
Surgical Optimization for ® 

Charcot Patients 
  

Kelsey J. Millonig, pewm, mer™*, Rachel Gerber, ppv® 

KEYWORDS 

* Charcot ® Peripheral vascular disease ® metabolic bone profile ® hemoglobin Alc 

* vitamin D e osteomyelitis 

KEY POINTS 

« Patients with Charcot Neuroarthopathy have multiple morbidities that make them a chal- 
lenge pre and post-reconstruction. 

« Partner with colleagues in endocrinology, vascular, nutrition, primary care, etc. These in- 
dividuals are essential in being able to perform a successful reconstructive surgery. 

« Optimizing patients prior to surgery takes time, effort, and patients; to have successful 
outcomes we need to have multiple visits with these patients prior to surgery and honestly 
describe best and worse case scenarios. 

Abbreviations 

TSH Thyroid Stimulating Hormone 
PTH Parathyroid Hormone 
oM Diabetes Mellitus 
CRPPS Charcot Reconstruction Preoperative Prognostic Score 
PEDIS Perfusion, Extent, Depth, Infection, Sensation 

  

INTRODUCTION 

Reconstruction of the Charcot foot and ankle demonstrates significant challenges to 
the foot and ankle surgeon. At present, there is limited clear consensus on the best 
approach for preoperative optimization. The primary aim of Charcot reconstructions 
is to limit the risk of ulceration by providing a stable plantigrade foot allowing ambula- 

tion. However, often with or without reconstructive treatment there is a significant risk 

of amputation. The reported limb salvage rates in this population have been variable. 
Although there is a presence of outcome-based research, the role of preoperative 
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optimization to provide the best success of limb salvage and prevention of amputation 

is still relatively understudied. Pinzur and colleagues reported data with preoperative 

considerations including large bone deformity, long-standing ulceration with concom- 

itant infection, regional osteopenia, obesity, and immunocompromised states as risks 

to intervention. Eschler and colleagues identified high-risk criteria associated with 
Charcot reconstructions using the CRPPS scoring system.' The investigator identified 
a PEDIS score of <7 as associated with successful limb salvage. However, the optimi- 

zation of modifiable factors was not discussed. The focus of this article is the discus- 
sion of modifiable risk factors associated with Charcot reconstruction for preoperative 

optimization. The remainder of this article is organized as follows. 

Diabetes 

Hemoglobin A1C 

Peripheral vascular disease 
Tobacco Use 

Chronic Kidney Disease 

Obesity 

Hypertension 

Edema 

Albumin/Prealbumin 

Metabolic Bone Profile 
Vitamin D/Calcium 

Thyroid TSH, PTH 

Osteopenia 
Infection 
Wound 
Osteomyelitis 

  

Diabetes 
  

The presence of diabetes itself is an increased risk for loss of limb. Nondiabetic pa- 

tients with Charcot neuroarthropathy are still 15 times more likely to return to ambu- 

lation after reconstruction than diabetic patients with well controlled glucose levels.” 
It is important to educate patients regarding their risk because of the metabolic impact 
of diabetes systemically and therefore the importance of optimizing their glucose con- 

trol. It is estimated that 0.1% to 7.5% of patients with diabetes develop Charcot 

neuroarthropathy.® 

Hemoglobin A1C 
Surgical site infections have been found to increase when patients have a hemoglobin 

A1C (HbA1c) > 8%, so it is recommended to delay surgery until the HbA1c can be 

decreased below that level.* In addition to referrals to endocrinology for management, 

it would also be beneficial to consider referral for nutritional education as the long-term 

health of these patients mostly depends on their nutrition. There may be clinical sce- 
narios where the level of the deformity with impending soft tissue compromise re- 
quires surgical reconstruction with an HbA1c greater than 8%. Postoperative 

glycemic control will also reduce complication rates.” Sadoskas and colleagues” 

found that patients with a serum glucose greater than 200 mg/dL have a significantly 

higher risk of surgical site infection.
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Peripheral Vascular Disease 
  

The prevalence of peripheral vascular disease (PVD) in patients with Charcot neuro- 

arthropathy has been heavily debated in the literature with ranges from 4% to 40% be- 

ing recorded in the last 20 years.“®'? In patients greater than 40 year old, the 
prevalence of peripheral arterial disease (PAD) is estimated to be twice as high in pa- 

tients with diabetes mellitus (10%) compared with that of the nondiabetic patients 
(5%).° In addition, in the presence of a diabetic foot ulcer, the incidence of PAD is 
found to be 49%."* 

Itis imperative to understand that there is no definitive noninvasive method for diag- 

nosing PAD in the diabetic population. Owing to diabetic individuals having calcifica- 

tion of vessels, ankle-brachial indexes (ABIs) are frequently falsely elevated. The best 
results for diagnosing PVD in diabetics have been found by combining ABI tests with 
the toe-brachial index (TBI) tests especially in patients with an ABI > 1.3.7471¢ This is 
because of ABI having high specificity and the TBI with high sensitivity. Qualitative 

waveform analysis has also been found to be a highly sensitive screening method 

for PVD in individuals with diabetes.'® Alternatively, an arterial duplex may be used 

in combination with ABIs or TBls as a reference standard to allow for more definitive 
information and diagnosis regarding vascular status.'” 

Patients who had Charcot with diabetes, PVD, and critical limb ischemia were found 
to have significantly lower rates of limb preservation (59.1%) a year after balloon angio- 

plasty. Conversely, patients with just DM and critical limb ischemia had a limb preser- 

vation rate of 92.7%.'® The risk of lower extremity amputations in patients with 

Charcot and PVD continues to be a concern even after surgical reconstructions. PVD 
caused by a 2.012 times increase in likelihood of having delayed healing and increased 
the risk of major lower extremity amputation by 4.414 fold in individuals with Charcot.'” 

It is imperative that preoperatively patients are evaluated preoperatively with 

vascular analysis beyond clinical examination findings. Even in the setting of palpable 

pedal pulses, the authors suggest obtaining arterial studies. With abnormal findings, it 

is imperative to provide an appropriate referral for revascularization before elective 
surgery to increase success for limb preservation. 

Tobacco Use 
  

It is well established that tobacco use is a risk factor for impaired wound healing, infec- 

tion, delayed fracture healing, and prolonged hospital stay. Complications can be 
reduced by 40% if tobacco cessation is completed perioperatively.'® The ideal time 
frame for this has been described as cessation not later than 8 weeks before surgery.”” 

In elective lower extremity orthopedic surgery, patients required to quit preoperatively, 

48% maintained smoking cessation for at least 1 year postoperatively. Of those who 

relapsed, approximately half stated that they did not resume smoking until at least 

3 months postoperatively. Therefore, this particular period may be an important time 
for intensified smoking cessation counseling.'® The use of tobacco products has 
been commonly associated with PVD and wound healing complications even in nondi- 

abetic individuals. Charcot patients who had a history of smoking were found to have 

2.4 times higher odds of having PVD."® These same individuals had a significantly 

increased likelihood to have delayed healing than their nonsmoking counterparts.’® 

Chronic Kidney Disease 
  

Valabhiji and colleagues found that 30% of patients with Charcot neuroarthropathy 

had end-stage renal disease (ESRD).?' Patients with renal disease (renal disease: 

ESRD and chronic kidney disease [CKD]) are 3.5 times more likely to have PVD and 
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if on dialysis have a 10 times higher rate of amputation.’®** The risk of major lower 

extremity amputations is also statistically higher for patients with renal disease.’® 

This is secondary to wound healing complications, inhibited osseous union, sepsis, 

and cardiovascular disease. Raspovic and colleagues found that diabetic patients 

with ESRD requiring dialysis and lower extremity complications were found to have 
increased higher creatinine levels, lower hemoglobin levels, lower albumin levels, 
and higher rates ofPAD.”* 

Obesity 
  

There is an association that has been established between increased body mass index 

(BMI) and the occurrence of Charcot neuroarthropathy.”* Once patients are diag- 

nosed with Charcot neuroarthropathy, these higher values of BMI values are associ- 

ated with a higher occurrence of amputations.”* Although the effect of BMI has not 

been well studied in regard to its effect on Charcot reconstructions, the general men- 

tality is higher BMIs may lead to increased complications. This has been supported by 

prior research on BMI and foot and ankle surgery. In a case series of 18 patients who 

underwent tibiocalcaneal arthrodesis, Love and colleagues found that patients were at 

an increased risk of postoperative complications if they had a BMI >25; these compli- 

cations included nonunions, infections, and hardware failures.*” Increased BMIs have 
been associated with decreased physical function after fixation of ankle fractures.?® 

These studies may provide useful insight regarding the effect of BMI on patients un- 

dergoing reconstructive surgery for Charcot joints. 

Hypertension 
  

Hypertension has been found to be a statistically significant risk factor for delayed 

healing."® In addition, hypertension is a known independent risk factor for PAD. 

Edema 
  

Preoperative edema control is important to consider in prevention of wound healing 

complications postoperatively. In addition, consideration for edema is important if us- 

ing an external fixator to ensure adequate space is left with ring fixation. Minimally 

invasive techniques for Charcot neuroarthropathy may be an optimal consideration 

for concern of edema. 

Albumin/Prealbumin 
  

Evaluating these laboratory results is important for consideration for protein markers 

of nutritional status for wound healing.”® It is well established that preoperative hypo- 

albuminemia can impact wound healing. However, this is even more critical in the dia- 

betic population. Cheng and colleagues found that patients with a diabetic foot 
infection with hypoalbuminemia (<3.5 g/dL) demonstrated a 2.5-fold higher risk of 
nonhealing at postoperative 28 days than patients with normal levels.?” Therefore, 

preoperative serum albumin levels should be analyzed, optimized, and used as a 

biomarker for predicting postoperative healing. 

Metabolic Bone Profile 
  

Vitamin D/calcium 

It is well understood that vitamin D is crucial for optimal arthrodesis. A 2017 study of 
patients undergoing elective foot and ankle surgery showed that patients with vitamin 

D deficiency insufficiency were 8.1 times more likely to develop a nonunion.?® Diabetic 

patients both with and without Charcot neuroarthropathy have significantly lower 

vitamin D levels (serum 25-hydroxyvitamin D) than nondiabetic patients.”” In addition,
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owing to the need for bioactivation of 25-hydroxyvitamin D3 in the kidney, patients 

with concomitant renal disease are more typically deficient and also more challenging 

to optimize as a result. 

Thyroid levels 
Thyroid hormones are essential for bone mass maintenance, and hypothyroidism 

yields impared bone formation. Suppression of thyroid stimulating hormone can 

have an increased risk for osteoporotic fracture.” For adult patients, T3 regulates 

bone turnover and bone mineral density (BMD). With abnormal thyroid levels, patients 

lose optimal bone strength, and population studies indicate that hypothyroidism and 

hyperthyroidism are associated with an increased risk of fracture. In addition, literature 
has also demonstrated that TSH may have direct actions in bone cells. The full discus- 

sion of the endocrine pathways that regulate bone mass is beyond the scope of this 

article. However, completing a metabolic bone laboratory analysis should be consid- 

ered preoperatively as this may affect the success rate of the patient postopera- 

tively.”" Appropriate referral to endocrinology should be considered as necessary. 

Osteopenia 

Osteopenia has long been considered to be a classic finding of Charcot neuroarthrop- 

athy.® Charcot patients have commonly been found to have reduced BMD in their pe- 

ripheral skeleton, but it is unknown if Charcot causes reduced BMD or if decreased 

BMD leads to Charcot.”> ¢ 
Subclassification of the pattern of injury in Charcot neuroarthropathy patients has 

found three subgroups: fracture, dislocation, and combination fracture—dislocation 

type patterns.®” Individuals with fracture Charcot neuroarthropathy were found to 

have significantly lower t-scores (SD from site- and gender-matched healthy young 
adult means) and z-scores (SDs from age-, site-, and gender-matched means) than 

individuals with dislocation Charcot.*” The distribution of the fracture patients’ 
t-scores may be found in Fig. 1. Of the patients that had dislocation Charcot, only 
four individuals had t-scores less than —1.0.%" 

Infection 
  

Wound/osteomyelitis 
Owing to the deformities that occur with Charcot neuroarthropathy, patients are at 

increased risk of lower extremity ulcerations which commonly lead to infections and 

  
Fig. 1. Distribution of the fragmentation Charcot patients in Herbst and colleagues based 
on WHO criteria.”-*® 
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Preoperative Charcot Reconstruction Checklist Yes No 
  

1. Does the patient have diabetes? 
  

1a.If yes what was the last HbA1c? 
  

Does the patient have known clinical signs of PVD? 
  

2a. Recommend ordering ABI, TBI, and/or arterial duplex regardless of clinical findings 
  

Does the patient have any history of Tobacco use? 
  

3a.If yes recommend smoking cessation for minimum of 8 weeks preop to 3 months postop and 
completing 2a. 
  

Does the patient have Chronic Kidney Disease? 
  

4a.1f yes recommend completing 2a. 
  

What is the patients BMI? 
  

Does the patient have Hypertension? 
  

6a. If yes recommend completing 2a and advising patient of possible wound healing 
complications 
  

Does the patient have Edema? 
  

7a.If yes consider treatment for edema control and minimally invasive techngiues 
  

What s the patients preoperative albumin/prealbumin? 
  

Is the patient Vitamin D deficient? 
  

  

9a. If yes consider optimizing patient prior to surgery 
  

10. What was the patients preoperative TSH and T3 level? 
  

10a. If abnormal consider sending patient to endocrinology for optimization prior to surgery 
  

11 Does the patient have known osteopenia? 
  

11a. Regardless of answer to 11, What was the patients most recent t-score/z-score? 
  

12. Does the patient have an ulceration? 
  

12a. If yes, obtain deep tissue cultures 
  

12b. Is there a soft tissue infection? 
  

12¢. I there any chance of bony involvement? 
  

If yes obtain bone biopsy 
  

12d. Is there osteomyelitis present? 
      

Fig. 2. Example of preoperative optimization checklist. 

osteomyelitis. Foot ulcers have been reported to occur in 11% to 60% of all diabetics 
with Charcot deformity.**“? In diabetics, 50% to 60% of ulcers become infected.** 
The previous research has shown that osteomyelitis occurs in 20% of patients who 
experience an ulceration is more likely to occur in larger and deeper ulcerations and 
may be present in greater than 60% of infected diabetic foot ulcers.**~*® 
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Individuals 65+ years of age with ulcerations are 13 times more likely to have a ma- 

jor lower extremity amputation than their age-matched nonulcerated counterparts.*® 

However, age is not a large factor in the equation as individuals less than 65 years 

of age with an ulcer were 12 times more likely to have an amputation.*® 
Many physicians prefer to heal the ulcer before reconstructive surgery. 
In cases where resolution of the ulcer before correction is not possible, deep cul- 

tures and bone biopsies should be taken before reconstructive surgery to rule out 

soft tissue infection and osteomyelitis. Numerous authors have been able to perform 

reconstructive surgery and heal the ulcer simultaneously. Acute deformity correction 

has been used successfully to heal and prevent recurrence of ulceration.>* Wrotslav- 
sky and colleagues found using gradual correction can safely and accurately correct 
the Meary and calcaneal inclination angles while also healing 100% of ulcers.>* In 
addition, a staged procedure with the management of ulceration or osteomyelitis 

with antibiotic spacer and/or masquelet technique if needed can be used. 

50-52 

SUMMARY 

As demonstrated in this article, there are several factors that impact the success of 
Charcot neuroarthropathy surgical reconstruction beyond the surgical technique. It 

is imperative that physicians consider the factors described above for surgical optimi- 

zation preoperatively (Fig. 2). 
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