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Major/
minorTreatment

No. of 
patientsComplication

MajorFasciotomy + split thickness 
skin graft

6Compartment syndrome

MajorSequestrectomy and plating1Infected non-union femur

MajorBone grafting1Non-union tibia

MajorExchange of nail1Delayed union of the femur

MajorIntramedullary nailRefracture of the tibia

MajorArthrodesis wrist1Osteoarthritic wrist joint

MinorRemoval of hardware5Hardware removal due to pain

MinorManipulation2Joint stiffness

MinorTendon procedures3Tendon tears

penetrates tissue causing it to be crushed and forced apart, 
while shock waves from a high velocity missile can cause 
damage distant from the missile path. Cavitation, or the for-
mation of a cavity within the tissue, is seen predominantly 
with high velocity weapons. Another mechanism of injury 
is damage of soft tissue by secondary projectiles of bullet or 
bony fragments [3]. 

Basic and primary treatment is based on Advanced 
Trauma Life Support principles. The patient should be treated 
according to his/her condition in a trauma room setting, tak-
ing into consideration life-threatening injuries to the head 
and torso. A careful inspection of the whole body with the 
patient undressed is essential for evaluating occult gunshot 
wounds. A thorough assessment of peripheral vascular and 
neurosensory status should be performed. Documentation of 
all wounds and deficits is mandatory also for medical-legal 
reasons. After resuscitation, hemorrhage control and primary 
survey, the wounds are dressed and the limbs splinted accord-
ing to the suspected injury. Conventional radiographs of the 
injured part are obtained and should at least show the joint 
above and below the injured area in both anteropostrior and 
lateral projections. When plain films are unavailable fluoros-
copy is often helpful. Entry and exit wounds should be sought 
or the presence of missile confirmed on imaging.

In the extremities there are several different tissues to con-
sider: bones and joints, muscle and tendon units, vascular 
structures, nerves, skin and subcutaneous fat. Although in this 
article we discuss each structure separately, these structures 
are closely related and in proximity, and obvious injury to 
one structure warrants a careful evaluation of adjacent ones. 
Also, effective treatment of one injury may be impossible 
without treating other injuries first. Wilson [4] emphasizes 
the surgeon's knowledge of the anatomic complexity and the 
challenge to prioritize the injury, select an aggressive surgical 
approach, and integrate a suitable rehabilitation plan.

Bone

A gunshot fracture is a high energy open fracture by defini-
tion. Several studies demonstrated that the heat generated 
during firing does not make the bullet sterile [5]. Most low 
velocity gunshot fractures resemble Gustillo and Anderson 
grade I or II open fracture due to the comparatively mild 
to moderate soft tissue damage. Stabilizing the fracture is of 
utmost importance. Stabilization options include splints or 
cast or, usually, hardware such as external fixation or internal 
fixation. The choice and timing of the stabilization method 
depends on the fracture site, pattern and comminution, the 
soft tissue injury, and the patient’s general condition. Primary 
fixation is especially useful in patients with multiple injuries, 
complex ipsilateral extremity injuries, severe injuries that 
require intensive wound care, open displaced intraarticular 
fractures, or open fractures complicated by neurovascular 

ISS and hospital length stay using the Pearson statistical test 
was positive at r = 0.502.

Complications

The overall direct complication rate in our series was 30% 
[Table 1]. Six patients required fasciotomy of the lower extrem-
ity during the initial procedure due to impending compart-
ment syndrome. They required skin grafting later on. No 
patient developed delayed compartment syndrome later in the 
course of hospitalization. Five patients (three with intramedul-
lary nails and two with screws) required hardware removal due 
to pain. There was one infected non-union of the femur that 
was successfully treated with sequestrectomy and plating, one 
non-union of the tibia that was treated with bone grafting, and 
one delayed union of the femur that was treated with reaming 
and exchange of nail. One patient had a refracture of his tibia 
and was treated with an intramedullary nail. Three patients 
required tendon procedures such as sutures, tenotomies or 
transfers, and two patients had stiff joints requiring manipu-
lation. One patient with distal radius fracture required an 
arthrodesis due to pain and osteoarthritic changes. No patient 
required an amputation, primary or delayed. Our non-union 
and bony infection rate is surprisingly low compared to the 
reported literature. For example, Weil et al. [1] reported a 33% 
deep infection rate and a 13% non-union in their series.

Discussion 

Civilian gunshot wounds are mostly caused by low veloc-
ity, low energy missiles (300 m/sec and lower). Velocity 
and missile mass are considered to be the most significant 
determinants of tissue damage, which in turn is determined 
by laceration and crushing, shock waves, and cavitation [2]. 
Laceration and crushing occur when a low velocity missile 

ISS = Injury Severity Score

Table 1. Complications of gunshot injuries in our series
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Vascular injuries

As mentioned before, vascular structures are frequently 
injured because of their proximity to bone [10]. A delay in 
the diagnosis or treatment can result in a chronic debilitating 
handicap due to ischemia and limb loss. Prompt restoration 
of blood flow is mandatory in traumatic peripheral arterial 
injuries [11]. Damage to vessels can result also in death due 
to exsanguination. Dorlac and team [12] reviewed patients 
with isolated civilian gunshot wounds to the extremities 
arriving dead at the hospital or requiring cardiopulmonary 
resuscitation in the emergency room. He found that in 71% 
the wound was in the lower extremity and 81% were proximal 
to the knee or elbow. The damage may result directly from 
the bullet, from secondary missiles such as bone fragment, 
or from cavitation or shockwave effects. The injury to the 
vessel can be occlusive (due to transection or thrombosis 
of the vessel) or non-occlusive (an intimal flap tear or a 
pseudoaneurysm). In their survey of 43 gunshot wounds to 
the extremities, Makitie and colleagues [13] found 11 femoral 
arteries and 6 popliteal injuries. In our series, we treated 10 
vascular injuries in 8 patients. Six of them were injuries to 
the popliteal vessels, the other four to the femoral, brachial, 
ulnar and radial arteries. One patient had bilateral popliteal 
injuries due to gunshot wounds to both knees. Of the six 
injuries to the popliteal artery, four were associated with a 
fracture to the distal femur, one with fracture of the proximal 
fibula and one without a fracture. Due to advances in diag-
nosis and treatment of vascular injuries, rates of amputation 
decreased dramatically, with limb salvage rates exceeding 
86% [14]. In our series none of the patients required ampu-
tation – primary or delayed. Injuries can present acutely or 
up to several months in cases of an arteriovenous fistula. 
The presence of “hard signs” of arterial injury such as absent 
pulses, unequivocal signs of ischemia, profuse hemorrhage, 
pulsating or expanding hematoma warrants urgent surgical 
intervention [15]. We have found that arterial pressure index 
is a sensitive tool for identifying a vascular injury. According 
to our protocol an arterial pressure index ratio of 0.9 or less 
warrants further investigation. Limitations for this test are 
bilateral injury, severe soft tissue injury, intimal flap produc-
ing near-normal flow, collateral flow, and arteries that do not 
produce palpable pulses (profunda femoris, profunda brachii) 
[16]. For patients with equivocal findings of vascular injury 
such as diminished pulses, angiography yields the greatest 
benefit, particularly in avoiding unnecessary surgery [15]. 
In cases of proximity wounds without hard signs of vascular 
injury, further investigation is needed. In our series we found 
that fractures around the knee comprised the highest risk 
factor for vascular injuries, as 5 of the 12 fractures around the 
knee and 4 of 7 distal femur fractures were associated with 
vascular injury requiring repair. These findings correlate with 
the findings of Nikolic et al. [17] that 34% vascular injuries 

damage [6]. Ganocy and Lindsey [7] suggested a treatment 
protocol based on the final projectile location, the fracture 
pattern and the level of contamination. In their opinion, sta-
ble, non-contaminated extraarticular gunshot wounds can be 
treated non-operatively with antibiotics only, whereas intraar-
ticular projectiles should be removed and unstable fractures 
stabilized. For most high velocity injuries in the extremities, 
external fixation is the treatment of choice. The standard of 
care for gunshot fractures in our institution is meticulous 
operative debridement of all devitalized soft tissue and bone 
fragments followed by copious irrigation and early fixation 
of the fracture. The method of fixation is dependent on the 
above mentioned parameters. In our series, the most common 
treatment modality is external fixation (36%), followed by 
intramedullary nailing (28%). Those percentages are different 
from the findings of Weil et al. [1], who reported a higher 
rate of intramedullary nailing vs. external fixation in gunshot 
victims and blast injuries. This relatively high percentage of 
external fixation can be attributed to the comminuted pattern 
of the fractures, the generalized status of the patient, or the 
local soft tissue problems encountered in gunshot wounds. 
About one-fifth of the fractures were treated by debridement 
only without hardware fixation. These were fractures that are 
inherently stable or do not require stabilization (e.g., fibula). 
Only 8% of the fractures were treated with open reduction 
and internal fixation. These numbers agree with the report 
by Weil and co-authors [1]. As reported before, in 8 of the 
12 fractures treated with primary external fixators, this was 
the definitive treatment for union. This high percentage 
emphasizes the comminuted nature of the gunshot fracture 
type and the tendency to prefer a biological splint fixation, 
maintaining a fracture-healing environment.

Skin and subcutaneous tissue

Ordog et al. [8] retrospectively reviewed 28,150 patients with 
gunshot wounds; 60% of them were treated as outpatients. Four 
percent had minor fractures not requiring operative stabiliza-
tion. The patients were treated with local wound debridement, 
irrigation and an antibiotic ointment. Only 1.8% had wound 
infections that responded well to oral antibiotics without 
requiring hospital admission. In their study of 163 patients 
with civilian gunshot wounds, Brunner and Fallon [9] found 
no differences between patients who had debridement and 
wound care and patients who had local wound care alone. 
Neither group received antibiotics and both were treated as 
outpatients. The wounds were neither closed primarily nor 
did they have a delayed primary closure but were left to drain 
and close secondarily. We debride all simple gunshot wounds 
superficial to the fascia in the emergency room and leave 
them open for secondary closure. Our protocol mandates 
a formal operative debridement for all wounds deep to the 
fascia, i.e., involving the muscle compartments. 
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required repair in their series of 50 missile injuries to the 
distal femur.

Angiography reduces unnecessary explorations for prox-
imity wounds and can provide therapeutic intervention such 
as stenting or embolization. In a study using routine arter- 
iography, the negative surgical exploration rate in patients 
with “soft signs” of arterial injury or with proximity wounds 
fell from 84% to 2% [18]. Significant angiographic find-
ings are obstruction, extravasation of contrast agent, early 
venous filling, irregularity of the vessel wall, a filling defect, 
and a false aneurysm. There is, however, a low yet measur-
able complication rate, with complications such as allergic 
reaction, renal failure, and formation of a local hematoma or 
a false aneurysm at the site of catheterization. Historically, 
angiography was the imaging modality of choice, but recent 
studies show that non-invasive studies such as duplex 
Doppler ultrasonography are as sensitive as arteriography in 
most cases. In a study by Knudson et al. [19], 86 extrem-
ity injuries were assessed using color-flow duplex imaging. 
No missed arterial injuries were found. Many centers now 
successfully manage proximity wounds by repeated physical 
examination over a 24 hour period and reserve angiography 
only for those patients with abnormal physical findings or 
an arterial pressure index less than 0.9 [20]. Norman and 
co-workers [21] studied gunshot fractures to long bones and 
concluded that routine use of arteriography is not indicated 
unless there are abnormal findings on vascular examination. 
Many investigators still recommend that a gunshot wound 
in the immediate vicinity of major vessels should be studied 
angiographically or explored surgically. Wound exploration 
involves low morbidity (3%) and is often a routine part of 
wound management. Angiography can be used intraopera-
tively with a fluoroscope. In our institution we do not use 
angiography routinely even in proximity wounds but rely 
on serial physical examination of the limb at risk. We use 
angiography when the physical examination is equivocal and 
no wound exploration is planned.

Limbs can tolerate warm ischemia time of up to 6 hours. 
More than 6 hours of ischemia will almost always result in mus-
cle necrosis and possibly permanent damage. In patients with 
combined vascular and nerve injuries, prophylactic fasciotomy 
should be performed at the time of arterial repair unless a 
method for continuous pressure measurement is available.

Surgical options include temporary polytetrafluoroeth-
ylene (PTFE) shunting [22], end-to-end reanastomosis, or 
interposition reverse saphenous vein graft. In a review of 
low velocity arterial injuries, Smith et al. [15] found that 
end-to-end anastomosis was feasible in 65% of 285 arteries 
after debridement of damaged ends. Similar numbers were 
reported by Gorman [23], who managed 37% of high veloc-
ity injuries with vein grafting. Since most vascular gunshot 
injuries involve damage to a segment of the artery, we usually 

place a temporary shunt, followed by prompt skeletal sta-
bilization and then a definite arterial repair, usually with a 
reverse saphenous vein graft.

Nerve injuries

Nerves pass in close proximity to bones and vascular struc-
tures and are commonly injured when vascular injury is 
present. In fact, a physical examination demonstrating acute 
nerve injury raises suspicion of vascular injury and usually 
warrants further investigation to rule out arterial injury. In 
our series, we found 13 nerve injuries (16.8%); the majority 
of them were to a deep peroneal nerve (38%). Only three 
patients had concomitant nerve and vascular injuries. 
Concomitant arterial and nerve injury will most likely result 
in a non-functional limb. in a study by Visser et al. [24], only 
7% of patients with concomitant nerve and arterial injury 
had a normal functioning limb, despite successful vascular 
repair, as opposed to 39% of patients with arterial injury 
alone. Nerve injury presents clinically with hypoesthesia, 
parasthesias, or paralysis. Since spontaneous recovery is usu-
ally expected in neuropraxia and axonotmesis, the question 
arises: should we explore all nerve injuries; and if so, when? 
Several studies addressed this issue. Omer [25] reported 
spontaneous recovery in 69% of patients with nerve injuries 
due to gunshot wounds, between 3 and 9 months after the 
injury. We usually explore wounds presenting with obvious 
nerve injury. If possible we tend to suture the nerves using 
the epineural technique, and if the nerve ends are damaged 
or the wound is contaminated we mark the nerve ends and 
return to the operating room, at a later date for a definite 
nerve-grafting procedure. It is important that the nerve be 
repaired without tension.

Conclusion 

Gunshot wounds impose an increasing burden on both urban 
and rural society. As shown in this article, many gunshot 
victims have complex injuries to the extremities involving 
bones, soft tissue, veins, arteries, and nerves. Treating these 
complex injuries requires a team approach. our institution's 
policy dictates that this team be led by an orthopedic surgeon 
knowledgeable in the functional anatomy of the limbs. Many 
decisions are made throughout the course of the treatment, 
from the timing and extent of the primary surgery, the sec-
ondary reconstructive surgery and final rehabilitation. We 
emphasize the need for repeat evaluations for undiagnosed 
proximity injuries, especially vascular injuries and compart-
ment syndromes. Fasciotomy should be performed in any 
case of suspected impending compartment syndrome. In 
our series, no compartment syndromes were missed. Careful 
attention to wounds in proximity to important structures is 
mandatory. In our institution all gunshot wounds that pen-
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etrate deep to the subcutaneous fat and the fascia are treated 
in the operating room. In this series we demonstrated that 
multiple system injuries, vascular injuries, and to a lesser 
extent fractures are indicators for longer hospital stay. This 
is important when counseling the patient and his or her fam-
ily. Due to the rising incidence of gunshot wounds to the 
limbs, it is crucial that the practicing physician and trauma 
surgeon have this knowledge. This increase poses a greater 
medical, social and economical burden. Principles such as 
those emphasized here will improve patients' treatment and 
reduce costs. 
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“I believe I found the missing link between animal and civilized man. It is us”
Konrad Lorenz (1903-1989), Austrian zoologist, animal psychologist, ornithologist, and Nobel Prize winner

Upon encountering infectious agents such as viruses, 
host organisms must rapidly mount a strong system-wide 
immune response lest the infection spread dangerously 
wide. How do they accomplish this task at the early stage 
when so few cells are typically infected? Patel and co-
researchers demonstrated that one mechanism may rely on 
intercellular communication through gap junctions. They 
showed that when cells were exposed to double-stranded 
DNA (dsDNA), which can be found during infection by some 
types of viruses, not only the cell that directly sensed the 
dsDNA but also the surrounding cells were able to produce 

pro-inflammatory and antiviral cytokines that are required 
to initiate the full antiviral immune response. If the gap 
junctions were blocked through chemical inhibition or 
by genetic interference, the surrounding cells no longer 
produced cytokines when their neighbors were exposed 

to dsDNA. Thus, gap junctions allow the rapid mobilization 
and amplification of an antiviral immune response by 
transmitting the activating signal directly from infected cells 
to uninfected cells. 

Proc Natl Acad Sci USA 2009; 106: 12867 

Eitan Israeli

Capsule

An antiviral immune response by transmitting signal directly from infected cells to uninfected cells
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Programmed Ventricular Stimulation: How Low (with the 
Coupling Interval) and Aggressive (with the Protocol) 
Should We Go? No Easy Answers
Moti Haim MD1 and Boris Strasberg MD1, 2

1Cardiac Electrophysiology and Pacing Unit, Department of Cardiology, Rabin Medical Center (Beilinson Campus), Petah Tikva, Israel 
2Sackler Faculty of Medicine, Tel Aviv University, Ramat Aviv, Israel

with LVEF < 35% and heart failure had 
a lower mortality rate after implanta-
tion of an ICD compared to patients 
with no ICD. The number needed to 
treat to save one life in 2 years was 18 in 
MADIT-II and 14 in SCD-HeFT. This 
number is much higher compared to 
the first primary prevention trials where 
it was 4 [1,2]. In addition, implanting 
ICDs indiscriminately in all patients 
with LVEF < 30% has a considerable 
financial and medical cost. The esti-
mated price for a single ICD is between 
US$ 20,000 and 35,000. Moreover, these 
procedures are not risk free and carry 
a substantial morbidity and mortality 
risk [5]. Also, a substantial number 
(11%) of patients receive inappropri-
ate shocks, mainly for supraventricular 
arrhythmia [6]. Therefore, it seems that 
while some patients derive benefit from 
this prophylactic intervention, others 
do not; the latter may be harmed and at 
considerable cost.  

Better risk stratification of post-MI 
patients with low EF may achieve two 
goals: a) identifying most patients who 
would derive benefit from ICDs, and b) 
avoiding the implantation of ICDs in 
patients who would not gain any benefit 
and may potentially be harmed.  

Several methods for risk stratification 
have evolved over time. Non-invasive 
markers of increased risk include LVEF, 
QRS width and the presence of left 
branch bundle block on the 12-lead elec-

LVEF = left ventricular ejection fraction
MI = myocardial infarction

I mplantable cardioverter defibrilla-
tors are used in patients after cardiac 

arrest or hemodynamic compromise 
due to ventricular arrhythmia for sec-
ondary prevention of recurrent events 
and death. There has been an increase in 
the use of ICDs for primary prevention 
of sudden cardiac death in patients with 
ischemic and non-ischemic cardiomyo-
pathy at risk of SDC.

ICDs were initially used for this 
purpose in patients with a history of 
myocardial infarction, low ejection 
fraction (< 35–40%), and non-sustained 
ventricular tachycardia with inducible 
sustained ventricular arrythmia during 
programmed ventricular stimulation 
[1,2]. Recently, indications for ICD 
implantation were widened after publi-
cation of the MADIT-II trial [3], which 
showed that patients with a history of 
myocardial infarction with a left ventric-
ular ejection fraction < 30% – without 
other markers of arrhythmic risk – have 
a lower mortality risk with an ICD as 
compared to patients on medical ther-
apy. Another reason for the extended 
indications was the SCD-HeFT trial 
[4], which demonstrated that patients 

 CD = implantable cardioverter defibrillator
SCD = sudden cardiac death

trocardiogram, signal average ECG, T 
wave alternans, heart rate variability, QT 
dispersion and others [7]. While some of 
these methods identify patients at higher 
risk for VA and sudden death, none has 
proven sensitive enough to be incorpo-
rated as a single-risk stratifier [7]. 

Programmed ventricular stimula-
tion has long been considered the 
gold standard for recognizing patients 
at risk of ventricular arrhythmia and 
SCD. The theoretical basis for using 
PVS for risk stratification derives from 
the substrate of VT in post-MI patients. 
VT is initiated by means of ventricular 
extrastimuli; if the substrate for VT 
exists these ventricular extrastimuli 
will block one arm of the circuit and 
will conduct slowly in the second arm 
and back again over the first arm to 
initiate reentrant VT. Standard proto-
col involves delivering a basic train of 
between five and eight captured beats 
from two sites (usually right ventricu-
lar apex and right ventricular outflow 
tract) and at two basic cycle lengths 
(600 and 400 ms) and with delivery 
of up to three ventricular extrastimuli 
with a minimum coupling interval of 
180 ms. Pacing is usually done at twice 
the diastolic threshold to ensure local 
capture and prevent far-field or remote 
capture. Several landmark studies have 
shown that patients with low EF, non-
sustained VT on Holter monitoring and 

VA = ventricular arrythmia
PVS  = programmed ventricular stimulation
VT = ventricular tachycardia

implantable cardioverter 
defibrillators, programmed electrical 
stimulation, electrophysiologic study 
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inducible sustained VA in programmed 
ventricular stimulation derive survival 
benefit from ICD implantation [1,2]. 
Nevertheless, standard PVS fails to 
identify a substantial number of patients 
at risk. In the MUSTT registry (patients 
with a history of myocardial infarc-
tion, LVEF < 40%, non-sustained VT 
and a negative PVS using the standard 
protocol), the rate of cardiac arrest or 
death due to arrhythmia was 12% and 
24% at 2 and 5 years, respectively [8]. 
Furthermore, in MADIT-II (82% of 
patients underwent PVS) the 2 year 
event rate for VT or ventricular fibril-
lation was 29.4% for inducible patients 
and 25.5% for non-inducible patients. 
Standard inducibility did not predict 
the combined endpoint of VT or VF 
(P = 0.280, by log-rank analysis) [9], 
although it was excellent for identify-
ing patients who will develop VT [9]. 
Moreover, during follow-up, the non-
inducible patients had a higher rate of 
VF compared to inducible patients [9]. 
Of interest, induction of VF in MADIT 
II by using three ventricular extrastimuli 
did not improve prediction [9].

In the current issue of IMAJ Belhassen 
et al. [10] describe a more aggressive pro-
tocol of PVS in a MADIT-II-like popula-
tion (post-MI patients with LVEF < 30%) 
to increase the sensitivity and specificity 
of PVS in identifying patients at risk. 
This method involves a higher output 
energy (five times the diastolic threshold, 
but not higher than 3 mA), repeating 
the shortest captured coupling interval 
10 times for double VES and 5 times for 
triple VES, and no lower limit for cou-
pling interval of VES. Induction of any 
ventricular arrhythmia was considered 
positive (unlike the traditional MUSTT 
and MADIT criteria that designate 
positive PVS only if monomorphic VT is 
induced, or VF with up to two VES). The 
inducibility rate was 75.4% (twice as high 
as compared to MADIT-II and MUSTT); 
most were VT and the rest VF and 

VF = ventricular fibrillation
VES = ventricular extrastimuli

ventricular flutter. Of note, most of the 
ventricular fibrillations and ventricular 
flutter were induced by using triple VES, 
which would have been considered nega-
tive by standard MUSTT criteria. This 
high induciblilty rate could be explained 
by different patient populations but is 
more likely related to the more aggres-
sive protocol used in the present study. 
The article does not mention the actual 
number of repetitions needed to induce 
VF or ventricular flutter or to the actual 
output energy used – which may help put 
the results in perspective.  

The mortality rate in the EPS+/ICD+ 
group was 10.7% and 14.7% in the EPS-/
ICD- group, which was not statistically 
different. However, this could be attrib-
uted to the small number of patients 
in the EPS-/ICD- group with low sta-
tistical power to detect this difference. 
Importantly, the risk of arrhythmic death 
or arrhythmic events requiring ICD in 
the group of patients with negative EPS 
was very low – 3%, a much lower estimate 
than the rates in non-inducible patients 
in MUSTT and MADIT-II [8,9]. This, of 
course, could be the result of this more 
aggressive protocol of induction, leaving 
a smaller number of high risk patients 
in the non-inducible group, or it could 
be due to a bias inherent to this type of 
retrospective analysis with cause of death 
determined by telephone interviews 
or chart review [10]. Data showing the 
number of VA events occurring in the 
EPS+/ICD+ group and comparing them 
to the number of VA events in the EPS-/
ICD- group is essential to truly appreciate 
the potential discriminative power of the 
proposed protocol. In order to appreciate 
the specificity of this protocol it is essen-
tial to know how many patients in the 
EPS+/ICD+ group were never shocked 
or received inappropriate shocks.

There are several other limitations 
worth discussing. It would have been 
interesting to compare inducibility 
rates using standard compared to the 
proposed technique. It would have been 

EPS = electrophysiologic study

very helpful to see whether prediction 
of subsequent VA is influenced by the 
protocol of inducibility. Furthermore, 
we are not told why those patients were 
chosen for the study. 

Despite these limitations we con-
gratulate the authors for their important 
efforts to improve risk stratification 
of post-MI patients. We believe that 
the next stage should be a study that 
will compare inducibility rates using 
this technique vs. the traditional pro-
grammed ventricular stimulation pro-
tocol followed by an ICD implantation 
and a follow-up period to appreciate the 
true predictive difference between the 
two different protocols – perhaps com-
bining other non-invasive risk stratifiers 
as well. If proven highly sensitive and 
specific, then the next stage should be 
(as proposed by the authors) a trial to 
compare inducible patients and non-
inducible patients who will undergo 
an ICD implantation vs. non-inducible 
patients with no ICD.
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“Pain and suffering are always inevitable for a large intelligence and a deep heart. The really 
great men must, I think, have great sadness on earth”

Fyodor Dostoevsky (1821-1881), Russian writer, essayist and philosopher, known for his novels Crime and Punishment  
and The Brothers Karamazov. His literary output explores human psychology in the troubled political, social and  

spiritual context of 19th-century Russian society. He was considered by many as a founder or precursor  
of 20th-century existentialism as well as one of the greatest psychologists in world literature.

Three independent groups have identified a previously 
unknown T cell-specific protein that has a unique role during 
late thymocyte selection and CD4 versus CD8 lineage choice, 
which they collectively termed thymocyte-expressed molecule 
involved in selection (THEMIS). Thymocytes progress 
through various linear developmental stages before their 
commitment to either CD4 or CD8 single positive (SP) T cells. 
T cell receptor (TCR) signaling is known to be important at 
each of these developmental stages, but the exact signaling 
pathways that control the transition from double positive 
(DP) to SP thymocytes and CD4 versus CD8 lineage choice 
(a process known as positive selection) are not completely 
understood. Themis mRNA is expressed mainly in the thymus 
(and to a lesser extent in the spleen and lymph nodes) and 
is expressed by all thymocytes and mature T cells but not by 
B cells or natural killer cells. Themis expression is highest in 
DP thymocytes and is down-regulated in SP thymocytes and 
peripheral T cells, suggesting a specific role for THEMIS in the 
DP to SP development stage. To further understand the role 

of THEMIS in thymocyte development, the three groups made 
use of gene-targeted or ethylnitrosourea (ENU)-induced 
THEMIS-deficient mice. These mice developed normally 
and had no obvious abnormalities. However, the number of 
mature SP T cells, especially CD4 SP T cells, was significantly 
lower in these mice than in control mice. By contrast, the 
DP thymocyte population was larger than in control mice, 
indicating a defect in positive selection in the absence of 
THEMIS. Two of the studies also identified a defect in negative 
selection in Themis-/- mice and all three studies showed 
that the defect in late thymocyte development was T cell 
intrinsic. Because TCR signals are known to be required for 
positive selection, the data suggest that THEMIS might have 
a role in TCR signal transduction. Although these studies do 
not provide a consensus on the exact mechanism of action 
of THEMIS, they all show that this previously unidentified 
protein is required for thymocyte positive selection.

Nature Immunol 2009; 10: 831,840, 848

Eitan Israeli

Capsule

The identification of THEMIS: thymocyte-expressed molecule involved in selection

Drugs and endocannabinoids acting on cannabinoid (CB) 
receptors have potential in the treatment of certain types 
of pain. In the spinal cord they are believed to suppress 
nociception, the perception of pain and noxious stimuli. Pernia-
Andrade and colleagues find that endocannabinoids, which are 
released in the spinal cord by noxious stimulation, may promote 

rather than inhibit nociception by acting on CB1 receptors. 
Endocannabinoids not only depress transmission at excitatory 
synapses in the spinal cord, but also block the release of 
inhibitory neurotransmitters, thereby facilitating nociception.

Science 2009; 325: 760

Eitan Israeli

Capsule

Endocannabinoids may promote rather than inhibit nociception (pain perception)

“Unthinking respect for authority is the greatest enemy of truth”
Albert Einstein
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C ystic fibrosis is one of the most common severe and 
life-shortening genetic diseases. Now that advances in 

molecular genetics have made it possible to detect couples at 
risk, many families with an affected child use prenatal diag-
nosis to prevent the birth of more affected children. In 2001, 
the American College of Obstetricians and Gynecologists 
and the American College 
of Medical Genetics issued 
guidelines for preconceptive 
and prenatal carrier screening 
for CF [1]. As a result of this recommendation, CFTR muta-
tion testing in the United States expanded the screening for 
CF into a routine service and the number of tests performed 
has increased to many thousands per week [2]. 

Alongside this screening for couples at risk, programs 
have developed for early detection by screening newborns. 
Several pilot programs have demonstrated that affected chil-
dren diagnosed early in life have improved nutritional status, 
better growth, and fewer life-threatening complications [3]. 
Families also benefit substantially from CF screening of new-
borns, because it avoids the delay until the onset of symptoms 
and diagnosis as well as the anxiety, frustration and emotional 
distress that this causes. Today, CF newborn population 
screening is current in several countries – Australia, France, 
the UK, and almost all the states in the U.S.   

The Israeli population and health care  
infrastructure

In 2007, Israel’s population of 7,243,600 comprised 75.6% 
Jews and 16.6% Muslim Arabs, while other groups, mainly 

CF = cystic fibrosis

Christian Arabs and Druze, each represented less than 2% of 
the population [4]. Since 1980 the Israel Ministry of Health 
has sponsored a nationwide program for the detection and 
prevention of birth defects. The program provides free pre-
natal diagnosis for all women over 35 at the beginning of 
pregnancy, as well as for those found by genetic counseling 
to be at increased risk for a genetic disease amenable to diag-
nosis [5]. This program includes neonatal screening for phe-
nylketonuria and hypothyroidism, and carrier screening for 
populations at risk for Tay-Sachs disease (Ashkenazi Jews, i.e., 
Jews of European extraction, and Moroccan Jews) and beta-
thalassemia (Arabs, Druze and several Jewish communities) 
[5]. Having established the molecular basis of many other 

diseases relatively prevalent 
in the Israeli population, 
additional screening tests 
have been recommended for 

the national program [6]. Although financial constraints have 
prevented this, the recommended tests, including for cystic 
fibrosis, are available privately and the costs are partially 
covered by supplementary insurance. 

Cystic fibrosis in the Israeli population

The characterization of five mutations, which together 
account for 97% of the CF alleles in Ashkenazi Jews, made 
carrier screening possible for this community [7]. Since 1999, 
genetic screening for CF has been available privately to Israel’s 
Ashkenazi Jews. Subsequently, in each of the different reli-
gious communities and their subgroups a limited number of 
mutations was shown to be responsible for more than 80% 
of the CF cases. As a result, CF screening became part of the 
genetic screening tests that are offered privately to most of the 
population [8,9]. The tests are offered for a fee and the costs 
are partially covered by supplementary insurance plans of the 
Israeli health funds. approximately 40% of the secular Jewish 
population undergo private genetic screening for carrier detec-
tion [10]. While among religious Jews the rate of utilization 
is lower (approximately 17%), among ultra-Orthodox Jews, it 
is almost 100% in a premarital context. Among Israeli Arabs 
utilization is lower still (less than 5%), probably because of the 
cost and the assumption that if the test is not covered by the 
national health insurance scheme it is not essential [11]. 

Cystic fibrosis is one of the most common 
severe and life-shortening genetic diseases
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Israeli newborn screening for phenylketonuria began 
in the late 1960s and hypothyroidism was added in 1978. 
Since then 60–80 children with congenital hypothyroidism 
and 10–12 with phenylketonuria are diagnosed every year 
[5]. Although the possibility of expanding the program has 
been discussed several times, by the end of 2007 phenylke-
tonuria and hypothyroidism remained the only two diseases 
screened for nationally. In 2006, with the complete renewal 
of the technical infrastructure of newborn screening, 
including the introduction of 
tandem mass spectrometry 
technology, the decision was 
taken to expand the program. 
Adding cystic fibrosis to new-
born screening was considered since the disease is known to 
be relatively prevalent. 

On the one hand, several studies have demonstrated that 
the secular Jewish population will do everything possible 
to avoid the birth of a child affected with a severe disease, 
including terminating the pregnancy [10]. Indeed, in recent 
years the utilization rate for prenatal CF diagnosis has been 
high, both for couples with an affected child and at-risk 
couples discovered through private screening. In the last 
decade 35–50 couples at risk underwent prenatal CF diag-
noses each year, and on average 9 affected fetuses were diag-
nosed. In each of those cases the couples chose to terminate 
the pregnancy [12]. The added value of nationwide neonatal 
CF screening will therefore be small and may not justify the 
comcomitant difficulties and costs. On the other hand, the 
Israeli population is particularly heterogeneous, and religious 
families, both Jewish and Arab or Druze – who constitute a 
significant portion of the population – reject the notion of 
terminating a fetus affected with a chronic disease, such as 
CF. In the case of Down syndrome, where prenatal diagnosis 
is recommended for all women over 35 and is available free 
of charge, about 65% of Jewish women and some 30% of non-
Jewish women terminated the pregnancy of an affected fetus 
[12]. The main reason given for not taking the prenatal test 
was religious based; these were individual decisions made by 
couples based on informed choices [12]. 

In order to meet these very different needs it was decided 
to implement a new type of CF screening program. Since mid-
2008 population screening is 
offered to all Israeli citizens 
free of charge with the aim of 
detecting couples at risk for 
cystic fibrosis. In parallel to the 
introduction of the CF screening program, the service offer-
ing only Tay-Sachs screening though regional clinics oper-
ated by the Ministry of Health was abolished. Since then, the 
individuals/couples are referred to authorized centers (public 
or private) that offer all the tests recommended according to 

the couple's ethnic origin. The recommendations are those 
of the Israeli Association of Medical Geneticists, which were 
adopted as guiding principles by the Ministry of Health 
without regard to whether or not the test is free of charge. 
These measures were taken to improve the referral of couples 
and allow for a better coverage of the population for carrier 
screening [12].  

In the context of genetic counselling, couples at risk dis-
covered through the program have the possibility of mak-

ing an informed choice even 
before the conception of a 
pregnancy, between neonatal 
diagnosis and early treatment 
or prevention, not marry-

ing, using preimplantation diagnosis, or prenatal diagnosis 
available free of charge (with the possibility of termination 
of pregnancy). The main advantage of this type of screening 
is that it gives couples found to be at risk the possibility to 
decide between the different options before the birth of an 
affected child [13].  

Another advantage of the proposed program is that it 
eliminates false positives, a major problem of newborn 
screening programs. When newborn screening for CF was 
first introduced, a second immunoreactive trypsinogen test 
of a second blood sample was needed to identify most of the 
affected children. More recently, a molecular test for the most 
frequent CFTR mutations is performed; however, in many 
cases only a single mutation is detected and a second blood 
sample for IRT testing is still required. Of these cases, most of 
the neonates prove to be unaffected, and counselling is needed 
only because they are carriers. The earlier diagnosis of couples 
at risk is obiously a solution to this problem since affected 
couples can receive genetic counselling before the birth. 

In both types of screening, prenatal and neonatal, some 
CF-affected children will be missed. In a carrier screening  
program, the reason for false negatives is that the screening 
does not cover all the mutations present in the population. 
In the case of newborn screening, in some CF cases IRT lev-
els are normal the first day after birth in children born with 
meconium ileus.

The uptake of the tests is expected to be high because of 
the experience in genetic population screening in Israel for 

Tay-Sachs and thalassemia. 
It is expected that most new-
borns will be born to couples 
who underwent cystic fibrosis 
screening. Following the per-

centage of newborns in whom the carrier status of the parents 
is known will allow us to determine whether the population 
screening is successful. 

IRT = immunoreactive trypsinogen

The Israeli genetic screening program 
enables most of the couples at risk for  

cystic fibrosis to be detected

Couples at risk have the possibility to 
make an informed choice between neonatal 
diagnosis and early treatment or prevention
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Data suggest that Mexico (population 110 million) has seen 
two waves of infection – the first, which peaked in late April, 
affected the Mexico City area, and the second, broader wave 
spanned June through August in southern states, including 
Chiapas, Yucatan and Quintana Roo. To prepare for a 
potentially larger wave this winter, Mexico is raising public 
awareness, standardizing timely diagnosis and treatment, 
and reinforcing equipment and management protocols in 
intensive care units throughout the country. To improve 
surveillance, Mexico has accelerated the upgrading of its 
public health laboratory network. The national reference 
laboratory and 28 states will soon have real-time polymerase 
chain reaction for running diagnostic tests. This builds on a 

restructuring of Mexico's national surveillance and reporting 
systems, which started in 2007. As Mexico's strategic reserve 
of antivirals would cover only 1% of the population for 
community cases and up to 80,000 hospitalized cases, the 
nation is implementing a central logistics and delivery system 
to assure their efficient allocation. The country also expects 
to have 20 million doses of the H1N1 vaccine available by 
December. As even this would cover only a fraction of the 
population, the government will prioritize health care workers, 
then individuals at risk of severe disease, such as pregnant 
women and people with chronic underlying illnesses.

Nature 2009; 461: 20

Eitan Israeli
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The flu pandemic in Mexico update

When T cells encounter an infection, they proliferate to create 
a larger army to fight the invader. The overall magnitude of 
the T cell response depends on the severity of infection and 
is determined by the number of T cells of a particular antigen 
specificity that are initially recruited, as well as the magnitude 
of the proliferative response. The extent to which these two 
components contribute to the response is unknown. By using 

DNA barcoding to track the responses of individual T cells, van 
Heijst and colleagues showed that the recruitment of T cells of 
a particular antigen specificity is similar and nearly complete, 
but that the extent of the proliferative response differed, and 
this determined the overall magnitude of the T cell response.

Science 2009; 325: 1265

Eitan Israeli

Capsule

Preparation for T cell war on infections

“By three methods may we learn wisdom; first by reflection, which is noblest; second by 
imitation, which is easiest; and third by experience, which is bitterest”

Confucius
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Inflammatory bowel disease, a collective term for ulcerative 
colitis and Crohn's disease, is a chronic, immune-mediated 
disease of the gastrointestinal tract that develops in 
genetically susceptible individuals. The role of infection 
in the development of inflammatory bowel disease is 
underscored by various clinical observations, such as the 
delayed age of onset, suggesting that childhood exposure 
to pathogens is essential, and the clinical improvement 
that follows decreasing bacterial intestinal load. Over the 
years, many a pathogen has been linked to the development 
and exacerbation of inflammatory bowel disease, notably; 
Mycobacterium paratuberculosis, Escherichia coli, Listeria 
monocytogenes and Chlamydia as well as viruses such 
as measles, mumps, rubella, Epstein-Barr virus and 
cytomegalovirus. Presently, leading theories of disease 
pathogenesis suggest loss of immune tolerance to normal 
commensal bacteria coupled with excessive exposure to 
bacterial antigenic products. This review describes the most 
commonly implicated pathogens in the causation of IBD and 
presents the evidence supporting their pathogenic role as 
well as data that offset their importance. 
		  IMAJ 2009;11:558–563

inflammatory bowel disease, infection, exacerbation, 
protection

The Role of Infection in Inflammatory Bowel Disease: 
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T he association between infection and autoimmunity, the first 
leading to the latter by the mechanism of molecular mimicry, 

epitope spreading, and bystander or polyclonal activation, is well 
established. The role of infection may be primary, as exempli-
fied by streptococcal infection and rheumatic fever, the infec-
tion being a prerequisite for disease initiation in a genetically 
susceptible host, or secondary, where the causation is vague and 
is suggested by an excess of positive serology for a certain patho-
gen as in the implication of diabetes mellitus and Epstein-Barr 
virus infection. A myriad of pathogens have been implicated in 
the causation and exacerbation of inflammatory bowel disease; 

microbial agents play a role in most of the prevalent etiologic 
hypotheses and animal disease models of both Crohn's disease 
and ulcerative colitis. Over the years, many organisms have been 
proposed as etiologic agents for IBD, to the extent of suggesting 
that CD, for example, is a manifestation of chronic mycobacte-
rial infection [1]. Yet, although persistent infection with a spe-
cific pathogen cannot be excluded, most agents proposed to date 
were based on observational studies and were not confirmed 
by subsequent laboratory investigations. In the last decade, the 
paradigm has shifted from infectious agents to loss of immune 
tolerance to commensal enteric bacteria. This hypothesis is 
strengthened by the observation that the composition of the 
enteric flora is altered in IBD with increased number of aggres-
sive bacteria such as Bacteroides, adherent/invasive Escherichia 
coli and enterococci, and decreased number of protective lacto-
bacilli and bifidobacteria [2]. Additional observations that high-
light the role of commensal bacteria in the etiopathogenesis of 
IBD include the beneficial effects of antibiotics on the course of 
CD as well as the symptomatic improvement that follows diver-
sion of the fecal stream and recurrence of inflammation that 
follows restoration of intestinal continuity [3]. The contribution 
of host genetic susceptibility gains momentum by the recent 
association of CD with mutations in the NOD2 gene, whose 
products are bacteria-recognizing proteins [4]. Conversely, 
infection with H. pylori and helminthic infections, the latter by 
shifting the immune response to the Th2 phenotype, ameliorates 
clinical and experimental IBD, respectively. In this review we 
describe the role of infectious agents and commensal bacteria 
in the initiation and exacerbation of IBD on the one hand, and 
in protection from disease on the other. 

The role of infection in animal models 

The concept that normal enteric bacteria initiate and sustain 
inflammation in a genetically susceptible host is based on a 
landmark study in rodents showing that HLA-B27 transgenic 
rats spontaneously develop chronic colitis, whereas the same 
rats in a germ-free environment are protected from disease 
[5]. Conversely, pretreatment with antibiotics has been shown 

CD = Crohn's disease
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to alleviate intestinal inflammation in animal models [6]. 
Particularly, the presence of some anaerobic species appears to 
be critical for the development 
of transmural inflammatory 
lesions in this model, as these 
lesions are not observed in the 
absence of anaerobic bacteria 
strains. The importance of the 
mucosal barrier is underscored by the genetic susceptibility of 
rodents harboring a genetic defect in mucosal barrier func-
tion [7]. Taken together, these models highlight the roles of 
an intact mucosal barrier and commensal anaerobes in trans-
mural inflammation. Probiotics are living microorganisms 
that upon ingestion in certain numbers exert health benefits 
beyond inherent basic nutrition. In contrast to anaerobic 
bacteria, probiotics such as L. reuteri and L. salivarius were 
associated with reduction of mucosal inflammatory activity 
in animal models of bowel inflammation [8]. 

Bacteria implicated in the causation or  
exacerbation of IBD

Mycobacterium paratuberculosis

The histopathological similarities between CD and mycobacte-
rial infection, notably the epithelial granulomata as well as the 
macroscopic lesions of segmental and fibrosing stenosis, have 
led investigators to implicate the latter in the pathogenesis of 
IBD. This compelling hypothesis has prompted a large number 
of epidemiological studies searching for Mycobacterium avium 
subsp. paratuberculosis in patient tissue, which, in compilation, 
have neither confirmed nor dismissed an association between 
the two diseases [9,10]. However, the issue has not been laid 
to rest and studies of the association between IBD and MAP 
continue to emerge. Recently, antibodies against a recombinant 
protein encoding an insertion element specific for MAP were 
found to be significantly higher in Japanese patients with CD 
than in those with ulcerative colitis, colonic tuberculosis, and 
control subjects [11]. In addition, it was postulated that the 
efficacy of both methotrexate and 6-mercaptopurine in inhibit-
ing MAP growth in vitro explains the physiology behind their 
beneficial clinical effect in 
patients with IBD [12]. Finally, 
the discovery of a number of 
Crohn's susceptibility genes, 
including NOD2/CARD15, 
demonstrates that Crohn's 
is a complex genetic disease. 
As mutations in NOD2/CARD15 do not necessarily lead to 
Crohn's disease, other mitigating factors, genetic and/or envi-
ronmental, are probably required to produce illness. Recent 

MAP = Mycobacterium avium subsp. paratuberculosis

work has shown that NOD2/CARD15 plays a role in bacterial 
sensing and activation of innate immune responses, provid-

ing a link between Crohn's 
genetics and an environmen-
tal factor, potentially a bacte-
rial trigger [13]. Similarly, the 
presence of MAP and of the 
natural resistance-associated 

macrophage protein 1 (NRAMP1), now SCL11A1, and gene 
polymorphisms, were found to be strongly associated with CD, 
highlighting the interplay of infectious and genetic factors in 
disease pathogenesis [14]. 

E. coli

E. coli, the predominant aerobic gram-negative species of the 
normal intestinal flora, abnormally colonizes the terminal ileum 
in CD patients and is abundant in both early and chronic ileal 
lesions in these patients. In addition, antibody titers against E. 
coli are higher in CD patients than in controls, especially against 
the E. coli outer membrane protein C, and are associated with 
more severe disease [15]. The invasive nature of E. coli strains 
isolated from ileal lesions (designated adherent-invasive E. coli) 
supports their putative role in the initiation of CD. Moreover, 
AIEC  strains isolated from these patients are able to survive 
and replicate extensively within murine macrophages, whereas 
most invasive bacteria (such as Shigella, Salmonella and 
Yersinia) induce cell death of infected macrophages [16]. The 
high replication of AIEC bacteria within macrophages leads 
to excessive production of tumor necrosis factor-alpha granu-
loma formation [16]. Indeed, E. coli antigens and DNA were 
detected in 80% of CD granulomas [17]. In conclusion, the high 
prevalence of AIEC in patients with ileal involvement of CD, 
their ability for intracellular replication, induction of TNFα and 
granuloma formation links them to the pathogenicity of CD 
perhaps against the background of a dysfunctional NOD2 innate 
immune surveillance mechanism. 

Listeria monocytogenes

L. monocytogenes has been suggested as an organism with the 
potential to cause and exacerbate IBD after it was found at the 

site of perforation in the colon 
of a patient with fulminant 
ulcerative colitis [18]. However, 
a later study found equal preva-
lence of L. monocytogenes DNA 
in the intestine of patients with 
IBD and in non-IBD control 

patients, presumably reflecting the widespread presence of 
this organism in the environment [19]. This, in conjunction 

AIEC = adherent-invasive E. coli
TNFα = tumor necrosis factor-alpha

Numerous infectious agents, including 
viruses, bacteria and parasites, have been 

linked to the development and exacerbation 
of inflammatory bowel disease 

This exogenic microbial exposure coupled 
with a genetic susceptibility that leads 
to loss of immune tolerance to normal 

commensal bacteria is considered the basis 
for the development of IBD  
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in 1995 [24], found an association between measles vaccina-
tion and IBD, which was not corroborated by a later case-
control study [25]. The association between measles infection 
and IBD is also contentious. An initial report of high rates 
of Crohn's disease among pregnancies affected by measles 
infection [26] was followed by negative studies [27]. The 
same discrepancy is found in laboratory investigations; while 

some investigators claimed to 
find persistent measles infec-
tion among patients with IBD, 
others, using highly sensitive 
polymerase chain reaction 
techniques [28], were not able 
to replicate the findings. In 

summary, available evidence does not support an association 
between measles-containing vaccines and risk of IBD, nor 
between measles infection and IBD. 

Mumps

The British Cohort Study that claimed that atypical measles 
infection in childhood was a risk factor for IBD also implicated 
mumps infection before age 2 years with an increased risk for 
ulcerative colitis (odds ratio 25) [29]. However, the mumps 
virus genome was not detected by reverse transcriptase-PCR 
in intestinal specimens of IBD patients, and anti-mumps IgG 
titer was not significantly different between patients and con-
trols, weakening the causal link between persistent mumps 
virus infection and IBD [30].

Another study that assessed seropositivity for measles, 
mumps and rubella among IBD patients versus controls 
found no association between having acquired measles, 
mumps or rubella (by natural infection or through vaccina-
tion) and CD or UC. There was even suggestion of a protec-
tive effect of having acquired rubella infection or vaccine, 
against acquiring CD [31]. 

Epstein-Barr virus 

Epstein-Barr virus infection is associated with infectious 
mononucleosis, lymphomas, gastric adenocarcinomas 
and a myriad of host immune responses. Interest in the 
potential role of EBV infection in the etiopathogenesis of 
IBD was sparked by the detection of increased numbers of 
EBV-infected B lymphocytes in intestinal mucosal samples 
affected by ulcerative colitis and, to a lesser extent, Crohn's 
disease [32].

The link between immunosuppressive therapy and lym-
phoma in patients with solid organ transplantation is well 
established and attributed to unchecked proliferation of 

PCR = polymerase chain reaction
Ig = immunoglobulin
EBV = Epstein-Barr virus

with the low yield of positive biopsies for L. monocytogenes 
in IBD does not support a direct role for this pathogen in the 
pathogenesis of IBD [19]

Chlamydia

Chlamydia is another organism of autoimmune potential 
thought to participate in the pathogenicity of IBD. However, 
no marked differences in 
titers of anti-C. pneumoniae 
serum immunoglobulin G 
were found between healthy 
controls and patients with IBD 
[20]. As for C. pneumoniae 
DNA, it was detected in 9 of 42 
biopsies from patients with CD (21.4%), 9 of 59 biopsies from 
patients with UC (15.3%), and 14 of 122 biopsies from non-
IBD control patients (11.4%) [21], while others have found 
equal frequencies of the pathogen [20]. Interestingly, in CD 
patients, C. pneumoniae DNA was more prevalent in inflamed 
tissue specimens compared with unaffected areas [20]. Taken 
together, the interpretation of these findings is that although C. 
pneumoniae is unlikely to be of pathogenic importance in IBD, 
it may still influence local clinical manifestations. 

Blastocystis hominis

Recently, a pathogenic variant of Blastocystis, a common intes-
tinal organism, was described in patients experiencing IBD-like, 
chronic gastrointestinal symptoms [22]. Existing clinical meth-
ods often fail to detect infection with this organism, leading to 
misdiagnosis of cases as “idiopathic” IBD. It is hypothesized 
that a virulent strain of this organism emerged in the Middle 
East in the 1990s and was later transmitted to Europe and the 
United States by military and business travelers, giving rise to 
the increasing incidence of IBD in Europe at that time. 

Clostridium difficile 

C. difficile should be sought in IBD patients with active 
colitis. Several reports have noted an increased incidence of 
infection with this agent in IBD patients, 61% of whom give 
a history of recent antibiotic exposure. More importantly, the 
majority of those infected require hospitalization, and 20% 
require colectomy [23]. 

Viruses implicated in the causation of IBD

Measles

Considerable attention has focused on the role of measles 
infection and/or vaccination in the pathogenesis of ulcerative 
colitis and Crohn's disease, particularly in view of the increas-
ing incidence of the latter. The first cohort study, published 

UC = ulcerative colitis

Increased antibiotic use and improved 
hygiene, which alter the balance of 

beneficial versus aggressive microbial 
species, contributes to the increasing 

prevalence of IBD in the western hemisphere
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Yeast implicated in the causation of IBD

Saccharomyces cerevisiae, used in baker’s yeast, was considered 
an innocuous component of our food until the presence of 
anti-Saccharomyces cerevisiae antibodies were first described 
in patients with CD [35]. While ASCA are thought to result 
from a specific antibody response to the S. cerevisiae cell wall 
mannan, it is still unclear whether this is a direct response to 
the yeast itself or an epiphenomenon resulting from a similar 
immunologic response to another antigen. For example, gastro-
intestinal colonization with Candida albicans, which promotes 
sensitization against food antigens in mice, was recently shown 
to be one of several immunogens for ASCA [36] and may be at 
the origin of the aberrant immune response in CD.

ASCA = anti-Saccharomyces cerevisiae antibodies

EBV-infected lymphocytes. Concerns regarding the increas- 
ed risk of lymphoma among IBD patients are well founded, 
especially in individuals treated with multiple immuno-
modulators and biological agents, underscoring the role of 
surveillance. 

Cytomegalovirus

Cytomegalovirus infection may present as a flare-up of 
IBD not responding to traditional therapy, thus leading to 
a high rate of colectomy (67%) and mortality (33%) [33]. 
The prevalence of infection in acute severe colitis ranges 
between 21% and 34%, with remission rates of 67–100% 
following antiviral therapy with intravenous ganciclovir [34]. 
It is imperative that concurrent cytomegalovirus infection be 
considered in IBD patients with acute colitis, especially in a 
medically immunosuppressed host. 

Pathogen Supporting evidence Opposing evidence

Mycobacterium 
paratuberculosis

Histopathology resembling CD•	
Higher anti-MAP antibody levels in CD patients•	
Clinical efficacy of MTX and •	 6MP in IBD coupled with in vitro efficacy against MAP suggesting 
causality
Similarity between MAP and natural resistance-associated macrophage protein •	 1 (NRAMP1)

Non-contributory epidemiological studies•	

E. coli Colonizes terminal ileum in CD•	
High antibody titers and DNA in CD•	
Association with adherent-invasive •	 E. coli (AIEC), which replicates within, rather than kills, 
macrophages – leading to typical granuloma formation 

Unknown•	

Listeria 
monocytogenes

Organism identified at site of UC colonic perforation in a single reported case•	 Equal prevalence of Listeria DNA in IBD and non •	
IBD patients, rarely found in intestinal biopsies

Chlamydia Chlamydia-DNA more prevalent in inflamed as opposed to uninflamed tissue in CD •	
patients

No difference in antibody titers among patients •	
and controls; equivocal findings regarding 
presence of DNA in intestinal biopsies

Blastocystis 
hominis

A pathogenic variant described in patients experiencing "IBD-like" symptoms•	
Increasing incidence of IBD in Europe putatively associated with transmission of agent by •	
military and business personnel

Unknown•	

Clostridium 
difficile

Increased incidence of infection with Clostridium in active IBD although not directly •	
implicated in pathogenesis 

Unknown•	

Measles Association between measles vaccination and development of IBD in a cohort study•	
High rate of CD in pregnancies affected by measles infection•	
Evidence of persistence measles infection in IBD patients•	

Association with vaccination not confirmed in a •	
case-control study; association between infection 
and pregnancy not corroborated in later studies while 
PCR-based techniques rule out persistent infection

Mumps Association between childhood mumps infection and UC in adulthood, in a cohort study•	 No difference in anti-mumps antibody titers or •	
in detection of viral DNA in intestinal specimens 
between patients and controls 

Epstein-Barr 
virus

Increased EBV-infected lymphocytes in intestine of UC, and to a lesser extent CD, patients•	
Increased risk of lymphoma in IBD is perhaps mediated by EBV infection•	

Unknown•	

Cytomegalovirus CMV infection may present as IBD disease flare-up, yet antiviral therapy and not •	
immunosuppressants is required to attain a cure

Unknown•	

Saccharomyces 
cerevisiae

Anti-•	 Saccharomyces cerevisiae antibodies (ASCA) are associated with CD Antibody response may reflect an epiphenomenon •	
resulting from an immunological response against 
an unrecognized antigen

Helminthes Putative protective factor as prevalence of IBD is lower in underdeveloped countries in •	
which intestinal infestation with nematodes is common 
Nematode infection ameliorates experimental murine colitis•	

Unknown•	

Helicobacter 
pylori

Decreased prevalence of seropositivity in IBD patients suggests a protective modifier •	
effect for H. pylori infection

Unknown•	

Table 1. Infectious agents implicated in the pathogenesis of IBD: supporting and opposing evidence 
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Infectious agents conferring protection 
against IBD

Parasites 

IBD is common in temperate regions and rare in tropical 
countries affected by poor sanitation and overcrowding; 
immigrants typically acquire the higher risk of IBD associ-
ated with the adopted, developed country [37]. These obser-
vations overlap the prevalence of chronic enteric infestation 
with parasites, which is high in underdeveloped countries 
and rare in industrialized countries due to improved hygienic 
conditions. The contrasting geographic distributions of 
nematode infection and IBD suggest that generation of a 
Th2 response by nematodes ameliorates Th1-mediated dis-
eases, such as CD, and lowers their occurrence. This hypoth-
esis was strengthened by an elegant study on experimental 
murine colitis, which showed that nematode infection indeed 
reduced the severity of colitis and decreased the resulting 
mortality [38].

Helicobacter pylori 

Several reports have documented a decreased prevalence of 
H. pylori seropositivity in IBD patients [39], decreased even 
further by sulphasalazine treatment. On a similar note, some 
suggest that the higher age of onset and bimodal pattern of 
age-specific incidence in seropositive IBD patients are the 
result of a protective modifier effect that H. pylori infection 
exerts on the development of IBD [40].

The supporting and opposing evidence for the role of 
the various infectious agents in the pathogenesis of IBD is 
presented in table 1. 

Summary

The role of infection in inflammatory bowel disease is com-
plex. On the one hand, infection with a pathogenic organism 
could serve as an environmental trigger to initiate an inflam-
matory response, a response that may be perpetuated in a sus-
ceptible host by commensal microbial antigens. On the other 
hand, host genetic susceptibility, in the form of a defective 
mucosal barrier function, can lead to enhanced exposure to 
luminal bacteria. Either process can lead to an overly aggres-
sive T cell response to normal bacteria, culminating in tissue 
damage. It seems, therefore, that it is the combined effect of 
genetic susceptibility with microbial exposure, in addition to 
increased antibiotic use and improved hygiene, that alters the 
balance of beneficial versus aggressive microbial species, that 
perpetuates the pathophysiology of IBD and contributes to 
its increasing prevalence in the Western hemisphere. Thus, 
although many pathogens have been implicated in the causa-
tion of IBD, not a single pathogen, in itself, is responsible for 
the disease. 
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Manifestations of viral infections can differ between women 
and men, and marked sex differences have been described 
in the course of HIV-1 disease. HIV-1-infected women 
tend to have lower viral loads early in HIV-1 infection but 
progress faster to AIDS for a given viral load than men. 
Meier and collaborators show substantial sex differences 
in the response of plasmacytoid dendritic cells (pDCs) to 
HIV-1. pDCs derived from women produce markedly more 
interferon-α (IFN-α) in response to HIV-1-encoded Toll-like 
receptor 7 (TLR7) ligands than pDCs derived from men, 
resulting in stronger secondary activation of CD8+ T cells. 
In line with these in vitro studies, treatment-naive women 

chronically infected with HIV-1 had considerably higher 
levels of CD8+ T cell activation than men after adjusting 
for viral load. These data show that sex differences in 
TLR-mediated activation of pDCs may account for higher 
immune activation in women compared to men at a given 
HIV-1 viral load and provide a mechanism by which the same 
level of viral replication might result in faster HIV-1 disease 
progression in women compared to men. Modulation of 
the TLR7 pathway in pDCs may therefore represent a new 
approach to reduce HIV-1-associated pathology.

Nature Med 2009; 15: 955

Eitan Israeli

Capsule

Sex differences in the Toll-like receptor-mediated response to HIV-1

“America has been called a melting pot, but it seems better to call it a mosaic, for in it  
each nation, people or race which has come to its shores has been privileged to keep its 
individuality, contributing at the same time its share to the unified pattern of a new nation”

King Baudouin of Belgium (1930-1993)

“The worst sin towards our fellow creatures is not to hate them, but to be indifferent to them: 
That's the essence of inhumanity”

George Bernard Shaw (1856-1950), Irish playwright whose plays dealt sternly with prevailing social problems 
 but have a vein of comedy to make their stark themes more palatable. Shaw examined education,  

marriage, religion, government, health care and class privilege, and found them all defective.

“I am living so far beyond my income that we may almost be said to be living apart”
e e cummings (1894-1962), popular American poet, painter, essayist, author and playwright
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[A] Contrast-enhanced CT scan showing 
abscess in the right temporoparietal area

[B] Chest X-ray raising the suspicion of bilateral 
bronchopneumonia

been healthy. Two months before the 
current admission he presented to his 
primary physician with cough. He was 
treated with amoxicillin-clavulanate for 
2 weeks, oral glucocorticoids and terb-
utaline inhalations that resulted in mild 
improvement. About 10 days before the 
present admission he experienced ear 
pain and mild facial nerve palsy and 
was treated for 6 days with oral gluco-
corticoid for presumed peripheral facial 
nerve palsy; his symptoms subsided. On 
admission, he was vomiting and had left 
hand paralysis and drowsiness and was 
referred to the emergency room. He had 
no fever and was in good general condi-
tion. He had mild left hemiparesis and 
left central facial nerve palsy. Laboratory 
evaluation was unremarkable except for 
leukocytosis of 17000 cells/µl, 80% of 
them segmented and 5% band forms. 
A computed tomography of the brain 
demonstrated a right temporoparietal 
brain lesion surrounded by edematous 
brain, producing a severe "mass effect" 

F oreign body aspiration is rarely 
complicated by brain abscess. We 

describe a child with a brain abscess 
associated with pulmonary foreign body 
aspiration and present a brief review 
of the literature, stressing the need 
for thorough investigation of this rare 
potential problem, mainly in children 
younger than 3 years old.

Patient Description

A 2.5 year old boy presented to another 
hospital with headache, vomiting and 
facial nerve paralysis that began 10 
days previously. His history included 
culture-negative septic arthritis of the 
left knee at age 6 months that was 
treated for 6 weeks. Since then he has 

[Figure A]. At that point, he was referred 
to our hospital for emergency surgery.

During surgery a large amount of 
foul-smelling pus was drained. Cultures 
were taken from the purulent material 
and full marsupialization was perform- 
ed. The patient was transferred to the 
pediatric intensive care unit with a 
diagnosis of brain abscess. He was 
treated empirically with vancomycin, 
ceftriaxone and metronidazole. Gram 
stain of the purulent material revealed 
gram-positive cocci and gram-negative 
rods. Fusobacterium and Streptococcus 
intermedius (milleri group) were iso-
lated and the child was treated with cef-
triaxone and metronidazole for 6 weeks 
according to the susceptibility pattern.

To evaluate the source of the brain 
abscess, the child was assessed by a car- 
diologist. No heart anomaly was dem-
onstrated and his echocardiogram was 
normal. He did not have any dental or 
ear pathology, but he did have a disturb-
ing cough, halitosis and mild wheezing 
after he recovered from surgery. On 
chest X-ray, bronchopneumonia was 
suspected [Figure B]. CT of the chest 
demonstrated small peripheral con-
solidations and hyperinflation. Rigid 
bronchoscopy revealed a foreign body 
(a sunflower seed) in the right inter-
mediate bronchus which was removed 
without complications. The parents, 
who denied any possibility of foreign 
body aspiration, then remembered an 
event of cough and respiratory difficul-
ties during swimming nearly 3 months 
previously that had passed unnoticed.

Since this was the second major in- 
fectious disease in this child's young life 
(after septic arthritis), a brief immu-
nological evaluation was performed, 
including immunoglobulin level and 

brain abscess, foreign body, children
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specific antibodies for vaccine prevent-
able diseases and lymphocyte subgroups. 
All tests were within normal range. 

The patient had an uneventful hos-
pital course. His neurological status 
improved and, after 6 weeks of antibiotic 
therapy, his physical examination and 
follow-up were unremarkable. Another 
CT scan, 6 weeks after presentation, 
demonstrated significant improvement. 
At the 6 month follow-up evaluation, he 
had recovered and had complete neuro-
logical and functional rehabilitation.

Comment

Brain abscess is an uncommon infec-
tion in children. The development of 
brain abscess is through a hematog-
enous source or contiguous focus. 
Predisposing factors for the develop-
ment of abscess are well known [1]. 
Overall, 25% of brain abscess cases 
occur in children, mostly in the 4–7 
years age group, and are extremely rare 
in patients younger than 2 years old. In 
almost 15% of the cases no predisposing 
factor was found [1].

Pulmonary origin as a predisposing 
condition for the development of brain 
abscess has been seen occasionally. 
Agarwal et al. [2] reviewed 1112 cases 
of brain abscess (adults and children), 
110 (9.8%) of which had a pulmonary 
etiology. Pulmonary origin of brain 
abscess is usually chronic pyogenic 
lung disease, abscess, empyema or 
bronchiectasis [1]. Foreign body aspi-
ration as an etiology for brain abscess 
is extremely rare. Recently however, five 
papers reporting seven cases were sum-
marized and published [3]. In the first 
report, a 19 month old boy developed 

a right parietal lobe abscess that grew 
Streptococcus viridans. Because of per-
sistent right lung infiltrates with nega-
tive results from the bronchoscopy, the 
right lower lobe was removed and two 
heads of barley grass were recovered 
from the removed lung. Escherichia coli, 
Eikenella corodans and Streptococcus 
viridans were cultured from the lung 
tissue. The second report described an 
18 year old patient who presented with 
right hemiplegia and a left cerebral 
abscess that grew Staphylococcus aureus. 
Chest radiographs demonstrated a pin 
penetrating the posterior wall of the 
right main stem bronchus. The third 
paper described two patients (both 2 
years old) with Eikenella corodans brain 
abscess after foreign body aspiration. 
One child had a metallic needle in the 
left lower lobe and the other had two 
sunflower seeds in his right main bron-
chus, all removed endoscopically. The 
fourth report described a 2 year old boy 
with a brain abscess and a sharp pin in 
the left lower lobe [2]. The fifth publica-
tion described two males (10 and 2 years 
old), one with a safety pin and alpha-
hemolytic Streptococcus and the other 
with a thumbtack and Actinomyces and 
Haemophilus aphrophilus [3].

Foreign body aspiration can be a 
life-threatening emergency or it may be 
asymptomatic and unnoticed for years, 
with a peak incidence in the second year 
of life [4]. Signs and symptoms may be 
vague, but retrospectively there are suf-
ficient data and clinical signs to raise 
the suspicion of foreign body aspira-
tion. In children, the foreign body is 
often lodged in the proximal airways 
and not always in the right bronchus 
[4]. Chest X-ray usually shows air trap-

ping but may be normal. However, in 
patients with a high index of suspicion 
these findings should not rule out the 
possibility of a foreign body. The peak 
incidence of foreign body aspiration is 
the second year of life, but brain abscess 
is rare in children under the age of 2. 
Almost all the children described in the 
literature with a brain abscess of foreign 
body aspiration origin were males in 
their second or third year of life.

Interestingly, foreign body aspiration 
is very common in children, but a com-
plication of brain abscess is rare. This 
connection demonstrates the signifi-
cance of lung tissue in filtering patho-
gens originating from mouth flora. A 
high index of suspicion is needed in 
these cases to identify rare but treatable 
predisposing factors for developing 
brain abscess.
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“In other countries poverty is a misfortune – with us it is a crime”
Edward Bulwer-Lytton (1803-1873), English novelist, poet, playwright and politician 

“When I see God, he has a lot of explaining to do”
Mother Theresa (1910-1997), Albanian Roman Catholic nun with Indian citizenship who founded the Missionaries of Charity in  
Calcutta, India in 1950. For over 45 years she ministered to the poor, sick, orphaned and dying, while guiding the Missionaries  

of Charity's expansion, first throughout India and then in other countries. By the 1970s she was internationally  
famed as a humanitarian and advocate for the poor and helpless, winning the Nobel Peace Prize in 1979. 
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suppressive treatment, progressing to 
bone destruction and development 
of bilateral orbital masses. Rituximab 
treatment induced significant clinical 
and radiological improvement.

Patient Description 

A 50 year old man was initially admit-
ted to another hospital in October 
2002 because of right-sided headache 
and dyspnea of 1 month duration and 
development of right-side deafness and 
facial nerve palsy 2 days before admis-
sion. The patient had a prior history of 
chronic obstructive pulmonary disease, 
diabetes mellitus, and morbid obesity 
treated only with diet and broncho-
dilator inhalations. Emergency room 
evaluation had included sinus X-rays, 
which revealed right maxillary sinus 
opacification. laboratory investigations 
were significant for normocytic nor-
mochromic anemia (hemoglobin 11.38 
g/L), leukocytosis (15,000/ml), throm-
bocytosis (600,000/ml), erythrocyte 
sedimentation rate 100 mm/hour and 
C-reactive protein 215 mg/L (normal 
0–6). On nasopharyngeal examination, 
a right inferior nasal conchial mass with 
bloody crusts and evidence of external 
and otitis media were found. Computed 
tomography scan of the sinuses dem-
onstrated bilateral maxillary, ethmoid, 
sphenoid and frontal sinus and right 
mastoid air cell opacification. Chest 
X-ray and CT showed small intersti-
tial infiltrates and nodular shadows 
bilaterally, which were consistent with 
Wegener's granulomatosis.

W egener's granulomatosis is a multi- 
organ systemic disease character-

ized by granulomatous inflammation, 
tissue necrosis and variable degrees of 
vasculitis in small and medium-sized 
blood vessels. Individual cases pres-
ent with variable histopathology, with 
vasculitis and granulomatous disease 
representing opposite ends of the spec-
trum. Two patterns of disease involve-
ment were recently described. The clas-
sic type is generally characterized by 
severe widespread disease including 
renal involvement, requires aggressive 
treatment and is associated with a high 
relapse rate. The second type is a limited 
disease usually associated with a good 
prognosis, does not require aggressive 
treatment and is characterized by a high 
complete remission rate. Differences in 
outcome between those WG patients 
with a predominance of granulomatous 
versus vasculitic lesions were recently 
reported [1].

While WG may affect the eyes in 
a variety of ways, orbital masses with 
granulomatous expression are often the 
WG lesions most refractory to treatment 
[2]. We describe a case of limited WG 
with severe paranasal and nasal involve-
ment resistant to significant immuno-

WG = Wegener's granulomatosis

Biopsy of the nasal mass showed 
necrotizing granulomatous vasculitis 
with Langhans giant cells consistent 
with WG. Further blood tests revealed 
positive cytoplasmic anti-neutrophil 
cytoplasmic antibodies by direct immu-
nofluorescence. There was no evidence 
of renal involvement.

The patient responded rapidly to daily 
oral cyclophosphamide (2 mg/kg/day) 
and prednisone (80 mg) with trimetho- 
prim/sulfamethoxazole prophylaxis, but 2 
months later severe leukopenia developed 
and oral cyclophosphamide was switched 
to the intravenous route 750 mg twice 
monthly. During the next 6 months, his 
prednisone dose was reduced slowly as 
his ANCA  titers dropped below detect-
able levels but CRP  and ESR  remained 
elevated. Over the subsequent months his 
symptoms and serology remained quies-
cent, except for mild headache, slowly 
progressive partial deafness, recurrent 
nasal discharge, and mild dyspnea par-
tially relieved by inhaled salbutamol. 
His prednisone dose was reduced out of 
concern for its effect on his diabetes and 
new hypertension, but the cyclophos-
phamide was continued. Microscopic 
hematuria was detected along with atypia 
of bladder epithelial cells, but cystoscopy 
was negative. Due to increasing concern 
about his cumulative cyclophosphamide 
dose, alternative strategies were attempted 
despite incompletely suppressed disease. 
In April 2005, cyclophosphamide was 

ANCA = anti-neutrophil cytoplasmic antibodies
CRP = C-reactive protein
ESR = erythrocyte sedimentation rate

rituximab, Wegener's granulomatosis, 
granulomatous disease
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discontinued, with combined methotrex-
ate (15 mg/week) and azathioprine (150 
mg/d) substituted and prednisone (10 
mg) and trimethoprim/sulfamethoxazole 
continued. Only partial clinical and sero-
logical improvement was achieved on this 
regimen. In December 2007, the patient 
complained of ptosis, redness and pain of 
the right eye associated with acute visual 
loss. New CRP and ESR elevations and 
a rising ANCA titer were recorded. CT 
demonstrated maxillary sinus involve-
ment with bone erosion of the postero-
lateral wall of the right maxillary sinus 
and extension of a mass to the pterygo-
palatine fossa and orbit via the inferior 
orbital fissure. The intra/extraconal soft 
tissue mass involved the eye muscles 
and retro-orbital fat. In addition, there 
was perineural spread via the foramen 
rotundum to Meckel's cave (cavernous 
sinus) to the trigeminal nerve [Figure]. 
After intravenous pulse methylpredniso-
lone 1000 mg/day for 3 days, rituximab 
(anti-CD20 monoclonal antibody) was 
administered in four infusions (500 
mg each) given at 2 week intervals with 
concurrent dexamethasone 4 mg and IV 
cyclophosphamide 500 mg twice a month 
for 3 months concurrently.

With this regimen, the patient had 
complete resolution of his symptoms 
and  the WG was in clinical remission 
for 9 months, maintained successfully 
with prednisone 10 mg daily, metho-
trexate 15 mg weekly, azathioprine 100 
mg daily and low dose trimethoprim/
sulfamethoxazole twice weekly [Figure]. 
While his inflammation markers nor-
malized (CRP 6 mg/L, ESR 10 mm/hr) 
for the first time since diagnosis, and CD 
20+ B cell count dropped to 0.2 cells/dl, 
c-ANCA remained positive at a low titer. 
He subsequently died suddenly, within 
24 hours of admission to another hos-
pital, suffering from multiorgan systems 
collapse after one day of febrile illness. 

Comment

Ophthalmologic manifestations, includ-
ing both ocular (i.e., involving the globe) 

and orbital disease, have been reported 
in 40–50% of WG patients. An orbital 
granulomatous process is initially pres-
ent in only about 2% of all WG cases [2]. 
However, orbital granulomas are the most 
common form of ophthalmologic involve-
ment later in the disease course, account-
ing for as much as 45% of cases with 
ophthalmologic involvement and can be 
characterized as contiguous, secondary to 
extension of granulomatous disease from 
the nasal passages or paranasal sinuses, or 
focal, arising primarily within the orbit. 
The distribution of granulomatous masses 
within the orbit – specifically with regard 
to location within intraconal or extra-
conal compartments and extension to the 
orbital apex and orbital wall erosion – is 
poorly documented. 

Our patient’s WG vasculitis was 
initially of the limited type, fulfilling 
the modified American College of 
Rheumatology criteria. With time, the 
disease shifted to a progressive, organ-
threatening, multidrug-resistant dis-
ease, and with orbital involvement, to 
the granulomatous end of the spectrum 
of this condition. 

It responded to treatment with ritux-
imab. Rituximab is a chimeric monoclo-
nal antibody directed against the surface 
glycoprotein CD20, which induces 

apoptosis in B cells and their depletion 
in peripheral blood, with B cell levels 
usually returning to normal within 6 
to 12 months. With an important role 
attributed to ANCA in the pathogen-
esis of WG, its depletion as a result of 
decreased B cell level has provided the 
rationale for the use of rituximab in the 
treatment of refractory cases of this con-
dition. There are no randomized con-
trolled trials, though, to support its use 
in WG; the data available until now are 
based on case reports or case series and 
three prospective open-label trials [3-5]. 
In these, good response to rituximab 
was noted, with minimal side effects and 
infrequent relapses. The granulomatous 
form of WG, however, was found to be 
more resistant to rituximab than the 
more vasculitic form [3].

 	The patient reported here presented a 
predominantly granulomatous manifes-
tation of WG and yet had a good initial 
response to treatment with rituximab, 
without side effects. While the results 
in this and other cases are encouraging, 
many issues surrounding this form of 
treatment remain unresolved: such as the 
time to onset of improvement after ritux-
imab infusion, the duration of remission, 
the protocol for repeat infusions, and the 
long-term outcome. Furthermore, the 

Coronal CT reconstruction images showing intraorbital soft tissue mass: retro-orbital, intra and extraconal 
bilateral involvement. [A] Before rituximab treatment, [B] After rituximab treatment 

BA
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In the case of WG presented here, 
rituximab treatment resulted in signifi-
cant clinical and radiological improve-
ment in a patient otherwise intractable 
to therapy. Rituximab appears to offer 
therapeutic promise in granulomatous 
retro-orbital or sinus masses when 
other treatments are precluded or 
unsuccessful. 
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role of concomitant therapies needs to 
be considered. In fact, the reported use 
of rituximab has been in association with 
other immunosuppressive medications, 
either as maintenance of the previous 
ones or as adjuvant therapy to prevent 
development of antibodies against ritux-
imab. As the role of rituximab as mono-
therapy is still uncertain, as in our patient 
reported here, it was felt that concomitant 
therapy might enhance the response 
of this granulomatous form of WG to 
rituximab. In addition, the significance of 
c-ANCA persistence in this case, despite 
depletion of B cells and the absence of 
symptoms, still needs to be elucidated.

Theory predicts the chipping away of the male Y chromosome 
owing to the fact that, for the most part, it has no recom- 
bination partner during meiosis, the sexual form of cell 
division. But male-specific genes on the Y persist, protected in 
part by palindromic DNA repeats that are maintained through 
recombination events between each other. These repeats can 
also be Y's Achilles' heel. Page et al. propose a mechanism by 
which a crossover event after chromosomal replication links 

the two copies of the chromosome together at a palindrome, 
creating a larger, abnormal chromosome. These 'isodicentric' 
Y chromosomes are implicated in sex reversal, Turner's 
syndrome and male infertility. In a study of samples from 2380 
patients with suspected Y-chromosome defects, the authors 
identified 51 that were apparently formed by this mechanism. 

Cell 2009; 138: 855
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A mechanism of crossover in the Y chromosome implicated in diseases

A miniature crawling robot (ViRob) with the potential to 
treat lung cancer by performing precise medical procedures 
inside the human body was recently unveiled at the ILSO-
Biomed Israel Conference. The ViRob can navigate and crawl 
in different spaces within the body, including blood vessels, 
the digestive tract and the respiratory system. In addition, 
the robot's unique structure gives it the capability to move in 
tight spaces and curved passageways as well as the ability 
to pause within the body, making this groundbreaking tech- 
nology ideal for performing minimally invasive medical 

procedures. "This robot is a major breakthrough in the 
biomedical industry as it allows doctors to access inaccessible 
areas in the body with minimal invasion," said Prof. Shoham 
from the Medical Robotics lab at the Israel Institute of 
Technology. "It enables a centralized treatment without 
scattering materials to unnecessary areas in the body. 
Unveiling our technology at Israel's leading biomedical 
conference positions ViRob as the leading technology in the 
micro-robots industry for medical use."

Israel High-Tech & Investment Research
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Cancer-fighting robot introduced

“Look at life through the windshield not the rear-view mirror”
Anonmyous

“A fleet of British ships-of-war are the best negotiators in Europe”
Horatio Nelson (1758-1805), English flag officer famous for his service in the Royal Navy, particularly during the Napoleonic Wars.  

He won several victories, including the Battle of Trafalgar in 1805, during which he was killed.
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We describe an unusual case of an 
isolated meningeal GS in a child, who 
had a durable response to systemic and 
augmented central nervous system-
directed therapy without irradiation. 

Patient Description

A 5 year old girl presented with a history 
of headache. Neither trauma nor infec-
tion was reported. Apart from bilateral 
papilledema, the physical exam revealed 
no abnormalities. The peripheral blood 
smear and chemistry profile were nor-
mal. Computed tomography of the head 
was normal. Lumbar puncture was not 
diagnostic. The headache and papille-
dema, however, persisted. Magnetic 
resonance imaging of the head exhibited 
diffuse leptomeningeal enhancement, 
which was thought to be secondary to 
the lumbar puncture. After 10 days a 
second lumbar puncture was performed 
and revealed elevated opening pressure 
(above 40 cm H2O) and absence of cells. 
Pseudotumor cerebri was suspected 
and treatment with acetazolamide was 
administered, with minimal effect. Six 
weeks later the headache and papille-
dema worsened. A third lumbar punc-
ture revealed 2400 white blood cells/ml 
in the cerebrospinal fluid. Papanicolaou 
staining showed atypical mononuclear 
blast cells. immunocytochemistry was 
positive for myeloperoxidase and CD68 
and negative for additional markers, 
findings consistent with an extramedul-
lary myeloid tumor. A cytogenetic study 
demonstrated the presence of a t(9;11) 

G ranulocytic sarcoma is an extra- 
medullary manifestation of acute 

myeloid leukemia, which very rarely pre-
cedes bone marrow involvement by leu-
kemic cells. The lesion generally occurs 
either during the course of AML or after 
a remission has been achieved; however, 
GS may also occur in the absence of bone 
marrow involvement and may represent 
the sole manifestation of the disease. 
Chloromas can occur almost anywhere. 
A few cases of isolated meningeal chlo-
roma without bone marrow involvement 
have been reported [1]. 

There are scant data regarding the op- 
timal treatment for GS. Primary GS 
may present a diagnostic and treat-
ment dilemma, especially in pediatric 
patients. Patients with GS are at a high 
risk of developing subsequent systemic 
disease, and thus the majority of authors 
recommend early systemic antileukemic 
chemotherapy. However, the precise 
type of therapy is not well established. 
The role of radiotherapy and bone mar-
row transplantation is also not currently 
defined.

AML = acute myeloid leukemia
GS = granulocytic sarcoma

translocation with split mixed-lineage 
leukemia gene.  

Bone marrow aspirate and biopsy did 
not demonstrate malignant cells and 
showed normal immunophenotyping and 
cytogenetic studies. An osteoplastic cran-
iotomy with MRI-navigated meningeal 
biopsy was performed. Blast morphol-
ogy was consistent with myelomonocytes 
positive for CD68 and negative for Tdt, 
confirming the diagnosis of GS.

The patient was treated with antileu-
kemic chemotherapy according to the 
AML-Berlin-Frankfurt-Munster treat-
ment protocol with augmentation of 
intrathecal treatment. Induction therapy 
consisted of systemic cytarabine (100 
mg/m2 per day for 8 days), daunorubi-
cin (30 mg/m2 for 3 days) and etoposide 
(150 mg/m2 per day for 3 days) with 
five doses of triple intrathecal treat-
ment (methotrexate 12 mg, cytarabine 
70 mg and hydrocortisone 35 mg). CSF 
remission was achieved. Two further 
courses of cytarabine (6 g/m2 per day 
for 3 days) and mitoxanthrone (10 mg/
m2 for 2 days) with two doses of triple 
intrathecal treatment were given as con-
solidation therapy. The patient received 
an additional course of cytarabine (6 g/
m2 per day for 3 days). Finally, after the 
completion of systemic chemotherapy, 
12 monthly doses of triple intrathecal 
treatment were administered. In total, 
21 intrathecal treatments were given 
during the first year of therapy.  At pres-
ent, 60 months after diagnosis and 40 

CSF = cerebrospinal fluid

granulocytic sarcoma, acute 
myeloid leukemia, hematological 
malignancies, cytogenetic diagnosis, 
systemic treatment
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months after the end of treatment, the 
patient is in complete remission. 

Comment

More than 90% of patients with extra- 
medullary leukemia reported in the 
literature have evidence of bone mar-
row disease at the time of diagnosis 
or develop it within 1 year. The most 
common sites of involvement are skin 
and orbit; isolated CNS leukemia at 
diagnosis is extremely rare [2]. Our 
patient did not have systemic involve-
ment at diagnosis and, 60 months after 
presentation, still does not demonstrate 
evidence of disease. 

The diagnosis of extramedullary leu- 
kemia is often very difficult. A high 
index of clinical suspicion is required 
for cases without a history of preceding 
hematological malignancy. One retro-
spective case series revealed that none of 
14 isolated granulocytic sarcomas had a 
correct primary diagnosis at the time of 
presentation [3]. Therefore, in cases with 
difficult and unusual clinical and patho-
logical presentations, additional cytoge-
netic studies can be useful to establish the 
diagnosis of EML. In approximately 15% 
of cases of AML, rearrangements of the 
11q23 region are described. The majority 
of cytogenetic changes result from trans-
location between the MLL gene in 11q23 
and different partner genes. In 30–50% 
of the cases t(9;11) was described. The 
t(9;11) translocation was seen primarily 
in FAB M5 AML, a type of leukemia with 
a high predisposition to extramedullary 
involvement. In the present case, detec-
tion of t(9;11) in malignant cells in CSF 
substantially contributed to establishing 
the diagnosis.

Due to the rarity of isolated GS there 
is no consensus about the treatment of 
this disorder. In adults, GS is associ-

EML = extramedullary leukemia

ated with a poor prognosis, a low rate 
of complete remission and low overall 
survival. Neither surgery nor radiation 
therapy appear to improve outcome. In 
the majority of studies early antileuke-
mic chemotherapy is recommended, 
without agreement about the type and 
intensity of chemotherapy. A few stud-
ies of primary EML in children have 
been conducted. Among 1832 patients 
entered in the Children's Cancer Group 
chemotherapy trials with AML, 199 
patients had EML; in 13 of them bone 
marrow analysis revealed less than 5% 
leukemic blasts at presentation. The 5 
year estimated event-free survival for 
this small patient group was signifi-
cantly better than for the other EML 
patients and patients without EML [2]. 
The favorable outcome in older children 
and infants with AML whose leukemic 
cells contain the t(9;11) may be attrib-
uted to the use of epipodophyllotoxins, 
agents known to be effective against M5 
leukemia [4,5]. Making decisions about 
the use of radiotherapy, especially for 
children who attain a complete remis-
sion, is not easy. A retrospective case 
review from the Children's Cancer 
Group, including all children treated 
for AML from 1983 to 1995, suggested 
that routine irradiation of GS can be 
safely omitted. There was no difference 
in outcomes between those given radio-
therapy and those who were not [4]. 
Another study from St. Jude Children’s 
Research Hospital examined the out-
comes of children presenting with CNS 
involvement at the time of diagnosis of 
AML. In this study there was no signifi-
cant difference in event-free survivial 
between patients with or without CNS 
leukemia, a finding that supports the 
idea that craniospinal irradiation can 
be omitted in these patients [5].

In accordance with the above men-
tioned studies, we successfully treated 
our patient using intensive anti leuke-

mic chemotherapy with CNS-oriented 
intensification, without craniospinal ir- 
radiation or stem cell transplantation. It 
should be emphasized that the treatment 
was well tolerated without clinical signs 
or symptoms of CNS consequences for 5 
years after completing treatment. 

This case illustrates the importance of 
combining different diagnostic modali-
ties in the setting of challenging clinical 
presentations. Although primary men-
ingeal GS may be a harbinger of a poor 
outcome in adults, pediatric patients 
with this disease may have a favorable 
outcome when treated with standard 
multi-agent AML chemotherapy with 
CNS-oriented intensification without the 
addition of craniospinal irradiation. 
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“God is usually on the side of the big squadrons against the small”
Comte Roger de Bussy-Rabutin (1618-1693), French memoir writer 
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landing on his right side. On admission 
his blood pressure was 180/90 mmHg. 
Physical examination revealed mild ten-
derness over the right abdomen. Serum 
creatinine was 103 mmol/L (normal 
62–115). Focused assessment sonogra-
phy for trauma showed a small amount 
of fluid in Morison’s pouch. The patient 
also had a right tibial plato fracture.

A contrast-enhanced computed tomo- 
graphy scan demonstrated a grade II 
liver tear without extravasation of con-
trast material, and a small amount of 
blood around the liver. The right kidney 
had no homogenous blood supply but a 
trace of fluid was seen within Gerota’s 
fascia. The intimal flap was observed 
in the right renal artery during the 
arterial phase of the CT scan [Figure 
A]. Perfusion of the right kidney was 
delayed and there was no excretion 

B lunt renal artery injury is a relatively 
rare finding. The literature demon-

strates an incidence as low as 0.08% of 
all blunt abdominal traumas, occur-
ring in 1% to 4% of patients with renal 
injury [1]. In this report we describe 
an approach to revascularization that 
resulted in the successful salvage of 
renal function after blunt trauma.

Patient Description

A 20 year old man was hospitalized 
after falling from a motorcycle and 

of contrast from the right kidney on 
delayed images. Renal angiography 
confirmed a localized intimal dissection 
in the middle of the main renal artery 5 
mm from the bifurcation. The intimal 
flap traversed the whole lumen but still 
allowed passage of contrast. 

The case was reviewed with a vascu-
lar surgeon who agreed to attempt endo-
vascular repair. Endovascular access 
was obtained using a right transfemoral 
approach. The dissection was carefully 
crossed with a 0.035 inch hydrophilic 
glidewire (Radiofocus, Terumo, Japan). 
A 7 x 20 mm balloon-expandable stent 
(AVE Bridge, Medtronic, USA) was 
then placed across the dissection. Post-
stenting films showed a uni-luminal 
renal artery with a smooth intimal sur-
face and good flow across the stented 
segment [Figure B]. Heparin, 1000 
units, was administered during the 
procedure. 

The time from injury to stent place-
ment was 3 hours. Blood pressure was 
high on the first 2 days (180/100 mmHg) 
and then slowly decreased to 135/80 
mmHg. No antihypertensive medica-
tions were given. Serum creatinine on 
day 2 was 73 mmol/L. The patient was 
discharged on acetylsalicylic acid 375 
mg daily for 3 months.

Doppler ultrasound of the right 
renal artery one week after stenting of 
the renal artery showed normal flow 
through the stented segment. Renal 
scintigraphy using 99mTc-labeled 
DMSA scan demonstrated differential 
renal function, i.e., 41% of the total 
renal function.

At 10 months follow-up, the patient 
was not taking antihypertensive medica-

blunt trauma, renal artery injury, renal 
artery dissection, renal artery stent, 
endovascular repair
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[A] Dynamic helical CT reveals numerous irregular hypodensities scattered throughout the right renal 
parenchyma. This appearance can be mistaken for multiple lacerations or contusions. Contrast-enhanced 
abdominal CT scan in the arterial phase reveals an abrupt cutoff of contrast medium in the mid-portion of the 
right renal artery (arrow).
[B] Renal arteriogram after placement of an endovascular stent in the right renal artery (arrow).
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tions. Blood pressure was 130/80 mmHg 
and serum creatinine was normal. A 
renal scintigram showed that 42% of the 
total renal activity was supported by the 
affected right kidney. 

Comment

Endovascular stenting of renal arter-
ies has a limited role in the traumati-
cally injured patient since maintaining 
stent patency requires anticoagula-
tion, which is not always possible in 
the context of other bleeding sites. If 
detection of renal artery thrombosis 
is delayed, the kidney may be allowed 
to atrophy; delayed nephrectomy can 
be performed if hypertension develops 
[2]. Once a renal artery injury has been 
established, surgical revascularization 
has historically been the treatment of 
choice, but its success has been limited. 
Surgical exploration has been associated 
with mortality rates of 9–20% because 
of concomitant injury to other organ 
systems [1]. The results of successful 
renal salvage following surgical repair 
are also disappointing, ranging from 
20% to 30% in most large series [3].

CT scan is the preferred imaging 
modality for identifying renal paren-
chymal injury in a stable trauma patient. 
While tears of the renal parenchyma 
and surrounding perirenal hematomas 
are diagnosed without difficulty on CT, 
diminished contrast uptake is often 
subtle and can easily be altered in light 
of other solid organ injury. In our case, 
CT clearly depicted decreased enhance-
ment of the right kidney. The delayed 
pictures must be performed to identify 
any possible collecting system injury. 

Renal artery stent placement is a 
well-established technique for the elec-
tive treatment of atherosclerotic vascular 
disease [4]. Renal artery stenting in the 
trauma setting has been described in a 
collection of case reports [5]; there were 
no reported complications related to the 
procedure and renal function was pre-
served in all reviewed cases. The long-
term success of endovascular stenting in 
the management of blunt renal artery 
injury has not been previously docu-
mented. The longest follow-up period 
in the literature is 4 years [5]. 

Given the poor success rate of sur-
gical revascularization, we believe that 

stenting of the renal artery offered the 
best chance for maximal preserva-
tion of renal function in our patient. 
Percutaneous revascularization can be 
considered in hemodynamically stable 
patients who do not undergo immediate 
laparotomy and who can tolerate mod-
erate antiplatelet medication.
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Nizet et al. reviewed the role of hypoxia-inducible factor in 
innate immune response. Hypoxia-inducible factor (HIF) is 
an important transcriptional regulator of cell metabolism and 
the adaptation to cellular stress caused by oxygen deficiency 
(hypoxia). Phagocytic cells have an essential role in innate 
immune defence against pathogens, and this battle takes 
place mainly in the hypoxic microenvironments of infected 
tissues. It has now become clear that HIF promotes the 
bactericidal activities of phagocytic cells and supports the 
innate immune functions of dendritic cells, mast cells and 

epithelial cells. In response to microbial pathogens, HIF 
expression is upregulated through pathways involving the key 
immune response regulator nuclear factor-κB, highlighting an 
interdependence of the innate immune and hypoxic responses 
to infection and tissue damage. In turn, HIF-driven innate 
immune responses have important consequences for both the 
pathogen and the host, such that the tissue microenvironment 
fundamentally influences susceptibility to infectious disease.

Nature Rev Immunol 2009; 9: 609

Eitan Israeli
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Interdependence of hypoxic and innate immune responses

“I do not want my house to be walled in on all sides and my windows to  
be stuffed. I want the culture of all lands to be blown about my house  
as freely as possible. But I refuse to be blown off my feet by any”

Mahatma Gandhi

“People may doubt what you say but they will believe what you do”
Anonymous
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medicine following recurrent attacks 
of muscle weakness. The symptom was 
first noticed one month earlier and there 
were several subsequent attacks. The 
attacks typically appeared a few hours 
after physical exertion. The proximal 
muscles of the legs were most severely 
affected. The attacks lasted for several 
hours and ended spontaneously. In the 
month preceding his hospitalization, the 
patient had lost 2 kg of his body weight. 
He was not taking any medication and 
there was no history of thyroid disorder 
in his family. 

On physical examination the patient 
was calm. Body temperature was 36.6ºC, 
heart rate 129/minute and blood pressure 
133/89 mmHg. The skin was slightly 
warm. Very mild exophthalmus and a 
fine hand tremor were noticed. The thy-
roid gland was diffusely enlarged, and 
was twice the normal size. The rest of 
the examination, including neuromus-
cular, was unremarkable. 

Laboratory findings on admission 
revealed hemoglobin 14.6 g/dl, white 
blood cells 5.760/ul, urea 25 mg/dl, crea-
tinine 0.46 mg/dl, sodium 143 mEq/L, 
potassium 2.4 mEq/L, calcium 10.1 mg/
dl, phosphorus 3.3 mg/dl, magnesium 
1.43 mg/dl, creatine phosphokinase 
147 U/L, myoglobin 216 ng/ml, blood 
pH 7.38 and bicarbonate 23.4 mmol/L. 
Repeated blood tests 2 hours later dem-
onstrated spontaneous normalization 
of serum potassium concentration to 
4.1 mEq/L, preceding any treatment, 
concomitant with disappearance of the 
muscle weakness. Further laboratory 
findings yielded thyroid-stimulating hor-
mone < 0.05 lU/ml (normal 0.4–4), free 
triiodothyronine > 20 pg/ml (normal 

T hyrotoxic hypokalemic periodic 
paralysis is a rare manifestation of 

thyrotoxicosis characterized by recur-
rent episodes of muscle weakness and 
concurrent hypokalemia. THPP pri-
marily affects people of Asian descent. 
The overall incidence of THPP among 
Chinese and Japanese thyrotoxic pa- 
tients is 1.8% and 1.9%, respectively [1]. 
Only sporadic cases of THPP have been 
reported in non-Asian populations, 
namely Caucasian, Afro-American, 
American Indian and Hispanic [1-4]. 
However, due to immigration, THPP has 
become increasingly common in western 
countries.

Early assessment of thyroid function 
in patients with hypokalemic paralysis 
can distinguish THPP from other forms 
of hypokalemic periodic paralysis [1]. We 
present a case of thyrotoxic hypokalemic 
periodic paralysis in a young Jewish 
Ashkenazi man. We are aware of only 
one previous report of THPP in a man of 
Jewish Ashkenazi decent (East European 
origin), who immigrated to Israel from 
Romania [3]. 

Patient Description

A 21 year old healthy soldier was admit-
ted to the department of emergency 

THPP = thyrotoxic hypokalemic periodic 
paralysis

2.5–4), free thyroxine 8.1 ng/dl (normal 
0.8–2.4), anti-thyroglobulin antibody 98 
IU/ml (normal < 100) and antithyroid 
peroxidase 335 IU/ml (normal < 50). 

The patient was diagnosed with 
Graves' disease and thyrotoxic periodic 
hypokalemic paralysis. Treatment with 
potassium, propranolol and methima-
zole was initiated and he was discharged 
from the hospital in stable condition for 
ambulatory follow-up. Six months fol-
lowing his admission the patient was 
in complete clinical and biochemical 
remission and he reported no additional 
paralytic attacks following the initiation 
of antithyroid treatment

Comment

Our patient, a young Ashkenazi Jewish 
man, was diagnosed with thyrotoxic 
hypokalemic periodic paralysis, a rare 
condition among people of non-Asian 
decent that precedes other clinical 
manifestations of thyrotoxicosis and is 
associated with physical exertion. The 
muscle weakness disappeared concomi-
tantly with spontaneous correction of 
serum potassium level following rest.

The first case of THPP was reported 
by Rossenfield in 1902 [2]. It is charac-
terized by recurrent episodes of paraly-
sis and hypokalemia during a thyrotoxic 
state. THPP usually manifests in young 
adults between the second and fourth 
decades. Physical exertion, warm tem-
perature and carbohydrate-rich meals 
can precipitate an attack of muscle weak-
ness. As in our patient, muscle weakness 
does not usually occur during exercise 
but rather during post-exertion rest. In 
Asians the symptoms of thyrotoxicosis 

thyrotoxicosis, thyrotoxic periodic 
paralysis, hypokalemia, Ashkenazi
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are distinct and usually precede the first 
paralytic episode, whereas in non-Asian 
populations paralysis often precedes 
symptoms of thyrotoxicosis [5].

Paralytic attacks may last from a few 
hours up to 72 hours, with complete 
recovery between attacks. The inten-
sity of the paralytic attack can range 
from mild weakness to complete flac-
cid paralysis. Muscle weakness may be 
asymmetric. Proximal muscle groups 
are more severely affected and respira-
tory muscles are seldom involved. 

The hallmark of THPP is hypoka- 
lemia. The presenting serum potassium 
level is usually below 3.0 mEq/L and 
may be as low as 1.0 mEq/L. Fatal and 
life-threatening ventricular arrhythmia 
and respiratory failure can result from 
untreated THPP [1,2]. Concurrent hypo- 
magnesemia and hypophosphatemia 
may occur, which were also noticed in a 
mild form in our patient. Hypokalemia 
results from a sudden intracellular shift 
of potassium and is not due to potas-
sium deficiency caused by increased 
adrenergic activation of ATPase pump 
activity and enhanced insulin response. 
Thyroid hormones change the plasma 
membrane permeability to potassium 
by increasing beta-adrenergic receptors 
in skeletal muscles, and subsequently 
Na/K ATPase activity, resulting in a 
markedly increased intracellular shift 
of potassium [1,2]. 

Clinical features of hyperthyroidism 
in patients with THPP may be subtle. 
Non-selective beta-adrenergic blockers 
can ameliorate and prevent recurrence 
of the paralytic attacks, which finally 
disappear with control of the hyperthy-
roidism. Early recognition and immedi-

ate potassium supplementation can pre-
vent life-threatening cardiopulmonary 
complications and hasten the recovery 
of muscle strength. 

The genetic predisposition for THPP 
is not entirely clear. Various studies have 
suggested different candidate genes. 
Certain human leukocyte antigens 
have been reported to occur in higher 
prevalence (B46, DR9, and DQB1*0303 
among Hong Kong Chinese, and HLA 
A2, Bw22, AW19, B17 and DRW8 among 
Singapore Chinese and Japanese, 
respectively, with THPP). However, it 
is uncertain whether these HLA genes 
are independently related to THPP, as 
they are also associated with Graves’ 
disease [1]. None of the few mutation 
hot spots in the L-type calcium channel 
1-subunit Cav1.1, which are associated 
with familial hypokalemic periodic 
paralysis (FHPP-1), were present in 
Asian or non-Asian patients with THPP. 
However, certain single-nucleotide 
polymorphisms of Cav1.1 were detected 
in THPP patients from southern China. 
The location of these single-nucleotide 
polymorphisms lies at, or close to, the 
thyroid hormone-responsive elements 
of the gene, suggesting that they may 
affect the binding affinity of the TRE 
and modulate stimulation of thyroid 
hormone on the Cav1.1 gene [1]. 

Because patients with THPP have 
increased Na/K-ATPase activity, the 
genes coding for the various subunits 
of Na/K-ATPase are examined, but 
no mutations have been identified in 
patients with THPP, nor has any asso-

HLA = human leukocyte antigens
TRE = thyroid hormone-responsive elements

ciation been found between the single-
nucleotide polymorphisms of these five 
genes and THPP. No specific polymor-
phism in the ß2-adrenergic receptor 
gene has been associated with THPP. 
Thus, whether THPP is associated with 
a genetic predisposition to activation of 
the Na/K-ATPase genes remains to be 
determined [1].

The occurrence of THPP as a present-
ing symptom of Graves' thyrotoxicosis 
in our young Ashkenazi Jewish male 
patient posed a diagnostic challenge on 
two counts: the infrequent occurrence 
of Graves' disease in this particular 
gender and age group, and the almost 
unprecedented occurrence of THPP in 
this ethnic group. This case emphasizes 
the need for awareness regarding the 
possibility of THPP in patients of non-
Asian origin as well.
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“You've got to do your own growing no matter how tall your father is”
Anonymous

“Yes truly, there has been nothing but toil and care; and I may say that in all my 75 years, I have 
never had a month of genuine comfort. It has been the perpetual rolling of a stone, which I have 
always had to raise anew”

Johann von Goethe (1749-1832), German writer of poetry, drama, literature, theology, philosophy, humanism and science.  
Goethe's magnum opus, lauded as one of the peaks of world literature, is the two-part drama Faust
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Conclusions: Our findings suggest parameters that can serve 
as easy and accessible clinical indices to determine the cause 
of anemia. Further data would make it possible to calculate 
threshold values and incorporate them in automatic laboratory 
instruments.

The protective effect of the 
immunomodulator AS101 against 
chemotherapy-induced female 
reproductive damage
M. Fishel Bartal, A. Carmely, Y. Kalechman, B. Sredni 
and D. Meirow

Department of Obstetrics and Gynecology, Sheba Medical Center, affiliated 

to Sackler Faculty of Medicine, Tel Aviv University, Ramat Aviv, Israel

Background: For young cancer patients, the success of treat- 
ment using regimens that are toxic to gonadal function has 
made infertility an important problem. Cyclophosphamide (Cy) 
is extensively used as an anticancer drug, but it has significant 
detrimental effects on female fertility. The methods used today 
to overcome potential treatment-induced infertility have serious 
drawbacks and safety risks. The non-toxic immunomodulatory 
compound AS101 has been shown in diverse animal studies to 
have beneficial effects; moreover, clinical phase 2 trials on cancer 
patients treated with AS101 in combination with chemotherapy 
showed that treatment with AS101 induced a significant reduction 
in the severity of neutropenia, thrombocytopenia and alopecia 
that accompany chemotherapy. 
Objectives: We investigated whether AS101 has a protective 
effect against the loss of primordial follicles induced by Cy. 
Methods: In the experiment we used 6–8 week old Balb/c 
female mice. In the first experiment Cy was injected i.p. in 
different dosages: 0, 75 mg/kg, 100 mg/kg or 150 mg/kg. Every 
alternate day 10 µg/mouse AS101 was injected twice before and 
three times after the Cy injection. In a second experiment, 75 
mg/kg Cy was injected once a week for 4 weeks with or without 
concurrent AS101 injections three times a week. All mice 
were sacrificed 7 days after the last Cy injection. Ovaries were 
removed 7 days after cytotoxic treatment. Two examiners, who 
were unaware of the treatments, counted the number of ovarian 
primordial follicles (PMF).
Results: In the first experiment, administration of 75 mg/kg, 100 
mg/kg, and 150 mg/kg of Cy reduced the number of ovarian PMF 

Microcytic-hypochromic anemia 
in children: differentiating iron 
deficiency anemia, α-thalassemia 
trait and β-thalassemia trait with 
accessible laboratory parameters
N. Shilo-Pugatch1 and H. Tamary2
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Unit, Schneider Children's Medical Center of Israel, Petah Tikva, affiliated to 

Sackler Faculty of Medicine, Tel Aviv University, Ramat Aviv, Israel  

[noyas3@clalit.org.il]

Background: Microcytic-hypochromic anemia is common world- 
wide in children as well as in adults. The main causes are iron 
deficiency anemia (IDA), α-thalassemia (αTT) trait (carrier), and 
β-thalassemia (βTT) trait. Although the clinical and laboratory 
characteristics are similar for all three, their differentiation 
is important because each requires a specific treatment and 
has different sequelae if left untreated. Iron deficiency, even 
without anemia, results in neurologic developmental damage; 
thalassemia trait places affected individuals at risk of having 
a child homozygous for a debilitating and life-threatening 
disease. Most of the research so far on microcytic hypochromic 
anemia has concentrated on differentiating IDA from αTT in the 
adult population. Data for children remain sparse. Furthermore, 
at present, each condition is diagnosed with a separate test.
Objectives: The purpose of our study was to determine whether 
IDA, αTT and βTT can be differentiated by a single easily 
measurable parameter, either well known or novel. 
Methods: A retrospective case-comparative design was used. 
The study sample included 68 children with IDA, αTT, or βTT, 
and a control group without any anemia at all, who attended 
the Hematology Clinic at Schneider Children's Medical Center 
of Israel from 2001 to 2007. In all cases, the diagnosis was 
based on gold standard methods, including genetic analysis for 
the α-thalassemia mutation. Data on the initial blood workup 
(biochemistry, blood count, reticulocyte count) were recorded. 
Results: The differences in specific clinical parameters identified 
in previous studies between adult patients with IDA or βTT were 
found to be true for children as well as adults. We did not find a 
significant difference between βTT and αTT, and no differences 
have been documented in previous work. Original findings 
include: red blood cell count x reticulocyte-specific hemoglobin 
content significantly differentiated IDA from αTT, and log-ferritin 
differentiated among IDA, αTT, and βTT.  

These research projects, undertaken in partial fulfillment of the requirements for the M.D. 
degree at Sackler Faculty of Medicine, Tel Aviv University in 2008–2009, were considered 
the most outstanding of the graduating class
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to 51% ± 15.1%, 48 ± 12.6%, and 38 ± 22.2% of the control group, 
respectively. In the groups treated with Cy+AS101 the PMF 
count was 94.8 ±1 4.4%, 99.8 ± 16.7%, and 60.7 ± 5.3% of the 
control group, respectively. Significant protection was conferred 
by AS101 in all Cy doses (P < 0.01). In the second experiment, 
administration of 75 mg/kg once a week for 4 weeks reduced 
the PMF count to 12.2 ± 9.5% of the control group. In the group 
treated with Cy+AS101 the PMF count was 43.0 ± 12.9% of the 
control group, which was significantly higher than in the Cy 
group (P < 0.01)
Conclusions: Our results show that treatment with the non-toxic 
compound AS101 can significantly protect against the reduction 
in the PMF pool induced by either single or multiple Cy doses. 
Further research is needed to elucidate the mechanisms by 
which AS101 confers ovarian chemoprotection. 

The effect of systemic administration 
of DHEA on persistent latent inhibition 
induced by mk-801
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Geha Medical Center and Felsenstein Research Center, affiliated to 

Department of Psychology, Sackler Faculty of Medicine, Tel Aviv University, 

Ramat Aviv, Israel

Background: Dehydroepiandrosterone (DHEA) and DHEA-
sulfate are steroid hormones that have an independent 
biological role in the brain, by acting on membranous ligand-
gated ion channels [1]. Previous research suggests that these 
hormones have a positive modulatory effect on the NMDA 
receptor [2]. Studies examining the therapeutic effect of 
systemic administration of DHEA to schizophrenic patients 
indicated positive results, especially on the negative symptoms 

of schizophrenia [3]. The latent inhibition (LI) model is a 
neuropsychological and cognitive model in humans and animals 
that demonstrates normal inhibited conditioning as a result of 
previous non-reinforced exposure to the conditioned stimulus. 
LI indexes the ability to ignore irrelevant stimuli. Central neural 
manipulations characteristic of schizophrenia cause aberrant LI 
and are considered to model the attention deficit exhibited in 
schizophrenic subjects. Antagonism of NMDA, which produces 
behavioral and cognitive deficits that closely mimic symptoms 
of schizophrenia, induces abnormal persistent LI in rodents, 
which is reversed by some atypical antipsychotic drugs [4]. 
Objective: The aim of this study was to examine indirectly the 
possible ameliorating effect of DHEA on schizophrenia-typical 
behavior abnormalities, by means of the LI procedure. 
Methods: We examined the effect of DHEA (2 mg/kg, 5 mg/kg) 
on persistent LI induced by MK-801(0.05 mg/kg). 
Results: We found that DHEA reverses abnormal persistent LI 
induced by MK-801.  
Conclusions: The results provide further validation to the 
hypothesis that DHEA has a therapeutic effect in schizophrenia, 
suggesting an NMDA-mediated mechanism. By confirming the 
hypothesis we provide a platform for examining the mechanism 
of action in animals and patients.
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CD4+ regulatory T cells (Tregs) are critical for keeping our immune 
system in check. They prevent immune responses from getting 

out of hand and keep autoimmunity at bay. By activating 
the expression of some genes and turning off expression of 
others, the master regulatory transcription factor of Tregs, Foxp3, 

endows these cells with the appropriate gene expression 
program to mediate their suppressive effects. Pan et al. 
demonstrated that the transcription factor Eos is selectively 
required for Foxp3-mediated gene suppression in mice. Genes 

normally suppressed by Foxp3 in Tregs remained "on" when 
Eos expression was suppressed, whereas genes activated by 
Foxp3 were unaffected. Treg function was also affected by Eos 
suppression. With half their genetic program disrupted, these 
cells resembled an intermediate between Tregs and conventional 

CD4+ T cells – unable to suppress immune responses properly 

and partially responsive to T cell-activating stimulation. 

Science 2009; 325: 1142

Eitan Israel

Capsule

Transcription factor Eos is selectively required for Foxp3-mediated gene suppression in T cells

“Before you embark on a journey of revenge, dig two graves”
Confucius
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Time trends and autism 
To the Editor:

W e would like to comment on the 
recent paper by Senecky et al. 

on the change of incidence of autistic 
spectrum disorders (ASD) in Israel [1]. 
The rates reported in their paper are 
based on the annual registration of ASD 
cases by the Israeli National Insurance 
Institute (NII) in the years 1984-2004. 

The increase in prevalence of ASD 
is well documented in many countries. 
During the last two decades an approxi-
mately tenfold increase in the prevalence 
of ASD has been observed, from about 6 
to 60 cases per 10,000 children. Senecky 
et al., however, calculated a much lower 
prevalence. The peak prevalence they 
report is 190 per million (1.9 per 10,000) 
in 2004, considerably lower even than 
prevalence rates reported before the 
1990s, when ASD rates started to rise. 

In our view, a possible explanation 
for this wide discrepancy is the choice of 
numerator and denominator. The authors 
state that their study is "The first com-
prehensive study of the incidence of ASD 
in Israel." For the purpose of incidence 
calculations, the denominator should 
reflect the population at risk of the dis-
order during a specified time period [2]. 
Senecky et al. used the total population 
under age 18 in Israel as the denominator. 
Autism is a developmental disorder, and 
the expected age at diagnosis of incident 
cases is much younger than 18. Indeed, 
the reported average age at diagnosis in 
this study was 39 months (3.25 years). 
If lag between diagnosis and registra-
tion in the NII is taken into account, the 
true age at diagnosis is presumably even 
younger. Therefore, for a more accurate 
calculation of the incidence of ASD for 
a specific year, the denominator should 
have been based on the "at risk" group, 
namely, the total number of live births 
during that year. 

An additional source of bias that 
could influence the denominator is the 
dilution effect due to pooling of sub-
populations with very different ascer-

tainment of the disorder under study. 
The reported proportion of Israeli-
Arabs among the ASD cases in the NII 
registry, as reported by Senecky's group, 
is 2.5%. The proportion of the Arab 
population in Israel in 2004, however, 
was approximately 20% (Central Bureau 
of Statistics, 2007). Therefore, inclusion 
of both Jews and Arabs in the popula-
tion under age 18 might have lowered 
the observed overall prevalence. In 
these circumstances, presenting results 
separately for Jews and Arabs might be 
more appropriate. 

Using the Israeli Ministry of Social 
Affairs database we found a rate of 36 
cases per 10,000 children born in 2001–
2004 (Unpublished data). This rate is in 
concordance with the prevalence esti-
mates reported worldwide [3].

Autism and its spectrum disorders 
have become a major public health 
concern [4]. Significant resources are 
required for research, screening, diag-
nosis and interventions in autism, and 
the profound life-long dysfunction it 
produces. By reporting an incidence rate 
of 190 per million, Senecky and team 
might have inadvertently led readers 
to believe ASD is a very rare, probably 
negligible condition. 

G. Gal PhD and R. Gross MD MPH
Mental Health Epidemiology & Psychosocial 
Aspects of Illness, Gertner Institute for 
Epidemiology and Health Policy Research, Sheba 
Medical Center, Tel Hashomer, Israel
[giladga@gertner.health.gov.il]
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To the Editor:

I n response to the concerns raised by 
Drs. Gal and Gross, the incidence rate 

of autism in our study was calculated using 
the number of cases of ASD against the 
mean number of children under 14 years 
old who resided there during the study 
period, as documented in the records of 
the Israel Central Bureau of Statistics [1]. 
Although previous ASD screening stud-
ies limited their incidence calculations 
to young children [2], we used a wider 
range of ages because many of the patients 
with ASD who were eligible for disability 
benefits from the National Insurance 
Institute had their diagnosis approved at 
a relatively old age. In addition, by using 
this population as a dominator we have 
largely reduced the effect of decreasing 
age at diagnosis of ASD on the calculated 
incidence rates during the study period 

We agree with the authors that the 
proportion of patients from the Arab 
sector are highly underrepresented in our 
database, probably due to lower awareness 
and poorer access to care, resulting in a 
relatively low incidence rate of ASD. To 
assess the potential effects of the expla-
nations given by the authors to the low 
incidence rate, we calculated the risk of 
ASD in the 2000 birth cohort only among 
Jewish children. The cumulative incidence 
of ASD by the age of 5 years was 4.7 per 
10,000, somewhat lower than in recent 
studies from western countries. However, 
a much higher risk was calculated in 
regions with a high socioeconomic level. 
Our results underline the importance of 
ongoing monitoring of ASD in Israel, 
and we contend that more standardized 
and high quality investigations should be 
conducted to improve understanding of 
these disorders. 

G. Chodick PhD and Y. Senecky MD 
[senekimi@zahav.net.il]
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Unicompartmental knee 
arthroplasty
To the Editor:

Y our editorial (May 2009, p. 306) on 
unicompartmental knee arthro- 

plasty includes a comprehensive review 
of the history and clinical indications 
for this procedure. This not very com-
mon surgery has become an important 
part of the knee surgeon's armamen-
tarium. With excellent long-term 
results and technically easier revision 
to total knee arthroplasty than after 
high tibial osteotomies, many sur-
geons elect to perform this surgery on 
younger patients than is traditionally 
recommended [1]. Although lateral 
unicompartmental replacement and 
isolated patellofemoral resurfacing are 
available, the vast majority of partial 
knee replacements are still performed 
on the medial compartment. Heller 
et al., in the same issue of IMAJ (May 
2009, p. 266) present a large series of 
unicompartmental arthroplasties with 
a respectable follow-up. 

I agree with the authors that success 
is dependent on careful patient selection 
and adequate surgical experience with 
this demanding procedure. However, 
I would like to stress a few points that 
may not be completely clear to a physi-
cian reading these articles. First, it is 
essential to recognize that this surgery 
is contraindicated in any patient with a 

significant risk of considerable involve-
ment of the other compartments of the 
knee. Second, it is very important that 
by performing this surgery one does 
not increase the risk of involvement 
of the other compartments. Thus, 
unicompartmental knee arthroplasty 
is contraindicated in patients with any 
kind of inflammatory arthritis and in 
patients with symptomatic patellofemo-
ral arthrosis [2]. When performing 
the surgery it is important to avoid 
overcorrection of any malalignment 
in order to prevent overloading of the 
adjacent compartment. This usually 
means avoiding overcorrection of varus 
deformity, which may accelerate the 
deterioration of the not-operated-on 
lateral compartment. It is also critical 
to avoid impingement of the femoral 
implant on the patella, which may be 
painful and lead to failure of the pro-
cedure [2].

D. Lakstein MD
Dept. of Orthopedics, Wolfson Medical Center, 
Holon, Israel [drorale@gmail.com]

To the Editor:

I  thank Dr. Lakstein for his interest and 
for raising important points regarding 

the editorial review of unicompart-
mental knee arthroplasty (May 2009, p. 
306). I agree that this operation is not 
very common, but there are satisfactory 
long-term results and it is easier to per-
form revision of total knee arthroplasty 
than after high tibial osteotomies, and 
this is mentioned in the Editorial.  

Based on the literature, as mentioned 
in the editorial and also in this letter, it 
seems that unicompartmental arthro-
plasty is a favorable procedure in patients 
with localized osteoarthrosis or avascular 
necrosis of the medial or lateral compart-
ment. Recovery and rehabilitation are 
quick and ambulation is early. The ideal 
patient is a relatively young person with 
a stable knee and intact cruciate liga-
ments, a flexion contracture less than 15 
degrees, and a change of mechanical 
axis of less than 5–10 degrees from neu-
tral. The success rate is high following 
these operations. Survivorship up to 10 
years is about 90% and up to 20 years 
it is about 85%. The prerequisites for 
improved outcome of unicompartmen-
tal knee arthroplasty are therefore the 
proper selection of the patients and the 
prosthetic design, and use of the mini-
mally invasive technique.

G. Volpin MD
[volpinger@gmail.com]

The challenge of dealing with freeloaders – who benefit from a 
common good but refuse to pay their "fair share" of the costs 
– has often been met in theoretical and laboratory studies by 
sanctioning costly punishment, in which contributors pay a 
portion of their benefit so that freeloaders lose theirs. Rand 
and co-researchers added a private interaction session after 
each round of the public goods game during which participants 

were allowed to reward or punish other members of their 
group. The outcome showed that reward was as effective as 
punishment in maintaining a cooperative mindset, and doing 
so via rewarding interactions allowed the entire group to 
prosper because less is lost to the costs of punishing. 

Science 2009; 325: 1272

Eitan Israeli

Capsule

In group dynamics – carrots are better than sticks
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“A good leader can't get too far ahead of his followers”
Franklin D. Roosevelt (1882-1945), 32nd U.S. President 




