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Risk factors for mortality among patients undergoing major
amputations due to infected diabetic feet

Fatores de risco para mortalidade em pacientes submetidos a amputacdes maiores
por pé diabético infectado

Natalia Anicio Cardoso’, Ligia de Loiola Cisneros?, Carla Jorge Machado?, Ricardo Jayme Procopio,
Tdlio Pinho Navarro®

Abstract

Background: Foort ulcers in patients with diabetes are a major public health problem and are often associated with
lower limbs amputation and mortality in this population. Objectives: To investigate the risk factors associated with
mortality in patients with infected diabetic foot ulcers and major lower limb amputations. Methods: This was an
observational, retrospective, case-control study with a sample of 78 patients with infected diabetic foot ulcers who
had major lower limb amputations at a Vascular Surgery Service at a university hospital. Results: The mean age
of the study sample was 63.8 + 10.5 years, 54 (69.2%) were male, mean serum creatinine was 2.49 + 2.4 mg/dL and
mean serum hemoglobin was 7.36 + 1.7 g/dL. There was a 47.4% rate of readmissions to the same hospital. Transtibial
amputation was performed in 59.0%; and transfemoral amputation in 39.7% of the sample. In this sample, 87.2%
had a positive culture, predominantly (68.0%) monomicrobial and nosocomial infection of ulcers was observed in
30.8%. The most common bacterial genera were Acinetobacter spp. (24.4%), Morganella spp. (24.4%) and Proteus spp.
(23.1%). No bacterial genus was identified as a predictor of death. Creatinine level > 1.3 mg/dL (OR 17.8; IC 2.1-150)
and transfemoral amputation (OR 4.5; 1C: 1.3-15.7) were associated with death. Conclusions: Serum creatinine levels
> 1.3 mg/dL and transfemoral amputation were risk factors for death.
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Resumo

Contexto: A lesdo no pé de pacientes com diabetes € um importante problema de saide puiblica que frequentemente
esta associado a amputagdes em membros inferiores e mortalidade nessa populagio. Objetivos: Investigar os
fatores de risco associados a mortalidade em pacientes com pé diabético infectado submetidos a amputagéo
maior. Métodos: Estudo observacional, retrospectivo e caso-controle. Amostra composta por 78 pacientes com
pé diabético e Ulcera infectada submetidos a amputagao maior em um servigo de cirurgia vascular em um hospital
universitario no periodo de 5 anos. Resultados: A média de idade da amostra estudada foi de 63,8 + 10,5 anos, com
54 (69,2%) pacientes do sexo masculino, com creatinina sérica média de 2,49 + 2,4 mg/dL e hemoglobina sérica média
de 7,36 £ 1,7 g/dL. Houve 47,4% de reinternagdo. Foi realizada amputagao transtibial em 59,0% e transfemoral em
39,7% da amostra estudada. Nesta amostra, 87,2% dos pacientes apresentaram cultura positiva, predominantemente
monomicrobiana (67,9%), e 30,8% apresentaram infecgao hospitalar da Ulcera. Os géneros de bactérias mais frequentes
foram Acinetobacter spp. (24,4%), Morganella spp. (24,4%) e Proteus spp. (23,1%). Nenhum género bacteriano foi
identificado como fator de risco para 6bito. O nivel de creatinina > 1,3 mg/dL (OR 17,8; IC 2,1-150) e a amputagdo
transfemoral (OR 4,5; IC: 1,3-15,7) foram fatores de risco para o obito. Conclusées: Os niveis séricos de creatinina
> 1,3 mg/dL e amputagao transfemoral foram fatores de risco para ébito.

Palavras-chave: pé diabético; Ulcera do pé; infecgdo; mortalidade.
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INTRODUCTION

The diabetic foot is an important public health
problem,' since it is the leading cause of hospital
admission® and of hospital costs' of patients with
diabetes mellitus.

The mortality rate among diabetic patients is high
and 5 million deaths due to diabetes were registered
in 2015.3 Diabetic patients with foot ulcers have a
mortality rate double that of diabetic patients without
foot ulcers.*

Diabetic patients who undergo major amputation
of a lower limb have low survival rates.’> Around
10% of lower limb amputation patients die during the
perioperative period. Within 1 year of amputation,
30% of patients die; in the third year the percentage
rises to 50%; and mortality is 70% over 5 years.® These
percentages may increase in developing countries,
since patients tend to seek medical care when the
ulcer infection is advanced, increasing the risk of
amputation and death.’

Diabetic patients can have a range of serious
comorbidities, such as advanced age, cardiac disease,
coronary disease, cerebrovascular disease, renal failure,
and respiratory failure. Patients with diabetic foot
may also have neuropathy, deformities, ischemia, and
infected ulcers.” Ulcer infections can be associated
with mortality and high rates of non-traumatic lower
limb amputations.®

According to the Infectious Diseases Society of
America,’ ulcer infections can be classified as mild,
moderate, or severe. An infection is considered mild
when there is no damage to tissue structures, such
as muscle, tendon, bone, or joints. The moderate
classification is attributed when there is involvement
of tissue structures with risk of lower limb amputation.
An infection is considered severe when, in addition
to involvement of tissue structures, there is also
generalized sepsis associated with severe hemodynamic
and metabolic disorders and danger of patient death.”

Classifying the severity ulcer infections makes it
possible to determine the correct treatment for the
patient, which may be drug-based (antibiotic therapy)
and/or surgical. Immediate and appropriate treatment
of'the infection can reduce its destructive effects and
control the focus of sepsis.°

Infections considered acute and superficial are
normally monomicrobial'' and caused by aerobic
Gram-positive cocci bacterial''*; and infections
considered deep, chronic, or complicated predominantly
involve Gram-negative bacteria.®!*

Infections of ulcers in diabetic feet are primarily
polymicrobial, i.e. there is more than one bacterial
species present. Gram-positive, Gram-negative,
aerobic, and/or anaerobic bacteria may be isolated.'
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Polymicrobial infections can make healing of the ulcer
less likely because of virulence factors secreted by the
different species of bacteria present in the infection
and, as a result, can lead to amputation and death.'?
Additionally, a subsequent reinfection of the ulcer
can also cause delayed healing of surgical wounds,
worsening the patient’s prognosis. '

This study was designed to investigate risk factors
associated with mortality among patients with infected
diabetic feet who underwent major amputations.

METHOD

The study was approved by the Research Ethics
Committee at the Universidade Federal de Minas Gerais
(Ethics approval certificate: 33623414.6.00005149)
and authorized by the Department for Teaching,
Research, and Extension at the hospital in which the
study was carried out.

This is an observational, retrospective, case-control
study with a sample of 78 patients with diabetic feet
and infected ulcers. All patients underwent major
amputation (above the ankle) and were admitted via
the vascular surgery service to the Hospital Risoleta
Tolentino Neves, a tertiary University Hospital in
Belo Horizonte (MG), Brazil, from January 2007 to
December 2012. All patients had had bacteriological
cultures of deep tissues. Patients whose biological
specimens had been collected using a swab were not
included in this study.

All open lesions on the feet of patients with diabetes
were defined as ulcers. All ulcers analyzed were deep,
graded as > 3 on the Wagner Classification, which
corresponds to deep ulcers with formation of abscess
or bone involvement, with localized gangrene or
extensive gangrene.

No specific tests for neuropathy were conducted,
but all of the patients in this sample had signs and
symptoms compatible with diabetic neuropathy and
lesions typical of the diabetic foot (in areas with
sensory dysfunction and excessive mechanical stress).
The medical team conducted vascular assessments by
means of palpation of distal pulses, measurement of
the ankle-brachial index, using Doppler ultrasound,
but these data are not evaluated in this study.

Cultures in which there was no bacterial growth
were considered negative. Cultures that grew two or
more different bacteria were considered polymicrobial.
A nosocomial infection was considered to have
occurred if different bacterial genera were isolated
in deep tissue cultures collected from the same ulcer
at different times during the same hospital stay.!”

The following variables were taken from the
patients’ electronic medical records: age, sex, surgeries
performed, deaths, serum hemoglobin and creatinine

J Vasc Bras. 2018, Out.-Dez; 17(4):296-302 297



Risk factors for mortality in the diabetic foot

test results and results of bacterial cultures (including
bacterial genera).

The case group comprised patients who had a
major amputation and died; and the control group
comprised the surviving patients who underwent a
major amputation.

Statistical analyses were performed using Stata/SE
12.0 for Mac. Continuous variables were expressed
as mean and standard deviation and analyzed using
Student’s ¢ test; categorical variables were analyzed
using Pearson’s chi-square test or Fisher’s test (if the
expected number of cases in one of the categories
was less than 5). Risk factors for death after major
amputation were identified using logistic regression
analyses. Values that were statistically significant
according to the Wald test (univariate analysis) were
included in a multivariate model, and the final model
was obtained by sequential removal of variables based
on the results of the Wald test and the Hosmer and
Lemeshow test. All models are shown. Statistical
significance for selection of the final model was
estimated using the Hosmer and Lemeshow test
(p <0.05).

RESULTS

Table 1 lists the data for the study variables from
the 78 patients in the case-control study, both as
the entire sample and separated by group and also
comparisons between them.

Mean of age of the entire sample was 63.8 years
(standard deviation [SD] 10.5), and 54 (69.2%) of
them were male. The major amputation patients
who died had higher mean serum creatinine levels
— 3.65 mg/dL (SD 2.6) — and lower mean serum
hemoglobin levels — 6.48 g/dL (SD 1.7) — when
compared with major amputation patients who did
not die. Approximately 53% of the patients were
only admitted once, while 37 patients (47.4%)
needed to be admitted more than once. Transtibial
amputations were performed on 59.0% of the patients
and transfemoral amputations on 39.7%. Although
the majority of patients (59.0%) had transtibial
amputations, transfemoral amputation (61.1%) was
associated with death (p = 0.010).

Sixty-eight of the 78 patients (87.2%) had positive
cultures and 12.8% had negative cultures. During
the reference admission, 42 patients (53.9%) had
just one bacterial culture from deep tissue samples,
21 (26.9%) had two cultures, and 15 (19.2%) had
more than two cultures. Of the 68 patients with
positive cultures, 67.9% of cultures grew just one
microorganism, while 32.1% grew two or more
different microorganisms. Nosocomial ulcer infection
was recorded for 24 patients (30.8%).

Table 2 lists the bacterial genera isolated from
bacterial cultures of deep tissue specimens from this
sample of patients. The bacteria most frequently isolated
from the subset of major amputation patients who died

Table 1. Comparison between study variables for patient sample and subsets.

Major amputation and

Major amputation and no

(:‘It;‘;) death death p
- (n=18) (n = 60)

Age, Mean (SD) 63.8(10.5) 68.3 (11.4) 62.4(9.9) 0.034*
Male n (%) 54 (69.2) 11(61.1) 43(717) 0395
Elevated serum creatinine, Mean (SD) 2.49 (2.4) 3.65 (2.6) 2.14(2.3) 0.019*
Low serum hemoglobin, Mean (SD) 7.36 (1.7) 6.48 (1.7) 7.61(1.6) 0.011*
Number of cultures per patient n (%) 0.999

1 culture 42 (53.9) 10 (55.6) 32(53.3)

2 cultures 21(26.9) 5(27.8) 16 (26.7)

> 2 cultures 15(19.2) 3(16.7) 12 (20.0)
Number of patients with positive cultures n (%) 68 (87.2) 17 (94.4) 51(85.0) 0.438
Number of patients with polymicrobial culture 25(32.1) 6(33.3) 19 (31.7) 0.894
n (%)
Number of patients with nosocomial ulcer 24 (30.8) 4(222) 20(33.3) 0.561
infection n (%)
Number of patients readmitted n (%) 37 (47.4) 8 (44.4) 29 (48.3) 0.772
Number of major amputations n (%) 0.010*

Transtibial 46 (59.0) 6(33.3) 40 (66.7)

Transfemoral 31(39.7) 11(61.1) 20 (33.3)

Hip disarticulation 1(1.3) 1(5.6) 0(0.0)

*p < 0.05; SD = standard deviation.
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were Acinetobacter spp. (33.3%), Morganella spp.
(33.3%), and Proteus spp. (27.8%).

Table 3 lists the results of the univariate analysis, with
indicated that the following variables were significant:
age, creatinine levels > 1.3 mg/dL, hemoglobin levels
<11 g/dL, and transfemoral amputation.

Table 4 lists the results of the multivariate analysis,
showing which factors were associated with death
in this sample.

Natélia Anicio Cardoso, Ligia de Loiola Cisneros et al.

DISCUSSION

This study investigated risk factors associated
with mortality in patients with infected diabetic feet
who underwent major amputations. Serum creatinine
greater than or equal to 1.3 mg/dL was considered a
risk factor for death, as was transfemoral amputation.

In this study, patients with serum creatinine greater
than or equal to 1.3 mg/dL had a risk of death almost

Table 2. Comparison between groups of patients by genera of bacteria isolated in bacterial cultures from deep tissues.

Total Major amputation and death Major amputation and no death
(n=78) (n=18) (n =60)

Gram-positive

Enterococcus spp. n (%) 15(19.2) 3(16.7) 12 (20.0) 0.999

Staphylococcus spp. n (%) 8(10.3) 2(11.1) 6(10.0) 0.999

Streptococcus spp. n (%) 4(5.1) 1(5.6) 3(5.0) 0.999
Gram-negative Genera

Acinetobacter spp. n (%) 19 (24.4) 6(333) 13(21.7) 0312

Citrobacter spp. n (%) 4(5.1) 1(5.6) 3 (5.0) 0.999

Escherichia spp. n (%) 9(11.5) 2(11.1) 7(11.7) 0.999

Enterobacter spp. n (%) 9(11.5) 2(11.1) 7(11.7) 0.999

Klebsiella spp. n (%) 6(7.7) 0(0.0) 6(10.0) 0.327

Morganella spp. n (%) 19 (24.4) 6(33.3) 13 (21.7) 0.312

Proteus spp. n (%) 18 (23.1) 5(27.8) 13(21.7) 0.589

Pseudomonas spp. n (%) 13(16.7) 2(11.1) 11(183) 0.721

Serratia spp. n (%) 4(5.1) 1(5.6) 3(5.0) 0.999

Stenotrophomonas spp. n (%) 1(1.3) 0(0.0) 1(1.7) 0.999

Frequencies were calculated using the entire sample of 78 patients.

Table 3. Univariate analysis of 23 clinical, laboratory, and bacterial variables.
Odds Ratio 95% confidence interval p

Age, per year 1.06 1.00-1.12 0.040*
Genus/gender, male 1.60 0.53-4.84 0.397
Creatinine > 1.3 mg/DI 15.9 1.99-127.2 0.009*
Hemoglobin < 11 g/dL 0.63 0.43-0.92 0.015*
Positive cultures 3.00 0.35-25.44 0314
Polymicrobial culture 1.08 0.35-3.31 0.894
Rate of nosocomial ulcer infections 0.57 0.17-1.96 0.374
Rehospitalization 0.86 0.29-2.46 0.772
Transfemoral amputation 3.67 1.18-11.35 0.024*
Acinetobacter spp. 1.80 0.57-5.75 0316
Citrobacter spp. 1.12 0.11-11.45 0.925
Escherichia spp. 0.95 0.18-5.02 0.948
Enterococcus spp. 0.80 0.20-3.22 0.753
Enterobacter spp. 0.95 0.18-5.02 0.948
Klebsiella spp.t - -
Morganella spp. 1.81 0.57-5.75 0.316
Proteus spp. 1.39 0.42-4.62 0.590
Pseudomonas spp. 0.56 0.11-2.78 0.476
Staphylococcus spp. 1.13 0.21-6.13 0.892
Serratia spp. 112 0.11-11.45 0.925
Stenotrophomonas spp. --- ---
Streptococcus spp. 112 0.11-11.45 0.925

*p < 0.05; ffor Klebisiella spp. and Stenotrophomonas spp., there were no deaths.
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Table 4. Multivariate analysis of variables associated with patient
deaths.

0Odds Ratio 95%.conﬁdence p
interval
Creatinine 17.8 2.1-149.5 0.008
> 1.3 mg/dL
Transfemoral 4.5 1.3-15.7 0.016
amputation

17.8 times that of patients with creatinine levels below
this cutoff. Diabetic patients with nephropathy develop
feet ulcers at double the rate of other diabetics. Among
patients with diabetic nephropathy, the presence of
ulcers on the feet is considered one of the primary
causes of morbidity. These patients’ risk of amputation
is 6.5 to 10 times greater, because the time taken for
ulcers to heal is prolonged when serum creatinine is
elevated. Additionally, mortality is associated with
the severity of diabetic nephropathy.!'82

In this sample, 39.7% of patients had a transfemoral
amputation and 61.1% of this subset died. These
patients exhibited a risk of death 4.5 times that
of patients who had amputations at other levels.
A diabetic patient has a 15 to 40 times greater risk
of amputation than a person who is not diabetic.
Transfemoral amputation patients manifest serious
systemic diseases, such as heart failure, coronary
artery disease, cerebrovascular disease, renal failure,
and chronic obstructive pulmonary disease, among
others. They therefore have a high mortality rate.?!

The bacterial genus isolated from infected ulcers
of diabetic feet was not a risk factor associated with
mortality. The bacterial genera Acinetobacter spp.
(33.3%), Morganella spp. (33.3%), and Proteus spp.
(27.8%), all part of the Gram-negative group of
bacteria, were the types most frequently isolated in
cultures from the major amputation patients who died.

A study conducted at the Hospital Central, Santa
Casa de Sio Paulo, Brazil, also observed isolation of
Gram-negative bacteria, with 66% of cultures from
deep ulcers (Wagner Classification > 3) growing
Gram-negative bacteria.?

In the sample studied here, 12.8% of patients
had a negative deep tissue culture, i.e., no bacteria
were isolated. It should be noted that many of the
patients studied would have already been treated with
antibacterial drugs at other health centers, and use
of antibacterials before collection of the biological
material can cause a negative culture, masking the
true result.®

Polymicrobial cultures may be present in infections
of deep ulcers in patients with diabetic foot.!! A patient
with polymicrobial infection exhibits a slower ulcer
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healing process due to the presence of many virulence
factors secreted by the different species of bacteria
present in the infection.'? In this study, predominance
of polymicrobial cultures (32.1%) was not observed
and this variable was not considered a risk factor
for death.

Certain factors can contribute to monomicrobial
cultures.

Patients with recent ulcers, i.e., those that have
been developing for a short period of time, tend to
manifest monomicrobial bacteria isolation.> Since
this is a retrospective study, it was not possible to
determine the time since ulcer onset in these patients,
because this detail was not recorded in the electronic
patient records.

Use of antibacterials by patients before samples are
taken can also lead to isolation of only those bacteria
that are resistant to the antibacterial, since bacteria
that were susceptible to the prior treatment will
have been eliminated.?* Many of the patients studied
had been admitted to the institution already taking
antibacterials prescribed at other healthcare centers.

The result of a culture of biological material can
also be influenced by incorrect sample collection
from the ulcer. The best specimens for analysis by
culture would be collected from deep tissues free from
contamination or necrosis, since collections from
superficial tissues can reduce the number of pathogens
isolated, resulting in monomicrobial cultures.?*

Finally, limitations at the microbiology laboratory
used should also be considered, since it cannot
perform cultures of obligate anaerobes. Cultures
for facultative anaerobes are primarily ordered in
osteomyelitis cases. For this patient sample, there
were no records of cultures of facultative anaerobes.
Anaerobic bacteria are present in 15% of severe
infections of diabetic foot ulcers."

In this study, the rate of nosocomial ulcer infections
(30.8%) was not a risk factor for death. These infections
may be related to contamination by hospital equipment
or by the medical team’s hands, which could be
colonized and come into direct contact with patients.

In this sample, male patients were the majority
(69.2%) and mean age was over 60 years. Patients
who died (68.3 years, SD 11.4) had a higher mean
age than those who survived (62.4 years, SD 9.9)
(p = 0.034). Advanced age has been identified as a
risk factor for increased hospital mortality among
patients who have major amputations preceded by
lower limb ulcers.’

These patients had a 47.4% rehospitalization rate,
but this elevated rate was not associated with death.
In the majority of cases, the patient returned to the



institution due to infectious complications related to
the amputation stump.?

This study is subject to certain limitations. First,
the lack of data on certain variables is inevitable
and is considered a characteristic of retrospective
studies. The time since ulcer onset, considered an
important factor, was not recorded. Another relevant
factor is the laboratory’s limitations with relation to
performing cultures of anaerobes. Furthermore, many
tissue samples were taken from patients who may
have been taking antibacterials prior to admission.

In conclusion, serum creatinine levels > 1.3 mg/dL
and transfemoral amputation were associated with death
in patients amputated due to infected diabetic feet.
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Fatores de risco para mortalidade em pacientes submetidos a
amputagdes maiores por pé diabético infectado

Risk factors for mortality among patients undergoing major amputations due to
infected diabetic feet

Natalia Anicio Cardoso’, Ligia de Loiola Cisneros?, Carla Jorge Machado?, Ricardo Jayme Procopio,
Tdlio Pinho Navarro®

Resumo

Contexto: A lesdo no pé de pacientes com diabetes € um importante problema de saide puiblica que frequentemente
esta associado a amputagdes em membros inferiores e mortalidade nessa populagio. Objetivos: Investigar os
fatores de risco associados a mortalidade em pacientes com pé diabético infectado submetidos a amputagéo
maior. Métodos: Estudo observacional, retrospectivo e caso-controle. Amostra composta por 78 pacientes com
pé diabético e Ulcera infectada submetidos a amputagao maior em um servigo de cirurgia vascular em um hospital
universitario no periodo de 5 anos. Resultados: A média de idade da amostra estudada foi de 63,8 + 10,5 anos, com
54 (69,2%) pacientes do sexo masculino, com creatinina sérica média de 2,49 + 2,4 mg/dL e hemoglobina sérica média
de 7,36 £ 1,7 g/dL. Houve 47,4% de reinternagéo. Foi realizada amputagao transtibial em 59,0% e transfemoral em
39,7% da amostra estudada. Nesta amostra, 87,2% dos pacientes apresentaram cultura positiva, predominantemente
monomicrobiana (67,9%), e 30,8% apresentaram infeccao hospitalar da Ulcera. Os géneros de bactérias mais frequentes
foram Acinetobacter spp. (24,4%), Morganella spp. (24,4%) e Proteus spp. (23,1%). Nenhum género bacteriano foi
identificado como fator de risco para 6bito. O nivel de creatinina > 1,3 mg/dL (OR 17,8; IC 2,1-150) e a amputagdo
transfemoral (OR 4,5; IC: 1,3-15,7) foram fatores de risco para o obito. Conclusées: Os niveis séricos de creatinina
> 1,3 mg/dL e amputagao transfemoral foram fatores de risco para ébito.

Palavras-chave: pé diabético; Ulcera do pé; infeccao; mortalidade.

Abstract

Background: Foort ulcers in patients with diabetes are a major public health problem and are often associated with
lower limbs amputation and mortality in this population. Objectives: To investigate the risk factors associated with
mortality in patients with infected diabetic foot ulcers and major lower limb amputations. Methods: This was an
observational, retrospective, case-control study with a sample of 78 patients with infected diabetic foot ulcers who
had major lower limb amputations at a Vascular Surgery Service at a university hospital. Results: The mean age
of the study sample was 63.8 + 10.5 years, 54 (69.2%) were male, mean serum creatinine was 2.49 + 2.4 mg/dL and
mean serum hemoglobin was 7.36 + 1.7 g/dL. There was a 47.4% rate of readmissions to the same hospital. Transtibial
amputation was performed in 59.0%; and transfemoral amputation in 39.7% of the sample. In this sample, 87.2%
had a positive culture, predominantly (68.0%) monomicrobial and nosocomial infection of ulcers was observed in
30.8%. The most common bacterial genera were Acinetobacter spp. (24.4%), Morganella spp. (24.4%) and Proteus spp.
(23.1%). No bacterial genus was identified as a predictor of death. Creatinine level > 1.3 mg/dL (OR 17.8; IC 2.1-150)
and transfemoral amputation (OR 4.5; IC: 1.3-15.7) were associated with death. Conclusions: Serum creatinine levels
> 1.3 mg/dL and transfemoral amputation were risk factors for death.

Keywords: diabetic foot; foot ulcer; infection; mortality.
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INTRODUGAO

O pé diabético ¢ um importante problema de satide
publica!, pois € a principal causa de internag¢do?® e de
gastos hospitalares' de pacientes com diabetes mellitus.

A taxa de mortalidade em pacientes diabéticos ¢
alta, com 5 milhoes de mortes decorrentes ao diabetes
registrado em 2015°. Pacientes diabéticos com tlceras
nos pés apresentam uma taxa de mortalidade duas
vezes maior quando comparada com a de pacientes
diabéticos sem ulceras nos pés*.

Pacientes diabéticos que foram submetidos a
amputacdo maior do membro inferior apresentam
baixas taxas de sobrevida’. Cerca de 10% dos
pacientes que amputam o membro inferior morrem
no periodo perioperatorio. No primeiro ano apds a
realiza¢@o da amputagdo, 30% dos pacientes evoluem
a dbito; no terceiro ano, esse percentual sobe para
50%; e no quinto ano, sdo 70%?°. Essa porcentagem
pode aumentar em paises em desenvolvimento, pois
os pacientes tendem a procurar assisténcia médica
quando a infec¢do da tulcera esta avancada, o que
aumenta o risco de amputagao e dbito>.

O paciente diabético pode apresentar varias
comorbidades graves, como idade avangada, doenca
cardiaca, doenga coronariana, doenca cerebrovascular,
insuficiéncia renal ¢ insuficiéncia respiratoria.
Além dessas, o paciente com pé diabético pode
apresentar neuropatia, deformidades, isquemia e
infecgdo da ulcera’. A infeccdo da tlcera pode se
associar a mortalidade e a altas taxas de amputag@o
ndo traumatica dos membros inferiores®.

Segundo a Infectious Diseases Society of America’®,
ainfeccao daulcera pode ser classificada como leve,
moderada e grave. A infecc@o € considerada leve quando
ndo ha comprometimento de estruturas teciduais, como
musculo, tendao, 0sso ou articulagdo. A classificagao
moderada ¢ atribuida quando hd comprometimento
dessas estruturas teciduais com risco de amputagao
do membro inferior. A infecg@o ¢ considerada grave
quando, além do comprometimento das estruturas
teciduais, existe a associagdo de sepse generalizada
as alteragdes hemodinamicas e metabolicas graves,
com risco de levar o paciente a obito””.

Classificar a gravidade da infec¢do da tllcera permite
determinar o tratamento adequado para o paciente,
que pode ser medicamentoso (antibioticoterapia)
e/ou cirargico. O tratamento imediato e adequado
da infec¢do pode diminuir seu efeito destrutivo e
controlar o foco séptico'’.

Infecgdes consideradas superficiais e agudas
sdo normalmente monomicrobianas!! e causadas
por bactérias aerdbias cocos Gram-positivas!!-4;
¢ infecgdes consideradas profundas, cronicas ou

Natélia Anicio Cardoso, Ligia de Loiola Cisneros et al.

complicadas apresentam predominio de bactérias
Gram-negativas®!“,

As infecgdes das ulceras em pés diabéticos sdo
principalmente polimicrobianas, ou seja, ha presenga de
mais de uma espécie bacteriana. Bactérias Gram-positivas,
Gram-negativas, aerdbias e/ou anaerobias podem
ser isoladas®. Infecgdes polimicrobianas podem
dificultar a cicatrizagdo da ullcera devido a fatores de
viruléncia que sio secretados pelas diferentes espécies
de bactérias presentes na infecgdo e, por conseguinte
podem levar a amputagao e 6bito'2. Além disso, uma
nova infecc¢ao da ulcera também pode causar atraso
na cicatrizagdo cirargica e piora no prognéstico do
paciente!'s.

Este estudo visou investigar os fatores de risco
associados a mortalidade em pacientes com pé
diabético infectado submetidos a amputag¢ao maior.

METODO

Este estudo foi aprovado pelo Comité de Etica em
Pesquisa da Universidade Federal de Minas Gerais
(CAAE: 33623414.6.0000.5149) e autorizado pelo
Nucleo de Ensino, Pesquisa e Extensao do hospital
em que o estudo foi realizado.

Trata-se de um estudo observacional, retrospectivo
e caso-controle realizado em uma amostra composta
por 78 pacientes com pé diabético e lesdo ulcerada com
infecgdo. Os pacientes foram submetidos a amputagao
maior (por¢ao acima do tornozelo) no Servigo de
Cirurgia Vascular do Hospital Risoleta Tolentino
Neves, um hospital universitario terceirizado, em
Belo Horizonte (MG), Brasil, no periodo de janeiro
de 2007 a dezembro de 2012. Todos os pacientes
possuiam cultura bacteriologica de tecido profundo.
Nao foram incluidos no estudo os pacientes que
realizaram coleta do material biologico com swab.

Toda lesdo aberta no pé dos pacientes com diabetes
foi considerada tlcera. As lesoes ulceradas analisadas
foram todas profundas, graduadas como > 3 segundo
a Classificacao de Wagner, o que corresponde a tlcera
profunda com formacao de abscesso ou envolvimento
0sseo, com gangrena localizada ou com gangrena
extensa.

Néo foram realizados testes especificos para
neuropatia, mas todos os pacientes dessa amostra
apresentavam sintomas e sinais proprios da neuropatia
diabética e das lesdes tipicas do pé diabético (em area
com disfun¢do sensorial ¢ hiperpressdo mecanica).
A avaliagdo vascular realizada pela equipe médica
foi feita por palpagdo de pulsos distais e medida do
indice tornozelo-braquial realizadas com o Doppler
ultrassonico, contudo, essa medida nao foi avaliada
neste estudo.
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Nas culturas em que nao houve crescimento
de bactérias, a amostra foi considerada negativa.
As culturas em que houve crescimento de duas ou
mais bactérias foram consideradas polimicrobianas.
Foi considerado como infec¢do hospitalar da ulcera
o isolamento de diferentes géneros bacterianos em
culturas de tecidos profundos realizadas em momentos
distintos de uma mesma internagdo'’.

Foram coletadas as seguintes variaveis apds o acesso
ao prontuario eletrdnico dos pacientes: idade, sexo,
cirurgias realizadas, evolucdo para o 6bito, resultados
de hemoglobina e creatinina séricas e resultados das
culturas bacteriologicas (géneros bacterianos).

O grupo-caso foi composto por pacientes submetidos
a amputagdo maior que morreram; € 0 grupo-controle
foi composto por pacientes submetidos a amputacao
maior que ndo morreram.

Para analise estatistica, foi usado o programa
Stata/SE 12.0 for Mac. Varidveis continuas foram
expressas em média e desvio padrao e foram analisadas
usando test t de Student; as varidveis categoricas foram
analisadas usando o qui-quadrado de Pearson ou teste
de Fisher (se o numero esperado de casos em uma
categoria fosse inferior a 5). Os fatores de risco para
obito apds amputag¢ao maior foram determinados por
meio de andlises de regressao logistica. Os valores
que foram estatisticamente significativos no teste de
Wald (analise univariada) foram incluidos em um
modelo multivariado, e 0 modelo final foi obtido por
delegdo sequencial de varidveis com base nos testes
de Wald e Hosmer e Lemeshow. Todos os modelos
foram apresentados. A significancia estatistica para

a selecdo do modelo final foi aferida pelo teste de
Hosmer e Lemeshow (p < 0,05).

RESULTADOS

Na Tabela 1, estdo apresentados os dados das
variaveis estudadas dos 78 pacientes do estudo
caso-controle referentes a amostra total e separados
por grupo, além da comparagao entre eles.

A média de idade dos participantes foi de 63,8 anos
(DP10,5), e 54 (69,2%) deles eram do sexo masculino.
Pacientes submetidos a amputacdo maior que
evoluiram para dbito apresentaram maior nivel médio
de creatinina sérica — 3,65 mg/dL [Desvio padrao
(DP) 2,6] — e menor nivel médio de hemoglobina
sérica — 6,48 g/dL (DP 1,7) — quando comparados
a pacientes submetidos a amputagdo maior que ndo
morreram. Aproximadamente 53% dos pacientes foram
internados apenas uma vez, enquanto 37 pacientes
(47,4%) tiveram de ser internados mais de uma vez.
A amputagdo transtibial foi realizada em 59,0% dos
pacientes, ¢ aamputagao transfemoral foi realizada em
39,7%. Embora a maior parte dos pacientes (59,0%)
tenha sido submetida a amputacdo transtibial, foi a
amputacao transfemoral (61,1%) que se associou ao
obito (p =0,010).

Dos 78 pacientes, 68 (87,2%) tiveram culturas
positivas, e 12,8% tiveram culturas negativas. Durante
o periodo de internacdo considerado, 42 pacientes
(53,9%) realizaram apenas uma cultura bacteriologica
de tecido profundo, 21 (26,9%) realizaram duas culturas,
e 15 (19,2%) realizaram mais de duas culturas. Entre os
68 pacientes com culturas positivas, 67,9% apresentaram

Tabela 1. Comparagéo entre os grupos de pacientes das diferentes variaveis estudadas.

Amputagiao maior Amputagiao maior e

Total . s aps
(n=78) e obito nao obito p
(n=18) (n =60)
Idade, média (DP) 63,8 (10,5) 68,3 (11,4) 62,4 (9,9) 0,034*
Sexo masculino n (%) 54 (69,2) 11(61,1) 43(71,7) 0,395
Maior nivel de creatinina sérica, média (DP) 2,49 (2,4) 3,65 (2,6) 2,14 (2,3) 0,019*
Menor nivel de hemoglobina sérica, média (DP) 7,36 (1,7) 6,48 (1,7) 7,61(1,6) 0,011*
Numero de culturas realizadas por paciente n (%) 0,999
1 cultura 42 (53,9) 10 (55,6) 32(53.3)
2 culturas 21(269) 5(27,8) 16 (26,7)
> 2 culturas 15(19,2) 3(16,7) 12 (20,0)
Numero de pacientes com culturas positivas n (%) 68 (87,2) 17 (94,4) 51(85,0) 0,438
Numero de pacientes com cultura polimicrobiana n (%) 25(32,1) 6(333) 19 (31,7) 0,894
Ndmero de pacientes com infecgao hospitalar da tlcera n (%) 24 (30,8) 4(22,2) 20 (33,3) 0,561
Ndmero de pacientes com reinternagao n (%) 37 (47,4) 8 (44,4) 29 (48,3) 0,772
Nimero de amputagdo maior n (%) 0,010*
Transtibial 46 (59,0) 6(333) 40 (66,7)
Transfemoral 31(39,7) 11(61,1) 20 (33,3)
Desarticulagao coxofemoral 1(1,3) 1(5,6) 0(0,0)

*p < 0,05; DP = desvio padrao.
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o crescimento de apenas um microrganismo, enquanto
32,1% apresentaram o crescimento de dois ou mais
microrganismos. A infec¢do hospitalar da tlcera foi
registrada em 24 pacientes (30,8%).

Na Tabela 2, estdo descritos os géneros de
bactérias isolados nas culturas bacteriologicas de
tecido profundo dessa amostra. As bactérias mais
frequentes isoladas nas amostras dos pacientes que
realizaram amputac¢ao maior e evoluiram para 6bito

Natélia Anicio Cardoso, Ligia de Loiola Cisneros et al.

foram Acinetobacter spp. (33,3%), Morganella spp.
(33,3%) e Proteus spp. (27,8%).

Na Tabela 3, estdo apresentados os resultados da
analise univariada, demonstrando a significancia para as
variaveis: idade, niveis de creatinina> 1,3 mg/dL, niveis
de hemoglobina < 11 g/dL, amputacao transfemoral.

Na Tabela 4, estdo apresentados os resultados
obtidos com a analise multivariada, indicando os
fatores associados ao obito nesta amostra.

Tabela 2. Comparagdo entre os grupos de pacientes quanto aos géneros de bactérias isoladas em culturas bacteriologicas de

tecido profundo.

Total Amputagdo maior e 6bito Amputagdo maior e nao 6bito p
(n=178) (n=18) (n =60)
Géneros Gram-positivos
Enterococcus spp. n (%) 15(19,2) 3(16,7) 12 (20,0) 0,999
Staphylococcus spp. n (%) 8(10,3) 2(11,1) 6(10,0) 0,999
Streptococcus spp. n (%) 4(5,1) 1(5,6) 3(5,0) 0,999
Géneros Gram-negativos
Acinetobacter spp. n (%) 19 (24,4) 6(333) 13(21,7) 0,312
Citrobacter spp. n (%) 4(5,1) 1(5,6) 3(5,0) 0,999
Escherichia spp. n (%) 9(11,5) 2(11,1) 7(11,7) 0,999
Enterobacter spp. n (%) 9(11,5) 2(11,1) 7(11,7) 0,999
Klebsiella spp. n (%) 6(7,7) 0(0,0) 6(10,0) 0,327
Morganella spp. n (%) 19 (24,4) 6(333) 13(21,7) 0,312
Proteus spp. n (%) 18 (23,1) 5(27,8) 13 (21,7) 0,589
Pseudomonas spp. n (%) 13(16,7) 2(11,1) 11(18,3) 0,721
Serratia spp. n (%) 4(51) 1(5,6) 3(5,0) 0,999
Stenotrophomonas spp. n (%) 1(1,3) 0(0,0) 1(1,7) 0,999
As frequéncias foram calculadas com base na amostra total de 78 pacientes.
Tabela 3. Andlise univariada das 23 variaveis clinicas, laboratoriais e bacteriologicas dos pacientes.
Odds ratio Intervalo de confianca de 95% P
Idade, por ano 1,06 1,00-1,12 0,040*
Género, masculino 1,60 0,53-4,84 0,397
Creatinina = 1,3 mg/DI 15,9 1,99-127,2 0,009*
Hemoglobina < 11 g/dL 0,63 0,43-0,92 0,015*
Culturas positivas 3,00 0,35-25,44 0,314
Cultura polimicrobiana 1,08 0,35-3,31 0,894
Taxa de infecgdo hospitalar da Ulcera 0,57 0,17-1,96 0,374
Reinternagao 0,86 0,29-2,46 0,772
Amputagéo transfemoral 3,67 1,18-11,35 0,024*
Acinetobacter spp. 1,80 0,57-5,75 0,316
Citrobacter spp. 1,12 0,11-11,45 0,925
Escherichia spp. 0,95 0,18-5,02 0,948
Enterococcus spp. 0,80 0,20-3,22 0,753
Enterobacter spp. 0,95 0,18-5,02 0,948
Klebsiella spp.t - - -
Morganella spp. 1,81 0,57-5,75 0,316
Proteus spp. 1,39 0,42-4,62 0,590
Pseudomonas spp. 0,56 0,11-2,78 0,476
Staphylococcus spp. 1,13 0,21-6,13 0,892
Serratia spp. 1,12 0,11-11,45 0,925
Stenotrophomonas spp. ---
Streptococcus spp. 1,12 0,11-11,45 0,925

*p < 0,05; “para Klebisiella spp e Stenotrophomonas spp nao houve ébitos.
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Fatores de risco para mortalidade em pé diabético

Tabela 4. Anélise multivariada das variaveis associadas ao ébito
dos pacientes.

Intervalo de

Odds ratio confianca de 95% P
Creatinina 17,8 2,1-149,5 0,008
> 1,3 mg/dL
Amputagao 4,5 1,3-15,7 0,016
transfemoral
DISCUSSAO

Neste estudo, foram investigados os fatores de
risco associados a mortalidade em pacientes com pé
diabético infectado submetidos a amputagdo maior.
O nivel de creatinina sérica igual ou maiora 1,3 mg/dL
foi considerado fator de risco para 6bito, assim como
a amputacdo transfemoral.

Neste estudo, pacientes cujo nivel de creatinina
sérica foi igual ou superior a 1,3 mg/dL tiveram risco
de obito de quase 17,8 vezes em relagdo aqueles com
nivel de creatinina abaixo desse valor. Pacientes
diabéticos com nefropatia desenvolvem ulcera nos
pés na proporg¢ao duas vezes maior comparada com
os demais diabéticos. Em pacientes com nefropatia
diabética, a presenca de tilcera nos pés € considerada
uma das principais causas de morbidade. Esses
pacientes possuem risco de amputagdo aumentado de
6,5 a 10 vezes, uma vez que o tempo de cicatrizagdo
da tlcera é prolongado com o aumento da creatinina
sérica. Além disso, a mortalidade estd associada a
gravidade da nefropatia diabética'®2°,

Dos 39,7% pacientes que realizaram amputacao
transfemoral, 61,1% evoluiram para o6bito. Esses
pacientes apresentaram risco de obito de 4,5 vezes
em relagdo aqueles que se submeteram a outros
niveis de amputagdes. O paciente diabético tem risco
15 a 40 vezes maior de se submeter a amputagao que
o individuo ndo diabético. Pacientes que realizaram
amputagdes transfemoral manifestam doengas sistémicas
graves, como insuficiéncia cardiaca, doenca arterial
coronariana, doenga cerebrovascular, insuficiéncia
renal e doenga pulmonar obstrutiva cronica, entre
outras. Dessa forma, cursam com alta mortalidade?'.

O género bacteriano isolado em tulceras infectadas
em p¢é diabético nao foi fator de risco associado a
mortalidade. Os géneros bacterianos Acinetobacter spp.
(33,3%), Morganella spp. (33,3%) e Proteus spp.
(27,8%), pertencentes ao grupo de bactérias
Gram-negativas, foram os mais isolados nas culturas
dos pacientes submetidos a amputagcdo maior que
evoluiram para 6bito.

Em um trabalho realizado no Hospital Central
da Santa Casa de Sdo Paulo, também se observou o
isolamento de bactérias Gram-negativas, com 66%
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das culturas das ulceras profundas (Classificagdao
de Wagner > 3) dos pacientes isolando bactérias
Gram-negativas®.

Na amostra estudada, 12,8% dos pacientes tiveram
o resultado de cultura de tecido profundo negativo,
ou seja, ndo houve isolamento de bactérias. Deve-se
ressaltar que muitos dos pacientes estudados podem
ter recebido tratamento prévio com antibacteriano em
outras unidades de saude, e o uso de antibacteriano
antes da coleta do material bioldgico pode resultar em
uma cultura negativa, mascarando o real resultado®.

Culturas polimicrobianas podem estar presentes em
infec¢des de tlceras profundas em pacientes com pé
diabético'’. O paciente com infecgéo polimicrobiana
apresenta processo de cicatrizagdo da tilcera mais
prolongado devido a presenca de diversos fatores
de viruléncia secretados pelas diferentes espécies
de bactérias presentes na infec¢@o'?. Neste estudo,
ndo houve predominio de cultura polimicrobiana
(32,1%), e essa variavel nao foi considerada como
fator de risco para o6bito.

Alguns fatores podem contribuir para a obtenc¢do
de culturas monomicrobianas. Pacientes com ulceras
recentes, ou seja, com pouco tempo de evolugdo,
apresentam isolamento monomicrobiano®. Como
se trata de um estudo retrospectivo, ndo foi possivel
afirmar o tempo de evolugdo da tilcera dos pacientes,
pois o dado nao foi encontrado em seus prontuarios
eletronicos.

O uso de antibacteriano pelos pacientes antes da
coleta da amostra também pode levar ao isolamento
de apenas bactérias resistentes ao antibacteriano, pois
bactérias que forem sensiveis ao tratamento prévio
serdo eliminadas®. Muitos desses pacientes estudados
foram admitidos na institui¢@o ja usando antibacteriano
prescrito em unidades de satude anteriores.

O resultado da cultura do material biologico
pode ser influenciado caso seja realizada uma coleta
inadequada na tlcera. A coleta mais adequada para
analise de cultura seria de tecidos profundos livres
de contaminacgdo ou de necrose, visto que coletas
de tecidos superficiais podem reduzir o numero de
patogenos isolados, resultando na obtencao de culturas
monomicrobianas®.

Por fim, deve ser considerada a limitagao do
laboratério de microbiologia que ndo realiza culturas
para anaerdbios estritos. As culturas para anaerébios
facultativos sdo solicitadas principalmente em casos
de osteomielite. Nesta amostra, ndo foram encontrados
registros de culturas de anaerébios facultativos.
Bactérias anaerdbias estdo presentes em 15% das
infec¢des graves de tlcera em pé diabéticos!.

Neste estudo, a taxa de infecgao hospitalar da
ulcera (30,8%) ndo foi fator de risco para obito. Essas



infeccdes podem ser associadas a contaminagao por
equipamentos hospitalares ou pelas maos colonizadas
da equipe profissional que tem contato direto com
0 paciente.

Nesta amostra, destacaram-se pacientes do sexo
masculino (69,2%) e com média de idade superior a
60 anos. Pacientes que evoluiram a ébito (68,3 anos,
DP 11,4) tiveram a média de idade maior quando
comparados aos que sobreviveram (62,4 anos, DP 9,9)
(p=0,034). Aidade avangada tem sido considerada um
fator de risco para aumento de mortalidade hospitalar
em pacientes com amputagdo maior precedida por
ulcera nos membros inferiores’.

Os pacientes apresentaram taxa de reinternagao de
47,4%, contudo, essa elevada taxa ndo foi associada a
obito. Na maior parte dos casos, o paciente retorna a
institui¢do em consequéncia da complicagio infecciosa
relacionada ao coto da amputa¢do®.

Este estudo teve algumas limitagdes. Primeiro, a
falta de alguns dados era inevitavel, considerando
isso proprio dos estudos retrospectivos. O tempo de
evolucao da tlcera, considerado um dado importante,
nao foi coletado. Outro fato relevante foi a limitagao
do laboratorio em realizar culturas de anaerobios.
Além disso, muitas coletas de tecidos foram
realizadas em pacientes que poderiam estar em uso
de antibacterianos previamente a internacao.

Em conclusdo, os niveis séricos de creatinina
> 1,3 mg/dL e amputagdo transfemoral se associaram
a Obito em pacientes amputados por pé diabético
com infecgao.
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