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Diabetic hand infections and
hyperbaric oxygen therapy
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Objective: The aim of this study was to discuss the clinical characteristics and results of hand infec-

tions in diabetic patients treated with hyperbaric oxygen therapy (HBOT).

Methods: This retrospective study included 10 patients with diabetes mellitus who underwent HBOT
due to hand infections between January 2006 and February 2011.

Results: Amputation was performed at the level of the right hand index finger proximal interphalan-
geal joint in 1 patient and at the level of the distal phalanx of the left hand middle finger in 1 due to
necrotizing soft tissue infection. Ulcers of 8 patients healed completely without amputation.

Conclusion: The addition of HBOT to the standard treatment may contribute to the healing of hand
ulcers in diabetics by increasing the tissue oxygenation and correcting the process of disturbed wound

healing.
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According to the World Health Organization (WHO),
346 million people have diabetes worldwide and the
number of diabetics is predicted to double between
2005 and 2030.Y Foot ulcers are one of the most im-
portant complications of diabetes and cause high rates of
amputation.l*”) Hand infections in diabetic patients are
observed less frequently than foot infections.

Hand infections related to diabetes have mostly been
reported in studies of African origin.!*®) These ulcers are
usually associated with traumas and progress quickly;
gangrene of the extremity causes increased rates of mor-
bidity and mortality.*) Hand infections are also seen in
the diabetic population outside the tropical regions.!*!

Hand problems such as limited joint mobility, Dupuy-
tren’s contraction and trigger fingers have been reported
in diabetic patients. Such problems related with the
musculoskeletal system in the hands of diabetic patients

could be defined as a syndrome.!'>*?)

Risk factors for diabetic hand infection are insect
bites and trauma. Tropical diabetic hand syndrome is
generally defined by Type 2 diabetes mellitus (DM), fe-
male sex, low socioeconomic level, poor glycemic control,
presence of neuropathy, previous history of trauma, late
admission, severe and deep palmar sepsis, and a high risk

of amputation and mortality.>”#1%)
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In the literature, Staphylococcus aureus is considered
the most common cause of upper extremity necrotizing
fasciitis associated with serious mortality and morbid-
ity

Hyperbaric oxygen therapy (HBOT) is thought to
help wound healing by increasing the amount of oxygen
in the skin and peripheral tissues via 100% oxygen with
more than 1 atm of pressure and also is known to stimu-
late angiogenesis by high tissue oxygen tension, increase
cellular proliferation, minimize necrosis and help in the
prevention and treatment of infections.'>”) Vasocon-
striction is another effect of HBOT that decreases ede-
ma.!"¥ The anti-infectious effect of HBOT on ischemic
and hypoxic tissue is provided by the correction of low
PO2 values. It has a bactericidal effect on anaerobes and
microaerophilic aerobes; and it also repairs microbicide
effects which are provided by oxidative pathways, regu-
lating macrophage functions and covering oxygen con-
sumption at infected tissues.!'”!

Clinical data related to hand lesions of diabetic pa-
tients are limited in our country. Only one case presen-
tation referring to the use of HBOT in diabetic hand

ulcers was found.?”

The aim of this study was to report the clinical char-
acteristics and the results of treatment with HBOT in
patients with diabetic hand infection.

Patients and methods

This retrospective study included 10 patients (8
males, 2 females) with diabetic hand infection treated
with HBOT in addition to the standard methods be-
tween January 2006 and February 2011. Mean age was
54.9+7.43 years with a duration of diabetes of 8.7+6.44
years. Diabetes was diagnosed at admission in 2 cases.
Eight patients had poor glycemic control during admis-
sion despite insulin therapy. Mean HbAlc level was
8.81% (+1.26). Upper extremity neuropathy confirmed
with the monofilament test was detected in 3 patients
and peripheral arterial disease confirmed by arterial
color Doppler ultrasonography (CDU) was detected in
3 patients. Two diabetic subjects were on hemodialysis
due to diabetic nephropathy. Although the most com-
mon cause of diabetic hand infection (5 patients) was
cutting-penetrating injury, minor traumas were respon-
sible in 2 patients. Other etiologic factors were; 1 insect
bite, 1 human bite, and 1 ulcer development secondary
to thromboembolism. Six patients continued to smoke
during treatment. Alcohol addiction was diagnosed in
one patient. Clinical characteristics of the study group
are summarized in Table 1.

Physical examinations were performed during ad-
mission. Biochemical tests were performed by taking
samples for routine blood studies before treatment.
Deep tissue samples were taken from the ulcers for cul-
ture investigation. Daily wound care of all patients were
done. Amputations, small debridements, incisions and
drainage were performed when necessary.

Hyperbaric oxygen therapy was applied in a multi-
place chamber (Hiperbot Model 101; Hiperbot Ltd. Sti,
Istanbul, Turkey). None of the patients had any contra-
indication to HBOT. The starting time of the patient’s
HBOT was an average of 40+29 days after injury. Each
treatment session lasted 120 minutes with 2.4 ATA (at-
mosphere absolute) pressure. Sessions were carried out
once a day and 6 days a week. Informed consent was ob-
tained from all patients.

For statistical analysis, Pearson’s chi-square and Fish-
er’s exact tests were used where appropriate. P values of
less than 0.05 were accepted as statistically significant.
Statistical evaluations were performed using SPSS for

Windows v.13 (SPSS Inc., Chicago, IL, USA) software.

Results

All patients had edema, hyperemia, pain and limitation
of movement in the hands at the initial examination.
Most cases had a purulent discharge. Deep tissue infec-
tion was expanded to the bones and tendons in 5 cases.
There was localized gangrene in the finger of 2 cases and
deep ulcer without bone involvement in three. Accord-
ing to the Wagner classification, 2 of the ulcers were
Wagner Grade 2, 5 were Grade 3 and 3 were Grade 4
ulcers (Table 2).

The main pathogen detected in the deep tissue sam-
ples was Staphylococcus aureus. The second most com-
mon agent, pseudomonas, was considered to be resul-
tant from hospital infections related to previous surgical
interventions.

Six patients received treatment as outpatients and 4
were treated and followed in the hospital due to systemic
infectious findings.

Patients had undergone a total of 5 surgical intet-
ventions. Eight recovered without amputation, minor
amputation was performed in two. In these 2 patients,
gangrene was detected in the right hand index finger in
one of the newly diagnosed DM cases and necrotizing
infection in the deep tissues in the other. The level of
amputation was at the proximal interphalangeal (PIP)
joint of the right hand index finger in one and the distal
phalanx of the left hand middle finger in the other case.

Hyperbaric oxygen therapy was begun an average
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Table 1. Clinical characteristics of the patients.

Minimum Maximum n Mean=SD

Age (years) 43
Duration of diabetes mellitus (years) 0
Duration of the wound (days) 10
HbA1C (mg/100 ml) (on presentation) 6.9
HBOT sessions 13
Duration of follow-up (months) 2
Sex

Male

Female
Type of diabetes mellitus

Type 1 diabetes mellitus

Type 2 diabetes mellitus
Type of diabetes mellitus treatment

Insulin

Oral anti-diabetes drugs
Neuropathy

Yes

No
Nephropathy

Yes

No
Retinopathy

Yes

No
Peripheral arterial disease

Yes

No
Smoking

Yes

No
Alcohol

Yes

No

67 54.90+7.43
20 8.70+6.44
90 40.40+£28.99
10.7 8.81+1.26
60 35.30+14
48 18.80+15.01

HBOT: Hyperbaric oxygen therapy; SD: Standard deviation.

Table 2.  Clinical symptoms of the patients.

Clinical description Wagner Grade Patients
n %
Deep ulcer with no bone involvement 2 2 20
Deep ulcer with bone involvement 3 5 50
Localized hand gangrene 4 3 30
Extensive hand gangrene 5 0 0

of 40£29 days after injury and no statistical signifi-
cance was found between the starting time and prog-
nosis (p=0.231). HBOT was continued until healing
was completed. Total epithelialization of the ulcer area
was accepted as healed, either with surgical or nonsur-

gical secondary closure. Patients underwent an average
of 35.3+14 HBOT sessions. An increased number of
sessions was related with increased Wagner scores of
wounds and delayed admission to medical manage-
ment. None of the patients developed any complication
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related to HBOT during treatments and all ulcers were

healed.

Discussion

While hand infections are a serious complication of dia-
betes, few studies related to diabetic hand ulcers have
been published in the literature. Hand infections are
seen most frequently in tropical countries.*® The ma-
jority of subjects were females in studies conducted in
rural areas of Africa due to their activity in farming and
were, thus, more exposed to traumas whereas males were

more affected in urban areas.!”

As in the literature, the main cause of ulcers in our
study were cutting-penetrating injuries and minor trau-
mas.*”?) In one patient with previously undiagnosed
DM, the etiology was an insect bite (Fig. 1). Cases in
subtropical African countries are also mostly associated
with insect bites, bee stings and human bites.!*”)

The admission rates of healthy individuals for mea-
surement of blood glucose levels are very low in our

country. For this reason, two patients in our study were
not aware of their diabetes before onset of their hand
infection. Diagnoses were made incidentally in exami-
nations performed due to prolonged treatment of the
hand infection and intensive insulin treatment was ini-
tiated. One of the reported poor prognostic factors for
diabetic hand ulcers in the literature is late admission
for treatment.**#1%2!) In Coppini and Best’s study, it was
reported that neuropathy may lead to anesthetic hand
ulcers in diabetics.? In our study, peripheral polyneu-
ropathy was detected with a monofilament test in 3 pa-
tients.

Wang et al.l'"¥ reported recovery rates of 76% and
no amputation was recorded. In this study, 2 patients
(12%) died of respiratory failure and as a result of ure-
mia after discharge and 2 discharged themselves because
of economic difficulties. Gill et al. reported that prompt
amputation was one of the treatment choices in tropical
diabetic hand ulcers.'”) In their 26-patient series, Benot-
mane et al. recorded 23.1% minor amputation as a result
of treatment of upper extremity infections in diabetic

Fig. 1. (a-c) Serial clinical photos throughout hyperbaric oxygen therapy of a 48-year-old man treated for his diabetic
hand ulcer due to insect bites and (d) the final result. The patient worked as an archeologist and was not diag-
nosed with diabetes mellitus previously. [Color figure can be viewed in the online issue, which is available at www.

aott.org.tr]
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patients, 53.8% recovery without an amputation and

19.2% death.?!

Treatment principles in tropical diabetic hand syn-
drome are defined as hospitalization and hand elevation,
intravenous antibiotic treatment and optimal glycemic
control. In our study, hospitalization was required for
minor amputation in 2 patients and intravenous antibi-
otic therapy due to systemic infections in four. Insulin
therapy was initiated for blood sugar control in outpa-
tient follow-up. Antibiotherapy was regulated when
needed. Recovery is much slower in diabetic patients
than non-diabetics and requires more frequent surgical
intervention.

Limited data on the usage of HBOT in the treat-
ment of diabetic hand ulcers has been reported in the
literature.?” The effects of HBOT on impaired wound
healing are due to fibroblastic activity, collagen produc-
tion, release and fibrillation, angiogenesis, epithelializa-
tion, and osteogenesis by activating osteoblastic and os-
teoclastic activities in bone tissue.">'”) The effectiveness
of HBOT in infections occurs in three ways; by bacteri-
cidal or bacteriostatic effects on certain microorganisms,
increasing the effectiveness of some antimicrobial or an-
tibiotic agents, and enhancing host defense mechanisms
(especially microbicide effects of polymorphonuclear
leukocytes).'>) Antimicrobial effects of HBOT on
Staphylococcus aureus and Pseudomonas aeruginosa have
also been detected in in vivo studies. It is also well known
that HBOT enhances activity of antibacterial agents,
particularly quinolones, aminoglycosides, beta-lactam
antibiotics, vancomycin and teicoplanin through various

mechanisms.[19%4%°]

The anti-infection effects of HBOT provide infec-
tion control through the bacteriostatic and bactericidal
effects on certain microorganisms. The antimicrobial
effects of HBOT on Staphylococcus aureus and Pseudo-
monas aeruginosa is well known. In our study, the iso-
lated pathogens in the deep tissue cultures from ulcers
of patients were Pseudomonas aeruginosa as nosocomial
infection and Staphylococcus aureus. Although there
was a resistance against previous several anti-infective
agents, infection regression after adjuvant HBOT can be
explained by the anti-infective effect of HBOT. Syner-
gism with antibacterial agents such as aminoglycosides,
quinolones, beta-lactam antibiotics, vancomycin and
teicoplanin also contributes to the anti-infective effect
of HBOT. Indeed, the most commonly used anti-bac-
tericidal agents in our study were beta-lactam antibiot-
ics and quinolones according to the antibiograms. The
required surgical interventions were planned after the
infection was controlled.

As a result, the anti-infectious effects of HBOT on
ischemic-hypoxic tissue are due to the correction of low
PO, values through the bactericidal effect on anaerobes
and microaerophilic aerobes; the repairing microbicide
effects provided by oxidative pathways; regulating mac-
rophage functions; and increased covering oxygen con-
sumption at infected tissues.!'”)

The limited number of cases in our study was not
sufficient for statistical analysis. Additionally, there are
not enough studies in the literature on the treatment of
diabetic hand ulcers with HBOT. Ulcers were success-
fully treated by glycemic control with insulin treatment,
appropriate antibiotics, wound care and HBOT. In the 2
patients requiring minor amputations, diabetes was only
diagnosed at admission for their hand lesions.

In conclusion, the addition of HBOT to standard
therapies is a safe method for the treatment of hand in-
fections in diabetic patients due to its anti-infective ef-
fects. Controlled studies with larger series are required
for further analysis.

Acknowledgement: The authors of this study would
like to thank Dr. Timur KOSE for the statistical analy-

S1S.

Conflicts of Interest: No conflicts declared.

References

1. World Health Organization: Diabetes Factsheet No: 312.
[cited 2011 January 23]. Available from: http://www.who.
int/mediacentre/factsheets/fs312/en/index.html.

2. Jeffcoate W], Harding KG. Diabetic foot ulcers. Lancet
2003;361:1545-51. CrossRet

3. Lavery LA, van Houtum WH, Armstrong DG, Harkless
LB, Ashry HR, Walker SC. Mortality following lower ex-
tremity amputation in minorities with diabetes mellitus.
Diabetes Res Clin Pract 1997;37:41-7. CrossRef

4, Unachukwu C, Babatunde S, Ihekwaba AE. Diabetes,
hand and/or foot ulcers: a cross-sectional hospital-based
study in Port Harcourt, Nigeria. Diabetes Res Clin Pract
2007;75:148-52. CrossRef

5. Gill G, Archibald L, Abbas ZG. Diabetic hand infections
in the tropics. Pract Diab Int 2003;20:275. crosskef

6. Al-Matubsi HY, Hamdan E Alhanbali OA, Oriquat GA,
Salim M. Diabetic hand syndromes as a clinical and di-
agnostic tool for diabetes mellitus patients. Diabetes Res
Clin Pract 2011;94:225-9. CrossRef

7. Abbas ZG, Lutale J, Gill GV, Archibald LK. Tropical
diabetic hand syndrome: risk factors in an adult diabetes
population. Int J Infect Dis 2001;5:19-23. crossret

8. Gill GV, Famuyiwa OO, Rolfe M, Archibald LK. Tropical
diabetic hand syndrome. Lancet 1998;351:113-4. crosskef

9. Houshian S, Seyedipour S, Wedderkopp N. Epide-


http://dx.doi.org/10.1016/S0140-6736(03)13169-8
http://dx.doi.org/10.1016/S0168-8227(97)00058-2
http://dx.doi.org/10.1016/j.diabres.2006.05.016
http://dx.doi.org/10.1002/pdi.530
http://dx.doi.org/10.1016/j.diabres.2011.07.012
http://dx.doi.org/10.1016/S1201-9712(01)90043-8
http://dx.doi.org/10.1016/S0140-6736(05)78146-0

654

Acta Orthop Traumatol Turc

10.

11.

12.

13.

14.

15.

16.

17.

18.

miology of bacterial hand infections. Int ] Infect Dis
2006;10(4):315-9. Crosskef

Gill GV, Famuyiwa OO, Rolfe M, Archibald LK. Seri-
ous hand sepsis and diabetes mellitus: specific tropi-
cal syndrome with western counterparts. Diabet Med
1998;15:858-62. CrossRef

Wang C, Lv L, Wen X, Chen D, Cen S, Huang H, et al.
A clinical analysis of diabetic patients with hand ulcer in a
diabetic foot centre. Diabet Med 2010;27:848-51. Crosskef
Fitzgibbons PG, Weiss AP. Hand manifestations of diabe-
tes mellitus. ] Hand Surg Am 2008;33:771-5. Crosskef
Papanas N, Maltezos E. The diabetic hand: a forgotten
complication? ] Diabetes Complications 2010;24:154-62.
Cheng NC, Su YM, Kuo YS, Tai HC, Tang YB. Factors
affecting the mortality of necrotizing fasciitis involving the
upper extremities. Surg Today 2008;38:1108-13. crosskef
Kindwall EP. Hyperbaric medicine practice. North Palm
Beach, FL: Best Publishing Company; 1995. p. 142-72.
Londahl M, Katzman P, Nilsson A, Hammarlund C.
Hyperbaric oxygen therapy facilitates healing of chron-
ic foot ulcers in patients with diabetes. Diabetes Care
2010;33:998-1003. Crossket

Cianci P. Advances in the treatment of the diabetic foot:
Is there a role for adjunctive hyperbaric oxygen therapy?
Wound Repair Regen 2004;12:2-10. Crosskef
Niinikoski JH. Clinical hyperbaric oxygen therapy, wound

19.

20.

21.

22,

23.

24,

25.

perfusion, and transcutaneous oximetry. World J Surg
2004;28:307-11. CrossRef

Cimsit M. Hyperbaric medicine theory and application.
[Book in Turkish] Istanbul: Eflatun Yayinevi; 2009. p. 35-
58.

Mutluoglu M, Uzun G, Yildiz S. Hyperbaric oxygen
therapy in the treatment of diabetic foot ulcers--prudent
or problematic: a case report. Ostomy Wound Manage
2010;56:32-5.

Abbas ZG, Gill GV, Archibald LK. The epidemiology of
diabetic limb sepsis: an African perspective. Diabet Med
2002;19:895-9. Crosskef

Coppini DV, Best C. A case of hand ulceration in the dia-
betic foot clinic--a reminder of hand neuropathy in ‘at risk’
patients. Diabet Med 2000;17:682-3. crossref

Benotmane A, Faraoun K, Mohammedi F, Benkhelifa T,
Amani ME. Infections of the upper extremity in hospi-
talized diabetic patients: A prospective study. Diabetes
Metab 2004;30:91-7. CrossRef

Kaya A, Aydin F, Altay T, Karapinar L, Ozturk H, Kara-
kuzu C. Can major amputation rates be decreased in dia-
betic foot ulcers with hyperbaric oxygen therapy? Int Or-
thop 2009;33:441-6. Crossket

Huang KC, Tsai YH, Hsu RW. Hyperbaric oxygen thera-
py facilitates surgery on complex open elbow injuries: pre-

liminary results. ] Shoulder Elbow Surg 2007;16:454-60.


http://dx.doi.org/10.1016/j.ijid.2005.06.009
http://dx.doi.org/10.1002/(SICI)1096-9136(199810)15:10<858::AID-DIA698>3.3.CO;2-Q
http://dx.doi.org/10.1111/j.1464-5491.2010.03012.x
http://dx.doi.org/10.1016/j.jhsa.2008.01.038
http://dx.doi.org/10.1016/j.jdiacomp.2008.12.009
http://dx.doi.org/10.1007/s00595-008-3799-2
http://dx.doi.org/10.2337/dc09-1754
http://dx.doi.org/10.1111/j.1067-1927.2004.012104.x
http://dx.doi.org/10.1007/s00268-003-7401-1
http://dx.doi.org/10.1046/j.1464-5491.2002.00825.x
http://dx.doi.org/10.1046/j.1464-5491.2000.00340.x
http://dx.doi.org/10.1016/S1262-3636(07)70094-0
http://dx.doi.org/10.1007/s00264-008-0623-y
http://dx.doi.org/10.1016/j.jse.2006.10.011

