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Abstract

Background: The aim of this study was to identify the risk factors associated with the development of early complications in patients 
with hand infections. A secondary objective was to describe the bacteriology and resistance profile in our study population.

Methods: This retrospective observational descriptive study was performed at a regional referral centre in South Africa. All primary 
hand infection cases treated over a period of one year were reviewed. Children under 18 years, cases with incomplete primary outcome 
data and post-operative infections were excluded. Clinical and demographic data was extracted from clinical records. Amputation, 
re-debridement and tissue loss requiring skin grafting were regarded as early complications. Bacteriological analysis comprised 
identification of causative organisms as well as evaluation of their resistance profiles. Risk factors that were found to be significant for 
development of early complications were entered into a multivariate regression analysis. 

Results: After inclusion and exclusion criteria were applied, 78 patients were deemed eligible for inclusion to the study. The patient-
associated risk factors that were found to be associated with the development of early complications after univariate analysis were 
increasing age and poorly controlled diabetes mellitus. Human bites and polymicrobial infections were the only aetiological factors 
that were identified to be significant on a univariate level. Initial presentation to a private sector general practitioner (GP) was the only 
management factor to reach significance on univariate analysis. Human immunodeficiency virus (HIV) infection, CD4 count, viral load 
and duration of ARV treatment were not found to be significantly associated with the development of early infections. On multivariate 
logistic regression analysis, poorly controlled diabetes mellitus, human bites and first presentation to a private GP were the only risk 
factors that remained significant for the development of early complications. The culture yield was 68%. Staphylococcus aureus 
(S. aureus) was the most frequently isolated organism (37%), followed by polymicrobial infections (10%). S. aureus encountered in 
our study population remained mostly sensitive to cloxacillin; however, high levels of resistance (50%) to ampicillin were observed. 
Klebsiella sp. and Acinetobacter sp. were the most frequently observed Gram-negative organisms.

Conclusion: After multivariate regression analysis, hand infections in poorly controlled diabetic patients, infections occurring after 
human bites as well as those affected by polymicrobial infections were identified as independent risk factors for development of early 
complications in patients with hand infections. HIV infection was not found to be a significant risk factor. Our bacteriological profile is 
in keeping with trends demonstrated in the literature where S. aureus infections seem to be declining in frequency while polymicrobial 
infections seem to be encountered more frequently.

Level of evidence: Level 4
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Introduction

Acute hand infections are common and despite the advances in 
antibiotic therapy and surgical interventions, remain a challenging 
clinical entity to treat.1 Hand infections can be associated with 
significant morbidity and may result in marked permanent physical 
impairment, especially if appropriate management is not initiated 
timeously.1-3 A multitude of factors have been suggested to 
influence the development, bacteriology and outcomes of hand 
infections.

Predisposing factors for the development of hand infections 
that have been identified include intravenous drug use, diabetes 
mellitus, steroid use and other immune-compromising conditions.4 
Attempts have been made to study the association between human 
immunodeficiency virus (HIV) and hand infections, but these studies 
either had small numbers of HIV-positive patients or CD4 counts 
were not routinely performed or available.2,5-7 Diabetes mellitus 
has been shown to predispose to the development of infectious 
conditions and has also been associated with poor outcomes in 
infections of the hand.8 Other factors that have been suggested 
to alter the course and outcome of hand infections include the 
employment status; nature of occupation; the aetiology, nature and 
site of infection; metabolic and nutritional status; as well as the age 
and sex of patients.2,9 The variability of reported factors suggests 
that multiple factors may be interacting in individual patients; 
however, multivariate analyses seem to indicate shortcomings in 
many of the reported studies including the most frequently cited 
publications.10

Intravenous antibiotic therapy is an important component of early 
management and initially this takes the form of generic treatment 
based on the most likely causative organisms. Historically 
Staphylococcus aureus (S. aureus) was the most commonly 
isolated organism, but more recent literature suggests that this 
trend may be changing.11 Furthermore, the bacteriology may also 
vary in different patients with different risk factors. Therefore, 
knowledge of local microorganism and antibiotic resistance profiles 
may be useful in determining an optimal initial antibiotic strategy.

The aim of this study was to identify the risk factors associated 
with the development of early complications in patients with hand 
infections. A secondary objective was to describe the bacteriology 
and resistance profile in our study population.

Methods

This retrospective observational study was performed in a regional 
hospital which is a referral centre for 15 district level hospitals in 
a predominantly rural and semi-rural area of KwaZulu-Natal. All 
patients treated for primary hand infections between July 2016 and 
July 2017 were deemed eligible for inclusion in the study. Patients 
younger than 18 years, cases with incomplete primary outcome 
data and cases involving post-operative infections were excluded. 
Patients who presented initially with clean traumatic hand wounds 
or fractures requiring open reduction and internal fixation, tendon 
repair, nerve repair, external splinting in the form of plaster cast or 
external fixator, who subsequently developed hand infections were 
also excluded. 

Data relating to the following demographic and clinical variables 
were extracted from clinical records: age, sex, hand dominance, 
diabetic and HIV status, HbA1c levels in diabetic patients, CD4 
counts and viral load in HIV-positive patients, source of infection, 
onset and presentation, occupation, surgical procedures performed 
and duration of hospital stay. Pus swabs were analysed to identify 
the causative organism and to determine patterns of sensitivity to 
antibiotics. The need for re-operation, amputation and need for 
skin grafting due to tissue loss were regarded as complications. 

The standard management protocol included facilitation of 
prompt transfer for patients with suspected hand infections 
from referring hospitals. HIV ELISA testing was performed on 
all patients unless the patient was known to be HIV-positive and 
already on anti-retroviral (ARV) treatment. CD4 count and HIV 
viral load was performed on all HIV-positive patients and HbA1c 
level on all diabetic patients. Pus swabs were taken in theatre 
for microscopy, culture and sensitivity (MCS) testing. Empiric 
antibiotic administration included intravenous (IV) cloxacillin 1 g 
8 hourly (or second-generation cephalosporin if cloxacillin was 
not available) for all patients. Gentamycin 240 mg IV daily and 
metronidazole 500 mg IV 8 hourly were added for HIV-positive and 
diabetic patients. Empiric intravenous antibiotics were commenced 
on admission and continued until the culture and sensitivity results 
became available, and then culture-directed antibiotic therapy was 
instituted. Daily paraffin gauze or absorbent dressings were done 
throughout admission. Patients were discharged on oral antibiotics 
once the drainage had sufficiently decreased and further surgical 
intervention in the form of re-debridement, amputation or skin 
grafting was deemed unlikely. Patients were referred to occupational 
therapists for rehabilitation once pain and wound drainage allowed. 
Daily dressings and rehabilitation continued on an outpatient basis 
at our institution, or at the referral hospital. 

Statistical analysis was performed using Stata 15.0 (StataCorp. 
College Station, Texas). Continuous variables were reported as 
mean (± standard deviation [SD]) or median (with interquartile range 
[IQR]) and categorical variables as numbers and percentages, 
unless otherwise stated. Differences in continuous variables were 
compared with the use of the Mann-Whitney test. Categorical data 
was compared using the Fisher’s exact test (if any cell count was 
below 5) or the chi-squared test (if no cell count below 5). All tests 
were two-sided and the level of significance was set at p<0.05. 
In addition, reverse stepwise logistic regression analysis was 
performed and factors that were significantly associated with early 
complications were then used in the multivariate regression model. 

Results

A total of 105 cases of primary hand infection cases were identified 
over the study period. Two cases with incomplete primary outcome 
data and 25 cases involving patients under the age of 18 years were 
excluded from the study. Therefore, 78 cases were included in the 
analysis. The demographic information of the study population is 
summarised in Table I. The median age of patients was 38.8±15.6 
years (range 18–90 years) of which 44 (56%) were males. The 
majority of patients (60%) were unemployed and 22% were manual 
labourers. Sixty-eight patients (91%) were right-handed and the 
dominant hand was affected in 54% of all patients. In terms of the 
aetiology, 39 (50%) of hand infections developed spontaneously, 
23 (30%) following penetrating injuries and seven (9%) as the result 
of human bites.

Risk factors for early complications

Thirty per cent of patients developed early complications with 
14 (18%) cases requiring re-debridement, 12 (16%) needing 
amputation and eight (10%) patients having tissue loss requiring 
skin graft. Increasing age was associated with a risk for the 
development of an early complication (p=0.040). The mean time 
from onset to presentation at the hospital was 6.4±5.6 days (range 
0–29) and a delay in presentation was not associated with an 
increased risk for complications (p=0.810). Patients whose first 
healthcare contact was with a private general practitioner (GP) 
were, however, at risk for early complications (p=0.013). Only 
five (45%) of these cases were referred for surgical management 
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at the time of initial presentation, with the number of healthcare 
provider contacts prior to formal surgical treatment ranging from 
one to six. Three patients were given antibiotics and were not 
referred for surgery, while another three received informal incision 
and drainage at initial contact. Early complications were seen in 
four out of the six patients who were not referred at initial contact. 

Seven (64%) complications were seen in patients who were 
initially treated by a private GP, including five (45%) amputations, 
one repeat debridement, and one patient requiring skin grafting 
due to tissue loss. All three patients who had informal incision and 
drainage subsequently required an amputation.

Thirty-four (43%) patients were HIV positive, with a mean 
CD4 count of 400±218 cells/mm3 and 41% of cases were on 
anti-retroviral (ARV) therapy for longer than three months at the 
time of presentation. The median viral load was 50 copies/ml  
(IQR 0–90  000) and 27% of cases had an undetectable viral 
load. HIV-positive status was not associated with an increased 
risk for early complications (p=0.565). Neither CD4 count, viral 
load nor ARV therapy were associated with an increased risk of 
complications (Table II). Eighty per cent of diabetic HIV-positive 
patients developed early complications (p=0.025). Nineteen 
per cent of the entire cohort was diabetic with a mean HbA1c 
10.7±4.3% (range 6.6–15.6%). Forty-three per cent of diabetic 
patients developed early complications (p=0.012). Infections 
resulting from a human bite were more likely to develop an early 
complication than spontaneous cases or cases resulting from 
penetrating injuries (p=0.018). Polymicrobial infections were also 
associated with early complications (p=0.045).

Backwards stepwise logistic regression analysis found diabetes 
mellitus (odds ratio [OR] 4.4, 95% confidence interval [CI] 
1.12–17.38), human bites (OR 7.6, 95% CI 1.15–49.92) and first 
healthcare contact with a private GP (OR 6.7, 95% CI 1.52–29.21) 
to be associated with an increased risk for early complications  
(Table III). These factors remained significant on multivariate 
regression analysis. A post-hoc power analysis revealed that the 
study had a 95% power for human bites but was insufficiently 
powered for diabetes mellitus and first contact with private general 
practitioner. 

Bacteriology and resistance profiles

Our culture yield was 68% (n=53). Forty-five swabs (58%) cultured 
a single organism, while no organism was cultured in 25 (32%) 
patients. Two organisms were identified in three swabs and one 
swab cultured three organisms. On four occasions, culture results 
were reported as mixed growth, and were not further reported. In 
29 (37%) cases, S. aureus was identified as a causative pathogen 
(Table IV). The S. aureus organisms cultured showed high levels of 
resistance to ampicillin (50%) and only one instance of resistance 
to cloxacillin was observed. This specific organism also showed 
intermediate resistance to ciprofloxacin. Another S. aureus organism 
showed intermediate resistance to vancomycin, but the majority of 
S. aureus cultures remained sensitive to the tested antibiotics. Four 
infections were caused by other Gram-positive organisms, three 
being Enterococcus spp. and one Staphylococcus lentus. Nine 
infections involved Enterobacteriaceae (Klebsiella pneumonia, 
Klebsiella oxycota, Proteus mirabilis, Enterobacter cloacae and 
Serratia marcescens). The remaining three Gram-negative 
infections involved Pseudomonas spp., Acinetobacter spp. and 
Citrobacter spp. Resistance was most frequently observed among 
Klebsiella and Acinetobacter spp. The Klebsiella spp. showed the 
widest range of resistance and were resistant to ampicillin in all 
instances. Both Acinetobacter spp. and Klebsiella spp., however, 
remained mostly sensitive to gentamycin and ciprofloxacin in our 
study population (Table IV).

Discussion

This study aimed to identify risk factors for the development of early 
complications after hand infections. The only patient factor that 
increased the risk for the development of early complications was 

Table I: Description of the study population

n (%) Mean (±SD)

Total 78 (100%)

Age (years) 38.8 (±15.6)

Male sex 44 (56%)

Employment status

    Unemployed 47 (60%)

    Manual labourer 17 (22%)

    Other 14 (18%)

Right hand dominant 68 (91%)

Dominant hand affected 42 (54%)

HIV positive 34 (43%)

    CD4 count cells/mm3 400.0 (±218.3)

    CD4 count <350 cells/mm3 13 (38%)

    Viral load undetectable 9 (27%)

    ARV treatment >3 months 14 (41%)

Diabetes mellitus (DM) 15 (19%)

    HbA1C (%) 10.69 (±4.3)

    Patients on therapy 12 (80%)

    HbA1C >6%  15 (100%)

HIV and DM 5 (6%)

Corticosteroid therapy 0 (0%)

Cigarette smoking 13 (17%)

Chronic renal failure 1 (1%)

Aetiology

   Spontaneous onset 39 (50%)

   Penetrating trauma 23 (30%)

   Blunt trauma 9 (11%)

   Human bite 7 (9%)

Causative organisms

   Staphylococcus aureus 29 (37%)

   Other Gram positives 4 (5%)

   Gram negatives 12 (16%)

   Polymicrobial 8 (10%)

   No growth 25 (31%)

Initial healthcare contact

   Public clinic 45 (58%)

   Public hospital 20 (26%)

   Private GP 11 (14%)

   Other 1 (1%)

Onset to presentation (days) 6.4 (±5.6)

Length of hospital stay (days) 6.9 (±6.1)

Any complication 23 (30%)

Re-debridement required 14 (18%)

Amputation 12 (16%)

Tissue loss requiring skin graft 8 (10%)
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Table II: Risk factors associated with early complications in hand infections

Risk factor No complication n (%) Any complication n (%) p-value

Patient factors

Age 55 (70%) 23 (30%) 0.040

Male sex 34 (77%) 10 (33%) 0.136

Unemployed 30 (64%) 17 (36%) 0.111

Dominant hand affected 28 (67%) 14 (33%) 0.391

HIV positive 22 (67%) 11 (33%) 0.565

CD4 count 23 (67%) 11 (33%) 0.755

Viral load 22 (76%) 7 (24%) 0.836

ARV therapy <3 months 12 (85%) 2 (15%) 0.390

Diabetes mellitus 6 (43%) 9 (57%) 0.012

HbA1C 6 (43%) 8 (57%) 0.747

HIV positive and diabetes mellitus 1 (20%) 4 (80%) 0.025

Cigarette smoking 9 (69%) 4 (31%) 1.000

Aetiological factors

Spontaneous onset 31 (82%) 7 (18%) 0.052

Penetrating trauma 17 (70%) 6 (30%) 0.753

Human bite 2 (29%) 5 (71%) 0.018

Staphylococcus aureus 25 (86%) 4 (14%) 0.078

Other Gram-positive organisms 2 (50%) 2 (50%) 0.577

Gram-negative organisms 9 (75%) 3 (25%) 1.000

Polymicrobial infections 3 (37%) 5 (63%) 0.045

No growth 17 (68%) 8 (32%) 0.738

Management factors

Initial healthcare contact public clinic 35 (78%) 10 (22%) 0.100

Initial healthcare contact public hospital 14 (70%) 6 (30%) 0.953

Initial healthcare contact private GP 4 (36%) 7 (64%) 0.013

Delay in presentation 55 (71%) 23 (29%) 0.810

Table III: Multivariate regression analysis of risk factors associated with the development of early complications

Risk factor Odds ratio p-value 95% CI

Diabetes mellitus 4.4 0.034 1.12–17.38

Human bite 7.6 0.035 1.15–49.92 

First healthcare contact private GP 6.7 0.012 1.52–29.21

Table IV: Bacteriology and antibiotic resistance profiles (Percentages indicate the fraction of all organisms found to be either sensitive or resistant to the 
antibiotics in question; eight infections [10%] involved multiple organisms; pathogens not listed here)

Pathogen n (%) Antibiotic sensitivity (%) Antibiotic resistance (%)

Staphylococcus aureus 29 (37%)
97% – Cloxacillin 
100% – Clindamycin 

50% – Ampicillin

Staphylococcus lentus 1 (<1%) 100% – Cloxacillin, gentamycin, ciprofloxacin 100% – Tetracycline

Enterococcus sp. 3 (4%) 100% – Ampicillin
33% – Clindamycin 
67% – Erythromycin, tetracycline

Klebsiella sp. 5 (6%) 80% – Gentamycin, ciprofloxacin, cefuroxime

20% – Ciprofloxacin, gentamycin, amoxicillin/
clavulanic acid, all cephalosporins, piperacillin/
tazobactam
100% – Ampicillin

Proteus sp. 2 (3%)
100% – Ampicillin, ciprofloxacin, gentamycin,  amoxicillin/
clavulanic acid

100% – Tigecycline, colistin

Serratia sp. 1 (<1%) 100% – Ciprofloxacin, gentamycin 100% – Ampicillin, nitrofurantoin, chloramphenicol

Enterobacter sp. 1 (<1%)
100% – Ciprofloxacin, gentamycin,  amoxicillin/clavulanic 
acid

100% – Cefuroxime, cefoxitin

Pseudomonas sp. 1 (<1%)
100% – Amoxicillin/clavulanic acid, ciprofloxacin, 
gentamycin

100% – Colistin

Acinetobacter sp. 1 (<1%) 100% – Ciprofloxacin, gentamycin
100% – All cephalosporins, piperacillin/
tazobactam, meropenem

Citrobacter sp. 1 (<1%)
100% – Ciprofloxacin, gentamycin,  amoxicillin/clavulanic 
acid, piperacillin/tazobactam

Nil resistance found

No growth 25 (32%)

Polymicrobial 8 (10%)
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the presence of diabetes mellitus (OR 4.4). Neither HIV infection 
nor a low CD4 count was associated with early complications. 
Patients with infections resulting from human bites had a seven 
times higher risk for early complications. Patients who were initially 
treated in the private sector by a GP also had an increased risk for 
early complications (OR 6.7). 

HIV is a retrovirus that causes immune suppression through 
suppression of CD4 T-lymphocytes. These cells release cytokines 
that activate macrophages in response to bound antigens and 
also stimulate B lymphocytes to divide, differentiate and produce 
antibodies.10 The burden of HIV infection in South Africa is among 
the highest in the world, with 19% of the adult population being 
affected,12 and as much as 40% in certain regions.12,13 There are 
few publications with original data relating to the effect of HIV on 
hand infections. Ching et al. suggested that HIV-positive patients 
required higher numbers of surgical procedures and longer 
admission.10 The authors also found that low CD4 counts were 
associated with more complications.10 Both Gonzales et al. and 
McAulliffe et al., on the other hand, suggested that HIV infection 
had little bearing on the outcomes of hand infections.5,6 Wynn 
et al., however, acknowledged that multiple factors could be 
contributing to the outcomes of hand infections in HIV-positive 
patients.14 Although our study included higher numbers of HIV-
positive patients and CD4 counts than previous publications, with 
the addition of viral load and ARV treatment data, these factors 
did not seem to have a significant influence on the development of 
early complications. Taking the small difference in event rates into 
account, it appears that far greater numbers of HIV-positive patients 
would be required in order to adequately power a multivariate 
analysis of all contributing factors. 

Chronic poor glycaemic control in diabetic patients leads to 
impaired cellular immunity, peripheral neuropathy and peripheral 
microvascular disease.15 Elevated serum glucose may impair 
neutrophil phagocytosis and chemotaxis. Loss of protective 
sensory perception to heat, pain and pressure means that diabetic 
patients may have an altered perception of the severity of trauma 
or may not notice the effects of repetitive microtrauma such as 
repetitive manual labour. A breach of the skin’s protective barrier 
may thus not be initially noticed. Altered sensory perception may 
also cause diabetic patients to tolerate the symptoms of early 
infection for longer before seeking help.9 Impaired peripheral 
vascularity further compounds the effects of impaired immunity. 
The abovementioned factors place diabetics at risk for developing 
infections and predisposes diabetic patients to a six times greater 
risk of experiencing complications.11 Our finding that poorly 
controlled diabetes mellitus is a significant independent risk 
factor for the development of early complications (OR 4.4; 95% CI 
1.12–17.38) is in agreement with current literature and remained 
significant after multivariate analysis.8

The frequency of complications seen in patients presenting to 
private GPs is noteworthy, but with the small number of cases 
involved it is difficult to draw any conclusions in terms of this finding. 
A number of the cases that developed complications involved an 
informal incision and drainage in the consulting rooms, which 
raises questions around the adequacy of the surgical debridement 
in this setting. Although simple lancing may decompress superficial 
collections and relieve pain to some extent, incomplete drainage 
and recollection is common. Sub-optimal debridement may lead 
to persistence of an infective nidus and continued soft tissue 
compromise. Underestimation of the extent of infection, especially 
in tenosynovitis and deep space infections, may also contribute to 
the development of complications. Furthermore, the oral antibiotics 
which would typically be prescribed on an outpatient basis may 
not have the necessary bioavailability in comparison to parenteral 
treatment. The finding of increased complications after initial 

outpatient management emphasises the potential value of optimal 
surgical conditions, in-patient care, parenteral antibiotics and a 
surgeon experienced in surgical management of complex hand 
infections.

Infections resulting from human bites were associated with the 
development of early complications in our study population and 
resulted in amputation in three cases. Although the literature 
suggests that Eikenella corrodens is the most common organism 
isolated in human bites,3 we did not encounter this organism. 
Polymicrobial infections were seen in 29% of the human bites 
in this series, which was comparable to previous studies.11 A 
high index of suspicion should be maintained for the presence 
of associated tendon injury and intra-articular penetration when 
human bites are encountered.3,4 Prompt administration of broad 
spectrum, parenteral antibiotics and surgical debridement followed 
by splinting and a low threshold for re-debridement at 48 hours is 
advised to limit complications.3

The bacteriology and antibiotic sensitivity profiles of the 
causative organisms may vary between institutions and regions; 
however, the findings in our study are in keeping with those 
that have previously been reported in the literature. Historically,  
S. aureus was reported to be responsible for up to 86% of hand 
infections.3,16 More recent international and local literature suggest 
that polymicrobial infections are becoming more frequent.2,3,11 
This trend is also reflected in our data with more than a quarter 
of infections involving Gram-negative or polymicrobial infections. 
Existing data suggests that diabetics and HIV-positive patients 
are more commonly affected by polymicrobial, Gram-negative 
and anaerobic infections.2,5 Klebsiella sp. was the most frequently 
isolated Gram-negative organism in our study, and most (67%) 
of these cultures were obtained from diabetic patients who were 
particularly poorly controlled (HbA1c 14.4–15.6). It is important to 
recognise that there was no growth in 31% of our cases and factors 
such as pre-operative antibiotic administration and the quality of 
specimens taken may have contributed to this. Taking tissue 
samples for culture, for example, could potentially have increased 
the yield compared to pus swabs.

The existing literature suggests a multitude of factors that appear 
to have an influence on complications in hand infections when they 
are viewed in isolation (on univariate level). To our knowledge this 
is the first study including HIV-positive and diabetic patients with 
hand infections that also incorporated a multivariate analysis. This 
showed that many of the risk factors which are considered to be 
significant on a univariate level may not remain significant in a 
multivariate model. Some frequently cited publications may have 
been underpowered for the reported outcomes and may also fail 
to account for the complex interplay between multiple risk factors. 
There are, however, several limitations to this study, principally 
among which is the relatively small sample size. There was a very 
small difference in the complication rate between the HIV-positive 
patients and the control group and thus the study was insufficiently 
powered to assess HIV as a risk factor for the development of early 
complications. While the study was sufficiently powered to assess 
human bites, a larger number of cases would also be required to 
confirm diabetes as a risk factor. The second important shortcoming 
is the focus on early complications, the lack of long-term follow-
up and functional outcome data. While functional outcomes were 
available for a small number of cases, the data was not sufficient 
to allow analysis. Patients were often followed up at their nearest 
hospital due to the long distances between referral centres and 
transport restraints. This may have contributed to inconsistencies 
in patient attendance and recording of functional outcomes. Future 
studies involving the prospective enrolment and long-term follow-
up of patients, including the assessment of functional outcomes, 
are needed to determine all other risk factors for complications 
following hand infections. 
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Conclusion

Hand infections resulting from human bites and those occurring 
in diabetic patients with poor glucose control appear to be more 
prone to the development of early complications. HIV infection 
was not found to be a significant risk factor in this series. While 
the majority of infections were still caused by S. aureus, a number 
of Gram-negative and polymicrobial infections were identified. 
The addition of empiric Gram-negative antibiotic cover should be 
considered, particularly in high risk patients.
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