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Abstract

Introduction: Surgical risk calculators have expanded in both number and sophistication of their 

predictive approach. These calculators are gaining popularity as validated tools to help surgeons 

estimate mortality and complications following emergency general surgery (EGS). However, the 

accuracy of risk estimates generated by these calculators compared to risk estimation by practicing 

surgeons has not been explored.

Methods: Acute care surgeons at a quaternary care center prospectively estimated 30-d mortality 

and complications for adult EGS patients (2019-2021). Surgeon predictions were compared 

to Predictive OpTimal Trees in Emergency Surgery Risk (POTTER) and NSQIP estimates. 

Observed-to-expected (O:E) ratios of median aggregate estimates were calculated. C-statistics 

for surgeon and calculator estimations were utilized to quantify predictive accuracy.

Results: Among 150 patients (median 61 y, 45% male), 30-d mortality was 15% (n = 23). 

Observed rates of prolonged mechanical ventilation and acute renal failures were 30% and 

10%, respectively. Overall, surgeon predictions were similar to risk calculator estimates for 

mortality (c-statistics 0.843 [surgeon] versus 0.848 [POTTER] and 0.815 [NSQIP]) and need 
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for prolonged ventilation (c-statistics 0.801 versus 0.722 and 0.689, respectively). Surgeons tended 

to overestimate complication risks. Surgeon experience was not significantly associated with 

mortality prediction in an adjusted model.

Conclusions: Acute care surgeons at a quaternary care center predicted postoperative mortality 

and complications with similar discrimination when compared to surgical risk calculators. Surgeon 

expertise should be utilized in conjunction with risk calculators when counseling EGS patients 

regarding anticipated postoperative outcomes. Surgeons should be cognizant of patterns in 

overestimation or underestimation of complications.

Keywords

Emergency general surgery; Postoperative complications; Risk calculators; Surgical risk 
stratification

Introduction

Informed consent and discussion of the anticipated postoperative course are key components 

of patient management for emergency general surgery (EGS) cases. However, given the 

medical and surgical complexity of some patients undergoing operative intervention, it 

may be difficult to accurately predict postoperative outcomes. This is particularly true at 

quaternary care centers, in which patients are often transferred for EGS assessment due 

to the complexity of their presentation or comorbidities. Thus, evidence-based surgical 

risk calculators have been developed to provide objective estimates of surgical morbidity 

and mortality.1-4 The American College of Surgeons (ACS) National Surgical Quality 

Improvement Program (NSQIP) surgical risk calculator is one such tool that was developed 

utilizing a large surgical database.3,5,6 More recently, Bertsimas et al. reported on results 

utilizing the Predictive OpTimal Trees in Emergency Surgery Risk (POTTER) calculator, 

which was derived from EGS patients.2 Multiple other surgical calculators have also 

been described.3,7-10 These calculators span various surgical subspecialties and differ in 

their derivation, validation, and accuracy. Nevertheless, these calculators are intended 

to be utilized by experienced surgeons, and the results of these predictions should be 

communicated to patients as one component of a broad discussion of surgical risk. The 

experience of the operating surgeon may also influence this discussion, and thus far, there 

have been no studies comparing the accuracy of surgeon risk estimation with these new 

tools. We hypothesized that surgeons at a large volume academic medical center would 

be able to predict the risk of mortality and complications with comparable accuracy when 

compared to the POTTER and ACS-NSQIP calculators.

Methods

Study design

Full details of the study design are provided in the Supplemental Methods. Briefly, attending 

surgeons (n = 17) in the Division of Trauma Surgery at a large quaternary care academic 

medical center were asked to prospectively quantify 30-d risks of mortality, need for 

mechanical ventilation >48 h, acute renal failure (ARF, defined as the need for renal 

replacement therapy), and intra-abdominal infection (defined as radiologic findings of an 
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intra-abdominal abscess) for adult (≥18 y) EGS patients. Risk predictions were recorded 

prior to the commencement of the operation by the operating surgeon. A retrospective chart 

review was then utilized to obtain patient characteristics and 30-d outcomes. This study was 

approved by the Institutional Review Board at the University of Pittsburgh (#18100079).

Calculation of risk scores

The POTTER risk score was calculated using the POTTER software application (version 

1.1, Alexandria Health).2 NSQIP scores were calculated using the online calculator 

(American College of Surgeons, Chicago, IL).3 A detailed description of the score 

calculation is provided in Supplemental Methods.

Statistical analysis

Continuous data are presented as mean (standard deviation) or median (interquartile range 

[IQR]) as appropriate. Categorical data are presented as numbers (percentages). Given the 

non-Gaussian distribution of risk predictions, discussion of the results refers to only the 

medians of risk predictions; however, the means are provided in the tables for comparison. 

Observed-to-expected (O:E) ratios were calculated by dividing the observed rates of 

mortality or complications by either the median or mean of the risk estimations, as indicated 

in the table. The predicted risk of mortality and complications for surgeons, POTTER and 

NSQIP, was compared to the observed rates using both the C-statistic and Brier score. The 

C-statistic is a measure of discrimination, while the Brier score is a measure of the accuracy 

of prediction. To account for missing laboratory values in some patients, we performed 

a separate analysis using normal laboratory values in order to calculate a risk score 

(Supplemental Methods). Receiver operating curves were constructed for the estimation 

of mortality. A multivariable linear regression model, including patient characteristics and 

surgeon experience (i.e., <5 y of post-training experience compared to those with ≥5 y 

of experience), was constructed to model independent predictors of a higher estimated 

mortality rate. Surgeon experience as a binary variable was included as a forced variable. 

Stepwise regression was utilized to construct a final model, including all variables with P 
< 0.05. All hypothesis testing was two-sided. Statistical analyses were performed using the 

Stata 16 software package (StataCorp, 2017, Stata Statistical Software: Release 16, College 

Station, TX).

Results

Study population

A total of 150 patients (median age 61 y, 45% male) were identified, with 122 (81%) 

undergoing intra-abdominal operations (Table 1, Supplemental Table 1). The median body 

mass index was 29.3 kg/m2, and 42 patients (28%) were current smokers. Additionally, a 

majority of patients (n = 81, 54%) carried a diagnosis of hypertension, and 39 patients (26%) 

had diabetes. The median creatinine level was 1.03 mg/dL (IQR 0.80-1.79 mg/dL), and 

the median white blood cell count was 11.7 × 109/L (IQR 8.3-18.1 × 109/L). The median 

American Society of Anesthesiologists (ASA) Classification was 3 (IQR 3-4).
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Comparison of observed and expected outcomes

Observed 30-d mortality was 15% (n = 23) (Table 2). The median estimated mortality 

from surgeon prediction was 8.5% (IQR 1%-25%) compared to 4.8% (IQR 1%-21%) for 

POTTER and 7% (IQR 2%-16%) for NSQIP. Using these medians, both surgeons and the 

risk calculators underestimated the mortality risk (O:E ratio 1.80 for surgeons and 3.23 

versus 2.22 for POTTER and NSQIP, respectively). C-statistics for mortality were 0.843 for 

surgeons compared to 0.848 and 0.815 for POTTER and NSQIP, respectively. The Brier 

scores were low for all three estimates, indicating good accuracy of prediction. Receiver 

operating curves are shown for mortality (Fig.).

Overall, 14 of 140 (10%) susceptible patients demonstrated acute renal failure. Median 

estimated rates of acute renal failure were 10% for surgeons (IQR 2%-20%) compared to 1% 

for POTTER (IQR 0%-4%) and 2% (IQR 1%-4%) for NSQIP. The surgeon’s risk prediction 

was identical to the observed rate of ARF while both calculators underestimated the risk of 

ARF (O:E ratios of 10.42 and 4.44 for POTTER and NSQIP, respectively). C-statistics were 

0.801, 0.722, and 0.689 for surgeons, POTTER, and NSQIP, respectively.

The observed rate of prolonged mechanical ventilation was 30% (n = 45). The median 

predicted rate was 10% for surgeons (IQR 2%-60%) as compared to 10% for POTTER 

(IQR 2%-21%). C-statistics were 0.874 and 0.876, respectively. The observed rate of intra-

abdominal infection was 9% (n = 11 of 122 patients). Median predicted rates were 15% 

(IQR 5%-25%) for surgeons and 3% (IQR 2%-4%) for POTTER. C-statistics were 0.514 

and 0.625, respectively.

Observed and predicted outcomes, utilizing normal lab values for those patients in whom 

missing lab values precluded score calculation, are shown (Supplemental Table 2).

Analysis of surgeon experience and predicted risk of mortality

We performed a subanalysis stratified by surgeon (n = 17) experience (i.e., <5 y or ≥5 y of 

post-training practice). The majority of cases (n = 95, 63%) in this series were performed by 

surgeons with ≥5 y of experience. Both groups of surgeons underestimated mortality risk. A 

multivariable linear regression model of predictors influencing an elevated predicted risk of 

mortality is shown. Surgeon experience was not significantly associated with the predicted 

risk of mortality. Patient age, the presence of hypertension, ascites, sepsis, and lab values for 

the white blood cell count and albumin level were all associated with mortality prediction 

(Table 3).

Discussion

Progress in statistical and computing methodology has allowed for the application 

of artificial intelligence principles to estimate surgical risk. This has resulted in the 

development of various surgical risk calculators, which are variably applied to general and 

subspecialty surgical populations. Nevertheless, there is a continued need to improve upon 

estimation and communication of surgical risks to patients and families, particularly as the 

complexity of operative cases continues to evolve. In this study, we prospectively queried 

surgeons for their predictions of mortality and complications for emergency general surgery 
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patients. We found that, overall, surgeon predictions were similar to those estimations 

generated by risk calculators, although there were distinct patterns in underestimation and 

overestimation of risks. In an adjusted model, surgeon experience was not significantly 

associated with estimates of mortality risk. This work has important implications in the 

understanding of the utility of surgical risk calculators alongside surgeon expertise and calls 

for further work into areas of potential improvement for surgical risk estimation.

We found comparable accuracy between aggregate surgeon predictions when compared to 

risk calculator estimations for EGS patients. In the original description of the POTTER 

calculator, the authors reported a C-statistic for 30-d mortality of 0.898 for POTTER 

as compared to 0.874 for the ASA estimation, 0.891 for the Emergency Surgery Score, 

and 0.898 for the NSQIP calculator.2 In comparison, our C-statistics for 30-d mortality 

were 0.843 for surgeons and 0.848 for POTTER. Surgeons in our study were also able 

to predict the need for prolonged mechanical ventilation and acute renal failure with 

high accuracy. Prior work has described the increased morbidity and mortality among 

EGS patients.11-15 Havens et al., for example, found that emergency surgery remained 

an independent risk factor for death and complications when compared to nonemergency 

surgery, which persisted following adjustment for baseline characteristics and the type 

of operation.11 Accurate prediction of mortality is perhaps the most critical outcome for 

surgeons, and thus, one of the primary aims of this study was to improve understanding 

of variations in mortality estimation. We were reassured that surgeon discrimination was 

similar to calculator estimates, particularly given that the vast majority of surgeons at our 

institution do not routinely utilize risk calculators. We do acknowledge that risk prediction 

among surgeons may vary based on patient-specific factors, including the type of case, and 

thus, a further inquiry would be necessary to determine differential risk prediction among 

surgical subpopulations.

Although we focused only on the POTTER and NSQIP calculators, a multitude of 

risk calculators for various surgical disciplines exist.10,16 There have also been attempts 

to extrapolate risk estimations in different patient populations.17-19 The availability of 

multiple risk calculators raises the question of which estimation approach is optimal. The 

POTTER calculator was recently developed to address risk prediction specifically in the 

EGS population and has since been validated in the elderly EGS population.2,8 This tool 

represents a new era of risk prediction approaches utilizing machine learning techniques.20 

We found that the POTTER calculator displayed higher discrimination when compared to 

NSQIP for our patient population. This highlights the need for risk prediction models, which 

account for factors such as the urgency of the operative intervention. Integration of risk 

calculators into the electronic health records may further facilitate estimation and promote 

the use of these tools.

In this study, we specifically examined the high-volume quaternary care setting to capture 

predictions among the most critically ill patient groups. Prior work from our institution 

has demonstrated in-hospital mortality rates of up to 37% for EGS cases originating 

from medical intensive care unit consultations.21 Thus, it was not unexpected that we 

found a mortality rate of 15% for the population described here. In fact, of our 150 

cases, there were only 6 (4%) laparoscopic cholecystectomies and 7 (5%) laparoscopic 
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appendectomies, which is reflective of our typical volume of complex cases, many of 

which can be classified as surgical rescue.22 A significant proportion of our patients are 

transferred from other facilities, and thus, surgeon predictions may account for factors, 

which may not be captured by surgical risk calculators, including delay in diagnosis or delay 

in transfer. As a large transplant center, many of these EGS operations are also performed on 

transplant patients, the nuances of which may not be fully captured by the calculator variable 

as ‘immunocompromised’.23 The NSQIP calculator providers a modifier for ‘Surgeon 

Adjustment of Risks’, allowing for classification of a patient risk being ‘somewhat higher’ 

or ‘significantly higher’.24 Such an adjustment is not currently available within the POTTER 

calculator. Although a preliminary step, this correction highlights the importance of surgeon 

interpretation of patient risk in combination with calculator output. Further work will be 

critical in attempting to objectify some of these unmeasured risks and understanding the best 

approach to incorporate surgeon input into these models.

Collectively, our results bring to attention the role of risk estimation in other practice 

settings. Prior work has demonstrated that lower hospital volume is associated with worse 

outcomes for EGS cases and that EGS outcomes vary widely by hospital setting.14,25 Thus, 

risk estimations may also assist in decision-making to transfer a patient to a higher volume 

center for continued care. Future work from our group will seek to explore the accuracy 

of risk predictions among surgeons performing EGS cases at lower volume hospitals. We 

also intend to explore risk prediction among surgeons who have and have not completed 

advanced training (i.e., fellowship). It is plausible that risk calculators may serve a unique 

role in assisting in the optimal triage of patients in resource-limited settings in the future.

The most important application of this work is an improved understanding of the approach 

to counseling patients, especially critically ill patients and their families, with regard to the 

relative risks of surgery.26 We strongly believe that risk calculators will evolve and play an 

increasingly important role in the discussion of surgical risks, particularly as advances in 

risk prediction techniques improve the accuracy of these estimates.27,28 Nevertheless, these 

estimates remain only one component of the surgical discussion. These calculators were 

not developed with the intent of having patients calculate their own risks, and thus, the 

explanation and interpretation provided by a trained surgeon are essential to contextualize 

these numbers.

This study has several limitations. First and foremost, this work was conducted at a large 

academic medical center, and our findings should not be applied to lower volume centers 

until validity in these settings has been evaluated. We acknowledge that we were unable to 

capture all emergency general surgery cases that occurred during this time period; however, 

we feel that the breadth of cases that were captured is reflective of the typical case variety 

and complexity at our institution. We also do not account for patients who were not offered 

an operation or who declined surgery. Finally, we did not specifically explore inter-rater 

reliability, and there may be unmeasured factors that influenced surgeon predictions, which 

were not accounted for. Prior work performed at our institution has reported on institutional 

resources and professional norms as contributors to decision-making for EGS cases29; the 

role of these factors in predicting EGS outcomes merits further investigation.
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Conclusions

We report on the results of a prospective examination of surgeon prediction of postoperative 

risks for patients undergoing EGS cases. We found that surgeons at a high volume tertiary 

care center were able to predict complication rates with high accuracy compared to observed 

outcomes and furthermore that these surgeon predictions were comparable to those provided 

by risk calculators. Further work is necessary to understand surgeon prediction in other 

settings (i.e., community-based practices, other patient subpopulations), particularly as risk 

calculators continue to evolve. We suggest that these risk calculators should continue to be 

utilized as a component of surgical risk discussions. Surgeon expertise and understanding 

of patient and family goals and wishes, however, should remain as key factors in the shared 

decision-making for surgical patient management.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. –. 
Receiver operating curves for mortality estimates based on surgeon prediction (A), POTTER 

prediction (B), and NSQIP prediction (C).
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