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Abstract

IMPORTANCE—Postoperative complications after head and neck surgery carry the potential for 

significant morbidity. Estimating the risk of complications in an individual patient is challenging.

OBJECTIVE—To develop a statistical tool capable of predicting an individual patient’s risk of 

developing a major complication after surgery for oral cavity squamous cell carcinoma.

DESIGN, SETTING, AND PARTICIPANTS—Retrospective case series derived from an 

institutional clinical oncologic database, augmented by medical record abstraction, at an academic 

tertiary care cancer center. Participants were 506 previously untreated adult patients with biopsy-

proven oral cavity squamous cell carcinoma who underwent surgery between January 1, 2007, and 

December 31, 2012.

MAIN OUTCOMES AND MEASURES—The primary end point was a major postoperative 

complication requiring invasive intervention (Clavien-Dindo classification grades III–V). Patients 

treated between January 1, 2007, and December 31, 2008 (354 of 506 [70.0%]) comprised the 

modeling cohort and were used to develop a nomogram to predict the risk of developing the 

primary end point. Univariable analysis and correlation analysis were used to prescreen 36 

potential predictors for incorporation in the subsequent multivariable logistic regression analysis. 

The variables with the highest predictive value were identified with the step-down model reduction 
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method and included in the nomogram. Patients treated between January 1, 2007, and December 

31, 2008 (152 of 506 [30.0%]) were used to validate the nomogram.

RESULTS—Clinical characteristics were similar between the 2 cohorts for most comparisons. 

Thirty-six patients in the modeling cohort (10.2%) and 16 patients in the validation cohort (10.5%) 

developed a major postoperative complication. The 6 preoperative variables with the highest 

individual predictive value were incorporated within the nomogram, including body mass index, 

comorbidity status, preoperative white blood cell count, preoperative hematocrit, planned neck 

dissection, and planned tracheotomy. The nomogram predicted a major complication with a 

validated concordance index of 0.79. Inclusion of surgical operative variables in the nomogram 

maintained predictive accuracy (concordance index, 0.77).

CONCLUSIONS AND RELEVANCE—A statistical tool was developed that accurately 

estimates an individual patient’s risk of developing a major complication after surgery for oral 

cavity squamous cell carcinoma.

Postoperative complications after head and neck surgery carry the potential for functional 

and aesthetic morbidity, prolonged hospitalization, increased cost of treatment, delay in 

initiation of postoperative adjuvant therapy, and higher risk of mortality.1,2 Furthermore, 

because of the inherent implications related to alteration of normal anatomy and physiology, 

surgery for oral cavity cancer in particular invariably affects physiological function, quality 

of life, and psychological well-being.3,4 Therefore, gauging and setting appropriate patient 

expectations as part of preoperative counseling, including anticipation of potential 

complications, are of paramount importance.

The surgical management of oral cavity cancers is complex, frequently entailing extensive 

resections and complicated reconstructions. In addition, many patients with oral cavity 

cancer carry a litany of formidable medical comorbidities.5 The interplay between long, 

complex operations and preexisting medical conditions can substantially affect an 

individual’s risk of developing postoperative complications.6 Quantification of risk in an 

individual patient may allow surgeons to more effectively identify patients at higher risk of 

complications and develop strategies for prevention, timely recognition, proactive 

management, and informed consent from the patient.7

While the risk of complications may be obvious in certain situations, it is difficult to 

precisely quantify in most patients. Experienced physicians base clinical management on 

their anticipated estimation of the risk of complications in a particular patient. However, 

consistently precise quantification of this risk is difficult. Consequently, most patients are 

provided imprecise estimates. More precise estimation of risk may improve the physician’s 

ability to counsel patients, assist in the allocation of resources (intensive care monitoring, 

nursing staff, etc), and potentially help normalize outcomes reporting to allow meaningful 

comparisons of quality of care. Nomograms are advantageous because they provide 

individualized risk assessment in a user-friendly and dynamic manner.8 The aim of this 

study was to develop a statistical tool capable of predicting an individual patient’s risk of 

developing a major complication after surgery for oral cavity squamous cell carcinoma 

(OCSCC).
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Methods

Patients

Eligible for inclusion in the study were 506 patients with previously untreated OCSCC 

without distant metastasis or unresectable locoregional disease at presentation who 

underwent surgery using general anesthesia at Memorial Sloan Kettering Cancer Center 

between January 1, 2007, and December 31, 2012. After approval by Memorial Sloan 

Kettering Institutional Review Board, the medical records of eligible patients were accessed 

and reviewed. Patients treated between January 1, 2009, and December 31, 2012 (354 of 506 

[70.0%]), herein known as the modeling cohort, were used to create a nomogram to predict 

the risk of developing major postoperative complications. Complications experienced by the 

patients in the modeling cohort have been reported elsewhere.9 An independent set of 

patients treated between January 1, 2007, and December 31, 2008 (152 of 506 [30.0%]), 

herein known as the validation cohort, was used to validate the nomograms generated by the 

modeling cohort. In total, 36 potential predictors of developing complications were selected 

based on a review of the literature and clinical experience. Patient demographics, social 

habits, oncologic characteristics, preoperative laboratory values, and operative details for 

both cohorts were retrieved from the medical records. Medical comorbidity status was 

evaluated with the American Society of Anesthesiologists physical status classification,10 

the Karnofsky Performance Status Scale,11 and the Washington University Head and Neck 

Comorbidity Index.12 Clinical staging was recorded using the seventh edition of the 

American Joint Committee on Cancer (AJCC) Cancer Staging Manual.13

Primary Outcome

The method whereby we described and classified postoperative complications within this 

data set is comprehensively described elsewhere.9 Briefly, the postoperative period was 

defined as the interval from the date of surgery to either the date of discharge from the 

hospital or 45 days after surgery, whichever occurred later. A postoperative complication 
was defined as any deviation from the normal postoperative course not better explained by a 

previous medical condition, not inherent to the procedure or hospital course, and not 

reflective of the underlying pathophysiology of the primary diagnosis. Complication severity 

was graded based on the revised Clavien-Dindo classification.14,15 Minor complications 

were considered those requiring no or minimal therapeutic intervention and were classified 

as grades I and II, respectively. Major complications were considered those requiring 

surgical intervention or intensive care or resulting in death and were classified as grades III, 

IV, and V, respectively. Hereafter, we report complication severity as complications requiring 

any intervention (grade ≥II) and complications requiring invasive intervention (grade ≥III). 

Our primary outcome of interest was the incidence of complications requiring invasive 

intervention.

Statistical Analysis

A nomogram was developed to predict complications in a dynamic fashion at 2 discrete time 

points during an individual patient’s treatment cycle. The nomogram was designed for use 

during presurgical counseling and in the postoperative setting, once operative details become 
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available. The end point of interest for both nomograms was the ability to predict the 

probability of developing a major complication requiring invasive intervention (grade ≥III).

To preserve our sample size, while limiting selection bias, multivariate imputation by 

chained equations was used to impute missing values before conducting the multivariable 

analysis.16 The factors predictive of complications requiring invasive intervention were 

identified by univariable analysis and correlation analysis. Statistically significant predictors 

were incorporated in the subsequent multivariable logistic regression analysis. The variables 

with the highest predictive value were identified with the step-down model reduction method 

and included in the final nomogram. Validation was performed internally, with bootstrapping 

to correct for overfitting bias, and externally, with the validation cohort. The concordance 

indexes were calculated to measure discrimination ability, with values ranging from 0.5 (no 

discrimination) to 1.0 (perfect discrimination). Calibration was measured by plotting the 

expected against the observed probabilities of developing a complication.

Clinical characteristics and complication rates were compared between the modeling cohort 

and the validation cohort. The Pearson χ2 test was used for categorical variables, and the t 
test was used for continuous variables. P ≤ .05 was considered significant. Statistical 

analyses were performed using a software program (SPSS, version 21; IBM Corporation).

Results

Modeling Cohort

Thirty-six variables were tested as potential predictors of complications in the modeling 

cohort (summarized in the Table). In total, 36 of 354 patients (10.2%) developed a major 

postoperative complication requiring invasive intervention (grade ≥III).

The factors predictive of complications requiring invasive intervention were identified by 

univariable analysis (eTable 1 in the Supplement). Statistically significant predictors were 

incorporated in the subsequent multivariable logistic regression analysis, and the variables 

with the highest individual predictive value were incorporated within the nomogram (eTable 

2 in the Supplement). In the preoperative setting, lower body mass index (BMI) and lower 

hematocrit increased the risk of developing a complication requiring invasive intervention. 

In addition, higher Washington University Head and Neck Comorbidity Index, elevated 

preoperative white blood cell count, planned neck dissection, and planned tracheotomy 

increased the risk of developing a complication requiring invasive intervention. Figure 1 

shows the nomogram for use in the preoperative setting, with a concordance index of 0.82.

Figure 2 shows the nomogram for use in the postoperative setting. By adding intraoperative 

and postoperative variables to the existing preoperative variables, the concordance index of 

the nomogram remained high, at 0.82. Excellent calibration was maintained between the 2 

settings (eFigure 1 in the Supplement).

Validation Cohort

The nomogram was tested on an independent cohort of patients at the preoperative and 

postoperative time points. In this cohort, 16 of 152 patients (10.5%) developed a major 
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postoperative complication requiring invasive intervention. Clinical characteristics were 

similar between the modeling and validation cohorts (P > .05 for most comparisons) (eTable 

3 in the Supplement). The mean estimated blood loss was significantly greater in the 

validation cohort (189.1 vs 145.2 mL, P = .03) while complication rates were similar 

between the 2 cohorts (10.5% [16 of 152] vs 10.2% [35 of 354], P = .90).

At the preoperative time point, the nomogram predicted a major complication requiring 

invasive intervention (grade ≥III) with a validated concordance index of 0.79. By adding 

intraoperative and postoperative variables to the existing preoperative variables, the 

nomogram maintained its predictive value (concordance index, 0.77). Good calibration was 

observed in both settings (eFigure 2 in the Supplement).

An additional nomogram was created to predict complications requiring any intervention 

(grade ≥II) to be used at the preoperative (Figure 3) and postoperative (Figure 4) time points. 

This nomogram was developed and validated using the same method as the aforementioned 

nomogram. Its concordance indexes at the preoperative and postoperative time points were 

0.83 and 0.85, respectively, with excellent calibration. The nomogram maintained its 

predictive value in the validation cohort.

Discussion

We created nomograms that facilitate the accurate prediction of clinically relevant 

complications after surgical treatment of OCSCC. Although there are many studies in the 

literature that have investigated predictors of postoperative complications in head and neck 

surgery, to our knowledge, only one other study17 has presented the data in the form of a 

validated nomogram (further described and compared 2 paragraphs below). Nomograms are 

advantageous because they provide individualized risk assessment in a user-friendly and 

dynamic manner.8 Their judicious use could minimize rates of failure to rescue (or mortality 

after a major complication), improve morbidity rates, and ultimately enhance quality of care 

in head and neck oncologic surgery.18

Comparisons with other studies1,6,19–34 in the literature are hampered by variability of tumor 

site in the head and neck region, sample size, and the surgical procedure performed (ablative 

or reconstructive), as well as whether or not multimodal treatment was included. Equally 

important is the pervasive inconsistency in the definition of complications across such 

studies.9

Our nomogram demonstrated a subtle fall in discriminatory ability after validation, with 

concordance indexes decreasing from 0.82 to 0.77. In the study by Santoro et al,17 who 

developed a complication prediction model with a similar study design, a negligible decline 

in concordance indexes from 0.79 to 0.74 after validation was reported. However, their study 

was designed to predict any complication, irrespective of severity, and used a predetermined 

list of possible complications rather than a standardized definition thereof. Furthermore, the 

study by Santoro et al included a heterogeneous group of patients with SCC of the 

oropharynx in addition to the oral cavity, as well as patients who received neoadjuvant 

therapy. Their final model included alcohol consumption, primary site (oropharynx vs oral 

Awad et al. Page 5

JAMA Otolaryngol Head Neck Surg. Author manuscript; available in PMC 2016 August 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



cavity), cT stage according to sex, and neck dissection. Primary tumors of the oropharynx, 

as well as the patients with these tumors, vary dramatically from their oral cavity 

counterparts. Therefore, it is logical that the primary site was a significant predictor of 

developing complications. Moreover, the advent of transoral surgery and the human 

papillomavirus epidemic complicate contemporary analysis of surgical complications of 

oropharyngeal cancer. Consequently, the practical usefulness of such a generalized 

predictive tool is limited.

At the preoperative time point, our nomogram included the variables that described the 

anticipated complexity of the operation, such as the need for bone resection, neck dissection, 

and tracheotomy. These variables were replaced by more specific intraoperative indicators of 

surgical complexity (anesthesia time and estimated blood loss) once they became available. 

Inclusion of these operation-related variables still maintained the predictive value of the 

nomogram. Consistent with our findings, Weber et al6 demonstrated that negative 

performance indicators, including blood product transfusion, 30-day surgical site infection, 

return to the operating room, and death, were dependent on procedure acuity, individual 

surgeon skill, and comorbidity. Other studies have also found that greater procedure 

complexity increased a patient’s risk of developing complications, including neck 

dissection,17,20,21 reconstruction,20,22,23 and tracheotomy.24,25 Surrogate operative markers 

of procedure complexity also increased this risk, including anesthesia time,26–28 volume of 

intraoperative fluid administered,26,29 and estimated blood loss.20 We included anesthesia 

time as a representative marker of surgical operative complexity, and this strongly correlated 

with positive fluid balance (R2 = 0.76), which was therefore not included in our model. Our 

observations highlight the need to risk adjust for procedure complexity and comorbid 

conditions when reporting outcomes and predicting complications.

Nomograms that are capable of accurately quantifying the risk of complications may be 

useful for the purpose of risk adjustment and comparison of treatment outcomes within and 

across institutions. Accurate and meaningful comparison of surgery-related outcomes is 

becoming increasingly important as the concept of pay-for-performance gains traction. A 

reliable method of quantifying an individual patient’s risk of complications may help 

normalize outcomes reporting by taking into account the expected risk based on preoperative 

and intraoperative variables so that actual outcomes reported within and across institutions 

become more meaningful.

The significant effect of comorbidities on the development of complications has been 

consistent across many other studies,20,24,25,27,28,30,31 as well. Other studies1,25,29 also 

confirmed our finding that older age was associated with increasing rates of postoperative 

complications. Our model has an advantage of providing precise risk probability prediction 

by including preoperative laboratory values. Similarly, investigators from Brazil found the 

Acute Physiology and Chronic Health Evaluation II score, which includes hematocrit, white 

blood cell count, serum creatinine and sodium levels, and other variables, to be an 

independent predictor of complications.20,21 However, because this measure is an aggregate 

disease severity classification originally designed for patients receiving intensive care, 

parsing out which variables most significantly affect complication risk is impossible, thereby 

limiting applicability of such a grading scheme to individualized risk prediction.
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Other studies22,25 similarly identified low preoperative hemoglobin level (in addition to 

other variables) as an independent predictor of complications after microvascular free flap 

reconstruction of the head and neck. These studies demonstrated that low BMI was 

predictive of developing complications. Our data showed that lower BMI was indeed 

associated with higher risk of developing complications, which is likely a reflection of 

malnutrition and poor general health.

Limitations to our study include its retrospective design and reliance on abstraction of 

complications from an electronic medical record infrastructure unique to Memorial Sloan 

Kettering Cancer Center. Our group has previously explored the inherent limitations of data 

abstraction of postoperative complications in detail.9 The present study was performed at an 

academic, high-volume, tertiary care cancer referral center, and our findings may not be 

generalizable to most health care providers practicing in the community. Studies7,35 have 

demonstrated that rates of failure to rescue are lower at high-volume hospitals, which are 

believed to be associated with better hospital resources, timely recognition of complications, 

and proactive management. Although we successfully validated our nomogram using an 

independent data set, it used a similar patient population in the same setting as the modeling 

cohort. Therefore, before generalized acceptance of this nomogram, external validation 

would be desirable.

Conclusions

We developed an accurate nomogram to estimate an individual patient’s risk of developing 

clinically relevant postoperative complications in a dynamic fashion during his or her 

treatment cycle for OCSCC. This study provides proof of principle that nomograms can 

allow clinicians to anticipate which patients are at higher risk of developing complications 

after surgery, thereby facilitating timely recognition and effective management of 

postoperative complications.
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Figure 1. Preoperative Nomogram Predicting Major Complications
Shown is a nomogram predicting the probability of developing a complication requiring 

invasive intervention (grade ≥III) based on preoperative variables only. BMI indicates body 

mass index (calculated as weight in kilograms divided by height in meters squared); 

WUHNCI, Washington University Head and Neck Comorbidity Index. To convert white 

blood cell count to ×109/L, multiply by 0.001; to convert hematocrit to proportion of 1.0, 

multiply by 0.01.
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Figure 2. Postoperative Nomogram Predicting Major Complications
Shown is a nomogram predicting the probability of developing a complication requiring 

invasive intervention (grade ≥III) after postoperative variables become available. WUHNCI 

indicates Washington University Head and Neck Comorbidity Index. To convert white blood 

cell count to ×109/L, multiply by 0.001; to convert hematocrit to proportion of 1.0, multiply 

by 0.01.
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Figure 3. Preoperative Nomogram Predicting All Complications
Shown is a nomogram predicting the probability of developing a complication requiring any 

intervention (grade ≥II) based on preoperative variables only. BMI indicates body mass 

index (calculated as weight in kilograms divided by height in meters squared); WUHNCI, 

Washington University Head and Neck Comorbidity Index. To convert white blood cell 

count to ×109/L, multiply by 0.001; to convert sodium level to millimoles per liter, multiply 

by 1.0; and to convert alkaline phosphatase level to microkatals per liter, multiply by 0.0167.
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Figure 4. Postoperative Nomogram Predicting All Complications
Shown is a nomogram predicting the probability of developing a complication requiring any 

intervention (grade ≥II) after postoperative variables become available. BMI indicates body 

mass index (calculated as weight in kilograms divided by height in meters squared); 

WUHNCI, Washington University Head and Neck Comorbidity Index. To convert white 

blood cell count to ×109/L, multiply by 0.001; to convert sodium level to millimoles per 

liter, multiply by 1.0.
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Table

Potential Predictors of Developing Complications in the Modeling Cohort

Variable Q1–Q3 Median (Range) Mean (SD)
No. (%) of 354 
Patients

Demographics

Age, y   52–73.2     61.7 (26.6–93.7)     62.2 (14.0) NA

Sex

 Male NA NA NA 209 (59.0)

 Female NA NA NA 145 (41.0)

Smoking

 Current NA NA NA 100 (28.2)

 Former NA NA NA 123 (34.7)

 Never NA NA NA 131 (37.0)

Alcohol use ≥5drinks per week

 Yes NA NA NA   86 (24.3)

 No NA NA NA 268 (75.7)

Comorbidities

BMI   24–31.1     26.9 (14.9–61.1)     27.7 (5.9) NA

WUHNCI     0–1       0 (0–10)       0.7 (1.4) NA

Severe comorbidity, WUHNCI ≥1

 Yes NA NA NA 116 (32.8)

 No NA NA NA 238 (67.2)

Karnofsky Performance Status Scale score

 Normal, 100 NA NA NA 264 (74.6)

 Symptoms, 90 NA NA NA   61 (17.2)

 Difficulty or worse, ≤80 NA NA NA   29 (8.2)

American Society of Anesthesiologists physical status 
classification

 No or moderate limitation, ≤2 NA NA NA 128 (36.2)

 Severe limitation, >2 NA NA NA 226 (63.8)

TNM Stage

Clinical T classification

 T1 NA NA NA 152 (42.9)

 T2 NA NA NA 121 (34.2)

 T3 NA NA NA   26 (7.3)

 T4a NA NA NA   55 (15.5)

Clinical N classification

 N0 NA NA NA 237 (66.9)

 N1 NA NA NA   43 (12.1)

 N2 NA NA NA   72 (20.3)

 N3 NA NA NA 2 (0.6)
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Variable Q1–Q3 Median (Range) Mean (SD)
No. (%) of 354 
Patients

Overall TNM stage

 I NA NA NA 132 (37.3

 II NA NA NA   74 (20.9)

 III NA NA NA   47 (13.3)

 IV NA NA NA 101 (28.5)

Preoperative Laboratory Values

White blood cell count, ×103/μL (n = 352)     5.8–8.3       7.1 (1.7–29.9)       7.3 (2.5) NA

Hemoglobin level, g/dL (n = 352)   12.9–14.7     13.7 (9.8–17.7)     13.7 (1.4) NA

Hematocrit, % (n = 352)   38.5–43.3     40.9 (29.5–52.0)     40.7 (3.8) NA

Platelet count, ×103/μL (n = 351) 207–296   248 (71–815)   258.7 (84.0) NA

International normalized ratio (n = 345)     1.0–1.1       1.0 (0.9–3.1)       1.1 (0.2) NA

Activated partial thromboplastin time, s (n = 341)   27.7–31.7     29.4 (21.2–56.3)     29.9 (3.6) NA

Sodium level, mEq/L (n = 352) 139–142   141 (128–147)   140.3 (2.8) NA

Potassium level, mEq/L (n = 352)     4.2–4.7       4.5 (3.0–5.7)       4.5 (0.4) NA

Serum creatinine level, mg/dL (n = 352)     0.8–1.1       1.0 (0.5–3.1)       1.0 (0.3) NA

Albumin level, g/dL (n = 350)     4.1–4.5       4.3 (2.7–5.2)       4.3 (0.3) NA

Total bilirubin level, mg/dL (n = 350)     0.4–0.8       0.6 (0.2–2.2)       0.6 (0.3) NA

Aspartate aminotransferase level, U/L (n = 350)   20–31     24 (12–334)     28.5 (20.2) NA

Alkaline phosphatase level, U/L (n = 350)   63–93     76 (26–480)     82.4 (40.4) NA

Operation

Neck dissection

 Yes NA NA NA 247 (69.8)

 No NA NA NA 107 (30.2)

Bone resectiona

 Yes NA NA NA 125 (35.3)

 No NA NA NA 229 (64.7)

Neck dissection laterality (n = 247)

 Ipsilateral NA NA NA 210 (85.0)

 Bilateral NA NA NA   37 (15.0)

Neck dissection extent (n = 247)

 Selective NA NA NA 173 (70.0)

 Comprehensive NA NA NA   74 (30.0)

Reconstructionb

 Yes NA NA NA 139 (39.3)

 No NA NA NA 215 (60.7)

Tracheotomy

 Yes NA NA NA   93 (26.3)

 No NA NA NA 261 (73.7)
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Variable Q1–Q3 Median (Range) Mean (SD)
No. (%) of 354 
Patients

Anesthesia Details

Anesthesia time, min 132–425   233.5 (30–1327)   322.9 (261.3) NA

Volume of colloid transfused, mL     0–500     0 (0–5000)   243.3 (459.7) NA

Fluid balance, mL 990–3240 1550 (75–11 680) 2321.8 (1950.0) NA

Estimated blood loss, mL   20–200     50 (0–1150)   145.2 (180.3) NA

Perioperative antibiotics

 Yes NA NA NA 334 (94.4)

 No NA NA NA   20 (5.6)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); NA, not applicable; Q1, first 
quintile; Q3, third quintile; WUHNCI, Washington University Head and Neck Comorbidity Index.

SI conversion factors: To convert white blood cell count to ×109/L, multiply by 0.001; hemoglobin level to grams per liter, multiply by 10.0; 

hematocrit to proportion of 1.0, multiply by 0.01; platelet count to ×109/μL, multiply by1.0; sodium and potassium levels to millimoles per liter, 
multiply by 1.0; serum creatinine level to micromoles per liter, multiply by 88.4; albumin level to grams per liter, multiply by 10; total bilirubin 
level to micromoles per liter, multiply by 17.104; aspartate aminotransferase and alkaline phosphatase levels to microkatals per liter, multiply by 
0.0167.

a
Includes partial maxillectomy, marginal mandibulectomy, and segmental mandibulectomy.

b
Includes split-thickness and full-thickness skin grafts, human acellular tissue matrix graft, local and regional flaps, and microvascular free tissue 

transfer.
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