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Physician extenders on surgical services: 
a systematic review

Background: With the introduction of resident duty hour restrictions and the result-
ing in-house trainee shortages, a long-term solution to ensure safe and efficient 
patient care is needed. One solution is the integration of nurse practitioners (NPs) 
and physician assistants (PAs) in a variety of health care settings. We sought to exam-
ine the use of NPs and PAs on surgical/trauma services and their effect on patient 
outcomes and resident workload.
Methods: We performed a systematic review of EMBASE, Medline, CINAHL, and 
the Cochrane Central Register of Controlled Trials. We included studies (all designs) 
examining the use of NPs and PAs on adult surgical and trauma services that reported 
the following outcomes: complications, length of stay, readmission rates, patient satis-
faction and perceived quality of care, resident workload, resident work hours, resident 
sleep hours, resident satisfaction, resident perceived quality of care, other health care 
worker satisfaction and perceived quality of care, and economic impact assessments. We 
excluded studies assessing nonsurgical/trauma services or pediatrics and review articles.
Results: Twenty-nine articles met the inclusion criteria. With the addition of NPs and 
PAs, patient length of stay decreased, and morbidity and mortality were unchanged. In 
addition, resident workload decreased, sleep time increased, and operating time 
improved. Patient and health care worker satisfaction rates were high. Several studies 
reported cost savings after the addition of NPs/PAs.
Conclusion: The addition of NPs and PAs to surgical/trauma services appears to be a 
safe, cost-effective method to manage some of the challenges arising because of resident 
duty hour restrictions. More high-quality research is needed to confirm these findings 
and to further assess the economic impact of adding NPs and PAs to the surgical team.

Contexte  : Compte tenu de la réduction du nombre d’heures de travail des médecins 
résidents et de la pénurie de stagiaires qui en a résulté, une solution à long terme 
s’impose pour assurer la sécurité et l’efficacité des soins aux patients. Une solution 
 consiste à intégrer des infirmières praticiennes (IP) et des adjoints aux médecins (AM) 
dans divers contextes de soins de santé. Nous avons voulu examiner l’incidence du 
recours aux IP et aux AM dans des services de chirurgie et de traumatologie et son effet 
sur la santé des patients et sur la charge de travail des médecins résidents.
Méthodes  : Nous avons procédé à une revue systématique des bases de données 
EMBASE, Medline, CINAHL et du Registre central Cochrane des essais contrôlés. 
Nous avons inclus les études (tous types de protocoles) ayant analysé le recours aux IP et 
aux AM dans des services de chirurgie et de traumatologie chez l’adulte ayant fait état 
des paramètres suivants : complications, durée des hospitalisations, taux de ré admission, 
satisfaction et perception quant à la qualité des soins chez les patients, charge de travail, 
heures de travail, heures de sommeil, satisfaction et perception quant à la qualité des 
soins chez les médecins résidents, satisfaction et perception quant à la qualité des soins 
chez les autres travailleurs de la santé et retombées économiques. Nous avons exclu les 
études qui évaluaient d’autres services que la chirurgie, la traumatologie ou la pédiatrie 
et les articles de synthèse.
Résultats : Vingt-neuf articles répondaient aux critères d’inclusion. Avec l’intégration 
des IP et des AM, la durée des hospitalisations a diminué et la morbidité et la mortalité 
sont restées inchangées. En outre, la charge de travail des médecins résidents a diminué, 
leur temps de sommeil a augmenté et leur temps opératoire s’est amélioré. Les taux de 
satisfaction des patients et des travailleurs de la santé ont été élevés. Plusieurs études ont 
fait état d’économies après l’intégration des IP et des AM.
Conclusion : L’intégration des IP et des AM aux services de chirurgie et de traumatolo-
gie semble être une méthode sécuritaire et rentable pour gérer certains des défis qui 
découlent de la réduction des heures de travail des médecins résidents. Il faudra procéder 
à d’autres recherches de grande qualité pour confirmer ces observations et évaluer plus 
en profondeur les retombées économiques de l’intégration des IP et des AM aux équipes 
de chirurgie.
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W ith the introduction of resident duty hour (RDH) 
restrictions and the resulting shortages of in- 
hospital trainee availability, a long-term solution 

to ensure safe and efficient patient care is needed. One of the 
most well-researched solutions is the integration of nurse 
practitioners (NPs) and physician assistants (PAs) in a variety 
of health care settings. These NPs and PAs, often called 
“midlevel practitioners,” “nonphysician providers,” or “phys-
ician extenders” (PEs), have been shown to be a safe and 
effective addition to health care teams1,2 To avoid the negative 
connotation associated with the term “midlevel practi tioners,” 
we prefer to use the term PEs to refer to NPs and PAs.

These practitioners differ in the training they have 
undertaken and in their background education. Nurse 
practitioners are registered nurses (RNs) who have met the 
requirements for working as bedside nurses and have then 
completed a graduate degree and training program. Phys-
ician assistants have an undergraduate education in a vari-
ety of disciplines, including life sciences and health care. 
They complete a PA training program and may or may not 
complete a graduate degree, depending on the require-
ments of their jurisdiction of practice. Both types of practi-
tioners have the ability to prescribe, diagnose and perform 
medical procedures. The difference between the 2 types is 
that NPs can work autonomously and are registered under 
the College of Nurses of a specific jurisdiction, whereas 
PAs work under a physician or group of physicians and are 
registered under the respective College of Physicians.1 
Both NPs and PAs have been shown to be valuable mem-
bers of the health care team in a variety of settings.3

With increasing physician workload and decreasing avail-
ability of in-house trainees, the use of NPs and PAs has 
become increasingly popular.1 Surgical services have been 
shown to value the importance of NPs and PAs, and evidence 
has shown the “value added” of having these practitioners on 
a surgical team in a variety of settings.4 These providers have 
been shown to improve access to care, decrease wait times, 
promote wellness and preventative care, provide continuity of 
care, foster interprofessional collaboration, improve follow-
up, and decrease costs and readmission rates.5,6

We performed a systematic review to examine the use 
of NPs and PAs on surgical/trauma services and their 
effect on patient outcomes and resident workload.

Methods

Following the PRISMA checklist (www.prisma-statement 
.org), we performed a systematic review of the literature 
on EMBASE, Medline, CINAHL, and the Cochrane 
Central Register of Controlled Trials in May 2015.

Inclusion criteria

• Randomized controlled trials (RCTs), cross-sectional 
studies, cohort studies, case series and surveys

• Studies examining the use of NPs and PAs on adult 
surgical and trauma services

• Studies reporting patient-related outcomes, including 
complications, length of stay (LOS), readmission 
rates, satisfaction and perceived quality of care

• Studies reporting resident-related outcomes, including 
workload, work hours, sleep hours, satisfaction and 
perceived quality of care.

• Studies reporting other health care worker–related 
outcomes, including satisfaction and perceived quality 
of care.

• Economic assessments of the use of NPs and PAs on 
adult surgical and trauma services

Exclusion criteria

• Studies evaluating NPs and PAs in nonsurgical or 
nontrauma services

• Studies pertaining to pediatric patient services
• Studies not examining the aforementioned outcomes
• Review articles
• Commentaries or letters to the editor

Search strategy

An example of the search strategy used when querying 
Medline can be seen in Figure 1. We queried each data-
base and compiled the results, removing duplicates. Both 
of us then reviewed the titles independently, followed by 
abstract review. At both of these stages disagreement led 
to inclusion. Each of us then reviewed the full manuscripts 
of the selected abstracts, at which point consensus was 
necessary for inclusion. The reason for exclusion at the 
manuscript review stage is documented in Table 1.

One of us collected data relating to the specified out-
come measures. Generic data, such as title, authors, study 
design, journal and year of publication, were recorded. 
Specific data relating to the outcomes described in the 
inclusion criteria were also recorded.

We assessed risk of bias of all included manuscripts (at 
the study level) using the Cochrane Collaboration’s assess-
ment tool. Given the retrospective design of most of the 
included studies, a strong risk of bias exists. Most import-
antly, a strong risk of selective outcome reporting is present 
in all studies.

Heterogeneity and the qualitative nature of many of the 
outcomes precluded statistical analysis of the results.

Results

Included manuscripts

Twenty-nine articles from 29 different first authors met 
our inclusion criteria (Table 2 and Fig. 2). The most prev-
alent journal was the Journal of Trauma, having published 
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10 of the articles. Publication dates ranged from 1990 to 
2014; however, 21 of the articles were published in the 
past 10 years. There were 15 case–control articles, 5 retro-
spective reviews, 8 surveys and only 1 RCT. Specialties 
included in the 29 articles were trauma service (11), 
 cardiac/cardiothoracic/ cardiovascular surgery (7), general 
surgery (4), orthopedic surgery (3), urology (1) and neuro-
surgery (1); 2 articles encompassed multiple surgical spe-
cialties. Most studies were case–control studies (15) or 
surveys (8). Overall the methodological quality and level 
of evidence of the included articles was low, with only 
1 level-1 and 1 level-2 study included (Table 2). Notably, 
a risk of selective outcome reporting existed for all studies.

Length of stay

Of the 8 articles that examined patient LOS as an outcome, 
7 (88%) found that LOS decreased after the addition of 
PEs to the service.7–14 One paper found the LOS 
unchanged. Six articles reported actual LOS improvements, 
which ranged from 0.25 to 2 days (Table 3). Three of the 
included papers also demonstrated a decrease in intensive 
care unit LOS.

Morbidity and mortality

None of the included studies demonstrated an increase in 
morbidity or mortality with the addition of PEs to the 
service in question. Two studies found that complication 
rates were decreased.12,15 One study found an increase in 
the rate of diagnosis of deep vein thrombosis after PEs 
became involved in patient care.13

Procedures

Two articles specifically reviewed procedures performed by 
PEs.16,17 Bevis and colleagues16 reviewed thoracostomy tube 
placement in trauma patients, comparing procedures 
performed by PEs to those performed by trauma surgeons. 

They found no difference in complication rates when PEs 
performed the procedure. Young and Bowling17 examined 
intracranial pressure monitor placement by PEs and found 
no significant difference in complication rates when 
compared with monitors placed by neurosurgeons. In 
addition, Sirleaf and colleagues18 found no difference in 
complication rates between procedures performed by 
residents or PEs, including arterial lines, central venous 
catheters, thoracostomy tubes, bronchoalveolar lavage, 
percutaneous endoscopic gastrostomy and tracheotomies.

Effect on residents

Nine papers examined the effect of PEs on surgical 
residents.7,9,19–25 The main effects documented included a 
decrease in overall resident work hours, increased 
operating room time, reduced number of pages, increased 
time for educational activities and increased sleep time. 
Victorino and Organ22 demonstrated decreased resident 
workload and stress levels and improved resident morale 
after the addition of PEs.

Satisfaction

Six studies found either improved or high patient satisfac-
tion rates with the addition of PEs. None of the included 
articles demonstrated a decrease in patient satisfaction. 
Nine articles examined satisfaction rates of surgeons, resi-
dents and nursing staff and found overall high satisfaction 
rates.4,7,8,23,26–30 Improvements to patient care, continuity of 
care, communication with families, improved clinical 
docu mentation and reduced workload for other health 
care workers were all reported as reasons for the high sat-
isfaction rates.

Cost

Five papers reported cost outcomes (Table 4).10,14,15,25,29 All 
5 reported cost savings with the addition of PEs; however, 

Fig. 1. Example of the search strategy used when querying Medline.

(General Surgery/ or Orthopedics/ or Surgery.mp or Trauma.mp or Internship and Residency/) 

AND 

(Nurse Practitioners/ or Physician Assistants/ or Allied Health Personnel/) 

Limits: English language, Humans 
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cost savings varied dramatically depending on the study. 
Decrease in the LOS of patients was responsible for sig-
nificant cost savings in 2 articles. Bohm and colleagues29 
demonstrated similar total costs with the addition of PEs; 
however, surgical volumes increased by 42%, and surgical 
wait times decreased after PEs were involved.

discussion

In surgical specialties, the volume of work can often 
exceed the capacity of the surgeons, trainees and nursing 
staff. This can lead to overworked and overwhelmed 
health care workers. With resident duty hours increas-
ingly under the microscope of regulatory bodies, this 
problem has the potential to worsen dramatically. Patient 

safety and continuity of care continue to be highlighted as 
key issues in the discussion on work hour reform. These 
issues will persist at both teaching and nonteaching insti-
tutes until a sustainable model of care is developed.

Many hospitals have turned to NPs and PAs to help 
resolve the discrepancy between workload and already 
overworked employees.2,3,14,15,21,23,27,30,31 It is important that 
we critically examine the effect that these changes have on 
the hospital work environment, and most importantly on 
patient care, before advocating widespread adoption.

Our systematic review of the literature was undertaken 
to investigate the integration of PEs into surgical special-
ties and their effect on patients, surgical residents and 
other health care workers. Our results demonstrate over-
whelmingly positive experiences among surgical services 
using PEs. Overall, patients and other health care workers 
report high satisfaction rates.4,7,8,23,26–30 Significant reduc-
tions in hospital and intensive care unit LOS have been 
reported after the addition of PEs to surgical or trauma 
services.7–14 Morbidity and mortality remain stable, and 
some studies have shown a reduction of in-hospital com-
plication rates. An overall improvement in quality of care 
and continuity of care, as judged by health care workers, is 
a frequent theme in the studies we reviewed.

Table 1. Excluded studies

Reason for exclusion No. of studies

Nonsurgical/trauma services 20

Pediatric services 2

Selected outcomes not examined 15

Review article 5

Editorial 8

Meeting abstract 12

Table 2. Included studies

Year of publication Study Journal Specialty Level of evidence

1990 Spisso et al.7 J Trauma Trauma service 3

1994 Holzman et al.19 J Surg Res Cardiothoracic Surgery 3

1996 Leung et al.20 Br J Urol Urology 3

1998 Miller et al.8 J Trauma Trauma service 3

1999 Henderson et al.21 Scott Med J General Surgery 2

2003 Victorino et al.22 Arch Surg General Surgery 5

2004 Jensen and Scherr26 CACCN Cardiothoracic Surgery 5

2004 Tranmer and Parry32 West J Nurs Res Cardiac Surgery 1

2005 Christmas et al.9 J Trauma Trauma service 3

2005 Meyer and Miers10 AACN Clinical Issues Cardiovascular surgery 3

2006 Resnick et al.27 Current Surg General Surgery 5

2006 Broers et al.11 Int J Cardiol Cardiothoracic Surgery 3

2007 Haan et al.33 J Trauma Trauma service 3

2007 Nyberg et al.4 J Trauma Trauma service 5

2008 Bevis et al.16 Am J Crit Care Trauma service 3

2008 Buch et al.23 J Surg Educ Surgery 5

2010 Huynh et al.24 J Trauma Trauma service 3

2010 Sarro et al.28 J Adv Nurs Spine Surgery 5

2010 Bohm et al.29 Can J Surg Orthopedic Surgery 3

2011 Gillard et al.12 JAAPA Trauma service 3

2011 Freiburg et al.30 J Surg Educ Surgery 5

2011 Robles et al.31 Surgery General Surgery 3

2012 Morris et al.13 J Trauma Acute Care Surg Trauma service 3

2012 Young and Bowling17 J Trauma Acute Care Surg Neurosurgery 3

2013 Althausen et al.15 J Orthop Trauma Orthopedic Surgery 3

2013 Skinner et al.25 Eur J Cardiothoracic Surg Cardiothoracic Surgery 3

2013 Sawatzky et al34 J Adv Nurs Cardiac Surgery 3

2014 Sirleaf et al.18 J Trauma Acute Care Surg Trauma service 3

2014 Collins et al.14 J Trauma Acute Care Surg Trauma service 3
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Fig. 2. Study selection process. Central = Cochrance Central Register of Controlled Trials.

Central
30 

Medline
926

EMBASE 
873 

CINAHL 
1251 

Results combined, duplicates removed 

Titles 
2057 

Excluded based on title 

Abstracts 
259 

Excluded based on abstract 

Studies
91

Included studies
29

Excluded based on manuscript 

Table 3. Decrease in patient length of stay after the addition of PEs

Year of publication Study Decrease in LOS, d p value

1990 Spisso et al.7 1.05 NR

1998 Miller et al.8 0.70 (2.5 ICU) NR

2005 Meyer and Miers10 1.91 0.039

2006 Broers et al.11 2.0 < 0.001

2011 Gillard et al.12 0.25 (0.80 ICU) 0.092 (0.019 ICU)

2014 Collins et al.14 0.55 0.024

ICU = intensive care unit; LOS = length of stay; NR = not reported; PE = physician extender.

Table 4. Manuscripts reporting cost savings

Year of publication Study Reported cost savings Rationale for cost savings

2005 Meyer and Miers10 $USD 5038.91/patient Decreased LOS

2010 Bohm et al.29 Same cost, with increased 
surgical volumes and 
decreased wait times

Eliminated need for fee-for-
service surgical assist

2014 Collins et al.14 $USD 9111.50/patient Decreased LOS

2013 Althausen et al.15 $USD 130/patient Decreased patient time in ER, 
decreased OR setup time

2013 Skinner et al.25 £ 168 653 (annual staff costs) Annual staffing costs including 
locums

ER = emergency room; LOS = length of stay; OR = operating room.
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In addition, substantial cost savings were reported in sev-
eral studies. Two groups reported savings of more than 
$5000 per patient.10,14 Bohm and colleagues29 reported 
increased surgical volumes and reduced wait list times with-
out changes in expenditure. The studies reporting financial 
outcomes originated from 3 different health care systems 
(Canada, United States, United Kingdom), which decreases 
the generalizability of the results. None of the articles 
described in detail the funding sources for PEs. The study 
by Bohm and colleagues29 — the only Canadian study 
examining costs — reported that funding for the PEs came 
directly from the provincial health authority. Their cost 
savings came from eliminating the need for fee-for-service 
PAs, who are also paid directly by the health authority, in 
the operating room. This finding could potentially be 
 generalizable to other Canadian health authorities. Given 
the complexity of hospital budgets, a funding model would 
likely have to come from the government level in most 
Can adian centres. Further detailed reports on cost- 
effectiveness and funding models are needed to help institu-
tions advocate for and implement changes.

With resident duty hours being increasingly regulated, 
it would be prudent to maximize residents’ educational 
experiences while they are in hospital. For surgical resi-
dents, this means maximizing exposure to the operating 
room and clinics and minimizing administrative duties. 
Several studies have demonstrated that the addition of PEs 
to surgical services helps to accomplish those goals.7,9,19,21–25 
Fewer pages and administrative duties have also been 
shown to increase resident sleep time and to reduce resi-
dent workload and stress levels, which may further maxi-
mize residents’ educational opportunities. Some institu-
tions in Canada have increased the number of clinical 
fellows to address resident shortages. Some clinical fellows 
can fund their positions by billing as a surgical assistant, 
which eliminates the financial limitations for some institu-
tions. This model runs the risk of degrading both resident 
and fellow learning experiences by overcrowding the oper-
ating room and clinic. We do not believe this is a stable, 
long-term solution to the problems at hand.

Any changes to current care models should take con-
tinuity of care into consideration. Any transition away 
from the reliance on residents and other trainees (at aca-
demic institutions) and 24-hour call shifts has the 
potential to increase the number of patient handovers 
between providers.32 Increased handovers may be a 
source of miscommunication or noncommunication of 
important patient issues.32,33 Appropriate, detailed 
handovers and the use of electronic charting/handovers 
may help minimize these issues.33 Handover of patients 
should be kept to a min imum; however, the current care 
models are becoming unsustainable. Our review demon-
strates no difference in patient morbidity or mortality 
when PEs are included in the health care team, although 
the impact on handover processes have not been well 

described. Further reports detailing the ideal methods 
of integrating PEs (e.g., scheduling, handovers, provider 
roles) would be beneficial to institutions considering a 
transition to PEs.

Limitations

The main limitation of this review is the heterogeneity of 
the included studies, which makes the analysis of the 
results challenging. We attempted to present the impor-
tant themes highlighted in the literature. In addition, the 
overall methodological quality of the included studies was 
low, which increases the risk of bias within the studies. 
We would advocate for further high-quality studies in this 
field to confirm the results of our review. As with any sys-
tematic review, important articles can be missed. By 
including a search of 4 major databases, we believe that 
risk was minimized.

conclusion

The addition of NPs and PAs to surgical/trauma services 
appears to be a safe, cost-effective method to manage 
some of the challenges arising due to resident duty hour 
restrictions. Further high-quality research is needed to 
confirm these findings and to further assess the economic 
impact of adding NPs and PAs to the surgical team.
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