ytefaS laminA yduts ytefas lamina tegrat htnom xis a nI  

deretsinimda ®dnecsarP deviecer sesroh tluda yhtlaeh  
,gk/gcm 4 ,gk/gcm 0 rehtie fo sesod ta ,yliad ecno ,yllaro  

eht X2 ro ,X5.1 ,X1 ,X0( gk/gcm 8 ro ,gk/gcm 6  
yhtlaeh thgie erew erehT .)esod dednemmocer mumixam  

tnemtaert hcae ni )selamef ruof dna selam ruof( sesroh  
ni stelbat gnivlossid yb deraperp erew sesoD .puorg  

 .noitulos retaw ragus %05 a fo Lm 01 yletamixorppa
setar traeh naem rewol dah spuorg detaert ®dnecsarP  

yllacitsitats erew setar traeh naeM .puorg lortnoc eht naht  
 spuorg detaert lla ni sgnidleg rof tnereffid yltnacfiingis

.)gk/gcm 8( X2 eht ni seram rof dna )gk/gcm 8 dna 6 ,4(  
yletamixorppa yb decuder saw etar traeh naeM  

staeb )puorg X2( 61 dna )puorg X5.1( 81 ,)puorg X1( 01  
seram rof etunim rep staeb 8 dna sgnidleg rof etunim rep  

 .puorg X2 eht ni

 sseccus tnecreP

 )311/68( %1.67

 dedis-eno :dnuob rewoL
 lavretni ecnedfinoc %59

 % 2.76

 sesseccuS tnemtaerT fo noitroporP - 3 elbaT
 081 yaD no

 ngis lacinilC

 msitusriH
 sisordihrepyH

 aispydylop / airuyloP
 noitubirtsid taf lamronbA

 gnitsaw elcsuM

 7±09 yaD
 )%(

 % 7.23
 % 4.72
 % 0.13
 % 2.12
 % 3.63

 7±081 yaD
 )%(

 % 2.98
 % 3.24
 % 2.43
 % 3.33
 % 0.64

 tnemevorpmI htiw slaminA fo tnecreP - 4 elbaT
 serocS enilesaB ot evitaleR sngiS lacinilC ni

 slaminA #

 02

 39

 enilesaB

 35.37

 21.3

 09 yaD

 21.15

 93.1

 09 yaD

 80.54

 74.1

 stluser tset enircodnE - 5 elbaT
 )seulav naem(

 tseT
 HTCA
 )Lm/gp(

 **DST
 )Ld/gcm(

yllaciremun dah osla spuorg X5.1 dna X1 eht ni seraM  
erew secnereffid eht ,revewoh ;setar traeh naem rewol  

rof setar traeh muminim ehT .tnacfiingis yllacitsitats ton  
lamron eht nihtiw erew spuorg detaert lla ni slaudividni  

tnemtaert lla ni sesroH .)etunim rep staeb 44 - 42( egnar  
nehw serutarepmet naem rehgih dah osla spuorg  

mumixam ,revewoH .puorg lortnoc eht ot derapmoc  
enO .)C°6.83( F°5.101 woleb deniamer serutarepmet  
cidomsaps fo edosipe dlim a decneirepxe esroh X5.1  

nixinufl htiw tnemtaert retfa devloser taht 3 yaD no ciloc  
 .enimulgem

llec doolb der naem ni sesaerced tnacfiingis yllacitsitatS  
lla ni tneserp erew seulav nibolgomeh dna stnuoc  

sa )gk/gcm 8 dna 6 ,4( spuorg detaert ®dnecsarP  
ygolotameh rehtO .puorg lortnoc eht ot derapmoc  

,sllec doolb etihw ,tircotameh gnidulcni sretemarap  
setycohpmyl etulosba dna ,slihportuen etulosba  

eht ot derapmoc sa sesaerced tneisnart ,dlim detibihxe  
yllareneg sretemarap ygolotameh ehT .puorg lortnoc  
tnemtaert retfa syad 06 ot 03 tsrfi eht revo desaerced  

-erp ot ralimis seulav ot denruter neht dna noitaitini
erew snoitaretla detaler tnemtaert oN .slevel tnemtaert  

  .worram enob fo noitaulave ygolohtapotsih no defiitnedi
lla fo stluser eht htiw detcudnoc saw sisylana ytefas ehT  

htiw detaert dna yduts dlefi siht ni dedulcni sesroh 221  
 .shtnom xis rof ®dnecsarP

7 dna sesac wen eerhT*  sesac gnirrucer ,gnitsixe-erp
ro eno ta derrucco etiteppa desaerced ro ecnateppanI  

.®dnecsarP htiw detaert sesroh 221 fo 04 ni slaem erom  
a detroper srenwo fo %6.1 noitaulave enilesab eht tA  

sa etiteppa desaerced ro ecnateppani fo yrotsih  
decneirepxe taht sesroh fo %8.23 eht ot derapmoc  

.yduts eht gnirud etiteppa desaerced ro ecnateppani  
derrucco dna tneisnart erew ecnateppani fo sesac tsoM  

emos ,revewoh ;tnemtaert fo htnom tsrfi eht gnirud  
tuohguorht ecnateppani cidarops decneirepxe sesroh  

ni noitcuder yraropmet a deriuqer sesroh owT .yduts eht  
eht fo htnom tsrfi eht gnirud ecnateppani ot eud esod  

nihtiw esod lanigiro rieht ot denruter sesroh htoB .yduts  
 .syad 03

ni sesroh eht fo flah naht erom ni derrucco ssol thgieW  
deredisnoc saw taht ssol thgiew ,revewoh ;yduts siht  

11 ni detroper ylno saw lamronba   .sesroh
eht gnirud sesroh fo %8.9 ni detroper saw ygrahteL  

enilesab eht ta sesroh yna ni detroper ton saw dna ,yduts  
 .noitaulave

gnidulcni sesroh 6 ni deton erew segnahc laruoivaheB  
dna ruoivaheb suovren ,noitatiga ,gnikcik ,noissergga  

yraropmet a deriuqer esroh enO .ytivitca desaercni  
eht gnirud ruoivaheb citegrene ot eud esod ni noitcuder  

lanigiro ot kcab desaercni dna yduts eht fo htnom tsrfi  
 .retal syad 9 esod

yduts eht gnirud dezinahtue erew ro deid sesroh thgiE  
,sitinimal( snoitidnoc gnitsixe-erp fo gninesrow ot eud  

ciloc ro ,)sitivonysonet citpes ,esaesid latned  
 .)suluvlov noloc egral ,samopil gnitalugnarts(

elihw yduts eht ni dellorne yltnetrevdani saw eram enO  
ot eud aicotsyd decneirepxe dna tnangerp  

 .laof eht fo htaed eht ni gnitluser gninoitisoplam

 :ycacfifE yduts dlefi ,lortnoc lacirotsih ,lebal-nepo nA  
lortnoc eht rof ®dnecsarP fo ssenevitceffe eht detaulave  
DIPP htiw sesroh 221 fo latot A .DIPP fo sngis lacinilc fo  

dedulcni erew hcihw fo 311 ,yduts eht ni dellorne erew  
esroh hcae fo sseccus ehT .snoitaulave ssenevitceffe ni  

gnitset ygolonircodne fo stluser no desab saw  
HTCA suonegodne ro tset noisserppus enosahtemaxed(  

DIPP ot detaler sngis lacinilc ni tnemevorpmi ro/dna )tset  
,aispydylop/airuylop ,sisordihrepyh ,msitusrih(  

no )gnitsaw elcsum ro/dna ,noitubirtsid taf lamronba  
dna gnitset enircodne no desaB .noitaulave 081 yaD eht  
fo )%1.67( 68 ,serocs tnemssessa lacinilc ’srotagitsevni  

 .sesseccus tnemtaert erew sesac elbaulave 311 eht

eht no desab DIPP htiw desongaid erew sesroh dellornE  
yduts-erp lamronba na dna msitusrih fo ecneserp  

htiw detaert erew sesroh llA .tluser tset enircodne  
)telbat flah-eno tseraen eht ot( ®dnecsarP gk/gcm 2  

eht fI .shtnom eerht tsrfi eht rof yliad ecno yllaro  
yletauqeda ro lamron saw 09 yaD no tluser tset enircodne  

esod emas eht no deunitnoc esroh eht ,devorpmi  
09 yaD no tluser tset enircodne eht fI .081 yaD hguorht  

nevig gk/gcm 4 ot desaercni esod eht ,lamronba saw  
eht fo )%6.14( neves-ytroF .081 yaD hguorht yliad ecno  

esabatad ssenevitceffe eht ni dedulcni sesroh 311  
  .09 yaD ta esaercni esod a deriuqer

ngis lacinilc lla rof serocs ni deton saw tnemevorpmI  
 .stset enircodne rof stluser naem ni dna seirogetac

tsoP :tset noisserppus enosahtemaxeD **  
 noitartnecnoc lositroc enosahtemaxed

 :egarotS eht erotS .ezeerf ton oD .C°52 woleb ro ta erotS  
 .notrac lanigiro eht ni retsilb

 :noitatneserP era stelbat )etalysem edilogrep( ®dnecsarP  
rep stelbat 01 degakcap – htgnerts gm 1 ni elbaliava  

 .notrac rep stelbat 061 ro 06 dna retsilb

 cnI adanaC htlaeH laminA miehlegnI regnirheoB
 daoR ecivreS htuoS 0815

 4H5 L7L NO notgnilruB
regnirheoB fo kramedart deretsiger a si ®dnecsarP  
 .esnecil rednu desu ,HbmG acidemteV miehlegnI

 :desiveR  1202-20

  nommoc tsom eht fo yrammuS - 2 elbaT
 )221=N( snoitcaer esrevda

ngis lacinilC  sesaC #   )%( sesaC

etiteppa desaerceD  04   8.23

ssenemaL  22   0.81

loots esooL/aehrraiD  21   8.9

ciloC  21   8.9

ygrahteL  21   8.9

ssoL thgieW lamronbA  11   0.9

*sitinimaL  01   2.8

rumrum traeH  01   2.8

htaeD  8  6.6

redrosid htooT  8  6.6

ssecsba nikS  7  7.5

niap lateleksolucsuM  6  9.4

egnahc roivaheB  6  9.4

®
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