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Abstract
Wound biopsies are an essential diagnostic component in the management of chronic wounds.
First, the possibility of malignancy or infection in the wound often requires sampling of the wound
edge and its bed. Secondly, several practice guidelines recommend biopsying wounds that have
not responded to treatment after 2–6 weeks. However, there has always been a concern that the
biopsy may worsen the wound and delay overall healing. In this report, we investigated the safety
and effects of wound biopsies on overall chronic wound healing rates (advance of the wound edge
per week toward the center) before and after the biopsy was performed. In a cohort of 14
consecutive patients with chronic wounds of the lower extremity, we found that postbiopsy
chronic wound healing rates (0.99±1.18 mm/week; mean±SD) were not decreased and were
actually higher than prebiopsy chronic wound healing rates (0.49±0.85 mm/week; mean±SD, p <
0.05). In addition, we documented that healing of the biopsy sites up to the original wound edge
occurred within 6 weeks in 11 of the 14 subjects. Therefore, we conclude that chronic wounds do
not worsen after being biopsied and that wound biopsies are a safe procedure that does not delay
overall healing of the chronic wound.

Chronic wounds are sometimes biopsied for diagnostic purposes and in experimental
protocols when information regarding the wound bed or the wound edge is required. In
addition, also in experimental protocols, wound biopsies are sometimes performed to grow
cells in vitro from the nonhealing wound. This cellular analysis has led to a better
understanding of the phenotypic cellular changes occurring in impaired healing.1–3 Our
investigative group has been involved in performing wound biopsies for at least two
decades. We initially noted that an obvious worsening of the wound did not occur after a
biopsy of the edge was taken. Indeed, this led us to state that biopsying the wound is not
deleterious to healing of the wound and that the biopsy site heals up to the original edge of
the wound.4 However, lingering concerns remain about the safety of biopsying nonhealing
wounds, and questions are often raised by clinicians about whether this procedure worsens
the outcome of the wound. Moreover, there are biological implications regarding the notion
that a biopsy site would heal in the context of a chronic wound that, otherwise, has not
responded to treatment. Therefore, an important question is whether, indeed, one can
document that the biopsy heals up to the original wound’s edge.
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In this report, we analyzed our recent experience with a cohort of patients with nonhealing
wounds which were biopsied at the wound edge and were followed after the biopsy was
taken. In order to develop a more complete answer to our questions, we included patients on
conventional therapy alone and those who were undergoing experimental treatment. It was
our hypothesis that, in agreement with our previous but more anecdotal clinical experience,
there is no deleterious effect of a biopsy to the overall healing of the wounds. The results
shown in this report support this hypothesis. They also show that the biopsy site indeed
heals up to the original wound edge, raising interesting questions about the biological and
pathophysiological events involved.

METHODS
Data for this report came from recent research studies we have performed for the treatment
of chronic wounds at our institution. All studies were approved by our Institutional Review
Board (IRB). Although we have been involved in numerous clinical trials at our institution,
we focused on research studies (n=4) with identical screening periods and protocols for
biopsying the wound, and with the same inclusion and exclusion criteria. The inclusion
criteria were the following: patients with wounds > 3 months in duration; a run-in phase of
2–3 weeks during which standard treatment was consistently applied; patients who had a
biopsy of the wound’s edge at the end of the run-in period and had follow-up measurements
and photographs of the wound and biopsy site available 2–3 weeks after the initial biopsy.
The exclusion criteria were the following: patients with circumferential wounds or other
situations where measurements of size were not possible or would be deemed unreliable;
patients being treated with immunosuppressive drugs; patients with systemic or skin
malignancies; patients with poor compliance with follow-up visits that would prevent
reliable follow-up measurements. Data were collected and analyzed for each individual
patient only once. The duration of the studies was between 5 and 12 months.

After completing the run-in phase, the patients underwent a full-thickness wedge biopsy of
the wound’s edge (Figure 1). Continued conventional or initiation of experimental
treatments took place after the biopsy was obtained. Eligible patients were followed weekly
with clinical wound observation, wound area tracings, and photography. The area and
perimeter of the wounds and areas of the biopsy sites were determined by digital planimetry.
5,6 Measured dimensions of the wound were used as a scale. Area and perimeter were then
determined by using Image J, a program available from the National Institutes of Health
(NIH; website http://www.rsbweb.nih.gov/ij). Overall chronic wound healing rates were
derived using Gilman’s formula.7 In this formula, the healing rate= {(A1−A2)/[(P1+P2)/2]}/
(T2−T1), where A is the area in square millimeters (mm2), P the perimeter in millimeters
(mm), and T the weeks. The result is a chronic wound healing rate in millimeters (mm) per
week. In practical terms, this relatively simple equation gives an indication of how quickly
the wound’s perimeter moves toward the center of the wound, and is not dependent on
original wound size. Our group has reported a variation of the Gilman formula.8 However,
we used the Gilman formula because it is more simple and has been more widely used.

Statistical analysis of overall chronic wound healing rates with the Gilman’s formula was
performed before and after a biopsy by using the Wilcoxon matched-pairs signed-ranks two-
tailed test. Statistical calculations were made with the Graphpad Instat statistical software
(Graphpad Software Inc., La Jolla, CA). The significance level used to determine the
validity of the results was set at p < 0.05 (95% confidence interval). In addition, serial
wound photographs and wound tracings were analyzed to determine when the biopsy sites
healed. The patients were followed clinically for adverse events, including infection, before
and after the biopsy was performed. Charts were reviewed to determine if the chronic wound
healed.
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RESULTS
In this study aimed at evaluating data from clinical trials/experimental protocols that had
similar or identical population of patients, wounds, and inclusion/exclusion criteria, the
results were available for analysis in 14 patients. Overall, nine patients received an
experimental treatment plus standard of care, whereas five patients had standard of care
alone. These two groups of patients comprised eight men and six women with a mean age of
65 (range: 50–82 years). Baseline wounds had a mean area of 16.87 cm2 (range: 2.86–80.29
cm2). The mean of the biopsy areas was 0.55 cm2 (range: 0.26–1.23 cm2). There was no
statistical significance between the two groups in terms of these demographic and wound-
related parameters. Eleven patients had venous ulcers, two had diabetic neuropathic foot
ulcers, and one had a nondiabetic neuropathic foot ulcer. Table 1 shows the mean, median,
and range of overall chronic wound healing rates (mm/week) pre and postbiopsy, using the
Gilman formula. As shown in Table 1, there was no evidence that the biopsy led to a
deterioration of healing. Indeed, postbiopsy chronic wound healing rates were actually
greater than those obtained prebiopsy. This is shown in Figure 2, where each bar represents
the healing rate for each patient at pre and postbiopsy. Indeed, the Wilcoxon matched-pairs
signed-ranks test showed that the mean prebiopsy overall chronic wound healing rates were
smaller (slower) than the mean postbiopsy overall chronic healing rates (p < 0.05).

In 11 (79%) of the 14 patients, the biopsy sites healed completely by week 6. In three
patients, however, the biopsy sites remained unhealed at week 12. This occurrence may
theoretically reflect continued impaired healing per se or may be because of the intervention
and biopsy. However, there were other concomitant adverse events that may have played a
role. Figure 3 shows the number of weeks required for each patient’s biopsy site to heal. The
mean and median time required for biopsy sites to heal was 3 and 4 weeks, respectively. As
noted above, there were concomitant or associated adverse events that may have influenced
healing of the biopsy site. Overall, there were three adverse events in a total of three patients
with venous ulcers: two of these events were wound infections and one was the development
of a new wound adjacent to the original ulcer and next to the biopsy site. Notably, the same
three patients whose biopsy sites did not heal were the same three patients with these
adverse events. In the two patients with postbiopsy infections, this occurrence developed 1
and 3 weeks after the biopsy, respectively. Interestingly, the patient developing an infection
1 week after a wound biopsy had already developed an infection at the same site a few
weeks earlier, and that infection had been judged clinically to have resolved 1 week before
the biopsy.

Figures 4 shows two representative examples of how the biopsy sites healed. The biopsies
were full-thickness and encompassed both the wound edge and the wound bed. The figure
illustrates in a representative way how biopsying the wound does not lead to overall
deterioration of the wound.

Overall, five (36%) of 14 patients healed within 13 weeks with a mean overall healing rate
of 1.86 mm/week (range: 0.92–2.8 mm/week). By the end of 12 months, nine (64%) of the
14 subjects were healed, with a mean healing rate of 1.14 mm/week (range: −0.015 to 1.95
mm/week). In all, five patients did not heal after a year, and those five subjects had a mean
healing rate 0.01 mm/week (range −1.5 to 0.84).

At the time of the biopsy, three patients had more than one lower extremity ulcer. In one
patient, the biopsied wound healed a week before the nonbiopsied ulcer. In another patient
both the biopsied and nonbiopsied ulcer remained open after a year. The biopsied ulcer in
the third patient healed at week 10 and the nonbiopsied ulcer healed at week 3.
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DISCUSSION
We report the effect of biopsying the wound edge on the healing of chronic wounds. We
show that chronic wounds do not worsen overall after a biopsy of the wound edge and
wound bed was performed. Indeed, perhaps antiintuitively, our data indicate that the overall
chronic wound healing rate improved after the biopsy.

We show that, in the majority of the patients, the biopsy site heals up to the original wound
edge. The biological underpinning for this occurrence is unclear. There is a paucity of
studies investigating the effects of biopsies on the healing of chronic wounds. However,
recent research on the molecular pathogenesis of nonhealing wounds has shown that there
are phenotypic differences in the cells populating the wound edge and the surrounding skin.
Keratinocytes at the edge of the wound show deregulation in cell differentiation and cell
migration, resulting in a hyper-proliferative epidermal edge that fails to reepithelialize the
wound bed. However, cells in the periwound area retain the capacity to differentiate,
migrate, and respond appropriately to wound healing signals.9–14 In other studies,
phenotypic changes have been found between dermal fibroblasts cultured from chronic vs.
acute wounds. Dermal fibroblasts cultured from the edge of chronic wounds have decreased
responsiveness to transforming growth factor-β1 (TGF-β1) and platelet-derived growth
factor in terms of collagen production and proliferation.2,3 The mechanism for decreased
responsiveness to TGF-β1 may be the result of down-regulation of TGF-β Type II receptor
expression and under phosphorylation of key signaling proteins, such as Smad2/3 and
p48/44 MAPK.1 The expression of a downstream TGF-β inducible protein, βig-H3, has been
found to be decreased in chronic wound fibroblasts and in the dermis of chronic nonhealing
wounds. Thus, taking a biopsy of the wound edge may remove part of the nonhealing edge
and abnormal cell populations, and thus produce an acute injury capable of resetting the
healing process. This sequence of events may lead to healing in a more timely manner.

There are no studies focused primarily on the safety of performing wound biopsies in
chronic wounds. However, several practice guidelines have recommended performing
wound biopsies for histological diagnosis or microbiologic testing in wounds that have not
improved within 2–6 weeks of appropriate management.15–22 The Food and Drug
Administration (FDA) recommends performing biopsies of the wound, when needed
clinically, as an objective tool to exclude neoplastic, immune-mediated or primary infectious
disease. In addition, they suggest performing wound biopsies to diagnose wound infections
and to guide treatment.23 The majority of our patients did not experience any adverse events
on follow-up. Infections did occur in two subjects, as described in this report. However, we
attribute this complication to the disease process itself. Thus, in one of these two patients
infection occurred 3 weeks after the biopsy was performed. In the other case, the patient had
a recent history of infection at the same site. In the future, we may use this information to
guide us when to best perform wound biopsies. For example, based on our results, one might
recommend that diagnostic or experimental biopsies be performed several weeks after
resolution of the infection.

Wound healing rates at 3 and 4 weeks have been used as predictors of ultimate wound
closure. A recent study published on healing rates of both venous and diabetic ulcers
determined that a healing rate of 1.5 mm/week was predictive of wound closure at 12 weeks.
7 Our findings are consistent with that report. Therefore, our data indicate that healing
continues to occur after biopsies of a wound are performed.

In conclusion, our report shows that wound edge biopsies do not lead to overall deterioration
of the chronic wound. Interestingly, the biopsy site heals up to the original wound edge. It is
quite possible that, once stabilized (standard therapy with a run-in period), chronic wounds
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reach a size that corresponds to the underlying pathophysiological defects and are, therefore,
as large as they can be, based on those intrinsic abnormalities. Certainly, more studies with a
larger sample size and a more homogenous patient population are needed. However, the data
presented in this report are consistent with our long clinical experience that biopsies are a
safe procedure in patients with otherwise impaired healing. These findings should prove
useful for clinicians and investigators.
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Figure 1.
Example of a biopsy site. An example of a chronic ulcer before and after it is biopsied. As
with other patients, this subject completed a 2–3 week run-in period during which standard
care was provided. (A) Wound before biopsy, with wound area to be biopsied identified and
marked by ink; (B) full thickness biopsy performed at the edge of the ulcer and appearing as
a rectangular area; (C) chronic wound 3 days after it was biopsied. The black arrow refers to
the site that was biopsied (Copyright V. Falanga 2009).
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Figure 2.
Overall chronic healing rates of patients. Fourteen patients were included in the study. Each
pair of bars corresponds to healing rates of each patient before (2–3 weeks) and after (2–3
weeks) the biopsy was performed, respectively. From left to right along the x-axis, the first
five patients were on standard care alone, whereas patients 6–14 along the x-axis were on
standard care plus an experimental treatment.
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Figure 3.
Biopsy site healing. Overall, 11 (79%) of 14 patients healed by 6 weeks. The asterisk marks
the patients who did not heal by week 12.
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Figure 4.
Biopsy sites heal. A representative example of a chronic wound after a 2–3 weeks run-in
period, after which it was biopsied and followed for another 2–3 weeks. The single arrow
refers to the wound site that was biopsied. The double arrows represent the healed biopsy
site. The dotted yellow line outlines the area of the chronic wound at baseline (prebiopsy),
and at the later time points after the biopsy was performed: (A) Wound at baseline before
starting the run-in period; (B) Wound after completion of the run-in period immediately
before performing a biopsy of the wound edge; (C) Appearance of the wound immediately
after biopsy was performed; (D) Appearance of the wounds 2 weeks later, showing rapid
healing of the biopsy site (Copyright V. Falanga 2009).
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Table 1

Measurement of overall chronic healing rates pre and postwound biopsy

Healing rate prebiopsy (mm/week) Healing rate postbiopsy (mm/week)

Mean 0.49 0.99

Median 0.54 0.90

Range (−01.7 to +1.75) (−01.56 to +2.86)

SD/SEM 0.85/0.23 1.18/0.31

SD, standard deviation; SEM, standard error of the mean.
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