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Background The double stitch everting (DSE) technique, in which time is won by leaving
the needle inside the vessel wall in-between stitching, is a modiﬁcation of the end-to-side
(ETS) anastomosis in the interest of reducing anastomosis time. This ensures proper wall
eversion, intima-to-intima contact, and improved suture symmetry.
Methods We designed an N-of-1 randomized trial with each microsurgeon as their
own control. We included 10 microsurgeons of different levels of experience who were
then asked to perform classic and DSE ETS anastomoses on the chicken leg and rat
femoral models. Every anastomosis was cut and evaluated using blinded assessment.
Two-way analysis of variance (ANOVA) and multivariable logistic regression were used
to analyze the results and for confounder adjustment.
Results A total of 210 anastomoses were performed, of which 177 on the chicken leg
and 43 on the rat femoral artery and vein. From the 210 anastomoses, 111 were
performed using the classic technique and 99 using the DSE technique. The mean
anastomosis time was 28.8  11.3 minutes in the classic group and 24.6  12 minutes
in the DSE group (p < 0.001, t-test). There was a signiﬁcant reduction (p < 0.001, twoway ANOVA) in the number of mistakes when using the DSE technique (mean 5.5  2.6)
compared with those using the classic technique (mean 7.7  3.4).
Conclusion The DSE technique for ETS anastomoses improves anastomoses times in
experienced and moderately experienced microsurgeons while also improving or
maintaining suture symmetry and lowering the number of mistakes.
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Microvascular anastomosis techniques are abundant in the
literature. Nowadays, the gold standard is still considered to
be the “classic” interrupted suture technique.1 This technique, when mastered, provides the best balance between
the time needed to perform it and the even distribution of
tension across the vessel wall, while at the same time
ensuring proper intimal eversion.1 In the early 1970s, the
supremacy of the interrupted suture technique was called
into question and studies were published showing similar
results when the technique was compared with continuous
suturing.2 In the past decades, numerous modiﬁcations have
been published, in an effort to simplify the process of
performing a microvascular anastomosis and to reduce the
time required to achieve a patent anastomosis.1 Most of the
studies, however, were likely underpowered to detect a
signiﬁcant difference and were not set up for validation. To
date, there are no prospective human studies validating any
technique. The conclusion of the review of techniques stipulates that there is equivalent efﬁciency among all techniques provided the surgeon has enough experience with one
in particular.1
In plastic surgery, end-to-side (ETS) anastomoses are
being used more frequently3,4 for free ﬂaps and tissue transfers. Studies show the noninferiority of the ETS anastomosis
compared with end-to-end anastomoses.5,6 The former,
however, has the added beneﬁt of preserving distal ﬂow,
and not sacriﬁcing a vessel leads to a more anatomically
sound reconstruction. In patients with an impaired vascular
status, because distal perfusion is preserved, the ETS technique has added beneﬁts, especially for patients with impaired vascular status.5 Many modiﬁcations to the ETS
technique have been described so far, but very few have
been validated, either in the laboratory or clinically. Validation is of utmost importance to assess the value of a newly
described technique.7 Given that ETS anastomoses exhibit
aforementioned beneﬁts, new validated techniques to
improve speed and efﬁciency are essential, especially for
highly experienced microsurgeons. Only marginal improvement can be expected from high-level technique, but improving suture symmetry even by a small margin might
translate into less free ﬂap failure.
Microvascular techniques are, among others, used in
neurosurgery to perform extracranial–intracranial (EC-IC)
bypass for cerebrovascular insufﬁciency or vessel reconstruction after aneurysm occlusion. Given that the brain is one of
the most sensitive organs to the consequences of ischemia,8
performing an anastomosis in the least amount of time is of
paramount importance. Also, it is essential to ensure that the
anastomosis performed is of the utmost quality, as it is likely
that by the time patients develop symptoms related to a
failed anastomosis, irreversible ischemia of the brain tissue
has already set in. Trials of EC-IC bypass show no beneﬁcial
effect of performing a bypass for carotid artery occlusion over
medical therapy.9 In this study, however, the median anastomosis time was very long, 45 minutes10 and efforts to
reduce the anastomosis time while ensuring a pristine
quality of the end product are essential, while striving for
100% patency.
Journal of Reconstructive Microsurgery
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Our group has previously published11 a modiﬁcation of
the Harashina technique12,13 which we coined the double
stitch everting (DSE) technique. This technique involves
leaving the needle inside the vessel wall in-between consecutive stitches. Our group has previously published our
philosophy with respect to training and avoiding the overuse
of live animal models in training,14 which serves as the
background for the setting of this study.
We hypothesized that using the DSE technique would lead
to fewer mistakes in the end product, lower anastomosis
time, and improved patency when compared with the classic
technique.

Materials and Methods
This research project was performed in the Center for
Surgical Simulation, Training and Microsurgery of the “Iuliu
Hatieganu” University of Medicine and Pharmacy, ClujNapoca and the Erasmus MC in Rotterdam. The project
was approved by the Animal Ethics Committee, Number
181 from July 29, 2019. The National Research Council’s
guide for the care and use of laboratory animals was strictly
adhered to. The center has its own accredited state-of-theart animal facility with on-site veterinarians and animal
experts.

The Double Stitch Everting Technique
After the needle is inserted into the vessel wall for the ﬁrst
pass, the knot is not yet tied and the needle is inserted again
into the vessel wall, parallel to the ﬁrst bite and is left in place
(►Fig. 1A). The needle acts as a reinforcer, everting the vessel
wall, ensuring intima-to-intima contact and keeping the two
edges in place while the knot is tied. Care needs to be taken at
this point not to manipulate the wall too extensively with the
needle in place. We have not had, in our experience, any wall
tearing with the needle in place, but this is a theoretical
possibility. The knot is then tied, cut, and the needle grabbed
with the needle holder in the perfect position (►Fig. 1B) is to
be inserted again parallel to the just-completed knot, repeating the steps until the anterior or posterior walls are complete (►Fig. 1C). Keeping the needle in the wall at every step
ensures that bite sizes and approximation are more evenly
distributed, which in turn will lead to better suture symmetry, this forms the hypothesis of our study.

Study Design
The DSE technique was described in our group’s previous
publication.11 Our research revealed that most time was lost
when performing a microvascular anastomosis in-between
suture tying, during needle loading and unloading. We
evolved the modiﬁed Harashina procedure by proposing
that before each knot is tied, the needle is ran through the
vessel wall and left in place. The knot is then tied parallel to
the needle and the needle can be loaded in the perfect
position without wasting time looking for it in the surgical
ﬁeld and loading it in the microneedle holder.
For the validation of this suture technique, we designed an
N-of-1 randomized trial with each microsurgeon as their
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Fig. 1 (A–C) The steps required to perform the double stitch everting
technique. The needle is inserted parallel to the previous stitch, for at
least two‐thirds of its length to reinforce the eversion of the vessel
wall and aid in intima‐to‐intima contact (A). The anterior wall can be
easily sutured (B) with regard to bite size and symmetrical placing of
knots (C). Anastomosis performed using the classic technique (D) and
using the double stitch everting (E) in a moderately experienced
microsurgeon. Notice the improvement of suture symmetry.
Source: Reproduced with permission from Volovici et al. 11

own control. We used the Agency for Healthcare Research
and Quality’s reference for best practice in the design of the
N-of-1 trial.15 We included 10 microsurgeons of different
levels of experience, 2 highly experienced (deﬁned as having
more than 2 years of experience in the microsurgical training
center and performing anastomoses on a weekly basis), 3
moderately experienced (deﬁned as having more than 1 year
experience, tutoring in our yearly advanced courses, and
performing anastomoses on a monthly basis), and 5 less
experienced (deﬁned as having less than 1 year experience,
but having successfully completed several microsurgery
courses and had been observing or just begun tutoring in
our yearly courses).

Randomization, Outcomes, and Analysis
After completing a training from the senior author (V.V.) and
reaching the plateau of the learning curve, deﬁned as the
completion of an anastomosis using the DSE technique
within the same time frame (mean and standard deviation)
of previous anastomoses, microsurgeons were asked to
randomly perform 12 classic and 12 DSE ETS anastomoses
by placing the chicken leg femoral artery on the chicken leg

Dindelegan et al.

vein and 3 classic and 3 DSE ETS anastomoses by placing a rat
femoral artery on the femoral vein. Every anastomosis on the
chicken leg was cut and evaluated using blinded assessment
for the surgical technique. The intimal surface suture line
(ISSL) assessment of end-to-line anastomosis.16 The number
of mistakes, the number of “fatal” mistakes (as deﬁned in the
study, mistakes that will very likely result in anastomosis
failure due to the obstruction of the lumen), the time
required for every anastomosis, number of suture points,
patency of the anastomosis, and a score for suture symmetry
were recorded in a database. A database of anonymized
photographs of all the performed anastomoses was also
kept and used for digital measurements of the suture symmetry score. This score was deﬁned as the percentage of
sutures from the total which respected the radial placement
principle of an ETS anastomosis and was placed at the same
distance relative to each other, as follows: (1) less than 20%,
(2) between 20 and 40%, (3) between 40 and 60%, (4)
between 60 and 80%, and (5) between 80 and 100%. After
performing the anastomoses, the microsurgeons were asked
to provide feedback on the technique in the form of free text.
In the period before the study, we evaluated the mean
number of mistakes made during ETS anastomoses using the
ISSL. We used this evaluation for the base estimates of the
power calculation. Our study was powered at 80% to detect a
20% decrease in the number of mistakes and a 20% increase in
patency (with N ¼ 196 anastomoses).
Analyses were done in R, version 3.6.1. We calculated
means and standard deviations for normally distributed
variables and used the t-test to compare them. For nonnormally distributed variables, we computed medians and
interquartile ranges and compared them using Mann–Whitney’s U-test. We used two-way analysis of variance (ANOVA)
and multivariable logistic regression models to determine
the association between technique and the number of mistakes and time required for the anastomosis. We performed
confounder adjustment for the preexistent level of experience. Because of multiple testing, we used a Bonferroni
correction and considered a p-value of < 0.005 as signiﬁcant.

Results
A total of 210 anastomoses were performed, of which 177
on the chicken leg and 43 on the rat femoral artery and vein.
From the 210 anastomoses, 111 were performed using the
classic technique and 99 using the DSE technique (►Fig. 1).
The experienced group performed 58 anastomoses, the
moderately experienced group performed 69 anastomoses,
and the less experienced group performed 83 anastomoses.
The mean anastomosis time was 28.8  11.3 minutes in the
classic group and 24.6  12 minutes in the DSE group
(p < 0.001, t-test) (►Fig. 2A). The difference was signiﬁcant
for both the experienced and the moderately experienced
groups, but not for the less experienced group (►Table 1).
There was a signiﬁcant reduction (p < 0.001, two-way
ANOVA) in the number of mistakes when using the DSE
technique (mean 5.5  2.6) compared with those using the
classic technique (mean 7.7  3.4). The difference was
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Table 1 The comparison of the standard interrupted and
double stitch everting techniques in terms of anastomosis
time, number of mistakes, and symmetry score, reported for
individual levels of experience16
Outcome

Classic interrupted
suturing
(mean  SD)

Double stitch
everting
(mean  SD)

Anastomosis time (min)
Less experienced

34.2  8.8

35.4  9.6

Moderately
experienced

31.8  9.1

26.4  8.3

Experienced

14.1  2.8

12.3  3.5

Number of mistakes (evaluated using the ISSL)
Less experienced

9.9  2.5

7.5  2.0

Moderately
experienced

8.1  2.1

5.9  1.8

Experienced

3.2  1.4

2.9  1.8

Symmetry score (Likert scale, 5 is maximum)
Less experienced

2.5  0.8

3.4  0.7

Moderately
experienced

3.0  0.9

3.9  0.6

Experienced

3.9  0.5

4. 0  0.5

Abbreviations: ISSL, intimal suture surface line; SD, standard deviation.

signiﬁcant (p < 0.001, logistic regression) when adjusted for
the level of experience (►Fig. 2B). The difference between the
classic and the DSE was nonsigniﬁcant for the experienced
group. The suture symmetry score improved signiﬁcantly
(p < 0.001) for both the moderately and the less experienced
groups, but not for the experienced group (►Fig. 2C). Patency
improved signiﬁcantly (p < 0.001, McNemar’s test) for both
groups. As we had not powered our analysis to detect differences between experiences in terms of patency and given
that we aim to use the minimum number of rats needed for
any given study, we did not adjust for experience for this
outcome.
Multivariable logistic regression conﬁrmed that using the
DSE technique was independently associated with a reduction in the number of mistakes (p < 0.001) when adjusting
for the time required to perform the anastomosis, number of
sutures, and experience (Nagelkerke R2 of the model ¼ 0.64)
(►Fig. 3).
The feedback provided at the end of the study revealed
that all participants considered the DSE a useful technique,
which subjectively improved the end result and that they
will likely use it in the future. The less experienced group
(three of the ﬁve) mentioned that it was rather difﬁcult to
learn and to reach an acceptable plateau of the learning
curve.

Discussion
Within a randomized N-of-1 trial with microsurgeons acting
as their own controls, we showed that applying the DSE
Journal of Reconstructive Microsurgery
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signiﬁcantly reduces the number of mistakes in an ETS
anastomosis, signiﬁcantly reduces the time required to
perform the anastomosis, and improves patency. The results
were different for various levels of experience.
The reduction in the number of mistakes was evident for
both the moderately experienced and the lower experience
groups. The advantage of keeping the needle inside the vessel
wall is that the distances between sutures can be better
approximated when direct visual inspection is involved, the
bite sizes are usually better visualized and likely to be more
even, and the two suture edges are kept everted, so there is
no risk of invagination of the vessel wall edges or of adventitia inside the vessel wall. This will likely lead to better suture
placement, less constriction of the lumen with less likelihood
that adventitia or other thrombogenic material enters the
vessel lumen. Furthermore, no needle pass is “blind,” meaning that at every step, suture symmetry and placement, as
well as bite size can be properly checked. This was illustrated
by the improvement in suture symmetry scores for the
moderately and less experienced groups. We hypothesize
this might be the case for the highly experienced group as
well, but the mean scores were very high in that group at
baseline and our study was underpowered to detect subtle
differences. Subjectively, the experienced microsurgeons felt
an improvement in ease of suture placement and symmetry.
There was a signiﬁcant reduction in the time required to
perform an anastomosis, 15 to 20% for the experienced
group and up to 20 to 25% for the moderately experienced
group. There was, however, no difference in the less experienced group. This likely suggests that the technique is likely
of added value for those who already have considerable
experience in the laboratory and in the operating room
(OR), and for this category, the technique can help shave
off valuable time. Reducing the anastomosis time to a mean
of less than 15 minutes should be the norm for neurosurgical
bypasses, even though current data suggest it is nowhere
near this point at the present time.10 Proper laboratory
training using a focused and personalized approach, without
overuse of live animal models, is essential desiderate to
achieve this goal.14 The DSE technique can help reduce the
anastomosis time while maintaining (if not improving) the
quality of the end product.
Despite demonstrating face and construct validities, our
study lacks the predictive validity of a validation study using
data collected during surgeries. The different setting and
particularities of the surgical ﬁeld which cannot be perfectly
replicated in a laboratory research (depth of the anastomosis, positioning of the vessels, angles of attack, atherosclerotic or postradiotherapy vessels) might yield different results if
our hypotheses would have been tested in a surgical OR
setting. Our group uses this technique frequently during
surgery and the beneﬁt of the laboratory training in this
technique is evident. Success in the OR relies on exhaustive
preparations in the laboratory beforehand. This often means
a personalized, rigorous training program under supervision
of experienced microsurgeons and teachers.17 Training in the
laboratory is mandatory, even for experienced microsurgeons,18 and clinical observations during surgery should
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Fig. 2 (A–C) The means and standard deviations for the time required to perform the anastomosis using both techniques (A), number of
mistakes evaluated using the intimal surface suture line assessment of end-to-side anastomosis (B), and suture symmetry (C).

Fig. 3 (A, B) Plotting of the regression line and standard error (shaded gray area) for the number of mistakes and anastomosis time (A) and
grouped by experience (B).
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be tested in animal models ﬁrst.19 The DSE should be an
integral part of a microsurgeon’s armamentarium. New
microsurgical techniques should be properly assessed in
methodologically sound trials, with a proper power analysis
beforehand based on the group’s experience with the technique and pilot studies.

7

8

Conclusion
The DSE technique for ETS anastomoses improves anastomoses
times in experienced and moderately experienced microsurgeons while also improving or maintaining suture symmetry
and lowering the number of mistakes. It should be an integral
part of any microsurgeon’s armamentarium. Proper validation
of microsurgical techniques, which now abound, is critical.
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La réduction du temps d’anastomose grâce au cyanoacrylate pour les
interventions microvasculaires
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Abstract
Background: Ever since the description of the first microvascular anastomosis, numerous alternative methods have been
described to the classical approach. Tissue adhesive has shown promising result in previous studies and can be a fast and efficient
alternative which still requires more studies to allow its clinical implementation. Methods: A randomized comparative
experimental study was conducted on rats’ femoral arteries and an end-to-end anastomosis was performed in order to compare 2
anastomosis techniques. In one group, a simple interrupted suture was utilized, whereas in the second group a combination
between fewer sutures and tissue adhesive was used. The anastomotic time, total operative time, blood flow velocity before,
immediately after and 48 hours after the procedure, as well as an independent grading of the anastomosis immediately after the
procedure were performed. Magnetic resonance imaging (MRI) was performed in order to assess the degree of stenosis. After
euthanasia, histology and scanning electron microscopy (SEM) were performed on the vessels in order to assess possible
complications. Results: A total of 24 anastomoses were performed, of which 12 with a classic technique and 12 with an adhesive
technique. All the anastomoses were patent with a significant reduction of anastomotic and total operative time. The grading of
the anastomoses showed better results in the classic suture group. The blood flow velocities were not statistically significant
between the 2 groups. On MRI there was one stenotic anastomosis, whereas histology and SEM showed more complications on
the adhesive group. Conclusion: Anastomotic times were significantly lower with a non-significant trend toward more
thrombotic complications in the adhesive group. Further improvement of the glue properties and refinement of the technique will
likely make it a viable alternative to interrupted suturing in the future.
Résumé
Historique : Depuis que la première anastomose microvasculaire a été décrite, de nombreuses méthodes ont été utilisées en
plus de la méthode classique. L’adhésif tissulaire a donné des résultats prometteurs dans des études antérieures et peut
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représenter une solution rapide et efficace qui devra faire l’objet de plus d’études avant d’être adoptée en clinique.
Méthodologie : Les chercheurs ont mené une étude expérimentale aléatoire et comparative sur des artères fémorales de rat. Ils
ont effectué une anastomose de bout en bout pour comparer deux techniques d’anastomose. Dans un groupe, une seule suture
interrompue a été utilisée, et dans le second, une combinaison d’un moins grand nombre de sutures et d’adhésif tissulaire a été
privilégiée. La durée de l’anastomose, la durée totale de l’intervention, la vélocité du débit sanguin avant, immédiatement après et
48 heures après l’intervention, de même que le classement indépendant de l’anastomose immédiatement après l’intervention.
L’imagerie par résonance magnétique a permis d’évaluer le degré de sténose. Après l’euthanasie, les chercheurs ont effectué
l’histologie et la microscopie électronique sur les vaisseaux pour évaluer les complications possibles. Résultats : Au total, 24
anastomoses ont été exécutées, soit 12 avec la technique classique et 12 avec la technique d’adhésion. Toutes les anastomoses
étaient perméables et s’associaient à une réduction importante de la durée de l’anastomose et de l’opération totale. Le classement
de l’anastomose a révélé de meilleurs résultats dans le groupe de suture classique. La vélocité du débit sanguin n’était pas statistiquement significative entre les deux groupes. On a constaté une anastomose sténosée à l’imagerie par résonance magnétique,
tandis que l’histologie et la microscopie électronique ont révélé plus de complications dans le groupe d’adhésion. Conclusion : La
durée de l’anastomose était beaucoup plus courte et présentait une tendance non significative vers un plus grand nombre de
complications thrombotiques dans le groupe d’adhésion. Des améliorations des propriétés de la coller et le raffinement des
techniques en feront probablement une solution viable pour remplacer les sutures.
Keywords
microsurgery, microvascular anastomosis, cyanoacrylate, sutureless, anastomosis

Introduction
Ever since microsurgery started to be contoured as a technique,
there has been a tendency for various methods of vascular
anastomosis to be described. Despite all available methods,
interrupted suturing remains the gold standard, and to date no
technique has been scientifically proven superior to it.1-3 The
major drawbacks that have been associated when performing a
vascular anastomosis using the so-called classic approach are
represented by the vascular wall trauma, foreign body reaction,
risk of bleeding/leakage, and prolonged procedural time.3-6
In order to overcome the disadvantages previously described,
and in an attempt to simplify the technique of microvascular
anastomosis, numerous techniques using vessel clips, stents,
couplers, and laser-assisted bonding have been described.
Despite presenting a certain degree of success in terms of overall
procedural time, and in some cases a lower stenosis rate when
compared with the suture only technique, they all have been
associated with difficulties or complications which would hinder
their wide distribution in clinical practice.1,2,7-13
Medical adhesives are widely used experimentally as a
sutureless alternative when performing an anastomosis. Initially being used for superficial wound repair, as well as for
haemostasis and embolization, medical adhesives have made
their way into the experimental field and have proven their ease
of use at the cost of a potentially higher prevalence of lumen
obstruction and wall hypertrophy.13-17
The medical adhesives that can be used in vascular anastomosis can be divided, according to their material properties,
into biologic tissue adhesives and chemical synthetic tissue
adhesives. Fibrin adhesive has been shown to have good histocompatibility, haemostasis, and adhesive properties; furthermore, several studies have reported that its use could reduce the
foreign body reactions by reducing the total number of sutures,
shorten the operation time, and improve the vascular patency

rate.12,13,18 However, fibrin adhesives are relatively expensive
and more difficult to prepare, do not provide adequate strength
and can potentially transmit blood-borne disease.10,13,19
Chemical synthetic adhesives such as cyanoacrylates have
been widely used in various fields and have gained popularity
over the past years. Methyl-, ethyl-, or butyl-cyanoacrylates have
been thoroughly studied but due to their associated toxicity and
patency issues as a result of vessel distortion, their use has been
limited.13,20 The newly elaborated adhesives such as n-butylcyanoacrylate and 2-octylcyanoacrylate (Dermabond®; Ethicon
Inc) seem to have answered to the previously mentioned drawbacks. 2-octylcyanoacrylate is a long-chain tissue adhesive containing plasticizers, and has stronger flexible bond with a greater
breaking strength that makes it easier to handle when compared
to short-chain cyanoacrylates.13,21,22 To date, experimental studies using 2-octycyanoacrylate adhesive have achieved satisfying
results which include overall shorter anastomotic time, less vessel damage, and foreign body reaction together with better
patency rates.13,21,23,24
The aim of the present study was to compare the conventional interrupted suture on vessels under 1 mm diameter with a
technique using chemical synthetic adhesives—2-octylcyanoacrylates—in terms of anastomosis time, anastomosis quality,
and prevalence of complications. We hypothesized a reduction
in anastomotic time and a reduction in the complication rate
using the adhesive. In order to establish the feasibility of the
technique, a thorough monitorization of the nature of postoperatively complications and the complication rates themselves were considered as to further promote it, if suitable, for
clinical practice.

Materials and Methods
Our comparative study took place at the Centre for Experimental Medicine within the “Iuliu Haţieganu” University of
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Figure 1. Anastomosis technique. A and B, 180 classic technique. C and D, Triangulation technique with adhesive.

Medicine and Pharmacy, Cluj-Napoca, Romania. The animals
used in the study were provided by the University’s animal
research facility. The Wistar rats were being kept under strict
regulations regarding animals used in biomedical research
(Romanian Law Nr. 43/2014). The housing of the animals was
adequate and in conformity with all required standards while
also being provided with free access to food and water.
All of the procedures were made by the main author (AVO),
highly experienced in microvascular anastomosis. Before commencing the study, the adhesive technique was practiced in the
microsurgery laboratory on both living and non-living training
models. Because of its simplicity compared to the classic
approach to a microvascular anastomosis, the operator had no
trouble adapting to the new technique, with an insignificant
learning curve. All of the post-operative evaluations were performed blindly by the senior author (VV).
Twenty-four male rats weighting between 250 and 300 g
were included in the study (n ¼ 24) with ages ranging from 12
to 16 weeks, divided into 2 groups. The anaesthesia was done
by intramuscular injection of Ketamine (Vetased 10%) 80 mg/
kg and Xilazine (Xylazin BIO 2%, Bioveta) 8 mg/kg. After
the induction of anaesthesia, the right inguinal region was
shaved with clippers, the animal was positioned supine, and
a small 2 cm incision was placed in the inguinal crease. After
the dissection of the superficial fascia and inguinal fat-pat, the
femoral artery was exposed and dissected from the vascular
sheath, ligating a muscular branch always present at this level
(Murphy’s branch). A piece of blue latex was placed

underneath the vessel for contrast purpose. After the placement of the microapproximator clamp (S&T® ABB-2 V), the
artery was cut in the midpoint between the clamps, flushed
with heparinized saline solution, the adventitia was trimmed
and the 2 vascular ends dilated with vascular dilator forceps
(S&T® D-5a.3).
The animal subjects were randomized into 2 groups of
12 animals each, as following:
In the first group (S), the control group, a simple end-to-end
arterial anastomosis was performed on the femoral artery, using
the 180 technique, with 8 interrupted nylon 10.0 sutures
(BBraun Aesculap® 70 m needle; Figure 1A, B). In the second
group (A), the study group, an end-to-end anastomosis was
performed using only 3 simple interrupted sutures 120 apart,
with tissue adhesive being applied between the sutures to complete the anastomosis, a technique that has previously been
described in the literature.10 The adhesive was applied with a
8.0 nylon by tensioning 2 of the 3 the sutures (Figure 1C, D).
For each subject, the total operative time—time elapsed
between incision and skin closure—and anastomotic time were
recorded. After the completion of the anastomosis and removal
of the clamps, an independent grading of the anastomosis was
done by evaluating the following: patency—milking test
described by Acland; the degree of stenosis and suture spacing.
For each of the 3 criteria, a score ranging from 1 to 5 was
assigned and the mean score was calculated in order to compare
the results. In order to assess the velocity of the blood flow in
the femoral artery (cm/s), Doppler ultrasound (Ultrasonix
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Figure 2. Anastomosis grading.

SonixTablet—linear 40-8 MHz probe, 16 mm depth of field)
was performed before-, immediately after-, and at 48 hours
post-procedural and the results were compared.
The animals were euthanized at 6, 7, 10, and 14 days,
respectively, after the procedure was done in order to examine
the blood vessel’s wall structure. We expected uniformity in
terms of performed anastomoses, which is why we chose at
random samples for histological, scanning electron microscopy, and magnetic resonance imaging (MRI) analysis, as
each anastomosis was representative of the whole group.
Euthanasia was performed under general anaesthesia by cervical dislocation.
Histology was performed in order to evaluate the level of
thrombosis at the anastomotic site. Transverse sections of the
vessel near the anastomosis were made and haematoxylin-eosin
staining was used. From each group the arteries were harvested
as following: 3 vessels at 7 days post-operatively and 3 vessels
at 14 days post-operatively.
Scanning electron microscopy (SEM) was performed on the
inner part of the anastomosis to assess the degree of endothelialization and the anastomosis line. A segment of the artery
containing the anastomosis was cut longitudinally and fixed in
glutaraldehyde in order to observe the sutures from the inner
part of the vessel. Scanning electron microscopy was performed on 4 subjects from each group as following: 2 subjects
at 6 days post-operatively and 2 subjects at 10 days postoperatively.
Magnetic resonance imaging was done in vivo, 10 days after
the procedure on 2 subjects from each group in order to evaluate the overall stenosis of the artery at the anastomotic site.

After the procedure, the animals were euthanized. MRI protocol: Flash 3D inflow angiography; field of view 5 cm, 4.9 cm,
5 cm; axial images; slice thickness 50 mm; matrix
384384256; 0.0130 cm/pixel, 0.0128 cm/pixel, and
0.0155 cm/pixel resolution; TR 15 ms; TE 2.6 ms; total acquisition time 18 min, 26 sec (BrukerBioSpec 70/16 USRscanner
7 T, “Babeş-Bolyai” University, Faculty of Physics, ClujNapoca, Romania).

Statistical Analysis
The data were collected in an Excel (Microsoft Corp.) database
and the statistical analysis was done with SPSS software 23rd
ed (SPSS Inc). Kruskal-Wallis, analysis of variance one-way
test were applied. A value of P  0.05 was considered statistically significant.

Results
Both total operative time and anastomotic time were significantly lower in group A when compared to group S (87.92 +
5.66 vs 65.42 + 4.54; P ¼ .05 and 22.58 + 1.77 vs 15.83 +
0.88; P ¼ .003). Regarding the grading of the anastomosis,
better results were obtained in group S with a higher total score
(4.56 vs 3.92; P ¼ .003; Figure 2). Post-operative blood flow
velocity measurements (Doppler ultrasound) were not statistically significant between the 2 groups, neither immediately
post-operatively (13.69 + 0.87 vs 12.22 + 1.01; P ¼ .28) nor
at 48 hours post-operatively (16.22 + 1.14 vs 14.35 + 1.22;
P ¼ .28). Histological evaluation indicated a higher rate of
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Figure 3. Histological evaluation. A, Vessel without thrombosis. B, Small thrombus (t) with collagen strand (c). C, Small thrombus (t) adherent
to the vessel wall. D, Large thrombus (t), >50% occlusion. a indicates artery; v, vein; s, suture.

thrombotic complications in group A (5 subjects) compared to
group S (2 subjects) but neither of these were statistically significant (P ¼ .079). The occlusion of the artery with a thrombus
larger than 50% of the cross-section was seen in 4 subjects in
group A and in 1 subject in group S (Figure 3). Scanning
electron microscopy revealed good endothelialization in both
groups (Figure 4). On MRI, a slight stenosis was seen in one
subject from group A (Figure 5).

Discussion
Since the introduction of the first microvascular anastomosis,
numerous other techniques have been described to help
improve certain aspects. Among them, tissue adhesive plays
an important role and has been previously documented.1-3
The results of our study together with those presented by
other similar studies suggest 2 main points which could be
taken into consideration when approaching this topic. Firstly,
the shorter anastomotic time is highlighted in our study as well
as within the available literature results whenever comparing
the technique using adhesives with the classic approach. This
aspect is crucial in microvascular surgery as to avoid undesirable complications.11,13,15,23,25-27 Moreover, this could be of
great addition for trainees with little experience since it does
not require substantial training as the gold standard technique

does; however, this does not imply that adequate training
should not be acquired throughout one’s surgical curriculum.1
Secondly, the use of chemical synthetic adhesives is thought
to be highly thrombotic once they would leak inside the vessel
whenever compared to the classic technique, compromising the
anastomosis.10,11,28-30 However, there are studies that provide
information with regard to avoiding the leakage of adhesive by
overlapping the adventitia as well as applying the adhesive
evenly in order to ensure that only the minimum amount of
adhesive is applied. Moreover, the overuse of adhesive has
been shown to simply harden around without increasing the
adhesive power.30
Better results regarding the grading of the anastomosis in
group S may be due to the fact that even a so-called “simple”
technique has a learning curve which needs to be mastered.
This aspect is to be considered for future studies, as it helps
objectively assess one’s work. Grading the anastomosis in both
groups could help diminish bias regarding the operator’s
experience.
Despite achieving satisfying results regarding the patency of
the anastomosis (milking and Doppler ultrasound) in group A,
the lack of sutures placed circumferencially may allow the
adhesive to enter the lumen through small imperfections—visible at SEM (Figure 4D)—and therefore induce thrombosis
which can be seen on histological examinations on day 7 and
14. Moreover, the lack of sutures hinders an adequate eversion
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Figure 4. Scanning electron microscopy (SEM) on the inner part of the anastomosis. A, Sutures at the anastomosis (arrow). B, Endothelialization on the suture. C, Good alignment of the anastomosis (arrow). D, Uneven alignment of the anastomosis (arrow).

Figure 5. Angio-MRI. A, Femoral artery without stenosis at the anastomosis (arrow). B, Femoral artery with stenosis at the anastomosis
(arrow). CIA indicates common iliac artery; IIA, internal iliac artery; FA, femoral artery; MRI, magnetic resonance imaging.

of the vessel walls as in the suture only technique, where eversion can be controlled more easily. Therefore, the collagen in
the blood vessel wall is exposed and can lead to thrombi formation. Collagen strands with small thrombi can be seen on
histological evaluation (Figure 3B). The addition of an

intravascular stent may overcome this highly important issue.
Numerous methods have been previously described, such as
soluble stents or thermoreversible poloxamer gels that dissolve
in the bloodstream after the completion of the anastomosis.1,2,31-33 Other methods include specially designed albumin
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tubes which are fixed on the vascular ends and then adhesive is
used to complete the anastomosis without any sutures.34 All
these experimental methods represent potential alternatives for
a better and more reliable type of sutureless anastomosis, with
little to no thrombotic complications.
Studies have shown the technique to be successful both on
artery as well as on vein walls, suggesting it would be a suitable
and reliable approach in clinical practice depending on the
vessel diameter. 21 However, more experimental research
would be advised to be conducted in order to clarify the terms
and have suitable guidelines as to when the technique can be
safely indicated.15,27 Given the fact that recent studies have
shown less perivascular inflammatory tissue together with
neointimal hyperplasia when comparing chemical synthetic
adhesives to sutures only technique, raising the possibility that
the reduced exposure to chronic inflammatory mediators may
result in better long-term anastomotic patency rates by reduction in fibrogenesis and scarring, make it even more likely that
with further research the aforementioned technique would be
suitable for clinical practice.15 The clinical use of chemical
synthetic adhesives in vascular anastomosis, either used as
adjuvants or as a stand-alone technique, could bring better
overall results.12,35-38 A study that aimed to evaluate the
long-term biomechanical properties as well as histological
changes when using 2-octocyanoacrylate adhesive has shown
better tensile strength as well as similar wall stiffness when
comparing the study group with the control groups using the
classic suture technique. In terms of histological changes, at a
6-month evaluation, there were no signs of toxicity caused to
the vessel walls as well as less perivascular foreign body reaction in the adhesive group.10 In addition to this, it was shown
that cyanoacrylate acts as a barrier against microbial penetration and creates an environment that could enhance wound
healing by serving as a reliable wound dressing.39
For a better understanding of the indications and applicability of the adhesive technique, further studies with a higher
number of subjects are necessary to support the use of adhesive
in a safe manner. Although anastomotic time is an important
variable to take in consideration in microsurgery, it should not
surpass the potential thrombotic complications which can lead
to the failure of the anastomosis and catastrophic outcomes (eg,
flap loss). The potential time saving may not be justified if
there is any increased risk of thrombosis, but it should be taken
into consideration.
Moreover, a longer follow-up period of the subjects can
determine the possible late complications and patency rate of
the anastomosis overtime.

Conclusion
Within a randomized study of 24 anastomoses performed on rat
femoral arteries with either the simple interrupted suture or
tissue glue, anastomotic times were significantly lower with a
non-significant trend toward more thrombotic complications in
the tissue glue group. Further improvement of the glue properties and refinement of the technique will likely make it a
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viable alternative to interrupted suturing in the future. Thrombotic events are considered critical in microsurgery; therefore,
the reduction of the anastomotic time solely may not be justified if there is any increased risk of thrombosis, further studies
are necessary in order to support the safety and efficacy of
tissue glue in performing microvascular anastomosis.
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Background. To further improve the success rate of
intestinal transplantation there is a need to find early
appearing indicators of rejection. The specific aim of
this study was to compare Angiotensin (Ang) II type 1
receptor and Ang II type 2 receptor expression in relation to histological signs of rejection.
Methods. Mice of the C57BL6 strain with syngeneic
intestinal grafts were compared to mice subjected to
allogeneic intestinal transplantation with BalbC
strain as donors. Local expression of Ang II type 1 and
2 receptor was evaluated using rt-PCR and Western
blot and compared to histological picture in grafts and
native intestine.
Results. The Ang II type 2 receptor protein expression was markedly up-regulated in the allogeneically
transplanted graft from day 1 postoperatively. Histological signs of rejection were not seen until day 6.
Conclusion. Intestinal allograft transplantation in
mice is associated with a marked up-regulation of the
Ang II type 2 receptor. However, the detailed role of
the renin-angiotensin system in the immune rejection
following intestinal transplantation remains to be
clarified. © 2006 Elsevier Inc. All rights reserved.
Key Words: intestinal transplantation; renin-angiotensin
system; angiotensin II receptors.
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kidney transplantation 25 years ago [20]. These results
are mainly because of the complex immunological situation in the intestine leading to a high rate of acute
rejection. Endoscopic assessment and histological evaluation of graft biopsies represent the current standard
for diagnosis of rejection [7]. Unfortunately, histological
changes appear late in the rejection process and in a
patchy distribution in the transplants mucosa. Failure to
detect mucosal areas with rejection signs by endoscopic
mucosal biopsies lowers the sensitivity of prediction [27].
Other reliable detection alternatives have yet to be identified. It follows that there is a need to find predictive
indicators, with high sensitivity, which are expressed
before clinical rejection occurs.
In the present study we have elucidated the expression of angiotensin II receptors following intestinal
transplantation in mice. The renin-angiotensin system
(RAS), through its main mediator Angiotensin II (Ang
II), is an important component in the control of cardiovascular function and body fluid homeostasis [9]. Today
the RAS is not considered merely as a systemic endocrine
system but also as a tissue-based system, which constituents are locally expressed, e.g., in the kidney, liver,
pancreas, brain, adrenals, and intestine [17, 23, 26, 31,
46]. The classic RAS cardiovascular effects such as
vasoconstriction and sodium retention are mediated
through the Ang II type 1 receptor (AT1R) [9]. The Ang
II type 2 receptor (AT2R), is known to be active mainly
in fetal tissue [4] but has been shown to influence adult
tissues as well. The AT2R is of particular interest as it
is up-regulated in pathological conditions following for
example ischemia [10, 38]. When expressed the AT2R
is thought to balance AT1R actions by exerting opposing effects. For example, vasoconstriction mediated by AT1R may be counterbalanced by AT2R me-
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diated vasorelaxation [2]. It has been shown that
hypovolemia elicits an AT1R dependent regional vasoconstriction in the hepatomesenteric organs. Several studies have shown tissue protective effects of
selective AT1R-blockade during such hypovolemic situations. Furthermore, during blockade of AT1R, Ang II
stimulates the unopposed AT2R, which is proposed to
contribute to a maintained gastrointestinal oxygenation and mucosal integrity [1, 41]. Based on this information it was considered of particular interest to
investigate the dynamics and expression of Ang II receptors in relation to intestinal transplantation, which
by definition involves a critical ischemic procedure.
The experimental model used in the present study is a
well-established surgical procedure on mice, which
leads to marked clinical and histological rejection signs
after some 10 –14 days whereas moderate signs can be
observed from post-operative day (POD) 4 and onwards
[16]. The specific aim of the study was to compare
AT1R and AT2R gene and protein expression and histological changes in the pre-rejection time window in
this model, i.e., during POD 1 to 6.
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POD 1, 3, and 6 post-operatively. Samples of grafts and native
intestine were removed and used for analyses.

Western Blot AT1R and AT2R

MATERIALS AND METHODS

Specimens of full wall thickness from graft and native intestine
were collected immediately after killing the mice, snap frozen in
liquid nitrogen, and subsequently stored at ⫺70°C until use. The
specimens were homogenized on ice (Polytron, Kinematica AG,
Switzerland) in buffer A (10% glycerol, 20 mM Tris-HCl pH 7,3, 100
mM NaCl, 2 mM phenylmethylsulfonyl fluoride, 2 mM EDTA, 2 mM
EGTA, 10 mM sodium orthovanadate, 10 g/ml leupeptin, and 10
g/ml aprotinin) [30]. Centrifugation was performed at 30,000 ⫻ g
for 30 min at 4°C. The pellets were resuspended in buffer B [1%
NP-40 (Sigma-Aldrich, Stockholm, Sweden) in buffer A] and subsequently stirred at 4°C for one hour before centrifugation at 30,000 ⫻
g for 30 min at 4°C. The supernatants were analyzed for protein
content by the method of Bradford [5] and stored at ⫺70°C until
further analysis. Electrophoresis was run on 10% Bis-Tris using
MOPS running buffer (Invitrogen AB, Sweden). One lane was loaded
with a pre-stained molecular weight standard. Whole cell lysates of
KNRK (for AT2R) and PC-12 (for AT1R) (Santa Cruz, Santa Cruz,
CA) were used as positive controls. Polyvinyldifluoride membranes
were incubated with polyclonal specific antibodies of rabbit origin
directed at the AT1R (N-10, Santa Cruz) and AT2R (H-143, Santa
Cruz). An alkaline phosphatase conjugated goat anti-rabbit antibody
(Santa Cruz) and CDP-Star substrate, were used to identify immunoreactive proteins by chemiluminescence. Images were captured by
a LAS-1000 cooled CCD-camera (Fuji film, Tokyo, Japan). Data were
expressed as absorbance per microgram protein.

The study was approved by the Ethics Committee of Research at
the Medical Faculty, Sahlgrenska Academy, Goteborg University.

Reverse Transcriptase Polymerase Chain Reaction (rt-PCR)
AT1aR, AT1bR, and AT2R

Animal Model
Thirty male mice of the C57BL6 strain, weighing 25 to 30 g,
underwent heterotopic small bowel transplantation according to He
[16]. The mice were divided into two groups. Group 1 received syngeneic grafts (C57BL6 to C57BL6, n ⫽ 15) whereas group 2 received
allogeneic grafts with mice of the BalbC strain acting as donors
(BalbC to C57BL6, n ⫽ 15). The animals were anesthetized by
inhalation using Isoflurane 2 to 2.5% (Forene, Abbott, Solna,
Sweden). First a graft was harvested from the donor mouse: After a
midline abdominal incision the portal vein and the superior mesenteric artery were isolated and the proximal jejunum was separated
from the rest of the intestine. Cold saline was used to perfuse the
graft in situ via the infrarenal aorta until adequately washed out.
The portal vein close to the hilum of the liver and the superior
mesenteric artery (including an aortic Carrel patch) were divided to
free the jejunum. The donor mouse was then killed and the graft was
stored in cold saline (⫹4°C) while transplantation preparations were
performed on the recipient mouse. The infrarenal aorta and inferior
vena cava of the recipient were mobilized and clamped. End-to-side
anastomoses were performed connecting the donor portal vein to the
recipient inferior vena cava and connecting the donor aortic patch to
the recipient aorta. The proximal end of the graft was exteriorized as
a stoma. The distal end was end-to-side anastomosed to the recipient’s bowel. The recipient’s native intestine was left intact. Surgical
procedure was the same in all groups with no inter-group differences
in warm or cold ischemic time. After surgery the mice were kept in a
heat controlled environment for recovery. Once full recuperation was
achieved the mice received water and regular food ad libitum.
Post-operatively the mice’s general status was monitored. Signs of
transplantation complications and clinical signs of rejection, such as:
output of mucus from stoma, stoma changes (i.e., stenosis, obliteration, necrosis) and development of a palpable abdominal mass, were
noted. Animals were randomized into groups (n ⫽ 5) and killed on

Specimens of full wall thickness from graft and native intestine
were collected immediately after sacrifice, snap frozen in liquid nitrogen and subsequently stored at ⫺70°C until use. The tissue was
placed in RNA STAT ⫺60 (Bio site, Täby, Sweden) and then homogenized. Total RNA was obtained using phenol-chloroform extraction
[8] and ethanol precipitation. The RNA concentration was quantified
by absorbance measurement at 260 nm and the integrity was assessed by absorbance measurement at 280 nm. Reverse transcription
from 5 g of total RNA was carried out using the SUPERSCRIPT
First-Strand Synthesis System (Invitrogen, Lidingö, Sweden) with
Oligo (dT) primers (Life Technologies, Inc., Täby, Sweden) according
to the manufacturers instructions. cDNA was stored at ⫺20°C until
use. The PCR was performed using Lightcycler Q-PCR (Roche Diagnostics AB, Stockholm, Sweden) in a volume of 20 L using the
FastStart DNA Master SYBR Green I (Roche Diagnostics AB) according to the manufacturers instructions. MgCl2 concentration was
optimized to 4 mM to obtain the highest signal intensity and lowest
background. Specific primer sequences used were: For AT2R (sense)
GCCACCAGCAGAAACATTAC (antisense) ACAGCAAACCCAATCACAAA, the product obtained was 160 bp, melting temperature
69°C, AT1aR (sense) AATTCAACGCTCCCCA (antisense) GTCCACGATGTCGGCA the product obtained was 284 bp, melting temperature 68°C, AT1bR (sense) AAATTGCGGACGTAGTG (antisense)
TGAAGGGCGGTAGGAA the product obtained was 205 bp, melting
temperature 64°C and for GAPDH (sense) GTCGTGGATCTGACGTGCC and (antisense) TGCCTGCTTCACCACCTTCT the product obtained was 70 bp, melting temperature 72°C. Sample concentration
was determined from a standard curve for each pair of primers.
Software supplied by Roche Diagnostics, Mannheim, Germany, was
used to perform the quantification.

Histology
Samples from grafted and native intestine were harvested at
time of killing and fixed in 4% formaldehyde in PBS. Specimens
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roscopic changes between allograft and native intestine were easily detected after laparatomy on POD 6
though no perforations or areas of necrosis were observed.
Western Blot AT1R and AT2R
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FIG. 1. (A) AT2R protein expression displayed as absorbance
(OD) after syngeneic and allogeneic small intestinal transplantation;
allogeneic grafted (circle) and native (square) intestine, syngeneic
grafted (triangle) and native (diamond) intestine. Data from POD 1,
3, and 6. Significant differences are denoted as follows: *P ⬍ 0.05
allogeneic graft compared to native intestine, **P ⬍ 0.01 allogeneic
graft compared to native intestine, #P⬍ 0.05 syngeneic graft compared to native intestine, €P ⬍ 0.05 allogeneic graft compared to
syngeneic graft (n ⫽ 4 in syngeneic group POD 1, n ⫽ 5 in all other
groups).

were then embedded in paraffin and stained with hematoxylineosin. An experienced pathologist (MV), who was blinded to the
study design, analyzed the histological material and graded it according to the system previously described by He [16]: Rejection
grade 0; Normal interstitial structure. Non-specific inflammatory
infiltrate could be present. Rejection grade 1; Scattered apoptotic
crypt cells (more than two apoptotic figures per crypt). Rejection
grade 2; Focal crypt destruction. Rejection grade 3; Focal mucosal
ulceration with necrosis. Rejection grade 4; Mucosal sloughing with
extended transmural necrosis. In addition, to be awarded grade 4
focal or diffuse infiltration of the tunica propria had to be detected.
The histological material was also analyzed with regard to reactive
post-operative changes and primary ischemia-reperfusion damage
defined as follows: Reactive changes; necrosis of fatty tissue, peritonitis with activation of mesothelial cells and/or active inflammatory
infiltrates, fibrin and possibly hemorrhage. Primary ischemia/
reperfusion damage; homogenous eosinophilic necrosis, focal nature
of lesions with no elevation of cell count in the lamina propria.

In the syngeneically transplanted group a moderate
increase in AT2R could be established in the graft
compared to the native intestine on POD 3 and 6 postoperatively (Fig. 1). When comparing grafts to grafts
over time a significant increase could be noted between
POD 1 and 3 (P ⫽ 0.05), no significant increase could be
detected between POD 3 and 6. AT1R was evenly expressed over time in both syngrafts and native intestine (data not shown).
In the allogeneically transplanted group AT2R expression was significantly higher in the grafted intestine already on POD 1 as compared to native tissue.
This difference was markedly accentuated on POD 3 and
6 (Fig. 1). When comparing grafts to grafts, over time, a
significant increase in expression could be noted between POD 1 and 3 (P ⫽ 0.028) and also between POD
3 and 6 (P ⫽ 0.0143). As in the syngeneic group, AT1R
was evenly expressed over time in grafts and native
intestine (data not shown). The expression of AT2R
was significantly higher in the allogeneic grafts as
compared to the syngeneic grafts on POD 1 and 6.
rt-PCR AT1aR, AT1bB, AT2R

The rt-PCR results are displayed as the ratio between AT2R and AT1aR. In the syngeneically transplanted group no significant differences were detected
between graft and native intestine on either day (data
not shown). In the allogeneically transplanted group
there was a tendency toward a higher ratio in the
grafted intestine on POD 1 though no statistical significance was attained (P ⫽ 0.078) (Fig. 2).

Statistics

Histology

Data are presented as means ⫾ standard error of the mean (SEM).
Statistical analyses between multiple groups were performed using
the non-parametric Kruskal-Wallis H-test and between two different
groups using the non-parametric Mann-Whitney U-test, P ⱕ 0.05
was considered significant.

In the syngeneically transplanted group one graft on
POD 1 and another on POD 6 attained grade 2 and grade

RESULTS
Clinical Course and Graft Macroscopic Appearance

Ratio AT2R/AT1aR
30

25
20
15

Syngeneically transplanted animals exhibited no
macroscopic differences between graft and native intestine on either POD 1, 3, or 6. These animals also appeared healthy, without post-operative complications or
clinical signs of rejection. The allogeneically transplanted
animals were evidently healthy until POD 5 to 6, at this
time they became less active and started to develop
right-sided abdominal masses and stomal clots. Mac-

10

5
0

POD 1

POD 3

POD 6

FIG. 2. RNA expression as ratio between AT2R and AT1aR of
the allogeneically transplanted group; grafted (gray) and native
(white) intestine. Data from POD 1, 3, and 6 (n ⫽ 5 in each group).
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Rejection grade
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FIG. 3. Histological rejection grade of allogeneic grafts (white)
and syngeneic grafts (gray). Rejection grades are defined in text (n ⫽
3 at POD 1 in the syngeneically transplanted group, n ⫽ 4 at POD 3
in the allogeneically transplanted group, n ⫽ 5 in all other groups).

1, respectively, when graded according to He. No other
histological aberrations were observed, over time, in the
grafted or the native intestine of the syngeneically transplanted animals. However, reactive post-operative
changes were obvious on POD 3 in both native and
grafted intestine. On POD 6 reactive signs were observed
in grafts only. A primary ischemia-reperfusion injury was
detected in one syngeneic graft on POD 1, the same graft
scored 2 on the He-grading of rejection.
The allogeneic group exhibited a similar degree of nonspecific inflammatory infiltration and other signs of postoperative reactivity as were detected in the syngeneic
group. No signs of primary ischemia -reperfusion injury
were detected in any of the allogeneic grafts. Histology
showed signs of rejection (grade 4 according to He) in 3
out of 5 grafts on POD 6. These grafts showed focal
transmural ulceration/necrosis as well as infiltration of
granulocytes in the tunica propria. Necrosis of fatty
tissue and peritonitis were seen around all grafts on
POD 6 and was interpreted as part of the reactive
post-operative process. No signs of rejection were detected, in any grafts, on POD 1 or 3 (Fig. 3). Interestingly, the AT2R protein expression was particularly
high in allografts displaying signs of rejection (Fig. 4).
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tion develops marked allograft rejection signs from
POD 10 to 14 and onwards [16]. This feature makes the
model particularly suitable for studying pre-rejection
conditions. However, instead of the B6C3F1 strain that
was used as donors in the original paper by He et al.
[16] we used the BalbC mouse strain as donors. Previous papers from our laboratory and others have shown
that when using this strain as a donor marked rejection signs are not apparent until POD 7 to 8 [11, 21,
24]. In the present study, therefore, POD 1, 3, and 6
were chosen as measuring points representative of the
pre-rejection phase.
The present finding that allograft AT2R expression
is significantly increased already on POD 1 compared
to syngrafts may be indicative of an oncoming rejection. The up-regulated AT2R-expression even precedes
the microcirculatory aberrations of the allografts, observed from POD 3, that we have previously shown
using laser-Doppler flowmetry [11]. This proposal is
further supported by the histological examination revealing signs of rejection in some allogeneic grafts on
POD 6. However, AT2R in adulthood increases following ischemia and during inflammatory as well as certain restoratory conditions. Consequently, AT2R expression cannot be regarded as a specific indicator of
acute rejection as it is also triggered by, e.g., the postoperative inflammatory reaction. Indeed, a moderate
up-regulation of AT2R was detected also in the syngeneically transplanted group. Actually, syngeneic and
allogeneic graft AT2R expressions were on similar levels on POD 3 when the reactive changes were most
accentuated. However, despite the less prominent histological signs of unspecific traumatic reactions on
POD 6, the AT2R expression had increased significantly in the allografts whereas syngrafts maintained
an AT2R expression not different from POD 3 (Fig. 1).
Taken together, the results indicate strongly that an
evolving acute rejection is associated with an upregulation of the AT2R expression.

DISCUSSION

The most interesting finding in the present study
was the marked increase in AT2R protein expression
observed already on POD 1 in allogeneic grafts as compared to native intestine. The AT2R expression in syngeneic grafts also increased but to a lesser degree. No
inter-group differences were found with regard to expression of the AT1R protein.
The presently used model on intestinal transplanta-

FIG. 4. AT2R protein expression, following allogeneic small intestinal transplantation, displayed as absorbance (OD). Data from
POD 1, 3, and 6 shown as individual values. Native intestine (gray),
allografts (white) and allografts showing rejection signs according to
histological assessment (black).
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From a technical point of view real time rtPCR-based
analyses of gene transcripts may seem more attractive
than Western blotting of proteins. It has, however, been
difficult to establish a housekeeping gene with confirmed
stable expression during the post-operative phase. For
that reason we chose to describe the results as the ratio
between AT2R and AT1aR which also reflects the yinyang relationship between these receptors. Even so the
gene transcription analysis did not detect any significant differences between post-operative days, or between native and grafted intestine. The time window
for gene expression is unknown and lack of positive
results could follow from tissue sampling after maximal transcription has occurred. It may also be that
optimized tissue handling, e.g., separation into mucosa
and muscle-layer, and/or other sampling intervals,
would improve sensitivity of RT-PCR-analyses.
As mentioned both ischemia and inflammation are
described as triggers for AT2R expression but the functional role of AT2R is still obscure. Generally it appears as if AT2R is expressed in association with tissue
regeneration after injury, for example during skin wound
healing [39] and regeneration of neurons [25]. Activation
of AT2R influences the restorative processes in several
ways, e.g., via improved tissue perfusion through vasorelaxation, by modulating angiogenesis and by tuning proliferation via induction of apoptosis [9, 15, 32,
37, 43]. In brain and kidney Ang II actions through
AT2R has been ascribed a role of protection in acute
ischemia through recruitment of collateral circulation
[13, 14]. Adaptation to slowly progressing ischemia in
brain e.g., through intracellular acid-buffering capacity, has also been awarded AT2R mediated Ang II
effects [12, 19]. Several studies have shown that selective blockade of AT1R enhances the protection against
ischemia [18, 22, 41]. However, such positive results
obtained by AT1R blockade can be reversed by the
selective AT2R antagonist PD123319 [18] indicating
that the effects are mediated via the unopposed AT2R.
The RAS is involved also in modulation of inflammation, studied particularly with regard to atherosclerosis and renal disease [6, 34]. Ang II has been shown to
induce cellular responses through classical cytokine
pathways [36]. Ang II has, for instance been demonstrated to participate in the synthesis of C-X-C chemokines IP-10, IL-8, MIP-2, and KC in vasculature and
kidney [29, 36]. Zhang et al. have shown that IP-10 is
of great importance for donor T-cell activation in small
bowel allograft rejection [44, 45]. Zang et al. have also
shown that the C-C chemokine RANTES is up-regulated
in small bowel allograft rejection [45]. RANTES upregulation has been shown in acute rejections of a
number of other solid organs, e.g., lung transplants in
humans [3] and in animal models of, e.g., lung and
heart transplants [3, 28]. These animal studies also
show that blockade of RANTES delays the graft rejection.

Furthermore, studies on rat intestinal transplantation
show that blockade of RANTES, with met-RANTES,
abates the deterioration of intestinal microcirculation
during the rejection as well as delays the development of
histologically detectable rejection [35]. This is of particular interest in relation to the present study because synthesis of RANTES can be elicited by Ang II, mediated
through the AT2R [42]. Ang II has also been reported
to activate mononuclear cells and regulate endothelial
adhesion molecules, such as ICAM-1 and VCAM-1. Activated mononuclear cells can produce Ang II to uphold
the inflammatory response [6, 33, 36]. In contrast to
the antagonistic fashion of action of the AT1R and
AT2R observed in most other systems both receptors
seem to act in concert as pro-inflammatory agents [36].
Although speculative so far the marked up-regulation of
AT2R protein expression detected in the allogeneic grafts
in this study may indicate the oncoming severe inflammation triggered by the immunological incompatibility. Further investigation is needed to clarify the detailed role of the RAS in conjunction with intestinal
allograft rejection and the underlying immune reaction. The occurrence of this receptor in the initial phase of
acute rejection after intestinal transplantation also presents a possible target for pharmacological intervention
using Ang II receptor antagonists/agonists [40].
In conclusion intestinal allograft transplantation in
the mouse is associated with a marked up-regulation of
the AT2R. However, the detailed role of the RAS in the
immune rejection after intestinal transplantation remains to be clarified.
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Allotransplantarea renalã accesorie cu drenaj urinar intern sau extern.
Model experimental la porc
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Rezumat:
Acest studiu descrie un nou model experimental de allotransplantare renalã accesorie la animalul mare de laborator (porc) cu
drenaj urinar intern sau extern. Animalele au fost grupate in 2
loturi: Lotul A (n=8): studiu anatomic pe modele de coroziune
al hilului renal æi a vaselor mari abdominale; Lot B (n=24):
transplant renal heterotopic în manierã allogeneicã (AlloRTx).
AlloRTx a fost realizat in manierã accesorie, cu pãstrarea
rinichilor nativi ai receptorului æi revascularizarea transplantului
la nivelul aortei æi a venei cave inferioare. Drenajul urinar a fost
realizat prin uretero-neostomie (n=8) exteriorizatã la nivel
lombar sau uretero-neocistostomie internã (n=8). Monitorizarea
allogrefei s-a realizat 8 zile postoperator prin puncåie-biopsie
echo-ghidatã in ziua 1, 4, 7 postoperator æi prin monitorizarea
zilnicã a diurezei. Au fost efectuate 16 allotransplante. Timpul
operator mediu a fost 125 minute, supravieåuirea postoperatorie
a fost 100% iar la 72 ore, 87,5%. Reactia de rejet acut debuteazã
in ziua 4 postop, prin apariåia infiltratului limfocitar, corelat cu
diminuarea progresivã a diurezei din ziua 3. In ziua 7, rejetul
este complet. Ambele metode de drenaj urinar prezentate sunt
funcåionale æi pot fi utilizate. Modelul experimental prezentat
este un instrument util atât pentru antrenamentul chirurgului
de transplant cât æi in cercetare. Allotransplantarea renalã
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accesorie la porc, face posibilã urmarirea allogrefei renale pânã
la rejetul complet, fãrã risc vital pentru receptor.
Cuvinte cheie: model experimental, transplant, renal,
accesoriu, rejet acut

Abstract
Accessory renal allotransplantation with internal or
external urinary drainage. An experimental model in pig
This study describes an experimental model of accessory renal
allotransplantation in the big laboratory animal (pig). A total of
24 common-breed pigs were used. All allografts were
transplanted in an accessory manner and revascularized at the
level of the infrarenal abdominal aorta and inferior vena cava.
The urinary drainage was performed either through an external
uretheroneostomy at the ipsilateral lumbar region (Group A n=8) or by internal uretheroneocystostomy (Group B - n=8).
All transplants were monitored for 8 days postoperatively using
translumbar ultrasound-guided biopsies at 1, 4, 7 days. A total
of 16 transplants were performed. 1 ectopic donor kidney was
found and transplanted in the same fashion. Mean operative
time was 125 minutes, immediate postoperative survival was
100% and at 72 hours, 87,5%. The onset of acute rejection was
at day 4, by massive lymphocyte infiltration and was directly
correlated with the abrupt decrease of the allograft diuresis in
Group A, at day 3. At day 7, the rejection was complete. Both
methods of urinary drainage are functional and can be
employed. This experimental model is a useful tool for training
of the transplant surgeons or for transplantation research. The
surgical technique for accessory renal allotransplantation in
pig is easy to learn and offers the possibility for allograft
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monitoring until complete rejection without influencing the
receptor health condition.
Key words: experimental model, transplantation, renal,
accesory, acute rejection

Introducere
Transplantarea renalã (TR), reprezintã azi tratamentul standard
pentru insuficienåa renalã terminalã (IRT) de orice etiologie,
fiind o intervenåie chirurgicalã practicatã de rutinã. Datoritã
schemelor actuale de tratament imunosupresiv, precum æi a
expandãrii “pool-ului” donor prin introducerea transplantãrii
renale de la donator viu, supravieåuirea allogrefelor la 5 ani
depaseste 85% iar numarul de transplante renale efectuate
anual se pastreazã pe o pantã ascendentã. (1) In 2007, la nivel
european au fost efectuate in medie 74 TR/pmp (pmp - per
milion pacienti) cu IRT (2006 - 65TR/pmp; 2007- 58 TR/pmp),
din care aproximativ 42% au fost allogrefe de la donator viu. (2)
In acelaæi timp însã, aceeaæi sursã (Registrul ERA-EDTA)
indicã cresterea alarmantã în 2007 la 111/pmp (vs. 85/pmp
in 2006), a numãrului de pacienåi nou diagnosticaåi cu IRT,
în program de dializã, alfati pe lista de aæteptare în
programele de transplant renal a 17 åãri europene. (3)
Concomitent, supravieåuirea la distanåã (e.g. 10 ani) a
allogrefelor renale precum æi a pacienåilor transplantaåi, este
încã “umbritã” de perspectiva rejetului imun cronic æi a
sindroamelor maligne induse de imunosupresie (e.g. sindromul
proliferativ posttransplant - PTLD). (4-6)
Pentru a contracara aceste efecte, o soluåie este reprezentatã
de inducerea toleranåei operaåionale clinice, prin suprimarea
selectivã “artificialã” a sistemului imun al receptorului la
alloantigenii donatori cu eliminarea consecutivã a imunosupresiei medicamentoase. Deæi existã date concludente pe
modele experimentale la animalul mic de laborator, înainte de
elaborarea unor protocoale clinice, este necesar studiul
aprofundat pe modele cât mai apropiate de sistemul uman. (7-10)
Scopul studiulul de faåã a fost standardizarea unui model
experimental de allotransplant renal accesor la porc.

Material æi Metodã
Animalele æi pregãtirea preoperatorie
Au fost utilizate 24 animale, porci de rasã comunã, cu o
greutate medie de 25 kg (21-32 kg), masculi (16 animale receptori) æi femele (8 animale - donatori). La 48 ore preoperator, animalele au primit exclusiv aport hidric æi post alimentar.
La 24 ore preoperator, sa efectuat profilaxie antibioticã (1g
Ceftriaxon, i.v). La 6 ore inainte de inducerea anesteziei, se
opreæte complet aportul hidric.

Anestezia
Animalul de laborator este premedicat cu un amestec analgo-

sedativ cu ketaminã (10-20 mg/kg) æi midazolam (0.5 mg/kg)
administrate profund intramuscular în muæchii posteriori ai
regiunii cervicale. Pe aceeasi cale, se administreazã 1mg de
atropinã pentru a preveni hipersalivaåia indusã de ketaminã.
Inducåia anestezicã se realizeazã cu animalul pe masa de
operaåie in decubit dorsal. Se canuleazã o venã auricularã cu
ajutorul unui cateter venos periferic Nr. 22G (Vasofix, BBraun,
Melsungen, Germania). Profilaxia antibioticã peroperatorie se
efectueazã cu Ceftriaxon 1g i.v., cu repetarea dozei la 4 ore.
Inducåia se realizeazã prin administrarea în bolus de Thiopental
(5-7mg/kg). Animalul se intubeazã orotraheal pe laringoscop cu
lama dreaptã tip Miller Nr.4 æi sonde de intubaåie cu diametru
de 6 - 7,5mm (Mallinckrodt, Atholne, Irlanda). Menåinerea
anesteziei se bazeazã pe pivot volatil (Halotan) administrat la
MAC (minimum anesthetic concentration) de 0.95-1.2%.
Medicaåia analgeticã este Fentanyl 0.05 mg/kg i.v. bolus,
urmatã de 0.03 - 0.1 mg/kg/h in p.e.v continuã. Adiåional se
administreazã blocante neuromusculare: vecuronium bromid
(0.75 mg/kg/h i.v.) sau pancuronium bromid în aceeaæi dozã.
Ventilaåia este asiguratã artificial cu o mixturã aer/O2 (minim
50% O2), modul de ventilaåie controlatã în volum curent de
cca 8-10 ml/kg corp, frecvenåa respiratorie de cca 12-16 respiraåii/minut. Necesarul hidric intraoperator este asigurat prin
p.e.v. soluåie 0.9 % NaCl 25 ml/kg/h, pentru compensarea
pierderilor. Intraoperator se monitorizeazã EKS, SpO2, TA
invaziva (denudare/canulare a.carotidã internã), PVC
(denudare/canulare v. jugularã internã) EtCO2, temperatura
centralã, diureza orarã (sistem Cistofix, BBraun, Melsungen,
Germany).
Trezirea se realizeazã prin antagonizarea medicamentoasa a
blocului neuromuscular (neostigmina 0,04 mg/kg) æi extubare în
momentul în care respiraåia spontanã devine eficientã. Agitaåia
motorie în timpul trezirii, se cupeazã prin administrarea de
Diazepam 0.1 mg/kg i.v.
Postoperator, antibioterapia se continua 5 zile (Ceftriaxon
1g i.v.). Tratamentul analgetic postoperator este realizat cu
Butorphanol (0.5 mg i.v/6h) pentru 72 ore.

Operaåia la donator
Dupa inducerea anesteziei generale conform protocolului
descris, animalele sunt preparate æi izolate steril. Campul
operator este realizat cu folie incizionalã (Ioban®,
IncisionDrape, 3M, SUA). Abordul pentru lojele renale se
realizeazã transperitoneal prin laparotomie xifopubianã. Dupa
prepararea minimã a colonului spiroid (aceastã manevrã este
necesarã pentru a putea mobiliza masa intestinalã) masa intestinalã este exteriorizatã paråial æi plasatã într-un câmp umed la
dreapta animalului. Este plasat un depãrtãtor autostatic.
Mobilizarea grefelor renale începe prin secåionarea peritonelul
posterior, de-a lungul aortei æi venei cave inferioare supra æi
infrarenale, precum æi de la nivelul hilului renal spre cranial æi
apoi circumferenåial. Pentru prepararea pedicolului, se disecã
iniåial artera renalã, spre proximal pânã la nivelul emergenåei
acesteia la nivelul aortei æi distal pânã la nivelul hilului renal.
Vena renalã se disecã pânã la nivelul abuæãrii la nivelul venei
cave (Fig. 1). Disecåia venei se realizeazã bilateral cu atenåie, în
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Figura 1. Allogrefa renalã inainte de recoltare la donator. (VCI vena cavã inferioarã; Ao - Aorta; VR - vena renalã;
ARDrp - a. renalã dreaptã; ARStg - a. renalã stângã)

poråiunea cea mai proximalã, unde glanda suprarenalã, este
intens aderentã de peretele venos. Separarea glandei
suprarenale se realizeazã prin identificarea unui plan de clivaj
între peretele venos æi capsula glandularã æi secåionarea între
ligaturi a unei vene suprarenale, cu traiect scurt (aprox. 3 - 4
mm). Odata cu prepararea pedicolilor vasculari, animalul este
heparinizat (250 UI/kg Heparina i.v. bolus). La un animal
donator, unul dintre rinichi a fost ectopic (situat retroperitoneal
la nivelul fosei iliace stangi æi a hipogastrului) cu originea unei
artere renale singulare la nivelul arterei iliace interne stângi æi
a venei la nivelul venei iliace comune contralaterale. Prepararea
pedicolului vascular sa realizat in aceeasi manierã, prin disecåia
arterei repectiv venei renale pânã la origine æi recoltarea
acestora la nivelul emergenåei din artera hipogastricã stângã,
respectiv a abuæãrii în vena iliacã comunã contralateralã
(Fig. 2A, B, C). Recoltarea propriu-zisa se desfaæoarã dupã cum
urmeazã: (1) Se izoleazã prin clampare un segment aortic ce
conåine emergenåa ambelor a renale (sau tuturor arterelor
renale în caz de variante anatomice polare). In momentul
clampãrii, regiunea perirenalã se acoperã cu gheaåã sterilã
(NaCl 0.9%); (2) se ligatureazã venele renale la nivelul abuæãrii
acestora în vena cavã inferioarã æi se secåioneazã proximal de
ligaturã; (3) se excizeazã segmentul de aortã en-bloc. Pentru
rinichiul ectopic recoltarea s-a realizat în aceeaæi manierã, însã
prin ligatura venei renale la nivelul abuæãrii în vena iliacã
comunã æi prepararea arterei renale la nivelul emergenåei din
artera hipogastricã de partea opusã. Irigarea æi prepararea
grefelor renale se realizeazã pe “back-table”, într-un recipient ce
conåine acelasi tip de gheatã. Astfel, se canuleazã arterele
renale cu ajutorul unor catere de silicon Fr. 18 æi se spalã cu app.
500 ml soluåie tip UW la 40 (Custodiol®, Essential
Pharmaceuticals, SUA). Irigarea se realizeazã pânã in momentul
exteriorizãrii de efluent curat la nivelul venei renale. Se separã
pedicolii vasculari arteriali prin sectionarea pe lungime a
segmentului aortic urmatã de croirea unui “cuff” de perete
aortic în periartera renalã. La nivelul venei renale se practicã
exclusiv adventicectomie. Pentru rinihiul ectopic, artera renalã
s-a recoltat cu un “cuff” de arterã hipogastricã pentru a facilita
anastomoza la receptor.

B

C

Figura 2.

Allogrefa renala stângã ectopicã. (A) Hilul renal
disecat la donator. Emergenåa a. renale (a. renalã) la
nivelul a. iliace interne stg (AIIStg) (AICStg - a. iliacã
comunã stg; AIEStg- a. iliacã externã stg; VU - vezica
urinarã); (B) Hilul renal preparat pe “back-table”. Se
observã originea separatã a a. renale (4), bontul AIIStg
(2), v. renalã (3) æi ureterul (1); (C) Allogrefa renalã
ectopicã postrevascularizare la receptor. Se observa
anastomoza v. renale cu VCI (1), a. renale cu Ao (2),
ureteroneocistostomia (3)

Transplantarea
Animalele sunt anesteziate æi plasate în dispozitivul operator, în
acelasi mod de mai sus. Câmpul operator este realizat la nivelul
întregii regiuni abdominale de la nivelul apendicelui xifoid, la
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Figura 3. Allogrefa renalã postrevascularizare. Se observã a.
renalã (2) æi anastomoza cu aorta (Ao); v. renalã (1) æi
anastomoza cu v. cavã inferioarã (VCI); ureterul (3)

Figura 4. Ureteroneostomia translombarã. Aspectul final cu
drenajul urinar prin canularea ureterului allogrefei.
Montaj exteriorizat translombar

regiunea pubianã. Se patrunde în cavitatea peritonealã æi prin
secåionarea peritoneului postetrior, se expun aorta æi vena cavã
inferioarã, în poråiunea infrarenalã. Disectia aortei se realizeazã
cu atenåie pentru a evita leziunea trunchiurilor limfatice
lombare proeminente aflate imediat in vecinãtatea peretelui
lateral aortic precum æi în spaåiul interaortocav. Disecåia
circumferenåialã nu este necesarã în vederea clampãrii. In
eventualitatea lezãrii vaselor limfatice, sutura limfostaticã a
acestora este absolut necesara pentru a evita dezvoltarea
chiloperitoneului postoperator.
Inainte de clampare, se administreaza 100 UI/kg
Heparina in bolus. Imediat postinjectare, se clampeazã aorta
æi vena cavã inferioarã. Dupa prepararea preliminarã a
vaselor receptoare (e.g. adventicectomie, arteriotomie/
venotomie longitudinalã), allogrefa renalã este plasatã în
cavitatea peritonealã a receptorului. Se practica anastomoza
T-L a cuff-ului arterial al grefei cu aorta, respectiv a venei
renale cu vena cavã inferioarã a receptorului, în maniera
continuã cu fir surjet Prolene (Surgipro®, Johnson &
Johnson, SUA) (Fig 3). Dupã declampare se realizeaza
derivaåia urinarã, ce poate fi externa (ureteroneostomie
lombara ipsilaterala) sau interna (ureteroneocistostomie).
Ureteroneostomia lombarã se realizeaza translombar. Dupa
canularea prealabila a ureterului grefei cu un caterer
siliconat Fr Nr. 14, æi asigurarea acestuia la acest nivel cu un
fir de suturã, se tunelizeazã montajul transmuscular lombar la
tegument. Cateterul este ulterior ataæat la o pungã de urinã
fixatã la tegumentul lombar cu fire de suturã (Fig. 4). Astfel se
poate monitoriza la vedere funcåia renalã prin calcularea
diurezei zilnice a allogrefei. Uretero-neocistostomia este
realizatã la nivelul peretelui superior al vezicii urinare. Se
clampeazã peretele vezical æi se creeazã o breæã transmuralã de
aproximativ 1,5-2cm. Ureterul allogrefei se sutureazã în mod
termino-terminal la vezica urinarã a recipientului cu ajutorul
unui fir PDO-X 4-0 (Biosintex®, Romania) (Fig. 2C). Peretele
abdominal este suturat în 2 straturi, cu fir PDS 1, tip “loop” in
manierã continua, respectiv Nylon 2-0 surjet la tegument.

Monitorizarea postoperatorie a transplantului
Monitorizarea postoperatorie a allogrefei se realizeazã prin
punctie-biopsie percutanã (ace tip Hepafix - 88 mm,
BBraun, Germania) ghidatã ecografic (Echograf Mindray M5
-Mindray, China; sonda convexa 3.5 MHz) æi analiza
histopatologicã a probelor tisulare (analiza HE). Biopsiile
s-au recoltat in ziua 1, 4, 7 posttransplant.

Analiza histopatologicã
Materialul recoltat a fost fixat în formol 10%, 24 ore.
Colorarea urmeazã un protocol standard. Probele sunt initial
deshidratate (bãi succesive; 15 minute/baie; alcool în
concentraåii - 70/80/96/100 grade); o baie cu amestec 1:1
alcool-benzen , apoi clarifiate (3 bai a 30 minute/baie în
benzen). Dupã includerea în parafinã se realizeazã
secåionarea probelor la microtom (grosime = 2 microni).
Lamele astfel preparate sunt trecute prin bãi succesive de
toluen, apoi rehidratate (bãi succesive; 10 minute/baie;
alcool în concentratii 100/96/80/70) şi spãlate în apã
distilatã. La final probele sunt colorate cu hematoxilinãeozinã: 5 minute in solutia hematoxilinã, spãlare (10 minute
- apã distilatã), 5 minute în soluåia eozinã cu repetarea la
final a fazei de spãlare (5 minute - apa distilata). Montare in
balsam de Canada.
Analiza sa realizat cu ajutorul unui microscop Nikon
E50i®, obiective - 10x, 40x. Documentarea fotograficã sa
realizat cu un aparat digital dSLR Nikon D90® ataæat la
microscop.
Rejetul acut a fost declarat conform criteriilor de progresie
CCTT (Cooperative Clinical Trials in Transplantation): Rejet
tip I (rejet tubulointerstiåial): infiltrat mononuclear inflamator
ce ocupã > 5% din cortexul renal insoåit de cel puåin 2 din
urmatoarele modificãri: edem interstiåial, limfocite activate sau
afectarea acutã a structurilor tubulare; Rejet tip II (andarterita)
- endarterita (definitã prin prezenåa infiltratului mononuclear
inflamator la nivel subendotelial) ± afectarea acutã a struc-
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turilor tubulare; Rejet tip III - necroza arterialã fibrinoidã cu
infiltrat inflamator transmural. (11)

A

Rezultate
Timpul operator
Timpul operator mediu a fost 125 minute (90 - 180 minute).
Datoritã particularitãåilor anatomice (e.g. rinichi ectopic;
prepararea dificilã a abuæãrii venei renale la nivelul VCI prin
prezenåa glandelor suprarenale aderente la peretele VCI),
recoltarea allogrefei renale la donator, a constituit partea cea
mai de duratã a transplantului. Timpul mediu de ischemie rece
(calculat din momentul clampãrii pediculilor la donator æi
pânã la introducerea allogrefei în cavitatea abdominalã a
receptorului) a fost de 15.3 minute (10 - 22 minute); valoarea
medie a timpului de ischemie caldã (calculatã din momentul
începerii anastomozelor vasculare pânã la momentul declampãrii) fiind de 32 minute (20 - 45 minute)

B

Complicaåii postoperatorii
In prima zi postoperator supravieåuirea receptorilor a fost
100%. La 72 ore, 2 animale (din Grupul A) decedeazã prin
infarct enteromezenteric extins cu etiologie neprecizabilã
necroptic (Aceste animale au fot excluse din studiu). Astfel
supravieåuirea la 8 zile a fost 87,5%.
La 72 ore postoperator, 4 receptori (25%), prezintã sindrom
inflamator la nivelul plagii operatorii asociat unor seroame
subcutane care se dreneazã instrumental cu rezoluåia clinicã
imediatã a aspectului local.

Diureza
Timpul mediu de reluare a diurezei postrevascularizare a fost
6.5 minute (2 - 10 minute). Pentru grupul la care s-a practicat
drenajul urinar extern prin ureteroneostomie translombarã,
diureza medie/grup/24 h a fost 1980 ml ziua 1 vs 2100 ml
ziua 2. Din ziua 3 postoperator, aceste valori scad progresiv
(1505 ml ziua 3, 864 ml ziua 4, 270 ml ziua 5, 48 ml ziua 6),
în ziua 7 toåi receptorii devenind anurici.

C

Analiza histopatologicã
Examenul histopatologic indicã instalarea rejetului acut inca
din ziua 4 cu prezenta la nivel interstitial a unui bogat infiltrat
inflamator mononuclear asociat cu afectare tubularã acutã,
prezenåa de limfocite la acest nivel precum æi intraluminal la
nivelul capilarelor glomerulare (CCTT - tip I/II). La 7 zile postoperator, rejetul acut este constituit cu infiltrat masiv mononculear interstiåial æi distrugerea completã a structurilor
glomerulare (Fig. 5).

Discuåii
Majoritatea studiilor actuale, cu referire la modelul experimental de allotransplant renal porcin (12), descriu tehnici ce
presupun efectuarea nefrectomiei bilaterale, pretransplant la animalele receptoare. Astfel, odatã cu instalarea rejetului acut æi a
insuficienåei renale consecutive apare æi decesul animalului în

Figura 5.

Analiza histopatologicã al tesutului renal allogen
transplantat (coloratie HE, microscopie optica 10x). (A)
ziua 1 posttransplant - parenchim renal normal; (B) ziua
4 post-transplant - bogat infiltrat inflamator limfocitar æi
eritrocitar în interstitiu, alterare fibrinoidã, afectarea
tubilor renali cu prezenåa de limfocite la nivelul acestora
æi a celulelor epiteliale tubulare, celule mononucleare
prezente în capilarele glomerulare; (C) ziua 7 posttransplant - bogat infiltrat inflamator limfocitar æi
eritrocitar în interstitiu, alterare fibrinoidã, distrugerea
tubilor renali
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studiu. Deosebit de util în studii legate de allorejetul renal acut
sau evoluåia funcåiei renale posttransplant, pierderea
animalului, reprezintã un dezavantaj major al acestui tip de
model experimental cu limitarea consecutivã a acestuia ca æi
instrument de cercetare în imunobiologia transplantului. (13,14)
Modelul de faåã propune transplantarea renalã accesorie, cu
lasarea pe loc a rinichilor nativi æi astfel posibilitatea de
monitorizare la distanåã a allogrefei renale. In acest mod sunt
facilitate studii la distantaåã (eg. allorejetul cronic, micro- macrochimerism, toleranåa imunã, etc). Monitorizarea alloactivãrii
imune posttransplant se realizeazã prin punctii-biopsii seriate, æi
analiza histopatologicã conform standardelor clinice in vigoare.
Comparativ cu monitorizarea allotransplantului renal prin
dozarea ureei/creatininei serice sau a diurezei/ 24h, diagnosticul
histopatologic de rejet este dovedit a fi unul mai fiabil, atat în
ceea ce priveæte evidenåierea precoce a momentului de iniåiere a
rãspunsului imun cât æi în urmãrirea tipului/gradului de afectare
a allogrefei la nivel tisular (eg. diferenåierea magnitudinii
rejetului prin urmarirea diferenåiatã a diferitelor compartimente
tisulare - spaåiu interstiåial, peretele arteriolar glomerular, etc.).
(15) In modelul prezentat, poziåionarea retroperitonealã la nivel
lombar a allogrefei, la distanåã de rinichiul ipsilateral nativ,
faciliteazã accesul echo-ghidat dinspre posterior a trocarului
pentru biopsie care va traversa doar interfaåa reprezentatã de
regiunea parietalã lombarã.
Revascularizarea allogrefei renale la nivelul venei cave æi
aortei abdominale infrarenale este facilitatã tehnic de vasele cu
calibru mare. Cu toate acestea disecåia/preparea unei lungimi
adecvate pentru clampare este dificilã, datoritã vaselor
limfatice proeminente situate la nivelul spaåiului interaortocav.
Lezarea acestor vase determinã scurgere importantã de limfã æi
coagularea acesteia la nivelul arteriotomiilor cu creæterea
consecutivã a riscului trombozei postdeclampare. Un alt aspect
negativ îl constituie persistenåa unei fistule limfatice cu
pontenåial de formare a unui chiloperitoneu masiv. Pentru a
preveni aceste complicaåii, lezarea vaselor limfatice la receptor
va fi corectatã prin coagularea minuåioasã bipolarã a acestora
sau închiderea breæelor parietale cu ajutorul unui fir surjet
Prolene 7-0.
Drenajul urinar extern al allogrefei este tehnic mai dificil de
realizat. Tunelizarea ureterului va fi efectuatã spre posterior æi
lateral pentru a preveni refluxul urinii la nivelul bazinetului æi
hidronefroza. In plus, aceastã tehnicã poartã riscul de necrozã
ureteralã la nivelul ligaturii acestuia pe sonda de drenaj.
Animalele fiind libere în cuæca individualã la 24 ore postoperator fixarea rezervorului de drenaj extern al urinii este
problematicã æi poartã riscul smulgerii suturilor æi consecutiv a
drenajului ureteral. Din aceste motive considerãm drenajul
intern prin ureteroneocistostomie unul mai sigur, ce beneficiazã
de procedee de plastie directã antireflux la nivelul neocistostomiei. Un alt argument îl constituie æi lipsa de specificitate a nivelului diurezei/24h în ceea ce priveæte indicarea
momentului instalãrii rejetului acut.

prin ureteroneocistostomie æi monitorizarea rejetului prin
puncåie-biopsie asistatã echografic, reprezintã un instrument
standardizat util atât pentru antrenamentul chirurgului de
transplant cât æi studiului imunologiei de transplant.
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Natural Killer Group 2 Member D Cell Recruitment Driven by Major
Histocompatibility Complex Class I Chain–Related Antigens
A and B: A Possible Mechanism During Acute
Intestinal Allograft Rejection in the Mouse
M. Joshi, G. Dindelegan, M. Olausson, and M. Oltean
ABSTRACT
Intestinal allograft rejection occurs frequently despite potent T-cell depletion protocols.
We investigated the interaction of major histocompatibility complex class I chain–related
antigens A and B (MICA/B; a ligand for natural killer [NK] cells) and NK group 2 member
D (NKG2D) cells as an alternative mechanism for acute rejection (AR) of the intestinal
graft. Heterotopic intestinal allotransplantation was performed from BalbC to C57Bl mice.
Samples of grafted and native intestine were obtained at days 1, 3, 6, and 8 after
transplantation (n ⫽ 4 – 6). We performed immunostaining for MICA/B and NKG2D.
Moderate AR with increased crypt apoptosis was observed at day 6 and advanced AR with
crypt destruction and mucosal sloughing was present by day 8. Low MICA/B levels were
observed in grafted and native intestines on day 1. MICA/B expression gradually increased
in the grafts during AR but not in the native intestines. The up-regulation was found
mostly in the crypts. NKG2D⫹ cell counts that increased in the graft colocalized with
MICA/B. The increase was most prominent in the crypt and villus. Together, these results
suggest that MICA/B up-regulation and its subsequent interaction with the NK cells may
represent an important link between innate and adaptive immune responses early after
intestinal transplantation.
llograft acute rejection is believed to be driven mainly
by T lymphocytes, which are activated either through
the direct or the indirect pathway of allorecognition. Immunomodulation with short courses of monoclonal antibodies (mAb) to deplete CD4 and/or CD8 peripheral blood
lymphocytes results in donor-specific tolerance to heart,
skin, and renal allografts in rodents.1,2 However, CD4- and
CD8-deficient mice maintain their ability to reject intestinal
allografts.3 Therefore, it seems that the intestine behaves
differently than other solid organ transplants, owing to its
high immunogenicity, strong expression of major histocompatibility complex (MHC) class II on enterocytes, and other
unidentified causes.
Additional mechanisms seem to also drive acute rejection
in larger animals, which have much larger and more complex immune systems, as evidenced by T-cell depletion
alone being ineffective. Alternative mechanisms or other
leukocyte subsets may be involved. The MHC class I
chain–related antigens A and B (MICA/B) are nonconventional MHC class I molecules that serve as ligands to

A

activate natural killer group 2 member D (NKG2D) receptors on the surface of all CD8 ␣␤ T cells, ␥␦ T cells, and
most natural killer (NK) cells.4,5 MICA is a stress-related
antigen which is recognized by cells expressing the NKG2D
receptor. Its time course and significance in intestinal
transplantation are incompletely understood. Considering
the increasing evidence of an important role of MICA/B
and NK cells during acute rejection, we analyzed the
expression and possible interactions of the NKG2D ligand
MICA/B at various intervals after intestinal transplantation
in the mouse.
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MATERIALS AND METHODS
Fully allogeneic heterotopic intestinal transplantations were performed using male BalbC donors and C57B1 recipients. No
immunosuppression was given to the recipients. Briefly, intestinal
grafts consisting of the jejunum and ileum were revascularized by
anastomosing the donor superior mesenteric artery with an aortic
patch onto the recipient aorta and the donor portal vein to the
recipient inferior vena cava. Flushed grafts were stored in iced
saline solution, the cold ischemia time did not exceed 1 hour. At
days 1, 3, 6, and 8 after transplantation, we killed animals for both
graft and native intestinal samples (n ⫽ 4 – 6 at each time).
Acute intestinal rejection was graded using previously described
criteria.6 In short, incipient rejection was considered when ⬎2
apoptotic bodies were present per crypt, whereas moderate rejection showed focal crypt destruction. Mucosal sloughing and ulcerations were hallmarks of severe acute rejection. Infiltrating cells
were not considered when grading the rejection.

Immunohistochemical Analysis
Intestinal tissue sections were deparaffinized in xylene for 30
minutes then rehydrated in alcohol grades. Antigen retrieval was
performed by incubating the slides in 10 mmol/L citrate buffer (pH
6.0) in a pressure cooker at 95°C for 20 minutes followed by a
20-minute cooling time. Endogenous nonspecific binding was
blocked with 5% goat or donkey serum. The slides were incubated
over night at 4°C with anti-MICA and -NKG2D diluted 1:100
(Santa Cruz Biotechnology, Santa Cruz, CA, USA). After washing
3 times with phosphate-buffered saline solution (PBS)/Tween-20
for 10 minutes primary antibody was detected using either anti–
goat Alexa 488/594 or anti–mouse Alexa 488/594 conjugated secondary antibodies (1:200 with PBS). Sections counterstained with
diamidinophenylindole were mounted in aqueous medium (Vector
Laboratories, Burlingame, CA). Antibody binding was detected in
an IX 81 Olympus fluorescence microscope (Olympus Sverige,
Solna, Sweden).
Cell counts were performed in blinded fashion by 2 observers on
6 – 8 microscopic fields at high magnification (⫻40). Staining and of
MICA/B and NKG2D its localization in different compartments
(villus and crypt) were also assessed in blinded fashion (n ⫽ 4 – 6 at
each time).

RESULTS

Acute rejection was absent at days 1 and 3 after transplantation in all but 1 animal which showed increased crypt
apoptosis (incipient rejection). At day 6 all grafts showed
signs of incipient or moderate rejection, while 8 days after
transplantation, all intestinal grafts revealed advanced
stages of acute rejection with various degrees of mucosal
sloughing (Fig 1). No animal died during the follow-up
period.
MICA/B expression in the intestinal grafts was absent or
low at 1 day after transplantation. Weak to moderate focal
increases started to be apparent at 3 days after transplantation, first spreading in the crypt area. The staining pattern
was both cytoplasmic and membrane. Six and 8 days after
intestinal transplantation, moderate to intense immunostaining for MICA/B was recorded in both the crypts and
the villi (Fig 2). MICA/B expression colocalized frequently
with the NKG2D-positive cells. The number of NKG2D-

Fig 1. Grading the acute rejection at the different timepoints
(each dot represents 1 animal).

positive cells infiltrating the graft initially decreased, but
after day 6 an increase was recorded. At day 8, the
NKG2D-positive cell count was significantly increased compared with days 1 and 3.
DISCUSSION

The present study showed that surgical trauma and intestinal graft reperfusion had little effect on MICA/B expression. However, there was a gradual increase in MICA
expression during acute intestinal rejection. The increase
was later paralleled by a recruitment of and colocalization
of NKG2D⫹ cells. Considering the time course of MICA/B
up-regulation and its localization on one hand, and the
NKG2D⫹ cell recruitment on the other, we suggest both a
sequentiality and a causality between these 2 events. However, based on the present results, we cannot firmly state
whether and how many of these cells were NK or activated
NKG2D⫹CD8⫹ T cells.
The mechanisms and significance of MICA/B up-regulation
are unclear, because MICA/B protein expression may increase in response to cellular stress, such as heat shock or
inflammation. Therefore, the early MICA/B increase may
represent an element of the innate immune response. This
possibility is supported by the fact that its expression
increased before histologic signs of rejection, namely, increased apoptosis. However, because apoptosis may take
hours to days to complete, we are tempted to speculate that
MICA/B up-regulation may be regarded as an early sign of
rejection, apparently preceding crypt cell apoptosis, which
is the hallmark of acute intestinal rejection.
Our study focused on the graft; we did not study either
soluble MICA/B or antibodies to MICA/B. Whether any
MICA/B shedding or antibody response occurred in these
recipients remains to be established. Several studies have
suggested that the development and titers of anti-MICA
antibodies may relate to long-term transplant outcomes.7,8
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Fig 2. Immunofluorescent staining of MIC A/B (green) and
NKG2D (red) and their colocalization (yellow) in the murine intestinal grafts at day 1 (A), day 3 (B),
day 6 (C), and day 8 (D) after
transplantation.

Moreover, clinical data suggest that MIC shedding from
tumor cells is associated with tumor progression, prompting
the hypothesis that tumor shedding of MIC is the mechanism by which MIC-positive tumors evade NK-cell immunosurveillance and tumor progression.9 It would therefore
be interesting to study both tissue and soluble MICA during
manifest or subclinical intestinal rejection as well as during
chronic rejection as a means to assess ongoing graft injury
versus recovery.
Although we did not analyze the NKG2D⫹ cell phenotype in detail, it is fair to assume that a fraction of these
cells were represented by CD8⫹ T cells. Therefore, we
speculate that the early MICA/B increase could have
modulated the recruitment of these cells into the intestinal
graft. It may thus represent a link between innate and
adaptive immunity.
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Abstract: This work proposes a novel complex multi-layered material consisting of porous titanium
as a substrate and a complex coating consisting of a chitosan film engulfing microsphere loaded
with growth factors such as BMP2 (bone morphogenic protein 2) and IGF1 (insulin-like growth
factor-1). The microspheres were obtained through deposition of dual layers of calcium cross linked
pectin–chitosan/pectin polyelectrolyte onto a BSA (bovine serum albumin) gel core. The multilayer
was conceived to behave like a 3rd generation biomaterial, by slow delivery of viable growth factors
around implants, and to assist the healing of implantation wound and the development of new
vital bone. The biologic effect of the delivery of growth factors was studied in vitro, on MSC-CD1
mesenchymal stem cells, and in vivo, on CD1 mice. Proliferation and differentiation of cells were
accelerated by growth factors, especially IGF1 for proliferation and BMP2 for differentiation. In vivo
tests analyzed histologically and by MicroCT show a more structured tissue around BMP2 samples.
The present concept will give the best clinical results if both growth factors are delivered together by
a coating film that contains a double population of microcarriers.
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1. Introduction
The evolution of in-depth thinking in the field of biomaterials has led in time from a
first generation of quasi-bioinert materials, to a second one that exhibits designed chemical
reactions in tissue, such as bioactive and bioresorbable materials and, lately, to a third
generation of biomaterials conceived to help body heal itself [1].
Titanium, as a first-generation medical material, i.e., quasi-bioinert, is the most frequently used metal for endosseous implants. Nevertheless, titanium-based implants failure
is not uncommon, both with regard to the bone-implant interface and as a result of bulk
mechanical properties. A number of 722 articles published between 2016 and 2018 refer
to toxic effects induced by titanium implants [2]. There is also a direct relation between
the risk of bone atrophy around titanium implants and the “stress shielding” effect as a
result of the tissue-implant mechanical mismatch [3]. As the Young’s modulus for cortical
bone is 7–30 GPa and that of c.p. (commercially pure) titanium or titanium alloys usually
employed for implants is more than 110 GPa, mechanical mismatch is, although smaller
than in the case of stellites or stainless steel, of major importance. The use of low modulus
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beta titanium alloys is a way of decreasing the bone atrophy risk [4,5]. This approach is
limited by the lowest value of Young’s modulus for polycrystalline beta titanium alloys,
of 55 GPa. Thus, for a further increase of the effectiveness of osseointegrated titanium
implants, porous structures are to be considered, as in the case of the present paper. More,
porous titanium implants are found to prove enhanced osteoconductivity in the early
stages of bone healing [6], reducing the effective osseointegration time and leading to a
decreased risk of early post-operative failures in the case of uncemented implants [7].
Growth factors (GFs) are generally defined as secreted biologically active molecules
that affect the growth of cells [8]. Bone contains different types of growth factors [9], with
a major influence upon osteoblast behavior, thus these are being consistently used for
bone tissue regeneration [10] and tissue engineering applications [11]. As FDA (Food and
Drug Administration) approved for clinical use GFs, bone morphogenic proteins (bone
morphogenetic protein 2—BMP2 and bone morphogenetic protein 7—BMP7) mediate
the differentiation of mesenchymal stem cells into cartilage/bone forming cells and are
essential for new bone formation and bone healing [12]. For BMP2 (bone morphogenetic
protein 2), it has been demonstrated to potently induce osteoblast differentiation in a
variety of cell types. As an adjuvant to allograft bone or as a replacement for harvested
autograft, BMP appears to improve fusion rates after spinal arthrodesis in both animal
models and humans, while reducing the donor-site morbidity previously associated with
such procedures [13]. However recent studies showed problems like ectopic growth,
lesser protein delivery, and inactivation of the protein. This signifies that it is necessary
to modify the available carrier systems as well as explore other biomaterials with desired
properties [14,15].
Insulin-like growth factors (IGFs) are involved in the regulation of tissue growth and
their lack can lead to a delayed wound healing [16]. On purpose delivered insulin-like
growth factor-1 (IGF1) is well acknowledged for promoting wound healing in many types
of tissue [17,18]. For this reason, on-site delivery of IGF1 was successfully employed for
stimulating collagen synthesis in tissues [19]. Insulin like growth factor (IGF-1) particularly
influences bone remodelling, a process that involves the removal of mineralized bone
followed by the formation of bone matrix by osteoclasts and osteoblasts [20]. Several
studies have demonstrated an important role of IGF-1 in angiogenesis [21].
In this paper, we propose a novel porous titanium-based multi-layered material acting
as a third-generation biomaterial designed for endosseous implants. The concept starts
with porous c.p. titanium compacts obtained via powder metallurgy route using a watersoluble space holder, in view of obtaining of an appropriate porosity in terms of pores size
and shape. The active surface of the compacts will be coated with a hydrogel membrane
that contains core-shell microcarriers engineered to deliver BMP2 and IGF1 growth factors
with the purpose to sustain the development of newly formed bone and to heal the wound
in the implantation site. The microcarriers are conceived to protect GFs against proteolytic
degradation and are BSA gel-cored, with a dual multi-layer shell, consisting of pectin
hydrogel and pectin/chitosan polyelectrolyte [22]. In order to sustain microcarriers and
to provide a prolonged delivery of GFs, these are entrapped into a chitosan hydrogel film
that is coated on the surface of titanium compacts.
The characterization of the synthesized samples was conducted with the aim of
assessing both the structural and bio-functional aspects, in view of recommending the
novel concept for further implant development. A great emphasis was given to the
biocompatibility of the cellular support structures (coated titanium samples) by evaluating
the local and systemic response, the differentiation of stem cells to the bone lineage, and
the changes around the implant.
2. Materials and Methods
2.1. Preparation of Porous Titanium Samples
For the synthesis of porous titanium, we used the following components: commercially
pure (c.p.) titanium powder (Ningjin Henfa Ti Powder Factory, Ningjin, China) obtained
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through the hydride-dehydride process having a particle size smaller than 45 µm and
dextrin (Carl Roth GmbH, Karlsruhe, Germany) as space holder, with particle size below
100 µm. Porous titanium samples were made from a mixture of Ti and 35% (%vol.) dextrin,
by direct pressing in a 6 mm diameter rigid die (custom), with 400 MPa. Dextrin was
removed from green samples by solving in 90 ◦ C hot stirred water for 15 min. The compacts
were further dried in an oven (Caloris, Bucharest, Romania) at 90 ◦ C for 30 min. Sintering
was performed in vacuum (Leybold-Heraeus, Terryville, CT, USA) (10−5 ) at 1300 ◦ C for
one hour, with a heating rate of 5 ◦ C/min. The resulted compacts were studied from the
point of view of pore structure by SEM (Jeol-JSM 5600 LV, Jeol, Tokyo, Japan) and optical
microscopy (Olympus GX 51, Tokyo, Japan).
2.2. Cells Harvesting and Cultivation
All experiments were performed in accordance with the current legislation on animal
rights, with approval of the Ethics Committee No. 434/20.07.2015.
Adult mesenchymal cells (MSCs) were isolated from the bone marrow (BM) of
CD1 mice, applying the ethical standards imposed by the European Union, (Directive
2010/63/EU of the European Parliament and of the Council of 22 September 2010 on the
protection of animals used for scientific purposes).
The medullary canal was washed using complete Dulbecco’s Modified Eagle’s Medium
(DMEM) with 10% Fetal Bovine Serum (FBS), 1% Penicillin/Streptomicin solution, 1% Glutamine and 1% Non-Essential Amino acids (NEA). The cells harvested from the medullary
canal were washed, passed through a sterile Filcons filter (BD Biosciences, San Jose, CA,
USA), with a 70 µm network), and centrifuged (Hettich Universal 32R, Andreas Hettich
GmbH&Co, Tuttlingen, Germany), at 4 ◦ C, 1000 rpm, 5 min) to a final concentration
of 5 × 106 viable cells/mL. They were seeded on 25 cm2 cultureflasks (NuncTM , ThermoFisher Scientific, Waltham, MA, USA) and incubated at 37 ◦ C in atmosphere enriched
with 5% CO2 and 95% humidity. The culture medium consisted of: DMEM with 4.5 g glucose/liter in combination with F-12 HAM medium (ratio 1:1), 20% FBS, 100 U/mlPenicillin,
100 µg/mL Streptomicin, 2 mM L-glutamine, 1% NEA, 55 mM beta-mercaptoethanol, and
1 mM natrium piruvate. All reagents were purchased from Sigma-Aldrich, St. Louis, MO,
USA. When the cells became confluent, they were re-plated by trypsinization (trypsinEDTA, Sigma-Aldrich, St. Louis, MO, USA), at a 1:3 split ratio, and recultured until an
adequate number of cells was obtained. At the 6th passage, when the cultures presented
unitary fibroblastoid-like morphological characters and high proliferative potential, the
cells were characterized by immunocytochemistry for stemness markers expression: Octamer binding transcription factor (Oct3/4, Santa Cruz Biotechnology, Dallas, TX, USA),
SRY-Box Transcription Factor 2 (Sox-2, Santa Cruz Biotechnology, Dallas, TX, USA), StageSpecific Embryonic Antigen 1 (SSEA-1, Santa Cruz Biotechnology, Dallas, TX, USA) and
Nanog (Santa Cruz Biotechnology, Dallas, TX, USA). The isolated cells were positive for all
these markers (data not shown in this paper).
2.3. Preparation of the Growth Factors Releasing Titanium-Based Samples
In the in vitro experiments, titanium samples were used as follows: three types of
porous titanium samples were employed: (a) simple, uncoated, as controls; (b) coated
samples, containing IGF1; (c) coated samples, containing BMP2.
To study the influence of the growth factors, the implants were coated with chitosan
layers (Sigma Aldrich, Saint Louis, MO, USA) containing microcapsules (3 × 106 /implant)
loaded with BMP2 and IGF1 respectively. After sterilization with ethylene oxide (Sigma
Aldrich, Saint Louis, MO, USA) to avoid titanium denaturation and the inactivation of
growth factors), the samples were placed in 96-well plates (NuncTM , ThermoFisher Scientific, Waltham, MA, USA) with culture medium containing the cells (5 × 104 cells/implant).
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2.4. The Enzyme-Linked Immunosorbent Assay (ELISA)
The samples were then collected from the wells at different intervals (day 2, 3, 7, 10,
14, 17, 21). They were evaluated by ELISA using specific kits for the measurement of BMP2
and IGF1 released in the culture medium.
BMP2 and IGF1 levels were determined using specific R&D Quantikine ELISA kits
(R&D Systems, Minneapolis, MN, USA), according to the manufacturer’s instructions.
Briefly, standards and samples were added in the wells, incubated for 2 h on a shaker
(Titramax 1000, Heidolph Instruments GmbH&Co, Schwabach, Germany) at room temperature and washed to remove the unbound protein. Then, specific conjugates were
added, followed by incubation and further washing. After the final 30 min incubation with
the substrate solutions, the stop solutions from the kits (Quantikine, R&D Systems, Minneapolis, MN, USA) were added and optical densities were determined with a microplate
Biotek Synergy2 reader (Synergy HT; BioTek, Winooski, VT, USA) set to 450 nm. We used
duplicates for each sample. The optical densities and concentration values were derived
from standard curve.
2.5. Viability and Proliferation Assay
BM MSCs were seeded onto the titanium implants after staining with the lipophilic
membrane dye PKH26 Red Fluorescent Cell Linker Kit (Sigma-Aldrich, Saint Louis, MO,
USA). 1 × 106 cells were washed twice with Phosphate Buffered Saline (PBS, SigmaAldrich, St. Louis, MO, USA) by centrifugation at 1000 rpm for 5 min and suspended in
1 mL staining solution containing 4 µL PKH26/mL. The PKH26 staining was stopped after
5 min by adding 10 mL culture medium containing 10% FBS. The cells were counted and
5 × 104 cells were seeded onto each titanium disc placed in 96 well plates in standard
stem cell medium. Triplicates were done for: porous titanium, Ti-BMP2 (porous titaniumchitosan film-microcapsules system + BMP2), Ti-IGF1 (porous titanium-chitosan filmmicrocapsules system + IGF1), and samples with cells cultivated on plastic surface (NuncTM ,
ThermoFisher Scientific, Waltham, MA, USA) as controls. Red fluorescent cells were
visualized by fluorescence microscopy with a Zeiss Axiovert D1 microscope (Zeiss GmbH,
Jena, Germany), using filters at 546 nm and images were captured after 2 h, 48 h, and 7 days
of cultivation.
2.6. Differentiation Assay
The differentiation of stem cells (BM MSCs) into bone cells under the influence of
growth factors delivered by the titanium-chitosan film-microcapsules system was studied
by evaluating the expression of osteogenic markers after 7 and 21 days of cultivation of
cells on titanium implants. The culture medium consisted of DMEM high glucose/F-12
HAM medium (1:1 ratio) 10% FBS, 100 U/mL Penicillin, 100 µg/mL Streptomycin, 2 mM LGlutamine, 1% NEA. Immunocytochemical staining was performed at day 7 for osteopontin
(OP) as an early osteogenic marker and for actin F (phalloidin staining) as a marker of
cytoskeleton reorganization. After 21 days of cultivation, the expression of osteocalcin
(OC) and osteopontin (OP) were determined. The protocol of immunostaining consisted
of a fixation step with 4% paraformaldehyde (Fluka, Buchs, Switzerland) followed by
permeabilization of cellular membranes with 0.1% Triton-X100 solution (Sigma-Aldrich,
St. Louis, MO, USA). Exposure of samples to 10% BSA (bovine serum albumin) (Sigma,
St. Louis, MO, USA) for 15 min was used for blocking the non-specific binding of antibodies.
The samples were incubated overnight at 4 ◦ C with the primary antibodies OP and OC
(Santa Cruz Biotechnologies, Dallas, TX, USA) at a dilution of 1:50. Then the samples
were incubated for 45 min with the secondary antibodies conjugated with Fluorescein-5isothiocyanate (FITC, Santa Cruz Biotechnology, Dallas, TX, USA) and Texas red (Santa
Cruz Biotechnologies, Dallas, TX, USA). Phalloidin conjugated with Tetramethylrhodamine
(TRITC, Sigma-Aldrich, St. Louis, MO, USA) was added to samples fixed at day 7 and
incubated for 20 min. Each step of the staining was followed by 3 washes with PBS. For the
visualization of the nuclei, a mounting medium containing 40 ,6-diamidino-2-phenylindole
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(DAPI, Sigma-Aldrich, St. Louis, MO, USA) was added. Titanium implants were then
analysed in fluorescence with an inverted microscope Zeiss Axiovert D1 (Zeiss GmbH,
Jena, Germany) using filters at 488, 546 and 346 nm. The images were captured with a CCD
camera, MRM Axiocam (Zeiss GmbH, Jena, Germany).
2.7. Biological Evaluation of the Samples
In order to test the in vivo response and biological effectiveness of the proposed
multilayer 3rd generation biomaterial, we used CD1 male mice, aged 16 weeks. All
experiments were performed in accordance with current legislation on animal rights, with
approval of the Ethics Committee. A group of 20 animals was selected and all animals
were implanted subcutaneously on both sides, front/rear, with: a porous Ti control sample
(without active coating); a BMP2 releasing sample; an IGF1 releasing sample. The handling
of explants was minimal in order to avoid the mobilization of stem cells. The adjacent
zones of explants retrieved after 14 days were analyzed either by histology means or by
Micro-CT (Skyscan 1172, Bruker, Billerica, MA, USA), in view of assessing the effect on the
structure and density of interfacial tissue.
3. Results
3.1. Evaluation of Ti samples
After compaction and water solving of the dextrin space holder, the structure of green
samples was porous, with interconnected pores, Figure 1.

Figure 1. Green c.p. Ti sample, optical microscopy.

After the sintering stage, the samples showed a 36% open porosity, as shown by
Arhimede’s method; the pores were found to be appropriate for vital bone ingrowth,
both due to their round shape and their size. Several pores were more than 150 µm in
diameter, allowing for cellular evolution towards fully evolved osteon units, Figure 2. In
the structure of the unetched sample in Figure 2a, a light color phase can be seen close
to the pores (dark arrow), showing that residues of dextrin reacted upon sintering and
formed complex compounds, which were found not to impede upon biocompatibility, as
proven elsewhere [23]. Nevertheless, the final samples were tested first in vitro, to assess
their effect on stem cell viability.
The shape and size of the microcapsules were evaluated by SEM, after deposition of
the suspension on a slide and drying at room temperature, Figure 3. The images show
uniform size distribution for the microcapsules, with an average diameter of 5 µm. The
morphology of the particle surface is smooth, as a qualitative indicator of the effectiveness
of loading, as shown elsewhere [24].
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Figure 2. Sintered c.p. Ti sample: (a) general aspect (optical microscopy), unetched sample; (b)
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details on the shape of pores (SEM).
Figure 2. Sintered c.p. Ti sample: (a) general aspect (optical microscopy), unetched sample; (b)
details on the shape of pores (SEM).
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distribution of wells was employed: (a) wells with only MSCs, as reference; (b) wells with
uncoated titanium samples, as control; (c) wells with uncoated titanium samples, with
GFs added in the culture medium; (d) wells with titanium samples coated with
microcarriers releasing the studied GFs.
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The mean values of BMP2 (pg/mL), as measured spectrophotometrically in each well,
are shown in Figure 5. For statistical analysis we used the software GraphPad Prism
version 5 (GraphPad Software, San Diego, CA, USA). 2-way ANOVA and Bonferroni
posttests show highly significant increase of BMP2 concentration in the wells treated with
show highly significant increase of BMP2 concentration in the wells treated with Ti-BMP2
Ti-BMP2 and BMP2 versus controls (p < 0.001).
and BMP2 versus controls (p < 0.001).
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Figure 6. The concentration levels of bone morphogenetic protein 2 at different time intervals
(days 2–21): (a) in the presence of titanium implants (Ti-BMP2) and (b) in the absence of titanium
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The amount of BMP2 released from the titanium implants-chitosan film-microcapsules
The amount of BMP2 released from the titanium implants-chitosan filmsystem was relatively constant in the first two weeks. The significant increase after this time
microcapsules system was relatively constant in the first two weeks. The significant
could be the result of the differentiation of cells towards the bone lineage (Figure 6a). As
increase after this time could be the result of the differentiation of cells towards the bone
for the directly introduced BMP2 in the culture medium, the high amounts detected during
lineage (Figure 6a). As for the directly introduced BMP2 in the culture medium, the high
this time interval prove that it is less effectively captured by cells. In addition, it is increased
amounts detected during this time interval prove that it is less effectively captured by
cells. In addition, it is increased at the end of the observation period is probably due to the
terminal differentiation of stem cells (Figure 6b).
The mean values of IGF1 (pg/mL), as measured spectrophotometrically in each well
by the same ELISA technique, are shown in Figure 7. In all samples, high concentrations

the level of statistical significance.
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The amount of BMP2 released from the titanium implants-chitosan filmmicrocapsules system was relatively constant in the first two weeks. The significant
increase after this time could be the result of the differentiation of cells towards the bone
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Figure 7. IGF1 concentrations at different time intervals in the culture medium samples from the
Figure 7. IGF1 concentrations at different time intervals in the culture medium samples from the
wells with and without titanium implants. Legend: Control cells: cells seeded in wells containing
wells with and without titanium implants. Legend: Control cells: cells seeded in wells containing
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An IGF1 concentration peak occurred in day 3 in the samples from wells containing
An IGF1 concentration peak occurred in day 3 in the samples from wells containing
titanium implants (Figure 8a) as well as in those containing cells and directly added IGF1
titanium implants (Figure 8a) as well as in those containing cells and directly added IGF1
(Figure 8b). After that, there was a decrease in this GF’s amount, more significant at the
(Figure 8b). After that, there was a decrease in this GF’s amount, more significant at the
end of time period (days 17 and 21). This behavior could be explained by IGF1 involveend of time period (days 17 and 21). This behavior could be explained by IGF1
ment, especially in the cellular proliferation processes, determining its time-dependent
involvement, especially in the cellular proliferation processes, determining its timeconsumption as the cells proliferate.
dependent consumption as the cells proliferate.

3.3. BM MSCs Viability and Proliferation
PKH stain, which is a membrane linker and a viability marker, was used to assess
cell viability at various time intervals. Cell adhesion and spreading are important early
steps, which can give information about the biocompatibility of implants, as well as of
subsequent cell proliferation. These cellular processes are related to surface properties
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An IGF1 concentration peak occurred in day 3 in the samples from wells containing
titanium implants (Figure 8a) as well as in those containing cells and directly added IGF1
(Figure 8b). After that, there was a decrease in this GF’s amount, more significant at the
end of time period (days 17 and 21). This behavior could be explained by 9 IGF1
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3.3.
3.3.BM
BMMSCs
MSCsViability
Viabilityand
andProliferation
Proliferation
PKH
PKHstain,
stain,which
whichisisaamembrane
membranelinker
linkerand
andaaviability
viabilitymarker,
marker,was
wasused
usedtotoassess
assess
cell
cellviability
viabilityatatvarious
varioustime
timeintervals.
intervals.Cell
Celladhesion
adhesionand
andspreading
spreadingare
areimportant
importantearly
early
steps,
steps, which
whichcan
cangive
giveinformation
informationabout
aboutthe
thebiocompatibility
biocompatibility of
ofimplants,
implants, as
aswell
wellas
asofof
subsequent
cell
proliferation.
These
cellular
processes
are
related
to
surface
properties
subsequent cell proliferation. These cellular processes are related to surface properties
(chemical
(chemicalcomposition,
composition,roughness,
roughness,wettability).
wettability).
The
images
captured
2 h2 after
PKH
staining
show
an increased
number
of cells
The images capturedatat
h after
PKH
staining
show
an increased
number
of that
cells
tend
adhere
to the to
surface
of titanium
implants
with microcapsules
loaded with
growth
that to
tend
to adhere
the surface
of titanium
implants
with microcapsules
loaded
with
factors,
BMP2, asBMP2,
compared
with the with
controls
growthespecially
factors, especially
as compared
the (Figure
controls9).
(Figure 9).

Materials 2021, 14, x

Figure9.9. Cells
Cells with
and
of of
thethe
titanium
discs
Figure
with red
red fluorescence
fluorescence at
atthe
thesurface
surfaceofofthe
theplastic
plasticwells
wells
and
titanium
discs
10 of 17
with
and
without
microcapsules
containing
the
growth
factors
BMP2
and
IGF1,
at
2
h
of
with and without microcapsules containing the growth factors BMP2 and IGF1, at 2 h of cultivation
cultivation (PKH staining).
(PKH staining).

After
After48
48h,
h,the
theBM
BMMSC
MSCcells
cellsstarted
startedto
tospread
spreadon
onthe
thesurfaces.
surfaces.They
Theyare
aremuch
muchmore
more
displayed
displayedand
andin
inan
anincreased
increasednumber
numberon
onthe
thetitanium
titaniumimplants
implantswith
withgrowth
growthfactors,
factors,more
more
pronounced
pronouncedfor
forIGF1
IGF1(Figure
(Figure10).
10).

Figure10.
10. Cells
Cells with
with red
red fluorescence
fluorescence at
Figure
at the
the surface
surface of
ofthe
theplastic
plasticwells
wellsand
andofofthe
thetitanium
titaniumdiscs
discs
withand
andwithout
withoutmicrocapsules
microcapsulescontaining
containing
the
growth
factors
BMP2
and
IGF1,
h of
with
the
growth
factors
BMP2
and
IGF1,
at at
48 48
h of
cultivation
cultivation (PKH staining).
(PKH staining).

The images captured after 7 days of cultivation show that the tendency observed at
48 h is maintained, with higher proliferation in samples containing IGF1 (Figure 11).
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After 21 days of cultivation, immunocytochemical staining for osteopontin and
osteocalcin was performed, to assess both proliferation and differentiation. In this
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Figure 14. Tissue around Ti control sample (14 days), Hematoxylin eosin staining: tegument with
thin epidermis, superficial and deep dermis, 10×.
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level, Figure 16. In the vicinity of the implant, mesenchymal tissue, with cellular star-like
elements can be seen.
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(1.13.0.0, Skyscan, Bruker, Belgium), on MicroCT images. The results were obtained by
comparing the density of tissue in direct contact to the samples (after virtually 3D rotating
the image) measured in five distinct areas per sample (on the planar face of samples), and
the as-resulted density corresponding to each titanium sample. This method was
developed in order to avoid the lack of accuracy due to the peculiar conditions of
each
13 of
17
scanning. As it can be seen, BMP2 led to the highest densities, while IGF1 implants were
surrounded by a less dense tissue compared to the uncoated Ti control ones.
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4.4.Discussion
Discussion
The proposed way of manufacturing the novel 3rd generation Ti-based multilayer was
The proposed way of manufacturing the novel 3rd generation Ti-based multilayer
found to be effective from all points of view. The resulted structure of the substrate, with
was found to be effective from all points of view. The resulted structure of the substrate,
rounded pores of an appropriate size for a vital bone ingrowth and high open porosity,
with rounded pores of an appropriate size for a vital bone ingrowth and high open
is optimal for endosseous implants designed for long skeletal bones. For this peculiar
porosity, is optimal for endosseous implants designed for long skeletal bones. For this
application, not only the size and shape of pores, required by the need to host functional
peculiar application, not only the size and shape of pores, required by the need to host
osteons, but also the overall porosity, leading to a decrease in stiffness, is important. As
functional osteons, but also the overall porosity, leading to a decrease in stiffness, is
reported elsewhere [24] using the same technological parameters, the Young’s modulus of
important. As reported elsewhere [24] using the same technological parameters, the
porous titanium samples is around 6 GPa, highly appropriate for avoiding the mechanical
Young’s modulus of porous titanium samples is around 6 GPa, highly appropriate for
mismatch. In addition, this comes with an ultimate tensile strength of about 600 MPa [24],
avoiding the mechanical mismatch. In addition, this comes with an ultimate tensile
enough for endosseous implants. Furthermore, the complex layer that coats the porous
strength of about 600 MPa [24], enough for endosseous implants. Furthermore, the
complex layer that coats the porous titanium specimens was found to be appropriate for
the effective release of chemically stable growth factors, such as BMP2 and IGF1. Natural
transporter polymers were evaluated in time for the delivery of GFs in bone tissue, due to
their affinity towards proteins and their mild processing conditions [25]. Amongst the
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titanium specimens was found to be appropriate for the effective release of chemically stable
growth factors, such as BMP2 and IGF1. Natural transporter polymers were evaluated
in time for the delivery of GFs in bone tissue, due to their affinity towards proteins and
their mild processing conditions [25]. Amongst the hydrogel generating polysaccharides
for such use, chitosan is the only cationic one, due to glucosamine groups. Chitosan is
poorly water soluble but, after the protonation of amino groups in glucosamine residues
in diluted acids, it becomes a soluble polycation, able to form complexes on interaction
with a wide variety of anionic species. Pectin is an edible water-soluble polysaccharide in
many varieties, with uses as emulsifying agents, suspension stabilisers, muco-adhesive
agents, and drug delivery systems [26]. The capacity of chitosan and pectin to form
polyelectrolytic complexes through electrostatic interactions is widely exploited in the
synthesis of nano/micro-transporters for specific colon drug delivery [27]. Bovine serum
albumin (BSA), used in this work for the core of carrier particles, shows the advantage
of being biocompatible, biodegradable, non-toxic, and non-immunogenic [28], thus of
being largely used for the delivery of large or small hydrophobic drug molecules [29].
The microcarriers, representing the active constituent of the structure, were conceived as
core-shells that, after loading, deliver the growth factors through the chitosan film they
are engulfed in, in a stable and prolonged manner. Both the BSA gel core and the multiple
double layers of calcium crosslinked pectin hydrogel/polyelectrolytic complex hydrogel
pectin-chitosan assure, as demonstrated by ELISA method, a proper environment for an
effective growth factors loading-releasing process. The coating method, very simple and
reproductible, has led to a uniform distribution of the microcarriers conceived to deliver
the growth factors. The overall effect of the microcarriers structure and chitosan film that
engulfs these is a controlled release of growth factors during a long enough time period
to observe significant induced biologic response both in in vitro and in vivo conditions.
The 3rd generation Ti-based biomaterials released the growth factors in a more suitable
manner compared to the tested direct in-well delivery method. Due to their effect in the
early cellular processes, growth factors are considered for post-implantation local therapy,
but the outcomes are affected largely by their fast degradation and appropriate delivery
methods are under research [30]. One study’s method of using the effect of growth factors
with titanium implants is to decorate these with a type of growth factors, such as human
bone morphogenetic protein 7 (BMP7), by the means of an attachment layer, such as a
sequence of poly(ethyl acrylate) (PEA) and fibronectin [31]. This system was proven, by
the means of in vitro tests performed with human mesenchymal stem cells, to maximize
osseointegration. Nevertheless, possible cytotoxic and inflammatory effects related to
over-physiological doses, as well as the formation of ectopic bone after direct delivery of
GFs, may occur [32]. Thus, a strategy to control the GFs delivery rate is required for an
appropriate tissue effect. For instance, BMP2 is reported to be able to be encapsulated
into micro/nanocarriers, leading to a controlled delivery rate via a controlled particle
degradation rate [33]. More, subsequent entrapment into a hydrogel network was found
to lengthen the biologic effect [34]. The same approach was employed in this work, the
core-shell microcarriers engulfed in the chitosan coating proving reliable on-site delivery
of the tested GFs.
According to their action mechanisms, the two growth factors were found to be
captured by cells after a slowed-down release, which offers a very good way to assist
cellular processes, as proven by viability, proliferation, and differentiation assays. It is
pertinent to mention that, compared to direct delivery in the implanted site, leading to
possible risks of GFs denaturation and adverse body reactions, the proposed route is safer
and more convenient. The viability and proliferation of cells were significantly improved
by the release of GFs from the proposed Ti-based multilayered materials, compared to the Ti
uncoated samples obtained through the same powder metallurgy route. For the seven-day
period, the most favorable in terms of cell proliferation but also differentiation to the bone
lineage were the active Ti samples releasing growth factors, with an obvious advantage
in terms of support of cell proliferation for IGF1. For 21 days, the released BMP2 did not
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support the proliferation of cells, leading to a process of terminal differentiation, while IGF1
supported both cell growth and differentiation to the bone lineage. To conclude, in vitro
tests first showed the GFs loading in the microcapsules; then their release through the
chitosan hydrogel film in the proposed system were found to be effective. The BM MSCs
cells uptake-release kinetics during the 21 days interval was different for the two GFs and
directly related to the cellular processes they influence. IGF1 and BMP2 were successfully
delivered to cells by the proposed experimental system. In our experiments, the proposed
delivery system of the factors involved in the bone growth and differentiation proved to be
safe and convenient.
The in vitro results were sustained by in vivo findings, both as histology analysis
and MicroCT imaging. As an overall result of the biologic evaluation of the effect of the
studied GFs release, both in in vitro and in vivo conditions, one can see that IGF1 and
BMP2 are complementary in terms of time scale and mechanisms of assisting the cellular
processes. By prolonging the time for proliferation of cells and supporting their growth
and differentiation, IGF1 is very helpful for post-implanting wound healing, while BMP2
is extremely useful for the earlier development of bone tissue. In addition, our experiments
have shown that the incapsulated GFs were chemically stable in all cases. An interesting
further development of this study may be the use of 3D bioprinting to depose the GFs
delivering layer on top of the titanium specimens. A bio-ink [35] containing the loaded
microcarriers builds the coating layer obtaining a bone-morphology geometry, which leads
to better osseointegration. Next developments of our present research will focus on the
delivery of both IGF1 and BMP2 growth factors together, with various released amounts,
in view of optimizing a consistent 3rd generation biomaterial for bone implants designed
to assist wound healing and vital bone growth.
5. Conclusions
The proposed multi-layered material consisting of a porous titanium substrate obtained via powder metallurgy route, coated with a chitosan film engulfing microsphere consisting of BSA gel bulk and double layers of calcium crosslinked pectin hydrogel/polyelectrolytic complex hydrogel pectin-chitosan, loaded with IGF1 and BMP2, acted as a proper
3rd generation biomaterial used for endosseous applications. The system was found to
effectively release BMP2 and IGF1 growth factors post implanting, in a stable and active
form that assures short and effective osseointegration and wound healing.
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Abstract: The status of axillary lymph nodes is an important prognostic factor in the outcome of breast
cancer tumors. New trials changed the attitude towards axillary clearance. In the era of development
of new immune therapies for breast cancer, it is important to identify a biomarker that can predict
lymph node status. Tumor-infiltrating lymphocytes (TILs) are a valuable indicator of the immune
microenvironment that plays the central role in new anticancer drugs. Although the correlation
between TILs and response to chemotherapy was established by previous studies, our retrospective
study investigated the correlation between TILs and lymph node status. We analyzed data on 172
patients. According to stage, patients were divided in two groups: patients who underwent primary
surgical treatment (breast-conserving or mastectomy and sentinel lymph node (SLN) biopsy +/− axillary
clearance in conformity with lymph node status) and patients who received chemotherapy prior to
surgical treatment (breast-conserving or mastectomy + axillary clearance). We showed a good inverse
correlation between TILs and lymph nodes status for both early stage and locally advanced breast
cancers. Moreover, TILs are a predictor for positive lymph nodes in the axilla in patients undergoing
axillary clearance after SLN biopsy, with no statistical difference between the intrinsic or histological
subtype of breast cancers. We also obtained a significant correlation between TILs and response to
chemotherapy with no significative difference according to histological subtype. Although further data
have still to be gathered before meeting the criteria for clinical utility, this study demonstrates that TILs
are one of the most accredited forthcoming biomarkers for breast cancer (BC) patients.
Keywords: breast cancer; TILs; lymph node; chemotherapy; pCR

1. Introduction
In the last three decades, treatment of breast cancer (BC) has changed remarkably, from invasive
surgical interventions to breast-conserving surgery and new complementary and targeted therapies [1,2].
Development of radiotherapy regimens and techniques determined a new attitude towards the axilla,
both in early stage and locally advanced tumors [3–6].
The immune tumor microenvironment (ITME) plays a central role in tailoring new immunologic
therapies. Ongoing challenges remain in defining biomarkers that predict response to immunotherapy
and the main characteristics of patients that can benefit from these new therapies [7]. Tumor-infiltrating
lymphocytes (TILs) are a valuable indicator of ITME. Their functions can dynamically change during
tumor progression [8,9]. Previous studies have shown their role in predicting disease-free and overall
survival of patients with breast cancer and a good correlation with the patient’s response to chemotherapy.
However, the results are contradictory regarding their association with different intrinsic subtypes of BC.
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Tumors with high TILs may also have increased PD-L1 (programmed death-1 ligand)
expression [10–12]. PD-L1 expression has been associated with higher histological grade, higher
proliferation, hormonal receptor negativity, and higher TIL infiltration. Despite these associations
several studies demonstrated a better outcome of patients with high expression of PD-L1 [13,14]. PD-L1
immune checkpoint inhibitors have been evaluated in clinical trials as new therapies for BC with
favorable results [15,16].
The present study investigated the correlation between TILs and lymph nodes status in early
stage and locally advanced BC. For those patients receiving neoadjuvant chemotherapy (NAC), we
studied the correlation of TILs with the response to chemotherapy, evaluated by the number of cases
who reached complete pathologic response (pCR) and the Miller–Payne (MPG) and Residual Cancer
Burden (RCB) scales. As far as our knowledge, this is the first study to establish the predictive value of
TILs for lymph nodes status, either sentinel or post axillary clearance.
2. Materials and Methods
2.1. Study Cohort
Our observational retrospective study enrolled patients newly diagnosed with early stage and
locally advanced BC that were treated in our center between January 2016 and December 2018. Data
collection for baseline variables was performed from October 2018 to January 2019, using electronic
medical records. Approval from the ethics commission was obtained prior to data collection.
We excluded patients with inflammatory BC, stage IV disease, and without available pathology
reports or incomplete data. Data on 172 patients were analyzed.
Information on age, menopausal status, tumor characteristics (size, grade, intrinsic molecular
subtype, lymphovascular invasion, and TILs), treatment (NAC, type of surgical intervention), and
outcomes (lymph nodes status, and response to NAC) were collected. The histopathological response
to chemotherapy was evaluated on the surgical excision sample by MPG and RCB score.
2.1.1. Type of Treatment
According to stage, patients were divided in two groups: primary surgical treatment (PST)-patients
who underwent primary surgical treatment (breast-conserving therapy (BCT) or mastectomy and
sentinel lymph node (SLN) biopsy +/− axillary clearance in conformity with lymph node status); and
secondary surgical treatment (SST)-patients who received neoadjuvant chemotherapy (NAC) prior
to surgical treatment (BCT or mastectomy + axillary clearance). NAC regimens consisted of 4 cycles
of doxorubicin (60 mg/m2 ) and cyclophosphamide (600 mg/m2 ), followed by 4 cycles of docetaxel
(75 mg/m2 ). Some patients received doxorubicin (60 mg/m2 ) plus docetaxel (75 mg/m2 ) or doxorubicin
(60 mg/m2 ) plus cyclophosphamide (600 mg/m2 ) by intravenous infusion every 3 weeks for 6 cycles.
We evaluated separately the correlation between TILs and lymph node status in patients receiving
chemotherapy and patients where we performed surgery and SLN biopsy. We considered positive
nodes the presence of isolated tumor cells, micrometastases (cases in which we did not perform axillary
clearance) and macrometastases (cases in which we performed axillary clearance).
2.1.2. TILs Assessment
TILs were evaluated on core needle biopsies using hematoxylin and eosin staining, following the
recommended consensus guideline from the International TILs Working Group [17,18]. The assessment
of TILs was done by different pathologists within the routine analysis (one pathologist/ assessment per
case). TILs levels were divided in four groups: 0—TILs < 10%, 1—10–40%, 2—40–60%, and 3—TILs
> 60%.
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2.2. Statistical Analysis
The statistical analysis was performed using EpiInfo version 7.2.2.6 (Centers for Disease Control
and Prevention, Atlanta, Georgia). In both groups, we used an ANOVA test to evaluate the correlation
between TILs and lymph nodes status. Moreover, we evaluated the correlation between TILs and
lymphovascular invasion using ANOVA test. For the SST group, we investigated the correlation
between TILs and the MPG, RCB, and pCR, as parameters of response to chemotherapy. For both
lymph node status and response to chemotherapy, we evaluated the correlation with TILs according to
the intrinsic and histological type of breast cancers using the Fisher test. A p-value under 0.05 was
considered statistically significative.
3. Results
3.1. Baseline Characteristics
One hundred and seventy-two patients were included in our study (76 in the PST group, and
96 in the SST group), with a median age of 53.37 years (i.e., between the age of 30–76 years old).
Baseline characteristics of the patients are presented in Table 1. Most of the cases receiving PST were
luminal A, while cases receiving SST were locally advanced tumors luminal A and triple negative.
Ductal histological subtype was the most frequent (76.31% in the PST group, and 91.66% in the SST
group), with only 8 cases of mucinous tumors in both groups (4.65%). Most tumors (77.90%) were
estrogen-positive, with Ki-67 over 20% in 48.25% of the cases.
Table 1. Patients characteristics in the two groups.

Age–median (range) in years

Group PST (n = 76)

Group SST (n = 96)

51.81 (30–73)

54.93 (27–76)

Tumor size (cT)

T1
T2
T3
T4

57 (75.00%)
19 (25.00%)
-

8 (8.33%)
42 (43.75%)
25 (26.04%)
21 (21.87%)

Lymph node status (cN)

N0
N1
N2
N3

76 (100%)
-

3 (3.12%)
65 (67.70%)
25 (26.04%)
3 (3.12%)

Histological subtype

Ductal
Lobular
Mucinous
Other

58 (76.31%)
4 (5.26%)
4 (5.26%)
10 (13.15%)

88 (91.66%)
3 (3.12%)
4 (4.16%)
1 (1.04%)

Estrogen receptors positivity

72 (94.73%

62 (64.58%)

Progesterone receptor positivity

64 (84.21%)

52 (54.16%)

HER2 positivity

11 (14.47%)

29 (30.20%)

Ki67 > 20%

23 (30.26%)

60 (62.50%)

45 (59.21%)
16 (21.05%)
11 (14.47%)
0 (0.00%)
4 (5.26%)

23 (23.95%)
19 (19.79%)
20 (20.83%)
9 (9.37%)
25 (26.04%)

10 (13.15%)

36 (37.50%

12 (15.78%)
37 (48.68%)
22 (28.94%)
5 (6.57%)

3 (3.12%)
31 (32.29%)
48 (50.00%)
14 (14.58%)

Intrinsic subtype (IHC4)

Luminal A
Luminal B HER2 Luminal B HER2+
HER2 over expression
Triple negative

Lymphovascular invasion

TILs

0
1
2
3

PST (primary surgical treatment), patients who underwent primary surgical treatment (breast-conserving therapy
(BCT) or mastectomy and sentinel lymph node (SLN) biopsy +/− axillary clearance in conformity with lymph
node status); SST (secondary surgical treatment), patients who received neoadjuvant chemotherapy (NAC) prior to
surgical treatment (BCT or mastectomy + axillary clearance); TILs, tumor-infiltrating lymphocytes.
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Type of Metastasis
n
(%)
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Table 2. Lymph nodes status according TILs values in the PST
group.
7/12
(58.33%)
Positive
SLN/no.
of Cases
n (%)
11/37 (29.72%)
7/12 (58.33%)
11/37(22.72%)
(29.72%)
5/22
5/22 (22.72%)
0/5
0/5(0.00%)
(0.00%)

5M, 1m, 1 ITC
Type of Metastasis
9M, 1 m, 1 ITC
5M, 1m, 1 ITC
9M,
4M, 11 m,
m 1 ITC
4M, 1 m
- -

3/12 (25.00%)
Positive Nodes
after ALND/ no. of Cases
n (%)
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3/12 (25.00%)
(8.10%)
0/223/37
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- -
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Figure 1. Lymph
Lymph nodes status according to TILs subgroups.

3.3. SST Group
3.3. SST Group
Our analysis showed a significative correlation (Table 3, Figure 1) between TILs and lymph node
Our analysis showed a significative correlation (Table 3, Figure 1) between TILs and lymph node
status after ALND for patients that received NAC (p = 0.01). This significative correlation was observed
status after ALND for patients that received NAC (p = 0.01). This significative correlation was
also for MPG (p = 0.002) and RCB (p = 0.02), as you can see in Table 4.
observed also for MPG (p = 0.002) and RCB (p = 0.02), as you can see in Table 4.
Moreover, we found a positive statistical correlation between TILs and pCR (p = 0.001, Table 4),
Moreover, we found a positive statistical correlation between TILs and pCR (p = 0.001, Table 4),
suggesting that elevated number of TILs can predict a complete response to chemotherapy.
suggesting that elevated number of TILs can predict a complete response to chemotherapy.
Our analysis did not show statistical differences (p = 0.49, Fisher test) in the correlation between
Our analysis did not show statistical differences (p = 0.49, Fisher test) in the correlation between
lymph nodes status and TILs according to the intrinsic subtype of tumors. We did not find any
lymph nodes status and TILs according to the intrinsic subtype of tumors. We did not find any
statistical difference according to histological subtype in the correlation of TILs with the lymph node
statistical difference according to histological subtype in the correlation of TILs with the lymph node
status (p = 0.55, Fisher test) and the response to chemotherapy (p = 0.40, Fisher test). However, the
status (p = 0.55, Fisher test) and the response to chemotherapy (p = 0.40, Fisher test). However, the
capacity of predicting response to chemotherapy was significative for triple negative tumors (p = 0.03,
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Fisher test for RCB, and p = 0.04, Fisher test for MPG) and HER2-positive tumors (p = 0.04, Fisher test
for RCB, and p = 0.03, Fisher test for MPG) and not significative for luminal A and luminal B HER2
negative tumors (p > 0.05, Fisher test for both RCB and MPG). Regarding the correlation between TILs
and lymphovascular invasion, the p-value was 0.03.
Table 3. Lymph nodes status according to TILs values in the SST group.
TILs

Positive Nodes after ALND/ no. of Cases n (%)

Type of Metastasis

0
1
2
3

1/3 (33.33%)
21/31 (67.74%)
23/48 (47.91%)
2/14 (14.28%)

1M
20M, 1 m
20M, 2 m, 1 ITC
1M, 1 m

Table 4. Tumoral response to chemotherapy according to TILs values.
TILs

pCR/no. of Cases n (%)

MPG (Mean)

RCB (Mean)

0
1
2
3

1/3 (33.33%)
7/31 (22.58%)
7/48 (14.58%)
10/14 (71.42%)

4
3.03
3.22
4.42

1.33
2.25
1.79
0.50

pCR, complete pathologic response; MPG, Miller–Payne grade; RCB, Residual Cancer Burden score.

4. Discussion
Our study showed a good correlation between TILs and lymph nodes status for both early stage
and locally advanced breast cancers. Moreover, TILs were a predictor for positive lymph nodes in
the axilla in patients undergoing ALND after a SLN biopsy, with no statistical difference between the
intrinsic or histological subtype of breast cancers. We obtained a significant correlation between TILS
and response to chemotherapy (either evaluated by RCB or MPG, or considering only pCR) in the
SST group. Although we did not find any significative difference according to histological subtype,
the correlation was statistically significative only for triple negative and HER2-enriched tumors when
considering intrinsic subtypes of breast cancer.
Many studies recognized the importance of the immune tumor microenvironment in breast
cancer [19], both as an important element for tumor development and progression, and as parameter
of response to treatment becoming one of the new therapeutic targets. TILs are the key players of
ITME. The first association between breast cancer and TILs was made in 1992, suggesting that a rich
lymphocytes infiltrate can predict recurrence-free survival [20] in breast cancer tumors with a high
proliferation rate. Since then, the importance of TILs in breast cancer has been demonstrated by
various studies.
However, one of the main issues when taking into consideration TILs remains to standardize
assessment and to maximize reproducibility [21]. The International Immuno-Oncology Biomarker
Working Group on Breast Cancer developed criteria for TILs assessment that decrease inter-observer
variability [22]. These criteria define TILs as intraepithelial mononuclear cells within tumor cell nests
or in direct contact with tumor cells; stromal TILs are lymphocytes in the tumor stroma without direct
contact with tumor cells. TILs should be assessed as a continuous parameter on a single hematoxylin
and eosin-stained tumor section [17,23]. Our study used these criteria for assessment, although we
preferred to study the correlation between TILs and the established parameters by considering four
groups: TILs < 10%, 10–40%, 40–60%, and TILs > 60%. We believe that this approach could eliminate the
possible bias given by inter-observer variability since the assessment was done by different pathologists.
As our study was retrospective, the pathologists involved in TILs assessment were not specially trained
for the project. Moreover other studies that analyzed the capacity of TILs to predict the status of
lymph nodes in melanoma or gastric cancer used a similar division. The latest studies in breast cancer
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immunology describe a special subtype, lymphocytic-predominant, with the highest TILs infiltration
(50–60% lymphocytic infiltration of either tumor epithelium or stroma). Although this subgroup
included a lower number of patients, it was associated with the best outcome [24,25].
Another issue is to establish the most suitable tissue sample for TILs assessment, since
previous studies showed significative inconsistencies between core needle biopsies and surgical
tissue samples [26] and, furthermore, between pre- and post-NAC [27]. All our assessments were done
on tissue samples from core needle biopsies. Further studies should, however, investigate the effect of
changes in TILs rates after chemotherapy over disease-free survival and overall survival, since the
preliminary results showed a better outcome for patients who after chemotherapy achieved higher
levels of TILs [28].
Previous studies correlated high TILs levels with a better response to NAC. While some
demonstrated this correlation only for aggressive intrinsic subtypes (triple negative and HERenriched) [29,30], others stated that the rate of achieving pCR is equal in all intrinsic subtypes [31,32].
However, studies confirmed that disease-free survival and overall survival are influenced by high
levels of TILs only for triple negative [30] and HER2-enriched [33]. No statistical difference was found
between the chemotherapy regimens [34]. Our study confirmed the results regarding the correlation
between TILs and response to NAC for triple negative and HERr2-enriched breast tumors, both for
pCR, and for MPG and RCB scores. This data showed that not only pCR can be correlated to TILs.
We included MPG and RCB scores in the study because they are also predictors for disease-free and
especially for overall survival [35–37]. Asano et al. imagined RCB-TILs score that could be predictive
for overall survival after NAC [38].
The correlation between increased TILs and lymph node status was first stated for early gastric
cancer [39] and melanoma [24]. As far as our knowledge, our study is the only one that established a
correlation between TILs and lymph node status for both early and locally advanced breast tumors.
Attempts to correlate TILs with lymph nodes status in triple negative tumors have failed [40]. Since
the attitude versus BCT, and especially towards the axilla, changed significative in the last years after
the published results of AMAROS clinical trial [41,42], the importance of identifying low and high
risk-profile tumors has increased.
In our study, an increased number of TILs was associated with a lower number of lymph nodes
metastases both in PST and SST groups. For early stage tumors for TILs over 60%, all lymph nodes were
negative, with only 2 positive lymph nodes in the SST group, suggesting that lymphocytic predominant
breast cancers have the lowest aggressivity. TILs can be considered valuable biomarkers that can
help tailoring suitable therapies and improving the stratification of BC patients for immune-based
treatment selection.
Previous studies demonstrated the correlation between lymphovascular invasion and positive
lymph nodes in the axilla [43]. Also, when present, lymphovascular invasion correlates with poor
prognosis regarding survival and response to chemotherapy [44,45]. Our study investigated the
correlation between TILs and lymphovascular invasion. We only found a statistical significative
correlation for locally advanced BC. However, our results could be biased by the relatively small
sample of patients that were positive for lymphovascular invasion in the PST group.
The magnitude of TILs is variable within and between breast cancer subtypes [29]. Most studies [19]
correlated high TILs with high risk subtypes of cancers (HER2-enriched and triple negative). For
patients with BRCA 1 and 2 mutations, TILs proved itself to be a favorable factor of disease-free
survival. For overall survival, for each 10% increase of TILs, it was demonstrated a 10% reduction
in mortality for BRCA 1 carriers, with no significative effect on BRCA 2 mutation patients [46]. We
demonstrated the predictive value of TILs in lymph nodes status for all intrinsic subtypes, with
significative differences regarding only the response to NAC.
Our results showed the importance of TILs (as an indicator of ITME) in the outcome of early
stage and locally advanced breast cancers. Previous studies demonstrated, however, that ITME can
be influenced by multiple factors, such as comorbidities, drugs, and smoking [47]. ITME can also be
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influenced during chemotherapy, and these changes could also be considered important predictive
factors for the outcome of breast cancer patients [7]. We can assume that TILs also modify, according
to these factors. Our study did not follow these possible secondary factors. Further studies should
investigate their control over ITME activation and their effect over TILs.
There are many reports on the utility of TILs as prognostic factors and effect predictors, but until
present, these findings were not used in the clinical management of the patients. Although our study
is limited by its retrospective nature and the relatively small samples studied, it demonstrated the
possibility of using TILs as a biomarker in the clinical setting for prediction in lymph nodes status.
5. Conclusions
Although further data have still to be gathered before meeting the criteria of clinical utility, this
study demonstrated that TILs are useful predictive factors for lymph nodes status and response to
NAC for both early stage and locally advanced BC patients, as well as sustain the idea of TILs as one
of the most accredited forthcoming biomarkers for BC patients.
Author Contributions: Conceptualization, A.C. and G.C.D.; methodology, A.C.; software, A.C. and D.S.;
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Summary
Purpose: Several biomarkers have been reported to correlate
with neoadjuvant chemotherapy response. Our aim was to
establish the correlation between neutrophils-to-lymphocytes
(NLR), lymphocytes-to-monocytes (LMR), and platelets-tolymphocytes ratios (PLR) and the Miller Payne grade (MPG)
and Residual Cancer Burden Score (RCB), as indicators to
response to chemotherapy.

tus, Ki67 over 15%, and tumour infiltrating lymphocytes
(TILs) and MPG and RCB. For the three studied ratios, p
value was statistical not significative. ROC curve showed
a cut-off value of 2.7 NLR, for which correlation with the
pathological complete response to chemotherapy (pCR) was
significative (p=0.03).

Conclusions: Our findings suggest that NLR can be a preMethods: Data were retrospectively collected from the First dictive biomarker for pCR. Further studies, on larger sample
Surgical Clinic database between January 2016 and Decem- size, are necessary to establish the correlation with MPG
ber 2018.
and RCB.
Results: 96 patients were included in the study. The multivariate regression analysis showed a statistical correlation Key words: biomarker, breast cancer, Miller Payne grade,
between oestrogen (ER) and progesterone receptor (PR) sta- neoadjuvant chemotherapy, pCR, residual cancer burden

Introduction
As the incidence of breast cancer continues
to remain elevated, it is important to study and
understand the immunological response in the development and progression of this disease. Neoadjuvant chemotherapy is the standard treatment
in locally advanced tumours. Chemo-resistance
represents a crucial problem of breast cancer. The
chemo-responsiveness of the tumour is determined
by patient-related factors as well as by intrinsic
tumour characteristics [1,2].
Many studies tried to establish the correlation
between immunological markers and the response
to neoadjuvant chemotherapy [3-4]. Moreover,

pathological complete response (pCR) to chemotherapy is associated with lower recurrence rates
and better overall survival [5].
Many biomarkers were proposed as predictive.
NLR, LMR and PLR were among the most studied,
the results showing a strong correlation between
the three ratios with pCR and survival.
However, since the outcome of patients can be
influenced not only by a pCR, the objective of our
study was to determine their correlation with the
most known parameters for evaluating the response
to neoadjuvant chemotherapy, the Miller Payne grade
(MPG) and the Residual Cancer Burden Score (RCB).
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Methods
Study cohort
We identified all patients with locally advanced
breast cancer that received neoadjuvant chemotherapy
and subsequent breast surgery at the First Surgical
Clinic, Cluj-Napoca, Romania, between January 2016 and
December 2018. We excluded all patients with stage IV
disease or inflammatory breast cancer, and also patients
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without available pathology reports and laboratory test
results. Data of 96 patients were analyzed. From the electronic medical records, we extracted information about
age, menopausal status, tumour characteristics (stage
and grade, intrinsic molecular subtype, histopathological features and TILs), lymph node status, chemotherapy
regimen, type of surgical intervention, and laboratory
data (absolute number of neutrophils, lymphocytes,
monocytes, and platelets - all values from blood samples
taken before the initiation of chemotherapy).

Table 1. Characteristics of patients included in the study and their correlation with Miller Payne grade and Residual
Cancer Burden score
Characteristics
n=96
Age at diagnosis (years), median (range)

n (%)

Miller Payne grade
p

54.93 (27-76)

0.19

0.5

0.35

0.77

0.04

0.01

0.04

0.03

0.07

0.21

0.07

0.01

Menopausal status
Premenopausal

24 (25)

Postmenopausal

72 (75)

Tumour size
T1

8 (8.33)

T2

42 (43.75)

T3

25 (26.04)

T4

21 (21.87)

Lymph nodes status
N0

3 (3.12)

N1

65 (67.70)

N2

25 (26.04)

N3

3 (3.12)

Histological subtype
Ductal

88 (91.66)

Lobular

3 (3.12)

Other

5 (5.20)

Tumour grade
G1

RCB score
p

20 (20.83)

G2

48 (50)

G3

28 (29.16)

Estrogen receptor positivity

62 (64.58)

<0.05

<0.05

Progesteron receptor positivity

52 (54.16)

<0.05

<0.05

HER-2 receptor positivity

29 (30.20)

0.36

0.73

Ki67 >15%

60 (62.50)

0.02

<0.05

0.01

<0.05

0.01

<0.05

Intrinsic subtype (IHC 4)
Luminal A

23 (23.95)

Luminal B

39 (40.62)

HER-2 enriched

9 (9.37)

Triple negative

25 (26.04)

TILs
0

3 (3.12)

1

31 (32,29)

2

48 (50)

3

14 (14,58)

NLR, median (range)

2.70 (0.63-6.88)

0.17

0.82

LMR, median (range)

2.70 (0.59-8.24)

0.35

0.90

PLR, median (range)

28.71 (6.28-104)

0.56

0.93
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For TILs, the Klintrup score was used. Therefore,
the patients were scored with 0 for absent inflammatory
cells, 1 for mild and patchy inflammatory cells, 2 for
prominent band-like inflammatory cells, and 3 for rich,
cup-like inflammatory cells. All data were taken from
the pre-treatment pathology reports.
For each patient we calculated NLR as the ratio
between neutrophils and lymphocytes values, LMR as
the ratio between lymphocytes and monocytes values,
and PLR as the ratio between platelets and lymphocytes
values.
Table 1 summarises the characteristics of the studied population.
Treatment
The neoadjuvant chemotherapy regimen consisted
of 4 cycles of doxorubicin (60 mg/m2) and cyclophosphamide (600 mg/m2), followed by 4 cycles of docetaxel (75
mg/m2). Some patients received doxorubicin (60 mg/m2)
plus docetaxel (75 mg/m2) or doxorubicin (60 mg/m2)
plus cyclophosphamide (600 mg/m2) by intravenous infusion every 3 weeks for 6 cycles. After 4-6 weeks the
patients were admitted for surgical treatment: either
breast-conserving surgery, or mastectomy with axillary
lymph node dissection (ALND).
Histopathological response assessment
The histopathological response was evaluated on
the surgical excision sample by Miller-Payne grade and
Residual Cancer Burden score.
Statistics
The statistical analysis was performed using EpiInfo version 7.2.2.6.
We evaluated the correlation between age, menopausal status, tumour size pre-chemotherapy, lymph
nodes status, histological subtype, tumour grade, receptors status, intrinsic subtype, and TILs with the MPG and
RCB using Cox multivariate regression analysis.
For NLR, LMR and PLR we analyzed the correlation with the MPG and RCB score using linear regression. To establish the capacity of NLR, LMR and PLR
on predicting a pCR we calculated the cut-off values using the receiver operating characteristics (ROC) curve.
For each ratio sensitivity, specificity, positive predictive
value (PPV), and negative predictive values (NPV) were
calculated. The relation between cut-off values and pCR
was evaluated with Fisher test. A p value under 0.05 was
considered statistically significant.

Results
The 96 patients included in the study had a
mean age at the time of the treatment of 54.93
years, 75% of them being postmenopausal. Of all
patients 96.87% presented with lymph node infiltration (N1-N3). The majority of the cases were ductal
carcinomas (91.66%) and luminal B (40.62%). Table
1 presents the histological and immunohistological characteristics of the tumours.
Regarding neoadjuvant chemotherapy regimens, we used anthracycline-based therapy in
26 (27.08%) cases, taxanes-based therapy in 21
(21.87%) cases and combined anthracycline and
taxanes therapy in 49 (51.04%) cases. No significant statistical correlation was determined between
chemotherapy regimen and MPG and RCB (p>0.05).
pCR was obtained in 25 (26.04%) cases. 35 (36.45%)
of the patients underwent breast-conserving therapy and ALND and 61 (63.54%) underwent modified
radical mastectomy.
The linear regression analysis showed a significant statistical correlation between tumour size,
lymph node status and MPG and RCB (p<0.05). For
both scores we determined a significant correlation
with ER and PR positivity (Table 1), ki67 over 15%
(Table 1), and with the intrinsic subtype (p=0.01
for MPG and p<0.05 for RCB), triple-negative tumours having the worst response to neoadjuvant
chemotherapy. Another factor that determined the
response to neoadjuvant chemotherapy was TILs.
We obtained a p value <0.05 for both MPG and RCB
(Table 1).
No statistically significant correlation was obtained between NLR, LMR, PLT and MPG, and RCB
(p>0.05, Table 1) on linear regression analysis.
ROC curve analysis suggested that the optimum cut-off point of NLR, LMR, and PLR for obtaining pCR were 2.7 (95% CI, estimated standard
error 0.06, p=0.03 Fisher Test), 2.1 (95% CI, estimated standard error 0.05, p=0.35 Fisher Test),
and 21.82 (95% CI, estimated standard error 0.06,
p=0.81 Fisher Test). Table 2 shows the accuracy,
specificity, sensitivity, PPV, and NPV calculated for
the cut-off points.

Table 2. Cut off points analysis for NLR, LMR, and PLR
Accuracy (%)

Specificity (%)

Sensitivity (%)

PPV (%)

NPV (%)

NLR (2.7)

58.33

53.52

72.00

35.29

84.44

LMR (2.1)

44.74

23.53

88.00

36.07

80.00

PLR (21.82)

51.04

49.30

56.00

28.00

76.09

PPV: positive predictive value, NPV: negative predicted value. For other abbreviations see text.
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be significantly associated with a better outcome
in early stage breast cancer [18].
Studies comparing NLR and LMR as predictive
factors for chemotherapy response and survival
showed better correlations for NLR [19].
PLR was proposed as a predictive and prognostic biomarker, especially for triple-negative breast
cancers [20,21]. The cut-off values proposed by
other studies vary between 138.19 and 292 [22-24].
However, our study determined a cut-off value of
21.82 and no significant correlation was obtained.
We showed a significant correlation between
ER and PR, and proliferation rate described by
ki67 and neoadjuvant chemotherapy response
evaluated by MPG and RCB. To our knowledge,
this is the first study to consider MPG and RCB in
the study of factors predictive for chemotherapy
response. Although the importance of TILs for
pCR is recognised [25], we managed to demonstrate the significant correlation between TILs
and MPG and RCB (p<0.05), showing that a high
Klintrup score is associated with a better response
to chemotherapy.
Despite pCR is associated with a better outcome and overall survival [26,27], we consider that
a stratified analysis according to MPG and RCB
needs to be done. Preliminary published results
show a different outcome according to RCB score
[28].
Our study has some limitations. First, it is a
single-centre retrospective study. Many data were
unavailable and this resulted in a small sample
size. Second, the neoadjuvant therapy was not
standardised and because of small sample size we
couldn’t perform an analysis differentiating the
three specific regimens. Third, NLR, LMR and PLR
can be influenced by various comorbidities, data
that we didn’t include in our analysis. Therefore,
the results that we obtained can be biased by these
three limitations of our study.
Further studies with larger sample size are
necessary to establish the relationship between
the three biomarkers, NLR, LMR, and PLR, and the
response to neoadjuvant chemotherapy evaluated
by MPG and RCB. Also TILs can be considered as
a predictive biomarker due to its correlation with
MPG and RCB.

This study showed no significative relationship
between NLR, LMR, and PLR and MPG or RCB.
However, the analysis between the cut-off point
value of NLR (2.7) determined by ROC curve analysis and the pCR showed a significative correlation between increased NLR (over 2.7) and pCR to
neoadjuvant chemotherapy. Also the obtained NPV
and sensitivity values were considerable high. We
couldn’t find any significant correlation between
LMR or PLR and pCR (p>0.05).
Neutrophils, lymphocytes, monocytes and
platelets have different inflammatory roles. Neutrophils increase the turnover proliferation, favouring invasion and secreting factors that promote
tumour growth. Monocytes differentiate into tumour-associated macrophages, promoting proliferation, invasion, metastasis, neovascularisation, and
recurrence. Platelets release factors that activate
angiogenesis, stimulating tumour progression.
Lymphocytes, especially cytotoxic T cells, have an
antitumor immune response, stimulating apoptosis of tumor cells and suppressing their growth
[6-8]. These functions motivate the study of NLR,
LMR, and PLR as prognostic factors to tumor response in neoadjuvant chemotherapy.
Many studies tried to determine the correlation between the 3 ratios with pCR to neoadjuvant
chemotherapy and long term survival.
For NLR, increased values prior to neoadjuvant
chemotherapy were associated with lower rates of
pCR [9,10]. No cut-off value was determined, with
studies showing that either a value over 3.33 [11],
or over 2.05 [12,13] can be considered statistically
significant. In our study the cut-off point value for
which we obtained statistically significant correlation was 2.7. In 2018 Duan et al published a
meta-analysis on 21 studies that demonstrated that
NLR can be considered a predictive biomarker for
overall survival prognosis in patients with breast
cancer [14], in relation with other prior published
results [15,16].
We couldn’t find a significant statistical correlation between LMR and response to neoadjuvant
chemotherapy, although we obtained high values
for sensitivity (88%) and NPV (80%) for a cut-off
point value calculated at 2.1. Some authors published significant results for values higher to 5.2 re- Conflict of interests
garding both chemotherapy response and survival
[17] while others reported that a LMR over 4.7 can
The authors declare no conflict of interests.
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Summary
Purpose: The link between the pro-inflammatory status,
tumor aggressiveness and treatment response has been well
established in multiple cancers. Various hematologic and biochemical variables representing surrogates for inflammation
have been used as predictive markers. Our primary aim was
to assess the prognostic value of neutrophil-to-lymphocyte
ratio (NLR) in evaluating neoadjuvant treatment response
in locally advanced rectal cancer (LARC).
Methods: We included 60 consecutive patients with LARC,
admitted for surgery, after completing a standard full-course
neoadjuvant radio-chemotherapy regimen. NLR and other
hematologic parameters were collected one day prior to surgery. Treatment response was assessed on the resection specimens.

responders: 5.81 (5.40-7.28) vs. 3.51 (2.36-4.04), p<0.0001.
NLR retained its significance on multivariate analysis, with
an OR of 3.51 (1.54-6.57), p=0.001. A NLR cut-off value of
4.50 had the best predictive value for poor response, with
an area under the curve (AUC) of 0.85, sensitivity of 83.3%
and specificity of 83.3% (p<0.001). Other hematologic ratios,
such as the derived NLR (dNLR) and platelet-to-lymphocyte
ratio (PLR) were also significant predictors for poor response,
although to a lesser extent when compared to NLR.
Conclusion: NLR is a simple and cost-effective predictor for
neoadjuvant treatment response in LARC. As more data is
generated, clear cut-off values could provide valuable insight
regarding the management of LARC.

Key words: complete pathologic response, neutrophil-toResults: On univariate analysis, poor responders had a lymphocyte ratio, nonoperative management, radiochemosignificantly higher NLR value when compared with good therapy, rectal cancer

Introduction
Colorectal cancer currently accounts for approximately 10% of cancer[-] related mortality [1],
and a significant percentage is attributed to rectal
cancer (RC). The development of total mesorectal
excision and neoadjuvant treatment in RC led to

substantial improvement in tumor local control
and overall survival. The standard of care in locally advanced rectal cancer (LARC) consists in
neoadjuvant chemo-radiotherapy (CRT) followed
by surgery after a delay of 8 to 12 weeks.

Corresponding author: Dana Crisan, MD, PhD. Internal Medicine Department, 5th Medical Clinic, Iuliu Hatieganu University of
Medicine and Pharmacy, 8 V. Babes, 400012, Cluj-Napoca, Romania
Tel: +40 741 055 464, E-mail: crisan.dc@gmail.com
Received: 06/08/2019; Accepted: 14/10/2019
This work by JBUON is licensed under a Creative Commons Attribution 4.0 International License.

Neutrophil to lymphocyte ratio predicts response in rectal cancer

Preoperative CRT can lead to a complete clinical response (cCR) rate varying between 10-40%
and a complete pathological response (cPR) rate
between 16-22% in patients with LARC, as demonstrated by a number of trials such as NSABP
R-04 trial [2]. In early stage rectal cancer (T1-T2N0
tumors) the rate of cPR can be as high as 40-50%
[3,4]. A cPR is associated with improved oncological results, as it represents the lack of tumor cells
in the resection specimen. Thus, it offers the possibility of avoiding radical surgery and its associated
functional consequences, stomas, morbidity and
mortality [5,6].
Using the current available methods for clinical response evaluation, an overall survival (OS)
rate of 89.9% and disease free survival (DFS) of
82.8% were observed for patients who underwent
surgical management in comparison with 71.6%
OS and 60.9% DFS for nonoperative management
(NOM), suggesting the low accuracy for the prediction of pathologic response [7]. As such, routine use
of NOM in a cCR patient is not yet recommended
and new biomarkers are needed in order to improve
the prediction of cPR.
Since 1986, when the link between the proinflammatory status, tumor progression and treatment response was hinted by Dvorak [8], multiple
biochemical markers and hematologic parameters
have been studied on different primary tumor locations [9]. Among them, high neutrophil count, neutrophil to lymphocyte ratio (NLR), platelet to lymphocyte ratio (PLR) and C-reactive protein (CRP)
have been previously linked to disease progression,
treatment response and overall survival in patients
with colorectal cancer [10]. Newer ratios, such as
derived neutrophil to lymphocyte ratio (dNLR),
have also been proven to be effective predictors
in certain clinical settings [11-17]. Although there
are multiple studies addressing this topic, at the
current time the cut-off values are equivocal and
further data are needed in order to improve the
predictive strength of these markers [18].
Our primary aim was to assess the role of NLR,
calculated after standard full course chemo-radiotherapy, in predicting pathologic tumor response
in patients with LARC. As secondary objectives, we
analyzed the predictive value of two other ratios,
PLR and dNLR, along with multiple other hematologic parameters.

Methods
We conducted our study on a consecutive series of
60 patients with locally advanced rectal cancer who had
previously received a standard full course of neoadjuvant chemo-radiotherapy. The patients were admitted in
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our department for surgery at 8-12 weeks after neoadjuvant treatment during a two-year timespan (2016-2018).
Patient consent and local bioethics committee approvals
were obtained. Pretreatment staging was performed using pelvic MRI or endorectal ultrasound. We included
patients with cT3-T4 or cN positive - irrespective of cT
staging. Patients who required emergency surgery were
excluded, as well as patients with distant metastasis.
Treatment protocol and yp staging
All patients included in the study underwent
radiation therapy with concurrent capecitabine
/5-florouracil+oxaliplatin regimen. After treatment, the
response (yp) was confirmed by assessing transmural
invasion and nodal status according to the TNM classification. Complete pathological response was considered in patients with no tumor cells on histologic and
immunohistochemical analysis of the surgical specimen
according to Dworak tumor regression score [19]. Patients with cPR, partial response or downstaging were
considered good responders (ypT0-T2, ypN0), while patients with high tumor burden or without downstaging
were considered poor responders (ypT3-T4 or ypN1).
Inflammatory markers
Blood samples were obtained one day prior to surgery. White blood cell (WBC), neutrophil, lymphocyte,
platelet and red blood cell (RBC) counts, hemoglobin,
Table 1. Clinical features of the study group
Features

Number (%) /
Mean ± SD
n (%)

Age (years)

62.9 ± 11.1

Gender: female

17 (28.33)

Distance from anal verge (cm)

7.13 ± 3.29

Surgical treatment
Sphincter- sparing surgery

42 (70)

Abdomino-perineal resection

18 (30)

Complete resection (R0)

54 (90)

ypT staging:
T0 (complete pathologic response)

11 (18.33)

T1

2 (3.33)

T2

11 (18.33)

T3

31 (51.70)

T4

5 (8.33)

ypN staging
ypN0

40 (66.66)

ypN positive

20 (33.33)

Lymphatic invasion (L1)

9 (15)

Vascular invasion (V1)

8 (13.33)

Perineural invasion (Pn1)

7 (11.66)

Good response (ypT0-T2, ypN0)

24 (40)

Poor response (ypT3-T4, yN+,CRM+, R+)

36 (60)

Continuous variables are shown as mean ± SD
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hematocrit, mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH) and mean corpuscular
hemoglobin concentration (MCHC) were recorded. NLR
was calculated as the neutrophil count divided by the
lymphocyte count; PLR was calculated as the platelet
count divided by the lymphocyte count. dNLR was calculated using the following formula: neutrophil count/
(WBC-neutrophil count).

Pathological findings

Complete resection (R0) was achieved in 90%
of the cases. The rate of complete pathological response (cPR) in our study group was 18.3% (11 patients). Three patients with complete pathological
response underwent APR and definitive colostomy.
Patients with ypT3 tumors represented 51.7 %,
while ypT2 and ypT1 represented 18.3% and 3.3%,
Statistics
respectively. Patients with ypT4 and no clinical reContinuous data were expressed as either median sponse accounted for the remaining 8.3%. Twenty
and 95% confidence interval (CI) for skewed variables or patients (33.3%) were ypN positive.
mean±standard deviation (SD) for normally distributed
variables. Skewed variables were compared using the
Mann-Whitney U test.
Normally distributed variables were compared using the independent two-sample T-test. The NLR was
correlated with the clinical and pathological variables
using the chi-square test or Fisher’s exact test. Variables
with p<0.05 on univariate analysis were entered into
multivariate analyses. Multivariate analysis to identify
independent prognostic predictors was performed using
Cox proportional hazard regression models.
Receiver operating characteristic (ROC) analysis
was used for the prognostic accuracy of NLR in predicting treatment response and the value closest to the
point with the maximum sensitivity and specificity was
selected as the optimal cut-off value. Statistical analysis
was performed using Medcalc v18.11.6.

Hematologic parameters

According to neo-adjuvant treatment response, assessed via the pathology report of
the resection specimen, the cohort was split in
two groups: good responders and poor responders. The raw hematological parameters and the
three predictive ratios (NLR, dNLR and PLR) were
compared between the two groups. On univariate analysis (Table 2), neutrophil (4.78±1.24 vs.
3.33±1.51×103/μL, p<0.001) and white blood cell
(6.33 ± 2.07 vs. 5.18 ±1.75×103/μL, p=0.02) counts
were significantly higher in the poor response
group. There were no significant differences regarding red blood cell and platelet counts between
the groups. However, MCHC was significantly
lower in the poor response group (32.96±1.46
Results
vs. 34.10±1.20 g/dl, p=0.003). All three ratios asThe baseline characteristics of our cohort sessed had a statistically significant increase in
along with peri-operative data are summarized in the poor response group. The strongest differTable 1.
ence was encountered in the case of the NLR,
Table 2. Univariate analysis of pre- operative hematologic parameters according to tumor response
Hematologic parameters

Good response group
Mean ± SD / Median (95% CI)

Poor response group
Mean ± SD / Median (95% CI)

p value

Neutrophils*, ×103/μL

3.33 ± 1.51

4.78 ± 1.24

<0.001

0.88 (0.73-1.02)

0.78 (0.55-0.94)

0.14

Lymphocytes**, ×10 /μL
3

5.18 ± 1.75

6.33 ± 2.07

0.02

218.00 ± 70.12

242.19 ± 81.25

0.23

RBC*, ×103/nL

4.14 ± 0.48

4.26 ± 0.56

0.37

Hemoglobin*, g/dl

12.45 ± 1.19

12.15 ± 1.95

0.51

MCV**, fl

87.6 (86.09-91.10)

86.25 (81.05-89.22)

0.18

MCH*, pg

29.91 ± 2.66

28.54 ± 3.21

0.08

34.10 ± 12

32.96 ± 1.46

0.003

3.51 (2.36-4.04)

5.81 (5.40-7.28)

<0.0001

2.01 (1.42-2.60)

2.63 (2.18-3.14)

0.01

228.61 (199.89-302.69)

295.61 (254.24-430.57)

0.02

WBC*, ×10 /μL
3

Platelets*, ×103/μL

MCHC*, g/dl
NLR**
dNLR**
PLR**

Continuous variables are shown as mean ± standard deviation* (normally distributed) or median** (95% confidence interval), for skewed
variables; WBC–white blood cell count, RBC–red blood cell count, MCV–mean corpuscular volume, MCH–mean corpuscular hemoglobin,
MCHC–mean corpuscular hemoglobin concentration, NLR–neutrophil to lymphocyte ratio, dNLR–derived neutrophil to lymphocyte ratio,
PLR–platelet to lymphocyte ratio. Bold numbers denote statistical significance.
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with a 5.81 (5.40-7.28) score in the poor response
group, compared to 3.51 (2.36-4.04) for the good
responders (p<0.0001).
The variables with significant differences on
univariate analysis were included in a multivariate
regression (Table 3). The raw hematologic counts,
already included in the three ratios were not included in order to prevent variable overlap. NLR
retained its significance as an independent predic-

1439

tor for poor response, with an OR of 3.16 (1.546.57), p=0.001. Normal MCHC values appeared to
be independent protective factors against poor response, with an OR of 0.49 (0.27-0.89), p=0.02. The
other two hematologic ratios, dNLR and PLR did
not retain statistical significance on multivariate
analysis.
Furthermore, patients were split into a high
NLR and low NLR group, based on a cut-off value

Table 3. Multivariate analysis of pre-surgery hematologic parameters according to tumor response
Hematologic parameters

Odds ratio

95% confidence interval

p value

NLR

3.16

1.54-6.47

0.001

dNLR

1.15

0.67-1.98

0.59

PLR

0.99

0.98-1.00

0.15

MCHC

0.49

0.27-0.89

0.02

NLR–neutrophil to lymphocyte ratio; dNLR–derived neutrophil to lymphocyte ratio; platelet to lymphocyte ratio, MCHC–mean corpuscular
hemoglobin concentration. Bold numbers denote statistical significance.

Table 4. Comparison between the High-NLR group and the Low-NLR group according to clinical, histological and
therapy-related parameters
Variables

High-NLR group

Low-NLR group

Number of patients (%)

35 (58.33%)

25 (41.66%)

Age*

62.0 ± 12.8

64.3 ± 8.4

>0.05

2 (5.71%)

9 (36%)

0.008

ypT1-T2

3 (8.57%)

11 (44%)

0.003

ypT3-T4

31 (88.7%)

5 (20%)

<0.0001

ypN positive

17 (48.5%)

3 (12%)

0.007

cPR (T0)

p value

Continuous variables are shown as mean ± standard deviation* (normally distributed) or for skewed variables; cPR - complete pathological
response

Figure 1. AUROC curve analysis for NLR AUC: area under
curve; NLR: neutrophil to lymphocyte ratio.

Figure 2. AUROC curves comparison for NLR, dNLR and PLR.
NLR: neutrophil to lymphocyte ratio, PLR: platelet to lymphocyte ratio; dNLR: derived neutrophil to lymphocyte ratio.
JBUON 2020; 25(3): 1439
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of 4.5. This cut-off value was chosen based on the
AUROC analysis, as the value closest to the point of
maximum sensitivity and specificity. The resection
specimens were consequently analyzed. The high
NLR group had significantly more locally advanced
tumors. Lymph node invasion was more common
in the high NLR group. This comparison is summarized in Table 4.
We analyzed the AUROC curves for the three
hematologic ratios. NLR had the best predictive
value for poor response, with an AUC of 0.85,
sensitivity of 83.3% and specificity of 83.3% for
the cut-off value of 4.50 (p<0.001), as shown in
Figure 1. PLR had an AUC of 0.67, sensitivity of
47.2% and specificity of 87.5% for a cut-off value
of 338.37 (p=0.012). dNLR had an AUC of 0.69,
sensitivity of 91.2% and specificity of 40.9%, using 1.55 as a cut-off (p=0.01). The comparison between the aforementioned curves is illustrated in
Figure 2.

Discussion
To answer our main objective, we found that
pre-operative NLR was a strong independent predictor for poor response to neoadjuvant chemoradiotherapy when using a cut-off value of 4.5.
Surgery affects the quality of life (QoL) in
patients with rectal cancer [20,21]. In 2004, Habr
Gamma et al reported promising results for patients with complete clinical response and proposed the NOM of rectal cancer [22]. Since then,
some publications showed encouraging results
but there is a lack of prospective randomized
trials.
Currently, the complete clinical response is
assessed using digital rectal examination, endoscopy and imaging studies. Clinical assessment
should be performed at 8-12 weeks after completing the preoperative treatment, when a possible
complete response will reach the maximum probability. Endoscopy will show pale mucosa or telangiectasia. Biopsy can be used as an adjunct, but
it may miss up to one third of the patients with
deep persistent tumor cells [23]. The restriction
of the diffusion during diffusion-weighted MRI in
the rectal wall or mesorectum should be highly
suspicious of residual tumor [24,25]. Furthermore, molecular imaging studies such as PET/CT
provide detection rates of up to 85%, but may not
be suitable (significant irradiation) and available
for routine use [26].
The assessment of cCR is highly subjective
and may not predict the cPR with the highest accuracy. As a result, the OS of the patients might
be impaired: studies report an OS rate of 87.6%
JBUON 2020; 25(3): 1440

in pCR vs. 75.4% in cCR who experience recurrence after NOM. Changes in tumor phenotype
due to treatment will result in rapidly growing tumor and aggressive biological behavior.
If salvage surgery is possible, local control can
be achieved in up to 94% of the patients [27].
NLR above 5 has been demonstrated by Walsh
et al on 230 patients with colorectal cancer to be related to poor oncological outcome in terms of survival and disease control [28]. Moreover, Kim et al
[12] reported similar results in patients with LARC
who received preoperative radio-chemotherapy and
had a pretreatment NLR above 3. According to the
studies published so far, a higher NLR result in
higher pro-tumor activity which will affect the oncological outcomes of the patient [13].
In the current study we included rectal cancer
patients who underwent preoperative chemo-radiotherapy. The NLR was calculated before surgery,
after completion of neo-adjuvant treatment. The
cut-off value of NLR was 4.5, similar with NLR
of 5 reported by Walsh et al [28]. A higher NLR
ratio seems to be associated with a high tumor
burden. In our study, the complete response was
significant for NLR<4.5. The predictive accuracy
of NRL>4.5 for poor chemo-radiotherapy outcome
was 0.85 with a sensitivity of 83.3%, specificity of
83.3 %, p<0.01. No data is available yet regarding
disease free survival and overall survival, but Kim
et al [12] reported unfavorable outcomes in patients
with NLR above 3. In our study group, 88.7% of the
patients with NLR above 4.5 showed poor response
to neoadjuvant CRT and 48.5% presented residual
nodal disease.
As secondary aims in our study, we analyzed
the predictive value of other hematologic ratios,
such as PLR and dNLR. While their predictive
powers could not match NLR on our cohort, we
found a clear, significant correlation with poor
response on univariate analysis. However, their
low sensitivity or specificity rendered them difficult to interpret as prognostic factors. Our findings are consistent with other data in the literature. Regarding PLR, one study with a similar
design found an AUC of .674, 95% CI .592–.756,
sensitivity 63.2% and specificity 62.9% (p<0.001)
[10]. dNLR was initially developed as a surrogate
for NLR in settings in which lymphocyte counts
were not available for various reasons. On a large
retrospective analysis [13] dNLR was similar to
NLR as a mortality predictor on a heterogeneous
oncological population. However, in our specific
setting we did not find the same correspondence
between the two ratios.
Our approach had several limitations. We did
not include a dynamic assessment of the hema-
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tologic variables in order to analyze the inflammatory burden at the beginning of neo-adjuvant
treatment. Furthermore, we did not include
post-surgical follow-up data. Nevertheless, data
from our resection specimens were encouraging and should be closely correlated with overall
prognosis.
Surgical resection remains the standard of care
in rectal cancer in the lack of unquestionable evidence for NOM strategies in cCR patients. As of
now, patients who prefer NOM or are unfit to surgery must be well informed regarding the potential
benefits and harms of NOM [29].
The relationship between the host immune
system and tumor microenvironment is of high
complexity and most probably a single marker will
not be able to offer a perfect response. Although
NLR is correlated with a high tumor burden, it may
not determine the response to neoadjuvant CRT
and it is more likely a surrogate for the interaction between the host immune system and tumor
microenvironment [30].
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Conclusion
Post-neoadjuvant therapy NLR below 4.5 is
associated with partial or complete pathologic response in patients with advanced rectal cancer. A
NLR above 4.5 predicts poor response or no response at all and residual lymph node invasion.
Although a cautious approach is needed, NLR
should be taken into account when selecting clinical complete response patients for non-operative
management as it may increase the accuracy of
current clinical assessment methods.
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Abstract. The aim of the present study was to assess the
influence of localization, age or sex and histopathological
characteristics upon the chance of developing lymphatic
or hematogenous metastatic spread over time, or a positive
sentinel lymph node in cutaneous melanoma patients. Patients
from the Department of Dermatology, County Emergency
Hospital Cluj‑Napoca (Cluj‑Napoca, Romania), presenting
with cutaneous melanoma confirmed histopathologically
and a SPECT/CT or lymphoscintigraphic examination to
detect the sentinel lymph node, were included in the present
study. Our results revealed that Breslow index >2 mm [odds
ratio (OR)=4.22, 95% confidence interval (CI) (1.12; 15.93)],
presence of ulceration [OR=6.01, 95% CI (1.87; 19.35)], and
positive sentinel lymph node [for at least one sentinel lymph
node OR=3.58, 95% CI (1.06; 12.04)] were risk factors for
hematogenous metastases. All these, except for the Breslow
index >2 mm, were demonstrated to be a risk factor for
lymphatic spread metastases over time. Ulceration and male
sex also represented risk factors for a positive sentinel lymph
node, men having a higher risk of developing sentinel lymph
nodes than women [adjusted OR=2.27, 95% CI (1.00; 5.13)].
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In conclusion, the predictors that influence the occurrence of
lymphatic or hematogenous metastases may differ, ulceration
and positive sentinel lymph node being common for both types
of metastatic spread, while Breslow index being a significant
predictor only for hematogenous metastases. Male sex and the
presence of ulceration were demonstrated to be significant risk
factors for positive sentinel lymph nodes.
Introduction
Melanoma, a malignant tumor derived from melanocytes,
which are cells residing mainly in skin, represent up to 5% of
all cutaneous cancers. The incidence and mortality of mela‑
noma are high due to lymphatic and hematogenous metastatic
spread (1,2). Out of almost 325,000 new cases in 2020 world‑
wide, approximately 150,000 of these were only in Europe,
with more than 1,500 reported only in Romania (3). The data
suggests that the high incidence in Romania could be due to
the fact that patients are being diagnosed in advanced stages
of disease, with loco‑regional and distant metastatic spread at
the time of diagnosis (4). Australia and New Zeeland remain
the areas with the highest incidence of melanoma. This type of
cancer is the third in incidence after prostate and breast cancer
in regions with the highest incidence (3).
Several factors could significantly influence the presence of
local or distant melanoma metastases. Among these, previous
studies have demonstrated that age (5‑7), sex (8), Breslow
index (6,7), location of lesion (7), and ulceration (6,7) influence
the prognosis of loco‑regional spread and distant metastases.
Older age and male sex are factors that have a negative impact
on the prognosis of metastases (5‑8). Calomarde‑Rees et al
reported a hazard ratio (HR) of 1.9 for subjects over 55 years
for lymphatic metastases (5). Mervic (8) revealed that the
10‑year probability for developing metastases from the
diagnosis of the primary tumor was 22.8% [95% confidence
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interval (CI) (20.9; 24.7)], where 95% CI denoted the lower
and upper bounds of the 95% CI] for men when compared to
women [16.9%; 95% CI (15.4; 18.4); P<0.001]. Other factors
that could influence the metastatic prognosis, include mitotic
rate, vascular invasion, the number of tumor‑infiltrating
lymphocytes (5), regression and the immunological mecha‑
nisms behind it (5,9), genetic (5) or neuroendocrine factors,
although the latter are being studied in nonmelanoma skin
cancer (10).
The principles of staging and managing patients
with melanoma were updated in 2021 by the National
Comprehensive Cancer Network (NCCN) (11). Histo
pathologically, the Breslow index, which represents the depth
of a melanoma lesion from the cutaneous surface (granulous
layer) to its deepest point, is one of the most important
prognostic factors for metastases (6,7). Tumor stages of TNM
classification are based on this Breslow index and ulceration
detected histopathologically (11). According to the Breslow
index, thin lesions are ≤1 mm thickness, so‑called intermediate
lesions vary from 1.01‑4 mm thickness, whereas thick lesions
are >4 mm thickness (11). Calomarde‑Rees et al revealed an
HR of at least 11.1 higher if Breslow was >2 mm [95% CI
(4.2‑29.4); P<0.001] in developing hematogenous metastases
and an HR of 8.5 higher [95% CI (4.3‑16.8); P<0.001] of
developing lymphatic metastases (5). Furthermore, they
reported an HR of at least 9.3 higher if Breslow was >4 mm
to develop hematogenous metastasis [95% CI (3.5; 24.6);
P<0.001] and an HR of 5.4 higher to develop lymphatic
metastasis [95% CI (2.4; 12.4); P<0.001].
The first lymph node involved in the metastatic process
is known as the sentinel lymph node (12,13). Its implication
is the most important prognostic factor of metastatic involve‑
ment of the other regional nodes (14). In addition, the staging,
treatment and follow‑up differ with the status of the sentinel
lymph node (11). The sentinel lymph node can be detected
using intradermally injected tracers near the site of the scar
during an excisional biopsy of the primary lesion (or an inci‑
sional biopsy in case of a large primary tumour or special
location of the tumour, such as the face, ear or acral site), or
during the wide local excision (WLE) procedure. The tracers
migrate via lymphatic vessels towards the sentinel lymph node,
allowing adequate identification and enabling sentinel lymph
node biopsy (SLNB) (15,16). Identification of the sentinel
lymph node is achieved by lymphoscintigraphy or single posi‑
tron emission computed tomography/computed tomography
(SPECT/CT), the latter being superior to planar imaging in
the number, anatomical localization and presence near the
injection site of the sentinel lymph nodes detected (17,18).
Only a few studies published in the scientific literature
have evaluated the prognostic factors of metastasis in mela‑
noma patients; the interest being driven towards metastasis in
the sentinel lymph node as a particular location (19‑23) and
towards prognostic factors of overall or melanoma‑specific
survival (14,24,25).
The primary objective of the present study was to evaluate
the association between age, sex, tumor localization or
histopathological characteristics and the risk of developing
metastasis (overall and by type of spread) in cutaneous
melanoma patients. The secondary objective was to assess the
risk for positive sentinel lymph nodes.

Materials and methods
Study design and setting. An observational, longitudinal,
retrospective cohort study was conducted on patients
diagnosed with melanoma from January 2008 to December
2017, at the Department of Dermatology, County Emergency
Hospital Cluj‑Napoca (Cluj‑Napoca, Romania), a regional
tertiary medical centre. The investigated data were collected
from the medical charts, and in our statistics only the patients
that had received medical care from the physicians involved in
the present study were included. Patients provided informed
consent for the use of their data. The present study was
approved by the Ethics Committee of the ‘Iuliu Hațieganu’
University of Medicine and Pharmacy (approval no. 106 from
April 15, 2019) and also by the County Emergency Hospital
Cluj‑Napoca (approval no. 14233/22.05.2020).
Participants. A total of 143 patients aged 18 to 84 years
with cutaneous melanoma lesions, having a SPECT/CT or
lymphoscintigraphic examination, and a histopathological
result for the melanoma lesions and sentinel lymph nodes were
eligible for the study. Patients with non‑cutaneous melanoma
and patients who were treated by physicians who did not agree
with their inclusion in the study were excluded.
Outcomes and predictors. The primary outcome of the present
study was the metastasis status over time (e.g., present/absent).
Over time metastasis was defined as any metastasis identified
no earlier than 6 months from the diagnosis and confirmed
histopathologically (when possible) and by imaging methods
alone (when histopatology was not possible). The type of
metastasis (e.g., metastasis by lymphatic or hematogenous
pathway, each defined as present/absent), and the sentinel
lymph node status (defined as positive or negative) were the
secondary outcomes.
The following predictors were evaluated: The sex, the
age at diagnosis, the primary lesion location (classified by
the four regions: Head and neck, trunk (implies truncal,
abdominal, or pelvic sites), upper limbs and lower limbs),
Breslow index, the presence of ulceration (collected from the
histopathological report), the presence and type of metas‑
tasis, the presence of a positive sentinel lymph node, as well
as the number and localization of sentinel lymph nodes. The
histopathological evaluation was performed by the same
doctor, a pathologist experienced in melanocytic neoplasms
with a standard checklist report (26). Data of the thickest
lesion was used whenever more than one lesion was present
in the same patient. Lymphatic metastases were evaluated
over time and included in‑transit metastases, regional or
distant lymph node metastases detected by ultrasound, and
confirmed histopathologically from 6 months to 9 years
from WLE and/or elective lymph node dissection (ELNB).
Hematogenous metastasis was considered as local recur‑
rence and distant metastasis to any other location that did
not involve lymphatic sites mentioned before, that appeared
in time (from 6 months to 9 years from diagnosis) and was
detected on follow‑up imaging. Not all of the distant metas‑
tases had a histopathological confirmation due to absolute
imagistic evidence or impossibility to obtain a biopsy (due to
logistics, site, or refusal of the patient).
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Statistical analysis. The binomial logistic regression analysis
was used to identify predictors independently associated with
melanoma metastasis, types of metastasis, and positivity of
sentinel lymph nodes. The effects of each predictor on the
primary and secondary outcomes were expressed as crude
odds ratio (OR) with their 95% CI (values provided in square
brackets in the Tables I‑IV).
Descriptive statistics including the mean ± standard
deviation, median and interquartile range (IQR) and frequency
(%) were used to describe the continuous and nominal/ordinal
variables. Chi‑square (with or without correction) or Fisher's
exact test was used to assess whether nominal predictors had
different distributions for the metastasis vs. non‑metastasis
groups, lymphatic metastasis vs. non‑lymphatic metastasis
groups and bloodstream metastasis vs. non‑bloodstream
metastasis groups. Student's t‑test or Mann‑Whitney test were
used to identify significant differences in distributions of
continuous variables on the aforementioned groups.
All statistical analysis was performed with IBM SPSS
Statistics for Windows program (version 25.0; IBM Corp.).
P<0.05 was considered to indicate a statistically significant
difference.
Results
Patient characteristics. A total of 143 patients aged 18 to
84 years were included in the present study, specifically,
65 men (45%) and 78 women (55%). The demographic, clinical,
and histopathological characteristics of the studied patients
are provided in Table I.
Lesion characteristics. The most common primary lesion
localization was the trunk (including the thorax, abdomen or
pelvis), followed by the inferior limbs (including the buttocks
as well as the toes), the superior limbs (including the shoulders
and fingers) and fewer lesions were located in the region of the
head and neck (Table I).
Hematogenous metastases over time were located in the
lungs (24.5% of all metastases), brain (12.2%), liver (10.2%)
and a few were also located in the bone (6.1%), spleen (2%)
and adrenal glands (2%), whereas 4.1% represented local
recurrence (data not shown).
The demographic, clinical, and histopathological variables
stratified by type of metastasis are presented in Table II. The
results of the bivariate analysis revealed that metastasis over
time by lymphatic pathway and metastasis by hematogenous
pathway were significantly associated with the presence of
ulceration and the presence and number of positive sentinel
lymph nodes. Neither metastasis by lymphatic pathway, nor
hematogenous spread metastasis were associated with sex,
age, or anatomic localization (P>0.05).
Univariate logistic regression analysis identified the pres‑
ence of ulceration and the number of positive sentinel lymph
nodes as independent risk factors of metastasis and metas‑
tasis type in patients with cutaneous melanoma (Table III).
Concurrently, Breslow's thickness in millimeters was an inde‑
pendent predictor only for metastasis by the hematogenous
pathway (P<0.05). Patients with a Breslow thickness between
2‑4 mm had a 5.7‑fold higher risk for metastasis and a 4.2‑fold
higher risk for metastasis by the hematogenous pathway

3

Table I. Characteristics of the patients.
Variables
Age, yearsa
Sexb
Male
Anatomic localizationb
  Trunk
Lower limbs
Upper limbs
  Head and Neck
Breslow thickness, mm (continuous)a
Breslow thickness, mm (categorical)b,c
  ≤1.00
1.01‑2.00
2.01‑4.00
>4.00
Ulceration, yesb
Sentinel lymph node statusb,d
Positive
Number of positive sentinel lymph nodesb,d
0
1
  ≥2

All samples
(n=143)
56 [41; 64]
65 (45.5)
59 (41.3)
46 (32.2)
25 (17.5)
13 (9.1)
2.2 [1.5; 3.0]
10 (7.0)
52 (36.4)
64 (44.8)
17 (11.9)
60 (42.0)
31 (21.7)
112 (78.3)
21 (14.7)
10 (7.0)

Numerical summaries were expressed as the median and interquar‑
tile range [Q1; Q3]; Q1=first quartile; Q3=third quartile. bNumerical
summaries were absolute (number) and relative frequencies (%).
c
Two patients diagnosed with in situ melanoma. dData were missing
for 5 patients. n, number of patients.
a

(Table III). Age ≥55 years, sex, and anatomic localization were
not statistically significantly associated neither with the pres‑
ence nor with the type of metastasis (P>0.05).
Univariate logistic regression analysis identified male sex
and the presence of ulceration as independent risk factors
for the positivity of sentinel lymph nodes in patients with
cutaneous melanoma (Table IV).
Discussion
The results revealed that some of the evaluated predictors
influence the presence of all types of metastases. Some
factors, but not all, influence the presence of lymphatic spread
metastases over time (such as ulceration and positive sentinel
lymph node), and certain of them do influence the presence
of hematogenous spread metastases in time (such as Breslow
index, ulceration, and positive sentinel lymph nodes). Male
sex and the presence of ulcerations were demonstrated as
significant predictors for positive sentinel lymph nodes.
Cherobin et al (7) also revealed that male sex, nodular
melanoma, a Breslow >1 mm, and the presence of ulceration
were factors that increased the risk of metastasis of any type,
lymphatic or hematogenous.

Stratification of hematogenous spread
metastases
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
No (n1=125)
Yes (n2=18)
P‑value

55.0
61.0
0.811
56.0
54.0
0.779
55.0
61.5
0.401
[41.3;63.8]
[40.0;63.0]		
[41.0;63.5]
[36.0;63.5]		
[41.0;63.0]
[41.5;66.8]
								
53 (43.4)
12 (57.1)
0.244
61 (45.2)
4 (50.0)
>0.999
55 (44.0)
10 (55.6)
0.357

Stratification of lymphatic spread
over time metastases
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
No (n1=135)
Yes (n2=8)
P‑value

a

Numerical summaries were expressed as the median and interquartile range [Q1 to Q3]; Q1=first quartile; Q3=third quartile. bNumerical summaries were the absolute (number) and relative frequen‑
cies (%). cOne patient diagnosed with in situ melanoma. dData were missing for 5 patients. n, number of patients.

Sexb
Male
Anatomic localizationb									
  Trunk
51 (41.8)
8 (38.1)
0.969
57 (42.2)
2 (25.0)
0.6302
52 (41.6)
7 (38.9)
0.920
Inferior limbs
39 (32.0)
7 (33.3)		
42 (31.1)
4 (50.0)		
40 (32.0)
6 (33.3)
Superior limbs
21 (17.2)
4 (19.0)		
24 (17.8)
1 (12.5)		
21 (16.8)
4 (22.2)
  Head and neck
11 (9.0)
2 (9.5)		
12 (8.9)
1 (12.5)		
12 (9.6)
1 (5.6)
Breslow thickness, mm (continuous)a
2.0
3.0
0.008
2.2c
3.7c
0.010
2.1c
3.0c
0.009
[1.4; 3.0]
[2.4; 3.4]		
[1.5; 3.0]
[3.0; 4.9]		
[1.5; 3.0]
[2.6; 3.2]
Breslow thickness, mm (categorical)b									
  ≤1.00
10 (8.2)
0 (0.0)
0.004
10 (7.4)
0 (0.0)
0.024
10 (8.0)
0 (0.0)
0.013
1.01‑2.00
50 (41.0)
2 (9.5)		
51 (37.8)
1 (12.5)		
50 (40.0)
2 (11.1)
2.01‑4.00
50 (41.0)
14 (66.7)		
61 (45.2)
3 (37.5)		
53 (42.4)
11 (61.1)
>4.00
12 (9.8)
5 (23.8)		
13 (9.6)
4 (50.0)		
12 (9.6)
5 (27.8)
b
Ulceration, yes
44 (36.1)
16 (76.2)
0.001
53 (39.3)
7 (87.5)
0.010
46 (36.8)
14 (77.8)
0.001
Sentinel lymph node statusb,d									
  Positive
20 (16.4)
11 (52.4)
<0.001
26 (19.3)
5 (62.5)
0.015
22 (17.6)
9 (50.0)
0.005
Number of Positive Sentinel lymph nodesb,d									
0
102 (83.6)
10 (47.6)
0.001
109 (80.7)
3 (37.5)
0.009
103 (82.4)
9 (50.0)
0.004
1
14 (11.5)
7 (33.3)		
18 (13.3)
3 (37.5)		
16 (12.8)
5 (27.8)
  ≥2
6 (4.9)
4 (19.0)		
8 (5.9)
2 (25.0)		
6 (4.8)
4 (22.2)

Age, yearsa

		
All type metastases status
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Factors
No (n1=122)
Yes (n2=21)
P‑value

Table II. Bivariate analysis of factors associated with metastasis or type of metastatic spread.
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Table III. Logistic regression models for metastatic risk in patients with cutaneous melanoma.
		
All type of
metastasis status
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables
Crude OR [95% CI]

Stratification of
lymphatic spread
over time metastasis
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Crude OR [95% CI]

Stratification of
hematogenous
spread metastasis
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Crude OR [95% CI]

Age, years			
  <55
1 [Reference]
1 [Reference]
1 [Reference]
  ≥55
1.29 [0.50; 3.28]
0.93 [0.22; 3.87]
1.55 [0.56; 4.25]
Sex			
  Female
1 [Reference]
1 [Reference]
1 [Reference]
  Male
1.73 [0.68; 4.42]
1.21 [0.29; 5.05]
1.59 [0.59; 4.30]
Anatomic localization			
  Trunk
1 [Reference]
1 [Reference]
1 [Reference]
  Lower limbs
1.14 [0.38; 3.43]
2.71 [0.48; 15.52]
1.11 [0.35; 3.58]
  Upper limbs
1.21 [0.33; 4.47]
1.19 [0.10; 13.73]
1.42 [0.38; 5.34]
  Head and Neck
1.16 [0.23; 6.23]
2.38 [0.20; 28.36]
0.62 [0.07; 5.52]
Breslow thickness, mm (categorical)			
  ≤2.00
1 [Reference]
1 [Reference]
1 [Reference]
1.53 [0.25; 9.45]
4.22 [1.12; 15.93]b
  2.01‑4.00
5.69 [1.55; 20.93]a
  >4.00
7.39 [1.45; 37.69]a
7.75 [1.17; 51.45]b
7.39 [1.45; 37.69]a
Ulceration			
  Absent
1 [Reference]
1 [Reference]
1 [Reference]
  Present
5.67 [1.95; 16.54]a
10.83 [1.30; 90.55]a
6.01 [1.87; 19.35]a
No. of positive sentinel lymph nodes			
  0
1 [Reference]
1 [Reference]
1 [Reference]
  1
5.10 [1.67; 15.57]a
6.06 [1.13; 32.37]b
3.58 [1.06; 12.04]b
  ≥2
6.80 [1.64; 28.19]a
9.08 [1.32; 62.45]
7.63 [1.81; 32.10]a
Statistical significance was obtained when P<0.05. The degree of statistical significance was denoted by aP<0.01 and bP<0.05. Crude ORs were
obtained by binomial logistic regression analysis. OR, odds ratio; CI, confidence interval.

Metastases differ by timing and type based on sex with
women exhibiting more advantages in each of these, as
revealed by Mervic (8). The advantages over men consist of
a longer period until the appearance of metastases, and the
development of loco‑regional metastases than distant ones. In
the present study, differences between sexes were only found
regarding the occurence of a positive sentinel lymph node,
men having 2.3‑fold higher risk of developing sentinel lymph
nodes than women.
In the present study, significant factors associated with the
occurrence in time of all types of metastases were a Breslow
thickness >2 mm, the presence of ulceration, the presence of
a positive sentinel lymph node, even if only one was affected.
In contrast to the study by Calomarde‑Rees et al (5), in our
study, age, sex and anatomic location were not significantly
associated with the presence of metastases overall.
For the independent predictors, the risk for metastases
nonetheless was high. If ulceration was present, for example,
there was a 5.67‑fold higher risk for metastases of any type.
Brauer et al (27) reported that the presence of ulceration
and increased Breslow index appeared more often in patients
who developed metastasis <3 years after complete therapy,

whereas the others tended to develop metastases only >8 years
after complete therapy. In addition, they observed a difference
in the prognosis of patients with truncal, head, and neck mela‑
noma, as opposed to those developing lesions on extremities,
the latter being less likely to develop metastases (23).
In the present study, the location of the primary lesion
was not determined to be a significant factor, considering
that localization remains controversial (7,28). Head and neck
melanoma was associated with hematogenous metastases (29),
but this was neither supported by our results nor by the results
of Cherobin et al (7).
As a physiopathological mechanism, there are three
models of spread in melanoma metastases, proposed by
Morton et al (14), Medalie and Ackerman (30) and Clark (31).
The study by Morton et al (14) suggests a sequential spread of
metastasis, first lymphatic and then via the bloodstream, after
some time. Medalie and Ackerman (30) suggest that metastasis
happens both ways concurrently, whereas Clark (31) suggests
that there may be lesions that spread only by the lymphatic
pathway and others only via the bloodstream.
The risk of lymphatic metastasis over time was increased
almost 1.5‑fold if there was more than one sentinel lymph node
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Table IV. Risk factors for sentinel lymph node positivity
(regression results).
Variable
Age groups
  <55 years
  ≥55 years
Sex
  Female
  Male
Anatomic localization
  Trunk
  Lower limbs
  Upper limbs
  Head and neck
Breslow thickness, mm (categorical)
  ≤2.00
  2.01‑4.00
  >4.00
Ulceration
  Absent
  Present

Crude OR [95% CI]
1 [Reference]
0.84 [0.38; 1.87]
1 [Reference]
2.27 [1.00; 5.13]a
1 [Reference]
0.37 [0.13; 1.03]
0.62 [0.20; 1.91]
0.74 [0.18; 3.03]
1 [Reference]
1.80 [0.75; 4.34]
2.70 [0.76; 9.60]
1 [Reference]
2.74 [1.21; 6.22]a

Statistical significance was obtained when P<0.05. The degree of
statistical significance was denoted by aP<0.05.

detected at the time of diagnosis. In contrast, the risk of hema‑
togenous spread metastases increased even higher if there
was more than one sentinel lymph node detected. This may
reveal the fact that once the lymphatic drainage is affected,
it is not necessary to have hematogenous dissemination, and
could provide more credence to the mechanisms suggested by
Morton et al (14) or Clark (31).
Calomarde‑Rees et al (5), in a retrospective study, reported
the following factors associated with lymphatic spread: Age
>55 years, the presence of a tumor in the head, neck and acral
region, Breslow thickness >4 mm, or the presence of vascular
invasion in the histopathological evaluation.
Breslow index was not identified in our present study as an
independent predictor for lymphatic spread metastases, which
appear over time, whereas the presence of ulceration, presence
of a positive sentinel lymph node (at least one) were indepen‑
dent predictors for lymphatic spread metastases over time.
Breslow >4 mm, absence of regression, and some genetic
mutations were reported as being associated with hema‑
togenous spread (5). In the present study, Breslow thickness
>2 mm, presence of ulceration, presence of at least one
positive sentinel lymph node were independent predictors for
hematogenous spread metastases.
Local recurrence has been classified as hematogenous
recurrence, as the literature suggests (32).
The second objective of our study revealed that the male
sex and the presence of ulceration were risk factors for posi‑
tive sentinel lymph nodes. Tejera‑Vaquerizo et al (6) also
revealed that male sex, ulceration, lentigo maligna melanoma

histopathological type, Breslow thickness ≥0.8 mm and Clark
levels IV and V were factors that shortened the disease‑free
interval, whereas only Breslow thickness and a number of
mitoses ≥2 per mm 2 were predictive factors of the positive
sentinel lymph nodes on patients with thin melanoma.
Sentinel lymph nodes can be a prognostic factor for
metastases that appear after a period of time from diagnosis,
through the lymphatic system (lymphatic) or through blood
(hematogenous); some other factors that can also influence the
metastasis to lymph nodes include age and lymphovascular
invasion detected histopathologically in melanoma samples,
as Egger et al (19) described in a retrospective study on T2
melanoma patients, with data from the National Cancer
Database records from 2010 to 2015. An inverse relationship
between age and risk of a positive sentinel lymph node and a
powerful relationship between the presence of lymphovascular
invasion present in the histopathological report and high risk
of metastatic lymph nodes were reported by Egger et al (19).
Other studies revealed that age was also a predictive factor for
sentinel lymph node metastatic invasion (28,33).
In our study, age was not revealed to be a predictive factor
for positive sentinel lymph nodes, however the male sex exhib‑
ited a 2.27‑fold higher risk of having a positive sentinel lymph
node at diagnosis than the female sex. Ulceration exhibited
a 2.74‑fold higher risk of having a positive sentinel lymph
node as well. White et al (34) revealed an association between
trunk melanoma and metastasis to the sentinel lymph nodes,
whereas Callender et al (35) found that primary melanomas
of the upper limbs were thinner and had the best survival rate,
with a possible explanation being that these lesions are in a
more exposed area, visible for inspection of patients which
present earlier to the dermatologist.
A limitation of the present study was that it was conducted
in a single tertiary care hospital, thus, the external validity
of the assessed patients may be limited. Wide confidence
intervals that can be explained by the presence of few events
relative to candidate predictors were also observed. The results
were statistically significant, however, their significance should
be interpreted with caution. As with any observational study,
unobserved confounding variables are known to be a threat to
the internal validity of a study.
Another limitation of the present study was the small
number of patients without metastases, having thin (8.2%) and
thick (9.8%) melanoma, with the majority of patients having
lesions with a Breslow index between 1.01 and 4.00 mm (82%).
The same issue stands for patients with metastases and thin
melanoma (0%), thick melanoma (23.8%) and intermediate
melanoma (76.2%), with the majority of patients (66.7%)
having lesions between 2.01‑4.00 mm. Despite these factors,
the results were statistically significant. Therefore, due to
the distribution of the characteristics of patients, the risk of
having a lesion >1 mm, as opposed to those having lesions
<1 mm, was not feasible in our study due to the small number
of patients that fit the latter criterion.
The present results were statistically significant, rein‑
forcing the results previously published in scientific literature.
It is important to know which factors influence each
type of metastasis, since this affects the follow‑up of the
patients. Knowledge of the factors that influence the type of
metastasis could help with individual healthcare management
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options, saving time in orienting the treatment and follow‑up
of a patient.
In conclusion, Breslow index, ulceration, and positive
sentinel lymph nodes were demonstrated as significant factors
for hematogenous metastases, whereas only ulceration and
positive sentinel lymph nodes were significant for lymphatic
metastases over time. In addition, ulceration and male sex
were revealed to be prognostic factors for positive sentinel
lymph nodes.
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