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Abstract: Background: The development of graft vasculopathy may play a role in the long-term
deterioration of hand grafts. The aim of study was to examine the patterns of the nailfold capillaries
in hand transplant recipients. Methods: the study was performed on six patients who received
hand transplantation. To normalize for the effect of immunosuppression an age- and sex-matched
group of 12 patients with active kidney transplant was selected. As an additional control group,
12 healthy volunteers were recruited. Nailfold videocapillaroscopy was performed in all participants.
Additionally, serum concentrations of vascular endothelial growth factor (VEGF) were measured.
Results: Videocapillaroscopic examination of the hand allografts revealed significant abnormalities:
including capillary disorganization and microhaemorrhages. The number of capillaries was reduced,
the vessels were enlarged and branched. Surprisingly, similar, albeit slightly less pronounced, changes
were seen in the nailfolds of healthy hands of the limb transplant recipients. In kidney transplant
recipients the capillaroscopic pattern was general normal and comparable to healthy individuals.
Moreover, serum concentrations of VEGF in all participants correlated with average capillary diameter
in capillaroscopy. Conclusions: in hand transplant recipients advanced microvascular abnormalities
are found in nailfold capillaroscopic pattern in both transplanted and own extremities connected
with elevated levels of VEGF.
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1. Introduction

The first successful hand transplantation was performed in 1998 in Lyon, France [1]. Although
the lack of patient’s compliance with the immunosuppression regimen led eventually to transplant
rejection in 2001, subsequent attempts of limb transplantation were a success. The adequate patient
selection, advancements in surgical techniques, comprehensive postoperative rehabilitation and
modern immunotherapy contributed to successful outcomes [2,3]. However, longer transplant survival
rates revealed other potential problems, such as chronic graft rejection [4,5] or chronic kidney disease
and cardiovascular complications—which can cause changes in the microcirculation [6]. As hand
transplantation is not a life-saving procedure, the discussions on advantages and disadvantages of
the procedure have intensified [2,3]. Currently, there is a published record of more than 120 upper
limbs transplanted into 74 patients [3,7]. The Polish experience amounts to eight upper extremity
transplantations in seven patients [8,9].

It has been estimated that 85-90% of hand transplant recipients experienced at least 1 episode
of acute rejection, which could usually be controlled when promptly treated [2,10]. However, as in
solid-organ transplants, hand allografts can also undergo chronic rejection with serious clinical
consequences [4,5]. The upper limb allotransplant is composed of a number of different tissues with
different immunogenicity. Of these, the skin appears to be the most immunogenic and becomes the
main target for rejection. As the number of hand transplantations is small and the follow-up periods
are relatively short, there is little data on chronic rejection of hand allografts. It appears, however,
that similarly to solid-organ transplants, the development of graft vasculopathy may play a role in
the long-term deterioration of hand grafts. The mechanisms underlying hand graft vasculopathy are
not clear. They may include both immunological and non-immunological (mechanical, cytotoxic and
thermal) insults that lead to endothelial cell damage and vessel remodeling [7,11-13].

An early diagnosis of graft vasculopathy may help to modify immunosuppression in time [5].
In solid-organ transplantation, some laboratory tests may herald the developing rejection [14]. It has
been suggested that serum levels of vascular endothelial growth factor (VEGF) and other angiogenic
factors may serve as diagnostic markers of allograft vasculopathy in cardiac transplant recipients [15-17].
Little is known on whether such associations exist in hand transplant recipients. Rejection of hand
allografts are apparent predominantly in the skin vessels and can be suspected when patients develop
skin changes, cutaneous ulcerations, necrosis, or sclerosis, thinning of the fingers and the loss of
nails [4,5]. Unfortunately, however, these features develop at advanced stages of rejection and are
irreversible. The current methods of monitoring limb transplant recipients for chronic rejection
cannot detect graft vasculopathy at early stages [18]. Probably vascular dysfunction is present in
all hand transplant patients, despite apparently normal vascular images by conventional methods
and unremarkable histology of skin biopsies [5]. That is why new methods for early diagnosis of
vasculopathy in hand transplant patients are needed.

Nailfold capillaroscopy appears to be a promising method for detecting vasculopathy in hand
grafts [19,20]. It is a simple, non-invasive, easily repeatable and elegant tool to study microvascular
architecture [21]. Nailfold capillaroscopy enables early detection and qualitative description of
microvascular abnormalities in the skin. The typical pattern of the nailfold microvasculature is
characterized by a uniform distribution of hairpin-shaped capillaries. While tortuous and criss-crossing
capillaries may also be observed in the normal vasculature, disorganized or branching capillaries,
avascular areas and microhaemorrhages are all considered incorrect. The normal capillary density
ranges from 9 to 12 capillaries per linear millimeter, and the normal capillary diameter is <20 um.
The capillaries 220 and >50 um are defined as ectasic and giant, respectively [22-24]. Capillaroscopy
is a well-recognized tool for evaluating microvasculature in connective tissue diseases, especially in
systemic sclerosis [19,21]. An attempt was also made to use it for assessing circulation in replanted
severed fingers [25].

The aim of our study was to examine the patterns of the nailfold capillaries in patients with
transplanted upper extremities and relate them to the levels of serum VEGFE.
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2. Experimental Section

The study was performed on six patients who received forearm (1 = 5) or arm (n = 1) transplantation
in St. Hedwig of Silesia Hospital, Trzebnica, Poland. The patients lost their limbs as a result of trauma
and were in a good health before transplantation. Immunosuppressive treatment included basiliximab
in induction and triple drug therapy based on tacrolimus, mycophenolate mofetil, and prednisone at
doses presented earlier [26]. After transplantation, the patients were routinely examined for allograft
condition. All of hand transplant recipients experienced at least 1 episode of acute rejection (from
1 to 6), which was controlled. The patients were examined 2 to 12 years (mean 9 + 5 years) after
transplantation. They were all in a stable clinical condition with no evidence of acute transplant
rejection. To normalize for the effect of immunosuppression the age- and sex-matched group of 12
patients with an active kidney transplant was selected. These patients suffered from a primary kidney
disease without co-morbidities and had a good function of the transplanted kidney. Both groups
received the same triple immunosuppression (tacrolimus + mycophenolate mofetil + prednisone)
at standard doses [26] for a comparable period of time. As an additional control group, 12 healthy
volunteers of a similar age (mean 35 + 5 years) were recruited from the general population. The study
protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki and it was approved by
the Poznan University Ethics Committee (No. 16/18). All experiments were performed in accordance
with relevant named guidelines and regulations. No organs/tissues were procured from prisoners.
Written informed consent was obtained from each participant.

Nailfold videocapillaroscopy was performed by the same experienced operator (DS) using the
CapillaryScope 200 MEDL4N microscope (Dino-Lite; Europe, Almere, The Netherlands). Nailfold
capillaroscopy is a simple, non-invasive, easily repeatable and elegant tool to study microvascular
architecture—the cost of purchasing a videocapillaroscope is about EUR 1000, and individual
examinations are basically free (they only require the researcher’s time). The examination took
place at room temperature, after 20 min of rest and involved both hands and all fingers (excluding
thumbs). A global examination of the entire nailfold area and microvascular network was performed
under low (50x) magnification. Then, 3 pictures at high (200x) magnification were taken from each
finger (12 pictures for one hand) to assess the (1) morphology, (2) density and (3) diameter of the
capillaries. All capillaries captured were assessed and then the average of all measurements was
calculated [21]. The capillary density was estimated by counting the number of capillaries per linear
millimeter. A patient was defined as having abnormal capillaries if one type of abnormality was
present in at least two fingers.

Samples of serum were collected by routine methods at the time of nailfold videocapillaroscopy.
Serum concentrations of VEGF were measured using the DuoSet® Immunoassay Kit (R&D Systems;
Bio-Techne, Poland) with estimated sensitivity of 13 pg/mL. The immunoassay was performed as per
manufacturer’s instructions.

Statistical analyses were performed using the Statistica 13.0 software (StatSoft Polska, Krakow,
Poland). Since the number of patients was too small to ascertain normality of the data distribution,
non-parametric statistics were applied and the data were presented as medians (and interquartile
ranges) or as percentages, as appropriate. The data were analyzed with the Kruskal-Wallis or
Mann-Whitney tests, as required. Categorized data were analyzed with the x2 test. The relationship
between variables was analyzed with the Spearman’s rank correlation coefficient. The differences were
considered significant at p < 0.05.

3. Results

There were no differences in basic characteristics between hand- and kidney transplant recipients
analyzed (Table 1).
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Table 1. Patients’ characteristics.

Patients after Hand Transplantation  Patients after Kidney Transplantation

(1=6) 1=12) p-Value
Men, 1 (%) 5 (83%) 10 (83%) 1.000
Age, years 38 (33-45) 47 (43-63) 0.089
Primary glomerulonephritis:
6 (50%)
Cause of transplantation, n (%) Trauma: 6 (100%) Polycystic3 lécslro;oe)y disease: NA
Chronic tubulointerstitial nephritis:

3 (25%)
Time after transplantation, years 8 (3-9) 11 (6-15) 0.188
Post-steroid diabetes mellitus, 1 (%) 1(17%) 2 (17%) 1.000
Hypertension, 1 (%) 1 (17%) 7 (58%) 0.093

Data are presented as a median (interquartile range) or n (%); NA—not applicable.

Videocapillaroscopic examination of the hand allografts revealed significant abnormalities in
the microvasculature, including capillary disorganization and the presence of microhaemorrhages.
The number of capillaries was reduced, the vessels were enlarged and branched (Figure 1a and Table 2).
Surprisingly, very similar, albeit slightly less pronounced, changes were seen in the nail folds of healthy
hands of the limb transplant recipients (Figures 1b and 2). By contrast, in kidney transplant recipients
the capillaroscopic appearance was generally normal (Figure 1c) and resembled that seen in healthy
individuals (Table 2).

c

Figure 1. The nailfold capillaroscopic pattern: (a) hand allografts; (b) healthy hands in patients after
limb transplantation; (c) hands in patients after kidney transplantation.
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Table 2. Patients’ characteristics.

Patients after Hand Patients after Hand Patients after Kidney Healthy Control

Transplantation (1 = 6) Transplantation (1 = 6) Transplantation (n =12)  Group (1 =12)

-Hand Allografts -Healthy Hands -Both Hands -Both Hands
capillary disorganization, 1 (%) 2 (33%) 0 (0%) 0 (0%) 0 (0%)
avascular areas, 1 (%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
capillary density (per mm) 6 (5-6) 7 (7-8) 8(8-9) 8(8-9)
hemorrhages, 1 (%) 3 (50%) 1(17%) 1(8%) 0 (0%)
tortuous capillaries, 1 (%) 6 (100%) 6 (100%) 7 (58%) 5 (42%)
branching capillaries, 1 (%) 4 (67%) 3 (50%) 1 (8%) 0 (0%)
ectasic capillaries, 1 (%) 6 (100%) 6 (100%) 5 (42%) 4 (33%)
giant capillaries, 1 (%) 3 (50%) 0 (0%) 0 (0%) 0 (0%)
maximal diameter of capillaries (um) 48 (42-56) 30 (27-36) 20 (18-26) 19 (19-25)
average diameter of capillaries (um) 29 (26-32) 21 (20-24) 12 (11-12) 12 (11-13)

Data presented as: median (interquartile range) or 1 (%).
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Figure 2. Serum vascular endothelial growth factor (VEGF) levels in subgroup.

Although the capillary density in the hand allografts was reduced in all patients, there was no
statistically significant difference between the average number of capillaries between hands (graft vs.
healthy) and between groups—probably due to the small number of patients in the groups.

Interestingly, the maximal diameter of capillaries in the hand allografts was significantly greater
than that found in healthy hands (p = 0.013), which, in turn, was greater than that in kidney
transplant patients (p = 0.010). Consequently, the average diameter of capillaries in patients after limb
transplantation was significantly greater than that in the kidney transplant group (p = 0.001). Finally,
the capillary diameters in kidney transplant recipients did not differ significantly from those recorded
in healthy individuals.

Serum concentrations of VEGF in either hand or kidney transplant patients were significantly
higher than those in healthy controls (Figure 2). Furthermore, the levels of VEGF in hand transplant
patients were higher compared with kidney transplant patients (although the Dunn’s test for multiple
comparisons failed to reach formal significance at p = 0.12, the direct comparison of the two groups using
the Mann-Whitney test pointed to a significant difference at p = 0.0013). Finally, serum concentrations
of VEGF in all participants correlated with average capillary diameter recorded during capillaroscopy
(R =0.60; p = 0.0005) (Figure 3).
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Figure 3. Correlation between serum VEGF levels and average capillary diameter.

4. Discussion

The main finding of our study is that hand allograft recipients display significant abnormalities
in the nailfold microvasculature as assessed by capillaroscopy. These abnormalities resemble those
seen in patients with active systemic sclerosis [27]. Microangiopathy in systemic sclerosis progresses
gradually from perivascular inflammation, through excessive accumulation of extracellular matrix to
capillary damage followed by pathological neoangiogenesis. These processes are believed to be largely
driven by tissue hypoxia, which activates transcription factor HIF (hypoxia-inducible factor) that can
subsequently induce VEGF [28,29]. VEGEF, in turn, is the main inducer of pathological angiogenesis [30].
Indeed, we have observed both elevated VEGF and significant capillary abnormalities in the nailfolds
of patients with hand allografts.

Surprisingly, we have found that all limb transplant recipients also had significant capillary
abnormalities in the nailfolds of healthy hands. Such changes were not seen in kidney transplant
recipients. Having detected high VEGEF levels in hand transplant patients, one can speculate that
chronic ischemia within the allograft promotes the release of angiogenic factors into systemic circulation,
which eventually results in abnormal neoagiogenesis in healthy hands [31]. In addition, prolonged
ischemia in transplanted limbs can lead to the release of molecules known as damage-associated
molecular patterns (e.g., reactive oxygen species, heat shock proteins), which can initiate and drive
chronic inflammatory response [7]. It was shown that hand transplant recipients exhibit persistent
immune activation with rejection-related gene expression pattern [32]. In this respect, several key
pro-inflammmatory mediators can induce VEGF [33-35]. The fact that vascuopathy appears to be
more pronounced in hand transplant patients than in solid-organ recipients may be because the skin
is a very immunogenic tissue and the target for rejection-associated inflammation [36]. There are no
studies on nailfold capillaroscopic patterns in patients after transplantations, but high levels of VEGF
have been demonstrated to associate strongly with vasculopathy seen during the rejection of cardiac
transplants [15-17]. Moreover, it has been observed that serum VEGF correlated with the presence
of nailfold capillary abnormalities in patients with autoimmune diseases [37,38]. In addition, it has
been proposed that nailfold capillaroscopic patterns and VEGF levels may serve as biomarkers of
interstitial lung involvement in systemic sclerosis [33-35]. It could be argued that changes seen in the
capillaroscopy in transplanted patients are related to the ongoing immunosuppression and metabolic
complications that it causes [6,39,40]. However, this is probably not a decisive factor as in kidney
transplant patients on the same immunosuppressive regimen the degree of capillary abnormalities and
VEGF levels were significantly less.
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The clinical significance of the observed changes in microcirculation is also ambiguous. Reduced
microcirculation blood flow may probably cause cold intolerance following digit replantation and
reflex sympathetic dystrophy [41]. However, in our research the changes in the videocapillaroscopic
pattern did not translate into the function of the transplanted limb. All the patients in the study group
experienced at least one episode of acute rejection (from 1 to 6), but no relationship was observed
between the number of acute rejection episodes and the capillaroscopic pattern. At the same time,
the most advanced changes in microcirculation were observed in the two longest post-transplant
patients (9 and 11 years after transplantation). Due to the small size of the study group, it is difficult to
draw clear conclusions.

The main limitation of our study is the small number of patients studied. An additional,
but important limitation of the study is the only one-time assessment and the lack of capillaroscopic
pattern of the healthy limb before transplantation, which means that we do not have reference to the
baseline state or assessment of changes over time. As such they need to be confirmed by other studies,
which may require international collaboration since the number of patients after limb transplantation
is generally low (here, we have examined all patients with unilateral hand allografts in our country).
To the best of our knowledge, there are no reports in the literature on the association between limb
transplantation and changes in nailfold capillaries, so far. Our observations are obviously preliminary
and require further research and confirmation in subsequent studies on a larger group of patients.

5. Conclusions

In hand transplant recipients advanced microvascular abnormalities are found in nailfold
capillaroscopic pattern in both transplanted and own extremities connected with elevated levels of
VEGE. Nailfold capillaroscopy may be a useful method for assessing microcirculation in hand allografts.
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