Factors Affecting Composite Graft
Survival in Digital Tip Amputations

Distal fingertip amputations present the hand surgeon with a myriad
of treatment options. Composite tissue replantation offers the patient
the possibility of maintaining digital length and function. The
purpose of this study was to determine the efficacy of this treatment
modality and to support its use. During a 2.5-year period, 53
patients with 57 digital tip amputations distal to the distal interpha-
langeal (DIP) joint underwent composite tissue grafting of the tip
with minimal defatting. All patients were evaluated in a prospective
manner. Specific information regarding the patient and the injury
were recorded. The survival rates for amputations distal to the
eponychium and between the DIP joint and eponychium were 58%
and 43%, respectively. Smoking was the only significant factor that
had a strong, independent association with graft loss. Age older than
18 years and alcohol use appeared only initially to have an effect on
graft survival because they were so closely linked with smoking.
Diabetes mellitus and crush-type injuries may potentially predispose
a graft to fail, but a larger sample size is needed to prove this with
significance. There were no infections or serious complications, even
in those grafts that failed. After reviewing the data, the authors
recommend using composite tissue replantation for fingertip ampu-
tations distal to the DIP joint in nonsmokers.
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When a fingertip is amputated too far distal for
microvascular replantation, a wide spectrum of
treatment modalities is available to the surgeon.
Unfortunately, none of these has been met with
overwhelming success in adults. The therapeutic
options range from the noninvasive approach of
letting the wound heal by secondary intention
with frequent dressing changes to the aggressive
microvascular procedures. The goal of treatment
is to restore a painless, minimally shortened digit
with durable and sensate skin on the tip."~* Com-
posite tissue replantation offers the patient the
possibility of maintaining digital length and func-
tion with the patient’s own durable fingertip skin.

There have been a few authors who have re-
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ported cases of graft survival using a nonrevascu-
larized composite graft of the amputated piece.
For example, in 1959, Douglas® described 17
cases with excellent results. Several subsequent
practitioners have published their findings,
which have also been encouraging.®~*°

In line with this progression, there have been
articles describing different ways for improving
the success rate. For example, Gillies and Reid"!
buried the tip in a subcutaneous pocket. This
technique was modified and reattempted by
Brent'? but with only limited success. He first
denuded (debrided and defatted) the amputated
tip, reattached it to the stump, and then put it
into a subcutaneous pocket on the abdomen. Lee
and colleagues,’® Foucher and Citron,? and
Hirase'? also used modified replacement regimens.

Despite this literature, most surgeons are skep-
tical about composite graft replacement in distal
fingertip amputation/avulsion injuries. Most of
the articles that report success are fraught with
flaws and have small sample sizes. Of course,
whenever possible, microscopic revasculariza-
tion has proved to be a more reliable means of
reattaching an amputated finger; however, in the
population of injuries that are too far distal for
microsurgery (distal to the distal interphalangeal
[DIP] joint), the options that avoid shortening of
the digit include composite grafting and dressing
changes on the stump for healing by secondary
intention. The latter involves healing of a finger
that will have less than normal function and may
not be aesthetically pleasing. Therefore, the de-
sire exists to develop better methods for improv-
ing and predicting the outcome of the former.

Most of the current literature is concerned with
the different techniques of composite grafting
rather than the pertinent issues, which may cor-
relate with the success or failure of these grafts.
This study is important because it assesses
prospectively patient-specific factors that may
affect composite graft survival to determine the
efficacy of this treatment modality and to support
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its use. It may help practitioners decide which
patients would benefit from and which patients
would not be good candidates for this type of
treatment. Success rates may be improved if
certain criteria must be met to qualify for this
treatment modality.

Materials and Methods

All patients brought to the Riverside Methodist
Hospital and Columbus Children’s Hospital
emergency rooms in Columbus, Ohio with com-
plete fingertip amputations/avulsions distal to
the DIP joint from December 1997 to June 2000
were eligible for inclusion. Amputation/avulsion
was assessed as distal to the DIP joint, and thus in
zone DP I or DP II, by plain radiographs and
physical examinations of the stumps and tips.
Zone DP I refers to the area distal to the
eponychial fold, whereas zone DP II signifies a
location distal to the DIP joint yet proximal to the
eponychial fold.'* Patients of all ages were con-
sidered for the study. Initial exclusion from the
study occurred if the patient or patient’s guardian
refused to be included.

The study design was prospective and observa-
tional. On acceptance into the study, extensive
data were collected. In addition to the demo-
graphic information, specific questions about to-
bacco and alcohol use were recorded. Also, the
presence of diabetes mellitus and other medical
issues were noted. Important data regarding the
time and mechanism of injury and mode of trans-
port of the amputated part were included. Spe-
details about the injured digit were
described explicitly with words and pictures. A
section at the bottom of the data sheet was left for
clinical data collection regarding the follow-up
visits.

cific

The surgical technique was consistent for all
the patients, and the first author performed all
the procedures. Every effort was made to per-
form the composite tissue grafting as soon as
possible after the injury. The amputated part
and digital stump were cleaned meticulously
with a solution of povidone iodine and normal
saline. All dirt and debris were lavaged thor-
oughly, but debridement of the skin edges was
kept to a minimum. No defatting or de-epithe-
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lialization was performed. Hemostasis was
achieved with direct pressure to avoid the use
of cautery devices. The tip was replaced onto
the digit and was sutured carefully under loupe
magnification. Meticulous approximation of
the tip and nail bed, if involved, were per-
formed. The nail was removed for the repair
and was then sutured back to the nail bed to act
as a splint after completion of the repair.
Kirschner wires were used to create stable bone
fixation if a fractured distal phalanx was in-
cluded with the amputated digital tissue. A
small amount of triple antibiotic ointment was
then applied, followed by a bulky, but loose,
protective dressing. Patients were instructed to
keep the affected hand elevated when possible.
Cephalexin was administered to all nonallergic
patients for 3 to 7 days after the repair, depend-
ing on the degree of contamination. No other
pharmacological intervention was initiated.
The bandage was left intact until the first fol-
low-up appointment, which occurred within 5
to 8 days after the repair.

All patients had a minimum of two follow-up
appointments at 1 (5—8 days) and 12 weeks after
the injury. Most had more than two appoint-
ments, but only the examinations at weeks 1 and
12 were used in the study. At the time of follow-
up, information was recorded on the data sheet
regarding the clinical progress. Complete sur-
vival was documented if less than 10% tip necro-
sis was present, and incomplete or partial
survival was defined as more than 10% but less
than 50% tip necrosis. The graft was considered
to have no survival if more than half of it was
necrotic.

After all the data were collected, an analysis
was performed to determine which factors had a
potential relationship with graft survival or
death. Factors testing significant at the 0.05 level
(two-sided test) were entered into a multivariate
logistic regression to eliminate factors with a
relationship in which the outcome was of a
confounding nature.

Results

Sixty-two patients with 66 digital tip amputa-
tions met the inclusion criteria. Nine people were
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Table 1. Demographic Information of Study Patients
(N = 53) and Association With Complete Survival®

Characteristic N Survival, % p-Value
Gender

Male 34 55.6

Female 19 47.6 0.563
Age (range, 1-71; average,

28), yr

=18 34 37.1

<18 19 77.3 0.003
Smoking

Yes 12 15.4

No 41 63.6 0.002
Alcohol use

Yes 23 37.5

No 30 63.6 0.05
Diabetes

Yes 6 0.0

No 47 58.8 0.008
Injury type

Avulsion 18 63.2

Crush 19 36.4

Guillotine 16 62.5 0.093
Transport mode

Cold 22 52.0

Warm 31 53.1 0.933

“For the purpose of statistical analysis, partial and no survival
categories are grouped together in a single category of no
survival.

later excluded from the study as a result of
insufficient follow-up. The demographic sum-
mary of the included patients can be seen in
Table 1, and the characteristics of the involved
digits are summarized in Table 2. The percentage
of those that survived completely and the p-
values are included in these tables. Of the 57
injured digits, 52.6% (N = 30) survived com-
pletely (<10% necrosis). Partial survival (10%—
50% necrosis) and no survival (>50% necrosis)
occurred in 31.6% (N = 18) and 15.8% (N = 9),
respectively. There were no infections or serious
complications, even in those grafts that failed.
Smoking, diabetes, and age older than 18 were
found to have p-values less than 0.05, and alco-
hol use and crush-type injury had p-values close
to 0.05. Thus, these factors were potentially
linked to graft failure. None of the other patient-
specific factors affected the outcome with signif-
icance (p < 0.05).

Because the possibility of having more than one
factor associated with each other, a multivariate
approach was necessary to determine which fac-
tors had a direct causal effect on graft survival. A
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logistic regression was used for this calculation.
Table 3 depicts this analysis, along with the odds
ratios and 95% confidence intervals for each
regression. This series determined that smoking
was the only factor that had a strong, indepen-
dent association with graft loss (total or partial).

Age older than 18 years and alcohol use ap-
peared only initially to have an effect on graft
survival, because they were linked so closely
with smoking. This was reflected when graft
survival rates were calculated for age and alcohol
use groups in patients that neither smoked nor
had diabetes, as illustrated in Table 4.

Incidentally, having a crush injury may have an
independent effect on the risk for graft survival
despite its nonsignificant p-value in the logistic
regression model from Table 3. Among nonsmok-
ing patients and nondiabetic patients, 58.3% of
the crush-injured digits had complete graft take
versus 80.8% when the injury was a guillotine or
avulsion type. Although not significant in this
study, the 22% difference is large and deserves
further attention.

Discussion

Fingertip amputations are the most common type
of upper extremity amputation injury. The hand
surgeon is always faced with the decision of how
to treat the affected digits, and multiple treatment
options have been described. These are quite
varied and range from conservative measures of
healing by secondary intention to aggressive mi-
crovascular replantation. Other techniques in-
clude primary closure with or without bone
shortening, skin grafts, composite grafts, and lo-
cal, regional, or distant flaps. Tremendous con-
troversy exists in regard to which of these offers
the “best” result.

By performing a composite graft on the ampu-
tated digit, at least the patient is given some hope
of maintaining digital length and function. If the
graft does not survive, then a secondary proce-
dure that may involve finger shortening and clo-
sure can be performed at a later date. But, if the
graft takes, then truly this is advantageous. This
is why it is important to try to define what issues
hinder graft survival in these patients.

In summary, the study demonstrated that
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Table 2. Characteristics of Injured Digits of Study Patients (N = 57) and Association With Complete Survival®

Characteristic N Survival % p-Value
Zone of injury

DP1 36 58.3

DP2 21 42.9 0.259
Tissue involved (most proximal level)

Skin/fat alone 7 42.9

Sterile matrix bone 20 70.0

Germinal matrix bone 23 39.2

Proximal to germinal matrix bone 7 57.1 0.44
Tissue volume (range, 0.01-2.9 ml; average, 0.61 ml), ml

=0.4 ml, average, 28 50.0

<0.4 ml, average, 29 55.2 0.358
Time to repair (range, 35—-420, min; average, 136.5 min), min

=90 40 47.5

<90 17 64.7 0.146

“For the purpose of statistical analysis, partial and no survival categories are grouped together in a single category of no survival.

DP1 = distal interphalasgeal zone 1.

Table 3. Results of Logistic Regression Controlling for
Various Factors in Their Relationship With Graft
Failure

Table 4. Graft Survival Rates by Age Group and
Alcohol Use Among Patients Who Do not Smoke and
Those Without Diabates

Odds 95% CI® for
=Model Ratio® Odds Ratio p-Value
Age = 18 yr 1.55 0.36-6.61 0.557
Smoking 12.10 1.91-76.22 0.008
Alcohol use 1.15 0.24-5.40 0.863
Smoking 14.09 2.02-98.44 0.008
Age =18 yr 2.55 0.42-15.41 0.308
Alcohol use 1.93 0.34-10.77 0.456
Smoking 14.07 2.58-76.77 0.002
Crush Injury 2.51 0.65-9.73 0.183

*The odds ratio is the ratio of the odds of graft failure given that
the factor is present vs. the odds of graft failure given that the
factor is absent. The odds ratios in this table are adjusted for
the other factor in the logistic regression model. The higher the
odds ratio, the stronger the association between the factor and
graft failure.

PThe 95% confidence interval (CI) for the odds ratio indicates
that if the study were repeated multiple times, 95% of the
studies would produce odds ratios that would be within the
given range.

smoking was the factor most likely to dictate graft
failure. Diabetes and crush-type injuries may
potentially be additional variables that would
predispose to graft loss, but a larger sample size is
needed to have significant proof. It is possible
that other variables measured in this study, such
as elapsed time to repair, could have direct rela-
tionships with graft survival, but that they could
not be detected because of the small sample sizes.

After review of these data, we recommend
using composite tissue replantation for fingertip
amputations distal to the DIP joint in nonsmok-
ing patients. Survival rates are also potentially
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Characteristic Survival, % p-Value
Age group, (yr)

<18 77.27

18-34 71.43

35—49 80.00

=50 50.00 0.7127
Alcohol use

Yes 70.00

No 75.00 >0.9999

increased in young patients, in nondiabetic pa-
tients, and in noncrush-type injuries. Even when
not successful, the grafts act as biological dress-
ings with minimal risk until subsequent treat-
ment is performed. This information should be
used as a guideline when determining a preoper-
ative plan. If none of these factors is present or if
the patient is willing to stop smoking reliably,
then it is reasonable to consider performing a
composite graft for the amputated tip. This gives
the patient the best chance to retain a cosmeti-
cally pleasing, full-length finger that potentially
will provide excellent function. When one or
more of these factors are present, the risk for graft
failure is high and other treatment options should
be entertained.
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