
Objective
The American College of Surgeons National Surgical Quality 
Improvement Program (ACS-NSQIP) database has been used 
with increasing frequency to help inform clinicians and patients 
about factors that impact perioperative risk in hand surgery.  The 
ACS-NSQIP has been steadily increasing the number of 
participating centers in order to represent a larger and more 
diverse cohort; however, not all institutions are required to collect 
the same number of variables.  Little attention has been paid to 
how the differences in missing variables may influence the 
relationship between patient factors and perioperative 
complications.  The purpose of our study is to (1) establish the 
frequency and type of missing data in hand and upper extremity in 
the ACS-NSQIP database; (2) identify comorbidities that were 
associated with 30-day major and minor postoperative 
complications; and (3) establish how varying inclusion of entries 
with missing data impact analyses of complications.

Methods
The ACS-NSQIP database was queried using hand-specific 
Current Procedural Terminology (CPT) codes to identify patients 
who had undergone outpatient hand surgery between 2011-2016.  
Major and minor postoperative complications were identified in 
the method described by Schairer et. Major complications include 
cardiac arrest, renal failure, stroke, pulmonary embolus (PE), 
sepsis, septic shock, deep infection, wound dehiscence, 
pneumonia, unplanned re-intubation, and death.  Minor 
complications include superficial infection, cellulitis, deep vein 
thrombosis (DVT), and urinary tract infection.  Demographics, 
comorbidities, American Society for Anesthesiologists (ASA) 
classification, and preoperative laboratory values were identified 
and the percent missing of each was tabulated. These variables 
were evaluated for an association with major complications using 
three separate multivariable regression analyses:  with all hand 
surgery patients in ACS-NSQIP, after removal of any entry with > 
10% of data missing, and after removal of any entry with any data 
missing. 
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Factors with significantly (p<0.05) increased odds of major complications are bolded.  
Factors with significantly (p<0.05) decreased odds of major complications are italicized. 

Results
48,370 patients that underwent hand surgery from 2011 to 
2016 were identified in the NSQIP database.  Mean age was 
50.94 + 17.62 years.  55 % (26,600) were female, and 
64.88% (31,382) were overweight or obese by BMI.  The most 
common comorbidities include hypertension requiring 
medication (29.96%, n=14,494), active smoker (21.87%, n= 
10,577), and diabetes mellitus (9.43%, n= 4,564).  Overall, 
2.29% (1,107) experienced a complication, with 1.17% (567) 
experiencing at least one major complication and 1.28% (620) 
experiencing at least one minor complication.   The most 
common major complication was a deep space infection 
(0.46%, n= 221).  The most common minor complication was 
superficial wound infection (0.66%, n= 320). Missing data 
were identified in 42,090 (87%) of patients.  The most 
common missing variable was INR, which was missing in 
82.40% of patients (see Table 1). Progressive analyses 
showed fewer variables associated with odds of major and 
minor complications as patients with missing data were 
removed. 
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Conclusion
By filtering the cohort based on the amount of missing 
data, the results of our analyses changed.  Different 
methods of handling data can impact the results of 
analyses aimed at identifying variables that affect 
complications and outcomes in hand surgery.  It is 
important to discuss and consider the impact of 
missing data when using the ACS-NSQIP and other 
large databases in hand surgery studies. 
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Table 1: Multivariable logistic regressions for any major complication with different treatment of missing data. 

Variables Predictive of Major 
Complications Odds Radio 
(95% CI)

All Patients 
(n= 48,370)

Patients with < 10% 
Missing Data 
(n = 23,118)

Patients with No 
Missing Data 
(n = 6,280)

Female Gender 0.52 (0.44-0.63) 0.54 (0.44-0.67) 0.63 (0.44-0.88)

Body Mass Index 0.98 (0.97-0.99) 0.99 (0.98-1.01) 0.97 (0.95-0.99)

Increasing Hematocrit 0.98 (0.97-0.98) 0.98 (0.97-0.98) 0.97 (0.95-0.98)

Pacific Islander/Hawaiian 3.5 (1.62-7.65) 2.77 (0.99-7.68) 21.81 (2.37-201.18)

Asian 0.93 (0.50-1.73) 1.05 (0.50-2.23) 8.5 (1.37-201.18)

ASA Class 1.85 (1.60-2.1) 1.92 (1.62-2.28) 2.19 (1.60-2.75)

Increasing Albumin 1.01 (1.00-1.01) 1.0 (1.00 1.01) 1.0 (1.00 1.01)

Increasing White Blood Cell 
Count

1.03 (1.02-1.03) 1.04 (1.03-1.05) 1.13 (1.10-1.16)

Increasing Platelet Count 1.01 (1.00-1.01) 1.00 (0.99-1.00) 0.99 (0.99-1.0)

Increasing INR 1.01 (1.00-1.01) 1.00 (0.99-1.00) 1.15 (0.80-1.66)

Active Smoker 1.30 (1.04-1.57) 1.34 (1.06-1.70) 1.14 (0.96-2.06)

Dependent Functional Status 1.54 (1.10-2.15) 1.43 (0.99-2.05) 1.61 (0.64-2.01)

History of Renal Insufficiency 3.41 (1.88-6.19) 3.31 (1.78-6.12) 2.32 (0.99-5.40)

History of Open Wound 2.51 (1.99-3.15) 2.55 (1.98-3.27) 2.34 (1.62-3.37)

History of Long Term Steroid 
Use

1.42 (1.01-2.00) 1.51 (1.04-2.18) 1.74 (1.02-2.96)

Recent Weight Loss 2.26 (1.02-5.00) 2.48 (1.10-5.52) 3.16 (1.17-8.51)

History of Bleeding Disorder 1.70 (1.26-2.31) 1/82 (1.32-2.51) 1.92 (1.23-2.98)

Perioperative Transfusion 2.43 (1.25-4.71) 2.61 (1.20-5.25) 2.10 (0.91-4.86)
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