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Abstract

Objective: To determine whether outcomes achieved by new surgeons are attributable to 

inexperience or to differences in the context in which care is delivered and patient complexity.
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Background: Although prior studies suggest that new surgeon outcomes are worse than those of 

experienced surgeons, factors that underlie these phenomena are poorly understood.

Methods: A nationwide observational tapered matching study of outcomes of Medicare patients 

treated by new and experienced surgeons in 1221 US hospitals (2009–2013). The primary 

outcome studied is 30-day mortality. Secondary outcomes were examined.

Results: In total, 694,165 patients treated by 8503 experienced surgeons were matched to 68,036 

patients treated by 2119 new surgeons working in the same hospitals. New surgeons’ patients were 

older (25.8% aged ≥85 vs 16.3%,P<0.0001) with more emergency admissions (53.9% vs 

25.8%,P<0.0001) than experienced surgeons’ patients. Patients of new surgeons had a significantly 

higher baseline 30-day mortality rate compared with patients of experienced surgeons (6.2% vs 

4.5%,P<0.0001;OR 1.42 (1.33, 1.52)). The difference remained significant after matching the 

types of operations performed (6.2% vs 5.1%, P<0.0001; OR 1.24 (1.16, 1.32)) and after further 

matching on a combination of operation type and emergency admission status (6.2% vs 5.6%, 

P=0.0007; OR 1.12 (1.05, 1.19)). After matching on operation type, emergency admission status, 

and patient complexity, the difference between new and experienced surgeons’ patients’ 30-day 

mortality became indistinguishable (6.2% vs 5.9%,P=0.2391;OR 1.06(0.97, 1.16)).

Conclusions: Among Medicare beneficiaries, the majority of the differences in outcomes 

between new and experienced surgeons are related to the context in which care is delivered and 

patient complexity rather than new surgeon inexperience.

Keywords

new surgeon outcomes; surgeon experience; surgical outcomes; Medicare

Society relies on the entry of new surgeons to serve the needs of the population over time. In 

the United States, a surgeon shortfall of between 20,700 and 30,500 surgeons is anticipated 

by 2030.1 With approximately 1800 general and orthopedic surgeons entering the workforce 

each year,2 it is important to understand more about the relative performance of new 

surgeons. Most studies examine new surgeon performance on single operations or 

conditions3–7 or the experience of single surgeons or hospitals.3,4,7 Others conflate 

experience with surgeon age or procedural volume.8–17 More recently, we demonstrated that 

new surgeon performance when compared with that of experienced surgeons was not 

negatively affected by duty hour reform or the accompanied changes in the nature of surgical 

care.18 Outcomes of patients treated by new surgeons were slightly worse than those of 

experienced surgeons regardless of an experiential training model or an outcomes-based 

model.

The transition to practice is a critical time in the development of new surgeons. In surgery—

where a single surgeon performs the majority of the operation, assumes responsibility for 

patient selection, and directs the preoperative and postoperative care19 —early wins are 

essential and poor outcomes can be devastating for both the patient and the surgeon. There is 

scant information available regarding new and experienced surgeons’ practice patterns or the 

outcomes of the patients they treat. This information is critical for optimizing the entrance of 

new surgeons into independent practice and for assessing surgeon performance. Thus, our 

objectives were 1) to examine differences between new and experienced surgeons’ practices 
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and 2) to compare the postoperative outcomes achieved by new and experienced surgeons 

using tapered matching to understand whether observed outcome deficiencies achieved by 

new surgeons are due to inexperience or to differences in the context in which care is 

delivered and the complexity of patient needs.

METHODS

This research protocol was approved by the institutional review board of the University of 

Pennsylvania.

Patients and Surgeons

Fee-for-service Medicare beneficiaries aged 65.5 or older who underwent orthopedic or 

general surgery from 2009 through 2013 were identified using the international classification 

of diseases (ICD)-9 principal procedure field of the Medicare inpatient file, and assigned to 

the operating physician using the Part B file (see Supplemental Digital Content eTable 1, 

eTable 2 and eSection 1, http://links.lww.com/SLA/B668 for lists of principal procedures 

and algorithm for assignment of patients to surgeons). We assigned each patient to a 

procedure category based on the ICD-9 principal procedure code and the current procedural 

terminology bill submitted by the surgeon. All operations studied required an incision. If a 

patient had multiple qualifying admissions, a random admission was selected.

Surgeon information was derived from the American Medical Association’s Physician 

Masterfile.20 Surgeons were considered new during the first 3 years of independent practice. 

Surgeons missing information on the residency completion date were classified as new if 

they graduated medical school in 2003 or later and billed for an operation performed at least 

5 years after the graduation date. Experienced surgeons had at least 10 years of experience in 

independent practice and completed residency in or after 1970.

Surgeon specialty (general or orthopedic) was classified using the preponderance of their 

operations. Surgeon operative volume was calculated. Surgeons were assigned to the 

hospital where they performed the majority of their operations over the study period. To 

qualify for study inclusion, surgeons had to bill for at least 10 qualifying specialty-specific 

operations in a single hospital. To match new and experienced surgeons in the same hospital, 

we only included surgeons at hospitals with both a new and experienced surgeon (see 

Supplemental Digital Content eTable 3, http://links.lww.com/SLA/B668).

We obtained hospital characteristics from Medicare cost reports21 and the Medicare Provider 

of Services (POS) files.22

Matching Covariates

We defined each patient’s age at admission, admission year, sex, emergent or transfer status, 

admission in the previous 6 months, 30 comorbidities,23–25 number of comorbidities per 

patient, and secondary operative procedure status.26 Transfer status was assigned to patients 

with claims that appeared within 1 day prior to the index hospitalization of interest issued by 

an alternative hospital. To be included as a transfer, a patient’s claim needed to have both a 

different claim ID and different hospital ID from the index hospitalization.27 We further 
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defined a propensity score for treatment by a new surgeon and an externally estimated risk 

score for 30-day mortality (see Supplemental Digital Content eSection 2 for a list of all 

matching covariates and eTable 4 for risk models, http://links.lww.com/SLA/B668).

Clinical Outcomes

The primary outcome was 30-day all-location mortality. We also studied failure to rescue,
25,28,29 readmission or death within 30-days of discharge, rate of ICU use, anesthesia time, 

and rate of prolonged length of stay.30,31 See Supplemental Digital Content eSection 3, 

http://links.lww.com/SLA/B668 for the anesthesia time algorithm. A prolonged stay is a 

length of stay longer than the point at which the rate of discharge begins to decrease (see 

Supplemental Digital Content eTable 5, http://links.lww.com/SLA/B668). We further studied 

length of stay (LOS) and resource utilization-based cost (see Supplemental Digital Content 

eSection 4 for costing algorithm, http://links.lww.com/SLA/B668).32

STATISTICAL ANALYSIS

Matching Methodology

The Surgeon Match—We randomly sampled 10 patients per new surgeon, to prevent the 

study from emphasizing new surgeons with the largest practices, who are presumably the 

most experienced of the new surgeons. Using these 10 patients, new surgeons were matched 

to experienced surgeons practicing within the same hospital based on the types of operations 

they performed. Thus, we used nearly all of the new surgeons, and drew from their patients 

in a manner that was representative of the population of new surgeons who cared for 

Medicare beneficiaries.

The Patient Matches

Four matched controls groups were constructed, with each successive match controlling for 

additional covariates, a process known as tapered matching.33–35 Specifically, for the 10 new 

surgeon patients, 4 sets of 10 matched controls were selected from the patients of an 

experienced surgeon. For each match, the 10 new surgeon patients remained fixed while the 

10 matched patients from the experienced surgeon changed according to the variables 

included in the match. The “Baseline” analysis served as an unadjusted analysis, picking 10 

experienced surgeon patients who had operations in the same year as the matched new 

surgeons’ patients. The “Operation” analysis picked 10 experienced surgeon patients best 

matched for the individual operation type in the same year. The “Emergent Status” analysis 

picked the 10 best matched patients of the paired experienced surgeon based on the 

operation types, the emergent status of the operations and the year. Finally, the “Risk Factor” 

analysis paired patients based on the previously described covariates and additional patient 

factors including the patient demographics, age, comorbid conditions, predicted risk of 30-

day mortality, and others.36 See Supplemental Digital Content eSection 2, http://

links.lww.com/SLA/B668 for a detailed description of the matching algorithm and a 

complete list of matching covariates.
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Matches between new and experienced surgeons and their patients were accomplished using 

the rcbsubset37 package; exterior matches were performed using the ExteriorMatch package. 

All matching was performed in R, version 3.2.1.38

Statistical Tests

Differences in binary outcomes were compared using the McNemar statistic.39 M-statistics 

for matched pairs40–43 were used to compare continuous outcomes. Comparisons between 

different groups of experienced surgeon controls were performed by applying the McNemar 

and Wilcoxon signed rank tests to an exterior match that constructed nonoverlapping control 

groups from 2 given sets of matched controls.44 All outcome testing was performed using 

statistical packages run on the R programming platform, version 3.2.1.38

RESULTS

Study Population and Setting

We identified 2119 new and 8503 experienced surgeons. Overall 762,201 qualifying patients 

were treated, 68,036 by new surgeons and 694,165 by experienced surgeons, at 1221 study 

hospitals. Pairing exactly on the hospital, the surgeon match retained 1820 eligible new 

surgeons (85.9%) and 1820 experienced surgeons. After matching surgeons, new surgeons 

had an average of 1.62 years of experience at the time of the operation while experienced 

surgeons had an average of 21.30 years of experience (P<0.0001).

Table 1 describes the hospital practice settings of new and experienced surgeons before and 

after matching. Before matching, new surgeons more frequently practiced in nonteaching 

hospitals (46.2% vs 39.4%, P<0.001). They also typically operated in smaller hospitals 

(mean bed size 358.7 vs 421.3, P<0.001), and less frequently operated in hospitals with 

high-level technology (61.8% vs67.8%, P<0.001). After matching new surgeons to 

experienced surgeons in the same hospital, the hospital practice settings were identical.

Quality of the Matches

Table 2 shows the characteristics of the new surgeon patients and those of the experienced 

surgeons prior to matching (outer dark gray columns), after the surgeons were paired (inner 

light gray columns), and for each of the groups of experienced surgeon patients matched 

sequentially to the patients of the new surgeons (unshaded). As indicated by the staircase 

line in Table 2, moving from right to left entails matching for additional covariates, making 

the groups more and more alike. After pairing the surgeons, there were noteworthy 

differences in the patients treated by new and experienced surgeons. For example there were 

differences in the operations they performed. Within general surgery, cholecystectomy 

comprised 29.8% of new surgeon procedures compared with 25.4% for experienced 

surgeons, and within orthopedic surgery, knee replacement comprised 16.8% of new surgeon 

procedures compared with 47.3% for experienced surgeons. There were also differences in 

the presentation of the patients to the new and experienced surgeons. For example, new 

surgeons’ patients presented emergently nearly twice as often as experienced surgeons’ 

patients (53.9% vs 25.8%, P<0.0001); likewise, new surgeons operated on transferred 

patients more often (2.5% vs 1.5%, P<0.0001). New surgeons more frequently operated on 
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patients aged 85 and older (25.8% vs 16.3%, P<0.0001). Patients of new surgeons also had a 

higher probability of 30-day mortality on admission than patients of experienced surgeons 

(5.6% vs 3.0%, P<0.0001).

The 4 matched groups of patients treated by experienced surgeons sequentially removed 

certain characteristics while leaving others intact. This method was designed so that in each 

given match, differences in unmatched variables could be examined to provide insights into 

how they may relate to the residual differences outcomes of new surgeons. In all matches, 

the variables deliberately controlled in the match were closely balanced, with no 

standardized difference exceeding 0.05 SDs. Here, we see that the match for operation type 

alone controlled for many of the differences between the new and experienced surgeon 

patients with a few remaining anticipated differences. For example, after matching for the 

operations, 53.9% new surgeon patients presented emergently compared with 43.0% of the 

experienced surgeon patients. The emergency admission status match then removed the 

difference in emergency admission presentation, choosing experienced surgeon patients who 

presented emergently in 53.9% of cases—identical to the new surgeon rate (53.9%), while 

still controlling for year and operation-type. The risk factor match then removed the 

remaining difference in the additional patient risk factors, achieving nearly identical 

distributions of each factor across patients of new and experienced surgeons. As such, we 

can examine the relative contribution of each of these elements to the disparate outcomes 

achieved by the new surgeons. See Supplemental Digital Content eTable 6, http://

links.lww.com/SLA/B668 for the full list of covariates and eTables 7 to 10 for the quality of 

balance in each match.

Outcomes

Table 3 reports the differences in the outcomes achieved in new surgeons’ patients and in 

experienced surgeons’ patients after matching on the year in which the operation was 

performed (Baseline Match); the Year and Operation; the Year, Operation and Emergency 

Admission Status; and finally, matching on Year, Operation, Emergency Admission Status, 

and Patient Risk Factors.

30-day All-location Mortality Rate

Patients of new surgeons had a significantly higher 30-day all-location mortality rate (6.2%) 

than patients of experienced surgeons (4.5%, P<0.0001; OR 1.42 (1.33, 1.52)). After 

additional matching to control for differences in operations performed, the 30-day mortality 

rate of new surgeon patients remained significantly higher than that of matched experienced 

surgeon patients (6.2% vs 5.1%, P<0.0001; OR 1.24 (1.16, 1.32)). Then, after further 

matching on operation type and emergency admission status, the difference in 30-day 

mortality between new and experienced surgeons narrowed(6.2% vs 5.6%, P=0.0007; OR 

1.12 (1.05, 1.19)). Finally, after matching on operation type, emergency admission status, 

and patient complexity, the difference in the 30-day mortality rate of new surgeon patients 

was no longer significantly higher than that of the experienced surgeons patients (6.2% vs 

5.9%, P=0.2391; OR1.06 (0.97, 1.16)). See Supplemental Digital Content eTable 11 for 

outcomes within specific surgical specialties, http://links.lww.com/SLA/B668.
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Figure 1 displays the contribution of the operation type, emergency admission status, and 

patient complexity to the 30-day all-location mortality rate of the experienced surgeons in 

comparison with the new surgeons is demonstrated. The operative mix of the experienced 

surgeons is significantly associated with the difference in 30-day all-location mortality rate 

(P=0.0004). Similarly, emergency status (P=0.0001) is also significantly associated with the 

30-day all-location mortality rate achieved by the experienced surgeons whereas, after 

controlling for operative mix and emergency status, patient complexity is not significantly 

associated with the experienced surgeon performance in 30-day all location mortality (P = 

0.43).

Secondary Clinical Outcomes

Table 3 also reports differences in secondary clinical outcomes across the tapered match. For 

30-day readmission or death, the pattern was similar to that observed for 30-day all location 

mortality (19.4% vs 18.6%, P = 0.0305; OR 1.06 (1.01, 1.12)). For prolonged length of stay 

and anesthesia time, while each step of the tapered match resulted in a reduction in the 

difference between outcomes of patients treated by new and experienced surgeons, a greater 

proportion of new surgeon patients experienced prolonged length of stay than did 

experienced surgeons patients (56.9% vs 54.5%, P<0.0001;OR 1.14 (1.08, 1.19)) and new 

surgeons patients required a longer anesthesia time than that required for experienced 

surgeon patients (155.4 min vs 137.6 min, P<0.0001; a paired difference of18.7 min (17.4, 

20.1)). Notably, there was no difference in failure-to-rescue rates between patients treated by 

new and experienced surgeons after controlling for patients’ hospital setting, year, operation-

type, and emergent status (9.5% vs 9.0%, P = 0.1127; 1.07(0.99, 1.16)).

In Figure 1, the contribution of each factor to the individual clinical outcome differences 

between new and experienced surgeon patients is demonstrated graphically. Here, we see 

that differences in 30-day readmission or death, prolonged length of stay and anesthesia 

time, appear to be explained to a great extent by the operations required by the surgeons’ 

patients and their emergency admission status. Patient risk factors do not appear to be 

contributing as much to the differences after matching on the operations and admission 

status.

Secondary Utilization Outcomes

Table 3 also describes differences in utilization measures. Before matching and at each step 

of the tapered match, patients of new surgeons had significantly higher rates for all 

utilization measures. Before matching, there was a +3.9% (3.1%–4.8%) difference in ICU 

usage between new and experienced surgeons which declined to +3.3% (2.4%–4.1%), 

+2.7% (1.9%–3.6%), and +2.2% (1.4%–3.1%) after matching operation type, operation type 

plus emergency admission and operation type, emergency admission and patient risk factors, 

respectively. Differences in length of stay were real but small with a baseline matched 

difference of +0.6 (0.5,+0.7) which declined to a clinically insignificant difference of +0.2 

(+0.1,+0.3) after matching on operation type and emergency status. The LOS difference did 

not change with the addition of patient risk factors to the match (+0.2 (+0.1, 0.2)). 

Differences in 30-day resource costs from +2466 in the baseline match to +1888, +1340, and 
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+1257 after matching operation type, operation type emergency admission and operation 

type, emergency admission, and patient risk factors, respectively.

In Figure 2, we see that differences in length of stay and 30-day resources costs between 

new and experienced surgeons appear to be explained to a great extent by the operations 

required by the patients and the emergency admission status. After having already matched 

on these covariates, additional matching for patient risk factors does not appear to affect the 

differences as much.

DISCUSSION

Surgeons are generally thought to improve with experience,8 up to certain limits.10,12,45 

Therefore, new surgeons are often thought to have maturing skills and poorer outcomes. 

However, surgical outcomes reflect a combination of patient risk, surgeon skill across a 

variety of domains, and hospital quality. This study examines differences in practice 

composition and assesses clinical and utilization outcomes between new and experienced 

surgeons who treated a nationwide cohort of Medicare beneficiaries. Testing the hypothesis 

that outcomes of new surgeons are different from those of experienced surgeons, we found 

vast differences not only in outcomes but also in salient patient and procedural factors. After 

controlling for these differences and the hospitals in which care was delivered, new surgeons 

generally achieved outcomes that were almost similar to experienced surgeons.

For the first time to our knowledge, we document differences in surgeon practice 

composition by experience level. In a nationwide Medicare cohort, we demonstrate that new 

surgeons treat a disproportionate portion of emergency referrals. Accordingly, the typical 

operative practices of new and experienced surgeons are different presumably due to 

differences in their patients’ characteristics. Finally, new surgeons’ patients are more often 

older and higher risk than those of experienced surgeons who practice in the same hospital.

Next, we show surgical outcomes by experience level. At first glance, the baseline results 

suggest that patients of new surgeons fare substantially worse than patients of experienced 

surgeons. For the baseline in this study, new surgeon patients had an odds ratio of 1.42 (1.33, 

1.52) for death (or 42% higher odds) following the operation relative to experienced surgeon 

patients despite receiving treatment in the same hospitals. After controlling for differences in 

operative mix, the odds ratio declined to 1.24 (1.16, 1.32), a reduction of almost half the 

excess risk. Then, after further controlling for emergency admission status, the odds ratio 

declined to 1.12 (1.05,1.19). Finally, after further controlling for patient risk factors, the 

odds ratio declined to just 1.06 (0.97, 1.16). Taken together, the evidence demonstrates that 

the great majority of the baseline mortality difference between new and experienced 

surgeons can be explained by differences in patient case-mix rather than surgeon 

inexperience. These patterns were consistent across almost all of the outcomes examined 

except failure-to-rescue.

The difference in failure-to rescue followed a slightly different pattern than the other 

measures studied, as it appears to be primarily due to the emergency admission status of the 

patients. This is reassuring as there may be some residual confounding by indication due to 
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physiological derangements common to this population. After matching for emergency 

status, there was no residual difference in the failure-to-rescue rates between new and 

experienced surgeons. This is encouraging because failure-to-rescue is a well-established 

measure of hospital quality and our surgeon and patient pairs were matched within hospitals 

specifically to control for between-hospital differences. Second, while it is possible that 

patients of new and experienced surgeons might have received differential care in the post-

operative phase based on the status of the surgeon, the finding of near-equivalent failure-to-

rescue suggests that the quality of care delivered to patients of new surgeons approximates 

that provided to patients of experienced surgeons.

Placing these findings in the context of the literature, we find that prior studies of 

interventionists including surgeons have only examined single procedures46–48 or subsets of 

non-elective procedures.8 As such, these studies have not been able to examine the totality of 

differences in practice patterns by experience level, which may influence the observed 

outcomes at the population level. The existing studies have yielded mixed results, with some 

finding no difference in outcomes,4,7,11,12 while others report benefits of experience.
3,5,6,8,9,16 Furthermore, heterogenous definitions of experienced surgeon have limited the 

interpretation and generalizability of the results.8,46–48

In the present study, we restricted the definition of new surgeon status to the treatment they 

provided in their first 3 years of practice, deliberately sampling new surgeons to capture the 

most vulnerable period just after the transition to practice, and compared outcomes to 

surgeons with at least 10 years of experience. Additionally, we examined a comprehensive 

set of procedures including elective and nonelective cases performed across specialties in 

over 1200 hospitals; and, the matching design permitted the examination of a broad array of 

clinical and financial outcomes on the same sets of matched pairs.

Despite the small magnitude of the remaining differences in the adjusted outcomes, 

including mortality, it is important to consider the possible explanations for the observed 

findings. First, it is plausible that the differences simply reflect unobserved severity of 

illness that cannot be measured using administrative data. Alternatively, it is reasonable to 

believe that surgeon inexperience confers a modest risk of adverse outcome. Whether the 

risk is a function of surgeon inexperience or unmeasured severity of illness, strategies that 

provide additional support for new surgeons, and their complex patients should be 

considered.

The majority of the reduction in outcome differences came from matching on the operation, 

suggesting that the operations required by the patients of new surgeons are associated with 

other high-risk characteristics. For example, an emergency cholecystectomy, often 

performed by a new surgeon, has been found in the literature to be associated with an 

inherently high risk of death or serious morbidity (6.4%–16.0%).49,50 As such, the new 

surgeon patients may merit more attention from experienced surgeons prior to and during the 

operation, to guide both surgical judgement (eg, when to operate and which procedure to 

perform) and operative technique. This concept aligns with the principles applied by 

programs such as the American College of Surgeons Transition to Practice Program.51 
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Furthermore, guidelines that encourage new surgeons to discuss high-risk cases with an 

experienced colleague may further reduce the small observed difference.

There are several limitations to this study. Our claims data lacked information on 

physiologic factors or the full complexity of the procedure. However, we did adjust for the 

presence of secondary operative procedures on the day of surgery. This approach has been 

shown to be a useful proxy for operative complexity.52 Moreover, a nationwide data source 

with physiologic data does not presently exist. Second, because we matched within hospitals 

to control for the hospital effects, the analysis was limited to hospitals that credential new 

and experienced surgeons. This might limit the generalizability of the experienced surgeon 

control performance, as there are many experienced surgeons who practice at hospitals 

without new surgeons. However, as we retained 85.9% of the new surgeons in the match, the 

impact of this limitation is not likely to be important for our specific question. This study 

examined outcomes only for 2 highly representative specialties in the Medicare population, 

namely general surgery, a broad and primary care field, and orthopedic surgery, a leader of 

surgical volume. Therefore, it is not known whether the conclusions are generalizable to 

other specialties or to younger patient populations.

Our study has several notable strengths. The majority of operations in the United States are 

performed on older patients and this study examined a national cohort of Medicare 

beneficiaries. We also matched new and experienced surgeons within the same hospital. As 

such, we were able to overcome biases that may have resulted from differences in resource 

availability, coding practices, or other confounding hospital factors. Beyond yielding new 

knowledge on new surgeon performance, this study demonstrates that the small gap in 

performance between new and experience surgeons can be quantified using patient 

outcomes. This confirms the utility of clinical and utilization outcomes data in measuring 

one dimension of surgical education; namely, new surgeon performance. As medical 

education has moved to an outcomes-based system of accreditation, this finding is 

important, as a robust audit and feedback system for graduate medical education is presently 

lacking.

CONCLUSIONS

New and experienced surgeons are called upon to treat different patient populations, with 

new surgeons typically treating older and sicker patients and more frequently in emergency 

settings. After controlling for hospital, operation type, emergency admission status and 

patient risk factors, patients of the newest surgeons have only slightly worse outcomes 

across multiple measures than patients of experienced surgeons. These differences appear to 

be explained primarily by the types of operations required by the new surgeons’ patients and 

emergency admission status rather than the inexperience of the new surgeons. Because new 

and experienced surgeons were matched within the same hospital, differences are not 

explained by the hospitals in which they practice, their coding practices, or the quality of 

care within the hospital in which care is delivered. When preparing surgeons to handle the 

excessive disease burden common to new practices, enhanced support in practice may be 

useful.
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FIGURE 1. 
Clinical outcomes. The point estimates and the 95% CIs concern the difference in 

performance of new and experienced surgeons as the adjustment for the difference in their 

patient mix becomes more extensive. The P values were calculated using the exterior match. 

Each P value indicates whether adjustment for a characteristic alters the relative 

performance of new and experienced surgeons: Did the adjustment make a difference? For 

example, in the 30-day all-location mortality row, the P = 0.0004 tells us that the operation 

mix performed by experienced surgeons is a significant component of the superior outcomes 

achieved by the experienced surgeons. Similarly, in the same row, we can see that 

emergency status (P = 0.0001) is also significant component of the superior performance of 

experienced surgeons: experienced surgeons treat fewer emergent cases. However, 

controlling for operative mix and emergency status, patient complexity is not a significant 

component of the difference between new and experienced surgeon performance (P = 0.43).
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FIGURE 2. 
Utilization outcomes. The point estimates and the 95% CIs concern the difference in 

performance of new and experienced surgeons as the adjustment for the difference in their 

patient mix becomes more extensive. The P values were calculated using the exterior match. 

As in Figure 1, each P value indicates whether a characteristic explains a significant 

component of the difference in performance of new and experienced surgeons on the 

indicated outcome measure.
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