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ɺʽʜ ʛʦʣʦʚʥʦʛʦ ʨʝʜʘʢʪʦʨʘ 

ʐʘʥʦʚʥʽ ʢʦʣʝʛʠ! 

ʃʘʩʢʘʚʦ ʧʨʦʩʠʤʦ ʜʦ ʥʦʚʦʛʦ ʚʠʧʫʩʢʫ ʞʫʨʥʘʣʫ ʋʢʨʘʾʥʩʴʢʦʛʦ ʣʽʢʨʩʴʢʦʛʦ ʪʦʚʘʨʠʩʪʚʘ 

ʇʽʚʥʽʯʥʦʾ ɸʤʝʨʠʢʠ - çʃʽʢʘʨʩʴʢʠʡ ʚʽʩʥʠʢè.  ɼʚʦʤʦʚʥʠʡ ʚʠʜ çʃʽʢʘʨʩʴʢʦʛʦ ʚʽʩʥʠʢʘè 

ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʦʜʥʫ ʛʘʣʫʟʴ ʣʽʢʫʚʘʥʥʷ ʧʦʭʦʜʠʪʴ ʚʜ̔ ʨʽʰʝʥʥʷ ɸʩʘʤʙʣʝʾ ʜʝʣʝʛʘʪʽʚ 2008 

ʨʦʢʫ ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʤʽʞʥʘʨʦʜʥʠʤ ʙʘʛʘʪʦʜʠʩʮʠʧʣʽʥʘʨʥʠʤ ʯʠʪʘʯʘʤ ʜʦʩʪʫʧ ʜʦ 

ʫʥʽʢʘʣʴʥʦʛʦ ʫʢʨʘʾʥʦ-ʘʥʛʣʦʤʦʚʥʦʛʦ ʬʘʭʦʚʦʛʦ ʤʝʜʠʯʥʦʛʦ ʞʫʨʥʘʣʫ.  

ɿ ʤʝʪʦʶ ʰʠʨʦʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ ʥʘ ʙʣʘʛʦ 

ʭʚʦʨʠʭ ʫʩʴʦʛʦ ʩʚʽʪʫ, ʜʘʥʝ ʯʠʩʣʦ "ʃʽʢʘʨʩʴʢʦʛʦ ʚʽʩʥʠʢʘ" ʤʽʩʪʠʪʴ ʨʝʬʝʨʦʚʘʥʽ ʩʪʘʪʪʽ ʧʨʦ 

ʫʥʽʢʘʣʴʥʽ ʚʠʧʘʜʢʠ, ʘ ʪʘʢʦʞ ʦʨʠʛʽʥʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʜʦʧʦʚʥʝʥʽ ʢʦʨʦʪʢʠʤ ʦʛʣʷʜʦʤ 

ʢʥʠʛʠ, ʽʩʪʦʨʽʾ ʋʢʨʘʾʥʩʴʢʦʛʦ ʣʽʢʘʨʩʴʦʛʦ ʪʦʚʘʨʠʩʪʚʘ ʪʘ ʥʦʚʠʥʘʤʠ. çʃʽʢʘʨʩʴʢʠʡ ʚʽʩʥʠʢè ʯ. 

156 ʩʧʨʷʤʦʚʘʥʠʡ ʧʦ ʥʝʚʨʦʣʦʛʽ,ʾ ʤʽʩʪʠʪʴ ʦʛʣʷʜ ʫʢʨʘʾʥʦ-ʘʥʛʣʽʡʩʴʢʦʾ ʚʝʨʩʽʾ ɼʦʨʣʘʥʜʩʴʢʦʛʦ 

ʽʣʶʩʪʨʦʚʘʥʦʛʦ ʤʝʜʠʯʥʦʛʦ ʩʣʦʚʥʠʢʘ 2007 ʨʦʢʫ ʚʠʧʫʩʢʫ (30 ʚʠʜʘʥʥʷ) ʪʘ ʦʧʠʩ 150-ʨʽʯʯʷ 
ʍʘʨʢʽʚʩʴʢʦʛʦ ʤʝʜʠʯʥʦʛʦ ʪʦʚʘʨʠʩʪʚʘ.  çʃʽʢʘʨʩʴʢʠʡ ʚʽʩʥʠʢè ʯ.156 ï ʮʝ ʧʦʻʜʥʝʥʥʷ ʟʫʩʠʣʴ 

ʚʠʟʥʘʯʥʠʭ ʘʚʪʦʨʽʚ ʪʘ ʯʣʝʥʽʚ ʨʝʜʢʦʣʝʛʽʾ.  

ʉʧʦʜʽʚʘʻʤʦʩʷ, ʱʦ ʥʦʚʠʡ ʚʠʧʫʩʢ çʃʽʢʘʨʩʴʢʦʛʦ ʚʽʩʥʠʢʘè ʜʦʮʽʣʴʥʠʡ ʽ ʙʫʜʝ ɺʘʤ ʢʦʨʠʩʥʠʤ 

ʫ ʚʘʰʽʡ ʧʦʩʣʫʟʽ ʭʚʦʨʠʤ. ʑʠʨʦ ʟʘʧʨʦʰʫʻʤʦ ɺʘʩ ʜʦ ʩʧʽʚʧʨʘʮʽ ʪʘ ʯʝʢʘʻʤʦ ʥʘ ʚʘʰ ʚʽʜʛʫʢ!  

 

From the Editor ï in ï Chief 

Dear Colleagues! 

Welcome to the newly formatted Journal of the Ukrainian Medical Association of North 

America, JUMANA. In this new bi-lingual format each issue focuses on a specialty to follow 

the 2008 UMANA Assembly of Delegates decision to provide JUMANAôs international 

multi-specialty readership a unique scientific Ukrainian - English medical journal.  

With intent to broadly share academically practical medical information for the benefit of 

patients world ï wide, this new JUMANA is a collection of peer-reviewed reports: selected 

cases and original research, complimented with briefs of book review and Ukrainian medical 
association history, as well as news.  JUMANA 156 focuses on Neurology, includes an -

editorial review of the 2007 Ukrainian - English version of Dorland's Illustrated Medical 

Dictionary (30th edition) and shares the principled history of the Kharkiv Medical Society.  

JUMANA 156 is the product of distinguished and globally diverse authors and editors. 

We hope you find the new JUMANA enriching to your care of patients and warmly welcome 

your feedback and collaboration!  
 

ʃɯʂɸʈʉʔʂʀʁ ɺɯʉʅʀʂ 
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episodes of the left leg and arm 

ɯʩʪʦʨʽʷ: ñBLò ï ʮʝ ʜʽʚʯʠʥʢʘ ʚʘʛʦʶ 3010 

ʛʨʘʤʽʚ, ʛʨʫʧʘ ʢʨʦʚʽ 0+, ʥʘʨʦʜʞʝʥʘ 

ʰʣʷʭʦʤ ʧʦʚʪʦʨʥʦʛʦ ʢʝʩʘʨʝʚʦʛʦ ʨʦʟʪʠʥʫ 

ʥʘ 39 ʪʠʞʥʽ ʚʘʛʽʪʥʦʩʪʽ, ʚʽʜ 
ʩʝʨʦʥʝʛʘʪʠʚʥʦʾ ʤʘʪʝʨʽ ʟ ʛʨʫʧʦʶ ʢʨʦʚʽ 0+. 

ʇʦʣʦʛʠ ʙʝʟ ʫʩʢʣʘʜʥʝʥʴ, ʦʮʽʥʢʘ ʟʘ 

ʰʢʘʣʦʶ APGAR ʧʨʠ ʥʘʨʦʜʞʝʥʥʽ 9 ʽ 9 

(ʜʠʚ. ʪʘʙʣ. 1). ʄʘʪiʨ ʙʫʣʘ ʟʜʦʨʦʚʦʶ, 

ʨʦʜʠʥʥʘ ʽʩʪʦʨʽʷ ʙʝʟ ʦʩʦʙʣʠʚʦʩʪʝʡ. 

ʅʦʚʦʥʘʨʦʜʞʝʥʘ ʚʠʛʣʷʜʘʣʘ ʜʦʙʨʝ ʜʦ 36 

ʛʦʜʠʥ ʞʠʪʪʷ, ʢʦʣʠ ʫ ʥʝʾ ʧʨʦʷʚʠʣʠʩʴ 

ʜʝʢʽʣʴʢʘ ʚʠʧʘʜʢʽʚ ʧʦʩʽʧʫʚʘʥʥʷ ʣʽʚʠʭ 

ʢʽʥʮʽʚʦʢ. ɼʽʚʯʠʥʢʫ ʙʫʣʦ ʧʝʨʝʚʝʜʝʥʦ ʜʦ 

ʚʽʜʜʽʣʝʥʥʷ ʥʝʚʽʜʢʣʘʜʥʦʾ ʜʦʧʦʤʦʛʠ 

ʥʦʚʦʥʘʨʦʜʞʝʥʠʭ.  

 History: ñBLò is a 3,010 gram, blood type 

0+, female delivered by repeat C-section at 

39 weeks gestation to a 0+, serology 

negative mother. APGAR scores were 9 / 9 
with no complications at time of the 

delivery. See table 1. The mother was 

noted to have no medical problems and 

family history was unremarkable. The 

newborn was doing well until 36 hours of 

age, when she was observed to have 

multiple twitching episodes of the left leg 

and arm. The patient was transferred to the 

neonatal intensive care unit (NICU). 

ʊʘʙʣʠʮʷ 1 ʐʢʘʣʘ APGAR  Table 1 APGAR score 

ɺʠʛʣʷʜ ɿʘʙʘʨʚʣʝʥʥʷ ʰʢʽʨʠ  Appearance Skin color 

ʇʫʣʴʩ ʏʘʩʪʦʪʘ ʩʝʨʮʝʙʠʪʪʷ  Pulse Heart rate 

ɻʨʠʤʘʩʠ ɺʽʜʧʦʚʽʜʴ ʥʘ ʥʘ ʧʦʜʨʘʟʥʠʢʠ  Grimace Response to stimuli 

ɸʢʪʠʚʥʽʩʪʴ ʊʦʥʫʩ ʤôʷʟʽʚ  Activity Muscle tone 

ɼʠʭʘʥʥʷ ʏʘʩʪʦʪʘ ʜʠʭʘʥʥʷ  Respiration Respiratory rate 

ʊʘʙʣʠʮʷ 1 ï 1a. ʐʢʘʣʘ APGAR. ʎʝ 
ʧʨʘʢʪʠʯʥʠʡ ʩʧʦʩʽʙ ʦʮʽʥʶʚʘʥʥʷ ʬʽʟʠʯʥʦʛʦ 
ʩʪʘʥʫ ʥʦʚʦʥʘʨʦʜʞʝʥʠʭ ʦʜʨʘʟʫ ʧʽʩʣʷ 
ʥʘʨʦʜʞʝʥʥʷ, ʢ̫ ʧʨʘʚʠʣʦ, ʥʘ 1 ʽ 5 ʭʚʠʣʠʥ 
ʞʠʪʪʷ. ʆʮʽʥʢʘ ʟʘ ʰʢʘʣʦʶ ɸʇɻɸʈ ï ʮʝ ʯʠʩʣʦ, 
ʷʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʧʽʜʩʪʘʚʽ ʯʘʩʪʦʪʠ 
ʩʝʨʮʝʚʦʛʦ ʙʠʪʪʷ, ʜʠʭʘʣʴʥʠʭ ʟʫʩʠʣʣʷ, ʪʦʥʫʩʫ 
ʤôʷʟʽʚ, ʢʨʘʩʢʠ ʰʢʽʨʠ ʪʘ ʚʽʜʨʫʭʫ ʥʘ ʣʝʛʢʠʡ 

ʜʦʪʠʢ ʢʘʪʝʪʝʨʦʤ ʜʦ ʥʽʟʜʨʽ. ɿʘ ʢʦʞʥʫ ʟ ʦʟʥʘʢ 
ʥʘʨʘʭʦʚʫʻʪʴʩʷ 0, 1 ʯʠ 2 ʙʘʣʠ, ʪʦʤʫ ʥʘʡʚʠʱʘ 
ʦʮʽʥʢʘ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʥʘʡʣʽʧʰʦʤʫ ʩʪʘʥʫ - ʮʝ 
10. ɿʚʠʯʘʡʥʘ ʦʮʽʥʢʘ ʟʘ ʰʢʘʣʦʶ ɸʧʛʘʨ ʻ 8/9 
ʘʙʦ 9/9 ʜʣʷ ʟʜʦʨʦʚʦʾ ʜʠʪʠʥʠ  ̔ ʦʟʥʘʯʘʻ, ʱʦ 
ʜʠʪʠʥʘ ʤʘʣʘ ʦʮʽʥʢʫ 8 ʘʙʦ 9 ʚ ʧʝʨʰʽ ʭʚʠʣʠʥʽ 
ʞʠʪʪʷ, ʽ 9 ʥʘ ʧ'ʷʪʽʡ ʭʚʠʣʠʥʽ ʞʠʪʪʷ. 
ʅʘʡʯʘʩʪʽʰʝ ʦʮʽʥʢʘ ʟʥʠʞʝʥʘ ʚʽʜ 10 ʯʝʨʝʟ 

ʟʘʙʘʨʚʣʝʥʥʷ ʥʦʚʦʥʘʨʦʜʞʝʥʦʾ ʜʠʪʠʥʠ.[7] 

 
Table 1 ï 1a. APGAR score. A practical 
method of evaluating the physical condition of 
a newborn infant shortly after delivery, usually 
at 1 and 5 minutes. The APGAR score is a 
number determined by rating the heart rate, 
respiratory effort, muscle tone, skin color, and 
response to a catheter gently touched in the 
nostril. Each of these objective signs can 

receive 0, 1, or 2 points for a maximum best 
score of 10.  The usual Apgar score is 8/9 or 9/9 
for a healthy baby.  This means the baby had a 
score at one minute of age of 8 or 9, and at five 
minutes of age had a score of 9.  Points are 

usually taken off for the baby's color.7 

mailto:prp1218@sbcglobal.net
http://www.medterms.com/script/main/art.asp?articlekey=2003
http://www.medterms.com/script/main/art.asp?articlekey=2003
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ʊʘʙʣʠʮʷ 

1a 

ʆʮʽʥʢʘ = 

ʆʟʥʘʢʘ 
0  1 2 

ɺʠʛʣʷʜ 
ɿʘʙʘʨʚʣʝʥʥʷ 
ʰʢʽʨʠ 

ɹʣʘʢʠʪʥʘ, 
ʙʣʽʜa 

ʊʽʣʦ ʨʦʞʝʚʝ, ʨʫʢʠ ʽ 
ʥʦʛʠ ʙʣʘʢʠʪʥʽ 

ʊʽʣʦ ʧʦʚʥʽʩʪʶ 

ʨʦʞʝʚʝ, ʚ ʪʦʤʫ 
ʯʠʩʣʽ ʢʽʥʮʽʚʢʠ 

ʇʫʣʴʩ 
ʏʘʩʪʦʪʘ 

ʩʝʨʮʝʚʦʛʦ ʙʠʪʪʷ 
ɸʥʽʪʨʦʭʠ 

ʄʝʥʰ 100 ʫʜʘʨʽʚ ʚ 

ʭʚʠʣʠʥʫ 

ɼʦʙʨʝ, ʙʽʣʴʰʝ 100 

ʫʜʘʨʽʚ ʚ ʭʚʠʣʠʥʫ 

ɻʨʠʤʘʩʠ 
ɺʽʜʧʦʚʽʜʴ ʥʘ 

ʧʦʜʨʘʟʥʠʢʠ 
ɹʝʟ ʚʽʜʧʦʚʽʜʽ ɻʨʠʤʘʩʘ / ʢʨʠʚʣʷʥʥʷ ʇʣʘʯ 

ɸʢʪʠʚʥʽʩʪʴ ʊʦʥʫʩ ʤôʷʟʽʚ 
ʉʣʘʙʢʠʡ, 

ʤʣʷʚʠʡ 

ɼʝʷʢʽ ʟʛʠʥʘʥʥʷ 

ʢʽʥʮʽʚʦʢ, ʧʘʣʴʮʽʚ ʨʫʢ ʽ 

ʥʽʛ 

ɸʢʪʠʚʥʽ ʨʫʭʠ ʚʩʽʭ 

ʢʽʥʮʽʚʦʢ 

ɼʠʭʘʥʥʷ 
ɼʠʭʘʣʴʥe 

ʟʫʩʠʣʣʷ 
ɸʥʽʪʨʦʭʠ 

ʇʦʚʽʣʴʥʦ, ʥʝʨʽʚʥʝ 

ʜʠʭʘʥʥʷ, ʩʣʘʙʢʠʡ ʧʣʘʯ 

ʉʠʣʴʥʠʡ ʧʣʘʯ, 

ʨʽʚʥʝ ʜʠʭʘʥʥʷ 

 

Table 1a SCORE 

SIGN 
= 0 = 1 = 2 

Appearance COLOR Blue, pale 
Body pink, hands 

and feet bluish 

Completely pink, 

including 

extremities 

Pulse HEART RATE None 
Less than 100 beats 

per minute 

Good, over 100 

beats per minute 

Grimace 
RESPONSE TO 

STIMULI (REFLEX) 
No Response Grimace Cry 

Activity MUSCLE TONE Limp, flaccid 
Some flexing of 

extremities - 

fingers, toes 

Active movement 

of all extremities 

Respiration 
RESPIRATORY 

EFFORT 
None 

Slow, irregular 

breathing; weak cry 

Strong cry; regular 

breathing 

 

ʆʛʣʷʜ:  ʚʠʷʚʣʝʥʦ, ʱʦ ʜʠʪʠʥʘ ʜʦʙʨʝ 

ʚʛʦʜʦʚʘʥʘ ʽ ʤʘʣʘ ʥʦʨʤʘʣʴʥʠʡ ʚʠʛʣʷʜ. ʅʝ 

ʤʘʣʘ ʛʦʨʷʯʢʠ. ɰʾ ʚʽʪʘʣʴʥʽ ʬʫʥʢʮʽʾ ʙʫʣʠ ʚ 

ʤʝʞʘʭ ʚʽʢʦʚʦʾ ʥʦʨʤʠ, ʩʪʘʙʽʣʴʥʽ. ʇʽʜ ʯʘʩ 

ʦʛʣʷʜʫ ʜʠʪʠʥʠ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʝʧʽʟʦʜʠʯʥʽ 
ʧʦʩʽʧʫʚʘʥʥʷ ʣʽʚʦʾ ʨʫʢʠ ʪʘ ʥʦʛʠ. ʏʠʥʥʠʢʠ, 

ʱʦ ʧʦʩʠʣʶʚʘʣʠ ʘʙʦ ʟʤʝʥʰʫʚʘʣʠ ʥʘʧʘʜʠ, 

ʥʝ ʚʠʷʚʣʷʣʠʩʴ. 

 Physical exam: revealed a well - 

nourished normal - appearing female 

newborn in no obvious distress. The 

patient was afebrile. Her vital signs were 

normal for age and stable. Observation 
found the child to have intermittent 

twitching episodes of the left leg and arm. 

No factors were noted to aggravate or 

spontaneously relieve a twitching episode.  

ʄʦʞʣʠʚʽ ʧʨʠʯʠʥʠ: ɺʠʧʘʜʢʠ ʧʦʜʽʙʥʠʭ 

ʥʘʧʘʜʽʚ, ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʧʨʠ ʨʽʟʥʠʭ 

ʟʘʭʚʦʨʶʚʘʥʥʷʭ, ʟʦʢʨʝʤʘ 

1. ʊʨʘʚʤʘʪʠʯʥʦʤʫ ʢʨʦʚʦʚʠʣʠʚ ̔ʧʦʣʦʛʽʚ 

2. ɸʥʘʪʦʤʽʯʥʠʭ ʚʽʜʭʠʣʝʥʥʷʭ 

 Possible causes: Seizure - like episodes 

can occur in a variety of illnesses / 

diseases including: 

1. Traumatic hemorrhage from delivery 

2. Anatomic abnormalities 



ɯʥʩʫʣʴʪïʥʝ ʪʽʣʴʢʠ ʚ ʧʦʭʠʣʦʤʫ ʚʽʮi  ʄ. ɻʨʠʮʝʣʷʢ 
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3. ɯʥʩʫʣʴʪ ̔

4. ʉʝʧʩʠʩ ̔

5. ʄʝʪʘʙʦʣʽʯʥʠʭ ʭʚʦʨʦʙʘʭ 

3. Stroke 

4. Sepsis 

5. Metabolic disease 

ʆʙʩʪʝʞʝʥʥʷ: ɹʝʟʢʦʥʪʨʘʩʪʥʘ ʢʦʤʧôʶʪʝʨʥʘ 

ʪʦʤʦʛʨʘʬʽʷ (ʂʊ) ʤʦʟʢʫ (ʨʠʩ. 1) ʥʝ ʚʠʷʚʠʣʘ 

ʦʟʥʘʢ ʧʫʭʣʠʥ, ʢʨʦʚʦʚʠʣʠʚʽʚ ʯʠ ʽʥʬʘʨʢʪʽʚ. 
ʇʦʚʥʝ ʦʙʩʪʝʞʝʥʥʷ ʥʘ ʩʝʧʩʠʩ, ʱʦ 

ʚʢʣʶʯʘʣʦ ʢʣʽʥʽʯʥʽ ʘʥʘʣʽʟʠ ʢʨʦʚʽ, ʧʦʩʽʚ 

ʢʨʦʚʽ ʪʘ ʩʝʯʽ, ʧʦʧʝʨʝʢʦʚʫ ʧʫʥʢʮʽʶ ʟ 

ʧʦʩʽʚʦʤ ʥʘ ʙʘʢʪʝʨʽʾ ʪʘ ʚʽʨʫʩʠ, ʬʘʨʙʫʚʘʥʥʷ 

ʟʘ ɻʨʘʤʦʤ, ʧʦʣʽʤʝʨʘʟʥoʶ ʣʘʥʮʶʛʦʚoʶ 

ʨʝʘʢʮʽʶ (ʇʃʈ) ʥʘ ʚʽʨʫʩʠ ʛʝʨʧʝʩʫ ʪʘ 

ʝʥʪʝʨʦʚʽʨʫʩʠ, ʥʝ ʚʠʷʚʠʣʦ ʚʽʜʭʠʣʝʥʴ ʚʽʜ 

ʥʦʨʤʠ. ʇʦʚʥʠʡ ʤʝʪʘʙʦʣʽʯʥʠʡ ʚʠʜ 

(ʚʢʣʶʯʘʶʯʠ ʛʣʶʢʦʟʫ ʪʘ ʢʘʣʴʮʽʡ) ʙʫʚ 

ʥʦʨʤʘʣʴʥʠʤ. ɽʢʦʢʘʨʜʽʦʛʨʘʤʘ ʪʘʢʦʞ ʙʫʣʘ 

ʥʦʨʤʘʣʴʥʦʶ.  

ʅʘ ʧʦʯʘʪʢʦʚʽ 16-ʢʘʥʘʣʴʥʦʾ 
ʝʣʝʢʪʨʦʝʥʩʝʬʘʣʦʛʨʘʬʽʾ (ɽɽɻ) ʙʫʣʦ 

ʚʽʜʭʠʣʝʥʥʷ - ʩʧʘʡʢʠ ʚ ʧʨʘʚʽʡ ʩʢʨʦʥʝʚʽʡ 

ʜʦʣʽ ʧʨʦʷʚʠʣʠʩʴ ʦʜʥʦʯʘʩʥʦ ʟ 

ʧʦʩʽʧʫʚʘʥʥʷʤ ʥʦʛʠ ʪʘ ʮʤʦʢʘʥʥʷ ʛʫʙʘʤʠ) ï 

ʨʠʩ. 2 (ʧʦʜʽʙʥʠʡ ʟʘʧʠʩ ʚʽʜ ʽʥʰʦʛʦ 

ʭʚʦʨʦʛʦ). ʄʘʛʥʽʪʥʦ-ʨʝʟʦʥʘʥʩʥʘ 

ʪʦʤʦʛʨʘʬʽʷ (ʄʈʊ) ʟ ʚʥʫʪʨʽʰʥʦʚʝʥʥʠʤ 

ʢʦʥʪʨʘʩʪʦʤ (ʛʘʜʦʣʽʥʽʫʤ), ʷʢʫ ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʫ ʚʽʮʽ 56 ʛʦʜʠʥ, ʚʠʷʚʠʣʘ 

ʽʥʬʘʨʢʪ ʧʝʨʠʚʝʥʪʨʠʢʫʣʷʨʥʦ ʽ ʚ ʙʘʟʘʣʴʥʠʭ 

ʛʘʥʛʣʽʷʭ ʧʨʘʚʦʨʫʯ (ʨʠʩ. 3) 

 Work -up: Non-contrast computer 

tomography (CT) scan of the brain (Fig. 1) 

was performed and read as negative for 
masses, hemorrhages and infarcts. 

A complete septic workup including a 

complete blood count (CBC), blood 

culture, urine culture, lumbar puncture 

with bacterial and viral cultures, gram 

stain, herpes simplex virus and enterovirus 

polymerase chain reaction (PCR) were 

performed and all results were normal. A 

comprehensive metabolic profile 

(including glucose and calcium) and urine 

for amino acids were drawn and reported 

as normal. An echocardiogram was read as 
normal.  

The initial 16 channel EEG was abnormal 

with spikes noted in the right temporal 

brain with concomitant seizure activity - 

leg twitching and lip smacking. Fig. 2 

shows similar EEG findings from another 

patient. 

An MRI with intravenous gadolinium 

contrast was performed at about 56 hours 

of age and revealed a right periventricular 

and basal ganglion infarction. (Fig. 3)    

 
ʈʠʩʫʥʦʢ (ʈʠʩ.)1.  

ʅʦʨʤʘʣʴʥʘ ʂʊ. 

 

 

 
Figure (Fig.) 1:  

CT scan within normal. 
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ʈʠʩ. 2 (ʽʥʰʠʡ ʭʚʦʨʠʡ). 
ʉʧʘʡʢʠ ʫ ʧʨʘʚʽʡ 
ʩʢʨʦʥʝʚʽʡ ʜʦʣʽ 

 

 
 
 

 
 
 
 
Fig. 2 (of a different 
patient): Right temporal 
lobe spikes present.   

 
ʈʠʩ. 3.  
ɯʥʬʘʨʢʪ ʙʘʟʘʣʴʥʠʭ 
ʛʘʥʛʣʽʾʚ ʙʽʣʷ ʧʨʘʚʦʛʦ 
ʙʦʢʦʚʦʛʦ ʰʣʫʥʦʯʢʘ 
ʤʦʟʢʫ (ʟʘ ʄʈʊ). 

 

 

Fig. 3:  
Right periventricular 
and basal ganglion 
infarction (by MRI). 

ɸʥʘʣʽʟ ʜʘʥʠʭ ʽ ʦʩʪʘʪʦʯʥʠʡ ʜʽʛ̫ʥʦʟ: 
ʇʝʨʠʥʘʪʘʣʴʥʠʡ ʽʥʩʫʣʴʪ (ʟʘ ʚʠʟʥʘʯʝʥʥʷʤ, 

ʚʠʥʠʢʘʻ ʤʽʞ 28 ʪʠʞʥʷʤʠ ʛʝʩʪʘʮʽʾ ʪʘ 7 

ʜʥʝʤ ʧʽʩʣʷ ʥʘʨʦʜʞʝʥʥʷ) ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʫ 1 

ʟ 4000 ʥʦʚʦʥʘʨʦʜʞʝʥʠʭ. ʅʘʧʘʜʠ ʻ 

ʥʘʡʙʽʣʴʰ ʪʠʧʦʚʠʤʠ ʢʣʽʥʽʯʥʠʤʠ ʧʨʦʷʚʘʤʠ, 

ʚʠʥʠʢʘʶʪʴ ʫ 12% ʭʚʦʨʠʭ, ʧʽʩʣʷ ʯʦʛʦ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʛʽʧʦʪʦʥʽʷ ʪʘ ʤʣʷʚʽʩʪʴ. 

ʈʝʪʨʦʩʧʝʢʪʠʚʥʦ ʥʘ ʽʥʬʘʨʢʪ ʤʦʟʢʫ ʤʦʞʫʪʴ 

ʚʢʘʟʫʚʘʪʠ ʧʦʨʫʰʝʥʥʷ ʨʦʟʚʠʪʢʫ ʘʙʦ ʦʟʥʘʢʠ 

ʛʝʤʽʧʘʨʝʟʫ. ʏʠʥʥʠʢʽʚ ʨʠʟʠʢʫ ʘʨʪʝʨʽʘʣʴ-

ʥʦʛʦ ʽʥʩʫʣʴʪʫ ʙʘʛʘʪʦ, ʟʦʢʨʝʤʘ, ʚʨʦʜʞʝʥʘ 

ʧʘʪʦʣʦʛʽʷ ʩʝʨʮʷ, ʽʥʬʝʢʮʽʾ ʮʝʥʪʨʘʣʴʥʦʾ 
ʥʝʨʚʦʚʦʾ ʩʫʩʪʝʤʠ, ʧʦʨʫʰʝʥʥʷ ʧʣʘʮʝʥʪʠ, 

ʜʝʛʽʜʨʘʪʘʮʽʷ ʪʘ ʘʩʬʽʢʩʽʷ ʧʨʠ ʥʘʨʦʜʞʝʥʥʽ. 

ʊʨʦʤʙʦʬʽʣʽʷ ʫ ʤʘʪʝʨʽ ʯʠ ʜʠʪʠʥʠ, ʱʦ 

ʩʧʨʠʯʠʥʝʥʘ ʙʨʘʢʦʤ ʬʘʢʪʦʨʽʚ ʟʩʽʜʘʥʥʷ 

ʢʨʦʚʽ ʯʠ ʤʫʪʘʮʽʷʤʠ ʛʝʥʽʚ, ʷʢʽ ʾʭ ʢʦʜʫʶʪʴ, 

ʧʦʨʷʜ ʟ ʩʠʥʜʨʦʤʘʤʠ ʧʽʜʚʠʱʝʥʦʾ ʚôʷʟʢʦʩʪʽ 

ʪʘ ʜʝʛʝʥʝʨʘʮʽʾ ʧʣʘʮʝʥʪʠ ʤʦʞʫʪʴ ʟʙʽʣʴʰʫ-

ʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʪʨʦʤʙʫ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʽʰʝʤʽʯʥʦʛʦ ʽʥʩʫʣʴʪʫ. ʧʨʠ 

 Data analysis & definitive diagnosis: 
Perinatal stroke (defined as occurring 

between 28 weeks gestation and 7 days of 

age) occurs in 1/4000 births. Seizures are 

the most common presenting symptom 

occurring in 12% of patients followed by 

hypotonia and lethargy. Retrospectively, 

failure to reach milestones or development 

of hemiparesis could indicate presence of 

an infarct. Risk factors for an arterial 

ischemic stroke are multifactorial and 

include heart disease with congenital 

defects, central nervous system infections, 
placental disorders, dehydration and birth 

asphyxia. Maternal or neonatal 

thrombophilia due to deficiencies or 

mutations in coagulation factors, 

hyperviscosity syndromes as well as 

placental degeneration can increase the 

risk of thrombus formation resulting in a 

ischemic stroke. ɺlood analyses for 

disseminated intravascular coagulation 
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ʧʝʨʝʚʽʨʮʽʢʨʦʚʽ ʥʘ ʜʠʩʝʤʽʥʦʚʘʥʝ ʚʥʫʪʨʽʰ-

ʥʴʦʩʫʜʠʥʥʝ ʟʩʽʜʘʥʥʷ, ʘʢʪʠʚʥʽʩʪʴ ʧʨʦʪʝʾʥʽʚ 

ʉ ʪʘ S, ʘʥʪʠʪʨʦʤʙʽʥ III, ʣʝʡʜʝʥʩʴʢʠʡ ʬʘʢ-

ʪʦʨ V ʪʘ ʛʦʤʦʮʠʩʪʝʾʥ ʥʝ ʚʠʷʚʣʝʥʦ ʚʽʜʭʠ-

ʣʝʥʴ ʚʽʜ ʥʦʨʤʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʥʘ ʤʫʪʘʮʽʶ 

ʛʝʥʫ ʧʨʦʪʨʦʤʙʽʥʫ 20210A ʪʘ ʃʝʡʜʝʥʩʴʢʫ 
ʤʫʪʘʮʽʶ ʬʘʢʪʦʨʘ V ʙʫʣʠ ʥʝʛʘʪʠʚʥʠʤʠ  

(DIC), protein C and protein S activity, 

Antithrombin III, Factor V Leiden and 

homocysteine levels were drawn and all 

were found to be within normal limits. 

Assessment for prothrombin gene mutation 

20210A and Factor V Leiden gene 
mutation were also negative. 

ʃʽʢʫʚʘʥʥʷ: ñBLò ʦʪʨʠʤʫʚʘʣʘ  ʚʥʫʪʨʽʰ-

ʥʴʦʚʝʥʥʠʡ ʘʤʧʽʮʠʣʽʥ, ʛʝʥʪʘʤʽʮʠʥ ʪʘ 

ʘʮʠʢʣʦʚʽʨ ʯʝʨʝʟ 72 ʛʦʜ. ʢʦʣʠ ʩʪʘʣʦ ʚʽʜʦʤʦ 

ʱʦ ʫʩʽ ʧʦʩʽʚʠ ʥʝʛʘʪʠʚʥʽ. ʉʧʦʯʘʪʢʫ 

ʧʨʠʟʥʘʯʠʣʠ ʣʦʨʘʟʝʧʘʤ (0,1 ʤʛ/ʢʛ), ʽ, ʢʦʣʠ 

ʥʘʧʘʜʠ ʧʨʠʧʠʥʠʣʠʩʴ, ʥʘʚʘʥʪʘʞʠʣʠ ʬʝʥʦ-

ʙʘʨʙʽʪʘʣʦʤ (20 ʤʛ/ʢʛ) ʟ ʧʦʜʘʣʴʰʦʶ ʧʽʜ-

ʪʨʠʤʫʶʯʦʶ ʜʦʟʦʶ 5 ʤʛ/ʢʛ/ʜʦʙʫ. ʇʨʦʪʷ-

ʛʦʤ ʧʝʨʝʙʫʚʘʥʥʷ ʚ ʣʽʢʘʨʥʽ ʥʘʧʘʜʽʚ ʙʽʣʴʰʝ 

ʥʝ ʙʫʣʦ. ɼʽʚʯʠʥʢʘ ʧʦʯʘʣʘ ʩʘʤʦʩʪʽʡʥʦ 

ʭʘʨʯʫʚʘʪʠʩʴ ʥʘ 3 ʜʝʥʴ ʞʠʪʪʷ , ʣʽʢʫʚʘʥʥʷ 
ʙʫʣʦ ʧʨʦʜʦʚʞʝʥʝ ʫʩʪʥʠʤ ʬʝʥʦʙʘʨʙʽʪʘʣʦʤ.   

 Treatment: ñBLò received intravenous 

Ampicillin, Gentamycin and Acyclovir 

until all cultures were reported negative at 

72 hours of age. Initially Lorazepam (0.1 

mg/kg) was given and when seizure 

activity stopped the patient was given a 

loading dose of Phenobarbital 20mg/kg 

and continued on a 5mg/kg daily dose. No 

further seizures occurred during 

hospitalization. Patient began oral feedings 

on day 3 of life and was continued on oral 
phenobarbital.   

ʇʦʜʘʣʴʰʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ: ɼʽʚʯʠʥʢʫ 

ʚʠʧʠʩʘʣʠ ʟ ʣʽʢʘʨʥʽ ʥʘ ʬʝʥʦʙʘʨʙʽʪʘʣʽ. ɺ 1 

ʤʽʩ ʾʾ ʟʥʦʚʫ ʦʛʣʷʥʫʣʠ ʥʝʚʨʦʣʦʛ ʪʘ ʧʝʜʽʘʪʨ. 

ʇʦʚʪʦʨʥʘ ɽɽɻ ʫ 4 ʪʠʞʥʽ ʥʝ ʚʠʷʚʠʣʘ ʦʟʥʘʢ 

ʥʘʧʘʜʽʚ. ʌʽʟʠʯʥʽ ʜʘʥʽ ʪʘ ʨʦʟʚʠʪʦʢ 

ʚʽʜʧʦʚʽʜʘʣʠ ʚʽʢʫ ʧʽʜ ʯʘʩ ʦʛʣʷʜʫ ʫ 2 

ʤʽʩʷʮʽʚ.  

 Follow-up: The patient was discharged 

continuing on phenobarbital and was seen 

at 1 month of age by the neurologist and 

pediatrician. Repeat EEG at 4 weeks of 

age showed no evidence of seizure 

activity. Physical examination and 

development were appropriate for age at 

the 2-month check - up. 

ɺʠʩʥʦʚʢʠ: ɯʥʩʫʣʴʪ ʻ ʚʽʜʥʦʩʥʦ ʧʦʰʠʨʝ-

ʥʦʶ ʧʨʠʯʠʥʦʶ ʥʘʧʘʜʽʚ ʫ ʥʦʚʦʥʘʨʦʜ-
ʞʝʥʠʭ. ʍʦʯʘ ʥʝʚʨʦʣʦʛʽʯʥʠʡ ʜʝʬʽʮʠʪ ʤʦʞʝ 

ʙʫʪʠ ʪʷʞʢʠʤ, ʧʨʠʯʠʥʠ ʽʥʩʫʣʴʪʽʚ ʥʦʚʦ-

ʥʘʨʦʜʞʝʥʠʭ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʚʽʜʦʤʽ. 

ʇʨʠʙʣʠʟʥʦ ʫ 60% ʚʠʧʘʜʢʽʚ ʽʥʬʘʨʢʪ ʥʝ ʤʘʻ 

ʥʝʚʨʦʣʦʛʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ. ɻʦʣʦʚʥʦʶ 

ʤʝʪʦʶ ʣʽʢʫʚʘʥʥʷ ʽʰʝʤʽʯʥʦʛʦ ʽʥʩʫʣʴʪʫ 

ʥʦʚʦʥʘʨʦʜʞʝʥʠʭ ʻ ʚʽʜʥʦʚʣʝʥʥʷ ʢʨʦʚʦ-

ʧʣʠʥʫ ʪʘ ʧʦʣʽʧʰʝʥʥʷ ʧʦʩʪʘʯʘʥʥʷ ʢʠʩʥʶ.  

 Key points: Neonatal stroke is a relatively 

common cause of neonatal seizures. 
Although neurologic deficits can be 

severe, the etiology of neonatal stroke is 

unclear. ɸbout 60% of infants have no 

neurologic sequelae due to infarction. The 

primary objective in the treatment of 

neonatal ischemic stroke is to re-establish 

obstructed blood flow to improve oxygen 

supply.  

ɼʦʩʣʽʜʞʝʥʴ ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʙʦʜʘʡ 

ʦʜʥʦʛʦ ʟ ʧʨʦʪʨʦʤʙʦʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ ʫ 

ʙʽʣʴʰ ʥʽʞ 65% ʭʚʦʨʠʭ ʟ ʽʥʩʫʣʴʪʘʤʠ 

ʥʦʚʦʥʘʨʦʜʞʝʥʠʭ (ʪʘʙʣ. 2). ʍʦʯʘ ʫ 
ʜʦʨʦʩʣʠʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʦʤʙʦʣʽʪʠʯʥʠʭ 

ʟʘʩʦʙʽʚ, ʪʘʢʠʭ ʷʢ ʪʢʘʥʠʥʥʠʡ ʘʢʪʠʚʘʪʦʨ 

ʧʣʘʟʤʽʥʦʛʝʥʫ, ʚʠʷʚʠʣʦʩʷ ʝʬʝʢʪʠʚʥʠʤ, 

ʪʨʦʤʙʦʣʽʟʠʩ ʫ ʥʝʤʦʚʣʷʪ ʟʘʣʠʰʘʻʪʴʩʷ 

ʜʦʩʣʽʜʦʚʠʤ ʚʪʨʫʯʘʥʥʷʤ. 

 Studies have shown the presence of at least 

one prothrombotic risk factor in over 65% 

of neonatal stroke patients (Table 2). 

While the use of thrombolytic agents such 
as tissue plasminogen activators has been 

found to be effective in adults, the use of 

thrombolytic agents in neonates remains 

experimental. 

ʇʨʦʭʦʜʷʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʣʽʢʫʚʘʣʴʥʦʾ ʛʽʧʦ-

ʪʝʨʤʽʾ ʥʦʚʦʥʘʨʦʜʞʝʥʠʭ ʟ ʤʝʪʦʶ ʧʦʢʨʘ-

ʱʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʚʠʩʣʽʜʫ. ʇʝʨʰʠʤ 

ʽ ʥʘʡʙʽʣʴʰʠʤ ʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘʢʦʛʦ ʪʠʧʫ ʻ 

 Studies are underway to evaluate the use of 

induced hypothermia in newborns to 

improve functional outcome. The first and 

largest study of its kind ever published is a 
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ʤʽʞʥʘʨʦʜʥʝ ʙʘʛʘʪʦʮʝʥʪʨʦʚʝ ʨʘʥʜʦʤʽʟʦʚʘ-

ʥʝ ʢʣʽʥʽʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ 225 ʜʽʪʝʡ ʟ ʯʝʨʝ-

ʧʥʦ-ʤʦʟʢʦʚʦʶ ʪʨʘʚʤʦʶ (ʏʄʊ), ʷʢʽ ʧʝʨʝ-

ʙʫʚʘʣʠ ʫ ʜʠʪʪʷʯʠʭ ʚʽʜʜʽʣʝʥʥʷʭ ʥʝʚʽʢʣʘʜ-

ʥʦʾ ʜʦʧʦʤʦʛʠ. ʋ ʚʽʮʽ 6 ʤʽʩʷʮʽʚ, 32 (31%) ʟ 

102 ʜʽʪʝʡ ʟ ʛʨʫʧʠ ʛʽʧʦʪʝʨʤʽʾ ʤʘʣʠ ʥʝʩʧʨʠ-
ʷʪʣʠʚʽ ʥʘʩʣʽʜʢʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 23 (22%) ʟʽ 

103 ʜʽʪʝʡ ʟ ʛʨʫʧʠ ʥʦʨʤʦʪʝʨʤʽʾ [6]. 

randomized, multicenter study of 225 

children with head injury in international 

pediatric intensive care units. At 6-month 

follow-up 32 (31%) of the 102 children 

assigned to the hypothermia group had 

unfavorable outcomes, compared with 23 
(22%) of 103 children in the normothermia 

group.6 

ɺ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʛʧ̔ʦʪʝʨʤʽʶ ʨʦʟʧʦ-

ʯʠʥʘʣʠ ʧʝʨʰʠʭ 8 ʛʦʜʠʥ ʧʽʩʣʷ ʪʷʞʢʦʾ ʏʄʊ 

 ̔ ʧʨʦʚʦʜʠʣʠ ʜʦ 24 ʛʦʜʠʥ ʟ ʤʝʪʦʶ ʣʽʢʫ-

ʚʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʯʝʨʝʧʥʦʛʦ 

ʪʠʩʢʫ. ɿʥʠʞʫʚʘʣʠ ʪʝʤʧʝʨʘʪʫʨʫ ʪʽʣʘ ʟʘʩʦ-

ʙʘʤʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ. ʊʝʤʧʝ-

ʨʘʪʫʨʫ ʫ ʩʪʨʘʚʦʭʦʜʽ ʧʽʜʪʨʠʤʫʚʘʣʠ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ʥʘ ʨʽʚʥʽ 32,5ÁC ʚʧʨʦʜʦʚʞ 24 

ʛʦʜʠʥ. ʇʽʜ ʯʘʩ ʚʽʜʽʛʨʽʚʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʽʜ-

ʚʠʱʫʚʘʣʠ 0,5ÁC ʥʘ 2 ʛʦʜʠʥʫ. ʇʽʩʣʷ ʚʽʜʽʛ-
ʨʽʚʫ ʫ ʛʨʫʧʽ ʘʢʪʠʚʥʦʛʦ ʚʪʨʫʯʘʥʥʷ, ʘ ʚʝʩʴ 

ʯʘʩ ʫ ʢʦʥʪʨʦʣʴʥʽʡ ʛʨʫʧʽ, ʪʝʤʧʝʨʘʪʫʨʫ ʪʽʣʘ 

ʧʽʜʪʨʠʤʫʚʘʣʠ ʥʘ ʨʽʚʥʽ 37ÁC ʜʦ ʟʥʠʢʥʝʥʥʷ 

ʚʥʫʪʨʽʰʥʴʦʯʝʨʝʧʥʦʾ ʛʽʧʝʨʪʝʥʟʽʾ. 

 In this study, hypothermia therapy was 

initiated within 8 hours and continued for 

24 hours in children with severe traumatic 

brain injury (TBI) to treat intracranial 

hypertension. Study subjects were cooled 

with the use of surface cooling techniques. 

Esophageal temperature was maintained at 

a mean of 32.5ÁC for 24 hours. For 

rewarming, the temperature was increased 

at a rate of 0.5ÁC every 2 hours. After 
rewarming in the hypothermia group and 

immediately in the normothermia group, 

temperature was maintained at 37ÁC until 

intracranial hypertension resolved. 

ʆʜʥʘʢ, ʮʷ ʰʪʫʯʥʦ ʚʠʢʣʠʢʘʥʘ ʛʽʧʦʪʝʨʤʽʷ 

ʥʝ ʧʦʣʽʧʰʫʚʘʣʘ ʥʝʚʨʦʣʦʛʽʯʥʽ ʚʠʩʣʽʜʠ. ɺ 

ʛʨʫʧʽ ʛʽʧʦʪʝʨʤʽʾ ʧʽʜ ʯʘʩ ʚʽʜʽʛʨʽʚʫ ʯʘʩʪʽʰʝ 

ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʛʽʧʦʪʝʥʟʽʷ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʚʘʟʦʘʢʪʠʚʥʽ ʣʽʢʠ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʛʨʫʧʦʶ ʥʦʨʤʦʪʝʨʤʽʾ. ʋ 

ʭʚʦʨʠʭ, ʷʢʽ ʙʫʣʠ ʦʭʦʣʦʜʞʝʥʥʽ, 
ʩʧʦʩʪʝʨʽʛʘʣʩʴ ʚʠʱʘ ʩʤʝʨʪʥʽʩʪʴ ï ʧʦʤʝʨʣʠ 

23 (21%) ʜʠʪʠʥʠ ʟ ʛʨʫʧʽ ʛʽʧʦʪʝʨʤʽʾ ʘ 14 

(12%) ʜʽʪʝʡ ʟ ʛʨʫʧʠ ʥʦʨʤʦʪʝʨʤʽʾ. ʅʘ 

ʧʽʜʩʪʘʚʽ ʮʠʭ ʚʠʩʣ̔ ʜʽʚ ʜʦʩʣʽʜʥʠʢʠ ʟʨʦʙʠʣʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʪʘʢʝ ʣʽʢʫʚʘʥʥʷ ʫ ʜʽʪʝʡ ʟ 

ʪʷʞʢʦʶ ʏʄʊ ʻ ʥʝʜʦʮʽʣʴʥʠʤ ʽ ʧʦʪʨʽʙʥʽ 

ʥʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

 

 However, this induced hypothermia 

therapy did not improve neurological 

outcome. There was more hypotension and 

more vasoactive agents were administered 

in the hypothermia group during the 

rewarming period compared to those in the 

normothermia arm. Mortality was also 
higher in subjects who received 

hypothermia compared with those in the 

normothermia group, with 23 deaths (21%) 

and 14 deaths (12%) respectively. On the 

basis of these results, the investigators 

concluded that this protocol is not 

warranted for the treatment of severe TBI 

in children with hypothermia and that 

more research is required. 

ɿʚʘʞʘʶʯʠ ʥʘ ʧʦʛʘʥʽ ʥʘʩʣʽʜʢʠ ʣʽʢʫʚʘʥʥʷ 

ʜʽʪʝʡ ʟ ʪʷʞʢʦʶ ʏʄʊ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʛʽʧʦʪʝʨʤʽʾ ʽ ʚʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʛʽʧʦʪʝʨʤʽʷ 
ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʢʦʘʛʫʣʦʧʘʪʽʶ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʤʦʞʣʠʚʦʩʪʽ ʢʨʦʚʦʪʝʯʽ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʽʧʦʪʝʨʤʽʾ ʜʣʷ ʣʽʢʫʚʘʥʥʷ 

ʽʥʩʫʣʴʪʽʚ ʥʦʚʦʥʘʨʦʜʞʝʥʠʭ ʧʦʚʠʥʥʦ 

ʨʦʟʛʣʷʜʘʪʠʩʷ ʪʽʣʴʢʠ ʚ ʫʤʦʚʘʭ ʩʪʘʨʘʥʥʦ 

ʩʧʣʘʥʦʚʘʥʦʛʦ ʢʣʽʥʽʯʥʦʛʦ ʜʦʣʘʜʞʝʥʥʷ. 

 Based on the negative outcomes of the 

clinical study of hypothermia to treat 

children with severe TBI, and because it is 
known that hypothermia may induce 

coagulopathy and therefore potentially 

increase local bleeding, treatment of 

neonatal stroke with induced hypothermia 

should only be considered in a carefully 

designed and conducted clinical trial. 
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ʊʘʙʣʠʮʷ 2. ʈʦʟʧʦʜʽʣ ʧʨʦʪʨʦʤʙʦʪʠʯʥʠʭ ʯʠʥʥʠʢʽʚ ʨʠʟʠʢʫ ʫ ʜʦʥʦʰʝʥʠʭ ʥʝʤʦʚʣʷʪ ʟ 

ʽʥʩʫʣʴʪʦʤ ʫ ʧʦʨ̔ ʚʥʷʥʥʽ ʟʽ ʟʜʦʨʦʚʦʶ ʢʦʥʪʨʦʣʴʥʦʶ ʛʨʫʧʦʶ, ʧʽʜʽʙʨʘʥʦʶ ʟʘ ʚʽʢʦʤ ʽ ʩʪʘʪʪʶ 

ɻʨʫʧʘ ʍʚʦʨi ʂʦʥʪʨʦʣʴʥʘ ɺʐ/95% ɼɯ çpè 

ʏʠʩʣʦ ʍʚʦʨʠʭ 91 182   

ʏʠʥʥʠʢʠ ʨʠʟʠʢʫ     

ʃʽʧʦʧʨʦʪʝʾʥ(a) >300 ʤʛ/ʣ 20 (22%) 10 (5,5%) 4,84/2,16ī10,86 <0,001 

ʌʘʢʪʦʨ V 1691GA* 17 (18,7%) 10 (5,5%) 3,95/1,72ī9,0 0,016 

ʇʨʦʪʨʦʤʙʽʥ 20210GA 4 (4,4%) 4 (2,2%) 2,04/0,49ī1,83 0,44À 

MTHFR 677TT 15 (16,5%) 20 (10,9%) 1,59/0,77ī3,29 0,28 

ɹʨʘʢ ʧʨʦʪʝʾʥʫ C 1 ʪʠʧʫ 6 (6,6%) ī ī 0,0012À 

ʈʘʟʦʤ 62 (68,0%) 62 (68,0%) 6,70/3,84ī11,67 <0,001 

ɼʘʥʽ ʥʘʚʝʜʝʥʽ ʫ ʚʠʛʣʷʜʽ n (%). *ʈʘʟʦʤ ʟ ʣʽʧʦʧʨʦʪʝʾʥʦʤ(ʘ) Lp: n=3 (ʥʝ ʚʨʘʭʦʚʘʥʽ ʚ ʢʦʣʦʥʮʽ Lp) ʪʘ 
ʘʥʪʠʢʘʨʜʽʦʣʽʧʽʥʦʚʠʤʠ ʘʥʪʠʪʽʣʘʤʠ IgG (n=1). Àʊʦʯʥʠʡ ʢʨʠʪʝʨʽʡ ʌʽʰʝʨʘ. 
 

Table 2. Distribution of prothrombotic risk factors in full-term neonatal stroke patients versus 
healthy age- and sex-matched controls 

Cohort Patients Control  OR/95% CI p 

Number, patients 91 182   

Risk factors     

Lipoprotein(a) >30 mg/dL 20 (22%) 10 (5,5%) 4,84/2,16ī10,86 <0,001 

Factor V 1691GA* 17 (18,7%) 10 (5,5%) 3,95/1,72ī9,0 0,016 

Prothrombin 20210GA 4 (4,4%) 4 (2,2%) 2,04/0,49ī1,83 0,44À 

MTHFR 677TT 15 (16,5%) 20 (10,9%) 1,59/0,77ī3,29 0,28 

Protein C deficiency type1 6 (6,6%) ī ī 0,0012À 

Total 62 (68,0%) 62 (68,0%) 6,70/3,84ī11,67 <0,001 

Values shown are n and (percent). *Combined with lipoprotein (a) Lp: n=3 (not included in the Lp 
column) and with anticardiolipin IgG antibodies (n=1). ÀFisherôs exact test. 
 

ɺʠʩʥʦʚʢʠ: ʅʘʨʘʟʽ ʱʝ ʙʘʛʘʪʦ ʥʝʚʽʜʦʤʦ 

ʧʨʦ ʧʨʠʨʦʜʥʠʡ ʧʝʨʝʙʽʛ ʽʥʩʫʣʴʪʽʚ ʥʦʚʦ-

ʥʘʨʦʜʞʝʥʠʭ ʽ ʥʝʤʘʻ ʜʦʢʘʟʦʚʦ ʦʙʛʨʫʥ-

ʪʦʚʘʥʠʭ ʩʪʨʘʪʝʛʽʡ ʱʦʙ ʟʘʧʦʙʽʛʪʠ ʯʠ 

ʣʽʢʫʚʘʪʠ ʽʥʬʘʨʢʪʽʚ ʤʦʟʢʫ ʥʦʚʦʥʘʨʦʜʞʝ-

ʥʠʭ. ɿʙʽʨ ʜʘʥʠʭ ʧʨʦ ʭʚʦʨʠʭ ʚ ʙʘʟʫ ʜʘʥʠʭ 
ʘʙʦ ʨʝʻʩʪʨ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʦʨʽʚʥʷʣʴʥʦ ʾ

ʦʮʽʥʢʠ ʤʦʞʝ ʧʦʢʨʘʱʠʪʠ ʧʦʣʽʧʰʝʥʥ ̫ʨʦ-

ʟʫʤʽʥʥʷ ʮʽʻʾ ʭʚʦʨʦʙʠ  ̔ʜʦʛʣʷʜʫ ʟʘ ʭʚʦʨʠʤ. 

 Conclusion: At this time, there is much to 

be learned about the natural history of 

neonatal stroke, and there are no evidenced 

- based strategies for prevention or 

treatment of perinatal infarcts. Collecting 

patient data into a database or registry for 
comparative analysis may help to improve 

the understanding of this disease and 

patient care. 
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ʆʩʥʦʚʥʽ ʩʢʘʨʛʠ: ʟʘʪʨʠʤʢʘ ʧʩʠʭʽʯʥʦʛʦ ʽ 

ʤʦʚʥʦʛʦ ʨʦʟʚʠʪʢʫ, ʥʘʷʚʥʽʩʪʴ ʯʘʩʪʠʭ 

ʩʫʜʦʤʥʠʭ ʥʘʧʘʜʽʚ ʽ ʧʘʜʽʥʴ. 

 Chief Complaint: Slowed psychological 

and speech development, frequent 

convulsive attacks and falling. 

ɯʩʪʦʨʽʷ (ɸʥʘʤʥʝʟ): ʢʣʽʥʽʯʥʽ ʧʨʦʷʚʠ, 

ʧʦʟʥʘʢʠ, ʣʽʢʠ, ʜʦʨʝʯʥʽ ʜʘʥʽ ʧʨʦ ʨʦʜʠʥʫ 

ʪʘ ʦʪʦʯʝʥʥʷ: ʍʣʦʧʯʠʢ, 1999 ʨʦʢʫ 

ʥʘʨʦʜʞʝʥʥʷ. ʅʘʨʦʜʠʚʩʷ ʚʽʜ ʜʨʫʛʦʾ 

ʚʘʛʽʪʥʦʩʪʽ, ʧʝʨʝʙʽʛ ʷʢʦʾ ʙʫʚ ʟ 
ʫʩʢʣʘʜʥʝʥʥʷʤʠ (ʭʨʦʥʽʯʥʘ ʚʥʫʪʨʽʰʥʴʦ-

ʫʪʨʦʙʥʘ ʛʽʧʦʢʩʽʷ ʧʣʦʜʘ, ʚʥʫʪʨʽʰʥʴʦ-

ʫʪʨʦʙʥʘ ʽʥʬʝʢʮʽʷ); ʩʪʨʦʢ ʛʝʩʪʘʮʽʾ ʧʨʠ 

ʥʘʨʦʜʞʝʥʥʽ - 38 ʪʠʞʥʽʚ, ʚʘʛʘ - 2700 ʛʨʘʤ. 

ʇʽʩʣʷ ʥʘʨʦʜʞʝʥʥʷ ʦʮʽʥʢʘ ʟʘ ʰʢʘʣʦʶ 

APGAR ʩʪʘʥʦʚʠʣʘ 8-9, ʫʩʢʣʘʜʥʝʥʴ ʥʝ 

ʙʫʣʦ. ʋ ʤʘʪʝʨʽ ʥʝ ʚʽʜʟʥʘʯʝʥʦ ʷʢʠʭʦʩʴ 

ʤʝʜʠʯʥʠʭ ʧʨʦʙʣʝʤ, ʩʽʤʝʡʥʠʡ ʘʥʘʤʥʝʟ ʙʝʟ 

ʦʩʦʙʣʠʚʦʩʪʝʡ. ɼʦ ʜʚʦʭ ʨʦʢʽʚ ʨʦʟʚʠʪʦʢ 

ʭʣʦʧʯʠʢʘ ʙʫʚ ʥʦʨʤʘʣʴʥʠʤ, ʩʧʦʩʪʝʨʽʛʘ-

ʣʘʩʷ ʪʽʣʴʢʠ ʥʝʟʥʘʯʥʘ ʟʘʪʨʠʤʢʘ ʪʝʤʧʽʚ 

ʤʦʚʥʦʛʦ ʨʦʟʚʠʪʢʫ. ɺ ʨʦʜʠʥʽ ʱʝ ʻ 
ʤʦʣʦʜʰʘ ʩʝʩʪʨʘ ï ʟʜʦʨʦʚʘ. ɺ ʨʦʜʠʥʥʽ 

ʥʝʤʘ ʚʠʧʘʜʢʽʚ ʟʘʭʚʦʨʶʚʘʥʥʷ ʝʧʽʣʝʧʩʽ.ʾ  

 History: signs, symptoms, medications, 

relevant family and social information: 

The patient is a boy born in 1999 to a 

gravid 2, para 1 mother whose pregnancy 

was complicated by chronic intrauterine 
fetus hypoxia and intrauterine infection. 

The patient was born at 38 weeks, 

weighing 2700 grams, had an APGAR 

scale score of 8-9 and no obvious 

complications. The patientôs mother and 

family had an unremarkable medical 

history, including no history of epilepsy.  

During his first two years of life, the boy 

developed normally except for minor delay 

in speech. A younger sister is healthy.  . 

ɺ 2 ʨʦʢʠ ʫ ʜʠʪʠʥʠ ʚʧʝʨʰʝ  ʨʦʟʛʦʨʥʫʚʩʷ   

ʢʣʦʥʽʯʥʠʡ ʛʝʤʽʢʦʥʚʫʣʴʩʠʚʥʠʡ  ʧʨʠʧʘʜʦʢ 

ʪʨʠʚʘʣʽʩʪʶ ʜʦ 15 ʭʚʠʣʠʥ, ʷʢʠʡ ʢʫʧʠʨʦ-

ʚʘʥʦ ʚ ʫʤʦʚʘʭ ʨʝʘʥʽʤʘʮʽʾ. ʏʝʨʝʟ ʪʠʞʜʝʥʴ 

ʧʨʠʩʪʫʧʠ ʧʦʥʦʚʠʣʠʩʷ ʟ ʧʦʩʪʫʧʦʚʠʤ ʟʨʦʩ-

ʪʘʥʥʷʤ ʾʭ ʯʘʩʪʦʪʠ - ʜʦ 10 ʥʘʧʘʜʽʚ ʟʘ ʜʦʙʫ. 

ʏʝʨʝʟ ʤʽʩʷʮʴ ʧʨʠʻʜʥʘʣʠʩʷ ʘʪʠʧʦʚʽ ʘʙʩʘʥ-

ʩʠ ʟ ʘʪʦʥʽʯʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʪʨʠʚʘʣʽʩʪʶ 

ʜʦ 30-35 ʩʝʢ. ɺ ʪʨʠ ʨʦʢʠ ʧʨʠʻʜʥʘʣʠʩʷ 
ʘʪʦʥʽʯʥʦ-ʘʩʪʘʪʠʯʥʽ ʥʘʧʘʜʠ, ʢʦʣʠ ʜʠʪʠʥʘ 

 During his second year of life, the boy had 

a clonic hemi-convulsive attack that lasted 

15 minutes and stopped with intensive 

medical intervention. During the next 

week, seizures recurred at up to 10 events 

per day. Within the next month, atypical 

absentia epileptic seizures with an atonic 

component lasting up to 30-35 seconds 

also presented. At the age of three, atypical 
absence seizures began causing the boy to 

mailto:irina.datsenko@gmail.com
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ʨʽʟʢʦ ʧʘʜʘʣʘ ʫʧʝʨʝʜ ʽ ʪʷʞʢʦ ʪʨʘʚʤʫʚʘʣʘ 

ʰʢʽʨʫ ʦʙʣʠʯʯʷ ʽ ʛʦʣʦʚʫ. ɺ ʯʦʪʠʨʠ ʨʦʢʠ 

ʟôʷʚʠʣʠʩʷ ʛʝʥʝʨʘʣʽʟʦʚʘʥʽ ʪʦʥʽʯʥʽ ʥʘʧʘʜʠ. 

ʏʘʩʪʦʪʘ ʥʘʧʘʜʽʚ ʩʷʛʘʣʘ 15 -20 ʧʨʠʩʪʫʧʽʚ 

ʟʘ ʜʦʙʫ, ʧʝʨʝʚʘʞʥʦ ʧʽʩʣʷ ʧʨʦʙʫʜʞʝʥʥʷ. ɿ 

ʧʦʷʚʦʶ ʥʘʧʘʜʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘʪʨʠʤʢʘ 
ʧʩʠʭʽʯʥʦʛʦ ʽ ʤʦʚʥʦʛʦ ʨʦʟʚʠʪʢʫ, ʱʦ ʥʝ ʤʘʻ 

ʧʨʦʛʨʝʩʫʶʯʦʛʦ ʭʘʨʘʢʪʝʨʫ. 

fall forward and incur substantial trauma to 

the skin of his face and head. At the age of 

four, he began to have generalized tonic 

seizures.  Seizure frequency was 15 -20 

per day, mostly after awakening. Non-

progressive psychological and 
developmental speech delays were noted at 

the time of seizure onset. 

ʅʝʚʨʦʣʦʛʽʯʥʠʡ ʩʪʘʥ: ʏʝʨʝʧʥʽ ʥʝʨʚʠ: 

ʥʝʜʦʩʪʘʪʥʽʩʪʴ VII  ʽ XII  ʯʝʨʝʧʥʠʭ ʥʝʨʚʽʚ 

ʩʧʨʘʚʘ. ʈʫʭʦʚʘ ʩʬʝʨʘ: ʧʘʨʝʟʽʚ ʥʝʤʘʻ. 

ʉʫʭʦʞʠʣʴʥʽ ʨʝʬʣʝʢʩʠ ʧʽʜʚʠʱʝʥʽ ʟ 

ʧʦʰʠʨʝʥʦʶ ʟʦʥʦʶ ʚʠʢʣʠʢʫ, ʧʝʨʝʚʘʞʥʦ 

ʟʣʽʚʘ. ɼʚʦʩʪʦʨʦʥʥʽ ʧʘʪʦʣʦʛʽʯʥʽ ʧʽʨʘʤʽʜʥʽ 

ʩʪʦʧʥʽ ʟʥʘʢʠ. ʏʝʨʝʚʥʽ ʨʝʬʣʝʢʩʠ ʩʝʨʝʜʥʴʦʾ 

ʞʚʘʚʦʩʪʽ, ʨʽʚʥʦʤʽʨʥʽ. ɼʠʬʫʟʥʘ ʤôʷʟʦʚʘ 

ʛʽʧʦʪʦʥʽʷ. ʍʦʜʘ ʜʝʱʦ ʘʪʘʢʪʠʯʥʘ. 

ʂʦʦʨʜʠʥʘʪʦʨʥʘ ʩʬʝʨʘ: ʤʦʪʦʨʥʘ 
ʥʝʩʧʨʠʪʥʽʩʪʴ, ʣʝʛʢʠʡ ʽʥʪʝʥʮʽʡ ʥʠʡ 

ʪʨʝʤʦʨ ʚʝʨʭʥʽʭ ʢʽʥʮʽʚʦʢ ʟ ʜʚʦʭ ʙʦʢʽʚ. 

ɯʥʪʝʣʝʢʪ: ʟʘʪʨʠʤʢʘ ʧʩʠʭʽʯʥʦʛʦ ʪʘ 

ʤʦʚʥʦʛʦ ʨʦʟʚʠʪʢʫ, ʚʠʤʦʚʣʷʻ ʦʢʨʝʤʽ 

ʩʣʦʚʘ, ʢʦʨʦʪʢʽ ʬʨʘʟʠ. ʇʨʦʩʪʽ ʽʥʩʪʨʫʢʮʽʾ 

ʚʠʢʦʥʫʻ.  ɺʠʨʘʞʝʥʘ ʛʽʧʝʨʘʢʪʠʚʥʽʩʪʴ. 

 Neurologic status: Physical exam found 

right VIIth and XIIth  right cranial nerve 

palsy. Motor functions were grossly intact. 

Tendon hyper-reflexia was noted 

bilaterally, more severe on the left.  

Bilateral pathological pyramidal signs 

were present. Muscle reflexes were normal 

bilaterally. However, there was diffuse 

muscular hypotonia and ataxic gait.  Motor 

coordination was clumsy, and there was 
light intentional tremor in both upper 

extremities. The boy had delays in 

psychological and speech development.  

He spoke in single words and short 

phrases, followed simple instructions and 

showed signs of hyperactivity. 

ʌʽʟʠʯʥʠʡ ʦʛʣʷʜ - ʟʥʘʭʽʜʢʠ: ɹʫʜʦʚʘ ʪʽʣʘ 

ʜʠʪʠʥʠ  ʧʨʘʚʠʣʴʥʘ, ʪʨʽʰʢʠ ʧʽʜʚʠʱʝʥʦʛʦ 

ʭʘʨʯʫʚʘʥʥʷ. ʄʥʦʞʠʥʥʽ ʨʫʙʮʽ ʥʘ ʰʢʽʨʽ ʦʙ-

ʣʠʯʯʷ (ʧʝʨʝʚʘʞʥʦ ʚ ʜʽʣʷʥʢʘʭ ʣʦʙʘ ʪʘ ʧʝ-

ʨʝʥʽʩʩʷ) ʚʥʘʩʣʽʜʦʢ ʯʘʩʪʠʭ ʛʝʥʝʨʘʣʽʟʦʚʘ-
ʥʠʭ ʘʪʦʥʽʯʥʠʭ ʥʘʧʘʜʽʚ ʟ ʪʨʘʚʤʘʪʠʟʘʮʽʻʶ 

 Physical exam findings: Physical exam 

revealed a slightly over-nourished boy of 

otherwise normal stature, with multiple 

facial scars (mostly on forehead and bridge 

of nose) due to fall injury sustained during 
his frequent generalized atonic seizures. 

ɼʠʬʝʨʝʥʮʽʡʥʠʡ ʜʽʛ̫ʥʦʟ: ʇʦʣʽʤʦʨʬʽʟʤ 

ʝʧʽʣʝʧʪʠʯʥʠʭ ʥʘʧʘʜʽʚ, ʾʭ ʧʝʚʥʝ 

ʩʧʦʣʫʯʝʥʥʷ ʦʙʫʤʦʚʣʶʶʪʴ ʥʘʩʪʫʧʥʝ: 

- ʉʠʤʧʪʦʤʘʪʠʯʥʽ ʧʘʨʮʽʘʣʴʥʽ ʝʧʽʣʝʧʩʽʾ; 

- ʉʠʥʜʨʦʤ ʧʩʝʚʜʦʣʝʥʦʢʩʘ; 

- ʉʠʥʜʨʦʤ ʚʝʩʪʘ (ʧʽʟʥʽʡ ʜʝʙʶʪ); 

- ɽʧʽʣʝʧʩʽʾ ʟ ʤʽʦʢʣʦʥʫʩʦʤ; 

- ɼʝʢ̫ʽ ʨʦʟʣʘʜʠ ʩʥʫ. 

 Differential  diagnoses: The seizure 

spectrum suggested the following 

differential diagnosis: 

- Symptomatic partial epilepsies; 

- Pseudolennax syndrome; 

- West syndrome (late debut); 

- Epilepsies with myoclonus; 

- Sleep disorders. 

ʆʙʩʪʝʞʝʥʥʷ: ʪʝʩʪʠ ʪʘ ʚʠʩʣʽʜʠ: ɹʝʟ 

ʢʦʥʪʨʘʩʪʥʘ ʢʦʤʧôʶʪʝʨʥʘ ʪʦʤʦʛʨʘʬʽʷ (ʂʊ) 

ʛʦʣʦʚʠ (ʨʠʩ. 1 - 3) ʚʠʷʚʠʣʘ ʦʟʥʘʢʠ 
ʧʦʤʽʨʥʦ ʚʠʨʘʞʝʥʦʾ ʜʠʬʫʟʥʦʾ ʘʪʨʦʬʽʾ 

ʧʨʘʚʦʾ ʧʽʚʢʫʣʽ ʢʽʨʢʦʚʦ-ʧʽʜʢʽʨʢʦʚʦʛʦ ʪʠʧʫ 

ʟ ʧʝʨʝʚʘʞʘʥʥʷʤ ʟʤʽʥ ʚ ʧʦʪʠʣʠʯʥʽʡ ʪʘ 

ʪʽʤôʷʥʽʡ ʜʽʣʷʥʢʘʭ ʤʦʟʢʫ.  

 Work -up: tests & outcomes: Non-

contrast computer tomography (CT) (figs. 

1 - 3) showed signs of moderately diffuse 
cortical-subcortical atrophy of right 

hemisphere, predominately with changes 

in the occipital and parietal brain zones.   
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ʈʠʩ.1.                                                                              Fig.1. 

  
ʈʠʩ.2.                                 Fig.2. 

 
ʈʠʩ.3.                                 Fig.3. 

ɽʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʬʽʷ (ɽɽɻ)  
ʅʘ ʬʦʥʦʚʽʡ ʢʨʠʚʽʡ ʟʘʨʝʻʩʪʨʦʚʘʥʦ  

ʛʝʥʝʨʘʣʽʟʦʚʘʥʫ ʘʢʪʠʚʥʽʩʪʴ ʫ ʚʠʜʽ   ʧʽʢ-

ʭʚʠʣʷ, ʩʧʘʡʢ-ʨʦʟʨʷʜʽʚ ʟ ʘʢʮʝʥʪʦʤ ʚ 

ʩʢʨʦʥʝʚʠʭ ʚʽʜʚʝʜʝʥʥʷʭ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʧʝʨʝʚʘʞʘʥʥʷ ʧʦʚʽʣʴʥʦʭʚʠʣʴʦʚʦʾ 

ʘʢʪʠʚʥʦʩʪʽ, ʩʧʘʣʘʭʽʚ ʧʦʣʽʬʘʟʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ  ʚ ʚʽʜʚʝʜʝʥʥʷʭ ʟ ʧʨʘʚʦʾ 
ʧʽʚʢʫʣʽ (ʨʠʩ. 4). ʅʘ ʬʦʥʽ ʪʝʪʘ-ʨʠʪʤʫ, ʷʢʠʡ 

ʜʦʤʽʥʫʻ, ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʝʧʽʣʝʧʪʠʯʥʽ 

ʬʝʥʦʤʝʥʠ ʫ ʚʠʜʽ ʷʢ ʛʝʥʝʨʘʣʽʟʦʚʘʥʠʭ, ʪʘʢ ʽ 

ʘʩʠʥʭʨʦʥʥʠʭ ʨʦʟʨʷʜʽʚ ʢʦʤʧʣʝʢʩʽʚ çʧʽʢ-

ʭʚʠʣʷè ʟ ʯʘʩʪʦʪʦʶ 1,5 ï 2 ɻʮ (ʨʠʩ.5). 

 Electroencephalography (EEG)  
Generalized activity in the way of peak-

waves, spike-discharges with the accent in 

temple abductions registered in the 

background. Predominating peak-wave 

activity was observed along with flashes of 

polyphasic complexes in right hemisphere 

leads (fig. 4). Epileptic phenomena 
consisting of generalized and 

asynchronous ñpeak-wavesò complexes 

with frequency of 1.5 ï 2 Hz registered 

(fig. 5) on a background of dominant teta-

rhythm. 

ʆʛʣʷʜ ʦʢʫʣʽʩʪʘ: ʦʯʥʝ ʜʥʦ ʙʝʟ 

ʦʩʦʙʣʠʚʦʩʪʝʡ. ɽʣʝʢʪʨʦʢʘʨʜʽʦʛʨʘʤʘ: ʨʠʪʤ 

ʩʠʥʫʩʦʚʠʡ ʟ ʥʝʟʥʘʯʥʦʶ ʘʨʠʪʤʽʻʶ. 

ʇʦʣʦʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʦʩʽ ʩʝʨʮʷ 

ʥʦʨʤʘʣʴʥʝ. ʋʣʴʪʨʘʟʚʫʢʦʚʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʦʨʛʘʥʽʚ ʯʝʨʝʚʥʦʾ ʧʦʨʦʞʥʠʥʠ ï ʙʝʟ 

ʧʦʨʫʰʝʥʴ. 

 Ophthalmic exam found eye grounds to be 

unremarkable. Electrocardiogram showed 

sinus rhythm with benign arrhythmia and 

normal electrical axis. Abdominal cavity 

ultrasound exam was unremarkable. 
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ʈʠʩ.4.                                                                  Fig.4. 

ʂʊ ʉʂɸʅ ɻʆʃʆɺʅʆɻʆ ʄʆɿʂʋ (ʨʠʩ. 1-
4): ʈʝʯʦʚʠʥʘ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ ʙʝʟ ʦʩʝʨʝʜʢʦʚʠʭ 
ʟʤʽʥ, ʱʽʣʴʥʽʩʪʶ 24-37 HU. 

ʉʝʨʝʜʠʥʥʽ ʩʪʨʫʢʪʫʨʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ ʥʝ 
ʟʩʫʥʝʥʽ. ʐʣʫʥʦʯʢʠ ʤʦʟʢʫ ʟʚʠʯʥʦʾ ʬʦʨʤʠ, 
ʨʦʟʰʠʨʝʥʽ, ʟ ʥʝʟʥʘʯʥʦʶ ʧʝʨʝʚʘʛʦʶ ʧʨʘʚʦʛʦ 
ʙʽʯʥʦʛʦ ʚ ʟʘʜʥʽʭ ʚʽʜʜʽʣʘʭ. ʂʦʥʚʝʢʩʠʪʘʣʴʥʽ 
ʧʽʜʧʘʚʫʪʠʥʥʽ ʧʨʦʩʪʦʨʠ ʩʧʨʘʚʘ ʜʠʬʫʟʥʦ 
ʨʦʟʰʠʨʝʥʽ, ʧʝʨʝʚʘʞʥʦ ʟʘʜʥʽʭ ʚʽʜʜʽʣʽʚ ʪʽʤôʷʥʦʾ 
ʪʘ ʧʦʪʠʣʠʯʥʦʾ ʯʘʩʪʦʢ. ʇʦʤʽʨʥʝ ʨʦʟʰʠʨʝʥʥʷ 
ʩʠʣʴʚʽʻʚʦʾ ʱʽʣʠʥʠ ʩʧʨʘʚʘ, ʮʠʩʪʝʨʥ ʤʦʩʪʫ. 

ʉʫʙʪʝʥʪʦʨʽʘʣʴʥʽ ʩʪʨʫʢʪʫʨʠ ʙʝʟ ʦʩʦʙʣʠʚʦʩʪʝʡ. 
ʉʝʣʷʨʥʘ ʦʙʣʘʩʪʴ ʥʝ ʟʤʽʥʝʥʘ. ʂʽʩʪʢʦʚʦ-
ʜʝʩʪʨʫʢʪʠʚʥʽ ʟʤʽʥʠ ʥʝ ʚʠʟʥʘʯʘʶʪʴʩʷ. 

 
ɿʘʢʣʶʯʝʥʥʷ: ʂʊ ʦʟʥʘʢʠ ʧʦʤʽʨʥʦ ʚʠʨʘʟʥʦʛʦ 
ʜʠʬʫʟʥʦʛʦ ʘʪʨʦʬʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʘʚʦʾ 
ʥʘʧʽʚʢʫʣʽ ʢʦʨʢʦʚʦʛʦ-ʧʽʜʢʦʨʢʦʚʦʛʦ ʪʠʧʫ ʟ 
ʧʝʨʝʚʘʛʦʶ ʟʤʽʥ ʚ ʧʦʪʠʣʠʯʥʽʡ ʪʘ ʪʽʤôʷʥʽʡ 
ʯʘʩʪʢʘʭ. 

 CT SCAN of the Brain (fig. 1-4): brain 
parenchyma with density 24-37 HU, no focal 
changes or midline shift. Ventricles shaped 

within normal limits except for mild dilation of 
the posterior aspect of the right lateral ventricle. 
Right subarachnoid space diffusively dilated, 
predominately in the posterior aspects of the 
parietal and occipital lobes. Right sylvian 
fissure and cisterns - moderately dilated. 
Subtentorial structures and sella turcica - 
unremarkable. Bony structures - within normal 

limits. 

 

 

 
Conclusion: CT scan signs of a moderately 
expressed diffuse cortical-subcortical type 
atrophic process of the right hemisphere with 
predominant changes in the occipital and 
parietal brain. 

 
ʈʠʩ. 5. ʅʘ ʬʦʥʦʚʽʡ ʢʨʠʚʽʡ ʟʘʨʝʻʩʪʨʦʚʘʥʦ  
ʛʝʥʝʨʘʣʽʟʦʚʘʥʫ ʘʢʪʠʚʥʽʩʪʴ ʫ ʚʠʜʽ çʧʽʢ -ʭʚʠʣʷè, 
ʩʧʘʡʢ-ʨʦʟʨʷʜʽʚ ʟ ʘʢʮʝʥʪʦʤ ʚ ʩʢʨʦʥʝʚʠʭ ʚʽʜʚʝ-
ʜʝʥʥʷʭ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʝʨʝʚʘʞʘʥʥʷ ʧʦʚʽʣʴ-
ʥʦʭʚʠʣʴʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʩʧʘʣʘʭʽʚ ʧʦʣʽʬʘʟʥʠʭ 
ʢʦʤʧʣʝʢʩʽʚ ʚ ʚʽʜʚʝʜʝʥʥʷʭ ʟ ʧʨʘʚʦʾ ʧʽʚʢʫʣʽ. 

 Fig.5. Background with generalized peak-
waves activity and spike-discharges with 
temple abduction accent. Predominant slow 
peak-wave activity and flashes of polyphase 
complexes are observed in right hemisphere 
abductions.  
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ʈʠʩ.6. ʅʘ ʬʦʥʽ ʪʝʪʘ-ʨʠʪʤʫ, ʷʢʠʡ 

ʧʝʨʝʚʘʞʘʻ, ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʝʧʽʣʝʧʪʠʯʥʽ 

ʬʝʥʦʤʝʥʠ ʫ ʚʠʜʽ ʷʢ ʛʝʥʝʨʘʣʽʟʦʚʘʥʠʭ, ʪʘʢ ʽ 

ʘʩʠʥʭʨʦʥʥʠʭ ʨʦʟʨʷʜʽʚ ʢʦʤʧʣʝʢʩʽʚ çʧʽʢ-

ʭʚʠʣʷè ʟ ʯʘʩʪʦʪʦʶ 1,5 ï 2 ɻʮ. 

 Fig.6. Background dominated by teta-

rhythm epileptic phenomena with 

generalized and asynchronous ñpeak-

wavesò complexes at 1.5 ï 2 Hz frequency. 

ɸʥʘʣʽʟ ʜʘʥʠʭ, ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʦʩʪʘʪʦʯʥʦʛʦ ʜʽʛ̫ʥʦʟʫ 

ʉʠʥʜʨʦʤ ʃʝʥʦʢʩʘ-ɻʘʩʪʦ (ʉʃɻ) ʟʘʚʞʜʠ 

ʧʦʯʠʥʘʻʪʴʩʷ ʚ ʜʠʪʷʯʦʤʫ ʚʽʮʽ ʪʘ ʩʫʧʨʦʚʦʜ-
ʞʫʻʪʴʩʷ ʟʘʪʨʠʤʢʦʶ ʧʩʠʭʦʤʦʪʦʨʥʦʛʦ 

ʨʦʟʚʠʪʢʫ. ʏʘʩʪʦʪʘ ʩʠʥʜʨʦʤʘ ʩʢʣʘʜʘʻ 

0,3:1000 ʥʘʨʦʜʞʝʥʠʭ ʞʠʚʠʤʠ. ʉʃɻ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʧʦʣʫʯʝʥʥʷʤ ʢʽʣʴʢʦʭ 

ʪʠʧʽʚ ʝʧʽʣʝʧʪʠʯʥʠʭ ʥʘʧʘʜʽʚ (ʪʦʥʽʯʥʽ, ʤʽʦ-

ʢʣʦʥʽʯʥʽ, ʘʪʠʧʦʚʽ ʘʙʩʘʥʩʠ). ʊʦʥʽʯʥʽ ʥʘʧʘ-

ʜʠ - ʦʜʠʥ ʟ ʥʘʡʙʽʣʴʰ ʯʘʩʪʠʭ ʪʠʧʽʚ ʧʨʠ-

ʧʘʜʢʽʚ, ʷʢʽ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʧʨʠ ʉʃɻ. ʇʽʜ 

ʯʘʩ ʥʘʧʘʜʫ ʜʠʪʠʥʘ ʚʪʨʘʯʘʻ ʨʽʚʥʦʚʘʛʫ ʽ 

ʪʦʤʫ ʧʘʜʝ. ʉʃɻ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʫʞʝ 

ʚʠʩʦʢʦʶ ʯʘʩʪʦʪʦʶ ʥʘʧʘʜʽʚ ï ʙʘʛʘʪʦ-

ʨʘʟʦʚʦ ʟʘ ʜʦʙʫ.  

 Data analysis & discussion of logic for 

definitive diagnosis  

Lennox-Gasto Syndrome (LGS) presents 

in childhood with delayed psycho-motor 
development; LGS has been found in 

0.3:1000 live births. LGS is characterized 

by a spectrum of seizure activity: tonic, 

myoclonic, atypical, absentia epileptic. 

Tonic seizures are observed most 

frequently. During a seizure, a child loses 

balance and falls.  LGS is characterized by 

a very high seizure rate and multiple 

seizures per day.  

ɺʽʜʤʽʪʥʦʶ ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʬʽʯʥʦʶ 

ʨʠʩʦʶ ʉʃɻ ʻ ʧʦʚʽʣʴʥʽ ʢʦʤʧʣʝʢʩʠ ʧʽʢ-

ʭʚʠʣʷ, ʷʢʽ ʜʦʤʽʥʫʶʪʴ ʟʘ ʘʤʧʣʽʪʫʜʦʶ ʥʘ 

ʬʦʥʽ ʧʘʪʦʣʦʛʽʯʥʦʛʦ ʫʧʦʚʽʣʴʥʝʥʥʷ 

ʦʩʥʦʚʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʬʦʥʦʚʦʛʦ ʟʘʧʠʩʫ 

ɽɽɻ, ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʛʝʥʝʨʘʣʽʟʦ-

ʚʘʥʽ ʨʦʟʨʷʜʠ ʫ ʚʠʜʽ ʧʦʚʽʣʴʥʠʭ ʢʦʤʧʣʝʢʩʽʚ 

 Distinguishing electro-encephalographic 

features of LGS are slow peak-wave 

complexes whose amplitude dominates the 

background of pathologic slowing of the 

fundamental background activity. 

Observations include generalized 

discharges such as slow peak-wave 
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ʧ̔ ʢ-ʭʚʠʣʷ ʘʙʦ ʛʦʩʪʨʘ-ʧʦʚʽʣʴʥʘ ʭʚʠʣʷ ʟ 

ʯʘʩʪʦʪʦʶ 1,5-2,5 ɻʮ. 

complexes or acute-weak waves with 1.5-

2.5 Hz frequency. 

ʃʽʢʫʚʘʥʥʷ ʉʃɻ ʻ ʩʢʣʘʜʥʦʶ ʟʘʜʘʯʝʶ, 

ʦʩʢʽʣʴʢʠ ʧʦʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʥʘʜ ʥʘʧʘʜʘʤʠ 

ʦʪʨʠʤʘʪʠ ʥʝ ʚʜʘʻʪʴʩʷ. 

 LGS treatment is a difficult task, as 

absolute suppression of seizure attacks has 

not been possible. 

ʃʽʢʫʚʘʥʥʷ: ʇʨʦʪʷʛʦʤ ʢʽʣʴʢʦʭ ʨʦʢʽʚ 
ʧʘʮʽʻʥʪʫ ʙʫʣʦ ʧʨʠʟʥʘʯʝʥʦ ʮʽʣʫ ʥʠʟʢʫ 

ʩʫʯʘʩʥʠʭ ʘʥʪʠʝʧʽʣʝʧʪʠʯʥʠʭ ʟʘʩʦʙʽʚ, ʷʢ ʚ 

ʤʦʥʦʪʝʨʘʧʽʾ, ʪʘʢ ʽ ʚ ʢʦʤʙʽʥʘʮʽʷʭ. ɿʘʩʪʦʩʫ-

ʚʘʥʥʷ ʚʘʣʴʧʨʦʘʪʫ ʥʘʪʨʽʶ ʚ ʮʴʦʤʫ ʚʠʧʘʜ-

ʢʫ ʥʝ ʙʫʣʦ ʝʬʝʢʪʠʚʥʠʤ. ɺ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ 

ʧʝʚʥʫ ʩʪʘʙʽʣʽʟʘʮʽʶ ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ ʰʣʷ-

ʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʩʪʫʧʥʦʾ ʢʦʤʙʽʥʘʮʽʾ 

ʘʥʪʠʝʧʽʣʝʧʪʠʯʥʠʭ ʟʘʩʦʙʽʚ: ʪʦʧʘʤʘʢʩ (7,4 

ʤʛ/ʢʛ/ʜʦʙʫ), ʢʣʦʥʘʟʝʧʘʤ (0,1 ʤʛ/ʢʛ/ʜʦʙʫ) 

ʪʘ ʬʽʥʣʝʧʩʠʥ-ʨʝʪʘʨʜ  (27 ʤʛ/ʢʛ/ʜʦʙʫ). ʋ 

ʷʢʦʩʪʽ ʜʦʩʪʘʪʦʯʥʠʭ ʟʘʩʦʙʽʚ (ʧʝʨʝʚʘʞʥʦ ʟ 

ʤʝʪʦʶ ʧʦʣʽʧʰʝʥʥʷ ʢʦʛʥʽʪʠʚʥʠʭ ʬʫʥʢʮʽʡ) 
ʭʣʦʧʯʠʢʦʚʠ ʧʨʠʟʥʘʯʘʣʠ ʥʦʦʬʝʥ, ʢʘʣʴʮʽʶ 

ʛʦʧʘʥʪʝʥʘʪ, ʘ ʪʘʢʦʞ ʢʘʨʜʦʥʘʪ, ʜʽʘʢʘʨʙ, 

ʤʘʛʥʝ-ɺ6, ʛʝʧʘʪʦʧʨʦʪʝʢʪʦʨʠ ʪʘ ʽʥ.   

 Treatment: Over the course of several 
years, the patient was prescribed a number 

of contemporary antiepileptic treatments, 

consisting of single and multi-drug 

regimens. Sodium valproate was not 

effective in this case. Most recently, some 

stability was achieved with a combination 

of topamax (7,4 mg/kg/day), clonazepam 

(0,1 mg/kg/day) and slow-release finlepsin 

(27 mg/kg/day). Assuming sufficient 

supply and access, the boy was also 

prescribed noofen, calcium gopantenate, 

cardonate, diacarb, magne-B6, 
hepatoprotectors and others with intent to 

improve cognitive function.  

 

ʇʦʜʘʣʴʰʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ: ʆʩʪʘʥʥʷ 

ʢʦʤʙʽʥʘʮʽʷ ʘʥʪʠʝʧʽʣʝʧʪʠʯʥʠʭ ʟʘʩʦʙʽʚ, ʷʢʫ 

ʙʫʣʦ ʧʨʠʟʥʘʯʝʥʦ, ʧʨʠʚʝʣʘ ʜʦ ʟʥʠʞʝʥʥʷ 

ʯʘʩʪʦʪʠ ʥʘʧʘʜʽʚ ʫ ʧʘʮʽʻʥʪʘ: ʩʧʦʩʪʝʨʽʛʘ-

ʻʪʴʩʷ ʦʜʠʥ ʪʦʥʽʯʥʠʡ ʧʨʠʩʪʫʧ, ʽʥʦʜʽ ï 

ʘʪʦʥʽʯʥʠʡ, ʦʜʠʥ ʨʘʟ ʟʘ 3-4 ʜʦʙʠ ʧʝʨʝ-

ʚʘʞʥʦ ʚ ʧʝʨʰʫ ʧʦʣʦʚʠʥʫ ʜʥʷ. ɺʠʟʥʘʯʝʥʦ 

ʧʝʚʥʝ ʧʦʣʽʧʰʝʥʥʷ ʢʦʛʥʽʪʠʚʥʠʭ ʬʫʥʢʮʽʾʚ 
ʜʠʪʠʥʠ ï ʩʪʘʚ ʙʽʣʴʰ ʩʧʦʢʽʡʥʠʤ, ʟʽʙʨʘ-

ʥʠʤ, ʮʽʢʘʚʠʪʴʩʷ ʢʥʠʛʘʤʠ, ʤʘʣʶʥʢʘʤʠ. 

 Follow-up: The last combination of anti-

epileptics prescribed lead to a decrease in 

attack frequency: a tonic attack, sometimes 

an atonic attack, once in 3-4 days, most 

commonly during the first half of the day. 

Some cognitive function improvement was 

observed. The child became more 

peaceful, self-disciplined, interested in 
books and pictures. 

 

ʂʣʶʯʦʚʽ ʚʠʩʥʦʚʢʠ / ʫʨʦʢʠ ʟ ʮʴʦʛʦ 

ʚʠʧʘʜʢʫ: ʉʠʥʜʨʦʤ ʃʝʥʥʦʢʩʘ-ɻʘʩʪʦ ï 

ʦʜʥʘ ʟ ʥʘʡʙʽʣʴʰ ʪʷʞʢʠʭ ʟʘ ʧʝʨʝʙʽʛʦʤ ʪʘ 

ʣʽʢʫʚʘʥʥʷʤ ʚʽʢ-ʟʘʣʝʞʥʘ ʡ ʨʝʟʠʩʪʝʥʪʥʘ 

ʬʦʨʤʘ ʜʠʪʷʯʦʾ ʝʧʽʣʝʧʩʽʾ. ʇʦʣʽʧʰʝʥʥʷ 

ʷʢʦʩʪʽ ʞʠʪʪʷ  ʽ ʟʥʠʞʝʥʥʷ ʯʘʩʪʦʪʠ ʥʘʧʘʜʽʚ  

ʧʨʠ ʧʨʠʟʥʘʯʝʥʥʽ ʥʘʚʽʪʴ ʩʫʯʘʩʥʠʭ ʚʠʩʦʢʦ-

ʝʬʝʢʪʠʚʥʠʭ ʘʥʪʠʝʧʽʣʝʧʪʠʯʥʠʭ ʧʨʝʧʘʨʘʪʽʚ 

ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʥʝʟʥʘʯʥʝ.  

 Key lessons learned / demonstrated by 

this case: Lennox-Gasto syndrome is one 

of the most severe age-dependent and 

resistant forms of infantile epilepsy, with 

respect to the clinical course and treatment.  

Improvement of quality of life and 

reduction of the frequency of attacks even 

by treatment with modern highly effective 

anti-epileptic preparations in most cases is 

ineffective.  
ʇʨʦʚʽʜʥʠʤʠ ʢʣʽʥʽʯʥʠʤʠ ʩʠʤʧʪʦʤʘʤʠ  ʮʽʻʾ 

ʬʦʨʤʠ ʝʧʽʣʝʧʩʽʾ ʻ ʪʦʥʽʯʥʽ ʩʧʘʟʤʠ, ʪʦʥʽʯʥʽ 

ʛʝʥʝʨʘʣʽʟʦʚʘʥʽ ʥʘʧʘʜʠ, ʘʪʠʧʦʚʽ ʘʙʩʘʥʩʠ, 

ʘʪʦʥʽʯʥʽ ʪʘ ʤʽʦʢʣʦʥʽʯʥʽ ʥʘʧʘʜʠ. ʊʠʧʦʚʠʤ 

ʜʣʷ ʮʽʻʾ ʬʦʨʤʠ ʝʧʽʣʝʧʩʽʾ ʻ ʢʦʤʙʽʥʘʮʽʷ 

ʙʽʣʴʰʝ ʥʽʞ ʜʚʦʭ ʪʠʧʽʚ ʥʘʧʘʜʽʚ. ʇʨʦʩʪʝ-

ʞʫʻʪʴʩʷ ʚʠʩʦʢʘ ʯʘʩʪʦʪʘ ʪʨʘʚʤʘʪʠʟʘʮʽʾ ʜʠ-

ʪʠʥʠ ʧʽʜ ʯʘʩ ʧʘʜʽʥʴ, ʪʦʤʫ ʦʩʥʦʚʥʘ ʫʚʘʛʘ 

ʧʦʚʠʥʥʘ ʧʨʠʜʽʣʷʪʠʩʷ ʘʪʦʥʽʯʥʠʤ ʥʘʧʘʜʘʤ 

 The main clinical symptoms of this form 

of epilepsy are tonic spasms, tonic 

generalized attacks, atypical absentia 

epileptic, atonic and myoclonic attacks. A 

combination of more than two of such 

attacks is typical for this form of epilepsy. 

The high frequency of trauma observed in 

these children has been traced to falling. 

Therefore atonic attacks (with traumatic 
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(ʟ ʧʘʜʽʥʥʷʤʠ ʽ ʪʨʘʚʤʘʪʠʟʘʮʽʻʶ) ʪʘ ʘʪʠʧʦ-

ʚʠʤ ʘʙʩʘʥʩʘʤ, ʷʢʽ ʧʦʩʠʣʶʶʪʴ ʪʷʞʢʽʩʪʴ 

ʝʧʽʣʝʧʪʠʯʥʦʾ ʝʥʮʝʬʘʣʦʧʘʪʽʾ. ʈʦʟʫʤʦʚʘ 

ʚʽʜʩʪʘʣʽʩʪʴ ʻ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʦʨʛʘʥʽʯʥʦʛʦ 

ʫʨʘʞʝʥʥʷ ʤʦʟʢʫ, ʘ ʡ ʪʘʢʦʞ ʥʘʩʣʽʜʢʦʤ ʧʦ-

ʩʪʽʡʥʦʾ ʝʧʽʣʝʧʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʚ ʥʴʦʤʫ. 

falls) and atypical absences, which 

increase the severity of epileptic 

encephalopathy, warrant attention. Mental 

retardation is a consequence of this organic 

brain disorder and constant epileptic 

activity. 
ʅʘʷʚʥʽʩʪʴ ʚʠʨʘʞʝʥʠʭ ʧʦʨʫʰʝʥʴ ʥʝʨʚʦʚʦ-

ʧʩʠʭʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ,  ʩʪʨʫʢʪʫʨʥʠʭ ʟʤʽʥ 

ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ, ʪʘ ʨʝʟʠʩʪʝʥʪʥʽʩʪʴ ʜʦ  

ʘʥʪʠʝʧʽʣʝʧʪʠʯʥʦʾ ʪʝʨʘʧʽʾ ʩʧʨʠʯʠʥʷʶʪʴ 

ʛʣʠʙʦʢʫ ʽʥʚʘʣʽʜʠʟʘʮʽʶ ʭʚʦʨʦʛʦ. 

 Expressed neurologic-and-behavioral 

developmental disorders, cerebral 

structural changes, and resistance to 

antiepileptic therapy contribute to severe 

disability. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʣʽʢʫʚʘʥʥʷ ʪʘʢʠʭ ʚʠʧʘʜʢʽʚ 

- ʮʝ ʘʜʨʝʥʦʢʦʨʪʠʢʦʪʨʦʧʥʠʡ ʛʦʨʤʦʥ. 
 Treatment with adrenocorticotropic 

hormone is promising for these cases. 

ɺʠʩʥʦʚʢʠ: ʎʝʡ ʚʠʧʘʜʦʢ ʧʨʝʩʪʘʚʣʷʻ 

ʪʠʧʦʚʠʡ ʚʠʧʘʜʦʢ  ʩʠʤʧʪʦʤʘʪʠʯʥʦʛʦ ʉʃɻ. 

ʍʘʨʘʢʪʝʨʥʠʤ ʻ ʩʧʦʣʫʯʝʥʥʷ ʢʣʽʥʽʯʥʠʭ 

ʦʟʥʘʢ: ʘʪʦʥʽʯʥʦ-ʘʩʪʘʪʠʯʥʽ, ʪʦʥʽʯʥʽ ʥʘʧʘʜʠ 

ʪʘ ʘʪʠʧʦʚʽ ʘʙʩʘʥʩʠ; ʟʘʪʨʠʤʢʘ ʧʩʠʭʽʯʥʦʛʦ 
ʪʘ ʤʦʚʥʦʛʦ ʨʦʟʚʠʪʢʫ; ʥʘ ɽɽɻ  ʟʘʛʘʣʴʥʦ 

ʧʦʚʽʣʴʥʘ ʘʢʪʠʚʥʽʩʪʴ ʫ ʚʠʜʽ çʧʽʢ-ʭʚʠʣèɹ ʪʘ 

ʛʦʩʪʨʦ-ʧʦʚʽʣʴʥ ̔ʭʚʠʣ ̔ʟ ʯʘʩʪʦʪʦʶ 1,5 ï 2 

ɻʮ; ʥʘ ʂʊ - ʚʨʦʜʞʝʥʘ ʚʘʜʘ ʨʦʟʚʠʪʢʫ 

ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ. ɺʽʜʥʦʩʥʦ ʜʦʩʪʘʪʥʝ 

ʣʽʢʫʚʘʥʥʷ ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ ʧʦʣʽʪʝʨʘʧʽʻ ʁ

ʪʦʧʘʤʘʢʩʫ, ʬʽʥʣʝʧʩʠʥʫ ʽ ʢʣʦʥʘʟʝʧʘʤʫ. 

 Conclusion: This case demonstrates a 

typical case of symptomatic LGS. The 

constellation of clinical features is 

characteristic: atonic-astatic, tonic attacks 

and atypical absentia epileptic; delayed 
psychological and speech development; 

EEG with generally weak peak-waves and 

acute-slow waves with 1.5 ï 2 Hz 

frequency; CT Scan with congenitally 

anomalous brain development. Relatively 

sufficient therapeutic effect was achieved 

with a multi-drug regimen using topamax, 

finlepsin and clonazepam.   

ʎʝ ʟʘʭʚʦʨʶʚʘʥʥʷ ʻ ʥʘʡʙʽʣʴʰ ʪʷʞʢʦʶ 

ʬʦʨʤʦʶ ʜʠʪʷʯʦʾ ʝʧʽʣʝʧʩʽʾ. ʈʝʟʠʩʪʝʥʪʥʽʩʪʴ 

ʜʦ ʘʥʪʠʢʦʥʚʫʣʴʩʘʥʪʽʚ ʩʧʨʠʷʻ ʧʦʜʘʣʴ-
ʰʦʤʫ ʧʨʦʛʨʝʩʫʶʯʦʤʫ ʟʥʠʞʝʥʥʶ ʽʥʪʝʣʝʢ-

ʪʘ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʠʤ ʫʩʢʣʘʜʥʝʥʥʷʤ, ʷʢʽ 

ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ  ʪʨʠʚʘʣʦʛʦ ʧʨʠʡʦʤʫ 

ʚʝʣʠʢʠʭ ʜʦʟ ʘʥʪʠʝʧʽʣʝʧʪʠʯʥʠʭ ʟʘʩʦʙʽʚ. 

 This disease is the most serious form of 

child epilepsy. Anticonvulsant therapy 

resistance contributes to progressive 
decline in intelligence and other 

complications resulting from long-term 

exposure to antiepileptic medication. 

 

ʃʽʪʝʨʘʪʫʨʥʽ ʜʞʝʨʝʣʘ 
1. ɻʫʟʻʚʘ ɺ.ʀ. ɽʧʽʣʝʧʩʽʷ ʪʘ ʥʝ- ʝʧʽʣʝʧʪʠʯʥʽ 
ʧʘʨʦʢʩʠʟʤʘʣʴʥʽ ʩʪʘʥʠ ʫ ʜʽʪʝʡ. ï ʄ.: ʆʆʆ 
ñʄʝʜʠʯʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʘʛʝʥʮʽʷò, 2007. 568ʩ. 
2. ʊʦʤʘʩ ʈ. ɹʨʦʫʥ, ɻʨʠʛʦʨʽ ʃ. ɻʦʣʤʩ. 
ɽʧʽʣʝʧʩʽʷ. ʂʣʽʥʽʯʥʝ ʢʝʨʽʚʥʠʮʪʚʦ. ʇʝʨʝʢʣʘʜ ʟ 

ʘʥʛʣʽʩʴʢʦʾ. ʄ.: ñɺʠʜʘʚʥʠʮʪʚʦ ɹɯʅʆʄò, 2006.-
288ʩ., ʽʣ. 
3. ɽʧʽʣʝʧʪʦʣʦʛʽʷ ʜʠʪʷʯʦʛʦ ʚʽʢʫ: ʂʝʨʽʚʥʠʮʪʚʦ 
ʜʣʷ ʣʽʢʘʨʽʚ/ ʇʽʜ ʨʝʜ. ɸ.ʉ, ʇʝʪʨʫʭʽʥʘ.- ʄ.: 
ʄʝʜʠʮʠʥʘ, 2000.-624 ʩ. 

 
 

References 
1. Goosen VI. Epilepsy and non-epileptic 
paroxysmal states in children.  Moscow: OOO 
Medical Information Agency, 2007. p568. 
2. Thomas R. Browne, Gregory L. Holmes. 
Epilepsy. Clinical management. English 

translation. Moscow: ñPublishing House 
BINOMò, 2006. 288p., Il. 
3. Epileptology of Childhood: A Guide for 
Physicians / Ed. AC, Petrukhin.  Moscow: 
Medicine, 2000. 624 pp. 

 



ʍʨʦʥʽʯʥʠʡ ʨʫʙʮʝʚʠʡ cʪʝʥʦʟ ʛʦʨʪʘʥʽ  ɸ. ʂʦʩʘʢʦʚʩʴʢʠʡ, ɯ. ʂʦʩʘʢʽʚʩʴʢʘ 

JUMANA   ʃʽʢʘʨʩʴʢʠʡ ʚʽʩʥʠʢ 
Vol. 52, No. 1 (156)  ʈʽʢ 52, ʯ. 1 (156) 

19 

 

ɿʚʽʪʠ ʜʦʩʣʽʜʞʝʥʥʷ                                                                            Research Report 
 

ʍʈʆʅɯʏʅʀʁ ʈʋɹʎɽɺʀʁ ʉʊɽʅʆɿ ɻʆʈʊɸʅɯ ʋ ɼɯʊɽʁ. 

ʇʆʈʋʐɽʅʅʗ ʂʆɺʊɸʅʅʗ 

ʇʨʦʬʝʩʦʨ ɸʥʘʪʦʣʽʡ ʂʦʩʘʢʦʚʩʴʢʠʡ  

ɯʣʦʥʘ ʂʦʩʘʢʽʚʩʴʢʘ, ʢʘʥʜ. ʤʝʜ. ʥʘʫʢ 
ʂʘʬʝʜʨʠ ʜʠʪʷʯʦʾ ʦʪʦʣʘʨʠʥʛʦʣʦʛʽʾ, ʘʫʜʽʦʣʦʛʽʾ ʪʘ ʬʦʥʽʘʪʨʽʾ 

ʅʘʮʽʦʥʘʣʴʥʦʾ ʤʝʜʠʯʥʦʾ ʘʢʘʜʝʤʽʾ ʧʽʩʣʷʜʠʧʣʦʤʥʦʾ ʦʩʚʽʪʠ ʽʤʝʥʽ ʇ.ʃ. ʐʫʧʠʢʘ,  

ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 
 

CHRONIC LARYNGOSTENOS IS DUE TO SCAR IN CHILD REN: 

SWALLOWING DYSFUNCTI ON 

Professor Anatoliy Kosakovskiy, MD, PhD, DSci 

Ilona Kosakivska, MD, PhD 
Department of Pediatric Otolaryngology, Audiology and Phoniatrics 

P. L. Shupik National Medical Academy of Post-Graduate Education 

Kyiv, Ukraine 

e-mail: alkoss@bk.ru   

 

Cʧʽʚʧʨʘʮʷ: 

ʋʷʚʘ ʽ ʨʦʟʨʦʙʢʘ ʜʦʩʣʽʜʞʝʥʥʷ ʯʠ ʪʝʤʠ:AK 

ɿʙʽʨ ʜʘʥʠʭ: IK 

ʈʦʟʛʣʷʜ ʽ ʦʙʛʦʚʦʨʝʥʥʷ ʜʘʥʠʭ: IK, AK 

ʇʦʯʘʪʢʦʚʠʡ ʨʫʢʦʧʠʩ: IK 

ʅʝʦʙʭʽʜʥʠʡ ʧʝʨʝʛʣʷʜ: AK  

  

Contributions: 

Study conception and design: AK 

Data acquisition: IK 

Data analysis and interpretation: IK, AK 

Manuscript drafting: IK 

Critical revision: AK 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʭʨʦʥʽʯʥʠʡ ʨʫʙʮʝʚʠʡ 

ʩʪʝʥʦʟ, ʛʦʨʪʘʥʴ, ʧʦʨʫʰʝʥʥʷ ʢʦʚʪʘʥʥʷ, 

ʜʽʪʠ, ʣʽʢʫʚʘʥʥʷ 

 Key words: chronic laryngostenosis 

cicatrix , swallowing dysfunction, children, 

treatment 

ɺʩʪʫʧ. ʍʨʦʥʽʯʥʠʡ ʨʫʙʮʝʚʠʡ ʩʪʝʥʦʟ ʛʦʨ-

ʪʘʥʽ ʻ ʪʷʞʢʠʤ ʽʥʚʘʣʽʜʠʟʫʶʯʠʤ ʟʘʭʚʦʨʶ-

ʚʘʥʥʷʤ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʨʫʰʝʥ-

ʥʷʤ ʘʙʦ ʧʦʚʥʠʤ ʚʠʢʣʶʯʝʥʥʷʤ ʜʠʭʘʣʴʥʦʾ 

ʽ ʛʦʣʦʩʦʫʪʚʦʨʶʚʘʣʴʥʦʾ ʬʫʥʢʮʽʡ ʛʦʨʪʘʥʽ, 

ʱʦ ʦʩʦʙʣʠʚʦ ʥʝʛʘʪʠʚʥʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ 

ʩʪʘʥʽ ʜʠʪʷʯʦʛʦ ʦʨʛʘʥʽʟʤʫ (1). ʏʘʩʪʽʰʝ ʥʘ 
ʨʫʙʮʝʚʠʡ ʩʪʝʥʦʟ ʛʦʨʪʘʥʽ ʭʚʦʨʽʶʪʴ ʜʽʪʠ ʫ 

ʚʽʮʽ ʚʽʜ 1 ʜʦ 6 ʨʦʢʽʚ (63,1%). (1, 2). 

 Introduction. Chronic laryngeal stenosis is 

a severely disabling disease of the larynx 

and upper trachea that presents with partial 

or complete disruption of the respiratory 

and vocal functions. Such disease has 

notably negative impact on a child (1). In 

our practice, laryngeal stenosis presents 
most commonly in children of age 1 

through 6 years (63.1%). (1,2) 

ʄʝʪʘ: ʚʠʚʯʝʥʥʷ ʯʘʩʪʦʪʠ ʧʦʨʫʰʝʥʥʷ 

ʢʦʚʪʘʥʥʷ ʫ ʜʽʪʝʡ ʟ ʨʫʙʮʝʚʠʤ ʩʪʝʥʦʟʦʤ 

ʛʦʨʪʘʥʽ ʪʘ ʥʘʰʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʡʦʛʦ 

ʣʽʢʫʚʘʥʥʷ.  

 Objective: to assess the frequency of 

swallowing dysfunction in children with 

laryngotracheal stenosis and the 

effectiveness of our treatment.  

ʉʧʦʩʽʙ ʜʦʩʣʽʜʞʝʥʥʷ. ʅʘʰʘ ʜ̫̔ ʛʥʦʩʪʠʢʘ 

ʨʫʙʮʝʚʦʛʦ ʩʪʝʥʦʟʫ ʛʦʨʪʘʥʽ ʚʢʣʶʯʘʣʘ 

ʨʦʟʛʣʷʜ ʩʢʘʨʛʠ, ʘʥʘʤʥʝʟ (ʽʩʪʦʨʽʷ) 

ʟʘʭʚʦʨʶʚʘʥʥʷ, ʣʘʨʠʥʛʦʩʢʦʧʽʶ (ʧʨʷʤʫ, 

ʥʝʧʨʷʤʫ, ʨʝʪʨʦʛʨʘʜʥʫ, ʤʽʢʨʦʣʘʨʠʥʛʦʩʢʦ 

ʧʽʶ, ʬʽʙʨʦʣʘʨʠʥʛʦʩʢʦʧʽʶ), ʪʨʘʭʝʦʩʢʦʧʽʶ 

 Research method. Our diagnosis of 

laryngotracheal stenosis included review of 

symptoms and history of present illness, 

laryngoscopy (direct, indirect, retrograde, 

microlaryngoscopy, fiberoptic 

laryngoscopy), tracheoscopy (from above or 

mailto:alkoss@bk.ru


Chronic cicatricial laryngostenosis  A. Kosakovskyi, I. Kosakivska 

JUMANA   ʃʽʢʘʨʩʴʢʠʡ ʚʽʩʥʠʢ 
Vol. 52, No. 1 (156)  ʈʽʢ 52, ʯ. 1 (156) 

20 

(ʚʝʨʭʥʶ, ʥʠʞʥʶ), ʨʝʥʪʛʝʥʦʛʨʘʬʽ,ʁ 

ʤʘʛʥʽʪʦ-ʨʝʟʦʥʘʥʩʥʫ ʪʦʤʦʛʨʘʬʽʶ, 

ʫʣʴʪʨʘʟʚʫʢʦʚʝ ʩʢʘʥʫʚʘʥʥʷ ʛʦʨʪʘʥʽ, 

ʚʠʚʯʝʥʥʷ ʨʦʟʜʽʣʴʥʦʾ ʬʫʥʢʮʽʾ ʛʦʨʪʘʥʽ. 

below). Radiologic studies include simple 

lateral neck soft tissue x-ray, magnetic 

resonance imaging tomography, laryngeal 

ultrasound scan and swallowing evaluation.  

ʂʨʠʪʝʨʽʾ ʚʢʣʶʯʝʥʥʷ ʭʚʦʨʠʭ ʚ 

ʜʦʩʣʽʜʞʝʥʥʷ: ʩʪʘʪʴ (ʭʣʦʧʯʠʢʠ  ̔ʜʽʚʯʘʪʢʘ); 
ʚʽʢ ʚʽʜ 1 ʜʦ 15 ʨʦʢʽʚ; ʜʽ̫ʛʥʦʟ (ʭʨʦʥʽʯʥʠʡ 

ʨʫʙʮʝʚʠʡ ʩʪʝʥʦʟ ʛʦʨʪʘʥʽ); ʧʠʩʴʤʦʚʘ ʟʛʦʜʘ 

ʙʘʪʴʢʽʚ ʧʘʮʽʻʥʪʘ ʙʨʘʪʠ ʫʯʘʩʪʴ ʚ 

ʜʦʩʣʽʜʞʝʥʥʽ ʪʘ ʚʠʢʦʥʫʚʘʪʠ ʡʦʛʦ ʚʠʤʦʛʠ. 

 Inclusion criteria for study were: children 

between the ages of 1 and 15 years; chronic 
laryngeal stenosis diagnosis; parental 

written consent to participate in the study 

and to follow its requirements. 

ɼʽʪʠ ʚʢʣʶʯʘʣʠʩʴ ʚ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʩʣʷ 

ʧʠʩʴʤʦʚʦʾ ʟʛʦʜʠ ʙʘʪʴʢʽʚ ʪʘ ʧʠʩʴʤʦʚʦʾ 

ʟʛʦʜʠ ʜʽʪʝʡ ʷʢʠʤ ʚʠʧʦʚʥʠʣʦʩʷ 6 ʨʦʢʽʚ. 

 Children were included in the study after 

the parents as well as by children older than 

6 years provided written informed consent. 

ʂʨʠʪʝʨʽʾ ʚʠʢʣʶʯʝʥʥʷ - ʪʷʞʢʽ ʥʝʚʨʦʣʦʛʽʯ-

ʥ ̔ ʨʦʟʣʘʜʠ, ʥʝʙʘʞʘʥʥʷ ʧʘʮʽʻʥʪʘ (ʡʦʛʦ 

ʙʘʪʴʢʽʚ) ʚʠʢʦʥʫʚʘʪʠ ʚʠʤʦʛʠ ʧʨʦʪʦʢʦʣʫ, 

ʚʢʣʶʯʘʶʯʠ ʧʽʜʧʠʩʘʥʥʷ ʽʥʬʦʨʤʦʚʘʥʦʾ 

ʟʛʦʜʠ. 

 Exclusion criteria were severe neurological 

disorders and unwillingness of the patient or 

parents to comply with the study protocol, 

including signature for informed consent. 

ʃʽʢʫʚʘʥʥʷ ʭʚʦʨʠʭ ʽʟ ʭʨʦʥʽʯʥʠʤ ʨʫʙʮʝʚʠʤ 

ʩʪʝʥʦʟʦʤ ʛʦʨʪʘʥʽ ʧʦʚʠʥʥʦ ʟʘʙʝʟʧʝʯʠʪʠ 

ʚʽʣʴʥʝ ʜʠʭʘʥʥʷ ʯʝʨʝʟ ʧʨʠʨʦʜʥʽ ʰʣʷʭʠ, 

ʟʚʽʣʴʥʠʪʠ ʾʭ ʚʽʜ ʪʨʘʭʝʦʩʪʦʤʽʯʥʦʾ ʪʨʫʙʢʠ, 

ʚʽʜʥʦʚʠʪʠ ʪʦʶ ʯʠ ʽʥʰʦʶ ʤʽʨʦʶ ʬʦʥʘ-

ʪʦʨʥʫ ʬʫʥʢʮʽʶ ʪʘ ʚʽʜʥʦʚʠʪʠ ʨʦʟʜʽʣʴʥʫ 

ʬʫʥʢʮʽʶ ʛʦʨʪʘʥʽ. ʋ ʥʘʰʠʭ ʭʚʦʨʭ ʟʘʩʪʦʩʦ-

ʚʫʚʘʣʠʩʴ ʝʥʜʦʩʢʦʧʽʯʥʽ, ʝʢʩʪʨʘ-ʣʘʨʠʥ-

ʛʘʣʴʥʽ, ʝʥʜʦ-ʢʩʪʨʘ-ʣʘʨʠʥʛʘʣʴʥʽ ʩʧʦʩʦʙʠ 

ʭʽʨʫʨʛʽʯʥʠʭ ʚʪʨʫʯʘʥʴ, ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜ-

ʢʘʭ - ʩʧʦʩʦʙʠ ʥʘʢʣʘʜʘʥʥʷ ʪʨʘʭʝʦ-ʛʦʨʪʘʥ-
ʥʠʭ ʘʙʦ ʤʽʞʪʨʘʭʝʘʣʴʥʠʭ ʘʥʘʩʪʦʤʦʟʽʚ. 

 Treatment of children with chronic 

laryngotracheal stenosis should establish 

safe, stable airflow through the natural 

upper airway; allow tracheostomy tube 

decannulation, renew phonation and 

swallowing without aspiration. In our 

patients we used endoscopic, extralaryngeal 

and endoextralaryngeal approaches for 

surgical intervention, and in select cases, 

laryngotracheal or tracheo-tracheal 

anastomoses. 

ɼʣʷ ʚʠʜʘʣʝʥʥʷ ʨʫʙʮʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʷʢ ʪʨʘʜʠʮʽʡʥʽ ʭʽʨʫʨʛʽʯʥʽ ʽʥʩʪʨʫʤʝʥʪʠ, ʪʘʢ 

ʽ ʝʣʝʢʪʨʦʟʚʘʨʶʚʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʾ. ʇʨʠ 

ʭʽʨʫʨʛʽʯʥʠʭ ʚʪʨʫʯʘʥʥʷʭ - ʚʠʜʘʣʝʥʥʷ ʨʫʙ-

ʮʝʚʦʾ ʤʝʤʙʨʘʥʠ ʛʦʨʪʘʥʦʛʣʦʪʢʠ ʪʘ ʛʦʨ-

ʪʘʥʽ, ʧʨʠ ʟʚʽʣʴʥʝʥʥʽ ʚʽʜ ʨʫʙʮʽʚ ʥʘʜʛʦʨ-

ʪʘʥʥʠʢʘ, ʚʠʜʘʣʝʥʥʽ ʨʫʙʮʽʚ ʛʦʨʪʘʥʽ ʪʘ 

ʪʨʘʭʝʾ ʤʠ ʢʦʨʠʩʪʫʚʘʣʠʩʴ ʙʽʧʦʣʷʨʥʠʤ 

ʩʢʘʣʴʧʝʣʝʤ ʚʣʘʩʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ (ʨʠʩ. 1) 

ʪʘ ʝʣʝʢʪʨʦʭʽʨʫʨʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ ɽʂ-

300ʄ1 (3, 4, 5), ʱʦ ʜʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ 
ʦʧʝʨʘʮʽʾ ʙʝʟʢʨʦʚʥʦ. ɽʣʝʢʪʨʦʭʽʨʫʨʛʽʯʥʠʡ 

ʝʬʝʢʪ ʨʽʟʘʥʥʷ ʽ ʢʦʘʛʫʣʷʮʽʾ ʙʽʦʣʦʛʽʯʥʠʭ 

ʪʢʘʥʠʥ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʘʰʦʛʦ ʙʽʧʦ-

ʣʷʨʥʦʛʦ ʧʨʠʣʘʜʫ ʜʦ ʤ'ʷʢʠʭ ʪʢʘʥʠʥ ʟʘʩʥʦ-

ʚʘʥʠʡ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʽ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦ-

ʢʦʛʦ ʩʪʫʧʝʥʷ ʥʘʛʨʽʚʫ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ 

(40-70Áʉ) ʧʦʪʦʢʦʤ ʩʪʨʫʤʫ (66 ʢɻʮ) ʤʽʞ 

ʜʚʦʤʘ ʯʘʩʪʠʥʘʤʠ ʙʽʧʦʣʷʨʥʦʛʦ ʣʝʟʘ. 

 To excise scar tissue within the larynx and 

trachea, we used standard manual surgical 

instruments, as well as electrocautery. To 

excise the laryngeal and laryngopharyngeal 

cicatricial membrane and to free the 

epiglottis, larynx and trachea of scar, we 

used a bipolar scalpel that we have designed 

(Fig. 1) along with EK-300M1 

electrosurgical equipment (3, 4, 5). This 

allowed us to operate without blood loss. 

The electrosurgical effects of cutting and 
coagulating biological tissues with our 

bipolar application of current to soft tissue 

were based upon and required achievement 

of sufficiently high tissue heating (40-70ôC) 

with the 66 kHz frequency current passing 

between the poles of the bipolar unit.  
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Fig.1. 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʝʢʩʪʨʘʣʘʨʠʥʛʝʘʣʴʥʦʾ 

ʤʝʪʦʜʠʢʠ ʣʘʨʠʥʛʦʪʨʘʭʝʦʧʣʘʩʪʠʢʠ ʣʽʢʫ-

ʚʘʥʥʷ ʚʢʣʶʯʘʣʦ 4 ʝʪʘʧʠ: ʧʝʨʰʠʡ ï ʨʦʟ-

ʪʠʥ ʧʝʨʩʪʥʝʧʦʜʽʙʥʦʛʦ, ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜ-

ʢʘʭ ʽ ʥʠʞʥʴʦʾ ʪʨʝʪʠʥʠ ʱʠʪʦʧʦʜʽʙʥʦʛʦ 

ʭʨʷʱʘ ʛʦʨʪʘʥʽ ʽ ʚʠʜʘʣʝʥʥʷ ʨʫʙʮʝʚʦʾ 

ʪʢʘʥʠʥʠ, ʱʦ ʩʧʨʠʯʠʥʷʣʘ ʩʪʝʥʦʟ; ʜʨʫʛʠʡ ï 
ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʩʚʽʪʫ ʛʦʨʪʘʥʽ; ʪʨʝʪʽʡ ï 

ʧʝʨʝʚʽʨʢʘ ʩʪʽʡʢʦʩʪʽ ʩʪʚʦʨʝʥʦʛʦ ʢʘʥʘʣʫ; 

ʯʝʪʚʝʨʪʠʡ ï ʧʣʘʩʪʠʯʥʝ ʟʘʢʨʠʪʪʷ ʪʨʘʭʝʦ-

ʩʪʦʤʠ. ɻʦʨʪʘʥʴ ʧʽʜ ʯʘʩ ʦʧʝʨʘʮʽʾ ʧʦʰʘ-

ʨʦʚʦ ʟʘʰʠʚʘʣʠ. ɿʘ ʧʦʢʘʟʘʤʠ ʚʠʢʦʨʠʩʪʦ-

ʚʫʚʘʣʠ ʨʽʟʥʽ ʤʝʪʦʜʠʢʠ ʨʦʟʰʠʨʝʥʥʷ 

ʧʨʦʩʚʽʪʫ ʛʦʨʪʘʥʽ ʥʘ ʨʽʚʥʽ ʧʝʨʩʪʥʝʧʦ-

ʜʽʙʥʦʛʦ ʭʨʷʱʘ (ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʬʨʘʛʤʝʥʪʘ ʭʨʷʱʘ ʘʙʦ ʧʽʜʷʟʠʢʦʚʦʾ ʢʽʩʪʢʠ). 

ɼʣʷ ʜʠʣʘʪʘʮʽʾ ʛʦʨʪʘʥʽ ʽ ʪʨʘʭʝʾ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʠʣʘʪʘʪʦʨʠ ʚʣʘʩʥʦʾ 
ʢʦʥʩʪʨʫʢʮʽʾ, ʚʠʛʦʪʦʚʣʝʥʽ ʽʟ ʩʦʨʙʮʽʡʥʠʭ 

ʚʦʣʦʢʥʠʩʪʠʭ ʤʘʪʝʨʽʣ̫ʽʚ (6, 7). 

 In our extralaryngeal approach, laryngo-

tracheoplasty treatment included four 

stages: 1 - incision through the cricoid 

cartilage, and occasionally through the 

lower third of the thyroid cartilage, then 

excision of the stenosing scar tissue; 2 - 

recreation of the laryngeal lumen; 3 - 
evaluation of the stability of the newly 

formed airway; and 4 - plastic closure of the 

tracheostomy. During surgery, the larynx 

was closed in layers. Depending upon 

indications, we used a variety of methods to 

enlarge the laryngeal lumen at the level of 

the cricoid cartilage, for example, by 

implanting a fragment of cartilage or the 

hyoid bone. To dilate the larynx and trachea 

we used dilators that we have designed and 

constructed from absorptive, fibrous 
materials. (6, 7) 

ʇʝʨʝʚʘʛʘ ʦʩʪʘʥʥʽʭ: ʟʙʽʣʴʰʝʥʥʷ ʦʙô̒ ʤʫ 

ʜʠʣʘʪʘʪʦʨʘ ʚ ʥʘʩʣʽʜʦʢ ʧʦʛʣʠʥʘʥʥʷ 

ʚʦʣʦʛʠ ʪʘ ʙʘʢʪʝʨʠʮʠʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʩʦʨʙʮʽʡʥʦʛʦ ʤʘʪʝʨʽ̫ʣʫ (1, 7). ʊʘʤʧʦʥʠ-

ʜʠʣʘʪʘʪʦʨʠ ʚ ʛʦʨʪʘʥʴ ʚʚʦʜʠʣʠ ʯʝʨʝʟ 

ʪʨʘʭʝʦʩʪʦʤʫ. 

 There are two recognized advantages of the 

latter dilators: the increasing dilator volume 

attributed to dilator absorption of humidity 

and the bacteriocidal properties of the 

absorptive material. Tampon - dilators were 

placed into the larynx through the 

tracheostomy. 

ʋ ʜʽʪʝʡ-ʢʘʥʶʣʝʥʦʩʽʾʚ ʧʽʩʣʷ ʧʦʨʠ 

ʜʠʣʘʪʘʮʽʾ ʛʦʨʪʘʥʽ ʚʠʢʦʥʫʚʘʣʠ 

ʜʝʢʘʥʶʣʷʮʽʶ. ʆʩʪʘʥʥʷ ʥʝʨʽʜʢʦ ʤʘʣʘ 
ʧʝʚʥʽ ʪʨʫʜʥʦʱʽ. ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ 

ʫʩʢʣʘʜʥʝʥʴ ʜʝʢʘʥʶʣʷʮʽʾ ʧʝʨʝʜ ʾʾ 

ʧʨʦʚʝʜʝʥʥʷʤ ʫʧʝʚʥʶʚʘʣʠʩʷ ʚ ʥʘʷʚʥʦʩʪʽ 

ʜʦʩʪʘʪʥʴʦʛʦ ʧʨʦʩʚʽʪʫ ʛʦʨʪʘʥʽ ʽ ʪʨʘʭʝʾ, 

ʚʠʢʦʥʘʚʰʠ ʜʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʥʝ ʧʨʦʚʦʜʠʣʠ ʜʝʢʘʥʶʣʷʮʽʶ 

ʥʘ ʬʦʥʽ ʟʘʛʦʩʪʨʝʥʥʷ ʙʨʦʥʭʽʪʫ ʯʠ 

ʭʨʦʥʽʯʥʦʾ ʧʥʝʚʤʦʥʽʾ, ʚ ʨʷʜʽ ʚʠʧʘʜʢʽʚ 

 After a period of dilation, children with 

tracheostomy were decannulated.  The last 

often had certain difficulties. To avoid 
complications of decannulation, before 

attempting decanulation, we reconfirmed 

adequate tracheal and largyngeal patency 

with a minimum battery of tests. Also, we 

did not decannulate in the presence of acute 

bronchitis or chronic pneumonia. In these 

cases, we prescribed relieving therapy. 

Before decannulation, we gradually reduced 
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ʧʨʠʟʥʘʯʘʣʠ ʟʘʩʧʦʢʽʡʣʠʚʫ ʪʝʨʘʧʽʶ. ʇʝʨʝʜ 

ʜʝʢʘʥʶʣʷʮʽʻʶ  ʟʤʝʥʰʫʚʘʣʠ ʜʽʤ̫ʝʪʨ 

ʪʨʘʭʝʦʩʪʦʤʽʯʥʦʾ ʪʨʫʙʢʠ ʟ ʧʦʜʘʣʴʰʠʤ 

ʟʘʢʨʠʚʘʥʥʷʤ ʧʨʦʩʚʽʪʫ ʪʨʫʙʢʠ ʫ ʧʨʦʜʦʚʞ 

3 ʜʥʽʚ, ʘʙʦ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʩʧʝʮʽʣ̫ʴʥʫ 

ʪʨʘʭʝʦʩʪʦʤʽʯʥʫ ʪʨʫʙʢʫ ʚʣʘʩʥʦʾ 
ʢʦʥʩʪʨʫʢʮʽʾ (1, ʨʠʩ. 2). ʇʨʠ ʟʙʝʨʝʞʝʥʥʽ 

ʪʨʘʭʝʦʩʪʦʤʠ ʚʠʢʦʥʫʚʘʣʠ ʾʾ ʧʣʘʩʪʠʢʫ. 

ʊʨʠʚʘʣʽʩʪʴ ʜʠʣʘʪʘʮʽʾ ʛʦʨʪʘʥʽ ʽ ʪʨʘʭʝʾ 

ʜʽʪʝʡ ʩʪʘʥʦʚʠʣʘ ʥʝ ʤʝʥʰʝ 3 ʤʽʩʷʮʽʚ. 

the diameter of the tracheostomy tube to 

close the lumen incremently over a period 

of 3 days.  Or, we used a tracheostomy tube 

that we have specifically designed to help in 

this ñweaningò procedure. (1, fig. 2) In 

cases of residual tracheostomy, we 
surgically closed the remaining 

tracheostomy. The duration of laryngeal and 

tracheal dilatations in children was not less 

than 3 months.  
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Fig. 2 

ʇʨʠ ʝʥʜʦʩʢʦʧʽʯʥʦʤʫ ʚʠʜʘʣʝʥʥʽ ʨʫʙʮʽʚ 

(ʜʽʪʠ ʙʝʟ ʪʨʘʭʝʦʩʪʦʤʠ) ʚ ʧʽʩʣʷʦʧʝʨʘʮʽʡʥʽ 
ʧʦʨʽ ʧʨʦʚʦʜʠʣʠ ʚʥʫʪʨʽʰʥʴʦʪʢʘʥʠʥʥʠʡ 

ʫʣʴʪʨʘʬʦʥʦʬʦʨʝʟ ʢʦʨʪʠʢʦʩʪʝʨʦʾʜʽʚ ʽ 

ʽʥʰʠʭ ʣʽʢʘʨʩʪʚ ʧʦ ʤʝʪʦʜʠʮʽ, ʨʦʟʨʦʙʣʝʥʽʡ 

ʚ ʢʣʽʥʽʮʽ (1). ɺ ʮʠʭ ʭʚʦʨʠʭ ʜʠʣʘʪʘʮʽʶ 

ʛʦʨʪʘʥʽ ʚ ʧʽʩʣʷʦʧʝʨʘʮʽʡʥʦʤʫ ʧʝʨʽʦʜʽ ʥʝ 

ʧʨʦʚʦʜʠʣʠ. ʊʨʠʚʘʣʽʩʪʴ ʣʽʢʫʚʘʥʥʷ ʧʦ 

ʜʘʥʽʡ ʤʝʪʦʜʠʮʽ ʩʪʘʥʦʚʠʣʦ ʙʽʣʷ 1 ʤʽʩʷʮʷ. 

 As part of endoscopic cicatrectomy in 

children without tracheostomy, 
corticosteroids and other drugs were applied 

to resected surface areas during post-

operative follow-up. We used techniques 

for ultraphonophoresis that we developed in 

our clinic (1). In these cases, post-opertive 

laryngeal dilatations were not performed. 

Treatment lasted about 1 month. 

ɽʥʜʦʝʢʩʪʨʘʣʘʨʠʥʛʝʘʣʴʥʠʡ ʤʝʪʦʜ ʟʘʢʣʶ-

ʯʘʚʩʷ ʚ ʪʦʤʫ, ʱʦ ʧʝʨʰʠʤ ʝʪʘʧʦʤ ʦʧʝʨʘʮʽʾ 

ʙʫʣʦ ʝʥʜʦʩʢʦʧʽʯʥʝ ʚʠʜʘʣʝʥʥʷ ʨʫʙʮʽʚ ʚ 

ʛʦʨʪʘʥʽ ʽ ʣʠʰʝ ʧʨʠ ʥʝʤʦʞʣʠʚʦʩʪʽ ʚʽʜʥʦ-

ʚʠʪʠ ʧʦʚʥʽʩʪʶ ʧʨʦʩʚʽʪ ʛʦʨʪʘʥʽ ʽ ʪʨʘʭʝʾ 
ʧʝʨʝʭʦʜʠʣʠ ʜʦ ʝʢʩʪʨʘʣʘʨʠʥʛʝʘʣʴʥʦʛʦ 

ʜʦʩʪʫʧʫ. 

 Endo-extra-laryngeal procedures included 

an initial stage of endscoopic resection of 

laryngeal scar. Only cases recalcitrant to 

fully adequate renewal of the laryngeal 

lumen and trachea were converted to 
ñopenò extralaryngeal approaches.  

ʉʧʦʩʦʙʠ ʤʽʞʪʨʘʭʝʘʣʴʥʦʛʦ ʘʙʦ ʪʨʘʭʝʦʛʦʨ-

ʪʘʥʥʦʛʦ ʘʥʘʩʪʦʤʦʟʽʚ ʟʘʢʣʶʯʘʣʠʩʷ ʫ ʚʠʜʘ-

ʣʝʥʥʽ ʚʨʘʞʝʥʦʾ ʧʘʪʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ 

ʜʽʣʷʥʢʠ ʪʨʘʭʝʾ ʯʠ ʛʦʨʪʘʥʽ ʟ ʧʦʜʘʣʴʰʠʤ 

ʥʘʢʣʘʜʘʥʥʷʤ ʘʥʘʩʪʦʤʦʟʫ ʤʽʞ ʥʘʧʽʚʢʽʣʴ-

ʮʷʤʠ ʪʨʘʭʝʾ ʘʙʦ ʤʽʞ ʪʨʘʭʝʻʶ ʽ ʱʠʪʦʧʦ-

ʜʽʙʥʠʤ (ʱʠʪʦʧʦʜʽʙʥʠʤ ʽ ʧʝʨʩʪʥʝʧʦʜʽʙ-

ʥʠʤ) ʭʨʷʱʘʤʠ ʛʦʨʪʘʥʽ. ʇʨʠ ʮʴʦʤʫ ʪʨʘʭʝʷ 

ʤʦʙʽʣʽʟʫʚʘʣʘʩʷ ʜʦ ʙʽʬʫʨʢʘʮʽʾ ʽ ʧʽʜʪʷʛʫ-
ʻʪʴʩʷ ʚʚʝʨʭ. ʊʘʢʽ ʦʧʝʨʘʮʽʾ ʚʠʢʦʥʫʚʘʣʠ ʨʘ-

ʟʦʤ ʟ ʪʦʨʘʢʘʣʴʥʠʤ ʭʽʨʫʨʛʦʤ ʘʙʦ ʭʚʦʨʦʛʦ 

ʧʝʨʝʚʦʜʠʣʠ ʥʘ ʣʽʢʫʚʘʥʥʷ ʚ ʪʦʨʘʢʘʣʴʥʠʡ 

 Intratracheal or laryngotracheal ansatomosis 

is needed after a diseased segment of the 

larynx or trachea has been excised to join 

healthy segments of trachea (tracheal rings), 

the cricoid or thyroid cartilages. In these 

cases, the trachea is mobilized to its 

bifurcation (carina) and pulled up.  Such 

surgeries and performed together with a 

thoracic surgeon or the patient is is 
transferred to a thoracic unit.  
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ʮʝʥʪʨ. 

ɺʠʩʣʽʜʠ ʣʽʢʫʚʘʥʥʷ ʦʮʽʥʶʚʘʣʠ ʟʘ ʪʘʢʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ: ʬʘʢʪ ʜʝʢʘʥʶʣʷʮʽʾ, ʚʽʜʥʦʚ-

ʣʝʥʥʷ ʛʦʣʦʩʦʚʦʾ ʬʫʥʢʮʽʾ, ʚʽʜʥʦʚʣʝʥʥʷ ʨʦ-

ʟʜʽʣʴʥʦʾ ʬʫʥʢʮʽʾ ʛʦʨʪʘʥʽ, ʢʨʘʪʥʽʩʪʴ ʭʽʨʫʨ-

ʛʽʯʥʠʭ ʚʪʨʫʯʘʥʴ, ʩʝʨʝʜʥʽ ʪʝʨʤʽʥʠ ʣʽʢʫ-
ʚʘʥʥʷ, ʢʽʣʴʢʽʩʪʴ ʨʝʮʠʜʠʚʽʚ ʟʘʭʚʦʨʶʚʘʥʥʷ. 

 Our treatment outcomes were judged by the 

following criteria: successful tracheotomy 

decannulation, restoration of voice, 

swallowing without aspiration, successful 

healing of surgical incisions, average 
treatment time and the recurrence rate. 

ɺʠʩʣʽʜʠ ʪʘ ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ:  

ʇʜ̔ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤ ʧʝʨʝʙʫʚʘʣʦ 146 ʭʚʦ-

ʨʠʭ ʟ ʨʫʙʮʝʚʠʤ ʩʪʝʥʦʟʦʤ ʛʦʨʪʘʥʽ  ̔ʰʠʡ-

ʥʦʛʦ ʚʽʜʜʽʣʫ ʪʨʘʭʝʾ ʚʽʢʦʤ ʚʽʜ 1 ʜʦ 15 

ʨʦʢʽʚ, 122 ʟ ʥʠʭ ʙʫʣʠ ʜʽʪʠ-ʢʘʥʶʣʝʥʦʩʽʾ. 

ʅʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʭʚʦʨʠʭ ʙʫʣʘ ʫ ʚʽʮʽ 

ʚʽʜ 1 ʜʦ 6 ʨʦʢʽʚ ï 92 (63%) ʜʠʪʠʥʠ. ʋ ʚʽʮʽ 

ʚʽʜ 7 ʜʦ 15 ʨʦʢʽʚ ʙʫʣʦ 54 (37%) ʭʚʦʨʠʭ. 

ʍʣʦʧʯʠʢʽʚ ʙʫʣʦ 101 (69,2%), ʜʽʚʯʘʪʦʢ ï 

45 (30,8%). 

 Results and discussion. 

Our study enrolled 146 patients with 

laryngotracheal stenosis, age 1 to 15 years 

old. Of these, 122 patients had cannulated 

tracheostomies. Most children (92 or 63%) 

were in the 1 to 6 age group. Fifty-four 

(37%) of the children were 7 to 15 years 

old.  There were 101 (69.2%) boys and 45 

(30.8%) girls. 

ʇʨʠʯʠʥʦʶ ʟʘʭʚʦʨʶʚʘʥʥʷ ʙʫʣʠ: 
ʧʨʦʜʦʚʞʝʥʘ ʽʥʪʫʙʘʮʽʷ ʫ 112 ʧʘʮʽʻʥʪʽʚ, 

ʙʘʛʘʪʦʨʘʟʦʚʽ ʭʽʨʫʨʛʽʯʥʽ ʚʪʨʫʯʘʥʥʷ ʚ 

ʛʦʨʪʘʥʽ ʟ ʚʠʜʘʣʝʥʥʷʤ ʧʘʧʽʣʦʤ ï ʫ 15, 

ʚʝʨʭʥʷ ʪʨʘʭʝʦʩʪʦʤʽʷ ʪʘ ʣʘʨʠʥʛʦ-

ʪʨʘʭʝʦʩʪʦʤʽʷ ï ʫ 7, ʧʨʠʨʦʜʞʝʥʽ ʘʥʦʤʘʣʽʾ 

ʨʦʟʚʠʪʢʫ ʛʦʨʪʘʥʽ ï ʫ 6, ʦʧʽʢ ʛʦʨʪʘʥʦ-

ʛʣʦʪʢʠ ʪʘ ʛʦʨʪʘʥʽ ʧʝʨʤʘʥʛʘʥʘʪʦʤ ʢʘʣʽʶ ï 

ʫ 4 ʧʘʮʽʻʥʪʽʚ, ʟʦʚʥʽʰʥʷ ʪʨʘʚʤʘ  ʛʦʨʪʘʥʽ ï 

ʫ 1, ʪʨʘʚʤʘʪʠʯʥʽ ʤʘʥʽʧʫʣʷʮʽʾ ʚ ʛʦʨʪʘʥʽ 

(ʚʠʜʘʣʝʥʥʷ ʩʪʦʨʦʥʥʴʦʛʦ ʪʽʣʘ) ï ʫ 1. 

 Etiologies of laryngotracheal stenosis were 
as follows: prolonged endotracheal 

intubation in 112 patients, multiple surgical 

interventions for recurrent laryngeal 

papilloma in 15; high tracheostomy or 

cricothyrotomy in 7, congenital anomalies 

of larynx in 6, permanganate burns in 4, 

external laryngeal trauma in 1, and 

complications of removal of a 

laryngotracheal foreign body in 1 patient. 

ʊʨʠʚʘʣʽʩʪʴ ʧʨʦʜʦʚʞʝʥʦʾ ʽʥʪʫʙʘʮʽʾ ʫ ʮʠʭ 
ʧʘʮʽʻʥʪʽʚ ʙʫʣʘ ʚʽʜ 3 ʜʥʽʚ ʜʦ 3 ʤʽʩʷʮʽʚ. 

 Duration of intubation ranged from 3 days 
to 3 months. 

ʊʨʠʚʘʣʽʩʪʴ ʟʥʘʭʦʜʞʝʥʥʷ ʪʨʘʭʝʦʩʪʦʤʽʯʥʦʾ 

ʪʨʫʙʢʠ ʚ ʪʨʘʭʝʾ ʙʫʣʘ ʜʦ 6 ʤʽʩʷʮʽʚ ʫ 31, 

ʚʽʜ 6 ʤʽʩʷʮʽʚ ʜʦ 1 ʨʦʢʫ ï ʫ 22, 1-3 ʨʦʢʠ ï 

ʫ 61, 4-6 ʨʦʢʽʚ ï 6, 8 ʨʦʢʽʚ ï ʫ 2 ʭʚʦʨʠʭ ʟ 

ʨʫʙʮʝʚʠʤ ʩʪʝʥʦʟʦʤ ʛʦʨʪʘʥʽ. ʋ 6 ʜʽʪʝʡ 

ʪʨʘʭʝʦʩʪʦʤʽʯʥʘ ʪʨʫʙʢʘ ʙʫʣʘ ʤʝʪʘʣʝʚʘ, ʫ 

ʨʝʰʪʠ ï ʧʣʘʩʪʤʘʩʦʚʘ. ʆʜʥʘʢ ʫ 5 (4,1%) 

ʪʨʫʙʢʘ ʤʘʣʘ ʟʥʘʯʥʦ ʙʽʣʴʰʠʡ ʜʽʘʤʝʪʨ, ʥʽʞ 

ʧʨʦʩʚʽʪ ʪʨʘʭʝʾ, ʘ ʫ 7 (5,7%) ï ʙʫʣʘ ʟ 

ʥʘʜʤʽʨʥʦʶ ʢʨʫʪʠʟʥʦʶ. 

 Tracheostomy tubes were indwelling for 

less than 6 months in 31 patients, for 6 

months to 1 year in 22 patients, for 1 to 3 

years in 61 patients, for 4 to 6 years in 6 

patients, for 8 years and beyond in 2 

patients. Six children had a metal 

tracheostomy tube; other children had a 

plastic trach tube. Five children wore a 

tracheostomy tube that was wider than the 

trachea itself. Seven children had an overly 

curved tracheostomy tube. 
ʃʦʢʘʣʽʟʘʮʽʷ ʨʫʙʮʝʚʦʛʦ ʧʨʦʮʝʩʫ ʚ ʛʦʨʪʘʥʽ: 

ʧʨʠʩʽʥʦʢ ʛʦʨʪʘʥʽ ʪʘ ʚʣʘʩʥʝ ʛʦʣʦʩʦʚʠʡ 

ʘʧʘʨʘʪ ï ʫ 4,2%, ʚʣʘʩʥʝ ʛʦʣʦʩʦʚʠʡ ʘʧʘʨʘʪ 

ï ʫ 2,8%, ʚʣʘʩʥʝ ʛʦʣʦʩʦʚʠʡ ʘʧʘʨʘʪ ʽ 

ʧʽʜʛʦʣʦʩʥʠʢʦʚʘ ʧʦʨʦʞʥʠʥʘ ï ʫ 25%, 

ʧʽʜʛʦʣʦʩʥʠʢʦʚʘ ʧʦʨʦʞʥʠʥʘ ï ʫ 66,6%, ʚʩʽ 

ʚʽʜʜʽʣʠ ʛʦʨʪʘʥʽ ï ʫ 1,4% ʜʽʪʝʡ. 

 The cicatrical process was localized in the 

laryngeal vestibule and vocal cords in 4.2%, 

at the glottis in 2.8%, at the glottis and 

infraglottic cavity in 25%, within in the 

infraglottic cavity in 66.6% and throughout 

all levels of the larynx in 1.4% of children. 

ʂʨʽʤ ʪʦʛʦ, ʤʘʡʞʝ ʫ ʧʦʣʦʚʠʥʠ ʭʚʦʨʠʭ 

ʨʫʙʮʝʚʠʡ ʧʨʦʮʝʩ ʚ ʛʦʨʪʘʥʽ ʧʦʻʜʥʫʚʘʚʩʷ ʟ 
 Additionally, in nearly half of these 

patients, the laryngeal cicatrical process 
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ʨʫʙʮʝʚʦʶ ʜʝʬʦʨʤʘʮʽʻʶ ʪʨʘʭʝʾ ʚʠʱʝ ʪʨʘ-

ʭʝʦʩʪʦʤʠ, ʨʽʜʰʝ ï ʟ ʨʫʙʮʝʚʦʶ ʜʝʬʦʨ-

ʤʘʮʽʻʶ ʪʨʘʭʝʾ ʚʠʱʝ ʽ ʥʠʞʯʝ ʪʨʘʭʝʦʩʪʦʤʠ. 

ʋ ʢʦʞʥʦʛʦ ʰʦʩʪʦʛʦ ʭʚʦʨʦʛʦ ʙʫʚ 

ʭʦʥʜʨʦʧʝʨʠʭʦʥʜʨʠʪ ʭʨʷʱʽʚ ʛʦʨʪʘʥʽ, ʘ ʚ 

ʢʦʞʥʦʛʦ ʩʴʦʤʦʛʦ ʭʦʥʜʨʦʤʘʮʽʷ ʚʽʜ 1 ʜʦ 6 
ʥʘʧʽʚʢʽʣʝʮʴ ʪʨʘʭʝʾ. 

conjoined scar deformity in the trachea 

above the tracheostomy. Less frequently 

scar deformity was suprerior and inferior to 

the tracheostomy. Every sixth patient had 

laryngeal cartilage perichondritis, while 

every seventh patient had chondromalacia 
of 1 to 6 tracheal rings. 

ʋ ʪʨʝʪʠʥʠ ʭʚʦʨʠʭ ʜʦ ʧʦʩʪʫʧʣʝʥʥʷ ʚ ʥʘʰʫ 

ʢʣʽʥʽʢʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʚʽʜ 1 ʜʦ 5 

ʦʧʝʨʘʪʠʚʥʠʭ ʚʪʨʫʯʘʥʴ ʟ ʧʨʠʚʦʜʫ 

ʨʫʙʮʝʚʦʛʦ ʩʪʝʥʦʟʫ ʛʦʨʪʘʥʽ ʽ ʪʨʘʭʝʾ, ʷʢʽ ʥʝ 

ʧʨʠʟʚʝʣʠ ʜʦ ʦʜʫʞʘʥʥʷ, ʘ ʚ ʜʝʷʢʠʭ 

ʚʠʧʘʜʢʘʭ ʟʥʘʯʥʦ ʧʦʛʽʨʰʠʣʠ ʩʪʘʥ ʭʚʦʨʠʭ. 

 Before coming to our clinic, one third of our 

patients had had several (1 to 5) surgical 

interventions for cicatrical stenosis of the 

larynx and trachea, which were not curative 

tissue. Several cases worsened in status.  

ʉʪʝʥʦʟ ʛʦʨʪʘʥʽ ʤʘʚ ʤʽʩʮʝ ʫ 75,4% ʭʚʦʨʠʭ, 

ʘʪʨʝʟʽʷ (ʩʪʝʥʦʟ ɯʋ ʩʪʫʧʝʥʷ) ʛʦʨʪʘʥʽ ï ʫ 

24,6%. ʆʙʤʝʞʝʥʠʡ ʨʫʙʮʝʚʠʡ ʧʨʦʮʝʩ 

ʚʠʷʚʣʝʥʠʡ ʫ 47,2%, ʧʦʰʠʨʝʥʠʡ ï ʫ 52,8% 

ʚʠʧʘʜʢʽʚ. ʋʪʨʫʜʥʝʥʥʷ ʜʠʭʘʥʥʷ ʧʨʠ 
ʟʘʢʨʠʪʽʡ ʪʨʘʭʝʦʩʪʦʤʽ ʤʘʣʦ ʤʽʩʮʝ ʫ 75,4% 

ʭʚʦʨʠʭ, ʥʝ ʙʫʣʦ ï ʫ 24,6%. ɿʘʭʨʠʧʣʽʩʪʴ 

ʛʦʣʦʩʫ ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʫ 16,9% ʜʽʪʝʡ ʽʟ 

ʩʪʝʥʦʟʦʤ ʛʦʨʪʘʥʽ, ʘ ʡʦʛʦ ʚʽʜʩʫʪʥʽʩʪʴ ʫ 

ʚʩʽʭ ʭʚʦʨʠʭ ʟ ʘʪʨʝʟʽʻʶ ʛʦʨʪʘʥʽ. 

 Laryngeal stenosis was present in 75.4% of 

our patients, atresia (grade IV stenosis) in 

24.6%. Mild scarring was present in 47.2% 

of cases, moderate scarring in 52.8%. 

Dyspnea during trial tracheostomy 
occlusion was observed in 75% of cases; 

24.6% of cases maintained an adequate 

airway. Hoarseness was present in 16.9% of 

children with laryngeal stenosis; complete 

aphonia in all with laryngeal atresia. 

ʇʦʨʫʰʝʥʥʷ ʢʦʚʪʘʥʥʷ ʚʠʷʚʣʝʥʦ ʫ 16 

(11%) ʜʽʪʝʡ ʟ ʨʫʙʮʝʚʠʤ ʩʪʝʥʦʟʦʤ ʛʦʨʪʘʥʽ. 

 Swallowing dysfunction was found in 16 

(11%) of children with laryngeal stenosis. 

ʇʨʠʯʠʥʦʶ ʧʦʨʫʰʝʥʥʷ ʢʦʚʪʘʥʥʷ ʙʫʣʠ: 

ʨʫʙʮʝʚʘ ʜʝʬʦʨʤʘʮʽʷ ʥʘʜʛʦʨʪʘʥʥʠʢʘ ʫ 2, 

ʜʝʬʝʢʪ ʭʨʷʱʘ ʥʘʜʛʦʨʪʘʥʥʠʢʘ (ʨʦʟʨʽʟʘʥʠʡ 

ʰʣʫʥʢʦʚʠʤ ʟʦʥʜʦʤ) - ʫ 1, ʚʽʜʩʫʪʥʽʩʪʴ 
ʥʘʜʛʦʨʪʘʥʥʠʢʠ ʧʽʩʣʷ ʦʧʽʢʫ ʢʨʠʩʪʘʣʘʤʠ 

ʧʝʨʤʘʥʛʘʥʘʪʦʤ ʢʘʣʽʶ ï ʫ 2, ʨʫʙʮʝʚʘ 

ʤʝʤʙʨʘʥʘ ʛʦʨʪʘʥʦʛʣʦʪʢʠ ʧʽʩʣʷ ʦʧʽʢʫ 

ʢʨʠʩʪʘʣʘʤʠ ʧʝʨʤʘʥʛʘʥʘʪʦʤ ʢʘʣʽʶ ï ʫ 3, 

ʭʦʥʜʨʦʧʝʨʠʭʦʥʜʨʠʪ ʭʨʷʱʽʚ ʛʦʨʪʘʥʽ ï ʫ 4, 

ʪʨʘʭʝʦʩʪʨʘʚʦʭʽʜʥʘ ʥʦʨʠʮʷ ʚʨʦʜʞʝʥʘ ï ʫ 

1, ʪʨʘʭʝʦʩʪʨʘʚʦʭʽʜʥʘ ʥʦʨʠʮʷ ʧʽʩʣʷ 

ʪʨʘʭʝʦʩʪʦʤʽʾ ï y 1, ʚʨʦʜʞʝʥʘ ʨʦʟʱʝʣʠʥʘ 

ʛʦʨʪʘʥʽ ï ʫ 1, ʧʨʠʯʠʥʘ ʥʝ ʙʫʣʘ ʚʠʷʚʣʝʥʘ ï 

ʫ 1 ʭʚʦʨʦʛʦ. 

 Swallowing dysfunction was due to 

epiglottal scarring in 2 children; iatrogenic 

epiglottal defects of (nasogastric tube) in 1; 

epiglottal absence secondary to 
permanganate burn in 2; laryngopharyngeal 

scarring secondary to permanganate burn in 

3; laryngeal cartilage perichondritis in 4; 

congenital trachea-esophageal fistula in 1; 

tracheoesophageal fistula after tracheotomy 

in 1; congenital laryngeal cleft in 1; and, 

idiopathic causes in 1 child. 

 

ʋ 5 ʚʠʧʘʜʢʘʭ ʨʫʙʮʝʚʠʡ ʧʨʦʮʝʩ ʚ ʛʦʨʪʘʥʽ 

ʦʙʤʝʞʫʚʘʚ ʨʫʭʣʠʚʽʩʪʴ ʛʦʣʦʩʦʚʠʭ ʩʢʣʘʜʦʢ 
ʽ ʥʘʜʘʚʘʚ ʚʠʜ ʩʝʨʝʜʠʥʥʦʛʦ ʩʪʝʥʦʟʫ ʛʦʨ-

ʪʘʥʽ. ʇʽʩʣʷ ʚʠʜʘʣʝʥʥʷ ʨʫʙʮʽʚ ʨʫʭʣʠʚʽʩʪʴ 

ʛʦʣʦʩʦʚʠʭ ʩʢʣʘʜʦʢ ʚʽʜʥʦʚʠʣʘʩʷ. 

 In 5 cases, laryngeal scar membrane limited 

vocal fold mobility, giving the clinical 
appearance of glottic laryngeal stenosis. 

After scar excision, vocal fold mobility was 

restored in these cases. 

ʉʝʨʝʜ 146 ʜʽʪʝʡ ʟ ʨʫʙʮʝʚʠʤ ʩʪʝʥʦʟʦʤ 

ʛʦʨʪʘʥʽ ʽ ʪʨʘʭʝʾ, ʱʦ ʣʽʢʫʚʘʣʠʩʷ ʧʽʜ 

ʥʘʰʠʤ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤ, 24 ʧʦʩʪʫʧʠʣʠ 

ʙʝʟ ʪʨʘʭʝʦʩʪʦʤʠ ʽ ʙʫʣʠ ʧʨʦʦʧʝʨʦʚʘʥʽ 

ʝʥʜʦʩʢʦʧʽʯʥʠʤ ʩʧʦʩʦʙʦʤ. ʉʝʨʝʜ ʥʠʭ 

ʣʠʰʝ ʚ 1 ʚʠʧʘʜʢʫ ʤʠ ʙʫʣʠ ʟʤʫʰʝʥʽ 

 Among the 146 children that we treated for 

laryngotracheal stenosis, 24 did not have a 

tracheotomy and underwent endoscopic 

procedures. Of these, one case required re-

operation with endo-extralaryngeal 

technique. The other 23 children were 
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ʧʦʚʪʦʨʥʦ ʦʧʝʨʫʚʘʪʠ ʧʦ ʝʥʜʦʝʢʩʪʨʘʣʘʨʠʥ-

ʛʝʘʣʴʥʦʤʫ ʩʧʦʩʦʙʫ. ɺʩʽ ʽʥʰʽ ʙʫʣʠ 

ʚʠʧʠʩʘʥʽ ʟ ʦʜʫʞʘʥʥʷʤ ʧʽʩʣʷ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʣʽʢʫʚʘʥʥʷ, ʱʦ ʚʢʣʶʯʘʣʦ ʚʥʫʪʨʽʰʥʴʦ-

ʪʢʘʥʠʥʥʠʡ ʫʣʴʪʨʘʬʦʥʦʬʦʨʝʟ ʣʽʢʽʚ. ʋ 8 ʟ 

ʥʠʭ ʚ ʧʦʜʘʣʴʰʦʤʫ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʨʦʟ-
ʨʦʩʪʘʥʥʷ ʨʫʙʮʝʚʦʾ ʪʢʘʥʠʥʠ, ʱʦ ʧʦʪʨʝ-

ʙʫʚʘʣʦ ʧʦʚʪʦʨʥʠʭ ʝʥʜʦʩʢʦʧʽʯʥʠʭ ʚʪʨʫ-

ʯʘʥʴ (ʚʽʜ 1 ʜʦ 4 ʨʘʟʽʚ), ʧʽʩʣʷ ʯʦʛʦ ʧʨʦʩʚʽʪ 

ʛʦʨʪʘʥʽ ʙʫʚ ʚʽʜʥʦʚʣʝʥʠʡ. 

discharged after endoscopic treatment, 

which included ultraphonophoretic 

instillation medications to internal tissues. 

Eight of these children had stenotic 

recurrence that required repeat endoscopic 

intervention (1-4 times) for an adequate 
laryngotracheal lumen to be re-established. 

ʋ 120 ʜʽʪʝʡ-ʢʘʥʶʣʷʨʽʚ ʙʫʣʘ ʚʠʢʦʥʘʥʘ 

ʣʘʨʠʥʛʦʪʨʘʭʝʦʧʣʘʩʪʠʢʘ ʧʦ ʝʥʜʦʝʢʩʪʨʘ-

ʣʘʨʠʥʛʝʘʣʴʥʦʤʫ ʩʧʦʩʦʙʫ ʟ ʧʦʜʘʣʴʰʦʶ 

ʜʠʣʘʪʘʮʽʻʶ ʧʨʦʩʚʽʪʫ ʛʦʨʪʘʥʽ ʽ ʚʝʨʭʥʴʦʛʦ 

ʚʽʜʜʽʣʫ ʪʨʘʭʝʾ. ɺ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʭʽʨʫʨ-

ʛʽʯʥʽ ʚʪʨʫʯʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʜʝʢʽʣʴʢʘ 

ʨʘʟʽʚ. ʋ 3 ʭʚʦʨʠʭ, ʫ ʷʢʠʭ ʤʘʣʘ ʤʽʩʮʝ ʭʦʥ-

ʜʨʦʤʘʣʷʮʽʷ ʯʦʪʠʨʴʦʭ-ʧôʷʪʠ ʚʝʨʭʥʽʭ ʥʘ-
ʧʽʚʢʽʣʝʮʴ ʪʨʘʭʝʾ, ʧʽʩʣʷ ʪʨʘʜʠʮʽʡʥʦʾ ʣʘ-

ʨʠʥʛʦʪʨʘʭʝʦʧʣʘʩʪʠʢʠ ʚʠʥʠʢʣʘ ʧʦʪʨʝʙʘ ʚ 

ʥʘʢʣʘʜʘʥʥʽ ʛʦʨʪʘʥʥʦ-ʪʨʘʭʝʘʣʴʥʦʛʦ ʘʥʘʩ-

ʪʦʤʦʟʫ, ʧʽʩʣʷ ʯʦʛʦ ʥʘʩʪʫʧʠʣʦ ʦʜʫʞʘʥʥʷ. 

 One hundred and twenty children with 

cannualted tracheostomy underwent 

laryngotracheoplasty using endo-extra-

laryngeal technique and progressive 

dilatation of the laryngeal and upper 

tracheal lumen. In several cases surgery had 

to be repeated. In 3 patients who had 

chondromalacia of the 4th and 5th tracheal 
rings, after traditional laryngotracheoplasty, 

laryngo-tracheal anastomosis was required 

for successful recovery. 

ʋ 1 ʭʚʦʨʦʛʦ ʟ ʨʫʙʮʝʚʦʶ ʘʪʨʝʟʽʻʶ ʛʦʨʪʘʥʽ 

ʽ ʪʨʘʭʝʾ ʚʠʱʝ ʪʨʘʭʝʦʩʪʦʤʠ, ʫ ʷʢʦʛʦ ʤʘʣʠ 

ʤʽʩʮʝ ʨʦʟʨʠʚ ʥʘʜʛʦʨʪʘʥʥʠʢʘ, ʘʥʢʽʣʦʟ 

ʯʝʨʧʘʢʦ-ʧʝʨʩʪʥʝʧʦʜʽʙʥʦʛʦ ʟʯʣʝʥʫʚʘʥʥʷ 

ʟʣʽʚʘ, ʟʘʣʠʰʢʦʚʽ ʷʚʠʱʘ ʯʝʨʝʧʥʦ-ʤʦʟʢʦʚʦʾ 

ʪʨʘʚʤʠ ʫ ʚʠʛʣʷʜʽ ʪʝʪʨʘʧʘʨʝʟʫ ʽ ʯʘʩʪʢʦʚʦʾ 

ʘʪʨʦʬʽʾ ʟʦʨʦʚʦʛʦ ʥʝʨʚʘ, ʥʝʧʨʘʚʠʣʴʥʦ 
ʢʦʥʩʦʣʽʜʦʚʘʥʽ ʧʝʨʝʣʦʤʠ ʥʠʞʥʽʭ ʢʽʥʮʽʚʦʢ 

ʽ ʬʽʟʽʦʣʽʟ ʛʦʣʦʚʢʠ ʢʫʣʴʰʦʚʦʾ ʢʽʩʪʢʠ, 

ʚʥʘʩʣʽʜʦʢ ʣʽʢʫʚʘʥʥʷ (2 ʦʧʝʨʘʮʽʾ) ʙʫʣʘ 

ʚʽʜʥʦʚʣʝʥʘ ʮʽʣʽʩʪʴ ʥʘʜʛʦʨʪʘʥʥʠʢʘ ʽ 

ʧʨʦʭʽʜʥʽʩʪʴ ʛʦʨʪʘʥʽ, ʘ ʪʘʢʦʞ ʬʦʥʘʪʦʨʥʘ 

ʬʫʥʢʮʽʷ ʛʦʨʪʘʥʽ, ʦʜʥʘʢ ʟʘʣʠʰʠʣʘʩʴ 

ʪʨʘʭʝʦʩʪʦʤʘ. 

 One patient with laryngotracheal atresia 

above the tracheostomy had also had 

pharyngeal rupture. This patient had 

ankylosis of the left cricoarytenoid joint as 

well as residual sequellae of closed head 

injury, quadraparesis, partial atrophy of the 

optic nerve, non-union of lower extremity 
fractures, and aseptic necrosis of the 

femoral head. After two procedures, the 

pharyx integrity was reconstructed; 

laryngeal patency and voice functions were 

restored. The tracheostomy remained. 

ɺʽʜʥʦʚʣʝʥʥʷ ʜʠʭʘʣʴʥʦʾ ʪʘ ʛʦʣʦʩʦʚʦʾ 

ʬʫʥʢʮʽʾ ʧʽʩʣʷ ʦʜʥʦʨʘʟʦʚʦʛʦ ʚʪʨʫʯʘʥʥʷ ʥʘ 

ʛʦʨʪʘʥʽ ʥʘʩʪʫʧʠʣʦ ʫ 103 (84,4%) ʜʽʪʝʡ-

ʢʘʥʶʣʝʥʦʩʽʾʚ. ʋ 19 (15,6%) ï 

ʜʝʢʘʥʶʣʷʮʽʶ ʚʠʢʦʥʘʥʦ ʧʽʩʣʷ ʧʦʚʪʦʨʥʠʭ 
ʧʣʘʩʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ ʥʘ ʛʦʨʪʘʥʽ. 

 Respiratory and phonatory functions were 

restored after single intervention to the 

larynx in 103 (84.4%) children with 

tracheostomy. In 19 (15.6%) cases, 

decannulation was achieved after a series of 
laryngeal reconstructions. 

ʋ 2 ʜʽʪʝʡ ʟ ʨʫʙʮʝʚʦʶ ʘʪʨʝʟʽʻʶ ʛʦʨʪʘʥʽ 

ʧʽʩʣʷ ʣʘʨʠʥʛʦʪʨʘʭʝʦʧʣʘʩʪʠʢʠ ʥʘʩʪʫʧʠʚ 

ʨʝʮʠʜʠʚ ʭʚʦʨʦʙʠ. 

 Two patients with cicatrical atresia of the 

larynx and laryngotracheoplasty had 

recurrent stenosis. 

ʉʝʨʝʜʥʷ ʪʨʠʚʘʣʽʩʪʴ ʣʽʢʫʚʘʥʥʷ ʜʽʪʝʡ-

ʢʘʥʶʣʝʥʦʩʽʾʚ ʧʽʩʣʷ ʦʧʝʨʘʮʽʾ ʩʪʘʥʦʚʠʣʘ 

109,3Ñ9,8 ʜʥʷ. ʂʨʘʪʥʽʩʪʴ ʦʧʝʨʘʪʠʚʥʠʭ 

ʚʪʨʫʯʘʥʴ ʙʫʣʘ 1,2Ñ0,1. ʉʝʨʝʜʥʷ 

ʪʨʠʚʘʣʽʩʪʴ ʣʽʢʫʚʘʥʥʷ ʜʽʪʝʡ ʙʝʟ 

 The average treatment duration for children 

with post-operative tracheostomy was 109 

(+/ï10) days. The average rate of operative 

intervention was 1.2 +/- 0.1. The average 

treatment duration for non-cannulated 
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ʪʨʘʭʝʦʩʪʦʤʠ ʙʫʣʘ 31,6Ñ5,9 ʜʥʽʚ. children was 32 (+/-6) days.  

ɻʦʣʦʩʦʚʘ ʬʫʥʢʮʽʷ ʧʨʠ ʚʠʧʠʩʮʽ ʙʫʣʘ 

ʧʦʚʥʽʩʪʶ ʚʽʜʥʦʚʣʝʥʘ ʫ 107 (87,7%), ʘ ʧʨʠ 

ʜʦʩʣʽʜʞʝʥʥʽ ʫ ʚʽʜʜʘʣʝʥʦʤʫ ʯʘʩ̔ (ʚʽʜ 6 

ʤʽʩʷʮʽʚ ʜʦ 10 ʨʦʢʽʚ) - ʫ 115 (94,3%) ʟ 122 

ʜʽʪʝʡ-ʢʘʥʶʣʷʨʽʚ. ʋ 24 ʜʽʪʝʡ, ʷʢʽ 
ʧʦʩʪʫʧʠʣʠ ʚ ʢʣʽʥʽʢʫ ʙʝʟ ʪʨʘʭʝʦʩʪʦʤʠ, 

ʛʦʣʦʩʦʚʘ ʬʫʥʢʮʽʷ ʙʫʣʘ ʟʙʝʨʝʞʝʥʘ. 

 Vocal function at discharge was restored in 

107 (88%) of our cases and during follow-

up at 6 months to 10 years, in another 8 

children, for a total of 115 (94.3%) of 122 

children with tracheostomy. In the 24 
children who presented and were treated 

without tracheostomy, vocal function was 

retained. 

ʃʽʢʫʚʘʥʥʷ ʧʦʨʫʰʝʥʴ ʢʦʚʪʘʥʥʷ ʚʢʣʶʯʘʣʦ 

ʭʽʨʫʨʛʽʯʥʝ ʚʠʜʽʣʝʥʥʷ ʥʘʜʛʦʨʪʘʥʥʠʢʘ ʟ 

ʨʫʙʮʝʚʦʾ ʪʢʘʥʠʥʠ ʧʽʩʣʷ ʦʧʽʢʫ ʧʝʨʤʘʥʛʘʥ-

ʘʪʦʤ ʢʘʣʽʶ ʫ 2 ʜʽʪʝʡ, ʧʣʘʩʪʠʢʫ ʥʘʜʛʦʨ-

ʪʘʥʥʠʢʘ ï ʫ 1, ʚʠʜʘʣʝʥʥʷ ʨʫʙʮʝʚʦʾ 

ʤʝʤʙʨʘʥʠ ʛʦʨʪʘʥʦʛʣʦʪʢʠ ï ʫ 3, ʧʣʘʩʪʠʢʫ 

ʪʨʘʭʝʦʩʪʨʘʚʦʭʽʜʥʦʾ ʥʦʨʠʮʽ ï ʫ 2, 

ʣʽʢʫʚʘʥʥʷ ʭʦʥʜʨʦʧʝʨʠʭʦʥʜʨʠʪʫ ʭʨʷʱʽʚ 

ʛʦʨʪʘʥʽ ʟ ʧʨʠʟʥʘʯʝʥʥʷʤ ʧʨʦʪʠʟʘʧʘʣʴʥʦʾ 
ʪʘ ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʦʾ ʪʝʨʘʧʽʾ ï ʫ 4 ʭʚʦʨʠʭ. 

ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʩʣʷ ʣʽʢʫʚʘʥʥʷ ʨʦʟʜʽʣʴʥʘ 

ʬʫʥʢʮʽʷ ʛʦʨʪʘʥʽ ʚʽʜʥʦʚʠʣʘʩʴ ʫ 12 ʜʽʪʝʡ. 

ʋ 2 ʭʚʦʨʠʭ ʽʟ ʟʨʫʡʥʦʚʘʥʠʤ, ʚʥʘʩʣʽʜʦʢ 

ʦʧʽʢʫ, ʥʘʜʛʦʨʪʘʥʥʠʢʦʤ ʢʦʚʪʘʥʥʷ ʚʽʜʥʦ-

ʚʠʣʦʩʴ ʯʝʨʝʟ 3 ʽ 6 ʤʽʩ ʚʽʜʧʦʚʽʜʥʦ. ʋ ʮʠʭ 

ʜʽʪʝʡ ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʛʽʧʝʨʪʨʦʬʽʷ ʷʟʠʢʦ-

ʚʦʛʦ ʤʠʛʜʘʣʠʢʘ. ʄʦʞʥʘ ʟʨʦʙʠʪʠ ʧʨʠʧʫ-

ʱʝʥʥʷ, ʱʦ ʧʝʚʥʫ ʨʦʣ ʁ ʫ ʚʽʜʥʦʚʣʝʥʥʽ 

ʢʦʚʪʘʥʥʷ ʫ ʮʠʭ ʜʽʪʝʡ ʚʽʜʽʛʨʘʚ ʢʦʨʽʥʴ 

ʷʟʠʢʘ. ʋ ʦʜʥʽʻʾ ʜʠʪʠʥʠ, ʫ ʷʢʦʾ ʦʨʛʘʥʽʯʥʘ 
ʧʨʠʯʠʥʘ ʧʦʨʫʰʝʥʥʷ ʢʦʚʪʘʥʥʷ ʥʝ ʙʫʣʘ 

ʚʠʷʚʣʝʥʘ, ʨʦʟʜʽʣʴʥʘ ʬʫʥʢʮʽʷ ʛʦʨʪʘʥʽ ʙʫʣʘ 

ʚʽʜʥʦʚʣʝʥʘ ʣʠʰʝ ʯʝʨʝʟ 3 ʨʦʢʠ ʧʽʩʣʷ 

ʢʨʘʥʽʦʩʘʢʨʘʣʴʥʦʾ ʪʝʨʘʧʽʾ.ʆʜʥʘ ʜʠʪʠʥʘ ʟ 

ʚʨʦʜʞʝʥʦʶ ʨʦʟʱʝʣʠʥʦʶ ʛʦʨʪʘʥʽ ʧʦʤʝʨʣʘ 

ʚʽʜ ʧʥʝʚʤʦʥʽʾ ʫ ʚʽʮʽ 1 ʤʽʩ ʯʝʨʝʟ 2 ʜʥʽ 

ʧʽʩʣʷ ʜʽʛ̫ʥʦʩʪʫʚʘʥʥʷ ʟʘʭʚʦʨʶʚʘʥʥʷ. 

 Swallowing dysfunction treatment included 

surgical dissection of the epiglottis from 

post-permagenate burn scar in 2 children, 

epiglottoplasty in 1, laryngopharyngeal 

cicatrectomy in 3, tracheoesophageal fistula 

repair in 2, and laryngeal cartilage 

perichondritis treatment with anti-

inflammatory and antibacterial drugs in 4 

cases. Immediately after treatment, the 
partitioning function of the larynx was 

restored in 12 children. In 2 children with 

pharyngeal destruction due to burn, 

swallowing function recovered at 3 and 6 

months respectively. In these chidren, the 

lingual tonsil became hypertrophic, 

suggesting that the base of tongue had a role 

in the restoration of swallowing in these 

children. In one child, in whom a specific 

cause of the dysphagia could not be 

established, successful swallowing was 
restored over a 3-year period using 

craniosacral therapy. One child born with 

congenital laryngeal cleft died at 1 month of 

age, 2 days after diagnosis. 

ɿ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ ʚʠʜʥʦ, ʱʦ ʭʨʦʥʽʯʥʠʡ 

ʨʫʙʮʝʚʠʡ ʩʪʝʥʦʟ ʛʦʨʪʘʥʽ ʻ ʜʦʩʠʪʴ 

ʩʢʣʘʜʥʦʶ ʽʥʚʘʣʽʜʠʟʫʶʯʦʶ ʧʘʪʦʣʦʛʽʻʶ 

ʜʠʪʷʯʦʛʦ ʚʽʢʫ, ʣʽʢʫʚʘʥʥʷ ʷʢʦʛʦ ʻ 

ʩʢʣʘʜʥʠʤ, ʪʨʠʚʘʣʠʤ, ʥʝʨʽʜʢʦ 
ʙʘʛʘʪʦʝʪʘʧʥʠʤ, ʱʦ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ 

ʝʢʦʥʦʤʽʯʥʠʭ ʟʘʪʨʘʪ, ʚʝʣʠʢʦʾ ʚʠʪʨʠʤʢʠ ʫ 

ʭʚʦʨʦʛʦ ʽ ʥʝʤʘʣʠʭ ʟʫʩʠʣʴ ʫ ʭʽʨʫʨʛʘ. 

 The above supports that chronic 

laryngotracheal stenosis is a complex, 

disabling disease in childhood. Treatment is 

complex, prolonged, and not infrequently 

requires several surgeries along with 
substantial economic investment, great 

endurance by the patient and substantial 

surgical effort.  

ɺʠʩʥʦʚʢʠ: 
1. ʍʨʦʥʽʯʥʠʡ ʨʫʙʮʝʚʠʡ ʩʪʝʥʦʟ ʛʦʨʪʘʥʽ ʻ 

ʩʢʣʘʜʥʠʤ ʽʥʚʘʣʽʜʠʟʫʶʯʠʤ ʟʘʭʚʦʨʶʚʘʥ-

ʥʷʤ ʜʠʪʷʯʦʛʦ ʚʽʢʫ, ʭʽʨʫʨʛʽʯʥʝ ʣʽʢʫʚʘʥʥʷ 

ʷʢʦʛʦ ʻ ʪʨʠʚʘʣʠʤ, ʥʝʨʽʜʢʦ ʙʘʛʘʪʦʝʪʘʧ-

ʥʠʤ, ʱʦ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ 

 Conclusions: 

1. Chronic cicatricial laryngeal stenosis is a 

complicated disabling childhood disease, 

the surgical treatment of which is 

prolonged, not infrequently multi-staged, 

incurs considerable economic investment 
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ʟʘʪʨʘʪ ʪʘ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ 

ʚʠʙʦʨʫ ʤʝʪʦʜʠʢʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʪʨʫʯʘʥ-

ʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʣʦʢʘʣʽʟʘʮʽʾ ʨʫʙʮʝʚʦʛʦ 

ʧʨʦʮʝʩʫ ʽ ʩʫʧʫʪʥʴʦʾ ʧʘʪʦʣʦʛʽʾ. 

2. ʋ 11% ʜʽʪʝʡ ʟ ʭʨʦʥʽʯʥʠʤ ʨʫʙʮʝʚʠʤ 
ʩʪʝʥʦʟʦʤ ʛʦʨʪʘʥʽ ʽ ʰʠʡʥʦʛʦ ʚʽʜʜʽʣʫ 
ʪʨʘʭʝʾ ʤʘʻ ʤʽʩʮʝ ʧʦʨʫʰʝʥʥʷ ʢʦʚʪʘʥʥʷ, 

ʯʘʩʪʽʰʝ ʟʫʤʦʚʣʝʥʝ ʨʫʙʮʝʚʠʤ ʧʨʦʮʝʩʦʤ ʚ 

ʛʦʨʪʘʥʽ ʽ ʛʦʨʪʘʥʦʛʣʦʪʮʽ ʪʘ ʭʦʥʜʨʦʧʝʨʠ-

ʭʦʥʜʨʠʪʦʤ ʭʨʷʱʽʚ ʛʦʨʪʘʥʽ. 

3. ʍʽʨʫʨʛʽʯʥʝ ʣʽʢʫʚʘʥʥʷ ʜʽʪʝʡ ʟ 

ʨʫʙʮʝʚʠʤ ʩʪʝʥʦʟʦʤ ʛʦʨʪʘʥʽ ʽ ʪʨʘʭʝʾ ʫ 

ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʜʦʟʚʦʣʷʻ ʚʽʜʥʦʚʠʪʠ 

ʨʦʟʜʽʣʴʥʫ ʬʫʥʢʮʽʶ ʛʦʨʪʘʥʽ. 

 

and individualized approaches to operative 

intervention based upon the scar location 

and related pathologies.  

 

2. Eleven percent of children with chronic 

cicatrical stenosis of the larynx and upper 
trachea also have swallowing dysfunction, 

often aggravated by scarring within the 

laryngopharynx and laryngeal cartilage 

chondroperichondritis. 

3. In the majority of cases, surgical 

treatment of children with stenosis of the 

larynx and trachea allows restoration of the 

partioning function of the larynx.  
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ɿʤʽʩʪ. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʨʦʙʣʝʥʦ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ 

ʙʽʣʴʰʽʩʪʴ ʦʯʥʠʭ ʥʝʜʫʛ ʧʝʨʝʙʽʛʘʶʪʴ 

ʦʜʥʦʪʠʧʥʦ ʽ ʧʦʯʘʪʢʦʚʠʡ ʤʝʭʘʥʽʟʤ, ʷʢʠʡ 

ʟʘʧʫʩʢʘʻ ʟʘʭʚʦʨʶʚʘʥʥʷ ʚ ʦʮʽ ï ʤʦʞʝ ʙʫʪʠ 

ʦʜʠʥ ʽ ʪʦʡ ʩʘʤ. ʄʦʞʣʠʚʦ, ʮʝ ʟʫʤʦʚʣʝʥʘ 

ʛʝʥʝʪʠʯʥʦ ʦʩʦʙʣʠʚʽʩʪʴ ʙʫʜʦʚʠ ʦʢʘ, ʷʢʘ 

ʚʠʢʣʠʢʘʻ ʩʣʘʙʢʽʩʪʴ ʘʢʦʤʦʜʘʮʽʾ. ɼʣʷ 

ʨʦʟʨʦʙʢʠ ʮʽʻʾ ʜʫʤʢʠ ʥʝʦʙʭʽʜʥʽ ʙʘʛʘʪʦ 

ʮʝʥʪʨʦʚʽ ʨʘʥʜʦʤʽʟʦʚʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ 

ʛʘʣʫʟʽ ʛʝʥʝʪʠʢʠ, ʘʥʘʪʦʤʽʾ, ʧʘʪʦʬʽʟʽʦʣʦʛʽʾ, 
ʤʝʜʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ ʦʯʥʦʾ ʧʘʪʦʣʦʛʽʾ. 

 Abstract. Literature review has led to the 

hypothesis that most eye diseases have a 

natural history and initiating mechanism 

that may be one and the same. This may be 

due to genetic adaptation of the eye 

structure, which causes weakness in 

accommodation. Multi -center randomized 

studies in the areas of ocular genetics, 

anatomy, pathophysiology, epidemiology 

and pathology are needed for further 

evaluation of this hypothesis. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʣʘʙʢʽʩʪʴ ʘʢʦʤʦʜʘʮʽʾ, 

ʢʦʤʧʝʥʩʘʪʦʨʥʽ ʨʝʘʢʮʽʾ, ʛʝʥʝʪʠʢʘ ʦʢʘ. 
 Key words: accommodation weakness, 

compensatory reaction, genetics, eye. 

ɯʥʚʘʣʽʜʥʽʩʪʴ ʧʦ ʟʦʨʫ ʚʥʘʩʣʽʜʦʢ ʙʽʣʴʰʦʩʪʽ 

ʦʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʟʘ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʨʽʯ-

ʯʷ ʥʝ ʟʤʝʥʰʫʻʪʴʩʷ, ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ 

ʧʨʦʛʨʝʩʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʫ ʜʽʘʛʥʦʩʪʠʮʽ ʪʘ 

ʣʽʢʫʚʘʥʥʽ. ʎʝ ʩʚʽʜʯʝʥʥʷ ʥʝʧʦʚʥʠʭ ʟʥʘʥʴ 

ʧʨʦ ʥʝʚʽʜʦʤʽ ʛʝʥʝʪʠʯʥʽ ʯʠʥʥʠʢʠ ʚ 

ʝʪʽʦʧʘʪʦʛʝʥʝʟʽ ʦʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ. 

 Despite technologic advances for diagnosis 

and treatment, visual disability due to most 

eye diseases has not decreased over the past 

decade. This suggests insufficient 

knowledge about genetic influences on the 

pathogenesis of eye diseases. 

ʅʘ ʜʫʤʢʫ ʜʦʩʣʽʜʢʠʢʘ, ʦʩʥʦʚʥʘ ʧʨʠʯʠʥʘ 
ʨʦʟʚʠʪʢʫ ʛʣʘʫʢʦʤʠ, ʨʝʪʠʥʦʧʘʪʽʾ, ʚʽʢʦʚʦʾ 

ʤʘʢʫʣʦʜʠʩʪʨʦʬʽʾ, ʤʽʦʧʽʾ, ʢʘʪʘʨʘʢʪʠ ʽ 

ʫʚʝʨʪʽʚ ï ʛʝʥʝʪʠʯʥʦ ʟʫʤʦʚʣʝʥʘ ʩʣʘʙʢʽʩʪʴ 

ʘʢʦʤʦʜʘʮʽʾ. ɺʢʘʟʘʥʽ ʟʘʭʚʦʨʶʚʘʥʥʷ ʨʦʟʚʠ-

ʚʘʶʪʴʩʷ ʚ ʘʥʘʪʦʤʽʯʥʦ ʥʝʙʣʘʛʦʧʦʣʫʯʥʠʭ 

ʦʯʘʭ ʟ Ăʪʽʩʥʠʤò ʧʝʨʝʜʥʽʤ ʩʝʛʤʝʥʪʦʤ. ʋ 

ʪʘʢʠʭ ʦʯʘʭ ʫ ʧʝʚʥʦʤʫ ʯʘʩʽ ʞʠʪʪʷ ʚʽʜʩʪʘʥʴ 

ʤʽʞ ʮʠʣʽʘʨʥʠʤ ʪʽʣʦʤ ʽ ʝʢʚʘʪʦʨʦʤ ʢʨʠʰ-

ʪʘʣʠʢʘ ʩʪʘʻ ʤʝʥʰʝ ʪʘʢʦʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʜʦʩʪʘʪʦʯʥʫ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʢʨʠʰʪʘʣʠʢʦʤ 

ʽ ʮʠʣʽʘʨʥʠʤ ʤôʷʟʦʤ ʫ ʧʨʦʮʝʩʽ ʘʢʦʤʦʜʘʮʽʾ. 

ʎʠʥʥʦʚʽ ʟʚôʷʟʢʠ ʧʦʯʠʥʘʶʪʴ ʜʝʱʦ ʧʨʦʚʠ-
ʩʘʪʠ, ʤôʷʟ ʯʘʩʪʢʦʚʦ ʧʨʘʮʶʻ ʙʝʟ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷ [13, 14, 15, 16]. ɼʣʷ ʪʦʛʦ, ʱʦʙ 

ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʘʢʦʤʦʜʘ-

 In this authorôs opinion, the principal cause 
of glaucoma, retinopathy, age ï related 

macular degeneration, myopia, cataracts 

and uveitis is a genetically conditioned 

weakness in accommodation. The named 

diseases develop in anatomically 

disadvantaged eyes that have a "tight" 

anterior segment. In such eyes, at a certain 

time in life, the distance between the ciliary 

body and equator of the lens loses ability to 

provide sufficient interaction between the 

lens and ciliary muscle during 

accommodation. Zinnôs ligaments begin to 
sag; their muscle begins to contract - partly 

without load [13, 14, 15, 16]. The bodyôs 

attempt to improve accommodation, can 
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ʮʽʡʥʦʛʦ ʘʧʘʨʘʪʫ, ʦʨʛʘʥʽʟʤ ʤʦʞʝ ʩʢʦʨʠʩ-

ʪʘʪʠʩʷ ʜʝʢʽʣʴʢʦʤʘ ʰʣʷʭʘʤʠ. ʎʝ ï 

ʧʽʜʚʠʱʝʥʥʷ ʢʨʦʚʦʧʦʩʪʘʯʘʥʥʷ ʮʠʣʽʘʨʥʦʛʦ 

ʪʽʣʘ (ʦʬʪʘʣʴʤʦʛʽʧʝʨʪʝʥʟʽʷ), ʽʰʝʤʽʟʘʮʽʷ 

ʧʝʨʝʜʥʴʦʛʦ ʚʽʜʨʽʟʢʫ ʦʢʘ ʽ ʨʦʟʪʷʛʥʝʥʥʷ 

ʦʯʥʦʛʦ ʷʙʣʫʢʘ (ʛʣʘʫʢʦʤʘ, ʤʽʦʧʽʷ), ʧʦʤʫʪ-
ʥʽʥʥʷ ʦʧʪʠʯʥʠʭ ʩʝʨʝʜʦʚʠʱ ʦʢʘ ʽ ʚʠʥʠʢ-

ʥʝʥʥʷ ʧʘʪʦʣʦʛʽʾ ʩʽʪʢʽʚʢʠ (ʢʘʪʘʨʘʢʪʘ, 

ʫʚʝʾʪʠ, ʨʝʪʠʥʦʧʘʪʽʾ). ʇʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢ-

ʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʮʠʣʽʘʨʥʦʛʦ ʤôʷʟʘ; ʟʙʽʣʴ-

ʰʝʥʥʷ ʚʽʜʩʪʘʥʽ ʤʽʞ ʮʠʣʽʘʨʥʠʤ ʪʽʣʦʤ ʽ 

ʢʨʠʰʪʘʣʠʢʦʤ; ʟʥʠʞʝʥʥʷ ʛʦʩʪʨʦʪʠ ʟʦʨʫ ï 

ʚʩʝ ʮʝ ʰʣʷʭʠ ʩʪʚʦʨʝʥʥʷ ʚʠʛʽʜʥʠʭ ʫʤʦʚ 

ʜʣʷ ʨʦʙʦʪʠ ʘʢʦʤʦʜʘʮʽʡʥʦʛʦ ʘʧʘʨʘʪʫ. 

ʇʨʠʨʦʜʘ ʧʝʨʝʜʙʘʯʠʣʘ ʜʝʢʽʣʴʢʘ ʤʦʞʣʠ-

ʚʦʩʪʴ Ăʜʦʧʦʤʦʛʠò ʘʢʦʤʦʜʘʮʽʡʥʦʤʫ ʘʧʘʨʘ-

ʪʫ, ʪʦʤʫ ʱʦ ʚ ʧʨʦʮʝʩʽ ʝʚʦʣʶʮʽʾ ʟʜʘʪʥʽʩʪʴ 

ʦʢʘ ʰʚʠʜʢʦ ʦʨʽʻʥʪʫʚʘʪʠʩʴ ʫ ʧʨʦʩʪʦʨʽ 
(ʪʦʙʪʦ ʙʘʯʠʪʠ ʨʽʚʥʦʚʽʜʜʘʣʝʥʽ ʧʨʝʜʤʝʪʠ) 

ʤʘʣʘ ʚʠʨʽʰʘʣʴʥʠʡ ʚʧʣʠʚ ʫ ʚʠʞʠʚʘʥʥʽ 

ʣʶʜʠʥʠ ʷʢ ʚʠʜʫ [10]. 

take several paths. These can include 

increased blood flow to the ciliary body 

(e.g.: ophthalmic hypertension), ischemia of 

the anterior eye segment and lengthening of 

the eyeball (e.g.: glaucoma, myopia), 

opacification of the vitreous humor and 
retinal pathologies (e.g.: cataract, uveitis, 

and retinopathy). Improving ciliary muscle 

efficiency, increasing the distance between 

the ciliary body and lens, reducing visual 

acuity are also ways for the body to 

improve conditions for accommodation. 

Nature foresaw several options for helping 

the system for accommodation, because 

during evolution, visual ability to quickly 

orient in space to see equidistant things had 

a definitive influence on human survival as 

a species [10]. 

ɻʝʥʝʪʠʯʥʽ ʤʝʭʘʥʽʟʤʠ ʚʩʽʭ ʮʠʭ ʟʘʭʚʦʨʶ-

ʚʘʥʴ ʩʧʨʘʮʴʦʚʫʶʪʴ ʦʜʥʘʢʦʚʦ ï ʧʦʨʫʰʝʥ-

ʥʷ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʣʽʧʽʜʽʚ ʽ ʘʥʪʠ-

ʦʢʩʠʜʘʥʪʥʦʛʦ ʟʘʭʠʩʪʫ. ɺʽʣʴʥʽ ʨʘʜʠʢʘʣʠ 

ʩʧʨʠʯʠʥʶʶʪʴ ʧʘʪʦʬʽʟʽʦʣʦʛʽʯʥʽ ʝʬʝʢʪʠ, 

ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʨʦʟʚʠʪʢʫ ʛʣʘʫʢʦʤʠ, 

ʤʽʦʧʽʾ, ʢʘʪʘʨʘʢʪʠ, ʫʚʝʾʪʽʚ, ʨʝʪʠʥʦʧʘʪʽʾ, 

ʚʽʢʦʚʦʾ ʤʘʢʫʣʦʜʠʩʪʨʦʬʽʾ [1]. 

 Genetic factors in these diseases work the 

same way, by disrupting lipid peroxidation 

and antioxidant effects. Free radicals cause 

pathophysiological effects that lead to the 

development of glaucoma, myopia, cataract, 

uveitis, retinopathy, and age ï related 

macular degeneration [1]. 

ɺʩʽ ʮʽ ʟʘʭʚʦʨʶʚʘʥʥʷ ʚ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ ʻ 

ʢʦʤʧʝʥʩʘʪʦʨʥʠʤʠ ʨʝʘʢʮʽʷʤʠ ʥʘ ʩʣʘʙʢʽʩʪʴ 

ʘʢʦʤʦʜʘʮʽʾ, ʟʫʤʦʚʣʝʥʫ ʛʝʥʝʪʠʯʥʦ. ʇʦʪʽʤ 

ʫ ʯʘʩʪʠʥʠ ʭʚʦʨʠʭ ʥʘʩʪʘʶʪʴ ʥʝʟʚʦʨʦʪʥʽ 

ʟʤʽʥʠ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʩʣʽʧʦʪʠ. 

 In early stages, all of these diseases are 

compensatory responses for weak accom-

modation that are genetically conditioned. 

Later, in some patients, these changes 

become irreversible and lead to blindness. 

ɿʘʛʘʣʴʥʦʙʽʦʣʦʛʽʯʥʽ ʟʘʢʦʥʠ ʪʘʢʽ, ʱʦ ʧʨʠʙ-

ʣʠʟʥʦ 2/3 ʣʶʜʝʡ, ʷʢʽ ʟʘʭʚʦʨʽʣʠ ʷʢʦʶʩʴ 

ʥʦʟʦʣʦʛʽʻʶ, ʦʜʫʞʫʶʪʴ ʘʙʦ ʧʨʦʮʝʩ ʩʪʘʙʽ-

ʣʽʟʫʻʪʴʩʷ (Ăʤôʷʢʠʡ ʧʝʨʝʙʽʛò), ʫ 1/3 ʭʚʦ-

ʨʠʭ ʧʨʦʮʝʩ ʧʝʨʝʭʦʜʠʪʴ ʫ ʭʨʦʥʽʯʥʫ, ʨʝʮʠ-

ʜʠʚʫʶʯʫ ʩʪʘʜʽʶ (Ăʟʣʦʷʢʽʩʥʠʡ ʧʝʨʝʙʽʛò) 

[16]. 

 Common laws of biology are such that 

approximately 2/3 of people, who have 

some type of disease, recover or stabilize 

("benign course"); while 1/3 of people 

convert to chronic or recurrent disease, 

("malignant courseò). [16]. 

ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʘʤʝʨʠʢʘʥʩʴʢʠʤʠ 

ʦʬʪʘʣʴʤʦʣʦʛʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʝʨʝʜ 

ʭʚʦʨʠʭ ʟ ʥʦʨʤʦʪʝʥʟʠʚʥʦʶ ʛʣʘʫʢʦʤʦʶ, 

ʷʢʽ ʥʝ ʦʜʝʨʞʫʚʘʣʠ ʣʽʢʫʚʘʥʥʷ, ʨʦʟʚʠʪʦʢ 

ʟʘʭʚʦʨʶʚʘʥʥʷ ʚʽʜʤʽʯʘʻʪʴʩʷ ʪʽʣʴʢʠ ʫ 1/3 

ʭʚʦʨʠʭ [5]. ʇʨʠ ʪʨʠʚʘʣʦʤʫ ʩʧʦʩʪʝʨʝ-

ʞʝʥʥʽ ʟʘ ʧʝʨʝʙʽʛʦʤ ʦʬʪʘʣʴʤʦʛʽʧʝʨʪʝʥʟʽʾ 

ʪʽʣʴʢʠ ʫ 1/3 ʭʚʦʨʠʭ ʚʠʥʠʢʘʣʠ ʢʣʽʥʽʯʥʽ 

ʧʨʦʷʚʠ ʛʣʘʫʢʦʤʠ [5]. 

 For example, American ophthalmologists 

have found that amongst patients with 

untreated normotensive glaucoma, disease 

progression is observed in only 1/3 of the 

patients [5].  

In long-term follow-up of patients with 

ocular hypertension, only 1/3 of patients 

developed clinical manifestations of 

glaucoma [5]. 
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ʉʝʨʝʜ ʭʚʦʨʠʭ ʥʘ ʛʣʘʫʢʦʤʫ ʪʽʣʴʢʠ 1/3 

ʧʦʧʘʜʘʻ ʚ ʧʦʨʦʯʥʝ ʢʦʣʦ ʽ ʩʣʽʧʥʝ. 
 Amongst patients with glaucoma only 1/3 

enters a vicious cycle and becomes blind. 

ʊʽ ʩʘʤʽ ʪʝʥʜʝʥʮʽʾ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʽ ʫ 

ʣʶʜʝʡ ʟ ʽʥʰʠʤʠ ʦʯʥʠʤʠ ʟʘʭʚʦʨʶʚʘʥʥʷ-

ʤʠ. ʊʘʢ, ʧʦʚʥʝ ʦʜʫʞʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʫ 2/3 ʭʚʦʨʠʭ ʥʘ ʫʚʝʾʪ, ʘ ʫ 1/3 ʭʚʦʨʠʭ 
ʬʦʨʤʫʻʪʴʩʷ ʧʦʨʦʯʥʝ ʢʦʣʦ ʽ ʚʠʥʠʢʘʶʪʴ 

ʧʦʚʪʦʨʥʽ ʟʘʭʚʦʨʶʚʘʥʥʷ ʽʟ ʩʝʨʡʦʟʥʠʤʠ 

ʫʩʢʣʘʜʥʝʥʥʷʤʠ, ʷʢʽ ʚʝʜʫʪʴ ʜʦ ʩʣʽʧʦʪʠ ʪʘ 

ʽʥʚʘʣʽʜʥʦʩʪʽ ʧʦ ʟʦʨʫ [6, 7, 14]. 

 Similar trends are observed in people with 

other eye diseases. Thus, complete recovery 

is found in 2/3 of patients with uveitis, 

while 1/3 of patients enter a vicious circle 
with recurrent diseases and serious 

complications leading to visual disability 

and blindness. [6, 7, 14]. 

ɿʘ ʜʘʥʠʤʠ ʅ.ʆ.ʇʫʯʢʽʚʩʴʢʦʾ [12], ʧʨʠ 

ʪʨʠʚʘʣʦʤʫ ʩʧʦʩʪʝʨʝʞʝʥʥʽ ʟʘ ʭʚʦʨʠʤʠ ʟ 

ʚʽʢʦʚʦʶ ʢʘʪʘʨʘʢʪʦʶ ʫ 1/3 ʚʠʥʠʢʘʶʪʴ 

ʧʦʢʘʟʠ ʜʦ ʦʧʝʨʘʪʠʚʥʦʛʦ ʣʽʢʫʚʘʥʥʷ, ʘ ʫ 

2/3 ï ʧʨʦʮʝʩ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ. 

 According to a report by N. Puchkivskoyi 

[12], during long-term follow-up of patients 

with age-related cataract, 1/3 develop 

indications for surgical treatment, while in 

2/3 of these patients, disease stabilizes. 

ʇʨʠ ʤʽʦʧʽʾ ʫ 70 % ʭʚʦʨʠʭ (º2/3) ʧʨʦʮʝʩ 
ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʚ ʤʝʞʘʭ 3.0 ʜʧʪʨ. ʊʘʢʘ 

ʨʝʬʨʘʢʮʽʷ ʦʧʪʠʤʘʣʴʥʘ ʜʣʷ ʨʦʙʦʪʠ ʥʘ 
ʙʣʠʟʴʢʽʡ ʚʽʜʩʪʘʥʽ (Ăʧʣʘʪʘ ʟʘ 

ʮʠʚʽʣʽʟʘʮʽʶò). ʈʝʰʪʘ ʭʚʦʨʠʭ (º1/3) 

ʤʘʶʪʴ ʤʽʦʧʽʶ ʩʝʨʝʜʥʴʦʛʦ ʽ ʚʠʩʦʢʦʛʦ 

ʩʪʫʧʝʥʷ, ʱʦ ʧʦʪʨʝʙʫʻ ʩʧʝʮʽʘʣʴʥʦʾ 

ʢʦʨʝʢʮʽʾ ʽ ʣʽʢʫʚʘʥʥʷ. 

 As to myopia, disease stabilizes within 3.0 

diopters in 70% of patients, approximately 

2/3. Such refraction is optimal for work at a 
short distance - perhaps the ócost for 

civilizationô?  The other approximately 1/3 

of patients has medium and high degrees of 

myopia, which require specialized 

correction and treatment. 

ɺʽʟʴʤʝʤʦ ʥʘ ʩʝʙʝ ʩʤʽʣʠʚʽʩʪʴ ʚʠʩʣʦʚʠʪʠ 

ʜʫʤʢʫ, ʱʦ ʡ ʦʢʣʶʟʽʡʥʽ ʧʨʦʮʝʩʠ ʚ ʩʽʪʢʽʚʮʽ 

ʽ ʟʦʨʦʚʦʤʫ ʥʝʨʚʽ ï ʛʝʥʝʪʠʯʥʦ ʟʫʤʦʚʣʝʥʽ 

ʟʘʭʚʦʨʶʚʘʥʥʷ, ʷʢʽ ʧʽʜʣʷʛʘʶʪʴ ʪʠʤ ʩʘʤʠʤ 

ʙʽʦʣʦʛʽʯʥʠʤ ʟʘʢʦʥʘʤ. ʄʦʞʥʘ ʧʝʨʝʜʙʘ-

ʯʠʪʠ, ʱʦ ʚ ʦʩʥʦʚʽ ʾʭ ʚʠʥʠʢʥʝʥʥʷ ʪʘʢ ʩʘʤʦ 
ʣʝʞʠʪʴ ʩʣʘʙʢʽʩʪʴ ʘʢʦʤʦʜʘʮʽʾ. 

 The author proposes that occlusive 

processes of the retina and optic nerve are 

genetically conditioned diseases that are 

subject to the same biological laws. From 

this perspective, it is foreseeable, that weak 

accommodation is the basis of these 
conditions as well. 

ɺʽʟʴʤʝʤʦ ʜʣʷ ʧʨʠʢʣʘʜʫ ʪʨʦʤʙʦʟ 

ʮʝʥʪʨʘʣʴʥʦʾ ʚʝʥʠ ʩʽʪʢʽʚʢʠ (ʎɺʉ). 

ʇʘʪʦʛʝʥʝʟ ʪʨʦʤʙʦʟʫ ʎɺʉ ʟʘʣʠʰʘʻʪʴʩʷ ʜʦ 

ʢʽʥʮʷ ʥʝ ʟôʷʩʦʚʘʥʠʤ [3]. ʊʽʣʴʢʠ ʫ 2 ï 3% 

ʭʚʦʨʠʭ ʟʽ ʟʤʽʥʘʤʠ ʦʯʥʦʛʦ ʜʥʘ ʥʘ ʪʣʽ 

ʛʽʧʝʨʪʦʥʽʾ ʽ ʘʪʝʨʦʩʢʣʝʨʦʟʫ ʜʽʘʛʥʦʩʪʫʶʪʴ-

ʩʷ ʪʨʦʤʙʦʟʠ ʚʝʥ ʩʽʪʢʽʚʢʠ. ʆʪʞʝ, 

ʛʽʧʝʨʪʦʥʽʷ ʽ ʘʪʝʨʦʩʢʣʝʨʦʟ ʩʘʤʦʩʪʽʡʥʦ ʥʝ 

ʟʫʤʦʚʣʶʶʪʴ ʨʦʟʚʠʪʦʢ ʩʫʜʠʥʥʠʭ 

ʢʘʪʘʩʪʨʦʬ ʦʨʛʘʥʘ ʟʦʨʫ [17]. 

 For example, the pathogenesis of central 

retinal vein thrombosis (CRVT) remains 

undetermined [3]. Retinal vein thrombosis 

is diagnosed in only 2 - 3% of patients with 

changes in the fundus and history of 

hypertension and atherosclerosis. Thus, 

hypertension and atherosclerosis alone do 

not induce vascular accidents in the eye 

[17]. 

ʉʪʘʪʠʩʪʠʯʥʦ, ʫ 67% ʚʠʧʘʜʢʽʚ (2/3) ï 
ʚʠʥʠʢʘʻ ʪʨʦʤʙʦʟ ʛʽʣʢʠ ʎɺʉ, ʚ 33% 

ʚʠʧʘʜʢʽʚ (1/3) ï ʪʨʦʤʙʦʟ ʎɺʉ [8]; 2/3 

ʚʠʧʘʜʢʽʚ ʦʢʣʶʟʽʾ ʎɺʉ ï ʥʝʽʰʝʤʽʯʥʽ, 1/3 

ʚʠʧʘʜʢʽʚ ʦʢʣʶʟʽʾ ʎɺʉ - ʽʰʝʤʽʯʥʽ [9]. 

 Statistically, in 67% (2/3) of cases 
thrombosis occurs in a branch of the central 

retinal vein; in 33% (1/3) of cases 

thrombosis is in the central vein (CRVT) 

[8]. Two - thirds of CRV occlusion cases 

are not associated with ischemia; 1/3 of 

these cases are associated with ischemia [9]. 

ʎʽʢʘʚʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʽ ʧʨʠ ʧʝʨʝʜʥʽʡ 

ʽʰʝʤʽʯʥʽʡ ʥʝʡʨʦʦʧʪʠʢʦʧʘʪʽʾ - ʦʜʥʦʙʽʯʥʝ 

ʫʨʘʞʝʥʥʷ ʜʠʩʢʫ ʟʦʨʦʚʦʛʦ ʥʝʨʚʘ ʫ 2/3 

 An interesting observation and finding in 

anterior ischemic neuropathy is that a 

unilateral optic nerve disc lesion occurs in 
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ʭʚʦʨʠʭ, ʜʚʦʙʽʯʥʝ ʫʨʘʞʝʥʥʷ ʜʠʩʢʫ ʫ 1/3 

ʭʚʦʨʠʭ [8]. 

2/3 of patients. Lesions occur bilaterally in 

1/3 of patients [8]. 

ʅʝʚʨʠʪ ʟʦʨʦʚʦʛʦ ʥʝʨʚʘ ʧʨʠ ʨʦʟʩʽʷʥʦʤʫ 

ʩʢʣʝʨʦʟʽ ï ʜʦ 1/3 ʚʠʧʘʜʢʽʚ [2]. 
 Optic neuritis associated with multiple 

sclerosis occurs in up to 1/3 of cases [2]. 

ɽʥʜʦʚʘʩʢʫʣʷʨʥʘ ʭʽʨʫʨʛʽʷ, ʤʦʞʣʠʚʦ, 

ʟʘʙʝʟʧʝʯʠʪʴ ʝʬʝʢʪʠʚʥʝ ʣʽʢʫʚʘʥʥʷ 
ʩʫʜʠʥʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʩʽʪʢʽʚʢʠ. ɼʦʢʪʦʨ 

ɺʘʡʩʩ ʜʦʙʠʚʩʷ ʚʽʜʥʦʚʣʝʥʥʷ ʢʨʦʚʦʪʦʢʫ ʫ 

2/3 ʧʨʦʦʧʝʨʦʚʘʥʠʭ ʦʯʝʡ [4]. ʂʨʽʤ ʪʦʛʦ, 

ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʧʨʠ ʨʫʙʝʦʟʽ ʨʘʡʜʫʞʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʽʜʨʽʘʪʠʢʠ, ʘ ʮʝ ʧʨʷʤʠʡ 

ʚʧʣʠʚ ʥʘ ʘʢʦʤʦʜʘʮʽʡʥʫ ʩʠʩʪʝʤʫ ʦʢʘ. 

 Endovascular surgery will potentially 

provide effective treatment of retinal 
vascular diseases. Dr. Weiss has restored 

blood flow in 2/3 of eyes undergoing 

surgical treatment [4]. Furthermore, in 

rubeosis iridis, mydriatics are 

recommended, and this has a direct effect 

on the eyeôs accommodation system. 

ʅʘʚʽʪʴ ʫ ʨʦʟʚʠʪʢʫ ʘʣʝʨʛʽʾ ʦʯʝʡ ʚʧʣʠʚʘʶʪʴ 

ʛʝʥʝʪʠʯʥʽ ʯʠʥʥʠʢʠ. ʋ 65% ʭʚʦʨʠʭ 

(º2/3), ʷʢʽ ʥʦʩʷʪʴ ʢʦʥʪʘʢʪʥʽ ʣʽʥʟʠ ï 

ʦʙʦʚôʷʟʢʦʚʦ ʢʦʣʠ-ʥʝʙʫʜʴ ʙʫʜʝ 

ʘʣʝʨʛʽʯʥʠʡ ʢʦʥôʶʥʢʪʠʚʽʪ [11]. 

 Genetic factors have a role even in the 

development of eye allergies. Allergic 

conjunctivitis occurs sporadically in 65% of 

patients (º2/3), who wear contact lenses 

[11]. 

ɺʠʩʥʦʚʦʢʠ: ʊʘʢʠʤ ʯʠʥʦʤ, ʦʜʥʦʪʠʧʥʽʩʪʴ 
ʧʝʨʝʙʽʛʫ ʙʽʣʴʰʦʩʪʽ ʦʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ 

ʥʘʰʪʦʚʭʫʻ ʥʘ ʜʫʤʢʫ, ʱʦ ʧʦʯʘʪʢʦʚʠʡ 

ʤʝʭʘʥʽʟʤ, ʷʢʠʡ ʟʘʧʫʩʢʘʻ ʚʩʽ ʮʽ ʧʨʦʮʝʩʠ, 

ʤʦʞʝ ʙʫʪʠ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ï ʩʣʘʙʢʽʩʪʴ 

ʘʢʦʤʦʜʘʮʽʾ, ʟʫʤʦʚʣʝʥʘ ʛʝʥʝʪʠʯʥʦ. 

ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʘʙʦ ʩʧʨʦʩʪʫʚʘʥʥʷ ʮʽʻʾ 

ʽʜʝʾ ʧʦʪʨʽʙʥʽ ʙʘʛʘʪʦ ʮʝʥʪʨʦʚʽ 

ʨʘʥʜʦʤʽʟʦʚʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʛʘʣʫʟʽ 

ʛʝʥʝʪʠʢʠ, ʘʥʘʪʦʤʽʾ, ʧʘʪʦʬʽʟʽʦʣʦʛʽʾ, 

ʤʝʜʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ, ʦʯʥʦʾ ʧʘʪʦʣʦʛʽʾ. 

 Conclusion: Thus, commonalities in the 
natural histories of most eye diseases 

suggest the hypothesis that the initial 

mechanism, which triggers these processes, 

may be the same - genetically conditioned 

weakness in accommodation.  

Randomized, multi-center clinical studies 

evaluating ocular genetics, anatomy, 

pathophysiology, epidemiology and ocular 

pathology are needed to further evaluate 

this hypothesis. 
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ʥʠʡ ʜʦʩʣʽʜʥʠʢ. ɼʞʝʨʝʣʘ ʬʽʥʘʥʩʫʚʘʥʥʷ ʥʝ 
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 Funding: Grant support was provided by 

NIH NS 42691 of which Andrew Maas is 

PI. The funding organization had no role in 

the design and conduct of the study; 

collection, management, analysis, and 

interpretation of the data; nor in the 
preparation, review, decision to publish, or 

approval of the manuscript. 

 

ʂʦʥʬʣʽʢʪ ʟʘʮʽʢʘʚʣʝʥʴ. ɸʚʪʦʨʠ 

ʩʪʚʝʨʜʞʠʣʠ ʙʝʟ-ʢʦʥʬʣʽʢʪʥʽʩʪʴ ʽʥʪʝʨʝʩʽʚ. 

ʅʘʫʢʦʚʠʡ ʨʝʜʘʢʪʦʨ: ʄʝʨʚʠʥ ɿʽʥʛʝʨ, 

ʋʥʽʚʝʨʩʠʪʝʪʩʴʢʠʡ ʢʦʣʝʜʞ ʃʦʥʜʦʥʘ,, 

ʉʧʦʣʫʯʝʥʝ ʂʦʨʦʣʽʚʩʪʚʦ 
ʇʦʩʠʣʘʥʥʷ: Steyerberg EW, Mushkudiani 

N, Perel P, Butcher I, Lu J, et al. (2008) 

Predicting outcome after traumatic brain 

injury: Development and international 

validation of prognostic scores based on 

admission characteristics. PLoS Med 5(8): 

e165 (doi:10.1371/ journal.pmed.0050165) 

 Competing Interests: The authors have 

declared that no competing interests exist. 

Academic Editor: Mervyn Singer, 

University College London, United 

Kingdom 
Citation:  Steyerberg EW, Mushkudiani N, 

Perel P, Butcher I, Lu J, et al. (2008) 

Predicting outcome after traumatic brain 

injury: Development and international 

validation of prognostic scores based on 

admission characteristics. PLoS Med 5(8): 

e165. doi:10.1371/journal.pmed.0050165 

ʅʘʜʽʡʰʣʘ 13 ʣʠʩʪʦʧʘʜʘ 2007 ʨ.  

ʇʨʠʡʥʷʪʘ 25 ʯʝʨʚʥʷ 2008 ʨ.  

ʅʘʜʨʫʢʦʚʘʥʦ 5 ʩʝʨʧʥʷ 2008 ʨ. 

 Received: November 13, 2007 

Accepted: June 25, 2008 

Published: August 5, 2008 



Predicting Traumatic Brain Injury Outcome  E. Steyerberg, etal 

JUMANA   ʃʽʢʘʨʩʴʢʠʡ ʚʽʩʥʠʢ 
Vol. 52, No. 1 (156)  ʈʽʢ 52, ʯ. 1 (156) 

34 
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ʞʝʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʧʦʰʠʨʝʥʥʷ ʪʘ 
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ʉʢʦʨʦʯʝʥʥʷ: ʇʇʂ ï ʧʣʦʱʘ ʧʽʜ ʢʨʠʚʦʶ 

(AUC - area under the receiver operating 

characteristic curve), ʈʂʇɿʊɻ ï ʨʘʥʜʦʤʽ-

ʟʘʮʽʷ ʢʦʨʪʠʢʦʩʪʝʨʦʾʜʽʚ ʧʽʩʣʷ ʟʥʘʯʥʦʾ 

ʪʨʘʚʤʠ ʛʦʣʦʚʠ (CRASH - Corticosteroid 

Randomization after Significant Head 

Injury), ʂʊ ï ʢʦʤʧôʶʪʝʨʥʘ ʪʦʤʦʛʨʘʬʽʷ 

(CT - computed tomography), ɽɼɻ ï ʝʧʽʜʫ-

ʨʘʣʴʥʘ ʛʝʤʘʪʦʤʘ (EDH ï epidural 

hematoma), ʐʂɻ ï ʰʢʘʣʘ ʢʦʤʠ ɻʣʘʟʛʦ 
(GCS - Glasgow Coma Scale), ʐɺɻ ï 

ʰʢʘʣʘ ʚʠʩʣʽʜʽʚ ɸɹʆ ʰʢʘʣʘ ʚʠʭʦʜʽʚ 

ɻʣʘʟʛʦ (GOS ï Glasgow Outcome Scale), 

IMPACT - International Mission for 

Prognosis and Analysis of Clinical Trials in 

TBI (ʄʽʞʥʘʨʦʜʥʘ ʤʽʩʽʷ ʟ ʧʨʦʛʥʦʟʫ ʪʘ 

ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʢʣʽʥʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠ 

ʏʄʊ); ɺʐ ï ʚʽʜʥʦʰʝʥʥʷ ʰʘʥʩʽʚ (OR - 

odds ratio), ʈʂʂɺ ï ʨʘʥʜʦʤʽʟʦʚʘʥʝ ʢʦʥ-

ʪʨʦʣʴʦʚʘʥʝ ʢʣʽʥʽʯʥʝ ʚʠʧʨʦʙʫʚʘʥʥʷ (RCT 

ï randomized controlled trial), ʏʄʊ ï 
ʯʝʨʝʧʥʦ-ʤʦʟʢʦʚʘ ʪʨʘʚʤʘ (TBI ï traumatic 

brain injury), ʪʉɸʂ ï ʪʨʘʚʤʘʪʠʯʥʠʡ 

ʩʫʙʘʨʘʭʥʦʾʜʘʣʴʥʠʡ ʢʨʦʚʦʚʠʣʠʚ (tSAH ï 

traumatic subarachnoid hemorrhage). 
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ɿʄɯʉʊ 

ɺʩʪʫʧ. ʏʝʨʝʧʥʦ-ʤʦʟʢʦʚʘ ʪʨʘʚʤʘ (ʏʄʊ) ʻ 

ʧʨʦʚʽʜʥʦʶ ʧʨʠʯʠʥʦʶ ʩʤʝʨʪʽ ʪʘ ʽʥʚʘʣʽʜ-

ʥʦʩʪʽ. ʅʘʜʽʡʥʝ ʧʝʨʝʜʙʘʯʝʥʥʷ ʥʘʩʣʽʜʢʽʚ 

ʧʽʜʯʘʩ ʧʨʠʡʦʤʥʦʛʦ ʦʙʩʪʝʞʝʥʷ ʤʘʻ ʚʝʣʠʢʝ 
ʢʣʽʥʽʯʥʝ ʟʥʘʯʝʥʥʷ. ʅʘʰʦʶ ʤʝʪʦʶ ʙʫʣʦ 

ʨʦʟʨʦʙʠʪʠ ʧʨʦʛʥʦʩʪʠʯʥʽ ʤʦʜʝʣʽ ʟ ʣʝʛʢʦ 

ʜʦʩʪʫʧʥʠʭ ʪʨʘʜʠʮʽʡʥʠʭ ʽ ʥʦʚʠʭ 

ʧʝʨʝʜʚʽʩʥʠʢʽʚ. 

 ABSTACT 

Background: Traumatic brain injury (TBI) 

is a leading cause of death and disability. A 

reliable prediction of outcome on admission 

is of great clinical relevance. We aimed to 
develop prognostic models with readily 

available traditional and novel predictors. 

ʉʧʦʩʦʙʠ ʽ ʚʠʩʣʽʜʠ.  
ʇʨʦʩʧʝʢʪʠʚʥʦ ʟʽʙʨʘʥʽ ʜʘʥʽ ʧʦ ʦʜʠʥʦʢʠʭ 

ʭʚʦʨʠʭ ʟ 11 ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʨʦʟʛʣʷʥʝʥʽ. 

ʄʠ ʨʦʟʛʣʷʜʘʣʠ ʧʝʨʝʜʚʽʩʥʠʢʠ, ʜʦʩʪʫʧʥʽ 

ʧʨʠ ʚʩʪʫʧʽ ʜʦ ʤʦʜʝʣʝʡ ʣʦʛʽʩʪʠʯʥʦʾ ʨʝʛʨʝ-

 Methods and Findings: Prospectively 

collected individual patient data were 

analyzed from 11 studies. We considered 

predictors available at admission in logistic 

regression models to predict mortality and 

mailto:E.Steyerberg@ErasmusMC.nl
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ʩʽʾ ʜʣʷ ʧʨʦʛʥʦʟʫ ʩʤʝʨʪʥʦʩʪʽ ʽ ʥʝʩʧʨʠʷʪʣʠ-

ʚʠʭ ʚʠʩʣʽʜʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɻʣʘʟʛʦ ʐʢʘʣʠ 

ɺʠʩʣʽʜʽʚ ʯʝʨʝʟ 6 ʤʽʩʷʮʽʚ ʧʽʩʣʷ ʪʨʘʚʤʠ. 

ʇʨʦʛʥʦʩʪʠʯʥʽ ʤʦʜʝʣʽ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʥʦ 

ʥʘ 8509 ʭʚʦʨʠʭ ʟ ʚʘʞʢʦʶ ʘʙʦ ʧʦʤʽʨʥʦʶ 

ʏʄʊ, ʟ ʧʝʨʝʭʨʝʩʥʦʶ ʧʝʨʝʚʽʨʢʦʶ, ʚ ʩʚʦʶ 
ʯʝʨʛʫ, ʧʦʤʠʣʢʦʚʦʩʪʽ ʢʦʞʥʦʛʦ ʟ 11 ʜʦʩʣʽʜ-

ʞʝʥʴ. ɿʦʚʥʽʰʥʶ ʧʝʨʝʚʽʨʢʫ ʙʫʣʦ ʟʜʽʡʩʥʝ-

ʥʦ ʥʘ 6681 ʭʚʦʨʠʭ ʟ ʦʩʪʘʥʥʴʦʛʦ ʜʦʩʣʽʜ-

ʞʝʥʥʷ ʨʘʥʜʦʤʽʟʘʮʽʾ ʢʦʨʪʝʢʦʩʪʝʨʦʾʜʽʚ ʧʽʩ-

ʣʷ ʟʥʘʯʥʦʾ ʪʨʘʚʠʤʠ ʛʦʣʦʚʠ, ʧʨʦʚʝʜʝʥʦʛʦ 

ʈʘʜʦʶ ʤʝʜʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʄʠ ʚʠʷʚʠ-

ʣʠ, ʱʦ ʥʘʡʩʠʣʴʥʽʰʠʤʠ ʧʝʨʝʜʚʽʩʥʠʢʘʤʠ 

ʚʠʩʣʽʜʽʚ ʙʫʣʠ ʚʽʢ, ʦʮʽʥʢʘ ʨʫʭʫ, ʨʝʘʢʪʠʚ-

ʥʽʩʪʴ ʟʽʥʠʮʴ, ʽ CT ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʫ ʪʦʤʫ 

ʯʠʩʣʽ ʥʘʷʚʥʽʩʪʴ ʪʨʘʚʤʘʪʠʯʥʦʾ ʩʫʙʘʨʘʭʥʦʾ-

ʜʘʣʴʥʦʛʦ ʢʨʦʚʦʚʠʣʠʚʫ. ʇʨʦʛʥʦʩʪʠʯʥʘ 

ʤʦʜʝʣʴ, ʱʦ ʧʦʻʜʥʫʚʘʣʘ ʚʽʢ, ʨʫʭʦʚʫ ʦʮʽʥ-
ʢʫ ʽ ʨʝʘʢʪʠʚʥʽʩʪʴ ʟʽʥʠʮʴ, ʧʨʠ ʧʝʨʝʭʨʝʩʥʽʡ 

ʧʝʨʝʚʽʨʮʽ ʤʘʣʘ ʧʣʦʱʫ ʧʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʯ-

ʥʦʶ ʢʨʠʚʦʶ (AUC) ʚ ʤʝʞʘʭ 0,66 - 0,84.  

unfavorable outcome according to the 

Glasgow Outcome Scale at 6 mo after 

injury. Prognostic models were developed 

in 8,509 patients with severe or moderate 

TBI, with cross-validation by omission of 

each of the 11 studies in turn. External 
validation was on 6,681 patients from the 

recent Medical Research Council 

Corticosteroid Randomization after 

Significant Head Injury (MRC CRASH) 

trial. We found that the strongest predictors 

of outcome were age, motor score, pupillary 

reactivity, and CT characteristics, including 

the presence of traumatic subarachnoid 

hemorrhage. A prognostic model that 

combined age, motor score, and pupillary 

reactivity had an area under the receiver 

operating characteristic curve (AUC) 
between 0.66 and 0.84 at cross validation. 

 

ɼʘʥʠʡ ʧʦʢʘʟʥʠʢ ʤʽʛ ʙʠ ʙʫʪʠ ʧʦʢʨʘʱʝʥʠʡ 

(ʟʙʽʣʴʰʝʥʥʷ AUC ʧʨʠʙʣʠʟʥʦ ʥʘ 0,05), 

ʨʦʟʛʣʷʜʘʶʯʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ CT, ʚʪʦʨʠʥ-

ʥʽ ʽʥʩʫʣʴʪʠ (ʛʽʧʦʪʦʥʽʾ ʽ ʛʽʧʦʢʩʽʾ) ʽ ʣʘʙʦʨʘ-

ʪʦʨʥʽ ʧʦʢʘʟʥʠʢʠ (ʨʽʚʝʥʴ ʛʣʶʢʦʟʠ ʽ ʛʝʤʦ-

ʛʣʦʙʽʥʫ). ɿʦʚʥʽʰʥʷ ʧʝʨʝʚʽʨʢʘ ʧʽʜʪʚʝʨ-

ʜʠʣʘ, ʱʦ ʨʦʟʨʽʞʥʘʶʯʘ ʟʜʘʪʥʽʩʪʴ ʤʦʜʝʣʽ 

ʙʫʣʘ ʜʦʩʪʘʪʦʯʥʦʶ (AUC 0,80). ɺʠʩʣʽʜʠ 
ʙʫʣʠ ʩʠʩʪʝʤʘʪʠʯʥʦ ʛʽʨʰʠʤʠ, ʥʽʞ ʧʝʨʝʜ-

ʙʘʯʘʣʦʩ̫, ʘʣʝ ʚ ʤʝʥʰʽʡ ʤʽʨʽ ʫ 1588 ʭʚʦ-

ʨʠʭ ʟ ʢʨʘʾʥ ʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʜʦʭʦʜʽʚ ʷʢʽ 

ʙʨʘʣʠ ʫʯʘʩʪʴ ʚ ʜʦʩʣʽʜʞʝʥʥʽ çCRASHè. 

 This performance could be improved (AUC 

increased by approximately 0.05) by 

considering CT characteristics, secondary 

insults (hypotension and hypoxia), and 

laboratory parameters (glucose and 

hemoglobin). External validation confirmed 

that the discriminative ability of the model 

was adequate (AUC 0.80). Outcomes were 
systematically worse than predicted, but 

less so in 1,588 patients who were from 

high-income countries in the CRASH trial. 

ɺʠʩʥʦʚʢʠ.  
ʄʦʜʝʣʽ ʧʝʨʝʜʙʘʯʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚʠʭʽʜʥʠʭ ʨʠʩ ʟʘʙʘʟʧʝʯʫʶʪʴ ʜʦʩʪʘʪʦʯʝ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʭʚʦʨʠʭ ʟ ʩʧʨʠʷʪʣʠʚʠʤ ʽ 

ʥʝʩʧʨʠʷʪʣʠʚʠʤ ʧʝʨʝʜʙʘʯʝʥʥʷʤ ʯʝʨʝʟ 6 

ʤʽʩʷʮʽʚ ʧʽʩʣʷ ʏʄʊ, ʦʩʦʙʣʠʚʦ ʷʢʱʦ ʜʘʥʽ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʂʊ ʨʦʟʛʣʷ-

ʜʘʶʪʴʩʷ ʧʦʨʷʜ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʧʨʦʚʽʩʥʠ-
ʢʘʤʠ. ʆʮʽʥʦʯʥʽ ʤʦʜʝʣʽ ʤʦʞʫʪʴ ʩʫʧʨʦʚʦʜ-

ʞʫʚʘʪʠ ʢʣʽʥʽʯʥʫ ʧʨʘʢʪʠʢʫ ʪʘ ʥʘʫʢʦʚʽ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʚ ʪʘʢʦʤʫ ʯʠʥʽ ʨʦʟʨʦʙʢʫ ʪʘ 

ʨʦʟʛʣʷʜ ʨʘʥʜʦʤʽʟʦʚʘʥʠʭ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ 

 Conclusions 

Prognostic models using baseline 

characteristics provide adequate 

discrimination between patients with good 

and poor 6 mo outcomes after TBI, 

especially if CT and laboratory findings are 

considered in addition to traditional 

predictors. The model predictions may 
support clinical practice and research, 

including the design and analysis of 

randomized controlled trials. 

ɺʠʩʥʦʚʢʠ ʨʝʜʘʢʪʦʨʘ çPLOSè ʩʪʘʪʪʽ  ̒

ʧʽʩʣʷ ʩʧʠʩʢʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ. 

 The PLOS Editorsô Summary of this 

article follows the references. 

ɺʩʪʫʧ. 

ʏʝʨʝʧʥʦ-ʤʦʟʢʦʚʘ ʪʨʘʚʤʘ (ʏʄʊ) ʻ ʧʨʦʚʽʜ-
 Introduction  

Traumatic brain injury (TBI) is a leading 
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ʥʦʶ ʧʨʠʯʠʥʦʶ ʩʤʝʨʪʽ ʪʘ ʽʥʚʘʣʽʜʥʦʩʪʽ. 

ɼʦʙʨʝ ʚʽʜʦʤʦ, ʷʢ ʩʢʣʘʜʥʦ ʥʘʜʽʡʥʦ ʦʮʽʥʠ-

ʪʠ ʧʨʦʛʥʦʟ ʦʜʨʘʟʫ ʧʽʩʣʷ ʧʦʰʢʦʜʞʝʥʥʷ, 

ʱʦ ʚʽʜʜʟʝʨʢʘʣʶʻ ʘʬʦʨʠʟʤ ɻʽʧʧʦʢʨʘʪʘ: 

çɾʦʜʥʘ ʟ ʪʨʘʚʤ ʛʦʣʦʚʠ ʥʝ ʻ ʥʘʩʪʽʣʴʢʠ 

ʪʷʞʢʦʶ, ʱʦʙ ʚʪʨʘʪʠʪʠ ʥʘʜʽʶ, ʘʙʦ ʪʘʢʦʶ 
ʜʨʽʙôʷʟʢʦʚʦʶ, ʱʦʙ ʥʘ ʥʶ ʥʝ ʟʚʝʨʪʘʪʠ 

ʫʚʘʛʫè. ʂʦʣʠ ʙʫʣʠ ʩʪʚʦʨʝʥʽ ʐʢʘʣʘ ʢʦʤʠ 

ɻʣʘʟʛʦ (ʐʂɻ) [1] ʪʘ ʐʢʘʣʘ ɺʠʩʣʽʜʽʚ 

ɻʣʘʟʛʦ (ʐɺɻ) [2], ʩʪʘʣʦ ʟʨʦʟʫʤʽʣʦ, ʱʦ 

ʥʘʜʽʡʥʽ ʧʨʦʛʥʦʩʪʠʯʥʽ ʦʮʽʥʢʠ ʤʦʞʣʠʚʦ 

ʨʦʙʠʪʠ ʯʝʨʝʟ 24 ʛʦʜ. ʧʽʩʣʷ ʪʨʘʚʤʠ, ʧʨʦʪʝ 

ʾʭ ʩʢʣʘʜʥʦ ʟʨʦʙʠʪʠ ʧʽʜ ʯʘʩ ʧʨʠʡʦʤʫ [3]. 

ʄʦʜʝʣʽ ʧʝʨʝʜʙʘʯʝʥʥʷ, ʷʢʽ ʚʠʢʦʨʠʩʪʦ-

ʚʫʶʪʴ ʜʘʥʽ ʥʘ ʤʦʤʝʥʪ ʚʧʠʩʝʥʥʷ ʚ 

ʣʽʢʘʨʥʶ, ʚʘʞʣʠʚʽ ʷʢ ʟʘʩʽʙ, ʱʦ ʩʧʨʠʷʻ 

ʧʨʠʡʥʷʪʪʶ ʢʣʽʥʽʯʥʠʭ ʨʽʰʝʥʴ ʽ ʜʘʻ ʟʤʦʛʫ 

ʜʦʩʪʦʚʽʨʥʦ ʧʦʨʽʚʥʷʪʠ ʚʠʩʣʽʜʠ ʫ ʨʽʟʥʠʭ 
ʩʝʨʽʷʭ ʢʣʽʥʽʯʥʠʭ ʚʠʧʘʜʢʽʚ ʽ ʤʽʥʣʠʚʽʩʪʴ 

ʚʠʩʣʽʜʽʚ ʟ ʯʘʩʦʤ. ʂʨʽʤ ʪʦʛʦ, ʪʘʢʽ ʤʦʜʝʣʽ 

ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣ ʁ ʫ ʨʘʥʜʦʤʽʟʦ-

ʚʘʥʠʭ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʢʣʽʥʽʯʥʠʭ ʜʦʩʣʽʜ-

ʞʝʥʥʷʭ (ʈʂʂɼ), ʜʝ ʾʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʧʽʜ ʯʘʩ ʩʪʨʘʪʠʬʽʢʘʮʽʾ [4] ʪʘ ʩʪʘʪʠʩʪʠʯ-

ʥʦʛʦ ʨʦʟʛʷʜʫ, ʷʢʠʡ ʜʝʪʘʣʴʥʦ ʚʨʘʭʦʚʫʻ 

ʧʨʦʛʥʦʩʪʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʪʘʢʦʛʦ ʷʢ 

ʢʦʚʘʨʽʥ̫ʪʥʘ ʢʦʨʝʢʮʽʷ [5, 6]. 

cause of death and disability. Establishing a 

reliable prognosis early after injury is 

notoriously difficult, as is captured in the 

Hippocratic aphorism, óóNo head injury is 

too severe to despair of, nor too trivial to 

ignore.ôô Following the development of the 
Glasgow Coma Scale (GCS) [1] and the 

Glasgow Outcome Scale (GOS) [2], it was 

found that confident predictions could be 

made after 24 h following the injury, but 

were difficult to establish on admission [3]. 

Prognostic models with admission data are 

essential to support early clinical decision-

making, and to facilitate reliable 

comparison of outcomes between different 

patient series and variation in results over 

time. Furthermore, prognostic models have 

an important role in randomized controlled 
trials (RCTs), for stratification [4] and 

statistical analyses that explicitly consider 

prognostic information, such as covariate 

adjustment [5,6]. 

ɹʘʛʘʪʦ ʤʦʜʝʣʝʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʘʥʽ, ʱʦ 

ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʧʽʩʣʷ ʧʝʨʝʙʫʪʪʷ ʫ ʣʽʢʘʨʥʽ, 
ʽ ʙʽʣʴʰʽʩʪʴ ʟ ʥʠʭ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʥʘ ʦʩʥʦʚʽ 

ʚʽʜʥʦʩʥʦ ʤʘʣʦʾ ʚʠʙʽʨʢʠ, ʷʢʘ ʧʦʭʦʜʠʣʘ ʟ 

ʦʜʥʦʾ ʫʩʪʘʥʦʚʠ ʯʠ ʨʝʛʽʦʥʫ [7, 8]. ɹʘʛʘʪʦ 

ʤʦʜʝʣʷʤ ʥʝʤʘʶʪʴ ʟʦʚʥʽʰʥʴʦʛʦ ʦʮʽʥʶ-

ʚʘʥʥʷ, ʷʢʝ ʻ ʽʩʪʦʪʥʠʤ ʝʪʘʧʦʤ ʜʦ ʰʠʨʦ-

ʢʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʦʜʝʣʽ [9, 10]. ʊʘʢʦʞ, 

ʤʘʣʦ ʤʦʜʝʣʝʡ ʧʨʠʜʘʪʥʠʡ ʜʣʷ ʢʣʽʥʽʯʥʦʾ 

ʧʨʘʢʪʠʢʠ.  

 Many models include data obtained after 

admission, and most were developed on 
relatively small sample sizes originating 

from a single center or region [7,8]. Many 

models lack external validation, which is 

essential before the broad application of a 

model can be advised [9,10]. Furthermore, 

few models are presented in a clinically 

practical way.  

 

ʄʠ ʥʘʤʘʛʘʣʠʩʴ ʩʪʚʦʨʠʪʠ ʧʨʦʛʥʦʩʪʠʯʥ ʁ

ʤʦʜʝʣ ʁʥʘ ʦʩʥʦʚʽ ʨʠʩ ʭʚʦʨʦʛʦ ʚ ʯʘʩʽ ʡʦʛʦ 

(ʾʡ) ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʦ ʣʽʢʘʨʥʽ, ʷʢʫ ʤʦʞʣʠ-

ʚʦ ʙʫʜʝ ʟʘʩʪʦʩʫʚʘʪʠ ʜʦ ʧʦʯʘʪʢʫ ʣʽʢʫʚʘʣʴ-
ʥʠʭ ʟʘʭʦʜʽʚ ʫ ʣʽʢʘʨʥʽ. ʄʠ ʚʠʢʦʨʠʩʪʘʣʠ 

ʜʘʥʽ ʭʚʦʨʠʭ ʜʝʢʽʣʴʢʦʭ ʚʝʣʠʢʠʭ ʩʝʨʽʡ 

ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʚʽʜʧʦ-

ʚʽʜʥʦ ʜʦ ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʦʢ̒ʪʫ çʄʽʞʥʘ-

ʨʦʜʥʘ ʤʽʩʽʷ ʧʝʨʝʜʙʘʯʝʥʥʷ ʪʘ ʨʦʟʛʣʷʜʫ 

ʜʘʥʠʭ ʢʣʽʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʧʨʠ ʏʄʊè 

(International Mission for Prognosis and 

Analysis of Clinical Trials in TBI ï 

IMPACT) [11] ʷʢ ʧʨʦʜʦʚʞʝʥʥʷ ʩʧʨʦʙ 

 We aimed to develop prognostic models 

based on admission characteristics, which 

would allow application of the model before 

in-hospital therapeutic interventions. We 
used several large patient series for model 

development as available in the 

International Mission for Prognosis and 

Analysis of Clinical Trials in TBI 

(IMPACT) project [11], as an extension of 

multivariable analyses reported before [12]. 

External validation was possible on data 

from a large, recently completed RCT [13]. 

This RCT was used to develop a series of 
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ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʨʦʟʛʣʷʜʫ, ʧʨʦ ʷʢʽ ʩʧʦ-

ʚʽʱʘʣʠ ʨʘʥʽʰʝ [12]. ʇʨʦʚʝʜʝʥʥʷ ʟʦʚʥʽʰ-

ʥʴʦʛʦ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʙʫʣʦ ʤʦʞʣʠʚʝ ʥʘ 

ʜʘʥʠʭ ʟ ʚʝʣʠʢʦʛʦ ʥʝʱʦʜʘʚʥʦ ʧʨʦʚʝʜʝ-

ʥʦʛʦ ʈʂʂɺ [13]. ɼʘʥʝ ʈʂʂɺ ʙʫʣʦ ʚʠʢʦ-

ʨʠʩʪʘʥʝ ʟʘʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʝʢʽʣʴʢʦʭ ʧʨʦʛ-
ʥʦʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʫʚʘʛʫ ʚ ʷʢʠʭ ʙʫʣʦ 

ʟʦʩʝʨʝʜʞʝʥʦ ʥʘ ʥʝʟʘʭʽʜʥʠʭ ʢʨʘʾʥʘʭ [14]. 

ʇʘʨʘʣʝʣʴʥʦ ʜʦ ʮʽʻʾ ʨʦʙʦʪʠ ʪʘ ʚ ʨʘʤʢʘʭ 

ʩʧʽʚʧʨʘʮʽ ʤʽʞ ʜʦʩʣʽʜʥʠʢʘʤʠ CRASH ʪʘ 

IMPACT. ʤʠ ʩʪʚʦʨʠʣʠ ʪʘ ʦʧʠʩʫʻʤʦ ʪʫʪ 

ʙʘʟʦʚʫ ʤʦʜʝʣʴ, ʱʦ ʚʢʣʶʯʘʻ ʣʝʛʢʦʜʦʩʪʫʧ-

ʥʽ ʢʣʽʥʽʯʥʽ ʨʠʩ, ʘ ʪʘʢʦʞ ʜʦʜʘʪʢʦʚʽ ʤʦʜʝʣʽ, 

ʱʦ ʚʢʣʶʯʘʶʪʴ ʚʠʩʣʽʜʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʪʦ-

ʤʦʛʨʘʬʽʾ (ʂʊ) ʪʘ ʣʘʙʦʨʘʪʦʨʥʽ ʧʦʢʘʟʥʠʢʠ. 

prediction models with a specific focus on 

non-Western countries [14]. In parallel with 

this work and as part of collaboration 

between CRASH and IMPACT 

investigators, we developed and describe 

here a basic model that includes easily 
accessible clinical features, and additional 

models that included findings from 

computed tomography (CT) scanning, and 

laboratory measurements. 

 

ɿʘʩʦʙʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʍʚʦʨʽ 

ʋ ʙʘʟʽ ʜʘʥʠʭ IMPACT  ̒ʜʘʥʽ ʧʨʦ ʭʚʦʨʠʭ ʟ 
ʧʦʤʽʨʥʠʤʠ ʪʘ ʪʷʞʢʠʤʠ ʏʄʊ (ʐʂɻ< . = 

12), ʱʦ ʧʨʦʪʷʛʦʤ 1984-1997 ʨʨ. ʙʨʘʣʠ 

ʫʯʘʩʪʴ ʫ ʚʦʩʴʤʠ ʈʂʂɺ ʪʘ ʪʨʴʦʭ ʦʙʩʝʨʚʘ-

ʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ [11]. ɼʝʪʘʣʴʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʮʠʭ 11 ʜʦʩʣʽʜʞʝʥʴ ʪʘ 

ʩʧʦʩʦʙʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʙʫʣʠ ʦʧʠʩʘʥʽ 

ʨʘʥʽʰʝ [15]. ʂʽʥʮʝʚʦʶ ʪʦʯʢʦʶ ʧʽʜ ʯʘʩ 

ʧʨʦʛʥʦʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʙʫʣʘ ʦʮʽʥʢʘ 

ʯʝʨʝʟ 6 ʤʽʩ. ʟʘ ʐɺɻ, ʷʢʘ ʻ ʧʦʨʷʜʢʦʚʦʶ 

ʰʢʘʣʦʶ ʟ ʧôʷʪʴʤʘ ʢʘʪʝʛʦʨʽʷʤʠ ʚʠʩʣʽʜʽʚ: 1 

ï ʩʤʝʨʪʴ, 2 ï ʚʝʛʝʪʘʪʠʚʥʠʡ ʩʪʘʥ, 3 ï ʪʷʞ-
ʢʘ ʽʥʚʘʣʽʜʥʽʩʪʴ, 4 ï ʧʦʤʽʨʥʘ ʽʥʚʘʣʽʜʥʽʩʪʴ 

ʪʘ 5 ï ʜʦʙʨʝ ʚʽʜʥʦʚʣʝʥʥʷ. ʋ ʚʠʧʘʜʢʘʭ, 

ʢʦʣʠ ʥʝ ʙʫʣʦ ʦʮʽʥʢʠ ʯʝʨʝʟ 6 ʤʽʩ., ʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʦʮʽʥʢʫ ʟʘ ʐɺɻ ʯʝʨʝʟ 3 

ʤʽʩ. (n=1611, 19% ʭʚʦʨʠʭ). ʄʠ ʚʽʜʽʙʨʘʣʠ 

8509 ʭʚʦʨʠʭ ʫ ʚʽʮʽ ʩʪʘʨʰʝ14 ʨʦʢʽʚ [12].  

 Methods 

Patients  

The IMPACT database includes patients 
with moderate and severe TBI (GCS < / = 

12) from eight randomized controlled trials 

and three observational studies conducted 

between 1984 and 1997 [11]. Detailed 

characteristics of these 11 studies and data 

management have been described 

previously [15]. The endpoint for the 

prognostic analyses was the 6 mo GOS, 

which is an ordered outcome with five 

categories: 1, dead; 2, vegetative state; 3, 

severe disability; 4, moderate disability; and 
5, good recovery. In patients whose 6 mo 

assessment was not available we used the 3 

mo GOS (n ʿ 1,611, 19% of the patients). 

We selected 8,509 patients aged >/= 14 y 

[12]. 

 

ʄʠ ʧʨʦʚʝʣʠ ʟʦʚʥʽʰʥʻ ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

ʧʨʦʛʥʦʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʚʠʢʦʨʠʩʪʘʚʰʠ 

ʜʘʥʽ ʭʚʦʨʠʭ, ʱʦ ʧʽʜʯʘʩ 1999 ʨ. ʜʦ 2004 ʨ. 

ʙʫʣʠ ʟʘʣʫʯʝʥʽ ʜʦ ʢʣʽʥʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʨʘʥʜʦʤʽʟʘʮʽʾ ʢʦʨʪʠʢʦʩʪʝʨʦʾʜʽʚ ʧʽʩʣʷ ʟʥʘʯ-

ʥʦʛʦ ʫʰʢʦʜʞʝʥʥʷ ʛʦʣʦʚʠ, ʧʨʦʚʝʜʝʥʦʛʦ 
ʈʘʜʦʶ ʈʘʜʠ ʟ ʤʝʜʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

(Medical Research Council Corticosteroid 

Randomisation after Significant Head 

Injury ï MRC CRASH), ʷʢʝ ʤʘʻ 

ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʯʠʩʣʦ ISRCTN74459797 ʫ 

ʨʝʻʩʪʨʽ ISRCTN ʥʘ http://www.controlled-

trials.com/ [13]. ʎʝ ʙʫʣʦ ʚʝʣʠʢʝ ʤʽʞʥʘ-

ʨʦʜʥʝ ʧʦʜʚʽʡʥʦ-ʟʘʩʣʽʧʣʝʥʝ ʈʂʂɺ, ʚ 

ʷʢʦʤʫ ʚʠʚʯʘʣʠ ʚʧʣʠʚ ʨʘʥʥʴʦʛʦ ʧʨʠʟʥʘ-

 We externally validated prognostic models 

using patients enrolled in the Medical 

Research Council Corticosteroid 

Randomisation after Significant Head 

Injury (MRC CRASH) trial (trial 

registration ISRCTN74459797, ISRCTN 
Register, http://www.controlled-

trials.com/), who were recruited between 

1999 and 2004 [13]. This was a large 

international double-blind, randomized 

placebo-controlled trial of the effect of early 

administration of a 48-h infusion of 

methylprednisolone on outcome after head 

injury. It was found that the risks of death 

and disability were higher in the 

http://www.controlled-trials.com/
http://www.controlled-trials.com/
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ʯʝʥʥʷ ʽʥʬʫʟʽʾ ʤʝʪʠʣʧʨʝʜʥʽʟʦʣʦʥʫ ʚʧʨʦ-

ʜʦʚʞ 48 ʛʦʜ. ʥʘ ʩʪʘʥ ʟʜʦʨʦʚôʷ ʭʚʦʨʠʭ 

ʧʽʩʣʷ ʧʦʰʢʦʜʞʝʥʥʷ ʛʦʣʦʚʠ. ɺʠʩʣʽʜʠ 

ʩʚʽʜʯʠʣʠ, ʱʦ ʨʠʟʠʢ ʩʤʝʨʪʽ ʪʘ ʽʥʚʘʣʽʜ-

ʥʦʩʪʽ ʙʫʚ ʚʠʱʠʤ ʚ ʛʨʫʧʽ ʣʽʢʫʚʘʥʥʷ 

ʢʦʨʪʠʢʦʩʪʝʨʦʾʜʘʤʠ, ʥʽʞ ʫ ʛʨʫʧʽ ʧʣʘʮʝʙʦ. 
ʋʯʘʩʥʠʢʘʤʠ ʢʣʽʥʽʯʥʦʛʦ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʙʫʣʠ 10.008 ʜʦʨʦʩʣʠʭ ʟ ʐʂɻ >/= 14, ʷʢʠʭ 

ʚʢʣʶʯʠʣʠ ʧʨʦʪʷʛʦʤ ʧʝʨʰʠʭ 8 ʛʦʜʠʥ 

ʧʽʩʣʷ ʪʨʘʚʤʠ. ʄʠ ʚʽʜʽʙʨʘʣʠ 6681 ʭʚʦʨʦʠʭ 

ʟʽ ʐʂɻ </= 12 ʪʘ ʥʘʷʚʥʦʶ ʦʮʽʥʢʦʶ ʟʘ 

ʐɺɻ ʯʝʨʝʟ 6 ʤʽʩ. ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʚʪʦʨʠʥʥʠʭ ʨʦʟʛʣʷʜʽʚ ʤʠ ʙʨʘʣʠ ʜʦ ʫʚʘʛʠ 

ʪʽʣʴʢʠ ʭʚʦʨʠʭ, ʢʦʪʨʽ ʦʪʨʠʤʫʚʘʣʠ ʧʣʘʮʝʙʦ 

(n=3287), ʪʘ ʭʚʦʨʠʭ ʟ ʟʘʤʦʞʥʠʭ ʢʨʘʾʥ 

(n=1588). ʇʽʜ ʯʘʩ ʦʽʮʥʶʚʘʥʥʷ ʤʠ 

ʟʦʩʝʨʝʜʠʣʠ ʫʚʘʛʫ ʥʘ ʧʝʨʝʜʙʘʯʝʥʥʷ 

ʩʤʝʨʪʥʦʩʪʽ (ʐɺɻ=1) ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 
ʚʠʞʠʚʘʥʥʷʤ (ʐɺɻ=2-5) ʪʘ ʥʘ 

ʧʝʨʝʜʙʘʯʝʥʥ̫ ʥʝʩʧʨʠʷʪʣʠʚʦʛʦ (ʐɺɻ=1-

3) ʪʘ ʩʧʨʠʷʪʣʠʚʦʛʦ (ʐɺɻ=4-5) ʚʠʩʣʽʜʫ. 

corticosteroid group than in the placebo 

group. The trial included 10,008 adults with 

GCS >/= 14, who were enrolled within 8 h 

after injury. We selected 6,681 patients with 

a GCS </= 12 and with complete 6 mo 

GOS. Secondary analyses considered only 
placebo patients (n = 3,287) and patients 

from high-income countries (n = 1,588). For 

the validation we focused on prediction of 

mortality (GOS 1) versus survival (GOS 2ï

5) and of unfavorable (GOS 1ï3) versus 

favorable outcome (GOS 4ï5). 

 

ʇʨʦʚʽʩʥʠʢʠ ʪʘ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ 

ʄʠ ʨʦʟʛʣʷʜʘʣʠ ʪʽ ʨʠʩ ʭʚʦʨʦʠʭ, ʱʦ 

ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʦʩʪʦ ʪʘ ʥʘʜʽʡʥʦ ʚʠʟʥʘʯʝʥʽ 

ʧʨʦʪʷʛʦʤ ʧʝʨʰʠʭ ʢʽʣʴʢʦʭ ʛʦʜʠʥ ʧʽʩʣʷ 

ʪʨʘʚʤʠ. ʉʧʦʯʘʪʢʫ ʤʠ ʜʦʩʣʽʜʞʫʚʘʣʠ 

ʥʠʟʢʫ ʟ 26 ʧʦʪʝʥʮʽʡʥʠʭ ʧʨʦʚʽʩʥʠʢʽʚ [12]. 

ɺʦʥʠ ʚʢʣʶʯʘʣʠ ʜʝʤʦʛʨʘʬʽʯʥʽ ʜʘʥʽ (ʚʽʢ, 

ʩʪʘʪʴ, ʨʘʩʘ, ʦʩʚʽʪʘ), ʧʦʢʘʟʥʠʢʠ ʪʷʞʢʦʩʪʽ 
ʩʪʘʥʫ (ʧʨʠʯʠʥʘ ʪʨʘʚʤʠ, ʙʘʣʠ ʐʂɻ, 

ʬʦʪʦʨʝʘʢʮʽʾ ʟʽʥʠʮʴ), ʚʪʦʨʠʥʥʽ ʫʩʢʣʘʜʥʝʥ-

ʥ ̫ (ʛʽʧʦʢʩʽʷ, ʛʽʧʦʪʝʥʟʽʷ, ʛʽʧʦʪʝʨʤʽʷ), ʨʽ-

ʚʝʥʴ ʘʨʪʝʨʽʘʣʴʥʦʛʦ ʪʠʩʢʫ (ʩʠʩʪʦʣʽʯʥʦʛʦ, 

ʜʽʘʩʪʦʣʽʯʥʦʛʦ), ʨʽʟʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ 

ʂʊ ʪʘ ʚʤʩʣʽʜʠ ʙʽʦʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʇʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʤʠ ʦʙʨʘʣʠ ʧʨʦʚʽʩʥʠʢʠ, 

ʱʦ ʤʘʣʠ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʝʨʝʜʙʘʯʝʥʥʷ 

ʥʘʩʣʽʜʢʫ (ʟʛʽʜʥʦ ʟ Nagelkerke R2 ʧʨʠ 

ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʤʫ ʘʥʘʣʽʟʽ) ʽ ʙʫʣʠ ʚʽʜʦʤʽ 

ʜʣʷ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʭʚʦʨʠʭ ʟ ʚʠʭʽʜʥʦʾ 

ʚʠʙʽʨʢʠ [12]. ɹʫʣʠ ʚʠʟʥʘʯʝʥʽ ʪʨʠ 
ʧʨʦʛʥʦʩʪʠʯʥʽ ʤʦʜʝʣʽ: (1) ʛʦʣʦʚʥʘ ʤʦʜʝʣʴ, 

ʱʦ ʚʢʣʶʯʘʻ ʚʽʢ, ʦʮʽʥʢʫ ʨʫʭʽʚ ʟʘ ʐʂɻ ʪʘ 

ʬʦʪʦʨʝʢʮʽʾ; (2) ʨʦʟʰʠʨʝʥʘ ʤʦʜʝʣʴ, ʱʦ 

ʚʢʣʶʯʘʻ ʪʨʠ ʧʨʝʜʙʘʯʥʠʢʠ ʛʦʣʦʚʥʦʾ ʤʦʜʝ-

ʣʽ, ʘ ʪʘʢʦʞ ʫʩʢʣʘʜʥʝʥʥʷ (ʛʽʧʦʢʩʽʷ, ʛʽʧʦ-

ʪʝʥʟʽʷ), ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂʊ (ʢʣʘʩʠʬʽʢʘʮʽʷ 

Marshall [16]), ʪʨʘʚʤʘʪʠʯʥʠʡ ʩʫʙʘʨʘʭʥʦʾ-

ʜʘʣʴʥʠʡ ʢʨʦʚʦʚʠʣʠʚ (ʪʉɸʂ) ʪʘ ʝʧʽʜʫ-

ʨʘʣʴʥʽ ʛʝʤʘʪʦʤʠ (ɽɼɻ); (3) ʣʘʙʦʨʘʪʦʨʥʘ 

 Predictors and Model Development 

We considered patient characteristics that 

could be determined easily and reliably 

within the first few hours after injury. We 

initially examined a set of 26 potential 

predictors [12]. These included 

demographics (age, sex, race, education), 

indicators of clinical severity (cause of 
injury, GCS components, pupillary 

reactivity), secondary insults (hypoxia, 

hypotension, hypothermia), blood pressure 

(systolic, diastolic), various CT 

characteristics and various biochemical 

variables. For the present analyses, we 

selected predictors that were important in 

predicting outcome (according to the 

Nagelkerke R2 in multivariable analyses), 

and available for a substantial numbers of 

patients in the development cohort [12]. 

Three prognostic models were defined: (1) 
The core model included age, the motor 

score component from the GCS, and 

pupillary reactivity; (2) the extended model 

included the three predictors from the core 

model plus information on secondary insults 

(hypoxia, hypotension), CT characteristics 

(Marshall CT classification [16]), traumatic 

subarachnoid hemorrhage (tSAH), and 

epidural hematoma (EDH); and (3) the lab 
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ʤʦʜʝʣʴ, ʱʦ ʧʦʨʷʜ ʟ ʫʩʽʤʘ ʧʦʢʘʟʥʠʢʘʤʠ 

ʨʦʟʰʠʨʝʥʦʾ ʤʦʜʝʣʽ ʚʢʣʶʯʘʣʘ ʚʠʩʣʽʜʠ 

ʚʠʟʥʘʯʝʥʥʷ ʛʣʶʢʦʟʠ ʢʨʦʚʽ ʪʘ ʨʽʚʥʷ 

ʛʝʤʦʛʣʦʙʽʥʫ (Hb). ɺʠʟʥʘʯʝʥʥʷ ʧʨʦʚʽʩʥʠ-

ʢʽʚ ʙʫʣʦ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʝ ʨʘʥʽʰʝ[15]. 

model included the characteristics from the 

extended model and additional information 

on glucose and hemoglobin (Hb). 

Definitions of predictors have been 

described in detail [15].  

ɺʽʢ ʪʘ ʦʮʽʥʢʘ ʨʫʭʽʚ ʟʘ ʐʂɻ ʙʫʣʠ ʚʽʜʦʤʽ 
ʜʣʷ ʚʩʽʭ ʭʚʦʨʠʭ. ʏʘʩʦʤ ʙʨʘʢʫʚʘʣʦ ʜʘʥʠʭ 

ʽʥʰʠʭ ʧʨʦʚʽʩʥʠʢʽʚ, ʧʝʨʝʚʘʞʥʦ ʯʝʨʝʟ ʪʝ, 

ʱʦ ʚ ʜʝʷʢʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʜʝʷʢʽ ʟ ʥʠʭ ʥʝ 

ʙʫʣʠ ʟʘʧʠʩʘʥʠʤʠ. 

 Age and motor score were available for all 
patients. Missing values occurred for 

several other predictors, especially because 

some predictors were not recorded in some 

studies. 

ɺ ʜʦʩʣʽʜʞʝʥʥʷʭ ʜʘʥʽ ʩʪʦʩʦʚʥʦ ʧʨʦʚʽʩ-

ʥʠʢʘ ʥʘ ʟʘʛʘʣ ʙʫʣʠ ʥʘʷʚʥʽ ʙʽʣʴʰ ʥʽʞ ʫ 

90%, ʷʢʱʦ ʜʘʥʠʡ ʧʨʦʚʽʩʥʠʢ ʨʝʻʩʪʨʫʚʘʣʠ 

[15]. ʈʝʘʢʮʽʾ ʟʽʥʠʮʴ ʥʝ ʜʦʢʫʤʝʥʪʫʚʘʣʠ ʚ 

ʜʚʦʭ ʢʣʽʥʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ (n=1045), 

ʦʜʥʘʢ ʽʥʬʦʨʤʘʮʽʷ ʙʫʣʘ ʤʘʡʞʝ ʚʠʯʝʨʧʥʦʶ 

ʫ ʨʝʰʪʽ ʟ ʥʠʭ (ʙʨʘʢʫʻ 338 ʟʥʘʯʝʥʴ ʥʘ 

7474 ʭʚʦʨʠʭ). 

 Within studies, predictor values were 

generally over 90% complete if the 

predictor was recorded [15]. Pupillary 

reactivity was not recorded in two trials (n ʿ 

1,045), but were nearly complete in the 

other studies (338 missing values among 

7,474 patients). 

ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʥʘʜ ʨʦʟʰʠʨʝʥʦʶ ʤʦʜʝʣʝʁ  

ʤʠ ʚʠʢʣʶʯʠʣʠ ʦʜʥʝ ʢʣʽʥʽʯʥʝ ʜʦʩʣʽʜʞʝʥ-

ʥʷ, ʚ ʢʦʪʨʦʤʫ ʥʝ ʜʦʢʫʤʝʥʪʫʚʘʣʠ ʛʽʧʦʢ-

ʩʽʶ, ʛʽʧʦʪʝʥʟʽʶ ʽ ʨʝʟʫʣʴʪʘʪʠ ʂʊ ʚʽʜʧʦ-

ʚʽʜʥʦ ʜʦ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʧʽʩʣʷ ʯʦʛʦ ʟʘʣʠʰʠ-

ʣʦʩʴ 6999 ʭʚʦʨʠʭ. ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʣʘʙʦʨʘ-

ʪʦʨʥʦʾ ʤʦʜʝʣʽ ʤʠ ʙʫʣʠ ʦʙʤʝʞʝʥʽ ʜʘʥʠʤʠ 

ʯʦʪʠʨʴʦʭ ʜʦʩʣʽʜʞʝʥʴ, ʫ ʷʢʠʭ ʟʘʧʠʩʫʚʘʣʠ 

ʨʽʚʝʥʴ ʛʣʶʢʦʟʠ ʪʘ Hb (n=3,554). 

ɹʨʘʢʫʚʘʣʦ 167 (5%) ʟʥʘʯʝʥʴ ʨʽʚʥʷ 

ʛʣʶʢʦʟʠ ʪʘ 132 (4%) ʟʥʘʯʝʥʴ ʨʽʚʥʷ Hb. 

 For the extended model we excluded one 

trial, since hypoxia, hypotension, and the 

CT classification were not recorded, leaving 

6,999 patients. For the development of the 

lab model, we were limited to four studies 

in which glucose and Hb had been recorded 

(n ʿ 3,554). Missing values occurred for 167 

glucose values (5%), and 132 Hb values 

(4%). 

ʄʠ ʙʘʛʘʪʦ ʨʘʟʽʚ ʦʧʨʘʚʣʷʣʠ ʜʝʩʷʪʴ ʥʘʙʦ-

ʨʽʚ ʜʘʥʠʭ, ʢʦʪʨʽ ʙʫʣʠ ʦʜʥʘʥʘʢʦʚʽ ʫ ʚʽʜʦ-

ʤʽʡ ʽʥʬʦʨʤʘʮʽʾ, ʘʣʝ ʤʦʛʣʠ ʚʽʜʨʽʟʥʷʪʠʩʷ ʟʘ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚʽʜʩʫʪʥʽʭ ʧʦ-

ʢʘʟʥʠʢʽʚ. ʄʠ ʚʠʢʦʨʠʩʪʘʣʠ ʤʝʪʦʜ ʣʘʥʮʶ-

ʛʦʚʠʭ ʨʽʚʥʷʥʴ, ʦʪʨʠʤʫʶʯʠ ʙʨʘʢʫʶʯʽ ʜʘʥʽ 

ʰʣʷʭʦʤ ʟʚʦʨʦʪʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ [17-

20]. ʄʠ ʚʞʠʣʠ ʘʣʛʦʨʠʪʤ çMICEè [21], 

ʷʢʠʡ ʧʨʘʮʶʻ ʟ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷʤ R [22].   

 We multiply imputed ten sets of data that 

were identical in known information, but 

could differ on imputed values for missing 

information. We used the method of 

chained equations, sampling imputed values 

from the posterior predictive distribution of 

the missing data [17ï20]. We used the 

MICE algorithm [21], which works with R 

software [22]. 

 

ɺ ʤʦʜʝʣʷʭ ʦʧʨʘʚʣʝʥʥʷ ʚʠʢʦʨʠʩʪʘʣʠ ʚʩʽ 

ʟʤʽʥʥʽ, ʱʦ ʨʦʟʛʣʷʜʘʣʠʩʷ ʤʦʞʣʠʚʠʤʠ ʧʨʦ-
ʚʽʩʥʠʢʘʤʠ, ʘ ʪʘʢʦʞ 6 ʤʽʩ GOS. ɿʘʛʘʣʦʤ, 

1383 ʟ 25527 ʥʝʦʙʭʽʜʥʠʭ ʟʥʘʯʝʥʴ (5%) ʚ 

ʦʩʥʦʚʥʽʡ ʤʦʜʝʣʽ ʙʫʣʠ ʦʧʨʘʚʣʝʥʽ, 7477 ʟ 

55992 ʥʝʦʙʭʽʜʥʠʭ ʟʥʘʯʝʥʴ ʚ ʨʦʟʰʠʨʝʥʽʡ 

ʤʦʜʝʣʽ (13%), ʽ 2965 ʟ 35540 ʥʝʦʙʭʽʜʥʠʭ 

ʟʥʘʯʝʥʴ ʚ ʣʘʙʦʨʘʪʦʨʥʽʡ ʤʦʜʝʣʽ (8%). 

 The imputation models used all the 

variables that we considered as potential 
predictors as well as the 6 mo GOS. In total, 

1,383 of the required 25,527 values (5%) in 

the core model were imputed, 7,477 of the 

55,992 required values in the extended 

model (13%), and 2,965 of the 35,540 

required values in the lab model (8%). 

ʉʪʘʪʠʩʪʠʯʥʠʡ ʨʦʟʛʷʜ 

ʈʦʟʛʣʷʜ ʧʨʦʧʦʨʮʽʡʥʠʭ ʰʘʥʩʽʚ ʤʝʪʦʜʦʤ 

ʣʦʛʽʩʪʠʯʥʦʾ ʨʝʛʨʝʩʽʾ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʩʪʦ-

 Statistical Analysis 

Proportional odds logistic regression 

analysis was performed with the 6 mo GOS 
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ʩʦʚʥʦ ʦʮʽʥʢʠ ʟʘ ʐʈɻ ʯʝʨʝʟ 6 ʤʽʩ. ʫ ʷʢʦʩʪʽ 

ʧʦʨʷʜʢʦʚʦʛʦ (ʨʘʥʞʦʚʘʥʦʛʦ) ʚʠʩʣʽʜʫ [23]. 

ʎʝʡ ʨʦʟʛʣʷʜ ʝʬʝʢʪʠʚʥʦ ʧʽʜʩʫʤʦʚʫʻ ʟʚôʷʟ-

ʢʠʧʝʨʝʜʙʘʯʝʥʥʷ ʟ ʧʦʨʷʜʢʦʚʠʤ ʚʠʩʣʽʜʦʤ, 

ʪʘʢʠʤ ʷʢ ʐɺɻ. ʇʨʠʧʫʱʝʥʥʷ ʱʦʜʦ ʧʨʦ-

ʧʦʨʮʽʡʥʦʩʪʽ ʙʫʣʦ ʧʝʨʝʚʽʨʝʥʝ ʜʣʷ ʢʦʞʥʦʛʦ 
ʟ ʦʙʨʘʥʠʭ ʧʨʦʚʽʩʥʠʢʽʚ ʽ ʚʠʷʚʠʣʦʩʷ ʧʨʠ-

ʧʫʩʪʠʤʠʤ [12]. ɺʟʘʻʤʦʜʽʶ ʤʽʞ ʧʨʦʚʽʩʥʠ-

ʢʘʤʠ ʦʮʽʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʠʪʝʨʽʾʚ 

ʚʽʜʥʦʰʝʥʴ ʤʦʞʣʠʚʦʩʪʽ (likelihood ratio 

test), ʘʣʝ ʞʦʜʥʘ ʟ ʥʠʭ ʥʝ ʙʫʣʘ ʥʘʩʪʽʣʴʢʠ 

ʽʩʪʦʪʥʦʶ, ʱʦʙ ʧʦʰʠʨʠʪʠ ʤʦʜʝʣʴ ʟʘ ʤʝʞʽ 

ʦʩʥʦʚʥʠʭ ʝʬʝʢʪʽʚ ʢʦʞʥʦʛʦ ʧʨʦʚʽʩʥʠʢʘ. 

ʊʘʢʠʤ ʞʝ ʯʠʥʦʤ ʝʬʝʢʪʠ, ʱʦ ʩʧʝʮʠʬʽʯʥʽ 

ʜʣʷ ʦʢʨʝʤʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʦʮʽʥʶʚʘʣʠ 

ʰʣʷʭʦʤ ʚʠʚʯʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʜʦʩʣʽʜ-

ʞʝʥʥʷʤ ʪʘ ʢʦʞʥʠʤ ʟ ʧʨʦʚʽʩʥʠʢʽʚ. ʆʩʪʘ-

ʪʦʯʥʽ ʤʦʜʝʣʽ ʧʝʨʝʜʙʘʯʝʥʥʷ ʙʫʣʠ ʩʪʚʦʨʝʥʽ 
ʣʦʛʽʩʪʠʯʥʦ ʁʨʝʛʨʝʩʽʻ ʁʚʽʜʥʦʩʥʦ ʥʘ ʜʚʘ 

ʧʦʜʽʣʝʥʦʾ ʦʮʽʥʢʠ ʟʘ ʐʈɻ: ʩʤʝʨʪʴ (ʧʨʦʪʠ 

ʚʠʞʠʚʘʥʥʷ) ʪʘ ʥʝʩʧʨʠʷʪʣʠʚʠʡ ʚʠʩʣʽʜ 

(ʧʨʦʪʠ ʩʧʨʠʷʪʣʠʚʦʛʦ ʚʠʩʣʽʜʫ). ʋʩʽ ʘʥʘ-

ʣʽʟʠ ʩʪʨʘʪʠʬʽʢʦʚʘʥʽ ʟʘ ʜʦʩʣʽʜʞʝʥʥʷʤ. 

as an ordinal outcome [23]. This analysis 

efficiently summarizes predictive 

relationships with an ordinal outcome such 

as the GOS. The proportionality assumption 

was checked for each selected predictor and 

found to be reasonable [12]. Interaction 
terms between predictors were examined 

with likelihood ratio tests, but none was of 

sufficient relevance to extend the models 

beyond the main effects for each predictor. 

Similarly, study-specific effects were 

assessed with interaction terms between 

study and each predictor. Final prognostic 

models were developed with logistic 

regression analysis for dichotomized 

versions for the GOS: mortality (versus 

survival) and unfavorable outcome (versus 

favorable outcome). All analyses were 
stratified by study. 

ɼʣʷ ʙʝʟʧʝʨʝʨʚʥʠʭ ʧʝʨʝʜʙʘʯʥʠʢʽʚ (ʚʽʢ, 

ʨʽʚʝʥʴ ʛʣʶʢʦʟʠ ʪʘ Hb) ʣʽʥʽʡʥʠʡ ʟʚôʷʟʦʢ ʟ 

ʚʠʩʣʽʜʦʤ ʚʠʷʚʠʚʩʷ ʚʽʜʧʦʚʽʜʥʠʤ ʥʘʙʣʠ-

ʞʝʥʥʷʤ ʧʽʩʣʷ ʦʮʽʥʢʠ ʥʝʣʽʥʽʡʥʦʩʪʽ ʟ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷʤ ʦʙʤʝʞʝʥʠʭ ʢʫʙʽʯʥʠʭ ʩʧʣʘʡʥʽʚ 

[24]. ɺ̔ ʜʥʦʰʝʥ ̫ʰʘʥʩʽʚ (ɺʐ) ʙʫʣʠ ʨʦʟ-
ʤʽʨʝʥʥʽ, ʱʦʙ ʚʦʥʠ ʚʽʜʧʦʚʽʜʘʣʠ ʟʤʽʥʘʤ 

ʤʽʞ 25-ʤ ʧʝʨʮʝʥʪʠʣʝʤ ʪʘ 75-ʤ ʧʝʨʮʝʥʪʠ-

ʣʝʤ ʨʦʟʧʦʜʽʣʫ ʧʝʨʝʜʙʘʯʥʠʢʘ. 

 For the continuous predictors: age, glucose, 

and Hb, a linear relationship with outcome 

was found to be a good approximation after 

assessment of nonlinearity using restricted 

cubic splines [24]. The odds ratios (ORs) 

were scaled so that they corresponded to a 
change from the 25th percentile to the 75th 

percentile of the predictor distribution. 

ʎʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʜʦʟʚʦʣʠʣʦ ʚʠʢʦʥʘʪʠ 

ʧʨʷʤʝ ʧʦʨʽʚʥʷʥʥʷ ʧʨʦʛʥʦʩʪʠʯʥʦʾ ʟʥʘʯʠ-

ʤʦʩʪʽ ʧʨʦʚʽʩʥʠʢʽʚ, ʱʦ ʚʠʤʽʨʶʚʘʣʠʩʴ ʫ 

ʽʥʰʠʭ ʦʜʠʥʠʮʷʭ ʯʠ ʟʘ ʽʥʰʦʶ ʰʢʘʣʦʶ. 

ʉʫʢʫʧʥʝ ɺʐ ʙʫʣʦ ʦʙʯʠʩʣʝʥʝ ʜʣʷ ʦʧʨʘʚ-

ʣʝʥʠʭ ʙʘʟ ʜʘʥʠʭ (ʬʫʥʢʮʽʷ fit .mult.impute ʟ 

ʙʽʙʣʽʦʪʝʢʠ Design Harrellôʘ [25]). ʋʩʽ 

ʘʥʘʣʽʟʠ ʙʫʣʦ ʧʦʚʪʦʨʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʽʣʴʢʠ ʧʦʚʥʠʭ ʜʘʥʠʭ, ʱʦ ʜʘʣʦ ʧʦʜʽʙʥʽ 
ʚʠʩʣʽʜʠ ( ʥʝʦʧʫʙʣʽʢʦʚʘʥʽ ʜʘʥʽ). 

 This scaling allowed for a direct 

comparison of the prognostic value of 

predictors that had been recorded in 

different units or on different scales. Pooled 

ORs were estimated over the imputed 

datasets (fit.mult.impute function from the 

Harrell Design library [25]). All analyses 

were repeated using only complete data, 

which gave similar results (unpublished 
data). 

ɺʥʫʪʨʽʰʥʻ ʦʮʽʥʶʚʘʥʥʷ 

ɼʠʩʢʨʠʤʽʥʘʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʫʩʽʭ ʪʨʴʦʭ 

ʤʦʜʝʣʝʡ ʚʠʟʥʘʯʘʣʠ ʟʘ ʇʇʂ (area under 

the receiver operating characteristic curve ï 

AUC). ʇʇʂ ʤʦʞʝ ʤʽʥʷʪʠʩʷ ʚʽʜ 0,5 

(ʥʝʽʥʬʦʨʤʘʪʠʚʥʘ ʤʦʜʝʣʴ) ʜʦ 1,0 (ʜʦʚʝʨ-

ʰʝʥʘ ʤʦʜʝʣʴ). ʇʇʂ ʙʫʣʘ ʨʦʟʨʘʭʦʚʘʥʘ 

ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʧʨʦʮʝʜʫʨʠ ʧʝʨʝʭʨʝʩʥʦʛʦ 

 Internal Validati on 

The discriminatory power of the three 

models was indicated by the area under the 

receiver operating characteristic curve 

(AUC). The AUC varies between 0.5 (a 

noninformative model) and 1.0 (a perfect 

model). AUC was calculated in a cross-

validation procedure, where each study was 
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ʦʮ̔ʥʶʚʘʥʥʷ, ʧʽʜ ʯʘʩ ʷʢʦʛʦ ʢʦʞʥʝ ʟ 

ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʧʦ ʯʝʨʟʽ ʧʨʦʧʫʱʝʥʝ. 

ɺʠʩʣʽʜʠ ʙʫʣʠ ʫʟʘʛʘʣʴʥʝʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥ-

ʥʷʤ ʜʝʩʷʪʠ ʦʧʨʘʚʣʝʥʠʭ ʙʘʟ ʜʘʥʠʭ ʟ 

ʚʦʩʴʤʠ ʜʦʩʣʽʜʞʝʥʴ ʟ ʢʽʣʴʢʽʩʪʶ ʟʥʘʯʝʥʴ, 

ʷʢʘ ʻ ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʥʘʜʽʡʥʦʛʦ ʦʮʽʥʶ-
ʚʘʥʥʷ (n > 500) [26]. 

omitted in turn. Results were pooled over 

the ten imputed datasets for eight studies 

with sufficient numbers for reliable 

validation (n > 500) [26]. 

ɿʦʚʥʽʰʥʻ ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

ʄʠ ʥʘʤʘʛʘʣʠʩʴ ʧʨʦʚʝʩʪʠ ʟʦʚʥʽʰʥʻ ʧʽʜ-

ʪʚʝʨʜʞʝʥʥʷ ʫʩʽʭ ʤʦʜʝʣʝʡ, ʚʠʢʦʨʠʩʪʦʚʫ-

ʶʯʠ ʜʘʥʽ ʦʢʨʝʤʠʭ ʫʯʘʩʥʠʢʽʚ ʢʣʽʥʽʯʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ CRASH. ʆʜʥʘʢ ʚ ʮʴʦʤʫ 

ʜʦʩʣʽʜʞʝʥʽ ʥʝ ʜʦʢʫʤʝʥʪʫʚʘʣʠ ʘʥʽ ʣʘʙʦʨʘ-

ʪʦʨʥʽ ʧʦʢʘʟʥʠʢʠ, ʘʥʽ ʛʽʧʦʢʩʽʶ, ʛʽʧʦʪʝʥʟʽʶ 

ʯʠ ɽɼɻ. ʊʦʤʫ ʤʠ ʧʨʦʚʝʣʠ ʦʮʽʥʶʚʘʥʥʷ 

ʛʦʣʦʚʥʦʾ ʤʦʜʝʣʽ ʪʘ ʚʘʨʽʥ̫ʪʘ ʨʦʟʰʠʨʝʥʦʾ 

ʤʦʜʝʣʽ, ʫ ʷʢʦʤʫ ʜʦ ʛʦʣʦʚʥʦʾ ʤʦʜʝʣʽ ʜʦʜʘ-

ʣʠ ʪʽʣʴʢʠ ʢʣʘʩʠʬʽʢʘʮʽʶ ʂʊ ʟʘ Marshall ʽ 
ʥʘʷʚʥʽʩʪʴ ʪʉɸʂ (ʪʦʙʪʦ ʛʦʣʦʚʥʦʾ ʤʦʜʝʣʽ + 

ʂʊ). ɺʠʩʣʽʜʠ ʥʘʚʝʜʝʥʽ ʜʣʷ ʭʚʦʨʠʭ ʟ ʧʦʚ-

ʥʠʤʠ ʜʘʥʠʤʠ (ʛʦʣʦʚʥʘ ʤʦʜʝʣʴ n=6272; 

ʨʦʟʰʠʨʝʥʠʡ ʚʘʨʽʥ̫ʪ n=5309). ʆʧʨʘʚʣʝʥ-

ʥ ̫ ʟʥʘʯʝʥʴ, ʷʢʠʭ ʙʨʘʢʫʚʘʣʦ, ʙʫʣʘ ʧʨʦ-

ʚʝʜʝʥʘ ʷʢ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ IMPACT, ʱʦ 

ʧʨʠʚʝʣʦ ʜʦ ʧʦʜʽʙʥʠʭ ʚʠʩʣʽʜʽʚ. ʇʦʢʘʟʥʠʢʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʭʦʧ-

ʣʶʚʘʣʠ ʜʠʩʢʨʠʤʽʥʘʮʽʶ (ʚʠʤʽʨʶʚʘʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʇʇʂ) ʪʘ ʢʘʣʽʙʨʫʚʘʥʥʷ (ʟʙʽʛ 

ʬʘʢʪʠʯʥʠʭ ʚʠʩʣʽʜʽʚ ʟ ʧʨʦʛʥʦʟʦʚʘʥʠʤ 
ʨʠʟʠʢʦʤ). ʂʘʣʽʙʨʫʚʘʥʥʷ ʦʮʽʥʶʚʘʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʨʠʪʝʨʽʶ Hosmer-Lemeshow 

ʪʘ ʛʨʘʬʽʯʥʦ [24]. 

 External Validation  

We aimed to validate all models externally 

using data from selected patients in the 

CRASH trial. However, lab values were not 

recorded in this trial, nor were hypoxia, 

hypotension, and EDH. We therefore 

validated the core model, and a variant of 

the extended model, in which only the 

Marshall CT classification and presence of 

tSAH were added to the core model (i.e., 

the core ʶ CT model). Results are shown 
for patients with complete data (core model: 

n=6,272; extended model variant, n ʿ 

5,309). Imputation of missing values was 

performed as for the IMPACT studies, 

leading to similar results (unpublished 

data). Performance criteria comprised 

discrimination (measured using the AUC) 

and calibration (agreement of observed 

outcomes with predicted risk). Calibration 

was assessed with the Hosmer-Lemeshow 

test and graphically using a calibration plot 
[24]. 

ɺʠʛʣʷʜ ʤʦʜʝʣʽ 

ʉʪʚʦʨʝʥʫ ʤʦʜʝʣʴ ʙʫʣʦ ʥʘʚʝʜʝʥʦ ʫ 

ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʽ ʟ ʙʘʣʘʤʠ, ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ 

ʟʘʣʝʞʘʣʘ ʚʽʜ ʨʝʛʨʝʩʽʡʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʫ 

ʤʦʜʝʣʷʭ ʧʨʦʧʦʨʮʽʡʥʠʭ ʰʘʥʩʽʚ [27]. 

ʂʦʝʬʽʮʽʻʥʪʠ ʙʫʣʠ ʤʘʩʰʪʘʙʦʚʘʥʽ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʩʘʤʫ ʪʽ ʞ ʩʘʤʽ ʙʘʣʠ 

ʜʣʷ ʧʨʦʚʽʩʥʠʢʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʚ 

ʨʽʟʥʠʭ ʤʦʜʝʣʷʭ (ʥʘʧʨʠʢʣʘʜ, ʚʽʢ, ʦʮʽʥʢʘ 
ʨʫʭʽʚ, ʟʽʥʠʮʽ). ɺ ʧʦʜʘʣʴʰʦʤʫ ʟ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷʤ ʣʦʛʽʩʪʠʯʥʦʾ ʨʝʛʨʝʩʽʾ ʙʫʣʦ ʧʨʦʚʝ-

ʜʝʥʦ ʢʘʣʽʙʨʫʚʘʥʥʷ ʨʠʟʠʢʫ ʩʤʝʨʪʽ ʪʘ 

ʥʝʩʧʨʠʷʪʣʠʚʦʛʦ ʚʠʩʣʽʜʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʦʮʽʥʢʠ, ʘ ʽʥʪʝʨʮʝʧʪ ʚ ʤʦʜʝʣʽ ʚʽʜʧʦʚʽʜʘʚ 

ʤʽʞʥʘʨʦʜʥʦʤʫ ʢʣʽʥʽʯʥʦʤʫ ʚʠʧʨʦʙʫʚʘʥʥʶ 

ʪʠʨʠʣʘʟʘʜʫ [15]. ʎʝʡ ʽʥʪʝʨʮʝʧʪ ʙʫʚ ʦʙʨʘ-

ʥʠʡ ʪʦʤʫ, ʱʦ ʚʽʥ ʚʽʜʦʙʨʘʞʫʻ ʪʠʧʦʚʫ 

ʯʘʩʪʢʫ ʩʤʝʨʪʝʣʴʥʠʭ ʚʠʧʘʜʢʽʚ (278 ʟ 1118, 

 Model Presentation 

The final models were presented in a score 

chart, with scores based on the regression 

coefficients in the proportional odds models 

[27]. Coefficients were scaled such that the 

same rounded score was obtained for 

predictors that were used across the 

different models (e.g., age, motor score, 

pupils). Logistic regression was 
subsequently used to calibrate the risks of 

mortality and unfavorable outcome 

according to the scores, with the model 

intercept referring to the Tirilazad 

International Trial [15]. This intercept was 

chosen since it represented typical 

proportions of mortality (278/1,118, 25%) 

and unfavorable outcome (456/1,118, 41%). 

Predictions can be calculated from an Excel 
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25%) ʪʘ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʚʠʩʣʽʜʽʚ (456 ʟ 

1118, 41%). ʇʨʦʛʥʦʟ ʤʦʞʣʠʚʦ ʦʙʯʠʩʣʠʪʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʘʙʣʠʮʶ Excel, ʱʦ ʨʦʟ-

ʤʽʱʝʥʘ ʥʘ ʚʝʙʩʘʡʪʽ (ʪʝʢʩʪ S1 ʪʘʢʦʞ ʤʦʞ-

ʥʘ ʟʥʘʡʪʠ ʥʘ http://www.tbi-impact.org/) ʽ 

ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ ʚʚʦʜʠʪʠ ʜʘʥʽ ʭʚʦʨʦʛʦ. 

spreadsheet and from a Web page (Text S1 

is also available at http://www.tbi-

impact.org/). 

 

ɺʠʩʣʽʜʠ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʮʽʻʥʪʽʚ IMPACT  ̔

CRASH ʟʽ ʐʂɻ<12 ʙʫʣʠ ʜʦʩʪʘʪʥʴʦ ʧʦ-

ʨʽʚʥʶʚʘʥʠʤʠ (ʪʘʙʣ. 1). ʇʘʮʽʻʥʪʠ ʢʣʽʥʽʯ-

ʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ CRASH ʙʫʣʠ ʜʝʱʦ 

ʩʪʘʨʰʽ, ʥʽʞ ʭʚʦʨʽ IMPACT, ʘ ʦʮʽʥʢʠ ʾʭ 

ʨʫʭʽʚ ʧʽʜ ʯʘʩ ʛʦʩʧʽʪʘʣʽʟʘʮʽʾ ʙʫʣʠ ʜʝʱʦ 

ʚʠʱʽ. ʃʝʪʘʣʴʥʽʩʪʴ ʧʨʦʪʷʛʦʤ 6 ʤʽʩ. cʪʘʥʦ-

ʚʠʣʘ 28% ʫ IMPACT ʪʘ 32% ʫ CRASH, ʘ 

ʩʧʨʠʷʪʣʠʚʽ ʥʘʩʣʽʜʢʠ ʩʧʦʩʪʝʨʽʛʘʣʠʩʴ ʧʨʠ-

ʙʣʠʟʥʦ ʫ ʧʦʣʦʚʠʥʠ ʭʚʦʨʠʭ (48% ʫ 

IMPACT, 47% ʫ CRASH). ʉʤʝʨʪʝʣʴʥʽʩʪʴ 
ʙʫʣʘ ʜʝʱʦ ʥʠʞʯʦʶ ʚ ʛʨʫʧʽ ʧʣʘʮʝʙʦ ʫ 

ʚʽʜʽʙʨʘʥʠʭ ʭʚʦʨʠʭ CRASH (ʩʤʝʨʪʝʣ-ɹ

ʥʽʩʪʴ 988/3287, 30%; ʥʝʩʧʨʠʷʪʣʠʚʽ ʥʘʩ-

ʣʽʜʢʠ 1524/3287, 46%) ʽ ʫ ʭʚʦʨʠʭ ʟ 

ʟʘʤʦʞʥʠʭ ʢʨʘʾʥ (ʩʤʝʨʪʝʣʴʥʽʩʪʴ 405/1588, 

26%; ʥʝʩʧʨʠʷʪʣʠʚʽ ʥʘʩʣʽʜʢʠ 747/1588, 

47%). 

 Results 

The characteristics of IMPACT and 

CRASH patients with GCS < 12 were fairly 

comparable (Table 1). CRASH trial patients 

were marginally older than in IMPACT, and 

admission motor scores were somewhat 

higher. Six-month mortality was 28% in 

IMPACT and 32% in CRASH, and 

unfavorable outcomes occurred in nearly 

half of the patients (48% in IMPACT, 47% 

in CRASH). Mortality was slightly lower in 

the placebo group of the selected CRASH 
patients (mortality 988/3,287, 30%; 

unfavorable outcome 1,524/3,287, 46%), 

and in the patients from high-income 

countries (mortality 405/1,588, 26%; 

unfavorable outcome 747/1,588, 47%). 

ʋʩʽ ʧʨʦʚʽʩʥʠʢʠ ʤʘʣʠ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘ-

ʯʠʤʽ ʧʦʚʷʟʝʥʥʷ ʟ ʦʮʽʥʢʦʶ ʟʘ ʐʈɻ ʯʝʨʝʟ 6 

ʤʽʩ. ʧʨʠ ʦʜʥʦʬʘʢʪʦʨʥʦʤʫ ʪʘ ʙʘʛʘʪʦʬʘʢ-

ʪʦʨʥʦʤʫ ʘʥʘʣʽʟʽ (ʪʘʙʣ. 2). ɿʙʽʣʴʰʝʥʥʷ 
ʚʽʢʫ, ʱʦ ʜʦʨʽʚʥʶʻ ʯʘʩ ʤʽʞʢʚʘʨʪʘʣʘʤʠ (24 

ʨ.), ʙʫʚ ʧʦʚʷʟʝʥʠʤ ʟ ʧʨʠʙʣʠʟʥʦ ʚʜʚʽʯʽ 

ʙʽʣʴʰʠʤ ʨʠʟʠʢʦʤ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʥʘʩʣʽʜ-

ʢʽʚ ʣʽʢʫʚʘʥʥʷ. ʅʝʩʧʨʠʷʪʣʠʚʽ ʚʠʩʣʽʜʠ 

ʦʩʦʙʣʠʚʦ ʩʧʦʩʪʝʨʽʛʘʣʠʩʴ ʫ ʚʠʧʘʜʢʘʭ, 

ʢʦʣʠ ʦʮʽʥʢʘ ʨʫʭʽʚ ʙʫʣʘ 1 (ʥʝʤʘ) ʘʙʦ 2 

(ʨʦʟʛʠʥʘʥʥʷ ʢʽʥʮʽʚʦʢ). ʈʝʘʢʮʽʾ ʟʽʥʠʮʴ, 

ʛʽʧʦʢʩʽʷ ʪʘ ʛʽʧʦʪʝʥʟʽʷ ʪʘʢʦʞ ʤʘʣʠ 

ʟʥʘʯʥʠʡ ʧʨʦʛʥʦʩʪʠʯʥʠʡ ʚʧʣʠʚ. 

 All predictors had statistically significant 

associations with 6 mo GOS in univariate 

and multivariable analyses (Table 2). 

An increase in age equal to the interquartile 
range (24 y) was associated with 

approximately a doubling of the risk of poor 

outcome. A poor outcome occurred 

especially for those with motor scores 1 

(none) or 2 (extension). Pupillary reactivity, 

hypoxia, and hypotension also had strong 

prognostic effects. 

ɼʘʥʽ ʂʊ, ʧʨʦ ʚʦʛʥʠʱʘ ʟ ʤʘʩ-ʝʬʝʢʪʦʤ ʘʙʦ 

ʧʨʦ ʧʽʜʚʠʱʝʥʠʡ ʚʥʫʪʨʽʰʥʴʦʯʝʨʝʧʥʠʡ 

ʪʠʩʢ (ʢʣʘʩ ʂʊ ʚʽʜ III  ʜʦ VI), ʟʙʽʣʴʰʫʚʘʣʠ 
ʨʠʟʠʢ ʫ ʤʽʨʽ, ʧʦʜʽʙʥʽʡ ʜʦ ʪʉɸʂ (ɺʐ 

ʙʣʠʟʴʢʦ 2). ɽɼɻ ʙʫʣʘ ʚʽʜʥʦʩʥʦ ʩʧʨʠʷʪʣʠ-

ʚʦʶ ʦʟʥʘʢʦʶ ʧʨʠ ʂʊ (ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʂʊ 

ʙʝʟ ɽɼɻ). ɺʠʱʠʡ ʨʽʚʝʥʴ ʛʣʶʢʦʟʠ ʪʘ ʥʠʞ-

ʯʠʡ ʨʽʚʝʥʴ Hb ʧʦʚʷʟʫʚʘʣʘʩʴ ʟ ʥʝʩʧʨʠʷʪ-

ʣʠʚʠʤ ʚʠʩʣʽʜʦʤ, ʭʦʯʘ ʤʽʨʘ ʚʧʣʠʚʫ ʙʫʣʘ 

ʙʽʣʴʰ ʧʦʤʽʨʥʦʶ, ʥʽʞ, ʥʘʧʨʠʢʣʘʜ, ʤʽʨʘ 

ʚʧʣʠʚʫ ʚʽʢʫ. 

 CT classifications showing mass lesions or 

signs of raised Intracranial Pressure (CT 

class III to VI) had similar increases in risk 
as the presence of tSAH (OR around 2). An 

EDH was a relatively favorable sign on a 

CT (compared to not having an EDH on 

CT). Higher glucose levels and lower Hb 

levels were associated with poor outcomes, 

but effects were more moderate than, for 

example, for age. 

http://www.tbi-impact.org/
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Table 1. All values are given as number (percentage of listed total) unless indicated otherwise. 

a. Selected for GCS < / = 12 

b. CT classification: I, no visible intracranial pathology on CT scan; II, midline shift 0ï5 mm; III, cisterns compressed 

or absent with midline shift 0ï5 mm; IV, midline shift  > 5 mm; V, any lesion surgically evacuated; VI, high- or 

mixed-density lesion > 25 mm, not surgically evacuated. 

c. Vegetative and severe disability were not separately recorded in CRASH. 

     NA, not available.  doi:10.1371/journal.pmed.0050165.t001 

ʊʘʙʣʠʮʷ 1. ʍʽʙʘ ʚʢʘʟʘʥʦ ʽʥʘʢʰʝ, ʚʩʽ ʟʥʘʯʝʥʥʷ  ʧʦʜʘʥʽ ʷʢ ʯʠʩʣʦʚʽ (ʫ ʚʽʜʩʦʪʢʘʭ ʚʽʜ ʟʘʛʘʣʴʥʦʧʝʨʝʨʘʭʦʚʘʥʠʭ).  

a. ʆʙʨʘʥʠʡ ʜʣʷ ɻʂʉ < / =12  

b. ʂʊ ʢʣʘʩʠʬʽʢʘʮʽʷ: I - ʙʝʟ ʚʠʜʠʤʠʭ ʚʥʫʪʨʽʰʥʴʦʯʝʨʝʧʥʦʾ ʧʘʪʦʣʦʛʽʡ ʥʘ ʂʊ, II  - ʟʨʫʰʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʣʽʥʽʾ ʥʘ 0 - 5 

ʤʤ, III  - ʮʠʩʪʝʨʥʠ ʩʪʠʩʥʫʪʽ ʘʙʦ ʟʤʽʱʝʥʽ  ʥʘ 0-5 ʤʤ ʚʽʜ ʩʝʨʝʜʥʴʦʾ ʣʽʥʽʾ, IV - ʩʝʨʝʜʥʷ ʣʽʥʽʷ ʟʤʽʱʝʥʘ ʥʘ > 5 ʤʤ, 

V ï ʙʫʜʴ ʷʢʽ ʭʽʨʫʨʛʽʯʥʦ ʚʠʜʘʣʝʥʽ ʫʨʘʞʝʥʥʷ, VI ï ʩʠʣʴʥʽ ʫʨʘʞʝʥʥʷ ʘʙʦ  ʫʨʘʞʝʥʥʷ ʟʤʽʰʘʥʦʾ ʱʽʣʴʥʦʩʪʽ, > 25 

ʤʤ, ʥʝ ʚʠʜʘʣʝʥʽ ʭʽʨʫʨʛʽʯʥʦ. 

c. ɺʝʛʝʪʘʪʠʚʥʽ ʽ ʚʘʞʢʽ ʫʨʘʞʝʥʥʷ ʥʝ ʙʫʣʠ ʦʢʨʝʤʦ ʦʧʠʩʘʥʽ ʚ CRASH.  

NA ʥʝʜʦʩʪʫʧʥʽ. doi:10.1371/journal.pmed.0050165.t001 

ʇʨʦʩʪʘ ʪʘʙʣʠʮʷ ʟ ʙʘʣʘʤʠ ʜʣʷ ʧʦʩʣʽʜʦʚ-

ʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʝʡ ʥʘʚʝʜʝʥʘ ʥʘ 

ʨʠʩ. 1, ʷʢʠʡ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʘ-

ʟʦʤ ʟ ʨʠʩ. 2, ʱʦʙ ʦʪʨʠʤʘʪʠ ʧʨʠʙʣʠʟʥʫ 

ʦʮʽʥʢʫ ʧʝʨʝʜʙʘʯʝʥʥʷ ʧʝʚʥʦʛʦ ʭʚʦʨʦʛʦ. 

ʅʘʧʨʠʢʣʘʜ, ʭʚʦʨʠʡ 35 ʨʦʢʽʚ ʟ ʦʮʽʥʢʦʶ 
ʨʫʭʽʚ 3 ʙʘʣʠ (ʧʘʪʦʣʦʛʽʯʥʝ ʟʛʠʥʘʥʥʷ) ʪʘ 

ʬʦʪʦʨʝʘʢʮʽʷʤʠ ʟ ʦʙʦʭ ʙʦʢʽʚ ʦʪʨʠʤʘʻ ʫ 

ʛʦʣʦʚʥʽʡ ʤʦʜʝʣʽ ʦʮʽʥʢʫ 1+4+0=5 ʙʘʣʽʚ. 

ɿʛʽʜʥʦ ʟ ʨʠʩ. 2, ʮʷ ʩʫʤʘ ʙʘʣʽʚ ʚʽʜʧʦʚʽʜʘʻ 

ʨʠʟʠʢʫ ʩʤʝʨʪʽ ʪʘ ʥʝʩʧʨʠʷʪʣʠʚʦʛʦ ʚʠʩʣʽ-

ʜʫ, ʷʢʠʡ ʩʢʣʘʜʘʻ ʧʨʠʙʣʠʟʥʦ 20% ʪʘ 50% 

ʚʽʜʧʦʚʽʜʥʦ.  

 A simple score chart for the sequential 

application of the models is presented in 

Figure 1, which can be used in combination 

with Figure 2 to obtain approximate 

predictions for individual patients. For 

example, a 35-y-old patient, with a motor 
score of 3 (abnormal flexion), and both 

pupils reacting, has a core model score of 

1 + 4 + 0 = 5 points. According to Figure 2, 

this score corresponds to risks of mortality 

and unfavorable outcome of approximately 

20% and 50%, respectively.  
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Table 2. ORs were calculated with logistic regression for the 6 mo GOS with five categories (proportional odds analysis, see text). 

a. Core plus hypoxia, hypotension, and CT characteristics.  

b. Extended plus glucose and Hb. 

c. CT classification: I, no visible intracranial pathology on CT scan; II, midline shift 0ï5 mm; III, cisterns compressed or absent with 

midline shift 0ï5 mm; IV, midline shift > 5 mm; V, any lesion surgically evacuated; VI, high- or mixed-density lesion > 25 mm, not 

surgically evacuated. In the analysis, category III and IV were combined, as well as V and VI.  

doi:10.1371/journal.pmed.0050165.t002 

ʊʘʙʣʠʮʷ 2. ɺʐ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʣʦʛʽʩʪʠʯʥʦʦʾ ʨʝʛʨʝʩʽʻʶ ʜʣʷ 6 ʤʽʩ ʐʈɻ ʟ ʧôʷʪʴʤʘ ʢʘʪʝʛʦʨʽʷʤʠ (ʧʨʦʧʦʨʮʽʡʥʠʡ ʘʥʘʣʽʟ ʰʘʥʩʽʚ, 

ʜʠʚ. ʪʝʢʩʪ). 

a. ɻʦʣʦʚʥʘ ʧʣʶʩ ʛʽʧʦʢʩʽʷ, ʛʽʧʦʪʦʥʽʷ, ʽ ʂʊ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

b. ʈʦʟʰʠʨʝʥʘ ʧʣʶʩ ʛʣʶʢʦʟʠ ʽ ʛʝʤʦʛʣʦʙʽʥʫ. 

c. ʂʊ- ʢʣʘʩʠʬʽʢʘʮʽʷ: ɯ - ʙʝʟ ʚʠʜʠʤʠʭ ʚʥʫʪʨʽʰʥʴʦʯʝʨʝʧʥʠʭ ʧʘʪʦʣʦʛʽʡ ʥʘ ʂʊ, II  ï ʟʨʫʰʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʣʽʥʽʾ 0-5 ʤʤ, III  - ʮʠʩʪʝʨʥʠ 

ʩʪʠʩʥʝʥʠʤ ʘʙʦ ʚʽʜʩʫʪʥʽ ʟʽ ʟʨʫʰʝʥʥʷʤ ʩʝʨʝʜʥʴʦʾ ʣʽʥʽʾ 0-5 ʤʤ, IV - ʟʤʽʱʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʣʽʥʽʾ ʥʘ > 5 ʤʤ, V - ʙʫʜʴ-ʷʢʝ 

ʭʽʨʫʨʛʽʯʥʦ ʚʠʜʘʣʝʥʝ ʫʨʘʞʝʥʥʷ, VI - ʩʠʣʴʥʽ ʫʨʘʞʝʥʥʷ ʘʙʦ  ʫʨʘʞʝʥʥʷ ʟʤʽʰʘʥʦʾ ʱʽʣʴʥʦʩʪʽ, > 25 ʤʤ, ʥʝ ʚʠʜʘʣʝʥʽ ʭʽʨʫʨʛʽʯʥʦ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʮʴʦʛʦ ʘʥʘʣʽʟʫ ʢʘʪʝʛʦʨʽʾ III  ʽ IV, ʘ ʪʘʢʦʞ V ʡ VI, ʙʫʣʠ ʦʙ'ʻʜʥʘʥʽ.   

     doi:10.1371/journal.pmed.0050165.t002   

ʗʢʱʦ ʫ ʮʴʦʛʦ ʭʚʦʨʦʛʦ ʧʝʨʝʜ ʚʭʦʜʦʤ ʫ 
ʣʽʢʘʨʥʶ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʛʽʧʦʢʩʽʷ ʽ ʭʚʦʨʦ-

ʛʦ ʥʝ ʚʧʠʩʘʣʠ ʜʦ ʣʽʢʘʨʥʽ, ʘ ʂʊ ʚʠʷʚʠʣʘ 

ʚʦʛʥʠʱʝ ʟ ʤʘʩ-ʝʬʝʢʪʦʤ ʪʘ ʪʉɸʂ, ʩʫʤʘ 

ʙʘʣʽʚ ʫ ʨʦʟʰʠʨʝʥʽʡ ʤʦʜʝʣʽ ʜʦʨʽʚʥʶʻ 5(ʟ 

ʛʦʣʦʚʥʦʾ ʤʦʜʝʣʽ)+1+2+2+0=10. 

ɺʽʜʧʦʚʽʜʥʽ ʧʦʢʘʟʥʠʢʠ ʨʠʟʠʢʫ ʩʪʘʥʦʚʣʷʪʴ 

40% ʜʣʷ ʩʤʝʨʪʽ ʪʘ 70% ʜʣʷ 

ʥʝʩʧʨʠʷʪʣʠʚʦʛʦ ʚʠʩʣʽʜʫ. ʗʢʱʦ ʞ ʨʽʚʝʥʴ 

ʛʣʶʢʦʟʠ - 10 ʤʤʦʣʴ/ʣ, ʘ Hb ï 110 ʛ/ʣ, ʪʦ 

ʩʫʤʘ ʙʘʣʽʚ ʟʘ ʣʘʙʦʨʘʪʦʨʥʦʶ ʤʦʜʝʣʣʶ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʱʝ ʥʘ 2+2 ʙʘʣʠ ʽ ʩʷʛʘʻ 14, 
ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʪʨʦʭʠ ʚʠʱʠʤ ʧʦʢʘʟʥʠʢʘʤ 

ʨʠʟʠʢʫ ʩʤʝʨʪʽ ʪʘ ʥʝʩʧʨʠʷʪʣʠʚʦʛʦ 

ʚʠʩʣʽʜʫ, ʥʽʞ ʪʽ, ʱʦ ʙʫʣʠ ʦʙʯʠʩʣʝʥʽ ʟʘ 

ʨʦʟʰʠʨʝʥʦʶ ʤʦʜʝʣʣʶ (ʨʠʩ. 3). 

 If this patient had suffered from hypoxia but 
not hypotension before admission, and the 

CT showed a mass lesion and tSAH, the 

extended model score becomes 5 for the core 

model + 1 + 2 + 2 + 0 = 10 points. The 

corresponding risks are approximately 40% 

for mortality and 70% for unfavorable 

outcome. When glucose is 10 mmol/l and Hb 

11 g/dl, the lab model score increases by 2 + 

2 to 14 points, which corresponds to slightly 

higher predictions of mortality and 

unfavorable outcome than those estimated 
with the extended model (Figure 3). 










































