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REVIEW

TAXONOMY OF THE UPDATED DEFINITION AND STAGING CRITERIA

OF BACTERIAL SEPSIS

Merisescu Madalina?, Luminos Monica'?

! University of Medicine and Pharmacy "Carol Davila', Bucharest
2 National Institute of Infectious Diseaseas, “Prof. Dr. Matei Bals”

Abstract. Sepsis can be easily defined as an exaggerated inflammatory response to a pathogen’s aggression.
Due to its severity that caused increased rates of mortality, research entities mobilised impressive human
and material resources in order to reach and establish rapid and safe diagnostic methods. By setting a
rapid diagnosis, the proper etiologic treatment can be applied thus lowering complications and severity
occurring in a sepsis case. Recently, at the Third International Consensus Definitions for Sepsis and
Septic Shock held in February 2016, new scores and criteria were established in order to define and stage
sepsis as accurately as possible. The new approach excludes the classical terms of systemic inflammatory
response syndrome (SIRS) and includes new criteria, grounded by the PIRO concept, enabling a correct
evaluation of intensive care patients, which also asses the host’s susceptibility, infection degree, response
and affected organs. The objective of this study is to present the new definitions and staging criteria for

bacterial sepsis and their benefitst.

Keywords: sepis, PIRO, staging, definition

Introduction

Sepsis represents the exaggerated inflammatory
response to a pathogen’s aggression. It is a severe
affection, with high mortality rates and frequent
complications that requires prolonged hospital stay
and complex treatment. The diagnostic and therapy
methods are thus in permanent evolution.

A pathogenic microorganism or a potentially
pathogen’s invasion in a tissue, liquid or normally sterile
cavities that triggers a pathological process is known as
infection. Once abnormal bacteria are detected by the
organism- defence mechanisms are activated, but when
they are overcharged they can evolve into a septic stage:

+ Systemic inflammatory response syndrome

(SIRS)

+ Sepsis

+ Severe Sepsis

+ Septic shock

+ Multiple organ dysfunction syndrome (MODS)

SIRS - Systemic inflammatory response syndrome
corresponds to an unspecified inflammatory process
that can be set off by numberless aggression causes such
as: a localized and generalised infection, a traumatism, a
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1 Dr. Calistrat Grozovici Str., 2" District, 021105,
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burn, etc. They produce important lesions and determine
homeostasis disruptions.[20, 29]

Septic shock occurs as acute circulatory failure
characterized by persistent hypotension associated to
tissue hypoperfusion and organ failure. At this stage the
patient is unresponsive to intravenous fluids. [4,19]

In severe sepsis, alongside the specific bacterial
infections, organic dysfunction can also appear:

respiratory  dysfunctions  (hipoxia), hypotension,
neurologic, haemotologic, gastrointestinal, liver
dysfunctions and/or tissue hypoperfusion signs,

metabolic disorders. [12]

The last sepsis stage, also known as the most severe one
is Multiple organ dysfunction syndrome (MODS) that, in
most cases, leads to death. At this point, multiple organic
dysfunctions impede the body to maintain homeostasis
without an emergency medical intervention. [21, 26]

Overview of the new criteria released by the Third
International Consensus Definitions for Sepsis and
Septic Shock.

Recently at the Third International Consensus
Definitions for Sepsis and Septic Shock held in February
2016, specialists established new criteria in terms of
definitions and scores. Thus, the new sepsis definition no
longer includes the terms ,SIRS” and ,,severe sepsis” the
remaining terms being sepsis and septic shock.

Several studies showed that SIRS occurs frequently in
hospitalised patients and is detected in benign conditions
linked or not to an infection, hence its lack of specificity
only for the sepsis diagnosis. [36]
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As specialists considered that a share of SIRs
symptoms, namely fever or leukocytosis represents
inflammatory responses of the host but not mortality
indicators, a reconfiguration of sepsis’ definition was
imposed. [30]

In accordance to the new criteria, sepsis is defined
as a life threatening condition triggered by the host’s
response to an infection. [35, 37, 38, 36]

Clinical criteria: organ dysfunction as an increase
with 2 SOFA score points. (For patients with infections,
increase by 2 SOFA score points determined a 10% death
rate).[35, 37, 38, 36]

Sepsis is defined as a potentially lethal affection,
caused by the host’s immune response to an infection.
Organ dysfunction can be identified by the SOFA score
that has > 2 points secondary to the infection. SOFA
score can be considered zero in patients not known with
organic dysfunction. [35]

A value of 22 SOFA score reflects an increase in the
mortality rate with up to 10%, particularly in populations
with suspicion for an infection. Even patients with
minor organic dysfunctions can experience rapid health
status deterioration this emphasizing the seriousness
of organ dysfunctions and the need for rapid therapy
implementation. [35]

Patients with suspicion of infection, who need more
than three days of hospitalization in the Intensive Care
Unit (ICU) can be rapidly identified using the rapid
qSOFA score, namely the ,HAT” acronym that meets 2
or more criteria from the following:

+ Hypotension <100 mmHg

+ Mental health status impairment ( SCG<15)

» Tachypnea with respiratory rate >/= 22/min [35,

37, 38, 36]

Septic shock is a complicated form of sepsis where
metabolic or circulatory disorders are so important that
they can substantially increase the death prognosis.

Clinical criteria: sepsis and persistent hypotension
>/= 65 mmHg under vasopressor support and a blood
lactate value >2 mmol/L. When these criteria are met the
mortality rate increases up to 40% [35, 37, 38, 36]

However, how these criteria can be applied to the
paediatric population is still debatable. [34]

Depending on the SOFA score and other clinical
signs, sepsis or septic shock diagnostic can be established.

A cohort study conducted between 2010 and 2012
in USA in 12 clinical units in Pennsylvania on patients
admitted on ICUs, emergency or surgical departments
that were evaluated using SIRS criteria, SOFA score,
LODS and qSOFA aimed at establishing the usefulness
of the new sepsis criteria and definitions.

The main study conclusions revealed that in intensive
care units, the predictive value of the SOFA score on
mortality did not significantly differ from the LODS
score but it was statistically superior to SIRS and qSOFA
criteria, thus proving its utility in the clinical diagnosing
of sepsis. For patients in other wards, the predictive value
of mortality by qSOFA turned out statistically higher
than SOFA and SIRS scores thus being considered a
rapid diagnosis tool for sepsis [33].

PIRO evaluation system
Older definitions that staged patients as SIRS, sepsis,

severe sepsis and septic shock failed doing so based
on the severity degree. An effective assessment system
should consider both the patient’s medical history, risk
factors, type of infection (nosocomial or community) as
well as the host’s type of response. Similar to the TNM
(tumour, lymph nodes, metastases) staging, a system
was created for the assessment of patients with sepsis-
PIRO (predisposition, infection, response and organ
dysfunction).

The patients are classified based on Predisposition,
nature and spread of the Infection, nature and importance
of the Host’s Response and degree of Organ Dysfunction.
Its efficacy resides firstly in the differentiation between
morbidity caused by an infection or the host’s response
to an infection and secondly to the ability to evince the
risk factors that can influence an unfavourable evolution
independent from the infectious process.[1, 2]

Prognosis

A patients’ medical history significantly influences
sepsis’ evolution and the therapeutic conduct elected by
the clinician. In what concerns sepsis and its influence on
the risk of premature death, predisposition is accentuated
by genetic determinism.

Predisposition comprises several factors: age,
sex, other clinical simultaneous clinical conditions,
drug therapy administered at the same time with
immunusupressors or antibiotics or even affiliation to a
certain culture or religious confession.[1]

All these factors may impact the response to
treatment or the patient’s evolution. New genetic studies
highlighted associated high risk factors for infections and
increased rates of mortality.

The unique nucleotides’ polymorphism,
microsatellites and insertion/deletion polymorphisms
represent genetic variation forms that define an
individual’s risk to develop sepsis, organ dysfunction
or death. [5]. Most genetic traits associated with severe
infections have been proven to be linked to malfunctions
in the innate immune response.

For example, a genetic polymorphism as TNF2
allele may have as consequence a more aggressive
inflammatory response to a pathogen’s action. Hence, the
mechanisms that on one hand lower the infectious risk
can, on the other hand, exacerbate the risk of an excessive
inflammatory and potentially harmful infection.

Gender based clinical studies revealed a greater
predisposition in men to develop sepsis than women. [18,
32] Furthermore, conditions such as cirrhosis, diabetes
or BPOC along with chronic immunosuppressant
drugs may predispose to sepsis with unfavourable
evolution. Immunosuppressive therapy increases the
risk of infections and decreases the host’s inflammatory
response.

Further investigations are needed to establish which
risk factor should be taken into consideration, which has
a higher significance for the prognosis and if by knowing
the specific sepsis risk factor the clinical evolution can
have better outcomes.

Severe traumas, burns, deterioration of skin and
mucosal barriers, obstructive lesions and several
immunosuppressive agents may influence the risk for
severe infections and septic shock. [8, 17] The degree to
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which these elements and, possibly, other predisposing
factors modify both the infection risk and the host’s
systemic response to invasive infections remains a topic
in need of broader clinical investigation for the future.

Situations where patients develop sepsis that leads to
systemic inflammation and invasive infections without
any predisposing factor are quite rare.

Predisposition

The site, type and magnitude of an infection influence
considerably the prognosis. Extended infections carry
a higher mortality risk than localised infections. For
example, stercoral peritonitis known for its extensive
infectious potential is more severe with a more reserved
prognosis than normal appendicitis.

Many times the infection site was associated with
the occurrence of severe sepsis, thus demonstrating its
role in a patient’s clinical evolution. Patients who develop
sepsis in: the lungs, gastro intestinal tract or the nervous
central system (CNS) presented a higher rate of mortality
compared to patients with skin or genitourinary sepsis.
[3, 10, 22] It also appears that patients with bacteraemia
display a more severe evolution than those who don't
develop it, although, so far, this connection has not
been established for all microorganisms or in all studies
focusing on sepsis.[3, 10, 22]

Primary bacteraemia (especially the one caused
by disseminated intravascular devices) has better
prognosis than secondary bacteraemia (caused by
abscess, collections). Furthermore, the quantitative
value of pathogens present in the blood stream and
tissue is, generally, higher in secondary bacteraemia
than in primary ones. The share of microorganisms and
their intrinsic virulence stand as determining factors
for the evolution to severe, invasive infection. [6, 23]
Virulent microorganism like Staphylococcus aureus,
Streptococcus pyogenes and Pseudomonas aeruginosa
have a higher rate of mortality than less pathogenic
organisms such as coagulase-negative staphylococci.
Obviously, the etiologic agent of sepsis cannot determine
a patient’s evolution as the host’s response to an infection
is equally important in identifying the rate of mortality
by systemic infection.

Also, the host’s response differs based on the
pathogenic agent, especially its class (Gram positive or
negative).[23]

An important feature of PIRO is that it relies on
both the aetiological agent and the nature of the host’s
response within the pathogen-host interaction, occurring
in severe infections.

Response

The host’s inflammatory response to a systemic
infection probably represents the most essential key to
decoding severe sepsis and septic shock.

The complexity of the host’s response and variations
between patients, as response to the microbial aggression
are major barriers to understanding the physiopathology
of the septic shock.[8,14, 17]

Although both the humoral immune response and
the cell response contribute to the occurrence of septic
shock, the integration of these dissipated processes within
a well defined and easily recognisable system turned out
difficult. Multiple clinical and biological options are easy

to identify, especially those that that have the ability to
alter the host’s response to an infection. Many of them
are simple, with direct action. The patient’s age, nutrition
status, sex, genetics, a different but simultaneous
infection can affect the host’s immune response to
invasive infections.[2, 11, 15, 18]

It is well known that some patients have an intense
systemic immune response, frequently interpreted as an
acute inflammation, induced by certain microbial agents.
(14]

Modern therapies applied in sepsis target particularly
the host’s response rather than the infectious agent but
the former continues to be difficult to quantify. Biological
markers of the immune response for predicting severity
include, among others, values of circulatory procalcitonin
and IL-6. Until a new inflammation mediator is
identified, epidemiological studies must focus on the
hypothesis that the currently used markers can be useful
in the staging process of septic patients. [7, 13, 24]

Distinguishing between a host’s intense inflammatory
response from an inadequate one can sometimes
be challenging as sepsis itself can induce a relative
immunosuppressive status.

However, applying the same immunomodulary
treatment in patients with intense inflammatory response
and in those with immunosupression, for the general
term of sepsis shock can be perilous. Some of them might
need immunostimulators in view of obtaining immune
reconstruction, while others may very well benefit from
anti-inflammatory treatment.[9, 14]

A Dbetter understanding of the host's immune
response and development in genetics reserach, with the
purpose of rapid and proper identification of the immune
response to the microbial aggression can improve the
way immediate treatment is initiated in septic patients,
in the near future.

Organ dysfunction

By drawing a parallel with the TNM staging system,
the presence of organ dysfunctions in sepsis can be
compared with the presence of metastases in cancers. The
severity of organ dysfunctions constitutes a determinant
prognostic factor.

Modern assessment scores for multiple organ
deficiency syndrome can be used to describe, qualitatively
and quantitatively, the degree of organ dysfunction.

Organ dysfunctions represent late tissue sequelae
that happen as a response to severe sepsis aggression thus
becoming the essential survival determinant factor. It has
been demonstrated, on a number of times that patients
with multiple organ dysfunctions present a higher death
rate than those with a single dysfunction or none at all, as
a consequence of sepsis.[16, 25, 27, 28]

However, uncertainty revolves around the reason why
some patients develop a particular organic dysfunction
while others develop different ones, despite apparently
similar stimuli released by sepsis. For example some
patients develop coagulation abnormalities during early
sepsis stages while others develop respiratory stress
syndrome or kidney failure. [8] In addition to that, the
pattern grounding organic dysfunctions in severe sepsis
may vary from one patient to another and may provide
data on the survival prognosis and treatment response.

XX, Vol.20, Number 1/2016



Another key issue in research on sepsis concerns
the effect some pre-existent conditions have on the risk
of organic dysfunction occurrence but, most often, a
cause-effect relationship between them can hardly be
identified. Still, secondary organic dysfunctions can be
easily differentiated from the primary ones.

What is certain is that the endothelial cells that
constitute the tunica intima of the capillary beds in
different organs express different answers to septic
stimuli. This microcirculation heterogeneity can be
responsible for some of the differences springing among
organ dysfunctions, in patients with sepsis. [31]

Conclusions

The loss of rules and control of multiple organic
dysfunctions in severe sepsis are definite interest areas
for research, in view of understanding physiopathological
mechanisms.

As already demonstrated, many of the elements that
include predisposing factors to sepsis affect the host’s
response. Furthermore, various PIRO components may
easily overlap. In some patients, one PIRO element can
prevail while in other patients, equal contributions can
be detected, as pertaining to each element that triggers
the diseases’ evolution and prognosis.

Decoding the complexity of the immune response
to the challenge delivered by microbial aggression
is incomplete and remains an important topic for
biomedical research in the field f sepsis.

The main objective of PIRO pattern is to achieve the
ability to distinguish between morbidity caused by the
infection and morbidity linked to the infection response.

PIRO pattern was recommended as a developing
model in the area of research but also as a pattern per se
that can be used in its current state. Its implementation
will definitely need a close examination of sepsis
history and evolution, in order to delineate the cases
with unfavourable prognosis as well as the probable
therapeutic response of each sub-class.

Studies evinced that Systemic inflammatory response
syndrome (SIRS) is presentin almost all admitted patients
and occurs in various benign conditions, associated or
not to an infection. Hence due to the fact that SIRS was
not sufficiently specific to sustain a sepsis diagnostic,
the definition and diagnostic criteria for sepsis had to be

reviewed and updated.
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PERFORMING SIMULTANEOUS DETECTION OF BCR-ABL
AND JAK2V617F MUTATION REPRESENTS AN IMPROVEMENT
FOR A MORE ACCURATE AND LESS TIME CONSUMING
MYELOPROLIFERATIVE NEOPLASMS DIAGNOSIS

! Ritus Biotec Molecular Biology Laboratory-Codlea Brasov

2 Emergency University Hospital, Bucharest

Ilea Anca!, Vladireanu Ana Maria?

Abstract. This article presents observations made following a more comprehensive study which analyzed
the results of molecular tests performed for the diagnosis of myeloproliferative neoplasms in a molecular
biology laboratory over a period of seven years (January 2009- December 2015).The laboratory is an ELN
(European Leukemia Net) certified diagnostic laboratory for quantification of BCR-ABL.Two diagnosis tests
(for BCL-ABL transcript and Jak2 V617F point mutation) were performed on a number of 614 patients
with various chronic myeloproliferative neplasms subtypes. 320 (52%) patients were found to be Jak2 V617F
positive, 25 (4.07%) were found to be BCR-ABL positive. A “double negative” was found in 262 (42.67%)
patients and 7 (1.17%) patients were positive for both Jak2V617F and BCR-ABL. The results are consistent
with other similar works from the scientific literature and demonstrate the importance of molecular
testing for an accurate diagnosis and a correct assessment of the clonal character of proliferations. Also,
due to the particular situations , the simultaneous performance of both screening tests in the diagnosis

of CMN is highly recommended.

Key words: Myeloproliferative neoplasms,Bcr-abl transcript, Jak2V617F mutation.

Background

he importance of genetic testing in the diagnosis

of chronic myeloproliferative neoplasms was first
discoveredinthe ‘60s, when the Philadelphia chromosome
was found to be associated with Chronic Myeloid
Leukemia (CML). The discovery of several mutations
involved in the pathogeny of chronic myeloprofierative
neoplasms has later imposed specific markers as major
criteria in the diagnosis of these diseases.

Chronic myeloproliferative neoplasms are clonal
proliferations of hematopoietic stem cells that involve
one, two or all cell lines of myeloid precursors, by
uncontrolled growth and accumulation of mature myeloid
cells. In 1951 William Dameshek, described and defined
for the first time these diseases as a group.The group
of "myeloproliferative disorders"(MPDs) included five
entities: chronic myeloid leukemia (CML), polycythemia
vera (PV), essential thrombocythemia (ET), primary
myelofibrosis (PMF) and erythroleukemia.[9]

Anca Ilea
44 Avram Iancu Str., Codlea, 503100, Brasov, Romania
e-mail: ancamariailea@yahoo.com

The first genetic change linked to a disease was
described by Novel in 1960 as Philadelphia chromosome
present only in cases of CML. In 1972, Janet Rowley
deciphered the Ph chromosome as a reciprocal
translocation between chromosomes 9 and 22; t (9; 22)
(g34; q11) . Later (between 1982 and 1990 ) an American
scientists group defined Bcr-abl fusion transcipt and
established this one as being the disease-causing
mutation in CML.[5]

The second important event was the historic observation
made in 2005 by four independent laboratories that the
majority of patients with classic BCR—ABL-negative MPDs
carried a JAK2 gain-of-function mutation (JAK2V617F; a G
to T somatic mutation at nucleotide 1849).[5]

JAK2V617F mutation was noticed in 95% of PV cases
and in 60% of PMF and ET cases.[14]

These discoveries clarified some pathogenesis aspects,
leading to changes in classifications and diagnosis criteria.
The 2008 WHO's classification of hematologic malignancies
is based on the employment of molecular biology screening
for diagnosis. It also introduces for the first time the term
of neoplasm, in order to emphasize the clonal character of
these proliferations demonstrated in 1967). [5, 15]
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Myeloproliferative neoplasms are currently divided
into two groups: BCR-ABL positive myeloproliferations
(CML cases showing a presence of BCR-ABL major
oncogene) and BCR-ABL negative myeloproliferations
(with 7 subtypes: polycythemia vera (PV), essential
thrombocythemia (ET), primary myelofibrosis (PMF),
chronic neutrophilic leukemia(CNL), eosinophilic
leukemia and hypereosinophilic syndrome(CEL and
HES), systemic mastocytosis (SM) (unclassifiable chronic
myeloproliferative diseases).[13,15]

The most frequently found MPN BCR-ABL negative
entities are: PV, ET and PMF

The use of molecular markers in the diagnosis of
chronic myeloproliferative neoplasms has become
essential also due to a new and revolutionary type
of drugs: low molecular weight drugs with targeted
action on tyrosine-kinases involved in oncogenesis. The
discovery of Imatinib in1996 has been considered by
Tefferri “a paradigme shift in the cancer treatment”See[5]
At the moment there are two types of tyrosin-kinase
inhibitors: BCR-ABL inhibitors which are successfully
used in the treatment of CML and JAK?2 inhibitors used
in PMF therapy and in PV cases which are resistant or
intolerant to hydroxyurea.

Materials and method

Genomic DNA and total RNA were extracted
from integral peripheral blood using Qiagen IVD
Kits following protocols recommended by the
manufacturers.

The concentrations of nucleic acids were determined
by spectrophotometry using NanoDrop ACTgene, USA.
Nucleic acids qualities were assessed by the 260:280 and
260:230 spectrophotometric ratios

V617F mutations were detected using ARMS assay
(Amplification Refractory Mutation Screening) described
by Jones et al. in Blood, 2005 Sept 15, 106 (6). [3]

DNA tetra-primer ARMS assay uses two pairs of
primers that specifically amplify in the same reaction
the normal and mutant sequences and a positive control
fragment. Amplifications were performed under
standard conditions (annealing temperature 56°C, and
35 cycles )using AmpliTaq Gold® DNA polymerase
(Applied Biosystems, USA).

£3
a2 1 2 2 4 5 6 7

<--- Control 463 bp

<—- Mutant 279 bp
<--- Wild type 229 bp

Fig.1. JAK2V617F detection by ARMS PCR:
Representative results:Tracks 1,2,3, are controls, 4 and 5
a homozygous positive patient and 6,7 a negative patient

The resulting amplicons were: a 463bp control
fragment and fragments corresponding to V617F
mutation (279bp) and to wild-type sequence (229bp).

The amplicons were resolved on 2% agarose gels
(through electrophoresis) and visualized after staining
with ethidium bromide and using UV transluminal.

Every experiment used specific controls: positive
(with mutant allele) and negative (with wild-type
allele).Even this method requires post-amplification
manipulation ARMS PCR is considered one of the
most sensitive techniques (detects low level of mutant
allele:1-2%).

Detection and quantification of BCR-ABL
transcription was done using real-time PCR, following
EAC protocol (as described by Gabert et al., Leukemia,
2003), on StepOnePlus platform, Applied Biosystems.[1]

Ritus Biotec Laboratory is an ELN (European
Leukemia Net) certified diagnostic laboratory for
quantification of BCR-ABL.

Our methods are periodically validated and
evaluated through external quality assessment schemes
for clinical laboratories (from UK NEQAS - United
Kingdom National External Quality Assessment
Service).

PCR and real-time PCR assays were performed at
onset of the disease and, in some particular situations,
during the clinical course as well.

From 2009 to 2015, 614 suspected MPN patients
were subjected to the two types of molecular biology
testing in our laboratory. All patients had presumptive
diagnosis of MNP in compliance with recommendations
of clinical practice guidelines.See [14] The 614 patients
are between 19 and 90 years old (median age:61.5years),
they are both male and female(48% male;52%female)
and came from different areas of Romania.

Results and discussions

The results were as follows: 320 patients (52%) were
Jak2V617F positive, 25(4.07%) of the patients were
BCR-ABL positive, 262 (42.67%) presented none of the
two mutations and 7 patients presented both mutations
(1.14%). Figure 2 describes the distribution of molecular
biology test results in a series of 614 patients with a
presumptive diagnosis of chronic myeloproliferative
neoplasms.

Total :614 patients

mJak?VE17F positive
(52%)
m Ber-abl positive  (4.07%)

Ber-abl & Jak2VE1TF
(1.14%)

m Double negative
(42.79%)

Fig.2. Test results on 614 pacients

Of the 614 patients tested for both tests: 549
patients had a clinical suspected diagnosis of BCR-
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ABL-negative MPN and 65 patients had a clinical
suspected diagnosis of BCR-ABL-positive MPN
(“CML like”).

Of the 65 patients who had a clinical suspected
diagnosis of MPN-“CML like”

we noticed that about 1/3 presented Jak2
V617F(35.38%) mutation and only 9 cases (13.84%)
were confirmed CML (Bcr-abl positive). 33 patients
(50.79%) presented negative results in both tests .
Most of the cases of MPN-CML like with JAK2V617F
positive test results were proved to be a prefibrotic
phase of PMF, in various stages of evolution.

The distribution of JAK2V617F mutation among the
BCR-ABL negative MPN subtypes was as follows:the
mutation was noticed in 66% of PV cases, in 56% of
ET cases and in 54% of PMF cases. Similar data were
reported in other scientific works.[8, 10, 11,15]

No patients/% Age(Years) Male% Female%
Total(33) 56(36-91) 58% 42%
Positive: 22 60(38-81) 41% 59%
- 66%

Total (63) 57(26-91) 30% 69%
ET Jak2V617F

Positive: 35 56(26-87) 25% 75%

- 56%

Total (180) 63(28-85) 48% 52%
pME  Jak2V617F

Positive :(96)  64(28-85) 59% 49%

-54%

Tabel 1. Results distribution of Jak2V617F positive
patients according to disease, age and gender
pacients

We noticed the presence of BCR-ABL transcript in 16
patients with Bcr-abl negativeMPN s group (14 with
the presumptive diagnose of MPN unclassified and 2
with the diagnose of PMF) .

The JAK2V617F detection test alone would have
lead to a wrong classification.

Interestingly was the presence of both molecular
markers, as in the case of the 7 patients. It is a rare
but not impossible phenomenon the 1.14% (7/614)

300 4
250 -+
200
150
100
0
PV (33 ET (63 PMF (180 MPMu
cases) cases) cases) (273
cases)
mDouble positive 2 2 2 1
Ber-Abl positive 2 14
mJak2VE17F positive 22 35 96 144
mDouble negative g 26 a0 114

Fig.3. Result distribution according
MNPs suptypes

we have obtained in our study is consistent with other
scientific works: 0.37% (5/1320) in Cappetta et al,
2013; 2.25% (7/314) in Pieri et al., 2011). [ 2, 4, 7]

We mention that these particular cases were
carefully monitored over time

These patients were integrated in various MPN
entities: 2 cases of PV, 2 cases of ET, 2 cases of PMF
and one unclassified CMN, according to classical
diagnostic criteria.

Using clinical monitoring and laboratory data we
noticed the change of the MPN phenotype, resulting in
all these patients showinga CML typical aspectat various
stages of the disease course, which was confirmed by the
presence of BCR-ABL marker. BCR-ABL translocation
gives a growth advantage comparing to JAK2V617 and
thus induces the proliferation of granulocytes, resulting
in CML phenotype. The JAK2V617 induced phenotype
occurs only when the BCR-ABL transcript is absent/
reduced due to tyrosin-kinase inhibitors therapy.

We present two of these 7 cases mentioned above
as two different situations with simultaneously
occureance of two mutations that are considered
mutually exclusive.The molecular diagnose and follow
up testing were done in our laboratory.

First case is a Ph+ CML in treatment with Imatinib
who developed after four years Jak2V617F positive PV
. The second case is a PV diagnosed in 2003 based on
standard clinical and biological criteria who developed
after 7 years Bcr-abl positive CML[6]. The most
important features are described in table nr.2

HLG Bcr-abl
M/F  Age Diagnostic transcript Jak2V617F Treatment Clinical features;
8 8 Hg WBCx PLT (ratio ber Particularities
g/dl 10%/ul  X10%/ul -abl/abl%)
First diagnose was CML(wih low
Hg level:9.8/d,HT28%))
1:CML(2009) 100% Four years after clinical changes
Sept 2010 9.8 139 418 - Imatinib (pruritus, facial erythema) and
Febr 2011 important hematologic changes
Mar 2012 0.02% occurred (Hb:18gdl, Ht:54%,
M 51 Undetectable - Imatinib L-4.8x10"9/mmc,Plt-665x10"9/
Molecular mmc), which raised the suspicion
I1:PV(2013) Response of polycythemia.
Sept 2014 18 4.8 665 MR4 Positive Imatinib+ Confirmed by bone marrow
Dec 2015 MR4 Homo Phlebo biopsy and the presence of
MR4 zygous Tomies Jak2V617F mutation.
MR4
12 Therapeutics, Pharmacology and Clinical Toxicology



HLG Bcr-abl

M/F  Age Diagnostic Hg WBCx PLT t(izgsocgcprt Jak2V617F Treatment Cg:;ffcluﬁ;tgzzs’
g/dl 10°/ul  X10%/ul -abl/abl%)
- Hydroxy
I: PV(2003) 20.8 20 750 urea First diagnose was PV based
on clinical and biological
II: CML(2010)) 9 108 95 100% Negativ Imatinib standard criteria.
The patient was treated
Jan 2012 0.6% Pozitive Imatinib+  with Hydroxyurea and within
M 61 homozygous Phlebo 7 years developed Bcb-abl
tomies positive CML
Oct 2012 Undetectable Positive The molecular diagnose
May 2013 MR4 homozygous  Imatinib+ and follow up testing were
Jul 2014 MR4 Phlebo performed in our laboratory.
Nov 2015 MR4 Tomies

MR4

(*)This case was first described by Iulia Ursuleac, MD, PhD in the 2013 article The concomitant occurrence of Jak2 V617F
mutation and BCR-ABL translocation with phenotypic expression- an overlapping myeloproliferative disorder or two
distinct diseases? Case report.

Conclusions

The data reveals the limits of a diagnosis based
mainly on clinical and standard biological criteria,
showing that among the 65 MPN-“CML-like” cases, the
disease could be confirmed only in 9 cases (13.8%), while
in the group with BCR-ABL negative MPN suspected
patients, 16 cases (2.91%) were positive for BCR-ABL.

Particular cases showing the simultaneous presence
of both markers contradict the idea that these mutations
would exclude each other and raise new questions over
the pathogenesis of MPNs.

Nowadays an accurate diagnosis of MPN subtype
(P, ET, PMF) requires more tests of molecular biology:
Jak2 exon 12 mutations, MPL, newly discovered CALR
mutations.[14]

Bcr-abl and Jak2V614F mutation detection maintain
important as screening tests and even more, performing
them simultaneously is highly recommended
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Abstract. Polytrauma represents an association of multiple injuries capable of inducing a systemic response
and resulting in a life-threatening condition. Regardless of the different approaches and definitions, the
severity of this association, determined by a specific pathophysiology, requires special therapeutic protocols,
adapted to the status of the patient. One of the most challenging situations for the trauma specialists is
represented by polytrauma with unstable pelvic fractures - the stabilization of these fractures is considered
a resuscitative measure, but this must be done while avoiding the “second hit” phenomenon. These can
be achieved by adapting the treatment to the patient’s systemic response to aggression, which has to be
evaluated by objective means. The authors perform a retrospective study in a Level 1 Trauma Centre in
order to analyse the possibility of using biochemical markers to asses the status of the polytrauma patients
with unstable pelvic fractures and to establish their treatment.

Keywords: biochemical markers, pelvic fractures

Introduction

Pelvic fractures in polytrauma patients represent
a problem of great importance for modern
traumatology for several reasons, including high
incidence and high mortality. Their incidence in
polytrauma patients has been reported to be around
23% by several authors. [1],[2] The mortality of unstable
pelvic fractures in patients with haemodynamic
instability is 40-80% compared to 30% mortality after
myocardial infarction. [3, 4, 5, 6]

Remembering that “pelvic fractures” include
injuries not only of the bones but of all the capsulo-
ligamentous structures which assure the stability of
the pelvic girdle, it must be underlined that the main
phenomenon by which these fractures influence the
outcome of polytrauma patients is bleeding. In pelvic
fractures, bleeding can have many sources, both arterial
and venous, and the blood loss is usually consistent
with the extent of displacement; since the pelvic ring
has no intrinsic stability, the possibility of displacement
is quite common, especially in high-energy trauma. [7],
[8] Although the volume of the pelvis is only 1.5 litres,
the intact retroperitoneal space can accumulate 5L

Olivera Lupescu
8 Calea Floreasca, 1 District, 014461, Bucharest, Romania
e-mail: olivera_lupescu@yahoo.com

of fluid with a pressure rise of only 30 mmHg, with a
very low capacity to limit the bleeding, which worsens
further when the fracture is displaced.[9], [10]

The main goal of pelvic fracture treatment, especially
in polytrauma, is achieving stability:

- The haemodynamic stability of the patient, and
- The mechanical stability of the fracture, as they
are closely connected, as presented before.[11]

The stability of the fractures is assessed in connection
with their site, thus the following have been described:

- Stable fractures, affecting only the anterior
arch,

- Partially stable fractures with an incomplete
disruption of the posterior arch, and

- Unstable, with complete disruption of the
posterior arch, the most severe of all, almost
always associated with severe alteration of the
haemodynamics of the patient.[12, 13]

Based on this classification regarding stability,
surgery is indicated in unstable fractures both to
reconstruct the pelvic girdle and to stop the bleeding.

Since the general consequences of any fracture are
influenced by bleeding, it is obvious that unstable pelvic
fractures have a considerably higher impact upon the
overall outcome of the patient, so their stabilization is
mandatory not only for local but especially for general
reasons. [14], [15] This fact is particularly important
in polytrauma due to the biological effects of the
associated injuries, some of them life threatening.
Therefore, in polytrauma, in order to avoid the “second
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hit” phenomenon, the chosen method of stabilization
must be the least invasive possible, adapted to each
patient’s condition. [16, 17]

Parameter Stable[)(grade
BP (mmHg) =100
Blood units (2h) 0-2

Shodk Lactate lmfels Normal range
Base deficit {(mmol/L) Normal range
ATLS classification I
UO {mL/h) >150
Platelet count (ug/mL) =>110000

Coagulati Factor IT and V (%) 90-100

cagumiation Fibrinogen (g/dL) »1

D-Dimer Normal range

Temperature =35°C
Lung function, PaO2/FiO2 =350
Chest trauma scores, AIS AlSTorIl
TS5 O

Soft ti

SoThssue Abdominal trauma (moore) <1II

injuries

’ Pelvic trauma (AO A

classification) :
Extremities AlSTorIl

In order to standardise the approachin the
polytraumatised patient, several criteria are being used
to classify the patient as: stable, borderline, unstable, or
in extremis (Table I). [18, 19]

i b
Borderline (grade  Unstable (grade In extremis (grade IV)
I1) I11)
80-100 60-90 <50-60
2-8 3-15 =15
Approx 2.5 =2.5 Severe acidosis
No data No data >6-18
II-1IT II-1v v
50-150 <100 <50
90000-110000 <70000-90000 <70000
70-80 50-70 <50
Approx 1 <1 DIC
Abnormal Abnormal DIC
33-35°C 30-32°C 30°C or less
300 200-300 =200
AlS= 2 AlS=z 2 AlS=z 3
I-1I II-1IT v
< III III =11
BorC c C (crush, rollover with abd
trauma)
AISII-ITI AISIII-IV Crush, rollover, extremities

Table I. Status of polytrauma patients

As can be seen, the criteria refer to different systems
and organs, thus clearly indicating that the polytrauma
patient needs a multidisciplinary assessment. Regarding
the treatment of different injuries in polytrauma, several
types of treatment have been described so far:

Early Total Care (ETC)- the definitive method of
treatment is used from the beginning

Damage Control (DC) — a less invasive temporary
method is used to improve the status of the patient until
he/she can withstand the definitive method. [20, 21]

Considering the data in Fig. 2, ETC is indicated
in stable patients, while in borderline and unstable
patients DC is considered to minimize the potentially
negative impact of surgery upon the fragile balance
of the patient. When we refer to the pelvic fractures,
ETC is usually represented by Open Reduction Internal
Fixation (ORIF), while DC is performed usually by
external fixation.

If DC is the method of choice, after the initial
stabilization of the fracture, the complex systemic
disturbances must be monitored and treated; their
evolution can be:

- Favourable - the systemic response decreases
and definitive treatment can be performed, or
- Negative - the Systemic Inflammatory Response

Syndrome (SIRS) persists and overwhelms the
healing mechanisms, inducing MSOF (Multiple
System and Organ Failure) and probably death.

For the multidisciplinary team involved in treating
these patients it is very important to have some
criteria for monitoring them, so as to evaluate the
outcome. If the outcome is negative, it is important to
detect complications as early as possible and take the

appropriate measures; if the outcome is positive, the
proper moment to perform definitive treatment must
be chosen very carefully.

In both of the previously described situations,
it is mandatory for these criteria to be objective, and
several biochemical markers have been evaluated as
guiding tools for polytrauma patients. As described in
literature, inflammatory syndrome can be monitored
using standard markers, like ESR, CRP, or the signal
molecules, like IL-1 and IL-6. [22], [23], [24]

The authors present the experience of a Level 1
Trauma Centre in using such markers to establish
therapeutic options for polytrauma patients with
unstable pelvic fractures.

Material and Methods

This study retrospectively analysed 28 polytrauma
patients with unstable pelvic fractures treated in our
hospital (Clinical University Hospital Bucharest)
between 01.01.2012- 01.01.2015 for which complete
medical records were available.

The following criteria were used to analyse the study
group:

- demography,

- haemodynamic stability of the patients,

- associated injuries,

- type of pelvic stabilisation,

- biochemical markers (ESR, C Reactive Protein, IL-

1, IL-6) related to the outcome of the patients

Results

The demographic characteristics of the study group
consisting of 28 patients are represented in Fig. 1,
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underlining the importance of the problem of pelvic
fractures in polytrauma for trauma surgeons: the mean
age of the patients was 36 years old with only 1 patient
over 60 years of age, thus demonstrating the social
implications of the morbidity and mortality associated
with these injuries.

9
8

7V Tmates
611 O females
51

4

341

2 41

14

0.

18-30 31-45 45-60

over 60 yrs
Fig.1. Age and gender of the study group
Regarding the associated injuries, as presented in Fig. 3,

the most frequent were lung and head trauma, with several
other types of abdominal injuries.

30+

Elung
25 O liver
O spleen
20 O mesenter
B di
15/ diaphragm
O kidney
10+ @ ur.bladder
O uretra
5.1
W head
04 O total

Fig.2. Injuries associated with pelvic
fractures in polytrauma

According to the medical records, the patients were

classified as:
- unstable - 8 patients
- borderline - 8 patients
- stable - 12 patients

After theinitial evaluation, the treatment for the unstable
pelvic injuries was the pelvic binder, which was applied to
the patient and kept on while the life threatening injuries
were managed; after that, the patient was re-evaluated and,
according to the clinical and paraclinical parameters, the
decision was made regarding pelvic fracture stabilization:
ETC with internal stabilization was performed in 8 patients
(anterior plates in all 8 cases, along with posterior sacral bars
in 4 cases and iliosacral screws in 3 cases), while external
fixation (DC) was used for the remaining 20 patients.

Since the purpose of this research is not to discuss
the type of fixation, the medical data of the patients were
examined regarding the biochemical profile in connection
with the following elements:

- the initial fixation,
- the outcome of the patients, and
- the moment of definitive fixation.

Regarding the biochemical markers, some of them are

routinely measured to assess the stability of the patient, but

this is only performed during the initial evaluation, whereas
we believe that the monitoring of these patients should
be continuous, especially in those cases where treatment
requires sequential surgical interventions.
For this purpose, we chose to monitor the following
inflammatory markers in the study group:
-ESR
- C Reactive Protein
-1L-1
-1L-6
These markers were evaluated by looking at the
medical records of the patients and they were found to be
considerably modified in unstable and borderline patients,
for whom Damage Control is currently recommended.
Aside from the 16 cases (8 unstable + 8 borderline) with
predictable indication for primary external stabilization,
four patients, although considered stable, had their pelvic
fractures fixed in the same manner. In these cases, a
significant inflammatory syndrome was detected, so the
choice had to be made between an extensive type of surgery
(ORIF) and a temporary, much less invasive method; as
described in the medical documents, external fixation was
considered appropriate for these patients.
Table II presents the general complications in relation
to the initial status of the patients; as can be expected, the
rate of complications is higher for initially unstable patients:

ARDS MSOF Death Total

Unstable patients 4 3 2 8
Borderline patients 3 2 1 8
Stable patients-ExFix 0 0 0 4
Stable patients-ETC 0 0 1 8

Table II- General complications within the
study group

The inflammatory markers were thus analysed
comparatively within the following groups of patients:

- Those who did not develop general complications
(Fig. 3)

- Those who developed general complications but
lived (Fig. 4)

- Those who developed general complications and
died (Fig. 5)

Note that the actual values obtained are compared to
the normal level, so what is shown on the graphs is not
the absolute value, but the ratio between the value in study
group and the mean normal value. Therefore, level 1 on the
vertical axis of the graph means that the value in the study
group matched the mean normal value, 2 on the vertical
axis means that levels obtained were twice as high as the
normal value, 3 means three times as high, and so on.

As can be seen by analysing the 24 patients who
survived without complications (Fig. 4), the following are to
be underlined:

- There is an initial increase in the levels of all the
inflammatory markers up to day 7, then they decrease
to normal values; this corresponds to the well known
period of acute inflammation.

- The most rapid increase and decrease can be found in
IL-1 and especially IL-6, thus suggesting that they can
be considered more valuable for assessing the intensity
of the post-aggressive systemic reaction.

- Comparing to ESR and CRP, which reached the
maximal value in D6, both IL-1 and IL-6 increased until
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D7, thus showing the persistence of the inflammatory
response beyond the limit of D5, routinely considered
as to be the end of the acute inflammatory phase.
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Fig.3. Patients with favourable outcomes
without complications

Regarding the polytrauma patients who developed
general complications (ARDS and/or MOSF) but survived
(Fig. 5), the values of the inflammatory markers rose during
the whole period of established acute inflammation, but
after reaching a peak value they started to decrease and after
3 weeks from initial trauma they had reached values close to
the initial ones.
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Fig.4. Inflammatory markers in patients who
developed general complications but survived

If we compare Fig. 4 and Fig. 5, we can see a similar
initial trend with values rising up to day 6/7, but in Fig.
4 after this moment the levels clearly decrease and this
can be correlated with the remission of post-traumatic
disturbances and with stronger healing mechanisms,
while in Fig. 5 the values continue to increase due to
a persistent catabolic phase until the imbalance is so
severe that it generates systemic complications. It
must be underlined that the peak values of the markers
in this situation are considerably higher than in the
previous group. Because the treatment (started from
the beginning) was finally able to surpass the pathologic
processes, the patients survived and the outcome was
favourable in the end, but the healing process took
much longer — as we can see, it took 3 weeks (mean
value) for the inflammatory parameters to get back to
normal.
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Fig.5. Inflammatory markers in patients who
developed MSOF and died

When considering the patients who died due
to general complications (Fig. 6), the inflammatory
markers showed the same initial tendency of increasing
up to day 3, but after that they continued to increase up
to the death of the patient. Regardless of the moment
when the fatal complications occurred, the increase
was again much more brutal for IL-1 and IL-6, which
have proven to reflect the intensity of the systemic
consequences much better than ESR and CRP.

The above mentioned data are of outstanding
relevance to clinical practice: during this research,
the retrospective analysis showed that no definitive
stabilization of the pelvic fracture was performed until
after the total remission of the inflammatory syndrome,
proving that adapting the treatment to the status of the
patient is the most appropriate attitude especially in
this very fragile type of patients.

The same data were then analysed regarding each
type of inflammatory marker in each of the following
groups of patients:

- Polytrauma patients who survived without
developing any general complications (group I);

- Polytrauma patients who survived after having
developed general complications (group II);

- Patients who died (group III).

Figure 6 presents the graphics for ESR (a) and CRP
(b), and Figure 7 for IL-1 (Fig.7.a) and IL-6 (Fig.7.b).
The graphs all show the same types of evolution curves
for all the markers within each of the groups previously
described.
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Fig.6. The values of ESR (a) and CRP (b) related
to the outcome of the polytrauma patients
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Fig.7. The values of IL-1 (a) and IL-6 (b) related
to the outcome of the polytrauma patients

The curves had similar aspects, as follows:

- For group I (survival-without-complications) -
ascending line followed by descending line.

- For group II (survival-after-MSOF) - initial
ascending line, then supplementary ascending
line, then a line that descended but more slowly
than in group L

- For group III (MSOF followed by death) - initial
ascending line, followed by supplementary
abruptly ascending line (similar to the graph of
an exponential function).
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Discussions

The incidence of general complications in the study
group confirms the correlation between the outcome of
the patients and the initial status of the patient as a direct
result trauma. Due to the complex treatment performed
in the ICU and the multidisciplinary involvement, not
all the patients with ARDS or MSOF died. There is one
case of an initially stable patient whose pelvic injury was
managed with ETC and who died, but this happened
3 weeks after the initial trauma when the patient had
already started physical rehabilitation and was due to a
massive pulmonary embolism, with no previous ARDS
or MSOE. Aside from this case, general complications
occurred only in the groups of unstable and borderline
patients.

The incidence of general complications, including
death, is comparable to those described in literature,
showing that the protocols followed during the
management of the patients in this study group are
compatible with the international ones.[25, 26, 27]

The values of the inflammatory markers “followed”
the evolution of the patients: there was an initial
inflammatory phase until day 6/7 when the values
reached the first peak corresponding to the physiological
response known as the “post-aggressive systemic
reaction”. After that, the evolution of the inflammatory
markers took two different directions:

When the healing mechanisms became stronger
than the post-traumatic disturbances, the catabolic
phase was replaced by the anabolic one; the markers
decreased and the outcome was favourable, or

Due to a persistent systemic reaction, the markers
continued to increase, reflecting the well-known SIRS
(Systemic Inflammatory Response System), leading
to general complications; depending on the balance
between the aggression and the body’s compensatory
mechanisms, either these complications were efficiently
tackled by the organs and systems helped by the
treatment, or they exhausted the healing resources and
the patient died.

It must be underlined that , as described in
literature, IL-1 and IL-6 more closely follow the positive
or negative systemic reactions, proving to be more
reliable than ESR and CRP when evaluating polytrauma
patients.[28, 29, 30]

This is important especially form the point of view
of the multidisciplinary team which must have objective
criteria to be able to guide the patients’ treatment of.
Since the inflammatory mechanisms are responsible
for most of the complications in polytrauma patients,
monitoring these processes might improve patient
outcomes.

Conclusions

Based on the pathophysiology of polytrauma,
this research analysed some of the markers of acute
inflammation in a challenging group of patients -
polytrauma patients with pelvic fractures. The impact
of an unstable pelvic fracture becomes even more
important when other severe injuries are associated,
as in polytrauma. This is proven by the proportion
of unstable patients in the study group, reflecting the
haemodynamic impact of these types of fractures and
underlining the importance of the basic idea of this
research.

Among the inflammatory markers, both
conventional ESR and CRP proved to reflect the
response to trauma, but the most sensitive reaction is
that of IL-1 and IL-6 especially, which were found to
have more distinctive curves of variance depending
on the pathological mechanisms triggered both by
the trauma and by the treatment. The curves of both
IL-1 and IL-6 had an aspect which can be considered
predictive for either MSOF or favourable outcome,
thus giving useful information regarding the extent of
the surgical treatment that the patient can withstand in
order to prevent the “second hit” phenomenon.

Since unstable pelvic fractures in polytrauma patients
continue to have a high mortality even with all the
progress of modern medicine, the interest in improving
their treatment is considerable. Multidisciplinary
teams are nowadays trained to treat these patients and
research is looking for better protocols and algorithms,
as well as for better methods to assess the patients and
guide the treatment.

This research paper demonstrates that in polytrauma
patients with unstable pelvic fractures inflammatory
markers and especially Interleukins II-1 and IL-6
represent valuable objective elements based on which
the trauma team can establish a flexible, patient-—
adapted and thus efficient therapeutic protocol, able to
ensure first of all the survival of the patients, followed
by their healing.
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Abstract. Crushing traumas are produced by high-energy traumatic agents and are thus characterized
by severe and complex injuries, affecting all the structures of the involved limb. Vascular, bone or nerve
injuries may occur, but the main characteristic of crushing is “rhabdomyolysis”- destruction of the skeletal
muscles. If not treated before irreversible changes appear, the necrotic muscle will endanger not only the
vitality of the limb, but also the life of the patient, due to systemic toxaemia. A complex interdisciplinary
approach is thus necessary in order to insure the survival and recovery of the patient. Research has been
done regarding objective monitoring criteria able to guide the treatment. Certain biochemical markers
have been described as useful and the authors evaluate their clinical significance in patients with crushing
trauma in a Level I Trauma Centre. The results of this retrospective study support the data presented in
the literature regarding the correlation between the outcome of these patients and their biochemical profile.

Key words: biochemical markers, crushing trauma

Introduction

Modern traumatology faces the challenge of young
patients with severe injuries generated by high-energy
traumatic agents affecting not only parts of the skeleton
but, due to physiopathological mechanisms, even the life
of these patients. One of the most representative categories
of such lesions is that of crushing trauma during which a
limb (or limb segment) is injured by the traumatic agent
while fixed on a hard surface.

After any trauma, the energy absorbed by the injured
area represents the difference between the energy of
the traumatic agent and the resistance of the injured
structure. Because the hard surface plays the role of
the counteraction, this is added to the energy amount
previously discussed thus considerably increasing the
effective energy responsible for the injuries [1, 2].

Due to this high energy, skeletal muscles are injured
both directly (through immediate destruction of all the
parts of the muscular fibres) as well as by indirect changes
produced by:

- Disturbances in the microcirculation, and
-abnormal metabolic interactions between the
muscle cells and the tissular fluids

Olivera Lupescu
8 Calea Floreasca, 1 District, 014461, Bucharest, Romania
e-mail: olivera_lupescu@yahoo.com

The common feature of all these situations is the injury
of skeletal muscle, which is called RHABDOMYOLYSIS
[3]; through direct or indirect mechanisms, the local
metabolism becomes anaerobic, including the glycolysis,
which generates lactic acid, producing lactic acidosis.

Muscular ischemia also affects the function of the
membrane pumps, which normally introduce potassium
into the cells and extract sodium and water from the
cells. Any of the situations impairing these pumps can
affect these ions: potassium exits the cells, and sodium
and calcium enter the cells, so the electric potential of the
membrane is altered. Sodium also carries water, producing
cellular oedema, which impairs the cellular respiratory
processes, decreasing ATP synthesis and initiating lipid
peroxidation, which results in the so called “free radicals”

Due to muscular destruction, all the compounds of the
myocytes are dragged into the systemic blood flow, the
most specific substance being myoglobin, which can be
monitored both in blood and urine, as an indicator of the
severity of the injury.

Besides the ion changes and myoglobin, the
inflammatory syndrome is also responsible for the
systemic effects of crushing trauma, described as “crushing
syndrome”. We must differentiate between the two entities:
the “crushing trauma’; representing the injury produced
by a crushing mechanism, and the “crushing syndrome’,
which includes the systemic effects of the rhabdomyolysis
produced by a crushing injury. The resulting substances
harm the organs and systems, starting with the kidneys
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and the liver, continuing with the vital ones, until Multiple
System and Organ Failure (MSOF) occurs. MSOF has the
clinical appearance of shock and is lethal if the treatment
and the body’s reserves cannot compensate for it.[4]

The first affected are: the liver, which functions as
part of the “cleaning” mechanism used by the body to
get rid of useless or toxic products, and the kidneys,
which are suffocated by high amounts of toxic products
and by the other biochemical disturbances (acidosis,
dyselectrolytemia, etc) and thus become dysfunctional
[5]. Due to these aspects, the pathophysiology of crushing
trauma has been thoroughly researched in order to guide
the monitoring and therapeutic actions according to the
characteristics of each patient.

Since inflammation is one of the factors involved in
crushing, it is of great interest to the physicians treating
these patients, not to mention that the inflammatory
mechanism is one of the main triggers of coagulopathy in
trauma [6, 7].

The inflammatory mechanism generates several
substances; for some of them testing is widely available:
ESR, leucocytes, fibrinogen, CRP. A more specific
indicator of inflammation is Interleukine-6 (IL-6). It is not
currently evaluated, mostly due to technical and financial
circumstances, although it is considered to have a central
role in acute inflammation, as it is responsible for the
production of acute phase proteins [8, 9].

Also involved in chronic inflammation by stimulating
T and B cells, IL-6 is mainly associated with the acute
phase response, as its most important function is that
of a pro-inflammatory cytokine, inducing the secretion
of acute phase proteins: C-reactive protein (CRP), 2-
fibrinogen, amyloid protein, haptoglobin, hemopexin
[10,11]. The role of IL-6 was revealed to be even more
complex when it was recently discovered that there is also
an anti-inflammatory component to the action of IL-6 in
both local and systemic acute inflammatory responses
elicited by exposure to endotoxin, thus demonstrating
that IL-6 is critical in controlling the extent of local and
systemic acute inflammatory responses, particularly
the level of proinflammatory cytokines in the local and
systemic compartments [12, 13].

The purpose of this paper is to describe patients with
crushing trauma from the point of view of the systemic
inflammatory response in order to verify the hypothesis
that we could use the inflammatory tests in predicting the
outcome of the patients.

Material and Methods

The authors retrospectively evaluated 38 patients
that treated in a Level I Trauma Centre (The Clinical
Emergency Hospital of Bucharest) during 01.06.2012-
01.01.2015 for trauma produced by a crushing
mechanism. The purpose of this analysis was to evaluate
the importance of the inflammatory tests for the
treatment and monitoring decisions in patients with
crushing trauma.

The inclusion criteria were:

-the mechanism “crushing trauma” was
established as part of the diagnosis either at
admission or at discharge,

- skeletally mature patients (above 18 years of age)

- the affected segment was the shank or/and the
thigh; injuries of the foot have a considerably
smaller systemic impact and are therefore
irrelevant to the subject of this paper

- informed consent was obtained according to the
rules and regulations of the hospital

- the medical records of the patient were complete
and appropriate for evaluation

a MESS score of 6 or less, therefore only cases with
salvageable limb segments (otherwise, the indication
would have been amputation)

The patients were evaluated using the following
criteria:

I. Demography and epidemiology: age, gender,
aetiology and injury site
II. Time elapsed between trauma and treatment
initiation
II1. The evolution of the inflammatory markers:
a. ESR (Erythrocyte Sedimentation Rate),
b. leucocytes,
c. fibrinogen,
d. C Reactive Protein (CRP),
e. IL-6 (Interleukin-6).

Results

I. Demography and epidemiology

The analysis regarding age and gender (Fig.1) showed
that:

- Males are more frequently affected by crushing
than females, presumably because they can be
more easily involved in high-energy trauma due
to their life style.

-
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Fig.1. Demographic analysis of the study group

- Most of the patients were between 20-40 years
old, therefore young patients, probably due
to the same reason as mentioned before. This
is particularly important since the severity
of these trauma cases results in prolonged
immobilisation and therefore missing work,
generating substantial costs for the society, let
alone the psychological impact upon the patients
and their families.

As for the aetiology of the crushing trauma in the
study group, most of the injuries (79%) resulted from
traffic accidents (30/38 cases) while the rest were due
to work accidents (2/38 cases- 5.2%) and accidental
crushing (6/38 cases).
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Regarding the injured site, most of the patients (34/38
cases, 89.4%) had unilateral injuries, while 4 patients had
associated injuries — 1 with bilateral shank crushing and
3 with shank + ipsilateral thigh involvement.

II. Regarding the time elapsed between trauma and
treatment initiation, the following must be underlined:

As presented in Figure 2, most of the patients were
admitted to our hospital during the first 12 hours after
trauma (33/38 cases - 86.8%). The fact that there were
still 5 other patients who arrived later than 12 hours
after crushing suggests that certain improvements
regarding the emergency protocols are to be taken into
consideration. This is because, due to the facts previously
mentioned, the longer the time until the systemic
dysfunctions are corrected, the bigger the probability for
systemic complications to develop.

6h 6-12h 12-24h

Fig.2. Demographic analysis of the study group

Regardless of the moment of arrival in our hospital,
the patients followed the same protocol, with two main
components:

1. Multidisciplinary evaluation, and
2. Local and general treatment

As presented in the medical records, initial evaluation
included:

-Local evaluation of the injury site by a
team consisting of senior surgeons from:
orthopaedics-traumatology, vascular surgery,
plastic surgery

- General clinical evaluation mandatorily
including that of an anaesthesia - intensive care
senior (specialist or consultant)

- Imaging evaluation of the injured limb: X-ray
of the injured segment and adjacent joints, as
well as X-rays of other injured segments; all the
patients were required to get a pulmonary X-ray.

-ECG

- When other systems or organs were also injured,
supplementary tests were indicated, such as
echography or CT scan

- urinalysis and urine culture

Blood samples were tested for:

- Complete blood count (CBC) — erythrocytes,
leucocytes, platelets

- Coagulation tests: PT, APTT, INR

- Inflammatory standard tests: ESR, Fibrinogen,
C Reactive Protein

- Standard metabolic tests: glucose, urea,
creatinine, AST, ALT, GGT, proteins, albumin,
ions (sodium, potassium), total and direct
bilirubin

- Enzymes specific for crushing: LDH, CK and
CKMB for differential diagnosis of increased
CK levels

Following initial evaluation, urgent surgery was
indicated IN ALL the cases, as crushing is characterized
by severe injuries that require immediate treatment.
Besides the orthopaedic team, some cases also required
the involvement of plastic surgeons (15 cases) or vascular
surgeons (4 cases), due to associated injuries. Since the
treatment of crushing injuries is not the purpose of this
paper, this is not going to be presented in detail, but
briefly summarized instead:

- Large exploratory fasciotomy with complete
access to all the muscular spaces of the involved
segment

- Vascular and nerve exploration

- Haemostasis

- Evaluation of the muscles, with thorough
excision of all devitalized tissues

- Bone stabilization by external fixation after
excision of devitalized fragments

- Treatment of associated injuries

- Bone coverage (at least temporary)

The patients were monitored both for local and
systemic outcome. Local monitoring of the crushing site
included recording the aspect of the musculo-skeletal
injury both initially and during secondary debridement.
Systemic monitoring included the previously mentioned
tests as well as serum and urinary myoglobin, diuresis
and creatinine clearance.

It must be underlined that secondary debridement
was repeated many times due to the fact that disturbances
of the microcirculation induce secondary muscular
necrosis requiring repeated necrectomies.

The parameters that were monitored for this
research were:

a. ESR (Erythrocyte Sedimentation Rate)
b. leucocytes

c. fibrinogen

d. C Reactive Protein (CRP)

e. IL-6 (Interleukin -6)

The evolution of these parameters in the study group
is shown in Figures 3-7. Note that the actual values
obtained are compared to the normal level, so what is
shown on the graphs is not the absolute value, but the
ratio between the value in study group and the mean
normal value. Therefore, level 1 on the vertical axis of the
graph means that the value in the study group matched
the mean normal value, 2 on the vertical axis means that
levels obtained were twice as high as the normal value, 3
means three times as high, and so on.

The monitoring sequence included the following
moments illustrated on the horizontal axis of the graphs:
the moment of admission - (1), the end of surgery - (2),
then daily until the 7th day after surgery (D2-D7), then
days 10 (d10), 14 (d14), 18 (d18), 21 (d21), 28 (d28).

The values of the ESR (Fig. 3) started to decrease
on D3, but with a smooth curve, with persistently high
values until the third week after trauma. This is in
contrast to the number of leucocytes (Fig. 4), which had
a more rapid positive response, with mean normal values
2 weeks after the initial trauma.

22

Therapeutics, Pharmacology and Clinical Toxicology



6 kM oW oa o ow o

2 a @ an as o6 a1 a0 d1a d1s an a

Fig. 3. ESR variation in patients with crushing trauma

Fig. 4. Leucocyte levels within the study group

Compared to these two parameters, the levels of CRP
increased more brutally and decreased abruptly starting
from D5; this approximates the so-called “the acute
inflammatory” stage after trauma and it seems that CRP
defined this period better than other inflammatory tests
in this study group.
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Fig. 5. C Reactive Protein in the study group

Fibrinogen decreased smoothly starting from D4
with a trend somewhat parallel to that of CRP, getting
back to normal 2 weeks after trauma.
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Fig. 6. Fibrinogen in the study group

In addition to standard inflammation tests, IL-6 was
also measured in order to evaluate its capacity to reflect
the inflammatory response and to compare this capacity
to that of the other tests. In this study group, IL-6 levels
were consistent with:

- The severity of the initial trauma (reflected by
CRP as well)

- The persistence of the inflammatory syndrome
until D5, when the level of IL-6 clearly decreases

- IL-6 reaches normal values (ratio 1) only after
nearly 3 weeks, as additional proof of the severity
of initial accident.
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Fig. 7. Levels of IL-6 in the study group

An interesting matter is the comparative analysis
of these parameters, which is shown in Fig. 8, showing
different curves of variation, reflecting the way that
each parameter is influenced by the trauma and by the
treatment.
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Fig.8. The comparative evolution of the
parameters over time
Discussion

In concordance with the data from the literature,
the inflammatory response in patients from this
study group (monitored using the above described
parameters) demonstrated the systemic impact of the
severe initial trauma.

Regardless of the moment when the patient arrived
at the hospital, all the parameters had abnormal values;
the fact that they also had higher values after surgery
than before needs to be discussed so as not to create any
false impressions. Due to its severity, crushing trauma
represents a surgical emergency and all the patients
were operated on immediately after arriving at the
hospital, while the disturbances induced by the trauma
were still fully developing. Therefore the increase
after surgery (for all the parameters) was caused to a
much smaller extent by the surgical aggression and to
a much larger extent by the initial trauma. Although it
is only a hypothetical example, it could be said that had
the patients not been operated on, the inflammatory
markers would have definitely been higher than the
values we found post-surgery.

The most abrupt response to trauma can be found in
the trends of CRP and IL-6, which were also the slowest
parameters to return to normal levels, thus reflecting
in a more sensitive way the post-traumatic systemic
impact. The first parameters to approach normal
values are leucocytes and fibrinogen, which also have
the smoothest curve, which might suggest that their
reliability is debatable when using them as markers for
the severity of trauma.

CRP and IL-6 are also the parameters which are
most influenced by surgery, since they start to decrease
immediately after the primary surgical debridement. In
the study group, they have also been found to illustrate
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in the most direct manner the “acute inflammatory
response’; since their major disturbances last until D5
after trauma, corresponding to this period.

Although this study does not establish a correlation
between the inflammatory tests and the onset of
complications, it might suggest that, together with
the specific tests for rhabdomyolysis, the analysed
parameters (especially CRP and IL-6) should be
monitored in patients with crushing trauma.

Conclusions

The inflammatory syndrome following trauma is well
described in literature, as it is the main response of the
human body to any attack. The intensity of the syndrome
depends on the traumatic energy; it also reflects the impact
of the trauma upon different organs and systems.

Despite the fact that crushing trauma is a localized
injury, its general consequences are by far more severe,
as they refer to systemic toxaemia. Myoglobin, products
of anaerobic metabolism, as well as severe electrolyte
disturbances (especially potassium and sodium) are
responsible for renal failure and, in more severe cases, for
MSOF and death.

One of the mechanisms that contribute significantly to
these pathological events is the inflammatory syndrome,
which, as shown in this paper, is influenced by the severity
of the trauma and reflects the systemic impact of crushing.
The clinical relevance of this conclusion is the necessity of
including the inflammatory tests (especially CRP and IL-
6) among the parameters that must be monitored. Their
pattern reflects the state of the injured tissues and the
outcome of the patients, thus providing the opportunity
to anticipate and prevent the onset of vital complications.
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Abstract. Boron neutron capture theory (BNCT) is a binary therapy applied in malignant tumours, resis-
tant to other treatment methods, namely chemotherapy and radiotherapy. One of the main components is
Bor-10, a stable isotope that can be inserted in the tumour cells by using specific transporters. Through
the use of adequate Boron compounds, that preferably are located in the tumour cells and not in the
healthy tissue, Boron neutron capture therapy provides a higher curative potential with minimal toxicity,
at the level of normal tissues. In order to obtain a proper tumour control with minimum side effects,
10B increased concentrations should be obtained by selective cumulation within the tumour cells, with an
adequate ion gradient between the normal and tumour tissues. Therapeutic effectiveness can be reached
by a minimal boron concentration of 20-30 ppm inside the tumour and a tumour/blood and tumour/
normal tissues boron concentration gradient of approximately 3. So far, clinical practice has used two
main boron delivery agents: sodium borocaptate (Na,B,,H, SH) (BSH) and a phenylalanine dihydroxy-boryl
derivative, known as Boronophenylalanine (BPA). During the past 20 years, along with the development
of new techniques of chemical synthesis and improved knowledge of biological and biochemical require-
ments for the effectiveness of an agent and ways of boron delivery, a new number of boron delivery agents
have appeared in response to the agents up to now. They include: aminoacids, nucleic acid precursors,
DNA-binding molecules, porphyrin derivatives, high-molecular- weight delivery agents, macromolecules
or nanovehicles such as monoclonal antibodies or monoclonal antibody fragments that bind to tumour
epitopes- EGF, VEGF or liposomes, dendrimers, dextrans, polylysine, avidin, folic acid, etc. Next to the
identification and study of new boron compounds or new compound combinations, other delivery methods
are currently under research seeking to improve the classical intravenous administration and the selective
intratumoral binding process as well as the therapeutic index (intraarterial, intratumoral administration,
etc). Despite a large number of ongoing studies, a boron compound that fits all the ideal BNCT compound
criteria has not yet been identified, especially in terms of tumour selectivity, the ratio of concentrations
between the concentration in the tumour cells and the one in the normal cells, the delivery of a proper
number of boron atoms in the tumour cells, hydrophilicity and lipophilicity, homogeneous intra-tumour
distribution. The development of BNCT boron delivery agents has been initiated approximately 50 years
ago and continues to represent at the same time a priority and a difficulty. Several bor-10 boron based
pharmaceutical products have been prepared in view of their potential use in BNCT.

Key words: Radiotherapy, BNCT, boron compounds.

Introduction

oron neutron capture theory (BNCT) is a
binary therapy assessed for the cases of resistant
malignant tumours to other treatment methods,
namely chemotherapy and radiotherapy. Neither of
the two therapeutic compounds, taken separately, has
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consistent effects on the tumour but their combination
triggers a lethal effect for the tumour cells with a minimal
damage on the healthy tissue. One of the compounds
-Bor-10-a stable isotope can be concentrated in the
tumour cells by applying a specific set of transporters.
The other compound is a beam of low-energy neutrons.
The capture of “Bor neutrons produces alfa energy
particles, with a linear energy transfer at the level of the
tissue. Hence, this generates effective cell destruction
and a relatively higher biological efficiency than the
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photons. By using the adequate Boron compounds
that preferably bind to the tumour cells and not to the
healthy tissue, Boron neutron capture theory provides
a better curative potential with minimal toxicity for the
normal tissues. [1, 2]

In order to obtain effective tumour control with
reduced collateral effects, '°B increased concentration
must be reached by accumulating it selectively within the
tumour cells, with a sufficient ion gradient between the
normal and tumour tissues. Subsequently, the patient
undergoes radiation therapy with adequate energy and
intensity neutron beams so that the maximum density
of the thermal or epithermal neutrons be reached
within the proximity of the tumour.

A productive therapy relies on a minimum boron
concentration of 20-30 ppm inside the tumour and a
normal boron concentration in the tumour/blood and
tumour/normal tissues of approximately 3.

The substances used in BNCT boron administration
must meet the following essential criteria:[1, 3, 4]

« An increased boron content (the natural

abundance is around 20%);

« No systemic toxicity;

« Selective caption at the level of the tumour. The
selectivity conditions the tumour/normal tissue
therapeutic index; tumour concentrations ratio:
the blood must be 3-4:1;

«+ Efficient boron transporters;

+ Theabsoluteboron contentis essential while boron
tumour concentration should be approximately
~20 pg “B/g per tumour. Together with the
thermal neutrons flow, boron content establishes
the necessary exposure time targeted to reach
the prescribed physical dose and ratio from the
total dose delivered to the boron compound. The
compound must have a rapid blood and tumour
clearance and should persist, nonetheless, in the
tumour cell throughout BNCT;

+ Homogeneously captured by the target.

Currently not a single boron delivery agent fulfils all
the above mentioned criteria.

['°B] absolute value in the tumour, healthy tissue
and blood are critical elements for BNCT.

For similar tumour/tissue or tumour/blood ratios,
higher boron concentrations are more beneficial due to
their permissiveness in terms of a lower exposure time,
hence a reduced background irradiation associated dose.

An agent can hardly trigger all the tumour cells or at
least, the largest part of them.

Combined administration of different boron
compounds with specific properties and complementary
absorption mechanisms would increase BNCT’s
therapeutic advantages by merging tumour control
mechanisms that aim distinct tumour populations and
the reduction of cell toxicity that limits the dose.

The first association of this sort has been detected
between the first two used agents, namely BPA and BSH
which led to promising results in what concerned the
improvement in the tumour/normal tissue boron index [5].

Another studied association was BPA with GB-10.
BPA is selectively captured in the tumour but presents
an intra-tumor inhomogeneity capture in viable/
necrotic areas of 1.46/ 1. GB-10 (Na,'’B, H, ) cannot
cross the intact blood-brain barrier, but it will however
deposit itself, homogeneously, inside the tumour with a
0.97/ 1 viable/necrotic areas ratio.

The concern with these cases of association is the
difficult dosimetry, especially if a high weight and low
weight molecular compound conflate.

Boron delivery agents:

So far, clinical practice has relied on two main boron
based drugs: sodium borocaptate (Na,B,,H,,SH) (BSH)
and a phenylalanine dihydroxy-boryl derivative, known
as Boronophenylalanine (BPA) [6, 7, 8, 9, 10, 11], a third
one GB-10 (Na,”B, H, ), being recently approved by
FDA. [12]

During the past 20 years, along with the development
of new techniques of chemical synthesis and improved
knowledge of biological and biochemical requirements for
the effectiveness of an agent and ways of boron delivery,
a new number of boron delivery agents has appeared in
response to the agents used so far (examples in TableI). [13]
They include: aminoacids, nucleic acid precursors, DNA-
binding molecules, porphyrin derivatives, high-molecular-
weight delivery agents, macromolecules or nanovehicles
such as monoclonal antibodies or monoclonal antibody
fragments that bind to tumour epitopes- EGF, VEGF or
liposomes, dendrimers, dextrans, polylysine, avidin, folic
acid, etc. [14, 15].

* Boronophenylalanine
("BPA")
Dodecaborate cluster lipids
and cholesterol derivatives

"GB10" (Na,B. H )+

210" 107

* Sodium borocaptate
("BSH")

Carboranyl nucleosides

Carboranyl porphyrins

Cholesteryl ester mimics Boronated EGF(epidermal

growth factor) and anti-

EGFR mAbs
Boronated DNA metallo- Boron-containing
intercalators nanoparticles

Transferrin—polyethylene
glycol (TF-PEG) liposomes

Carboranyl porphrazines

Unnatural amino acids Boronated cyclic peptides

Dodecahyrdo-closo-
dodecaborate clusters

Boron carbide particles

* The only boron delivery agents used by clinical practice.
+ FDA approval

Tabel I. Boron delivery agents with low and high
molecular weight that are currently used or under
process of approval [16]
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The chemical structure of the main boron delivery
agents that are under assessment is presented in figure 1:
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Fig.1. Chemical structure of the main boron delivery
agents with low and high molecular weight

Presently the medical community use BPA (compound
1) and BSH (compound 2).

GB-10 (compound 3) recorded promising results
on animal tests as well as nucleosides derivatives £3-5-o-
carboranyl-2'-deoxyuridine (D-CDU comppund 4) and
N5-20H (compound 5). Compound 6, a trimethoxyindole
derivative has been under research in vitro while
compound 7, H,DCP, a porphyrin derivative, has shown
tumour selectivity. Maltose derivative, compound
8, has demonstrated at the in vitro experiments,
reduced cytotoxicity and tumour capture; compound
9, a biphosphonate, presented tumour selectivity and
dequalinium-B derivative (DEQ-B, compound 10) has
registered promising results at the in vitro studies. [1, 17,
12,18, 19]

Next to the identification and study of new boron
compounds or new compound combinations, other
delivery methods are currently under research in order
to improve the classical intravenous administration
and the selective intratumoral binding process as well
as the therapeutic index (intraarterial, intratumoral
administration, etc). [14]

We will now proceed to briefly describe the main
agents and ways of boron delivery.

First and second generation boron delivery agents

In the 1950s and early 1960s the first boron agents
used in BNCT were boric acid and some of its derivatives.
However, they were non selective agents, presenting poor
tumour retention and a reduced tumour/tissue therapeutic

index. [20, 21] During the 1960's, second generation agents
entered in trial, one that was aryl boronic acid based, BPA
[22] and another one, based on polyphedral boranes and
sodium  mercaptoundecahydro-closo-dodecaborate,
known as BSH [23]. Second generation compounds have
low toxicity, persist longer inside the tumour tissue and
have a supraunitary tumour/brain and tumour//blood
therapeutic index. [24, 25] BPA has been improved with
10B and mixed with fructose in order to obtain better
hydrosolubility and, along with BSH, has been used for
both brain tumours as well as for other tumours. [26].

Third generation boron delivery agents

The third generation compounds consist mainly
of a group of stable boron compounds attached to a
high tumour affinity fragment through a hydrolitic
stabilised bond (low weight molecular biomolecules or
monoclonal antibodies). In this sense, EGFR targeting
and the mutant EGFRVIII isoform overexpressed in
brain tumours and squamos cell carcinoma of the head
and neck actually represented such an approach. [27]
Tumour cell nucleus and DNA are attractive targets
due to the fact that the necessary boron amount to
produce a lethal effect can be substantially reduced
if it is localised inside or close to the nucleolus. [28]
Organelles (endoplasmic reticulum, mitochondria,
lysosome, etc) are also a potential target. Hidrosolubility
is an important property in the systemic administration,
while lipophilia allows the crossing of blood-brain
barrier and intratumoral diffusion making amphiphilic
products the most studied within their class. Another
possibility to cut across the blood-brain barrier is the
incorporation of delivery agents such as liposomes
which would make amphiphilie unnecessary. Molecular
weight is another factor that could determine the
intratumoral diffusion rate.

a. Low molecular weight agents

Boron aminoacids and polyphedral boranes:
several boron aminoacdids have been assessed-
cysteine, tyrosine, aspartic acid, alanine, methionine
and glycine as well as non-natural amino acids [29-
34]. The advantage is that compared to BPA they have
increased boron content, reported at their weight,
thus being able to deliver more intratumoral boron
without causing consecutive increase in toxicity. One
of the non-natural amino acids, I-amino-3-borono-
cyclopentanecarboxylic acid (ABCPC) is worth
mentioning because it has registered blood/tumour
concentrations of 8 and tumour/normal tissue of 21
on melanoma murine models, a highly advantageous
ratio compared to the usual boron compounds. [35]
Several polyphedral boranes were also evaluated one
of them being: decahydro —closo decaborate — dianon
B10H102. The simple sodium salt in this compound,
the one known as GB-10 has reduced systemic toxicity
and tumour selectivity which enabled FDA to approve
its use in glioblastomas and melanomas [12]. Other
polyphedral boranes, although with a proper boron
content, have reduced tumour selectivity which qualifies
them for liposomal encapsulation. [36, 37]

Biochemical precursors and DNA binding agents
have been tested on animal models: nucleic acid
analogues, purine, pyrimidine, nucleosides, nucleotides,
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etc. [38, 39-44] Cell nucleotide formation from these
compounds may lead to an increased caption and boron
intratunoral retention [45] For a large part of these
agents the binding process depends on the cell cycle
phase (binding takes place in the S phase), hence the
need to combine it with a non cyclodependant agent.
Another evaluated compound class was DNA binding
compounds: alkylating agents, platinum complexes,
intercalators or polyamines.

Boron porphyrins and other similar derivatives-
some boron fluorescent dyes as porphyrins, acridine,
phenanthridine, phthalocyanine have all been under
research for BNCT, carrying the advantage of simple
detection via fluorescence microscopy and DNA
interaction due to their plane aromatic structure.[46-53]

BSH carbohydrate derivatives and other boron based
carbohydrates were also studied: ribose, mannose,
maltose, galactose and the results showed increased
hydrosolubility. They can be mixed with molecules
that have affinity on different receptors such as steroid
hormone antagonists, namely tamoxifen.

Peptides [61], polyamines [62] and antisense
oligonucleotides have also been considered as
alternatives to boron delivery methods.

Nicotinamides, which also have radiosenzitising
properties, have been studied in different combinations
either mixed with the boron delivery agent or
administered prior to the agent.[64]

b. High weight molecular agents

Special attention was given to boronated monoclonal
antibodies or fragments of them with affinity for different
tumour epitopes. Even if they have increased tutor affinity
they also have rapid clearance that reduces intratumoral
capture by decreasing the contact period [27, 65-70]

tEGF Dbioconjugates that demonstrate affinity
for tumours overexpressing EGFR can be used as
boron delivery agents. [71] In the case of systemic
administration, they have a high selection degree,
but a relatively short blood flow maintenance time in
order to be captured, especially by the brain. Local
administration could solve this problem.[72-75].
Another option is the use of anti EGFR monoclonal
antibodies but this would require repeated BNCT.
[76]. Direct binding between boron and a monoclonal
antibody would require mixing a large number of boron
atoms so that BNCT therapeutic concentration be
obtained. A bioconjugate of this type would precipitate
and loose its immunogenicity. Although solutions to
improve solubility have been identified, compromised
immunogeneicty continues to be a burden, as the
simple attachment of boron to the antibody cannot be
considered a solution. [76-82]. One bioconjugate that
could represent a solution is Cetuximab mixed with a
boron-enriched dendrimer

Dendrimer-based delivery agents

Dendrimers are synthetic polymers with a well
defined globular structure. They consist of a basis
molecule, repetitive units with three or more functions
and surface reactive groups. [84, 85]. They have low
toxicity and several surface reactive groups that can be
coupled with other molecules. [86-91] The high number
of reactive groups enable the binding of a larger number

of boron atoms for each immunoconjugates molecule
(up to 1000 boron atoms). The first compounds proved
to have high affinity especially for the liver and spleen.
[65, 66, 69, 83]

An alternative to binding of boron enriched
dendrimers is their connection with receptor ligands,
as for exemple EGF, with the clear benefit of a
lower molecular weight compared to the antibody
bioconjugation. [83, 92]

Merging dendrimers with anti-folate receptor

The folate receptor (FR) is overexpressed in various
cancers: ovarian, pulmonary, mammary, endometrial
and renal cancers [93-95]. Folicacid (FA) is a vitamin that
is transported to the cell by FR mediated endocytosis.
Binding of folic acid to other molecules by grouping
carboxil does not have an impact on endocytosis. [96].
Folic acid was studies as a intracellular transporter
vector for a series of substances: cytostatics, toxines,
enhnancing agents, liposomes, immunotherapeutic
agents, etc. Coupling with a boron-enriched dendrimer
can also render it attractive for BNCT [97].

An alternative method to deliver born compounds
through dendrimers is to incorporate Carboran
boron sites within the dendrimers, this resulting in a
hydrosoluble compound that has the ability to deliver a
sufficient number of boron atoms. [98]

Liposome incorporated delivery agents

Liposomes are non-toxic, biodegradable vesicles
that have been used to supply both hydrophilic and
hydrophobic agents [99]. Boron liposomes stand as
another possibility for boron delivery [100-103]. Due
to their incapacity to break the blood-brain barrier as
a consequence of their dimensions- >50 nm they are
less attractive for brain tumours and more beneficial for
liver tumours [102, 104, 105]. Rapid growth tumours
due to structural deficiencies in the neoformation
vessels are the pre-elected target of liposomes or
other nanoparticles. PEGylation or the attachment to
antibodies increases the tutor selectivity as well as the
circulation time. [106]. Liposomal encapsulation extends
the time for elimination by the reticuloendothelial
system, thus maintaining sufficient intratumoral
quantities- from 3 to 6 hours even to 24 hours from the
systemic administration. Hence, BNCT administration
is rendered easier, especially if irradiation is performed
remotely. [108, 109]

Polyphedral boranes and carbonades can also
be encapsulated into the liposome. This generates
compounds with multiple boron atoms that are
resistant to metabolic degradation and are lypophilic,
thus enabling a simpler penetration of the tutor cell
membrane [110].

The attachment of molecules with affinity for
certain cell epitopes that engenders immunoliposomes
facilitates a selective delivery of the boron to the
tumour. Similar to dendrimers, liposomes may couple
with monoclonal antibodies (anti CEA [111, 112] or
anti HER-2 [113] as an exemple), with EGF [114-116],
or FR [117]

Dextran based delivery agents

Dextrans represent glucose polymers used as
carriers for various drugs or proteins to increase their
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circulation time. Considering that their chemical
structure has been modified, dextrans can now be
applied for targeting the tumour cells. [118, 119].
In order to bind boron to dextrans B-decachloro-o-
carborane derivatives were used, where one of the
carbon atoms was substituted with a -CH,CHOHCH, -
O-CH,CH=CH,, group, thus reaching a boron content
of 4.3% [120, 121] Subsequently, the modified dextran
is coupled with specific anti-tumour antibodies. [121-
124] However, bioconjugates intratumoral caption is
reduced in the systemic administration, intratumoral
application being the considered option. [27]

In the case of liver tumours, the association of
a classical boron delivery agent, BPA or BSH with
lipiodol has been studied with the conclusion that there
is sufficient intratumoral boron caption for BNCT
application. Intra-hepatic artery administration scaled
up following this selectivity [125]

Other molecules used for BNCT boron delivery were
polylysine (also coupled with antitumor antibodies),
unimolecular nanovehicles (e.g. dodecahydro-closo-
dodecaborate clusters), etc [68, 126-128]

Conclusions

Although BNCT is an innovative and promising
treatment method, still several aspects continue to be
critical which prevents it from being applied on a larger
scale. BNCT’s success depends on the boron delivery
compound, the quality of the neutrons’ beam, dosimetry
and the experience of the medical staff.

The first problematic aspect regards the boron delivery
compound. Despite numerous ongoing studies, so far, a
boron compound that fits all criteria for the ideal BNCT
compound is yet to be identified, especially in the areas
of tumour selectivity, ratio concentration between tumour
and normal cells, the delivery of a sufficient number
of boron atoms to the tumour cells, hydrophilicity and
lipophilicity, homogeneous intratumor distribution.

The development of boron delivery agents for BNCT
has begun 50 years ago and continues to be a difficult issue
but a priority, nonetheless. Several bor-10 boron-based
pharmaceutical products have been prepared in view of
their potential application in BNCT. [1, 17]
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CASE REPORT

FREE PERITONEAL PERFORATION IN CROHN'S DISEASE- A RARE

COMPLICATION

Dimitriu Anca', Gheorghe C.

! Department of Gastroenterology and Hepatology ,Fundeni Clinical Institute, Bucharest
gy gy

Abstract. Free peritoneal perforation is a rare complication of Crohn's disease. We report the case of a
17 years-old male patient with Ileocolonic and perianal Crohn's Disease , severe ileitis nonresponsive to
anti-TNF alfa medication, who underwent a laparotomy surgery for acute abdomen and was found to have
ileal perforation for which segmental enterectomy with ileotransversoanastomosis was performed. The most
likely hypothesis is a bowel dilatation above a stenotic area which increased the intraluminal pressure or
the inflammatory changes in the blood vessels associated with enteritis possibly contributing to an ischemic
cause . Due to high risk of postoperative recurrence of the disease, anti-TNF alfa thearpy was restarted
at the same dose at 1 month after surgery. The patient had good early and late postoperative outcomes.

Keywords: Crohn's Disease, Intestinal perforation , Complication of Crohn's Disease, Segmental enterectomy

Clinical presentation

We report the case of a 17 years-old male, urban
citizen, non-smoker, without any family history
of IBD. He first presented to a medical unit in 2007,
complaining of diarrhoea lasting for 8 weeks ( 4-5 loose
stools/day, without blood/mucus/pus). He associated
cramps abdominal pain, nausea and weight loss.

Fig.1. Confluent ulcers in the terminal ileum

Dimitriu Anca
258 Sos.Fundeni, 2™ District, Bucharest, Romania
e-mail: borcaanca@yahoo.com

The phisical examination showed an underweighted
patient, with a mild discomfort on palpation of the right
abdominal flank.

The laboratory data returned with a mild
inflammatory syndrome and mild anaemia.

The ileocolonoscopy performed described multiple
superficial linear ulcers in the terminal ileum, some
of them deeper and confluent, with a discontinuous
involvement of the mucosa.The rectum and colon had

Fig.2. Pseudopolyps on normal colonic mucosa

normal appearance excepting few pseudopolyps in the
cecum and the ascendant colon.(fig 1,2)

The histopathology report described focal chronic
active inflammation (lymphocytes and plasma cells)
and segmental crypt architectural distortion.
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Having all the clinic-biological, endoscopic and
histological data, the final diagnosis of Crohn's disease
was established, classified as A2L3B1 according to
Montreal classification (age at onset :17-40 y, ilecolonic
extension, non-stricturing and non-fistulising pattern),
a mild flare of disease according to CDAI clinical score
(CDAI 190).

The patient started treatment with oral 5-ASA
(4g/day) and topical corticoid (Budesonis 9 mg/day)
which succeeded to maintain clinical remission for
only one year, when he presents with a moderate flare
of disease, necessitating systemic administration of
glucocorticoids. He was corticoid-responsive, but the
treatment for maintaining remission was also adjusted
with ADD-on of Azathioprine 2.5 mg/kgc.

He had an undulating course of the disease,
with frequent relapses during the following years,
associating involvement of the perianal region (lower
intersphincteric perianal fistula, perianal abscesses).

Given the multiple poor predictors he cumulated
(youngage atdiagnosis, Ileocolonic and Perianal disease,
moderate relapses while on AZA —maintenance ) the
medical decision was to optimize the treatment with an
anti-TNF alfa agent (Infliximab 5 mg/kgc).

After an initial good response to treatment, with
visible improvement of the endoscopical lesions (fig
3) and clinical activity, the disease started to relapse
more severely (at approximately 1 year after starting

Fig.4. Terminal ileum: severe ulcerations
and partial stenosis of the lumen

IFX): circumferential ulcerations of the ileocecal
valve, severe ulcerations in the distal ileum and partial
stenosis of the lumen (fig 4).

Before any other treatment optimization was made
the patient presented to the emergency department
unit with signs of acute abdomen.

The laparotomy found free perforation of the distal
ileum with acute peritonitis , for which a segmental
enterectomy with ileotransversoanastomosis  was
performed. The histological interpretation of the
surgical specimen described transmural chronic
inflammation and lymphoid aggregates, findings
confirming a diagnosis of Crohn's disease.

Evenifthe maininflammatory trigger was surgically
removed (severe terminal ileitis, unresponsive to
medical treatment), the patient still associated multiple
predictors of early recurrence after ileocolonic resection
(penetrating disease behaviour, perianal involvement,
young age at onset, short duration of the disease).
Having these arguments, the patient was restarted on
IFX 5 mg/kgc 1 month after surgery, which was well-
tolerated and successfully maintained remission in the
following years.

Discussions

The case-particularity is given by the free peritoneal
perforation , which is a rare condition in IBD ( ~ 100 cases
reported in the literature, 1-3 % of patients with CD).
[1] It is so rare because CD is usually associated with a
fibrous reaction and adherence to adjacent organs, so the
omentum usually encapsulates the imminent perforation
site creating an inflammatory mass. Only 20 % of ileal
perforations associate pneumoperitoneum.[2]

Most of the perforations develop in the ileum, due to
the thinner wall compared to the jejunum.[3]

The mechanism of free peritoneal perforation
in IBD is not fully understood, but some possible
explanations are suggested: a bowel dilatation above
a stenotic area with increases intraluminal pressure
or the inflammatory changes in the blood vessels
associated with enteritis possibly contributing to an
ischemic cause. Both of these may be incriminated in
the presented case.[1]
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Abstract. Herpes simplex encephalitis (HSE) is a severe viral infection of the central nervous system
and it’s one of the most common causes of life-threatening fulminate necrotizing viral encephalitis. Most
frequently the patients’ presentation is a non-specific one, consisting of fever, headaches, vomiting, focal
neurological signs, and seizures in association with an altered consciousness. The management of HSE has
been improved in the last years through the availability of intravenous acyclovir therapy and PCR - based
diagnostic assays, reducing mortality and morbidity rates and decreasing rates of neurological sequelae.
The objective was to expose clinical data, laboratory test sequencing and management courses in HSE
among children - a clinical case report. We present the case of a 15 month-old boy, admitted in the ICU
of National Institute for Infectious diseases “Prof. Dr. Matei Bals” for fever, vomiting, diarrhoea, focal and
generalized seizures, drowsiness, bulging anterior fontanel and altered mental status. The diagnosis of HSE
was established corroborating data from the clinical findings with the neurological exam, and confirmed
by detecting the HSV type I DNA in CSF using PCR; Brain MRI was highly suggestive for HSE.The
patient was treated with iv Acyclovir; anticonvulsant drugs , anti cerebral-edema therapy and iv human
immunoglobulin. The child was discharged after 25 days with a good clinical and neurological condition.
HSE is the most common cause of sporadic fatal encephalitis worldwide and it’s a medical emergency that
requires etiological treatment right away. Using PCR for detecting HSV -DNA from CSF remains the gold
standard for diagnosing HSE. Mortality rates range dramatically depending on how early the antiviral
treatment is initiated.

Keywords: herpes simplex type 1 encephalitis, polymerase chain reaction (PCR), cerebrospinal fluid ,
antiviral therapy

Introduction

Herpes simplex encephalitis (HSE) is a severe
viral infection of the central nervous system
and is the most common cause of life-threatening
necrotizing viral encephalitis. Herpes simplex virus
spreads to the brain by means of direct neuronal
transmission from a peripheral site to the brain via the
olfactory or trigeminal nerve. The exact pathogenesis
and the precipitating factors or the predisposing
underlying conditions are still unclear. [5]

The clinical presentation is non-specific consisting
of fever, headaches, vomiting, focal neurological signs,
seizures and altered level of consciousness. The etiologic
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diagnosis is established using rapid polymerase chain
reaction (PCR) on cerebrospinal fluid (CSF) samples,
although the combination of the clinical findings, CSF
demonstrating pleocytosis with normal or elevated
protein levels , specific brain MRI changes and diffuse
abnormal electroencephalogram pattern with focal
epileptic discharges.[2] It is known that herpes simplex
virus has a high affinity for limbic system, insular
cortex, medial temporal lobes, and inferolateral frontal
lobes, affecting these areas bilaterally but presenting
with asymmetrical involvement.[3]

HSE management has been improved in the last
years through the availability of i.v. acyclovir therapy
and PCR - based diagnostic assays, reducing mortality
from 80% to 20%, significantly decreasing morbidity
rates and subsequent neurologic sequelae. [6] Untreated
HSE is a progressive and fatal condition in 70% of the
cases in 7-14 days from onset.
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Clinical case

We present the case of a 15 month-old boy, admitted
in ICU of National Institute for Infectious diseases
“Prof. Dr. Matei Bals” for fever, vomiting, diarrhoea,
focal and generalized seizures, drowsiness, bulging
fontanel and altered mental status. The symptoms’ onset
occurred 7 days before the patient admission with high
fever (40 °C), diarrhoea and vomiting. The child was
initially admitted in a regional paediatric facility where
he received empiric antibiotic therapy, i.v. fluids and
antipyretics with initial unfavourable clinical evolution.
Latter on he experienced repeated vomiting, irritability
and drowsiness, high fever, axial hypotonia and focal
seizures and he was consequently transferred to our
clinic, The National Institute for Infectious diseases
“Prof. Dr. Matei Bals”

On admission the clinical examination revealed:
a 15 month old boy, well nourished, with mediocre
general condition, running a fever of 39,7 °C; presenting
with pale skin; no abnormal respiratory sounds were
noted over the lungs area, cardiac rhythm was regular,
no extra-beats or murmurs were identified during the
initial evaluation; heart rate - 120-130 beats/min, blood
pressure - 95/52 mmHg; no cyanosis was noted; oxygen
saturation measured by pulse oximetry was 98% in room
atmosphere, the abdominal exam found a symmetric,
soft and non tender abdomen, no hepatosplenomegaly
was discovered; physiological diuresis was present, the
neurological examination describes a normotensive
fontanelle, drowsiness, axial hypotonia, no focal
neurological signs. In the first hours after admission
the child experienced recurrent focal seizures with
rapid neurological deterioration, bulging fontanel and
decreased level of consciousness (GCS 5/15).

The initial brain MRI studies revealed diffuse
enhancement of hippocampus and parahippocampal
gyrus, anterior inferior temporal lobe, insular cortices,
internal occipital lobe and parieto-occipital lobe in
left brain hemisphere and parahippocampal gyrus and

Fig.1. Transverse brain
MRI section

Fig.2. Transverse brain
MRI section (hyposignal
T1 FLAIR hippocampus

and parahippocampal

gyrus, anterior inferior
temporal lobe in
left hemisphere and
parahippocampal gyrus in
right hemisphere)

intern occipital lobe in right brain hemisphere; small
foci of signal loss representing hemosiderin deposition
in affected areas (Fig 1, 2, 3).

Fig.3. Coronal brain MRI section

The electroencephalogram (EEG) showed abnormal
brain electrical activity: diffuse high amplitude slow-
wave background activity without definite epileptiform
discharges.

Serological tests using enzyme-linked
immunosorbent assay (ELISA) came back positive
for Herpes simplex Virus for the acute (Ig M) anti-
body subclass. Lumbar puncture was performed and
revealed clear CSF , hypertensive, pleocytosis with
predominance of lymphocytes and elevated protein;
PCR assay for HSV type 1 was positive in CSE.

He was treated with iv. Acyclovir for 24 day,
anticonvulsant drugs in order to control seizures
(Phenytoin and Levetiracetam), anti cerebral-oedema
measures were implied - consisting of intravenous
20% mannitol and pulse steroid therapy with
Methylprednisolone was initiate and was followed by
a Dexamethasone regimen in a tapering down doses
protocol, i.v human non- specific immunoglobulin were
administered.

The clinical and neurological evolution was
good with the rapid recovery of consciousness and
complete seizure control during the first 48 hours after
admission, with progressive improvement in the ability
to perform fine/ gross motor skills and without sensory

Fig.4. Transverse brain
MRI section (hyposignal
T1 FLAIR representing
cystic encephalomalacia in
affected areas)

Fig.5. Coronal brain MRI
section (hypersignal T2
FLAIR representing cystic
encephalomalacia in
affected areas)
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impairment. The child was discharged after 25 days in
good condition even though subsequent brain MRI re-
evaluation showed cystic encephalomalacia in affected
areas (Fig 4,5).

It was hard to predict whether the over crossed
life- threatening condition would affect his cognitive
and language development. In these cases careful and
long term follow-up is required in order to identify
the late effects on the patient’s cognitive or affective
development and consequently guide the speech and
the occupational therapies.

Discussions

Herpes simplex encephalitis (HSE) remains one of the
most devastating infections of the central nervous system
with severe sequelae and long term consequences, despite
available antiviral therapy. It is highly recommended to
initiate optimal antiviral therapy in front of a suspected
HSE in a paediatric patient, pending confirmation of the
diagnosis since acyclovir, the drug of choice, is relatively
nontoxic and because the prognosis of untreated herpetic
encephalitis is poor.[5]

The diagnosis should be established as soon as possible
after the symptoms’ onset in order to obtain good clinical
progressions, with reduced mortality and morbidity. Even
with early administration of therapy after the onset of
disease, nearly 60-70 % of survivors will have significant
neurological deficits.[1, 4]

Pulse steroid therapy with Methylprednisolone
may be beneficial in HSE, particularly in reducing
the consciousness disturbance and in improving the
neurological deficits. High doses of Methylprednisolone
i.v. may improve the cerebral oedema and regulate the host
immune response. The combination therapy using both
acyclovir and pulse corticosteroids therapy can achieve a
better outcome in patients with HSE.

Conclusions

+ Herpes simplex encephalitis is the most common

cause of sporadic fatal encephalitis worldwide
and it is a medical emergency that requires
urgent etiological treatment.

+ DPCR for detecting HSV DNA from CSF remains
the gold standard in the diagnosis of HSE

+ Early initiation of antiviral therapy with iv.
Acyclovir improves the clinical and neurological
outcomes

o DPulse steroid therapy in conjunction with
antiviral therapy could achieve a better prognosis
for children with HSE.

+ Mortality ranges dramatically depending on how
early treatment is implied.
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Abstract. Recurrent bacterial meningitis is a less common clinical entity, but it is usually more challenging
for the clinician because it requires a thorough investigation of any predisposing factor. We report the case
of an adult patient with a history of recurrent bacterial meningitis. Following extensive investigation for
underlying predisposing factors, we found a malformation of the central nervous system as the cause of
his recurrent meningitis. With the appropriate antimicrobial treatment the patient improved and he was

referred to a neurosurgical department in order to solve his anatomic defect.

Keywords: recurrent meningitis, ethmoidal meningoencephalocele

Background

Bacterial meningitis is a severe infection often
associated with high mortality and morbidity
rates.[1,2] Recurrent bacterial meningitis is a less
common clinical entity, the recurrence rate being 5-6%.
[1,2] However, some literature data suggest that the
mortality rate is lower than in patients with an isolated
episode, 15% versus 34% in a study by Adriani and 0%
versus 25% in study by Durand.[1,2] This is probably due
to the fact that the patients with recurrent meningitis are
able to recognize the symptoms earlier, therefore they
present earlier to the hospital, this fact improving their
prognostic. On the other hand, recurrent meningitis
usually poses more serious diagnostic challenges and
it often requires extensive exams in order to discover
any underlying pathology. When dealing with a case of
recurrent bacterial meningitis, it is imperative to look for
predisposing factors, such as various immunodeficiency
disorders or anatomical abnormalities, either congenital
or acquired. Most of the recurrent bacterial meningitis
may be attributed to anatomical factors, most of them
being intracranial or cervical abnormalities, followed
by immunodeficiencies, especially = complement
deficiency, =~ HIV  infection, = agamaglobulimenia,
asplenia, immunoglobulin G deficiency and chronic
parameningeal infections such as chronic otitis media
or chronic mastoiditis.[3]

We describe the case of an adult patient with
recurrent meningitis. Following investigation we found
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him to have an anterior skull base abnormality as the
cause of his recurrent meningitis.

Case report

A 27-year-old patient presented to the emergency
room of our department in March 2015, with fever,
headache, vomiting and disorientation, installed 6
hours previously. He had a history of other 3 bacterial
meningitis: a meningococcal meningitis at the age of 14
years, a second one when he was 18 years old — without
an etiologic agent isolated and further meningococcal
meningitis when he was 20 years old. At the age of 5, the
patient was diagnosed with Waldeyer’s ring non-Hodgkin
lymphoma, for which he was treated and considered cured
after a 10 years follow-up.

The physical examination revealed fever of 39°C,
positive signs of meningeal irritation and disorientation.
The laboratory tests showed high leukocytes count
(22.300/mm?) and inflammation (C-reactive protein=111
mg/l, fibrinogen=555.68 mg/dl). Cerebrospinal fluid (CSF)
was turbit and hypertensive presenting a count of 15.000
leukocytes/mm? (88% polymorphonuclear leukocytes, 2%
lymphocytes and 10% monocytes). The protein level in
CFS was elevated (1,364 mg/dl), the glucose level was low
(20 mg/dl, with a serum glucose of 98 mg/dl), the lactic
acid level was elevated (104 mg/dl). CSF meningococcal,
pneumococcal and Haemophilus influenzae antigens
were absent. Gram staining was performed on CFS and
it showed gram-positive diplococci. The CSF cultures
however proved to be negative, as well as the hemocultures
and urine cultures. Serologic test for HIV was negative.
Immunoglobulin A, G, M and complement levels were
normal.

Chest and sinus X-ray exams were both unremarkable.
An ENT exam was performed and it didn’t reveal abnormal
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structures, rhinorrhea or otorrhea.

The patient started antibiotics treatment with
Ceftriaxone (4 g/day) and vancomycin (2 g/day), along
with Dexamethasone 0.5 mg/kg/day and symptomatics.
The patient became afebrile from the second day of the
treatment. The signs of meningeal irritation became
negative on the fourth day. The lumbar puncture
performed on the fifth day of the treatment revealed
an important improvement of the CFES values, which
became clear, presenting a count of 120 leukocytes/
mm3, normal glucose level, protein level of 71 mg/dl and
lactic acid level of 17.5 mg/dl. The patient underwent
treatment for 14 days. Because the serologic tests didn't
reveal any immunodeficiency as the cause of the patient’s
recurrent meningitis, a brain magnetic resonance imaging
investigation was performed in order to establish if any
anatomical abnormalities were present. The exam revealed
an image compatible with a skull base defect: a bony
defect at the right cribriform plate which continued with a
small sac into the right nostril, between the nasal septum
(deviated to the left) and the right nasal cornet (Figure 1).

The patient was discharged from the infectious diseases
onday 16 day and was guided to a neurosurgical clinic for
the treatment of his anatomical defect.

Discussion

One of the anatomical abnormalities leading to
recurrent bacterial meningitis is encephalomeningocele, a
rare, extracranial, congenital malformation of the central
nervous system. Basal encephalocele may protrude into
the superior meatus, posterior ethmoid or sphenoid
sinus or into the nasal or pharyngeal space, causing
nonspecific symptoms like nasal obstruction, respiratory
difficulties, rhinorheea or leading to recurrent bacterial
meningitis, usually with the first episode manifesting
during childhood [4]. According to the literature data,
this anatomic abnormality is discovered in paediatric
patients [3,5]. In the case of our patient, the malformation

I_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘ 10 cm

Fig.1. A bony defect at the right cribriform plate which
was continued with a small sac into the right nostril ,
between the nasal septum (deviated to the left) and the
right nasal cornet

presented with recurrent meningitis, first episode being at
the age of 14. Not being thoroughly investigated for this
malformation until the last episode of meningitis, may
be due to the fact that the first episodes were probably
attributed to the immunosupression by non-Hodgkins
lymphoma or its treatment. In fact, literature mentions
that the correct diagnosis of the predisposing condition of
recurrent meningitis is often delayed, sometimes for many
years [6]. In our case the gap between the first episode of
bacterial meningitis and the diagnosis of the predisposing
condition was 13 years.

As far as etiology concerns, most of the cases of
recurrent bacterial meningitis secondary to heterotopic
brain tissue are caused by Streptococcus pneumoniae
(83%), followed by Staphylococcus aureus (11%) and
Neisseria meningitidis (6%). Although in most cases of
recurrent bacterial meningitis the causative agents were
identified, many patients had culture-negative meningitis,
despite the fact that the CSF findings were highly suggestive
for bacterial etiology.[3] This was the case for this episode
of bacterial meningitis in our patient. However, the direct
exam of CSF was highly evocative for a pneumococcal
aetiology. Therefore the patient was treated according
to this result, having a rapid favourable evolution.
Another issue that we took into account in our patient
was the vaccination against Streptococcus pneumoniae,
Neisseria meningitidis and Haemophilis influenzae. This
approach is recommended in some cases of recurrent
bacterial meningitis, although it is questionable in the
cases secondary to anatomical abnormalities.[1,7] Due to
the fact that the patient was going to be subjected to the
surgical repair of the anatomical defect, we decided not to
proceed with the vaccination.

Although most skull base anatomic abnormalities
in recurrent meningitis are found in paediatric patients,
our case emphasizes the fact that these defects should
also be carefully assessed is adult patients. The closure of
the anatomical abnormality is crucial in order to prevent
further episodes of bacterial meningitis.
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Abstract. TB arthritis is a rare, insidious chronic mono-arthritis resulting in extremely serious destruction
of joints and bones. Usually, the possibility of TB arthritis is suggested by family infectious or environmental
contact with TB and a positive Test at PPD. The Objectives. Are to discuss about a forgotten etiology of
monoarthritis in pediatric patients. The author presents the case of a teenager girl (16 % years old) with
chronic arthritis of the wrist treated for 6 months in other hospitals, at the onset as acute rheumatic
fever and then, as juvenile idiopathic arthritis, oligoarthritis subtype. Although no infected family or
environmental contact is known, no predisposing factors, and pulmonary TB are absent, the evolution
refractory to treatment with severe joint damages demands a Quantiferon TB Gold Test that comes
positive. Surgical evacuation of pus and quadruple tuberculostatic therapy had a favourable outcome

with restitution ad integrum.
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Background

B arthritis is rare in Europe and North America

(1-3% of the overall TB forms).[1,2] TB’s
reoccurrence represents a global phenomenon for the last
two decades having as enabling causes immunosupressive
therapy, chemoresistant strains and HIV infection.
Identifying oligoarticular juvenile idiopathic arthritis by
differential diagnosis can be quite difficult (1) as it is the
most frequently mistaken diagnosis due to misleading
common clinical signs.[3, 4, 5] TBC aetiology must
always be considered prior to chronic monoarthritis
due to the devastating sequelae that can actually be (and
must be) avoided.

Case presentation

Female patient aged 16 years and a half, from a
family living in the urban area, with an average socio-
economic income, insignificant therapeutic and
diseases history, complete vaccination scheme based
on the National Immunization Programme, without
known family infectious contacts, accesses the services
of our clinic for the establishing of diagnoses.

History
At the age of 16, the teenager with a previous stable
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health status presented pain and functiolaesis in the
left wrist that persisted for two months, starting with
06.04.2012. For six months the patient was investigated
and treated in several clinics that hereafter will be
referred to with numbers, out of deontological reasons.
Two months after the onset of pain, the accentuated
discomfort determined the family to go to Clinic number
1 (10-20.06.2012) where she received the diagnosis
“Left hand arthritis’, according to the discharge papers.
Treatment consisted in Dexamethasone 8mg/day for five
days along with unspecified physiotherapy procedures.
Evolution was unfavourable leading to an extensive
swelling in the left hand (“the size of a boxing glove”) that
was also warm, painful, of red-purplish colour. (Fig. 1)

Fig.1. Red-purplish, warm swelling in the left hand

Furthermore, the X-ray was interpreted within normal
limits; increased acute phase reactants and ASLO
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value was 2296 ui/mL. Corticotherapy was carried out
with Methylprednisolone (MP) iv. 125mg/day for 4
days, followed by a partial relieve in the swelling and
in the joint pain. Considering that ASLO titre was still
increased (3000 u.i/mL), admission in Clinic number 2
became necessary, namely on a cardiology ward (20.06-
03.07.2012). Here, the patient was diagnosed with
acute articular rheumatism. She received: Penicillin
G iv. 4 times daily X 10 days, followed by prophylaxis
with Moldamin 1.200.000 u i.m/week. However due to
continuous pain in the wrist, the patient was referred
to Clinic number 3- the Rheumatology Department
(23-27.08.2012). Diagnosis: juvenile idiopathic arthritis,
Oligoarthritis Subtype. Adminsitration of MP i.v. 125
mg/day X 3 days was resumed, followed by Medrol
8mg/day (2mg every two days starting with 15.09.2012)
associated with sulfalazine (SSZ) 2g/ day and Moldamin
1.2.000.00 ui/ week, i.m determined by an ever increased
ASLO titre (500 ui/mL). The laboratory data suggested:
FR, ANA, anti-CCP (cyclic citrullinated peptide), LE
cells (lupus erythematosus) and C3 with no significant
changes. Her prolonged unfavourable evolution
determined the admission in Institute for Mother and
Child Care “Alfred Rusescu” (IOMC) at 24.09.2015.
Physical examination: Female patient, aged 16 %,
afebrile, unaltered general state, good nutrition status
(56Kg; 167cm; BMI 20,44). The left wrist showed a
discreet swallowing, warm at palpation, with pain
and obvious functiolaesis. Palmar skin is mottled,
hyperhidrotic. Furthermore, muscle atrophy is
obvious in the thenar and hypothenar muscles and the
interosseous muscles of the left forearm (Fig. 2).

@/ L

Fig.2. Muscle atrophy in the left hand and forearm

No changes were observed in the remaining joints,
enthesis and muscles. CHAQ (Childhood Health
Assessment Questionnaire):10. Visual analogue scale
as assessed by the patient (SVAp): 40. The rest of the
physical examination on systems and equipments was
normal.

Laboratory results: Acute phase reactants: VSH
7mm; CRP 0.09mg/dL; Fibrinogen: 306mg/dL; normal
WBC: 8200/mmc; normal CBC; negative Rheumatoid
factor; Antinuclear antibodies (ANA) 7u (N <20u);
negative DNA double stranded (dsDNA) antibodies;
Anti-Scl-70 antibodies; negative anticentromere
antibodies; ASLO 333ui/mL; negative Lyme Diseases

blood test confirmed by Elisa (IgM and IgG).
Radiography of the left radiocarpal joint, at 4 months
(24.08.2012) and 6 months (24.09.2012) from onset
emphasized the following: “Diffuse demineralisation of
the left carpal and metacarpal bone. The carpal bones
appear smaller, with geode and eroded cortical contours,
especially on the intercarpal ligaments”. (Fig. 3).

Fig.3. Diffuse demineralisation of the left carpal and
metacarpal bone. The carpal bones appear smaller,
with geode and eroded cortical contours, especially on
the intercarpal ligaments

MRI examination taken at 16.10.2012 revealed:
“Carpal bone erosion especially in the unciform, capitate
and trapezoid bone with damage in articular surface.
(Fig.4). Pulmonary radiography: no pleuropulmonary

Fig.4. MRI: Carpal bone erosion especially in the

unciform, capitate and trapezoid bone with damage in
articular surface

lesions under evolution. IGRA Quantiferon TBC Gold
test):15,619 Ul/mL, “positive result” (negative < 0, 35).
In the end, clinical evolution, radiological
changes, MRI exam and, especially, the positive Gold
Quantiferon determined the diagnosis: TB arthritis.
The patient was transferred to a specific medical unity
where she underwent surgery for drainage of pus. Also
further investigation was performed (histopathological
and bacteriological examination) which confirmed the
aethology of TB arthritis. Quadruple tuberculostatic
therapy was started with isoniazid/HIN, rifampicin/
RIFA, ethambutol, pyrazinamide/PZA, monitored by
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specialists from the phtiziology network which led to
favourable evolution with restitutio ad integrum.

Discussions

Tuberculosis arthritis is usually monoarticular with
general impact on large articulations- in the hip and
knee. As with our case, the illness manifests through
swelling, local sensitivity, local feeling of warmth, pain,
progressive functiolaesis, reduced mobility in the joints,
weight loss or loss of appetite.[1,2] Hence, joint infection
occurs through haematogenous dissemination of
Mycobacterium tuberculosis (MT) from a neighbouring
osteomilitis lesion. Isolated monoarthritis caused by
MT, in the absence of a pulmonary clinical disease
is extremely rare. Usually, an infectious TB contact
from the family or living environment and a positive
TST test suggest the occurrence of TB arthritis. Most
often, the analysis of the synovial fluid does not provide
sufficient characteristic traits of TB synovitis, which
could constitute a valid diagnostic rationale.[6] On
the other hand, the presence of caseous granuloma in
histopathology examination of the synovial fluid, even
without microbiological confirmation is suggestive for
TB arthritis. Although cultures on Lowenstein-Jensen
medium from the synovial fluid are positive for a
quarter of the overall cases,[1] biopsy and cultures from
the synovial membrane are preferred when confirming
a diagnosis, the final diagnosis relying on MT isolation.
Still, TB arthritis is a paucibillary infection, with a
possibility for negative Ziehl-Neelsen stain and cultures.
Hence, PCR (polymerase chain reaction) may be a more
reliable assay. In USA, only 28% of children diagnosed
with tuberculosis have positive cultures compared to
90% of adults.[7, 8] Reliability of PCR compared to
cultures, remains however difficult to assess. PCR has
a reduced sensitivity but an increased specificity to
detect MT (95-98% when cultures are positive and 95%
respectively, when they are negative.[6, 7, 8]

Pathogenesis. In children, TB arthritis usually
occurs as a result of osteomielitis crossing the
epiphyseal plate, either through subsynovial vessels
to the joint, or indirectly through metaphyseal lesions
which erode the bone through the articular space.[6,
10, 11] This "transphyseal" mechanism is specific for TB
and fails to occur in septic arthritis (pyogenic) (idem).
In children older than one year and a half, transphyseal
vessels disappear hence dissemination to epiphysis
and joint turn into an abnormal mechanism.[6, 10, 11]
Subsequent to the localisation in the synovial joint or
metaphysis, a remarkable joint effusion appears along
with a thickened synovial membrane. The granulation
tissue causes erosions at the level of the bone and on
the free surface of the articular cartilage. Left untreated,
TB arthritis can cause other erosions that can progress
to the destruction of articular surfaces. As a result of
the cartilage and bone’s damage, sequestrums form,
affecting both sides of the joint (“kissing sequestrum”),
the extension of lesions to the periarticular soft tissues
and generating cold abscesses.[6] Radiological changes
became visible only after alatent period of approximately
3-4 weeks.[6] During early stages, joint and soft tissues
swellings occur along with articular effusion. On the

other hand, at advanced stages “Phemister’s triad”
develops: narrowing of joint space, juxta-articular
osteopaenia, peripheral osseous erosions. A relative
upkeep of the articular space is a classical trait and is
due to the absence of proteolytic enzymes from M.
tuberculosis.[6] In children a delayed periosteal reaction
occurs in the absence of sclerosis and/or periostitis,
conditions that are characteristic to adults. Late stages
manifest through severe joint destruction and possible
sclerosis and fibrous ankylosis.

MRI investigation (Fig.4) usually reveals early
changes this rendering it a priority in imaging. Articular
effusion in T2 features hyperintense. Detritus, septation
and hemosiderin deposits caused by bleeding are
hypointense in both T1 and T2. Synovial thickening
appears as a weak or median signal in T2 but is
hyperintense in T1 due to the caseous material, atypical
for other bone infections (a highly useful reference for
diagnosis).[6, 11, 12]

Differential diagnosis: Anamnesis, the clinical
and laboratory data exposed throughout this case
presentation indicate chronic inflammatory arthritis
(onset- 6 months prior to presentation at our clinic).
In consequence, either septic or traumatic arthritis
(hemathrosis) or acute articular rheumatism (absence
of Jones criteria, postsrteptococcal disorder- unseen
for over two decades) lack any fundament. Taking
into consideration highly elevated ASLO titres, the
only plausible cause for reactive arthritis would have
been poststreptococcal reactive arthritis (ARPS): acute
onset, persistent monoarthritis, absent response to
nonsteroidal anti-inflammatory drugs (NSAIDs). The
absence of any response to steroids and antibiotic based
treatment as well as the aggravating joint inflammation
with severe bone erosion cast away this suspicion.
Under these circumstances, high increase in ASLO
titre constitutes a particularity of the case which can
cause misinterpretation in terms of arthritis aetiology.
The overlapping streptococcal infection must have
been random. In what concerns juvenile oligoarticular
idiophatic arthritis, neither the onset at the age of 16,
absent response to steroids and NSAIDs or unusual
and severe osteoarticular destruction are defining for
this disease. Introduction of biological treatments in
AIJ (special mention for Infliximab) draws the attention
to the risk of TB occurrence, even joint tuberculosis..
[7] Test results for Borrelia, quite a "fashionable"
investigation for the last couple of years, came back
negative.

Conclusions

The case presentation insists on the diagnosis
difficulties forisolated TB monoarthritis when infectious
contacts and pulmonary disorder are absent. Although
the data on our patient suggest, in a very low degree,
a rheumatic disorder this is in fact the most common
diagnosis misinterpretation reported by literature,
especially monoarticular arthrtis. In areas endemic to
tuberculosis, paediatricians must be informed on the
possibility that chronic arthritis in children, especially
older ones, could have a specific TB aetiology rather
than an autoimmune one. (AIJ). Early TB diagnosis
relies on significant suspicions accompanied by the
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notion of infectious contact, TST (Mantoux tuberculin
skin test) to PPD conversion or positive Quantiferon.
The confirmation diagnosis requires the demonstration
of monoarthritis
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